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Optimization of congo red removal by
adsorption onto NiFe,O,/GO nanocomposite
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Abstract:

The present study focused on the
use of the magnetic nanocomposite
NiFe,0,/GO (GO - Graphene
oxide) as an efficient adsorbent

for the removal of congo red (CR).
The NiFe,0,/GO was synthesized
from NiFe,O,and GO via a facile
route, and the structure of this
nanocomposite was analyzed by
X-ray powder diffraction (XRD),
scanning electron microscope
(SEM), and Vibrating sample
magnetometer (VSM). By applying
the response surface methodology,
the profound relationship was
found between variables (initial
concentration, adsorbent dosage,
and pH) and CR removal efficiency.
Moreover, the model was optimized
to give a favourable condition for
the adsorption. Up to 94.7% of
CR removal was obtained via a
confirmation test, and this result
indicated that the magnetic
NiFe,0,/GO was a promising
material in terms of treatment for
CR-contaminated wastewater.

Keywords: congo red,
NiFe,0,/GO, optimization, response
surface methodology.
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Introduction

Nowadays, environmental pollution
has increasingly become a universal
issue as a consequence of the discharge
of many hazardous [1].
Among the pollutants, organic dyes
contribute to a large proportion because
their contamination in
often originates from fundamental and
widespread industries such as textile [2].
Such compounds at high concentrations
are considered as toxic sources due to
toxicological and aesthetical reasons, and
thus they are able to cause carcinogenic
effects [3]. Meanwhile, these organic
pollutants can accumulate a great
amount in the environment over a period
of time and result in persistent pollutions
because of their low biodegradability
[4]. CR is a crucial representative of
secondary diazo anionic dyes, which
leads to an allergic reaction and will
be metabolized to benzidine, a human
carcinogen [5]. Therefore, it is strongly
expected to develop an eco-friendly
method for treatment of CR-bearing
wastewater.

chemicals

wastewater

Over the past years, some feasible
approaches for the removal of dyes
have been reported such as various

physical, chemical, and biological
methods, including adsorption,
biosorption  coagulation/flocculation,
catalytic reduction, electrolytic

reduction membrane filtration, and
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liquid-liquid extraction [6]. Although
the aforementioned methods generally
remain their own limitations towards
either cost-effectiveness or performance,
adsorption is a highly effective separation
technique because its advantage is
superior to that of other methods in terms
of initial cost, simplicity, good operation,
and cyclability [7]. There are various
kinds of common adsorbents which can
be highly compatible with adsorption
systems. However, adsorbents need to
be reusable towards “green chemistry”
trend and can be -easily separated
from the aqueous solution, so we have
developed a class of nickel-based spinel
ferrite magnetic material NiFe,O, [8].
To enhance the surface properties by
means of adding various functional
groups, graphene oxide can be loaded to
modify a rigid structure of NiFe, O, and
form a nanocomposite NiFe O,/GO [9].
These types of materials can, therefore,
be easy to perform magnetic separation
and recycling as they hold unique
properties of facile synthesis, magnetic
recoverability and stability.

The present work aims to show the
influential factors including initial CR
concentration, the dosage of NiFe O,/
GO, and pH of the solution on the removal
of CR by adsorption onto NiFe,O,/GO
using the response surface methodology
(RSM). The second-order RSM-based
polynomial regression model was used

#Vietnam Journal of Science,

i Technology and Engineering
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to evaluate the mathematical relationship
of factors and find the optimum region
for removal of dye ions.

Materials and methods
Chemicals and instruments

All chemicals for this study were
commercially purchased from Merck.
The XRD was implemented on D8
Advance Bruker powder diffractometer
with a Cu-Ka
The SEM was
Japanese instrument S4800 and used

excitation source.

recorded with the

an accelerating voltage source of 10
kV with a magnification of 7000. The

Adsorption batch

The NiFe,O,/GO (0.16-1.84 g/l)
was poured into an Erlenmeyer flask
containing 50 ml of CR solution (66.4-
133.6 mg/l). After the
equilibrium in three hours, the solid was

absorption

removed from the mixture. The residual
concentrations were confirmed by AAS.
Twenty experiments were performed by
using central composite design (CCD)
(Table 1) at five levels including the low
(encoded -1), high (encoded +1), and
rotatable (encoded + 1.68).

between graphene oxide and active open-
metal sites of the NiFe,O, were formed
[8-11]. Moreover, other shape diffraction
peaks at 26.4°, 30.4°, 35.8°, 43.4°, 63.0°
revealed the crystalline nature which
fitted well with spinel structure of
ferrites reported by a previous study [9].

Figure 1B showed that the saturation
magnetization value was 2.38 emu/g,
which was considered to be significantly
lower than that of the previous report
[8]. Magnetization decrease could be

Table 1. Independent variables matrix and their encoded levels.

Levels
magnetic properties were determined by | No Independent factors Sl = 7 0 o 1.68
VSM. 1 CR concentration (mg/l) X, 66.4 80 100 120 1336
Production of NiFe,0,/GO 2 NiFe,0,/GO dosage (g/1) X, 0.16 0.5 1.0 1.5 1.84
3 pH(-) X, 3.6 5 7 9 10.4
NiFe,O, and GO were performed by
atwo-step procedure as early reported [8, | Results and discussions attributable to the presence of non-
10]. I.n .the typical exPerlment, a bc.eaker Textural characterization of magneFlc griaphene .loaded on the sgrface
containing 1.0 g of NiFe,0, 50 ml'in 50 | Az Fe,0,/GO of ferrite NiFe,O, in the preparation of

ml ethanol and another beaker containing
5 ml of GO colloidal suspension in 45 ml
of water were put in an ultrasonic bath
for one hour. After heating to 60°C, the
mixtures were transferred into a 500 ml
beaker and then stirred to vaporize. The
solid was dried at 90°C and used for the
present study.

150

It can be seen from Fig. 1A that the
typical peak of GO at a low angle of
20 = 10.8° was absent from the given
diagram [11]. This phenomenon can
be explained as follows: the graphene

oxide was remarkably reduced through
the oxidative reaction, where new bonds
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Fig. 1. XRD spectra (A), VSM (B), and SEM image (C) of the NiFe,0,/GO.
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NiFe,0,/GO [1]. The SEM image at
various scales of 500 nm in Fig. 1C
revealed the morphological property
from NiFe O,/GO. Obviously, the
NiFe,0,/GO possesses a type of porous
and defective surface. The average
diameter of nanoparticles was calculated
to be from 40 to 50 nm.

U
500nm



Table 2. The matrix of observed and predicted values.

Variables Response
No
x, (C,, ppm) X, (dosage, g/1) x, (pH) Actual (%) Predicted (%)
1 80 0.5 5 43.9 45.6
2 120 0.5 5 30.3 29.0
3 80 1.5 5 91.9 93.8
4 120 1.5 5 80.8 84.0
5 80 0.5 9 56.8 56.0
6 120 0.5 9 42.4 42.9
7 80 1.5 9 60.4 70.1
8 120 1.5 9 62.9 63.7
9 66.4 1 7 80.2 77.5
10 133.6 1 7 59.0 58.2
11 100 0.16 7 18.5 19.5
12 100 1.84 7 90.8 77.5
13 100 1 3.6 74.0 71.9
14 100 1 10.4 70.0 63.6
15 100 1 7 71.0 73.8
16 100 1 7 75.8 73.8
17 100 1 7 73.7 73.8
18 100 1 7 76.6 73.8
19 100 1 7 73.1 73.8
20 100 1 7 72.1 73.8
Table 3. ANOVA for response surface quadratic model.
Source Sum of = Degree of Mean F-value Prob.>F Comment
squares freedom square
Model 6393.26 9 710.36 77.88 < 0.0001° SD = 3.02
X, 44840 1 448.40 49.16 < 0.0001° Mean = 64.82
X, 4057.32 1 4057.32 44481 <0.0001¢ CV(%) =4.66
X, 82.35 1 82.35 9.03 0.0132¢ Press = 563
X, X, 22.44 1 22.44 2.46 0.1478" R2=0.9859
X, X, 5.78 1 5.78 063  04445° R’ =0.9733
X, X, 584.82 1 584.82 64.11 <0.0001* AP = 34.767
X2 63.48 1 63.48 6.96  0.0248
X,’ 1151.82 1 1151.82 126.27 < 0.0001*
X2 65.64 1 65.64 720 0.0230°
Residuals 91.22 10 9.12
Lack of Fit 68.19 5 13.64 2.96 0.1293"
Pure Error 23.03 5 4.61
ssignificant at p < 0.05; "not significant at p > 0.05.
ANOVA: Anlysis of variance.
Assessment of experimental results | applied by the Design-Expert 10

with DX10

To investigate a wide range of
parameters (Table 2), the table for

response and predicted values was

(DX10). This table gives information
about actual experiments obtained by
independent runs and the predicted
values (via DX10) built from these
true runs. In this study, there were 20

SEPTEMBER 2017 « VOL.59 NUMBER 3
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actual runs including 14 fluctuation
experiments of three variables and
six replications at the central point.
A proposed model was considered to
be highly fitted with actual data if its
parameters from ANOVA table satisfied
a series of mentioned conditions: (1)
Correlation coefficient (R?) approaches
1.0; (2) Values of P or P-values are lower
than 0.05 at 95% confidence level; (3)
Adequate precision (AP) ratio is greater
than 4.0; (4) Lack-of-fit value is higher
than 0.05. It is inevitable that all the
above standards met these requirements
(Table 3). Moreover, Fig. 2A and Fig. 2B
showed that the predicted values versus
actual values distributed on the straight
line and the residuals versus runs plot
demonstrated that the obtained results
of total 20 runs were experimentally
random. Therefore, the proposed model
was statistically significant.

Effect of independent variables on
the removal of CR

Figure 2C shows “desirability” of
the model, in which the experiments
could be possible to obtain the highest
results (probability = 100%) if they were
conducted by the optimization condition.
The region of maximum “desirability”
was obviously spreading, thus it allowed
obtaining good CR removal efficiencies.
To describe the optimal regions that
were plotted by altering two variables
and holding another at zero level, the
response surfaces were drawn and
shown in Fig. 3.

To begin with, three-dimensional
response surfaces were firstly plotted
in Fig. 3A. The CR removal efficiency
would rise by increasing the amount of
NiFe,0,/GO. The main cause for this
phenomenon was that when adding
the NiFe,0,/GO into the solution,
the number of active adsorption sites
rose to create more functional groups.
Consequently, an optimum zone was
positioned at the higher side of dosage.
Meanwhile, the initial concentration of
CR anions had a negligible impact on
the CR removal efficiency.

#Vietnam Journal of Science,
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Fig. 3. Surface response plot (A-C) for the removal of CR by NiFe,0,/GO.

Table 4. Model confirmation.

C, (mg/l) Dosage (g/l) pH (-)

Ni?* removal (%)

Desirability

Predict Test

82.2 1.4 4.0

1.00 94.3 94.7

Figure 3B indicated a significant
effect of initial concentration and pH on
CR removal efficiency. In contrast, there
was a strong interaction between dosage
and pH against the percentage of CR
removal. The CR was markedly removed
from the aqueous solution at a high level
of dosage and low level of pH (Fig.
3C). When pH in solution decreased,
the material surface would be charged
positively. Thus, new bonds between
positive-charged material and CR anions
were favourably formed to enhance the
adsorption.

The predicted optimal-condition-
based model experiment was further
conducted to verify the suitability of the

§ Vietnam Journal of Science,
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proposed model: C, = 82.2 mg/l, dosage
= 1.4, and pH = 4.0 with the highest
desirability of 1.0 (Table 4). Thereby,
the test for the percentage of CR removal
was obtained at 94.3%, which was
nearly closed to the predicted value of
94.7 %. This result demonstrated the high
compatibility of the proposed models
with the experimental data.

Conclusions

The porous magnetic nanocomposite
NiFe,0,/GO was successfully synthesized
and characterized by several techniques.
The results indicated that the NiFe,O,/
GO had a highly crystalline nature
with defective structure. By evaluating
parameters from ANOVA, the proposed

SEPTEMBER 2017 « VOL.59 NUMBER 3

model was proved to be statistically
significant. Moreover, the DX10 obtained
the optimal condition for the removal
of CR from solution at Ci = 82.2 mg/l,
dosage = 1.4, and pH = 4.0. With a high
result of removal efficiency (94.7%), the
NiFe,0,/GO was an efficient adsorbent
to remove the CR from contaminated
groundwater.
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Abstract:

The production of natural latex is limited, and the related
demand for terrestrial transportation has increased.

The synthesis of rubber has become necessary and the
resulting synthetics’ properties must be known. Thermo-
oxidative degradation of synthetic rubbers 1,4- and
1,2-polybutadienes caused by heating the compounds at
100°C in the air, was monitored. The volatile compounds
released during the degradation were identified using
coupled modern physical methods, including NMR, TGA,
MS, FTIR, etc.. Thermal gravimetric analysis showed
that oxidation occurred for both 1,4 and 1,2-PB. Below
400°C, major functional groups were formed, including
peroxides, ketone, aldehyde, ester, etc.. Oxidation was
found to start on the methylene (CH,) carbon of 1,4-PB
and on the methylene (CH,) and methine (CH) carbons
of 1,2-PB. The polycyclohexane-like structures were
identified resulting from the oxidation of 1,2-PB. Above
400°C, the main resulting compounds were carbon
dioxide, carbon monoxide, water, and some hydrocarbons
and aromatics. Radical mechanisms for thermo-oxidative
degradation of 1,4 and 1,2-PBs were proposed.

Keywords: FTIR, latex, mechanism, MS, NMR,
polybutadiene, rubber, TGA, thermo-oxidative degradation.

Classification number: 2.2

“Corresponding author: Email: hungng@case.vn

Introduction

In contact with oxygen, polybutadienes can be oxidised even
at low temperatures (0°C) [1]. Thermo-oxidative degradation
of polymers can match the oxidation of the polybutadiene
chain as well as the decomposition of oxidized products.
Studies of 1,4-polybutadiene have shown that the major
oxidised products have been hydroperoxide, cycloperoxide,
alcohol, ether, carboxylic acid, ester, aldehyde, carbon
dioxide, carbon monoxide, and water [1-5]. The mechanism
for the formation of these products has been only proposed
from observations of the FTIR spectrum. The polymer used
for the studies has a high molecular weight which limited the
resolution of analytical technics. For 1,2-polybutadiene, the
thermo-oxidative degradation seemed not to be mentioned in
previous publications.

In this paper, we aim to use polybutadiene’s low molecular
weight. The thermo-oxidative degradation of the polybutadiene
(PB) with various chemical structures was investigated. The
oxidisation process of product formation was monitored by
heating the PBs in the air and identifying the corresponding
residues using FTIR-ATR and NMR. The volatile compounds
released during the degradation were investigated using TGA/
FTIR and TGA/TD-GC/MS. Most probable degradation
mechanisms were proposed.

Experimental
Materials and sample preparation

Polybutadienes (PBs) were

Laboratories Ltd. The PB samples were synthesised using sec-

provided by Polymer

butyl lithium as an initiator. The structure of the PB samples was
characterised using *C-NMR spectrometry. Average molecular
weight was determined by Size Exclusion Chromatography
(SEC) combined with a laser scattering detector. The result
was summarised in Table 1 [6].

SEPTEMBER 2017 « VOL.59 NUMBER 3 [t
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Table 1. Properties of PBs.

% 1,2-vinyl® % 1,4-cis* % 1,4-trans® Mn?
1,4-PB 8 33 59 7,600
1,2-PB 38 6 6 8,000

*Determined by SEC with laser scattering detector.
bDetermined by *C NMR.

Characterization methods

Thermal gravimetric analysis: PBs were studied using a TA
Instrument Hi-Res 2,950 apparatus. Analyses were conducted
on samples weighing about 10 mg, in a platinum pan, under
air flowing at a flow-rate of 90 ml.min’!, in an oven and 10
ml.min"! of balance. The heat cycle gradient was 10°C.min"!
from 25 to 600°C in the air [6].

Fourier Transform Infrared Spectroscopy combined with
Attenuated Total Reflection (FTIR-ATR): Infrared spectra were
recorded at room temperature on a NICOLET Nexus Fourier
Transform Infrared spectrometer. Recordings were obtained
with a resolution of 4 cm!, and a spectral width between 400
and 4,000 cm™'. ATR has a diamond crystal (128 scans) [6].

Nuclear Magnetic Resonance (NMR): The 'H and “C
NMR spectra were recorded using a Bruker Avance 400 MHz
spectrometer in CDCL,, 30°C. 'H and "C NMR measurements
were done at frequencies of 400.16 and 100.63 MHz,
respectively. '"H NMR spectra were acquired using 32 K data
points, a spectral width of 4,789 Hz, an acquisition time of 3.42
s, a relaxation delay of 2 s, and a pulse width of 90° (10 us),
at 64 scans. “C NMR spectra were acquired using 131 K data
points, a spectral width of 25, at 126 Hz, an acquisition time of
2.61 s, a relaxation delay of 5 s, and a pulse width 90° (8.5 ps),
at 16,384 scans, and the nuclear Overhauser effect (NOE) was
suppressed by gating the decoupler sequence [6].

Thermal gravimetric Analysis combined with FTIR (TGA/
FT-IR): TGA Diagrams were recorded on a TA Instrument
2,050 apparatus. Analyses were conducted on samples
weighing about 10 mg, in a platinum pan, under air at a flow-
rate of 90 ml.min’!, in an oven, and with 10 ml.min™' on the
balance. The heat cycle gradient was 10°C.min! from 30 to
700°C in the air. The temperature of the transfer line was
250°C. FTIR spectra were recorded on a NICOLET Nexus
Fourier Transform Infrared spectrometer. Recordings were
obtained with a resolution of 4 cm'! and a spectral width
between 400 and 4,000 cm™ (32 scans) [6].

TGA combined with thermal desorption (TD), combined
with GCMS (TGA-TD/GC/MS): About 8-15 mg of samples
were placed in a platinum pan of TGA. Analyses were
performed under a stream of air at 45 ml.min™' in an oven, and
with 10 ml.min™" on the balance. The heating rate of the cycles
was 10°C.min"' ranging from 30 to 700°C. At the oven outlet,
an adsorbent tube (Tenax) was placed to trap volatile organic
compounds that were within the chosen temperature range.
After that, an adsorbent tube was placed on a thermal desorber.
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Desorption conditions on the TD system were T (desorption):
300°C, t (desorption): 20 min, T (trap): -10°C, P (He): 99 kPa, T
(trap injector): 300°C, and T (column head): 140°C. Compounds
were injected and separated in a gas chromatography column
with an Agilent HP of 5SMS, and to the dimensions of 30 m
x 0.25 mm x 0.25 pm. The oven was conducted as follows:
35°C isotherm for 15 min, 35 min at 120°C temperature rise
with a gradient of 2°C min™', 120 min at 300°C temperature
rise with a gradient of 3°C min’', and 3 min isotherm at 300°C.
The mass spectrometer (Agilent GC-MS 6890) was adjusted
for an emission current of 35 pA, and an electron multiplier
voltage between 1,423 and 1,628 V. MS quad temperature was
150°C and the transfer line was set at 250°C. The ion source
was 230°C. The mass range was 15-600 u [6].

Results and discussions

Thermo-oxidative degradation of 1,2 and 1,4-PB by TGA-
FTIR

TGA diagrams obtained for the 1,4-PB and 1,2-PB (Fig. 1)
exhibited a similar degradation profile. A mass increase began
near 130°C up to 328°C for the 1,4-PB, and 375°C for 1,2-PB,
which can be attributed to the oxidation of the PBs [1]. From
400°C, the PBs were rapidly decomposed with a mass loss
of about 77% between 400 and 475°C. The thermo-oxidative
degradation completes at 600°C. The loss of mass rapidly
occurred when the temperature increased.
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Fig. 1. TGA diagrams of 1,4-PB (red) and 1,2-PB (blue),
heating 10°C.min"' in the air.
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Fig. 2. FTIR spectra of volatile compounds of the 1,4-PB
heated 10°C.min", in the air.
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FTIR spectra of the volatile compounds released from the
TGA show that the decomposition begun at 130°C, at the same
time of the oxidation. The main compounds were carbon dioxide
(2,362, 2,330 cm™), carbon monoxide (2,172, 2,107 cm™), H,O
(3,739, 1,709, 680 cm™), and a low content of hydrocarbon
(2,926, 2,867 cm™), as identified by FTIR.

Besides this, the FTIR spectra (Fig. 2) didn’t show any
volatile compounds at a temperature below 130°C. This
confirmed that decomposition of PBs had not yet occurred. So,
to exclusively observe the oxidation, PBs were isothermally
heated at 100°C, in the air. Structural modifications during
heating were monitored by FTIR, 'H, 3C NMR.

