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Preface 

The research activities of the Vietnam Atomic Energy Institute (VINATOM) during 
the period from 1 January to 31 December 2012 are presented in this Report. The research 
activities are focused on the following fields: 

1. Nuclear Physics, Reactor Physics; 
2. Research Reactor, Nuclaer Power Technology, Nuclear Safety, Nuclear Power 

Economy; 
3. Instrumentation, Nuclear Electronics; 
4. Industrial Applications; 
5. Applications in Ecology, Environment and Geology; 
6. Applications in Biology, Agriculture and Medicine; 
7. Radiation Protection and Radioactive Waste Management; 
8. Radiation Technology; 
9. Radiochemistry and Materials Science; 
10. Computation and Other Related Topics. 

The total number of permanent staff working at the VINATOM as December 31, 
2012 is 802 including the clerical service staff. The VINATOM was funded from the 
Government with the amount to 151.733 billion VN Dong for FY 2012. The international 
support of 800,000 EUR and 600,000 USD for the VINATOM activities is committed to the 
operating projects including equipment, staff training and expert services (6 VIE projects, 
10 FNCA projects, 26 RAS projects and 19 research contracts with the IAEA). 

Main results of fundamental and applied research implemented in the year were 
presented in 118 scientific articles, reports and contributions published in many journals, 
proceedings of conferences, etc. 

During the time of year 2012, in the VINATOM there were 3 to be graduated in Ph.D. 
courses; about 175 people have been trained abroad in the fields of nuclear science and 
technology.  

 

 

Dr. Tran Chi Thanh 

President, VINATOM 
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ABSTRACT: A small radio telescope (SRT) has been installed on the roof of the Hanoi astrophysics laboratory 

VATLY. It is equipped with a 2.6 m diameter mobile parabolic dish remotely controlled in elevation and 

azimuth and with super-heterodyne detection around the 21 cm hydrogen line. They demonstrate the high quality 

of the telescope performance and are used to evaluate lobe size, signal to noise ratios, anthropogenic 

interferences and measurement accuracies. Particular attention is given to the measurement of the pointing 

accuracy. First results of observations of the Sun and of the centre of the Milky Way are presented.  

I. DESCRIPTION 

In April 2012, a small radio telescope (SRT) has been installed on the roof of the VATLY 

astrophysics laboratory [1], commissioned and run-in. It is now routinely taking data. The present 

chapter presents its main features, illustrates its performance and provides evidence for excellent 

measuring conditions on both the continuum and the 21 cm hydrogen line.  

 

The telescope is equipped with a mobile parabolic dish, 2.6 m in diameter, remotely 

adjustable in elevation and azimuth (Figure 1). The reflected power is collected at the focus, where 

Figure 1: Close-up views of the SRT antenna and of the motor system (gear 

box and telescopic arm, left panel) and of the feed horn and the calibration 

antenna (right panel). 

 

 

Project information: 
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it is locally preamplified, shifted to lower frequency using standard superheterodyne, amplified and 

digitized. Standard data collection consists in a sequence of successive measurements of ~7.7 s 

duration each, digitized in the form of a frequency histogram covering ~1.2 MHz in 156 bins of 

~7.8 kHz each.  Such a typical distribution is shown in Figure 2 (left). The 21 cm hydrogen line is 

clearly seen above a slowly varying continuum. The hydrogen line signals the presence of hydrogen 

clouds in the field of view and is associated with electron spin flip in the hydrogen atom. Galaxies 

such as ours contain many such clouds and the signal from the Milky Way is particularly strong. On 

the contrary, the continuum signals the presence of ionized matter and is associated with thermal or 

“free-free” (bremsstrahlung) emission. 

The following sections describe data collected on various targets including the Sun, with a 

strong continuum signal, and SgrA* at the centre of the Milky Way, with a strong 21 cm signal. 

They are used to illustrate and quantitatively evaluate the performance of the telescope and to 

sketch a programme of future observations. A preliminary account of this work was presented at 

recent conferences [2]. 

 

 

 

 

 

 

I 

 

 

 

                               

II. GENERAL FEATURES 

When pointing the telescope to a fixed direction in the sky, one records the sum of a general 

background and of signals associated with radio sources passing by as the Earth rotates (one speaks 

of drift scans).  Examples of drift scans on the Sun and on Sgr A* respectively are illustrated in the 

next sections. In the present section, we are not interested in a particular radio source but rather in 

the contribution of the background.  

However, while such pollution prevents reliable detection of the Sun in the 50 cm range [3], it 

can be easily handled in the present frequency band (which is officially protected). In the following, 

such spikes are removed from the data and the frequency distributions that are shown are free of 

parasite interferences. In order to illustrate the stability of the response, the distribution of the signal 

measured in a same frequency bin over a ~6.2 h period (after correction for slow drifts). 

III. THE SUN: POINTING ACCURACY 

The Sun gives a strong signal in the continuum while the 21 cm line is essentially unaffected. 

As its apparent diameter is much smaller than the antenna lobe (the Sun seen at 21 cm is dominated 

by solar spots above a disk having the same size as the photosphere) the Sun can be considered as 

being a point source. In the present section we use it to assess the SRT pointing accuracy. 

 

Figure 2: A typical frequency spectrum (left) and its decomposition in 21 cm 

and continuum signals (right). 

Continuum 

21 cm signal 

Frequency bin 

T(K) 

Frequency (MHz) 
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3.1. Grid scans 

In order to reveal possible pointing errors, 26 grid scans (Figure 3) have been made at 

different times of the day between April and June 2012. Each grid scan takes only 6 minutes and 

consists in 25 measurements pointing to the nodes of a 5×5 grid centred on the Sun and having a 

mesh size of ~2.6
o 
(1/2 beam width) in elevation h and ~2.6

o
/cosh in azimuth a. 

The scan of the grid is performed from east to west in lines of increasing elevation, with the 

SRT keeping pointing nominally to the node of the grid that is being measured. The nominal Sun is 

at the azimuth and elevation corresponding to the thirteenth grid node. The angular distance di 

between the true Sun and grid node i at the time when it is being measured is easily calculated by 

using the relation: 

cosd=cos(h1–h2)–cosh1cosh2(1–cos(a1–a2)                (3.1) 

which gives the angular separation between the directions (a1,h1) and (a2,h2).  

Relation 3.1 reduces to:  

d
2
=(h1–h2)

2
+ cosh1cosh2(a1–a2)

2
             (3.1’) 

in the limit of small angular separations: locally, one has a Euclidean metric in coordinates 

(coshΔa, Δh).   

 

 

 

 

 

 

 

 

 

 

3.2. Parameterization 

Two main causes come to mind to explain why δa and δh deviate significantly from zero: a 

possible tilt of the SRT rotation axis with respect to vertical and zero offsets of the azimuth and 

elevation scales. A tilt by an angle ε0 in a plane of azimuth a0 generates offsets  

δa=–ε0sin(a–a0)tanh and δh=–ε0cos(a–a0).                  (3.2) 

Defining ε1=ε0sina0 and ε2=ε0cosa0, one obtains δa=ε1cosatanh–ε2sinatanh and δh=–ε1sina–

ε2cosa where both ε1 and ε2 are small angles.  

We call ε3 the zero offset of the azimuth scale. Rather than defining a zero offset of the 

elevation scale, it is better to define a zero offset ε4 of the length of the telescopic arm that changes 

the elevation to which the SRT is pointing. This implies writing the zero offset of the elevation 

scale as ε4∂h/∂l where the function ∂h/∂l has been calculated from the geometry of the movement:  

∂h/∂l= –(7.9+0.666f)10
–3

/g 

where f=51.1–0.391h–0.00254h
2
+0.77 10

–5
h

3
                                 (3.3) 

                                   and g={1–(0.956–0.00792f–0.333 10
–3

f
2
)
2
)
½ 

Maximal 

Signal 

Nominal 

Sun 

II. Δ

h 

I. Δ

a

c

o

s

h 

Figure 3:  A typical grid scan:  the 5×5 grid, centered on the 

nominal Sun, is shown together with the signal density in local 

coordinates (dacosh,dh). The definition of the offsets is illustrated. 
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One can now express δa and δh in terms of four small parameters εi, which define the 

correction to apply to the nominal pointing direction of the SRT and are related to the azimuth and 

elevation offsets by the relations: 

δa=ε1cosatanh–ε2sinatanh+ε3 

  δh=–ε1sina–ε2cosa+ε4∂h/∂l                                   (3.4) 

Here, the  tilt  angle  is  ε0=(ε1
2
+ε2

2
)
½ 

 and  the  azimuth  of  the  tilt  plane  is a0=tan
–1

(ε1/ε2). 

The adequacy of the parameterization is illustrated where the measured offsets (coshδa, δh) 

are compared with those calculated by using the best fit values of the ε parameters:   

ε1=0.72±0.05,     ε2=0.95±0.08,    ε3=–0.15±0.06,    ε4=–0.98±0.04                   (3.5) 

This corresponds to a tilt of ε0=1.2
o 

in the plane of azimuth 37.2
o

. The rms values of the 

differences give a measure of the pointing error accuracy: coshΔa=Δh=0.15
o
.  

The movement of the SRT dish is controlled by two motors to which one sends pulses, each 

pulse causing a step of 0.42
o 

in azimuth or 0.85 mm in the length of the telescopic arm, namely, at 

an elevation of 45
o
, an angular step of ~0.3

o
 (0.30

o
 in coshΔa and 0.13

0 
in elevation). The estimate 

of 0.15
o 

of the pointing accuracy obtained above corresponds therefore to half an average motor 

step, which is very reasonable. 

3.3. Drift scans 

 

 

 

 

 

 

 

 

 

 

 

For each of the 25 drift scans, the telescope was set to point to a given nominal Sun position 

during the whole duration of the scan, starting approximately half an hour before and ending 

approximately half an hour after the expected transit of the Sun at that point (Figure 4). This line is 

the locus of points for which the distance to the Sun trajectory is minimal at the point where the 

signal is maximal, namely the major circle normal to the Sun trajectory at the point where the signal 

is maximal.  

Calling h* and a* the elevation and azimuth of this point and h and a the elevation and 

azimuth of the direction to which the SRT is pointing, the projection d on the Sun trajectory of the 

vector joining these two directions is a measure of the telescope offset. Precisely, calling (cosθ, 

sinθ) the unit vector along the Sun trajectory in local coordinates (dacosh, dh), 

d=(a–a*)coshcosω+(h–h*)sinω 

The rms deviation of d around its mean is 1.2
o
 before and 0.3

o
 after applying the pointing 

corrections given by Relation 5. This illustrates the adequacy of the corrections and is consistent 

Sun trajectory 

SRT locus 

90
o 

Time at which 

Sun signal is 

maximum 

Δy=(h–h*) 

Δx=cosh*(a–a*) 

0 

0 

SRT corrected 

SRT nominal 

d 

Figure 4: Schematic of a drift scan across the Sun. 

The quantity d measured by the scan is indicated. 
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with the rms values obtained from the grid scans. We retain an estimate of 0.3
o
 for the overall 

pointing accuracy.  

IV. THE CENTRE OF THE GALAXY: A STRONG 21CM SIGNAL 

Drift scans across the disk of the Milky Way give evidence for a strong 21 cm signal. The 

centre of the Galaxy contains a black hole, Sgr A*, having a mass of some 3 million solar masses; it 

is a strong radio source [4]. The disk of the Galaxy, and particularly its centre, contain a large 

number of hydrogen clouds that are the source of the observed 21 cm signal.  

Figure 5 illustrates such a drift scan and compares it with a drift scan across the Sun. In the 

former case, there is only a small enhancement of the continuum, due to the much higher density of 

stars in the direction of Sgr A*, while the 21 cm signal is nearly tripled due to the presence of 

hydrogen clouds. In the Sun case, on the contrary, it is the continuum signal which is strongly 

enhanced, again by a factor of nearly 3, while the 21 cm signal is essentially unaffected (the small 

enhancement visible on Figure 5 is an artefact of our definition of the continuum signal, not going 

far enough on the tails of the Sun signal). Indeed, there is no enhancement of neutral hydrogen in 

the direction of the Sun. 

The Sun has recently entered a new phase of activity after a long period of quietude [5]. Solar 

flares are associated with large radio bursts that tend to last longer than the visible flares [6]. 

Following the Sun radio emission over, say, two revolutions (namely ~2 months) will make it 

possible to detect such bursts and to compare them with their counterparts observed at other 

frequencies of the electromagnetic spectrum. The radio signals observed in both successive 

revolutions will be compared and correlated with existing solar spots in the field of view. 

Measurements across the disk of the Milky Way, repeated at different galactic longitudes, allow for 

a precise mapping of the hydrogen clouds in the SRT field of view and measurements of their radial 

velocities. Indeed, as illustrated in Figure 6, Doppler shifts of ~0.03 MHz can easily be measured, 

corresponding to radial velocities of ~7 km/s, much smaller than typical relative radial velocities in 

the Galaxy.  

Figure 5: Drift scans across the centre of the Milky Way (left) and across the Sun (right). 

The 21 cm signal (upper panels) and the continuum signal (lower panels) are shown 

separately. The difference between the Milky Way, dominated by hydrogen clouds,                    

and the Sun, dominated by hot plasma, is spectacular. 
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Figure 6: Frequency spectra showing the sensitivity to different                                                                              

Doppler shifts of the 21 cm line. 

Moreover, other radio sources can be observed [7] and their 21 cm and continuum signals can 

be measured. These include in particular nearby galaxies such as Andromeda, nearby Active 

Galactic Nuclei such as Cen A [8] and young Super Nova remnants such as Cassiopeia and the 

Crab. 
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ABSTRACT: A consistent folding model analysis of the (∆S = 0; ∆T = 1) charge exchange (p; n) 

reaction measured with 
48

Ca, and 
34

S at the proton energies of 45 MeV is done within a two-channel 

coupling formalism. The nuclear ground state densities given by the Hartree-Fock-Bogoljubov 

formalism and the density dependent CDM3Y6 interaction were used as inputs for the folding 

calculation of the nucleon optical potential and (p; n) form factor. To have an accurate isospin 

dependence of the interaction, a complex isovector density dependence of the CDM3Y6 interaction 

has been carefully calibrated against the microscopic Brueckner-Hatree- Fock calculation by 

Jeukenne, Lejeune and Mahaux before being used as folding input. Since the isovector coupling was 

used to explicitly link the isovector part of the nucleon optical potential to the cross section of (p; n) 

reaction exciting the 0+ isobaric analog states in 
48

Sc, 
34

Cl, the newly parameterized isovector density 

dependence could be well tested in the folding model analysis of the (p; n) reaction.  

I.  INTRODUCTION 

The charge exchange (p,n) reaction are well known as an effective tool to excite the isobaric 

analog of the target ground state. Such an isobaric analog state (IAS) has essentially the same 

structure as the ground state of the target except for the replacement of a neutron by a proton and, 

hence, differs in energy approximately by the Coulomb energy of the added proton. In the isospin 

representation, the two states are just two members of the isospin multiplet which differ only in the 

orientation of the isospin T . The similarity of the initial and final states of the (p,n) and (
3
He,t) 

reaction make this reaction very much like an elastic scattering in which the isospin of the incident 

proton is “flipped". In general, the central nucleon-nucleus OP can be written in terms of the 

isovector coupling [1] as  

                                    (1) 
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where Ta is the isospin of the incident nucleon and TA is that of the target A. The second term 

of Eq. (1), known as the Lane potential, contributes to the elastic (p; p) and (n; n) scattering as well 

as to the charge exchange (p,n) reaction [2]. While the relative contribution by the Lane potential 

U1 to the elastic nucleon scattering cross section is small and amounts only a few percent for a 

neutron-rich target [3, 4], it determines entirely the (Fermi-type) ∆J = 0 transition strength of the 

(p,n) reaction to isobaric analog states. Therefore, the (p,n) reaction can be used as a reliable probe 

of the isospin dependence of the proton-nucleus OP.   

II. FORMALISM 

We give here a brief introduction to the coupled-channel formalism for the charge exchange 

(p,n) reaction to isobar analog states, and interested readers are referred to Ref. [2] for more 

technical details. Let us restrict our consideration to a given isospin multiplet with fixed values of 

isospin Ta for the projectile and TA for the target. Then, the isospin projections are Tz = (N −Z)/2 and 

 for the target nucleus A and isobaric analog nucleus , respectively. We further 

denote, in the isospin representation, the state formed by adding a proton to A as |pA_ and by adding 

a neutron to  as |n .The transition matrix elements of the isovector part of the nucleon-nucleus 

optical potential (1) can then be obtained [2] for the elastic nucleon-nucleus scattering as 

     (2) 

The + sign in the right-hand side of Eq. (2) pertains to incident neutron and - sign to incident 

proton. Similarly, the transition matrix element or (p,n) and (
3
He,t) form factor (FF) for the (∆T =1) 

charge exchange Ag:s:(a,b)  IAS reaction are obtained as 

                  (3) 

The elastic scattering and charge exchange cross sections can be obtained from the solutions 

of the following coupled-channel equations [3] 

    (4) 

Here Ka(b) and Ea(b)  are the kinetic-energy operators and center-of-mass energies of the 

p+A ( 
3
He+A) and n +  (t + ) partitions. The OP in the entrance p+A             ( 

3
He+A) and 

outgoing n +  (t + ) channels  are determined explicitly through the isoscalar (U0) and isovector 

(U1) parts of the nucleon optical potential (1) as 

                                   (5) 

                                 (6) 

In the CC calculation, both Ua and Ub are added by the corresponding spin-orbital potential as 

well as Ua added by the Coulomb potential of the a+A system. Since the existing global OP 

parameters [5–7] can be used to construct the isoscalar and isovector components of the 

protonnucleus OP at the considered energies, it is straightforward to test those parameters in the 

description of the Ag.s.(a, b)  reaction to isobaric analog states. However, more interesting 
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structure information can be obtained when U0(1) are evaluated microscopically using an appropriate 

folding approach [3]. 

III. RESULTS AND DISCUSSION 

The OM description of the elastic proton scattering from 
48

Ca, targets at incident proton 

energy of 65 MeV given by the CH89 proton-nucleus OP’s is shown in Fig. 1 

 

 

 

 

 

 

 

 

 

 

Figure 1: OM description of the elastic proton scattering from 
48

Ca target obtained with the global 

OP’s by Varner et al. (CH89) [5] incomparison with the data measured at 65MeV [8].  

The OM results obtained for the elastic proton scattering at 40 MeV on the targets under study 

are shown in Fig. 2. A good description of the measured elastic proton scattering data can be 

reached after the complex folded potential is renormalized by NV ≈ 0.90–0.97. To have accurate 

distorted waves for the CC study of the Ag.s.(p, n)AIAS reaction, we have also tried a hybrid choice 

for the complex OP with its real part given by the folding model and imaginary part by aWoods-

Saxon (WS) potential based on the CH89 global systematics [5] 

 

Figure 2: OM description of the elastic proton scattering from 
48

Ca, 
90

Zr, 
120

Sn, and 
208

Pb targets at 

40MeV obtained with the complex folded OP, and hybrid OP. The data were taken from Refs. [9,10]  
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The CC descriptions of the 
48

Cag.s. (p, n)
48

ScIAS data at 35MeV [11] given by the 

unrenormalized folded form factor [3] and that deduced from the isovector term of the CH89 

potential using Eq. (2) are shown in the Fig. 3, where the same OP’s as those used in the Fig. 3 were 

taken for the entrance channel and the corresponding Un potentials evaluated at E = Elab − Q/2 taken 

for the outgoing channel. One can see that the unrenormalized folded FF gives a reasonable 

description of the measured (p,n) cross section at large angles, while it underestimates the data 

points at the forward angles. The role of absorption is also seen in the CC description of the (p, n) 

data by the Lane FF determined from the CH89 parameters. The similar CC descriptions of the 
48

Cag.s. (p, n)
48

ScIAS data at 45MeV [11] are shown in the Fig. 4 

 

Figure 3: CC description of the 
48

Cag.s.(p, n)
48

ScIAS 

reaction at 35 MeV [11] given by the 

(unrenormalized) folded (p, n) form factor and that 

deduced from Eq. (2) using the CH89 parameters [5] 

Figure 4: CC description of the 
48

Cag.s.(p, n)
48

ScIAS 

reaction at 45 MeV [11] given by the 

(unrenormalized) folded (p, n) form factor and that 

deduced from Eq.(2) using the CH89 parameters [5] 
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ABSTRACT: The fuel burn-up is an important parameter needed to be monitored and determined during a reactor 

operation and fuel management. The fuel burn-up can be calculated using computer codes and experimentally 

measured. This work presents the theory and experimental method applied to determine the burn-up of the 

irradiated and 36% enriched VVR-M2 fuel type assemblies of Dalat reactor. The method is based on 

measurement of Cs
137

 absolute specific activity using gamma spectrometer. Designed measuring system consists 

of a collimator tube, high purity Germanium detector (HPGe) and associated electronics modules and online 

computer data acquisition system. The obtained results of measurement are comparable with theoretically 

calculated results. 

INTRODUCTION 

The fuel burn-up is an important parameter needed to be monitored and determined in the 

operation and core management of a nuclear reactor in order to enhance safety, economic aspect 

and efficiency of the reactor use and exploitation. The fuel burn-up can be determined by theoretical 

calculations using computer codes and experimental measurements.  

Before converting to the use of LEU fuel with 19.75% enrichment, Dalat reactor has been 

used 36% enriched VVR-M2 fuel type of Russian from 1984 to 2011. For Dalat reactor, WIMS-

ANL computer code with ENDF 6.0 nuclear database library is used for fuel cell calculation and 

MCNP code combined with REBUS-PC code is used to calculate physics characteristics, core 

management and fuel reshuffle. The advantage of theoretical calculations is possibility of 

determining fuel burn-up at any moment. The experimental methods are additional methods used 

for verifying the calculation methods.      

In principle, there is a wide selection of experimental methods to measure the burn-up with 

different advantages and disadvantages. The experimental method with high accuracy is chemical 

separation, however this method requires sample destruction and installation of sophisticated and 

expensive facility for radiochemical separation. The nondestructive assay methods (NDA) applied 

in research reactors are the method of reactivity measurement and the method of gamma 

spectrometry. The method of gamma spectrometry allows determination of contents of fission and 

activation products in spent fuel. The method of gamma spectrometry is divided into 2 sub-methods 

which are method of absolute activity measurement and activity ratio measurement.     

To verify theoretical calculations, the experimental research on the burn-up measurement in 

Dalat reactor using gamma spectrometry has been carried out in period of 1999-2000, the results of 

Cs
137

 relative activity distribution measurement associated with average burn-up calculation derived 

from the integrated thermal power and result of measurement of Cs
134

/Cs
137

 activity ratio associated 
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with burn-up calculation using WIMSD code showed a good agreement between theoretical 

calculations and experimental measurements. 

During the implementation of HEU to LEU fuel conversion project, the irradiated VVR-M2 

fuel assemblies with 36% enrichment were stored and cooled in the spent fuel storage pool of Dalat 

reactor from 04/2011 to 06/2013 before they were returned to Russian according to a signed 

contract. Research on the burn-up measurement using gamma spectrometry was repeated in this 

period because of good conditions for experimental measurements.  

This work presents basic of experimental method and the results of burn-up measurement for 

the 106 irradiated fuel assemblies of Dalat reactor after more than 20 years of operation. The 

method is based on measurement of gamma-ray emitted from irradiated fuel assemblies and 

determination of Cs
137

 absolute specific activity. The designed measuring system consists of a 

collimator tube, high purity germanium detector (HPGe), associated electronics modules and online 

computer data acquisition system. The obtained results of measurement were comparable with 

results of calculation. 

I. THEORY 

I.1. VVR-M2 fuel type assembly 

The irradiated fuel assemblies of Dalat reactor are 36% enriched VVR-M2 fuel type 

assemblies which are composed of 3 aluminum-uranium alloy made coaxial tubes, the outer tube is 

hexagonal and 2 inner tubes is tubular. In each fuel assembly contains 40.2g of Uranium-235 with 

density of 1.4g/cm3 and nuclear concentration of 1.30312x10
21

 nuclides/cm
3
. The fuel meat 

thickness is 0.7mm and aluminum cladding thickness is 0.9mm. Total length of fuel assembly is 

865mm and length of fuel region is 600mm. Light water (H2O) is used as moderator and coolant 

which follows upward in fuel gaps by natural convection mode. The geometry parameters of VVR-

M2 fuel type assembly are presented in Fig. 1.   

  

 

The 106 irradiated fuel assemblies being the subject of this research have complicated 

irradiation and decay history. Most of them were loaded into the reactor core in 1984 and irradiated 

through many reactor operation cycles and removed from the core in 2011 for temporary storage 

before returning to Russian in June 2013.    

 

Figure 1:  Cross-

section and 

geometry 

parameters of 

VVR-M2 fuel 

type assembly. 
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I.2. Method of Cs
137

 specific activity measurement 

In the field of nuclear reactor, there are two each other related definitions of fuel burn-up. By 

definition (1) burn-up is the number of fissions per 100 fissile nuclides initially present in fuel. By 

definition (2) burn-up is the integrated energy released from the fission of fissile nuclides initially 

present in fuel. In this research, burn-up is defined by the definition (1) and specific burn-up is 

determined as ratio in percentage of fissions and the number of U
235

 nuclides initially present in one 

fuel volume unit (1cm
3
). 

                                                 (%)
)(

)(
(%)

235

235

UN

UN
BU

initially

fissions

                                               (1) 

In which: N
fission

(U
235

)  and N
initially

(U
235

) are the number of fissions and the number of U
235

 

nuclides initially present in one fuel volume unit (1 cm
3
), respectively. 

Cs
137

 is usually selected to determine the burn-up because it is a radioactive fission product 

directly from U
235

 nuclides and its thermal fission yield is well known (y ≈ 6.26%) and it has low 

neutron capture cross-section, long half-life relative to irradiation period. In addition, its gamma ray 

of 661.6keV is less attenuation in materials and easily resolvable gamma ray.   

Accumulated nuclear concentration of Cs
137

 in fuel is proportional to (ΣfФT), in which (Σf ) is 

fission cross section, (Ф) is neutron flux and (T) is irradiation time. In general, the distribution of 

Cs
137

 in a fuel assembly depends on neutron flux distribution axially and radially, however 

primarily exploration measurements of gamma spectrum emitted from VVR-M2 fuel assemblies 

showed that Cs
137

 activity doesn’t depend much on 6 faces of fuel assembly (<1%) but depends 

mainly on its axial level and loaded position in the reactor core.      

In this research, specific activity of Cs
137

 is assumed to depend only on the height (z) of VVR-

M2 fuel assembly, therefore count rate (A) of 661.6keV gamma rays hit on a gamma detector can be 

determined by the following equation (2):   

                                             
i

i
irinsicgannma
VWrIzzA 




6

1

2

int
)()(                                          (2) 

In which: ρ(z) is specific activity of Cs
137

 radioisotope, Igamma is gamma-ray intensity of 

661.6keV gamma ray, (εintrinsic) is intrinsic efficiency of detector, (r) is radius of collimator (r is 

very small compared with radius of HPGe detector), (Wi ) is the probability of a gamma ray emitted 

from visible fuel region (i) to the detector.   

From equation (2):                  
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                                                  (3) 

By the decay law, the concentration of Cs
137

 at the end of the last reactor operation cycle is: 
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                                         (4) 

In which: (λ) is half-life decay constant of Cs
137

 in unit (1/s), (tc ) is decay time taking into 

account from the end of the last irradiation cycle (22/08/2011) to measurement start in (s) unit.   

For more than 20 years of irradiation, a fuel assembly of Dalat reactor was usually loaded in 

different positions in the core. To determine precisely burn-up, it is necessary to introduce a 

correction factor related to irradiation and decay history of fuel assembly. The correction model 

used in this research was taken from reference 
[2]

 with correction factor as follows:   
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In which: (Pi) is normalized relative power for the fuel assembly in the (i
th

) irradiation cycle 

( 1P
n

1i
i




),(n) is the number of irradiation cycle, (ti ) is duration of (i
th

) irradiation cycle, (τi ) is 

duration from the end of (i
th

) irradiation cycle to the end of the last irradiation cycle. Then specific 

burn-up of fuel assembly is determined by the following equation: 

                                                             f(%)
)(UyN

D
BU(%)

235Initially
                                         (6) 

It is noted that for fuel assemblies of Dalat reactor, in fact Cs
137

 can be produced from 

fissionable nuclides such as of U
235

 and Pu
239

, Pu
240

. However the results of calculation 
[1]

 showded 

that the contribution of Cs
137

 produced from Pu
239

, Pu
240

 in case of Dalat reactor is less than 1% in 

the amount of Cs
137

 produced, thus it can be negligible.      

II. EXPERIMENT 

II.1. Experimental description 

The measuring system designed and installed in the temporary spent fuel storage pool consists 

of mechanical structure used to support collimator, fuel assembly and lead shield, HPGe detector, 

functionally electronic modules and computer based data acquisition system. The  layout and 

arrangement of the measuring system is presented in Fig. 2.      

The collimator tube is a stainless steel cylindrical tube with 3090mm length, 1mm thickness, 

65mm outer diameter. The bottom end of collimator tube is welded water tightly with 0.3mm  

thickness. Two cylindrical lead collimators with 50mm outer diameter of 50mm, 9mm inner 

diameter and 50mm height are mounted on two end of the collimator tube.     

The mechanical structure is a strong steel frame used to support collimator tube, lead shield 

and scanning device. By using scanning device, a VVR-M2 fuel assembly can be moved and 

rotated easily 3m underwater of the spent fuel storage pool. The distance from outer surface of fuel 

assembly to the bottom of the collimator tube is 16mm.     

Gamma measuring system consists of a horizontal HPGe detector with 15% relative 

efficiency, 2keV FWHM resolution at 1332keV (Model GC1518, Canberra), high voltage module 

(Model 660, Ortec), amplifier module (Model 2022, Canberra), MCA module (Model Multiport II, 

Canberra) and Genie 2000 software. 

In addition, to facilitate the monitoring and handling with VVR-M2 fuel assembly in water 

medium, a high resolution video-camera was installed in the spent fuel storage pool. 
 

 

 

 

 

 

 

Figure 2:  General 

view  and arrangement 

of the measuring 

system. 
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II.2. Determination of volume (Vi) of fuel regions seen by the detector  

The VVR-M2 fuel assembly is composed of three coaxial tubes and fixed in the scanning 

system horizontally. There are 6 fuel regions of fuel assembly in which emitted gamma-rays can hit 

the detector as presented in Fig.3. 

       
Figure 3: Cross section of fuel regions seen from the detector. 

Such fuel regions (Vi) have different distances to the detector and complicated geometry, thus 

the determination of these volumes is rather difficult analytically. A short program was developed 

in MathLab software environment using both to calculate these volumes which are analytical 

method and Monte Carlo method. The calculated results of these volumes consistent between the 

two methods within an error of less than 1% as presented in Tab.1.   

Table 1:  Calculated volume (Vi) of fuel regions seen from the detector. 

V1(mm
3
) V2(mm

3
) V3(mm

3
) V4(mm

3
) V5(mm

3
) V6(mm

3
) 

45.5385 47.2437 61.5076 61.8958 48.3987 47.2859 

 II.3. Determination of probability (Wi ) of gamma ray emitted from fuel regions to the 

detector 

To determine the probability of a gamma ray isotopically emitted from fuel regions seen by 

the detector to the surface detector of the gamma-ray measuring system, simulation calculations 

using MCNP5 code were performed. MCNP5 permits exact simulation of geometry, materials and 

real measuring conditions. The MCNP5 model for the measuring configuration is presented in 

Fig.4.    

 

 

 

 

 

Figure 4:  MCNP5 model of the real measuring 

configuration. 

 

The calculated results of the probability (Wi) with an error less than 0.1% corresponding to the 

fuel regions are presented in Tab.2.  
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Table 2: Calculated probabilities (Wi) 

W1 W2 W3 W4 W5 W6 

6.7745x10
-7

 6.2609 x10
-7

 5.6917 x10
-7

 5.2282 x10
-7

 4.7231 x10
-7

 4.3273 x10
-7

 

II.4. Determination of intrinsic efficiency (εintrinsic) 

To determine absolute specific activity of Cs
137

 in the equation (3), beside the (Vi) and (Wi) 

parameters, it is needed to determine the intrinsic efficiency of the detector (εintrinsic). The intrinsic 

efficiency of the detector is determined directly from experimental measurements using a Cs
137

 

calibration source. Due to the intrinsic efficiency depends much on the size and direction of the 

beam passing through the active zone of germanium crystal in the detector. A measuring 

configuration with lead collimator (Ø=9mm) in order to orientate the gamma beam passing the 

active zone of the detector was installed as presented in Fig.5. The formula for calculating the 

intrinsic efficiency (εintrinsic) is defined by the equation (7) as follows:     

                                                
TAIG

Area

gamma

rinsic

...
int

                                                         (7) 
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In which: (Area ) is peak area of 661.6keV, (A=33310Bq) is  calibration source activity at 

measurement start, (Igamma =0.8510) is 661.6keV gamma intensity, (T) is the live time of 

measurement and (G) is the geometric correction factor and determined by equation (8), in wich 

(h=120mm) is distance from the source to detector surface, (g=5mm) is gap between detector 

surface and germanium crystal, (R=27mm) is radius of germanium crystal. 

 

 

 

 

 

 

Figure 5:  Measuring configuration                     

of HPGe detector intrinsic efficiency. 

 

The measurements were repeated several times, and finally the intrinsic efficiency when 

661.6keV gamma-ray beam passing the active zone center of  HPGe GC1518 detector germanium 

crystal determined was εintrinsic =18.5±0.5%. 

 III. RESULTS AND DISCUSSIONS 

106 irradiated VVR-M2 fuel assemblies of Dalat reactor were stored temporally in short time 

at the reactor pool, and then they were transferred to the storage pool. Until measurement start, the 

irradiated fuel assemblies has cooling time of 21-24 months. With this duration, most of the short 

live isotopes present in the fuel assemblies have disintegrated and it was very good to measure the 

Cs
137

 specific activity.     
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In the experimental process, the irradiated fuel assemblies were moved underwater with the 

depth of 3m and put in the scanning device. By using a special handling tool, the irradiated fuel 

assemblies can be moved and rotated easily and exactly to any position on it. In order to make the 

high accuracy of measurements, each fuel assembly was measured at 13 positions along the fuel 

assembly with movement step of 5cm. The measuring time needed to register gamma spectrum was 

20 minutes (to assure  the measurement error is less than 1% for 661.6 keV energy peak). However, 

in some cases, the movement step can be smaller and the measuring time can be longer. The 

obtained typical gamma ray spectrum of the irradiated fuel assemblies is presented Fig. 6.  

Total of  106 irradiated  VVR-M2 fuel assemblies of Dalat  reactor were scanned along the 

length and 6 sides of fuel assembly. As an example, the Cs
137 

activity distribution of fuel assembly 

No. 134 is presented in Fig.7 and 8. 

The correction factors (f) related to irradiation history and decay were calculated by the 

equation (5) for each fuel assembly, in which (Pi) are determined from calculation of power 

distribution for each the core loading patterns, which were 89, 100, 104, 104  (with beryllium 

chocks in 13-2 and 4-1 positions) and parameters related to reactor operation time (ti) and cooling 

time (τi) was taken from the reactor log book.  

  

Figure 6:  Gamma spectrum of the irradiated fuel 

assemblies   No. 134 (after 24 cooling months). 

 

Figure 7: Count rate at 661. 6keV energy peak along                                                                         

the length with the fuel assembly No.134. 

 

 

 

 

 

Figure 8:  661. 6keV energy peak 

count rates at the center position                                                    

depending on 6 fuel sides (fuel 

assembly No.134). 

 

The obtained gamma spectrum of the irradiated fuel assemblies after 21-24 cooling months 

(Fig.6) was quite simple and the measured energy peaks were energy peaks of Cs
137

, Cs
134

, Eu
154

 

isotopes, and the main contribution to total radioactivity of fuel assembly mainly was from Cs
137

 

isotope. The burn-up is concentrated in center region and very fast decreased in two end of fuel 

assembly. In addition, it was noted that the burn-up distribution was rather symmetric through the 

center of fuel assembly after more than 20 years of irradiation. 
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The fuel assembly No. 134 loaded near by the neutron trap where power picking factor was 

highest radially, however the measured results (in Fig.8) showed that the difference in Cs
137

 activity 

distribution of 6 surfaces is less than 2% of average value. It can be explained that the process of 

fuel assembly reshuffle enhanced the homogenous burn-up among 6 surfaces of fuel assembly.      

Based on the measured data of Cs
137

 activity distribution in height and the parameters (Vi ), 

(Wi ), (εintrinsic) obtained from calculation, Cs
137

 specific burn-ups were determined by equation (6). 

By fitting curve of Cs
137

 specific burn-up with degree 3 polynomial, the average burn-up of one fuel 

assembly can be determined by ratio of integral of the obtained degree 3 polynomial over fuel 

region length and fuel region length. Tab.3 presents the measured results and calculated results of 

the average burn-up of the 106 fuel assemblies. 

Table 3:  Average burn-up of the 106 irradiated fuel assemblies. 

Fuel No. BU(%) Calc. BU(%) Exp. 

FA-062 23.14 20.52 ± 4.29 

FA-063 23.02 21.33 ± 4.28 

FA-064 23.97 20.72 ± 4.28 

FA-065 23.46 22.42 ± 4.28 

FA-066 23.13 21.19 ± 4.28 

FA-067 20.00 19.20 ± 4.29 

FA-068 19.98 20.78 ± 4.30 

FA-069 20.50 19.21 ± 4.30 

FA-070 19.79 19.47 ± 4.29 

FA-071 19.78 18.09 ± 4.30 

FA-072 20.02 18.57 ± 4.30 

FA-073 22.13 21.05 ± 4.28 

FA-074 20.80 21.38 ± 4.29 

FA-075 18.72 18.02 ± 4.29 

FA-076 20.36 19.82 ± 4.28 

FA-077 20.10 20.51 ± 4.28 

FA-079 20.75 20.89 ± 4.29 

FA-080 23.55 21.80 ± 4.28 

FA-081 23.02 21.28 ± 4.27 

FA-082 21.23 21.74 ± 4.29 

FA-083 19.78 18.86 ± 4.29 

FA-084 20.64 20.29 ± 4.29 

FA-085 22.75 22.09 ± 4.28 

FA-086 21.07 19.69 ± 4.29 

FA-087 24.28 23.61 ± 4.28 
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FA-088 23.61 20.78 ± 4.28 

FA-098 15.94 14.92 ± 4.30 

FA-099 16.65 15.04 ± 4.30 

FA-100 16.68 15.26 ± 4.31 

FA-108 15.35 15.68 ± 4.30 

FA-110 8.74 8.24 ± 4.36 

FA-111 8.84 8.34 ± 4.36 

FA-112 8.55 8.52 ± 4.36 

FA-113 4.03 4.19 ± 4.51 

FA-115 4.10 4.19 ± 4.51 

FA-118 8.47 8.39 ± 4.38 

FA-119 15.16 13.50 ± 4.31 

FA-120 14.76 13.57 ± 4.32 

FA-121 15.04 13.53 ± 4.33 

FA-122 23.31 21.98 ± 4.27 

FA-123 22.34 20.42 ± 4.27 

FA-124 21.18 19.48 ± 4.28 

FA-125 20.68 19.00 ± 4.30 

FA-126 20.83 19.34 ± 4.29 

FA-127 20.81 19.14 ± 4.29 

FA-128 22.94 20.66 ± 4.29 

FA-129 24.35 22.40 ± 4.28 

FA-130 19.85 19.36 ± 4.29 

FA-131 14.75 13.81 ± 4.31 

FA-134 15.77 15.42 ± 4.30 

FA-135 15.80 15.42 ± 4.29 

FA-136 14.69 15.04 ± 4.30 

FA-137 24.81 23.25 ± 4.27 

FA-138 26.11 23.01 ± 4.27 

FA-139 24.03 21.37 ± 4.28 

FA-143 18.85 18.17 ± 4.29 

FA-144 22.59 22.29 ± 4.28 

FA-145 26.27 23.89 ± 4.27 

FA-146 23.87 21.65 ± 4.27 
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FA-147 26.02 24.40 ± 4.27 

FA-148 25.68 23.23 ± 4.25 

FA-149 20.06 20.32 ± 4.21 

FA-150 25.09 23.94 ± 4.27 

FA-151 24.87 23.44 ± 4.76 

FA-152 24.68 23.41 ± 4.27 

FA-153 24.69 22.39 ± 4.28 

FA-154 25.89 24.46 ± 4.26 

FA-155 22.68 22.26 ± 4.29 

FA-156 22.76 22.59 ± 4.28 

FA-157 20.27 20.98 ± 4.29 

FA-158 20.86 21.56 ± 5.73 

FA-159 19.66 17.78 ± 4.30 

FA-160 22.56 22.68 ± 4.26 

FA-161 19.49 18.90 ± 4.29 

FA-162 19.25 20.36 ± 4.29 

FA-163 21.00 21.69 ± 4.29 

FA-164 20.60 19.87 ± 4.29 

FA-165 21.35 21.31 ± 4.28 

FA-166 24.28 24.80 ± 4.27 

FA-167 23.05 23.30 ± 4.28 

FA-168 20.19 19.65 ± 4.29 

FA-169 23.64 21.91 ± 4.28 

FA-170 20.11 21.63 ± 4.29 

FA-171 21.52 20.62 ± 4.29 

FA-172 19.26 18.15 ± 4.29 

FA-173 23.96 22.42 ± 4.27 

FA-174 23.13 20.93 ± 4.28 

FA-175 21.91 21.04 ± 4.28 

FA-176 23.77 23.20 ± 4.27 

FA-177 19.35 18.39 ± 4.29 

FA-178 18.40 16.86 ± 4.31 

FA-179 23.42 21.92 ± 4.27 

FA-181 22.39 21.27 ± 4.28 
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FA-182 22.48 19.00 ± 4.29 

FA-183 23.12 19.78 ± 4.26 

FA-184 21.67 18.48 ± 4.29 

FA-185 22.14 20.29 ± 4.29 

FA-186 21.87 20.29 ± 4.28 

FA-188 20.62 19.52 ± 4.29 

FA-189 23.11 23.15 ± 4.27 

FA-190 21.60 21.18 ± 4.29 

FA-191 24.26 21.04 ± 4.28 

FA-192 21.09 21.59 ± 4.28 

FA-193 22.05 19.66 ± 4.28 

FA-194 23.19 22.49 ± 4.29 

FA-195 22.71 21.59 ± 4.29 

The results of measurement and calculation for the 106 fuel assemblies show 4% maximum 

difference, this difference comes from both the error of calculation and measurement. The error of 

calculation results from the used physics and mathematics models and nuclear data library. The 

error of measurement is quite complicated and largely from measurement of gamma spectrum and 

intrinsic efficiency of detector. Thus, it can be concluded that results of measurement were 

consistent with the results of calculation within error (4% BU).      

IV. CONCLUSION 

Experimentally research on fuel burn-up measurement for 106 36% enriched VVR-M2 fuel 

assemblies of Dalat reactor by method of Cs
137

 specific-activity determination using gamma 

spectrometry was performed. A fuel burn-up measuring system including collimator tube, HPGe 

detector, functionally electronic modules and data acquisition system was installed. The results of 

measurement were good agreement with the results of calculation within error and the average 

burn-up of fuel assemblies before returning to Russian was determined about 18-20%.    
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ABSTRACT: A new fuel pebble was designed based on Thorium fuel cycle. 
231

Pa has been added into fuel pebble 

for obtaining the minimum reactivity swing. The results show that the new designed pebble fuel with 7.0 % 
233

U 

enrichment adding 3.2% 
231

Pa, the keff is to be controled up to 65 GWd/t; the other design with 8.0 % 
233

U 

enrichment requires 3.9% 
231

Pa, the keff therefore is remain up to 80 GWd/t. About 95% of loaded 
231

Pa in fuel 

pebble is depleted after 120 GWd/t. The results imply that it is optimistic to design the fuel pebble with 
233

U, 
231

Pa and 
232

Th; but some effects such as fuel temperature effect, distribution of TRISO particle in pebble fuel, 

etc. are required to investigate. 

I. INTRODUCTION 

The pebble bed reactor (PBR), a type of the high-temperature gas-cooled reactor (HTGR) 

which is selected as one of the six Generation-IV nuclear reactor systems, is a graphite-moderated, 

helium-cooled reactor 0. With the major advantages such as high thermal conductivity; inert 

coolant; inherent safety; fission product confinement capability; proliferation resistance and online 

continuous refueling without shutting down periods for refueling and discharging, and controlling 

mechanism for excess reactivity; PBR is a good candidate of next generation nuclear systems. 

 The fuel pebbles can pass through the core for several times in a multi-pass refueling 

scheme or for only once in a once-through-then-out (OTTO) refueling scheme. Current PBRs, e.g. 

the 400 MWt pebble bed modular reactor (PBMR) in South Africa and the small high temperature 

reactor (HTR-10) in China, operate with the multi-pass scheme. After passing through the core, the 

fuel pebbles are measured for their burnup levels and reloaded into the core top for next irradiation 

cycle or discharged to spent-fuel tanks by a fuel handling system. Unlike the multi-pass, no fuel is 

reloaded in the OTTO scheme 0. Fresh fuel pebbles are loaded into the core top and discharged 

from the core bottom after one irradiation cycle. Therefore, the PBR operating with the OTTO 

scheme takes an additional advantage due to a simplified refueling mechanism. 

The biggest challenge of the OTTO scheme is that the fresh fuel pebbles are concentrated at 

the core top and the irradiated fuel pebbles are concentrated at the core bottom. This results in a 

non-uniform axial power profile with an excessively high power peak at the core top 0. The 

problem of the high power peak can be overcome by introducing so-called spherical burnable 

poison (BP) particles to control the axial power profile 00. However, the appearance of BP causes 

the decrease of the fuel burnup performance. This raises a number of further questions regarding the 

new fuel design.  

The present study gives a remark on the fuel pebble burnup performance of the PBMR-400 

with OTTO scheme. A new fuel pebble has been design with 
233

U, 
231

Pa and 
232

Th in a multi-
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parameter optimization such as TRISO kernel size, 
233

U and 
231

Pa enrichment to maintain the 

constant effective neutron multiplication factor (keff) at 1.10 during burn-up. 

II. MECHANISM OF LOADED 
231

Pa IN FUEL PEBBLE 

Comparing with 
238

U and 
232

Th, 
231

Pa has lager neutron capture cross section [5] as shown in 

Figure 1.  
231

Pa plays two important roles in fuel pebble. The first role is as a burnable poison in the 

beginning burnup steps to reduce the initial excess-reactivity. The second one is as a fertile nuclide 

is converted to the fissile nuclides 
232

U and successively 
233

U which has a much smaller capture to 

fission ratio than that of 
232

U. 

 
Figure 1: Reaction chain of 

231
Pa

(*)
. 

((*) cross-sections are given at thermal point) 

The effective production of fissile nuclides from 
231

Pa compensates the reduction in reactivity 

come from the consumption of fissile nuclides with the burn-up. As a result, the core loaded with 
231

Pa can sustain Potential of 
231

Pa for Gas Cooled Long-life Core sufficient reactivity for a longer 

time. 

Since carbon is used as moderator which absorbs less neutrons than light water, a better 

neutron economy and a higher fuel burn-up can be expected in the present core. Further-more, the 

conversion ratio of 
231

Pa is enhanced by 
233

U’s higher η -value (number of fission neutrons per 

absorbed neutron) for low energy neutrons compared to 
235

U and 
239

Pu. 

III. ANALYTICAL MODEL 

Unit cell lattice calculations have been performed for designing the new fuel pebble using the 

MVP code. MVP is a general purpose, continuous energy, Monte Carlo neutron transport code 

developed by Japan Atomic Energy Agency [6]. The unit cell lattice model consists of one central 

fuel pebble and a surrounding coolant layer. The TRISO-coated particles are distributed randomly 

in the free fuel zone using the statistical geometry model of MVP as depicted in Figure 2 and Table 

1. The JENDL-3.3 library was used for cross section preparation [7]. The statistics errors are control 

within 0.05 %.  

 

 

 

 

 

 

Figure 2: Unit cell lattice                                    

model in MVP. 
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Table 1: Main design parameters of fuel pebble. 

Fuel Pebble 

   Graphite matrix density (g 

cm
-3

) 

   Pebble diameter (mm) 

   Free fuel zone diameter 

(mm) 

   Fuel temperature (K) 

 

1.75 

60 

50 

1200 

Coated fuel particle 

   Type 

   Fuel kernel diameter (μm) 

   Coating material 

   Thickness (m) 

   Density (g cm
-3

) 

 

TRISO 

500 

PyC/PyC/SiC/PyC 

95/40/35/40 

1.05/1.90/3.18/1.90 

The objective is to flat the k∞ curve from the initial burnup to above 60 GWd/t by using 
232

Th, 
233-235

U và 
231

Pa fuel, i.e. maintaining the k∞ approximately about 1.10 in this burnup stage. This is 

to ensure the core criticality when leakage effect is taken into account.  

IV. BURN-UP CHARACTERISTICS 

As shown in the Figure 3, the initial neutron multiplication factor (kini) increases when the 
233

U enrichment increased.  

 

Figure 3: The kini as functions of the 
233

U enrichment. 

Two new fuel pebbles design with different 
233

U enrichment have been selected in this 

research as shown in Table 2. The design with higher 
233

U enrichment required higher adding 
231

Pa 

to maintain the keff as constant in earlier burnup steps. The higher burnup step in which the keff is 

controlled is therefore obtained.  

Table 2: Selected design parameters of fuel pebble.  

Design  
233

U (% wt)  
231

Pa (% wt)  

1 7.0  3.2  

2  8.0  3.9  

 

 

 Figure 4: The keff  as functions of burnup. 

With the design of 7.0 % 
233

U enrichment, 3.2 % 
321

Pa is required and the keff is maintained 

within earlier  65 GWd/t. For design of 8.0 % 
233

U enrichment, by adding 3.2 % 
321

Pa the keff is 

maintained upto  80 GWd/t as shown in Figure 4. 
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Figure 5: The 
233

U density  as functions of burnup. 

 

Figure 6: The 
231

Pa density  as functions                         

of burnup. 

Because of conversion 
232

Th and 
231

Pa after these burnup steps, the keff is decreased slowly 

compared with original fuel. After 120 GWd/t about about 95% of loaded 
231

Pa in fuel pebble has 

been burnt out in fuel pebble. 

V. CONCLUSIONS 

A new fuel pebble was designed with 
233

U, 
232

Th and 
231

Pa. The results show that the new 

designed pebble fuel with 7.0 % 
233

U enrichment adding 3.2% 
231

Pa, the keff is to be controlled up to 

65 GWd/t; the other design with 8.0 % 
233

U enrichment requires 3.9% 
231

Pa, the keff therefore is 

remain up to 80 GWd/t. About 95% of loaded 
231

Pa in fuel pebble is depleted after 120 GWd/t. The 

results imply that it is optimistic to design the fuel pebble with 
233

U, 
231

Pa and 
232

Th; but some 

effects such as fuel temperature effect, distribution of TRISO particle in pebble fuel … are required 

to investigate. 
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ABSTRACT: This project presents overview about the role of PSA and the levels of PSA, the process of selecting 

initial event and accident sequence modeling, and system analysis for PSA level 1. The project also study 

initially data-base development cho PSA. In this part, two method was shown classical method and Bayesian 

method. The project calculated the uncertainty of ECCS in case of large break LOCA (LB LOCA) of nuclear 

power EPR 1600 MWe. The results of core damage calculation in case of large break LOCA is 5.9E-8
 
a year 

shown that initial large break LOCA has small contribution to core damage. The result also shown that, the 

accumulator, electric system and low head injection pump have an important role. They are need to concern in 

the maintenance. Compare with the data, these results are  not compatible well.  

I. INTRODUCTION 

Developing the resources of nuclear  safety analysis has an important role in the first of 

nuclear power in Vietnam. Having a probabilistic safety analysis group is one of the objects of 

Nuclear Safety Center in the human developing progress. Studying PSA method and applying PSA 

for a specific problem is performed to improve safety analysis skill.  

PSA is helpful in making decision and for the safety of nuclear power plant. Throught the 

project, young staffs can achive about following: 

-  Learing about the PSA level 1, the process of analysis such as initial event selection, 

sequences modeling, system modeling. 

-  Studying data-base development for PSA. 

-  Improving capabilities of using the existing computer codes in Nuclear safety center, 

especially KIRAP code. 

-  Studying the uncertainty of ECCS of EPR 1600 MWe in the LB LOCA event. 

The SIS of EPR consists of four independent trains, designated Trains 1, 2, 3, and 4, one 

supplying each reactor coolant loop. The four trains are separated into four safety divisions and are 

functionally identical. Each SIS train has separate MHSI and LHSI pump trains and an accumulator 

injection train. The MHSI and LHSI pump trains share an isolable suction line from the IRWST. 

The discharge lines for all three MHSI, LHSI, and accumulator injection trains branch together to 

share an injection nozzle on their associated RCS cold leg. Each MHSI train consists of a pump, an 

isolable supply branch from the shared IRWST suction line, and a discharge line that tees into its 

respective cold-leg LHSI injection line just upstream of the inboard LHSI-to-RCS isolation check 

valve. Each accumulator injection train has one accumulator whose isolable injection line tees into 

its respective cold-leg LHSI injection line just upstream of the inboard LHSI-to-RCS isolation 
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check valve. The LHSI train consists of an LHSI pump, LHSI HX. Each SIS has an emergency 

division of electricity supplying. Simplified of SIS is shown in Figure 1, and emergency electric 

system is shown in Figure 2.  

 

Figure 1: Simplified of SIS. 
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Figure 2: Electric system for SIS. 
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II. SYSTEM ANALYSIS 

When LBLOCA occurs, reactor pressure decrease rapidly. It causes core mass flow rate 

reduction. Because of this, critical heat flux is over. Safety injection system is initiated to delivery 

water into the core. The event tree is built as follow:  

 

   LBLOCA                  MHSI              ACC              LHSI    

 

 

1 

 

2 

 

3 

 

4 

 

5 

 

6 

S 

 

F, LL 

 

F, LL1 

 

S 

 

F, LL 

 

F, LL1 

 

 

LHSI 

 

ACC 

 

 

 

MHSI-LHSI  

 

MHSI-ACC 

 

Figure 3: Event tree for LBLOCA initial event. 

There are three cases leading to core damage: 3, 4, 5, 6. The fault trees for system MSHI and 

LSHI and electric are developed (Figure 4, 5, 6). 

 

Figure 4: Fault tree for MHSI. 

 

 

Figure 5: Fault tree for LHSI. 
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Figure 6: Fault tree for Electricity. 

III. RESULTS AND DISCUSSION 

The results of core damage frequency for cases 3, 4, 5, 6 are 7.45E-10, 5.83E-08, 7.45E-10,  

4.60E-15 respecially (Figure 7). Total core damage for LBLOCA accident is 5.9E-08. Compare 

with the contribution of LBLOCA event in Figure 8, which is about 2.9E-9, so they are not 

compatible well. Because in PSA, having all data of all system is very difficult.  

 

LBLOCA    MHSI          ACC         LHSI     

  

  

 

S  

F, LL 

F,LL1 

 

S 

F, LL 

 

F,LL1 

 

 

LHSI  

ACC 

 

 

MHSI-LHSI  

 

MHSI-ACC 

 

 

7.45E-10  

5.83E-08  

 

 

7.45E-10  

 

4.60E-15  

Tổng    5.90E-08 

Figure 7: Results of core damage frequency. 

 

Figure 8: U.S. EPR Initiating Events Contributions – Level 1 Internal Event. 
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Table 1 shows the important results. It can seen that the failures of accumulator, and HPSI have an 

important role. So these components are need to concern in testing and maintainace.  

Table 1: The important results. 

No Event Mean F-V Rrw Raw 

1 LBLOCA      1.33E-06 1 9999 751879.7 

2 ACC        5.00E-06 0.9874 79.186 197474.3 

3 TRAIN4     3.95E-03 0.0126 1.0128 4.18 

4 MP-L1FTS   4.16E-03 0.0069 1.007 2.66 

5 MV-L2A-FTO 1.07E-03 0.0062 1.0062 6.74 

6 MV-L2C-FTO 1.07E-03 0.0062 1.0062 6.74 

7 MV-L1C-FTO 1.07E-03 0.0018 1.0018 2.67 

8 MV-L1A-FTO 1.07E-03 0.0018 1.0018 2.67 

9 MV-L1B-FTO 1.07E-03 0.0018 1.0018 2.67 

10 SI-SIGNAL-F 4.18E-07 0.0003 1.0003 781.02 

IV.  CONCLUSION 

This project performed studying PSA level 1 and calculating the uncertainty of ECCS of EPR 

nuclear power plant in case of LBLOCA. The results of core damage frequency with initial 

LBLOCA help to assess the core safety, and the results of important help to make decision when 

testing and maintainace. Therefor, the results of PSA contribute to improve the safety of nuclear 

power plant. 
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ABSTRACT:  Neutronic characteristics of a Japanese PWR 900 MWe were investigated by using SRAC code 

and nuclear data library JENDL-3.3 with 107 public energy groups. The lattice modules, PIJ and CITATION, 

have been used for modeling the fuel rods, fuel assemblies and full core. The main neutronic characteristics 

analyzed in this work include infinite multiplication factors (kinf) versus burnup, the distribution of nuclide 

concentrations in the pin cells; the pin-wise power distribution in the assemblies; the effective multiplication 

factor (keff), and the power distribution in the core.   

Keywords: SRAC, PIJ, CITATION, effective multiplication factor, power distribution, burnup. 

I. INTRODUCTION 

Developing resources for nuclear reactor technical researching is one of the most important 

missions in the Vietnamese nuclear electrical project. For the founding and development of Nuclear 

Power Center, the staffs have studied the physical characteristics and the technical systems of the 

Nuclear Power Plants (NPPs) which can be constructed in Vietnam. The Pressurized Water Reactor 

(PWR) is one choice for the second NPP in Vietnam, for this reason, study and calculating 

neutronic characteristics of the Japanese 900 MWe reactor core are necessary. 

This report proposes cells, assemblies and full-

core calculations that will help the young staffs in 

Nuclear Power Center  improve their calculating skills, 

the objectives are: Improving capabilities of using 

existing computer codes in Nuclear Power Center; 

training the young staffs of Nuclear Power Center; 

learning about physical and technical characteristics of 

the Japanese reactor; learning about the basic nuclear 

reactor physical knowledge and using them for 

neutronics calculations. 

For the reasons mentioned above, the authors 

chose latest design of Mitsubishi's 900MWe reactor as 

an calculating object.       

 

Figure 1: The PWR 900MWe core. 
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The 900MWe PWR has 3 types of fuel enrichments: 1.6%, 3.5%, 4.4%; 2 types of fuel 

enrichments 3.5% and 4.4%  mixed with 8% Gadolinium (UO2-Gd2O3). There are 157 fuel 

assemblies in the core, their arrangement is shown in Figure 1. Each assembly has 264 fuel rods, 

burnable absorber and control rods arranged among fuel rods to equalize power distribution in the 

core, the number of rods in the reactor is shown in Table 1.  

Positions of control rods and UO2-Gd2O3 rods are shown in Figure 2. Burnable absorber 

(Burnable poison - BP) rods have the same positions as control rods'. In Figure 2b, positions  

numbered 1 and 2 will be blocked when fuel assembly has 16 burnable absorber rods, positions 

numbered 1 will be blocked when fuel assembly has 20 burnable absorber rods. 

For this calculation, the authors used a Japanese neutronic computer code - SRAC, this code 

was developed by Japanese Atomic Energy Agency (JAEA). SRAC is a powerful code which can 

calculate neutronic characteristics of various reactors. SRAC has 5 modules: PIJ, ANISN, 

TWOTRAN, TUD and CITATION0. In this report, the authors used 2 modules PIJ and 

CITATION, and nuclear data library JENDL 3.30. The PIJ module is based on 1,2-dimensions 

collision probabilistic method, can homogenize fuel pins and assemblies, this can be used for cell 

calculations. The CITATION module is based on multi-dimensions diffusion theory, this can model 

the reactor core. CITATION divides the core into homogeneous cells, then diffusion equation will 

be solved in each cell with the data carried out from PIJ calculations. 

Table 1: Types of fuel assemblies in PWR 900Mwe. 

 

 The main neutronic characteristics are performed in this report: the infinite neutron 

multiplication factors (kinf) versus burnup, the distribution of nuclear density in fuel rods; the fission 

rates in each assembly, the effective neutron multiplication factor (keff) and power distribution in 

reactor core. Neutronics calculations are necessary because it shows us the characteristics of the 

fuel rods, assemblies and reactor design, the results can also be used for thermal hydraulics 

calculations.  

 
Figure 2: a-Left) Fuel assembly with 16 UO2-Gd2O3 rods, b-Right)                                                                    

Fuel assembly with 24 UO2-Gd2O3 rods. 
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II. RESULTS AND DISCUSSIONS. 

II.1. Results of cell calculations using PIJ 

The infinite neutron multiplication factor kinf  of UO2 and UO2-Gd2O3 rods versus burnup are 

shown in Figure 3. The kinf  of UO2 rods decreases dramatically at the first burnup steps because of 

the contributions of 
135

Xe and 
149

Sm. From burnup step 300MWd/t, concentrations of poisons are 

equibrilium, kinf  begins decrease steadily per each burnup step. The kinf  of UO2-Gd2O3 rods at the 

first burnup steps is low because Gadolinium is a strongly thermal neutron absorber. At later steps, 

the amount of Gadolinium decreases, the kinf increases, from burnup step 30GWd/t, kinf  of UO2-

Gd2O3 rods decreases as UO2 fuel rods'. 

 

Figure 3: The kinf of fuel rod as distribution of burnup. 

The neutron flux of fuel rods in energy range 1.86eV - 10KeV is lower than the neighbouring 

range because neutron is absorbed in resonant range of 
235

U. Because of the strongly thermal 

neutron absorbed capability of Gadolium, neutron spectrum of the UO2-Gd2O3 rods was rougher 

than UO2 rods', there is no thermal neutron peak as UO2 rods. These are shown in Figure 4.  

In Figure 5, the densities depended on radius of some isotopes at burnup step 50GWd/t of the 

4.4% enrichment fuel rods are shown. The density of 
235

U decreases from the centre to the cladding; 

the density of 
238

U decreases rapidly at the cladding. A large quantity of neutron concentrates at the 

border of fuel and moderator, because of that, the reaction rate at the border is larger, huge amount 

of the fission products concentrate at the fuel cladding.    

 

 
Figure 4: The neutron flux in fuel rod as 

distribution of energy. 
Figure 5: The radial distribution of isotopes. 
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II.2. Results of fuel assemblies calculations using PIJ 

Table 2: The kinf of fuel cells. 

 

With the assumption that the Boron concentration in moderator is 1700 ppm, the temperatures 

of fuel rods, cladding and moderator are 900K, 580K and 580K, these results prepare cell constants 

of fuel assemblies, which can be used for full-core calculation. The assemblies 2C and 3C do not 

have neutron absorber, because of that, their kinf are higher. The assemblies with control rods have 

lowest kinf. The kinf of assemblies with UO2-Gd2O3 and burnable poison rods approximates 1. 

Fission rates of one quarter fuel assembly type 3B (fuel assembly with 4.4% enrichment, 16 UO2-

Gd2O3 rods and 24 control rods) are shown in Figure 6. The reaction rates of the neighbouring fuel 

rods are lower because of control rods. Central guide tube has water, this increases neutron 

moderation. Reaction rates of UO2-Gd2O3 are low because Gadolinium has large captured cross 

section for thermal neutron. At the corner of fuel assemblies, fission rates are largest because there 

are no control roand UO2-Gd2O3 rods. 

 

Figure 6: The fission rates of one quarter fuel assembly type 3B. 

II.3. Results of the core modeling with module CITATION 

In the design of  the  reactor, boron acid concentration are kept in the range of 2300-3000 ppm 

when reactor is in cold shutdown. Concentration of boron acid will decrease to 1600 - 1800 ppm 

when reactor is in hot shutdown -  before restart by withdrawing control rods 0. For this reason, the 

authors chose the calculating condition in which all control rods are withdrawn and the boron 

concentration is 1700 ppm. The calculated keff for reactor core is 1.0083, this shown that the core is 

critical.  
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In Figure 7, the flux of neutron 

which has energy under 0.025eV is 

shown, thermal neutron flux in the core is 

fairly uniform. The thermal neutron flux 

in reflector is much higher than in the 

core, this is caused by two reasons: 

reflecting in reflector and absorbing of 
235

U in the core. In Figure 8, neutron flux 

in the centre of the core is highest. The 

fast neutron flux is approximate 3 times 

higher than the thermal neutron flux, in 

the centre of the core, this value is 3.3 

times. Because in this calculation 

condition, temperature distribution and 

coolant flow are not taken into account, 

neutron flux is symmetric with 

symmetry plane is central horizontal 

plane of the core. The power distribution in the core is not uniform across the radius, the maximum 

value of power is 1.48. The power level is lowest in the centre of the core and highest at the 

boundary where there are high enrichment fuel assemblies. Inside the reactor core, the power peaks 

are in positions of assemblies type 2C (3.5% 
235

U fuel).  

Because low enrichment fuel assemblies arranged in the centre of the core and concentration 

of boron is 1700 ppm, the power level in the centre of the core is lower than other positions. When 

boron is burnt and decrease 2-3 ppm/day, power level in  centre of the core increases, power level in 

the core is fairly uniform. 

 

 
 

Figure 8: Radial power distribution in the core. 

 

Figure 9: Vertical distribution                    

of neutron flux in the core. 

 

Figure 7: Radial distribution of thermal neutron                        

in the core. 
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III. CONCLUSIONS 

This project performed nuclear characteristics of the Japanese PWR 900MWe calculations. 

The results are: the infinite neutron multiplication factor(kinf) versus burnup, the distribution of 

nuclide densities in the pin cells; the pin-wise fission rate distribution in the assembly and the 

effective multiplication factors (keff), and the power distribution in the core. In the near future, the 

authors' research orientation is using the Monte-Carlo method to calculate the benchmark problems 

and estimate the results in this project. 
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ABSTRACT:  One of  the accidents in PWRs  is loss-of-coolant accident (LOCA). The water  injection from 

ECCS through the cold legs into the core is performed to cover the reactor core and maintain a long term 

cooling. During cold ECCS water injected into cold legs and downcomer, the temperature stratification will be 

occurred under single-phase natural circulation conditions. Large Scale Test Facility (LSTF) was carried out in 

order to investigate the thermal-hydraulic phenomena and to confirm the effectiveness of ECCS during small-

break LOCAs and operation transients. This report presents the calculations of the temperature distribution in the 

cold leg and the downcomer during ECCS water injection under single-phase natural circulation conditions by 

using FLUENT code. 

I. INTRODUCTION 

During a small-break loss-of-coolant accident (LOCA) of pressurized water reactor (PWR), 

the emergency core cooling system (ECCS) is actuated and cold water is injected into cold legs. 

Injected water mixes with hot primary coolant and flows into the pressure vessel. Some of injected 

water may flow at the bottom of the cold leg, forming a cold layer less mixed with the upper hot 

layer. Insufficient mixing of cold water and hot coolant results in thermal stratification.  

Thermal stratification experiments under high-pressure and high-temperature conditions were 

performed in ROSA project in the Large Scale Test Facility (LSTF) which is a PWR simulator with 

a volume scaling ratio of 1/48, at the Japan Atomic Energy Agency (JAEA).  

This report describes calculations which were performed with FLUENT 14.0  code for 

emergency core cooling injection into one loop at single-phase flow conditions, with turbulence 

standard k-ε model and Realizable k-ε model on the mixing in the cold leg were investigated.  

II. ROSA Eexperiment 

The LSTF emulates a Westinghouse-type four-loop 3423 MW thermal power PWR by a full-

height and 1/48 volumetrically-scaled two-loop system (JAERI, 2008). The cold legs are consist of 

straight and elbow parts which are attached to the main coolant pumps, see Fig. 1 and the ECC 

injection nozzles in the cold legs which is perpendicular to the cold leg. 

The goal of the experimental program was to investigate temperature stratification under 

natural circulation conditions, and to provide data for the validation of ANSYS/FLUENT software. 

To this end, temperatures were measured with thermocouple rakes in the cold legs below the 

injection nozzle (TE1), and at two cross-sectional planes between the injection nozzle and the 

downcomer (TE2, TE3). Three thermocouples were mounted vertically below the injection nozzle. 
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The rakes in the cold leg consisted of 21 thermocouples in three columns and seven rows. 

Additionally, 18 thermocouples were installed in the downcomer below the cold legs (TE4), see Fig. 

2. 

 

Figure 1: Large Scale Test Facility. 

 

Figure 2: Position of thermocouple rakes in Loops A and B. 
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III. INITIAL CONDITION  

Based on the database of  LSTF/ROSA facility, the calculation node for cold leg and 

downcomer of the LSTF is shown in Fig. 3, with the geometrical parameters  and boundary 

conditions are summarized in Table 1and 2. 

Table 1: The geometrical parameters of cold leg and downcomer                                                                                 

of LSTF/ROSA facility. 

Component Outer Diameter (m) Length (m) Height (m) 

Cold leg 0.207 3.5 - 

Hot leg 0.207 3.5 - 

ECC 0.02 250 - 

Downcomer 0.64 - 1.8 

Table 2: Boundary conditions of the problem. 

Parameter Value 

Pressure                                              (MPa) 

Tcold leg                                                 (
o
K) 

Mass flow rate at inlet of Cold leg      (kg/s) 

TECCS                                                   (
o
K) 

Mass flow rate at inlet of ECCS         (kg/s) 

10.28 

454.6 

7.39 

299.2 

0.936 

 The model of the cold leg with ECCS nozzle and downcomer are shown and the meshing 

detail around the nozzle is shown in the Fig. 3.1, 3.2. The meshing nodes are generated using the 

mesh generator GAMBIT with total number of volume elements are 72341. 

 

Figure 3.1: Meshing of the cold leg and downcomer. 

Cold leg 

ECCS 

Downcomer 
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Figure 3.2: Meshing of ECCS nozzle. 

IV. RESULTS AND DISCUSSION 

4.1. Calculation using the turbulence Standard k-ε model 

The temperature distribution in the cold leg and downcomer in the standard k-ε model is 

presented in figure 4, 5. In this case, the temperature stratification is seen. The lowest temperature is 

expressed by blue color and the highest is red one. The water from ECCS comes down to the lower 

part of the cold leg and circulates up to the upper part which forms mixture. 

 

Figure 4.1: The distribution of temperature at cold leg and downcomer                                                                        

with turbulence Stardard k-ε. 
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Figure 4.2: Velocity profile in the cross sections along cold leg (0.05m each, from ECCS                                                 

nozzle of ECCS to downcomer): Temperature (above), Velocity (below). 

4.2. Implementation of realizable k-ε model 

The calculation procedures are the same as for standard k-ε model. However, the realizable k-ε 

model is chosen instead of former model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3: Temperature at the inlet of the cold leg in Realizable k-ε Model. 

 

Figure  4.4: Temperature profiles at the cross sections (0.05 m from each other) 

The figures 4.3 and 4.4 show the mixture of the cold water and hot water from ECCS and 

RCS. Then, it flows down to the downcomer. In the cold leg, the cold water is circulating into lower 

part that forms the layer of lower temperature and the hotter above. This causes the stratification of 

the temperature. 
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4.3. Comparison of the calculated results with the experiment 

The two models (Standard k-ε and Realizable k-ε) are often chosen in CFD calculations. 

When the density of injected water differs about 20% from the one of RCS water, buoyancy effect 

is showed in the both models. However, in the Standard k-ε model: the flow is controlled by 

buoyancy effect. First, the cooling water is ejected to bottom and then moves the top of the cold leg, 

causing the mixing of the main hot water is limited. The Realizable k-ε model is more sensitive 

mixing and buoyancy effect less dominant (Fig.4.5). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4.5: Comparison the distribution temperate at cold leg with stardard k-ε model 

and Realization k-ε model 
 

 

 

 

Figure .4.5: Comparison the distribution temperate at cold leg                                                                                          

with stardard k-ε model and Realization k-ε model. 

 

Figure 4.6 shown that, the stratification temperature can be observed by using FLUENT 14.0 

and OpenFOAM codes. Although it is quite different but, they have the same distribution of 

temperature. 

 

 

 

Standard k-ε model 

 

 

 

 

 

 

 

 
 

Standard k-ε model 

Realizable k-ε model 
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Figure .4.6: Comparison the distribution temperature at cold leg                                                                         

with Stardard k-ε, Reliazable k-ε and OpenFOAM code[3]. 

(b) 

 

 

(a) 
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Comparason of temperature change at downcomer between experiment and calculations by 

others with different number of control volumes proves that the results with total number of 72341 

control volumes are acceptable. 