Thermo-oxidative degradation of 1,2-PB and 1,4-PB at
100°C

The previous studies showed that oxidation of polybutadiene
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Fig. 3A. FTIR spectra (ATR-diamond) of 1,4-PB heated
100°C, in the air, t=1, 3,6, 15 h.

(A)

Fig. 4A. FTIR spectra (ATR-diamond) of 1,4-PB heated
100°C, in the air, t = 3, 6, 15 h, and then derivatized
with ammonia, 24 h at ambient temperature.
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forms a film which prevents oxygen diffusion inside materials
and limits oxidation [7-8]. A thin layer of PBs was prepared on
a glass surface in a solution of 5% of PBs in chloroform, and
then heated at 100°C in an oven under air. Then, the samples
were withdrawn at selected time intervals.

The FTIR spectra of 1,4-PB and 1,2-PB after heating
at 100°C in the air (Fig. 3A, 3B) showed that the groups
of 1,2-vinyl (909 cm™), 1,4-cis (729 cm™), and 1,4-trans
(964 cm™) decreased. Besides this, new bands were also noted
at 3,436 cm™ (v,,), 2,730 em™ (v, ), 1,771 cm™ (y-lactone),
1,717 em™ (v._), 1,177, and 1,052 cm™ (v, ). These bands can
be assigned to hydroperoxide, alcohol, aldehyde, carboxylic
acid, ester, ketone, and ether functions.

The films after heating were soaked in a concentrated
solution of ammonia for 24 hours at an ambient temperature.
The FTIR spectra of the heated 1,4 and 1,2-PB showed, after

Vinyl

g S Cilye

Vinyl
viCHy=

2000
Wavenumbens (cm-1)

Fig. 3B. FTIR spectra (ATR-diamond) of 1,2-PB heated
100°C, in the air, t = 15, 21, 27, 132 h.
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Vinyl -COONH,

vCHy= |
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i v.CH,
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Fig. 4B. FTIR spectra (ATR-diamond) of 1,2-PB heated
100°C, in the air, t = 15, 21, 27, 132 h, and then
derivatized with ammonia, 24 h at ambient temperature.
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derivatization with ammonia (Fig. 4A, 4B), that the appearance
of the primary amide group corresponding to bands at 1,665,
3,214, 3,347 cm™ and the disappearance of the band at 1,717
cm’! permit to confirm a formation of a carbonyl ester function
during heating of the 1,4 and 1,2-PB in the air. Two bands
at 1,568 and 1,400 cm™ can be assigned to asymmetric and
symmetric vibrations of ammonium carboxylate, which is due
to the carboxylic acid function. The band at 1,705 cm™ was
not changed by the action of ammonia which confirms the
presence of a saturated ketone.

The 'H NMR spectrum of 1,4-PB, after 3 hours of heating
(Fig. 5), showed that a doublet at 9.5 ppm with a coupling
constant J = 8 Hz can be assigned to a proton of an unsaturated
aldehyde function (compared to CH,=CH-CHO with J = 8 Hz
[9]). The peak at 9.8 ppm can be attributed to protons from
the saturated aldehyde function. The group of signals at 8.1
ppm can be assigned to the protons from hydroperoxide [10].
Peaks at 6.1 and 6.8 ppm correspond to the conjugated diene
structure -CH=CH-CH=CH-. Peaks at 3.5 to 4.5 ppm can be
attributed to protons in the carbon atoms connected to oxygen
atoms with ether, alcohol, peroxide, and hydroperoxide [10].
Peaks found at around 2.7 ppm can be assigned to protons from
epoxide. The *C NMR spectrum of 1,4-PB, heated for 3 hours
(Fig. 6), showed that two peaks were at 201 and 194 ppm and
can be respectively assigned to carbons of ketone and aldehyde
functions. The intense signals at 58 ppm (CH), 32.1 ppm
(CH,), 29.0 ppm (CH,), 23.8 ppm (CH,) permit to be assigned
to an epoxide ring structure (Fig. 7), which was formed as a
reaction from the peroxide radical with a double bond of 1,4-
cis or 1,4-trans [11]. Besides this, the 'H and '3*C NMR (Fig.
5, 6) also showed that the dominant oxidative product was
the epoxide structure. Then, the secondary oxidation of the
oxidised structures had rapidly occurred.

For 1,2-PB, after 8 hours of heating, the sample could not
be soluble in the solvent, causing difficulties of observation
using the liquid NMR. The 'H NMR spectrum of 1,2-PB, after
heating at 100°C for 7 hours in the air (Fig. 8A), also permitted
identification of new functional groups, such as epoxide rings,
ether, hydroperoxide, and unsaturated structures (respectively
at 2.62, 4.09, 8.04, 9.48 ppm) corresponding to oxidised prod-
ucts. This result was similar to what was found with the former
IR spectra method (Fig. 3A, 3B). Besides this, an intense signal
at 1.25 ppm can be assigned to a saturated structure. The *C
NMR (Fig. 8B) showed that the signals at 38.7 and 40.9 ppm
correspond to carbon methine (-CH-) and methylene (-CH,-)
of the 1,2-vinyl isomer, and had decreased after heating. The
appearance of signals of CH, at 29.7 ppm and CH at 38.5 ppm
permits the assignment of carbon methylene and methine of
polycyclohexane like structures. The polycyclohexane struc-
ture is more stable than the 1,2-PB one. Consequently, the 1,4-
PB (containing secondary allylic carbons) was more quickly
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oxidised than the 1,2-PB (containing tertiary allylic carbons)
that had been also confirmed by the IR spectra (Fig. 3A, 3B).

VOCs releasing from the thermo-oxidation degradation
of the PB in course of heating were trapped and identified by
TGA-TD/GCMS system.

Observation of VOCs of the thermo-oxidative degrada-
tion of PB by TGA-TD/GCMS

In a temperature range from 130 to 400°C, for 1,4-PB
(Fig. 9A), major products were detected, including alcohols
(1-butene-2-ol, 1-pentene-3-ol, and 2-pentene-1-ol), which can



be formed from additional hydrogen on the alkoxide radicals
[1, 2, 12]; aldehydes (2-butenal, 3-methyl pentanal, 4-hexene-
1-al, 2-hexenal, butanedial, furfural, and benzaldehyde),
which can be formed by [ scission of alkoxide radicals and
polycycloperoxide [1]; ketones (2-butanone, 1-pentene-3-
one, 3-pentene-2-one, cyclopentanone, 2-cyclopentene-1-one,
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Fig. 8A. '"H NMR spectrum of 1,2-PB heated at 100°C, 7
hours, in the air, 400.13 MHz, CDCI,, TMS, 30°C.
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Fig. 9A. Chromatogram of released VOCs from 1,4-PB at
130-400°C, gradient 10°C.min"', in the air.
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and 2-cyclohexene-1-one), which can be formed from “cage”
reactions between alkoxide radicals and hydroxide radicals;
and carboxylic acid (acetic acid, etc.), which can be formed by
oxidation of an aldehyde [12].

For 1,2-PB (Fig. 9B), VOCs are mainly as follows: 3-butene-
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Fig. 8B. "*C NMR spectrum of 1,2-PB heated at 100°C, 7
hours, in the air, 400.13 MHz, CDCl,, TMS, 30°C.
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Fig. 9B. Chromatogram of released VOCs from 1,2-PB at
130-400°C, gradient 10°C.min"', in the air.
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Scheme 1. Formation of saturated and a,B-unsaturated
aldehydes from the oxidation of 1,4-PB.

2-o0l, 3-butene-2-one, 2-butanone, acetic acid, 2-butenal,
2-methyl 2-butenal, butanedial, 3-methyl 2,5-furandione,
benzaldehyde, phenol, acetophenone, 3-methyl phenol,
4-methyl benzaldehyde, and phthalic anhydride.

The analytical results showed that the thermo-oxidative
degradation of the 1-4 and 1-2 PB have differently occurred in
the region below 400°C.

In a range from 400 to 600°C, volatile compounds were
trapped and identified by TGA-FTIR and TGA-TD/GCMS. The
main compounds were CO,, CO, H,0, and some hydrocarbons
and the same for both 1,4 and 1,2-PB, which is comparable
to the former observed in an inert atmosphere [6-13]. At high
temperatures, under N, PBs can rapidly decompose [6-13]. In
this study, the decomposition of PBs had also occurred, but
there was not a participation by oxygen. The hydrocarbon
residues showed that the competition between two reactions
seemed to belong to the rate of oxygen diffusion on the surface
of the sample and the oxygen concentration in the oven of
TGA.

The residues from the thermo-oxidative degradation of PBs
were obtained by performing a TGA analysis in an air flow at
10°C.min"', and stopped at 400°C and 480°C. The FTIR spectra
of the 1,4 and 1,2-PB residues (Fig. 10A, 10B) showed the
appearance of bands corresponding to the phenolic structures
(v, between 3,000 and 3,700 cm, v, “at 3,050 cm’,
Ve aomaic & 1,995 em, and v at 1,244 cm™), carbonyl
anhydride (1,839, 1,766 cm™'), ester (1,732 cm’), and
carboxylic acid (1,700 cm™). This result showed that above
400°C, thermo-oxidative degradation has rapidly occurred.
The oxidative products have been already formed and
continuously oxidised. Consequently, oxidised products could
not be detected by GCMS.
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Proposed reaction mechanisms

Based on these analytical results, some reaction mechanisms
could be proposed as follows:

Oxidation on 1,4-PB: The hydroperoxide could be easily
formed on allylic carbon (Scheme 1). The alkoxide radical
was formed by the decomposition of this hydroperoxide.
Saturated and unsaturated aldehyde products can be explained
by B-Scisson of the alkoxide (Scheme 1, 2). The direct reaction
of an oxygen molecule with an allylic carbon and an adjacent
double bond led to form the conjugated diene structures
(Scheme 2).

Oxidation on 1,2-PB: Two products 3-butene-2-ol and
3-butene-2-one formed from the thermo-oxidative degradation
of'1,2-PB, allowing the consideration of two targets of oxidation
on 1,2-vinyl, which are methylene (CH,) and methine (CH)
carbons. The radical attack of a hydrogen of the methylene
group (CH,) led to the formation of a radical, which was added
to an oxygen molecular and a proton, forming a hydroperoxide.
Then, the hydroperoxide compound is decomposed to aldehyde
and alcohol by B-scission (Scheme 3A). The formation of the
3-butene-2-ol compound can be explained by rupture of the
C-C bond of the alcohol I, followed by addition of a proton as
shown in the Scheme 3B.

A radical will attack to the hydrogen on a tertiary CH group
of 1,2-vinyl, forming a molecular radical. The addition of an
oxygen molecule and a proton leads to the formation of a hy-
droperoxide, the decomposition of which forms alkoxide and
hydroxide radicals. The decomposition of the epoxide ring
formed from the alkoxide radical gives 3-butene-2-one and
2-butenal compounds (Scheme 4).
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The tertiary allylic carbon on the 1,2-PB was dominant for
the formation of a tertiary stable radical. The allylic resonance
between the radical and allylic double bond formed a new
radical which reacted with the adjacent 1,2-vinyl groups.
Consequently, the polycyclohexane-like structure had been
formed (Scheme 5).

Scheme 5. Formation of polycyclohexane like structure
from 1,2-PB.
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Conclusions

The thermo-oxidative degradation of polybutadienes with
various structures was studied and their different degradation
mechanisms were discussed. Below 400°C, the oxidation of 1,4
and 1,2-PB released products with the same functions, such as
ketone, alcohol, aldehyde, ester, carboxylic acid, and anhydride
by different radical mechanisms. For 1,4-PB, oxidation starts
on the methylene (CH,) carbon of the 1,4 group. The dominant
oxidised structure was the epoxide ring. For 1,2-PB, targets of
oxidation were methylene (CH,) and methine (CH) carbons of
1,2-vinyl. The polycyclohexane-like structure was also identified
inthe oxidation process of the 1,2-PB. Above 400°C, the oxidation
of PB rapidly occurred. This stage corresponds to the oxidation
of oxidised structures. The major products detected were carbon
dioxide, carbon monoxide, water, and some hydrocarbons
and aromatics for both 1,4 and 1,2-PB. Oxidation and thermal
degradation took place at the same time. Their competition may
belong to the rate of oxygen diffusion and oxygen concentration.
This result will help to adapt the production of various synthetic
rubbers and latex for suitable uses.
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Abstract:

In this report, the adsorption of Zn(II) ion on y- and a-MnO, nanostructures

was compared. The results showed that the maximum adsorption was obtained
at pH = 4.0 for both materials and after 60 minutes for y-MnO, and 80 minutes
for a-MnO,. Adsorption isotherm models demonstrated that the Langmuir was
the best model to describe the adsorption of Zinc(II) on y- and a-MnO, because

of the highest correlation coefficient (R?), the smallest root mean square

error (RMSE), and the nonlinear chi-squared test ()?) values. The maximum
adsorption capacity of y-MnO, calculated from Langmuir model was 55.23
mg/g, which was roughly double a-MnQO,. The lower 1/n value from Freundlich
model for a-MnQO, revealed that it was not as favourable as y-MnO,. The

heat of the adsorption as well as the mean free energy estimated from Temkin
and Dubinin - Radushkevich models to be less than 8 kJ/mol indicated that

the adsorption on both materials followed a physical process. Kinetic studies
showed that pseudo-second-order model was accurate to describe both

materials in three stages.

Keywords: adsorption, kinetics, Zinc, a-Mn0,, y-MnO,,

Classification number: 2.2

Introduction

Zinc is an essential trace element
that can be found in cells throughout
the human body as well as animals
and plants. However, Zinc can cause
depression, lethargy, neurological signs,
and excessive thirst [1]. Zinc is widely
used in many important industrial
applications such as mining, coal and
waste combustion, and steel processing
[2]. Various treatment techniques have
beenapplied to remove Zinc(II) ions from
contaminated water such as chemical
precipitation, flotation, adsorption,
ion exchange, and electrochemical
deposition [3]. Adsorption technology is
considered as one of the most efficient
and promising methods for the treatment
of trace amount of heavy metal ions in

a large volume of water because of its
enrichment efficiency and the ease of
phase separation [4-9].

Manganese dioxide is a low-cost
and environmentally friendly material.
Along with many types of crystalline
structures such as a-, B-, and y-, etc.,
manganese dioxide has been extensively
studied due to its excellent chemical
characteristics. Therefore, this material
is applied in different areas such as
batteries, molecular sieves, catalysts,
and adsorbents [10-12]. However, a
systematic comparison of the adsorption
of Zn(II) from the aqueous solution onto
a- and y-MnO, nanomaterials has not
been reported.

Our goal is to compare the adsorption

“Corresponding author: Email: dinhvanphuc82@gmail.com
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capacity of Zinc(I) from aqueous
solution by using o- and y-MnO,
nanomaterials as adsorbents. Four non-
linear adsorption isotherm models,
namely Langmuir, Freundlich, Temkin,
and Dubinin - Radushkevich and three
kinetic models, namely pseudo-first-
order, pseudo-second-order, and intra-
diffusion were used to assess the uptake
capacity and to predict the adsorption
mechanism.

Material and methods
Chemicals

Potassium permanganate (KMnO,),
ethyl alcohol (C,H,OH), HNO,, and
NaOH with analytical grade were
purchased from Merck. Zn(II) ion was
used as the adsorbate. 1000 mg/1 of zinc
standard stock solution was prepared
by dissolving Zn(NO,), respectively in
double-distilled water.

Analytical methods

Atomic Absorption Spectrometry
(flame technique) was used to determine
the concentration of zinc in aqueous
solution by using an atomic absorption
spectrophotometer ~AA - 7000
(Shimadzu, Japan).

The pH measurements were done with
a pH-meter (MARTINI Instruments Mi-
150 Romania) which was standardized
by using HANNA instruments with three
buffer solutions with the pH values of
4.01+0.01, 7.01£0.01, and 10.01+0.01.

Temperature-controlled shaker
(Model TKA R5) was used for the
equilibrium studies.



Preparation a-MnO, and y-MnO,

The y-MnO, was successfully
synthesized by L. Ngoc Chung and
D. Van Phuc [11] from ethanol and
potassium  permanganate; whereas,
a-MnO, was formed by heating y-MnO,
at 600°C [12]. The synthesized y-MnO,
and o-MnO, characterized by X-ray
Diffractometer D5000 with X-ray
radiation: CuKa, A = 1.54056A, Ultra
High Resolution Scanning Electron
Microscopy S - 4800, Transmission
Electron Microscope with physical
absorption system Micrometrics Gemini
VII, and BET-BJH analysis were used as
absorbents to adsorb Zinc(II) ions from
aqueous solution.

Adsorption study

0.1 g of adsorbents was placed
into 50 ml of Zn(Il) ion solution in a
100 ml conical flask. The effect of pH
(2-6), contact time (20-240 min), and
initial concentration of Zn(II) ions
were examined. The obtained mixture
was centrifuged at 5500 rpm within 10
minutes, then was purified by PTFE
Syring Filters with 0.22 pm of pore size
to get the filtrate. The concentrations
of Zn(Il) ions in the filtrate before and
after the adsorption were determined by
F- ASS.

The adsorption capacity was
calculated by using the mass balance
equation for the adsorbent [12].
(c,-C,)¥ (1

m

The removal efficiency (%) was
calculated using the following formula:

(C,=C,).100% (o)
C

o

% Removal =

where: q is the adsorption capacity
(mg/g) at equilibrium, C_and C, are the
initial and the equilibrium concentrations
(mg/1), respectively. V is the volume (1)
of the solution, and m is the mass (g) of
the adsorbent used.

Some adsorption isotherm formula
and kinetic models which were applied
to predict both the adsorption capacities
of materials and the adsorption

mechanisms were given in Table 1 and
Table 2 [13].
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Table 1. The non-linear, error functions, and meaning of some models.

Non-linear

Isotherm Meaning List of error functions
form
Assuming the adsorption )
occurred on monolayer on S _
Lanemuir q.=9n® €. the material surface. Also, R o1 g(qe”"e‘” q“‘"c)
& ¢ 14K, .C, estimating the maximum =z 2
adsorption capacity on the Z(qe’mm —qeymk)
material surface. n=1
Assuming the adsorption ; 5
Freundlich q.= KF.CEU" occurred on multilayers on  prsep — ! Z(q -q [)
the material surface. p—]agrTome Tes
Evaluating the adsorption
o 2
. i potentials of the adsorbent , & (qe,me'ax _qe’mh‘)
Temkin qp:an(KrCG) for adsorbates as well as y =) ——~
! the heat of the adsorption n=l 9o cate
process.
Evaluating the value of Ll szrr.1a11. vl of BIRE
o mean sorption energy which and x? indicate firstly a better
Dubinin - (-82%) o . . fitting model, and secondly the
. q.=q,.€ gives information about
Radushkevich e = 4m " : correspondence of the model
chemical and physical . .
. with the experimental data.
sorption

Where: q_: the adsorption capacity at equilibrium (mg/g); q : the maximum
adsorption capacity (mg/g); C_: the equilibrium concentration (mg/l); K:
Langmuir constant; K.: Freundlich constant; n: adsorption intensity; R: the
universal gas constant (8.314.107 kJ/K.mol); T: the temperature (K); b,: Temkin
isotherm constant related to the adsorption heat (kJ/mol); K: the equilibrium
binding constant (I/mol); B: Dubinin-Radushkevich isotherm constant (mol*/kJ?);

¢: Dubinin-Radushkevich isotherm constant; E: mean free energy (kJ/mol);

R% correlation coefficient; RMSE: Root mean square error; x> Non-linear
chi-squared test.
Table 2. Models and kinetic parameters.
Kinetic parameters
Kinetic models Y- MnO, a- MnO,
4, (oxp (ME/E) 25.5 mg/g
K (min) 7.60.10°  0.0166
Pseudo-first- log(g, -4,)= logg, - k.t )
order model 9. -4, 9. 2,303 R 0.5594 0.7323
9. e (mg/g) 1.88 7.00
K, (g/mg.min) 0.06 5.86.10°
Pseudo- ’ 1 1
second-order = (*]I R? 1.0000 0.9982
Fiedk] q 29, q.
g (mg/g) 24.94 2591
Kk, 4209 1.741
Intra-particle
diffusion q=kg+C k, 0.3078 0.1164
model
k 0.0026 -0.0025

Where: q_: the amount of solute adsorbed at equilibrium per unit weight of
adsorbent (mg/g); q: the amount of solute adsorbed at any time (mg/g); k,, k.,
k: the adsorption constant; t, t'/%: adsorption time.
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Results and discussions

Characterization of y- and a-MnO,
nanomaterials

Figure 1 shows the X-ray diffraction
patterns of two samples at room
temperature and at 600°C. The results
indicated that y-MnO, was formed at
room temperature with some specific
peaks at 260 = 22.2° 37.8° 42.5°
56.3% and 65.7° corresponded with
orthorhombic »-MnO, (JCPDS card
No. 82-2169); whereas, a-MnO, was
formed by heating y-MnO, at 600°C with
specific peaks at 20 = 28.58° 37.48°,
49.78°, 59.98°, and 68.98° (JCPDS card
No. 01-072-1982). Surface properties,
which affect the adsorption capacity
of both materials, were determined
by Scanning Electron Microscope
(SEM) (Fig. 2) and TEM (Fig. 3).
The comparison between SEM and
TEM images of y-MnO, and a-MnO,
provided that y-MnO, nanomaterial
had a porous surface including many
nanospheres while a-MnO, consisted
of a lot of nanorods which were bigger
than nanospheres. Moreover, the surface
area of y-MnO, was 65.00 m*g, which
was approximately 6.5 times higher than
that of a-MnO, (about 9.37 m*/g) (Table
3). It can be predicted that adsorption
properties of y-MnO, were more
favourable than that of a-MnO,.