V. CONCLUSION 

The experiment carried out in ROSA facility was simulated by FLUENT in order to 

investigate the temperature stratification in the conditions of single phase circulation in the cold leg 

of PWR with two models for turbulence flows. The obtained results are compared with the 

experiment and OpenFOAM.  

The flow regime may be influenced by using turbulence model used which can be seen in the 

standard k-ε model. The buoyancy effect also has notable influence in this model. The mixture level 

between hot and cold water is less than observed in k-ε Realizable model. However, the 

stratification is observed in the both of models. 
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ABSTRACT: The portable gamma spectrometer is composed of an external spectrometric gamma radiation 

detection unit and a processing unit. Highly-sensible scintillation NaI(Tl) detectors are used for measurement of 

gamma radiation energy distribution, ambient gamma radiation dose rate equivalent (spectrum-dose conversion 

method), search and identification of radionuclides. Geiger-Muller counter tube, integrated into the processing 

unit, for high gamma dose rate measurements. The microprocessor-based processing unit includes pulse 

processing electronics, multi-channel analyzer, data storage, LCD display, keypads, ethernet interface, and Li-

ion rechargeable battery. Portable multifunction scintillation gamma spectrometers can be used in laboratories as 

well as for working in field conditions. Main spectrometer function is radionuclide identification without 

connection to a PC. Additional functionality: search and detection of radioactivity sources and dose rate 

measurement. This spectrometer is ideally suited for environmental monitoring, radioactive waste monitoring, 

illicit trafficking of radioactive source and materials monitoring, radiation monitoring of scrap metal; nuclear 

industry, nuclear medicine and emergency. 

Keywords: gamma spectrometer. 

1. INTRODUCTION 

A portable gamma-ray spectrometer is a necessary tool for radioisotope identification in 

radiation safety, security inspection, and environmental surveying, as well as for a variety of other 

scientific and industrial applications. It collects and analyzes data obtained from a suitable radiation 

detector. A commercially available gamma-ray spectrometer sometimes contains functions more 

than actually needed and can be either too costly or difficult to maintain. Therefore, a simple 

spectrometer with minimal physical dimensions to implement in stand-alone monitoring systems or 

in field operations, as well as in applications requiring portability and user friendliness, is preferred. 

The advanced technique of analog hybrid chip, high performance analog-to-digital converter (ADC) 

and microprocessor products are applied in modern development. 

2. DESIGN AND CONSTRUCTION 

Radioactive isotopes, during their decay, emit gamma rays of specific energies. Several types 

of gamma radiation detectors-scintillators like Sodium Iodide (NaI), semiconductors like Cadmium-

Zinc-Telluride (CdZnTe) or High Purity Germanium (HPGe) crystals-are capable of recording 

energies of incoming gamma rays. In such detectors, the incoming gamma radiation produces 

pulses of light or electric charges proportional to the kinetic energy of the incoming radiation. The 

associated nuclear electronic components-preamplifiers, amplifiers, analog to digital converters 

(ADCs), and multi-channel analyzers (MCAs)-shape and amplify the signal from a detector, 

perform analog to digital conversion, and segregate the generated pulses according to their 
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amplitude (height) that is proportional to incoming photon energy. The obtained distribution of the 

incoming photons as pulses (counts) versus their energies is a gamma spectrum. 

The major design consideration for the portable spectrometer is low power consumption. This 

is the key to achieving a compact instrument package since it would allow the use of a small battery 

while still achieving a day time of battery life. To this end, low-power electronic components are 

chosen for use in the MCA, and the circuit design is simplified as much as possible without 

compromising the performance of the MCA as intended for field applications. The design makes 

use of commercial integrated circuits and discrete electronic components, which keeps the cost of 

electronics low and allows for easy modification and upgrade as needed. 

The block diagram of the portable gamma-ray spectrometer is shown in Figure 1, which 

consists of a number of functional electronic parts as follows. 

1. NaI Scintillation Detection Unit: Detection units from Russian Aspec manufacturer are 

produced on the base of the assembly "scintillation crystal NaI(TI)-PMT" and consist of pre-

amplifier, driver-amplifier with parameters of output impulses that enable to transmit them directly 

to the input of the amplitude-digital converter (multi-channel analyzer), high voltage power supply 

and a system for stabilization of the measurement channel based on a special LED with the function 

of temperature compensation of converter characteristic 

 

Figure 1: Block diagram of Portable Spectrometer. 
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6. A/D converter 

7. Embeded Microprocessor 

8. Real Time Clock module 

9. Graphic LCD Display 

10. Functional Keypad 

11. GPS module 

12. EEPROM storage 

13. RS-232, Ethernet Interface 

14. Li-ion Battery Power Supply 

15. DC-DC Converter 

In operation, the incoming pulses from the detection unit are fed into the sample and hold. 

Each stretched peak pulse is sampled and converted in 1.5µs for fully processed ADC conversion 

and then interrupts the control logic function for the digitized data storage by microprocessor. New 

coming pulses will be processed when the memory cycle is completed. The function program of 

microprocessor is written using C51 language for spectrum data acquisition and calculation. A 

software tool based on Labview was also developed to support the spectrometer when interfacing 

with PC. 

3. SPECTRUM ANALYSING AND RADIOISOTOPE IDENTIFICATION 

ALGORITHM 

3.1. Default Calibration 

The default calibration functions (Channel vs. Energy and FWHM resolution vs. 

Energy) are determined by fitting selected gamma-ray peaks to the Gaussian function. This 

calibration is done with standard sources: 
109

Cd(89 keV), 
57

Co(122 keV), 
133

Ba(356 keV), 
137

Cs(662 

keV), 
22

Na(1274 keV), and  
60

Co(1173 keV and 1332 keV). 

The calibration determines the calibration coefficients, a l, a2, a3, b1, b2, b3 and c1, c2, c3 for 

the following calibration function: 

chn = a1 + a2 E + a3 E
2
  Channel vs. Energy (E in keV) 

E = b1 + b2 chn + b3 chn
2
 Energy vs. Channel (E in keV) 

FWHM = c1 + c2 E + c3 E
2
 FWHM vs. Energy (both E and FWHM in keV) 

These calibration functions are incorporated in the instrument software as default 

calibration. When the instrument is operated, the software uses these functions to locate the gamma-

ray peak position and to determine peak shape. 

The user can use a 
137

Cs(662 keV) source to check the default calibration. If the 662 keV 

peak position is not at the same channel as calculated by the default calibration, the software will 

modify the gain coefficients, a2 and b2, to compensate for the change. This new calibration will 

serve as the default calibration. 

3.2. Isotope Library 

The isotope library in the instrument software contains up to eight isotopes. The table 1 

shows an example library: 

Table 1: 

Isotope Energy (keV) 

Na-22 1274 

Mn-54 835 
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Co-57 122 

Cs-137 662 

Co-60 1173 

Cd-109 88 

I-131 364 

U-235 185 

 

3.3. Isotope Identification 

The isotope library of the instrument contains up to eight isotopes. Every time the library or 

the energy calibration is changed, the instrument calculates the peak channel P 0 and the peak 

width (FWHM) for each isotope in the library: 

Po = a + b E + c E
2
  and  FWHM = c1 + c2 E + c3 E

2
 

 
Figure 2: Region of interest (ROI). 

where E is the energy corresponding to the gamma-ray peak of the isotope, and a, b, c 

are calibration coefficients that are stored in the unit. When the instrument is in acquiring 

mode, it searches for all the peaks in the library every six seconds. The detail  procedures for 

the peak searching for each isotope are given below. Figure 2 shows the peak channel P0, C0, 

the global ROI end channels, the left ROI channel ROIl, and the right ROI channel ROIr, for a 

region of interest. 

1. Smooth raw data 

Smooth[ii] = (-3*raw[ii-2] + 12*raw[ii-1] + 17*raw[ii] +12*raw[ii+1] – 3*raw[ii+2])/35 

where raw[ii] is the count at channel ii. 
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2. Search for the peak channel, C0, by looking for the maximum in the smoothed data inside 

(P0 ± 0.5 * FWHM). 

3. Set global ROI end channels as 

Lc = Co -1.5*FWHM 

Rc = Co +1.5*FWHM 

4. Set the peak ROI and channels ROIl and ROIr. The left channel ROIl is determined by 

searching for the minimum in the smoothed data from the Lc, to channel (P0 - 0.5 * FWHM), and 

the right ROI channel ROIr is determined by searching for the minimum in the smoothed data 

from channel (P0 + 0.5 * FWHM) to channel Rc. 

5. Calculate the ROI window: W= ROIr - ROIl +1. 

6. Set m, m is the number of channels used to calculate the average background on both ROI 

ends. 

If 0 ≤ Po < 180, m=1, 

If 180 ≤ Po < 380, m=3, 

If 380 ≤ Po < 640, m=5, 

otherwise m=7. 

7. Calculate the slope of the background 

Slope = 
lr

lr

ROIROI

NN




 , 

where Nr is the average count on channel ROIr and Nl is the average count on channel ROIl 

as follows: 

Nl = 
      

3

123  lll chnNchnNchnN
 

Nr = 
      

3

321  rrr chnNchnNchnN
 

8. Calculate the background in the ROI window 

BKG = (Nr + Nl) *W/2. 

9. Calculate total net count in the window (sum from channel ROIl to channel ROIr) 

NET_SUM =   iiraw   - BKG. 

 

10. Calculate the D-factor 

D = 











m

W
BKG

SUMNET

*2
17.2

_ 2

 

11. Calculate the net count in each channel in the ROI 

net[ii] = raw[ii] – (slope * (ii – ROIl) + Nl) 

if net[ii] <0, set net[ii]=0. 

12. Calculate the Gaussian array in the window 

G[ii] = exp[-(ii-Co)
2
/σ

2
]   where σ = FWHM/2.355 

13. Calculate the θ. All the sum are from the channel ROIl to channel ROIr. 
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θ = 
22

2)(

GNET

GNET




 

where the dot product 

  ][][ iiGiinetGNET  

and the magnitude 

 
22

iinetNET  

 
22

iiGG  

14. If θ>0.5, D>1.0 and NET_SUM>20, report that the isotope is identified. 

15. Calculate the activity 

A=
4107.3

_

T

SUMNET
 

where A is the activity in μCi, T is acquisition time (live time) in seconds, and ε is the peak 

detection efficiency (including the gamma-ray yield) given in the library. 

16. Repeat step 2 to step 15 for all other isotopes in the library. 

 

4. MEASUREMENT OF ENVIRONMENTAL GAMMA RAY EXPOSURE RATE 

4.1. Outline of JAERI method 

The JAERI method was developed by Moriuchi and Miyanaga in 1966. The conversion 

procedure from a pulse height spectrum to exposure rate is expressed by equation 1 below. The first 

line stands for the basic concept of the JAERI method, while the second for the practical calculation 

procedure when the method is applied to a pulse height spectrum taken with a multichannel pulse 

height analyser. 

                                                    
max

min

)()(

E

E

dEEGENX     (1) 

                                                                 = 
max

min

)()(
I

I
IGIN  

where 

 X  = exposure rate (2.58.10
-10

 C.kg
-1

.h
-1

 or μR.h
-1

), 

 N(E) = pulse height spectrum (cpm per keV), 

        N(I) = pulse height spectrum taken with a multichannel pulse height analyser 

(cpm per channel). 

 E  = pulse height (keV), 

 I  = channel number, 

 Emin = pulse height discrimination level (keV), 

 Emax = maximum energy for exposure rate evaluation (keV), 

 Imin = channel number corresponding to Emin, 

 Imax = channel number corresponding to Emax and 

        G(E),G(I) = spectrum-dose conversion operator (2.58.10
-10

C.kg
-1

 per cpm) for pulse 

height E or channel I. 
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G(E) functions for several commonly used 

detectors shown in Figure 3. 

This equation gives an exposure rate due to γ  

rays between 0 and 3 MeV. This method is 

applicable to any detector provided its pulse 

height corresponds to a photon energy. In the case 

of NaI(Tl) scintillation detectors, only the shape 

and size of the crystal and its housing are the 

critical factors for its response and G(E) function. 

Therefore, once a G(E) function for a type of NaI(Tl) 

probe is calculated, it is applicable to any 

NaI(Tl) probe of the same type. 

The G(E) function method is a well established 

method for dose conversion from a measured pulse-

height spectrum. The suitability of this application is 

based on that the evaluations of dose quantities are 

possible with relatively high accuracy and that the  

 
Figure 3: G(E) functions for commonly                                

used Nal(T1) scintillation detectors. 

procedure to convert measured spectrum into dose quantities is simple. The quantity of dose can be 

obtained by multiplying the count of each channel by G(E) value  corresponding to the energy of 

each channel and summing up them. A real-time dose conversion can be possible because of such 

simple procedure. 

4.2. Practical calculation procedure 

Dimensions of the considered detectors are 1" x 1", 2" x 2", 3" x 3", 4" x 4", 5" x 4" for 

cylindrical type and 2"φ, 3"φ, 5"φ for spherical type. For radiation quantities, four kinds of kermas, 

four kinds of 1cm depth dose equivalents in the ICRU sphere, and effective dose equivalents 

calculated with a numerical human phantom under five irradiation geometries are considered. The 

energy range of gamma-rays is 50 keV to 10 MeV. The detector response functions calculated by a 

Monte Carlo simulation code, MARTHA were used to derive G(E) functions. 

G(E) function is given by a polynomial approximated equation 2 below: 

G(E) = 



KMAX

K

MKMAXEKA
1

1

10 )(log)(    (2) 

KMAX is the maximum term number of the of the polynomial equation, and A(K) the 

coefficient for the K-th term of the polynomial equation. 

Coefficients A(K) of  a polynomial equation approximated to the G(E) function for 1cm dose 

equivalent in plane parallel irradiation (H
*
(10)) are shown in (JAERI-M, 91-204). 

We have made the G(E) function for our NaI(Tl) crystal with 2.5”x2.5” by an interpolation 

method using the reported values in JAERI-M 91-204 for detector sizes of 1”, 2”, 3”, 4”, 5” in 

following two steps. 

Step 1: Calculate the interpolated values using the G(E) of 1”, 2”, 3”, 4”, 5” NaI(Tl) at the 

energy points of 50, 60, 80, 100, 130, 165, 200, 300, 400, 500, 600, 800 keV and 1.0, 1.29, 1.5, 2.0, 

2.5, 3.0, 4.0, 6.0, 8.0, 10 MeV for results shown in table 2. 

Table 2: 

Energy   

(keV) 
G(E) (nSv.h-1/cpm) 

 1"x1" 2"x2" 2.48"x2.48" 3"x3" 4"x4" 5"x4" 



 

VINATOM-AR--12-08 

 

The Annual Report for 2012, VINATOM 

 
72 

50 1.032E-02 2.570E-03 1.600E-03 1.150E-03 8.969E-04 5.733E-04 

60 7.200E-03 1.800E-03 1.140E-03 8.016E-04 5.416E-04 3.484E-04 

80 6.680E-03 1.680E-03 1.080E-03 7.560E-04 4.685E-04 3.034E-04 

100 7.400E-03 1.870E-03 1.200E-03 8.351E-04 5.063E-04 3.279E-04 

130 9.240E-03 2.300E-03 1.480E-03 1.030E-03 6.111E-04 3.937E-04 

65 1.210E-02 2.940E-03 1.890E-03 1.310E-03 7.741E-04 4.986E-04 

200 1.610E-02 3.680E-03 2.350E-03 1.620E-03 9.553E-04 6.162E-04 

300 3.747E-02 6.540E-03 3.970E-03 2.650E-03 1.500E-03 9.620E-04 

400 7.248E-02 1.050E-02 6.040E-03 3.870E-03 2.090E-03 1.320E-03 

500 1.146E-01 1.518E-02 8.430E-03 5.250E-03 2.720E-03 1.690E-03 

600 1.581E-01 2.019E-02 1.101E-02 6.710E-03 3.370E-03 2.090E-03 

800 2.378E-01 3.012E-02 1.620E-02 9.670E-03 4.660E-03 2.900E-03 

1000 3.021E-01 3.915E-02 2.102E-02 1.245E-02 5.900E-03 3.680E-03 

1290 3.717E-01 5.018E-02 2.700E-02 1.600E-02 7.530E-03 4.720E-03 

1500 4.101E-01 5.677E-02 3.078E-02 1.822E-02 8.570E-03 5.390E-03 

2000 4.822E-01 6.906E-02 3.784E-02 2.256E-02 1.067E-02 6.720E-03 

2500 5.447E-01 7.844E-02 4.316E-02 2.597E-02 1.235E-02 7.780E-03 

3000 6.048E-01 8.641E-02 4.785E-02 2.884E-02 1.375E-02 8.670E-03 

4000 7.182E-01 1.008E-01 5.587E-02 3.380E-02 1.607E-02 1.017E-02 

6000 9.026E-01 1.280E-01 7.086E-02 4.278E-02 2.007E-02 1.282E-02 

8000 1.061E+00 1.519E-01 8.458E-02 5.114E-02 2.396E-02 1.526E-02 

10000 1.218E+00 1.717E-01 9.602E-02 5.842E-02 2.760E-02 1.748E-02 

Step 2: By use of OriginLab Pro 

software tool, make a polynominal fitting 

function (that is G(E) function) using the 

induced  interpolated values. The curve and 

expression of this G(E) function are shown in 

Figure 4 and table 3. 

Based on this function expression, we 

can calculate all the G(E) values vs. energy 

and final dose rate value according to dose 

rate expression (1) by JAERI method above. 

 

 

Figure 4: G(E) functions for 2.48”x2.48”  

Nal(T1) scintillation detectors. 
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Table 3: G(E) expression for 2.48”x2.48” Nal(T1) scintillation detectors. 

Equation 
G(E) = Intercept + B1*x^1 + B2*x^2 + B3*x^3 + 

B4*x^4 + B5*x^5 + B6*x^6 + B7*x^7 + B8*x^8 

Weight No Weighting   

Residual Sum of Squares 7.42E-05   

Adj. R-Square 0.99999   

  Value Standard Error 

G(E) 

Intercept 1510.6659 96.42088 

B1 -4405.049 294.10606 

B2 5546.4069 387.56292 

B3 -3944.231 288.22439 

B4 1731.5689 132.33566 

B5 -480.3098 38.42331 

B6 82.19757 6.89158 

B7 -7.93659 0.69836 

B8 0.33118 0.03062 

5. RESULTS 

The completed portable gamma-ray spectrometer was designed and constructed as shown in 

Figure 5 with the following specifications: 

- NaI(Tl) scintillator with LED-stabilized photomultiplier 2.48 x 2.48 inches, energy range: 

50 keV-3 MeV, resolution: 6.3% at 662 keV (
137

Cs), sensitivity: 1960 cps/μSv/h (
137

Cs). 

- Integrated ancillary detectors: Geiger-Mueller tube (GMT) for high dose rate 

measurements with gamma sensitivity (
60

Co): 0.26 cps/mR/hr. 

- Multi-Channel Analyzer: 2048 channels, 4 bytes/channel capacity. 

- Graphic LCD display:  128 x 64 pixels. 

- Spectrum memory: 8 spectra. 

- Dose rate range (DOSE RATE EQUIVALENT H*(10)): 

+ with NaI scintillation detector: 0.01 μSv/h – 80 μSv/h  

+ with Geiger-Mueller detector:   10 μSv/h – 100 mSv/h 

- Dose range (TOTAL DOSE EQUIVALENT H*(10) ): 100 nSv - 1 Sv. 

- Radioisotope Identification: 
57

Co, 
131

I, 
137

Cs, 
54

Mn, 
60

Co, 
22

Na, 
152

Eu. 

- Interface: Ethernet. 

- Temperature range: 0°C to +50°C 

- Power supply: Rechargeable Li-ion Battery; operating time 12 hours. 

- Dimensions: 2"x4"x8" (processing unit), Φ 88x315 mm (detector). 

- Weight: 5 kg. 
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Figure 5: The completed portable spectrometer. 

The results of calibration measurement for the spectrometer at the Secondary Standard Dose 

Laboratory of Institute for Nuclear Science and Technology are shown in table 4 with errors less 

than 10%. The identification spectra of the spectrometer for some radioisotope are shown in figure 

6. 

Table 4: Calibration measurement result. 

Ref. Dose rate (uSv/h) 

Measurement Times 
Average 

(uSv/h) 

Average 

-Bkgrnd 

(uSv/h) 

Error 

(%) 1st 

(uSv/h) 

2nd 

(uSv/h) 

3rd 

(uSv/h) 

0.68 0.77 0.72 0.8 0.76 0.66 2.5 

0.77 0.8 0.85 0.87 0.84 0.74 3.9 

2.7 2.61 2.65 2.69 2.65 2.55 5.6 

3.06 2.97 3.03 3.09 3.03 2.93 4.2 

10 10.08 10.27 10.17 10.17 10.07 0.7 

15 15 15.01 15.1 15.04 14.94 0.4 

20 20.12 20.36 19.79 20.09 19.99 0.1 

25 25.46 24.68 24.92 25.02 24.92 0.3 

30 30.59 31.11 29.55 30.42 30.32 1.1 

35 35.04 35.42 34.67 35.04 34.94 0.2 

40 41.69 39.71 39.86 40.42 40.32 0.8 

45 46.72 45.53 45.97 46.07 45.97 2.2 

50 52.77 53.73 52.9 53.13 53.03 6.1 

NaI Scintillation Detector Processing Unit  

Graphic LCD Display 

Functional Keypad  
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              I-131      Na-22 

  
   Cs-137     Co-60 

 
   Eu-152 

Figure 6: Radioisotope identification spectra 

 

6. CONCLUSIONS 

The portable gamma-ray spectrometer was completely designed and constructed. As a result 

of the development, this instrument with a reasonable performance, low cost, compact size and user 

friendliness was obtained. The system performance satisfies the requirements for in situ operation 

with special features of searching for single radioactive gamma sources or for areas of 

contamination with gamma radio nuclides, automatic identification of radio nuclides based on 

measured gamma ray spectra, gamma dose and dose rate measurement. 
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ABSTRACT: All elements effect to absorption dose inside object irradiated on UELR-10-15S2 electron beam 

accelerator at VINAGAMMA were researched. These were: depth-dose profile, beam-size, surface-dose vs 

distance scanning-horn to object, limitation of conveyor speed. Base on the received results, a computer program 

for operator to calculate the DUR and determine the set-up values of power, the speed of conveyor, and the 

scanning frequency of UELR-10-15S2 (operator-parameter) in a specific irradiation case were built. Outputs of 

the program are good appropriate with perform case. 

1. OBJECTIVES 

- Determined elements effect to absorption dose; 

- Building an computer program to calculate the operator-parameter (including: the object 

should or should not be irradiated on UELR-10-15S2- ensure of get DUR in limited, power 

of machine, speed of conveyor, scanning frequency). 

2. APPROACH 

A dummy set with B3000 film dosimeter were used to measure depth-dose profiles when 

irradiated on UELR-10-15S2; checking the accurate of formula 1 in case UELR-10-15S2. Base on 

these results, a program was built to calculate the set-up operator-parameter on UELR-10-15S2. 

Out-puts of the program are good appropriate with perform case. 

3. RESULTS AND DISCUSSION  

3.1. Elements effect to calculation operator-parameter (OP) 

The most importan in calculate OP values is well know dose-distribution in object (3.2). 

There are some depth-dose profiles showed but it not good compatibility in perform case with 

UELR-10-15S2; therefor, the depth-dose profiles of UELR-10-15S2 must be determined. 

After penetrated through titanium plate placed at windows, pencils eb is divergence as Gauss 

funtion. With a beam pulse accelerator, the beam size had impressive effect to ensure good dose 

uniformity on surface of product. This divergence also made the surface dose decreasing when 

increasing distance from titanium window. 

Elements for research: 

- Depth-dose profiles; 

- Beam size mesurement; 

Project Information: 

- Code: CS/12/07-05 

- Managerial Level: Institute 

- Allocated Fund: 60,000,000 VND 

- Implementation Time: 12 months (Apr 2012-Mar 2013) 

- Contact Email: khonglachi_84@yahoo.com 

- Papers published in relation to the project: (None). 
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- Conveyor speed limitation; 

- Surface-dose vs distance from scanning-windows. 

3.2. Depth-dose profiles 

A stack of 30 plates plastic-dummy, density as 0.34 /cm
3
, size as 39x39.8x0.5-cmxcmxcm, 

with B3000 film dosimeter set between paltes (Fig.1a) were used to detemined depth-dose profile 

showed in Fig. 1b. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: a. Stack for determined depth-dose profile,  

b. Depth-dose profile. 

3.3. Beam-size 

A plates with B3000 film dosimeter (Fig.2a) palced at distance 20, 30, 45 and 60 cm from 

scanning -window (Fig.2b) were used to mesure beam-size. The results showed that, distribution of 

electron in beam are comply with Gauss funtion, beam-size increasing when increasing distance 

from the scanning-window (Table 1). 

  

 

 

 

 

 

 

 

 

 

 

 

Figure 2: a. A plates with B3000 film dosimeter,  

b. Posistion of plates with dosimeter 
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Figure 3: Shape of beam at 20, 30, 45 and 60 cm distance from titanium window 

 

 

Table 1: Beam-size at 20, 30, 45 and 60 cm                                                                                                        

distance from scanning-windows. 

Distance from 

titanium (cm) 
Beam-size (cm) 

20 3.0 

30 4.6 

45 8.4 

60 10.6 

3.4. Limitation speed of conveyor to ensure dose unifomity at suface object 

In this section, formula 1 had been check a gain in case of UELR-10-15S2. An array of B3000 

dosimeter had placed in direcrtion of conveyor (Fig.4) , at heigh 20 and 30 cm, speed of conveyor 

set 1 m/min; Scan-frequency is 1 Hz; Beam-size are 69 and 46 respectively; The limitation of beam-

size of  formula 1 is about 50 mm. The perform case show that: Formula 1 is good appropriate with 

UELR-10-15S2 (Table 2).  

3

.SF
v         [1] 

v: speed of conveyor 

F: Scanning-frequency 

S: Beam-size 

 

 

 

 

0

5

10

15

20

25

30

35

40

-15 -10 -5 0 5 10 15

cm

k
G

y

60 cm

45 cm

30 cm

20 cm



VINATOM-AR--12-09 

 

The Annual Report for 2012, VAEI 

 
80 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Scheme for checking formula 1. 

Table 2: Dose distribution along conveyor at 20 and 30 cm height. 

Position 

Near wall Midle Near operator way 

Height (cm) 

20 30 20 30 20 30 

0 6.4 6.7 6.2 6.5 6.7 6.7 

2.54 6.4 6.4 6.1 6.6 6.3 6.8 

5.08 6.3 6.5 6.1 6.6 6.1 6.9 

7.62 6.0 6.8 6.2 6.6 6.0 7.2 

10.16 6.0 6.9 6.0 6.7 6.0 7.0 

12.7 6.0 6.7 6.0 6.8 6.0 7.2 

15.24 6.3 6.5 6.2 6.8 6.2 6.6 

17.78 6.1 6.5 6.2 6.4 6.3 7.0 

20.32 6.2 6.6 6.2 6.7 6.5 7.0 

22.86 6.2 7.0 6.3 7.0 6.4 7.1 

25.4 6.4 6.9 6.2 7.2 6.3 7.1 

27.94 6.3 6.7 6.4 6.7 6.2 7.0 

30.48 6.4 6.4 6.8 6.7 6.4 6.8 
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33.02 6.5 6.2 6.5 6.8 6.3 7.0 

35.56 6.7 6.1 6.5 6.8 6.3 6.0 

38.1 6.4 6.3 6.3 7.2 6.3 6.9 

40.64 6.1 6.3 6.2 7.0 6.2 6.9 

43.18 6.2 6.7 6.3 6.5 5.9 6.5 

45.72 6.0 6.2 6.2 6.5 6.2 6.3 

48.26 6.0 6.2 6.4 6.5 6.2 6.7 

Dave 6.2 6.5 6.3 6.7 6.2 6.8 

 0.2 0.3 0.2 0.2 0.2 0.3 

 

3.5. Surface-dose change with distance from scanning-windows 

A group of 3 B3000 dosimeter are placed at distance 20 to 55.5 cm from scanning-window. 

The result are showed in Table 3, dose increasing when decreasing distance. 

Table 3: Surface-dose vs distance from scanning-window. 

H (cm) Dose [kGy] 

55.5 0.90 

40.0 0.95 

35.0 1.00 

30.0 1.05 

20.0 1.21 

3.6. Building a Program to calculate the operator-parameter 

OP for set-up are: speed of conveyor, power of machine, scanning-width… To calculate these 

parameters, the program must solve sequence these step: 

- Getting object dimension, require dose from user. 

- Calibrate dose by Calorimeter, remind daily calibrate if not been done. 

- Calculate dose-distribution inside object base on the experimental results. 

- Determine DUR (Dmax/Dmin). 

- Calculate surface-dose, including height adjusting. 

- Calculate speed of conveyor. 

- Calculate beam-size, checking condition of speed. 

- Drawing graphite of dose distribution inside object. 

Program had been build by Visual Basic [2]; Interface of program is simply style design, 

getting enough input information and gave suitable output. The program allows user calibrate the 

depth-dose profiles, set-up parameter of Calorimeter. Program interface and a simple are shown in 

Fig.5.  
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Figure 5: Program interface. 

4.   CONCLUSIONS 

All elementary effect to calculate operator-parameter on UELR-10-15S2 were determined and 

researched.  

Program were built and the outputs of program are good appropriate with perform case. 

However, the program should be developed self-improvement features precision by noting the 

calculated results and the value the user enters data daily to correct for the subsequent calculation. 
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ABSTRACT:  The system equipment of wireless data transmission Gamma dosimeter consist of standard RF 

Gamma dosimeter wireless data transmission and wireless data transceiver connection with a computer via 

RS232 port. The system is designed based on the PIC processor, Geiger-Meuller  (GM) counter tube used to 

measure Gamma radiation and measured results show the equivalent dose rate in microsivert  units of the SI 

system. The data has been displayed on the LCD screen of the meter and at the same time has been sent to the 

wireless receiving host computer located in the control room at distance of about 300m via standard RF. The 

equipment used high-voltage 300-500 VDC; The GM counting tube used as radiation detectors to convert 

quantum Gamma radiation into electrical impulses, these impulses are counted continuously by microprocessor 

to compute the counter speed of  average dose as well as  equivalence dose. The processor automatically set 

measurement time depends on the different dose rates: In the natural foundation, time is approximately 36 

seconds, when the dose rate increases, the time reduced to 1 second. The cumulative dose rate values are 

displayed on the LCD screen with the unit of measurement for dose rate is Sv/h  and Sv for the cumulative 

dose, the measurement range is set automatically according to the scale of: from 10 to 100 Sv/h. All the 

electronic components function of low power consumption of about 10mA plus the consumption of RF module 

about 20 mA when working in the sending state and 1mA in standby state. Such devices can operate with type 9 

V Alkaline battery placed inside while using portable mode, displaying the results on the LCD screen which 

does not release data on the host computer. In case meter is fixed to measure continuous for long days, the 

device will be linked to 9 VDC power, supplied from a rectifier 220 VAC mains to the 9 VDC source. 

Keywords: RF, wireless data, Gamma dosimeter, Geiger-Meuller (GM). 

I. THE WIRELESS GAMMA DOSIMETRY SYSTEM 

Some basic applications of this system include: 

- Detect and alert by sound whenever radiation dose exceeds the acceptable limit. 

- Survey and control of environment radition dose; or while working with radiation sources  
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Figure 1: Principle diagram of the system. 

 
Figure 2: Circuit diagram of the system. 

The equipment includes 4 basic blocks: High voltage block (1), Signal processing block (2), 

power block (3) and peripheral device communication block (4) 

I.1. Power Supply Unit 

 
Figure 3: The power supply circuit. 
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A 9V battery was used as power supply of the equipment. This battery connects with the 

LP2950 to provide a 5VDC for other electronic components. A voltage checking circuit was also 

designed by combining resistors, transistors and microprocessor of the equipment to monitor the 9V 

battery. The 9V battery was connected with 2 resistors R9 and R10 to create a voltage divider 

connecting to B-pin of the Q2SC1815 transistor. The input power will control operation of this 

transistor. When power is low, the voltage at B-pin of Q2SC1815 transistor decreases, leads this 

transistor to do not conduct and thus the voltage of C-pin increases. The C-pin of this transistor was 

connected to RB1-pin of the microprocessor so that the program will alert “low battery” when 

voltage at RB1-pin getting high (above 2.5 V) 

I.2. High Voltage Unit 

The 5VDC supplier was connected to LT1073 to create the AC current. This current was 

amplified by the T1 coil before entering the voltage multiplier and a diode to produce the 500VDC 

that supplies for the detector. 

 
Figure 4: High voltage unit. 

 
Figure 5:  Signal processing circuit behind the detector. 

I.3. Signal processing unit 

The signal processing unit consists of a signal processing circuit and a microprocessor. The 

signals that come out from detector were firstly passed to the C5 capacitor which only permits AC 

signals to be transferred. Then, these signals come into the filter circuit (combining by diodes and 

resistors) in order to remove noise and other not-wanted signals before passing to the B-pin of 

Q2SC1815 transistor. When signals come to the B-pin, that transistor becomes conductive and 

creates a negative pulse at 4
th

 pin of U-14 (4528) which was installed to make the square pulse so 

that a TTL pulse will be created at output of the transistor (6
th

 pin). TTL signals was then transfer to 

15
th

 pin of the microprocessor to count and a TTL signal was assigned to be corresponding with 1 

radiation pulse.  

The PIC 16F877A microprocessor can process many kinds of signals such as: transmits & 

receives signals with peripheral devices, communicates with computer or records counting 

numbers… This is the central processing unit of the equipment. All of processes and operations of 

the equipment was controlled by this microprocessor. 
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I.4. Peripheral device communication unit 

This unit consists of 3 main components: a displaying component (LCD), a RS 232 

comunicating component and a speaker that can alert whenever the dose rate exceeds the acpetable 

limit. The unit can communicate with computer through RS232 connection or through RF wireless 

standard connection for receiving data and control operation of the equipment. 

1.5. RF wireless data transmitting-receiving unit 

The unit uses a HM-TR/232 module to transfer and receive data within a distance of 330m 

and comsumpt a current of 20mA while working. There are 2 kinds of HM-TR/232 module: one has 

been installed a RS232 IC and one does not. 

  

Figure 6:  HM-TR/232 Module. 

-  VDD: Power supply 

-  DTX: Data output from module 

-  GND: Ground 

-  DRX: Data input to module 

-  CONFIG: Config mode 

-  ENABLE: Enable 

II. THE C PROGRAM INTEGRATED IN PIC 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                       

 

 

Figure 7: Algorithm flowchart and the C program integrated on PIC. 
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III. THE LABVIEW CODE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Algorithm flowchart and the LAbview program installed on PC. 

 

Figure 9: GUI of program for controlling and receiving data on PC. 

When the program starts, previous parameters (of the last run) are used by default. The 

parameters need to be configured include: TIME defines the measurement time; ALAR  defines the 

alarming limit-exceeding that, a series of “beep” was sounded from the dosimeter as well as the 

computer;  GAMMA CONSTAN defines the correction factor which is assigned during cablibration 

of the equipments. After setting up the parameter and press the START button, new parameters will 

be sent to the dosimeter for its operation. 
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IV. IMAGE OF THE EQUIPMENT 

 

 

 

 

 

Figure 10: Image of the Wireless Gamma 

Dosimetry System. 

 

V. HIGH-VOLTAGE INVESTIGATION 

Different high voltage levels were studies to choose an optimal HV which is most stable and 

gives highest counting numbers. A Cs-137 source was placed at 30 cm from the equipment, HV was 

then adjusted from 370V to 490V and measurement was repeated 3 times at each point. Results of 

the measurements showed in graph below: 

  

Figure 11: Equipment plateau. Figure 12: Equipment time stability. 

According to Figure 12, the maximum counting number recorded is 7485, coresponding to a 

maximum error of 5.17% and the minimum counting number is 7377, coresponding to minimum 

error of 0.51% 

From the graph we’ve selected the optimal point of 430V and set it up as an optimal HV for 

our equipment.     

VI. STABILITY OF EQUIPMENT VERSUS TIME 

Stability of counting numbers versus time was studied at 430V HV by placing a Cs-137 

source at 30cm from the dosimeter. Measurement time was set up to 5 second. Result of the 

measurements is given in graph below:  

VII. STABLE WORKING DISTANCE 

Stable working distance of the equipment was studied by moving the dosimeter t different 

distances from 0 to 330m from the source. Measurement was repeated 10 times at each point.  

If ground topography is flat and no shielding, the maximum distance at which equipment can 

work is 310m. The maximum working distance decreases as shielding increases. For example, 

maximum working distance decreases down to 250m when the dosimeter and the receiving 

equipment were shielded by 2 concrete walls. Besides, maximum distance is also affected by type 

of antenna, such as: multidirectional antenna or oriented antenna; and the emiting frequency of RF 

circuit. The maxium distance is 310m at the frequency of 915MHz and decreases to 200m at 

frequency of 434MHz. 
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Nowadays, there are also some RF circuits that can work at farther distance, up to 1 or several 

ten kilometers. However, their prices are high and comsumpt more current power. We should 

depend on our requirements to select a suitable RF circuit. 

VIII. EQUIPMENT CALIBRATION 

The equipment has been sent to Radiation Safety Department of Nuclear Research Institute in 

Da lat for calibration by using the Third Standard Calibration Method. The standard equipment and 

the calibration equipment were placed at the same distances from a Cs-137 source and 

measurements were repeated several times. Result of the measurements was then compared 

between two equipments to calculate the calibration factor and the calibration factor was used to 

correct the counting numbers of the equipment. 

IX. CONCLUSION  

The institutional R&D project “A pilot study of Wireless Gamma Dosimetry System” was 

carried out from 1/2012 to 12/2012 was successfully archieved the defining goals and complete the 

study contents as well as study products. Technical features and functions of the Wireless Gamma 

Dosimetry equipment has archieved the study goals, as below: 

Technical features 

- Detector: Halogen-quenched Geiger-Meuller LND712/ZP1400, can be used to measure 

Alpha, Beta, Gamma and X-radiation. 

- Displaying system: LCD screen on the dosimeter and computer. 

-  Measurement range: from 10 to 100 μSv/h. 

-  Energy range: from 0.04 to 1.8 MeV. 

- Mean error: ±5%. 

- Output data can be connected to PC through RS232 port or transmitted by RF wireless 

standard connection to PC. 

- Maximum working distance: 310m. 

- Power supply: 9VDC or 220AC through adapter. 

- Size:  150 x 85 x 50 mm. 

The project has completed with the following products 

1. Outline and diagram of the Wireless Gamma Dosimetry System. 

2. Source code of the microprocessor in C language. 

3. Controlling software on PC written in Labview. 

4. The Wireless Gamma Dosimetry System. 
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ABSTRACT: In this subject we have designed and manufactured Compton scattering gamma measurement 

system based on the calculated optimal configuration as well as the conditions of protect radiation by using 

Monte - Carlo simulation program and fabrication with the optimal conditions were selected. Monte-Carlo 

simulation calculation of Compton scattering gamma follow different angles on copper, surveying gamma 

radiation attenuation characteristics of materials: lead, iron, aluminum, and compared with the experimental 

results performed on the same measurement system has been built and given for evaluation, comments. 

I. INTRODUCTION 

Training Center of Nuclear Research Institute is one of the basis by the Ministry of Education 

tasked to participate in the training of human resources in the nuclear field. Therefore, the study 

design and manufacture a Compton scattering measurement system using Detector NaI(Tl) 

scintillator with gamma sources and exercise related construction service training is essential. 

Compton scattering gamma measurement system is made at the Training Center, Nuclear 

Research Institute will facilitate the university students as well as graduate students to experiment 

and verify theory has been studied. 

II. EXPERIMENTS  

II.1. Equipments 

- Compton scattering gamma 

measurement system, the materials survey 

intensity of gamma-ray scattering angle 

and materials survey attenuation of gamma 

radiation: Copper, aluminum, iron, lead. 

- Detector Nai (Tl) scintillator 

connected to the multi-channel analysis 

system using the Phast PC - 8K MCA type 

MC 1008 of Indian. 

 

 

 

 

 

 

Figure 1: Compton scattering gamma measurement system at the 

Training  Center, Nuclear Research Institute. 
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II.2. Experimental procedures 

- Monte Carlo simulations using MCNP program to calculate the scattering gamma intensity 

follow different angles on copper target and determine the characteristic attenuation of gamma 

radiation in the material: aluminum, iron, lead. 

- Experimental measurements based on Compton scattering gamma measurement system 

have been built to calculate the scattering gamma intensity follow different angles on copper target 

and determine the characteristic attenuation of gamma radiation in the material above. 

- Comparison between simulation and experimental results, verification of theoretical laws. 

III. RESULTS AND DISCUSSION 

The results showed that the difference between the Monte Carlo simulations using MCNP 

program and experimental measurement is negligible. 

Gamma scattering energy follow angles (0
o
, 30

o
, 60

o
, 90

o
, 120

o
) as measured on the Compton 

scattering gamma measurement system was fabricated completely follow the rules of Compton 

scattering, the results from simulation calculations also for the same results. 

Table 1: Gamma scattering energy at different angles. 

Scattering angles 0
o
 30

o
 60

o
 90

o
 120

o
 

 theory (KeV) 662 564 402 288.5 225 

 simulation (KeV) 662 564 402 288 225 

 experiment (KeV) 660 570 401 286 215 

When surveying gamma radiation attenuation characteristics of materials: aluminum, iron, 

lead by the two methods is the simulation and experimental measurements obtained results quite 

similar, here we see only a very small difference between the calculated parameters such as: the 

linear attenuation coefficient (μ), the mass attenuation coefficient (µm), half value thickness (HVT), 

tenth value thickness (TVT). 

So, you can use the results from simulation calculations for comparison and verification with 

experiments. 

Table 2: The parameterst from the simulation calculations                                                                            

and experimental measurements. 

Parameters µ (cm
-1

) µm (cm
2
/g) HVT(cm) TVT(cm) 

Simulation 

Aluminum 0.202 0.075 3.4 11.4 

Iron 0.569 0.072 1.2 4.0 

Lead 1.170 0.103 0.59 1.97 

Experiment 

Aluminum 0.201 0.074 3.45 11.46 

Iron 0.559 0.071 1.24 4.12 

Lead 1.146 0.103 0.604 2.011 

IV. CONCLUSIONS 

Have completed the following objectives: 

- Calculate the optimal design Container containing Cs-137 source activity 22.7 mCi by 

Monte Carlo simulations using MCNP program. 



VINATOM-AR--12-11 

 

The Annual Report for 2012, VINATOM 

 
92 

- Designing and manufacturing Compton scattering gamma measurement system and 

complete installation on the lab table. 

- Calculate the simulated gamma scattering intensity in copper follow different angles using 

MCNP program and identify attenuation characteristics of gamma radiation in the material: 

aluminum, iron, lead. 

- Measurement of experiments to determine the gamma scattering intensity in different 

angles on copper and determine the attenuation characteristics of gamma radiation in the material: 

aluminum, iron, lead on the system has already been made. 

- Compare and evaluate the results between simulation and experimental measurements. 

System has been completely made for the survey results consistent with theoretical 

calculations and simulations. 
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ABSTRACT:  The project “Research and design of a shielding system for improving dose uniformity ratio and 

setting up a set of operational instruction for the electron beam accelerator UELR-10-15S2 at Research and 

Development Center for Radiation Technology - VINAGAMMA” has been set up and implemented to improve 

dose uniformity ratio (DUR) for products with the areal densities in the range of 4.5 – 7.0 g/cm
2

 in the irradiation 

by electron beam of 10 MeV energy and to set up the first set of operational instruction of the accelerator UELR-

10-15S2. 

By using the shielding system with the areal densities of 1.5 g/cm
2
 and 2.5 g/cm

2
, the DUR values for products 

with the above range are reduced lower than 2 for food irradiation and the utilization of the accelerator has been 

significantly enhanced. The set of operational instruction of the accelerator UELR-10-15S2 has been set up and 

approved by the center’s director in order to put it in force. 

1. CONTENT 

- Overview of the electron beam accelerator UELR -10-15S2.  

- Research, design and fabrication of the shielding system to improve dose uniformity ratio 

(DUR) for products with the areal densities in the range of 4.5 – 7.0 g/cm
2
. 

- Setting up the operational instruction of the electron beam accelerator UELR-10-15S2 in 

order to put it into routine operation. 

2. RESULTS 

2.1. Overview of the electron beam accelerator UELR -10-15S2  

The electron beam accelerator UELR-10-15S2 was supplied by the company CORAD 

SERVICE Ltd, Russia and has been put into operation since August of 2012. The accelerator is 

used for sterilization of health care products, food pasteurization and research and development 

purposes in the field of radiation technology as well. The main characteristics of the accelerator are 

showed in table 1:  

Table 1: The main parameters of the UELR-10-15S2 accelerator. 

Electron energy, MeV 10 

The peak mean beam power, kW 15 

The pulse amplitude of beam current, A 0.25 
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Pulse repetition rate, Hz 12.5 ÷ 300 

Scanning length, mm, max 500 

Power consumption, kW 110 

Homogeneity of doze along the scanning length, % ± 5 

Beam power stability,% ± 2.5 

Electron energy stability, % ± 2.5 

The facility consists of the linear accelerator UELR-10-15S2 and roller conveyor placed 

inside of the concrete bunker. The acceleration of electron has been done through resonant cavities 

along the accelerator structure by a high frequency wave pumped from a RF power amplifier, 

Klystron. The beam output system of the accelerator has two scanning horns located opposite each 

to other with the distance of 900 mm. A product carton goes in between these horns can be 

irradiated by double side manner. The accelerator UELR-10-15S2 is illustrated in the picture 1. 

 

 

 

 

 

 

 

 

 

 

        

    Figure 1: Layout of the accelerator UELR-10-15S2 at VINAGAMMA. 

2.2. Research, design and fabrication of the shielding system for improving dose 

uniformity ratio (DUR) 

System description 

The shielding system consists of two 

shielding plates (1.5 g/cm
2
 and 2.5 g/cm

2
) 

with water inside and a water cooling 

system. The water circulated inside of the 

shielding plate is used as a dummy material 

and coolant material as well as.  

A shielding plate is a flat rectangular 

box which consists of two stainless steel 

sheets at two sides, connectors for water 

inlet and outlet. The dimensions of the 

shielding plates are 800 mm length, 200 mm 

width, 8.1 mm and 11.1 mm  thickness for 

1.5 g/cm
2
 and 2.5 g/cm

2
 respectively. The 

dimensions and main parameters of these 

plates are presented in the Table 2. 

                                                    Figure 2: Principle diagram of the shielding system. 
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Table 2: Dimensions and main parameters of the shielding plates. 

Plate 

Dimension, mm Stainless 

steel 

thickness, 

mm 

Total areal 

density, 

g/cm
2 

Water flow rate, 

l/min (at beam 

power of 15 kW) Length Width Thickness 

1 800 200 8.1 0.5 1.5 70 

2 800 200 11.1 1.0 2.5 90 

The water cooling system consists of water copper pipes of 12 mm diameter connected to a 

shielding plate, water plastic pipes  of  34 mm diameter connected to pump, water tank and heat 

removal part with a fan, water tank with the volume of 0.2 m
3
, water pump with the electrical power 

of ¼ HP and the heat removal part. 

The system installation under beam and the shielding plate are shown in the Fig. 3 and Fig. 4 

respectively. 

 
 

 
 

           Figure 4: A shielding plate. 

 

 

 Figure 3: Installation of the system under the upper 

scanning horn. 

 

 

Shielding effect 

Normally, in the radiation by electron beam of 10 MeV emitted from UELR-10-15S2 

accelerator products’ densities batter are less than 4.5 g/cm
2
. For products with higher areal 

densities, for example, from 4.5 g/cm
2
 to 7.0 g/cm

2
 the DUR value are more than 2 and it is not 

accepted for food irradiation and for sterilization of health care products. The curve of DUR vs. 

Areal densities of product in 2-side irradiation by UELR-10-15S2 is illustrated in the Fig. 5.  

 
           Figure 5: Curve of DUR vs. Areal density values. 
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Therefore, the DUR value for food irradiation and for sterilization of health care product 

should be kept lower than 2 and from 1.3 to 1.5 respectively. For products with  using the shielding 

system with the appropriate selection of a shielding plate the areal density of an object comprising 

product and a shielding plate is the areal density of a shielding plate plus the areal density of the 

product and DUR values will be decreased lower than 2. 

 Experiment and results 

For estimation of the shielding effect to DUR parameter by using the shielding plates namely 

1.5 g/cm
2
 and 2.5 g/cm

2
, identical rectangular dummy plates have been used. A typical dummy 

plate is made of wooden material with dimensions of 47 cm length, 37 cm width, 9.4 mm thickness 

and   the weight of 1.28 kg. These plates are stacked with dosimeters radiochromic film dosimeters 

B3 (GEX company) placed in between and irradiated by the upper scanner with two passes (one 

pass with the shielding plate and next pass without the shielding place after turning down the 

stacked dummies) beam. 

To simulate the practical irradiation the experiment for a shielding plate has been 

implemented by the following manner: Pass 1: the stacked dummies covered by a shielding plate 

are placed on the conveyor and irradiated; Pass 2: After the the first irradiation, the stacked 

dummies were turned down and placed at higher level in comparison with the conveyor then 

irradiated in absence of the shielding plate. The arrangement of the experiments is illustrated in the 

Fig. 6.    

The measurement data for the shielding plates with the areal density of 1.5 g/cm
2
 and 2.5 

g/cm
2 

are given in the Table 3 and dose profiles are illustrated in the Fig. 7 and Fig. 8 respectively. 

The data of the experiments have the accuracy of 2.5%.    

 
           Figure 6: Arrangement of the experiment for determination of shielding effect. 

Table 3: Experimental data for two shielding plates. 

Level 

Areal 

density, 

g/cm
2 

Dose (kGy) for the shielding 

plate of 1.5 g/cm
2 

Dose (kGy) for the shielding 

plate of 2.5 g/cm
2
 

No shielding 

plate 

With shielding 

plate 

No shielding 

plate 

With shielding 

plate 

1 0 7.9 6.9 8.2 7.0 
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2 0.763 9.5 7.95 9.4 7.8 

3 1.472 12.8 10.0 13.1 9.6 

4 2.208 16.0 11.2 17.0 11.5 

5 2.944 17.9 11.8 18.4 12.0 

6 3.680 18.0 11.8 16.8 11.5 

7 4.416 16.5 12.1 12.8 11.5 

8 5.152 12.5 11.4 9.2 9.2 

9 5.888 9.3 9.2 7.9 7.7 

10 6.624 8.1 7.7   

DUR  2.28 1.75 2.33 1.71 

 

           Figure 7: Dose profile in using the shielding plate 1.5 g/cm
2 

 

           Figure 8: Dose profile in using the shielding plate 2.5 g/cm
2 

The data gained from the experiments shows that for both cases using the shielding plates the 

DUR values are reduced from about 2.3 to about 1.7. 



 

VINATOM-AR--12-12 

 

The Annual Report for 2012, VINATOM 

 
98 

2.3. Setting up the operational instruction for running the electron beam accelerator  

UELR-10-15S2  

The electron beam accelerator UELR-10-15S2 has been commissioned in August of 2012.  It 

is required to issue a set of official operational instructions for operation shifts to run the facility 

safely in technical aspect and radiation protection as well.  

The set of instruction in Vietnamese should be set up based on the following requirements: 

- Conforming to all technical instructions of the accelerator which provided by supplier, 

CORAD Service Ltd., Co. 

- Conforming to the rules of radiation safety of Vietnam for working with radioactive 

sources/facilities. 

- Taking into account the condition operation of the facility and product characteristics to be 

irradiated at the center. 

- The set of operational instruction has to cover the following aspects. 

- Starting procedures to put the accelerator into the ready status of irradiation. 

- Setting parameters of the accelerator to irradiate a curtain product at the high efficiency. 

- Overcoming failures of the accelerator during irradiation. 

- Finishing an irradiation and stopping the accelerator. 

At present, the set of operational instruction has been completely set up, approved by the 

center’s director and put in force for the accelerator operation. 

3. CONCLUSION 

The project “Research and design of a shielding system for improving dose uniformity ratio 

and setting up a set of operational instruction for the electron beam accelerator UELR-10-15S2 at 

Research and Development Center for Radiation Technology-VINAGAMMA” has been well 

implemented and in due time. The results gained from the project implementation have practical 

values in scientific, technical and economical aspects and give the possibility to the center in 

effective exploitation of the electron beam accelerator.  
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ABSTRACT: The static form of Maxwell equations are given for both electric and magnetic fields without 

source. The numerical and analog methods, especially numerical technique of successive overrelaxation, resolve 

Laplace equation describing potentials. Static electric field with source is calculated by analytic method. The 

electric and magnetic fields are influenced by dielectric and ferromagnetic materials through bound charges and 

currents. The physics of dielectric and ferromagnetic material together concept of the magnetic circuit and 

permanent magnet circuit are emphasized. Charged particle lenses perform three function of confining a beam or 

maintaining a constant/slowly varying raidius, focusing beams or compressing them to the smallest possible 

radius and forming an image. Thick lenses are valid for charged particle optics. Types of these lenses for 

focusing beams of particles are mentioned. Magnetic fields in accelerators are created by electric magnets, in 

which direct current flows its coils. The magnetic field circuit is current/voltage regulation circuit, which 

produces a stable current for electric magnet coils. 

I. STUDYING ON ELECTRIC AND MAGNETIC FIELDS AND THEIR EFFECT ON 

ACCELERATOR OPERATION 

I.1. Studying on steady-state electric and magnetic fields  

In this Section, methods are discussed for the calculation of fields produced by static charge 

and current distribution on external conductors. 

For regions without charge and current, the static form of Maxwell equations are given for 

both electric field and magnetic:  

0. E                                                                       (1.1) 

0 E                                                                    (1.2) 

0. B                                                                       (1.3) 

0 B                                                                     (1.4) 

Two decoupled equations (1.1) and (12) are used for electric field. Two equations (1.3) and 

(1.4) are used for magnetic field. Similar conclusionion hold for both cases so represent electric 

field is viewed. In this case, electrostatic potential is determined by a second-order differential 

equation, the Laplace equation. When consider that the electric field is gradient of this 

function E , Laplace equation gives: 

 
0).(                                             (1.5)

                 
Magnetic fields can be determined from the same equation by defining a new quantity, the 

magnetic potential. The calculations of magnetic fields from specific current distribution is treated 

through direct solution of the Maxwell equations and through the intermediary of the vector 

potentional. 
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Here, numerical and analog methods for solving the Laplace equation are discussed. The 

numerical technique of successive overrelaxation is important since it provides insight into the 

physical content of the Laplace equation.  

Static electric field with sources is calculated by analytic method having advantages when the 

method is tractable.  

The classification of charge is emphasized to avoid confusion when studying space charge 

and plasma effects in beams. 

I.2. Studying on modification of electric and magnetic fields by materials  

Certain materials influence electric and magnetic fields through bound charges and currents. 

Dielectric materials contain polar molecules with displaced positive and negative charge in space. 

Applied electric fields align the molecules, which results in reduction of the electric field in 

materials by charge displacement and modifies fields in the vicinity of dielectric materials. The net 

electric field inside a linear dielectric is proportional to applied field. The constant of 

proportionality with relative dielectric constant ε/ε0 is given by: 

21
1

/
EE

E
E

o




                                                           (2.1)  

For the linear dielectric the useful displacement vector D is proportional to the sum of field 

components excluding the contribution of dielectric. D is given by   

                                                          (2.2)  

There are corresponding magnetic fields effects in paramagnetic and ferromagnetic materials. 

These materials contribute to magnetic fields through orientation of atomic currents. It is essential 

to understand the properties of dielectric and ferromagnetic material because of their extensive 

usage in all type of accelerators.  

The physics of dielectric and ferromagnetic material is mentioned in this section. Also, 

concept of the magnetic circuit and permanent magnet circuit are emphasized in the section.   

I.3. Studying on electric and magnetic field lenses  

Knowledge about charge particle optics is introduced in this section. Shaped electric and 

magnetic fields control the transverse motion of particles and bend charged particle orbits.   

 Charged particle lenses have extensive applications in accelerator transport  Charged particle 

lenses perform three function of operations such as confining a beam or maintaining a 

constant/slowly varying raidius; focusing beams or compressing them to the smallest possible 

radius; forming an image.  

Many particle beam applications transport require cylindrical beams. The electric and 

magnetic fields of lenses for cylindrical beams are azimuthally symmetric. Analytic expressions are 

gotten from expression for such fields in the paraxial approximation.  

The fact that all transverse forces that vary linearly away from an axis can focus a parallel 

beam of particle to a common point on the axis. The conclusion is that any region of static 

azimuthally symmetric electric fields acts as a lens in the paraxial approximation.  

The Laplace equation implies that electric and magnetic fields extend axial distances 

comparable to the diameter of the lens. The particle orbits undergo a significant radius change in the 

field. Therefore thick lenses are valid for charged particle optics. This section mentioned the 

parameters and equations describing thick lenses. 

The section introduces types of lenses for focusing beams of particles such as electrostatic 

aperture lens (Fig. 1.1), electrostatic immersion lens (Fig. 1.2), solenoid magnetic lens (Fig.1.3), 

magnetic sector lens and magnetic quandrupole lens (Fig.1.4) 
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Figure 1.1: Geometry of electrostatic aperture lens. 

 

 Figure 1.2: Geometry of electrostatic immersion lens. 

 

 
 

Figure 1.3: Geometry of solenoid magnetic lens. Figure 1.4: Magnetic quandrupole lens. 

II. STUDYING ON ELECTRONIC CIRCUITS FOR MAGNETIC FIELD IN 

CYCLOTRON 

In this section of project, some common electronic knowledge of current and voltage 

regulation is reviewed. Magnetic fields in accelerators are created by electric magnets, in which 

direct current flows through its coils. This current must be keep very stable for good magnetic field. 

The magnetic field circuit is current/voltage regulation circuit, which produces a stable current for 

electric magnet coils.  

II.1. Studying on electronic circuits for main magnetic fields  

The main magnetic field very important, particularly in cyclotron, for bending the particle 

orbits, and keep it moving inside rather small acceleration room of a cyclotron. The circuit is 

switching current regulation, with very high current supply possibility.   

II.2. Studying on electronic circuits for beam driving magnetic fields  

 After acceleration room, one may have to driver the beam to two targets or more. The circuit 

for this is beam driving magnetic field circuit. This circuit is conventional current/voltage 

regulation.  
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II.3. Studying on electronic circuits for beam focusing magnetic fields  

The extracted beam from acceleration room is often diverged so it needs to be focus again. 

The quadrupole magnet is used for this purpose. Similarly above, this circuit is conventional 

current/voltage regulation but more complicated and sophisticated.  

III. CONCLUSION 

Study on steady-state electric and magnetic fields, modification of electric and magnetic fields 

by materials is fundamental knowledge of accelerator theory. The distribution of electric and 

magnetic field determines the orbits and energy of charged particle in beam. The electric and 

magnetic fields are influenced by materials through bound charges and currents.   

Furthermore, beam transport is concerned with beam confinement. Focusing beam to common 

point is carried out by electric and magnetic lenses. A variety of electric and magnetic lenses for 

focusing static electric and magnetic filed is meaning to apply into accelerators.  

Study on electronic circuits for magnetic field in cyclotron is important for  technical 

documents of cyclotron study.  
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ABSTRACT:  In the framework of bilateral collaboration between Ministry of Science and Technology Korea 

and Vietnam, a new PET cyclotron center KIRAMS13 has been installed at Vietnam Atomic Energy Institute 

with the production of radio-isotope  
18

F, 
11

C, etc. used for PET. The study of physics and technologies of 

accelerator, applied for cyclotron KIRAMS13 are carried out with the purposes to understand the principal 

operation and assistance for installation of this equipment. The content of project is focused in the three  facts: 

Physics and technologies of accelerator  are  applied for cyclotron, cyclotron technologies are applied for 

KIRAMS13 and basic  operation procedure  for KIRAMS13. Those works are supported for installation and 

operation of cyclotron. Other research  based on KIRAMS13 will be carried out in the next years.  

DETAILS OF REPORT  

1. Physics and technologies of accelerator are applied for cyclotron 

Accelerated Physics has been developed  based on Maxwell‟s equations. It describes how 

electric charges and electric currents act as sources for the electric and magnetic fields and they 

affect each other. The detailed description of those equations are showing in table. 

Table 1: Maxwell‟s equations. 

 

One formula used frequently in accelerated physics  is Lorentz force. It is the force on a point 

charge due to electromagnetic fields: F = q.[E + (v x B)] 

2. Cyclotron technologies  are applied for KIRAMS13 

KIRAMS13 cyclotron was designed based on the separated sectors cyclotron. Cyclotron 

magnet has a Pole diameter of 96 cm and beam would be extracted at 39.6 cm radius. The design 
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calls for a four-sector radial ridge geometry with the magnetic field ranging between 1.99T in the 

hill and 0.84T in the valley respectively, resulting in a average field of 1.3T. There will be 43.5 

degree of dees and fixed operating frequency for RF system with 77.3 MHz.  Maximum  dees 

voltage is 40 kV. The acceleration chamber is evacuated with the two Diffusion pumps. The main 

parameters of KIRAMS13 are showing in following table. 

Table 2: Parameters of KIRAMS13. 

 

 3. Basic operation procedure  for KIRAMS13 

 The basic operation of  KIRAMS13 are programmed and installed in PC computer. Cyclotron 

and FDG synthesize system are support a user friendly type control system. It provide high-end 

graphic interface for operator and hardware interfaces may be add-on cards for PC, PLCs and 

microcontrollers.  It can be possible to Auto tuning adjustment a touch in menu of control system. 

The operation functions of cyclotron are showing in the following picture: 

 

 

 

 

 

Figure 1:  The operation functions of  

KIRAMS13  are showed   in computer‟s 

monitor. 

 

CONCLUSION  

The content of project concentrates in the 3 main objects: Physics and technologies of  

accelerator  are applied  for cyclotron, cyclotron technologies are applied for KIRAMS13 and  basic 

operation procedure  for KIRAMS13. Those knowledge are helpful for staffs in the works of  the 

installation and maintenance of  PET cyclotron center. 
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ABSTRACT: Since 2006, in order to develop radiation technology, VietNam Atomic Energy Institute has 

supported Hanoi Irradiation Centre a Project titled: “Upgrading the irradiation facility”. According to the Project, 

equipment have been replaced by a new one so that the facility could be suitable for treatment of products. The 

facility was designed and produced by the former Russia experts. Under normal operating conditions, we are 

protected by shielding, detection systems, and safety procedures. A system of interlocks prevents unauthorized 

entry into the radiation chamber when the source is exposed. However, interlocks system have not been warning 

and preventing ozone gas that can affect human health. So we are having an upgrade as connecting the ozone 

monitor into irradiation system at Hanoi Irradiation Centre. 

1. OVERWIEW ABOUT IRRADIATION FACILITY  

1.1. The hardware of irradiation system 

The hardware of irradiation system included: A computer, lifting divice of an radiator, 

interlocks system, ventilation fans, loading-unloading system, pneumatic system for cylinders, 

infrared, electromagnets, conveyor, series of Adam-4000 module to work with computer, 

semiconductor relays and power adapters. The structure of irradiation system is described by Fig 1. 

System of ventilation: Purpose of ventilation pushes the ozone gas outside atmosphere. When 

exhaust fan doesn’t work, the ports have been closed to prevent a radiator in chamber  with outside. 

When the fan works , after that the ports will open. Rotation of fan was designed : 1450 rpm/min,  

two fans of ventilation can push up to 12,000 m3/h for air. 

 
   Figure 1: 
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1.2. The software of irradiator facility at Hanoi Irradiation Centre 

The software controls irradiator device at Hanoi Irradiation Centre that  has built on the 

package of Genidaq 4.1. Each of symbol blocks will uses to control data or indicator in program. 

 

 

Figure 2: I/O blocks 

 
Figure 3: Control buttons and indicator blocks. 

Main interface of irradiation system at Hanoi Irradiation Centre is shown in Figure 4:  
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Fig 4: Interface of  irradiation system. 

2. BUILDING AND CREATING A SOFTWARE TO CONNECT THE OZONE 

MONITOR INTO IRRADIATION SYSTEM AT HANOI IRRADIATION CENTRE 

A software will be designed to connect and control the ozone monitor into irradiation system 

that Ozone gas is always at a safe level (<0.1ppm). A program will build to work with manual mode 

or automatic mode. 

The flowchart of program is described by Figure 5:   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure  5: 
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When ozone gas is more than 0.1ppm, screen of computer will warn the workers of irradiator 

area that the danger is  Excess of a ozone level  by text indicator. At the same time, automatic mode 

or manual mode will use to control: alarm, ventilators, conveyor, lifting, ect… on interlocks system 

that need to safe for health. 

3. CONCLUSION 

- Ozone gas was measured around the irradiation chamber, results are lower than the 

threshold. 

- Setting ozone value: installations work at a level is 0.1ppm.  

-  Written a software to control the  ozone monitor with interlocks system. 

The project can apply to safe for health at Hanoi Irradiation Centre. 
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Nghiem Xuan Long, Trinh Dinh Truong, Dinh Chi Hung and Le Ngoc Hieu 

Center for Non-Destructive Evaluation, Vietnam Atomic Energy Institute 

 

 

 

 

 

 

 

 

ABSTRACT: Apparatus for industrial gamma radiography include an exposure container, source guide tube, 

remote control hand crank assembly and other attached equipment. It is used a lot in inspection and evaluation of 

projects. In Vietnam, there are now more than 50 companies in radiography field and more than 100 apparatus 

are being used on the site. Therefore, the verification and evaluation is very necessary and important. This 

project constructs a procedure to verify a radiation protection for apparatus in the industrial gamma radiography 

for its application in Vietnam. 

I.  INTRODUCTION 

Procedure to verify a radiation protection-apparatus for industrial gamma radiography. 

Especially for the parts/equipment attached in the exposure container of Model 880 Sentinel and 

Model 660 Sentinel, the two most widely used models in Vietnam today. 

II.  CONTENT OF PROJECT 

Procedure to verify a radiation protection-apparatus for industrial gamma radiography and its 

contents is described as follows: 

QUALITY MANAGEMENT SYSTEMS 

ISO 9001:2008 and ISO/IEC 17025:2005 

---o0o--- 

 

 

 

 

PROCEDURE  TO VERIFY A RADIATION PROTECTION-APPARATUS FOR 

INDUSTRIAL GAMMA RADIOGRAPHY 

1. Personnel 

- All staff expertise to be trained, certified radiation safety of Vietnam agency for radiation 

and nuclear safety (VARANS). 

Project information: 

- Code: CS/12/09-01 

- Managerial Level: Institute 

- Allocated Fund: 60,000,000 VND 

- Implementation time: 12 months (Jan 2012 - Dec 2012) 

- Contact Email: luckydragon196@gmail.com 

- Paper published in related to the project: (None). 
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- To be trained on the implementation of this verifying procedure. 

- Experience in the use of apparatus for industrial gamma radiography. 

- With the permission of VARANS to carry out this verifying procedure. 

2. Facilities and verifying equipment 

- Storage of radioactive sources qualify ensure shielding, radiation safety and security of 

radioactive sources and have been licensed for use by VARANS. 

- Environmental dose rate meter. 

- Measuring tape. 

- Surface contamination meter. 

- Testing sample tool of surface contamination. 

- Container of radioactive sources. 

- Wrench and mechanical tools. 

- No-Go gauge equipment. 

- Equipment radiation incident response… 

3. Verifying conditions 

The verification of apparatus for industrial gamma radiography conducted only if they meet 

all the conditions to ensure radiation safety, full accessories. 

Apparatus for industrial gamma radiography have to clean, maintain before testing. 

4. Verification steps 

Technical and safety inspection procedure includes the following steps: 

- Prepare verification; 

- Check profile of apparatus; 

- Check the external condition; 

- Check the safety of radioactive; 

- Check the surface contamination; 

- Check safety apparatus and techniques; 

- Check the operation of the system; 

- Handling of test results.      

4.1. Prepare verification 

Notice, plan, prepare all tools and safety equipment for the testing procedure. 

4.2. Check profile of apparatus 

Check all profiles of apparatus in the verifying procedure. 

4.3. Check the external condition 

These characteristics need to pay close attention, the first test when testing conducted at 

exposure container location and auxiliary equipment as follows: 

- The cracks, dented, distorted, outer bulge of the apparatus; 

- Status scale, rust, corrode metal parts; 

- Bad cable casing, plastic shell of the exposure container; 

- Check the fixed coupling of the details: at the end of the source guide tube and remote 

control assemblies; 

- For parts/locations suspected radiation leak must determine zoning requirements and then 

take immediate methods to respond radiation leak. 
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4.4. Check the safety of radioactive 

Check the environmental dose rate in the test area. Identify abnormal dose rate values at any 

directions, positions. 

Measured dose rate and compared with the maximum equivalent dose rate at different 

positions is described by the following table: 

 

 
Maximum environmental equivalent dose rate limits mSv/h (mrem/h) 

Type 
On the surface                  

of the container 

At 50 mm from the 

surface of the container 

At 1 m from the surface                   

of the container 

P 2 (200) 05 (50) 002 (2) 

M 2 (200) 1 (100) 0.05 (5) 

F 2 (200) 1 (100) 0.1 (10) 

 

Figure 1: Dose rate inspection on the surface of exposure container. 

4.5. Check the surface contamination 

Carry out the test surface contamination. With removable surface contamination, the surface 

contamination limits are subject to the following table: 

Contaminant 
Maximum permissible limits 

Bq/cm
2
 uCi/cm

2
 dpm/cm

2
 

1. Beta and gamma emitters and low toxicity alpha 

emitters 
4 10

-4
 220 

2. All other alpha emitting radio-nuclides… 0.4 10
-5

 20 
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Figure 2: Contaminant measurement. 

4.6. Check safety apparatus and techniques 

Perform the technical safety inspection of each component is as follow: 

- Inspection the technical safety of the exposure container: The label on the surface of the 

exposure container must be clear, legible. For the front and rear plate assembly of the structure 

exposure container should pay attention to check the details of wear, warping, cracks, full and 

smooth operation of the assembly. 

- Inspection the safety of the structure of technical and connected parts: use the No-Go 

gauge to check for corrosion of the connection at the 4 position is the diameter of the ball at the end 

of control cable, the shank or stem of the control cable connector, the female slot of the source 

assembly connector and a positive connection between the control cable and source assembly 

connectors. 

 
Figure 3: No-Go gauge tests. 

- Inspection the technical safety of remote control assembly: to ensure the integrity of the 

cable pay attention to the wound subsidence, dented and damaged inside the control cables. 

- Inspection the technical safety of the source guide tube, check the entire cable itself, 

detection of cuts, cracks, dents and assessing overcome. Inspect the exposure head to avoid 

warping, subsidence, excessive wear. 
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4.7.  Check the operation of the system 

Commissioning test three times for simulated sources, recorded in the verifying results. 

4.8.  Handling of test results 

- Handling of test results by verification records. 

- Record inspector results summary on the history of apparatus (full name inspector, date of 

inspection). 

5. Verification cycle 

- Verifying apparatus: 01 time/year. 

- When shortening the verification cycle, the inspector must note the reasons in the 

verification records. 

- The causes of abnormal test must write carefully in the profile of apparatus. 

III. RESULTS AND CONCLUSION 

By this assignment, we have known deeply the apparatus structure in industrial gamma 

radiography and all the steps in a procedure of the verification. We also completed the testing 

procedure with apparatus in industrial gamma radiography including an exposure container (model 

880 and model 660 sentinel) and rear plate, front plate assembly, remote control hand crank 

assemblies and source guide tube. Evaluate the radiation safety and surface contamination on that 

exposure container. 
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ABSTRACT:  23 testing methods have been established, compiled and issued in standard forms throughout the 

Project implementation. Besides, the Laboratory QA&QC system have been set up and put into operation from 

01/09/2011. The Laboratory was assessed on 12-13/9/2012 by Bureau of Accreditation-Ministry of Science and 

Technology and has been certified to conform with the requirements of ISO/IEC 17025:2005 with the 

accreditation number VILAS 609 in pursuant to the Decision No. 365.2012/QĐ-VPCNCL dated on 20/12/2012. 

PROJECT MAIN TASKS 

With the aims of establishing the Physicochemical Laboratory of the Centre for Applications of 

Nuclear Technique in Industry to be in conformity with the requirements of ISO/IEC 17025:2005”, 

the Project 11/HĐ/NV-NLNT was implemented in the period of 2010-2012 with the following main 

tasks: 

1.  Trainning on management of laboratory in comformity with the requirements of ISO/IEC 

17025:2005. 

2.  Establishment of the management system’s documentation, including: i) Quality manual; 

ii) Procedures; iii) Testing methods; iv) Working instructions; v) Application forms.  

3.  Completion of the laboratory with equipment, accommodation and environment condition.  

4.  Maintenance and calibration of all measurement and test equipments 

5.  Completment and validation of all testing methods  

6.  Conduction of internal audits to complete the management system and put it into 

operation. 

7.  Conduction of external audits for laboratory accreditation.  

II. RESULTS 

The main results achieved through implementation of the project are as followings. 

- A training coure on management of laboratory in comformity with the requirements of 

ISO/IEC 17025:2005 has been held in 3 days, from 20-23/9/2010 at The Centre. 24 Centre’s staffs 

have been trained and certificated for general equirements for compentence of testing and 

calibration laboratory (ISO/IEC 17025:2005); selection and validation of methods; estimation of 

uncertainty of measurement and; internal audits.  

- The laboratory has established the management system’s documentation, including: i) 

Quality manual; ii) 17 procedures; iii) 36 working instructions; iv) 30 Application forms.  

Project information: 

- Code: 11/HĐ/NV-NLNT 

- Managerial Level: Ministry 

- Allocated Fund: 500,000,000 VND 
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- The laboratory has been additionally supplied with items of measurement and testing 

equipments required for correct performance of the tests (including preparation of test items, 

environmental condition control items and accommodation items).  

-   23 testing methods have been established, compiled and issued in the form of standards. 

Among of them, there are 14 Laboratory developed methods and 09 Standard methods. All methods 

have been validated to confirm that the methods are fit for the intended use. The laboratory also has 

established and applied procedures for estimating uncertainty of measurements. 

- All laboratory measurement and testing equipments (pH Meter, Conductivity Meter, 

Analytical balance, Technical balance, Glass pipette, Digital pipette, Furnace, Oven, Environmetal 

Hygro-Thermometer) have been annually calibrated and inspected  through the QUATEST 3 

(Quality Assurance and Testing Center 3) and the Lamdong branch of Quality assurance and 

testing. Additionaly, the laboratory  also have established procedures of periodical verification for 

measurement and testing equipments 1 time/6months (GC, HPLC, LSC, IC, UV-Vis, Balance, pH 

Meter, pipette).  

- The laboratory has implemented and maintained a management system in accordance with 

ISO/IEC 17025:2005 from 01/9/2011. The identification, collection, filing, storage and maintenance 

of all quality and technical records have been implemented as required.  

- Internal audits regarding laboratory activities have been conducted to identify 

noncomforming work and departures from the policies and procedures in the management system 

and technical operations. Such audits were carried out on 25/4/2012 and 10/8/2012 The laboratory 

also has implemented the corrective actions and completed the management system. It has been 

verified that its operations continue to comply with the requirements of the management system and 

the Internal Standard ISO/IEC17025:2005 and ready to be assessed. 

- The laboratory has been assessed on 12-13/9/2012 and found to conform to ISO/IEC 

17025:2005 by The Bureau of Accreditation in pursuant to the Decision No. 365.2012/QĐ-

VPCNCL dated on 20/12/2012. The certificate of accreditation is in Fig. 1. 

- 23 testing methods have been accredited. The name of specific test, scope, detection limit 

and test methot are in Table 1.  

III. CONCLUSIONS 

The Project 11/HĐ/NV-NLNT was successfully implemented and reached the goals of 

improvement and strengthening the capability of CANTI in analytical activities. The 

Physicochemical Laboratory has been assessed and found to conform with ISO/IEC 17025:2005 by 

The Bureau of Accreditation. Along with the established QA/QC system that ensures the quality of 

analyses, the staffs at the Laboratory have been trained and equipped essential knowledge and skills 

to maintain the sustainable, profesional and significant working style set at CANTI, through that the 

R&D competence of the Centre is improved. 
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Figure 1: Certificate of Accreditation. 
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Table 1: List of accredited tests. 

 
Materials or 

product tested 

The Name of specific 

tests 

Detection limit (if 

any)/ range of 

measurement 

Test method 

1.  

Water (drinking 

wate, surface 

water, ground 

water,  waste 

water, saline 

water, Oil field 

produced water) 

 

Determination of pH 2-12 
TCVN 6492:2011 

ISO 10523:2008 

2.  
Determination of 

Conductivity 
to 500 mS/cm 

SMEWW 2510 B 

: 2012 

3.  
Determination of Nitrite 

by Spectrophotometry. 

LOD: 0.004 mg/L 

(0.01  1) mg/L 

SMEWW 4500 - NO2
-
: 

2012 (modify) 

4.  

Determination of Total 

Dissoved Iron by 

Spectrophotometry 

LOD: 0.05 mg/L 
TCVN 6177-1996 

(ISO 6332: 1988) 

5.  
Total Solids dried at 103-

105
o
C  

(2.5  200) mg 
SMEWW 2540 B 

: 2012 

6.  
Determination of 

Alkalinity by Titration  
(0.4  20) mM/L 

TCVN 6636-2:2000 

(ISO 9963-1: 1994) 

7.  

Surface water,               

Oil field 

produced water 

Determination of Barium 

by Turbidimetry 
LOD: 0.5 mg/L TCCS-01VC/HL-CANTI 

8.  
Oil field 

produced water 

Determination of Iodine 

by Spectrophotometry 
LOD: 0.05 mg/L TCCS-02VC/HL-CANTI 

9.  

Surface water,               

Saline water, Oil 

field produced 

water 

Determination of 

dissolved anions by 

liquid Chromatography 

of ions (Cl
-
, Br

-
, SO4

2
) 

mg/L 

Cl
-
: (0.1  140) 

Br
-
: (0.1  125) 

SO4
2-

: (0.2  100) 

 

TCVN 6494-1:2011 

(ISO 10304-1:2008) 

10.  Saline water,                

Oil field                   

produced water 

 

Determination of cations 

by Ion Chromatography 

(Li
+
, Na

+
, K

+
, Mg

2+
, 

Ca
2+

, Sr
2+

 ) 

mg/L 

Li
+
: 0.04  50 

Na
+
: 0.5  100 

K
+
:  0.2  10 

Mg
2+

: 0.1  20 

Ca
2+

: 0.5  20 

Sr
2+

: 0.2  10 

TCVN 6660 : 2000 

11.  
Determination of Silic by 

Molipdosilicate method 
LOD : 0.5 mg/L 

SMEWW 4500-SiO2C : 

2012 

12.  

Surface water, 

ground water 

 

Determination of N-

methyl Carbamate 

pesticide residues in 

waters by HPLC-FLD 

LOQ : 0.04 µg/L 

(each compound) 
TCCS-01HC/HL-CANTI 
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13.  

Domestic water, 

ground water 

 

Determination of 

Organophosphorus 

Pesticides in waters by 

Gas Chromatography. 

LOQ, µg/L: 

Ethoprophos 0.09 

Parathion methyl 0.18 

Malathion 0.06 

Chlorpyrifos 0.12 

Phenthoate 0.03 
 

TCCS-07HC/HL-CANTI 

14.  

Domestic waste 

and ground water 

Determination of 

Pyrethroid Pesticides in 

waters by Gas 

Chromatography. 

LOQ, µg/L: 

c-Permethrin 0.07 

t-Permethrin 0.05 

Cypermethrin 0.35 

Fenvalerate 1 0.12 

Fenvalerate 2 0.16 
 

TCCS-05HC/HL-CANTI 

15.  

Determination of 

Organochlorine 

Pesticides in waters by 

Gas Chromatography. 

LOQ, µg/L: 

Alpha - Lindane 0.02 

Beta - Lindane 0.04 

Gamma- Lindane: 0.02 

Delta -Lindane 0.03 

Chlorothalonil 0.03 

Heptachlor 0.05 

Aldrin 0.02 

Heptachlor epoxide 0.01 

Trans - Chlordane 0.01 

Endosulfan I 0.01 

Cis -Chlordane 0.01 

Dieldrin 0.01 

DDE 0.01 

Endrin 0.02 

Endosulfan II 0.01 

DDD 0.01 

Endrin aldehyde 0.05 

Endosulfan sulfate 0.02 
 

TCCS-03HC/HL-CANTI 

16.  

 

Oil field                

produced water 

Determination of water 

labelled Tritium (HTO) 

by Liquid Scintillation 

counting method. 

LOD: 13.18 Bq/L TCCS-01DD/HL-CANTI 
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17.  

Determination of Ethanol 

labelled Tritium (EtOH 

H-3) or Ethanol labelled 

Carbon 14 (EtOH C-14)  

by Liquid scintillation 

counting method. 

LOD: Bq/l 

-EtOH H-3: 0.33 

- EtOH C-14: 0.23 

TCCS-02DD/HL-CANTI 

18.  

Determination of 

Methanol labelled 

Tritium (MeOH H-3) or 

Methanol labelled 

Carbon 14 (MeOH C-14) 

by Liquid Scintillation 

counting method. 

LOD: Bq/l 

- MeOH H-3: 0.35 

- MeOH C-14: 0.18 

TCCS-03DD/HL-CANTI 

19.  

Determination of 

Benzoic acid labelled 

Tritium (BZA H-3) or 

Benzoic acid labelled 

Carbon 14 (BZA C-14) 

by Liquid Scintillation 

counting method. 

LOD: Bq/l 

- BZA H-3: 0.38 

- BZA C-14: 0.22 

TCCS-04DD/HL-CANTI 

20.  Vegetables 

Determination of N-

methyl Carbamate 

Pesticides  in vegetables 

by HPLC-FLD 

LOQ: 0.001mg/kg TCCS-02HC/HL-CANTI 

21.  Vegetables 

Determination of 

Organochlorine 

Pesticides in vegetables 

by Gas Chromatography. 

LOQ,  mg/kg 

Alpha - Lindane: 0.003 

Beta - Lindane 0.003 

Gamma-Lindane 0.006 

Delta - Lindane 0.002 

Heptachlor: 0.003 

Aldrin 0.001 

Heptachlor 

epoxide 0.003 

Trans - Chlordane 0.003 

Endosulfan I 0.003 

Cis – Chlordane 0.003 

Dieldrin: 0.003 

DDE 0.006 

Endrin 0.003 

Endosulfan II 0.001 

DDD 0.003 

Endrin aldehyde 0.003 

Endosulfan sulfate 0.001 

Endrin ceton 0.001 
 

TCCS-04HC/HL-CANTI 
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22.  

Vegetables 

Determination of 

Organophosphorus 

Pesticides in vegetables 

by Gas Chromatography. 

LOQ, mg/kg: 

Ethoprophos 0.021 

Dimethoate 0.006 

Diazinon 0.009 

Parathion methyl 0.018 

Malathion 0.015 

Chlorpyrifos 0.012 

Phenthoate 0.006 
 

TCCS-08HC/HL-CANTI 

23.  

Determination of 

Pyrethroid Pesticides in 

vegetables by Gas 

Chromatography. 

  LOQ, mg/kg: 

c-Permethrin 0.027 

t-Permethrin 0.015 

Cypermethrin 0.027 

Fenvalerate 

 0.009 
 

TCCS-06HC/HL-CANTI 
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ABSTRACT: Setting up data base of natural radiation background serves for planning   socio-economics 

development in a province as well as the whole country and estimating annual effective dose of population. 

Beside external irradiation dose caused by the natural radioisotopes in the series 
238

U, 
232

Th and 
40

K in soil, 

population has been received internal dose caused by the above radioisotopes taken in the body from several 

ways. In order to complete the database of national radiation background and go to estimate annual effective 

radiation dose of population in the whole country, this project focus to carry out the works as following: (i) 

Setting up database of radiation background in the whole country: 150 soil samples that collected in the districts 

of 46 provinces have been analyzed. The average activity concentration of 
238

U, 
232

Th and 
40

K are 37.86 Bq/kg, 

58.88 Bq/kg and 462.78 Bq/kg, respectively. The outdoor, indoor and total annual effective doses are calculated: 

0.087±0.036 mSv; 0.488±0.202 mSv and 0.576± 0.240 mSv, respectively. (ii) Setting up database of radiation 

background of province Ninh Thuan and Quang nam: The detailed database of radiation background of all 

villages in Ninh Thuan and Quang Nam has been established. 84 soil samples in Ninh Thuan and 311 in Quang 

Nam were collected for analyze. The indoor and outdoor radon concentration at sampling positions has been 

measured. The average activities of 
238

U, 
232

Th, 
40

K, and 
222

Rn isotopes in Ninh Thuan are reported: 33.50 Bq/kg, 

55.43 Bq/kg, 701.12 Bq/kg and 12.1 Bq/m
3
, 9.5Bq/m

3
, respectively. The outdoor, indoor and total annual 

effective doses in Ninh Thuan are calculated: 0.095±0.029 mSv; 0.529±0.162 mSv and 0.624± 0.382 mSv, 

respectively. The average activities of 
238

U, 
232

Th, 
40

K, and 
222

Rn isotopes in Quang Nam are reported: 44.47 

Bq/kg, 52.68 Bq/kg, 459.33 Bq/kg, 18.0 Bq/m
3
. The outdoor, indoor and total annual effective doses are 

calculated: 0.086±0.039 mSv; 0.482±0.216 mSv and 0.568± 0.254 mSv, respectively. The digital maps of 

radiation background on scale of whole country as well as the detailed for Ninh Thuan and Quang Nam 

provinces are established using Mapinfor software. The data of activity of 
238

U, 
232

Th, 
40

K, 
137

Cs and 
222

Rn as 

well as the data of soil parameter at sampling position is founded in the map. 

I. INTRODUCTION  

Radiation background has two main sources: natural and artificial. Natural radiation sources 

(from radioactive ore, some minerals, rocks, materials, etc.) hold a very high rate. (According to the 

International Atomic Energy Agency (IAEA) report, the rate is up to 88.3%). Natural radiation 

background mainly caused by the radioactive elements in the natural radioactive series U, Th and 

K, while the rate of total artificial radioactivity caused by activities related to nuclear power plant, 

Project information: 

- Code: NV.BVMT.04/09/NLNT 

- Managerial Level: Government 
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- Implementation time: 24 months (12/2009-12/2011) 

- Contact Email: tvgiapinst@gmail.com, trinhvangiap2001@yahoo.com  

- Paper published in related to the project:  

+ T. V. Giap, B. D. Dung, T. Kovacs and N. H. Quyet, “Natural Radioactive in the Area where the first 

Nuclear Power Plants of Vienam will be built”, Terrestrial Radioisotopes in Environment, pp 61-65, 

Veszprem, Hungary, 2012. 

+ B.D. Dung, T.V. Giap, T. Kovacs, L.D. Cuong, and N.H. Quyet, “Indoor Radon concentration 

measurements at the locations of the first Nuclear Power Plants of Vietnam”, Romanian Journal of 

Physics, Vol. 58, Suplement, 2013. 
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to radioisotopes producing, to using artificial sources in the medical, industrial, gas, agricultural 

fields is only 11.7%. Therefore, for any country that has or not nuclear power plant, natural 

radiation background assessment is always necessary.  

For the purposes of planning and ensuring socio-economic and sustainable tourism 

development and health of the community, the majority of countries around the world have built the 

natural radioactive background map as a basis for assessment of public radiation dose. Especially in 

developed countries, the map of radiation background on the whole territory as well as in the area of 

natural radioactive abnormalities has been developed and widely used to ensure radiation safety for 

the community. 

Currently, about 3/5 of the regions where people are living in the world have a database of 

natural radiation dose to the public such as India (1986), the former Soviet Union (1987), U.S. 

(1988 ), the European Community (2005), Japan (2005) that has established a map of natural 

radiation background in the national scope.  

In the reports of IAEA regarding radiation safety, there are many studies on the measurement 

method, introduction of measuring the equivalent dose rate, the radiation dose from air, soil, 

outdoor and  indoor radiation doses, the amount of radioactive materials in the soil, water, air, food 

samples, etc., from which assessment methods of dose that impacts to the public.  

In our country, the study of the natural radiation background was made quite early, from the 

50s, with the geological survey flights on many areas in the North of Vietnam. Over the next years, 

in collaboration with geology sector, laboratories in the atomic energy sector, with new equipment 

and depth knowledge, through programs such as 50B, KC-09, and different projects have collected 

a lot of data on the distribution of natural and artificial radioactivity in various regions of the 

country, especially in areas with radiation background higher than the average, as mountains of the 

North, Quang Nam province, mineral sand areas along the coast of Binh Dinh, Ha Tinh and areas 

rich in mineral water… 

From 1994 to 2007, a number of projects and tasks in this field are conducted by bodies under 

the Ministry of Natural Resources and Environment in some mountain areas of the North and the 

Centre, typically such as "Geological survey of urban environment", "Survey of the radioactive 

environment status, capabilities of influence and countermeasures on some radioactive mines in Lai 

Chau, Cao Bang and Quang Nam"," Survey of the status of radioactive environment on the Dong 

Pao, Then Sin - Tam Duong mines of Lai Chau provinces, Muong Hum mine of Lao Cai province, 

Yen Phu of Yen Bai province, Thanh Son of Phu Tho province, An Diem, Ngoc Kinh, Suon Giua of 

Quang Nam province".  And some results of the evaluation of mineral sand ore resources from 

Thanh Hoa to Ba Ria-Vung Tau. There are also a lot of other projects and tasks done by bodies of 

Vinatom, Geological Association and some Universities. 

However, previous studies that primarily served different purposes and applications are also 

discrete, not complementary together to form the data set following the same standard. Therefore, a 

comprehensive database on natural environmental radiation background in the Central region has 

not yet been completed and the natural radiation background map for each province has not yet 

been formed.  

In the first phase of this task, with the active participation of relevant bodies, specialized 

laboratories of the Vietnam Atomic Energy Institute, geological agencies and some universities 

have collected, assessed and analyzed all the data collected during the past half last century. The 

results of the reports showed that in 10 provinces of central coast, the digital map of the natural 

radiation background is lack of information class that may to be used for public dose assessment in 

the region, such as: activity of the radio nuclides in the series U, Th, K in soil, water, food, Rn 

content in houses, etc. Moreover, measurement points very little (rate 1/1.000.000). Therefore, in 

this stage, the authors focus on:  
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- Construction of the natural radiation background map for two specific provinces (Quang 

Nam province where much natural radioactive anomalies concentrate in and Ninh Thuan province 

where radiation background is normal and first NPP of VN will be).  

- Supplementation of the data set on the content of radio nuclides in series U, Th, K in soil 

environment of the project studying Cs-137 in order to evaluate public dose.  

II. EQUIPMENT AND STUDYING METHOD  

II.1. Studying method of the tasks 

Development of radiation background database in some area in terms of limited cost, as well 

as discontinuous implementation time, must always inherited the available data in the previous 

studies, simultaneously supplement the missing data in accordance with the objectives. However, in 

previous studies, for different purposes, the measurement methods for data collection are often not 

standardized, at different levels of reliability, the available data set is not used directly for the long-

term aim that is to assess population dose in the studying area. Therefore, in this study, the data 

obtained from previous studies need to be standardized and verified by the new measurement. 

Simultaneously, this study collect additional data in areas lacking of gamma dose rate, as well as 

collect environmental samples to analyze the content of radioactive elements for the purpose of 

assessing public dose. To verify measurement results and measure additional data, the following 

measurements were made:  

- a/ Method of measurement of environmental gamma dose rate and measuring the Radon 

concentration: Use the measuring device instantaneous dose rate to assess the environmental 

radiation background and the potential ability of irradiation to the public:  

- Establish satellite addressing to measure equivalent dose, such as measuring points 

position pick, use the GPS to determine measuring points coordinate; 

- Measurement at the selected point. Use the survey meters to measure, taking the averaging 

values; 

- Use measuring equipment radon concentrations RAD7 detector and some charcoal 

detectors and LR-115. 

b/ Method of sampling: Environmental samples (soils) according to the following sampling 

process:  

- In selected areas, the sampling was carried out at the top and center of the square next to 

1m (Figure 1 a); 

- Use stainless steel corer, Ø 50mm collected 05 soil cores at the point marked with the dots 

as shown on Figure 1 a; 

- Sampling Depth: 20 cm; 

- The amount of land from the 05 cores of each position is accumulated, mixed, shortened to 

get the necessary amounts (about 1.5-2 kg), the package brought to the laboratory.  

 

 

 

 

 

 

 

Figure 1: Demonstration of soil sampling. 
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- Fewer samples: method split (Figure 1 b). After mixing the sample by the method of 

annular and conical finished, the sample is sprayed into a square or flat plate of equal thickness, size 

1cm. Sample divided by two diagonal or diameter perpendicular to each other. Two peaks dismiss, 

while the other 2 parts for top mixed together and then repeat the above process until the remaining 

sample volume of about 1.5-2 kg, packed in polyethylene bags 2 layers to transferred to the 

laboratory. Put the sample scorecards and tied the mouth of the bag. Sample scorecards must clearly 

state: Sampling Location, location, depth of sampling, fresh weight, date of sampling, weather, 

sampling. More detailed information to be filled in sampling protocol sheet for each position. 

c/ Method of determination of the radioisotopes: Sample containers to be used with 2 

different configurations: cylindrical small box with a diameter of 6.7 cm high 4 cm; box to the 

cylinder with a diameter of 10.3 cm high by 6.7 cm. Depending on the concentration of radioactive 

elements in the sample in the study area that could use one of two types of sample containers.  

Land is considered to form the size (<1 cm), remove the roots, yeast spread evenly on a tray 

or aluminum, air dried or dried at a temperature of 50 
0
C to remove all water and can crusher small. 

Using porcelain pestle or ball mill for grinding the sample, then use the hole diameter 1 mm sieve to 

sieve samples, samples will be stored in the meter box to analyze radioactive elements based on the 

spectral gamma. The food samples were weighed, dried, crushed and put into the measurement box.  

II.2. Equipments 

a/ Gamma spectrometer: Using analysis-Gamma spectrometer HP-Ge ultra-pure with the 

following parameters: Hp-Ge detector GMX diameter 59.5 mm in length 72.6 mm resolution power 

strip and performance record relative for spectral peak at an energy of 1332 keV 2.0 keV and 35% 

respectively. Low-background lead cylindrical chamber inside and outside diameter corresponding 

to 28 cm and 50.4 cm is made of an outer steel layer has a thickness of 1 cm, a graphite layer has a 

thickness of 10 cm and a lining the same thickness of 0.2 cm (Figure 2).  

The DART spectrum amplifier EG & G ORTEC compatible with the pre-amplifier gain 

adjustable from 3 to 1000 steps of regulation 1/4000. Pulse time constant can choose 1 or 6 µs. The 

spectrum data collection MCA DART EG & G ORTEC 8000 channel can contain 2 billion counts 

per channel. Using the software Gamma Vision version 5.3 is installed inside the computer for 

permission to collect and process data automatically. Using the spectral gamma characteristic of the 

radioactive isotope in the sample to determine their contents by comparison with standard samples. 

Total alpha and beta activity in water samples were measured on the total alpha + beta-shirts low 

after the sample has been chemically treated. Measuring time per sample was selected to ensure the 

statistical error.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2:  Detector Hp-Ge system. Figure 3:  The standard soil sampling. 
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b/ Soil sampling kit: Consists of 4 instruments as present in Figure 3 

+ 01 sampling spoon: length 38 cm, stainless steel material.  

+ 01 spoons sample: length 28 cm, stainless steel material.  

+ 01 core samples, denoted AMS # 417.03: diameter 5 cm (2 inch), the maximum depth of 

30 cm, handle length 46 cm (18 inch), stainless steel material.  

+ 01 mixing bowl: diameter 33cm, stainless steel material.  

c/ Survey meters: as shown in Figure 4. 

- The TCS-171 survey meter: Using NaI detector, the measuring range upto 30 Sv/h. The 

meter is made by ALOKA, Japan.  

- The Radiagem meter: Using Geiger Mueller detector, made by CANBERRA USA. The 

measuring range is 0.01 Sv/h upto 100 mSv/h. 

- Rad 7 Radon measuring meter: Measuring boths  Radon and Thoron. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: The survey meters. 

II.3. The process and measurement models  

In the experiment, soil samples were dried naturally in the air, then dried overnight at a 

temperature of 1058 
o
C. The soil samples were crushed and sifted to remove the roots or stones in 

the sample, 500 g of soil samples taken in the measurement box and locked thoroughly to achieve 

radioactive equilibrium between 
226

Ra and its progeny in the range uranium in the sample. Gamma 

radioactivity in the samples was measured by low background gamma spectroscopy using detector 

ultra-pure germanium (HPGe). Radioactivity of 
226

Ra is computed Germany on the radioactivity of 

the descendants of the 
214

Pb (spectral lines of 295.2 and 351.9 keV) and 
214

Bi (spectral lines of 

609.3 keV); longer zoom radiation of thorium were calculated on the basis of the radioactivity of 
212

Pb (spectral lines of 238.6 keV), 
208

Tl (spectral lines of 583.2 keV) and 
228

Ac (spectral lines of 

338.3 and 911.1 keV). radioactivity of 
40

K is computed directly from the spectral lines of 1461 keV. 

All soil samples were analyzed at four laboratories (at Hanoi, Da Lat and Ho Chi Minh City).  

    To measure the amount of radon in the air, passive measurements (passive) nuclear use 

detector stain LR-115 stripping has been used. Measuring 3x3cm box type configuration was used, 

after a 3-month period in the field, the nuclear detector collected brought to the laboratory and 

treated chemically (chemical laced) in 10% NaOH at a temperature of 60 °C, soaked time is 110 

minutes. Then traces of alpha particles on the labeling detector traces were counted automatically 

by the counter wound automatically by the electric spark method, environmental levels of radon in 

the air is calculated by the following formula:  

TCS 171 Survey meter Radiagem  Survey meter Radon Rad-7 
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Hk
D

C DET

Rn

.
                                                                (1) 

where      - C Rn
, Rn concentration (Bq.m

-3
); 

                - DDET
, density (counts.cm

-2
) 

                - ,H expose time in air (h) and  k , is 6.75.10
-4

 (counts.cm
-2

)/(Bq.m
-3

).h   

III. Results 

III.1.  Building a database on levels of radiation on a national wide  

The Radioactivity (SAS) of the isotope 
226

Ra, 
232

Th and 
40

K of the 150 samples in 46 

provinces and cities have been analyzed and calculated. From the radioactivity of the sample, the 

following parameters were calculated:  

+ Gamma dose rate at 1 m high (OADRs) 

+ Out door Annual Effective Dose (OAED) 

+ In door Annual Effective Dose (IAED) 

+ Total Annual Effective Dose (TAED) 

Table 1: Works average radioactivity of the isotope 
226

Ra, 
232

Th and 
40

K. 

 
226

Ra 

Concentration 

(Bq/kg) 

232
Th  

Concentration  

(Bq/kg) 

40
K 

Concentration 

(Bq/kg) 

Absorbed 

dose rate 

at height 

of 1 m 

(nGy/h) 

OAED 

(mSv/year) 

IAED 

(mSv/year) 

TAED 

(mSv/year) 

Average 37.86  58.88 462.78  71.13  0.087  0.488  0.576 

STD 17.10 25.55  235.26  29.69  0.036  0.202  0.240 

Max 70.10 111.57  1203.80  141.15  0.173  0.969  1.143 

Min 8.63 13.85  14.60  12.68  0.016  0.087  0.103 

Summary values are given in Table 1. The average radioactivity of the isotope 
226

Ra, 
232

Th 

and 
40

K of the province is represented in Figure 5. When compared to the average value of 

radioactivity of the isotope 
226

Ra, 
232

Th, 
40

K with the average value of the activity of the isotope in 

the world reported in 2000 was 35, 30 and 400 Bq/kg
,
 and the weighted average value is 33, 45 and 

420 Bq/kg 
,
 so the average value of the activity of the isotope 

226
Ra, 

232
Th and 

40
K, as well as by 

weights of the isotopes in Vietnam larger than the corresponding value in the world. 

 

 

 

 

 

 

 

 

 

Figure 5: Concentration of the radioactive isotope provinces nationwide. 
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High dose rate at 1 meter: (OADR-nGy.h
-1)

 was calculated from the radioactivity of the 

isotope 
226

Ra, 
232

Th and 
40

K of the soil surface by the following formula:  

OADR = SARa x FRa +SATh x FTh + SAK x FK
 
                               (2) 

where SARa
,
   SATh

,
  SAK is the specific radioactivity of the isotope 

226
Ra, 

232
Th and 

40
K. The 

FRa, FTh, F and FK is the conversion factor of the isotope 
226

Ra, 
232

Th and 
40

K, respectively, are 

given by theoretical calculations and experiments. In the previous publication, these values are 

respectively: 0.4368 nGy.h
-1

/Bq.kg
-1

, 0.5993 nGy.h
-1

/Bq.kg
-1

 and 0.0417 nGy.h
-1

/Bq.kg
-1

 

corresponding to the isotopes. In this report also uses the above values.  

On the basis of the radioactivity of the isotopes in soil samples collected, OADR value of the 

provinces has been calculated. The OADR average value is 71.13 ± 29.69 nGy.h
-1

. Annual effective 

dose of the population were calculated on the basis of absorbed dose is calculated from the 

radioactivity of the isotope 
226

Ra, 
232

Th and 
40

K in soil samples, the ratio of inside and outside the 

home, conversion coefficient from absorbed dose, outdoor living coefficient and coefficient of 

residence. Annual effective dose for indoor and outdoor use in Vietnam is calculated as follows:  

Outdoor: OAED (mSv) = OADR x 8760h x CF x OF                      (3) 

where: OADR absorbed dose rate (nGy.h
-1)

  

CF is the conversion coefficient from absorbed dose by 0.7 Sv.Gy
-1

 .OF is outdoor residence 

coefficient equal to 0.2  

Indoor: IAED (mSv) = OADR x F io x 8760h x CF x IF                  (4)  

where:   F io coefficients inside and outside the home by 1.4  

             IF is the number of occupants in the house by 0.8  

And the total effective dose for a total of: TAED = OAED + IAED  

Calculation results OAED, IAED and TAED of the province was calculated. The average 

values are: OAED = 0.087 ± 0.036 mSv; IAED = 0.488 ± 0.202 mSv and TAED = 0.576 ± 0.240 

mSv (the value of the world is 0.07; 0.41 and 0.48mSv).  

III.2.  Building database content of radio nuclides in Ninh Thuan province 

Private radioactivity (SAS) of the isotope 
226

Ra, 
232

Th and 
40

K of 84 samples were analyzed 

and calculated. From the radioactivity of the sample, the same above parameters OADRs, OAED, 

IAED and TAED were calculated. 

Table 2: Works average radioactivity of the isotope 
226

Ra, 
232

Th and 
40

K. 

 226
Ra 

Concentration 

(Bq/kg) 

232
Th  

Concentration  

(Bq/kg) 

40
K 

Concentration 

(Bq/kg) 

Absorbed 

dose rate 

at height 

of 1 m 

(nGy/h) 

OAED 

(mSv/year) 

IAED 

(mSv/year) 

TAED 

(mSv/year) 

Average 33.50 55.43 701.12 77.09 0.095 0.529 0.624 

STD 14.07 21.58 316.6 23.59 0.029 0.162 0.382 

Max 81.37 100.37 1499.15 132.08 0.162 0.907 1.069 

Min 11.44 14.23 9.10 27.55 0.034 0.189 0.223 

Summary of the average concentration of the isotopes and the average values of OADR, 

OAED, IAED and TAED are given in Table 2. The average radioactivity of the isotope 
226

Ra, 
232

Th 

and 
40

K of the province is represented in Figure 6. That value of the corresponding isotopes is 33.50 

Bq/kg (with the range of values from 11.44 to 81.37 Bq/kg) for 
226

Ra; 55.43 Bq/kg (with the range 
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of values from 14.23 – 100.37 Bq/kg) for 
232

Th and 701.12 Bq/kg (with the range of values from 

9.10 – 1499.15 Bq/kg) for 
40

K, respectively.  

 

 

 

 

 

 

 

 

 

Figure 6: Concentration of the radioactive isotope in Ninh Thuan. 

Database of Radon in Ninh Thuan: The average values of Radon concentration in the areas 

of Ninh Thuan are given in Table 3. The indoor Radon Concentrations are in the range from 5 

Bq/m
3
 to 28 Bq/m

3
. The average value for whole province is 12 Bq/m

3
. The annual effective dose is 

0.365 mSv. 

Table 3: The Radon concentration in Ninh Thuan. 

 Indoor Rn 

Concentration 

Outdoor Rn 

Concentration 

IAED 

(mSv) 

OAED 

(mSv) 

TAED 

(mSv) 

Average 12.1 9.5 0.305 0.060 0.365 

STD 6.6 5.5 0.138 0.032 0.158 

Max 28.5 26 0.718 0.165 0.820 

Min 5.0 2.8 0.126 0.017 0017 0.158 

III.3. Building database content of radio nuclides in Quang Nam province 

Radioactivity concentration (SAS) of the isotope 
226

Ra, 
232

Th and 
40

K of 311 samples were 

analyzed and calculated. From the radioactivity of the sample, the same above parameters OADRs, 

OAED, IAED and TAED were calculated.  

Table 4: Works average radioactivity of the isotope 
226

Ra, 
232

Th and 
40

K. 

 226
Ra 

Concentration 

(Bq/kg) 

232
Th  

Concentration  

(Bq/kg) 

40
K 

Concentration 

(Bq/kg) 

Absorbed 

dose rate 

at height 

of 1 m 

(nGy/h) 

OAED 

(mSv/year) 

IAED 

(mSv/year) 

TAED 

(mSv/year) 

Average 44.47 52.68 459.33 70.15 0.086 0.482 0.568 

STD 23.83 31.35 267.51 31.41 0.039 0.216 0.254  

Max 146.60 201.30 1336.95 187.09 0.229 1.285 1.514 

Min 7.19 4.19 4:19 14.00 6.61 0.008 0.045 0.054 
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Summary of the average concentration of the isotopes and the average values of OADR, 

OAED, IAED and TAED are given in Table 4. The average radioactivity of the isotope 
226

Ra, 
232

Th 

and 
40

K of the province is represented in Figure 7. That value of the corresponding isotopes is 44.47 

Bq/kg (with the range of values from 7.19 to 146.60 Bq/kg) for 
226

Ra; 52.68 Bq/kg (with the range 

of values from 4.19 to 201.30 Bq/kg) for 
232

Th and 459.33 Bq/kg (with the range of values from 

14.0 to 1336.95 Bq/kg) for 
40

K, respectively. 

 

 

 

 

 

 

 

Figure 7: Concentrations of  
226

Ra, 
232

Th and 
40

K in the areas of Quang Nam. 

Database of Radon in Quang Nam: The average values of Radon concentration in the areas 

of Quang Nam are given in Table 5. The indoor Radon Concentrations are in the range from 4 

Bq/m
3
 to 38 Bq/m

3
. The average value for whole province is 18.3 Bq/m

3
. The annual effective dose 

is 0.505 mSv. 

Table 5: The Radon concentration in Quang Nam. 

 Indoor Rn 

Concentration 

Outdoor Rn 

Concentration 

IAED 

(mSv) 

OAED            

(mSv) 

TAED  

(mSv) 

Average 18.3 7.7 0.461 0.044 0.505 

STD 8 2  0.220 0.015 0.223 

Max 38.6 12 0.983 0.076 1.049 

Min 4 2 0.101 0.013 0.136 

IV. CONCLUSION  

In the national wide, we have taken 150 samples, analyzed and estimated the dose from the 

concentration of the isotopes 
238

U, 
232

Th and 
40

K. The annual outdoor effective dose, annual indoor 

effective dose and total annual effective dose are 0.087±0.036 mSv; 0,488±0.202 mSv and 0.576 ± 

0.240 mSv, respectively. Study and monitoring radioactive background in detail for the 2 provinces 

Quang Nam and Ninh Thuan will wake base to deploy for other provinces in the country.  

In Ninh Thuan province, the average concentrations of 
238

U, 
232

Th and 
40

K are 33.50 Bq/kg, 

55.43 Bq/kg and 701.12 Bq/kg, respectively. From the result of concentration of 
238

U, 
232

Th and 
40

K 

the values of annual dose were estimated. The annual outdoor effective dose, annual indoor 

effective dose and total annual effective dose are 0.095±0.029 mSv; 0.529±0.162 mSv and 0.624± 

0.382 mSv, respectively. The average Indoor and Outdoor Radon concentrations are 12.1 Bq/m
3
 

and 9.5 Bq/m
3
.  

In Quang Nam province, the average concentrations of 
238

U, 
232

Th and 
40

K are 44.47 Bq/kg, 

52.68 Bq/kg and 459.33 Bq/kg, respectively. From the result of concentration of 
238

U, 
232

Th and 
40

K 

the values of annual dose were estimated. The annual outdoor effective dose, annual indoor 

effective dose and total annual effective dose are 0.086±0.039 mSv; 0.482±0,216 mSv and 0.568± 

0.254 mSv, respectively. The average Indoor and Outdoor Radon concentrations are 18 Bq/m
3
 and 

7 Bq/m
3
. 
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All the above databases are usefully for estimate the public dose in future works. The 

database is also to be submitted to the UNSCEAR to update about the public dose from 

environment. It also would be useful database for the purpose of comparison of the environment 

background before and after the Nuclear Power Plants are to be operated in the future.  
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ABSTRACT:  Radioactive gases Radon (Rn) and Thoron (Tn) contribute of more than 50% of natural radiation 

dose. However, separate measurements of Rn and Tn have not been paid enough attention. An 

Intergovernmental Cooperation Project was conducted at the Institute for Nuclear Science and Technology with 

the help from Hungarian experts. The main tasks of the project were to finalize 02 protocols for simultaneous 

measurements of Rn and Tn using nuclear track detectors and to test these protocols in investigating the 

concentrations of Rn and Tn, calculating the natural dose due to Rn and Tn, and evaluating the increased 

radiation dose and radiation safety due to mining activities. Main results of the project include 02 protocols for 

simultaneous measurements of Rn and Tn and the test results in the mining areas. Rn and Tn concentrations 

inside the coal mining tunnels are in the average level of Vietnam and the world. Tn concentration inside the 

factory for separating Zircon at the Ha Tinh Zircon Processing Plant was found to be very high, up to 2931 

Bq/m
3
. Based on annual effective dose calculation, workers inside the factory for separating Zircon at the Ha 

Tinh Zircon Processing Plant could receive an annual effective dose due to Rn and Tn of 4.890 mSv/year, and 

the increasing dose of 4.710 mSv/year is for higher than 1 mSv/year recommended by the IAEA. 

1. INTRODUCTION 

Long term working with natural occurring radioactive materials (NORM) such as U and Th 

could cause harmful effects to health [1, 2, 3]. NORM can affect workers by inhalation or ingestion 

of radioactive dust in the air as well as by inhalation of radon (Rn) and Thoron (Tn) isotopes and 

their progeny. Radioactive gases Rn and Tn contribute of more than 50% of natural radiation dose. 

Rn (Rn-222) is a radioactive isotope gas from radioactive U-238 series with a half-life of 3.8 days, 

which is often considered as the main contributor to internal dose in humans. Traditionally, 

contribution of Tn (Rn-220), a radioactive isotope gas from Th-232 series with a half-life of 55 

seconds is often ignored, mainly because the Tn half-life is relatively short and Tn concentration is 

low in living environment when compared with Rn [2]. 

However, recent statements about the contribution of Tn on the dose have to be reconsidered. 

Studies [2, 4, 5]
 
have shown that people living in environments with high Th concentration in 

Brazil, China and India are receiving a high dose from Tn. In addition, these studies also indicate 

that workers in black mineral sands mining also received a high dose from Tn. Separate 

measurements of Rn and Tn have not been paid enough attention [2]. Until recently, only few 

studies pay much attention on Tn issues. Pioneers in the field of parallel Rn and Tn measurements 

are Hungarian and Japanese researchers. They are active in research and design of the new 

measurement chambers and detector for parallel Rn and Tn. 
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An Intergovernmental Cooperation Project on “Joint development of protocols for 

simultaneous measurements of Rn, Tn using nuclear track detectors and trial application in 

mining areas of Vietnam” was conducted at the Institute for Nuclear Science and Technology with 

the help from Hungarian experts. The main tasks of the project were to finalize 02 protocols for 

simultaneous measurements of Rn and Tn using nuclear track detectors and to test these protocols 

in investigating the concentrations of Rn and Tn, calculating the natural dose due to Rn and Tn, and 

evaluating the increased radiation dose and radiation safety due to mining activities. This report 

presents the main findings of applying protocols for simultaneous measurements of Rn and Tn 

using nuclear track detectors for investigating the increased radiation dose due to mining activities. 

2. MATERIALS AND METHODS 

2.1. The study areas 

Location of the investigated areas is shown in Figure 1. The study areas include 02 coal mines 

and the Ha Tinh black mineral field. Description of the investigated points is as follow: 

- At Duong Huy underground mine (Figure 1a): Along the underground tunnels at level 

+38m above the sea level, there are 10 investigated points DH1-DH10. Outside the underground 

tunnels, there are 4 investigated points DH11-DH14, in the administration offices and workshops. 

- At Tan Lap underground mine (Figure 1b): Along the underground tunnels at level +17m 

above the sea level, there are 5 investigated points TL1-TL5. Outside the underground tunnels, 

there are 6 investigated points TL6-TL11, in the administration offices and workshops. 

- In the Ha Tinh black mineral field (Figure 1c): At the mineral sand extraction site: 3 

measuring points in the ore extraction stations, 1 point in the temporary shift house for workers, 1 

measuring points in the administration office; At Titanium Processing Plant: 2 points in the input 

stock house, 2 points in separated Ilmenite stock house, 1 point in the Ilmenite separating factory, 1 

point in the administration office; At Zircon Processing Plant: 01 point in the factory for super fine 

Zircon preparation, 1 point in Zircon stock house, 1 point in the Rutile separating factory, 1 point in 

the wet separating factory, 01 point in the Zircon separating factory, 01 point in the technical 

department, and 01 point in the executive office; At the surrounding residential houses: 07 

measuring points. 

2.2. Measuring technique 

RADUET chambers, designed to measure separately Rn and Tn, made by Radosys Ltd- 

Hungary were used for investigation [8]. The exposure time was 3 months. After 3 months the pair 

recovered and replaced by another pair. Total measured time for one measuring point was 1 year 

with 4 detector pairs. 

During exposure time, the RADUET chambers were hung on a stable rod, 20 cm away from 

any wall, at the height of 1.5 to 2 m from the floor. 

After recovering, the chambers were returned back to the laboratory where the exposured CR-

39 chips were etched in 6 M NaOH solution, at constant temperature of 80
o
 C for 4 hours. Track 

density counting was performed in OLIMPUS CX21 microscope. The concentrations of Rn and Tn 

were calculated using conversion factor given by Radosys Ltd [8]. 
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(a) 

 

(b) 

 

 

At the mineral sand extraction site. In the Titanium Processing Plant, the Zirconium Processing Plant 

and in the surrounding residential houses. 

(c) 

Figure 1: Location of the investigated points in: (a) At Duong Huy underground mine;                                      

(b) At Tan Lap underground mine; (c) In the Ha Tinh black mineral field. 
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3. RESULTS AND DISCUSSION 

3.1. At Duong Huy mine 

Yearly average concentration of Rn and Tn, and the annual effective dose from Rn and Tn are 

given in Table 1. 

Table 1: Results of investigation at Duong Huy mine. 

No 
Meas. 

point  

Rn 

concen. 

(Bq/m
3
) 

Tn 

concen. 

(Bq/m
3
) 

Annual 

effective 

dose from 

Rn 

(mSv/y) 

Annual 

effective 

dose from 

Tn 

(mSv/y) 

Total 

annual 

effective 

dose from 

Rn and Tn 

(mSv/y) 

Increased 

annual 

effective 

dose due 

to Rn and 

Tn 

(mSv/y) 

Population 21 24 0.693 0.175 0.868  

Inside the underground tunnels 

1 DH1 33 73 0.237 0.116 0.353 0.160 

2 DH2 54 111 0.390 0.178 0.568 0.375 

3 DH3 43 88 0.309 0.141 0.449 0.256 

4 DH4 62 164 0.446 0.263 0.709 0.516 

5 DH5 35 63 0.253 0.100 0.353 0.160 

6 DH6 43 68 0.308 0.109 0.417 0.224 

7 DH7 40 62 0.285 0.099 0.385 0.192 

8 DH8 57 65 0.409 0.104 0.513 0.320 

9 DH9 32 41 0.231 0.066 0.297 0.104 

10 DH10 43 60 0.307 0.095 0.402 0.209 

Average 

inside 
44 80 0.317 0.127 0.445 0.252 

Outside the underground tunnels 

11 DH11 26 44 0.667 0.246 0.913  

12 DH12 11 1 0.276 0.008 0.284  

13 DH13 24 13 0.606 0.075 0.681  

14 DH14 24 38 0.608 0.215 0.823  

Average 

outside 
21 24 0.539 0.136 0.675  

From the Table 1 it could be seen that total annual effective dose from Rn and Tn to people 

working inside the underground tunnels of Duong Huy coal mine is not high, averaging 0.445 

mSv/y. Compared with the ordinary people, the workers in the underground tunnels receive a small 

increased annual effective of only 0.252 mSv/y. 

3.2. At Tan Lap mine 

Yearly average concentration of Rn and Tn, and the annual effective dose from Rn and Tn are 

given in Table 2. 
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Table 2: Results of investigation at Tan Lap mine. 

No 
Meas. 

point  

Rn 

concen. 

(Bq/m
3
) 

Tn 

concen. 

(Bq/m
3
) 

Annual 

effective 

dose from 

Rn 

(mSv/y) 

Annual 

effective 

dose from 

Tn 

(mSv/y) 

Total 

annual 

effective 

dose from 

Rn and Tn 

(mSv/y) 

Increased 

annual 

effective 

dose due to 

Rn and Tn 

(mSv/y) 

Population 33 60 1.070 0.429 1.499  

Inside the underground tunnels 

1 TL1 128 112 0.920 0.180 1.100 0.767 

2 TL2 105 116 0.757 0.185 0.942 0.609 

3 TL3 59 42 0.427 0.068 0.495 0.162 

4 TL4 108 95 0.778 0.151 0.929 0.596 

5 TL5 101 92 0.729 0.148 0.877 0.544 

Average inside 100 91 0.722 0.146 0.869 0.536 

Outside the underground tunnels 

6 TL6 34 72 0.863 0.404 1.267  

7 TL7 32 42 0.816 0.236 1.052  

8 TL8 33 66 0.826 0.369 1.195  

9 TL9 33 60 0.835 0.337 1.171  

10 TL10 33 56 0.825 0.314 1.139  

11 TL11 33 61 0.829 0.340 1.169  

Average 

outside 
33 60 0.832 0.333 1.166 

 

From the Table 2 it could be seen that total annual effective dose from Rn and Tn to people 

working inside the underground tunnels of Tan Lap coal mine is not high, averaging 0.869 mSv/y. 

Compared with the ordinary people, the workers in the underground tunnels receive an increased 

annual effective of  0.536 mSv/y. 

3.3. In the Ha Tinh black mineral field 

Yearly average concentration of Rn and Tn, and the annual effective dose from Rn and Tn are 

given in Table 3. 

The results in Table 3 show that the concentrations of Rn and Tn in the residential houses and 

in the black sand extraction area are not high, in the range of 14-43 Bq/m
3
 (Rn) and 8-17 Bq/m

3
 

(Tn). 

At Titanium processing plant, Rn and Tn concentrations are higher than outside: Rn is in the 

range of 18-55 Bq/m
3
 (average 34 Bq/m

3
), Tn is from 32-118 Bq/m

3
 (average 58 Bq/m

3
) but still 

comparable to the average concentration of the world published by UNSCEAR [2]. 

At Zircon processing plant, Rn concentrations are similar to Rn concentrations in the 

Titanium processing plant (25-36 Bq/m
3
, average 30 Bq/m

3
) but Tn concentrations in the factories 

for separating Rutile and Zircon are high (138 and 2931 Bq/m
3
, respectively). 

Tn is especially high in the factory for separating Zircon where Tn concentration could reach 

2931 Bq/m
3
. Based on annual effective dose calculation, workers inside the factory for separating 
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Zircon at the Ha Tinh Zircon Processing Plant could receive an annual effective dose due to Rn and 

Tn of 4.890 mSv/year, and the increasing dose of 4.710 mSv/year is higher than 1 mSv/year 

recommended by the IAEA [9]. 

Table 3: Results of investigation at the Ha Tinh black mineral field. 

No 
Meas. 

point  

Description of the 

measuring point 

Rn 

concen. 

(Bq/m
3
) 

Tn 

concen. 

(Bq/m
3
) 

Annual 

effective 

dose 

from 

Rn 

(mSv/y) 

Annual 

effective 

dose 

from 

Tn 

(mSv/y) 

Total 

annual 

effective 

dose 

from 

Rn and 

Tn 

(mSv/y) 

Increased 

annual 

effective 

dose due 

to Rn 

and Tn 

(mSv/y) 

Population 22 15 0.705 0.106 0.810  

At the mineral sand extraction site 

1 KT1 Administration office 31 25 0.224 0.041 0.264 0.084 

2 KT2 

Temporary shift 

house for workers 
46 26 0.328 0.041 0.369 0.189 

3 KT3 

Ore extraction 

station 
39 82 0.284 0.131 0.415 0.235 

4 KT4 

Ore extraction 

station 
35 35 0.253 0.056 0.309 0.129 

5 KT5 

Ore extraction 

station 
30 15 0.219 0.024 0.243 0.063 

Average 36 37 0.262 0.059 0.320 0.140 

At Titanium Processing Factory 

6 T1-1 Input stock house 34 44 0.243 0.070 0.313 0.133 

7 T1-2 Input stock house 37 41 0.263 0.066 0.329 0.149 

8 T2-1 Ilmenite stock house 35 232 0.251 0.371 0.621 0.441 

9 T2-2 Ilmenite stock house 44 35 0.318 0.057 0.375 0.195 

10 T3 

Ilmenite separating 

house 
42 96 0.301 0.153 0.454 0.274 

11 T4 Administration office 60 35 0.435 0.057 0.492 0.311 

Average 42 81 0.302 0.129 0.431 0.251 

At Zircon Processing Factory 

12 Z1 

House for super fine 

Zircon preparation 
38 34 0.277 0.054 0.330 0.150 

13 Z2 Zircon stock house 38 78 0.274 0.125 0.399 0.219 

14 Z3 

Rutile separating 

house 
39 124 0.281 0.198 0.479 0.299 

15 Z4 Wet separating house 31 53 0.224 0.084 0.308 0.128 
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16 Z5 

Zircon separating 

house 
28 2931 0.200 4.690 4.890 4.710 

17 Z6 

Technical 

Department 
54 69 0.387 0.111 0.498 0.317 

18 Z7 Executive office 42 57 0.305 0.091 0.396 0.216 

Average 39 478 0.278 0.765 1.043 0.863 

4. CONCLUSION 

Main results of the project include: 1) 02 protocols for simultaneous measurements of Rn and 

Tn using nuclear track detectors CR-39 in Raduet chambers and LR-115 in 3x3 chambers; 2) The 

conversion factors for calculating Rn and Tn concentrations from the track densities in the 

mentioned detectors; and 3) Test results in the mining areas with the following main conclusions: 

- Rn and Tn concentrations inside the coal mining tunnels are almost double the 

concentrations of Rn/Tn outside but are still in the average level of Vietnam and the world. 

- Concentrations of Rn and Tn in the residential houses, at the mineral sand extraction site, 

at the Titanium Processing Plant, and at the Zircon Processing Plant of Ha Tinh are not high, and 

are equal to the average concentration of Vietnam and the world. However, Tn concentration inside 

the factory for separating Zircon at the Ha Tinh Zircon Processing Plant was found to be very high, 

up to 2931 Bq/m
3
. 

- Workers inside the factory for separating Zircon at the Ha Tinh Zircon Processing Plant 

could receive an annual effective dose due to Rn and Tn of 4.890 mSv/year, and the increasing dose 

of 4.710 mSv/year is higher than 1 mSv/year recommended by the IAEA. 

Based on the research results, it was recommended that the Ministry of Science and 

Technology to proceed with issuing the developed protocols as Vietnam Standards, as well as to 

support future projects in the field of Rn and Tn measurements. 
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ABSTRACT: Aerosol sampler is located at the top of the three floors building of INST. The amount of PM 

particle and components such as black carbon; chemical elements; violated organic compounds and 

microorganisms are analyzed by appropriate methods. Using the method of regression and analysis of variance 

ANOVA to find out correlation between there pollution components and patients treated at the Department of 

Respiratory in Hanoi E-Hospital. It shown that microorganisms, benzene, toluene, element sulfur and element 

silica have effects on monthly number of patients treated respiratory diseases at the E-Hospital. 

I. INTRODUCTION 

Main cities in Vietnam are been serious environmental pollution by economic developing and 

population growth that active change in the climate and  human health such as Ha Noi, Ho Chi 

Minh, Da Nang... So that the environmental pollution and special air pollution are problems which 

environmental scientist are studying. The air pollution level depend geographical features, climate, 

urbanization, industry, economic, energy and traffic. 

Currently, Vietnam still have not regularly informed about air pollution. The studies about 

polluted air shown only give notice of the concentration airborne, inorganic components and it s 

source. 

To find out the effects in polluted airborn related to the number of patients with respiratory 

disease which related patient treated respiratory disease. We carry out research working: this is 

“Study to build method of analyzing some component of airborn to cause respiratory disease.”  

II. METHODS 

The aerosol sampler-Gent StackedFilter Unit (GENT-SFU located on the top of house roof of 

three floors building of INST with longitude 105
o
47.56’, latitude 21

o
2.46’). The PM2.5-10 particles 

and PM2.5 particles are collected by filters with flow rate 17-18 L/minute. Weight method is used to 

determined concentration PM particles on filters. The difference weight of filter after and before 

collection is amount PM particles. 
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Figure 1: The air dust sample collection diagram in GENT-SFU. 

The Black carbon substance is determined by light intensity measurement method. The results 

are calculated by: 

V

I

BC 7985.45

39398.2
100

log*1000

88.12










  

Where I is refraction of light intensity in filter and V is air volume goes through filter. 

The chemical elements and ions in samples are determined by XRF (X-ray fluorescence) in 

X-ray fluorescence spectrometer X-VietSpace. model XRF5006 - HQ02.  

Working regulation:  

+   sample size mode HV = 30 kV, I = 200 A, no filter 

+   Spectrum record time: 1200 sec 

+   working environment: primary vacuum 

+   Data analysis: automatic 

Ions of PM particles are determined by Dionex-600 Ion chromatography with Peaknet  6.0 

software. 

The volatile organic compounds-BTEX group that is benzene, toluene, ethylbenzen, m-xylene 

and p-xylene are collected by active methods. FL-1001 pump is used to adsorb air into adsorption 

tube with flow rate 50 ml/minute and colleting time on each adsorption tube is 25 minutes. We 

collect two tubes for each sampling with the time collection is separated 10 minutes. The adsorption 

tubes which are maintained in safety box for VOCs analysis are covered tightly by specialized 

Teflon cap. The samples are disorption and analysis in GC/MS-QP 2010 (Gas chromatography-

Mass spectrometry). 

The impingement method is suitable technical condition for collecting bioaerosol. Air flow is 

impinged in to liquid medium. The air flow impinged into 250 ml glass flask containing 100 ml 

liquid nutrient medium. The glass flask is connected with the pump by teflon tube = 5 mm. After 

that, solution sample is enriched and analysis the microorganism. Total microorganisms are 

detected by counting colonies forming unit (CFU) on medium agar disk. Cell morphology and 

Gram bacteria are determined by Gram stain method and PCR method (polymerase chain reaction). 

The maintain goal of methods is detection microorganism species which are isolated. 
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Figure 2: The bioaerosol sampling diagram. 

III. Results and discussion  

 

 
 Figurer 3: PM2.5 and PM2.5-10 particle concentrations collecting in Institute                                                

for Nuclear Science and Technology. 

The amount PM particle of aerodynamic size 2.5m PM2.5 called fine particle and particulates 

of aerodynamic size 2.5-10m PM2.5-10 called coarse particle  collecting in INST from April 2011 to   

Mar 2012 are presented in figure 3. 

The results is shown that the chemical elements such as Al, Si, S, K, Ca, Ti, Mn, Fe, Cu, Zn 

and Zr are detected in all sampling, but concentration of elements on coarse particulars is difficult 

on fine filter. If concentration of chemical elements arranged in line from high to low is S > S i> Ca 

>K > Al of PM2.5 that concentration of chemical elements of PM2.5-10 will be  Si > Al > S > Ca > K 

(see figure 4 and figure 5). 

 

 

Figure 4: The concentration of elements of PM2.5 particles. 
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Figure 5: The concentration of elements of PM2.5-10 particle. 

Anion such as F-, Cl-, Br-, NO3-, PO43-, SO42- and cation such as Na+, NH4+, K+, Mg2+, 

Ca2+  are detected in all samples. The results of ion chromatography analyze shown that 

concentration of anion are arranged in line from height to low SO42- >  Cl- >  NO3- > F- > NO2- > 

PO43- of PM2.5 and SO42- > Cl- > NO3- > PO43- >  NO2- > F- of PM2.5-10  concentration of 

cation are arranged in line from height to low : NH4+ > Ca2+  >  K+ > Na+ > Mg2+ of  PM2.5 and 

Ca2+  >  NH4+ > Na+ > Mg2+ > K+ PM2.5-10. All major ions of PM2.5 were detected. 

Benzene, toluene, o.m.p-xylene (orto-. meta and para-xylene) are volated organic compounds 

BTEX group are detected in all collected sampls. The highest concentration of BTEX found in 

12/2011 is 7.615µg/m
3
 and the lowest concentration in 5/2011is 28.83 µg/m3 (Table 1)  

Table 1: VOC data, rainfall data, humidity data and temperature data. 

Month/year 
Temp 

O
C 

Humidity 

% 

Rainfall 

mm 

Benzen 

µg/m
3
 

Toluen 

µg/m
3
 

Ethyl 

Benzen 

µg/m
3
 

m.p 

Xylen 

µg/m
3
 

o. Xylen 

µg/m
3
 

5/2011 25.25 84.75 149 8.44 32.82 10.09 9.66 6.89 

6/2011 27.75 89.00 396 15.71 37.74 13.56 16.75 9.88 

7/2011 28.40 84.20 295 15.51 12.19 5.02 4.30 1.13 

8/2011 28.00 84.00 313 18.72 28.63 5.05 11.00 4.02 

9/2011 26.67 87.00 247 21.67 42.06 14.78 23.09 12.43 

10/2011 24.00 91.75 178 23.77 49.84 33.53 68.03 28.63 

11/2011 20.50 88.50 32 25.43 43.19 33.53 60.09 23.54 

12/2011 17.20 65.00 52 27.62 77.51 26.75 44.83 16.67 

1/2012 14.00 82.00 20 28.83 78.22 10.62 23.67 9.47 

2/2012 15.50 86.25 19 23.23 44.69 7.00 17.82 5.53 

3/2012 18.80 95.40 17 19.89 43.34 8.39 13.27 8.12 

4/2012 24.75 88.25 123 17.71 38.79 4.95 10.08 3.91 

 The results shown that the highest number of microorganism on day is 37 x 10
4 

± 1.7 x 10
4 

CFU/m
3
. The highest average results is 88.57 CFU/m

3
 in March 2011 and the lowest highest 

average results is 10.70 CFU/m
3
 in October 2011. Genus Pseudomonas, Staphylococcus and 

Aspergillus’s were determined in collected samples. Negative gram bacteria samples ranged from 

2% to 15%. 
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By using ANOVA and regression mathematical method, the results are found components 

such as benzene (X1), toluene (X2) and average rainfall (X3) affect the number of bacteria (Y) each 

month: 

Y = 16971.92+X1 x 538.44 + X2 x (-387.08) + X3 x (-25.32) 

Where the significance F=0.04  and F< 0.05. 

Interrelate between the patients who treated at Department of Respiratory disease in Hospital 

E. Hanoi and the number of average bacteria on each month is described with equation: 

Patient  = 110.94 + 0.0028 x [bacteria] 

Interrelate between the patients bacterial, silica element concentration and S element 

concentration in PM2.5 fine particle is described with equation: 

Patient = 69.49 + 0.006x [bacteria] + 2.123 x [Si_Fi] + 0.012 x [S_Fi] 

Where the significance F = 0.00064  and F< 0.05 

So we confirm that total number of bacteria, benzene, toluene, silica element concentration 

and S element concentration in air affect number of patients who treated at Department of 

Respiratory disease in Hospital E Hanoi. 
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ABSTRACT: The obtained data on nitrate, ammonium and total nitrogen concentration of 100 groundwater 

samples collected from 3 main aquifers show that although the nitrate concentration is still lower than the 

authorized limit of this compound in groundwater but the concentration and, specially the distribution of nitrate 

in shallow aquifer (Pleistocene) shows the increasing tendency in pollution level while ammonium and also total 

nitrogen content exceeded the authorized limit of these compounds in groundwater. For deeper aquifers (Upper 

and Lower Pliocene) groundwater is less polluted by nitrogen compounds. Analysis data on isotopic composition 

δ
15

N and δ
18

O of nitrate of the collected groundwater samples in compiling with other environmental isotopes 

data as  δ
2
H, δ

18
O of water and natural radioactive isotopes in groundwater (

3
H and 

14
C) show that nitrate in 

Pleistocene groundwater is derived from both sources, geogenic source such as organic matter buried in aquifer 

soil layers and anthropogenic source like fertilizers, manure and septic wastes with the dominance of 

anthropogenic source.  At the same time, obtained isotopic data proved the geogenic source of nitrate in water of 

the deeper aquifers. Study results on infiltration rate and infiltration depth of fertilizers and water using tracer 

techniques in the zone specializing in legume cultivation of the study area show the possible infiltration into 

shallow groundwater of water and also fertilizers. The obtained results prove the need of better management of 

the use of fertilizers for cultivation activities in the study area and to apply the advanced cultural manners for 

minimizing amount of fertilizers used. At the same time to strengthen wastes management and treatment in 

whole study area, especially in the zones which intake rain water as a recharge source to shallow groundwater 

such as Cu Chi, Hoc Mon and also inner city districts. 

INTRODUCTION 

Groundwater contaminated by nitrogen has been recorded in Hochiminh city. Over 

exploitation of groundwater in this area bring about not only the declining of water table in existing 

aquifers but also the migration availability of contaminants into groundwater aquifers. Due to the 

toxicity of nitrate for man health, defining the source of nitrate in groundwater is very important 

beside the assessment of contaminated groundwater by nitrate to prevent or/and to reduce the 

migration of nitrate into groundwater. Use of the environmental isotope techniques to define the 

source of nitrate in groundwater aquifers which are being exploited for water supply in Hochiminh 

City is the aim of this study. 

I. EXPERIMENTS  

Suitable analysis techniques have been applied to analyze nitrate concentration and 

environmental isotopic composition (
2
H, 

18
O, 

3
H, 

14
C, 

15
N and 

18
O of nitrate) in groundwater. 

Nitrate as well as ammonium and total nitrogen concentration of collected groundwater samples 

have been use to assess the status of groundwater contaminated by nitrogen compounds while 
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isotopic composition δ
15

NNO3 (
15

N concentration in NO3) and δ
18

ONO3 (
18

O concentration in NO3) of 

water samples in compiling with δ
2
H, δ

18
O of water, natural radioactive isotopes (

3
H and 

14
C) and 

nitrate concentration will be used to define the source of nitrate in groundwater based on the fact 

that each source of nitrate has isotopic specific indices (δ
15

NNO3 and δ
18

ONO3).       

Tracer technique using suitable tracers (
15

N for nitrogen fertilizer and 
131

I for water) has been 

applied to trace the movement of water and 
15

N fertilizer in unsaturated zone. This field experiment 

has been carried out in the area where shallow groundwater could be recharged directly by local 

rain water. The obtained results on infiltration rate and infiltration depth of water and fertilizer have 

been used to assess the contaminating availability of nitrogen fertilizer to shallow groundwater. 

II. PROCEDURES 

A sampling network of 100 sampling wells points with the consideration of regions as well as 

the aquifers which need to be pay more attention has been set up based on the hydro-geological 

setting, the existing boreholes of study area and the study aims. 

Groundwater has been sampled in sampling campaign. A total of 100 groundwater samples 

including 44 from the Pleistocene aquifer, 29 from the Upper Pliocene and 21 from the Lower 

Pliocene aquifer have been collected for chemicals and environmental isotopic analysis. 

All collected water samples have been analyzed for environmental isotopes (
2
H, 

18
O, δ

15
NNO3 

and δ
18

ONO3), major ions and nitrogen compound concentration. Some of them have been also 

analyzed for 
3
H, 

14
C. 

At the same time, a tracing experiment using 
131

I and 
15

N fertilizer as suitable tracers has been 

conducted at a place in the region which is specializing in legume cultivation of the study area. 

III. RESULTS AND DISCUSSION 

1. Status of groundwater polluted by nitrogen compounds in the study area 

Based on the analysis data on NO3, NH4 and total N concentration of groundwater samples 

collected and in comparing with the pollution grades (concentrations) for these compounds for 

groundwater, the ratio of polluted groundwater samples to the total of collected samples of each 

study groundwater aquifer is listed in the Table 1. And the distribution of these compounds in 

aquifers in the study area has been mapped. 

Table 1: Data of groundwater contaminated by nitrogen compounds in study area. 

Pollutant 

Pollution grade 

& Concentration 

(mg/L) 

Pleistocene Upper Pliocene Lower Pliocene 

No. of 

samples 

Ratio 

(%) 

No. of 

samples 

Ratio 

(%) 

No. of 

samples 

Ratio 

(%) 

NO3 

Heavy (> 45) 0 0 0/29 0 0/21 0 

Medium (30-45) 6/66 9 0/29 0 0/21 0 

Light (10-30) 23/66 35 3/29 10 1/21 5 

Non (< 10) 37/66 56 26/29 90 20/21 95 

NH4 

Heavy (> 10) 3/50 6 1/29 3 0/21 0 

Medium (3-10) 4/50 8 3/29 10 0/21 0 

Light (1.5-3) 3/50 6 2/29 7 3/21 14 

Non (< 1.5) 40/50 80 23/29 80 18/21 86 

Total N Heavy (> 20) 5/50 10 0/29 0 0/21 0 
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Medium (7-20) 3/50 6 2/29 7 1/21 5 

Light (2-7) 18/50 36 7/29 24 2/21 10 

Non (< 2) 24/50 48 20/29 69 18/21 85 

The statistical data show that although the nitrate concentration is still lower than the 

authorized limit of this compound in groundwater but the concentration and, specially the 

distribution of nitrate in shallow aquifer (Pleistocene) shows the increasing tendency in pollution 

level while ammonium and also total N concentration exceeded the authorized limit of these 

compounds in groundwater. For deeper aquifers (Upper and Lower Pliocene) groundwater is less 

polluted by nitrogen compounds. 

2. Source of nitrate in groundwater 

In this study, the source of nitrate in collected groundwater samples is defined qualitatively by 

the isotopic indices (δ
15

N and δ
18

O of NO3) which characterize for different sources as shown in the 

Figure 1. 

 

 

 

 

 

Figure 1: Sources of NO3 in 

groundwater and their isotopic 

characteristics. 

Analysis data on δ
15

NNO3 and δ
18

ONO3 in water samples which were collected from the 

Pleistocene aquifer in the study area are plotted in the Figure 2. 

 

 

 

 

Figure 2: δ
15

NNO3 and δ
18

ONO3 

relationship of Pleistocene 

groundwater samples. 

This plot shows anthropogenic and geogenic sources of nitrate in water of this aquifer. The 

anthropogenic sources include fertilizer (samples locate in the red and orange rectangular), manure 

and septic waste (samples in the blue rectangular).And the geogenic source deriving from soil 

nitrogen includes samples in the brown rectangular.  

In compiling with NO3 concentration, δ
15

NNO3 data prove that nitrate deriving from 

anthropogenic sources is dominant in nitrate in water of this aquifer.  

δ
15

NNO3 and δ
18

ONO3 relationship of Upper Pliocene groundwater samples is plotted in the 

Figure 3. 
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Figure 3: δ
15

NNO3 and 

δ
18

ONO3 relationship of 

Upper Pliocene 

groundwater samples. 

Distribution of groundwater sample points shows the anthropogenic and geogenic source of 

nitrate in this aquifer. But, differing with the above aquifer (Pleistocene), nitrate in water of Upper 

Pliocene aquifer is mainly derived from organic materials in soil. It means the main source of 

nitrate in water of this aquifer is geogenic.  

Figure 4 is the relationship plot of δ
15

NNO3 and δ
18

ONO3 of water samples collected from the 

Lower Pliocene aquifer. 

 

 

 

 

 

Figure 4:  δ
15

NNO3 and 

δ
18

ONO3 relationship of 

Upper  Pliocene 

groundwater samples. 

Positions of sample points in this graph show clearly that nitrate in water of this aquifer is 

only derived from geogenic source.  

3. Contaminating availability of nitrogen fertilizer used in agricultural activities to 

shallow groundwater 

Tracer technique using suitable tracers (
15

N for nitrogen fertilizer and 
131

I for water) has been 

applied to trace the movement of water and 
15

N fertilizer in unsaturated zone. 

The experiment site locates in a region where is specializing in legume cultivation of the 

study area and the experiment time is 409 days for 
15

N fertilizer and 222 days for water. 

The infiltration depth of water and fertilizer has been plotted in the Figure 5.  

 

 

 

 

 

Figure 5: Infiltration of 

water and fertilizer on 

experiment time. 
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This graph shows the down infiltration tendency of water and fertilizer. In comparing with 

water, infiltration rate of fertilizer is slower due to the interaction of fertilizer and soil materials.     

At experiment site, the mean down infiltration rate is 0.2 cm/day for water and 0.14 cm/day 

for fertilizer.  

IV. CONCLUSIONS 

1. Although the nitrate concentration is still lower than the authorized limit of this compound 

in groundwater but the concentration and, specially the distribution of nitrate in shallow aquifer 

(Pleistocene) shows the increasing tendency in pollution level while ammonium and also total 

nitrogen content exceeded the authorized limit of these compounds in groundwater. This means that 

better management of wastes, fertilizers used and also shallow groundwater exploitation needs to be 

applied to decrease the bad influence on water quality of N compounds. For deeper aquifers (Upper 

and Lower Pliocene) groundwater is less polluted by nitrogen compounds. 

2. The source of nitrate in studied groundwater has been defined qualitatively based on 

δ
15

NNO3 and δ
18

ONO3 data compiling with other environmental isotope compositions (δ
2
H, δ

18
O,

 3
H, 

14
C), major ions and nitrate concentration data of 100 water samples. There are two sources of 

nitrate which are anthropogenic and geogenic. For the Pleistocene aquifer nitrate in water is derived 

mainly from anthropogenic sources while it is less dominant in the Upper Pliocene aquifer. For the 

deepest aquifer, Lower Pliocene, nitrate in water is only derived from geogenic sources. 

3. Mean infiltration rate which is 0.2 cm/day for water and 0.14 cm/day for fertilizer has been 

recorded at the field experiment site using tracer technique. With the water table of about 120cm 

below ground surface and down infiltrating tendency of fertilizer, shallow groundwater at that site 

should be contaminated by nitrogen fertilizer used for agricultural purposes. 
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ABSTRACT:  Under the theme of “Quantitative study of pollution levels in marine sediments of Halong bay by 

nuclear techniques” conducted from June 2011 to June 2013, the authors conducted monitoring, sediment 

samples collected in the bay below the sediment column at 8 locations, in which 7 columns  located at the 

estuary near Tuan Chau Island and 1 column at the area  near the harbor of Cam Pha. The column samples were 

taken to the laboratory, cut slices with a distance of 2 cm in the form of frozen and conduct tests of radioactive 

Pb-210 to determine the rate of sediment in the survey area. Evaluation results based on the method by 

determining 
210

Pb, the sediment rate showed speed in the survey area ranged from 0.3 cm.a
-1

 to 1.2 cm.a
-1

 and an 

average of 1.0 cm.a
-1.

 The slices of sediment samples (110 samples) were analyzed heavy metals (KLN) and As 

elemental by ICP-MS method. These sediment sample also were analyzed for simultaneous determination of N 

and P and total organic carbon (TOC). Results showed that heavy metal concentrations and As is smaller than 

the value specified in the National Technical Regulation on Sediment Quality of Vietnam (QCVN), phosphorus 

concentration less than that can cause harmful effects, but the concentration of total nitrogen and organic carbon 

that may exceed be harmful as directed by Canadian standards (Persuad et al. 1992). The concentration data in 

the Halong bay sediment were processed  by statistical software SPSS-18, results showed high correlation 

between the quality TOC, N, P, K and correlation the majority of KLN, this proves the origin of sediments is 

part of the natural soil components and parts (TOC, N, P, K) is due to the activity of human activity as well as by 

agricultural fertilizers. The average content of elements in sediments Halong be compared with other data 

published works of sediment Quang Ninh area, the results show the correlation figures are also high. However, 

the results of the analysis of KLN and As in Halong sediment of this work are smaller than those previously 

published by the total digestion method. The reason in this work may be   from the treatment of sediment sample 

by  incomplete digestion method using acetic acid. 