Investigation of factors affecting
the adsorption

The pH and adsorption contact
time are important factors affecting the
adsorption of Zinc(Il) ions on o- and
y-MnO, nanomaterials. As shown in
Fig. 4A, at low pH values, the uptake
of Zn(II) onto these materials was lower
because the H" ions effectively compete
with the Zn?>"[14]. At high pH values, the
adsorption of Zinc(II) ion also decreased
due to the formation of different types
of Zinc(Il) such as Zn(OH)", Zn(OH),
or ZnO,* [15]. Although the charging
behaviour of MnO, could induce

£ Vietnam Journal of Science,
£ Technology and Engineering
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Fig. 1. XRD patterns of y-MnO, (A) and a-MnO, (B).

(A) (B)

Phuc - TEM.004

M2a.010 Print Mag: 125000x @ 51 mm

Print Mag: 167000x @ 51 mm

Fig. 3. TEM images of y-MnO, (A) and a-MnO, (B).

100 nm
100 nm

Table 3. BET and BJH analysis results of y-MnO, and a-MnO,.

. BET surface BJH adsorption BJH desorption
Materials . q
area pore size pore size
¥-MnO, 65.00 m%/g 417.83 A 340.23 A
a-MnO, 9.37 m¥/g 162.95A° 734.37A°
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Fig. 4. The influence of pH (A) and adsorption contact time (B) to the removal
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Fig. 7. Plots of non-linear isotherm Temkin models of y-MnO, (A) and a-MnO, (B).
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Fig. 8. Plots of non-linear isotherm Dubinin - Radushkevich models of y-MnO,

(A) and a-MnO,, (B).
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adsorption, this effect was not mentioned
in the present study. Therefore, a range
of pH values was chosen from 2.0 to 5.5.
As a result, the maximum adsorption
capacity obtained at pH=4.0 for both
a- and y-MnO, nano-adsorbents was
approximately 94.96% for
a-MnO, and nearly 98.90% removal for
¥-MnO,,.

removal

Figure 4B shows that the adsorption
increases with the increase in the contact
time and reaches equilibrium after 80
minutes for a-MnO, and 60 minutes
for y-MnO,. However, the adsorption
capacity of y-MnQO, was better than that
of a-MnO, at any time.

Adsorption models studies
Isotherm models:

In order to predict adsorption
mechanisms and assess the adsorption
capacities of a- and y-MnO, materials,
four  models Langmuir,
Freundlich, Temkin, and Dubinin -
Raduskevich were chosen and fitted
with the experimental data.

namely

On the one hand, Langmuir model
assumes the uptake of Zinc(I) onto both
materials to be monolayer adsorption.
Plots of Langmuir models in Fig. 5 and
non-linear isotherm Langmuir models
parameters given in Table 4 provided
that the experimental data of the
adsorption of Zine(II) ions on a-MnO,
fitted to the Langmuir model better than
that of y-MnO,, which corresponded
with higher R? wvalue and smaller
RMSE and yx? values. In contrast, the
maximum capacity of a-MnO, (28.50
mg/g) was two times less than that of
¥-MnO, (55.23 mg/g). It was completely
concordant with the porous structure of
y-MnO, with many adsorption sites.

On the other hand, Freundlich model
assumes the adsorption of Zinc(II)
ions as the multilayer adsorption and
the interaction between adsorbate and
absorbent. As shown in Fig. 6 and

#Vietnam Journal of Science,

i Technology and Engineering



m PHYSICAL SCIENCES | CHEMISTRY

Table 4. Isotherm equilibrium parameters.

Isotherm Parameters

Isotherm Nonlinear forms
y-MnO, o-MnO,
K, 0.0379 1.805
q,, (mg/g) 55.23 28.76
angmuir 9. 14K, .C, S 0.619 0.1899
R? 0.9928 0.9877
%2 0.0561 0.0078
n 3.17 18.79
K, 10.19 23.44
Freundlich q.= KF.Cel/n RMSE 1.036 0.687
R? 0.9798 0.8395
%2 0.2031 0.1089
K, (/mg) 0.4156 7.34.10°
b_(kJ/mol) 0.21 1.69
) _RT
Temkin 4.=% tn(K:C)  RMSE 0.6380 0.6544
R? 0.9923 0.8542
x> 0.0693 0.0981
q,, (mg/g) 44.16 28.17
B 57.13 0.2859
Dubinin - (-0.) E (kJ/mol) 0.094 1.32
. =] e
Radushkevich e = n RMSE 2262 0.2972
R? 0.9037 0.9699
. 0.8348 0.0192

Table 4, the experimental data of the
uptake onto a-MnO, did not fit well
to Freundlich model as y-MnO, did. In
addition, Zinc(Il) ions could interact
with y-MnO, stronger than o-MnO,
because of the smaller n value of
y-MnO,. Nevertheless, the interactions
between Zinc(Il) and both materials
were favourable since the 1/n values of

£ Vietnam Journal of Science,
iTechnology and Engineering

a-MnO, (0.0505) and y-MnO, (0.1425)
were less than 1.

Temkin and Dubinin-Raduskevich
models were used to estimate the heat of
the adsorption and the mean free energy
of the uptake of Zinc(II) ions onto both
materials. Fig. 7, Fig. 8 and Table 4
showed that the experimental data fitted

SEPTEMBER 2017 « VOL.59 NUMBER 3

to Temkin model better than Dubinin-
Radushkevich model for y-MnO,;
whereas, a-MnO, followed Dubinin
- Radushkevich model. Energy values
calculated from both models to be less
than 8 kJ/mol provided that there was a
weak interaction between the absorbent
and adsorbate [16] and the adsorption of
Zinc(II) ions onto a-MnO, and y-MnO,
was essentially a physical process [8].

Kinetic models:

The uptake rate of Zn?* ions onto
a-MnO, and y-MnO, surface was
described by three kinetic models,
namely pseudo-first-order, pseudo-
second-order, and intra-particle
diffusion model. The calculated results
showed that although the adsorption
process  partially  followed  both
pseudo-first-order and pseudo-second-
order equations for different time, the
adsorption of Zinc(Il) ions onto both
materials was controlled by the pseudo-
second-order model because of its
higher R? values (Fig. 9 and Table 2). In
addition, intra-particle diffusion model
developed by Weber and Morris [17]
was applied to identify the diffusion
mechanism involved in the adsorption
process. Fig. 10 showed that there were
three stages in the uptake of Zn*" ions
onto both a-MnO, and y-MnO, surfaces.
In the first one, Zn?**ions were transferred
from the solution to the material’s
surfaces. A gradual adsorption stage, in
which the intra-particle diffusion was
the controlling factor, was occurred
in the second part. However, the plot
did not pass through the origin. It was
thereby concluded that the sorption
can be controlled by two or more
diffusion mechanisms [18]. The last one
constituted the final equilibrium stage
where the intra-particle diffusion started
to decelerate. This can be explained
that firstly, Zn?* ion concentration in
the solution was extremely low; and
secondly, the adsorbent equilibrium was
obtained when the number of adsorption
sites decreased [19].
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Conclusions

To our knowledge, the comparison
of the uptake of Zinc(Il) ions onto
o-MnO, and y-MnO, nanomaterials
in the optimal condition (4.0 of pH, 80
minutes of shaking time for a-MnO,
and 60 minutes for y-MnO,, and 40-200
mg/l of initial concentration) is the first
report. The results indicated that the
maximum adsorption capacity calculated
from Langmuir for y-MnO, material was
nearly two times higher than a-MnO,.
Energy values estimated from Temkin
and Dubinin - Radushkevich models
to be less than 8 kJ/mol informed that
the uptake of Zinc(II) ions onto both
materials was essentially a physical
process. Kinetic studies showed that the
adsorption data was well represented
by pseudo-second-order models and
the uptake of Zinc(II) ions onto both
materials followed three stages.
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The development of the GC-MS analytical method
used for the determination of the isotope ratio of linalool
in yuzu essential oil from different geographic origins

Thi Thao Nguyen'* and Masayoshi Sawamura?

!School of Biotechnology and Food Technology, Hanoi University of Science and Technology

Abstract:

A refined analytical method has been
developed for the determination

of the isotope ratio of oxygenated
compounds in essential oils, using
high-resolution gas chromatography-
mass spectrometry (HRGC-MS),

has been developed. Thirty-three
samples of yuzu fruits from different
production areas in Japan and South
Korea were collected and prepared
for cold-pressed peel oils. The oils
were analysed by HRGC-MS for
linalool concentration and isotope
ratio based on the peak intensities

of (M+2)*, (M+1)* and M" ions. A
significantly lower isotope ratio

m/z7 156/154 and m/z 155/154 were
observed for the yuzu essential oil
from Goheung and Kyoto areas.
Statistical analysis showed the isotope
ratio of linalool to be useful in the
discrimination of yuzu essential oils
from different geographical origins.

Keywords: essential oil, GC-MS,
geographical origin, isotope ratio,
linalool, yuzu.
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Introduction

Food authenticity is a term which
simply refers to whether the food
purchased by the consumer matches
its description. There are a number of
consumer-driven forces for reliable
analytical methods to verify the
provenance of the food we eat and
there is growing enthusiasm amongst
consumers for high-quality foods with
clear regional identities. It is reasonable
to suggest that there should be analytical
methods in place that can verify the
information provided on origin labels
describing the origins of foods.

The stable isotope ratio of
constituents is among the many criteria
that have been used as discriminators
of food authenticity [1, 2]. Naturally
abundant isotope ratios of elements
exist in a fixed ratio; however,
many natural phenomena, classed as
physicochemical effects, can also lead to
isotope fractionation. The stable isotope
ratios of water (oxygen and hydrogen),
therefore, can yield unique geographic
information [3], primarily because
of the predictable spatial variation of
precipitation stable isotope ratios across
the Earth’s surface [4, 5]. This spatial
variation in precipitation composition is
recorded in plant material since plants
take up soil and water, which is derived
generally from local precipitation and
incorporates the hydrogen and oxygen
atoms into the products needed for
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photosynthesis [6]. This distinction of
isotope content can be transferred to
plants, creating an isotopic “fingerprint”
for geographical characteristics of
vegetation. The stable isotope content
is determined by isotope ratio mass
spectrometry (IRMS) and site-specific
natural isotope fractionation determined
by nuclear magnetic resonance (SNIF-
NMR). These instruments, however, are
expensive and rare in normal food and
flavour analysis laboratories.

Gas chromatography-mass
spectrometry (GC-MS) is an
indispensable analytical instrument for
analysing food and flavour compounds,
especially for analysing volatile
compounds. Sawamura, et al. have
developed a new analytical method for
the differentiation and characterization
of citrus essential oils derived from
different species and producing areas
found on the basis of isotope ratio.
The isotope ratio is determined based
on the isotope peak and molecular
peak of monoterpene hydrocarbons. A
combination of the determination of
the isotope ratio of multi-components
and multivariate analysis results in
good discrimination of citrus essential
oils of different botanical [7, 8] and
geographical origins [9].

In the essential oils of citrus species,
oxygenated compounds account for a
small but important fraction of keynote
compounds. Among the oxygenated
compounds, linalool is a main
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Fig. 1. The biosynthetic pathway of linalool from geranyl pyrophosphate (GPP).

oxygenated compound found in citrus
essential oil [10]. Naturally, linalool is
synthesised from the universal precursor
geranyl pyrophosphate (GPP), catalysed
by a membrane-bound enzyme, linalool
synthase (Fig. 1) [11]. During this
biosynthesis process, water is attached
to the carbon frame and therefore, it is
expected that it brings in an isotope ratio
of hydrogen and oxygen, and thusly,
the geographical information of isotope
ratio. However, the determination of the
isotope ratio of oxygenated compounds
via current methods is challenging
due to the weak signal strength of the
isotope and molecular peaks. In this
study, we designed a new approach to
the determination of the isotope ratio
of oxygen in order to find an additional
analytical parameter to be used for the
discrimination of essential oils and fruits
from different origins. Yuzu (Citrus
junos Tanaka), an important sour citrus
fruit in Japan, and is especially found in
Kochi prefecture, was investigated. Yuzu
essential oils were derived from different
producing areas in Japan and Korea, and
were analysed for their isotope ratios
through means of HRGC-MS.

Materials and methods
Materials

Authentic linalool was obtained
from Tokyo Kasei Kogyo Co. Ltd.
Standard solutions of linalool were
prepared at different concentrations with
purified acetone (purity > 99.8%, Kanto
Chemical Co., Inc.). 33 samples of yuzu
were collected from Japan and South
Korea (Fig. 2). The essential oil was
prepared using the cold-pressing method
to isolate citrus essential oils [12].

Ty

-
Fig. 2. Yuzu Sampling in Japan and
Korea.

GC-MS

Analysis was carried out using
a GC-6890N instrument (Agilent
Technologies)  coupled with a
JIMS-Q1000 GTA mass spectrometer
(Jeol Datum) at an MS ionization energy
of 70 eV; detector voltage, 1000 V;
ionization current, 100 mA; and ion
source temperature of 250°C. The GC
column was a DB-Wax fused-silica
capillary type (60 m x 0.25 mm i.d., 0.25
pm film thickness; J & W Scientific,
Folsom, CA, USA). To determine the
linalool peak relative percentage, scan
mode was used. An oil sample of 1 pl,
which had been diluted with acetone
(1:5), was automatically injected at
a split ratio of 1:100. The column
temperature was programmed from
70°C (2-min hold) to 100°C at a rate of
2°C/min and then heated to 230°C (held
for 15 min) for sterilisation at the end
of each run. The injector temperature
was 250°C, and helium was used as the
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carrier gas at a flow rate of 0.8 ml/min.

Determination of isotope ratio of
linalool by GC-MS

Isotope ratio is defined as the ratio of
the concentration of ions in an isotope
and molecular peak, directly observed
by the signal area of ions’ peak in the
mass spectrometry (MS). The selected
ion monitoring mode (SIM) was
employed to enable the sensitivity of
MS analyses. Three ions of linalool were
determined for ion concentrations: the
molecular ion (M*): m/z 154, the isotope
ion M+1)": m/z 155 and (M+2)": m/z
156. An optimised condition of MS was
developed because the signal strength
of an isotope peak m/z 156 is difficult
to observe under normal analytical
conditions. An oil sample of 1 pl, which
had been diluted with acetone (1:5), was
automatically injected at a split ratio of
1:10. The ion source temperature was
150°C; ionisation current, 200 mA;
the detector voltage, 1500 V; and the
scanning rate of m/z 154 ion and m/z 155
ion was 50 cycles per second, while that
of m/z 156 was 900 cycles per second.

The isotope ratio (Ir) was calculated
using the following equation:

Intensity of isotope peak
Ir (%) = - x100
Intensity of molecular peak

where: the isotope peaks were m/z
155 and m/z 156, respectively; and the
molecular peak was m/z 154. Each value
is the mean of replicate measurements of
isotope ratio values.

Statistical analysis

All measurements were carried out
in triplicate so that an average value
and standard deviation of the isotope
value could be calculated to evaluate
the repeatability of the method. Analysis
of variance (one-way ANOVA) was
conducted to differentiate samples by
means of the isotope ratio values. All
statistical analyses were done using
SPSS software for Windows (version
11.5, SPSS, Chicago, 2002).
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Results and discussions

Accuracy of the isotope ratio by
ordinary GC-MS

In principle, it is possible to obtain
the isotope ratio from MS data [13]. The
isotope peak contains the total isotopic
abundance in the molecule. Authors have
previously shown, in fact, a practical
use for the isotope ratio of monoterpene
hydrocarbon from mass spectrometry
[7-9, 14]. However, the determination of
isotope ratio in oxygenated compounds
was difficult since the intensity of each
molecular ion peak is not very strong
after undergoing the fragmentation due
to ionisation process of MS. In addition,
the isotope peak (M+1) is approximately
10%, whereas the isotope peak (M+2)
is approximately 1%, respectively, and
of those observations, the molecular
ion peak in the case of linalool in citrus
essential oils is seen. Therefore, several
experimental conditions have been
developed to achieve a sensitivity of
the analytical method for determining
isotope ratio value. By choosing the
softer ionisation energy (50 eV), suitable
detector voltage, and scanning rate
of the monitored ion, the desired ion
peaks were enabled since optimisation
of the analysis device and the analysis
condition was attempted in the actual
experiment. The mass peaks observed
in the mass spectrum are m/z 154 (M),
m/z 155 (M+1)" and m/z 156 (M+2)".
When taking the ratio of those peak
intensities, the isotope ratio m/z 155/154
accordingly gives the total ratios of
BC/"?C, 2H/'H, and also '70/'°O; and
the isotope ratio m/z 156/154 gives
information on *0/'°O and *C/'*C.

The repeatability of the Ir values for
linalool was examined using different
linalool solutions. The concentrations of
standard linalool solutions were 5 to 30
mg/g (w/w). Data is shown in Table 1,
the isotope ratio m/z 155/154 varied from
11.50 to 11.60% whereas the isotope
ratio value m/z 156/154 was 1.00%.
These Ir values varied within a narrow
range and in accordance with theoretical
calculations from natural abundances
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Table 1. The isotope ratio (%) of authentic linalool solutions at different

concentrations.
Linalool concentration m/z 156/154 m/z 155/154
mg/g (W/w) Mean’ SD Mean' SD
5 1.10 0.02 11.64 0.06
10 1.06 0.05 11.59 0.05
15 1.11 0.03 11.52 0.04
20 1.09 0.02 11.50 0.02
25 1.11 0.03 11.54 0.01
30 1.09 0.01 11.55 0.01

100% H
éﬁ
|

Linalool

0%

\

RT (nir) 000 20 2400 2%00 %0 3000
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Fig. 3. GC chromatogram of yuzu essential oil by capillary GC-MS and MS

spectrum of linalool.

of isotopes of carbon, hydrogen, and
oxygen. The results obtained from the
authentic linalool solution show that the
reproducibility for determining the peaks
of the molecular ion and its isotope using
ordinary GC-MS is satisfactory and is
applicable for practical use.

The repeatability, evaluated on
relative chromatographic peak areas of
the standard linalool solution using ten
replicates that were analysed in the same
day, was 3.1%. The reproducibility,
calculated using five replicates of the
same solution analysed in different
days, was 8.8%. The limits of detection
and the limits of quantitation were
calculated from the concentration that
would give up to three and ten times,
respectively, and were also reported. The
limit of detection (LOD) and limit of
quantification (LOQ) were determined
from a series of low-concentration
measurements  of  the  authentic
linalool calibration solutions. The data
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processing was proved under SIM mode
to increase the specificity and sensitivity
of the measurement. However, since
the isotope peak of linalool was small
compared to the molecular peak, we
need to determine the isotope peaks
m/z 155 (M") and m/z 156 (M?") so the
detection limit was dependent on the
appearance of those isotope peaks. The
resulting LOD and LOQ were 10 and 35
mg/kg, respectively.

The isotope ratios of linalool in yuzu
essential oils from different producing
areas

A proper separation of linalool from
other volatile compounds of the essential
oil is a prerequisite to the determination
of isotope ratio value. The linalool
fraction was well separated from the
other volatile compounds in the yuzu
essential oil by employing appropriate
column and column temperature
program. The investigated compound



Table 2. Relative peak area percentage (%) and isotope ratio of linalool from
yuzu essential oils.