Keyword: marine sediment, heavy metal, sedimentation rate. 

I. INTRODUCTION 

Coastal areas region are under pressure by the process of economic and social development. 

Problem of marine environmental protection, preservation and conservation of coastal ecosystems 

are particularly concerned to maintain the stability and long-term economic development, as well as 

ensure sustainability of community health. The study and evaluation of pollution of the marine 

environment through the determination of heavy metals (KLN) or other toxic substances such as As 

in the environment and the bottom sediment seawater is particularly interested. The increase in 

heavy metal accumulation in some marine sediments are considered to be derived from the 

continued growth of the industry, the mining operation and that causes red tide phenomenon. Red 

tide causing  marine ecosystem destruction and death if consumed seafood in the incidents. 

Nuclear Engineering and isotope techniques have been widely used to study the marine 

environment, in particular the implementation of the developed countries have laboratories with 

modern equipment and staff have more experience. The analysis of nuclear techniques and related 

applications in research and critical alerts are mainly marine environment include: a) Warning 
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marine pollution by toxic heavy metals As, Cd, Co, Cr, Cu, Pb, Hg, Ni, Zn, Se. b) Warning 

pollution of the marine environment by radioactive elements U, Th, 
210

Po, 
210

Pb, 
226

Ra, 
90

Sr, 
137

Cs, 
239.240

Pu and c) Look at the environmental process for the 
14

C, 
210

Pb, 
230

Th isotope indicators to get 

an understanding and assessment processes and pollution source pollution (due to natural or human 

impacts). One of the aproach often used in the study is sampling marine sediment column, content 

of analysed KLN and amount of 
210

Pb isotope sediment slices in are determination. Based on the 

amount of radioactive isotopes of lead scientists will be able to determine sedimentation deposition 

time with KLN. 

The purpose of this study is determination of the age of  sediments along the Halong bay with 

some heavy metal content to learn the history of pollution generated in the ecosystem of the world 

cultural heritage by UNESCO. 

II. MATERIAL AND METHODS 

-     Characteristics of the study area  

The study area is Ha Long bay in Quang Ninh Province, and  the areas near of coal mining 

operations (Nui Beo-Cam Pha), with production activities and export of cement, with aquaculture 

activities in Bay, tourism activities sightseeing and nature this is also where the population density 

increased. 

 

 

 

 

 

 

Figure 1: The study area of Ha Long 

Bay, Quang Ninh. 

-    Sampling 

Sampling location is divided into two areas Binh Huong estuary, near Tuan Chau Island, 

where there are many beach clam, scallop (Figure 2) and river creek bridge No 20 area  near  Cam 

Thinh ward (Figure 3), where the waste products of coal mining Nui Beo be poured into the sea . 

Sampling place also  is close to the cement factory at Cam Pha port. 

 

 

 

Figure 2: control Sampling positions 

are triangle mark (HL. ..) and 

sedimentary columns are circle mark in 

Binh Huong estuary (1,2,3,4,5), each 1 

meter deep sediment columns and 

sedimentary columns far deviation to the 

left estuary M2, M1 ... 
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Figure 3: Sampling location near the 

river creek bridge No 20, Cam Thinh 

ward, circle                                             

mark are the sediment column samples 

(6,7,8,9,10) and water samples, 

controlled soil samples are triangles 

mark (HL.. .) 

 

-     Methods of analysis 

Methods of analysis components contaminated by sedimentary stratigraphic sections are 

common methods to assess historical pollution of the marine environment caused by the activities 

of social nature and the land. To accomplish this task, it is necessary to take steps to: a) Get column 

marine sediments vertically. b) Cut slices of the sediment column as specified aperture (Usually 

from 2 to 5 cm). c)Use nuclear methods such as 
137

Cs, 
210

Pb to evaluate the rate of sediment or 

otherwise determine the age of each slice. d)Analysis of the pollution component slices. 

Results pollution assessment in sediments along the transect of the environmental parameters 

at sea survey is a good basis for evaluating historical pollution of the marine environment due to the 

operation of natural and social activities caused by humans. 

The  KLN analysis by ICP-MS method was carried out at Rare Radiation Technology 

Institute, digestion methods are destructive method using acetic acid is not entirely aimed at the 

heavy metal pollution assessment. The nuclear techniqes for  determination of 
210

Pb, 
210

Po was 

carried out in Institute of Science and Nuclear Engineering, total nitrogen and phosphorus was in 

the 27 lab Lab of Ministry of Agriculture and Rural Development. 

III. RESULTS AND DISCUSSION 

-    Sediments rate 

Sedimentation rate was assessed through analysis of radioactive 
210

Pb and it’ daughter 
210

Po in 

the sediment slices. 
210

Pb was analyzed by the gama spectrometer at 47 keV with the HPGe GMX-

40 detector in low background lead house. 
210

Po was analyzed by alpha spectroscopy after sample 

chemical processing and  electrolysis on silver platter. Illustrative example is shown in Figure 4, 

which can be seen in the  sediment rate R at Core 1and Core 11  are 0.76 cm a
-1

 and 1.25 cm a
-1

, 

respectively.  
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Figure 4: Illustration  sedimentation rate using 
210

Pb in the core 1 and  
210

Po in the core  11. 
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The combine results of sedimentation rate in Halong bay by two methods are presented in 

Table 1 below: 

Table 1: Comparison sedimentation rate R measured by 
210

Pb and 
210

Po methode. 

Cores R (cm.a
-1

) by 
210

Pb R (cm.a
-1

) by 
210

Po 

Core 1 0.76  

M1 0.75 0.72 

M2 0.58 1.01 

M3 1.12 1.02 

M4  1.16 

Core 11  1.25 

Core 13  0.31 

Core 8  0.27 

Over table 1, it can draw the following comments: 

- The comparison of sediment assessment rate from 2 methods are generally comparable 

(shown in column form M1, M3, however, the difference just only in sample M2 column. We have 

found that the method  
210

Pb using gamma spectrometer with the reliability is not so high due to 

gamma energy of 
210

Pb has a gamma line of 47 keV, which calded “soft gamma line”. The 

measurement of 
210

Pb in such energy has some difficulties because of the absorbtion effect from 

material and  also the background at this energy is quite high. Meanwhile evaluation method based 

on the classic 
210

Po is highly reliable because it uses the internal standard (
209

Po), and this method is 

quite sensitive, just small sample (0.5 g) is needed and alpha background spectrum is extremely 

low. 

- Evaluation results of sedimentation rate  above are relatively logic. The estuary near Tuan 

Chau Island have high sedimentation rate (about 1 cm.a
-1

), which is consistent with preliminary 

observations the water is muddy, so a lot of sediment forming a shallow beach area where locals 

take advantage of the terrain to create clam area except for Core 13,which is  the river sediment. In 

contrast,  in the area near the town of  Cam Pha  region  ( Core 8) the sea sedimentation rate is  low  

(0.27 cm.a
-1

) look like the prossess of sea sediment. 

- Assess heavy metal pollution and As 

Obtained contents of  KLN and As in slices sediments at Halong bay by ICP-MS analysis 

after incomplete digestion with acetic acid is shown by depth (x-axis) and heavy metal 

concentrations (y-axis), example illustrated the content of KLN and As at the column  M1 as shown 

in Figure 5. The obtained  concentration of KLN and As of sediment in the bay sediment core 

follow the depth of column M1 is illustrated in Figure 5 shows no systematically chance   in the 

levels of the depth (as well as the age) of the sediment column. 
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Figure 5: The distribution of heavy metal and As concentrations (mg/kg)                                                      

in core slices of M1 vs the depth. 
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The average content KLN and As (mg / kg) of 110 sediment samples from Ha Long bay was 

shown in Table 2 below: 

Table 2: The average content of heavy metal (KLN) and As Halong Bay sediments. 

 Cores Cr Co Ni Cu Zn As Cd Pb 

C13 0.29 1.83 2.37 3.01 12.55 0.17 0.06 0.59 

C4 0.32 3.88 2.92 3.92 19.40 0.24 0.09 1.72 

C1 1.29 4.00 4.83 3.16 33.38 0.13 0.89 1.57 

M2 0.24 1.94 2.21 4.96 10.39 0.30 0.01 1.33 

M1 4.72 0.78 10.24 0.04 2.30 1.83 0.27 0.25 

M3 0.29 1.72 2.35 3.58 6.68 0.19 0.01 0.53 

M4 0.44 2.06 2.19 3.19 7.71 0.17 0.02 0.68 

C8 0.33 2.59 5.20 3.52 16.24 0.16 0.08 1.18 

Average 0.99 2.35 4.04 3.17 13.58 0.40 0.18 0.98 

Max 4.72 4.00 10.24 4.96 33.38 1.83 0.89 1.72 

Min 0.29 1.83 2.37 3.01 12.55 0.16 0.06 0.59 

-    Evaluation N content, TOC, P, K, Fe, Mn in Ha Long bay sediments 

The concentration of N, TOC, P, K, Fe, Mn (%) in sediment at column M1 follow the depth is 

illustrated in Figure 6 shows no significant difference in the levels vs the depth (as well as the age) 

of the sediment column. 
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Figure 6: The distribution  of N, TOC, P, K, Fe, Mn (%)                                                                                  

in core slices of M1 vs the depth. 

-    The correlation 

The relationship between the three components of natural radioactivity from U, Th and 
40

K 

were compared between control samples (20 samples of surface soil on the banks of the position 

corresponding to sampling sediment column). Survey results correlations between the three 

components of radiation above the 20 control samples shown in table 3 and slices of sediment 

samples (110 samples) shown in table 4 

Table 3: The correlation U, Th and K-40 in the control soil. 

  U (Bq/kg) Th (Bq/kg) K-40 (Bq/kg) 

U (Bq/kg) 1   

Th (Bq/kg) 0.975847 1  

K-40 (Bq/kg) 0.477029 0.560903 1 
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Table 4: The correlation U, Th v µ K in sediments (110 samples). 

  U (Bq/kg) Th (Bq/kg) K-40 (Bq/kg) 

U (Bq/kg) 1   

Th (Bq/kg) 0.804331 1  

K-40 (Bq/kg) 0.794712 0.918485 1 

Through table 3 on the correlation between the radioactive chain U, TH and 
40

K in the control 

sample and table 4 on the relationship between the sequence of radioactive U, Th and 
40

K in the 

sediments in the Gulf Ha Long, we can see that in the control sample correlation between U and Th 

are very tight, but not correlated closely with 
40

K. This is logical because U and Th chain is closely 

related to the origin of granite bedrock and relatively independent of 
40

K. By contrast in the marine 

sediments bay we found love affair closely and both U, Th and 
40

K. We know that the 
40

K level 

radioactive closely related to potassium ratio stable. Relationship closely in all three series isotopes 

indicate the presence of additional sources of potassium fertilizer on sediment composition. Here 

may be due to the impact of human activities due to agricultural production (fertilizer N, P, K). 

Table 5: Correlations TOC, N, P, Mn, Fe in sediments (110 samples). 

  N% TOC (%) P (%) K% Mn (%) Fe (%) 

N% 1           

TOC (%) 0.623686 1         

P (%) 0.756656 0.644948 1       

K% 0.693325 0.654450 0.76411 1     

Mn (%) 0.538622 0.556859 0.59097 0.664023 1   

Fe (%) 0.274857 0.312592 0.15927 0.046797 0.252757 1 

Table 6: correlation KLN and As in sediments (110 samples) 

  Cr Co Ni Cu Zn As Cd Pb 

Cr 1        

Co 0.60330 1       

Ni 0.46308 0.50956 1      

Cu -0.23115 -0.06619 0.00301 1     

Zn 0.73033 0.71246 0.46795 -0.06489 1    

As -0.37325 -0.1464 -0.26535 0.41225 -0.21581 1   

Cd 0.86901 0.61914 0.49687 -0.20377 0.79222 -0.32374 1  

Pb 0.35524 0.50624 0.25352 0.06431 0.44721 0.094919 0.426958 1 

Table 5 shows the correlation of TOC, N, P, Mn, Fe and table 6 shows the correlation of 

heavy metal and As in sediments. It can be seen there pretty tight correlation between N, P, and K. 

This TOC, P, K once again (see the relationship in table 4) to predict sediment pollution is caused 

by human activities in agriculture (fertilizer N, P, K) and tourism. The correlation of the heavy 

metal and As  shown not clear relationship. Only through the variable relationship between Cr, Co, 

Zn and Cd (the number in bold in Table 6) have seen. In Figure 5, it can be found that the 
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concentrations of Zn in Halong sediment highly superior to the other heavy metal, so it can be used 

to judge the amount of other heavy metal such as Co, Cr and Cd in sediment samples. 

IV. CONCLUSION 

-    Sedimentation rate at the survey location 

Through the evaluation results by the method of Pb-210, Po-210 sedimentation rate in 

different locations of Ha Long bay ranged from 0.3 cm.a
-1

  to 1.25 cm.a
-1

 and an average of 1.0 

cm.a
-1

. This data is consistent over the previously disclosed in the estuarine lagoons and bays in the 

surrounding area from 0.2 to 2.9 cm.a
-1

 of previously published [1]. 

-    Assessment of radioactive contamination in sediments Ha Long 

The sediment slices and control samples were analyzed radioactivity. The results showed that 

natural radioactivity U, Th and 
40

K in the sediments at the bay's are in environmental background 

level. The results also showed that the radioactivity of coal in this area is not higher than the 

background environment. In summary it can be stated without natural radioactive contaminants in 

sediment samples Halong. 

- Assessment of sediment contamination in Ha Long 

Table 7: The data of the average, maximum, minimum concentrations of Cr, Co, Ni, Cu, Zn, As, K, 

Mn, Cd, Pb in Halong sediments with values of QCVN. 

 Cr Co Ni Cu Zn As K% Mn Cd Pb 

QCVN 160    271 41.6   4.2 112 

Average 0.99 2.35 4.04 3.17 13.58 0.40 1.559 100 0.18 0.98 

Max 4.72 4.00 10.24 4.96 33.38 1.83 2.458 240 0.89 1.72 

Min 0.29 1.83 2.37 3.01 12.55 0.16 1.114 40 0.06 0.59 

Through the information on the  Table 7 can confirm concentrations of KLN and As in 

sediments on the bay is not to exceed QCVN. As reported in the article "Comparison of heavy 

metals in marine sediments from coast areas in East and Southeast Asian countries During the years 

2000-2010"[2], the concentrations of the heavy metal (mg/kg) were in range as following:  

Cd: 0.13 to 0.89 [maximum in southeast Asia], Cr: 0.09 to 96.0 [maximum in southeast Asia], 

Cu: 3.0 to 148 [maximal southeast Asia], Ni: 1.0 to 37.4 [maximum in east Asia ], Pb: 1.0 to 111 

[maximal southeast Asia], Zn: 4.0 to 595 [maximal southeast Asia]. This suggests that the heavy 

metal concentrations in the sediments in the Ha Long bay is normal and in low concentrations in the 

general area of East and Southeast Asian. 

- Assessment of pollution P, N, TOC 

In the National Technical Regulation on Sediment Quality of Vietnam- QCVN, the targets for 

N, P and TOC not given, but can be based on the defined criteria, assessment and management of 

contaminated sediments Otario region (Canada) in table 9 (Persuad et al. 1992). [3] 

It can be seen that (see, comparing the data of Table 8 and Table 9), the concentrations of P in 

sediments Halong not cause harmful effects to the environment. Conversely nitrogen in sediment 

samples exceeded the low level effects but not to strong threshold effects. For TOC, the majority of 

excess low effect even a few samples (100 samples in total) had to have a strong adverse effect to 

the environment. 

Table 8: The average value of the function N, P, TOC (%) in Ha Long bay sediments. 

 N% TOC (%) P(%) 

Average 0.079 5.630 0.021 
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Maximum 0.145 11.571 0.052 

Minimum 0.011 0.180 0.007 

Standard deviation 0.030 2.259 0.007 

Table 9: Sediment quality criteria for metals  and nutrients units of mg/kg (dry weight). 

 Threshold effect (mg/kg) Extreme effect (mg/kg)  

As 6 33 

Cd 0.6 10 

Cr 26 110 

Cu 16 110 

Fe(%) 2 4 

Pb 31 250 

Mn 460 1100 

Hg 0.2 2 

Ni 16 75 

Zn 120 820 

TOC(%) 1 10 

TKN 550 4800 

TP 600 2000 
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ABSTRACT: This report summarizes results of the monitoring activities for natural and anthropogenic 

radioactivity in the environment such as in surface soil, in surface and groundwater, in the atmosphere and food 

of Viet Nam that have been conducted by the staff of the Vietnam Atomic Energy Institute (VAEI) since the first 

day of its foundation. Among natural radionuclide, uranium/radium, thorium, potassium-40 in surface soils and 
222

Rn in the atmosphere are of particular interest for estimating the annual effective dose resulted from gamma 

radiation and  inhalation to the public. The total annual effective dose (outdoor and indoor dose) from gamma 

radiation of natural radioactivity (U, Th, 
40

K) in surface soil to the public of all the 63 provinces over Viet Nam 

was estimated as high as 0.54 mSv that is in 10% higher than those reported in the UN SCEAR-2000. The 

annual effective dose due to inhalation with the air containing 
222

Rn to the habitant in the Ha Noi city was found 

to be as high as 1.13 mSv that is in the range of the dose reported for the Asian region.  

The anthropogenic radionuclides under the monitoring are 
90

Sr, 
137

Cs, and 
239+240

Pu originated from nuclear 

weapon tests during the 1950-1960. Concentration of the anthropogenic radionuclide in surface soil gives an idea 

about the fall-out inventory of the radio-isotopes from the nuclear explosion in the past. This information would 

be necessary for the Environmental Impact Assessment for the Nuclear Power Construction Project in Viet Nam. 

The results of environmental radioactivity monitoring activities of the VAEI has been composed in twelve 

scientific papers published in numerous International Scientific Journals like J. Environ. Radioact. and Radiat. 

Prot. Dosim. Two books entitled:”Radioactivity in the Environment” and “Radioactivity Measurement Applied 

in the Environmental Researches” has been drafted and submitted to the Publishing House “Science and 

Technique” for printing out soon. 

I. INTRODUCTION 

Since the first days of its foundation (1976), the Viet Nam Atomic Energy Commission, and it 

is Viet Nam Atomic Energy Institute (VAEI), at present, has been much interested in the researches 

of radioactivity in the environment. However, due to the limitation of the infrastructure conditions, 

most researches that time were focused on the development of methods and procedures applied for 

monitoring the environmental radioactivity, so there was not much results to publish in International 

Scientific Journals. Environmental radioactivity investigation of the VAEI was intensively 

developed after the accident of the Chernobyl nuclear power plant in 1986. The main directions in 

the research were: i) determine radioactivity in construction materials [1]; ii) determine 
222

Rn 

concentration in indoor air [2]; iii) determine concentration of gross alpha and beta in the black sand 

along the marine coast of the country [3].  

Investigation of 
137

Cs inventory in surface and undisturbed soil throughout terrestrial Viet 

Nam was conducted in 1998 [4, 5]. The concentration of 
90

Sr and 
239+240

Pu in cultivated soils was 

determined in the 2000 [6]. The 
137

Cs monitoring campaign conducted in the 1998-2000 [4] gave 

additional data of natural radioactivity of 
238

U/
226

Ra, 
232

Th, 
40

K in the surface soils samples. These 

data allows to estimate the annual effective dose to the public of Viet Nam due to the gamma 

radiation from surface soils [7]. 

Radioactivity in construction materials is continuously monitored by the staff of the Nuclear 

Research Institute in Da Lat (NRI) [8]. The NRI and the Institute for Nuclear Sciences and 

Technologies (INST) are the two stations of the National Monitoring Network of the Ministry of 

Natural Resources and Environment setting up for monitoring radioactivity in the environment 

throughout the country. Data on the concentration of 
7
Be, 

238
U, 

232
Th, 

40
K, 

226
Ra, 

137
Cs in wet, dry 

deposition, in soils, in the air and some biological indicators like pine leaves are collected 

periodically by each quarter in the year. Radioactivity in the marine environment is studied by 

Nguyen Trong Ngo (NRI) and his co-laborators [9]. Consecutive collection of data on the tritium 

concentration in the precipitation and in water from the Red River in the Ha Noi city has been 
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conducted by the group leading by Dang Duc Nhan since 2002 [10]. The concentration of 

radioactivities in food was determined by Nguyen Quang Long and his co-laborators from the INST 

[11]. Investigation of the 
210

Po accumulation in sea food from the Ha Long Bay area was also 

studied [12]. It should be noted that the contribution of 
210

Po into the annual committed dose is as 

high as 70%. 

This report summarizes the results of the environmental radioactivity monitoring activities 

recently conducted by the staff of the VAEI.  

II. FACILITIES AND PROCEDURES APPLIED FOR THE ENVIRONMENTAL 

RADIOACTIVITY MONITORING 

II.1. Sampling and sample treatment in the field 

Soil samples were taken using a metallic corer from the surface to a depth not deeper than 30 

cm. In each sampling site, soil sample was collected in three points that formed an equilateral 

triangle with a length of each side of 0.5 m. These three soil cores were mixed in one the have 

representative sample for each location [4]. Sediment samples were taken by the same method, but 

the sediment cores were frozen at -24 
o
C for transportation and easy to slice in the laboratory. 

Food was bought directly from the local market or super markets in big cities. The food 

commodities were selected based on the diet of Vietnamese. These are rice, different vegetables 

(edible part only), pig and beef meat, fishes, seafood (oyster, clam, shrimp, squid etc.). The samples 

were kept in a freezer until the analysis. 

Construction materials including brick, domestic and imported tiles, cement, sand, gravel and 

marble were bought from markets in the Ha Noi, Hue, Da Nang, Nha Trang, Da Lat and Ho Chi 

Minh cities, each by around 2 kg. 

Rainwater and water from the Red River in Ha Noi were collected on monthly basic at the 

same site (21
o
02’44”N, 105

o
47’55”E for precipitation and 21

o
01’50”N, 105

o
51’42”E for the river’s 

water) from 2002 till now. 

II.2. Sample treatment in the laboratory for radioactivity quantification 

In the laboratory soil sample were air dried then sieved through a metallic sieve to remove 

gravel, roots etc. Afterwards, the samples were dried at 105 
o
C till unchanged weight. The dried 

samples were packed in plastic bags until measurement conducted. Sediment cores were first slice 

with a thickness of 1 cm, air dried, sieved to remove any plant residues and then dried at 105 
o
C till 

unchanged weight. The edible part from biota samples were collected only. These samples were 

cryogenic dried following grinding to 1 mm particle size. To analyze 
210

Po in the  biota samples, it 

was necessary to treat samples with HNO3(d1,65 g cm
-3

) +H2O2 at a temperature not exceeded 

100
o
C till clear solution was obtained. The 

210
Po isotope was separated from other contaminant by 

cation exchange method using Dowex AG1-X8 resin. Polonium-210 in the eluate was 

electrochemically deposited on the surface of well polished silver disk (24 mm) in HCl 0.1 M 

solution as a source for the alpha spectrometric analysis. 

Strontium-90 in soil samples was radiochemically separated followed a procedure described 

in the paper of [6]. Its was reportedly that the radiochemical separation yield of the strontium 

isotope was as high as 70%. Nuclides 
239+240

Pu in soils samples were separated by solvent extraction 

using tri-octylamine (TOA) in xylene with a ratio of 1:10 by volume. Isotope 
242

Pu was used as an 

internal standard in the 
239+240

Pu quantification. 

Water samples before the tritium measurement were distilled to remove all the dissolved 

minerals. The electric conductivity of the distilled samples must be <10 mS cm
-1

. Tritium in the 

samples was enriched using electrochemical method [13, 14]. 

Concentration of 
222

Rn in indoor air in Ha Noi was measured using  nuclear solid trace 

detector polycarbonate (Iupilon) accommodated in Urban diffusion cups [15] but in the Ha Long 
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Bay area detector type LR-115 was used and they were hang barely. The duration of detectors 

exposure in the air was 3 months. The detectors after harvesting were etched with NaOH 2M at 

60
o
C for 2 hours. The trace numbers developed in the detectors were registered by counting under a 

optical microscope. This number was then converted into the unit of Bq m
-3

 air using a calibration 

factor set up by the laboratory [2, 16]. 

The natural radionuclides of 
238

U, 
226

Ra, 
232

Th in soil samples were quantified by two 

methods. The first is to seal the samples to get secular equilibrium between 
238

U/
226

Ra and 
214

Bi and 
214

Pb as well as between 
232

Th and 
218

Ac. The radioactivity of 
214

Bi and 
214

Pb was quantified based 

on the gamma lines of 351.9 keV và 609.3 keV and this value was attributed to the radioactivity of  
238

U/
226

Ra. Similarly, the radioactivity of  
218

Ac and 
208

Tl was quantified based on the gamma lines 

of 911.1 keV and 583.2 keV attributed to the 
232

Th nuclide [17]. A gamma spectrometer equipped 

with HPGeD (Canberra) was used. 

The second method to quantify the radioactivity of uranium and thorium was radiochemical 

separation of U and Th and then co-precipitate it with LaF3 to get sources for alpha spectroscopic 

analysis [18]. 

Radioactivity of 
40

K and 
137

Cs was measured directly on a Canberra gamma spectrometer 

based on the gamma lines 1 460 keV and 661 keV, respectively [5]. The features of gamma 

spectrometers used in three Institutes, namely NRI (Da Lat), INST (Ha Noi) and Center for Nuclear 

Techniques (CNT, HCM city) to analyze gamma emitters in soil and food samples are presented in 

Table 1.   
Table 1: Technical features of HPGeD used to quantify gamma                                                                   

emitters in the three Institutes of VAEI. 

Technical features INST NRI NTC 

Detector type GMX40P4-76 GX-3019 GX-3019 

Relative efficiency 40% 30% 30% 

Counting efficiency at 661 keV 2.1% 1.9% 1.9% 

FWHM at 661 kev, keV 1.8 1.4 1.4 

Sealing method seems to be more simple compared to the radiochemical separation method 

and its was successfully applied to analyze more than 500 soil samples collected within the 

Project:” Investigation into the contamination by anthropogenic radionuclides originated from the 

nuclear activities and nuclear power plant accident in the territory of Viet Nam”. The accuracy of 

the method was proven as high as within 5-15%. 

Radioactivity of 
90

Sr was quantified either directly based on the Cherenkov effect on a HP 

liquid scintillation counter (TriCarb 3770 TR) or indirectly through 
90

Y that was accumulated from 

the 
90

Sr decay. The equilibrium between 
90

Sr and 
90

Y was 18 days. A gross beta counter was used 

for this analysis [6]. The accuracy of the method was better than 20%. 

Radioactivity of 
239+240

Pu was determined using a HP Canberra alpha spectrometer equipped 

with PIPS (Passive Implanted Planar Silicon) with active surface area of 350 mm
2
, 450 mm

2
 and 

1200 mm
2
 and the resolution of 25-35 keV, the minimum detectable limit is 0.004 Bq kg

-1
 dry soil. 

Counting time was from 80 000 to 400 000 seconds. The radioactivity of 
210

Po was quantified on 

the same alpha spectrometer. The accuracy of plutonium and polonium was better than 25-30% and 

10%, respectively. 

Tritium content in water samples was measured on a HP liquid scintillation counter TriCarb 

3770 TR with low level of tritium (LLT) cocktail. The minimum detectable limit of the procedure 

was 0.45 TU and the repeatability was 0.2 TU [10]. 
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Quality control program for the analytical results was implemented through analysis Certified 

Reference Materials, e.g. IAEA Soil-6 for gamma emitters and IAEA Soil4/2000 for 
90

Sr. Besides, 

the laboratories regularly participate in Intercomparison Exercises, e.g. TRI-2000, TRI-2004 for 
3
H 

in water sample and other Proficiency Tests organized by IAEA within the Framework of RAS 

Programs.  

III. MAIN RESULTS OBTAINED 

III.1. The 
137

Cs inventory in the terrestrial territory of Viet Nam 

Fig. 1 presents the 

distribution of 
137

Cs inventory (Bq 

m
-2

) over the terrestrial territory of 

Viet Nam. This result was derived 

from analysis of 528 soil samples 

collected from undisturbed sites 

over all the 63 provinces and cities 

of Viet Nam. The map was 

constructed based on the 

MAPINFO v.9.0 program. It was 

revealed that the 
137

Cs inventory is 

latitude and rainfall dependent. 

The farer to the North and the 

heavier rainfall the higher 
137

Cs 

concentration in soil was 

observed. A model described the 

dependence between 
137

Cs 

inventory and latitude and rainfall 

was derived as follows: 

Ln(I) = (3.53 ± 0.09) + 

(0.092 ± 0.004)L + (0.62 ± 

0.03)AR + ε    (1) 

where Ln is natural 

logarithm, I is the 
137

Cs inventory, 

L is latitude (
o
N), AR is annual 

rainfall (mm) and  is residue 

that not be explained by the 

model. It is not uncertainty of 

the measurements. This could 

be due to erosion or 

sedimentation that caused loss or build-up of the radio-isotope [5]. 

III.2. The 
90

Sr and 
239+240

Pu inventory in the terrestrial territory of Viet Nam 

The 
90

Sr and 
239+240

Pu inventory was studied for cultivated soils along with 
137

Cs. The purpose 

of this study was to elucidate whether the inventories of the three nuclides have a relationship 

between each other. The idea is come from the point of view that  
137

Cs, 
90

Sr and 
239+240

Pu have the 

same origin, they are fission products of nuclear reactors, and the results of the study could give 

more details about the fall-out of radionuclides from the Chernobyl nuclear power plant accident in 

1986 [6]. 

 Based on the results obtained, Nguyen Hao Quang and his co-workers concluded that the 

inventory of 
137

Cs, 
90

Sr and 
239+240

Pu was independent upon the soil properties like pH, texture, 

CEC et. as well as independent upon the soil depth (0-10 cm, 10-20 cm, 20-30 cm). Despites the 

Figure 1: Map showing sampling sites for soil to determine the 
137

Cs inventory over the terrestrial territory of Viet Nam. The map 

shows also the distribution of the 
137

Cs inventory. The inventory 

increases from yellow to blue colour [5]. 
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absolute inventories of  
137

Cs and 
239+240

Pu much varies from site to site, however the ratio 

[
239+240

Pu] to [
137

Cs] was not varied much and ranged within 0.0225±0.001 (n = 20).  

Unlike plutonium, strontium behaved in the soil environment more mobile. The ratio of 

[
137

Cs]/[
90

Sr] in cultivated soils varied in a wide range, from 2 to 28 with a medium of 9.3 and 

standard deviation of  2.2. This ratio showed higher than that expected from the fissible yield of the 

two radio-isotopes in a nuclear reactor of 1.6 [19]. An explanation for too high ratio between [
137

Cs] 

and [
90

Sr] in soils could be the fact that in the soil environment strontium is more mobile compared 

to caesium and it was more readily to wash out. One of conclusion of Hao Quang’s work was that to 

determine exact amount of radioactive strontium deposited in the soil one should apply 

radiochemical separation of 
90

Sr first, then measure its activity using beta activity counting method. 

III.3. Radioactivity of 
226

Ra, 
232

Th and 
40

K in soils 

Results of the measurement for 
226

Ra, 
232

Th and 
40

K in 528 soil samples collected over the 

territory of Viet Nam was conducted along with those for 
137

Cs [4, 7]. It was revealed that the range 

of average activity of the three nuclides in the surface soils was (± SD): 
226

Ra: 42.77 ± 18.15 (Bq kg
-1

), range:   15.02-121.58 Bq kg
-1

 
232

Th: 59.84 ± 19.81 (Bq kg
-1

), range:   16.07-129.16 Bq kg
-1

 
40

K: 411.93 ± 230.69 (Bq kg
-1

), range:   10.47-1085.39 Bq kg
-1

 

 Based on the activities of the three nuclides in the surface soils, Ngo Quang Huy and his co-

workers [7] has estimated the outdoor absorption dose rate (OADR) from gamma radiation as high 

as 71.72 ± 24.72 nGy h
-1

 and the OADR corrected for the population weighted (PW OADR) to be 

66.70 nGy h
-1

. The authors of this paper [7]  have also estimated the external annual public dose of 

gamma radiation from the surface soil and it is 0.54 mSv y
-1

, in which 0.458 mS y
-1

 is the indoor 

dose rate and 0.082 mS y
-1

 is outdoor dose rate. These figures are around 10% higher than the 

annual dose rate for the public that was reporteded in the [19] as of 0.41 mSv y
-1 

and 0.07 mSv y
-1

, 

respectively.  

Recently, Nguyen Quang Long and his co-workers has conducted a survey for the 
226

Ra, 
232

Th 

and 
40

K in soils from the Ha Noi city area [20]. However, the results of this investigation were 

transferred to the Dept of Science and Technology of Ha Noi for the use to construct a map of 

spatial distribution of the three radio-nuclides within the city. The results were not processed yet to 

estimate the public annual gamma dose rate to the population on the city. 

III.4. Concentration of 
222

Rn in indoor air in the Ha Noi and Ha Long Bay areas 

Concentration of 
222

Rn in indoor air in the Ha Noi area was determined by Nguyen Hao 

Quang and his co-workers during 1994-1995 [1]. The survey was conducted in two types of houses, 

one was constructed by bricks and another by precast concrete. The results showed that the 
222

Rn 

concentration in indoor air for both types of houses was in the same range and be (35 ± 15) Bq m
-3

 

in the dry and (30 ± 10) Bq m
-3 

in the rainy seasons. Additionally, its was revealed that the 
222

Rn 

concentration in door air at the ground floor was not significantly (p = 0.05) different from those at 

higher floor, e.g. at the fifth floor. These results was explained by the living behaviours of the city’s 

population, they prefer to open the doors to get fresh air and this led to the homogeneity of the 
222

Rn 

concentration in the air throughout the buildings. 

With the use of the Urban diffusion cup for the monitoring campaign one can estimate the 

annual effective dose to public caused by the inhalation of air containing 
222

Rn, because as it was 

shown by Urban [15] that from the total alpha activity derived from the numbers of tracks in the 

detector only 7% could be thoron. So, based on the 
222

Rn concentration in indoor air derived from 

the paper of Nguyen Hao Quang and his co-worker [20] with using appropriate coefficients to 

convert the activity unit into dose unit [18] one can estimate the annual effective dose from 
222

Rn in 

indoor air to the public in the Ha Noi area as high as 1.10 mSv y
-1

. This figure is in the range of the 

public dose reporteded in [18] or  the public dose in India of 1.14 mSv y
-1

 [21, 22].  
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III.5. Radioactivity in construction materials 

Radioactivity of 
226

Ra, 
232

Th và 
40

K in 11 different kinds of construction materials available 

on the markets throughout Viet Nam was determined [8]. The materials include brick, import and 

domestic tiles, import and domestic granite, marbles, cement, sand, gravel, gypsum. Based on the 

average radioactivities of the three nuclides in the materials, the authors of the works have 

estimated the effective dose rate from gamma radiation to public. The figure ranged from 0.01 to 

1.26 mSv y
-1

. The highest dose rate comes from the import granite and the lowest dose rate come 

from domestic marble.  

III.6. Radioactivity in food 

Data of the radioactity in food were derived from several investigation campaigns conducting 

at both NRI and INST [11, 23]. Table 2 summarizes the concentration of 
238

U, 
232

Th, 
40

K và 
137

Cs in 

food that is the main diet of Vietnamese. 

Table 2: Concentration of  
238

U, 
232

Th, 
40

K và 
137

Cs in main kinds of Vietnamese food. 

TT Food 
Concentration, Bq kg

-1
 (ww) 

238
U 

232
Th 

40
K 

137
Cs 

01 Rice* 
0.1370.027 0.0340.007 21.41.1 0.0940.028 

0.0020.380 0.0020.060 13.035.9 0.0020.148 

02 Other cereals* 
0.1230.024 0.0270.005 38.31.9 0.2400.072 

0.0400.320 0.0200.050 15.8153.5 0.0020.240 

03 Sweet potato 
0.0990.020 0.0380.008 57.72.9 0.002 

0.0020.110 0.0110.110 33.980.0 0.002 

04 

Vegetables 

(leaves, flower, 

fruits) 

0.1430.029 0.1300.26 76.43.8 0.0040.001 

0.0020.373 0.0120.429 35.5109.5 0.0020.004 

05 
Vegetable (tuber, 

grain) 

0.0990.020 0.1160.023 76.03.7 0.0240.007 

0.0020.294 0.0020.928 32.4170.0 0.0020.070 

06 Fruit 
0.1220.024 0.0740.015 92.34.6 0.002 

0.0020.227 0.0020.246 35.7142.8 0.002 

07 Meat 
0.1560.031 0.0640.13 71.93.4 0.0460.014 

0.0020.577 0.0020.210 41.7110.7 0.0020.081 

08 Milk* 
3.110.775 0.3100.062 365.518.3 0.9430.283 

2.3004.500 0.0020.310 250.9496.0 0.0021.074 

09 Fish 
0.3680.073 0.7730.170 67.43.4 0.0630.018 

0.0020.729 0.0023.220 33.294.1 0.0020.127 

10 Seafood 
0.2330.046 0.2390.048 39.42.0 0.0090.003 

0.0020.559 0.0150.702 11.780.5 0.0020.015 

 *) For rice and other cereals and milk the unit is Bq kg
-1

 (dw)  
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In Table 2 the data given for each commodity comprises the average value of activity of each 

nuclide with its standard deviation (first row) and its range (second row). 

Nguyen Quang Long and his group [11] has surveyed for the concentration of 
238

U, 
232

Th, 
40

K 

và 
137

Cs in 130 kinds of Vietnamese food, among other there were 43 samples of rice. The results of 

this survey showed the average and range of concentration of the 4 nuclides as follows: 

40
K:      (255.3 ± 226.0) Bq kg

-1
;  (10.4  856.6) Bq kg

-1
, 

232
Th(

228
Ac):     (1.3 ± 1.6) Bq kg

-1
,   (0.3  9.0)  Bq kg

-1
, 

238
U(

214
Bi):    (1.1 ± 0.7) Bq kg

-1
,   (0.3  3.1)  Bq kg

-1
, 

137
Cs:     (0.19 ± 0.07) Bq kg

-1
,   (0.09  0.30)  Bq kg-1 

Gross gamma activity:   (369.6 ± 329.8) Bq kg
-1

,  (25.7  2029.1) Bq kg
-1

, 

Gross beta activity:   (110.9  124.4) Bq.kg
-1

,  (2.1  519.3)  Bq kg
-1

, 

Gross alpha activity:   (31.9  60.8) Bq kg
-1

,   (LOD306,7)  Bq kg
-1

, 

LOD of the radioactivity measurement facilities is 0.01 Bq kg
-1

. 

III.7. Tritium concentration in the precipitation and water from the Red River in Ha 

Noi  

Monitoring for tritium concentration in precipitation and water from the Red River has been 

initiated since 2002. This activity mostly deals with hydrogeological studies in Viet Nam and now 

this monitoring station is one of the members of the Global Network for Isotopes in Precipitation 

(GNIP) of IAEA. Precipitation and river’s water were collected consecutively on the monthly basis 

and results of the monitoring campaign are shown in Fig.2 and Fig.3.      

 
Figure 2: Tritium concentration in precipitation at the Ha No area (sampling site: at a roof of the 

INST premises). TU= tirtium unit, 1TU = 0.118 Bq L
-1

[10]. 

 
Figure 3: Tritium concentration in water from the Red River (in Ha Noi) (sampling site: ). Samples 

were taken at a depth of 0.5 m and 50 m apart from the river bank [10]. 
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 The tritium concentration in water from the Red River in both dry and rainy seasons appears 

to be significant higher than that in the precipitation (p = 10
-6

). This is due to the fact that the river 

is originated from the Himalayas where tritium in snow is still high, e.g. hot water from springs 

flowing from Himalayas to Nepal contains very high concentration of tritium, up to 68 TU [24] 

Ranjit, 2010). The results of the tritium monitoring activity in Ha Noi and other parts of the country 

are very useful for the evaluation of resident time of groundwater. This kind of hydrogeological 

study is important in respect of the elucidation for the vulnerability of groundwater to 

anthropogenic contamination (see e.g. [25, 26]).  

III.8. Study of the impact of the Fukushima nuclear power plant accident to Viet Nam 

Air pollution is 

consecutively monitored since 

many years ago by the staff of 

the INST in Ha Noi and the 

staff of the NRI in Da Lat and 

HCM city. During this 

monitoring activity it was 

observed that two weeks after 

the Fukushima nuclear power 

plant accident occurred, radio-

isotopes of 
134

Cs, 
137

Cs and 
131

I was detected in the air at 

the three air pollution stations 

in Viet Nam. Fig.4 shows the 

change of 
134

Cs, 
137

Cs and 
131

I 

activity in air at the three 

monitoring stations [27]. 

 

 Figure 4: Radioactivity 

of 
131

I (above) and 
137

Cs (below) 

in the air at three air monitoring 

stations in Ha Noi, Da Lat and 

HCM city. The days observed 

maximum activity of the 

isotopes in the Manila station of 

the CTBTO is marked by red 

triangles in the abscissa [28]. 

The 
134

Cs/
137

Cs ratio was 0.86 ± 0.12; 0.93 ± 0.14 and 0.76 ± 0.14 at Đa Lat, HCM and Ha 

Noi, respectively. These results are consistent with those reported by the CTBTO that in Manila the 

ratio was 0.80± 0.17, in Ulaanbaatar it was 0.78 ± 0.20 and in Kuala Lampur it was 0.99 ± 0.09. 

IV. CONCLUSIONS AND SUGGESTIONS 

Environmental radioactivity studies have been one of most fruitful activities of the VAEI 

since the first days of its foundation in 1976. The studies cover all the environment and are 

conducted systematically, however, many results are still in raw data not processed yet to publish. 

On the other hand, ultimate results of radioactivity monitoring should be addressed to the impact 

assessment of the radioactive environment to public of the country. This requires to derive the 

annual effective dose to the public. It is particular important this time when nuclear power plants 

are going to construct in Viet Nam. 
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It is advised to conduct investigation on other dose components, namely medical dose, cosmic 

dose, occupational dose, dose caused by radon inhalation, committed dose in order to estimate the 

annual effective to public before the nuclear plants start to construct and put into operation. 
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ABSTRACT: Thermoluminescence (TL) dating is now widely applied in the age determination of the 

archaeological structures. Within this project scope, the samples are the archeological bricks selected from 

CT2A tower and tomb in Cat Tien relic site-the Central Highland province of Lam Dong. The 

thermoluminescence measurements using the disc-shape pellet aliquots are carried out in the semi-automatic 

reader-TLD Rados Reader-2000 in Centre for Nuclear Techniques in Ho Chi Minh City. The parameters used for 

age determination and some of their relationship are discussed. It is shown that the reliability of TL results of 

brick sample depends on the proportion of of the various dose-rate parameters and that these are important for 

the evaluation of ages. The aim of this project is to apply the thermoluminescence phenomenon for the 

determination of paleodose and age of the archaeological brick.   

I. INTRODUCTION 

Cat Tien relic is an archaeological complex holding great unexplained mystery located on the 

left bank of the Dong Nai river in the Central Highland province of Lam Dong, Vietnam.  

Two bricks from CT2A tower (Tower 2A-1 and Tower 2A-2) and three others from tomb 

(Tomb 1, Tomb 2 and Tomb 3) are selected to sampling and sample preparation for detection of TL 

signal. 

II. THEORY 

Thermoluminescence is the emission of light from crystalline materials following the 

absorption of energy from external source when they are thermally stimulated. The external source 

of energy can take a variety of forms, but for dating purpose the source is naturally occurring, 

ionizing radioactivity (alpha, beta, gamma and cosmic radiation). 

When crystalline materials are exposed to ionising radiation, a redistribution of electrical 

charge takes place within the crystal. Much of the displaced charge finds its way back to its original 

state within a short space of time, but a small fraction of it can become trapped for long periods in 

higher energy states. In this way the crystal can be said to retain a memory of the ionising radiation 

to which it has been exposed.The extra energy that the crystal contains as a result of the radiation 

exposure can be released by heating the material. When heat is applied, some of the released energy 

appears in the form of light, causing the material to luminesce. If the crystal is then cooled and re-

heated it does not re-emit light, because the energy excess which produced the first emission has 

now been released from the crystal. This effect is known as thermoluminescence (TL). It appears 

only while irradiated crystals undergo a progressive temperature increase [3]. 
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Figure 1: Thermoluminescence mechanism. 

Brick is a construction material whose major constituent is crystalline structure. Therefore, 

radiation is constantly generated and available to enter and accumulate in bricks of buildings [4], 

[5]. It permits use TL for dating brick.  

 The amount of light emitted during TL depends upon the total radiation dose to which the 

crystalline material has been exposed. If the material has undergone an event in the past which has 

caused a release of the excess energy which gives rise to TL, the natural TL measured at a later time 

provides a measure the palaeodose received in the intervening period. The amount of the 

accumulated palaeodose is proportional to both the rate of radiation absorption by the material and 

the time that has elapsed between the initialising event and the TL read-out. The following simple 

equation relates these quantities: 

TL

in ex

D
T

D D



 

With T (year): age of sample. 

 DTL (mGy): the accumulated palaeodose of sample. 

Din and Dex (mGy/y): the total annual dose rate due to the natural radionuclide content of the 

sample and its surrounding environment. 

Protocols of dating 

1. Sampling and sample preparation 

All bricks were treated in the same way to extract quartz: 

- Removal of outer 3 mm layer. 

- Crushing into powder. 

- Etching by HCl 37%. 

- Washing in distilled water and dry at room temperature. 

- Press dry powder into disc-shape pellet. 

 

 

 

Figure 2: (a) The manual hydraulic 

pellet press, (b) evacuable pellet dies 

and  (c) disc-shape pellets after 

sampling, preparation and press. 

 



VINATOM-AR--12-24 

 

The Annual Report for 2012, VINATOM 

 

175 

2. Assessment of the paleodose 

There are two methods to assess paleodose: Multiple Aliquots Additive Dose (MAAD) and 

Single Aliquot Regenerative Dose (SARD). 

  

Figure 3: The natural glow curve of brick. 

Table 1: Detail of the procedures used for the assessment of the paleodose. 

Sample number Analysis 

Additive dose            

1-8 Measurement of the natural glow curve 

9-16 Measurement of the natural + 1
st
 additive dose 

17-24 Measurement of the natural + 2
nd

 additive dose 

25-32 Measurement of the natural + 3
rd

 additive dose 

33-40 Measurement of the natural + 4
th

 additive dose 

Regenerative dose   

1-8 Measurement of the natural glow curve 

1-8 Measurement of the natural + 1
st
 regenerative dose 

1-8 Measurement of the natural + 2
nd

 regenerative dose 

1-8 Measurement of the natural + 3
rd

 regenerative dose 

1-8 Measurement of the natural + 4
th

 regenerative dose 

3. Assessment of annual dose rate 

The annual dose rate can be determined with two different methods: an indirect method that 

involves the measurement of the concentrations of the naturally occurring radionuclides and a direct 

method in which thermoluminescence dosimeters (TLDs) are used [4], [7], [8]. 

III.    RESULTS OF EXPERIMENTS 

Table 2: Result of age of samples using the annual                                                                                         

dose rate determined by direct method. 

Sample Annual dose (mGy/y) Paleodose (mGy) Age (year) 

Tower 2A-1 0.97 ± 0.06 1382.8±39.3 1426±129 BP 

Tower 2A-2 0.97 ± 0.07 1228.0±88.4 1226±182 BP 

Tomb 1 1.06 ± 0.04 1127.5±115.6 1064±149 BP 

Tomb 2 1.02 ± 0.04 1176.9±61.0 1154±105 BP 

Tomb 3  1.02 ± 0.09 1174.7±20.1 1152±121 BP 
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Table 3: Result of age of samples using the annual                                                                                        

dose rate determined by indirect method. 

  Sample Annual dose (mGy/y) Paleodose (mGy) Age (year) 

Tower 2A-1 
1.07±0.01 

1382.8±39.3 1292±49 BP 

Tower 2A-2 1228.0±88.4 1148±93 BP 

Tomb 1 

1.22±0.03 

1127.5±115.6 924±97 BP 

Tomb 2 1176.9±61.0 965±55 BP 

Tomb 3 1174.7±20.1 963±24 BP 

CONCLUSIONS 

From what has been presented in the preceding sections, a concentrated conclusion can be 

drawn regarding the possible application of TL dating with archaeological materials particularly 

with bricks. In this TL dating approach, we conclude that TL properties (i.e. glow curve shapes, 

peak temperatures, sensitivities and sensitivity changes) can be successfully considered as the 

characterization parameters of bricks.  
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ABSTRACT:  The ISO/ IEC 17025:2005 "General requirements for the competence calibration laboratories" is 

basis for the accreditation body of the country in general and VILAS in particular recognizing the competence of 

laboratories. With the desire to prove that we have sufficient technical , management capacity , and the ability to 

provide the legally recognized and technically valuable test results, the Isotope Hydrology Laboratory  have 

developed a quality management system in accordance with ISO / IEC 17025:2005 . In which, the laboratory 

quality manual has been developed. It describles the laboratory management system , scope of activities related 

to quality assurance of  13 major ions and tritrium content measurement services in water samples. Under quality 

management system, there are management and technical procedures, analysis procedures, work instructions, 

technical documentation, file and form system. These documents define the roles, responsibilities, powers, 

detailed instructions for applying and maintaining effective quality management system. Isotope Hydrology 

Laboratory received a certificate of accreditation issued by Bureau of Accreditation which recognized the 

laboratory in accordance with ISO 17025:2005 with VILAS 670 accredition code. Scope of recognition is 

analyzed 14 parameters: F 
-
, Cl

 -
, NO2

-
, NO3

-
, Br 

-
, PO4

3-
, SO4

2-
, Li

+
, Na

+
, NH4

+
, K

+
, Mg

2+
, Ca

2+ 
and 

3
H in water 

by ion chromatography and liquid scintilator counting method.. 

Keywords: ISO/IEC 17025:2005, quality management system, accreditaion assessment. 

1. INTRODUCTION 

Today, ISO/IEC 17025:2005 is the goal of the lab to be achieved to demonstrate that they 

have sufficient technical and organizational management capacity, and can provide customers with 

the test/calibration reports of accuracy and reliability. 

ISO/IEC 17025:2005 is a difficult standard, in addition to the requirements of the 

management system, but it includes technical requirements such as sampling, ssessment of suppliers 

and subcontractors ... Besides the main factors such as accomodation and, environment conditions, 

methods of testing and calibration, uncertainty  measurement, etc. required to be conducted on the 

basis of certain technical standards [ 4 ]. 

So far, there were more than 25,000 laboratories accredited to ISO/IEC 17025 around the 

world, while in Vietnam, there were more than 600 laboratories accredited by Boad of 

Accreditation in different field and units [http://www.boa.gov.vn]. When the world economy is 

more powerful globalization, allmost laboratories striving to become recognized as an inevitable 

trend. 
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Thus, the establishment of Hydrology Laboratory Isotopes appropriate ISO/IEC 17025:2005 

is a essential and urgent task. It should be carried out and completed as soon as possible to improve 

technical and management capacity of the laboratory and also to meet the requirements of 

international integration and harmony in the general trend of the advanced technological 

development of the laboratory system in Vietnam. 

2. MAIN OBJECTIVE AND CONTENTS OF THE MISSION 

a) Objectives 

The main objective of the mission is to establish and apply the quality management system of  

Isotope Hydrology Laboratory  to achieving the conformity with ISO/IEC 17025:2005. 

b) The main contents 

- Establishing the ISO group in Isotope hydrology laboratory. 

- Implementing a consultancy contract for building the laboratory meet requirements of  

ISO/IEC 17025:2005 standard and opening a training course for managers and lab employees on it. 

- Supporting additional equipments, upgrading and planning the laboratory’s operating 

environment  under the ISO conditions. 

- Calibrating and maintenaning equipments and tools used in the ISO system. 

- Developing quality policy. 

- Developing documentation system. 

- Completing the analysis procedures and evaluation of uncertainty of the parameters 

applying for recognition. 

- Putting quality management system applied in lab.  

- Auditing quality system internally. 

- Correcting/Preventing and improving  the quality management system. 

- Submiting an application for accreditation assessment in accordance with ISO/IEC 

17025:2005. 

- Completing quality management system after assessment for recognition. 

3. RESULTS OF TASK PERFORMANCE 

a) Establishing the ISO group 

Director of the Institute for Nuclear Science and Technology issued a 106a/QD-

KHKTHN/TCCB decision  on the appointment of Ms.Thinh Nguyen Thi Hong to Head of the 

laboratory, concurrently quality manager of ISO/IEC 17025 management system. 

Ms.Vo Thi Anh was appointed as vice head of the lab, concurrently technical manager of  

ISO/IEC 17025 management system. 

The ISO Group (QM, TM, testers) are responsible for: 

- Ensuring the necessary process of ISO/IEC 7025:2005 management system is established, 

implemented and maintained. 

- Implementing necessary actions to promote all staff aware of requirements of the 

customers. 

- Liaising with external organizations on issues related to management system, including the 

selection of subcontractors. 

- Controling and handling the customer’s complaints. 

- Monitoring the implementation of internal quality audits. 

- Monitoring the implementation of corrective, preventive actions. 
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- Submiting all issues relate to quality management systems to center director and Institute 

director. 

b) Contract ing with consultant and opening the training course 

- Project manager has selected and signed a contract with consultant-professional training 

centers, belong to the Directorate for Standards, Metrology and Quality. Consulting unit and ISO 

group coordinate to built up isotope hydrology laboratory quality management appropriated 

ISO/IEC 17025:2005 requirements. 

- Project manager in collaboration with Training Centre held training courses on: 

+ Awareness of International Standard ISO / IEC 17025:2005; 

+ Development  legal documents as required by ISO / IEC 17025:2005; 

+ Internal audits of laboratory management system as required by ISO / IEC 17025:2005; 

+ Identifying the value of the used method; 

+ Quality assurance of test results; 

+ The measurement of uncertainty. 

- After the course, all laboratory staffs have an overview of the laboratory quality 

management system which is suitable to ISO/IEC 17025. 

c) Supporting additional equipments, upgrading and planning the laboratory 

The laboratory has been equipped with a number of devices to ensure environmental 

conditions such as air conditioners, themal hygrometer, chemical fume hoods, auto pipette ... The 

drainage of lab cleaning basin was fixed. Sample storage rooms have been renovated to ensure dark 

conditions, avoid sunlight. 

All materials such as: analytical column, suppressor and the piston for ion chromatography, 

reagents for approving tests are completely ordered. 

d) Calibrating and maintenaning equipments  

All equipments: Tri-Card 3710 liquid scintilator system, the DX-600 ion chromatography 

system, the electrolytic enrichment system, deionized machine , ultrasound machine, the analytical 

balance, oven, pH meter, conductivity... used in analytical procedures were maintained and 

calibrated to ensure the reliability and accuracy of the analysis.  

e) Developing quality policy 

The construction quality policy, quality objectives for Isotope Hydrology Laboratory were 

completed and approved by Institute director’s decision no. 119a/QD-KHKTHN (April 17, 2012). 

The quality policy is that: 

Laboratory of Isotope Hydrology  always improve the quality of test results , analyze and 

provide more complete services to satisfy customers in the best way under the motto : Professional, 

honest, accurate, objective and timely. 

f) Developing  documentation system 

ISO team completely established documentation system for the laboratory. There are 113 

internal document including: quality manual, procedures, test procedures, and equipment manuals 

and application forms  and 62 external materials including the text of the BOA, the ISO, the original 

documents of the devices… 

- Quality Manual of Isotope Hydrology Laboratory has been prepared and approved on April 

24, 2012. It includes 45 pages and is divided into 5 chapters. In which, the organizational structure 

and operation of the laboratory are clearly presented. Besides, the management requirements and 

the technical requirements of the laboratory quality management system is presented and also 

adduced to the corresponding procedures. The laboratory has built 23 procedures, 5 operation 

instructions  and 87 application forms.  
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- The system of internal documents, external documents were encoded markings of the 

laboratory and stored in file cabinets in the laboratory. In addition, records  were set up and save 

into separate files. For example, there are personnel records, test records, equipment records, 

records subcontractor, supplier records, quality assurance records test results ... 

g) Completing the analysis procedures and evaluating  uncertainty  

ISO group completed 2 analysis procedures for determination of 13 major ions dissolved in 

water samples by ion chromatography techniques and a procedures for tritrium measurement in 

water samples by electrolytic enrichment and liquid scintilator counting technique. They meet 

requirements of ISO/IEC 17025. Base on that procedures, the uncertainty of the test were estimated. 

Quality manager listed the tests for recognition of BoA shown in Table 1 below. 

Table 1: List of recognized application tests. 

h) Putting quality management system applied in lab 

After  completing ISO quality manual with 23 procedures and 87 forms. All analysis actions 

of the IHL have to apply following one general system of forms and documents were saved in the 

separate records . On the other hand , the process of  quality control and quality assurance (QA/QC) 

in accordance with the requirements of ISO 17025  are implemented  such as the test ‘s caccuracy, 

precision, repeatability and especially uncertainty measurement for each parameter. Our laboratory 

is also participating in international comparison program to check the reliability of the analytical 

results. Validation actions of test methods for 14 parameters: F
-
, Cl

-
, NO2

-
, NO3

-
, Br

-
, PO4

3-
, SO4

2-
, 

Li
+
, Na

+
, NH4

+
, K

+
, Ca

2+
, Mg

2+
 and tritrium have been implemented to define LOD, LOQ, 

precision, accuracy, recovery and  uncertainty [1, 2]. The uncertainty results of the 14 parameters 

were given in Table 2 below. 

 

 

 

 

 

No. Materials or          

product tested 

The Name of specific 

tests 

Detection limit                    

(if any) /range                         

of measurement 

Test method 

1. 

Surface water, 

groundwater, 

waste water, 

domestic water 

and bottled 

drinking water 

Determination of 

dissolved F
-
, Cl

-
, NO2

-
, 

NO3
-
, Br

-
, PO4

3-
, SO4

2-
 in 

water using ion 

chromatography method 

F
-
: 0.04 mg/L 

Cl
-
: 0.02 mg/L 

NO2
-
,  NO3

-
: 0.05 mg/L 

Br
-
: 0.06 mg/L 

PO4
3-

,  SO4
2-

: 0.08 mg/L 

TCVN 

6494-1: 2011 

2. Determination of 

dissolved Li
+
, Na

+
, 

NH4
+
, K

+
, Mg

2+
, Ca

2+ 
 in 

water using ion 

chromatography method 

Li
+
: 0.01 mg/L 

Na
+
: 0.04 mg/L 

NH4
+
, Mg

2+
: 0.05 mg/L 

K
+
, Ca

2+
: 0.1 mg/L 

TCVN 

6660: 2000 

3. Tritium measurements of 

water sample using 

liquid scintillation 

counting and electrolytic 

enrichment 

3
H: 0.46 TU QT-IHL-H3 
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Table 2: Results of  uncertainty measurement of 14 paramenters. 

Parameters Concentration Uncertainty (U) (%) 

F
-
 20 mg/L 3.87 

Cl
-
 30 mg/L 0.27 

NO2
-
 100 mg/L 0.24 

Br
-
 100 mg/L 0.31 

NO3
-
 100 mg/L 0.29 

PO4
3-

 150 mg/L 0.23 

SO4
2-

 150 mg/L 0.24 

Li
+
 50 mg/L 2.52 

Na
+
 201 mg/L 3.38 

NH4
+
 250 mg/L 3.89 

K
+
 505 mg/L 2.70 

Mg
2+

 253 mg/L 2.65 

Ca
2+

 503 mg/L 1.61 

3
H 1 TU 8.8 

i) Auditing quality system internally 

Internal audit activities have been carried out two times after the laboratory appled the quality 

management system according to ISO / IEC 17025. The auditors have discorvered 10 light errors of 

the quality management system. 

j) Correcting /Preventing and  improving  quality system  

After each internal audit, inappropriate points of the quality management system were 

indicated. Since then, ISO group will conduct corrective action to prevent a complete quality 

management system. The laboratory has implemented 10 corrective actions and preventions 

following audit records. 

k) Applying for accreditation assessment 

Chairman of the task applied for accreditation  form and  sent  other required documents to 

BoA [1].  A accreditation contract  between  the laboratory and BoA  was implemented. 

April 30-31, 2013, BoA ‘s evaluation  team  conducted a thorough assessment of  the quality 

management system of the Isotope Hydrology Laboratory. The final conclusions of the expert group 

has recommended  BoA  recognize IHL‘s  quality system in accordance with ISO/IEC 17025:2005 

after the  Lab effectively  corrected  4 light inappropriated errors stated in the report. 

ISO group has conducted work to overcome the  4 light errors mentioned in the report and 

sent corrective proof  back to BoA . 

September 19, 2013, Bureau of Accreditation officially issued certificate recognized Isotope 

Hydrology Laboratory quality system  meet  requirements of ISO/IEC 17025:2005 by Decision No. 

276.2013/QD-CNCL with recognized codes VILAS 670 as shown below: 
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4.  CONCLUSION 

The task has been completed  with all the registed contents. Quality management system 

according to ISO/IEC 17025:2005 has been successfully applied in the laboratory. The laboratory 

has a quality manual and management and technical procedures instructed in detail test steps 

including: sampling, sample receipt, singning analysis contract and processing samples, record 

measurements and giving results to the client. 

The method to determination of 13 ion  major  concentrations in water by ion chromatography 

technique in the laboratory gives  reliable results with high accuracy. The measurement of of  

tritrium concentration in water by electrolytic enrichment and liquid scintillation counting 

techniques  are controled  quality from sample processing step to mearement and reporting  the 

results to ensure accurate analysis results, meet the requirements of scientific research as well as 

customer requirements. 

Isotope hydrology laboratory achieved the central goal which is ensuring good quality of the 

organizational structure as well as management system. In which, the process of quality 

management (QA) and quality assessment (QC)  are taken seriously. The application of laboratory 

management system according to ISO/IEC 17025:2005 will help isotope hydrology laboratory 

integrate into the playground of the world. It is a chance to help laboratories focus all resources to 

improve capacity, confirms reliability of their results. It is important thing is that IHL’s testing 

reports recognized by the State and other organisations. 
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ABSTRACT: This Study describes the method for preparation of labelling compound Ethylene diamine 

tetramethylene phosphonic acid (EDTMP) with 
90

Y. Malignant cancer is one of the most important resulting in 

human death. Bone metastases in nearly 25% of all cancer patients; so it is useful to develop 

radiopharmaceuticals for the treatment of bone cancer. Yttrium-90 is high energy (2.3 MeV) beta emitter 

riquired with a physicat hafl life of 2.7 days which has limited bone-seeking properties. Its physical properties 

make it ideal for therapeutic application, the most energetic beta emission being able to penetrate to 1cm from 

the site of deposition in soft tisue with an average range of approximately 4mm. Theoretically, therefore, it can 

penetrate all marrow spaces in normal trabecular bone and conceivably even to the centre of  large tumours 

where bone destruction may be extensive. Specific deposition of  
90

Y  into the skeleton demands its delivery in a 

chemical form  with affinity for bone mineral alone. Compounds with these properties are the phosphonate 

analogues of polyaminocarboxylic acids, and one in particular EDTMP( ethylen diamine tetra methylen 

phosphonate) has alrealy been used to target  
153

Sm  to bone mineral with success. Because of chemical 

similarities between  
90

Y and the rare earths, EDTMP should form stable complexes with 
90

Y and carry it  

specifically to the bone with comparable efficiency. Skeletal uptake of β
−
-emitting radionuclides may be used for 

bone pain palliation or myeloablation. The physical characteristics of the β
−
 particles required for the two 

conditions are, however, different, that is, higher energies are favorable for destruction of bone marrow. 

I. INTRODUCTION 

Within the last decade, there has been an increasing interest in developing new 

radiopharmaceuticals for therapy, especially those used for palliation of pain from bone metastates. 

At present an array of radionuclides and their labeling compounds  have been proposed for treating 

bone pain due to cancer is phosphonic acid ligands. The most promising among these  

radiopharmaceuticals is 
90

Y-EDTMP. 

This paper reports a direct method for preparation of acoditions for labelling compound 

EDTMP with 
90

Y in high yeilds.  

Balances were existed in solution as follow: 

                          nH
+
      +        L

8-
         HnL

(8-n)-
 

                            Y
3+

      +         OH
-
                              Y(OH)

2+
 

                            Y
3+

      +       2OH
-
                              Y(OH)2

+
  

                          …………. ……………..………………………..  

- Reaction complexes within Y
3+ 

 and  HnL: 

              nH
+
    +     Y

3+ 
 +     L

8-
                         [HnYL]

(8-3-n)-
  

    Complexed stability depend on pH medium: 

- pH < 5, complex was existed in form [H4YL]
2-

. 
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- 5 < pH < 8, complex was existed in form [H3YL]
2-

, [H2YL]
3- 

,  [HYL]
4-

. 

- pH > 8, complex was existed in form [Y(OH)L]
6-

. 

- Conditions caried out to study for labelling 
90

Y with EDTMP: 

- Study ratio betwen activity of 
90

Y and EDTMP content. 

- Study influences of pH to labeling yieds. 

- Study influences of temperatures to labeling yieds. 

- Study influences of times to labeling yieds. 

- Study stability of 
90

Y-EDTMP labeling compound according to times. 

In this study, the labeling conditions of ethylene diamine tetramethylene phosphonic acid 

(EDTMP) with rare earth metal 
90

Y having β
−
 particles of diverse physical characteristics were 

optimized. 
90

Y was produced from 
90

Sr/
90

Y. It was labeled with EDTMP at varying degrees of pH, 

molar ratios, temperates and times, and labeling yield were determined by paper chromatography at 

each data point. The complexe with optimal labeling yields and its axetate form 
90

Y(CH3COO)3.The radiopharmaceutical gave 98% complex yields at pH 6,5÷8. At optimum pH 

level, good labeling was achieved at ratios between activity of 
90

Y and EDTMP content was 1mCi : 

75mg, labelling temperate of  room and labelling time for 20÷30 minutes.The radiochemical purity 

of  
90

Y-EDTPA was determined by TLC method in two solution systems, system solutin of 

NH4OH:MeOH:H2O = 0,2:2:4 and solution system of Pyridin:EtOH:H2O=1:2:4. The radiochemical 

purity gain ≥ 98%. The radiopharmaceuticals have been carried out of toxix control. 

 II. EXPERIMENTS  

1. Chemicals and equipments 

- Chemicals: Supported liquid membrand PTFE (Polytera Florua Ethylen), PC88A (2-

Ethylhexyl 2-Ethylhexyl phosphoric acid), CMPO (Carbamoyl methyl phosphine oxide), 

HNO3(PA), Axít CH3COOH(PA), NH4OH (PA), Metanol (PA), NaCl (PA), Pyridin (PA) 

- Tools: 
90

Sr/
90

Y generator, mesuring device β, TLC papers, stirring bar, automatic pipets 

1÷200µl, pH paper, leaden container KT-5,  peneciline vials. 

2. Experiments and results 

2.1. Extract 
90

Y from 
90

Sr/
90

Y generator 

Two stage 
90

Sr/
90

Y Generator System in semi-automation Sequential Mode: 
90

Sr/
90

Y 

generator system at 100 mCi mCi levels was running. Four glass cells were connected together with 

magnetic stirrers as shown in diagram figure 1. The solvent impregnated PTFE membranes were 

incorporated in between the chambers. In the first stage, diluted PC88A and in second stage 0.8 M 

CMPO in n-dodecane were used as carrier.  For solvent impregnation, PTFE supports were kept 

immersed in the solvent overnight (app. 10 h). Before use they were washed with deionized water 

and tightly assembled into the generator set up. The PC88A based SLM was inserted and tightly 

fixed in between the first and second compartment (First Stage). In the same way, the CMPO 

impregnated PTFE was inserted and tightly fixed between the third and the fourth compartment 

(Second Stage). The generator was housed in a PMMA box inside a fume hood in order to protect 

and avoid any radioactive contamination. The first compartment was filled in with 5 mL of 0.1 M 

HNO3 containing 
90

Sr-
90

Y activity mixture (pH 1-2). The second compartment was filled  with 5 

mL 4.0 M HNO3; the third compartment was filled in with 5 mL of  4.0 M HNO3 and the fourth 

compartment was filled with 5 mL of 1.0 M  acetic acid. In order to introduce the solution into the 

chamber or collect the liquid product from the chamber, the Teflon tubes of small dia of ~2 mm 

were connected between the chambers as shown in the scheme in figure 1. The solutions in 

chambers were stirred by using PTFE coated magnetic stirring bars. The generator set up was 

placed on the magnetic stirring system. 
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Figure 1: Scheme of 
90

Sr/
90

Y generator in CENRI. 

Quality control carried out for nuclear purity and radiochemical purity to show figure 2 and 

figure 3. 
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Figure 2: Nuclear purity of 
90

Y solution. Figure 3: Radiochemical purity of 
90

Y solution. 

2.2. Study influence factors to label 
90

Y with EDTMP 

a) Study ratio between activity of 
90

Y and EDTMP content 

Conditions to study 

- pH = 6,5÷8, room temperature, labeling time 20÷30 minutes, 
90

Y labeling activity 200µCi., 

EDTMP contents for studyt: 2mg, 4mg, 8mg, 10mg, 15mg. 

Studying results were showed in table 1 and figure 4.  

Table 1: Labeling yied depend on EDTMP contents. 

Content (mg) 2 4 6 8 10 15 

Yields(%) 92.08 96.40 96.40 97.01 98.05 98.50 

b) Study influences of pH to labeling yieds 

Conditions to study 

- pH = 1-2, 3-4, 5-6, 7-8, 9-10, 11-12, room temperature, labeling time 20 ÷ 30 minutes, 
90

Y 

labeling activity 200µCi., EDTMP contents : 15mg. 

Studying results were showed in Table 3 and figure 5.  

Membrand  PTFE 

dilute PC88A 

Membrand  PTFE   

    dilute  CMPO 

90Sr(NO3)2  

    pH 1-2 

 

90Y in 1M CH3COOH 

 

90Y in                                                                                                           

1M CH3COOH 

90Sr/90Y 

in 0,01M HNO3 

 

90Y in 

4M  HNO3 

Stirring bar 



VINATOM-AR--12-26 

 

The Annual Report for 2012, VINATOM 

 
188 

Table 2: Labeling yield depend on pH mediums. 

pH 1-2 3-4 5-6 7-8 9-10 11-12 

Yields (%) 93.50 97.49 98.54 98.58 97.17 88.06 

 

   

 

 

 

 

 

 

 

 

 

 

Figure 4: Labeling yied depend on  EDTMP 

contents. 

Figure 5: Labeling yied depend on pH 

mediums. 

c) Study influences of temperatures to labeling yieds 

Conditions to study 

- pH = 6,5-8, temperatures to study:, 20
0
C, 30

0
C,  40

0
C, 50

0
C, 60

0
C, 70

0
C, 80

0
C, 90

0
C 

labeling time 20÷30 minutes, 
90

Y labeling activity 200µCi., EDTMP contents:15mg. 

Studying results were showed in table 4 and figure 6.  

Table 3: Labeling yeild depend on temperatures. 

Temparatures(
0
C) 20 30 40 50 60 70 80 90 

Yields (%) 98.16 98.73 98.75 98.80 98.86 98.87 98.89 99.06 

d) Study influences of times to labeling yieds 

Conditions to study 

- pH = 6,5-8, temperatures, 20
0
C,labeling times to study:  0minute,  5minutes, 10minutes, 

20minutes, 40minutes, 60minutes, 
90

Y labeling activity 200µCi., EDTMP contents : 15mg. 

Studying results were showed in Table 5 and figure 7. 

Table 4: Labeling yeild depend on times. 

Times(min.) 5 10 20 40 60 

Yields (%) 85.20 92.96 97.70 98.44 99.00 
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Figure 6: Labeling yield depend on temperatures. Figure 7: Labeling yield depend on times. 

Study stability of 
90

Y-EDTMP labeling compound according to times. 

Conditions to study 

- pH = 6,5-8, temperatures to study: 20
0
C, labeling time 20÷30 minutes, 

90
Y labeling activity 

200µCi., EDTMP contents:15mg. 

Studying results were showed in Table 6 and figure 8 

Table 5: Stability of 
90

Y-EDTMP labeling compound according to times. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 8: Stability of 
90

Y-EDTMP labeling compound according to times. 

III.  RESULTS AND DISCUSSION 

EDTMP could be easily labeled by
90

Y the pH 6,5-8 medium and at room temperature with 

labeling time for 20-30 minutes, labeling yeild gain ≥ 98%,The product was coltroled to be 

radiochemical pure as pyrogen and toxic characterites.   

Radiochemical pure control was carried out on two solution systems as follow: 

  Times  (hour) 1 2 3 4 5 6 7 

Yields (%) 98.61 98.64 98.41 98.37 98.31 98.25 98.22 
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NH4OH:MeOH:H2O=0,2:2:4 and  Pyridin:EtOH:H2O = 1:2:4. Resules were shown in figure 9 

and figure 10. 

  

Figure 9: Radiochemical pure  of  
 90

Y-EDTM                                                                                            

in solution syste  NH4OH:MeOH:H2O=0,2:2:4. 
Figure 10: Radiochemical pure of  

90
Y-EDTMP in 

solution system EtOH:H2O=1:2:4. 

IV. CONCLUSION 

EDTMP could be easily labeled by
90

Y. The product was found to be pure as results shown 

above.  

Basing on the results obtained the following conclusion were out drawn: 

The methods of EDTMP labeling are quite good and applicable for production as applications 

in nuclear medicin.  

The quality of 
90

Y-EDTMP products is suitable for purpose of bone pain palliation. 
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ABSTRACT:  The aim of this study was to evidence the efficiency of irradiation by gamma ray from 
60

Co source 

on chrysanthemum’s artificial seeds, through that select a number of potential mutants from two varieties of 

Chrysanthemun morifolium Ramat’s artificial seeds (Bronze and purple chrysanthemum). The experimental 

result showed that LD50 for the Bronze Doa variety was 50 Gy and Purple Farm variety was 100 Gy. Irradiated 

in vitro artificial seeds were transferred into fresh MS medium and placed in the growth room with three 

replications at each of dose. The completed in vitro plants were transplanted into ex vitro condition in green 

house, After 30 days in the greenhouse, survival rate of plantlets were and growth in 20 Gy and 40 Gy for Purple 

chrysanthemum, while the number of survival Bronze chrysanthemum plantlets were reduced gradually toward 

the increasing of gamma doses. In this study, on farm, through screening 18 phenotypic mutants of both 

chrysanthemums were recorded and collected including 6 potential mutants that selected for next research based 

on their phenotypic differences to the originals, their aesthetic and low mosaic. These 6 potential mutants 

together with their original varieties were micro-propagated to induce the potential mutant lines for estimation on 

farm of mutant characteristic segregation rates.  

I. INTRODUCTION 

Chrysanthemum morifolium Ramat is in great demand and widespread in Vietnam as well as 

in the world. Most of current cultivated chrysanthemum varieties in Dalat city  were imported from 

Holland and other neighboring countries. Therefore, it’s necessary to domestically create new 

varieties for chrysanthemum cultivation in Dalat to overcome the commercial barriers related to 

copyright and local agriculture improvement. Mutation breeding in general and Radiation breeding 

in particular allow to obtain new chrysanthemum varieties/lines that differentiated from the 

originals in single or multiple phenotypic characteristics such as the color or shape, which 

determine their decorative values in relatively short time. The traditional breeding methods like 

crossing, screening from nature have been limited in species scope. In most cases of 

chrysanthemum, main effect of mutagens on exposed materials were changing color of the 

inflorescence, the changes of plant habit or changes in the shape and size of leaves and 

inflorescence or the number and of ligulate florets were observed at less frequently.  [Banerji and 

Datta 1990, Zalewska 2001, Zalewska 2010]  

In mutation radiation breeding, both in vivo materials such as shoots, leaves, cutting and/or 

whole plants and in vitro materials such as callus, tissue, suspensions of cells, protoplasts etc. have 

been used for irradiation treatment. In this study, artificial seeds were used as material for gamma 

irradiation to induce mutants base on previous researches of self authors with the purpose of genetic 

diversity and stability estimation of induced mutant lines subsequently.  
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II. OVERALL GOAL AND MAIN CONTENTS 

The aim of this study was to demonstrate the mutant generation effects of gamma rays on 

chrysanthemum artificial seeds to establish the scientific base for application this technique in 

similar objects.  

Four main activities: 

+ Experimental determine gamma irradiation LD50 for the Bronze chrysanthemum and Purple 

chrysanthemum artificial seeds. 

+ Investigate the effects of Gamma rays from 
60

Co source on the development of the two 

studied objects’ in vitro artificial seed in the first regeneration series of in vitro plants immediately 

after irradiated. 

+ Investigate the effects of Gamma rays from 
60

Co source in the development of both 

researched objects’ plantlets in ex vitro in greenhouse. 

+ Transplant the irradiated materials on farm and screening for the mutants, select the 

potential mutants for next research. 

 

III. MATERIAL AND METHOD 

The objects of investigation are two varieties of chrysanthemum belong to Chrysanthemum 

morifolium Ramat species, which one possesses copper and another possesses purple color 

inflorescence, these two varieties are different in structure petals (pictures below). 

Materials for irradiation were in vitro artificial seeds that were made from meristems as 

embryo role and covered by Na-arginate adding free Murashige ans Skoog [1962]  medium (MS 

medium) without growth regulators. 

To determine LD50 for the Copper chrysanthemum and Purple chrysanthemum, the artificial 

seeds were acute irradiated by gamma ray from gamma cell in Nuclear Research Institute with 

experimental doses of 10, 20,…, 90 and 100Gy. Irradiated materials were injected into fresh MS 

medium (MS + 30g/l of saccharose, 5.7-5.8 pH) and placed in the growth room (22
0
C, 16 hours 

1000lux-illumination/day) with three replications at each of dose. LD50 were calculated by survival 

rates of materials after 30 days via the experimental diagram.  

  
Bronze chrysanthemum.                             Purple chrysanthemum. 

Base on the previous research (Le at all., 2012), chosen doses for irradiation with purpose of 

mutants induction are 20%; 40%; 60%; 80% and 100% of LD50 because the sample were easily 

prepared and the use of irradiation facilities was available for large quality of sample and human 

resource for mutant screening was enough, as well as expected research’s aim was collection of 

stable mutants.  
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After LD50 were determined, the materials of 100 seeds/dose/variety were irradiated once 

more time with purpose of mutant induction.  

These irradiated artificial seeds were regenerated and propagated in vitro through three 

generations by micro-cutting technique. In the third generation, after four weeks for growth, the in 

vitro plants were injected into the fresh MS medium for 2 weeks for rooting and complete formed 

plantlets induction.  

The completed in vitro plantlets were transferred to ex vitro condition and injected into foam 

trays filled with substrate of treated soil, investigate to screen the arisen phenotypic changes if any 

during greenhouse stage and record the survival rate of plantlets after 30 days.  

Next to the greenhouse stage, the survival plantlets were transplanted into soil-beds in plastic 

house with the modified modality of commercial cultivation protocol for chrysanthemum of CANTI 

(plants were only exposed to natural photoperiod, without supplementary illumination).  

Planted chrysanthemum in plastic house were followed and recorded for criteria of survival 

rate, arisen phenotypic mutant characteristics such as color and shape and structure of 

inflorescences and leaves, stem’s height etc. compared to the controls (non-irradiated originals) 

during the cultivation until completely blooming. The recorded phenotypic mutants will be 

collected for micro-propagation.  

Potential phenotypic mutants will be selected from all of screened phenotypic mutants if they 

possess the obviously different from the controls about color or structure of inflorescences, good 

aestheticism and low mosaic. 

IV. RESULT AND DISCUSSION 

After gamma irradiation treatment, LD50 was for the Bronze chrysanthemum was 50Gy and 

Purple chrysanthemum was 100Gy (Figure 1) 

  

 

 

 

 
Figure  1:  The LD50 of 

Bronze chrysanthemum and 

Purple chrysanthemum. 

 

Because the sample were prepared easily and the irradiation was available to irradiate with 

large quality of sample and human source for screening was enough, as well as this research’s aim 

was choosing stable mutants so the irradiation would be implemented with 5 doses 0,2 LD50; 0,4 

LD50; 0,6 LD50; 0,8 LD50; and LD50. Therefore, in order to create mutants Bronze chrysanthemum 

were irradiated with 5 doses 10-20-30-40-50Gy, and Purple chrysanthemum were irradiated with 5 

doses 20-40-60-80-100Gy.  

Compare to the result of LD50 determination experiment, survival rates of materials in 

irradiated doses after 30 days in vitro regeneration of irradiated artificial seeds for mutant induction 

purpose were similar.   
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These irradiated artificial seeds were regenerated and propagated in vitro through three 

generations by micro-cutting technique. 

In the first generation, the artificial seeds growth to planlets; further development process, the 

number of leaves and height increased continously. After 4 and 6 weeks the leaves and roots 

growths were varied among different dose as well as with the control plantlets (Table 1).  

Table 1: Effect of gamma ray on the first regeneration                                                                                                  

of in vitro plantlets_ Bronze chrysanthemum. 

Ordial No Dose (Gy) Height (cm) Number of 

leaves 

Number of roots 

1 0 5.31 ± 0.055 6.3 ± 0,21 5,55 ± 0.25 

2 10 4.73 ± 0.29 5.45 ± 0,28 4,99 ± 0.25 

3 20 4.66 ± 0.28 5.75 ± 0,62 5,02 ± 0.38 

4 30 4.38 ± 0.25 5.65 ± 0,38 5,04 ± 0.39 

5 40 4.11 ± 0.36 5.19 ± 0,64 4,94 ± 0.26 

6 50 3.88 ± 0.39 4.64 ± 0,75 4,45 ± 0.23 

 

  

Figure 2: Effect of gamma ray on the first 

regeneration of in vitro plantlets_ Bronze 

chrysanthemum. 

Figure 3: Effect of gamma ray on the first 

regeneration of in vitro plantlets_Purple 

chrysanthemum. 

Table 2:   Effect of gamma ray on the first regeneration                                                                                               

of  in vitro plantlets_Purple chrysanthemum. 

Ordial No Dose (Gy) Height (cm) Number of leaves Number of roots 

1 0 4.50 ± 0.2 4.50 ± 0.13 4.70 ± 0.26 

2 10 4.0 ± 0.3 4.14 ± 0.46 4.23 ± 0.55 

3 20 4.02 ± 0.3 4.1 ± 0.45 4.45 ± 0.52 

4 30 3.93 ± 0.33 4.09 ± 0.4 4.18 ± 0.28 

5 40 3.87 ± 0.39 3.62 ± 0.55 3.95 ± 0.27 

6 50 3.73 ± 0.35 3.41 ± 0.5 3.66 ± 0.5 
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On the first generation, it is assumed that physical damage from irradiation treatment has 

reduced, so that the phenotype alteration plantlet was due to mutation. During observation, it was 

observed that several leaves from irradiated chrysanthemum explants had morphological changes 

and become abnormal, blade-shape, dwarf. These morphological changes were caused by mutation. 

Pogany and Lineberger mentioned that the change or mutation occurred near the apical dome, the 

changes can be integrated into cell division sequence from that apical bud, but if mutation occurred 

in peripheral of meristem tissue where cell division rate was low, the phenotype changed only on a 

sector of shoot, leaf or part/segment of one leaf.  

On the sixth week at the first generation, second and thirth generation were done by  in vitro 

microcutting method into the fresh MS medium. The completed regenerated in vitro plants were 

planted out into a permanent place on foam trays filled with substrate of treated soil, estimate the 

number of survival plantlets after 30 days. After that, they were transferred into soil-beds, 

chrysanthemum were growth exposed to natural photoperiod, applying the standard method. 

Estimate the first set of flowers, in the control flower, there were differences in flower color, shape; 

the color varied from light to deep or lighter, etc. 

Finally, after estimating the 18 mutants of both chrysanthemums were selected, and 6 

potential mutants were chosen in 18 mutants that were different from the their originals about color 

or petal’s shape as well as having aesthetic quality and low mosaic. These 6 potential mutants 

together with their original varieties were micro-propagated to induce the potential mutant lines for 

estimation on farm of mutant characteristic segregation rates.  

From the study, it demonstrated that by using tissue culture technique in combination with 

gamma rays, flower color mutants being been isolated and multiplied In vitro as well as rooted 

cutting to produce new varieties of chrysanthemum. 

V. CONCLUSION 

In this study, on farm, through screening 18 phenotypic mutants of both chrysanthemums 

were recorded and collected including 6 potential mutants that selected for next research based on 

their phenotypic differences to the originals, their aesthetic and low mosaic. These 6 potential 

mutants together with their original varieties were micro-propagated to induce the potential mutant 

lines for estimation on farm of mutant characteristic segregation rates.  
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APPENDIX 

Table A1: 18 mutants of both chrysanthemums 

No Signal 

Gamm

a Dose 

(Gy) 

Charac-

teristic 

The first selection 

Picture 
No Signal 

Gamma 

Dose 

(Gy) 

Charac-

teristic 
The first selection Picture 

1 Control 0 
Bronze  

color 

 

11 I1 50 
Fresh 

yellow 

 

2 I5 10 
Light 

yellow 

 

12 Control 0 
Purple 

color 

 

3 I6 20 
Fresh 

yellow 

 

13 E1 20 Quill 1 
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4 I2 20 

Heteromo

rphic 

shape 

 

14 E2 20 Quill 2 

 

5 I3 30 

Yellow 

with light  

bronze 

 

15 E3 20 Quill 3 

 

6 I7 30 
Fresh 

yellow 

 

16 E25 20 

Heteromo

rphic 

shape and 

petal 

 

7 I11 40 
Curcuma 

yellow  

 

17 E17 40 
White 

color 
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8 I8 40 

Fresh 

yellow, 

short and 

uncurlled  

petal 

 

18 E28 40 
Light 

purple 

 

9 I9 40 

Yellow, 

appear 1or 

2 extra 

petal 

 

19 E7 40 
Light 

purple 2 

 

10 I10 40 

Yellow,  

heteromor

phic shape 

 

20 E29 40 

White 

with light 

purple 
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Table A2: Six potential mutants 

 

 

 

No Signal 

Gamma 

Dose 

(Gy) 

Charac-

teristic 

The first selection 

Picture 
No Signal 

Gamma 

Dose 

(Gy) 

Charac-

teristic 

The first selection 

Picture 

1 I8 40 

Fresh 

yellow, 

short 

and 

uncurled  

petal 

 

4 E2 20 
Quill 2 

 

 

2 I9 40 

Yellow, 

appear 

1or 2 

extra 

petal 

 

5 E28 40 
Light 

purple 

 

3 I7 30 
Fresh 

yellow 

 

6 E29 40 

White 

with light 

purple 
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Le Tat Mua, Ta Thi Tuyet Nhung, Nguyen Tien Dat,                                                                          

Nguyen Thi Hong Tham and Dang Trung Tin 
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ABSTRACT: Acephate and its methamidophos metabolite residues were leached out of carrot and eggplant 

matrix with ethyl acetate and anhydrous sodium sulfate. The whole of the extract was cleaned-up with 1g of 

charcoal activated, then the residues were eluted with 10ml of CH2Cl2:EtOAc (7:3, v/v). The quantitative 

determinations were done by gas chromatography-mass spectrometry (GC-MS). In an analytical method 

validation test, the average recoveries in eggplant fruit were: methamidophos 84.9% and acephate 85.0%. The 

method detection limits (MDLs) were calculated by multiplying the standard deviation with student  t-value for 

n-1 (6) degree of freedom at 99% confident level. Repeatability studies yielded relative standard deviations 

(RSD) ranging 8.3% - 9.9% in all cases, fully in agreement with the Horwitz empirical equation. Investigating 

the relationship between acephate and methamidophos demonstrated that 6.3 -13.5% of acephate was degraded 

into methamidophos in eggplant fruits. The calculated half-life of acephate was 4.3 days. The methamidophos 

was found to be more persistence than acephate with 11.4 days. The evolution of the acephate and 

methamidophos concentration behaviour interval eggplant led to the behaviour empirical equations: Y = 

1.926t
0.55

 x e
-0.21t

 for acephate (one application of 8g a.i. acephate/8L water), Y = 4.029t
0.676

 x e
-0.228t

 for acephate 

(one application of 32g a.i. acephate/8L water), Y = -0.0007t
2
+ 0.0197t+ 0.016 x e

-0.134t
 for methamidophos (one 

application of 8g a.i. acephate/8L water) and Y = -0.0008t
2
+ 0.027t+ 0.036 x e

-0.134t
 for methamidophos (one 

application of 32g a.i. acephate/8L water). 

INTRODUCTION 

Monitor insecticide is organophosphate insecticide that contains methamiophos. It was widely 

used to protect different types of cultivation. There are several reports that methamidophos is an 

organophosphorus (OP) pesticide with potentially high risk for acute and it has been strictly 

prohibited in agricultural products in many countries and Vietnam. As a result, in parallel with 

determination of acephate, methamidophos was often detected in crops. 

There have been many studies on the metabolism of acephate to methamidophos. Up to now 

we have not seen any author research on the breakdown of acephate in Vietnam. We initially 

studied the degradation of acephate to methamidophos through acephate/methamidophos ratios on 

eggplant fruit and carrots grown in the province of Lam Dong. 

I. EXPERIMENTS 

I.1. Apparatus 

A GC 2010 plus (Shimadzu, Kyoto, Japan) equipped with a mass spectrometry  detector (GC-

MS) and a capillary column of MDN-12 (5m guard column + 30m of 0.32 mm id, 0.25 µm 

thickness) were used. Carrier gas He with flow rate 2.2ml/min. Ion source temp:200
0
C (EI), 

Ionization volt: 70 eV, Transfer line temp: 250
0
C. SCAN range: 80-200amu. Monitor ion: Acephate 

Project information: 
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136(100%), 94(49%); Methamidophos 94(100%), 95(63%), 141(42%). To homogenate the 

samples, a Kitchen Flower stainless mixer (Korea) was used for this work. 

I.2. Regents and chemicals 

Pesticide standards, certified and 99.9 % pure, were obtained from Fluka (Germany). Ethyl 

acetate, acetone, CH2Cl2, anhydrous Na2SO4 were of pesticide analysis grade from Lab-Scan. 

Charcoal activated from Merck (Germany) was used for clean-up procedure. Monster 40EC 

insecticide was used for treatments. 

II. PROCEDURES 

The method applied for the extraction of acephate and its methamidophos metabolite from the 

carrots and eggplants was based on the ethyl acetate-sodium sulfate extraction method. The 

procedure was as follows: Aliquots  of  10g  of  eggplant  were  extracted  three times with  ethyl  

acetate  (20mL x 3). The extract was cleaned up with charcoal activated. The  residues were eluted 

with 10ml of CH2Cl2:EtOAc (7:3, v/v). The extract evaporated to dryness. The residue was 

dissolved  in 5mL of acetone. Acephate  and methamidophos were determined by GC-MS. 

There were three applications in our treatments as following one application of 8g a.i. 

acephate/8L water; one application of 32g a.i. acephate/8L water and four applications of 8g a.i. 

acephate/8L water (subsequent applications at 7-day intervals). Samples of carrot and eggplant 

(CE1) were random collected from treated plants after a time elapse of 0 (three hours), 2, 4, 6, …, 

and 60 days after insecticide treatments. 

III.  RESULTS AND DISCUSSION 

III.1. The procedure for determination of acephate and methamidophos in/on eggplant 

a) The development of extraction and purification method 

- After homogenization, 10g of sample was added 7g of anhydrous sodium and then shaken 

vigorously. 

- The sample was then extracted with 20 mL of ethyl acetate for 3-5 min. Repeat the 

extraction two more times and collect the whole of the extracts into a 125ml separator funnel.  

- Add 1.0g of charcoal activated into the 125ml separator funnel. The separator funnel was 

shook another 3-5 min and centrifuge. 

- The residues in charcoal activated layer were eluted with a mixture of 

dichloromethane/methanol (7:3 v/v) by shaking another 3-5 min and centrifuge. 

- Collect he whole of the organic phase into 100ml beaker, add 5ml of toluene, then 

evaporative concentration was carried out. The residues were dissolved with 5ml of acetone.  

- This extract was transferred to an autosampler vial with cap and submitted to analysis by 

GC-MS. 

b) Quantification 

Determination of acephate and methamidophos was carried out by gas chromatography 

spectrophotometry. The conditions were: Injector 250
0
C, spitless; Column: MDN-12 (film 

thickness: 0.25µm, i.d.: 0.32mm, L: 30m + 5m guard), 50
0
C (1 min), 20

0
C/min to 140

0
C, 10

0
C/min 

to 280
0
C, hold in 5 min; He carrier 2.2ml/min; Ion source temp: 200

0
C (EI), Ionization volt: 70 eV; 

Interface 250
0
C; Monitor ion: methamidophos 94(100%), 95(63%), 141(42%) and acephate 

136(100%), 94(49%). 

c) Validation of the method 

Compounds Recovery (%) RSD(n=7) (%) MDL(n=7) (mg/kg) 

javascript:void(0)
javascript:void(0)
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Methamidophos 84.9 8.3 0.070 

Acephate 85.0 9.9 0.080 

III.2. Study on the ratio relationship of acephate and methamidophos 

Table 1: The ratios of methamidophos and acephate in Monster 40EC insecticide. 

No. of  the Monster 40EC insecticide 

 1 2 3 4 5 6 7 8 9 10 

Acephate 

Methamidophos 

3900 

1 

3890 

1 

3785 

1 

3700 

1 

3849 

1 

3907 

1 

3985 

1 

3892 

1 

4000 

1 

3720 

1 

Table 2: The concentration of methamidophos and acephate in treatment No. 3. 

Treatment No. 

application 

Days after 

application 

Methamidophos   

(mg/kg) 

Acephate  

(mg/kg) 

Acephate  

Methamidophos 

8
g
 a

.i
 a

ce
p

h
a
te

/8
L

 w
a
te

r 
 

(4
 a

p
p

li
ca

ti
o
n

s,
 s

u
b

se
q

u
en

t 
a
p

p
li

ca
ti

o
n

 a
t 

7
-d

a
y
 i

n
te

rv
a
ls

) 

1 

0 ND 1.56 ± 0.123  - 

2 ND 1.71 ± 0.090  - 

4 0.09 ± 0.007 1.86 ± 0.060 20.7 

6 0.09 ± 0.008 1.46 ± 0.090 16.3 

2 

7 0.19 ± 0.010 2.52 ± 0.185 13.2 

9 0.27 ± 0.016 2.89 ± 0.055 10.7 

11 0.28 ± 0.020 2.90 ± 0.100 10.4 

13 0.37 ± 0.012 1.94 ± 0.060 5.2 

3 

14 0.44 ± 0.030 2.66 ± 0.055 6.1 

16 0.43 ± 0.031 2.68 ± 0.120 6.2 

18 0.45 ± 0.020 2.53 ± 0.025 5.6 

20 0.45 ± 0.030 2.25 ± 0.150 5.0 

4 

21 0.49 ± 0.021 2.84 ± 0.065 5.8 

23 0.52 ± 0.015 2.83 ± 0.058 5.4 

25 0.53 ± 0.015 2.79 ± 0.055 5.3 

27 0.53 ± 0.025 2.55 ± 0.115 4.8 

28 0.47 ± 0.040 2.51 ± 0.025 5.3 

30 0.45 ± 0.020 2.18 ± 0.044 4.8 

32 0.41 ± 0.010 1.72 ± 0.080 4.2 

35 0.35 ± 0.023 1.27 ± 0.055 3.6 

40 0.27 ± 0.015 0.52 ± 0.010 1.9 

50 0.15 ± 0.012 0.19 ± 0.010 0.9 

60 0.09 ± 0.008 ND - 
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Table 3: The concentration of methamidophos and acephate in treatment No. 1. 

Treatment Days after 

application 

Methamidophos      

(mg/kg) 

Acephate 

(mg/kg) 

Acephate   

Methamidophos 
8
g
 a

.i
. 
a
ce

p
h

a
te

/8
L

 w
a
te

r 
(1

 a
p

p
li

ca
ti

o
n

) 

0 ND 1.52 ± 0.051 -  

2 ND 1.78 ± 0.029  - 

4 0.09 ± 0.005 1.83 ± 0.058 20.3 

6 0.09 ± 0.006 1.41 ± 0.056 15.6 

7 0.15 ± 0.009 1.31 ± 0.083 8.7 

9 0.13 ± 0.006 1.22 ± 0.066 9.4 

11 0.16 ± 0.013 0.83 ± 0.076 5.2 

13 0.18 ± 0.013 0.52 ± 0.023 2.9 

14 0.17 ± 0.010 0.32 ± 0.029 1.9 

16 0.14 ± 0.010 0.25 ± 0.013 1.8 

18 0.12 ± 0.008 0.20 ± 0.009 1.7 

20 0.11 ± 0.006 0.18 ± 0.015 1.6 

21 0.11 ± 0.005 0.13 ± 0.011 1.2 

23 0.09 ± 0.007 0.09 ± 0.007 1.0 

25 0.08 ± 0.005 ND - 

27 0.08 ± 0.006 ND - 

28 0.07 ± 0.006 ND - 

30 ND ND - 

32 ND ND - 

35 ND ND - 

40 ND ND - 

50 ND ND - 

60 ND ND - 

Table 4: The concentration of methamidophos and acephate in treatment No. 2. 

Treatment Days after 

application 

Methamidophos      

(mg/kg) 

Acephate    

(mg/kg) 

Acephate 

Methamidophos 

3
2
g
 a

.i
. 

a
ce

p
h

a
te

/8
L

 

w
a
te

r 
(1

 

a
p

p
li

ca
ti

o
n

) 

0 ND 3.53 ± 0.070  - 

2 0.09 ± 0.005 4.22 ± 0.093 46.9 

4 0.16 ± 0.013 4.43 ± 0.093 27.4 
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6 0.17 ± 0.013 3.34 ± 0.137 19.5 

7 0.26 ± 0.010 3.10 ± 0.132 11.9 

9 0.24 ± 0.010 2.83 ± 0.128 11.8 

11 0.28 ± 0.015 1.97 ± 0.114 7.1 

13 0.31 ± 0.021 1.21 ± 0.103 3.9 

14 0.29 ± 0.015 0.74 ± 0.062 2.6 

16 0.28 ± 0.012 0.58 ± 0.040 2.1 

18 0.26 ± 0.008 0.50 ± 0.041 1.9 

20 0.26 ± 0.010 0.43 ± 0.032 1.6 

21 0.23 ± 0.016 0.30 ± 0.030 1.3 

23 0.19 ± 0.008 0.21 ± 0.016 1.1 

25 0.15 ± 0.012 0.10 ± 0.010 0.7 

27 0.13 ± 0.010 0.08 ± 0.008 0.6 

28 0.10 ± 0.009 ND - 

30 0.10 ± 0.008 ND - 

32 0.08 ± 0.006 ND - 

35 ND ND - 

40 ND ND - 

50 ND ND - 

60 ND ND - 

Table 5:  The ratios of methamidophos and acephate                                                                                                    

in Monster 40EC insecticide after treatment. 

No. of  Monster 40EC insecticide used in 3 treatments 

 No 1 No 3 No 3 No 3 No 3 No 8 

Treatments 1 1 2 3 4 1 

Acephate 

Methamidophos 

3900 

1 

3785 

1 

3785 

1 

3785 

1 

3785 

1 

3892 

1 

III.3. Discussion 

III.3.1. Residues of acephate and methamidophos in eggplant fruits 

The residues analysis in table 3 and 4 demonstrated that 6.3-13.5% of acephate was degraded 

into methamidophos, similar to the results obtained in another study that only approximately 5-10% 

of acephate degraded to methamidophos in crops [5, 6]. 
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III.3.2. Behaviour of acephate and methamidophos in eggplant fruits 

 

 

 

 

 

 

 

Figure 1: Acephate concentration behavior                           

and days after application. 

Figure  2: Methamidophos concentration                          

behaviour and days after application. 

Table 6: Behaviour simulation of acephate and methamidophos in eggplant fruits. 

Treatments 
Simulation equations 

Acephate Methamidophos 

8g a.i. acephate /8L water Y = 1.926t
0.55

 x e
-0.21t

 
Y = -0.0007t

2
+ 0.0197t + 

0.016 x e
-0.134t

 

32g a.i. acephate /8L water Y = 4.029t
0.676

 x e
-0.228t

 
Y = -0.0008t

2
+ 0.027t + 

0.036 x e
-0.134t

 

Table 7: Half life of acephate in eggplant fruits. 

 T1/2 (day) Half life T1/2 (day) 

Acephate (8g a.i. acephate /8L water) 4.355751 
4.3 

Acephate (32g a.i. acephate /8L water) 4.261993 

Table 8: Half life of methamiophos in eggplant fruits. 

 T1/2 (day) Half life T1/2 (day) 

Methamidophos (8g a.i. acephate /8L water) 11.342062 
11.4 

Methamidophos (32g a.i. acephate /8L water) 11.47351 

 

IV. CONCLUSION 

1. The extraction and determination method were developed to monitor the content of 

acephate and methamidophos in eggplant fruits. Recovery for acephate: 85%, for methamidophos: 

84.9%. The repeatability ranged 8.3%-9.9%, fully in agreement with the Horwitz empirical. The 

method detection limits (MDLs) for acephate was 0.08 mg/kg; for methamidophos was 0.07mg/kg. 

2. Investigating the relationship between acephate and methamidophos demonstrated that: 

- 6.3-13.5% of acephate was degraded into methamidophos in eggplant fruits.  

- The calculate half-life of acephate was 4.3 days. The methamidophos was found to be 

more persistence than acephate with 11.4 days.  

- The evolution of the acephate and methamidophos concentration behaviour interval 

eggplant led to the behaviour empirical equations:  

Y=1.926t
0.55

 x e
-0.21t

 for acephate (one application of 8g a.i. acephate/8L water), Y= 4.029t
0.676

 

x e
-0.228t

 for acephate (one application of 32g a.i. acephate/8L water), Y = -0.0007t
2
+ 0.0197t+ 0.016 
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x e
-0.134t

 for methamidophos (one application of 8g a.i. acephate/8L water) and Y=-0.0008t
2
+ 

0.027t+ 0.036 x e
-0.134t

 for methamidophos (one application of 32g a.i. acephate/8L water). 
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ABSTRACT:  The transformation from vegetative to reproductive stage (flowering stage) depends on a lot of 

elements: physical and chemical elements, age of explant source, and plant growth regulators. In this study, we 

examined some elements that affect to the differentiating ability of in vitro Torenia fournieri L. flower shoot. Results 

showed that the older the shoots were, the higher the percentage of flowering shoot formation would be 60-day-old 

shoots gave the highest percentage of flowering shoot formation (65%) after 30-day culture. Moreover, the amount of 

macronutrients and micronutrients, sucrose concentration, growth regulators, activated charcoal and lighting 

conditions affect significantly the flowering ability. Shoots cultured on plant growth regulator free ¼MS media 

supplemented with 60 g.l
-1
 sucrose and 1 g.l

-1
 activated charcoal in vessels covered with either plastic wrap with 

milipore filter or unabsorbable cotton-wool plug under a 10h light (45 µmol.m
-2

.s
-1
)/14h dark photoperiod resulted in 

the best flowering shoot formation of Torenia shoots cultured in vitro (89.18%, 2.80 flower buds/explant). In vitro 

flowers and the ex vitro ones have no significant difference in their morphology and color. Gamma (γ) -ray irradiation 

is one of the most effective techniques to produce mutants in plant breeding programs. In this research, the effect of 

(Co
60

) Gamma (γ) - rays to produce flower color mutants in combination with in vitro flowering technique for 

morphological change isolation in Torenia was also investigated. After treated with γ rays, shoot regeneration was 

obtained when leaf explants were cultured on MS medium containing 0.5 mg/l BAP and 0.5 mg/l NAA. Shoots were 

grown on MS medium supplemented with 0.2 mg/l BA for shoot proliferation. The mutation efficiencies of the γ ray 

irradiation for flower color was examined owing to in vitro flowering technique. LG50 at 30 - 40 Gy and 0.098 Gy/sec 

for leaf blades as well as plantlets was found to be suitable for creating mutants. The mutation rate was 0.67% and 1% 

for MV1 and MV4 generations leaf explants, respectively. Plant morphology and flower development was also 

modified. 

I. INTRODUCTION 

Torenia (Torenia fournieri L.) is Scrophulariaceae dicotyledonous plants, originating from 

Southeast Asia, Africa and Madagascar (Yamazaki, 1985). Torenia have sets of chromosomes (2n = 

18) and relatively small genome (171 Mbp) (Kikuchi et al., 2007). Under the perspective of the in 

vitro differentiation from vegetative buds to flower buds are seen explicitly and more accurately. 

Environmental conditions in vitro as well to further research on the factors affecting the formation 

of flowers. The active control of physical factors, chemical factors and plant growth regulators is 

also an advantage of cultured in vitro. In mutation breeding, the problem in mutation breeding by 

radiation factors to consider such as: sample size, selection time, effort, cost, potential mutation 

miss... Therefore, the combination of mutations agent with selective techniques flowering in vitro is 

one of the research directions, help us to overcome the weaknesses of the method traditional 

selective mutations and mutations found quickly, more efficiently and thoroughly. So, when we 

have determined the flowering process in plants in vitro Torenia will open a new research direction. 
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Use technical coordination gamma irradiation (Co60) with culture techniques and in vitro flowering 

to isolate and find the variation in morphology and flower color Torenia plants even in vitro. 

II. MATERIALS AND REAGENTS  

2.1. Materials 

The shoots Torenia fournieri L. white purple fringing were cultured in vitro stable through 

repeated subculture on basic MS medium (Murashige and Skoog, 1962) with a height of 3.5 cm. 

The plantlet samples are used as sample material to be irradiated 2-week-old plantlets (height of 

about 4 - 5 cm with 4 pre-axillary) and the leaf samples were selected in the 2nd and 3rd dormant 

buds from the original. 

2.2. Reagents 

Macronutrients, micronutrients, sucrose, MS vitamins, agar, pH standard (HCl, NaOH), plant 

growth regulators (BAP, NAA, GA3)... 

III. PROCEDURES 

- The process of in vitro flowering Torenia plants 

 

 

 

- Effect of gamma irradiation on the value LG50 (Limitation of Growth 50%) on tissue 

samples (leave, plantlet and callus). 

- Culture in vitro, isolated randomly shoots and dormant buds were irradiated in sequence: 

Tissue samples - radiation - culture in vitro - 1st isolated - culture in vitro - 2nd isolated - culture in 

vitro - 3rd isolated.... 

IV. RESULTS AND DISCUSSION 

Contents 1: Completing the process of in vitro flowering Torenia plants 

4.1. Effect of old shoots on in vitro growth and flowering of Torenia 

Growth and flowering 

characteristics 

Old shoots (days) 

30 45 60 

Fresh weight (mg) 1434a
* 

1192ab 758b 

Dry weight (mg) 119ab 123a 99ab 

Plant height (cm) 9.62a 8.34b 7.95b 

No. of leaf 14.50a 10.00b 8.50c 

Flowering percentage (%) 33.67c 42.86b 56.19a 

No. of inflorescence 0.35c 1.33b 2.47a 

*Different letters within a row indicate significant differences at P = 0.05 by Duncan’s 

multiple range test 

 

 

 

Plantlet Torenia 

in vitro 

Culture 

medium of 

seedlings 

Shoot induction 

medium  

Culture medium of 

in vitro flowering 
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4.2. Effect of nutritional factors on in vitro growth and flowering of Torenia  

4.2.1. Nutrition 

Medium 
Flowering percentage (%) 

Plant 

height 

(cm) 

No. of 

inflorescence 

FW 

(mg) 

DW     

(mg) 

20 days 30 days 60 days 30 days 30 days 30 days 30 days 

2MS 0.00b
* 

0.00h 0.00g 0.00g 0.00e 0.00d 0.00e 

MS 0.00b 5.17g 10.02f 8.90d 0.51cd 758c 68.90cd 

¾MS 0.00b 16.67e 20.41e 9.83b 0.67cd 1015a 84.58b 

½MS 0.00b 42.86c 56.19c 9.60c 1.15c 983a 95.22a 

¼MS 6.38a 51.06a 75.14a 6.10f 2.30a 892b 89.20b 

MS¾ 0.00b 28.57d 38.09d 8.15e 0.85cd 715c 65.00d 

MS½ 0.00b 15.39f 20.37e 9.03d 0.79cd 867bc 72.25c 

MS¼ 0.00b 44.00b 60.00b 11.60a 1.95b 875bc 67.31d 

*Different letters within a column indicate significant differences at P = 0.05 by Duncan’s 

multiple range test 

4.2.2. α-naphthaleneacetic acid (NAA) and 6-benzyaminopurin (BAP)  

Medium 

Growth 

regulators (mg/l) 
Flowering 

percentage 

(%) 

Plant 

height 

(cm) 

No. of 

inflorescence 

FW 

(mg) 

DW 

(mg) 
NAA BAP 

BN0 0.0 0.0 51.06a
* 

6.10b 2.50a 892bc 89.20b 

BN1 0.1 0.0 41.67b 7.97a 1.75b 762c 84.60c 

BN2 0.1 0.1 36.80c 4.63d 0.98c 552d 61.41d 

BN3 0.1 0.3 16.67d 4.27e 0.65d 561d 63.12d 

BN4 0.1 0.5 6.25f 2.87g 0.22e 873c 90.05b 

BN5 0.1 1.0 0.00g 2.90g 0.00f 1029a 93.54a 

BN6 0.0 0.1 38.18c 4.87c 1.85b 847c 82.10c 

BN7 0.3 0.1 14.29e 4.25e 0.45e 926b 82.37c 

BN8 0.5 0.1 6.67f 4.35e 0.30e 988a 96.10a 

BN9 1.0 0.1 0.00g 4.01f 0.00f 969ab 8.23c 

*Different letters within a column indicate significant differences at P = 0.05 by Duncan’s 

multiple range test 

4.2.3. Gibberellin (GA3)  

GA3 (mg/l) 

Flowering percentage 

(%) 

Plant 

height 

(cm) 

No. of 

inflorescence 

FW            

(mg) 

DW            

(mg) 

30 days 60 days 30 days 30 days 30 days 30 days 
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0

20

40

60

80

100

30 days 60 days

AC

Non-AC

0.0 51.06a
* 

75.14a 6.10d 2.50a 892d 89.2b 

0.1 23.63b 40.47b 7.89c 1.09c 905d 89.6b 

0.5 9.52c 43.46b 7.90c 1.28b 981b 85.4c 

0.7 9.35c 39.69b 9.44a 0.95c 1031a 93.3a 

1.0 3.19d 16.03c 8.65b 0.32d 942c 89.1b 

*Different letters within a column indicate significant differences at P = 0.05 by Duncan’s 

multiple range test 

4.2.4. Activated charcoal 

 

 

 

 

 

 

 

 

 

 

4.2.5. Sucrose 

Sucrose (g/l) Flowering percentage (%) No. of inflorescence 

15 0.00f 0.00f 

30 56.33d 0.60d 

45 61.75c 1.67c 

60 87.18a 2.80a 

75 80.47b 2.33b 

90 27.78e 0.35e 

* Different letters within a column indicate significant differences at P = 0.05 by 

Duncan’s multiple range test 

4.3. Effect of intensity and time on in vitro growth and flowering of Torenia  

Light Flowering percentage 

(%) 

Plant height 

(cm) Intensity (µmol.m
-2
.s

-1
) Photoperiod (h) 

a. Light intensity 

18 10 0.00b 4.60c 

25 10 0.00b 5.81b 

45 10 70.06a 7.97a 

b. Photoperiod 

Time (days) 

F
lo

w
e

r
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g
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e
r
c
e

n
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g
e

 (
%

)
 

Figure 1: Effect of activated 

charcoal on in vitro flowering   

of Torenia. 
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45 6 0.00c 7.20c 

45 10 70.06a 7.97b 

45 14 28.57b 10.17a 

*Different letters within a column indicate significant differences at P = 0.05 by Duncan’s 

multiple range test 

4.4. Effect of aeration on in vitro growth and flowering of Torenia 

Growth and flowering 

characteristics 

Experiments 

Cotton-wool Millipore filter Film nylon 

Fresh weight (mg) 1167
ns 

1263
ns 

1158
ns 

Dry weight (mg) 162.67a 154.50a 96.50b 

Plant height(cm) 8.73b 8.92b 11.57a 

No. of inflorescence 2.60a 2.73a 2.41b 

Flowering percentage (%) 89.18a
 

89.25a
 

70.06b
 

Diameter of leaf (mm) 15.5a 16.33a 12.26b 

Length of leaf (mm) 26.41a 25.54a 18.59b 

ns: non-significant difference; *Different letters within a row indicate significant differences 

at P = 0.05 by Duncan’s multiple range test. 

Contents 2: Effect of gamma dose on the value LG50 for plantlet and leave samples were 30 - 40 

Gy. And effect of gamma dose on the value LG50 on callus was 10 - 20 Gy. 

            

 

 

 

 

 

 

 

 

 

Figure 2: Effect of gamma dose 

on the value LG50 (Limitation of 

Growth 50%) on leave and 

plantlet compared to the control. 

 

 

 

Contents 3: Obtained a population MV2-3 with about 2,000 individuals for both samples 

(leaves, plantlets) and the line is continuing to determine the variation in morphology and flower 

color. 

V. CONCLUSIONS 

Thread achieved content outlined in 2012: 

- Completed the process of flowering plants in vitro Torenia: the higher the percentage of 

flowering shoot formation would be 60-day-old shoots gave the highest percentage of flowering shoot 

formation (65%) after 30-day culture. The amount of macronutrients and micronutrients, sucrose 

concentration, growth regulators, activated charcoal and lighting conditions affect significantly the 

flowering ability. Shoots cultured on plant growth regulator free ¼MS media supplemented with 60 g.l
-1
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sucrose and 1 g.l
-1

 activated charcoal in vessels covered with either plastic wrap with milipore filter or 

unabsorbable cotton-wool plug under a 10h light (45 µmol.m
-2

.s
-1

)/14h dark photoperiod resulted in the 

best flowering shoot formation of Torenia shoots cultured in vitro (89.18%, 2.80 flower buds/explant). 

In vitro flowers and the ex vitro ones have no significant difference in their morphology and color. 

- Effect of gamma dose on the value LG50 on plantlet and leave samples were 30 - 40 Gy. 

And effect of gamma dose on the value LG50 on callus was 10 - 20 Gy. 

- A population (2,000 plants) have been isolated to MV3 generation and this population is 

continuing to selectively identify potential mutations.      

REFERENCES 

[1] Duncan, D. B. Multiple range and multiple F test. Biometrics, 11, 1-42, 1995.  

[2] Kikuchi, S., Kino, H., Tanaka, H., Tsujimoto, H. Pollen tube growth in cross combinations between 

Torenia fournieri and fourteen related species. Breed Scinece, 57, 117-122, 2007.  

[3] Murashige, T., Skoog, F. A revised medium for rapid growth and bioassays with tobacco tissue culture. 

Plant Physiology, 15, 473-497, 1962.  

[4] Yamazaki, T. A Revision of the Genera Limnophila and Torenia from Indochina. Journal Factor Science 

the University of Tokyo 3(13), 575-624, 1985.  

 

 



 





 



VINATOM-AR--12-30 

 

The Annual Report for 2012, VINATOM 

 

217 

RESEARCH, CALCULATION FOR DESIGNING THE TECHNOLOGICAL 

EQUIPMENT LINE OF CEMENTATION WITH 3,000 TONNES OF SOLID 

WASTE/YEAR CAPACITY FOR ZOC PLAN 

Tran Van Hoa, Ngo Van Tuyen, Nguyen Ba Tien and Le Ba Thuan 

Institute for Technology of Radioactive and Rare Element, Vietnam Atomic Energy Institute 

Pham Quang Minh 

Vietnam Atomic Energy Institute 

 

 

 

 

 

 

 

ABSTRACT: Technological process and equipment line for cementation with 3,000 tons of solid wastes/year 

capacity for ZOC plant was studied according to the quantity, the composition and the property of solid wastes 

from ZOC plant. The influence of several parameters with cementation process such as cement mixing ratio, 

size, moisture and NaCl content in residue, which affected to mechanical and chemical strength of waste block 

after cementation was evaluated. The calculation and designing for cementation equipment line were thus 

conducted and total investment cost of construction and installation as well as operation of this equipment line 

was also estimated. Radiation safety and environmental protection for waste treatment facility was calculated 

and the design on radiation safety and environmental protection for equipment line was proposed. Technological 

process and design document of this production line seemed to be reasonable because it is consistent with 

properties of wastes as well as it has been commonly used in the world to stabilize solid residues in nuclear 

industry. The advantages of this propose were simple structure of the devices, localy made, easy operation, 

locally available and inexpensive materials resulting in low cost of investment and operation.  

I. INTRODUCTION 

ZOC Vietnam factory is located in Cai Mep Industrial Zone, Phu My town, Tan Thanh 

District, Ba Ria - Vung Tau province. Main product of plant is ZOC with 11.500 tons/year output. 

Solid waste amount of plant is around 3,000 T/year and the main composition contained silica 

gel, insoluble ores and some heavy metals, together with a small amount of radioactive material 

such as uranium, thorium. This waste was identified as NORM/TENORRM form at very low 

radioactivity in comparison with the type of low-level radioactive waste that requires subsequent 

processing steps before being buried in specified location. 

Table 1: Component of solid wastes from ZOC production process. 

No Parameter Unit DKK DKK 
DKK    

(22/9/2010) 

ITRRE 

(22/9/2010) 

ITRRE 

(22/11/2010) 

1 Humidity % 86.24 80.60 77.83 83.90 79.6 

2 Zr % 3.65 4.75 26.116 35.734 27.0 

3 Si % 8.10 3.09 8.745 10.808 12.1 

4 U % 0.009 0.068 0.110 0.016 0.31 
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5 Th % 0.007 0.038 0.327 1.162 0.17 

6 Fe % 0.23 1.19 5.510 0.42 5.65 

7 Ti % 0.19 0.83 2.652 0.822 4.4 

8 Na % 0.47 1.01 -  3.05 

9 Cl % 0.79 0.14 -  1.95 

10 Al % 0.13 0.35 2.235 1.598 1.17 

11 C % 0.30 0.06 -  - 

12 
Total activity 

 
Bq/g 1.75 10.08 113.11 96.24 26.9 

13 
Total activity 

 
Bq/g 4.18 27.18 72.97 30.35 24.1 

14 
Total activity 

 
Bq/g 2.60 22.10 -  21.4 

15 Ti-208 Bq/g 0.0841 0.393 -  0.32 

16 Pb-212 Bq/g 0.306 1.44 -  0.91 

17 Bi-212 Bq/g 0.271 1.32 -  0.97 

18 Ac-228 Bq/g 0.0942 1.46 -  0.98 

19 Pb-214 Bq/g 0.0656 0.236 -  0.44 

20 Bi-214 Bq/g <0.0023 0.106 -  0.33 

21 Ra-226 Bq/g 1.78 17.1 -  12.7 

For treatment of NORM/TENORM wastes it is can be used different methods depending on 

properties of residues each type such as: Combustion method, compression method and stabilization 

methods. Each method, however, has its advantages and disadvantages, as detail: 

* Combustion method is used only for the type of radioactive waste which can burn (clothing, 

paper, shoes, gloves, etc.) and this method can reduce volume of waste to hundreds of times, thus 

reducing  pressure of storage and burial. This approach, however, is very high cost, difficult to 

apply widely, and used only for the type of waste which can be burned. 

* Compression method is the simplest method, with relative high efficiency (reduce volume 

of waste from 3 to 10 times) and low cost but used only for waste which has stable properties and 

does not cause chemical reaction, not explode when being pressed. 

* In the stabilization methods vitrification method was not used because of its expensive cost, 

moreover this method is often only used to process high-activity radioactive waste.  



VINATOM-AR--12-30 

 

The Annual Report for 2012, VINATOM 

 

219 

The utilization of bitumen as a curing agent has high cost, besides high environmental 

temperature will make asphalt soften and fluid and therefore restricted to use in countries with hot 

and humid climate like Vietnam. 

Many researches have been proven that cement had ability to stabilize many wastes 

containing many nuclides. Some studies tested also successfully the combination of cement and 

other additives such as kaolin even making protective layer from epoxy coated around solid waste 

block after hardening has proven high performance in preventing the risk of radioactive leaking and 

reducing the intensity of irradiation of waste block into environment. In recent years, Center for 

Radioactive Waste Management and Environment of ITRRE has conducted a number of studies 

related to stabilization problems of radioactive waste following cementation research direction and 

has reached initial results about selection of appropriate materials for treatment and format of 

residues from ZOC production line. The research results show that solid residues from ZOC 

production line after dehydration by drying method (reduce significantly the volume and mass up to 

4-5 times), residues will have suitable mechanical properties for formatting by cement, waste block 

after formatting reaches standards for burial in concentrated burial area. Results also showed that 

the treament of residues from ZOC plant by cementation method is completely feasible in terms of 

technology, reasonable handling cost and environmental safety. 

II. RESEARCH INVESTIGATE TECHNOLOGY PARAMETERS OF 

CEMENTATION PROCESS OF SOLID RESIDUES  FROM ZOC FACTORY 

The utilization of cement for cementation radioactive waste has been tested since the first 

period of nuclear industry. This is still a very important method to today because of cheap price, 

popularity and compatibility with low level radioactive waste. An important property of waste block 

after stabilization process is the ability to prevent leakage that usually measured by amount of 

radionuclides released out from waste block in wet environment. There are two main mechanisms 

affecting to leakage properties of block. The first mechanism is the formation of physical barriers to 

prevent the escape of radionuclides into environment (play an important role in the mechanism of 

action of bituminization and cementation methods). In the second mechanism, radionuclides will be 

hold closely in the crystalline lattice of carrier (such as glass or ceramic). The property of waste 

block after processing for each type of radionuclide can change following chemical property of 

waste stream and the process of creating solid waste lattice and chemical property of environment 

surrounding block containing waste. Most of elements after uranium are captured very tight due to 

environment high pH has caused many reactions of these elements with crystal lattice of cement. 

The choice of cement and cement technology also depends on many factors, however, the waste 

discharge quality criteria is one of the most important factors.  

1. Research on effects of cement mixing ratio, moisture and size of residues to 

mechanical strength of waste block cemented 

a) Effect of cement mixing ratio 

Experimental procedure: ZOC solid waste samples were dried then mixed with cement PC30 

by different ratios and were added water at a rate of W/C = 0.44, added 0.8 l additive/100 kg of 

cement, after that carried out concrete by pressed into a cube mold size 5 x 5 x 5 cm, with a 

pressure of 200 bar, maintaining 7 days and after 28 days setting, tested compressive strength. 

Taqble 2: Mechanical-physical property analytical results of  waste-concrete sample. 

Sample (% of cement) 10 % 15% 20% 25% 

Dimension 50 x 50 x 50 50 x 50 x 50 50 x 50 x 50 50 x 50 x 50 
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Age samples (days) 28 28 28 28 

Pressure force on sample (kgf) 410 426 438 452 

Compressive strength (MPa) 1.2 1.5 2.1 2.35 

Comment: Thus, waste-concrete sample with mixing ratio 20% cement PC-30 reaches 

minimum standard about compressive strength of concrete-waste, ensure unbreakable when 

transport and buried. 

b) Effect of residue’s moisture 

Due to original property of residues from ZOC factory exist mainly in the form of very soft 

gel, after drying is a relatively porous material (density = 1.18), mainly in silica gel form with not 

high hardness, the hardness of residues depends largely on the moisture of residues, residue’s 

hardness increases gradually as moisture of residue reduces gradually because of in dehydrated 

process silica gel forming silica gel with more robust framework, the forms of this residue act as 

aggregate in waste-concrete and therefore the moisture of residues effects largely to waste-concrete 

strength. 

Table 3: Comparison of analytical results of waste concrete                                                                                            

samples when mixed with 20% cement. 

Sample (% moisture of residue) 80% 6 % 

Dimension 50 x 50 x 50 50 x 50 x 50 

Age sample (days) 21 21 

Pressure force on sample (kgf) 50 468 

Compressive strength (MPa) 0.13 2.11 

Experimental results showed that the compressive strength is very low from 0.12 to 0.13 

(MPa) when residues was not dried before. Consequently, the wet form of solid waste concreted 

does not meet the requirements on reliability so as to be buried as prescribe. Solid samples were 

dried then concreted into cube block size 5 x 5 x 5 cm, to test bearing durability TCVN 3118:1993 

standard 

c) The effect of residue size 

Gradation of aggregates is one of the factors affecting the strength of the concrete, particularly 

to shrinkage deformation, aggregate small particular increases shrinkage. Shrinkage is a harmful 

phenomenon changed the shape and size of structure, causing cracks on the concrete surface, which 

change concrete structure, reduce anti-pressure capacity and durability of concrete. ZOC residue 

after drying is sieved classified by level 4 then proceeding cementation with 20% cement in 7 days 

maintenance, after 28 days setting tested compressive strength. 

Table 4: Testing results of compressive strength of concrete sample waste 

with different particle sizes (all mixed 20% cement). 

Level particles form (mm) <1 1-1.5 1.5-2 >2 

Dimension 50x50x50 50x50x50 50x50x50 50x50x50 



VINATOM-AR--12-30 

 

The Annual Report for 2012, VINATOM 

 

221 

Age sample (days) 28 28 28 28 

Pressure force on sample (kgf) 450 468 468 472 

Compressive strength (MPa) 2.18 2.15 2.14 2.12 

The results above show that the residue particle size is more smaller the strength is greater but 

not much change, a reason is residue particle size ratio changing little within a small scale, porosity 

of residue is significant high thus have to mix ratio of W/C higher and the result is concrete strength 

reduced.  

2. Research on effect of cement mixing ratio, moisture content and size of residue to 

spreading radionuclide out of waste cemented         

a) Effect of cement mixing ratio 

By the leaching method specified in Section 4 of this regulation (leaching method EPA 1311 

and ASTMD5233-92) results in the following table: 

Table 5:  Analysis results of leaching solution of untreated solid waste samples. 

Target name Unit 
Content 

Leaching concentration 

(mg/l) QCVN07 

:2009/BTNMT 

Test 

methods 

pH 3 pH5   

Ag mg/l 6.689 2.184 5 ICP-MS 

Th mg/l 21.370 3.863 - ICP-MS 

U mg/l 25.288 15.160 - ICP-MS 

The total activity α Bq/l 174 154  
Nuclear 

Analysis 

The total activity β Bq/l 277 281  
Nuclear 

Analysis 

Conclusion: Solid waste sample obtained from ZOC production testing exceeds standard on 

absolute levels of total alpha, beta and leaching concentration, so it is kind of hazardous waste 

The result analysis of solid waste leaching solution after stabilization with cement in different 

proportions, sample size 50x50x50 mm, soaked in a solution with pH = 3 for 20 hours, the rate of 

solid liquid is 1/20. 

Table 6: Results of the leaching solution analysis Randa waste stabilization with cement. 

Target name Unit 

Content Leaching concentration 

(mg/l)  

QCVN07:2009/BTNMT pH 3 

Cement ratio % 10 15 20 25  

Ag ppb 0.195 0.188 0.16 0.158 500 
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Th ppb 13.54 12.95 8.421 5.493 - 

U ppb 1785 1779.5 1056.6 819.1 - 

(Sample concrete with 20% cement has an average compressive strength of 2.1 MPa, density 

1.3 g/cm3). 

According to Regulation (QCVN 07:2009/BTNMT) the waste after stabilization, no heavy 

metal elements leaching threshold concentration, we can take advantage of building material 

products if the intensity of solid not less than 100 marks, or is regarded as normal solid waste, may 

be buried in landfill waste or construction waste sanitary if intensity of solid 100 grade lower. 

b) The effect of residue moisture 

Leaching test of solid waste samples cemented with 20% cement (Leaching method EPA 

1311 and ASTMD5233-92) results in the following table: 

Analysis results of leaching solution of solid waste stabilized with cement in different 

proportions, sample size 50x50x50 mm, soaked in a solution with pH = 3 for 20 hours, the liquid to 

solid ratio is 1/20. 

Table 7: Analysis results of solid waste leaching solution stabilized                                                                 

by 20% of cement with different moisture residue. 

Target 

name 
Unit 

Content 
Leaching concentration (mg/l)  

QCVN07:2009/BTNMT 
pH 3 

Humidity % 80 6  

Ag ppb 1168 0.3596 500 

Th ppb 9.955 8.412 - 

U ppb 1279.9 1056.6 - 

The residue sample with 80% humidity in the leaching process is not ensuring the hardness 

thus there was a loose phenomenon increasing leakage of radionuclides and heavy metals into 

solution, residue samples after drying to 6% moisture preventing leakage of radionuclides and 

heavy metals out solution better. We found the leak rate of radionuclides and heavy metals 

measured does not exceed permitted level TCVN 5945:2005 standard, so it can be concluded 

cement material is suitable for stable of radioactive sludge. 

c) The effect of residue size 

Conducting experimental after sieving classified seeds level 4: <1; 1-1.5; 1.5-2 and> 2 mm 

then mixed with 20% cement PCB30,  water/cement ratio = 0.45. The analysis result of solid waste 

leaching solution with different particle level, stabilized by cement with cement ratio of 20%, 

sample size 50x50x50 mm, soaked in a solution with pH = 3 in 20 hours, the rate of solid/liquid was 

1/20. Leaching solution analysis results showed in the table 14. (Leaching method EPA 1311 and 

ASTMD5233-92). 
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Table 8: Analysis results of solid waste leaching solution                                                                                     

with varying grain stabilized  by 20% cement. 

Target name Unit 

Content Leaching concentration 

(mg/l)  

QCVN07:2009/BTNMT pH 3 

County level (mm) <1 1-1.5 1.5-2.0 >2  

Th ppb 8.430 8.422 8.424 8.421 - 

U ppb 1063.5 1055.0 1056.2 1055.8 - 

The total activity α Bq/l 0.015 0.0152 0.015 0.0151 α < 0.1 Bq/l 

The total activity β Bq/l 0.182 0.178 0.183 0.181 β < 1 Bq/l 

From the results in the table above we can see the influence of residue particle size to 

spreading radionuclides ability after cemented that virtually no change, partly caused by the residue 

size does not change much, on the other hand radioactive elements are locked firmly in the concrete 

preventing release out after cementation. It can be concluded radioactivity targets α and β reached 

standard wastewater QCVN 40:2011 (a total activity of α <0.1 Bq/l and the total activity of β <1 

Bq/l). 

Amount of heavy metals and radioactive ions in water were not to exceed permitted QCVN 

40:2011 standard, therefore, it can be concluded cement is suitable material to stabilize residue of 

ZOC plant. 

3. Effect of sodium chloride content in residues to mechanical and chemical strength 

waste cemented 

The experiment investigated effects of sodium chloride content in residues to chemical 

mechanical strength and of waste cemented sample was concrete was carried out with waste 

concrete mixed with 20% cement, concentration of NaCl was 0.3 per cent; 0.6%; 0.9%; 1.2% (of 

residues volume). Compressive strength test conducted following TCVN 3118:1993 standard. 

Table 9: Analysis results of waste-concreted samples                                                                                        

with different concentrations of NaCl. 

Sample (% NaCl) 0.3% 0.6% 0.9% 1.2% 

Dimension 50x50x50 50x50x50 50x50x50 50x50x50 

Age sample (days) 28 28 28 28 

Press force on sample (kgf) 430 430 430 430 

Compressive strength (MPa) 2.1 2.13 2.12 2.05 

The results of compressive strength measuring saw that when NaCl content increases in about 

0.3% - 0.9% the concrete strength increases, but concentration of NaCl increased up to 1.2 percent, 

the concrete strength reduced, on the other hand concentration of NaCl has effect to reduce the 

setting time to facilitate early mold removal. In  residues of  ZOC production process NaCl content 

is 0.62%, with the procedure of cementation of residues before burial at this concentration  we can 
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confirm that the amount of NaCl impacts slightly to mechanical and chemical strength of waste 

cemented sample. 

Conclusions about cementation of solid waste from ZOC production process 

Radioactivity of solid residues from ZOC manufacturing process usually not high but 

relatively large amounts thus processing methods and strict management were posed, so as not to 

cause long-term environmental consequences. The treatment must ensure radioactivity in 

environment low at allowing level and in the process of storage waste does not leak, and dispersal 

of radionuclides into environment. 

More resonable method used to treat waste residues of this type is cementation, this method 

has been widely used in the world to stabilize solid residues in nuclear industry. The advantages of 

this approach are: 

-   Devices have simple structures; 

-   Easy operationand uncomplicated; 

- Inexpensive materials available at local so the investment and low operating cost. 

        + Solid waste from ZOC production process should be dried from 80% moisture  to <6% 

before cementation so as to reduce the volume of waste residues, increase the hardness of residues, 

increase intensity waste-concreted. 

+ Cement PC30 was selected to cementation of waste because the price is cheaper, and 

popular in market, quality assurance of mechanical and chemical strength and durability of waste - 

concreted. 

+ Cement mixing ratio used is 20%, the ratio of water/cement = 0.45, the rate of 

superplasticizer 0.8 L/100Kg cement average the compressive strength reached 2.1 M pa, Sample 

got minimum standard of compressive strength of waste concreted guaranteed to unbreak, safe 

transportation and burial and reasonable price. 

+  NaCl content from 0.3-0.9% (in residue) has good impact to waste concreted strength, 

shorten setting time, shorten time to mold removal. When NaCl content> 1.2% causes reducing 

intensity.Wastes from ZOC production process with concentration of NaCl = 0.62%  did not affect 

to quality of waste concreted. 

III. SETTING UP TECHNOLOGY PROCESS AND CEMENTATION EQUIPMENT 

LINE TO STABILIZE OF SOLID WASTE FROM ZOC PRODUCTION PROCESS 

1. Flowsheet of solid waste treatment 
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Bunke for storing and dosing 

materials 

 

Rotation Dryer 

;Q=0.5T/h;W1=75-80% 

;To=600oC;W2=5-6%;τ =2h 
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2. Cementation equipment line for solid waste stabilization of ZOC production process 

 

 

1- Wet solid waste area; 2- Wet solid waste conveyor; 3- Bunke for storing and dosing;4- Dosing screw; 

5- Rotation Dryer; 6- Dried solid waste screw I; 7- Dried solid waste Silo;8- Cement silo; 9- Dried solid 

waste screw II;10- Cement screw; 11- Equip for storing and distbuting;12- Mixer; 13- Mixed materials 

conveyor; 14- Pallet conveyor; 15- Block making machine;16- Block conveyor and clean system; 17- 

Automatic elvator; 18- Block conveyor and storing system; 19- Cement storage; 20- Electric winch; 21-

Cyclon; 22-Rotoclon; 23- Fan. 

a) Raw material preparation system input 

Plant's solid waste is transported to the yard in factory, from here it is collected by wet mobile 

SW Screw to wet fix SW screw to flow in wet conveyor SW to moved up bunke container, after 

quantified from bunke container, solid waste were transported by quantitative Screw load to the 

rotation drying drum equipment to reduce its moisture content from its 75-80% to 5-10%. 

After exiting the drying equipment, solid waste moved by dry I SW Screw to dry Silo SW 

then moved by dry II SW screw to equipment quantitative sytem inputs. 

b) The system of qualitative and mixed aggregate inputs 

Cement PC-30 in the form of bags purchased from provider to the temporary storage area in 

the workshop and winded to working floor of cement silo. Cement silo has effect storing cement for 

work of the line continuous. From the silo, cement was transported by cement screw to quantitative 

system equipment to grade materials. 

Dosing and gravel material equipment have effect automatic quantify inputs following the 

specify settings corresponding to processing power of the line. Equipment includes hopper 

containing materials and balance of acted according to the preset mode. Material is discharged 

automatically by a built-in mixer. 

In mixing machine, materials including cement bring from silo (via the automatic cement) and 

water (through automatic water pump) and aggregate as solid waste (via feed system) was mixed 

well, fine, mature before the feed to the car to put into molds. 

c) The system of forming solid waste 

Raw materials mixed in the mixer is discharged down conveyor material mix capable of 

storing raw materials and were mixed and then distributed a reasonable car and help feeding 

materials into the moldbe correctly. 
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Forming machine is the most important part of line, it has the function to force shapes of solid 

waste into "bricks" with a pressure of about 150-250 bar. 

After being forced to shape, "brick" is moved to another stage by transport equipment and 

surface cleaning "tiles". 

d) The system of shipping, handling and curing "brick" 

 After shaping, the "brick" is moved out to automatic brick stacker. Continuous automatically 

classified stacker the pallet tray to house, at that time storage system and rotation will move the 

block tiles to curing product area. 

At product curing area, curing "brick" follow totally natural methods. "Brick" is 

curedfor16hours. 

After the curing period, brick are unloaded out pallet and the bricks which could be packed in 

warehouse for temporary storage prior to transport to long-term storage. 

e) Dryer exhaust gas treatment system 

Emissions from the rotation dryer exhaust into single xiclon to separate coarse dust 

(d>10μm), then continue go to Rotoclon to separate fine dust (d<10μm). Exhaust gas after through 

Rotoclon was treated reaching environment standards. 

Dust from single xiclon and Rotoclon discharge to solid waste collecting area. 

IV. DESIGN OF CEMENTATION EQUIPMENT LINE TO STABILITY OF SOLID 

WASTE FOR ZOC FACTORY WITH A CAPACITY OF 3,000 WASTE TONNES / YEAR  

On the basis of technology process and equipment line has been built, we carried out 

calculate, design, manufacture and installation of equipment line with main equipment following: 

No Name of Equipment Specifications 

A Raw material preparation system on solid waste 

1 
Wet solid waste moving Screw 

 

- Q = 2T/h, P = 1.5kW, n=30v/ph 

- Dimensions:DxL = 160x8420mm 

- Screw holes, horizontal 

2 
Wet solid waste screw 

 

- Q = 2T/h, P = 1.5kW, n=30v/ph 

- Dimensions:DxL = 160x8420mm 

- Screw download secret kind of hollow, 

horizontal 

3 Wet solid waste conveyor 

- Q = 2T/h, P = 2.2kW;v=2.2m/s; α=20
o
 

- Dimensions: BxL = 400x12900mm 

- Rubber Conveyor openings, tilt 

4 
Wet solid waste Dosing screw 

 

- Q=0.5T/h; P = 1.5kW; n=30v/ph 

- Dimensions:DxL = 150x4560mm 

- Hermetic screw, horizontal circular 
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6 
Rotation Dryer 

 

- Q=0.5T/h; P = 18kW; n=2v/ph; ω1=75-80%; 

ω2=5-6%; T=600
o
C; α=1,5

o
 

- Dimensions: DxL = 1,5x12m 

- Fuel: CNG 

B System coordination and blending of raw materials 

1 
Dried solid waste screw I 

 

- Q = 0.5T/h; P = 1.5kW; n = 150v/ph; α = 25
o
 

- Dimensions:DxL= 120x8720mm 

- Closed circular screw tilt; Hn=3.65m 

2 
Dried solid waste screw II 

 

- Q=2T/h; P=1.5kW; n=120v/ph; α=30
o
 

- Closedcircularscrewtilt Dimensions: 

DxH=200x4560mm;Hn=3.65m 

3 
Cement screw 

 

- Q=2T/h; P=1.5kW; n=120v/ph; α=30
o
 

- Closedcircularscrewtilt Dimensions: 

DxH=200x4560mm;Hn=3.65m 

4 
Mixer 

 

- Q = 0.33m
3
/cycle; P = 7.5kW; 

- Dimensions: DxH=1.2x1.1m 

- Vertical mixing, cycle to work, remove the 

material at the bottom 

5 
Mixed materials conveyor 

 

- Q=2T/h; P=1.5kW; n=180v/ph; α=25
o
 

- Dimensions:BxL=400x4100mm; Hn=3.65m 

C Visual system products 

1 Block making machine 

- Công suất P = 15kW; 

- Dimensions:LxBxH=2.2x1.3x2.5m 

- Types of hydraulic press 

D Gas waste tretatment system 

1 Xiclon 

- ЦH15; D550 

- Q = 3,020m
3
/h 

- Dimensions:DxBxH=556x1210x4292mm 

2 Rotoclon  

- Q = 3,020m
3
/h 

- Dimensions: LxBxH= 1.2x0.8x1.82m 

- V = 0.38m
3
 

On the basis of the designal drawings, we have been designed workshop with a total area of 

1,000 m2 and estimated of construction and operating line costs: 
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-   Cost of construction investment chain: 15,000,000,000.00 VND 

-   Operating cost: 3,200,000.00 VND/T treated waste. 

V. CALCULATION OF RADIATION AND DESIGN OF ENVIRONMENTAL 

SYSTEM FOR THE EQUIPMENT LINE 

1. Calculate radiation safety for waste treatment plant  

The results of the analysis of gamma radioactivity of solid waste: 

The total activity :20.2 -21.4 Bq/g. 

For calculate we can take the maximum value of the total activity  solid residue:21.4 Bq/g. 

Since the model of the IAEA, when applied to zircon sand, radionuclides are mainly applied as U 

should have the dose conversion coefficient in addition to a total of: 0.43  Sv/h for 1 Bq/g. 

Total dose rate due of  U causing is: 0.43 Sv/h /(Bq/g) * 21.4 Bq/g=9.2 Sv/h. 

Total dose rate for workers in the waste treatment (assuming the time to work directly with 

the waste 4 h/day; 1,000 hours/year): 9.2 Sv/h * 1,000 h = 9.2 mSv/năm. 

The data analysis shows wastewater can ignore external dose caused by sewage. 

 2. Calculate the radiation safety for storage of treated waste 

Solid waste after processing by the method of cement chemistry, block members look like 

brick block will have the general radioactivity decreased about 10% (10% cement mixer). However, 

due to the phenomenon of cement to make a cover, curing of cement around the grains of 

radioactive waste should have limited the penetration of the radiation from inside the solid waste to 

the outside surface emissions have been cement. According to the actual measured data as cement 

uranium tailings waste, radioactivity on the surface of concrete reduced by 30% compared to when 

no cement. Thus, with the highest rate of external dose can be caused by solid waste (untreated) as 

calculated above is 9.5  Sv/h, after the cement, external dose due to the block cement waste 

chemical triggers are: 9.2 * 70%=6.44  Sv/h. 

Total dose rate for workers in the temporary storage of waste treated (assuming the time to 

work directly in the waste repository is2h/day; 500hours/year): 6.44Sv/h*500h=3.22mSv/year. 

Thus workers in the warehouse for temporary storage of waste treated to be average dose rate 

of five smaller still many times higher than the permitted level of occupational dose. 

3. Calculate the radiation safety for the burial of waste treated 

The waste after the cement has been preliminary survey permeability separation of 

radionuclides from cement waste water according to standard ANSI/ANS 16.1-1986.  

Speed radionuclides released into the environment, in the form of leakage index as a function 

based on the time to replace solvent. Therefore, the time to replace the solvent must be uniform for 

all test experiments. The solvent was sampled and replaced completely after about 2 hours, 7 hours, 

1 day, 2, 3, 4, 5, 14, 28, 43 and 90 days. Here we choose the test cycle to 28 days.  

Other important parameters are the leakage index "L", is the parameter that depends on the 

specific material being tested. 

Lis always dependent on the conditions and time leaks. If L> 6 is the standard form, less 

radioactive leaks or ions into the environment. The results of experiments and calculations are given 

in the following table: 
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Table 10: Results calculate the diffusion coefficient D and leaks L index. 

Rate 

residue/cement 

Effective diffusion coefficient (D) Leakage Index (L) 

Radiation α Radiation β Radiation α Radiation β 

85/15 6.2.10
-7 

2.5.10
-7 

6.2 6.6 

90/10 5.4.10
-7 

2.9.10
-7 

6.3 6.5 

Thus, the volume of waste after the cement has satisfied the conditions for the safe burial of 

hazardous waste buried. 

Studies assessed the possibility of the spread of radioactive elements into the environment, 

with the adoption of the basis functions and eligible to perform the burial of hazardous waste, can 

be assessedthat the buried waste is handled safely. 

4. Design  environmental safety system 

In line with drying equipment solid waste is likely to generate dust. Drying merely separate 

physical absorption of water from solid waste, radioactive gas. Emissions of mainly steam drying 

process can include dust. To handle dust, we designed two types of dust collectors work serial: 

Xyclon the and Rotoclon. 

VI. CONCLUSION 

On the basis of the technological process of ZOC production with waste sources of ZOC 

Vietnam plant, the project has conducted research on properties of the CTR in the ZOC production 

process from which to choose treatment methods.  

Solid wastes from ZOC production process compose mainly silica gel, insoluble ores and 

contain a number of heavy metals, beside solid wastes contain a small  radionuclides such as 

uranium, thorium which require subsequent processing steps before being buried at the specified 

location. 

The project has performed surveying studies on technological parameters of process of CTR 

cementation of ZOC production plant. By research we has evaluated the impact of parameters: 

cement mixing ratio, moisture content and particle size residue, NaCl content in residues effect to 

mechanical and chemical strength waste cemented block. 