Isotope ratio (%)

No Sample’ peaie;ig:‘(’n ” m/z 155/154 m/z 156/154
Mean’ SD Mean’ SD
1 EHI 3.04 1435 0.49 1.02 0.01
7 EH2 2.19 1291 0.06 0.91 0.00
3 EH3 1.97 1238 0.09 0.88 0.00
4 oT1 2.95 14.46 0.63 1.03 0.02
5 OT2 231 13.24 0.09 0.95 0.01
6 oT3 224 13.28 0.13 0.94 0.02
7 WK1 2.90 1478 0.17 1.04 0.02
8 WK2 236 13.54 0.03 0.96 0.01
9 WK3 2.61 13.83 0.13 0.98 0.01
10 TK1 2.71 14.07 0.60 1.00 0.02
1 TK2 2.59 13.86 0.14 0.98 0.01
12 TK3 2.58 13.84 0.09 0.98 0.01
13 KCl 2.98 13.05 0.69 0.88 0.18
14 KC2 2.14 12.59 0.35 0.90 0.01
15 KC3 1.72 1177 0.19 0.83 0.00
16 KC4 125 10.84 0.06 0.91 0.17
17 KC5 1.28 10.89 0.12 0.92 0.16
18 KC6 127 11.45 0.05 1.10 0.01
19 KC7 131 11.10 0.66 0.94 0.03
20 KC8 1.28 10.67 0.05 0.97 0.05
21 KC9 1.24 1071 0.09 0.97 0.04
) KC10 1.28 1076 0.20 0.92 0.05
23 KCl1 131 10.76 0.10 0.97 0.03
24 KC12 1.28 10.69 0.09 0.96 0.02
25 KC13 118 1078 0.06 1.05 0.07
26 KCl14 132 1113 0.73 0.96 0.01
27 KCl15 135 10.69 0.17 0.94 0.03
28 KC16 1.40 10.64 0.02 0.96 0.04
29 KC17 1.38 11.08 0.03 1.00 0.03
30 KCI8 1.46 11.04 0.61 0.94 0.00
31 KC19 1.46 10.93 0.04 0.99 0.01
32 KYO 2.55 11.61 0.02 0.93 0.04
33 GOH 3.58 11.53 0.04 0.91 0.06

'Abbreviated name of samples: KC: Kochi; EH: Ehime; TK: Tokushima; OT:
Oita; WK: Wakayama; KYO: Kyoto; GOH: Goheung (Korea).
n = 3.

(A) (B)

-

1.3 —

Isotope ratio (M+2)/M (%)
Isotope ratio (M+1)/M (%)

N= H 3 1 19 1 3 3 3
AU EH GO KC KY or TK WK

N= H 3 1 19 1 3 3 3
AU EH GO KC KY or K WK

Samples Samples

Fig. 4. Boxplot of isotope ratio (M+2)/M (A) and (M+1)/M (B) of linalool from
authentic chemicals and yuzu essential oils from different producing areas.
Samples from different areas are marked as Authentic chemicals, AU; Ehime, EH;
Goheung, GO; Kochi, KC; Kyoto, KY; Oita, OT; Tokushima, TK; Wakayma, WK.
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was best separated on DB-Wax column
with high polarity. Fig. 3 shows the
linalool peak in the GC chromatogram
of yuzu essential oil under the actual
experimental condition.

Relative peak area and isotope ratio
of linalool from 33 yuzu essential oils
are shown in Table 2. The isotope ratio
m/z 156/154 of linalool in standard
solution and in yuzu CPO from different
producing areas is plotted in the boxplot
(Fig. 4). It is obvious that the standard
linalool has a significantly higher
isotope ratio value (mean Ir=1.10% with
SD=0.02%). The isotope ratio values
of linalool from yuzu samples which
were grown in Kochi (KC), Ehime
(EH), Oita (OT), Tokushima (TK), and
Wakayama (WK), were not different
from one another. The average isotope
ratio value ranged from 0.96 to 1.02%
with a standard deviation less than
0.6%. The isotope ratio of linalool in
GOH and KYO samples, on the other
hand, significantly lower than the other
yuzu samples. Ir values were 0.89 and
0.91% for GOH and KYO, respectively.
These differences can be explained by
the fact that authentic linalool from
which the compound was isolated and/or
synthesised was obtained from different
sources.

Conclusions

In conclusion, to the best of
our knowledge, the isotope ratio
of oxygenated compounds in yuzu
essential oils by HRGC-MS is reported
here for the first time. The analytical
method was developed and optimised
for the observation of linalool isotope
peaks and molecular peaks and showed
high repeatability. The isotope ratio
of linalool varied considerably among
the samples from different regions, but
could not readily be differentiated on the
basis of isotope ratio value alone. The
isotope ratio depends on the genealogy
and geographical factors of the plant
[6]. However, in this study, when all the
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samples were obtained from the same
botanical origin, the effect of genealogy
may be eliminated. Thus the isotope
ratio reflexes the effect of producing
area. The significant lower isotope ratio
of the samples from higher latitude is in
agreement of lower isotope ratio in the
region of higher latitude. This finding
suggests a value for the application of
GC-MS to authenticity control by means
of component isotope ratio.
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Immobilization of ZnO nanoparticles
on fluorinated perlite granules for the
photocatalytic degradation of methylene blue
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Abstract:
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The fluorination of perlite granules and the immobilization of ZnO
nanoparticles on the perlite surface were carried out at the same time by a
simple impregnation method to create new highly photocatalytic materials
which are easily separated from reaction solutions after treatment. The
influence of perlite fluorination on the crystal structure, morphology, UV-
visible absorption, and surface functional groups of ZnO, as well as on the
ZnO content on perlite, was respectively characterized by XRD, FE-SEM,
UV-Visible diffuse reflectance, FTIR and atomic absorption spectrometry.
The photocatalytic activity was evaluated via the extent of degradation

of methylene blue under UVA irradiation. According to the results, the
fluorination of perlite leads to numerous effects on ZnO, such as the decline
of ZnO cell parameters, the increase of ZnO content on perlite granules
(resulting in the enhancement of light absorption in UVA range), and the
decrease of ZnO particle size, which can effectively improve its photocatalytic
performance. The photocatalysts were also found to be able to stay afloat on
water, allowing for easy separation from the reaction solution.

Keywords: coating, fluorination, perlite granules, photocatalytic activity, ZnO

nanoparticles.

Classification number: 2.2

Introduction

Due to their chemical structure and
stability, most of the dyestuffs used in
the textile industry, including methylene
blue, are resistant to solvents and are
difficult to eliminate by conventional
wastewater treatment methods such as
cost-effective biological techniques [1-
3]. Although it is not a strongly toxic
compound, exposure to methylene blue
can cause rapid pulse, shock, cyanosis,
and tissue necrosis in humans [4]. Hence,

“Corresponding author: Email: ltkhoa@hcmus.edu.vn

the release of waste water containing
methylene blue can lead to harmful
environmental effects and damages to
human health. Over the past few decades,
the use of semiconductor photocatalysts
based on TiO, nanopowders has proven
to be a promising method of waste
water treatment since various organic
pollutants including methylene blue
and other organic dye molecules can
be completely degraded under UV
irradiation in the presence of these
photocatalysts [5-9]. Besides TiO,, ZnO

SEPTEMBER 2017 « VOL.59 NUMBER 3

is another semiconductor which has
been investigated in recent years as an
excellent material for photocatalytic
processes owing to its photosensitivity,
high stability, and low toxicity [10, 11].
In some photodegradation experiments,
exhibit
superior to that of TiO, for the treatment

ZnO nanopowders activity
of dye wastewater [12, 13]. However,
there are two major drawbacks for
the application of these suspended
particles in  practical =~ wastewater
treatment procedures: (i) the scattering
of UV light by nanoparticles can limit
photocatalytic activity and (ii) the
catalytic nanoparticles are difficult to
separate from the reaction solution [14].
Therefore, it is necessary to immobilize
semiconductor  photocatalysts on
solid substrates in order to solve these

problems.

Many materials have been studied
for the immobilization of photocatalytic
TiO, particles, such as glass [14, 15],
stainless steel plate [16, 17], polymers
[18, 19], alumina [20], and ceramics
[21]. Recently, Hosseini, et al. [22]
investigated the immobilization of TiO,
on perlite granules for the photocatalytic
degradation of phenol. Granular perlite
is an amorphous volcanic glass with
high porosity, making it suitable as a
potential substrate for TiO, nanopowder.
The second advantage of perlite granules
is that they are very light, which allows
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them to stay afloat on the surface of
wastewater [22]. As a result, the TiO,
photocatalyst coated on perlite granules
is easily exposed to the available
radiation source to ensure efficient light
absorption [22, 23].
the coating of TiO, particles is mostly

Unfortunately,

distributed on the external surfaces
of perlite granules [23] which usually
consist of smooth flat layers. This
may limit the mechanical adhesion
between photocatalytic particles and
the perlite surface and then hinder the
immobilization of nanopowders. Thus
the surface of perlite granules still needs
to be modified in order to make it an
effective substrate for photocatalysts.

However, so far, up to our best

knowledge, no research has been
conducted on the modification of perlite
surfaces for the immobilization of ZnO
catalysts. Since perlite granules are
mainly composed of SiO, (73%) [24], it
is suggested that fluoride ions can modify
the perlite surface by slowly corroding
its silica components. Therefore, in
this work, we have prepared new
photocatalytic
ZnO nanoparticles coated on fluoride-
modified perlite granules by a simple
one-step impregnation method in order

to improve the bonding between ZnO

materials based on

particles and perlite substrate and then
enhance their photocatalytic activity.
The influence of fluoride contents used to
modify perlite surfaces on the coating of
Zn0O and the photocatalytic performance
were also investigated.

Experimental section
Sample preparation

The starting materials Zn(NO,),.6H,0,
K,C,0,,HO and KF (99%, extra pure
grade) were purchased from Sigma
Aldrich. Methylene blue (MB) (analytical
grade) was purchased from Merck. These
chemicals were used as received without

further purification. Perlite granules
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obtained from Ninh Binh province
(Vietnam) were treated with H,SO,
solution (2 mol/l) at 80 - 100°C for 30
minutes. Distilled water was used in all
the experiments.

For the preparation of ZnO coated
on fluoride-modified perlite granules,
firstly, Zn(NO,),.6H,0 was separately
dissolved in water to obtain 250 ml
of Zn* solution (1 mol/l). Then 5 g
of perlite granules were added to this
Zn*" solution under regular stirring at
room temperature. After that, 250 ml
of a solution containing both K ,C,0O,
(1 mol/l) and KF (the KF concentration
varied from 1 to 3 mol/l) was added to
the Zn*" solution to fluorinate the surface
of the perlite granules and to create the
white ZnC,O, precipitate deposited
on their surface. The slurry containing
perlite granules was regularly stirred for
30 minutes for the fluorination. Next,
these perlite granules were separated
from the slurry, washed with distilled
water, dried at 150°C for two hours, and
heated in air at 500°C for two hours. In
the following manuscript, these samples
were labelled as PZnOF-X (X is equal
to 1, 2, and 3 corresponding to the
KF concentration of 1, 2, and 3 mol/l,
respectively).

ZnO was also coated on bare perlite
granules (labelled as PZnO) by the same
process without using KF. Moreover,
fluorinated perlite granules without
ZnO immobilization were prepared by
stirring 5 g of granular perlite in 500 ml
of KF solution (1 mol/l) and then dried
at 150°C during two hours in order to
investigate the effects of fluorination on

granular perlite.
Characterization

The surface morphology and
particle size of PZnO and PZnOF-X
catalysts were studied by field emission
scanning electron microscopy (FE-
SEM) using a HITACHI S-4800 with an
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acceleration voltage at 10 kV. FE-SEM
micrographs of bare perlite granules and
fluorinated perlite granules without ZnO
immobilization were also taken. Their
specific surface area was measured
with a NOVA 1000e instrument and
calculated using the BET (Brunauer-
Emmett-Teller) equation.

The crystalline structure and phase
composition of PZnO and PZnOF-X
samples were characterized by powder
X-ray diffraction (XRD) measurements,
which were carried out by a BRUKER-
Binary V3 X-ray diffractometer using
Cu Ka radiation (A = 1.5406 A). The
accelerating voltage and the applied
current were 40 kV and 40 mA,
respectively. The Rietveld refinements
were carried out using Fullprof 2009
structure refinement software [25].

In order to investigate the surface
functional groups of prepared catalysts,
their FT-IR spectra were recorded in the
4000-400 cm™ frequency range at room
temperature using a Bruker VERTEX 70
spectrometer.

The quantity of ZnO coated on the
surface of different perlite samples
was evaluated by atomic absorption
spectrometry using a Shimadzu AA-
6300 spectrometer. The ZnO/perlite and
FZnO/perlite samples were separately
ground into fine powder with a mortar
and pestle and then stirred in HCI
solution (6 mol/l) for 24 hours. Then the
quantity of Zn?" ions was measured at a
wavelength of 213.9 nm.

UV-Visible  diffuse
spectra of the catalysts were measured
using a Perkin-Elmer Lamda 850
Spectrophotometer which is equipped

reflectance

with a 15 cm diameter integrating
sphere bearing the holder in the bottom
horizontal position and calibrated with
a certified Spectralon white standard
(Labsphere, North Sutton, USA).
The spectra were recorded at room



temperature in steps of 1 nm, in the
range of 300-400 nm with a bandwidth
of 2 nm.

Photocatalytic tests

The photocatalytic activities of
PZnO and PZnOF-X samples were
evaluated via the degradation of MB.
The photocatalytic reactor consists of a
glass beaker containing 250 ml of MB
solution (10 mol/l) with 2.0 grams of
catalysts, cooled by continuous water
flow and stirred continuously by a
mechanic agitator. The outer wall of the
reactor is covered with an aluminium
layer to block out any exterior light. The
pH of suspensions was fixed at 7 and the
reaction temperature was maintained at
30°C during the experiments. Prior to
the irradiation, the solution containing
catalysts was stirred for 60 minutes
in the dark in order to obtain the MB
adsorption Then the
reaction solution was irradiated by an
8-W UV Philips light lamp placed about
10 cm above the solution surface. During
the illumination, 5 ml of suspension was
sampled and analyzed with an SP-300

equilibrium.

Optima spectrophotometer.

Results and discussions

Figures 1A and 1B present the FE-
SEM micrographs of perlite granules
beforeandafter fluorination, respectively.
It was observed that the surface of
bare granular perlite is composed of
relatively smooth terraces which are
randomly oriented and superimposed
on each other. When the perlite sample
was fluorinated, the surface was clearly
corroded with increased roughness and
the appearance of various shallow holes.
BET measurements also indicated the
increase of the specific surface area of
perlite granules from 0.415 to 0.498
m?*g when fluorinated, confirming the
corrosion role of KF on perlite which
may improve the immobilization of ZnO
nanoparticles on the perlite surface. For
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Fig. 1. FE-SEM micrographs at different magnifications of perlite granules (A),
fluorinated perlite granules (B), PZnO (C, D) and PZnOF-2 (E, F).
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the PZnO sample, Fig. 1C and Fig. 1D
display the presence of ZnO polyhedral
particles,
successful immobilization of ZnO on the

which demonstrates the

surface of perlite. These particles were
found to be non-uniform in size (with a
diameter of 100 - 300 nm) and tended to
agglomerate. When ZnO was coated on
fluorinated perlite (Fig. 1E and Fig. 1F
for PZnOF-2 sample), the ZnO particles
also appeared in large agglomerates
but their particle size was reduced to
around 50 nm. It should be noted that
in this sample, nearly all the surfaces of
fluorinated perlite granules were covered
with ZnO nanoparticles whereas in
the PZnO sample, the perlite surface
was only partially covered with ZnO.
Therefore, it seems that the fluorination
of perlite does not only reduce the ZnO
particle size but also increases the ZnO
content on the perlite surfaces.

Powder XRD was used to follow
the effects of perlite fluorination on
the crystallite structures and phase
compositions of ZnO coated on perlite
granules. From Fig. 2, the perlite sample
shows the XRD pattern in an arc-shaped
baseline without any diffraction peak,
confirming the amorphous structure of
these granules, which is in agreement
with Hosseini’s findings [22]. For the
pattern of PZnO powder, we observed
a series of characteristic peaks at 31.77°
((100) line), 34.43° ((002) line), 36.26°
((101) line), 47.55° ((102) line) and
56.60° ((110) line). These diffraction
peaks are in accordance with the zincite

phase of ZnO (space group P63mc,
JCPDS No. 36-1451), which confirms
that ZnO was successfully deposited on
the surface of perlite granules. Moreover,
when coating ZnO on fluorinated perlite
with increasing KF concentration from
1 to 2 mol/l, no peaks of impurity were
observed, suggesting that the fluorination
did not modify the phase composition of
ZnO. However, for the PZnOF-3 sample,
the XRD pattern showed the apparition
of willemite Zn,SiO, phase (space group
R-3, JCPDS No. 37-1485), identified
by the diffraction peaks at 21.68°,
25.31° and 41.60°. The formation of this
additional crystallographic phase may be
attributed to the reaction between ZnO
and the silicate components in the perlite
composition, which was promoted by
the addition of KF. Furthermore, it was
observed that the cell parameters of
ZnO were modified by the fluorination
(Table 1). When ZnO was immobilized
on fluorinated perlite with increased
fluoride content, the cell parameters and
the cell volume were decreased.

Table 2 represents the ZnO content in
our samples measured by calculating the
Zn concentration via atomic absorption
spectrometry. The PZnO sample only
contains 8.08 mg Zn g' product. For
ZnO nanoparticles immobilized on
fluorinated perlite, the ZnO content was
strongly increased, which is consistent
with the observation in the FE-SEM
study. The highest ZnO content was
found in the PZnOF-2 sample with 71.44

mg Zn g product - nearly 9 times higher

Table 1. Cell parameters and cell volumes of ZnO in PZnO and PZnOF samples.

Cell parameters

Sample Cell volume (A%)
a(A) c(A)

PZnO 3.25097 5.20838 47.67154
PZnOF-1 3.25031 5.20688 47.63846
PZnOF-2 3.24954 5.20495 47.59824
PZnOF-3 3.2493 5.20428 47.58509
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than that found in the PZnO sample. This
result suggests that KF may corrode the
silicate component of perlite surfaces
during the fluorination to improve the
coating of ZnO. However, when KF
concentration was increased to 3 mol/l,
the ZnO content dramatically decreased
(28.45 mg Zn g! product), indicating
that a high KF amount is capable of
damaging the surface of perlite granules
and thus lowering the bonding between
ZnO nanoparticles and perlite granules.

Figure 3 presents the FT-IR spectra
of PZnO and PZnOF-2 samples. From
these spectra, two broad absorption
peaks were observed around 1053.06 and
789.04 cm!, which are attributed to the
stretching vibrations of Si-O and Si-O-Si
bonds on the surface of perlite granules
[26]. These spectra also display a sharp
peak at 459.74 cm™' due to the stretching
vibration of Zn-O [27], confirming the
presence of ZnO deposited on the perlite
surface. For the PZnO sample, another
weak peak was detected at 1384.13
cm. This peak may be ascribed to
the C-O vibration originated from the
adsorption of CO, on the surface of
perlite granules [28, 29]. Nevertheless,
this peak disappeared when the ZnO-
perlite system was fluorinated. It should
be noted that the fluorination of perlite
promotes the coating of ZnO onto perlite
granules, which may cover all the perlite
surface and then hinder its adsorption of
CO

-
The optical responses of PZnO
and PZnOF-2 samples were analyzed
using UV-visible diffuse reflectance
spectroscopy (Fig. 4). The spectrum of
PZnO material shows a broad absorption
band in the UV range below 400 nm
(maximum absorption at the wavelength
of 200-300 nm). When ZnO was
immobilized on fluorinated perlite, the
intensity of the absorption band in the
visible zone slightly decreased whereas
the absorption peak of the UV region



Table 2. ZnO content and rate constant of MB bleaching under UVA light

illumination on PZnO and PZnOF samples.

ZnO content determined by Rate constant of MB bleaching

Sample AAS (mg Zn g! sample) under UVA illumination (h™)
PZnO 8.08 0.33
PZnOF-1 21.31 0.87
PZnOF-2 71.44 1.23
PZnOF-3 28.44 0.90
PZnOF-2
— 459.74
3
_\; PZnO
2
i)
) |
789.28 /
461.02
1054.73
T T T T T T T
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Fig. 3. FTIR spectra of PZnO and PZnOF-2 samples.
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Fig. 4. UV-visible absorption spectra of PZnO and PZnOF-2 samples.
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strongly rose in the range of 300-400
nm. This enhanced UV absorption of the
PZnOF-2 sample can also be explained
by the increase of ZnO content owing to
the fluorination of perlite.

TheUVAlightinducedphotocatalytic
activity of PZnO and PZnOF samples
was evaluated via the photocatalytic
MB degradation. The time-dependent
profiles of MB degradation in the
presence of our catalysts under UVA
light irradiation (Fig. 5) prove that
the net decomposition of MB in the
aqueous solution followed the pseudo-
first-order Langmuir-Hinshelwood
kinetic model. Hence, the rate constant
of this reaction was determined by
plotting In(C/C)) versus time (C is
the MB concentration at time t and C;
is the initial MB concentration) and
presented in Table 2. The catalytic tests
indicated that the fluorination of perlite
effectively improved the photocatalytic
performance of ZnO supported on the
perlite granules. In fact, the rate constant
(k) of MB degradation in the presence of
the PZnO sample only reached 0.33 h!
whereas the PZnOF-2 catalyst showed
the best performance with k = 1.23 h!,
which was about four times higher than
that of the PZnO catalyst. The increase
of photocatalytic activity in our samples
can be explained by two factors. Firstly,
based on the atomic absorption spectra
and UV-visible reflectance diffuse
spectra, the fluorination of perlite was
found to successfully modify the surface
of perlite granules, which increased the
ZnO content on the perlite surface and
then enhanced the UVA absorption of
catalysts. It has been reported that the
high photon absorption can promote the
formation of photogenerated electrons
and holes and then improve the
photocatalytic activity [7, 30]. Secondly,
the fluorination of perlite also decreased
the particle size of ZnO. As a result, the
active sites of photocatalytic ZnO were
enhanced by the perlite fluorination,
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Fig. 5. Ln(C /C) versus time plot of MB bleaching under UV irradiation on

PZnO and PZnOF samples. C is the MB concentration (mol/l) at time t and C
is the initial MB concentration (mol/l).

leading to the rise of photocatalytic
properties. However, when the perlite
surface was fluorinated more strongly,
with a KF concentration of 3 mol/l,
the ZnO content was decreased on the
PZnOF-3 sample, resulting in a decline
in photocatalytic performance.

These results showed that the
immobilization of ZnO nanoparticles
supported on fluorinated perlite granules
may be a simple and efficient method to
obtain highly photocatalytic materials
which are easily separated from solutions

after treatment.

Conclusions

In this study, ZnO nanoparticles were
developed on fluorinated perlite granules
with various KF concentrations by a
simple one-step impregnation method
in order to study the effects of perlite
fluorination on the crystal structure,
morphology, optical properties, ZnO
content, and photocatalytic activity of
ZnO/perlite. The experimental results
showed that the fluorination of perlite
does not only enhance the ZnO content
on perlite surfaces, increasing the UVA

§ Vietnam Journal of Science,
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absorption, but also decreases the
particle size of ZnO. These modifications
strongly improved the photocatalytic
The

fluorinated sample prepared with KF

performance of our materials.

concentration of 2 mol/l was found to
be the optimal photocatalyst. When the
KF concentration was further increased,
the ZnO content on perlite granules
dramatically decreased, leading to the
reduction of photocatalytic activity.
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Abstract:

Agriculture is a primary source of livelihood in the Vietnamese Mekong River
Delta with different land use activities. There are different potential conflicts in
agricultural land use, including: water resources use and interests. Therefore,
establishing feasible land use planning (LUP) in an area needs an in-depth
participation and discussion among stakeholders (including: governments

at different levels, local farmers, and national and international scientists).
Indigenous knowledge of local farmers plays an important role in making land
use decision, which can support solving land-use conflicts to achieve the most
sustainable management of land resources. In this study, we integrated local
knowledge into a land use planning process to assess the suitability of land use
types and to project potential impacts of climate change conditions on land use
decisions in the Tra Hat hamlet, one of the climate-smart village (CSV) sites

in the Vietnamese Mekong River Delta. A total of two consultation meetings,
using simple tools (resources mapping, timeline, seasonal calendar, wealth
ranking, Venn diagram, pair wise ranking, and key informants’ interviews),
were conducted, and 130 households were interviewed during a field visit in
2015. As a result, a participatory land use planning (PLUP) was implemented
with active participation of the concerned communities to establish a suitable
land use planning and identify the potential adaptation techniques in the

near future (2020). Land use planning at the hamlet was discussed to get

the agreement and the coordination among local governments, farmers and
scientists on adaptation practices.

Keywords: climate-smart villages, land use planning, participatory, the
Vietnamese Mekong River Delta, Tra Hat hamlet.
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Introduction

CSV is a definition developed
by the CGIAR research program on
climate change, agriculture and food
security (CCAFS), and Tra Hat hamlet
is one of the CSV sites in Vietnam.
These are sites where researchers,
development partners, and farmers
come together to test climate-smart
agricultural interventions. The aim is
to boost farmers’ ability to adapt to
climate change, to manage risks and, to
build resilience. At the same time, the
hope is also to improve livelihoods and
incomes, and where possible, to reduce
greenhouse gas emissions to ensure
solutions are sustainable [1].

The villages are being set up in
areas that have been identified as being
high at risk from the effects of climate
change, and where partners are already
conducting work. Prior to the project
start-up, a steering group made up of
researchers and village representatives
identify ‘climate-smart’ interventions
best suited for that community. The list
of activities is introduced to a group of
farmers and village officials. The group
prioritizes the different technologies
based on yield and resilience potential, as
well as other features they find useful. If
accepted, the rest of the community gets
to weigh in on the project. The process
aims to be as participatory and inclusive
as possible, especially to encourage
women and more vulnerable groups to



participate. Researchers and farmers
continuously monitor and evaluate the
activities. These actions are to gain a full
understanding of the benefits and effects
they might have on farm production,
income, resilience, equity, employment,
adaptation, and mitigation. The aim is to
scale-up the practices [1].

Indigenous knowledge of local
communities can provide an important
tool for early detection and understanding
of the impacts of production condition
changes [2]. Exploring Indigenous
knowledge through group discussion
is important to work to support the
research group to understand the study
area when the study began in local
communities. Because field surveys
can be time- and cost-intensive, early
detection efforts are limited [2]. The
benefits of integrating local ecological
knowledge with the Western science are
widely espoused. Examples demonstrate
how this process can inform adaptive
ecosystem management [3], facilitate
effective  co-management  between
resource users and land managers, and
afford a more holistic understanding of
a given system [4]. Local livelihoods
are strongly influenced by the effects of
human land use [5]. The competing land
uses which are present in the river basin
may further amplify the cumulative
negative effects of land use changes
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at the local and landscape scales [2].
PLUP is an iterative process based on
the dialogue amongst all stakeholders
aiming at the negotiation and decision
for a sustainable form of land use in rural
areas as well as initiating and monitoring
its implementation [6]. PLUP is
essentially bottom-up land-use planning,
carried out with the active participation
of the concerned communities [7].
Through the process of PLUP, the
communities achieve a consensus on the
sustainable management of their natural
resources [6]. As one of the first steps
of PLUP, a participatory rural appraisal
(PRA) is carried out in every village, and
atrained multidisciplinary team analyzes
the situation on hand with the local
beneficiary groups and stakeholders. A
series of methods are applied to acquire
and analyze information, including
participatory surveillance, transect walk
through the kebele, ranking and scoring
as well as cropping calendars. Finally, the
PRA survey leads to a number of group
discussions, where the target groups
identify and prioritize the problems,
activities, and areas of intervention.
As a result, a participatory village map
is created during the discussion. The
information collected from the PRA
and field surveys forms the basis of
local knowledge of a village [6]. Under
the current and future climate change,
PLUP must be intended to incorporate
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Fig. 1. The study area of Tra Hat hamlet, Vinh Loi district, Bac Lieu province.
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possible climate change (and sea level
rise, if relevant) into the identification
and selection of land use options. Such
participatory land use planning under
climate change (PLUP-CC) should not
only improve the livelihoods of the
existing community but also sustain
the resources development of the future
generation [7]. In 2015, village baseline
studies were conducted to analyze
general local conditions. After that, a
training and implementing for PLUP
were conducted in Tra Hat hamlet to
improve the capacity of staffs (CTU and
PLUP) in PLUP.

The study aims at (1) assessing the
utility of local indigenous knowledge in
exploring basis problems in the study
area and (2) integrating local indigenous
knowledge with PLUP to map the
suitable areas of land use types adapted
to CSV purposes.

Methods

Study area: Tra Hat hamlet located
in Chau Thoi commune, Vinh Loi
district, Bac Lieu province, Mekong
River Delta is one of the CSV sites in
Vietnam of CGIAR program - CCAFS.
The area is also in the highly vulnerable
agricultural ecosystems zone (AEZ) of
the Vietnamese Mekong River Delta due
to sea level rise and climate change (Fig.
1). The hamlet has 301 households with
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main livelihoods depending on rice and
home-garden (including upland crops,
small-scale livestock and aquaculture).
Tra Hat hamlet is inside Quan Lo Phung
Hiep - a salinity control project area,

and its agriculture is facing lack of

fresh water and salinity intrusion during
the dry season. Moreover, in the rainy
season, low-lying areas of the hamlet
are inundated, and the situation would
be more serious in the future under the
impacts of climate change and sea level
rise (CC&SLR) [8]. Besides, the income
of villagers is fluctuating due to not
only the unpredictable water condition,
such as surface water salinity intrusion
and change of rainfall pattern but also
unstable prices [9].

Data collection: Two consultation
meetings  were  organized (20
participants). The list of participants
was compiled by the head of village
and gender was balanced among the
participants (10 males and 10 females).
240 randomly selected household
interviews were conducted to identify
the impact factors on local agriculture
and the interviewees were asked to rank

these selected parameters on a scale of

1 to 5, in which 5 refers to high impact
(severe), and 1 refers to very low impact

(Table 1). The perceptions (scale) of

relevant indicators were summed to
estimate the overall scores of factors.

Framework

The PLUP process is mainly based on
FAO methods including land evaluation
and land use planning [11, 12], and the
community agro-ecosystem analysis
[13]. The process consists of five steps.

The process of PLUP-CC and sea
level rise (SLR) consists of four steps.

In this study, the participatory land
use planning session completed four
tasks:

1. To conduct PRA workshops to
identify and map the farm types based
on land use systems and locations, and to
review the past, current and near future
(five years) of bio-physical and socio-
economic changes.

§ Vietnam Journal of Science,
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Table 1. Impact categories and their range [10].

Rank Impact categories Magnitude Level impact
5 Severe 4.1-5 >20%
4 High 3.1-4 15-<20%
3 Moderate 2.1-3 10-<15%
2 Low 1.1-2 5-<10%
1 Very low 1 and below <5%

2. To quantify existing farm-type
land uses’ inputs/outputs via farm
surveys and interviews.

3. To assess impacts of biophysical
and socio-economic changes on the
current and future land uses patterns.

4. To conduct workshops for
screening potential adaptation strategies
(organizing participatory consultation
meetings between experts, planners
and villagers to provide information
and discuss potential adaptation
measures based on the past and current

experiences).

Results and discussions

Indigenous knowledge in identifying
local resources

Land resources, water resources,
and climate factors which impact on
local land uses were specified. The
hamlet’s topography is rather stable.
The ground elevation in low areas is not
much different from in high areas. Local
farmers assess the soil condition of Tra
Hat as being in good condition (Fig.
2). Thanks to the well-built irrigation
system and sluice gates, the soil’s
salinity and acidity are kept at a low
level. However, in the dry season, when

Fig. 2. Training indigenous knowledge of integration in the PLUP process to
local farmers. (A) A group of farmers focused on inspecting local resources,
land use changes, climate issues and land use planning complement; (B)
Identifying land qualities via participatory field survey in each AEZ; (C) Local
farmers identified local resources during participatory mapping activities; (D)
Group discussion with stakeholders on achieved results.
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less water available, there are risks of
acidity in some local areas.

The hamlet is located in freshwater
ecological zones where closed dyke
and sluice gates system are completely
constructed. Both surface water and
groundwater are the main sources of
domestic water supply and agricultural
production. Rainwater is used during
the rainy season. In other periods, the
main sources of water are provided by
local canals (at rice producing area)
and groundwater (at upland crop area).
River flood hardly happens in the hamlet
because it is located closely to the East
Sea. However, water shortage in the dry
season is still a problem in the area.

Tra Hat hamlet can be divided into
four Agro-ecosystem zones (AEZs) (Fig.
3) that is characterized by high levels of
topographic, soil fertility and land-use
types. These zones share a boundary
which is the local canals system.

Present land use assessment

The historical land use change (Table
2) shows that Tra Hat had rather a stable
land use; most of the farmers cultivate
traditional rice. Land use change process
in the hamlet depended on the changes
of physical conditions (salinization,
irrigation system) and was driven by
desires to increase income.

However, the improvement of
rice production (increasing crops) has
resulted in different problems. Soil
becomes swampy because of intensive
cropping. The farmers need to supply
more fertilizer and pesticide. Therefore,
the capital and price are increased,
but the products’ quality is decreased.
Besides, fertilizer and pesticide residue
also leaves negative effects on land and
water environment.

Local farmers do not want to change
their cropping pattern; they are afraid of
facing incurred risks. Rice monoculture
is a disadvantage since rice market and its

TRANSECT DIAGRAM
N
Il_—“_ r vy h Bl s x s =
e/ L, PR e
[ fry v vy ,,ﬁ__/—"\_._ PL\
Triple-rice Double-rice Double-rice Upland cop
Current land use crop crop crop
Topography Low Slightly Low Medium High
) . Rich Rich Medium Medium
Soil fertility
30em 30cm No flood No flood
Deep flooding
Not enough Not enough Not enough Enough
Water Irrigated for Irrigated for Irrigated for dry Irrigated
dry season dry season scason

Fig. 3. Tra Hat transect diagram drawn based on topography, ascending from

the South-West to North-East.

Table 2. Historical land use change.

Event history Before 1990

1990-1994 1994-2015

Land use change Paddy rice

(Mono-rice crop)

Double-rice crops Triple-rice crops

Rice varieties

1R42, OM545,
Tai Nguyen

Short-time varieties,
Tai Nguyen

Reason of transform Salinized

invested sewer increase income

systems
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price fluctuate overtime. Moreover, they
have not had experience in producing
other cropping patterns (except rice
production). Thus, they found it difficult
to change into new cropping patterns,
which could adapt to climate change and
market fluctuation in the future.

In Tra Hat hamlet, agriculture is the
primary source of livelihood, in which,
the rice production occupies a large
area while the rest is of the upland crop
production. There are 310 households
in the hamlet, in which 97.1% produces
rice (including 93.3% double-rice crops
and 6.7% triple-rice crops) and only
2.9% produce upland crops. The hamlet
also has other agricultural activities
but they keep a small percentage of the
total area of the village such as small-
scale livestock, orchard and aquaculture.
These kinds of production did not get the
interest of local farmers because of low
(existing) farming techniques, limited
labour and limited capital capability as
well as farmers’ risk aversion to land-
use changes. Therefore, these kinds of
production do not lead to an increase
in household income as they should. In
general, the farming patterns in Tra Hat
are still intensive. Currently, three main
land-use types are distributed in four
AEZs in the hamlet (Fig. 4) including
Triple-rice crops (at AEZ I); Double-rice
crops (at AEZ II & III); Upland crops
(AEZ 4).

CCURRENT LAND USE MAPIN 2015 OF TRA HAT HAMLET

CHAITHOI O VIHLOIDCSTRCT

CHAVAGA
COMNE

Fig. 4. Present land use map
Hat hamlet in 2015.
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Table 3. Inputs and outputs of existing land use systems.

Indicators Double-rice Triple-rice Upland Orchard Aquaculture  Livestock (Pig)
crops crops crops (Million (Million (Million

(Million VND/ha/  (Million VND/  (day/ha/year) VND/1000m?  VND/1000m*  VND/1000m¥/
year) ha/year) year) year) year)
Lo 5758 102.99 163.76 1.60 14.05 4,106.62
Rereie 49.39 43.10 15291 0.54 15.07 121546
e 0.86 042 093 034 1.07 030
Labour 129 163 690 21.00 12600 4,166.67

Note: the majors included double-rice crops, triple-rice crops, and upland

crops.

Table 4. Pair-wise ranking.

Double-rice crops Triple-rice crops Upland crops
Double-rice crops
Triple-rice crops Double-rice crops
Upland crops Double-rice crops Triple-rice crops
Ranking 1 2 3
Table 5. PLUP suitability and selection.
PLUP suitability
Current land
AEZ use LUT 1 LUT2 LUT3 Selected
(Double-rice  (Triple-rice (Upland
crops) crops) crops)
Triple-rice .
1 3 2 2 Double-rice crops
crops
11 DB e 2 2 0 Double-rice crops
crops
111 BTl e 3 1 2 Double-rice crops
crops
v skl e2a755 3 | 3 Double-rice crops/

Upland crops

Note: levels score - 0: not suitable; 1: marginally suitable; 2: moderately
suitable; 3: highly suitable.

Table 6. Current exposure (in 2015) to extreme weather events.

Events Duration Description
Heavy rain September-October More rainy than usual
B March- April Acidification, cracked soil, dried up river,

absence of rain

Rainstorm /high wind

May-October

Strong wind, collapse cultivation

Hot spell

March-April

Hotter (following weather forecast are 38-

39°C)

Saline intrusion (forecast)

February - April
November - December

Saltwater, withered crops

§ Vietnam Journal of Science,
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Local land-use types are distributed
differently  periodically  (Fig. 95).
Regarding to the double-rice drop, it
is cultivated in the Summer-Autumn
season (June - September), using
short-day varieties, and in the Winter-
Spring season (October - March), using
local long-day varieties (Tai Nguyen).
Therefore, when farmers produce
double-rice crops, they have about three
months (March - June) considered as
leisure time and they can use this leisure
time to increase their income with others
activities. Triple-rice crops (Summer-
Autumn,  Autumn-Winter, = Winter-
Spring; using short-day varieties) and
upland crops have the cultivating time
of all year round. From surveys and
interviews with 130 households, the
inputs/outputs data of land-use types are
shown in Table 3.

Formulation of LUT options, and
selecting preferable and feasible land-
use types (LUTs) in AEZs in present
condition

Promising land-use types (LUTs)
are chosen by local farmers. They
only recommend current land-use
types which are considered suitable
in local condition. Consequently, it is
not diversified in selection. Priority
of land-use types is presented in Table
4, including: (1) Double-rice crop, (2)
Triple-rice crop, (3) Upland crop.

PLUP suitability,
mapping

The land suitability classification
is performed by the local land users,
which is based on the participatory land
evaluation (FAO, 1976). Depending
on land use demand, land-use types’
suitability is assessed by local land users
(through four levels of score) to define
whether it is potential or not. The results
of current land suitability evaluation are
presented in Table 5, Fig. 6.

selection and

Identifying Climate change and sea
level rise (CC-SLR) issues

Agricultural activities are seriously
affected by changes in climatic pattern.



Table 7. Local adaptation strategies in 2020-2025.
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Heavy rain

Rainstorm/

Dioseit Strong wind

Hot spell Saline intrusion

Preparing land and checking

Embankment or storage water, preparing

Before e p——— e ) s e i Spraying pesticides - ‘Warning for production, saving fresh water
During Caring s, sevamzs Rk Pumping water from river, killing R B Testing water before irrigation, finding
hamsters fresh water resources
Immediately Keeping the dry fields, Fertilizin Replanting when
After Fertilizing and spraying pesticides s cultivation is wilted dead

Reinforcing and building irrigation

Future system and

Dredging canal, lakes; finding, planting

Breeding strong stems, potassium
fertilizer and spraying “Lun”

Using short-day varieties,
- Changes of season calendar,

pumping system codlbeeding pesticides Land use changes

Local farmers struggle with extreme Month
weather events, including: Heavy rain, . > |3 [a s le 17 Is o 10111112
drought, rainstorm/strong wind, and
hot spell. In addition, salinity intrusion 53:211_2‘ [ Tai Nawven [
is also another significant problem in - P | 1 || I
the future. List of exposures to extreme Triple # #

. . rice crop _I_I—I_
weather events is described by local [ [ I I I l
farmers (Table 6). Upland I/L e

erop I . [

Revising promising land use types
(LUTs) to adapt to CC-SLR

To deal with the effects of climate
change, the farmers use indigenous
knowledge effectively to adapt to
changes and reduce risks and damages
for agriculture and Table 7 presents
strategies of local farmers. There are
different solutions which would only
be beneficial in a short term but bring
unexpected risks in a long run (e.g.
saline intrusion and drought).

Impact factors on agricultural
production

The results of data analysis show
that six factors were identified which
impact local agricultural production
(Fig. 7). These factors were assessed
by indigenous knowledge with levels of
effect ranging from 5 (severe) to 1 (very
low).

LUP in CC-SLR conditions

Under the  assumption  that
salinization would happen in Tra Hat
in the future (2025), according to local
farmers, salinization is a vital factor
which affects the adapting capacity
of land-use types. Potential land-use
types are evaluated again by land user’s
knowledge. In salinization condition,

Fig. 5. Seasonal calendar of main land-use types.

LAND USE PLANNING MAP WITHOUT CLIMATE CHANGE OF TRA HAT HAMLET

soC TRANG ~N

PROVINGE ﬁ

CHAU HUNG A

Fig. 6. Land use planning map without climate change of Tra Hat hamlet in 2020.