The project has developed technological process and cementation equipment line to treat and 

stabilize CTR of ZOC production process. 

Project  has made calculation, design cementation equipment line to treat and stabilize CTR of 

ZOC production with a capacity of 3,000T CTR/year and estimation of construction cost as well as 

operating cost of equipment line. 
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ABSTRACT:  The radioactive waste is generated during a lifetime of nuclear facility or during decommissioning. 

They are collected, classified, treated, conditioned and packaged in the standard drums of 200 liter. The 

radioactive waste contained in drums can be highly heterogeneous in matrix distribution and may also exhibit a 

non-uniform and unrelated distribution of radionuclides. Under such circumstances, accurate quantitative results 

can be obtained by performing non-destructive assay of the waste using a Tomography Gamma Scanner (TGS). 

This theme researches to establish Tomography Gamma Scanning method for low to moderate density waste 

matrices contained in 200 liter drums. The Tomography Gamma Scanner combines gamma spectrometry with 

HpGe detector and low spatial resolution transmission and emission imaging techniques to accomplish assay 

goals. The transmission image is a voxel-by-voxel distribution of linear attenuation coefficients throughout the 

drum volume, and the emission image is a voxel-by-voxel distribution of the source activity. The transmission 

data is analyzed using a maximum likelihood algorithm, which results in a rectangular map in tow dimensions 

(2-D) of the distribution of density or gamma ray attenuation for each segment. The attenuation map information 

is then used in the analysis of the distribution of activity in the segment. As in the TGS transmission correction 

measurement, the TGS emission measurement generates a map or 2-D picture of the activity distribution in the 

segment. The TGS analysis, combining the data from the transmission and emission maps, results in a very 

accurate transmission correction for the determination of the activity distribution in the segment.  

Keywords: decommissioning, collected, classified, treated, conditioned, packaged, segment, transmission, 

emission, Tomography Gamma Scanner, maximum likelihood algorithm. 

I. INTRODUCTION 

Several techniques based on gamma-ray measuraments are commonly available for 

Nondestructive Assay (NDA) of radionuclides including Special Nuclear Material, including 

plutonium and uranium. The techniques and associated instruments are “ISO-CART”, “QED”, and 

“SGS”. However, these techniques will be larger errors result if the waste items are heterogeneous 

in the both activity and matrix distribution. The Tomography Gamma Scanning is the most robust 

and the most accurate measurement method for low and intermediate density relatively 

homogeneous or heterogeneous waste. It makes no assumptions about the waste type or waste 

matrix. The method produces realistic measurement errors and is able to correctly identify 

anomalies that defeat all other gamma-ray assay methods. The images of the density variation and 

source distribution inside the waste item are useful tool for nondestructive examination. 
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II. RESULTS AND DISCUSSION 

II.1. Design and manufacture for collimator, sample positioning system and model waste 

drum  

II.1.1. Collimator for radioactive source-detector 

- Collimator for radioactive source-detector: cylinder shape, thickness 5cm, length 33cm, 

Φmin 5.2cm and length 18cm, Φmax 12cm and length 15cm. 

- Addition collimator: cylinder shape, thickness 5cm, length 20cm, Φ 5.2cm. 

- Shield transmission source: cylinder shape, thickness 5cm, length 20cm, Φ 5.2cm, bottom 

thickness 5cm. 

- Material: Lead (Pb)-99.95%  

      
 

Figure 1: Collimator for radioactive source – detector. 

II.1.2. Sample Positioning System 

  

Figure 2: Sample Positioning System. 

- Translation length: 3m 

- Rotation tray: Φ 70cm  

- Hydraulic lift system: height lift 1.4m 

II.1.3. Model waste drum 

 
 

Figure 3: Model waste drum. 



VINATOM-AR--12-31 

 

The Annual Report for 2012, VAEI 

 
234 

Material, 

density 

 

Radioisotope 

 

-  Drum shape: cylinder Capacity: 200 liter 

- Material: 

+   Fabric: block shape (1/2 circle - 0.3 g/cm
3
, 1/4 circle - 0.2 g/cm

3
, 1/4 circle - 0.5 g/cm

3
) 

+   Wood: rectangle block shape (0.52 g/cm
3
) 

+   Paper: rectangle block shape (0.9 g.cm
3
) 

+   Concrete: square block shape (2.4 g/cm
3
) 

II.2. The Establishment computer software to assay activity and activity distribution of 

gamma-emitting radionuclides by TGS 

II.2.1. The algorithm for the establishment computer software 

 
Figure 4: The algorithm diagram to establish computer software                                                                          

for Tomography Gamma Scanner. 

The Tomography Gamma Scanner is combines CT and SPECT with low spatial resolution, so 

the algorithm for the establishment computer software relies on algorithm of CT and SPECT. 

II.2.2 .Computer software 

The computer software was wrote in Visual Basic 2008, named GamScanDL. The computer 

software includes three main modules, geometry module, calculation module and graphics module.  

II.2.3. Measurement and data analysis 

II.2.3.1. The survey of the linear attenuation coefficient of gamma-ray 

Table 1: The value of linear attenuation coefficient µ(cm
-1

) by experimental survey.
 

 Co-60 Eu-152 

1173 keV 1332 keV 121 keV 1408  keV 

Fabric-0.2g/cm
3 

0.011747 0.010292 0.028669 0.009884 

Fabric-0.3g/cm
3
 0.013262 0.012050 0.029436 0.011384 
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Fabric-0.5g/cm
3
 0.019648 0.017273 0.080540 0.016558 

Wood-0.52g/cm
3 

0.031178 0.028426 0.082818 0.027813 

Paper-0.9g/cm
3 

0.037308 0.035227 0.109249 0.033657 

Concrete-2.4g/cm
3 

0.088238 0.082591 - - 

II.2.3.2. The survey of transmission and emission source scan measurement, and application 

of  TGS ToGamScanDL software  

The radioactive sources: cobalt-60 (0.79mCi), europium-152 (2.12E-03mCi). They were used 

for the survey of transmission and emission source scan measurement. The model waste drum is the 

standard drum of 200 liter (Φ = 57.4cm, h = 88.4cm) with material and radioactive sources that 

arranged following Fig.3. The drum has been divided up into 16 layers. Each layer is broken into a 

11x11 lattice of square voxels. Therefore for each of the 16 vertical layers, the total voxel is 121 

voxels (11x11)  with each 5.2x5.2x5.2 cm3. 

The drum is located on the sample positioning system that can translate, rotate, and lift into 

the three dimensions space. The drum was translated from position 1 to position 11 (subsequent at 

5.2 cm) in y-axis. The drum can rotate 180 degree by the rotation tray with 15 degree for each 

rotation. The total gamma spectrum of the whole drum for transmission source scan measurement is 

2112 (12-rotation) x 11-translation x 16-layers), and 2112 gamma spectrum for emission source 

scan measurement. 

 

 

 
Figure 5: Linear attenuation coefficient distribution of layer                                                                                 

1 at the  energy 1173 keV, 1332 keV. 

 

 

 

Figure 6: Linear attenuation coefficient                         

distribution of model waste drum. 
Figure 7: Linear attenuation coefficient                   

distribution of layer 16 at 1173 keV. 
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        µ (cm
-1

)  

Material, ƍ 

  

Figure 8: Activity distribution                                                    

of layer 1 at 1173 keV. 

Figure 9: Activity distribution                                                     

of layer 1 at 1332 keV. 

  

Figure 10: Activity distribution  

of layer 1 at 121 keV.  

Figure 11: Activity distribution                                                  

of model waste drum. 

As showed in the Fig.3, Fig.5, Fig.6, and Fig.7, the qualitative result had a perfect distribution 

image of linear attenuation coefficient when we compare the transmission source image with 

arrangement of material in the model waste drum. The quantitative result has been showed in the 

Table 2. The value of linear attenuation coefficient is similar between experimental results and TGS 

method using GamscanDL software. However, with fabric material, they have little difference, 

because of the experimental sample and model sample are little difference regarding material 

density.  

Table 2: Comparison value of linear attenuation coefficient between                                                                   

experimental survey and TGS GamScanDL software. 

 Survey/ 

TGS GamScanDL 

µ (cm
-1

) 

1173keV 1332 keV 

1. Fabric 0.2 g/cm3 
Survey 0.012 0.010 

TGS GamScanDL 0.027 0.026 

2. Fabric= 0.3 g/cm3 
Survey 0.013 0.012 

TGS GamScanDL 0.034 0.030 

3. Fabric= 0.5 g/cm3     
Survey 0.019 0.017 

TGS GamScanDL 0.043 0.030 

4. Wood, = 0.52 g/cm3     
Survey 0.031 0.028 

TGS GamScanDL 0.039 0.037 
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5. Paper, = 0.9 g/cm3     Survey 0.037 0.035 

TGS GamScanDL 0.043 0.042 

6. Concrete, = 2.4 g/cm3     Survey 0.088 0.082 

TGS GamScanDL 0.078 0.074 

 

Table 3: Activity in layers 1,2 and 3.  Table 4: Activity in layers 10,11 and 12. 

 

Layer 

 

Cell 

position 

TGS   

Layer 

 

Cell 

position 

TGS 

Co-60, mCi Co-60, mCi 

1173 keV 1332 keV 1173 keV 1332 keV 

 

 

1 

(4,4) 0.08 0.08  

 

 

 

10 

(4,4) 0.12 0.12 

(5,4) 0.08 0.09 (4,5) 0.10 0.10 

(5,5) 0.11 0.11 (4,6) 0.12 0.13 

Sum 0.28 0.28 (5,4) 0.20 0.20 

 

 

2 

(4,4) 0.18 0.18 (5,6) 0.16 0.16 

(5,4) 0.20 0.20 (6,4) 0.19 0.17 

(5,5) 0.22 0.23 Sum 0.88 0.88 

(6,3) 0.15 0.16  

 

 

 

11 

(4,4) 0.16 0.17 

(6,6) 0.16 0.16 (4,5) 0.14 0.15 

Sum 0.91 0.93 (4,6) 0.15 0.16 

 

 

3 

(4,4) 0.15 0.15 (5,4) 0.25 0.25 

(5,4) 0.15 0.15 (5,6) 0.20 0.20 

(5,5) 0.19 0.19 (6,4) 0.26 0.23 

Sum 0.49 0.50 Sum 1.17 1.16 

      

 

 

13 

(4,4) 0.04 0.04 

     (5,4) 0.04 0.04 

     (5,5) 0.12 0.11 

     (6,4) 0.04 0.04 

     (6,5) 0.01 0.01 

     Sum 0.24 0.23 

Table 5: Activity in layer 8. 

     Layer 
Cell 

position 

TGS 

Eu-152, mCi 

122 keV 1408 keV 

8 

(4,4) 4.94E-04 3.04E-04 

(5,5) 7.09E-04 4.07E-04 

(6,4) 7.47E-04 4.67E-04 

Sum 1.95E-03 1.18E-03 
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As showed in the Fig.3, Fig.8, Fig.9, Fig.10, and Fig.11, the qualitative result had a good 

distribution image of the radiation source activity when we compare the emission source image with 

arrangement of the radiation source in the model waste drum. The quantitative result has been 

showed in the Table 3, Table 4, and Table 5. The activity value is more than about twice when 

compare with the reference source activity, because of the emission image detects adjacent cells at 

the source cell with high activity of cobalt 60 source. We believe that the result will be perfect when 

we measure with the real waste drum, low activity and extensive distribution of activity. 

III. CONCLUSIONS 

Although it’s still to update and improve for the Tomography Gamma scanner, but with the 

obtained results, we have confidence in the sound TGS method. 

To complete Tomography Gamma Scanner (TGS), we need the continuation to research, 

modify and upgrade TGS with some main contents following: optimal TGS system configuration 

(simulation for TGS system befor design, manufacture), mechanics-electronics control system, 

software for the automatic analysis of gamma spectrum, improvement and update for GamScanDL 

software. 
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ABSTRACT:  The Dosimetry Lab use8806 personal albedo dosemeter with the effort to measure the neutron dose 

equivalent. Measurement of the personal dose equivalent for neutrons is a difficult task because personal albedo 

neutron dosemeter is energy-dependent, becoming less sensitive as the energy of the neutrons is increased. The 

procedure for this activity has been carried out at Institute for Nuclear Science and Technology (INST) and 

tested with 
252

Cf sources. The obtained values are then compared with ambient neutron doses measured by using 

device ALOKA TPS 451C. 

1. INTRODUCTION 

Individual monitoring is normally required for persons who routinely work in areas that are 

designated as controlled areas because of the external radiation hazard. At such areas personnel 

should each be provided with an integrating dosimeter.  

In neutron – photon mixed field, doses 

from thermal, intermediate and high energy 

neutrons can be assessed by a system such 

as an albedo dosimeter. For high energy 

neutrons, however, the dose equivalent 

response of albedo dosimeters varies widely 

with energy, and other methods, such as 

solid state track detectors, are more suitable 

Albedo dosimetry is based on the 

detection of low energy neutrons (albedo 

neutrons) which emerge from the body of a 

person exposed to neutrons of various 

energies. In this study we used albedo 

dosemeters type Harshaw 8806. 

 

2. EXPERIMENTAL PART 

2.1. 8806 Dosimeter 

As the same for most Harshaw dosimeters, the 8806 Dosimeter Assemblies are composed of 

two parts: a TLD card and a holder.  The TLD card consists of four LiF: Mg, Ti chips mounted 

between two PTFE sheets on an aluminum substrate. The holder covers each TL element with its 

own unique filter. The specific TL materials and filters are described in Figure 1.Lithium, in its 

natural form, is approximately 92% 
7
Li and 8% 

6
Li. When is enriched with the 

7
Li isotope or the 

6
Li 

Figure 1: 8806 dosimeter. 
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isotope, it is referred to as TLD-700 (
6
Li=0.007% and 

7
Li=99.993%) or TLD-600 (

6
Li=95.62% and 

7
Li=4.38%) respectively. These elements respond identically to gamma and beta radiation, but 

respond differently to neutron radiation. The 
7
Li isotope has almost no cross-section for neutrons 

while the 
6
Li isotope has a high thermal neutron cross-section, responds to slow neutrons (0.025 eV 

to 0.6 MeV) by means of 
6
Li(n,α)D.  

With covering under the different filter, the contribution of thermal neutrons (below 0.5 eV) 

can be counted or eliminated because the Cd filter absorbs all the thermal neutrons below 0.5 eV, 

the Cd cutoff energy. 

2.2. Reader Thermo 4500 and WinREMs software 

The reading system consists of two 

majorcomponents:  the TLD Reader Thermo 4500 and 

the Windows Radiation Evaluation and Management 

System (WinREMS). WinREMS controls the 

operations of the Reader, including storing the 

operating parameters: Time Temperature Profiles 

(TTPs), Reader Calibration Factors (RCFs), and 

Element Correction Coefficients (ECCs).  

 where  is the average reported charge 

of a set of Calibration Dosimeters exposed to a known 

quantity of radiation L. 

 where Qi  is the charge that would 

have been reported by Field Dosimeter i at the time that 

 was generated. 

So the reading results TLi (unit gU) of chip i will 

be expressed as: 

 

These reading results will be the input of another 

software WinAl 8806, it gives us the last evaluation of 

photon deep dose, neutron deep dose and the total. 

2.3. WinAl 8806 

This software requires two initial setups: ASP (algorithm setup profile) and BSP (background 

setup profile). 

With ASP there are three options for 

neutron field as: moderated -
252

Cf; unmoderated 

– 
252

Cf; or unknown. When Moderated 
252

Cf or 

Unmoderated 
252

Cf are selected, there are built-

in factors that are applied to the algorithm. When 

Unknown is selected, additional fill-in 

information is needed, they are neutron 

calibration factor Knd and Kn4 (gU/mSv).  

 where  and  are 

average Net TL reading (background corrected) of 

chip 1 and 2 of 10 dosimeters irradiated with a 

Figure 2: Model 4500 Manual TLD. 
Reader 

Figure 3: ASP interface. 

Figure 4: BSP interface. 
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same neutron dose Dn (mSv.)  where  and  are average Net TL reading 

(background corrected) of chip 3 and 4 of 10 dosimeters irradiated with a same neutron dose Dn 

(mSv) 

When the Neutron Field is set to„Unknown’, both the Knd and Kn4 Fields are available, but 

they cannot both be used.  When enter a value in one of these fields then enter a zero in the other.  

Besides, in ASP we need to fill four other important fields, 
137

Cs relative response TCi. 

 where is the average Net TL reading (background corrected) of chip i of 5 

dosimeters irradiated  by 
137

Cs with a same gamma dose 

Dγ (mSv). 

With BSP: In four fields of Background residual, 

enter a fixed amount of background radiation in generic 

units for each of the four positions on the TL Card. The 

total background radiation is then subtracted from the 

measured values. In four fields of Background rate, 

enter a daily amount of background radiation in generic 

units for each of the four positions on the TL Card.  

After initial setup with ASP and BSP, we input 

reading data from WinREMS to WinAL 8806 

Calculation interface, then WinAl 8806 will calculate 

the latest doses as: photon deep dose Hp, neutron dose 

Hn and the total HΣ following the algorithm. 

2.4. Neutron personal dose evaluation procedure 

Step.1 Determining RCF 

Irradiate 60 fresh dosimeter cards by 
137

Cs in the air with a same dose 1mGy then read by 

Thermo 4500. Select 10 best response dosimeters (results of all 4 chips range from 0.95 to 1.05), 

these cards are called “golden cards”. Irradiate 10 golden cards again with a same dose 3mGy, their 

reading results will be used to calculate RCF and saved in WinREMS library. 

Step.2 Determining ECC 

Irradiate 50 fresh cards (not golden cards) by 
137

Cs in the air with a same dose 1mGy then 

read by Thermo 4500. Their results will be used to calculate ECC for every chip of these dosimeter 

group. 

Step.3 Determining 
137

Cs relative response 

Calibrate one TTP on the Reader in gU, using 137Cs 

Calibrate ten TLD Cards using the same source as above 

Clear the ten cards of all residual TL by annealing them twice in the Reader. 

The calibration lab should irradiate five of the dosimeters to a 137Cs source attached on a 

phantom with at least 2mSv. Read all ten cards, applying the RCFs and ECCs from in Steps 1 and 2. 

Average the results of each element position (in gU) for the five irradiated cards and the 

results of each element position for the five control cards. Subtract the averages of the control cards 

from the same positions of the irradiated cards. 

Step.4 Determining Knd or Kn4, unmoderated or moderated Cf
252

  neutron calibration factor 

for calculating neutron personal dose which depends on neutron shielded working place  

Figure 5: Calculation interface. 
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Figure 7: TLDs & phantom. 

The same as step 3 with replacement of 
137

Cs by neutron source.This source should be as 

similar as possible to the source of radiation expected in normal use, including geometry. Ideally 

the irradiation should be to the local source of radiation to which they are exposed in use. 

Step.5 Using established ASP, BSP and calculating neutron personal  dose 

2.5. Experiments for testing the Procedure for evaluation of neutron personal dose and 

the results 

In this study we setup 2 areas for experiment with 
252

Cf with different conditions of 

moderators. At each location we use ALOKA to measure neutron doserate to calculate  

 

 

 

 

 

 

 

 

 

 

Hn*(10) during the time we irradiate TLDs. Then the results of TLDs Hn(10) will be 

compared to these results. 

At Area 1 we setup 3 different locations with different neutron dose rate. At area 2 we setup 6 

experiments using 2 types of moderators as 5” and 8” High intensity Polyethylene ball. The distance 

from the source to the TLDs is 70cm. In case 5” ball, we have 5 tests with different time of 

irradiation (from 1 day to 5 days) to check the linearity of TLDs, with 8” ball irradiating period is 3 

days 

 

 

 

 

 

 

 

 

Results: 

N
0
 Area N

0 
Doserate by 

ALOKA (µSv/h) 

Moderator type H* 

(mSv) 

Hn 

(mSv) 

Hn* 

(10)/Hn 

1 

1 

15.4±0.855 2cm PE 0.37 0.116 3.22 

2 
11.3±0.776 

Plastic 20cm length 

with PE inside 

0.26 0.23 1.13 

3 
7.3 ±0.47 

Plastic 20cm length 

with PE inside 

0.062 0.057 1.09 

Figure 5: Experimental               

area 1 

Figure 6: Measuring with 

ALOKA 

Figure 8: Experimental area 

2 with TLDs and phantom. 

Figure 9: TLDs exposure on phantom ALOKA. 
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4 

2 

11.8±0.35 5” high intensity PE 0.283 0.196 1.44 

5 12.4±0.31 5” high intensity PE 0.595 0.447 1.34 

6 11.8±0.35 5” high intensity PE 0.850 0.616 1.38 

7 11.8±0.35 5” high intensity PE 1.133 0.787 1.44 

8 12.4±0.31 5” high intensity PE 1.488 1.150 1.30 

9 6.33±0.79 8” high intensity PE 0.456 0.485 0.94 

 

 

Figure 8: Relative line Hn*(10)/Hn(10). 

Base on this result table we create linearity line showing relative response of Hn(10) by 

Hn*(10) (for 5” PE moderator) as Figure 8. In most cases the ratios Hn*(10)/Hn(10) are from 0.94 to 

1.44 (see table above), Following ICRP 74 these ratios range from 0.82 to 1.01. So we conclude that 

we can use TLD 8806 and above procedure to estimate neutron personal dose for personnel 

working in environments containing slow neutron. In order to increase accuracy of this method and 

use it in reality we need calibration room with calibrated neutron spectrometer.  
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ABSTRACT:  The colloidal silver nanoparticles (AgNPs) solution with the AgNPs diameter of 10-15 nm was 

synthesized by gamma irradiation method using polyvinylpyrrolidone as stabilizer. Porous ceramic samples were 

functionalized by treatment with an aminosilan (AS) agent (3-aminopropyltriethoxysilane) and then impregnated 

in colloidal silver nanoparticles solution for fixing through coordination bonds between –NH2 groups of the 

aminosilan and the silver atoms. The AgNPs content attached in porous ceramic (AgNPs/PC) was of about 200-

250 mg/kg. The contents of silver release from AgNPs/PC into filtrated water by flowing test with the rate of 

about 5 litters/h were less than 10 g/L analyzed by neutron activation analysis method, it is satisfactory to the 

WHO guideline of 100 g/L for drinking water. The antimicrobial effect of AgNPs/PC for E. coli was carried 

out by flowing test with an inoculated initial contamination of E. coli in water of about 10
6
 CFU/100ml. Results 

showed that the contamination of E. coli in filtrated water through AgNPs/PC (up to 500 litters) was less than 1 

CFU/100ml compared to 2.510
4
 CFU/100ml for bare porous ceramic (only up to 60 litters). The antimicrobial 

effect of AgNPs/PC is in accordance with the TCVN 6096-2004 for bottled drinking water. Thus, AgNPs/PC 

with the silver content of 200-250 mg/kg and the specific surface area of 1.51 m
2
/g, average pore size of 48.2 Ǻ 

and pore volume of 1.8×10
-3

 cm
3
/g has highly antimicrobial effect that can be applied for point-of-use drinking 

water treatment. 

1. INTRODUCTION 

The presence of toxic metals and pathogenetic microbes in drinking water is a potential health 

risk. According to WHO, at least one billion people in the worldwide do not have access to clean, 

potable water sources [1]. Therefore, the development of innovative drinking water quality control 

strategies is of the utmost importance. Recently, considerable interest has arisen in the use of silver 

nanoparticles (AgNPs) based on gigantic high antimicrobial and biofouling improvement for water 

disinfection [2]. In particular, the formation of by-products into water by conventional treatment 

techniques and the increasing of resistance of some pathogens to conventional disinfectants have 

encouraged researchers to explore the antimicrobial activity of AgNPs [3]. The reliability and ease 

of operation of membrane-based water filtration systems such as polyurethane foam [4], 

polysulfone [5], paper [1], porous ceramic [6] have led to enlarging utilization for water treatment. 

Numerous investigations have been carried out on loading AgNPs with the functionalized polymer 

membrane as an effectively antimicrobial agent for water treatment [4]. Unfortunately, the AgNPs 

were commonly inert with polymer surfaces [7], so that silver releases into water filtrate with 

overdoses compared to permitted limit of standard at maximum of 0.1 mg/L, according to the EPA 

and WHO [8]. Several approaches were studied to improve on loading and holding abilities of 
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AgNPs onto polymer filters, mainly by using a binder, coupler and/or surface modification by 

appropriate agents containing functional groups which have affinity with AgNPs [6, 7]. In this 

study, the domestic commercialized porous ceramic product was used for fixing with AgNPs 

through coordination bonds between –NH2 groups and silver atoms by using an aminosilan as 

coupling agent. The silver content released from AgNPs/porous ceramic (AgNPs/PC) into filtrated 

water and the antimicrobial effect of AgNPs/PC were also investigated by flowing test. Owing to 

highly antimicrobial effect and acceptable level of silver content released in water, AgNPs/PC can 

be potentially further developed for point-of-use drinking water treatment. 

2. EPERIMENTAL 

2.1. Materials and chemicals. Silver nitrate (AgNO3) is pure grade product from China. 

Polyvinylpyrrolidone (PVP) K90 is a pharmaceutical grade product from BASF, Germany. 

Absolute ethanol (C2H5OH) is a product of Truong Thinh Company, Vietnam. Aminosilan namely 

3-aminopropyltriethoxysilane, NH2-C3H6-Si(OC2H5)3 is a product of Merck, Germany. Distilled 

water was used in all experiments. Porous ceramic with the specific surface area of 1.83 m
2
/g, the 

average pore size of 61.9 Ǻ and pore volume of 2.810
-3

 cm
3
/g supplied by a Ceramic Company, 

Hai Duong, Vietnam. The Luria-Bertani medium for bacteria incubation were purchased from 

Himedia, India. The Escherichia coli ATCC 6538 was provided by University of Medicine-

Pharmacy, Ho Chi Minh City. 

2.2. Methods 

2.2.1. Synthesis of colloidal silver nanoparticles (AgNPs) solution. PVP and ethanol (EtOH) 

were dissolved in distilled water to prepare solution with the concentration of 1% (w/v) for PVP and 

5% (v/v) for EtOH. Silver nitrate was then dissolved in the above prepared solution to obtain final 

formulation: 5 mM Ag
+
/1% PVP/5% EtOH/water to 100 ml. The gamma irradiation of Ag

+
 solution 

for the synthesis of AgNPs was carried out on a Co-60 irradiator with dose rate of about 1.2 kGy/h 

measured by the ethanol-chlorobenzene dosimetry system [9] at VINAGAMMA Center, Ho Chi 

Minh City. Absorption spectra of irradiated AgNPs solution were taken on an UV-Vis 

spectrophotometer model Jasco V-630, Japan. The size of the AgNPs was measured using a 

transmission electron microscope (TEM) model JEM 1010, JEOL, Japan.  

2.2.2. Treatment of porous ceramic with aminosilan. Porous ceramic samples of 

approximately 3.02.50.8 cm were treated in 10% sulfuric acid  at 60
o
C for 1 h, washed with 

water and dried at 110
o
C. Then the porous ceramic samples were impregnated in aminosilane (AS) 

of 2% (v/v) in EtOH solution with different time duration. The porous ceramic samples 

impregnated with AS were dried at room temperature and then heated at 110
o
C in an oven 

(Memmert, Germany) 2 h for silanol bonding functionalization between porous ceramic and AS. 

2.2.3. Impregnation of AS functionalized porous ceramic in AgNPs solution. The AS 

functionalized porous ceramic samples were further impregnated in AgNPs solution for 24 h, 

washed in ultrasonic bath for 15 min. and then by water for several times. Drying AgNPs/porous 

ceramic samples (AgNPs/PC) was performed in a forced air oven (DNF 410, Yamato, Japan) at 

80
o
C till to dry. The obtained porous ceramic samples were specified as antimicrobial AgNPs/PC. 

The content of AgNPs in porous ceramic was determined by atomic absortion spectroscopy (AAS) 

at the Center of Analytical Services and Expermentation Ho Chi Minh City. 

2.2.4. Determination of silver release from AgNPs/PC. The AgNPs/PC candles were 

connected to tap water with the flowing rate of ~5 litters/h up to 500 litters. The filterated water 

samples were collected for determination of the silver content by neutron activation analysis at the 

Nuclear Research Institute, Dalat. 
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2.2.5. Antimicrobial effect 

2.2.5.1. In vitro test. To examine the antimicrobial effect of  AgNPs/PC, 1 ml (~10
7
 CFU) of  

E. coli suspension was separately added to 99 ml LB medium in 3 conical flasks (250 ml). The 

cultures were shaken at 150 rpm for 20 min. at room temperature. Then 5 g of AgNPs/PC powder 

was introduced into one of the 3 tested flasks with the silver content of about 10 mg/L. The same 

weight of bare porous ceramic powder was added to the second flask, and the third flask was used 

as the blank control. All flasks were shaken at 150 rpm for 30 min., and then diluted tenfold in 

distilled water to 1×10
-5

 of initial concentration. 0.1 ml of each diluted solution was spread on LB 

agar plates, and incubated at 37
0
C for overnight (~16 h). The counts of bacterial colonies were the 

surviving numbers of E. coli [10]. 

2.2.5.2. Flowing test. The inlet water was inoculated with E. coli of about 10
6
 CFU/100ml. 

The antimicrobial effect of AgNPs/PC was investigated with the flowing rate of ~5 L/h. The output 

water samples passed through AgNPs/PC candles were collected up to 500 L for assessment of the 

E. coli contamination (CFU/100ml) at the Quality Assurance & Testing Center 3, Bien Hoa, Dong 

Nai based on TCVN-6187-1:2009. 

3. RESULTS AND DISCUSSION 

3.1. Synthesis of colloidal AgNPs solution 

Many methods for the synthesis of AgNPs with different stabilizers have been developed 

[11]. The method using ionizing radiation (gamma ray and electron beam) provides several 

advantages compared to other methods, such as: (1) the process is carried out at room temperature; 

(2) reducing agents occur fairly uniformly in the solution; (3) the reaction rate can be controlled by 

varying absorbed dose (irradiation time); (4) pure AgNPs can be produced without contamination of 

excessive reductant and Ag
+
 residue; (5) The particle size can be controlled by selection of initial 

Ag
+
 concentration; and (6) large scale production can be carried out at a comparatively reasonable 

cost [11]. The mechanism of the gamma Co-60 irradiation method was described by Belloni et al. 

[12]. Briefly, Ag
+
 ions were reduced by hydrated electron (e

-
aq) and hydrogen atom (H) which were 

generated by -radiolysis of aqueous solution as presented in Equation (1). 

H2O   ^^^ e
-
aq

, 
H, OH, H2O2, H2, H3O

+
   (1) 

The reduction reaction process can be written as follows: 

Ag
+
 + e

-
aq  Ag

0
      (2) 

Ag
+
 + H  Ag

0
 + H

+
    (3) 

Ag
0
 + Ag

+
  Ag

+
2      (4) 

Ag
+

2 + e
-
aq (H

)     Ag
0

2   Ag
+

n  Ag
0

n                        (5) 

The hydroxyl radical (OH) reacts with alcohol (e.g. methanol, ethanol, isopropanol...) 

yielding hydroxyalkyl radical which is able to reduce Ag
+
 ions absorbed on clusters to Ag

0
 [11,13]. 

Fig. 1 showed the effect of dose on optical density (OD) and the maximum wavelength (max) 

at saturated conversion dose. It’s can be observed from Fig. 1 that the conversion dose (Ag
+
  Ag

0
) 

is of 15 - 20 kGy and max ~ 400 nm. 
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Figure 1:  The values of OD with doses and spectrum of AgNPs. 

TEM image and particles size distribution AgNPs typically for the silver concentration of 5 

mM stabilized with 1% PVP K90 were presented in Fig. 2. The average AgNPs size was of 9.5  

0.8 nm. According to results reported by Phu et al. (2010) the AgNPs size ~10 nm exhibited highly 

antimicrobial activity with the efficiency of 99.99% at 5 ppm of AgNPs content [14]. 

 
Figure 2:  TEM image and AgNPs size distribution. 

The pilot test production of AgNPs by -irradiation method has been developed for 100 

L/batch using plastic container (can) of 25 L for irradiation. The obtained results were presented in 

Table 1. 

Table 1: Characteristics of AgNPs of pilot production                                                                                                 

(25 L/can, 5mM Ag
+
/1% PVP/5% EtOH). 

No. Dose, kGy max, nm OD d, nm 

Can 1 16.5 397.5 0.98  0.20 13.7  0.7 

Can 2 18.1 399.2 1.02  0.20 14.6  0.6 

Can 3 20.3 401.0 1.06  0.19 12.9  0.7 

The prepared AgNPs with diameter of 10-15nm and the silver concentration of 500 mg/L of 

pilot scale production will be used for fixing experiments in porous ceramic. 

3.2. Optimization of treatment time of porous ceramic with AS 

Table 2: Effect of AS treatment time on silver content                                                                                                   

in AgNPs/PC samples (3.0×2.5×0.8 cm). 

AS treatment time, min. 30 60 90 120 150 180 

Ag content in PC, mg/kg 200 205 228 226 222 231 
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Results in Table 2 indicated that the optimal treatment time of porous ceramic with AS was of 

90 - 120 min. and AgNPs content fixing in PC was of 226-228 mg/kg. Table 3 showed the AgNPs 

content, particularly of 227.3  15.2 mg/kg fixed in PC candle product. 

Table 3: The AgNPs content in PC product                                                                                                                  

(L: 20 cm, D: 4 cm and thickness: 0.8 cm) 

AS treatment time, min. 120 120 120 

Ag content in PC, mg/kg 226 234 222 

 

Thus, AgNPs fixed in PC candle (AgNPs/PC candle) through coordination bonds between –

NH2 groups of the aminosilan and the silver atoms have been prepared for further investigation of 

silver release and antimicrobial effect by flowing test. Lv et al. [6] also studied to fix AgNPs in PC 

for water treatment, but they only prepared samples of 1×1×0.5 cm. They did not used commercial 

PC products so that to restrict the development for the practical application purpose. 

3.3. Content of silver release from AgNPs/PC candles into filtrated water 

Table 4: Result of silver content in the filtrated water released from AgNPs/PC candle. 

Volume of filtrated water, L 20 40 80 100 200 300 400 500 

Ag content, g/L  9.04 7.49 4.12 2.66 0.64 0.66 0.34 0.92 

Results in Table 4 proved that the contents of the silver releasing from AgNPs/PC candle in 

the filtrated water by flowing test with the rate of ~5 L/h was less than 10 g/L determined by 

neutron activation analysis method at Dalat nuclear reactor. The contents are far below the WHO 

guideline of 100 g/L silver in drinking water [8,15]. Oyanedel-Craver et al. (2008) [16] and Van 

Halem et al. (2009) [15] also studied of silver-impregnated porous ceramic pot filter for low-cost 

household drinking water treatment. However they did not used coupling agent like aminosilane to 

fix AgNPs to the ceramic wall, therefore silver was easily leaching from the pot and the 

antimicrobial effect should be decreased with the filtration time. Thus, it was recommended that the 

life time of the silver-impregnated porous ceramic pot filter without coupling agent was of 1-2 years 

[15], but the risk of over dose of silver release into water had not been reported. 

3.4. Antimicrobial effect 

3.4.1. In vitro test 

 

Figure 3: E. coli colonies forming on LB agar from 0.1 ml (1 × 10
-3

 diluted solutions):                                                                                                    

(A) control sample, (B) blank PC, and (C) AgNPs/PC. 

The surviving number of E. coli in the tested medium was of 3.3510
6
; 3.3310

6
 and 

2.7510
5
 CFU/ml for control, blank PC and AgNPs/PC samples, respectively as shown in Fig. 3. 
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The in vitro test results indicated that AgNPs/PC has antimicrobial effect against E. coli as reported 

by Lv et al. [6]. 

3.4.2. Flowing test 

Table 5: The counts of E. coli in filtrated water by flowing test though AgNPs/PC candle. 

Volume of filtrated water, L 10 20 40 160 260 300 400 500 

E. coli, CFU/100ml  < 1 <1 <1 <1 <1 <1 <1 <1 

Result in Table 5 indicated that the water filtrated though AgNPs/PC candle up to 500 L did 

not contaminated of E. coli (< 1 CFU/100 ml) that is acceptable in accordance to TCVN 6096- 2004 

for bottled drinking water [17], in comparison to 2.510
4
 CFU/100 ml (only up to 60 L) for blank 

PC.  

 
Figure 4:  The outside appearance of blank and AgNPs/PC                                                                       

candle after using in water flowing test. 

Figure. 4 showed that the outside of the AgNPs/PC candle had almost no growth of 

microorganisms compared to the blank (bare) one. This observation confirmed again the highly 

antimicrobial property of the AgNPs/PC candle. 

Among the water treatment materials, ceramic filters (disk, candle and pot) proved to be one 

of the best treatment options for reducing bacteria by more than 99% [18]. And according to Sui 

and Huang (2003) the porous ceramic candle filter can be used to filtrate more than 50 M
3
 of 

drinking water [19]. Therefore, the AgNPs/PC candle prepared in this study using AS as coupling 

agent to fix AgNPs to the wall of ceramic with highly antimicrobial effect is promising to apply for 

point-of-use drinking water treatment. 

4. CONCLUSIONS 

The colloidal AgNPs solution with the particles size of 10 - 15 nm and the AgNPs 

concentration of 500 mg/L was synthesized by - irradiation method. Pilot scale production of 100 

L/batch (4 plastic can of 25 L) was also developed. AgNPs fixing in porous ceramic through 

coordination bonds between –NH2 groups of aminosilane and silver atoms was performed. Results 

of flowing test with the rate of ~5 L/h on silver release and antimicrobial effect for E. coli indicated 

that the silver content in filtrated water was less than 10 g/L, and it is far below the WHO 

guideline of 100 g/L and the contamination of E. coli was in good accordance to TCVN 6069-

2004 (<1 CFU/100ml) in drinking water. The AgNPs/PC candle with the silver content of 200 - 250 

mg/kg and the specific surface area of 1.51 m
2
/g, the average pore size of 48.2 Ǻ and the pore 

volume of 1.8×10
-3

 cm
3
/g has highly antimicrobial effect that can be applied for point-of-use 

drinking water treatment. 
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ABSTRACT: Different poly (L-lactic acid) (PLLA) have been synthesized from L-lactic acid as well as L-lactide 

by direct polycondensation and ring opening polymerization. Depending on reaction time, the resulting products 

having viscosity average molecular weight ranging from 5 to 25,000 g.mol-1. Plasticization effects of some 

popular plasticizer, especially is polyethylene glycols (PEG) for the synthesized PLLA were determined. The 

results suggested that PEG 1000 is a good plasticizer with relative high plasticization effect. The crosslinking 

plasticized materials were prepared form the plasticized PLLA by irradiation with various radiation doses. The 

crosslinking structures were introduced in different formulation of PLLA/PEG/TAIC, the crosslinking density 

increased with radiation dose and seemed to be saturated at 50 kGy. The stable crosslinking structure inhibited 

the mobility for crystallization of PLLA chains, thermal stability of plasticized PLLA crosslinked with TAIC at 

50 kGy become higher than that of initial PLLA with very small endothermic peak at its melting temperature. 

The stress-strain curves of the crosslinking plasticized PLLA showed that the toughness of the materials reduced 

but still higher than that of initial PLLA, whereas its  tensile strength was much improved by radiation 

crosslinking. The results also revealed that the crosslinking plasticized PLLA can be completely degraded by 

proteinase K as well as microorganisms existing in compost. 
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1. INTRODUCTION 

Poly (L-lactic acid) is the thermoplastic polymer with properties similar to poly(ethylene 

phthalate), and high performance like polypropylene (PP) has been intensively studied for many 

applications [1-3]. In industrial production, PLLA is usually produced by polycondensation or ring 

opening polymerization of L-lactic acid or L-lactide, which are obtained from renewable resources. 

These advantages made them become one of the most promising candidates replacing for non-

biodegradable synthetic polymers. However, the application of PLLA is still limited in industry due 

to its heat stability is not high enough for processing in large scale. Many different methods have 

been applied to improve not only its thermal stability but also its other properties such as 

copolymerization, blending with other monomers or polymers having high thermal stability, 

stereocomplexation between L-and D-enantiomers, annealing treatment, plasticization, crosslinking 

[4].  

In the past decades, chemical crosslinking of PLLA with some crosslinkers has been studied, 

but this technique was not much applied due to its low effectiveness and difficulties in removal of 

residual chemical additives [5]. Recently, radiation processing has been proved as a potential tool 

with high efficiency and environmental friendliness. Ionizing radiation can be used as an initiation 

agent replacing for chemical initiators in polymerization of some monomers. Radiation degradation 

is applied to prepare shorter segments that keeping the same nature of origin for application 

requirements. Radiation crosslinking and radiation grafting are also applied to create new materials 

with improved properties [6-9]. The crosslinking structure has been introduced into PLA matrix 

during irradiation and the crosslinking densities can be significantly increased by addition of 

suitable crosslinkers. Among popular crosslinkers that commonly used in industry, triallyl 

isocyanurate (TAIC) is a multifunctional monomers have been known as an effective crosslinking 

agent not only for PLLA, but also for PDLA and PLA stereocomplexes. The results also revealed 

that TAIC of 3 wt % is enough for preparation of the crosslinked PLA materials with high 

crosslinking density [10].  

Study on radiation processing for PLLA/TAIC blends, Jin et al reported that the crosslinking 

network between PLLA and TAIC has been formed during gamma irradiation at the sterilization 

dose of 25 kGy [11]. With double bonds in molecular structure, TAIC can be easily converted into 

motive free radicals and then the crosslinking points with PLLA chains during irradiation. 

Therefore, the TAIC with a ratio of 3 wt% was selected as the suitable crosslinker for PLLA in the 

present study. As reported from literatures, the stability of radiation induced crosslinking PLA 

materials was also remarkably improved, but the crosslinked materials become more brittle, does 

not meet applications requiring high flexibility [4].  

Study on plasticization of PLLA, it has been found that the addition of plasticizers such as 

lactide oligomer, glycerol triacetate, polyethylene glycol (PEG),  especially polyethylene glycol 

molecular weight from 600-8000 g.mol
-1

 can significantly increase the toughness and flexibility of 

PLLA [12]. In order to create the material having the high heat resistance and improved mechanical 

properties from PLLA, the present study was tried to synthesize some PLLA with intermediate 

molecular weight and low degree of crystallization for preparation of the crosslinking materials. 

PLLA was plasticized with PEG 1000 before gamma irradiation and the thermal stabilities, 

mechanical properties and biodegradability of the crosslinking plasticized PLLA were investigated 

with PEG content and radiation dose. 

2. EXPERIMENTAL 

2.1. Materials 

- L-lactic acid (90%), L-lactide (98%) were purchased from Guangdong Xilong Chemical 

Co. Ltd., China and Tokyo Chemical Industry Co. Ltd., (TCI), Japan, respectively. PLLA with 
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number average molecular weight of about 148,000 g.mol
-1

 and polydispersity index of 1.47 was 

bought from NatureWorks, Malaysia. 

- Stannous octanoate Sn(Oct)2, SnCl2.2H2O, p-toluene sulfonic acid (p-TSA); glycerol 

triacetate, PEG, Tris-HCl, proteinase K (80% protein, catalytic activity 26 units per mg) were 

purchased from Wako Pure Chemical Industries., Ltd. and TAIC from TCI, Japan. 

2.2. Methods 

2.2.1. Synthesis of PLLA 

Polycondensation and ring opening polymerization have been applied to prepare different 

PLLA products. In dehydration polycondensation: 200 mL L-lactic acid 90% was loaded into a 3 

neck round bottom flask of 500 mL volume, equipped by a thermometer and a heating controller. 

The reaction flask was immersed in an oil batch, then connected to a condenser, dropping funnel, 

then heated to 150C in hot plate with magnetic stirrer for primary dehydration. After 2 hours, the 

system is connected to manometer and vacuum pump, and the pressure was reduced to 13.3 kPa for 

other 2 hours, then to 4 kPa for 4 hours during second dehydration. Product was cooled and 

catalytic mixture composed of 1 g SnCl2.2H2O and 0.8 g of TSA was added for polymerization by 

heating to about 180C and gradually reduction of the inside pressure to 1.3 kPa. After 

predetermined periods, the system was rapidly cooled to stop the reaction. Resulting products were 

dissolved in chloroform, precipitated and re-precipitated in excess diethyl ether, filtered and dried to 

constant mass at 40C under vacuum to obtain PLLA. 

For ring opening polymerization (ROP): 0.1 mol purified L-lactide and 0.02 to 0.1 mmol 

dried Sn(Oct)2 was added in to reaction flask of 250 mL volume containing 70 mL of xylene. The 

reactor was put on the heating bath with controller, connected to a reflux condenser, nitrogen 

bombs, and then heated to 140C during bubbling with nitrogen gas to prevent moisture. After 

certain reaction times, the system was cooled. The resulting products were concentrated, 

precipitated in excess diethyl ether and dried to constant mass as mentioned above. Chemical 

structure of the typical synthesized PLLA was analyzed by proton magnetic resonance (
1
H-NMR), 

Furrier transform infra red (FT-IR). And the viscosity average molecular weight of synthesized 

PLLA was determined by the viscosity method. 

2.2.2. Preparation of the crosslinking plasticized PLLA sheets 

Plasticization effects of some plasticizers for PLLA were determined by viscosity of mixture 

of PLLA and plasticizer. The plasticizer having high plasticization effect was selected and the 

plasticized PLLA sheets of 150×150×0.5 mm in dimension with and without 3% TAIC were 

prepared by hot and cold press method. After that, the crosslinking plasticized PLLA were formed 

by gamma irradiation with radiation doses ranging from 10 to 100 kGy. Crosslinking densities 

obtained in the crosslinking PLLA sheets were measured by gel fraction in chloroform according to 

the following equation: 

Gel fraction (%) = (Wg/W0)  100      (1) 

where W0 is weight (dry) of the crosslinked PLLA, Wg is the weight remaining (dry gel 

component) of the crosslinked film after dissolved in chloroform at RT for 24 h. 

2.2.3. Characterization of the crosslinking plasticized PLLA 

About 5 mg of PLLA was put in the aluminum pan, sealed and set in the sample holder of a 

differential scanning calorimeter (DSC). The sample was heated from room temperature to 200C 

in air, then cooled with the same heating and cooling rate of 10C per min. Melting point (Tm), glass 

transition temperature (Tg) and enthalpy of melting (Hm) of each sample from DSC thermogram. 

And its degree of crystallization was calculated as follow: 

c (%) = 100       (2) 
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where Hcc and Hm are enthalpies of melting and crystallization, respectively. Heat of fusion 

of PLLA crystal (Hf) is 135 J.g
-1

 as determined by Miyata and Masuko [13]. 

PLLA sheets were cut into dumbbell samples of Type V according to ASTM D 638. 

Mechanical properties of PLLA samples were measured using a tensile with a 10 kN load, 5 

mm.min
-1

 in crosshead rate. Stress-strain curve was recorded with time at room temperature and the 

mechanical properties were determined by the film thickness. At least 3 samples were tested for 

each material. 

2.2.4. Biodegradation tests 

Enzymatic degradation of PLLA was determined as reported by Reeve et al [14]. In briefly, 

dried PLLA was immersed in vials containing 10 mL Tris-HCl buffer (pH 8.6) and 2.0 mg of 

proteinase K at 37°C in a shaking incubator. After predetermined periods of incubation, the PLLA 

sheet was taken out and washed with distilled water, methanol and dried to a constant weight at 

60C in vacuum. Biodegradation was evaluated by measuring the percentage of weight loss as 

follow:  

Wloss (%) = 100 × (Wb - Wa) / Wb      (3) 

where Wloss is weight loss in percentage caused by proteinase K, Wb and Wa is the sample 

weight before and after degradation. Data are average values from at least 3 measurements. 

3. RESULTS AND DISCUSSIONS 

3.1. The chemical structure and molecular properties of synthetic PLLA 

 

IR and 
1
H-NMR spectra of typical 

synthesized PLLA are presented in Figure 1. It 

can be found that absorption bands at wavelength 

number of 1750 and 3292 cm
-1

, indicated the 

presence of H of C=O and OH groups 

representative for PLLA molecules (1a), while 

the resonant peaks at chemical shift around 1.6 

and 5.2 ppm corresponding to the protons of 

methyl (-CH3) and methine (-CH) groups in 

PLLA can be observed from its 
1
H-NMR (1b). 

The signal at 4.3 ppm, corresponding to 

methylene (-CH2) group was also observed in the 

Figure 1b, suggested that the synthesized PLLA 

were shorter than the commercial products, 

because CH2O is end groups in PLLA molecules.  

Figure 1: FT-IR and 
1
H-NMR spectra of the typical synthesized PLLA. 

b 

Figure 2: Viscosity averae molecular weight of 

resulting PLLA with reaction time. 
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Figure 2 shows dependence of viscosity average molecular weight of the synthesized PLLA 

prepared with ROP. Molecular weight of synthesized PLLA increased with reaction time to about 

25000 g.mol
-1

 after 24 hrs, then slightly reduced. Molecular weight of PLLA may be increased by 

applying the further steps for removal almost moisture during ROP, such as radical polymerization 

in vacuum [15].  

3.2. Radiation induced crosslinking plasticized PLLA 

Table 1: Solution viscosity of PLLA mixtures. 

Formulates 
Solution viscosity (cP) 

PLLA R24
a 

PLLA ROP24
b 

PLLA NW
c 

Neat PLLA 4.78 14.23 21.34 

PLLA/TAIC (3% wt) 4.25 12.25 20.85 

PLLA/TAIC + Glycerol 5.37 14.56 21.47 

TAIC/TAIC + Glycerol triacetate 5.76 14.89 21.71 

TAIC + PEG 1000 5.98 15.06 21.98 

TAIC + PEG 8000 6.03 14.74 21.63 

a, b, c
 PLLA obtained after 24 hrs reaction of polycondensation, ROP and commercial products 

Table 1 shows solution viscosities of polymer formulates. It can be found that the  viscosity 

decreased with adding of the crosslinker, then recovered by the presence of plasticizers. The data 

also revealed that PEG 1000 is the best plasticizer for PLLA with relative high effect of 

plasticization. Studies on the crosslinked PLLA, other authors have reported that the optimal 

distance between two neighbor crosslinking points is around 1000 Da. Therefore, PEG 1000 has 

been selected as an appropriate plasticizer for preparation of the crosslinking plasticized PLLA 

sheets. 

Table 2:  Dependence of absorbed doses with irradiation times. 

Irradiated samples Intended dose 

(kGy) 

Radiation time 

(h) 

Measured dose 

(kGy)
 

PLLAx-10 10 33.9 10.05 

PLLAx-20 20 67.8 20.02 

PLLAx-30 30 101.7 30.67 

PLLAx-50 50 169.5 49.92 

PLLAx-100 100 339.0 100.33 

After irradiation, absorbed doses were measured and reported as average values form 

dosimeters and the data are presented in Table 2. It is obviously that, the absorbed doses were 

similar to the intended doses due to small size of the irradiated samples, so that the intended doses 

were used in all reports for comparison. 
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Gel fraction, namely is crosslinking density formed in the crosslinking plasticized material 

was depended on radiation doses as presented in Figure 3. Except neat PLLA and plasticized PLLA 

without crosslinker, a significant insoluble gels were observed in all PLLA formulation containing 

TAIC irradiated with dose higher than 20 kGy due to the crosslinking networks have been formed, 

even though the lower fractions were formed in the PLLA containing PEG higher than 8 wt%. With 

PEG of 5 wt %, the gel started to form by gamma irradiation and rapidly increased with radiation 

dose to over 85 % at dose of 50 kGy and seemed to level off with further increasing of dose up to 

100 kGy. This result demonstrated PEG of about 5 wt% and radiation dose of 50 kGy are the 

optimal conditions to introduce the crosslinking network into the plasticized PLLA matrix. 

Figure 4 shows the DSC thermograms of different plasticized PLLA and the crosslinking 

plasticized PLLA samples. Plasticization effect much enhanced the mobility for crystallization of 

PLLA chains (4a). As the results, their glass transition, cold crystallization, melting temperatures 

decreased. By radiation crosslinking, the crosslinking structure introduced in the plasticized PLLA 

made it become more stable with heating. The higher the radiation dose, the lower crystallization 

degree, and the PLLA crosslinked at 100 kGy showed no crystallization and small melting peak, 

suggested that the crosslinking networks inhibited the mobility for crystallization of the crosslinking 

PLLA. This result is entirely suitable with our previous studies on the thermal properties of the 

radiation induced crosslinking PLA [10]. 

 

 

Figure 3: Gel fraction of the crosslinking plasticized PLLA with radiation dose. 
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Stress-strain curves of the plasticized PLLA containing TAIC and various amounts of PEG 

crosslinked at 50 kGy, and PLLA/5%PEG irradiated with different radiation doses were presented 

in Figure 6. The results one again proved that PEG is a good plasticizer for PLLA. The extension of 

the plasticized PLLA, which is irradiated at 50 kGy was much increased, but its tensile strength 

decreased with PEG amount (5a). Tensile strength of the crosslinking material of PLLA/5%PEG 

can improve more with radiation dose of 100 kGy, even the material become more brittle and break 

at a low extension (5b). Therefore, radiation dose of 50 kGy is enough for preventing the 

crosslinking plasticized PLLA brittle back while improving the tensile strength in compared to 

initial PLLA. 

Biodegradabilities of different PLLA samples were investigated in the presence of PLA 

degrading enzymes. Figure 6 shows the weight loss of some PLLA samples during incubation with 

proteinase K. The weights of PLLA samples were much reduced by attack of proteinase K. The 

weight loss of all PLLA samples increased with incubation time. In the same conditions, weight 

loss of each PLLA sample was accelerated by irradiation and plasticization, may be due to the 

gamma irradiation at 50 kGy can break PLLA backbone, facilitating the attack of enzyme as well as 

microorganisms to the polymer. During incubation, the PEG can migrate to the sample surface, 

even to surrounding environment resulting in unstable material. However, the tight crosslinking 

network formed in the crosslinking plasticized PLLA prevented the attack of proteinase K as 

indicated by its weight loss. 

4. CONCLUSION 

PLLA with viscosity average 

molecular weight to 25,000 g.mol
-1

 have 

been prepared from L-lactide by ring 

opening polymerization. Chemical structure 

of synthesized PLLA was similar to 

commercial PLLA as indicated by its FT-IR 

and 
1
H-NMR spectra. Among plasticizers, 

PEG 1000 was selected for preparation of 

the crosslinking plasticized PLLA sheets 

due to its high effect of plasticization. 

The crosslinking network was 

introduced into the plasticized PLLA with 

TAIC during irradiation and the gel fraction 

of the crosslinking samples increased with 
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radiation dose. PEG of 5 wt% and radiation dose of 50 kGy are considered to be optimal condition 

to prepare the crosslinking plasticized material with crosslinking density of about 85 %. Mechanical 

properties of the crosslinking plasticized PLLA were also improved. PLLA plasticized with 5% 

PEG, followed crosslinked at 50 kGy having an improved tensile strength and an extension higher 

than that of initial PLLA. 

Plasticization and irradiation treatments accelerated degradation of PLLA by both proteinase 

K and microorganisms that can  exist in compost, but radiation induced crosslinking much reduced 

biodegradation for PLLA in contrary. All PLLA samples were biodegraded. PLLA based materials 

can be completely degraded by proteinase K and the degradation occurred not only on the surface 

but also in bulk of PLLA. 
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ABSTRACT: Low molecular weight β-glucan (LMWβG) and oligoβ-glucan solution were prepared by the 

hydrothermal steaming combination with -irradiation method. The efficiency of the degradation process was 

demonstrated by gel permeation chromatography (GPC) analysis of the average molecular weight (Mw) of β-

glucan. Results showed that the Mw decreased with increasing steaming time, concentration of H2O2 and doses. 

For LMWβG, Mw reduces from 296,600 Da to 44,400 Da when concentration of H2O2 raises from 2.5% to 10% 

and for oligoβ-glucan Mw reduces to 7,100 Da at 16 kGy. Tilapia fish was fed with LMWβ and oligoβ-glucan  

of 100 ppm for  45 days, was challenged with Strep. Agalactidae bacterial to investigate immune stimulation. 

The results indicated that oligoβ-glucan has higher immune stimulation effect compared to LMWβG. The effect 

of  oligoβ-glucan various concentrations of 50, 100, and 150 ppm was investigated. Results showed that survival 

rate was the highest for oligoβ-glucan of 150 ppm. 

Keywords: Low molecular weight β-glucan, oligoβ-glucan, immune stimulation, gamma irradiation. 

I. INTRODUCTION 

Immunostimulants are widely used in farms for health management. Fish treated with 

immunostimulants usually show enhanced protection against various pathogens. This increased 

protection to infectious diseases is not by enhancing  specific immune response but by enhancing 

non-specific cellualar and humoral defense mechanisms. Yeast β-1,3 glucan has been shown to 

enhance the disease resistance against several major bacterial pathogens including Vibrio 

anguillarum, Vibrio salmonica, Yersinia ruckeri, Edwardsiella tarda and Aeromonas hydrophila in 

several fish species such as carp Cyprinus carpio [1], Atlantic salmon Salmo salar [2], yellowtail 

Seriola quinqueradiata [3], rainbow trout Oncorhynchus mykiss [4], brook trout Salvelinus fontinail 

[5], and Afican catfish Clarius gariepinus [6]. 

Immunostimulant and immunomodulators comprise a group of biological and synthetic 

compounds that enhance the nonspecific cellular and humoral defense mechanisms in mammals. 

These susstance, such as levamiso, β-glucan, peptidoglycan, chitin, β-glucan yeast and vitamin 

combinations as well as various products derived from plants and animals are effective in 

preventing disease [7,8]. Most of the research on immunostimulants has been focused on the 

treatment of tumor in human and aniamal [9]. The basic for this approach in tumor therapy is the 

fact that natural or synthetic immunostimulants active macrophages, neutrophils, natural ability to 

destroy tumor increase resistance to viral, bacterial and fungal infection [10,11]. 

β-glucans are polysaccharides of D-glucose monomers linked by β-glycosidic bonds.             

β-glucans are a diverse group of molecules that can vary with respect to molecular mass, solubility, 

viscosity, and three-dimensional configuration. They occur most commonly as cellulose in plants, 

the bran of cereal grains, the cell wall of baker's yeast, certain fungi, mushrooms and bacteria. Some 

forms of beta glucans are useful in human nutrition as texturing agents and as soluble fiber 
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supplements, but can be problematic in the process of brewing... Yeast and medicinal mushroom 

derived β-glucans are notable for their ability to modulate the immune system. One study has 

shown that insoluble (1,3/1,6) β-glucan, has greater biological activity than that of its soluble 

(1,3/1,4) β-glucan counterparts. The differences between β-glucan linkages and chemical structure 

are significant in regards to solubility, mode of action, and overall biological activity. In 

aquaculture, β-glucan was used as an immunostimulant to protect salmonid against bacterial disease 

[12,13]. The aim of this work was to prepare LMWβ, oligo β-glucan solution and to investigate 

thier effect on the immune stimulation agianst Strep.agalactide of talipia under field conditions. 

II. EXPERIMENTAL 

1. Chemicals. Spent brewer’s yeast sulury (a train of Saccharomyces uvarum), a by-product 

from the Sai Gon brewery. Hydrogen peroxide (H2O2),  pure water from Merck, Germany, Tilapia 

fishs were brought from a fish farm in Binh Duong province. Strep. Agalactidae bacterial was 

isolated from diseased fish collected from local fish farm in Dong Thap province. Nutrient broth 

and nutrient agar from India. 

2. Method 

Prepared β-glucan: β-glucan was isolated from spent brewer’s yeast sulury (Saccharomyces 

uvarum) and characterized following published method of M. Suphantharika et al [14]. β-glucan 

was prepared by a single step alkaline extraction of brewer’s yeast cell walls obtained from 

autolysis of yeast cells. The optimum extraction conditions were at a temperature of 90
0
C for using 

1 N NaOH with sample to alkaline solution ratio of 1:5 (w/v). Products obtained contained ≈ 51% 

(w/v) β-glucan. 

Preparation of LMWβG solution: Beta glucan powder was swollen in H2O2 with 1:6 ratio in a 

various H2O2 concentrations: 2.5 5, 7.5 and 10%. Then, the samples were hydrothermal steamed in 

30 minutes at a temperature of 125
0
C and 1.3 atm.  

Preparation of oligoβ-glucan solution: The LMWβ solution was added hydrogen peroxide in 

concentrations ranging from 0.5% to 5%, then ones were hydrothermal steamed survival rate  in 30 

minutes at a temperature of 125
0
C and 1.3 atm or solutions were irradiated on the gamma Co-60 

irradiator STSVCo-60/B (Hungary), dose rate ~1.2 kGy/h at VINAGAMMA Center (HCM City) 

with dose from 0 kGy to 16 kGy. 

Determine the molecular weight: The Mw of β-glucan was measured by LC-20AB, gel 

permeation chromatography (GPC) with detector RID-10A, Shimadzu, and the columns 

ultrahydrogel model 250 and 500 from Waters (USA). The standards for calibration of the columns 

were pullulan. The eluent was aqueous H2O with the flow rate of 1 ml min
-1

 and temperature at 40 
o
C. The β-glucan sample concentration was 0.3% (w/v).  

Investigated the immune stimulation of LMWβG and oligoβ-glucan on tilapia: Tilapia fish 

was fed with LMWβG and oligoβ-glucan of 100 ppm for  45 days, was challenged with Strep. 

Agalactidae bacteria to investigate immune stimulation. Morality was recorded daily up to 21 days 

and relative percentage survival was caculated. 

Investigated the immune stimulation of oligoβ-glucan with different concentrations on tilapia: 

Tilapia fish was fed with oligoβ-glucan of 50, 100 and 150 ppm for  45 days, was challenged with 

Strep. Agalactidae bacteria to investigate immune stimulation. Morality was recorded daily up to 21 

days and relative percentage survival was caculated. 

III. RESULTS AND DISCUSSION 

1. Effect of H2O2 concentration on the degradation of β-glucan powder 
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β-glucan powder was swollen in H2O2 

solution in the ratio 1:6 (w/v) at various 

concentration of H2O2. The samples was 

steamed hydrothermal in 30 minutes at 125
0
C 

and 1,3 atm to prepare LWMβG. The result 

of molecular weights (Mw) in Fig.1 indicated 

that the molecular weights of β-glucan 

solution after steaming decreased with 

increasing concentration of H2O2. Molecular 

weight of LMWβG reduces from 296,630 Da 

to 44,427 Da when H2O2 concentration raises 

from 0% to 10%. 

 

 

 

Table 1: Mw, Mn and  polydispersity index (PI, PI = Mw/Mn)                                                                           

of β-glucan solution after steaming. 

H2O2 concentration  (%) 0 2.5 5.0 7.5 10.0 

Mw 296,600 141,600 81,600 58,000 44,400 

Mn 114,100 71,000 44,700 34,100 26,900 

PI 2.60 1.99 1.83 1.70 1.65 

Results in table 1 indicated that as the concentration of H2O2 increased the PI decreased from 

2.60 to smaller values (~1.65). Molecular weight decreases rapidly when the concentration of H2O2 

increased from 2% to 4% and then slightly decreased with increasing concentrations up to 10%. The 

results showed that the optimal concentration of H2O2 used to degrade β-glucan  is in the range of 5 

-7%. 

2. Effect the ratio of H2O2 solution to β-glucan on the degradation of β-glucan powder  

30

40

50

60

70

80

90

100

0 2 4 6 8 10

 
 

Figure 2: Reductions molecular weight of β-glucan  with increase                                                                 

the ratio of H2O2 solution to β-glucan powder. 

Effects the ratio of H2O2 solution to β-glucan on the degradation of β-glucan powder were 

shown in Fig 2. Results show that the ratio of H2O2 solution to β-glucan significant influence on 
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H2O2:betaglucan from 2:1 to 6:1 and then decreased slightly when increasing the ratio to 10:1. The 

reason is to increase the rate of H2O2: betaglucan increased the amount of 
.
OH radicals which are 

powerful oxidative agent and reduced the viscosity of the solution so that 
.
OH radicals easy to 

move. 

Table 2: Value of Mw, Mn and  polydispersity index                                                                                                

(PI, PI = Mw/Mn) of  degraded β-glucans. 

The ratio of H2O2 solution to β-

glucan powder (v/w) 

2 4 6 8 10 

Mw 93,900 73,200 56,700 50,100 47,900 

Mn 58,000 42,600 35,100 27,600 26,700 

PI 1.619 1.717 1.614 1.817 1.790 

Changes of Mw and polydispersity index of β-glucans solution obtained from degrading β-

glucan by hydrothermal steaming with H2O2 were also shown in Table 2. It is obvious from the 

results in Table 2 that optimal ratio of (H2O2 solution/betaglucan powder) used to degrade the beta 

glucan is 6:1.  

3. Effect the steaming time to degradation of β-glucan powder 

Table 3: Value of  Mw, Mn and  polydispersity index (PI) of  degraded β-glucan 

Steaming Time (minutes) 15 30 60 

Mw 75,500 56,700 54,600 

Mn 43,000 35,100 33,700 

PI 1.710 1.614 1.620 

Results in Table 3 indicated that as the steaming time increased the Mw decreased from 

75,500 Da to smaller values (56,700 Da). However, when the steaming time increased to 60 

minutes, the molecular weight change was negligible. From the results of Table 1, 2 and 3, it can be 

concluded that the optimal conditions for the preparation of LMWβG is that β-glucan powder was 

swollen in  6% H2O2 at the ratio 1:6 (w/v) and steaming time was of 30 minutes. 

4. Effect of H2O2 concentration and dose on the degradation of β-glucan solution   
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The H2O2 at various concentrations was added LMWβG and steamed in 30 minutes. The 

decrease in Mw with increasing concentration of H2O2 was shown in Figure 3. The result in Fig.3 

indicated that in order to obtain oligoglucan with Mw ~ 9000 Da, the concentration of about 5% 

H2O2 should be used. However, higher H2O2 concentrations can cause directly breakage of the 

glucosidic linkage. Thus, -irradiation of β-glucan solution in the presence of H2O2 could degrade 

β-glucan very effectively. The synergictic degradation effect of β-glucan by H2O2 and  ray was 

typically studied for LMWβG solution containing 1% H2O2. The decrease in Mw with increasing 

dose was shown in Figure 4. Results showed that oligo β-glucan was prepared easily irradiation in 

the dose range of 12 to 16 kGy. Thus, -irradiation of β-glucan solution containing a small amount 

of H2O2 is feasible and potentially applicable technique for production of oligoβ-glucan on large 

scale . Byun et al. (2008) studied to degrade β-glucan under γ ray irradiation at dose from 10 to 50 

kGy. But they did not use H2O2 in  β-glucan samples, therefore the dose use rather height (50 kGy) 

[15]. 

5. Result investigated the immune stimulation of LMWβ and oligoβ-glucan on tilapia 

Table 3: Survival rate of control-1 (non-supplement β-glucan and non-challenged with 

Strep.agalactide bacterial), control-2 (non-supplement β-glucan and challenged with Strep.agalactide 

bacterial), LMWβG (supplement LMWβG of 100 ppm and challenged with Strep.agalactide bacterial) and 

oligoβ-glucan (supplement oligoβ-glucan 100 ppm and challenged with Strep.agalactide bacterial) 

Iterms Control -1 Control-2 LMWβ Oligoβ-glucan 

Survival rate 

(%) 

89.75 ± 5.00
a 

44.67 ± 10.41
cd 

61.25 ± 10.41
bc 

76.75 ± 2.89
ab 

After challenge with Strep.agalactide bacterial, the relative percentage survival of fish fed 

with 100 ppm LMWβG and 100 ppm oligoβ-glucan supplemented feed was higher than the control-

2. The results of the present study indicated that LMWβG and oligoβ-glucan supplementation 

enhanced the nonspecific immune system of talipia fish. Results in table 4 showed that survival rate 

of fish fed with oligoβ-glucan was higher than that fish fed with LMWβG. This may be due to the 

oligoβ-glucan has Mw smaller. The same tendency was also obtained by Suphantharika et al when 

they investigated the immune stimulation on black tiger shrimp with β-glucan [14]. 

4. Result investigated the immune stimulation of oligoβ-glucan with different 

concentrations on tilapia 

Table 5: Survival rate of control-1 (non-supplement β-glucan and non-challenged with 

Strep.agalactide bacterial), control-2 (non-supplement β-glucan and challenged with Strep.agalactide 

bacterial), oligo-50, oligo-100, oligo-150 was supplemented oligoβ-glucan 50 ppm, 100 ppm, 150 ppm 

concentration respective and challenged with Strep.agalactide bacterial. 

Iterms Control -1 Control-2 Oligo-50 Oligo-100 Oligo-150 

Survival 

rate (%) 

89.67 ± 2.89
a 

49.43 ± 

10.41
d 

63.33 ± 5.77
bc 

73,76 ± 2.89
ab 

76.00 ± 5.00
ab

 

The effect of oligoβ-glucan concentration has also been studied for the immune stimulation of 

talipia fish. Results table 4 also exhibited that the fishes fed with oligoβ-glucan at concentration 50 

ppm has effect the immune stimulation lowest in all samples. The immune stimulation raise with 

increasing oligoβ-glucan concentration. The fish fed with oligoβ-glucan at concentration 100 ppm 

and 150 ppm has survival rate higher than that the fish fed with oligoβ-glucan at concentration 50 

ppm. This result showed that the best concentration to use oligoβ-glucan as immunostumulant in the 

range of 100-150 ppm. 
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IV. CONCLUSIONS 

LMWβG with Mw about 4-6x10
4
 Da was prepared by hydrothermal steaming β-glucan 

powder swollen in 6% H2O2 at the ratio 1:6 (w/v). Oligoβ-glucan with Mw about 7-9x10
3
 Da was 

prepared by γ-irradiating β-glucan solution added 1% H2O2 concentration at 12- 16 kGy. The 

immune stimulation of LWMβG and oligoβ-glucan was investigated. The results showed that 

oligoβ-glucan has higher immune stimulation compare to that of LMWβG. The optimal 

concentration of oligoβ-glucan was select to be of 100-150 ppm. 
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ABSTRACT: Grafting copolymerization of glycidyl methacrylate (2, 3 epoxy propyl methacrylate-EPMA) onto 

jute fiber by pre-irradiation method has been studied. The different factors influenced on grafting degree (GD) 

such as the monomer concentration, reactive time and absorbed dose were also investigated. The optimal GD 

was found to be 121% at EPMA concentration of 20% and the absorbed dose of 12.5 kGy for 7 hours at 80
o
C. 

Grafted jute fiber was treated with ethylene diamine (EDA) and phosphoric acid (H3PO4) to open epoxy ring 

forming functional groups for adsorption. Adsorption capacities (Qmax) were determined to be 77.519 mg/g, 

78.740 mg/g and 1.298 mmol/g or 0.459 mg/g for Direct Blue, Direct Yellow and Potassium dichromate or 

Cr(VI) respectively as calculated with  model of Langmuir isotherm. The characteristics of modified jute fiber 

were confirmed by Fourier transform infrared spectroscopy (FT-IR) and scanning electron microscope (SEM). 

Values of BOD5, COD and the content of dye in textile waste water of Nam Thanh factory decreased after 

treating with modified fiber. 

1. INTRODUCTION  

Modification of polymer by radiation grafting techniques has prepared novel materials 

including special adsorbents for use in environmental and industrial applications [1, 2]. A large 

amount of free radicals is produced in the irradiated polymer without the use of chemical initiators 

and these radicals easily reacted with a functional monomer by covalent bound to form 

macromolecular chains. In this way, the polymer properties were improved and thus the graft 

copolymerization was widely used. 

Aiming the application to industrial scale, the natural polymer can be selected for the present 

grafting; this material is very abundant and easily biodegradable. In the past decades, besides 

studying the degradation effect of natural polymers by radiation, modification by grafting 

monomers on these substrates has also been considered of many scientists [3, 4]. Radiation-induced 

grafting of cellulose for adsorption of hazardous water pollutants was investigated [5]. Modification 

of cotton-cellulose by preirradiation grafting with acrylamide, acrylic acid for iodine sorption was 

studied [6]. This study focuses on grafting copolymerization of EPMA onto jute fiber by pre-

irradiation method then conversion to prepare adsorbent for dyes and chromium. 

2. EXPERIMENTAL 

2.1. Materials 

- Jute fiber was supplied from Indira Gandhi factory in Ho Chi Minh City 

- Glycidyl methacrylate was provided from Sigma-Aldrich Chemical  
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- Other chemicals were used as analytical reagent grade 

2.2. Methods 

2.2.1. Grafting EPMA onto irradiated jute fiber then opening epoxy rings 

Jute fiber was immersed in 0.5N sodium hydroxide (NaOH) to remove the lignin then 

washing by deionized water and bleaching by sodium hypochloride (NaClO). Then jute fiber was 

irradiated in the range of doses from 3 to 20 kGy. Grafing reation between preirradiation jute fiber 

and EPMA was carried out in flask at 80
o
C from 1 to 8 hours. Grafting degree was calculated by 

weight method from formula: 

                                   % grafting = 100  (Wg-Wo)/Wo                                                (1) 

Where Wo and Wg are the weight of the original and grafted samples, respectively. 

The conversion reaction of epoxy groups was occurred in solution of ethylene diamine or 

phosphoric acid to introduce the adsorption units.  

 2.2.2. Characteristics of modified jute fiber 

The grafting and conversion of jute fiber were confirmed by FTIR (Fourier Transform 

Infrared) spectra with a FTIR-8400s spectrometer (Shimadzu, Japan). The change of surface 

morphology of fiber was observed by SEM pictures using a JEOL scanning electron microscope, 

model JSM-6480 LV. 

The adsorption properties of dyes and Cr(VI) of resultant jute fiber (Xe-g-EPMA-C) were 

estimated with solution of Direct Yellow GX, Direct Blue FBL and potassium dichromate. An 

amount of Xe-g-EPMA-C about 1 gram was shaken with 100 ml of dye or potassium dichromate 

solution from 1 to 8 hours, at 30
o
C. Adsorption of dye from textile effluent was also tested. The 

content of dyes or potassium dichromate in solution was determined from quantitative calibration of 

UV-Vis spectra with a spectrophotometer of V-630 (Jasco, Japan). Adsorption capacity of dyes and 

potassium dichromate were determined by the Langmuir isotherm equation:       

  Ce/Ye = 1/Qb   +   Ce/Q                                                           (2) 

where Ce is the concentration of dyes or potassium dichromate after adsorption (mg/l), Ye is 

the capacity of dye adsorbed (mg/g), Q is maximum adsorption capacity (mg/g), b is the Langmuir 

constant (l/mg). 

The change of BOD5 (Biochemical Oxygen Demand for 5 days), COD (Chemical Oxygen 

Demand) parameters and dye concentration in initial textile effluent and after flowing the column 

which stuffed the modified jute fibers (10 g) were compared.  

3. RESULTS AND DISCUSSION 

3.1. Effect of pre-irradiation dose, initial concentration of EPMA solution and reactive 

time on grafting degree 

Grafting by irradiation method, absorbed dose is one of the key factors having effect on 

grafting degree. Particularly, grafting by pre-irradiation, the grafting degree depends on radical 

concentration dissociated at a certain temperature. If polymer was irradiated in oxygen, peroxide or 

hydroperoxide radicals are initiators for grafting reaction. The content of these radicals increase 

with the absorbed dose so that the grafting degree of monomer onto polymer also increases. 

However, according to Chapiro, a significant radiolysis of the peroxide at the high doses, this is one 

of causes which effected on grafting degree [7]. Another factor that should be considered is polymer 

will decompose oxidation, so the grafting degree will obtain a saturate value that does not increase 

with the absorbed dose [8]. 

In Figure 1a, the GD of 20% (V/V) EPMA in methanol onto jute fiber irradiated at doses of 

3.2; 6.7; 9.7; 12.5; 16.4 and 20 kGy (dose rate of 1.2 kGy/h) increased with increasing absorbed 

dose in the range from 0 to 12.5 kGy, at a temperature of 80
o
C for 7 hours. However, at the higher 
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dose of 12.5 kGy the GD did not increase. This is the optimal dose which was selected for grafting 

of 20% EPMA onto jute fiber. 

Monomer concentration also affects significantly on GD. According to the copolymerization 

kinetics of free radical mechanism, the polymerization rate is proportional to the square root of the 

dose rate and monomer concentration [9]. Therefore, the GD increases when increasing monomer 

concentration in pre-irradiation as well as simultaneous irradiation. In this report, the influence of 

concentration monomer on GD was also investigated in order to select an optimal concentration for 

grafting. The EPMA concentrations were used to graft onto irradiated jute fibers of 12.5 kGy are 5; 

7.5; 10; 15; 20; 25 and 30% in methanol solvent. The results showed that the GD increased 

corresponding to concentration and obtained the value of 121, 148 and 264% respectively with 

EPMA concentration of 20, 25 and 30%, at 80
o
C for 7 hours (Fig. 1b). At high concentration, 

homopolymer was formed although Mohr’s salt was used to inhibit. The homopolymer contents 

were determined for samples that have GD of 121, 148 and 264% to be 1,7 and 15 % respectively if 

using tetrahydrofuran solvent to extract. Therefore, the EPMA concentration of 20% was selected to 

graft onto jute fiber in this study.  

   

 

  

 

 

 

 

 

 

Figure 1: Effect of: a) Absorbed dose, b) EPMA concentration, c) Reactive time on GD. 

Along with other factors, the reactive time also affects on GD, when the reactive time was 

prolonged the GD also increased. The diffusion of monomer to activated regions on substrate 

depends on reactive time. However, the development of grafting chain was affected by the shielding 

of grafted chain. Besides, homopolymer caused increasing viscosity and prevented the diffusion of 

monomer inside polymer, so that the GD reached the saturate value for a certain time [10]. The 

reactive time was suitable for grafting EPMA of 20% onto irradiated fiber of 12.5 kGy was 

determined to be 7 hours (Fig. 1c). 

3.2. Opening epoxy rings by ethylene diamine and phosphoric acid 

The modified jute fiber is used for adsorption of dye and Cr(VI) so that opening epoxy rings 

to form the adsorbed functional groups related to the adsorption capacity. Furthermore, the presence 

of groups such as -OH, -NH2 in the molecular structure enhances the hydrophilic of material so the 

adsorption may be favorable. Figure 2a depicted the content of EDA substituted epoxy groups on 

the grafted jute fiber with DG = 121% (3.855 mmol EPMA/g) corresponding to the reactive time. 

The maximal value of EDA obtained to be 2.978 mmol/g for 6 hours. H3PO4 is also used to open 

epoxy ring in this study, the highest content of H3PO4 substituted to be 0.255 mmol/g at initial 

concentration of 17.5 % for 6 hours (Fig. 2b).       
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Figure 2: The substitution of epoxy groups by: a) EDA, b) H3PO4 

3.3. Characteristics of modified jute fiber 

3.3.1. FT-IR characterization 

  

 

 

 

 

 

 

 

Figure 3: The FTIR spectra of:  a) Jute fiber  b) Conversion , c) Grafting. 

The structure change from the grafting copolymer of EPMA onto jute fiber then the 

conversion was shown in the FTIR spectra (Fig. 3a). FTIR spectrum of the irradiated jute fiber of 

12.5 kGy has the absorbed peaks at the wavelength of 3419 cm
-1

 and 2900 cm
-1 

characterize the 

functional groups of -OH and -CH2. In addition, the peak at 1633cm
-1

 proved the presence of the C= 

C link by degraded irradiation of jute fiber. After grafting EPMA, the new peaks at 1274 cm
-1

, 837 

cm
-1

 and 721 cm
-1

 of the vibrations of epoxy links were appeared in FTIR spectrum. Especially, the 

peak at 1720 cm
-1

 of C=O group is very strong (Fig.3c). After opening epoxy group by EDA, the 

bands in the wavelength range of 2800-3600 cm
-1

 of the -OH, -NH groups were stretched. The 

characteristic bands of epoxy rings disappeared (Fig.3b). The result is the same for H3PO4 agent.  

3.3.2. SEM observation 

SEM images describe the surface morphology of jute fiber were shown in Fig.4. The 

irradiated jute fiber has a smooth surface while the grafted fiber appears large scars and seems 

thicker after conversion. If conversion by H3PO4, the fiber has cracked so that this sample did not 

use for next experiments. The adsorption of Direct Yellow with the links of azo groups and 

hydroxyl or amine groups in jute fiber created the homogeneous surface.       

 

 

 

 

 

 

 

 

 

Figure  4: SEM 

images of:  a) Jute,  

b) Grafting, 

Conversion:                                                                  

c) EDA, d) H3PO4, 

e) Adsorption. 
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3.3.3. Adsorption of dyes and Cr(VI) 

 

 

 

 

 

 

 

 

 

 

 

Figure 5:  Adsorption of:  a) dyes, b) potassium dichromate onto Xe-g-EPMA-C. 

Capacity of dyes adsorbed on modified jute fiber was depicted in Fig.5, the initial 

concentration of DB and DY was used to be 100 ppm. The content of  adsorbed dyes increased 

rapidly from 1 to 6 hours, then stabilized although prolonged reaction time. The functional groups 

of azo chromophore -N=N- and hydroxyl -OH of the dye not only associated  with the  hydroxyl                  

-OH group but also linked to the amine group -NH2, so that the capacity of DB and DY on the 

modified jute fiber was higher than the irradiated jute fiber (Jute Rad-Yellow-Fig.5a). The adsorbed 

capacity of potassium dichromate correspoding to the time was determined with an initial potassium 

dichromate concentration of 490 ppm or 1.67 mmol/g from 1 to 8 hours. The content of adsorbed 

potassium dichromate on the modified jute fiber obtained the saturate value after 6 hours (Fig. 5b). 

The concentrations of dyes and potassium dichromate were determined from the quantitative 

calibration which established on UV-Visible spectrometer at the wavelengths of 607 nm, 392nm 

and 351 nm for DB, DY and potassium dichromate respectively. Isothermal Langmuir model 

described the adsorption equilibrium of DB, DY and potassium dichromate in Fig. 6a and 6b 

respectively. From the linear equations in Fig. 6a, the maximal adsorption capacities (Q max) were 

determined to be 77.519 and 78.740 mg/g for DB and DY respectively, Q max of potassium 

dichromate is 1.298 mmol/g or 0.459 mg/g Cr(VI) (Fig. 6b). 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Adsorption isotherm of Langmuir for: a) dyes b) potassium chromate. 

  Table 1. showed the change of BOD5, COD parameters and optimal density (OD) of the 

initial textile effluent of Nam Thanh factory and after adsorption by modified jute fiber. The content 

of dye in the textile effluent of Nam Thanh factory decreased by treatment of modified jute fiber 

from observation of the optimal density in UV-Vis spectra at = 600 nm.  

The BOD5, COD values and OD of the innitial textile effuent (none adsorption) were 

determined to be 108 mg/l, 1175 mg/l and 3.605 respectively. After flowing many times (time 1, 
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time 2 and time 3) through the column which stuffed the modified jute, the values of BOD5, COD 

and OD of effluent were found to be 19.7 mg/l, 45 mg/l and 0.161 respectively at third time.        

Table 1: Parameters of BOD5, COD and OD  of the textile effluent of Nam Thanh factory. 

Times of adsorption BOD5 (mg/l) COD (mg/l) Optimal density-OD 

( = 600 nm) 

None adsorption 108   1.3 1175   3.0 3.605   0.015 

Time 1 39.4   0.9  400   2.0 1.401   0.013 

Time 2     28.1   1.1 235   1.0 0.298   0.012 

Time 3 19.7   1.0  45    1.0 0.161   0.010 

4. CONCLUSIONS 

The grafting degree of EPMA onto irradiated jute fiber at dose of 12.5 kGy obtained 121% 

with the initial EPMAconcentration of 20% for 7 hours at 80
o
C. The content of EDA substituted to 

be 2.978 mmol/g for 6 hours. Characteristics of jute fiber were confirmed by FTIR spectra and SEM 

images. Adsorption capacities of reslutant jute fiber were found to be 77.519 mg/g, 78.740 mg/g 

and 0.459 mg/g for DB, DY and Cr(VI) respectively. Parameters of BOD5,COD and dye 

concentration in the textile effluent of Nam Thanh factory decreased after treatment with modified 

jute fiber.  
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ABSTRACT:  The radiated polymerization of acrylic acid (AAc) on bentonite (BT) and montmorillonite (MMT) 

having structured silicate layers to produce hybrid materials were investigated. AAc concentrations of 10 and 

40% w/w were used to polymerize with MMT and BT at the absorbed doses of 3.6 and 6.4 kGy, respectively. 

The formed PAAc concentration of MMT-PAAc was 6% and 40% for BT-PAAc. The results of X-ray 

diffraction patterns were indicated that, the basal distances (d001) of MMT and BT after polymerization were ~15 

Å compared with BT was 12.17 Å and MMT did not appear the d001 peak. The cellulase immobilized yields of 

MMT-AAc and BT-AAc were determined by Lowry method with values were of 40.6% and 68.3%, 

respectively. The cellulase activity of the immobilization samples were checked by diffusion the sample 

solutions on agar after that measure of diameter of CMC hydrolysis circles. The results indicated that, the 

immobilized cellulase samples still maintain enzymatic activity after three times reuse.   

1. INTRODUCTION 

Bentonite (BT) is a natural clay, belong to smectite group. The main composition of BT is 

montmorillonite (MMT). It have been application onto agriculture, cosmetic, pharmaceutical 

industry and environmental treatment. 

In recent decades, there were a lot of studies on modification and application of BT, MMT 

such as synthesis of nanocomposite from polyacrylate/MMT, ethyl acrylate/MMT, polyacrylate/ 

bentonite to produce water super absorbents, heat resistant materials, solvent-resistant materials                

[1-4] or using of MMT to absorb organic compounds, toxin metals in water [5-8]. Study on 

modification of MMT by ion-exchange method to produce materials to absorb pesticides, fertilizers 

[9-12]; and MMT mixing with polymers such as Polyethylene, Poly (vinyl alcohol), Poly (ethylene 

oxide), Poly(lactic acid) to improve physic chemical characters of soft composites, biodegradable 

materials [13-16]. In 2010, the researchers of Tokyo University, Japan were successful investigated 

a new hydrogel can be self-repair from a mixture of clay, water, sodium polyacrylate and one kind 

of  “molecule glue ” organic with the hoping that the new hydrogel can be replace plastics in future 

[17]. In Vietnam, some studies were carried out at Universities such as using BT of Thuan Hai 

province to absorb Cu
2+

 ion in water, modify Na
+
-montmorillonite by octadecylamin, produce a 

nanocomposite from PA6/Clay, or study on affect of nanoclay on the characteristics of vulcanised 

rubber [18-20] and using MMT mixing with thermal starch/PVA to produce biodegradable plastic, 

recycle lubricating oil by bentonite [21], study on modification of  BT of Binh Thuan province by 

hexadecyltrimethylammonium bromide to produce a material absorb dye in waste water or use to 

treatment of hevy metals [22]  

Beside of studies and applications of bentonite, montmorilonite onto several fields were 

above-mentioned, at present a new study on production of hybrid material to immobilized of 
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bioactivities is an interest topic in countries [23-26]. Bioactivities such as soluble enzyme is 

unstable and extraction, refine enzyme are processes costly. That are the causes soluble enzyme 

have high cost, fermentable medium often was contaminated by microorganism during activation of 

enzyme. To extract enzyme out  from reaction mixture, often people have to increase temperature or 

change pH to precipitate of enzyme, so enzyme will be denatured and difficult to restore activity to 

reuse. So that using immobilized enzyme is a popular tendency the present with some advantages: 

can be reuse many times so economic than, application multiform under some different 

immobilization ways,  inactivated enzyme easily at any time [27-28]. 

The content of this work is using of ionization radiation energy to insert the polyacrylate 

chains into the silicat layers through radiated polymerization of acrylic acid to increase the width of 

pores, increase the activity function groups onto surface of bentonite and montmorillonite, after that 

evaluate the ability of cellulase immobilization onto hybrid materials.  

2. EXPERIMENTS 

2.1.   Raw materials, chemicals 

Montmorillonite, bentonite were supplied by Sigma, Germany. Acrylic acid, Sodium 

potassium tartrate, Folin-Ciocalteu's phenol reagent, Bovine serum albumin (ABS), KBr and NaOH 

were supplied by Merck, Germany. Cellulysin Cellulase, Trichoderma viride was supplied by 

Calbiochem, Germany. KOH, HCl, CH3COONa, CuSO4.5H2O, Na2CO3 were pure analysic from 

China and distilled water. 

2.2. Equipments  

The stirrer RW20.n, KIKA, Germany; The heater DNF410, Yamato, Japan; Fourier transform 

infrared FTIR-8400S, Shimadzu, Japan; The TEM, JEM-1400, JOEL, Japan; X-ray diffraction  D8 

ADVANCE, BRUCKER, Germany; Gamma irradiator  at VINAGAMMA (SVST-Co60/B, 

Hungary). 

2.3. Preparation of samples and irradiation  

a) MMT-PAAc hybrid 

Soaking MMT in distilled water with the ratio was 1:1.1 w/w for 2 hours before mixing with 

AAc. Concentrations of AAc used to mix with MMT were 5, 10, 20 and 30%, with stirring time of 

60 minutes. The samples were iiradiated by 
60

Co gamma source at  VINAGAMMA with dose rate 

of 0.85 kGy/h in a range absorbed dose from 3.6 kGy to 11.1 kGy. Irradiated samples were dried at 

temperature of 70
o
C for 14 hours.  

b) BT-PAAc hybrid 

Soaking BT in distilled water with the ratio was 1:11.3 w/w for 2 hours before mixing with 

AAc. Concentrations of AAc used to mix with BT were 20, 40, 60 and 80%, with stirring time of 60 

minutes. The samples were iiradiated by 
60

Co gamma source at  VINAGAMMA with dose rate of 

0.85 kGy/h in a range absorbed dose from 3.6 kGy to 11.1 kGy. The irradiated samples were dried 

at temperature of 70
o
C for 14 hours.   

2.4. Specific characters analysis 

Swelling: The samples were soaked in distilled water for 24 hours and filtered by an 100 mesh 

seive, using tissue to reject water on surface of samples and weight. Swelling was calculated by the 

formula: Swelling (g/g) = (m1-m2)/ m2. In there: m1, m2 were the weight of samples after and before 

swelling for 24 hours (g), respectivity.  Determination of PAAc concentration: The samples were 

extracted directly in hot water at the temperature of 80
o
C for 24 hours, after that filter, washing with 

warm water and dry samples at the temperature of 70
o
C to constant weight. PAAc concentration of 

the samples was calculated by the formula : PAAc, % = m3*100/m4. In there: m3 was the weight of 

PAAc in the dried sample after extraction (g), m4 was the weight of the dried sample after extraction 



 

VINATOM-AR--12-37 

 

The Annual Report for 2012, VINATOM 

 
276 

(g). FTIR analysis: The samples were measured by FTIR-8400S, Shimadzu, Japan with 20 times of 

scaning in a range frequency from 400 to 4500 cm
-1

. XRD measurements were done with D8 

ADVANCE, BRUCKER, Germany using Cu K radiation and  wavelenght of 0.154 nm. The 

specific surface areas were measured on NOVA version 1200, Quantachrome, USA by N2 

adsorption at 77 K and application of BET equation. TEM images: The microstructure of samples 

were imaged by JEM-1400, JOEL, Japan. 

2.5. Immobilization of enzyme cellulase and determination of immobilized cellulase yeild 

BT, MMT and hybrid materials were added to the enzyme solution [3mg in (1ml, 0.05 M) 

acetate buffer pH 4.8] and the immobilization reaction was carried out 5-7 hours at the room 

temperature in a water bath. The precipitates were filtered and the immobilized enzymes were dried 

at 50
o
C and stored at 4

o
C until use. The washing solutions were collected to determine the amount 

of immobilized cellulase.  

The cellulase content in solutions were determined by Lowry method [29]. The immobilized 

cellulase yeild (YI), % = m5*100/m6. In there:  m5 was the amount of cellulase immobilized (mg), 

m6 was the amount of cellulase introduced (mg).  

2.6. Determination of enzyme activity by diffusion of the sample solutions on agar   

 The 0.5 ml of 1 mg/ml cellulase and immobilized celullase solutions (0.05 g in 1 ml 0.05 M 

acetate buffer pH 4.8) were droped into agar wells (pectri dishes content agar, substance CMC and 

starch) having a diameter of 8 mm and kept at 4
o
C for 2 hours to the fluid diffused surrounding of 

agar wells. The petri dishes were incubated at 40
o
C for 48 hours, using Lugol reagent to dye petri 

dishes contain agar, after that measure the diameter of CMC hydrolysis circles (that was the white 

parts did not dyed by Lugol reagent).  

3. RESULTS AND DISCUSSIONS  

3.1. MMT-PAAc 

3.1.1. PAAc concentration 

 
Figure 1: Dependence of the formed PAAc concentration of MMT-PAAc on:                                               

(a) a range dose, at an AAc concentration of  10%; (b) a range AAc concentration, at dose                            

of 6.4 kGy; (c) a range KOH concentration, an AAc concentration of  10% and 3.6 kGy 

Fig.1a was indicated that the formed PAAc concentration of MMT-PAAc samples were 

decreased follow the increasing of absorbed dose. The highest of PAAc concentration was 68.4% at 

the AAc concentration of 10% and absorbed dose of 3.6 kGy. When the concentrations of AAc 

increased from 5% to 30% the formed PAAc concentrations were increased from 8% to 74%, at 

absorbed dose of 6.4 kGy (Fig.1b). For the samples used KOH to neutralize AAc during 

polymerization at absorbd dose of 3.6 kGy (Fig.1c), the formed PAAc concentrations lower than the 

samples without KOH. 
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3.1.2. FTIR 
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Figure 2: FTIR spectra for MMT (a) and MMT-PAAc, 10% AAc                                                            

at absorbed dose of (b) 3.6 kGy, (c) 6.4 kGy and (d) MMT-PAAc-70% KOH. 
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Figure 3: FTIR spectra for MMT (a) and MMT-PAAc in a range AAc                                                

concentration of (b) 5%, (c) 10%, (d) 20%, (e) 30%; at 3.6 kGy. 

Fig. 2 was shown that the peaks at 1726 cm
-1

 were characterized COO
-
 groups of polyacrylate 

and the peaks at 1639 cm
-1

 were characterized bonding of Al-Al-OH at octahedron layers of MMT. 

It was confirmed that the PAAc chains were presented  successfully in radiated polymerization 

samples. Beside, the intensity of the peaks at 1726 cm
-1

 increased when the AAc concentrations 

were increased (Fig. 3) 

3.1.3. Surface area and pore volume 

The results of surface area and pore volume of the sample are presented in Table 1, the 

surface area of most polymerized samples were decreased about 1/2 times compared with  MMT, 

because of the average pore diameter increased about two times. The total pore volume of MMT 

was 0.178 cc/g for the pores smaller than 9.7 Å. The total pore volume of MMT-PAAc at AAc 

10%, 3.6 kGy was 0.190 cc/g for the pores smaller than 399 Å, it is indicates that  PAAc chains 

formed by radiated polymerization was inserted between silicate layers of MMT. 

COO- , 1722 cm-1 

a 

b 

c 

d 

e 

(a) (b) 

(c) (d) 
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Table 1: Surface area and pore volume datas of MMT, MMT-PAAc and MMT-PAAc-KOH. 

Sample  AAc conc., 

% 

Dose, 

kGy 

Average pore 

diameter*, m 

Surface 

area, m
2
/g 

Total pore 

volume, cc/g 

MMT 0 0 2.73 261.4 0.178- 9.7 Å 

** 

MMT/AAc 10 3.6 5.26 144.5 0.190-399 Å 

MMT/AAc 10 6.4 5.09 130.5 0.166-418Å 

MMT/AAc 20 3.6 5.35 89.2 0.119-398Å 

MMT/AAc/KOH 10, 70% 

KOH  

3.6 5.56 122.2 0.170-437Å 

* Average pore diameter=4* Total pore volume/Surface area (this is the formula apply for 

BET).  

** Total pore volume of MMT for the pores smaller than  9.7 Å. 

3.1.4. XRD 

 

 

 

 

 

 

Figure 4: XRD patterns of 

MMT, MMT- PAAc at AAc 

concentration of 20%, 10%          

and MMT-PAAC-KOH; the 

absorbed dose of 3.6 kGy 

 

The insertion of PAAc chains between silicate layers of MMT was also demonstrated by the 

increasing of the basal distance (d001) (Fig.4). The XRD patterns were showed that MMT and 

MMT-PAAc-KOH did not appear the d001 peak compared to the polymerized samples. The basal 

distance of MMT-PAAc at AAc 10%, and 3.6 kGy was 15.43 Å at 2 = 5.722
o
 and when AAc 

concentration was increased 20%, the basal distance of MMT-PAAc was 15.98 Å at 2 = 5.524
o
. 

3.1.5. TEM  image 

   

Figure 5: TEM images of MMT (a), MMT-10% AAc -3.6 kGy                                                                             

(b) and MMT-10% AAc-70% KOH (c) 

 a   b  c 
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TEM images of MMT and polymerizing samples were shown in Figure 5. It is clear that  

separation of silicate layers were observed on the polymerizing samples. The dark slabs separated 

between from silicate layers can be observed clearly from the morphology of MMT-PAAc and 

MMT-PAAc-KOH, between the silicate layers was covered by a small number of point be lighter, it 

reflect the presence of PAAc chains in samples (Fig. 5b, 5c) and it also indicates that the PAAc 

chains were inserted and increased the width between silicate layers a distance of 1.14 nm 

compared with MMT was 1.08 nm. 

3.1.6. Cellulase immobilization and determination of enzyme activity  

a) Cellulase immobilization 

Table 2: The results of cellulase immobilizied yield of MMT, MMT-PAAc                                                 

and MMT-PAAc-KOH at temperature of 50
o
C and sharking time of 5 hours,                                                     

3 mg/ml cellulase solution. 

Samples  AAc 

Conc.,% 

KOH 

Conc., % 

Dose, 

kGy 

Cellulase immobilizied 

Yield, % 

MMT 0 0 0 49.9 

MMT/AAc 10 0 3.6 40. 6 

MMT/AAc 20 0 3.6 38.0 

MMT/AAc/KOH 10  70 3.6 37.5 

 The amount of immobilized cellulase on MMT, MMT-PAAc and  MMT-PAAc-KOH were 

determined (Table 2). The cellulase immobilization yield of MMT was 49.9% higher than MMT-

PAAc-3.6 kGy of 40.6%. For AAc concentration of 10%, 20% and the sample neutralized KOH, 

the cellulase immobilization yield did not so different between the samples. 

b) Determination of enzyme activity 

Table 3: The datas of diameter of 1% CMC hydrolysis circles. 

Samples Incubated 

Temp., 
o
C 

Incubated 

time, hours 

Diameter of CMC 

hydrolysis circle, mm 

Cellulase   

40 

 

48 

27.5 

MMT-Cellulase 0.0 

MMT-PAAc-Cellulase 20.0 

MMT-PAAc-KOH-

Cellulase 

17.0 

 

    

Figure 6: Photos of petri dishes using for measurement of diameter of CMC hydrolysis circle:                                 

(a) Cellulase, (b) MMT-cellulase, (c) MMT-PAAc-Cellulase and (d) MMT-PAAc-KOH-Cellulase 

 

 

 a   b  c  d 
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Table 4: The results of diameter of CMC hydrolysis circle of cellulase                                           

immobilized samples after three times reuse. 

Samples Diameter of CMC hydrolysis circle after reuse, mm 

First  Second  Third 

MMT-PAAc-Cellulase 20 20 16 

MMT-PAAc-KOH-

Cellulase 

17 18 13 

The enzyme activity were examined (Fig.6 and Table 3) through diameter of CMC hydrolysis 

circles. The diameter of CMC hydrolysis circle of MMT-PAAc-cellulase was 20 mm higher than 

MMT-PAAc-KOH-Cellulase of 17 mm. The enzyme activity of immobilized cellulase on MMT 

wasn’t observed CMC hydrolysis circle although the yield of immobilized cellulase is higher than 

MMT-PAAc and MMT-PAAc-KOH. This result may be due to that the increasing of the basal 

distance of slilcate layers and PAAc chains were formed the bonds between cellulase and the 

cellulase immobilized samples as MMT-PAAc, MMT-PAAc-KOH were still maintained enzyme 

activity after three times reuse (Table 4). 

3.2. BT-PAAc 

3.2.1. PAAc concentration 

    

Figure 7: Dependence of the formed PAAc concentration of BT-PAAc on:                                               

(a) a range dose, at an AAc concentration of  40%; (b) a range AAc concentration,  at dose                                            

of 6.4 kGy; (c) a range KOH concentration,AAc concentration of  40% and 6.4 kGy. 

Fig.7a was indicated that the formed PAAc concentration of BT-PAAc was increased follow 

the increasing of absorbed dose. The highest of formed PAAc concentration was 46.4% at the AAc 

concentration of 40% and absorbed dose of 8.8 kGy. When the concentration of AAc was increased 

from 20% to 40% the formed PAAc concentration also increased from 13% to 35%, at absorbed 

dose of 6.4 kGy (Fig.7b). For the samples used KOH to neutralize AAc during polymerization at 

absorbd dose of 6.4 kGy (Fig.1c), the formed PAAc concentration lower than the samples without 

KOH.   

3.2.2. FTIR 
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Figure 8: FTIR spectra for BT (a) and BT-PAAc, 40% AAc at absorbed                                                

dose of (b) 3.6 kGy, (c) 6.4 kGy and (d) BT-PAAc-30% KOH. 
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AAc concentrations of (b) 20% 

3.2.2. 40%, (d) 60%, (e) 80%; at 6.4 kGy 

Fig. 8 was shown that the peaks at 1724 cm
-1

 were characterized COO
-
 groups of polyacrylate 

and the peaks at 1639 cm
-1

 were characterized bonding of Al-Al-OH at  octahedron layers of BT. It 

was confirmed that the PAAc chains were presented successfully in radiated polymerization 

samples. Beside, the intensity of the peaks at 1724 cm
-1

 were increased when the AAc 

concentrations increased (Fig. 9) 

3.2.3. Surface area and pore volume 

Table 5: Surface area and pore volume datas of BT, BT-PAAc and BT-PAAc-KOH. 

Mẫu AAc Conc., 

% 

Dose, 

kGy 

Average pore 

diameter*, m 

Surface 

area, m
2
/g 

Total pore 

volume, cc/g 

BT 0 0 2.44 18.0 0.011-7.1 

Å** 

BT/AAc 40 3.6 12.14 1.648 0.005-416 Å 

BT/AAc 40 6.4 13.25 1.812 0.006-412 Å 

BT/AAc 60 6.4 4.54 0.881 0.001-422 Å 

BT/AAc/KOH 40, 30% 

KOH  

6.4 14.00 0.857 0.003-410 Å 

c 

e 

b 

d 

a 

(c) (d) 
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* Average pore diameter=4* Total pore volume/Surface area (this is the formula apply for 

BET).  

** Total pore volume of BT for the pores smaller than 7.1 Å. 

The results of surface area and pore volume of the sample were presented in Table 5, the 

surface area of most polymerized samples were decreased compared with BT, because of the 

increasing of average pore diameter. The total pore volume of BT was 0.011 cc/g for the pores 

smaller than 7.1 Å. The total pore volume of BT-PAAc at AAc 40%, 6.4 kGy was 0.005 cc/g for the 

pores smaller than 416 Å, it is indicates that PAAc chains formed by radiated polymerization was 

inserted between silicate layers of BT 

3.2.4. XRD 

The insertion of PAAc chains between silicate layers of BT was also demonstrated by the 

increasing of the basal distance (d001) (Fig.10). The XRD patterns were showed that the d001 peak 

values of polymerizied sample were higher than BT. The basal distance of BT and BT-PAAc at 

AAc 40%, 6.4 kGy was 12.166 Å at 2 = 7.260
o
 and 15.49 Å at 2 = 5.699

o
 , respectivity. When 

AAc concentration was increased 60%, the basal distance of BT-PAAc was 15.021 Å at 2=5.879
o
. 
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3.2.5. TEM images 

   

Figure 11:  TEM images of BT (a), BT-40% AAc -6.4 kGy (b)                                                                            

and BT-40% AAc-30% KOH (c) 

TEM images of MMT and polymerizing samples were shown in Figure 11. It is clear that  

separation of silicate layers were observed on the polymerizing samples. The dark slabs separated 

between from silicate layers can be observed clearly from the morphology of BT-PAAc and BT-

PAAc-KOH, between the silicate layers was covered by some points lighter, it reflect the presence 

of PAAc chains in samples (Fig.5b, 5c) and it also indicates that the PAAc chains were inserted and 

 a   b  c 

Figure10:  XRD patterns of BT, BT- PAAc at AAc concentrations of 40%, 60% 

and BT-PAAC-KOH; the absorbed dose of 6.4 kGy 

 

d001 

     BT 

40 %AAc 

60 % AAc 

40% AAc,  30% KOH 
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increase the width between silicate layers a distance of 1.02 nm for BT-PAAc and 0.99 nm for BT-

PAAc-KOH compared to BT of 0.85 nm. 

3.2.6. Cellulase immobilization and determination of enzyme activity  

a) Cellulase immobilization  

Table 6: The results of cellulase immobilizied yield of BT, BT-PAAc and BT-PAAc-KOH                                            

at the room temperature and sharking time of 5 hours, 3mg/ml cellulase solution. 

Samples AAc 

Conc.,% 

KOH Conc., 

% 

Dose,  

kGy 

Cellulase 

Immobilizied yield, % 

BT 0 0 0 73.7 

BT/AAc 40 0 6.4 68.3 

BT/AAc 60 0 6.4 63.2 

BT/AAc/KOH 10  30 6.4 81.1 

The amount of immobilized cellulase on BT, BT-PAAc and BT-PAAc-KOH were determined 

(Table 6). The cellulase immobilizied yield of BT was 73.7% higher than MMT-PAAc-6.4 kGy of 

68.3% for 40% AAc and 63.2% for  60% AAc. The cellulase immobilizied yield of sample 

neutralized KOH was higher than MMT of 7%. 

b) Determination of enzyme activity 

 The enzyme activity was examined (Fig.12 and Table7) through diameter of CMC hydrolysis 

circles. The diameter of CMC hydrolysis circle of BT-PAAc-cellulase was 20 mm higher than                    

BT-PAAc-KOH-Cellulase and BT-cellulase. The diameter of CMC hydrolysis circle of cellulase 

immobilized on MMT was only 14 mm although the amount of immobilized cellulase is higher than 

BT-PAAc. This result may be due to that the increasing of the basal distance of slilcate layers and 

PAAc chains were formed the bonds between cellulase and the cellulase immobilized samples as 

BT-PAAc, BT-PAAc-KOH were still maintained enzyme activity after three times reuse (Table 8).  

Table 7: The datas of diameter of 1% CMC hydrolysis circles. 

Samples Incubated 

Temp., 
o
C 

Incubated 

time, hours 

Diameter of CMC 

hydrolysis circle, mm 

Cellulase   

40 

 

48 

28 

BT-Cellulase 14 

BT-PAAc-Cellulase 20 

BT-PAAc-KOH-

Cellulase 

18 

 

    

Figure 12: Photos of petri dishes using for measurement of diameter of CM  hydrolysis circle:                                  

(a) Cellulase, (b) BT-cellulase, (c) BT-PAAc-Cellulase and  (d) BT-PAAc-KOH-Cellulase. 

 a   b  c  d 
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Table 8: The results of diameter of CMC hydrolysis circle of cellulase                                                           

immobilized samples after three times reuse. 

Samples Diameter of CMC hydrolysis circle after reuse, mm 

First Second Third 

BT-Cellulase 14 12 11 

BT-PAAc-Cellulase 20 18 13 

BT-PAAc-KOH-Cellulase 18 16 12 

4.  Summary   

The hybrid materials were produced by radiated polymerization having the specific 

characteristics below:  

 MMT-PAAc 

- The concentration of AAc: 10% w/w 

- A range absorbed dose: 3.6-6.4 kGy  

- The formed PAAc concentration:  68-54%  

- The basal distance: 15-16 Å compared to MMT did not appear d001 peak 

- Cellulase immobilizied yeild: 40.6% with three times reuse. 

 BT-PAAc 

- The concentration of AAc: 40% w/w 

- A range absorbed dose: 6.4-8.8 kGy  

- The formed PAAc concentration:  40-46.4%  

- The basal distance: 15-15.4 Å compared to BT of 12.6 Å 

- Cellulase immobilizied yeild: 68.3% with three times reuse. 
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ABSTRACT: Acid acrylic (AAc) was grafted onto crosslinked chitosan to make Chitosan-g-AAc copolymer with 

concentration of AAc from 0.5 to 15% by gamma irradiation. The optimal dose for grafting of 15% AAc onto 

chitosan was 5kGy. Physical and chemical properties of irradiated samples such as SEM images, FTIR 

spectrocopy, TGA and swelling behavior at different pHs were evaluated. The grafting yield increased with the 

increase in dose, it reached 52% at 7kGy irradiation dose. The application were grafted materials to adsorb 

metals ion from aqueous solutions was also investigated with both ungrafted and grafted chitosan beads under 

changing pH from 3 to 6. Grafted chitosan presented higher sorption capacity for most of metal ions than 

unmodified chitosan.     

I. INTRODUCTION 

Chitosan chelates five to six times greater amounts of metals than chitin. This is attributed to 

the free amino groups exposed in chitosan because of deacetylation of chitin concluded the uptake 

of Pb(II) on chitin was approximately 21% of that on chitosan. However, chitosan has the 

disadvantage of being more soluble in aqueous acidic solutions than chitin. Chitosan even becomes 

viscous or pasty in solution has a pH ranging from 6.5 to 7.4, so it is hard to renew, whereas 

crosslinked chitosan or chitosan grafted with -COOH, -HSO3, -CN,… groups not only has adsortion 

capacity for heavy metal ions but also is stable in acidic environment. It was found that crosslinked 

chitosan and chitosan have similar adsorption behavior. Crosslinking or grafting functional groups 

onto chitosan makes chitosan stable in acidic and neutral pH and the cost of treatment could be 

reduced [1-3]. The use of chemical grafting resolved the strength of adsorption biomaterials but this 

grafted chitosan had low purity because of the presence of catalysts. Radiation has been proven to 

become an alternative efficient method and gained much attention in recent years due to its various 

advantages, such as easy processing, non-chemical crosslinking agent and catalyst and favourable 

properties in the processed materials. Grafting poly (acrylic acid) onto chitosan by gamma 

irradiation to adsorb metal ions from wastewater is contributing positively to environment 

wellbeing. 

II. EXPERIMENTS  

II.1. Reagents 

- Chitosan powder with average molecular weight of 100,000 Dalton (Japan) 

- Acrylic acid, Carbon tetrachloride and acetic acid of analytical grade without further 

purification.  

- Standard solution of metal ions purchased from Merck. 

II.2. Proceduces 

II.2.1. Preparation of chitosan-g-AAc beads 
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a) Radiation crosslinking of chitosan 

- Dried chitosan beads were soaked in a mixture of CCl4, water, and methanol overnight and 

then irradiated with γ-ray from 10 to 120 kGy. 

- Beads were taken out and first washed with methanol to remove any traces of CCl4 and 

other radiolytic product formed during the irradiation, followed by washing with water.  

- The resultant beads were yellow in color and it was treated with CH3COOH to remove 

residual chitosan. 

- Obtained brown colored beads were washed with water followed by ethanol and dried at 

40
0
C. 

b) Radiation grafting of acrylic acid onto chitosan beads  

Crosslinked chitosan beads were immersed into 15% AAc solution at room temperature for 

24hr, then irradiated using Co-60 gamma source at different radiation doses at a dose rate of 4 

kGy/hr. After irradiation, the grafted chitosan beads (chit-AAc) were washed in boiling water to 

remove unreacted monomer and homopolymer and then air-dried. The grafting yield was calculated 

as follows 100.
)(

0

0

W

WW
G

g 
 where G is grafting yield (%), W0 and Wg are the weight of raw and 

grafted chitosan beads, respectively. 

II.2.2. Characterization of chitosan-g-AAc 

a) Swelling measurements  

The swelling studies of chitosan and chit-g-AAc beads were carried out in dilute acid, 

distilled water and dilute alkaline solution at room temperature for a period of 24h. The swelling 

rate of the beads was calculated using the following formula 100.
)(

d

ds

W

WW
S


  

where S is the swelling rate (%), Ws is the weight of swollen beads (g) and Wd is the initial 

weight of dry beads (g). 

b) SEM 

- SEM study of chitosan and grafted chitosan was carried out by S-4800 NIHE Hitachi 

Scanning Electron Microscope at 10 kV in National Institute of Hygiene and Epidemiology, Hanoi.  

c) FTIR spectroscopy and TGA 

- Infrared spectra were measured using an FTIR-8400S spectrophotometer, Shimadzu, Japan;  

Thermogravimetric analyses (TGA) were performed on a DTG-60, Shimadzu, Japan in 

VINAGAMMA, Ho Chi Minh City. 

II.2.3. Batch adsorption experiments  

- Stock solutions (1g/l) of Pb(II), Cd(II), Hg(II), Ni(II), Mn(II), Co(II), As(V) and Se(VI) 

ions were prepared.   

- The stock solutions were then diluted to give standard solutions of appropriate 

concentrations. Then 40 ml aliquots of these standard solutions were poured in 100ml beakers 

containing 0.020 g of chitosan or grafted chitosan beads. Batch experiments were equilibrated using 

amagnetic stirrer. After  filtration, the concentrations of metal ions in super-natant were analyzed by 

the AA-7000 series of Atomic Absorption Spectrophotometers. 

The adsorbed amounts were calculated based on the difference of metalion concentrations in 

the solutions before and after adsorption, the volume of the solution (40ml) and the weight of the 

sorbent (0.020g) according to 
W

VCC
q e

e

)( 0   where C0 is the initial metalion concentration 
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(mg/l), Ce is the final or equilibrium metalion concentration (mg/l), V is the volume of the solution 

and W is the weight of the sorbent (g).  

II.3. Results and Discussion 

II.3.1. Radiation crosslinking of chitosan beads 

The plot of the gel content against the radiation dose is shown in Figure 1. As it can be seen, 

the gel content increases sharply with irradiation dose. It was found that gel content gave maximum 

value of 89% at 80 kGy and then decreased slightly at 100-120 kGy. This fact is explained by the 

crosslingking proceeds and the degradation probably proceeds occur simultaneouly.  

0

20

40

60

80

100

0 20 40 60 80 100 120

Dose (kGy)

G
el

 c
on

te
nt

 (%
)

 
Figure 1: A plot of gel fraction (%) of crosslinked chitosan against the radiation dose 

II.3.2. Effect of some factors on grafting content 

a) Radiation grafting in presence of homopolymerization inhibitor 

Figure 2 shows effect of different concentrations of FeCl2 on the grafting yield. It was seen 

that grafting yield was maximum at salt concentration of 0.5%, at higher concentration the grafting 

decreased. At FeCl2 concentration > 0.5%, grafting yield was low. This could be explained by the 

fact that Fe
2+

 ion at a higher concentration causes the termination of grafting polymeric chain 

growth since Fe
2+

 ion is a very good terminator. Another factor which could contribute to a 

decrease in the grafting percentage at higher concentration of initiator is the increase the 

homopolymer formation, which competes with the grafting reaction for the available monomer. 

[1,34]. 

b) Effect of monomer concentration on grafting content 
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Figure 2: Effect of homopolymer inhibitor salts on 

grafting content. 

Figure 3: Effect of monomer concentration on 

grafting content. 
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Figure 3 shows the degree of grafting AAc onto chitosan. The grafting content showed an 

increase when the concentration was increased from 10 to 20% of monomer. However there was no 

significant difference between 15 and 20% monomer concentration. Higher grafting content is 

expected with increase in monomer concentration as, at any instant radicals generated on the 

backbone are able to interact with more monomer molecules. However, beyond certain monomer 

concentration, it seems that homo-polymerization due to radicals generated in the bulk becomes 

predominant process and hence there is no significant increase in the grafting. Therefore, for further 

studies, concentration of monomer was fixed at 15% to achieve high grafting levels and low 

homopolymer formation. 

c) Effect of radiation dose on grafting content 
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Figure 4: Effect of radiation dose on                                 

grafting content. 

Figure 5: Effect of dose rate on                                           

grafting content 

In Figure 4, the relationship between radiation dose and grafting content is shown. The 

grafting content increased with the increase in irradiation dose, the peaked at 5kGy. From 1 to 5 

kGy, the grafting rate increased rapidly and then changes marginally. 

d) Effect of dose rate on grafting content 

As expected, and shown in Figure 5, grafting content increased with dose rate, unlike other 

grafting systems reported where grafting has been reported to decrease with the dose rate. The 

grafting content was found to increase from 30 to 52% when the dose rate was increased from 1 to 4 

kGy/h. The results were the same as report’s N.K. Goel and L. N. Grushevskaya [4,5] 

II.3. 3. Physical Characterization of Chitosan-g-AAc 

a) IR spectra  

 
Figure 6: IR Spectra of Chitosan, AAc and Chi-g-AAc. 

The IR spectra of the chitosan, acrylic acid and the graft chitosan are shown in Figure 6. 

Figure 6 shows that the main characteristic peaks of chitosan are at 3445 cm
-1 

(O-H stretch), 2947-
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2850 cm
-1 

(C-H stretch), 1650 cm
-1

 (N-H bend), 1034 cm
-1 

(C-O stretch) [44]. In the spctrum of 

grated chitosan, in addition to the chitosan characteristic peaks, some new absorption peaks appear. 

The peaks at 1740, 1537, 1450, 1392 cm
-1

 are -CO group,-COO group, -CH group and -COO group, 

respectively. These indicate that acrylic acid in polymer has been grafted onto chitosan [6-8].  

b) SEM 

 
A 

   
B 

Figure 7: SEM of (A) chitosan and (B) chitosan-g-acrylic acid. 

The surface of the graft copolymer was examined by scanning electron microscopy. The 

scanning electron micrograph of chitosan, and chitosan-g-acrylic acid are shown in Figure 7(A) and 

(B), respectively. It is clearly seen from Figure 7(A) and (B) that the fibrous nature of chitosan was 

modified after grafting. SEM image of chitosan was smooth and no pores or semipores on the 

surface. Because of strong interactions between chitosan and acrylic acid, SEM image of chitosan-

g-acrylic acid showed spherulites like structure, which provides larger surface area for better 

adsorption. Also it was revealed that uniform distribution of acrylic acid onto the chitosan which 

might be improving the characteristic nature of chitosan as well as acrylic acid. All these 

observations confirm that grafting acrylic acid onto chitosan allows better compatibility between 

chitosan and acrylic acid. 

c) Swelling behavior 
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Figure 8: Swelling ratio of Chitosan and Chi-g-AAc at different pH values. 

The swelling behavior of Chitosan and Chitosan-g-AAc sorbents at different pH values are 

represented in Figure 8. As can be seen from Figure 8, the unmodified chitosan show a pH 

dependent swelling behavior. The degree of swelling decrease from 1350% at pH 3 to 110 at pH 12. 

Chitosan has a high ionization degree in acidic media (pH 3) since its pKa is 6.3; thus almost all                  

(-NH2) groups are in their protonated form (-NH3
+
) [9]. Therefore, as the sorbent is in its ionized 

form, an electro-osmotic effect is produced which permits the entry of water into the sorbent 

producing swelling of the sorbent [43]. When the pH changes from 3 to 12, chitosan suffers from a 

great decrease in its ionization degree. This stops the water flow to the materials and thus the 

swelling process. Comparing the swelling rates obtained for both adsorbents shows that the grafted 
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beads swell less than ungrafted ones. The degree of swelling decease marginally from 180% at pH 3 

to 135% at pH 12 since -NH2 groups are changed into -NHCH2CHCOOH groups. 

d) TGA 

 

(a) 

 

(b) 

Figure 9: TGA of Chitosan (a) và Chi-g-AAc (b). 

The TGA of pure chitosan and chitosan-g-AA (Acrylic Acid) is given in Figure 9. TGA of 

chitosan (a) shows a weight loss in two stages. The first stage ranges between 37 and 165°C and 

shows about ~15% loss in weight. This may correspond to the loss of adsorbed and bound water. 

The second stage of weight loss starts at 229°C and continues up to 500°C during which there was 

~55% weight loss due to the degradation of chitosan. However, the TGA of the grafted product is 

little different. The latter has also two stage of weight loss between 45°C and 500°C. The first stage 

of weight loss starts at 45°C and continues up to 193°C, during which there was ~12% weight loss 

due to the loss of adsorbed and bound water. The second stage from 193°C to 500°C which the 

copolymer had lower weight loss than chitosan, ~46%. These mean that the grafting of chitosan 

increases the thermal stability of chitosan in some extent. 

II.3.4. Factors influencing the adsorption  

a) Effect of pH 

Figure 10 shows the effect of solution pH (3-7) on the adsorption capacity of metal ions for 

chitosan and chitosan-g-AAc. The uptake of almost of metal ions was found to increase sharply 

when the pH value was increase from 3 to 4. At pH = 5, qe reached 30.20 mg/g (Pb
2+

), 12.60 mg/g 

(Cd
2+

), 8.80 mg/g (Ni
2+

), 3.80 mg/g (Mn
2+

), 26.60 mg/g (Hg
2+

), 4.52 mg/g (Co
2+

), 2.54 mg/g (Se
6+

), 

2.32 mg/g (As
5+

) for chitosan; 41.7 mg/g (Pb
2+

), 20.6 mg/g (Cd
2+

), 14.51 mg/g (Ni
2+

), 7.10 mg/g 

(Mn
2+

), 35.80 mg/g (Hg
2+

), 9.64 mg/g (Co
2+

), 2.51 mg/g (Se
6+

), 2.28 mg/g (As
5+

) for chitosan-g-

AAc. The carboxyl groups of AAc intthe hydrogel structure are primarily responsible for the 

specific binding of metal ions. At low pH values, on the one hand, more H
+
 competed with metal 

ions for adsorption sites, which made it more difficult for the metal ions to bind to activated sites. 

On the other hand, carboxyl groups existed in the form of -COOH rather than -COO
-
, which can 

hinder the interation between hydrogels and metal ions.  
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Figure 10: Effect of pH on ion adsorption of Chitosan (a) và Chitosan-g-AAc (b) 

b) Effect of contact time 

Results (Figure 11) indicated that metal ions removal was increased with an increase in 

contact time before equilibrium was reached. Other parameters such as dose of adsorbent and pH of 

solution were kept constant. The results indicated that the adsorption amount of all the eight tested 

metal ions increased rapidly at the beginning of adsorption: more than 90% of the adsorption 

amount of Pb (II), Hg (II), Cd (II), Ni (II), Mn (II), Co (II), As (V) và Se (VI) ions occurred within 

120 min. This is because adsorption sites on the chitosan-g-AAc was unfilled and ions easily 

interacted with these sites. After 5-6hr ion uptake remained almost constant, and even after 

prolonged time, the adsorption capacity hardly increased.   
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Figure 11: Effect of the contact time on the adsorption amount                                                                                   

of metal ions on Chitosan (a) and Chi-g-AAc (b). 

c) Effect of initial  ion concentration  
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Figure 12: Effect of initial  ion concentration on the adsorption amount                                                                

of metal ions on Chitosan (a) và Chi-g-AAc (b). 
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The results show that the adsorption amount increased almost linearly with the initial ion 

concentration from 10 to 50 mg/l. When the C0 was 50 mg/l, the qe reached 30.12 mg/g (Pb
2+

), 26.6 

mg/g (Hg
2+

), 12.76 mg/g (Cd
2+

), 8.86 mg/g (Ni
2+

), 4.52 mg/g (Co
2+

), 3.8 mg/g (Mn
2+

), 2.32 mg/g 

(As
5+

) and 2.54 mg/g (Se
6+

) on chitosan; 42.06 mg/g (Pb
2+

), 35.20 mg/g (Hg
2+

), 20.84 mg/g (Cd
2+

), 

14.48 mg/g (Ni
2+

), 9.52 mg/g (Co
2+

), 7.10 mg/g (Mn
2+

), 2.26 mg/g (As
5+

) and 2.5 mg/g (Se
6+

) on 

chitosan-g-AAc. The results is the same as the report’s Bunting và Thong [10]. 

d) Adsorption of competitive ions 

The concentration of each ion in equeous solution was fixed at 10mg/l or 50mg/l, and the 

results are showed in Figure 13a, 13b, 14a and 14b. As compared with the adsorption amount under 

non-competitive conditions, the binding capacities of metal ions under competitive conditions were 

decreased. The order of metal ions adsorption Pb
2+

>Hg
2+

>Cd
2+

>Ni
2+

>Co
2+

>Mn
2+

. The ion 

selectivily observed for Pb
2+

 was higher, which might be attributed to the bigger ionic radius of Pb
2+ 

ions [11]. 
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Figure 13a: Adsorption under non-competitive 

condition (C0 = 10mg/l). 

Figure 13b: Adsorption under competitive     

condition (C0 = 10mg/l). 
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Figure 14a: Adsorption under non-competitive 

condition (C0 = 50mg/l). 

 

Figure 14b: Adsorption under competitive                       

condition (C0 = 50mg/l). 

III. CONCLUSIONS 

- Chitosan can be crosslinked when irradiated in the presence of a sensitizer such as CCl4. 

The gel content reached highest value of 89% at 80 kGy. 

- Chitosan-g-AAc beads were synthesized by a graft copolymerization reaction of chitosan 

with acrylic acid by gamma radiation with different concetration of AAc. The radiation dose of 5 

kGy and dose rate of 4 kGy/h resulted in the production of chitosan beads with a grafting content 

51.5%.  

- The physical characterization of chitoan-g-AAc by swelling behavior, TGA, SEM and IR 

spectra suggests that AAc was grafted onto chitosan. 

- The adsorption capacities for metal ions froom aqueous solution using grafted and 

ungrafted chitosan beads were measured. 
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ABSTRACT: Preparation of super water absorption materials using coir dust and sodium acrylate has been 

carried out by radiation grafting techniques using gamma irradiator of Co-60 source, at Radiation technology 

Dept. Nuclear Research Institute.  Effect of irradiation dose, coir dust content and NaOH concentration to the 

forming-gel yield has been studied.  Results show the gel content achieved the highest value of 96%, at 15kGy of 

irradiation dose, 25% coir dust content and 20% NaOH. The parameters affect to the swelling behavior of 

studied products have been investigated. The characteristics of product structure have been determined by FTIR 

and SEM.  It is indicated that swelling degree of products increases in the increasing of immerging time but 

decreases with the increase of irradiation dose.  In the other hands, the swelling behavior of studied products 

extremely depends on processing condition such as drying temperature and their particle size.  It is seen that 

50
o
C and 200μm are the optimal parameters of drying temperature and particle sizes of product.  The efficiency 

of water retention of products in sandy and soil media has been determined, results show the amount of water 

has been remained higher than 40%, in case of sand and soil contain 0.7% PSHT and keeping in dry condition 

after 60 days.  Meanwhile the amount of water almost equal to 0 after 20 days and 60 days for sand and soil 

respectively.  Application of studied products for corn and coffee crops on sand and soil has been evaluated for 

positive results after 45 days without irrigation but their growing still stable. 

I. INTRODUCTION 

Super water absorption polymer (SWAP) is one of materials which can absorb water from 

hundreds or thousands of times compare with their original weight.  SWAP is a polymer only swell 

but insoluble in water. They are usually prepared from hydrophilic monomer/ and water-soluble 

polymers by copolymerization or crosslinking using chemical/ or radiation techniques. Preparation 

of SWAP by radiation polymerization/ crosslinking of hydrophilic monomers, polymers and the 

radiation grafting of acrylic acid onto cassava/ and sago starch have been reported in many 

references in the world and in Vietnam.  However, the products of radiation grafting of sodium 

acrylate onto coir dust are still extremely new subject. The SWAPs have widely applied in many 

fields such as personal hygiene products, diapers, bag flood protection, absorb toxic heavy metal 

ions, organic waste collector, filtration and filter aid and special in agricultural use as stabilizer for 

soil moisture. 

Coir dust is a residue in the processing of the coconut products, ropes.  It is the source of 

abundant natural polymer after rice straw and rice husk. The material is less expensive, high 

mechanical strength, biodegradable and high water absorption but it releases water so fast. 

This report presents results of the effect of gamma radiation on formation of copolymer, the 

water swelling properties and their struture characteristics.  The effect of drying temperature and 

particle size of copolymer to swelling behaviour has been determined.  The efficiency of moisture 
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stabilization of compolymer for sand and soil, and its application for planting coir and coffee on 

sand/ soil has been tested as well. 

II. EQUIPMENTS AND REAGENTS 

II.1. Equipments 

- Gamma irradiators: Isscledavatel (Russia), 0.4kGy/h, and GC 5000 (India), 4.0kGy/h. 

- Other apparatus and equipments for the study, at Radiation Technology Dept. 

II.2. Reagents 

- Coir dust was purchaged from Ben Tre Coconut Processing factory.  Acrylic acid, glacial 

form 99.8% is imported from BASF (Germany). 

- NaOH, C2H5OH, CaCO3 and CMC used directly without purification. 

III. PREPARATION OF SWAP AND THEIR PROPERTIES 

III.1. Preparation of sodium acrylate solution. Preparation of acrylic acid solution 50% 

(solution 1). Preparation of 40% NaOH solution (solution 2). To drop slowly of solution 2 into 

solution 1, stir for 45 minutes (400 rpm). Prepared acrylate solution is mixed with dried coir dust in 

different ratios. 

III.2. Irradiation of sample. Mixture samples are packaged in PE bag and stablized for 12 

hours then irradiate on gamma Co-60 source in the dose range: 5; 10; 15; 20 and 30kGy, at rates 

dose of 4.0kGy/h. Samples after irradiation are cut, then soaked in ethanol for 24 hours to remove 

unreacted monomer, the polymer was extracted in distilled water at 90
o
C for 48 hours, then dried at 

50°C until constant weight. 

Gel and saturating swelling degree of SWAP are determined by the gravimetric method. 

IV. RESULTS AND DISCUSSION 

IV.1. Effect of NaOH concentration on the gelling reaction 

 
Figure 1: The dependence of gel content on radiation dose                                                                                            

at different NaOH concentrations. 
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Figure 1 shows the dose-dependent gel formed with different concentrations of NaOH. 

Results show that the gel content increases with dose and concentration of NaOH. 

IV.2. Effect of formed gel on coir dust content  

Figure 2 shows the dependence of the content gel formed according to the dose at the content 

of coir dust. The results indicate that the formed-gel content increases in the increase of irradiation 

dose and in the decrease of coir dust content. 

 
Figure 2: The dependence of the gel creation content on coir dust content. 

IV.3. The characteristics and properties of super water absorption material 

IV.3.1. Characteristics of super water absorption material 

- The effect of irradiation dose on swelling degree of super water absorption material is 

presented the Fig.3. It is seen that swelling degree increased with increasing dose, achieved 

saturating value at 15kGy and then decreasing in the high dose range. 

 
Figure 3: Dependence of water swelling of product on irradiation dose. 
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Figure 4: Dependence of water swelling of product on soaking time. 

Figure 4 show the water absorption content increases quickly in during time of 5-60 minutes, 

then increase slowly and reached the saturation value after 48 hours. For the products with coir dust 

higher content the swelling speed and swelling degree are lower.   

 IV.4. Effect of drying temperature on the swelling behaviour 

The effect of drying temperature on swelling behaviour of SWAP is shown in Figure 5. The 

survey results show that swelling degree of SWAP decreases when the drying temperature 

increases. 

 
Figure 5: Effect of drying temperature on the swelling degree of SWAP. 

IV.5.  Effect of particle size on the swelling rate of SWAP 

The survey results in Figure 6 show that the particle size of SWAP extremely affect to the 

swelling rate but the saturating swelling degree does not change.  It is seen that the particle size is 

the smaller the swelling rate is higher.  
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Figure 6: Effect of particle size on the swelling rate. 

IV.6.  Water Retention of SWAP in sand and soil 

Figure 7 and 8 present the effect of SWAP  on water retention of soil and sand.  The results 

indicated that the amount of water has been remained higher than 40%, in case of soil and sand 

contain 0.7% SWAP and keeping in dry condition after 60 days.  Meanwhile the amount of water 

almost equal to 0 after 60 days and 20 days for soil and sand respectively.   

 

 

 

Figure 7: Water retention of SWAP with retention 

time in the soil. 
Figure 8: Water retention of SWAP with retention 

time in the sand. 

V.  CONCLUSION 

From studies and the obtained results it may conclude that coir dust can be used as a material 

for preparing super water absorption polymers by grafting with sodium acrylate using radiation 

techniques.  The optimal parameters for preparation of SWAP are 15kGy irradiation dose, coir dust 

used 25%, NaOH of 40% and drying temperature at 50
o
C.  Swelling degree of SWAP is higher 

35.000%, it is effective for stabilization of moisture of soil and sand and planting in sand medium.   
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ABSTRACT:  The poly(N-isopropylacrylamide) (PNIPAM) based hydrogels are typical thermosensitive material, 

which can be successfully synthesized from aqueous solution of NIPAM by radiation polymeration and cross-

linking. Adding of N,N dimethylacrylamide (DMA) a hydrophilic monomer into the solution of reactant before 

irradiation much improved the cloud temperature of the created hydrogels. The phase transition temperature as 

well as swelling degree of hydrogel based on PNIPAM-DMA copolymer also depended on the ratio of DMA. 

Chemical structure of hydrogel P(NIPAM-co-DMA) were verified by proton spectroscopy (
1
H-NMR). The 

themosensivity of hydrogels was also investigated and the results showed that the low cloud temperature (Tp) is 

around of 37-40C. 

Keywords: Poly(N-isopropylacrylamide), P(NIPAM-co-DMA) hydrogel, Cloud temperature, Thermally-

responsive polymers. 

1. INTRODUCTION 

Poly (N-isopropylacrylamide) (PNIPAM) is a well known thermosensitive hydrogel of which 

the aqueous solution undergoes phase separation on heating beyond 32
0
C induced by a reversible 

hydration- dehydration transition. The PNIPAM hydrogel and its derivatives have attracted a great 

deal of attention because of their potential application in medicine and pharmacy. 

In the our recent study, some various of PNIPAM hydrogel were synthesized from the 

aqueous solutions of N-isopropylacrylamide (NIPAM) by radiation polymerization, combined with 

crosslinking of the growing polymer chains with 
60

Co gamma source. The results showed that the 

obtained hydrogels are thermoresponsive hydrogels with the Tp around of 31.5 to 33C. 

The modification of the Tp of temperature-sensitive gels is primary interest. The decreasing 

of the Tp can be achieved by increasing the hydrophobic groups of the network, while the 

increasing of the Tp can be achieved by increasing the hydrophilic groups of network. The Tp of                  

P(NIPAM-co-DMA) can be increased to 40
0
C by incorporating with hydrophilic comonomer such 

as N,N dimethylacrylamide (DMA). Increasing the DMA content of the P(NIPAM-co-DMA) leads 

to an increase in Tp to an extent which depends on the amount of the hydrophilic comonomer 

(DMA) presented in the system. The results are as might be expected from the predictions of Taylor 

and Cerankowski and on the basis of other studies (Feil 1993, Baker 2003) in which the 

hydrophilic/hydrophobic balance of NIPAAM-based systems was altered. It is reasoned that 

incorporation of a small amount of hydrophilic monomer (DMA), reduces the mount of 

hydrophobic groups and increase the hydrophylicity of the copolymer, due to to the strong 

interactions between water and hydrophilic groups on the polymer. This cause the Tp value to 

increase, since the hydrophilic interations, which increase with temperature, are compensated for up 
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to a higher temperature by the increased polymer-water interaction. In the study. We successful 

synthesis P(NIPAM-co-DMA) hydrogels, and then determinative swelling and phase transition 

temperature of hydrogels in distilled water, physiological solution  and acetate buffer solution. 

2. EXPERIMENTS 

N-isoprpylacrylamide 98% (NIPAM) monomer, N,N-dimethylacrylamide (DMA) monomer 

was bought from Wako Pure Chemical Inc., Japan, and its different aquoeus solutions were prepred 

in distilled water. 10 ml of NIPAM and DMA solution were put in the glass ampule, bubbled with 

nitrogen gas for 10 min to remove the dissolving oxygen, sealed and irradiated by gamma source at 

Hanoi Irradiation Center.  

The NIPAM and DMA solutions were irradiated at the same dose rate of about 20 kGy. The 

conversion yield of polymerization was calculated by the obtained product after filteration of all 

residual monomers as follow: 

The irradiated PNIPAM was immerged in hot water at 60C for a week to remove non-

crosslinked PNIPAM polymer molecules and ratio of gelation was calculated by the following 

equation: 

100(%) 
d

g

W

W
GGelation  

where Wd, Wg are the weights of dried product and remained hydrogel after extracting with 

hot water. 

About dried hydrogels were swollen in 200 ml distilled water to reach the equilibrium and 

degree of swelling was investigated with initial concentration of monomer and radiation doses from 

room temperature to 45C. The swelling degree was calculated by the weight of swollen water per 

initial gel as follow:  

Swelling ratio (times) 

  

 

where Ws and Wg are the weights of swollen and initial hydrogel. 

       
2 1Wst Wst

Deswelling ratio
Wg


                   

where  Wst1 and Wst2 are the weights of swollen hydrogels at temperature  t1, t2 ). Wg is the 

weight initial hydrogels. 

3. RESULTS AND DISCUSSION  

3.1. Preparation of P(NIPAM-co-DMA) hydrogels   

Table 1: The effects of DMA concentration on polymerization                                                                                         

and gelation of P(NIPAM-co-DMA). 

 

 

 

 

 

Different hydrogels were obtained with various ratio of DMA/NIPAM  in reaction vials 

(Table1). The gelation increased with DMA amount and the resulting hydrogels are themoresponse  

as indicated by the reduction of their water-swelling when temperature raised (Figure1).  

(%) DMA ratio  in mixture of monomer 

NIPAM and DMA 
5% 10% 15% 20% 

Gelation degree of P(NIPAM-co-DMA) 

hydrogels (%) 
61.18% 64.93% 68.91% 69.38% 
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Figure1: Swelling ratio and Tp of hydrogels. 

Table 2: Deswelling ratio and Tp of hydrogels P(NIPAM-co-DMA). 

DMA ratio in slution  monomers (%) 5% 10% 15% 20% 

Swelling ratio at temperature t1=28oC (times) 17.74 14.99 12.91 11.87 

Swelling ratio at temperature t2=45oC (times) 2.83 1.61 8.38 8.54 

Deswelling ratio at temperature t2=45oC (times) 14.85 13.38      4.53 3.33 

Tp (
0
C) 35.6 37.25 39.5 40.9 

The hydrogel contain 5% DMA have swelling ratio 17.74 times but the low Tp 35.6
0
C. With 

ratio DMA 15%, 20% have Tp 39.5-40.9
0
C  but they have deswelling of 3.3-4.5 times. With 10% 

DMA ratio have Tp around 37.25
0
C and swelling ratio, deswelling ratio suitable for application 

delivery drugs material (Table2) 

Results determinations swelling, deswelling and Tp of P(NIPAM-co-DMA) hydrogel showed 

10% DMA ratio have Tp, swelling ratio, deswelling ratio suitable for application delivery drugs 

material. Therefore we synthesis hydrogel with ratio DMA 11%, 12%, 13% (w/w) and then created 

hydrogels were verified structure with 
1
H NMR spectrum. 

3.2. The 
1
H NMR spectrum of a hydrogel P(NIPAM-co-DMA)  

 
Figure 2: The 

1
H NMR spectrum of  P(NIPAM-co-DMA) in CDCl3 
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In the 
1
H NMR spectrum, the signals from the PNIPAM moieties (-CH3, OH 0.9 and 1.7 ppm, 

carbonyl groups 4.0 ppm. The groups -N-(CH3)2 of N,N dimethylacrylamide are detected at 3.4-3.5 

ppm, this peak determines was synthesized hydrogel P(NIAPAM-co-DMA). 

3.3. Swelling behavior of P(NIAPAM-co-DMA) hydroels in different solution  

We can see that phase transition temperature, swelling ratio and deswelling ratio of the 

hydrogel samples created in the ratio of DMA 11%, 12%, 13% are relatively high in deionized 

water. This is suitable for next researches in medical application way. This result is compared and 

analyzed clearly in table 2 and figure 3. 

The swelling ratio and phase transition temperature  of the hydrogels that created in 

physiological solution  9% are lower than in distilled water, however, there is no significant in 

reduced ratio, phase transistion temperature  decreased about 0.2
o
C and the swelling ratio decreased 

about  0.5 times.  

 

Figure 3: The swelling ratio and Tp of hydrogels in distilled water. 

 

Figure 4: The swelling ratio and Tp of hydrogels in physiological solution. 

The results showed that the swelling level and phase transition temperature of the hydrogels 

in physiological solution  as well as acetate buffer are lower than in distilled water. This result can 

be explained by change of osmotic pressure between the inside and outside environment of  

hydrogel network. Another factor related to the swelling ability in physiological solution  is due to 

anion-anion repulsion  prevented by the cations. 
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Figure 5:  The  swelling ratio of hydrogels in acetate buffer solution. 

3.4. Influence of the buffer to the Tp of P(NIAPAM-co-DMA) hydrogels 

Table 3: Results of Tp of hydrogels in distilled water,                                                                                            

saline solution and acetate buffer solution. 

 

 

 

 

 

 

 

 

 

Through tables 3 showed that swelling ratio and phase transition temperature  of hydrogels in 

physiological solution  and acetate buffer are lower than in distilled water solution and reduced ratio 

is more than in acetate buffer, with phase transition temperature decreases about 0.5
o
C, swelling 

ratio decreases about 1.3 (times), this may be due to the change in osmotic pressure. The osmotic 

pressure of buffer solution is higher than physiologic solution, and the interaction between the 

cations and anions to the polymer network of hydrogels also makes the difference increased 

significantly. The change in the swelling ratio, the phase transition temperature of hydrogels created 

in different environments prove that response to not only temperature but also change of 

environmental conditions. 

4. CONCLUSIONS  

P(NIPAM-co-DMA) hydrogel was synthesized in distilled water using gamma irradiation as 

an initiator and a crosslinking  agent at the same time. P(NIPAM-co-DMA) is a thermo sensitive 

hydrogel. The Tp of P(NIPAM-co-DMA) hydrogels around 36.8-37.4
0
C in acetate buffer solution 

(pH=3) and it was increased significantly to around 37.4-37.8
0
C in neutral solution (distilled water). 

There results may be used to develop method irradiation polymerization for synthesis hydrogel 

application in medicine and pharmacy. 

Ratio of DMA  in 

mixture of monomers 

DMA,NIPAM 

Tp  of  hydrogels (
0
C) 

     Distilled water 

 

Physiological 

solution  

Acetate buffer 

solution 

11% 37.45 37.25 36.85 

12% 37.6 37.45 37.15 

13% 37.8 37.6 37.45 



VINATOM-AR--12-40 

 

The Annual Report for 2012, VINATOM 

 
306 

 

REFERENCES 

[1] Kim IS, Jeong YI, Cho CS, Kim SH. International Journal of Pharmaceutics, 211;1-8, 2000. 

[2] Chen G, Hoffman AS. Letters to Nature. Nature 373;49-52, 1995. 

[3] Bhattacharyaa A, Misra BN. Progress Polymer Science, 29;767-814, 2004. 

[4] Kabanov VY. Radiation High Energy Chemistry 34(4); 203-211, 2000. 

[5] Kohori F, Sakai K, Aoyagi T, Yokoyama M, Sakurai Y, Okano T. J. Controlled Release 55;87-98, 1998. 

[6] Nagaoka N, Safranj A, Yoshida M, Omichi H, Kubota H, Katakai R. Macromolecules 26;7386-7388, 

1993. 

[7] Gupta B, Muzyyan N, Saxena S, Grover N, Alam S. Radiation Physics and Chemistry 77;42-48, 2008. 

 

 





 



VINATOM-AR--12-41 

 

The Annual Report for 2012, VINATOM 

 

309 

STUDY ON ANALYSIS OF HALIDES IN SEMI-PRODUCT                                

AND PRODUCT OBTAINED FROM PRODUCTION OF UO2 FUEL                           

BY PYROHYDROLYSIS 

Nguyen Thi Kim Dung, Nguyen Thi Lien, Do Thi Anh Tuyet, Do Van Thuan, Nguyen Thi Men,                 

Doan Thanh Son, Pham Danh Khanh and Tran Thi Ngoc Diep 

Center for Analytical Chemistry, ITRRE, Vietnam Atomic Energy Institute 

48 Lang-Ha str., Hanoi, Vietnam 

 

 

 

 

 

 

 

 

 

 

 

 

 

ABSTRACT: The pyrohydrolytic apparatus has been designed in details according to a structural scheme 

published in a reference and ordered for the manufacture in oversea company. The study on quantitative 

separation of halides (F, Cl, Br, I) in solid and liquid samples containing uranium by using pyrohydrolysis 

technique has then been carried out in Center for Analytical Chemistry (ITRRE). The recovery of pyrohydrolytic 

reaction of all studied halides at 1000
o
C for about 30 minutes using their pure compounds reached nearly 99% 

on this complete system. The ion chromatography (IC) and the Inductively coupled plasma-mass spectrometry 

(ICP-MS) were investigated for the determination of halide anions in the condensed solutions. The fluoride and 

chloride content in UO2 powder and/or in solution containing uranium samples was determined by using IC 

meanwhile the concentration of bromide and iodied in these samples was quantified by using ICP-MS with 

internal standard technique. The relatively standard deviation of all measurement existed within 10% and hense, 

the analytical procedures can be applicale for the quantitative determination of these above mentioned halides in 

engineering researched samples. 