Saline intrustion
Hot spell

Acid sulfate soil
Heavy rain

Drought

Rainstorm/strong wind

='Severe

= High

100 (%)

Moderate = Low = Very low

Fig. 7. Impact factors on agricultural production.

there is no suitable land use type in AEZ
I (lowest area, the area which is the
most heavily affected by salinization).
some adaptable
solutions (using short-time varieties,

However, using

SEPTEMBER 2017 « VOL.59 NUMBER 3

storing freshwater), the double-rice crop
is still chosen to cultivate. In AEZ II and
AEZ 1II (medium and high areas, less
affected by salinization), the double-
rice crop pattern is also selected. The
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Table 8. Participatory land use plan with CC-SLR adaptation.

PLUP suitability
Current land
LUs uses LUT1 LUT?2 LUT3 Selected
(Double-rice) (Triple-rice) (Upland)
. . Double-rice crops
la  Triple- rice crops 0 0 0 g —
. Double-rice crops
Ib  Double-rice crops 0 0 0 T ——
. Double-rice crops
2 Double-rice crops 2 0 2 e —
3 Wikl 1 0 ) Double-rice crops /

Upland crop

Note: levels score - 0: not suitable; 1: marginally suitable; 2: moderately

suitable; 3: highly suitable.

CHAU THOI COMMUNE

LAND USE PLANNING MAP UNDER CLIMATE CHANGE OF TRA HAT HAMLET

VINH LOI DICSTRICT

LOCATION MAP OF TRA HAT HAMLET

p—

S

SOC TRANG N
PROVINCE é

CHAU HUNG A
MMUNE

Fig. 8. Land use planning map in 2020 under the impacts of climate change

and sea level rise of Tra Hat village.

upland crop pattern is chosen in AEZ
IV. Especially, triple-rice crops are not
suitable in all AEZs (Table 8, and Fig.
8).

Conclusions

Participatory data collection and
mapping via group discussions with
farmers revealed the detailed and highly
accurate knowledge of local community
members regarding natural and land
use conditions. Local knowledge can
contribute as an important early warning
system to understand the resources
distribution, ecosystem, and impacts of
climate change and sea level rise and
potentially provide a needed edge to a
more effective management of production
in the context of changes.

§ Vietnam Journal of Science,

iTechnology and Engineering

Differences on results of the PLUP
with climate change-sea level rise
adaptation compared with the PLUP
without climate change adaptation
demonstrated the identification and
cognition ability of farmers prior to events
of vulnerabilities and risks from climate
change have considerable effects during
and after the events and land use demands
and agricultural production level which is
suitable for market demands.
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Abstract:

Nuclear factor Y (NF-Y) is a transcription factor which plays an important role
in the regulation of various developmental processes and stress responses in
plants. By using various bioinformatics tools, the identification and analyses of
the NF-YA subunit of cassava (Manihot esculenta Crantz) have been attempted
in this study. A total of 12 members of the VF-YA gene family were identified
in the cassava genome. They were located on the 18 cassava chromosomes with
different frequencies. Several initial structural analyses of the VF-YA family
were also performed. Among them, the typical gene organization of the
MeNF-YA gene family contained 5 exons/4 introns. Interestingly, the conserved
region of NF-YA was characterized by the interaction of NF-YB/C domain and
the DNA binding domain. This study provided information on NF-Y in plants.

Keywords: cassava, gene, in silico, NF-YA, transcription factor.

Classification number: 3.1

Introduction

NF-Y (Nuclear factor Y) is known as
one of the most important transcription
factor groups in all eukaryotes. This
family has evidentially played the key
roles in the regulation of diverse genes
[1]. NF-Y has three subunits (NF-YA,
NF-YB, and NF-YC), which are
connected with a range of biological
processes, from the signalling pathways
to stress responses in plants. Thus, it
would be essential to study these subunits
in order to expand our knowledge on
plant’s responses to adverse biotic/
abiotic stresses.

To date, the NF-Y gene family has
been found and characterized in many
plant species such as rice (Oryza sativa)
[2], canola (Canola napus) [3, 4],

soybean (Glycine max) [5], and foxtail
millet (Setaria italica) [6]. Recently,
the family has also been recorded in
tomato (Solanum lycopersicum) [7],
grape (Vitis vinifera) [8], and sorghum
(Sorghum  bicolor) [9]. Many NF-
Y4 genes were reported to function
in biological processes, especially in
stress response in plants. For example,
Arabidopsis thaliana transgenic plants
overexpressing AtNF-YA5 have shown
a reduction of leaf water loss and a
better resistance to drought stress than
the wild-type plants, thus revealing that
the AtNF-YA5 might function in drought

resistance  through  transcriptional
and  posttranscriptional  regulatory
mechanisms [10]. Additionally,

Arabidopsis AtNF-YA3 and AtNF-YAS8
were also found as redundant genes

“Corresponding author: Email: hachuamser@yahoo.com
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required in early embryogenesis of
plants [11]. In soybean, overexpression
of GmNF-YA3 conferred the reduction
of leaf water loss and enhanced drought
tolerance in transgenic Arabidopsis
plants [12].

In this study, the NF-YA gene
family in cassava (Manihot esculenta)
was identified and annotated. The
identifier, which was the chromosomal
location of each gene encoding NF-YA
subunit, was provided based on various
available databases. Gene organization
of NF-YA gene family in cassava was
also analyzed by using bioinformatics
approaches. Finally, protein features and
conserved domains of NF-YA subunits
were involved.

Materials and methods
Materials

The cassava genome database of
"AMS560-2" cultivar [13] is available in
Phytozome v12.0 [14].

Methods

Identification and annotation of
genes encoding NF-YA in cassava
genome.: Members of NF-Y family in
cassava from the Phytozome v12.0
[14] were identified. Their identifiers
and chromosomal locations were then
confirmed by blasting (BLASTP)
against the cassava genome database
[13] in NCBI server.

Analysis of gene structure of NF-
YA genes: The genomic sequence and
CDS (coding DNA sequence) of each

#Vietnam Journal of Science,
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member of NF-YA genes were obtained
from the cassava genome database [13]
in the Phytozome v12.0 [14]. The GSDS
(Gene Structure Display Server) v2.0
was used to analyze the exon/intron
organization of MeNF-Y genes [15].

Multiple alignments and
phylogenetic  analysis  of MeNF-Y
proteins: The protein sequence of each
member of NF-YA subunits was obtained
from the Phytozome v12.0 [14]. The
MEGA  (Molecular  Evolutionary
Genetics Analysis) software v7.0 [16]
was utilized for multiple alignments of
MeNF-YA proteins. The parameters of
sequence alignments were composed
of a gap open penalty of 10 and a gap
extension penalty of 0.2. An unrooted
phylogenetic tree of all full-length NF-
YA proteins was constructed with the
Neighbor Joining Method as previously
studied [17].

Analysis of protein features of NF-
YA subunit: The general information,
including the isoelectric point (pI) and
molecular weight (mW), was collected
through the Expasy tool [18]. The
subcellular localization of proteins was
predicted via the TargetP v1.1 web-
based tool [19, 20].

Results and discussions

Genome-wide identification of the
NF-YA gene family in the cassava
genome

In order to identify the NF-YA
family in cassava, a comprehensive
search of all proteins containing typical
NF-YA conserved domain [1] was
performed against the family in cassava
from the Phytozome v12.0 [14]. As
a result, a total of 12 members of the
NF-YA family were found in the cassava
genome (E-value < 1 x 10°). The gene
annotation and nomenclature of NF-Y4
gene family were harvested by searching
against the NCBI database (Bioproject:
PRINA86123) (Table 1).

The NF-YA subunit found in
cassava genome was also encoded by
a gene belonging to a multigene family

§ Vietnam Journal of Science,
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Table 1. Annotation of NF-Y gene family in cassava genome.

#  Genename  Transcript name'? Alias name! Locus name?
1 MeNF-YAI Manes.04G142600.1  cassavad.l _014256m.g.v4.1 OAYS53185
2 MeNF-YA2 Manes.06G163900.1  cassavad.l 010819m.g.v4.1 ~ OAY48517
3 MeNF-YA3 Manes.06G054900.1  cassava4.1_016099m.g.v4.1 OAY47137
4 MeNF-YA4 Manes.07G006600.1  cassava4.1 010627m.g.v4.1 0AY44802
5 MeNF-YAS Manes.08G034700.1  cassava4.l 011620m.g.v4.1 0AY43008
6  MeNF-YA6 Manes.09G025200.1  cassava4.1 012382m.g.v4.1 OAY40472
7 MeNF-YA7 Manes.09G044200.1  cassava4.1 012637m.g.v4.1 OAY40725
8  MeNF-YA8 Manes.10G141400.1  cassava4.1 011264m.g.v4.1 0AY40005
9 MeNF-YA9 Manes.11G022300.1  cassava4.l_013364m.g.v4.1 OAY36452
10 MeNF-YAI0  Manes.14G003100.1  cassava4.l 007505m.g.v4.1 ~ OAY30095
11 MeNF-YAIl ~ Manes.14G123000.1  cassavad.l 017907m.g.v4.l ~ OAY31569
12 MeNF-YAI2  Manes.16G097900.1  cassava4.l 011576m.g.v4.1 OAY27078

Information obtained from '"Phytozome v12.0 and 2NCBI databases.

as observed in other higher plants’
genomes [1]. In comparison with recent
annotated dicot species, a total of 21
GmNF-YA genes were identified in
soybean [5], while 10 NF-YA4 genes were
computationally predicted in tomato
[7]. More recently, the genome-wide
identification of eight NF-YA genes has
been reported in grape [8].

The chromosomal locations of 12
NF-YA genes were identified based on
the cassava genome database [13]. As
manually illustrated in Fig. 1, these
12 members of MeNF-YA genes were
mapped on the 18 cassava chromosomes
with different frequencies. Among them,
chromosomes 6, 9, and 14 contained
two MeNF-YA genes, whereas only one
MeNF-Y gene was distributed on each of
the chromosomes 4, 7, 8, 10, 11, and 16

(Fig. 1).
Analysis of the structure of MeNF-
YA genes

To analyze the structures of NF-YA
genes in cassava, the genomic sequence
and CDS of each NF-Y4 member were
obtained from the cassava genome [13].
They were then used as query sequences

SEPTEMBER 2017 « VOL.59 NUMBER 3

w
S

(Mb) Chr Chr Chr Chr Chr Chr Chr Chr Chr
"1 2 3 4 6 7 8
] FNF-YA2 |NF-YA4
. FNF-YA1
] -NF-YAG
5 LNF-YA7
10
5] LNF-YA3
20
25
30 ENF-YAS
351
(Mb) Chr Chr Chr Chr Chr Chr Chr Chr Chr
10 1 12 13 14 15 16 17 1
0] NE-vas FNF-YA10
1 FNF-YA9
5|
10
15 LNF-YATT
20
25 E -NF-YA12

w
&

Fig. 1. Chromosomal distributions of
MeNF-YA genes in cassava genome.



in the GSDS web-based tool to explore
the structures of NF-YA4 genes in cassava
(Table 2).

As provided in Table 2, the
genomic regions of NF-YA genes
had a variable length of from 4042
(MeNF-YA4, Manes.07G006600.1)
to 16084 nucleotides (MeNF-YAII,
Manes.14G123000.1). Previously, the
genomic length ofa gene was evidentially
associated with the transcription level
of this gene [21]. Hence, it would be
proposed that all MeNF-YA genes were
highly expressed in the cells, thus they
might function in various biological
processes and stress response in cassava
plants.

Interestingly, the CDS of NF-YA
genes varied from 645 (MeNF-YAII)
to 1065 nucleotides (MeNF-YAIO,
Manes.14G003100.1) (Table 2). The
structures of MeNF-YA genes commonly
consisted of 5 exons/4 introns. Only
MeNF-YA6 (Manes.09G025200.1) had
4 exons/3 introns (Fig. 2). Our results
clearly indicated that NF-YA gene
family was completely conserved in
cassava as well as in other higher plant
species [1]. Furthermore, the introns in
the CDS region of a gene might cause
the structural diversity and complexity.
Consequently, the presences of introns
in MeNF-YA genes might be directly
related to the evolution of NF-YA gene
family in cassava.

Analysis of protein features of
MeNF-YA

General features of MeNF-YA
members of cassava were also figured
out by analyzing the protein sequence
of each member obtained from the
Phytozome v12.0 [14] in the Expasy
tool [18]. The lengths of MeNF-YA
proteins in cassava ranged from 212
(MeNF-YA3) to 354 amino acids
(MeNF-YA10). The mW values of
NF-YA family also reached from 23.34
(MeNF-YA3) to 38.30 kDa (MeNF-YA2)
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Table 2. The structures of NF-YA genes in cassava.

#  Gene name

Chromosomal location

Genomic length  CDS length

1 MeNF-YAl Chr04R:26895916..26901232 5317 780

2 Me']‘\;};YAZ Chr06R:26g29560..2663429; ................... 4738 ........................ 1053 ..........
3 Me'l‘\}}:YA3 ChrO6F:15%‘95526..1580428'(;‘““%” 8755 ......................... 639 ...........
4 Me}\“/}*{YA4 Chr07F:80%‘124..811165 .................... 4042 ........................ 1029 ..........
5 Me'I‘\}};:YA5 Chr08R:31£6251..3131957 5707 ......................... 993 ............
6 Me']‘\};:YA6 ChrO9F:37%§466..3789354 9889 ......................... 930 ...........
7 Me']‘\;l“';:YA 7 ChrO9F:59£7016..593 1630 4615 ......................... 996 ...........
8 Me}\“fi‘YAS ChrlOR:25£59719..25266401“‘“““mm 6683 ........................ 1020 ..........
9 Me;\}}'{YAQ Chrl 1F:20621501..2068703 .................... 4203 ......................... 852 ...........
10 Me}\}%:YAIO Chr14F:40i;183..406287 .................... 4805 ........................ 1065 ..........
11 Me}\}g:YA]] Chr14R:10;21305..1093738’é‘wwm 16084 ........................ 645 ............

12 Me}\}};YA]Z Chr16F:25;96313..2540191éwwm 5606 ......................... 996 ...........

Information was obtained from the Phytozome v12.0; Chr: Chromosome; F:
Forward; R: Reverse; Genomic and CDS length were measured by nucleotides.

Gene name

MeNF-YAT - s — -
MeNF-YA9 s —-—— -
MeNF-YA12 s

Gene structure

MeNF-YA11

MeNF-YA3
MeNF-YAD s —

MeNF-YAS s o —

MeNF-YA4  ——-———

MeNF-YA10 s — -— —
MeNF-YA? s —~— — -
MeNF-YA7 wa ————-——

MeNF-YAS ws ———————-— -
5’[ 1 L .

| | L | 13’

0 2 4 6

8 10 12 14 16(kB)

Fig. 2. Gene structure of NF-YA family in cassava.

(Table 3). Previously, eight members
of NF-YA subunit were also identified
in sorghum (Sorghum bicolor). Among
them, SbNF-YA2 (ABXCO01000113.1)
was found to be the smallest member
(90 amino acids, 10.21 kDa), whereas
the size of SbNF-YA3 was 305 amino
acids and 33.37 kDa [9].

Additionally, a majority of MeNF-
YA proteins were the basic proteins,
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from 8.53 (MeNF-YA2) to 9.61 (MeNF-
YA45). The pl of four remaining NF-YA
members approximately reached 7, thus
indicating that they were likely neutral
proteins (Table 3). As mentioned above,
all NF-Y4 members in sorghum were
also shifted towards basicity [9]. It is
understood that the pl value of a protein
was directly linked with its subcellular

localization. Here, it was observed
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Table 3. General features of NF-YA proteins in cassava.

# Gene name Transcript name Protein length pl mW
1 MeNF-YAl Manes.04G142600.1 259 8.97 28.83
2 MeNF-YA2 Manes.06G163900.1 350 8.53 38.30
3 MeNF-YA3 Manes.06G054900.1 212 7.16 23.34
4 MeNF-YA4 Manes.07G006600.1 342 8.76 37.32
5 MeNF-YAS Manes.08G034700.1 330 9.61 36.03
6  MeNF-YA6 Manes.09G025200.1 309 8.77 34.78
7 MeNF-YA7 Manes.09G044200.1 331 9.13 36.30
8  MeNF-YAS Manes.10G141400.1 339 8.99 36.56
9  MeNF-YA9 Manes.11G022300.1 283 6.95 31.11
10 MeNF-YAIO Manes.14G003100.1 354 6.67 38.05
11 MeNF-YAIl Manes.14G123000.1 214 6.75 23.44
12 MeNF-YAI2 Manes.16G097900.1 331 9.01 36.37

Data were obtained from the Expasy tool; Protein length (amino acid); pl:
Isoelectric point; mW: Molecular weight (kDa).

| NF-YBINF-YC interaction |—|

DNA binding

CEEO XX

Manes.04G142600.1
Manes.11G022300.1
Manes.16G097900.1
Manes.14G123000.1
Manes.06G054900.1
Manes.10G141400.1
Manes.07G006600.1
Manes.14G003100.1
Manes.06G163900.1
Manes.09G025200.1
Manes.09G044200.1
Manes.08G034700.1

© 00UV UVVUV VOO *

that basic MeNF-YA proteins seemed
to belong to an integral membrane
proteome.

The conserved domain of the NF-YA
family in cassava was analyzed by using
the MEGA software [16]. As shown in
Fig. 3, the MeNF-YA proteins in cassava
could be characterized by two conserved

£ Vietnam Journal of Science,
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Fig. 3. The conserved domain of NF-YA subunit in cassava.

regions, including a protein interaction
and DNA binding domains. A twenty-
amino-acid-domain could be bound
to the combined surface of NF-YB/
NF-YC complex [22] that was clearly
observed in the alignment of MeNF-YA
proteins. Interestingly, most of yeast and

mammals functionally required amino

SEPTEMBER 2017 « VOL.59 NUMBER 3

acids [23, 24] that were also obviously
found in NF-YA family in cassava. These
findings highlighted that the NF-YA
family was completely conserved during
the evolution.

Conclusions

A total of 12 members of the NF-
YA gene family have been found in
the cassava genome. The identified
MeNF-YA genes were distributed on
the 18 cassava chromosomes with
different frequencies. The analysis of
gene structure showed that the genomic
regions of the MeNF-YA genes ranged
from 4042 to 16084 nucleotides, while
the CDS varied from 645 to 1065
nucleotides. The most common motif of
NF-YA genes in cassava was 5 exons/4
introns.

Most of MeNF-YA members were
basic proteins. This strongly suggested
that they belonged to the integral
membrane proteome in the cells. In
addition, the MeNF-YA proteins could
be recognized by two conserved regions,
including NF-YB/NF-YC interaction
and DNA binding domains.

This research provided an initial
description of the NF-YA gene family
in cassava plants. In further studies, the
expression profiles of these identified
MeNF-YA  genes under  various
conditions should be analyzed.
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Abstract:

Cinnamon (Cinnamomum cassia B.) is an important crop in Vietnam for
domestic consumption and exportation. In recent years, a disease known as
cinnamon witches’ broom (CinWB) has been discovered on cinnamon grown
in Tra Bong district - Quang Ngai province. The typical symptoms of CinWB
were the formation of small tumors on the stems, branches, petioles, and veins
of plants. The tumors become long squid-like tassels giving the appearance
of a witches’ broom. Infected plants are stunted, with delayed growth and
development, causing a high reduction in the yield and quality of farmed
cinnamon. In the present study, nested-PCR was applied with the universal
primer pairs P1/P7 and R16F2n/R16R2. PCR products of an approximate size
of 1200 bp were amplified from the twelves CinWB-showing samples collected
from Tra Bong district, Quang Ngai province. All PCR products were directly

sequenced in both directions using R16F2n and R16R2 primers. A BLAST
search indicated that DNA sequences of all 12 PCR products were identical
and show 99% identity with phytoplasma sequences of the 16SrXIV group.
And the CinWB phytoplasma isolated from the CinWB-showing cinnamon
from Tra Bong district - Quang Ngai province (QQNVN) was deposited in
GenBank under an accession number JX413793.

Keywords: cinnamon witches’ broom, nested-PCR, phytoplasma.