I. INTRODUCTION 

There are two methods for determining halides in samples: One is a direct estimation of 

halides in liquid sample, and the other is determination of halides after isolating them from solid 

sample matrix. Electrochemistry with ISE [1,2,3], HPLC with conductivity detector [4] or UV-Vis 

[5], and IC [6,7] are common techniques being used to determine halides in aqueous samples. 

However, halides in solid waste materials, oil sample (at high viscosity), organic samples could be 

quantified by using lazer abration hyphenated ICP-OES [8], or ICP-MS [9], and halides in in stone 

samples were determined by using neutron activation analysis [10].     

The distillation and pyrohydrolysis have been mainly useful techniques for isolation of 

fluoride and other halides from matrix of solid samples such as soils, stones, minerals, ores, 

chemicals, uranium contained samples[11,12], sand, mud, sediment, environmental, biological 

samples, and solutions [13]. The apparatus for halides separation has been made on the basic of the 

volatile property of HX at room temperature and of halide ions easily isolated from their compound 

[14].  
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Steam distillation has been the most classic technique for halides separation from sample 

solution. Simple apparatus for fluoride separation [15,16] has been made on the principle of water 

vapor steaming out HF from the solutions containing HClO4 [17], H2SO4 [18], in oxygen (air) or 

N2.  

During the years of 1999-2002 at ITRRE, halides were separated from uranyl nitrate solution 

matrix using steam distillation techniques in the presence of H3PO4 and halide ions were determined 

by HPLC with UV-VIS detector.[16] However, the method showed some disadvantages as (i) the 

low repeatality and recovery, (ii) time consuming when doing routine analysis, and (iii) huge 

volume of waste solutions. 

Pyrohydrolysis could separate fluoride from solid samples, which could be mixed with/or 

without different fluxes (WO3 or V2O5 [19] or PbO2 [13], or U3O8, Cr2O3 [20]), then placed in a 

reaction tube at high temperature (800
o
C -1200

o
C) in water steam flow, and sometimes, additional 

spray of oxygen or air passed through. This technique has been applied for the separation of halides 

in coal, phosphate mineral, stone, alkaline earth fluoride, organofluoride compounds, and especially 

in nuclear fuel [21] such as UO2, (U,Pu)O2, ThO2 or in zircaloy. The ASTM (C1022-02, C696-99 

(2005)...) assigned this technique for halides analysis in UO2 powder or in other nuclear products.  

A structural scheme of pyrohydrolysis apparatus (Fig. 1) has been created at an atomic 

research center of US, which was mainly used for research of UO2 from UF6 conversion process 

and from other compounds containing halides.[22]  

 

 

 

 

 

 

 

 

 

The pyrohydrolytic system has been modified for the better usage. The platinum reaction tube 

[22] was replaced by quartz [19,21,23] or nickel [24], but the life of tube was shorten due to its 

ignition at high temperature and reaction of HF with the tube wall. When fluoride was analysed in 

enriched uranium fuel samples, the pyrohydrolytic apparatus was controlled online with a remote 

device. [12] This method has also been studied in ITRRE for the separation of fluoride from solid 

samples contained uranium [25]. The self-made pyrohydrolysis apparatus was tested under two 

projects (CS08/03-06 and CS09/03-06) and the results showed that it could work well but the 

uncertainty of data was still high due to the absorption of fluoride on the reaction tube wall.  

In this project, the study of halides separation was carried out by a new apparatus, which was 

ordered to uniquely fabricate in Germany with platinum reaction tube, Pt condensed conducting 

tube and Pt sample boat.  The halide ions in solution was then determined by using IC (for F
-
 and 

Cl
-
 ) and ICP-MS (for Br

-
 and I

-
). 

II. EXPERIMENTAL 

All chemicals are of the analytical grade (Merck-Germany). Distilled water was purified for 

deionization with resistance of 18 MΩ.cm
-1

. 

IC standard stock solution of F
-
, Cl

-
 at 1000 mg/l concentration was supplied by DIONEX 

(USA); ICP-MS standard stock solutions of Br
-
, I

-
 and of Ge, Rh, Te, Eu, Re (internal standards for 

Br and I) at 1000 mg/l concentration were supplied by Merck-Germany.  The dilution was made for 

 

Figure 1:  Scheme 

of a hydropyrolysis 

apparatus “Macro 

Scale”. 
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obtaining the solutions at  concentrations as 100 μg/ml, 10 μg/ml, 1 μg/ml or lower from these stock 

solutions. 

Pyrohydrolysis apparatus Reetz GmbH company (Germany) fabricated by the order of 

project CB11/03-01 with reaction tube of 80% Pt-20% Rh alloy (Fig.2). 

Ion Chromatographic system-IC Dionex ICS 2100  

Inductively coupled plasma-Mass spectrometer, ICP-MS (Agilent 7500a) 

Other apparatus: Water purification (SG-Simens, Germany); Analytical Balance (Metler AS 

163) with accuracy of 0.01 mg; Pt boat contained about  1 gam of sample;  

Solid sample was dried and kept in a descicator meanwhile liquid sample was stored closely. 

A sample boat containing weighed solid sample was placed in reaction tube at the room 

temperature. Connect carefully all tubes and switch on the controller and the vapour generator. The 

operation program was controlled automatically. Liquid sample was pipetted on the weighed 

accelerator and kept for drying at room temperature. The pyrohydrolysis of this kind of sample was 

carried out similarly.  

III. RESULTS AND DISCUSSION 

III.1.  Study on designing of pyrohydrolysis apparatus  

III.1.1. Selection of pyrohydrolysis apparatus mode for fabrication  

In order to overcome the disadvantages of the self-made apparatus, the innovated details were 

presented as the following. The furnace would be applied double thermal areas to stabilize the 

temperature and increase to recovery; Due to the precious material of tube, the furnace must be 

openned to remove the reaction tube after completing the experiment; Vapor generation flask must 

have reserved neck for pursing air or N2 through to stabilize water vapour flow rate; Furnace 

controller should run by gradient programs with the maximum scale of 1200
o
C temperature and the 

temperature ramp (t
o
/hr) should be not slow; 

III.1.2.  Designing of pyrohydrolysis apparatus  

According to the scheme in Fig.1 and to the selected criteria above mentioned our designed 

scheme was given in Fig.2 that was sent to HTM REETZ GmbH Hochtemperatur- Őfen 

company,Germany for the fabrication. The product of our designed order was shown in Fig. 3  

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 
 

Figure 2: Designed 

scheme of  pyrohydrolysis 

apparatus for the 

fabrication. 

Figure 3: Pyrohydrolysis 

apparatus (Furnace with 

double thermal areas)           

LK 1200-25-350-2). 
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III.2. Study on the pyrohydrolytic conditions 

III.2.1. Dependence of pyrohydrolytic reaction on temperature and time  

Pure DyF3 compound belonging to the quick pyrohydrolysis group with UF4 and UF6 was 

used for the study of recovery on new apparatus (Fig.3). The reaction temparature was set by 

gradient program upto 1050
o
C, due to the high melting point of DyF3 (1400

o
C)[26]. The steam 

vapor rate was kept as 0.5ml/min during reaction. A small amount of NH4OH was added in the 

condensed flask in order to absorb completely HF (as well as other HX compounds). 

The dependence of DyF3 pyrohydrolysis yield on temperature was performed in Fig.4 and that 

on reaction time at 1000
o
C was depicted in Fig.5. The results showed that the yield of fluoride 

separation from DyF3 compound reached nearly 99% at about 950
o
C. The increase of temperature, 

this value almost did not change.  

 

 

 

 

 

 

 

 

 

 

 

The reaction time was kept for 30 minutes and it was found to be suitable for all fluoride separated 

from DyF3 though it is very difficult to be disolved even in hot concentrated H2SO4 or in boiling 

saturated alkali hydroxide solution [26]. The result of present work was similar to the former 

obtained conclusion[27]. 

  

 

 

 

 

 

 

The compounds of pure chemical, which are hardly dissolved in H2O such as AgCl, AgBr and 

AgI were used for the survey of Cl, Br, and I pyrohydrolysis due to their uranium compounds were 

not availble. The result on chloride pyrohydrolysis were shown in Fig. 6 as an example. The 

reaction time was kept for 30 min. as it was done with fluoride. It can also be seen from Fig.6 that 

the yield of chloride pyrohydrolysis reaches about 99% at 1000
o
C, which is higher than that 

required for fluoride. Bromide and iodide were completely isolated from their compounds from 

900
o
C to 1000

o
C. The reaction time about 30 minutes was sufficient for all four halides.  

III.2.2. Study on the use of pyrohydrolytic accelerator  

Three accelerators (V2O5, PbO2, và U3O8, 0.2000 grs of each) were selected for studying. The 

pyrohydrolytic conditions (reation time of 30 min. at 1000
o
C) were kept constant. 0.05 grs or 

0.25grs of yellowcake sample was taken for studying F and Cl or Br and I. The experimental results 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Dependency of DyF3 

pyrohydrolysis on the temperature. 

Figure 5: Dependency of DyF3 

pyrohydrolysis on the reaction time. 
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Figure 6: Dependence 

of AgCl pyrohydrolysis 

on the temperature. 
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were given in Table 1. The yield of fluoride and chloride separation did not enhance obviously due 

to the formation of U3O8 from YC. 

Table 1: Study on the role of pyrohydrolytic accelerator. 

Sample 
F content 

(g/g) 

Cl content 

(g/g) 

Br content 

(g/g) 

I content 

(g/g) 

YC+U3O8 1064.75 6784.39 0.130 0.190 

YC+V2O5 1065.66 6779.28 0.128 0.193 

YC+PbO2 1066.41 6782.05 0.125 0.189 

YC 1065.48 6780.18 0.126 0.189 

              Note: YC = Yellowcake 

III.3. Study on the quantitative separation of halides from solid and liquid samples  

II.3.1. Quantitative separation of halides from solid samples 

AUC-Ammonium uranyl carbonate (semi-product of engineering investigation) was used for 

this study; Anions of F and Cl presented in condensed solution were determined by IC meanwhile 

anions of Br and I were quantified using ICP-MS (addition calibration with internal standard). The 

results given in Table 2 showed that their standard deviations were relatively low and the repeatality 

of five replicates was acceptable. The found out results were similar to the earlier study on ADU 

[25].  

Table 2: Analysis of halides in AUC sample. 

Exp. 
Sample 

weight (g) 

Solution 

volume 

(ml) 

F content 

by IC 

(μg/g) 

Cl content 

by IC 

(μg/g) 

Br content 

by ICP-MS 

(μg/g) 

I content 

by ICP-MS 

(μg/g) 

1 0.1027 40.0 331.23 86.22 0,1905 0,0277 

2 0.1011 41.2 329.91 85.39 0,1775 0,0291 

3 0.1012 40.2 328.74 87.01 0,1698 0,0270 

4 0.1017 40.1 329.10 84.98 0,1779 0,0266 

5 0.1020 40.2 327.89 84.89 0,1875 0,0290 

Average value 329.37 85.70 0.1806 0.0279 

Standard deviation 1.13 0.81 0.0075 0.0010 

III.3.2. Quantitative separation of halides from liquid samples 

A synthesized liquid sample was prepared by adding all four studied anions at a certain 

concentration in 5 mg U/ml of uranyl nitrate solution. The accelerators of U3O8, PbO2 and V2O5 

were employed for pyrohydrolysis. The results were shown in Table 3. 

Table 3: Study on a synthesized liquid mixture. 

No 
Exp. with 

accelerator 

F Amount (μg) 
Cl Amount 

(μg) 

Br Amount 

(μg) 
I Amount (μg) 

Added Found Added Found Added Found 
Adde

d 
Found 

1 PbO2 185 224.07 250 261.67 100 105.44 100 107.10 
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2 V2O5 185 198.82 250 250.57 100 113.11 100 92.79 

3 U3O8 185 184.26 250 250.01 100 99.02 100 101.54 

4 UN+ U3O8 0 25.99 0 83.30 0 19.70 0 18.00 

5 UN+ U3O8 185 210.35 250 333.36 100 119.52 100 118.12 

6 UN+ U3O8 185 211.25 250 332.97 100 119.44 100 117.65 

Average value of Recovery 99.90  99.94  99.78  99.89 

The results showed that the average recovery of halides within studied range of concentration 

was rather high (approximately 99%) in the presence of accelerator U3O8.  

III.4. Study on quantitative determination of halides in condensed solutions 

III.4.1. Determination of halides using ion chromatography (IC) 

The optimization of  F-, Cl-, Br- separation was carried out on IonPac AS18 Analytical 4 x 

250mm and IonPac AG18 Guard 4 x 50mm (ICS 2100-Dionex) columns. 

The retention time of each anion and their detection limits was given in Table 4. 

Table 4: Retention time of F
-
, Cl

-
, Br

-
 and limit of detection. 

Ion Retention time (min.) LOD (ppm) 

F
-
 3.1 0.1 

Cl
-
 4.1 0.25 

Br
-
 6.4 0.2 

The presence of NH4OH in sample solution was studied and the results showed that the 

concentration of NH4OH from 20 to 60mM did not interfered with the determination of F
-
, Cl

-
, Br

-
 

by using ion chromatography. 

III.4.2. Determination of halides (Br and I) by ICP-MS  

The index isotopes of Br-79, Br-81, and I-127 were used for analysis of anion Br and I in 

condensed solutions. In order to overcome the effect of matrix and memory effect, internal standard 

technique was applied. The isotopes as 
72

Ge, 
103

Rh, 
125

Te, 
128

Te, 
130

Te, 
151

Eu, 
153

Eu, 
185

Re, 
187

Re 

were surveyed and LOD was given in Table 5. 

Table 5: Detection limit of bromide and iodide with the use of internal. 

 Internal Standard 
LOD 

(ppb) 

Internal 

Standard 

LOD 

(ppb) 

Internal 

Standard 

LOD 

(ppb) 

79
Br 

72
Ge 0.44 

81
Br 

72
Ge 0.73 

127
I 

72
Ge 0.17 

103
Rh 0.85 

103
Rh 1.40 

103
Rh 0.24 

125
Te 0.68 

125
Te 0.90 125

Te 0.19 
128

Te 0.75 
128

Te 1.05 
128

Te 0.21 
130

Te 0.77 
130

Te 1.13 
130

Te 0.21 
151

Eu 2.28 
151

Eu 4.75 
151

Eu 0.55 
153

Eu 1.21 
153

Eu 2.20 
153

Eu 0.29 
185

Re 1.11 
185

Re 1.91 
185

Re 0.29 
187

Re 1.13 
187

Re 1.95 
187

Re 0.29 
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It was found that with the use of 10 ppb 
72

Ge or 
125

Te as internal standard (IS), the sensitivity 

of measurement of 
79

Br and 
127

I reached highest values; The external calibration of Br-79 and I-127 

with Te-125 IS gave a larger slope and higher correlation coefficient (R
2
). This phenomenon was 

similar to the other studies obtained.[27, 28]  

The resulting study on a halides synthesized sample depicted that standard deviation was 

acceptable to determine the anions Br and I in solutions (Table 6).    

Table 6: Study on a synthesized sample containing halides. 

Exp 
Sample 

name 

Sample 

composition 

[Br
-
] 

found, ppb 

Error 

(%) 

[I
-
] found, 

ppb 

Error 

(%) 

0 Blank 
Distilled 

H2O  
0.6822 

 
0.1813 

 

1 Sample 1 

Added 310 

ppb Br
-
 and 

260 ppb I
-
 

317.3513   2.37 264.6001  1,77 

2 Sample 2 304.6558 -1.72 261.3102  0,50 

3 Sample 3 309.2444 -0.24 262.1108  0,81 

4 Sample 4 306.3526 -1.18 256.8998 -1,19 

5 Sample 5 310.5736  0.19 259.0849 -0.35 

 Average Value  309.6355 -0.12 260.8012   0.31 

 Standard deviation  4.3850  1.42 2.6295   1.01 

III.5.  Analysis of halides in some products from technological studies  

The analysis of several UO2 powder samples and two UO2 pellet samples (products from 

engineering research projects of Center for Nuclear fuel-ITRRE) was carried out using the studied 

procedure. Halides in these samples were separated using our new pyrohydrolysis apparatus and the 

anions were determined by using IC (for F
-
 and Cl

-
) and ICP-MS (for Br

-
 and I

-
). Results were given 

in Table 7.  

Table 7: Analysis of UO2 powder samples. 

Sample code 
Weight 

(g) 

F content 

(g/g) 

Cl content 

(g/g) 

Br content 

(g/g) 

I content 

(g/g) 

B1 0.5120 17.11 + 0.26 88.57 + 0.85 0.236 + 0.005 0.028 + 0.001 

B2 0.5037 56.07 + 0.32 7.70 + 0.07 0.150 + 0.005 0.096 + 0.002 

B3 0.5066 138.11 + 1.43 18.03 + 0.43 0.045 + 0.001 0.026 + 0.002 

B4 0.5116 52.45 + 0.41 43.85 + 0.50 0.151 + 0.008 0.036 + 0.002 

B5 0.5038 80.74 + 0.43 9.72 + 0.08 0.057 + 0.001 0.028 + 0.002 

B6 0.5129 4.82 + 0.02 44.40 + 0.48 0.109 + 0.001 0.027 + 0.001 

B7 0.5121 121.90 + 1.17 28.65 + 0.45 0.046 + 0.002 0.036 + 0.001 

B8 0.5063 81.64 + 0.62 12.00 + 0.28 0.036 + 0.002 0.017 + 0.001 

V1 1.2700 143.35 + 1.70 3.75 + 0.04 4.280 + 0.011 0.553 + 0.015 

V2 1,3792 27,47 + 0,02 3,16 + 0,02 4,193 + 0,014 0,498 + 0,013 
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Liquid samples (engineering semi-products)was analysed with the support of free halide U3O8 

accelerator and the results were given in Table 15. 

Table 8: Analysis of uranium containing liquid samples. 

Sample 
Volume 

(ml) 

F concentration 

(g/ml) 

Cl 

concentration 

(g/ml) 

Br 

concentration 

(g/ml) 

I 

concentration 

(g/ml) 

UN-1 0.1 4997.01 + 32.55 33911.74 + 110.25 195.16 + 4.29 163.43 + 4.05 

UN-2 0.1 4970.38 + 45.44 33933.97 + 115.32 199.79 + 4.66 166.46 + 4.65 

UN-3  0.1 272.07 + 4.54 658.15 + 5.28 154.29 + 2.24 138.92 + 3.21 

UF-1 0.1 41248.18 + 124.20 2208.41 + 60.50 238.17 + 3.18  187.29 + 4.20 

UF-2 0.1 41194.97 + 120.00 2222.98 + 42.80 218.86 + 4.16 184.90 + 3.33  

IV. CONCLUSION  

The work being done in this project has been achieved the aims as the follows. 

+  The new pyrohydrolysis apparatus was designed according to a litterature and ordered to 

fabricate a full system;  

+  The recovery of all four halides separation, which has been studied with solid samples 

(pure chemicals) on new pyrohydrolysis apparatus, achieved at about 99% and these values met the 

quantitative analysis requirement; The pyrohydrolysis of all four halides in both solid and liquid 

containing uranium samples was also been investigated in the presence of pyrohydrolytic 

accelerators. The accelerator (halide-free U3O8) did not play the significant role in pyrohydrolysis 

of solid samples meanwhile it is indispensable for that of liquid samples in order to obtain the high 

recovery (about 99%); 

+  Ion chromatography (IC) and inductively coupled plasma-mass spectrometrty (ICP-MS) 

for the quantitative determination of halides were validated. Detection limit (LOD) of fluoride and 

chloride by IC technique was estimated as 0.1 and 0.25 mg/l (ppm) respectively, while that of 

bromide and iodide by ICP-MS was 0.68 and 0.19 g/l (ppb) with 
125

Te internal standard or 0.44 

and 0.17g/l (ppb) with 
72

Ge internal standard;  

+  The studied procedure has been applied for the determination of all four halides in UO2 

powder and pellet samples with acceptable standard deviation within 10%;  

+  The contribution of this project to the education of VINATOM has been shown by three 

scientific reports presented in the conferences(“Quantitative analysis of fluoride in some UO2 

powder samples by pyrohydrolysis and ion chromatography”, Nuclear Science and Technology 

Conference for young scientists, Hanoi, Oct. 2012;  “Quantitative determination of Bromide and 

Iodide in bio-samples using ICP-MS”, Analytica International Conference, Hochiminh city, April 

16-18, 2013; “Quantitative determination of halides in solid samples obtained from production of 

UO2 powder”, Nuclear Science and Technology Conference, Vungtau city, August 15-16, 2013) 

and two thesis (“Quantitative determination of fluoride in rare earth ore from Vietnam by using 

pyrohydrolysis and ion chromatography”- graduated work presented in June, 2013 and 

“Quantitative determination of halides in some geological samples by using pyrohydrolysis and ion 

selective electrodes”- master course’s work to be presented in December of 2013). 
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ABSTRACT: A novel method (High-gravity reactive precipitation - HGRP) was developed to prepare nano-SiO2 

from rice husk ash using gas-liquid reaction system. The precipitated silica produced by our proposed method 

had average size of 20 nm with narrow size distribution and purity of SiO2 was approximately 99,2%. The 

principles of the method as well as experimental conditions were also described. 

I. INTRODUCTION  

In the recent years, nanosized materials have attracted lots of attention of scientists and 

producers because of their tremendous potential and applications in variety of industries, such as: 

electronics, optical, chemicals, environment and so on. Rice hull ash (RHA), a waste product of the 

rice industry, has been proved to be rich amorphonous silica material. Precipitated silica 

nanoparticles (SiO2) has been widely used as fillers for papermaking, plastics, coatings, rubber… 

Currently, liquid glass can be produced by a variety of different methods, including the use of 

rice husk ash (RHA) with NaOH reaction. It has many advantages due to the content of amorphous 

silica at high levels. Husk rice ash was the waste resulting in the process of taking heat. 

The synthesis of nanometer-sized silica by reactive precipitation in high-gravity condition is 

one of the new methods to synthesize nano-materials. This method allows the production of large 

amounts of nanometer-sized materials with small and narrow size distribution particles, less time 

consuming, higher yield compared with traditional methods. 

Therefore, the purpose of this project is to study of preparation of nano SiO2 from rice husk 

ash by using high-gravity reactive precipitation technology. 

II. EXPERIMENTAL  

Process of the nano SiO2 preparation from rice husk ash by using high -gravity reactive 

precipitation technology 

The process of the preparation nano SiO2 included 2 steps 

 Leaching rice husk ash (RHA) with sodium hydroxide (NaOH) for producing liquid 

glass. The furnace and a high pressure stainless steel equipment was shown in Fig.1 

The procedure of leaching rice husk ash with NaOH to prepare liquid glass was as following. 

2 kg of husk ash and a certain amount of NaOH solution were added in the reaction vessel (5). 

Close the vessel and turn on the mixer (3). Then gradually increase the reaction temperature of the 

furnace (2) by the control system (6) at a certain period of time. The reaction was undergone under 

5 atm and secured with a pressure gauge (4). After the reaction completed, the solution of liquid 
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glass was extracted as a raw material for the preparation of silica by high-gravity reactive 

precipitation equipment.  

 Preparation of nano SiO2 from liquid glass by using high gravity precipitation 

technology (Higee method). 

As shown in Fig.2, liquid glass presented initially in the stirred tank (1) was pumped through 

the distributor (5) into the rotating packed bed (6), where it reacted with CO2 to form SiO2 particles. 

The mixture slurry of SiO2 flowed back into the stirred tank 1, where it was re-pumped into the 

rotating packed bed and reacted with CO2 again. This recycling process was ended when the pH of 

the slurry reached the value about 8,3. At this moment SiO2 was completely converted from liquid 

glass. 

The high-gravity reactive precipitation system are presented in Fig. 2 below. 

 
 

Figure 1: System of furnace and a high 

pressure stainless steel equipment. 

Figure 2: Experimental set-up of gas-liquid-solid                                     

or gas-liquid phases reaction system. 

III.  RESULTS AND DISCUSSION 

III.1. Determination of SiO2 composition in rice husk ash (RHA) 

The composition of amorphous SiO2 in three types of RHA such as Dinh Hai, King-group, Tri 

Hung ash was determined and the resulted values of each type of RHA were given in Table 1.  

Table 1: The SiO2 composition of each type of RHA. 

N
0 

RHA 
SiO2 amorphous 

(%) 

SiO2 Crystalline 

(%) 

Amount of SiO2            

in RHA (%) 

1 Dinh Hai 64 16 80 

2 King-group 56 24 80 

3 Trí Hưng 40 40 80 

III.2. Determine the parameters affecting of the process of leaching RHA with NaOH 

The experiments on reaction of rice husk ash (RHA) and sodium hydroxide for producing 

liquid glass were carried out in the calcined-stirring equipment at high pressure in order to 

determine 
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(i)  the yield of RHA leaching at the pressure of 5atm; 

(ii) the influence of pressure with leaching at the optimal concentration of NaOH for each 

type of RHA; 

The yield of leaching processes as well as the effect of pressure on leaching RHA with NaOH 

were presented in figures 3,4,5. 
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Figure 3: Leaching different RHA at 5 atm. 
Figure 4:  Effect of NaOH to M (molar)                            

of RHA leaching process at 5atm. 
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Figure 5: Effect of pressure to 

leaching process at the optimal 

concentration of NaOH for each 

type of RHA. 

The purpose of this project is to leach rice husk ash by NaOH to obtain liquid glass with the 

highest value of M and acceptable leaching yield. Therefore, the optimal parameters for each 

different type of RHA were summarized and presented in Table 2. 

Table 2: Optimal parameters for each different type of RHA. 

N
0 

RHA 
Amount 

(Kg) 

Parameter of the process optimization 

NaOH (Kg) M (molar) E (%) P (atm) 

1 Dinh Hai 2 0.438 3.5 57.6 5 

2 Kinh-group 2 0.434 3 49 5 

3 Tri Hung 2 0.600 1.6 36 5 

Dinh Hai ash was selected because its liquid glass gave the highest molar value among three 

types of ash under almost similar conditions of processing. 

Density of liquid glass collected was re-measured and this glass solution would be newly used 

as the feed for preparation of nano SiO2 by using high gravity reactive precipitation technology. 
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III.3. Survey of SiO2 precipitation technology by HGRP method 

The studies of SiO2 precipitation technology by HGRP method were carried out in order to 

estimate  

- The effect of liquid glass dilution on the precipitation process; 

- The effect of condensation of NaCl concentration in the precipitation process; 

- The effect of the rate of CO2 in the precipitation process; 

The results obtained were presented in Figs. 6,7,8: 
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Figure 6: Effect of liquid glass dilution on surface 

area of the particles. 

Figure 7: Effect of the condensation of NaCl 

concentration on surface area of the particles. 
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Figure 8: Effect of 

the rate of CO2 on 

surface area of the 

particles. 

Based on the results of research the preparation of nano-SiO2 by precipitation method using 

CO2 in a HGRP environment, the optimal parameters for the precipitation process were summarized 

in Table 3. 

Table 3: Optimal parameters for the precipitation of SiO2 process. 

N
0 Density 

(Be’) 
NaCl 

(g/l) 
VCO2 

(m
3
/h) 

Time 

(minute) 
T (

0
C) V (L) 

BET 

(m
2
/g) 

1 8.7 11 0.8 22 60 11 180.72 

 

III.4. Determination of nano-SiO2 product parameters 

Silica deposition was taken to determine the shape and nanometer size by  SEM, TEM and 

amount of SiO2 in powder were presented in Figs. 9 and 10 
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Figure 9: Image of nano SiO2 on SEM. 

 
Figure 10: Image of nano SiO2 on TEM. 

Nano SiO2 precipitated product had the parameters shown in Table 4. 

Table 4: Parameters of SiO2 products obtained from the project. 

N
0
 Nano SiO2 Unit 

Parameter 

Registered Results 

1 Quantity  Kg 5 5 

2 Particle size nm 40-50 ~20 

3 Purity % 98.5 99.2 

4 Product’s pH  pH 5-9 7.2 
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IV. CONCLUSION 

1. Under frame of project, successfully designed and manufactured equipment system 

consisted of a well furnace and a high pressure stainless steel reactor fitted with stirrer motor to 

leach rice husk ash (RHA) with sodium hydroxide for producing water glass liquid; 

2. Survey of available types of RHA and study of technical factors that  influenced with the 

leaching process of RHA with NaOH such as: pressure, concentration of NaOH, volume ratio of 

NaOH / RHA were carried out.  

3.  Investigation of technological parameters such as concentration of liquid glass, CO2 gas 

flow rate, and concentration of NaCl additive that affected the formation of particle size and shape 

of precipitated silica was done.  

4. Summarized optimal parameters of synthesis of nanometer-size silica from RHA, using 

gas-liquid reaction on available and typical high gravity reactor system (RPB) were shown in Table 

3. Precipitated silica using above procedure was proved to have the size of about 20 nm, narrow 

particle size distribution. Gas-liquid reaction on the RPB device was effective, easy to scale up and 

the similar method could be utilized to synthesize other materials with nanometer size. Further 

study on both wide range and depth of this technology should be put into consideration; 

5. Resulting from project, 5 kg of nano SiO2 was produced with technical specification and 

the parameters of products presented in Table 4. The product was met all requirements registered in 

proposed project; The process of preparation of nano SiO2 from rice husk ash by using high gravity 

reactive precipitation technology was thus confirmed. 
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ABSTRACT:  Ferrotitanium from Viet Nam's titanium slag was studied for the aim of production using the 

metal-thermic method. The preliminary study on technological procedure was carried out on a repaired systems 

of equipment available at ITRRE. Ferrotitanium obtained by this method had the purity of Ti ≥ 70%, which was 

promising for the application to the larger scale. The optimal parameters in technological procedure was resulted 

such as temperature of the reduction reaction at 900
0
C; time of the reduction reaction within 240 minutes. 

I. INTRODUCTION 

Titanium metal and alloys are widely applied in many fields such as aerospace, shipbuilding,  

metallurgical industry, chemical industry, domestic utensils,… Thermal reduction of titanium slag 

(TiO2) with magnesium (Mg) to obtain titanium alloy is one of two steps to produce ferrotitanium, 

which has been utilized by many countries in the world. This alloy together with iron powder were 

melted in a high frequency induction furnace for producing ferrotitanium ingot.  

In present work, the reduction of Ti slag by magnesium metal together with a mixture fluxes 

MgCl2 and NaCl salt was carried out in a vacuum electric furnace at high temperature. The product 

of this process was titanium alloy powder that was then melted with iron metal powder in a high 

frequency induction furnace, resulting titanium ferro with the content of Ti  ≥ 70%.  

II. EXPERIMENTAL   

II.1. Raw materials 

- Chemical materials. 

All chemicals  TiO2 91.4%, Mg 99.5%, HCl 36.0%, HNO3 65.0%, acetone 98.0%, 99.99% Ar 

gas were used at the analytical grade. 

- Materials were shown in below pictures. 

 

 
Figure 1: Mg foil. 

 
Figure 2: Mg powder.  

 
Figure 3: Titanium slag. 
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II.2. Equipment and technology research and quality assessment 

1. Heat generation equipment metal vacuum self-study design and manufacture. 

2. Content analysis method of impurities by ICP - MS plasma. 

3. Analysis of molecular structure on the device X-ray diffraction Bruker-D5005.          

4. Imaging equipment. 

 
Figure 4: The high temperature vacuum thermal furnace. 

III. RESULTS AND DISCUSSION 

III.1. Influence of magnesium with the titanium slag mass ratio to the product quality  

Base on reaction to form product: TiO2 + 2Mg = Ti + 2MgO 

So, if has 79.87 g TiO2 + 48.6 g Mg  then gained  47.9 g Ti + 80.6 g MgO 

MTiO2 =  79.87 g; the reaction temperature t: 900
o
C; Time for reaction:  = 4h.  

Experiment results as: 

Table 1: Influence of magnesium with the titanium slag mass ratio to product quality. 

N
0 Ratio  

Mg, % 

Result, % 

Titanium mass powder, g Productivity  (Ti), % 

1 90 30.2 70.0 

2 100 36.4 76.0 

3 110 38.3 80.0 

4 120 38.5 82.6 

5 130 39.8 83.2 

6 140 38.9 81.4 

So, select best Mg mass ratio is: 130%. 

III.2. Effects of batch refining temperature to the productivity  

Research the effects of batch refining temperature from 750
0
C to 950

o
C.  

MTiO2 =  79.87 g; MMg (130%) = 63.18 g; smelting time:  = 4 hours.  

Experiment results are presented in the following table. 
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Table 2: Research the effects of temperature to the recall productivity. 

N
0
 Temperature, 

0
C 

Experiment results, % 

Titanium mass powder, g Productivity  (Ti), % 

1 750 28.42 58.0 

2 800 31.90 65.1 

3 850 37.47 76.6 

4 900 40.68 83.2 

5 950 39.80 81.4 

 

You can monitor clearly the graphic as following: 

 

 

 

Figure 5: Influence of melting 

temperature with productivity of 

product mass. 

 

- At 900
o
C productivity maximum % = 83%. 

- So choose temperature t = 900
o
C 

III.3. Effects of batch refining time to the productivity  

Research changing reaction time from 1 hours to 6 hours.  

Experiment results are presented in the following table. 

Table 3: Research the effects refining time to the recall productivity. 

N
0 

, h 
Experiment results, % 

Titanium mass powder, g Productivity  (Ti), % 

1 01 18.87 38.6 

2 02 31.54 64.5 

3 03 38.53 78.8 

4 04 40.39 82.6 

5 05 39.85 81.5 

6 06 39.71 81.2 

- At 900
o
C productivity maximum % = 82.6%. 

- So choose best time 4 hours. 

III.4. Research handling metal thermal reaction 

Handle metal thermal reaction usually by Acidic method (or wet method) 
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III.5. Quality product evaluation 

- After metal thermal reaction gained titanium alloy powder, results are presented in the 

following table. 

N
0
 Sample 

Results, % 

Ti Fe TiO2 MgO 

1 CS.Ti.01 87.6 4.2 2.1 - 

2 CS.Ti.02 84.3 5.1 2.6 - 

3 CS.Ti.03 81.6 - - 1.4 

4 CS.Ti.04 85.1 - - 0.7 

5 CS.Ti.05 89.1 3.2 - - 

6 CS.Ti.06 76.8 5.3 - - 

7 CS.Ti.07 79.4 3.9 - - 

8 CS.Ti.08 80.7 - 1.8 - 

9 CS.Ti.09 67.9 - 8.5 - 

10 CS.Ti.10 94.6 0.2 0.3 - 

 

- Mixing titanium aloy powder with ion metal powder on the high frequency induction 

furnace.  

 Experiment results are presented in the following table. 

N
0 

Results, % 

Titanium ferro mass, g Productivity  (Ti), % 

1 263 87.66 

2 245 81.66 

The results were the product of titanium ferro ≥ 70%Ti. 

III.6. Technological process of ferrotitanium production  

III.6.1. Outline of preparing process  
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Figure 6: The process step modulation technology of ferrotitanium. 

III.6.2. Technology process of preparing ferrotitanium  

- Weight material as calculation, mixing titanium slag with magnesium metal, take it to the 

furnace, close the door, raising temperature of under to 900
0
C and continuously desiccate vacuum 

to 10
-2

 at; 

- When the calcination temperature reached 900
0
C, Metal thermal reaction occurs. 

- After 4 hours, close vacuum valve, switch off furnace interruptor, charge Ar gas to metal 

bomb reached pressure at P = 0.5 at, finish metal reconstitution process. 

 When furnace cooled to temperature of the room,  bring product to handle by method of axit. 

The results were the product of titanium aloy powder, Titanium aloy powder with ion metal powder 

on the high frequency induction furnace. The results were the product of titanium ferro ≥ 70%Ti.  

IV. CONCLUSION 

The project has targeted initial results as: 

1. Research and develop technical process of titanium ferro product from Viet Nam titanium 

slag with Mg reagents. 

3.  Has been produce of titanium ferro reached high metal content, Ti ≥ 70%. 

The produce of titanium ferro is very difficult in technology and equipment, but we had 

obtained this product, which is the success of projects as well as it is reached to a larger scale 

research.  

 

 

 

Titanium slag Mg metal 

Bom for thermal 

reaction 

Product after Thermal  

Titanium ferro ingot  

Vacuum desiccate, 

load Ar 900
o
C 

 

Titanium aloy powder 

 Ion powder 

Separate H2O and axit 

High requency induction 

furnace 
 

HCl 20% 

1400
o
C, 

10
-2

at 
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ABSTRACT:  The concentration of some anions such as F
-
, Cl

-
, NO3

-
, SO4

2- 
 in wastewater was determined by 

using ion chromatography (IC) system ICS-2000. Ion chromatography  is a process that allows the separation 

of ions and polar molecules based on their charge. The technical parameter of ICS-2000 was investigated, the 

procedure for determination of ions then established. The precision and accuracy of quantitative analysis were 

tested by standard solutions and these anions in waste samples collected from ITRRE interims were analyzed. 

I.  INTRODUCTION   

A small volume of sample is introduced into an ion chromatography.  The anions of interest 

are separated, using a system comprised of a guard column, analytical column, suppressor device, 

and conductivity detector. The separated anions are measured by conductivity. They are identified 

on the basis of retention time as compared with standards. Quantitation is by measurement of peak 

area or peak height. 

II.  EXPERIMENTS  

II.1. System operating conditions 

Parameters of ion chromatography were setting up for the operation as the following.   

Column:     -  IonPac AS18 Analytical 4 x 250mm 

                   -  IonPac AG18 Guard 4 x 50mm 

 Eluent concentration: 30mM KOH 

 Flow rate: 1ml/min 

 Column temp: 30
o
C 

 Detector: Suppressed conductivity ASRS ULTRA 4mm;  

           Suppressed current: 75mA 

System pressure: ~2300psi 

Time for analysis: 10 min. 

II.2. Procedure 

II.2.1.  Sample Storage and Preservation 

Waste water samples collected for analysis by IC ideally should be stored in plastic 

containers, such as polystyrene or polypropylene bottles. Sample preservation requirements and 

holding times for anions typically determined by IC are listed in Table 1. 
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Table 1: Sample preservation and holding times for anions determined. 

Analyte Preservation Holding time (days) 

F
-
 None required 28 

Cl
-
 None required 28 

NO3
-
 Cool to 4C 2 

SO4
2-

 None required 28 

II.2.2. Sample pretreatment 

Once a solution has been obtained it is typically necessary to perform some degree of sample 

pretreatment or cleanup prior to injection into the IC device. This pretreatment may be as simple as 

filtration, or may be a complicated time-consuming matrix-elimination step. The typical intent of 

sample cleanup is to achieve one or more of the following goals: (1) removal of particulates which 

could cause blockages or damage to the instrument; (2) reduce the overall sample loading on the 

column; (3) concentration or dilution of the target analytes; and (4) removal of matrix interferences. 

Samples that contain particles larger than 0.45 microns require filtration to prevent damage to 

instrument columns and flow systems. 

II.2.3. Operation procedure 

- Power - up, start the computer. 

- Start Chromeleon software. 

- Set up the reservoir: fill up the Eluent bottle with distilled water. 

- Check all connections, then prime the pump. 

- Set operating conditions. 

- Equilibrate the system: Allow the pump pressure to stabilize at ≈2300 p.s.i, click on the 

blue dot (Acquisition On/Off), allow the system to run until chromatogram is stable. 

- Verify  operating status. 

- Process samples: modify the sequence file, load the sample file, click on Start. Allow the 

sequence to run to completion. 

- Optimizing calibration. 

- Results. 

III.  RESULT AND DISCUSSION  

Results received when investigating the LOD, LOQ and operation accuracy given in below 

table.   

Table 2:  Limit of detection LOD.  Table 3:  Limit of quantification LOQ. 

Analyte LOD (mg/l)  Analyte LOQ (mg/l) 

F
-
 0.1  F

-
 0,5 - 40 

Cl
-
 0.25  Cl

-
 0,5 - 100 

NO3
-
 0.11  NO3

-
 0,5 - 180 

SO4
2-

 0.14  SO4
2-

 0,5 - 200 
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Table 4: Single - operation accuracy of standard anions. 

Analyte Known Conc. 

(mg/l) 

Number of 

Replicates 

Standard Deviation      

(mg/l) 

Relative standard 

deviation (%) 

F
-
 4.00 16 0.078 5.89 

Cl
-
 20.00 16 0.163 2.45 

NO3
-
 20.00 16 0.185 2.77 

SO4
2-

 20.00 16 0.203 3.05 

The apparent errors in measurement was not more than the permissible error. Therefore we 

can use IC to determine the concentration of anions in the sample. 

The following figures showed the chromatograms of F
-
, Cl

-
, NO3

-
, SO4

2-
 anion

 
in different 

waste water samples on the ICS-2000. 

      
Figure 1: The  chromatogram of samples. 

The samples collected from ITRRE interims (Lang Ha, Nguyen Tuan, and Phung) were 

analyzed by that proposed procedure and  results were shown in the table 5. 

Table 5:  The anions concentration in waste water samples. 

No. Sample F
-
 (mg/l) Cl

-
 (mg/l) SO4

2- 
(mg/l) NO3

-
 (mg/l) 

1 Lang Ha 1 14.32 43.02 1202.3 68.54 

2 Lang Ha 2 14.64 49.4 1145.6 59.8 

3 Lang Ha 3 19.68 43.39 1222.2 69.5 

4 Lang Ha 4 13.36 46.1 1185.7 52.6 

5 Nguyen Tuan 1 0.39 15.36 8.62 0.2 

6 Nguyen Tuan 2 0.57 18.36 11.91 0.38 

7 Nguyen Tuan 3 0.51 23.72 10.50 0.25 

8 Nguyen Tuan 4 0.44 17.62 10.25 0.47 

9 Phung 1 1.1 483.7 714.1 72.5 

10 Phung 2 1.06 404.82 693.5 65.5 

11 Phung 3 2.04 468.9 643.6 74.2 

12 Phung 4 1.68 426.6 656.4 66.8 
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IV. CONCLUSION 

- Project has solved the following issues.             

- The system operating conditions of ICS-2000 were investigated.  

- Base on the results received, the procedure for determination of anions in wastewater was 

established. 

- The precision and accuracy of quantitative analysis is tested. 
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ABSTRACT:  The maintainance of all routine activities at VILAS 524 laboratory (Center for Analytical 

Chemistry-Institute for Technology of Radioactive and Rare Elements) to comply with TCVN ISO/IEC 

17025:2005 has been carried out regularly just after the certificate of VILAS 524 was issued. The annual audit 

by the experts from BOA (Bureau of Acredditation) has been applied to VILAS 524 in order to control the 

compliance of VILAS activities with ISO standard. The addition of accredited test methods has been 

implemented in VILAS 524 to expand the VILAS activities in the field of uranium ore and environmental 

samples. 

I. INTRODUCTION  

Laboratory of Center for Analytical Chemistry-CACE (belonging to the Institute for 

Technology of Radioactive and Rare Elements-ITRRE) has been accredited on the base of TCVN 

ISO/IEC 17025:2005 and encoded as VILAS 524 from the end of 2011.  According to the guideline 

of the accreditation system, Bureaux of Accreditation (BOA) annualy sends the auditors to VILAS-

524  for the evaluation of the compliance with ISO/IEC 17025:2005 during undergoing routine 

activities. The VILAS 524 has been required to meet all criteria of TCVN ISO/IEC 17025:2005, 

which have been documented in quality manual and applied for routine analysis.  

Furthermore, the accredited methods of VILAS 524 at the end of 2011 consisted of 08 testes 

as the following.  

Zircon ore-Determination of the Zirconium Content by TCN 90:2005.  

Ilmenite Ore-Determination of Titanium Dioxide-TiO2 Content and Determination of Iron 

(III) Oxide-Fe2O3 Content by TCN 89:2005.  

Manganese Ore-Determination of Total Manganese Content and Manganese Dioxide-MnO2 

Content  by TCN 91:2005.  

Zinc Ore-Determiantion of Zinc Content and Determination of Lead Content by TCN 

92:2005.  

Ground water, surface water, dringking water and waste water - Determination of Elements 

in Water by Inductively Coupled Plasma - Mass Spectrometry (ICP-MS) by ASTM D5673:2010. 

These accredited test methods covered rather narrow analysed objectives meanwhile the 

demand of customers on sample types have been several. Moreover, the main field of ITRRE 

activities concerns radioactive and rare elements, in which many test methods have not yet been 

accredited. The addition of accredited test methods in this field is thus necessary for the 

Project Information: 

- Code:  

- Managerial Level: Institute 

- Allocated Fund: 70,000,000 VND 

- Implementation Time: 12 months (Jan 2012 – Dec 2012) 

- Contact Email: nguyentkdz@yahoo.com 

- Papers published in relation to the project: (None). 

 



VINATOM-AR--12-45 

 

The Annual Report for 2012, VINATOM 

 
338 

development of VILAS 524 as well as for the maintenance of the effective service to all research 

subjects implemented in ITRRE.   

II. RESULTS OF THE PROJECT 

II.1. Updating the documents in management system  

The management system of VILAS-524 consist of 17 procedures, 15 documents and about 25 

forms, which must be updated monthly or annually meanwhile quality manual is the top document 

that described the strategy of the laboratory and it must not be changed or updated regularly.  

Just after obtaining VILAS 524 certificate (Oct., 2011) the update of whole documents has 

been taken part and it was regularly carried out by the quality manager and all staffs of the 

laboratory. The evaluation of customers, management review and internal audit also played the very 

important roles and they have to be regularly updated.   

II.2. Enhancement of Technical Potential   

In the year of 2012, the validation of three suplementary test methods such as (i) Non-saline 

water-Measurement of gross alpha activity in non-saline water-Thick source method by 

TCVN6053:2011; (ii) Non-saline water- Measurement of gross beta activity in non-saline water-

Thick source method by TCVN6219:2011; and (iii) Uranium ores /geological samples- 

Determination of uranium in ores/geological samples by ASTM C1110-03 (2008) (Standard 

Practice for Sample Preparation for X-Ray Emission Spectrometric Analysis of Uranium in Ores 

Using the Glass Fusion or Pressed Powder Method) were experimentally carried out in VILAS 524. 

The resulting data were evaluated on the basic of intercomparison results from different VILAS 

laboratories.  

II.3. Equipment Calibration  

According to ISO/IEC 17025:2005 the link between analytical results issued by VILAS 524 

and the instruments used for producing data in the relevant test method must be assured by the 

calibration, which has been done by an accredited laboratory on corresponding specify. The 

calibration of several instruments was annually carried out by different accredited laboratories in 

Vietnam Metrology Institute and the instrument was marked by calibrated label.     

The advanced instruments such as ICP-MS, Total Alpha Beta Counter, XRF, ect. with stable 

status at operation for the long time were calibrated by expertised staffs of  VILAS 524 on the base 

of the instruction and authorization by the manufacturers.   

II.4.  Proficiency Test 

The inter-laboratory tests on environmental samples by using total alpha and beta counter and 

uranium ore samples by XRF were carried out by the staffs of VILAS 524, and in other 

laboratories. The quality manager of  VILAS 524 assessed all the obtained data and reported to the 

auditors.  

The proficiency test (PTXRF-IAEA2009) on River Clay samples was organized by IAEA 

chemistry and instrumentation laboratory at  Seibersdorf, in which staffs of VILAS 524 participated 

to analyze the sample by our proposed method to be approved by BOA. The analytical results was 

reported to IAEA in order to evaluate the precision of each laboratory. According to the statistical 

data from IAEA, the results from VILAS 524 generally showed the Z-score within + 2 that reflected 

the relatively low bias.  

II.5.  Auditing the activities of VILAS 524 in the year of 2012 and the follow-up audit on 

adding test methods to be approved 

The audit of VILAS 524  was firstly implemented on 30 of November, 2012. Due to the 

commissioning of tasks between former chief of VILAS 524 and the successor, some necessary 

documents was randomly missed. The staffs of VILAS 524 had to fill up all tasks according to the 
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requirement of ISO/IEC 17025 as well as to that writen in quality manual of VILAS 524, and the 

documents were thus retrived. Reports on corrective actions were sent to BOA.    

The following up audit was carried out on 30 of January, 2013. In this audit, three additional 

test methods were technically inspected by technical experts of BOA. The auditors had observed 

full experiments of analytical procedures of candidate test methods, which were done by the staffs 

of VILAS 524. The auditing protocol and report were issued by the agreement between the auditors 

and the chief of VILAS 524 then the conclusion was drawn by BOA.  

Final decision of BOA on maintaining the accreditation status of VILAS 524 and on the 

approvement of three test methods dated on 21 March, 2013 was granted.  

III. CONCLUSION 

- The tasks have been carried out by the staffs of CACE according to the registered contents 

together with research contract. 

- The VILAS 524 has been continued to be accredited by the decision of BOA dated   on 21
st
 

of March, 2013 and the addition of three test methods were approved.  

- The request on environmental assurance of the instrument laboratories has been reported to 

the director of ITRRE for the compliance with ISO/IEC 17025:2005. 
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ABSTRACT: As allowed by Ministry of Education and Training, NTC is the unit which acts on behalf of 

Vietnam Atomic Energy Institute (VINATOM) to manage and assign the activities of training specialized 

Doctors, coordinate with universities to provide high quality bachelor of engineering degrees creating a 

specialized human source. VINATOM and its related units have already had their websites which work 

effectively in searching information. For NTC, setting up and maintaining the website is significantly important 

because its purpose is to train and provide information about nuclear energy for people inside and outside the 

country. Moreover, the web page also help to provide documents, guidelines for studying and share the 

knowledge  about nuclear which play an important role to construct the nuclear power plant in our country in the 

next few years.   

I. THE REASONS BY NTC, VINATOM AND THE MINISTRY OF SCIENCE AND 

TECHNOLOGY RESULTING IN OPENING THE TASK 

  Establishing a website is one of the important tasks for NTC in order to promote and 

publicize its activities (in both Vietnamese and English). The active and open relationships with 

students and local as well as international organizations help to prepare the human resource for 

Nuclear power as well as the other related applications.  

The website will be the information source of management plans and contents of Nuclear 

Science and Technology training programs. Until now, because there haven’t had a website, all the 

reports and papers have to send through hand written method which is waste of time. 

Website will be a good source for students and professors to find and share the teaching 

documents as well as references quickly at a low cost (most of the books, syllabuses and references 

from the Center will be provided for free).    

It is necessary to open a section of Nuclear Science and Technology through the website’s 

forum. This is a highly effective mass media method at a low cost. 

II. CONTENTS 

(Details of all issues needed to be solved and solutions to achieve the target) 

a. Gather and analyze the requirements. 

b. Design the web interface, write source code. 

c. Create/Update beginning sample contents/data for the website.    

d. Test, check and adjust the features. 

e. Run the system officially, improve the system (install and maintain the domain name) 
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f. Appoint the operator, test the system. 

III. COMPLETED PRODUCT 

*  Sample appearance of website and data for NTC 

The main components on the website of NTC 

1. Home page 

 

 

2. About us. Introduction of NTC. Contains: 

- Our Policies; 

- History; 

- Our Vision; 

- Achievement; 

- Human Resource. 
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3. News. Up to date local and international news related to Nuclear. Containing the following 

sections: 

- Nuclear Technology News; 

- Local News; 

- International News; 

- Corporate News; 

- Events; 

- Internal News. 
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4. Training courses. Up to date information of various training courses from NTC 

- Program framework  

- Training plans. 
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5. Notice. Publicize announcements from all units under Vietnam Atomic Energy Institute.   

 

6. Training facilities. Books and syllabuses are available for download here. Contain 

following sections: 

- Books; 

- Syllabuses. 
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IV. RESULT 

Based on the workload and explanations, we believe that our tasks were completed as 

registered. All the requirements for a communication channel, a website were brought to the users. 

Our website provided information about nuclear physical science news, organizing plans and 

contents of nuclear science and technology training courses.  

After a year of operating, we think that the website is stable, easy to use; interface structure is 

clear and logical which meet the criteria from Nuclear Training Center. News module keeps on 

updating, uploading the internal and corporate news from the center as well as the fullest and latest 

news, events, meetings from all the areas related to nuclear issues from local and international. The 

question and answer (Q&A) section was completed its task as a communication channel to respond 

to the readers who interested in the activities of the Center as well as the other issues related to 

Nuclear. The function of providing documents, books and syllabuses on the website has received 

the good responses and support from the website’s users and students. This section contains many 

good and up-to-dated sources of documents about Nuclear physics.    

News statistics 

Based on the statistics, we can see the readers’ attention to the activities and news which 

Nuclear Training Center oriented and provided. 

No. Thread Posts Views 

1 World news 28 6283 

2 Local news 59 10699 

3 Events 20 29108 

4 Nuclear news 22 18853 

5 Corporate news 4 1107 

Total 134 92441 

 Most interested in 

No. Articles Views 

1 Hội thảo “An toàn nhà máy điện hạt nhân và Dự án điện 

hạt nhân Ninh Thuận” 

16556 

2 Những chân trời mới trong khoa học 10829 

3 Khoa học công nghệ là khâu đột phá 3552 

4 Lễ bảo vệ luận án tiến sĩ cấp viện của Viện Năng lượng 

nguyên tử Việt  

2051 

5 Vài nét văn hóa Nga 1657 

Documents, books and syllabuses statistics 

STT Topics Amounts Download 

1 Science documents 16 608 

2 Texts 2 156 

3 Training plan 0 0 

4 Books 5 1257 
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5 Syllabuses 6 768 

Total 29 2789 

Most interested in 

No. Topics Download 

1 Quy Chế Đào Tạo NCS 124 

2 BÀI HỌC KINH NGHIỆM TAI NẠN LÒ PHẢN ỨNG 

HẠT NHÂN Chernobyl - Tô Lệ Hằng 

90 

3 BÀI HỌC KINH NGHIỆM CỦA TAI NẠN NHÀ 

MÁY ĐIỆN HẠT NHÂN TMI-2 

65 

4 Westinghouse AP1000™ Nuclear Power Plant 61 

5 Luận Án tiến sĩ - Nguyễn Xuân Hải 51 

6 Detector bán dẫn và ứng dụng - Nguyễn Xuân Hải 432 

7 Vật lý hạt nhân hiện đại - Đào Tiến Khoa 333 

8 Điện tử hạt nhân - Nguyễn Đức Hòa 235 

9 Năng lượng nguyên tử - Iakoshi 229 

10 Ứng phó sự cố hạt nhân 184 

V. CONCLUSION 

In the year of 2012, Despite of the efforts to complete and run the website made by the center, 

the design and operation still had difficulties and was not perfect. The reasons are: 

- The information was overloaded, therefore need a lot of time to classify, search, and edit to 

write new articles; 

-   The budget was limited which made it difficult to design a perfect and fully functioned 

website. Lack of human resources, the center’s staff has to take multiple tasks therefore it was 

difficult to train professional operators.    

Expected performance for the year of 2013: 

- Added the English option for the website’s user interface; 

- Create forums to share knowledge and experiences about nuclear training.    

Proposals: 

- Open the links to other units which are under VINATOM to exchange the information and 

data in order to make the contents more various; 

- Increase the budget for training as well as writing the articles for the website at an 

appropriate amount; 

- Increase the number of books printed for each book so that can upload to the website. This 

is a promoting method which helps people who interested to assess the information source easily.   
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2.1.  LIST OF VIE PROJECTS 2012 

(Implemented by VINATOM and Vietnam other organizations) 

 

Code Title 
Start 

Year 
Status 

Budget 

(USD) 

Field 

code 

Project 

Counterpart 
Institution 

VIE2009 

Nuclear Analytical 

Techniques for 

Environmental 

Pollution Control 2009 

Completed 

21/11/2012 187,207.81 2C 

Nguyen Thi 

Kim Dung  ITRRE 

VIE2010 

Developing 

Nuclear Power 

Infrastructure - 

Phase II 2012 Active 299,693.00 4V,0A  

Hoang Anh 

Tuan 

VAEA 

(VINATOM 

participating) 

VIE2011 

Enhancing the 

Capability of 

Uranium and 

Related Atomic 

Mineral 

Exploration for 

Nuclear Energy 2012 Active 76,913.00 7 Le Ba Thuan ITRRE 

VIE4015 

Developing 

Nuclear Power 

Infrastructure 2009 Active 867,793.91 4V,0A 

Hoang Anh 

Tuan 

VAEA 

(VINATOM  

participating) 

VIE6025 

Upgrading the 

Standard 

Dosimetry and 

Nuclear Safety 

Laboratories of the 

Institute for 

Nuclear Science 

and Technology 

(INST) 2012 Active 76,174.00 29 

Vu Manh 

Khoi INST 

VIE8020 

Developing 

Advanced Non-

Destructive 

Testing 

Techniques for 

Inspection of Heat 

Exchangers of 

Thermal Power 

Plants 2009 

Completed 

21/11/2012 224,297.50 8P Vu Tien Ha NDE 

VIE9011 

Improving the 

Capability for Site 

Characterization 

and Evaluation of 

New Nuclear 

Installations 2009 Active 230,964.99 9F  Truong Y NRI 
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2.2 LIST OF FNCA PROJECTS  2012 

(Implemented by VINATOM and Vietnam other organizations) 

 Fields Project Tittle Institutions  Project Coordinators  

1.   

 

 

 

 

Research Reactor 

Utilization 

Neutron 

Activation 

Analysis 

(NAA) 

Vietnam Atomic 

Energy Institute 

(VINATOM) 

Cao Đong Vu (from 3/2012),   

Deputy director, Center for Analytical 

Techniques (CATech), Nuclear 

Research Institute (NRI) 

2.  Research 

Reactor 

Network 

Vietnam Atomic 

Energy Institute 

(VINATOM) 

Duong Van Dong 
Director, Center for Research and 

Production of Radioisotope, Nuclear 

Research Institute(NRI) 

3.   

 

 

 

 

 

Application for 

Sustainable 

Agriculture 

 Mutation 

Breeding 

Ministry of 

Agriculture and 

Rural Development 

(MARD) 

Le Huy Ham 

Director General, Institute of 

Agricultural Genetics (AGI) 

4.  Bioferilizer Ministry of 

Agriculture & 

Rural Development 

(MARD) 

Pham Van Toan 

Director, Postgraduated Department, 

Vietnam Academy of Agricultural 

Sciences (VAAS) 

5.  Radiation 

processing of 

Natural 

Polymers 

Vietnam Atomic 

Energy Institute 

(VINATOM) 

Nguyen Quoc Hien 

Principal Scientist, Research and 

Development Center for Radiation 

Technology (VINAGAMMA) 

6.  Application for 

Improving 

Medical Cares 

Radiation 

Oncology 

National Cancer 

Institute (K 

Hospital) 

Bui Cong Toan 

Head of General Radiotherapy 

Department 

7.  Human Resources 

Development 

 Vietnam Atomic 

Energy Institute 

(VINATOM) 

Cao Hong Lan (From 7/ 2011)   

Deputy Director, Department of 

Administration and Personnel 

8.  Nuclear Safety 

Management 

System 

 Vietnam Atomic 

Energy Institute 

(VINATOM) 

Nguyen Nhi Dien 

Director, Nuclear Research Institute 

(NRI) 

9.  Radiation 

Protection/Radioa

ctive Waste 

Management 

 Vietnam Atomic 

Energy Institute 

(VINATOM) 

Le Ba Thuan                                                    
Director, Institute of Technology for 

Radioactive and Rare Earth Elements  

(ITRRE) 

10.  Nuclear Security 

and Safeguards 

 Vietnam Agency 

for Radiation and 

Nuclear Safety 

(VARANS) 

Nuyen Nu Hoai Vi  
Director of Nuclear Control Division  
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2.3 LIST OF INT\RAS PROJECTS 2012 
(Implemented by VINATOM) 

Code Title 

INT\RC

A\NonR

CA 

1st year 

of 

approval  

Status Budget  (USD) Field 

Project 

Coordi

nators  

Institution  

INT2014 
Supporting MSs to evaluate Nuclear 

Reactor Technology for Near-term 

Deployment 

INT 2012 Active 

1,571.975.00 

(Core)  

220,000.00 

(Fn\A) 

Reactor 

Technology 
Tran             

Chi            

Thanh  

VINATOM 

RAS0060 
Enhancing Capacity for Effective Use and 

Maintenance of Nuclear Instrumentation RCA 2012 Footnote A  (waiting) 
Nuclear 

Instruments 

Dang 

Quang 

Thieu   

RAS0064 

Supporting Nuclear Education and 

Training through e-Learning and Other 

Means of Advanced Information 

Communication Technology (ICT) 

Non-

RCA 2012 Active 371,873.00 

(01) Building 

nuclear science 

competencies 

Nguyen 

Manh 

Hung  NTC 

RAS0065 

Supporting Sustainability and Networking 

of National Nuclear Institutions in Asia 

and the Pacific Region 

Non-

RCA 2012 Active 401,418.00 

(01) Building 

nuclear science 

competencies 

Cao               

Dinh 

Thanh  VINATOM 

RAS1012 

Characterizing and Optimizing Process 

Dynamics in Complex Industrial Systems 

Using Radiotracer and Sealed Source 

Techniques RCA 2012 Active 388,465.00 
Industrial 

Application 

Nguyen 

Huu 

Quang CANTI 

RAS1013 

Supporting Advanced Non-Destructive 

Examination for Enhanced Industrial 

Safety, Product Quality and Productivity RCA 2012 Active 260,000.00  
Non destructive 

Testing 

Vu  

Tien                          

Ha  NDE 

RAS1014 

Supporting Radiation Processing for the 

Development of Advanced Grafted 

Materials for Industrial Applications and 

Environmental Preservation RCA 2012 Active 262,500.00 

Radiation 

Technology 

Doan                     

Binh VINAGAMMA 
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RAS1019 
Enhancing safety and Utilization of 

Research Reactors 

Non-

RCA 2012 FA (waiting)  
Research Reactor 

Technology 

Luong 

Ba       

Vien   

RAS2013 
Good Radiopharmacy Practice and Good 

Manufacturing Practice 

Non-

RCA 2007 Active 397,898.54 
Radioisotope 

Production 

Duong 

Van 

Dong  NRI 

RAS5050 

Enhancing Sanitary and Phytosanitary 

Treatment of Regional Products for Export 

by Irradiation (RCA) RCA 2009 

Completed  

19/11/2012 200,164.64 

Agricultural 

Application 

Tran 

Minh 

Quynh  HIC 

RAS5055 
Improving Soil Fertility, Land Productivity 

and Land Degradation Mitigration RCA 2012 Active 

520,280.00 

(Core) & 

65,000.00 

(FTA) 

Agricultural 

Application 

Phan 

Son  

Hai  NRI 

RAS5056 

Supporting Mutation Breeding Approaches 

to Develop New Crop Varieties Adaptable 

to Climate Change RCA 2012 Active 385,000.00 

Agricultural 

Application 

Le 

Quang 

Luan  CNT 

RAS5057 

Implementing Best Practices of Food 

Irradiation for Sanitary and Phytosanitary 

Purposes RCA 2012 Active 358,000.00 

Agricultural 

Application 

Tran 

Minh  

Quynh, 

Tran 

Bang 

Diep  HIC 

RAS 6070 
Supporting Quality Assurance Team for 

Radiation Oncology (QUATRO) training 

Non-

RCA 2012 Active   Health Care 

Tran 

Ngoc 

Toan VINATOM 

RAS/7015 

Characterization and Source Identification 

of Particulate Air Pollution in the Asian 

Region (RCA) RCA 2007 
Completed  

16/11/2012 576,281.10 Environment 

Vuong 

Thu 

Bac  INST 

RAS/7016 

Establishing a Benchmark for Assessing 

the Radiological Impact of Nuclear Power 

Activities on the Marine Environment in 

the Asia-Pacific region (RCA) RCA 2007 
Completed  

16/11/2012 665,82.10 Environment 

Nguyen 

Trong 

Ngo NRI 
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RAS7019 

Harmonizing Nuclear and Isotopic 

Techniques for Marine Pollution 

Management at the Regional Level (RCA) RCA 2009 
Completed  

25/09//2012 222,942.09 Environment 

Trịinh 

Van 

Giap INST 

RAS7021 

Marine benchmark study on the possible 

impact of the Fukushima radioactive 

releases in the Asia-Pacific Region RCA 2011 Active 763,710.11 Environment 
Le Nhu 

Sieu NRI 

RAS7022 

Applying Isotope Techniques to 

Investigate Groundwater Dynamics and 

Recharge Rate for Sustainable 

Groundwater Resource Management RCA 2012 Active 236,760.00 
Isotope 

Hydrology 

Nguyen 

Kien 

Chinh CNT 

RAS7023 

Supporting Sustainable Air Pollution 

Monitoring Using Nuclear Analytical 

Technology RCA 2012 Active 

449,850 (Core) 

& 20,000 

(Footnote) 

Total = 

469,850 Environment 

Vuong 

Thu 

Bac INST 

RAS7024 

Supporting Nuclear and Isotopic 

Techniques to Assess Climate Change for 

Sustainable Marine Ecosystem 

Management RCA 2012 Active 321,000.00 Environment 

Trinh 

Van 

Giap INST 

RAS8108 

Assessing Trends in Freshwater Quality 

Using Environmental Isotopes and 

Chemical Techniques for Improved 

Resource Management (RCA) RCA 2009 
Completed  

04/12/2012 113,839.99 
Isotope 

Hydrology 

Nguyen 

Kien 

Chinh CNT 

RAS8109 

Supporting Radiation Processing of 

Polymeric Materials for Agricultural 

Applications and Environmental 

Remediation (RCA) RCA 2009 Active 410,582.83 
Radiation 

Technology 

Đoan 

Binh VINAGAMMA 

RAS8110 

Applying Advanced Digital Industrial 

Radiology and Computed Tomography in 

Industry and Civil Engineering (RCA) RCA 2009 

Completed  

19/11/2012 142,220.92 

Industrial 

Application 

Vu 

Tuien 

Ha NDE 
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RAS8111 

Diagnosing Industrial Multiphase Systems 

by Process Visualization using 

Radiotracers and Sealed Sources (RCA) RCA 2009 
Completed 

29/11/2012 472,249.66 
Industrial 

Application 

Nguyen 

Huu 

Quang CANTI 

RAS9064 

Strengthening the Transfer of Experience 

Related to Occupational Radiation 

Protection in the Nuclear Industry and 

Other Applications Involving Ionizing 

Radiation 

Non-

RCA 2012 Active 125,877.00 

(12) Radiation 

protection of 

workers, patients 

and the public 

Vu 

Manh 

Khoi INST 

RAS9065 

Strengthening Radiation Protection of 

Patients in Medical Exposure 

Non-

RCA 2012 Active 188,430.00 

(12) Radiation 

protection of 

workers, patients 

and the public 

Nguyen 

Huu 

Quang INST 

RAS9067 

Strengthening an Effective Compliance 

Assurance Regime for the Transport of 

Radioactive Material 

Non-

RCA 2012 Active 301,561.00 
(13) Transport 

safety 

Đang 

Xuan 

vinh ITRRE 

RAS9068 

Strengthening and Harmonizing National 

Capabilities for Response to Nuclear and 

Radiological Emergencies 

Non-

RCA 2012 Active 165,196.00 

(16) Emergency 

preparedness and 

response 

Le 

Ngoc 

Thiem INST 

RAS9071 

Establishing a Radioactive Waste 

Management Infrastructure 

Non-

RCA 2012 Active 468,551.01 

(19) Radioactive 

waste 

management, 

decommissioning 

and 

environmental 

remediation 

Nguyen 

Ba    

Tien ITRRE 
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2.4.  List of Research Contracts 2012 

((Implemented by VINATOM and Vietnam other organizations) 

 

No CRP 

Code  
Title  Programme  Start Date  

Expected  

End Date  
Closing date  

1 
D12009  

Managing Irrigation Water to Enhance Crop Productivity 

under Water-Limiting Conditions: A Role for Isotopic 

Techniques  

Food and Agriculture  15-09-2007 14-09-2012  28-11-2012  

2 

D12011  

Integrated Isotopic Approaches for an Area-wide 

Precision Conservation to Control the Impacts of 

Agricultural Practices on Land Degradation and Soil 

Erosion  

Food and Agriculture  08-12-2008  07-12-2013  26-11-2013  

3 
D15013  

Approaches to Improvement of Crop Genotypes with 

High Water and Nutrient use Efficiency for Water Scarce 

Environments  

Food and Agriculture  01-11-2011  01-11-2015   

4 D24012  
Enhancing the Efficiency of Induced Mutagenesis 

through an Integrated Biotechnology Pipeline  
Food and Agriculture  04-02-2009  20-05-2014   

5 D32025  
The Early and Rapid Diagnosis of Emerging Diseases 

(focus on avian influenza)  
Food and Agriculture  15-12-2006  31-12-2011  22-10-2012  

6 
E13031  

Role of Nuclear Cardiology Techniques in Ischemia 

Assessment with Exercise Imaging in Asymptomatic 

Diabetes  

Human Health  15-03-2006  31-12-2012  28-01-2013  

7 
E13032  

Performance of Rest Myocardial Perfusion Imaging in 

the Management of Acute Chest Pain in the Emergency 

Room  

Human Health  15-03-2007  31-12-2011  24-02-2012  

8 E13034  
Assessment of Left Ventricular Function in Coronary 

Artery Disease with Nuclear Techniques  
Human Health  15-09-2007  31-12-2011  08-02-2012  

9 E13037  
The Use of Sentinel Lymph Node in Breast, Melanoma, 

Head & Neck and Pelvic Cancers  
Human Health  12-10-2010  31-12-2013  22-11-2013  

http://cra.iaea.org/crp/project/ProjectDetail?projectId=1428&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1428&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1428&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1507&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1507&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1507&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1507&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1869&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1869&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1869&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1492&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1492&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1383&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1383&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1367&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1367&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1367&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1411&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1411&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1411&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1425&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1425&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1520&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1520&lastActionName=Search
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10 

E35008  

Strengthening of “Biological dosimetry” in IAEA 

Member States: Improvement of current techniques and 

intensification of collaboration and networking among 

the different institutes.  

Human Health  10-02-2012  09-02-2016   

11 
E43023  

Stable Isotope Techniques in the Development and 

Monitoring of Nutritional Interventions for Infants and 

Children with Malaria, TB and other Infectious Diseases  

Human Health  08-09-2009  28-02-2014   

12 
F12024  

Utilisation of Accelerator-Based Real-time Methods in 

the Investigation of Materials with High Technological 

Importance  

Nuclear Science  28-03-2012  28-03-2016   

13 
F22046  

Development of Radiation-Processed Products of Natural 

Polymers for Application in Agriculture, Healthcare, 

Industry and Environment  

Radioisotope Production and 

Radiation Technology  
01-12-2007  31-12-2012  13-01-2013  

14 F22051  
Radiation Curing of Composites for Enhancing their 

Features and Utility in Health Care and Industry  

Radioisotope Production and 

Radiation Technology  
14-03-2011  14-03-2015   

15 F22060  
Radiometric Methods for Measuring and Modelling 

Multiphase Systems Towards Process Management  

Radioisotope Production and 

Radiation Technology  
09-07-2012  09-07-2016   

16 F33017  
Use of Environmental Isotope Tracer Techniques to 

Improve Basin-scale Recharge Estimation  
Water Resources  26-03-2009  26-03-2013   

17 F33019  
The Use of Environmental Isotopes to Assess 

Sustainability of Intensively Exploited Aquifer Systems  
Water Resources  09-07-2012  09-07-2016   

18 

J71011  

Modelling and Analysis of Radionuclides Transport and 

Source Term Evaluation within Containment / 

Confinement and Release to the Environment, for 

Research Reactors  

Safety of Nuclear Installations  15-04-2007  31-07-2011  18-01-2012  

19 T24008  
Planning, Management and Organizational Aspects in 

Decommissioning of Nuclear Facilities  

Management of Radioactive 

Waste  
15-05-2008  15-05-2012  23-08-2012  

 

http://cra.iaea.org/crp/project/ProjectDetail?projectId=1833&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1833&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1833&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1833&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1519&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1519&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1519&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1748&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1748&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1748&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1467&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1467&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1467&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1783&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1783&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1536&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1536&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1529&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1529&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1887&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1887&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1261&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1261&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1261&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1261&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1463&lastActionName=Search
http://cra.iaea.org/crp/project/ProjectDetail?projectId=1463&lastActionName=Search
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