Classification number: 3.1

Introduction

Chinese cinnamon (Cinnamomum
cassia B.) is among the oldest spices,
Egypt, by the
seventeenth century B.C. [1]. Cinnamon

reaching ancient
is grown wild and is also cultivated in
South-East Asia, south China (Kwangxi
and Kwangtong provinces), Burma
(Myanmar), Laos and Vietnam. It was
introduced into Indonesia, Sri Lanka,
South America and Hawaii. In Vietnam,
it is found in many provinces from the
North to the South, but is concentrated in
the provinces of Quang Ninh, Yen Bai,

Tuyen Quang, Ninh Binh, Thanh Hoa,
Nghe An, Thua Thien - Hue, Quang
Nam, Quang Ngai and in the Western
Highland plateau. In Quang Ngai
province, cinnamon is widely grown in
mountainous districts of Tra Bong, Tay
Tra, Son Ha, and Son Tay. The total arca
of land used for cultivating cinnamon is
3,000 ha in this region, with Tra Bong
accounting for about 1,000 ha.

In a poor mountainous district
such as Tra Bong, cinnamon is a very
important crop helping small farmers
to overcome their difficulties in life.
However, in recent years, cinnamon

*Corresponding author: Email: nguyentuafl@gmail.com
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production has been affected by disease
and insect infestations, among them the
CinWB was one of the most important
factors causing the severe yield loss. The
disease significantly reduced the quality
and yield of cinnamon, directly taking
from the livelihood of growers. More
than 30% of farm land has been infected
by the disease, with 3-year-old plants
in the Tra Son, Tra Hiep and Tra Thuy
communes of Tra Bong district most
affected.

A significant amount of CinWB
was found in nurseries, and on both
young and old trees in Tra Giac hamlet
(Tra Mi district, Quang Nam province)
- considered a hot spot for this disease
[2]. It has been found that CinWB is
caused by a phytoplasma which can be
combated with preventive measures
including soaking seeds
in warm water (70°C) containing an
antibiotic before sowing [1]. However,
the mode of transmission, vector(s) and
other aspects of this disease are not fully
understood; and only a single measure,
phytosanitation, has been identified
as effective at reducing its incidence.
In addition, no studies on methods of
detection and identification of a CinWB
phytoplasma on a molecular scale have
been conducted in Vietnam.

cinnamon

Nested-PCR techniques in
combination with DNA sequencing
and phylogenetic analysis are currently
the best methods for differentiation,
characterization and classification of



phytoplasmas associated with plant
diseases [3-5]. The 16S rDNA gene,
16S-23S rDNA intergenic spacer region
and 23S rDNA gene are the targets
for detecting and identifying different
phytoplasmas [6, 7]. In Vietnam, nested-
PCR and phylogenetic analysis have also
been used for detection and identification
of many other phytoplasmas associated
with plant diseases in recent years [8-
11].

In this paper, a DNA-based approach
and phylogenetic analysis based on 16S
rDNA gene sequencing confirmed a
phytoplasma strain of 16SrXIV group
is associated with CinWB in Tra Bong
district, Quang Ngai province.

Materials and methods
Plant materials

CinWB - infected samples were
collected from different fields in
the Tra Bong district - Quang Ngai
province of Vietnam by the Quang
Ngai plant protection sub-department
and one sample was collected from an
asymptomatic cinnamon plant in the
North of Vietnam as the first negative
control. Another sample devoid of
DNA template was used as the second
negative control.

DNA extraction and nested-PCR
assay

Total genomic DNAs were extracted
from 1 gr of CinWB-showing plant
tissues and an asymptomatic sample
using DNeasy plant mini kit (QIAGEN)
according to the manufacturer’s
instructions. The extracted DNAs
were quantified with a UV-Vis
Spectrophotometer Optima SP-3000
nano (Indonesia) and subjected to
nested-PCR assays.

Fifty nanograms of the extracted
DNA were used for PCR amplification
using P1 (5-AAG AGT TTG ATC
CTG GCT CAG GAT T-3")/P7(5-
CGT CCT TCA TCG GCT CTT-3’)
primers [12, 13] in a 25 ul reaction.
The PCR reaction included 0.4 pM
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Fig. 1. Typical symptoms of cinnamon witches' broom disease collected from
Tra Bong district, Quang Ngai province, Vietnam (Photo source: Quang Ngai
plant protection sub-department).

of each primer, 0.2 uM of each dNTP,
1.25 U DreamTaq DNA polymerase
(Fermentas, Vilnius, Lithuania) and
IxDream Taq polymerase buffer. The
first round of PCR assays were 35 cycles
of: 95°C for 1 min, 55°C for 2 min, and
72°C for 3 min in a Mastercycler Pro
(Eppendorf, Germany). In the nested-
PCR assay, 1 pul of the first PCR product
was used as the DNA template in a
mixture containing R16F2n (5’-GAA
ACG AGT GCT AAG ACT GG-3’) and
R16R2 (5’-TGA CGG GCG GTG TGT
ACA CCC G-3’) primers [6] and other
PCR components - as in the first round
PCR assay. Water and DNA extracted
from the symptomless cinnamon plant
were used as negative controls in all
PCR reactions. Six microliters of the
nested-PCR products were separated
in 1% agarose gel containing 0.5 pg/
ml ethidium bromide and visualized
with GelDoc-It® 310 Imaging System
(United Kingdom).

Phylogenetic analysis

The nested-PCR products were
purified and directly sequenced with
both R16F2n and R16R2 primers with
an ABI3100 sequencer. The DNA
sequences were subjected to a BLAST
search tool https://blast.ncbi.nlm.nih.
gov/Blast.cgi [14] to identify the closest
match. The 22 phytoplasma 16S rDNA

SEPTEMBER 2017 « VOL.59 NUMBER 3 F

sequences were obtained from GenBank
(Table 1). Phylogenetic analysis was
conducted using the Neighbor-Joining
method in MEGA 6.0 [15] with default
values and 1,000 bootstrap analysis
replications, and 4. laidlawii was used
as an outgroup.

Results and discussion
CinWB symptoms

CinWB usually affects cinnamon
seedlings in nurseries, and both
young and old trees in the field (Fig.
1). Symptoms usually appear on the
stems, branches, petioles and veins of
cinnamon. Firstly, tumors appear on
the stems and branches of plants. These
tumors develop long squid-like tassels.
The infected plants become stunted,
and their development is delayed; if
plants are infected at an early stage of
development, there is a significant risk of
death, leading to yield loss for farmers.
The disease damages plants throughout
the year; however, the new infection
starts developing from September to
March of the next year; and the growth
rate of tassels then increases rapidly
from November to December.

Detection and
CinWB phytoplasma

identification of

In the first round of PCR assay
using P1/P7 primers, there was no DNA
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Table 1. Phytoplasma strains, associated diseases and accession numbers of

their 16S rDNA sequences used for phylogenetic analysis.

16 SrDNA .
Phytopl.asma group/ Associated disease Geogra!)hlcal Gen!}ank Reference
strain location accession No.
sub-group
LDN XXII-A Awka wilt of Nigeria Y14175 Lo, Gl
(1998)
LYI-C8 v Coconut !ethal Jamaica AF498307 Harrison, et al.
yellowing (2002)
Sorghum bunchy . Blanche, et al.
SorBS XXIV-A shoot Australia AF509322 (2003)
Pinl27S  XXLA  Cand Pllgiyrfiop'asma Spain AJ632155
Japanese chestnut Namba, et al.
CnWB VI trees witches broom South Korea AB054986 (2002)
LfWB VIIT Loofah witches Taiwan AF353090 Dally, et al.
broom (unpublished)
EY1 V-A Elm yellows USA AY197655 Lee, et al. (2004)
CPR VI Clover proliferation USA AY390261 Ll R
(2004)
AshY1 VI Ash yellows USA AF092209 G“f(ﬁ]tg;’g? 2
RYD-Th XI Rice yellow dwarf Thailand AB052873  Jung, et al. (2003)
BGWL X1V Bermuda grass white Iran EF444485 Salehl,.et al.
leaf (unpublished)
Bermuda grass white . Marcone, et al.
BGWL-Cl1 X1V loaf Ttalia AJ550984 (2004)
CinWB XIV C‘“nagl"n LABICE Vietnam JX413793 This study
room
CYD XIV Cesomu el oy Malaysia EU328159  Nejat, et al. (2009)
decline
BGWL XIV Berm“dal egar?“ eeliis Malaysia EU294011  Nejat, et al. (2009)
CYD XIV Cozonutyellow Malaysia EU636906  Nejat, et al. (2009)
decline
BGWL Sy CEREREEEWAD gy AF248961 LDz, Dally
leaf (unpublished)
Cand. . .
Phytoplasma  IX Lethal disease of Lebanon AFs15636  Verdin etal.
L almond trees (2003)
phoenicium
WX 11 Western X-disease - L04682 Schnelde-r ; et al.
(unpublished)
Weeping tee tree . Davis, et al.
WTTWB XXV-A Mg [ Australia AF521672 (unpublished)
WBDL 1 Lime witches broom Ug“e.d — U15442  Zreik, etal. (1995)
mirates
HibWB XV Hibiscus witches Brazil AF147708 Montano, et al.
broom (2001)
A. laidlawii - - M23932

£ Vietnam Journal of Science,
iTechnology and Engineering

SEPTEMBER 2017 « VOL.59 NUMBER 3

P1/P7 — R16F2n/R16R2
1 2 3 45 6 7 8 9 1011121314 M

Fig. 2. Nested-PCR assay of
phytoplasmaisolated from the CinWB-
showing cinnamon plants collected
from Tra Bong district, Quang Ngai
province, Vietham (M: 1 kb DNA
ladder; lanes 1 to 12: CinWB-infected
samples collected from Tra Bong
district, Quang Ngai province; lane
13: symptomless cinnamon plant as
the first negative control; lane 14: No
DNA as the second negative control).

observed in electrophoresis (data not
shown). This was due to the fact that
phytoplasma distributes un-uniformly in
infected plant tissue therefore low DNA
volume was amplified from the first
round of PCR.

In the second round of PCR (nested-
PCR), amplicons of about 1.2 kb in
length were obtained from all 12 DNA
templates isolated from the CinWB-
showing cinnamon plants (Fig. 2 lanes
1-12), but the two negative controls
produced no amplification (Fig. 2 lanes
13-14).

The twelve nested-PCR products
were directly sequenced from both
directions using two primers, R16F2n
and R16R2, which were used in the
second round of PCR. All 12 DNA
sequences were identical. The consensus
sequence of CinWB phytoplasma
obtained in cinnamon grown in Quang
Ngai province, Vietnam (QQNVN) was
deposited in GenBank under accession
number JX413793 (Fig. 3, shown in
bold letters). A phylogenetric tree was
constructed using 22 phytoplasma 16S
rDNA sequences (Table 1). The QQNVN
strain shared a high sequence similarity
with a number of phytoplasmas
classified in the 16SrXIV group and
the phylogenetic tree confirmed this
homology (Fig. 3).



99 (AJ550984) Bermuda grass

(Y14175) Awka wilt phytoplasma
@8307) Coconut lethal yellowing phytoplasma
(AF509322) Sorghum bunchy shoot phytoplasma
(AJ632155) Cand. Phytoplasma pini
TL (AB054986) Cand. Phytoplasma castaneae
(AF353090) Loofah witches-broom phytoplasma
o7 (AY197655) EIm yellows phytoplasma
| @390261) Cand. Phytoplasma trifolii
(AF092209) Ash yellows phytoplasma

(AB052873) Cand. Phytoplasma oryzae
84 | (EF444485) Firoozabad (Iran) Bermuda grass white leaf phytoplasma

white leaf phytoplasma

(JX413793) CinWB QQNVN strain in this study
(EU328159) Coconut yellow decline phytoplasma
(EU294011) Malaysia Bermuda grass white leaf phytoplasma
(EU636906) Coconut yellow decline phytoplasma
(AF248961) Bermuda grass white leaf phytoplasma

(AF515636) Cand. Phytoplasma phoenicium
“ —— (L04682) Western X-disease mycoplasma-like organism
(AF521672) Weeping tea tree witches-broom phytoplasma
97 I: (U15442) Cand. Phytoplasma aurantifolia
100 (AF147708) Hibiscus witches-broom phytoplasma

0.0100

(M23932) A.laidlawii

Fig. 3. Phylogenetic distance tree constructed by the neighbour-joining method,

comparing the 16S rDNA sequence

from GenBank. Accession numbers are shown in parentheses. The number of

of QQNVN with other phytoplasmas

branches is confidence percentages obtained from 1,000 bootstrap replicates
(only values above 80% are shown). A. laidlawii is an outgroup.

Conclusions

In the present study, a combination
of nested-PCR assays, DNA sequencing
and phylegenetic analysis was applied.
The results have confirmed the
association of a phytoplasma strain
with cinnamon plants showing witches’
broom symptoms grown in Tra Bong
district, Quang Ngai province. Through
these approaches, for the first time the
presence of a phytoplasma that belongs
to a 16SrXIV group was demonstrated.
Further studies are needed for fully
understanding the causal agent(s) and
their transmission manners - basic
information for accurate management of
such a disease.
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Abstract:

Three rice genotypes of NPT4, NPTS5, and QP-5 were
successfully selected through mutation breeding using
Co® gamma rays with 250-300 Gy. Of the three lines, two
genotypes, NPT4 and NPTS5, obtained high yields of 8.9-
9.2 tonnes/ha, had growth duration of 103-110 days in the
season of autumn and 130-135 days in the spring season.
They exhibited dark green leaves, which were found to be
adapted to intensification. They were resistant to major
pests and diseases, and tolerant to major abiotic stress due
to unfavourable conditions, as compared to the popular
rice hybrids of Nhi Uu 868, Thien Nguyen Uu 9, and
HYT100. The grain quality properties of NPT4 and NPTS
genotypes were also found to be good, identified as such
due to their light aroma and amylose content of 15-16%.
The genotype QP-5 exhibited a high grain quality and
high yield of 6.5-7.0 tonnes/ha, with a growth duration

of 105-110 days, and 125-135 days in autumn and spring
seasons, respectively. The aromatic rice genotypes offered
10-12% amylose content and became more delicious as
compared to the Bac Thom 7 variety.

Keywords: amylose contents, gamma ray, irradiation
technology, mutation.
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Introduction

Ever since the epoch-making discoveries made by Muller
and Stadler eighty years ago, the application of mutation
techniques using different agents of physical and chemical
nature has generated a vast amount of genetic variability and
has played a significant role in modern plant breeding and
genetic studies. The use of induced mutations over the past
five decades has played a major role in the development of
smart crop varieties all over the world. The widespread use
of induced mutants in plant breeding programmes across the
globe has led to the official release of 3,222 plant mutant
varieties from more than 170 different plant species in more
than 60 countries throughout the world; the developed varieties
increase biodiversity and provide breeding material for
conventional plant breeding, thus directly contributing to the
conservation and use of plant genetic resource [1].

Before and up through 2016, Vietnam had developed 78
mutant rice varieties, according to the TAEA database. Vietnam
is ranked 8* for mutant breeding in the world [2, 3]. The list
includes 32 mutant rice varieties accordingly identified as:
DT10, DT11, DT13, DT33, A20, DT21, DV2, DCM1, Khang
Dan Dot Bien, DT37, DT39, VND-95-20, VND-99-3, Tai
Nguyen Dot Bien, Tam Thom Dot Bien, P6DB, ST3DB, DBS5,
and DT39 [4]. Three rice genotypes NPT4, NPT5, and QP-5
were created and selected from leading rice cultivars as ST19
and DH18 using Co® gamma rays.

According to the Department of Phytosanitary VIII across
several regions and ranging from 1/10/2015 to 2/12/2015,
department procedures completed nearly 70 batches of
imported hybrid rice seeds from China in spring 2014, with
the total amount of seeds being 5,616 tonnes, including 4,496
tonnes of Nhi Uu 868 hybrid seeds; 376 tonnes of Nhi Uu 63;
350 tonnes of Nhi Uu 7; 271 tonnes of San Uu 63, and some
varieties including: Nghi Huong 305, Xuyen Huong 178, Kinh
So Uu 1588, Thinh Du 4, Thinh Du 11, and Hoa Uu 2. Although
dominant rice hybrids usually produce high yields, in fact, no
pest resistant rice hybrids is as pure as rice with Xanthomonas
bacteria, and as far as pests of rice hybrids, they were



great, especially when combined with China’s rice hybrids.
Furthermore, the average yield of rice hybrids cultivated in
Vietnam is higher than the amount cultivated of pure rice by
only about 10-15%. So if Vietnam does not actively study the
creation of rice hybrids and pure rice varieties that produce
high yields of high-quality rice, we will always spend foreign
currency to import rice hybrids and continue our dependence
on China and other countries [5].

The objectives of this study aim at: (1) Releasing new rice
genotypes with short growth durations of 105-110 days in the
summer season, and 120-135 days in the spring season, (2) and
enhancing the highest yields by 7-10 tons/ha with resistance
to blast, sheath blight, brown plant hopper, and being widely
adaptable. These new genotypes could partly replace the
proportion of cultivable area used for rice hybrid varieties,
including in Khang Dan 18 and Q5 introduced from China.

Materials and methods
Materials

Rice seeds of two varieties: DH18 and ST19 were collected
and stored in IAP.

Methods

Dry seeds of two varieties DH18 and ST19 with 13% grain
moisture were irradiated by gamma ray Co® at 25-30 Krad in
the summer season of 2009.

After treatment, the normal seeds were collected,
germinated, and planted in the IAP experimental field; this
happened through individual selections of M2, M3, M4, and
MS5 from 2010 to 2012 during two different seasons.

The selection criteria emphasised the growth duration,
plant height, panicle length, number of filled grains per panicle,
grain shape, 1,000-grain weight, and grain yield. Biotic stress
evaluation was done through IRRI-SES score with 9 levels.

- Fertiliser (NPK/ha) was applied at a rate of 100N: 90P:
80K kg/ha.

- Data is processed using IRRISTAT and Excel.

- DUS and VCU were conducted at the National Center for
Yield Trial and Seed Certification - MARD.

- Quality test: TCVN 1643:1992.

- VCU test: Area of at least 1,000 m> per each site was
required with local control varieties.

Results and discussions

Breeding schedule of new mutants NPT4, NPTS5, and
QP-5

Dry seeds of two varieties, DH18 and ST19, had 13%
moisture and were irradiated with gamma ray C0% at 250-300
Gy during the 2009 autumn season. Individual selection was
done from the M2 up to M7 (Fig. 1).
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‘ Gamma ray source Co® ‘

Autumn season 2009 Autumn season 2009
Autumn
season 200!

Dry seed DH18 were Dry seed DH18 were Dry seed ST19 were
irradiated at 300 Gray irradiated at 300 Gray irradiated at 250 Gray

Spring seasonm 2010: Spring season 2011: Spring season 2011:
M2 M2 M2
Autumn season2010: Autumn season2011: Autumn season2011:
M3 M3 M3
¥ v ¥
Autumn season 2012: Autumn season 2013: Autumn season2013:
M7 M7 M7
Spring season 2013: Spring season 2013: Spring season 2014:
Comparison Comparison Comparison

} i

Spring season 2014: Spring season2014: Spring season2014:
Nationaltest VCU, National test VCU, National test VCU,
DUS DUS DUS

NPT4 NPTS QP-5

Fig. 1. Breeding schedule of three rice mutants viz. NPT4,
NPT5, and QP-5.

Agronomical traits of NPT4, NPT5, and QP-5 mutants

The growth duration of the NPT4 genotype occurred for
between 130 to 135 days in spring, and between 103 to 110
days in autumn as well as Khang Dan and also 5-7 days earlier
than DH18. The NPT4 genotype exhibited as a compact plant
type with pale green leaves, and it adapted to intensive practices
performed to obtain high yields. Its grain amount per panicle
offered 500-600 long, slender grains at a 1,000-grain weight
of 20-22 g. Its grain quality property addressed a desirable
amylose content of 15.8% to fit the consumer preference; with
its gray husk colour as well as Bac Thom 7 (Table 1, Fig. 1).

Table 1. Agronomical traits of NPT4 rice genotype
growing in IAP, Binh Xuyen District, Vinh Phuc Province,
2015.

Trait NPT4 DH18 KD18  NhiUu86b HYT100  Thien Nguyen Uu 9
Growth duration
(days)
+Spring season 130-135 135-140  130-135  135-145  130-135 130-135
+Autumnseason  103-105 110-115  100-105  110-120  105-110 110-115
Plant height (cm) ~ 121-125 115125 105-110  115-120  105-112 110-115
Plant type \ Vcompact Vcompact Vcompact V compact V compact
Leaf angle Horizontal ~ Horizontal ~ Straight Straight Straight Straight
Grain no./ pan. 500-600  200-450  180-200  130-160  190-220 200-250
Unfilled grain (%)~ 15-20 2025 12-14 10-12 12-15 12-15
1,000-gr.wgt. (g) 20-22 16-17 19-20 2728 23-24 2729
Yield (100 kg) 90-100 75-85 50-65 70-75 80-85 80-85
Amylose (%) 158 165 2627 16-17 2021 16-17
Alkaline digestion 47 48 49 42 39 43
Brown rice (%) 8.5 75.5 79.8 782 79.6 72.0
Milled rice (%) 70.5 69.5 70.2 704 70.8 65.6
Grain length (mm) 6.5 6.1 5.7 6.8 7.0 6.4
L: 1 ratio 2.90 2.69 2.0 2.85 3.05 230
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The growth duration of NPTS occurred at between 130-
135 days in spring and between 105-110 days in autumn
(105-110 days) as well as Khang Dan and 3-5 days earlier
than DH18. The NPTS exhibited a compact plant type with
pale green leaves and adapted to intensive practices utilised to
obtain high yields. Its grain number per panicle offered 400-
550 long, slender grains and had a 1,000-grain weight of 20-23
g. Its grain quality addressed the desirable amylose content of
15.9%, which is enough to fit with consumer preference for a
bright yellow husk (Table 2, Fig. 2).

Table 2. Agronomical traits of NPT5 rice genotype
growing in IAP, Binh Xuyen District, Vinh Phuc Province,
2015.

Nhi Uu

Trait NPTS DHI18 KD18 86 HYT100  Thien Nguyen Uu 9
Growth duration

(days)

+ Spring season 130-135 135-140 130-135  135-145  130-135 130-135
+ Autumn season 105-110 110-115 100-105  110-120  105-110 110-115
Plant height (cm) 120-128 115-125 105-110 115-120 105-112 110-115
Plant type \ Vcompact ~ Vcompact Vcompact V compact V compact
Leaf angle Straight Horizontal ~ Straight Straight Straight Straight
Grain no./ pan. 400-550 200-450 180200 130-160 190220 200-230
Unfilled grain (%) 13-15 20-25 12-14 10-12 1215 1215
1,000-gr.wgt. (g) 2023 16-17 19-20 2728 23-24 2729
Yield (100 kg) 95-100 75-85 50-65 70-75 80-85 80-85
Amylose (%) 159 165 26:27 16-17 2021 16-17
Alkaline digestion 48 48 49 42 39 43
Brown rice (%) 79.7 5.5 79.8 782 79.6 72.0
Milled rice (%) T4 69.5 70.2 704 708 65.6
Grain length (mm) 6.7 6.1 57 6.8 70 64

L: lratio 285 2.69 270 285 3.05 230

Fig. 2. NPT4, NPT5 varieties compared with DH18
varieties.
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QP-5 rice mutants exhibited shorter growth duration than
ST19 (5-8 days), which was used as a control because of its
plant height of 95-100 cm, bright yellow grain husks, and
1,000-grain weigh of 24.8-25.4 g. Its grain quality addressed
the desirable amylose content of 10.4-12% as compared to the
control of ST19 at 28.7% with a slight aroma (Table 3).

Table 3. Agronomical traits of the Q5 rice genotype grown
in IAP, Cam Giang district, Hai Duong province, 2015.

Trait QP-5 ST19
Growth duration (day) 105-135 115-145
Plant height (cm) 95-100 105-108
Trunk diameter (mm) 0.4-0.5 0.4-0.5
Husk color Bright yellow Gold - yellow
1,000-grain weight (g) 24.8-25.4 22.5-23.8
Amylose content (%) 10.4-12.0 28.7
Aroma (SES score from 0 to 2) 1 1
Grain length (mm) [L] 6.46 5.8
L : I ratio 3.01 2.87

Yield trial of NPT4, NPT5, and QP-5 mutant rice varieties

The vyield trials were conducted over three years
continuously at the TAP (2013-2015). The results indicate
that NPT4 and NPTS5 offered higher yields than the checks of
DH18, Khang Dan 18, and the leading hybrid rice varieties as
Nhi Uu 86b, Thien Nguyen Uu, and HYT100 (Table 4).

Table 4. Yield trials of NPT4 and NPT5 as compared to
checks at IAP (tonnes/ha).

T i 20%3 2013 20¥4 2014 20%5 Av?rage
Spring Autumn Spring Autumn Spring yield
NPT4 9.65 827 9.88 8.72 9.75 9.25
NPTS 9.05 8.14 9.56 8.54 9.57 8.97
DHI8 841 6.78 8.54 728 8.63 792
Khang Dan 18 (C) 6.85 5.85 6.65 5.67 6.52 6.30
Nhi Uu 86b 8.15 725 8.03 7.14 8.15 175
HYT100 8.26 735 8.34 738 8.52 795
Thien Nguyen Uu 9 8.44 746 8.47 746 8.5 8.07
CV (%) 4.90 6.60 7.50 5.80 740
LSD 0.05 2.30 2.80 1.90 2.30 240




Table 4 shows that the average yield of NPT4 and NPT5
mutants offered higher yields than hybrid rice varieties. NPT4
average yield obtained 9.25 tonnes/ha, which is more than
NTPS5, at 8.97 tonnes/ha, which was higher than the hybrid rice
varieties viz. Nhi Uu 86b, HYT100, and Thien Nguyen Uu 9 at
7.75,7.95, and 8.07 tonnes/ha, respectively.

Table 5 indicates that QP-5 yielded higher than the control
(BT7) with an average yield of 6.94 tonnes/ha as compared to
BT7, which yielded 5.92 tonnes/ha.

Table 5. Yield trial of QP-5 as compared to checks at IAP
(tonnes/ha).

2013 2013 2014 2014 2015 2015 Average

Designation Spring Autumn Spring Autumn Spring Autumn yield
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Grain quality properties of NPT4, NPTS5, and QP-5
mutants

Table 7 shows that NPT4 and NPT5 offer a higher milled
rice percentage than hybrid rice varieties offer. Its amylose
content was lower (15-17%) than with BC15, Khang Dan 18,
Thien Nguyen Uu 9, and Nhi Uu 86b. Their productivity and
quality exhibited better than some rice hybrids. In particular,
the QP-5 grain quality was as good as Bac Thom 7 to meet
the demand of consumers, with its soft, sticky, and transparent
milled rice (Table 8, Fig. 3).

Table 7. Grain appearance quality of NPT4, NPT5, and
QP-5 mutants in Cam Giang district, Hai Duong province
in the 2015 autumn season.

QP-5 7.02 6.58 738 6.76 7.25 6.67 6.94 Brown White  Grain Amylose
Designation rice rice length L '.l contents
BT7 (C) 6.55 527 643 5.37 6.52 535 5.92 (%) (%) n) ratio (%)
CvEs “€ e e @ e Khang Dan 18 798 702 5.68 272 26-27
LSD 0.05 3.10 3.77 2.90 2.40 2.50 — - o - 50 .
Disease response by NPT4, NPT5, and QP-5 mutants BT7 78.18  69.06 5.56 27 11.2-12.4
Under field conditions, NPT4 and NPT5 mutants exhibited NPT4 789 70.5 6.12 2.90 15-16.2
a re51sta.nce to b}ast, b?own planthopper,'and sheat'h blight;even | \pps 797 T4 6.75 235 15-17
though it was lightly infected by bacterial leaf blight (NPT4).
QP-5 80.2 69.6 6.46 3.01 11.5-12.5
Table 6. Reaction to major stresses from NPT4 and NPT5 Nt U 866 o1 ors 620 2s 2305
mutants in two autumn seasons (2013-2014). 't ) i : ) )
HYT100 80.0 65.5 6.70 2.9 18-20
Designation Scirpophaga  Plant Sheath  Bacterial  Lodging .
14 (i hopper  blight leaf blight Thien Nguyen Uu 9 79.5 64.1 6.90 3.0 20-22
NPT4 13 13 13 3.5 13 Sources: IAP Institute.
P 5 = = 5 5 Table 8. Grain cooking quality of rice genotypes.
DHI18 1-3 35 35 35 35 Season Designation Aroma Softness Stickiness Whiteness Gloss Exquisite
Nhi Uu 86b 13 13 13 3-5 13 (e Tt 1 2 4 4 g 4 3
Bac Thom 7 2 4 4 5 3 3
Thien Nguyen Uu 9 13 13 13 35 13 :
Nang Tien 2 4 4 5 3 2
HYT100 i3 i3 i3 3-5 13 014 s ! 4 4 4 3 3
Spring
QP-S 1-2 1-3 1-3 1-3 1-3 AGPPS 151 3 4 4 5 3 3
. HQTG6 (MB68) 1 4 4 5 3 3
Bao Thai Hong 1-3 3-5 3-5 1-3 3-5
KTHO8 1 4 4 5 4 3
Khang Dan 18 3-5 3 3 3-5 3-5
Huong Thom 1 2 4 4 5 4 3
BT7 ES 3 3 5= ES Bac Thom 7 3 4 4 5 4 4
| . h . 2014 Nang Tien 2 4 4 5 3 4
Sources: IAP, Plant protection research Institute. Autumn o0 , . . S . ,
Table 6 shows that NPT4, NPTS5, and QP—5 mutants hlghly HQT6 (MB68) 2 4 4 3 3 2
responded to major stresses as compared to wild rice types L ! a a s z 3

and Khang Dan 18 (a leading variety). They also expressed
the better reaction as compared to some hybrid rice cultivars
in the north.

(Assessing by 10TCN-590-2004 Standard; Source: Data
from Center for national testing 2014).
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Fig. 3. Paddy and milled rice of QP-5, NPT4, and NPT5
varieties.

Conclusions

Three mutant rice genotypes NPT4, NPT5, and QP-5 were
successfully selected and released through Co® induction at
250-300 Gy.

NPT4 and NPTS yielded an impressive form from
between 8.9 to 9.2 tonnes/ha, with shorter growth durations
(103-110 days in autumn and 130-135 day in spring), and
good phenotypical acceptability as dark green leaves that are
compact plant types. This is suitable for intensive practice as

§ Vietnam Journal of Science,
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compared to Nhi Uu 86b, Thien Nguyen Uu 9, and HYT100,
which are the leading cultivars.

NPT4 and NPTS5 exhibited their good grain quality
properties as lightly scented grain, with an amylose content
of 15-16%, and able to meet consumer demand in Northern
Vietnam.

The QP-5 rice mutant exhibited high quality and yielded
6.5-7.0 tonnes/ha over a short growth duration of 105-110 days
in autumn, and 125-135 days in spring. QP-5 is considered as
an aromatic rice genotype with an amylose content of 10-12%
to be recommended to commercialise as Bac Thom 7 cultivar.
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Abstract:

In Vietnam, nasopharyngeal carcinoma (NPC) is the eighth
most common cause of death from cancer. Cell-free Epstein
Barr virus DNA (cf~EBV DNA) was reported to be present in
almost all NPC patients. However, currently available assays
in Vietnam can detect ¢c/~EBV DNA in only 67.6% of NPC
patients, thus leaving 32.4% of cancer cases undetected.
Therefore, in this study, we aim to develop a highly sensitive
quantitative PCR (qPCR) assay that measures the load of
¢f-EBV DNA for the purpose of early detection of NPC,

and then evaluate the sensitivity and the specificity of the
developed qPCR assay on the clinical samples. The major
methods used in this study include primer/TagMan probe
design, ¢/~-DNA extraction, optimization of qPCR assay

and statistical analysis. Using an international standard
panel from the Chinese University of HongKong, the linear
range of developed qPCR assay is from 50-150,000 copies/
ml (R?=0.99613) and the detection limit has been shown

to be 25 copies/ml. The developed assay could detect cf-
EBYV DNA with a sensitivity of 96.9% (31/32 NPC patients)
and ¢f~EBV DNA has not been detected in 103 out of 105
healthy controls, which corresponds to a specificity of

98%. Consequently, the performance of the optimal assay
has achieved remarkably high sensitivity and specificity.
Moreover, the detection limit of our optimal qPCR assay

is 25 copies/ml of plasma, which is at least ten times better
than other assays tested in recent studies in Vietnam. This
developed qPCR assay will also form the basis for further
studies in Vietnam and will open many new applications in
management of NPC.

Keywords: cell-free Epstein-Barr virus DNA, nasopharyngeal
carcinoma, quantitative PCR.

Classification numbers: 3.2, 3.5
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Introduction

Nasopharyngeal carcinoma (NPC) is malignant tumors
that arise from epithelium cells of the nasopharynx - the
upper part of the throat that is situated behind the nasal cavity
and near the base of the skull [1, 2]. Globally, there were an
estimated 84,400 cases of NPC and 51,600 deaths in 2008. In
2012, it was reported that there were 86,700 cases and 50,800
deaths respectively [3, 4]. However, the prevalence and the
distribution of NPC varies throughout the world. NPC shows
a low prevalence, and is even rare in some parts of the world
such as Western Europe, North America and Japan, where it
accounts for as little as 1% of total cases per year. Conversely,
Southern China (especially Guangzhou) and Hong Kong
are the regions with the highest incidence across the globe;
while some parts of Southeast Asia and Asian countries show
intermediate rates of this cancer [5-7]. In Vietnam, NPC is the
eighth most common cancer with an annual incidence rate of
about 7 per 100,000 people [5].

Due to the fact the patients often lack specific symptoms,
NPC is often diagnosed at a late stage, leading to a 5-year
survival rate of only 41%. However, if this disease is diagnosed
at an early stage, this survival rate can be improved to more than
95% [8]. Unfortunately, owing to the hidden anatomic area of
the nasopharynx, the occurrence of occult primary tumors in
this area increases the difficulty of diagnosing the disease early
and accurately. Meanwhile, imageological examinations are
not effective for early detection of NPC tumors [9]. For these
reasons, the development of reliable methods to detect NPC at
an early stage is critical to improve the survival rate of patients.

Epstein-Barr virus (EBV) is known as human ubiquitous
y-herpesvirus 4 (HHV-4) and is one of eight known viruses in
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the herpesviridae family. This virus is one of the most common
viruses in humans with greater than 90-95% of worldwide adult
human population latently infected [10, 11]. Morphologically,
EBYV has the same structure of virion as other members of the
herpesviridae family [12]. The genome of the EBV virus is a
linear, double-stranded DNA molecule, varying in size from
168 kilo base pairs (kb) to 192 kb, that encodes more than 85
genes, most of these protein-encoding genes [13, 14].

A strong association between NPC and the Epstein-Barr
virus has been documented in many studies. C/~EBV DNA has
been detected in the plasma and serum of patients with NPC
and correlated with EBV status in tumors. In contrast, ¢/~EBV
DNA has not been detected in healthy control subjects. In 1998,
Mutirangura, et al. detected ¢/~EBV DNA in peripheral blood
of NPC patients while no viral load was detected in healthy
controls. Although this study only had a sensitivity of 31%
[15], it was still an important breakthrough in early detection
of NPC patients using a c/~EBV DNA assay. Later, in 1999, Lo,
et al. developed a qPCR assay that could detect ¢/~EBV DNA
in 96% of NPC patients (55 of 57) and 7% of controls (3 of
43), showing a high sensitivity and specificity [16]. Realtime
qPCR for detecting c/~EBV DNA is a highly sensitive, specific
and quantitative diagnostic approach. Since its advent, it has
become a promising tool for early detection of NPC.

The quantification of ¢/~EBV DNA was demonstrated as
a useful tool for early detection of NPC. However, its clinical
utility is still not routinely applied in Vietnam. There are few
studies following this approach in our country. Quantitative
PCR assays for detection of ¢/~EBV DNA in peripheral blood
in our country have not been described in detail and have
low sensitivity, with a LoD of 300 copies/ml plasma [17].
Meanwhile, the procedure applied at research centers around
the world has reached the LoD of 60 copies/ml plasma [18].
As a consequence, studies in Vietnam are able to detect DNA
of EBV in peripheral blood in only 67.6% of NPC patients,
leaving more than 30% of cancer cases undetected - a
sensitivity much lower than that in other studies around the
world. Consequently, we aim to develop a qPCR assay that
is able to detect ¢/~EBV DNA in peripheral blood with high
sensitivity in order to make early detection of NPC possible,
therefore lengthening the survival rate of patients. We further
aim to evaluate the sensitivity and specificity of the developed
qPCR assay on clinical samples. This development would
also form the basis for further studies and open many new
applications to improve management of NPC patients and
increase their survival rate.

Methods and materials
Study subjects

This study involved two groups of samples: clinical samples
and healthy samples. Frozen and fresh human plasma samples
were obtained from the archives of our clinical and research
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laboratories. In clinical groups, a total of 32 biopsy-proven
NPC patients were recruited for this study with informed
consent. In another group, plasma samples from 105 volunteers
were used as healthy controls, and follow up examinations of
healthy volunteers were conducted for 6-12 months.

International standard panel

In this study, we have evaluated the performance of
the optimal qPCR assay using the international standard
panel that was provided by Prof. Allen Chan, at the Chinese
University of Hong Kong. The international standard panel
includes the series of nine DNA standard samples with known
concentrations including: 15,000 - 6,000 - 600 - 120 - 60 - 30 -
15 -5-2.5 copies/5 pl and a standard plasma sample positive
with EBV DNA.

EBYV DNA extraction from plasma

Peripheral venous blood (5 ml) was taken from each patient
and control, and placed in an EDTA tube. Within 6 hours of
collection, all blood samples were transported to the research
laboratory and were centrifuged at 1,500 g for 10 min. The
plasma was then carefully removed from the EDTA tubes and
transferred into 1.5 ml microtubes. The clotted blood samples
and the plasma samples were stored at -80°C for further
processing or gene analysis as needed.

DNA was extracted from the plasma by using ANAPURE
VIRAL DNA/RNA Mini Kits (Anabio, Vietnam), with a
modification regarding the volume of plasma utilized for
isolating DNA, to increase the concentration of final eluted
DNA by approximately 3 times (Fig. 1). This modification
partly contributes to the enhancement of the sensitivity of the
real-time PCR assay that measures the loads of ¢c/~EBV DNA
in peripheral blood.

ANAPURE DNA/RNA VIRAL MINI KIT

Manufacturer's
instruction

Modified technique

Condensed ratio

Fig. 1. Modified procedure for extracting DNA from
plasma. The manufacturer’s instruction (A) uses 200
ul of plasma and elutes 60 ul DNA, so the sample is
concentrated about 3 times. Meanwhile, the eluted DNA
was concentrated 10 times with the modified procedure
(B) using 600 pl of plasma.



Quantitative PCR

Design of primer/Tagman probe for quantitative PCR
assay:

The Primer and Tagman probe used for the qPCR assay in
this study were automatically designed and validated by Oligo
Primer Analysis Software (Molecular Biology Insights, USA).
EBV genomic sequences were downloaded from the database
of GenBank (www.ncbi.nlm.nih.gov, accession: V01555).

One of the most important factors determining a high
detection sensitivity of the plasma/serum qPCR test for
circulating EBV DNA is sensitive target selection. In our study,
we have designed three sets of primers/probes targeting three
different regions of the EBV genome with characteristics:
BamHI-W, EBNA-1, and LMP-1. BamHI-W is the region
containing a large number of short repeated sequences (W
repeats) and the EBNA-1 region also has glycine alanine
sequence repeats [19]. LMP-1 was reported as the major
oncogenic factor of NPC development and these were detected
in 80-90% of NPC tumors [13], so this region was selected
as one of the target genes for designing primers/probes in
the qPCR assay. Moreover, during the study, a designation
of primer/probe sets targeting the BZLF1 gene of the EBV
genome from University of North Carolina was referenced
[20].

The procedure of qPCR assay:

The quantitative PCR assay was performed and products
were detected using a Rotor-Gene Q instrument system which
is essentially a combined thermal cycler/fluorescence detector
with the ability to optically monitor the progress of individual
PCR reactions. The DNA template volume used in each 20 pl-
qPCR reaction was a 10 pul DNA sample which was extracted
from plasma. The designed primer and conventional dual
labelled probes conjugated with FAM fluorophore and BHQ1
non-fluorescent quencher were used as the components of real-
time PCR reaction. All the data was collected and analysed
using Rotor-Gene Q software.

In qPCR experiments specific error is seen due to the
quality of DNA after extraction from plasma. In order to
minimize this error, a housekeeping gene, in this case -actin,
was simultaneously amplified in the same run with the sample,
which served as an internal control template for all DNA
samples with primer and probe set which were described in
previous studies [21].

Statistical analysis

For plasma samples, c/~EBV DNA was expressed in copies
per ml of plasma. Plasma results were considered negative for
EBYV when the spiked internal positive control sequence was
amplifiable while EBV DNA was not detected. For purposes
of data analysis, samples with no measurable EBV DNA were
reported as having a viral load of zero.
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The concentration of ¢/~EBV DNA in a plasma sample was
calculated by the equation:

C=Qx (Vo /Vyer) X (I/V.)

DNA ext

where:
C = target concentration in plasma (copies per milliliter);

Q = target quantity (copies) determined by sequence
detector in PCR;

V,us = total volume of DNA obtained after extraction,

typically 50 pl per Anabio extraction;
V... = volume of DNA solution used for PCR, typically

PCR

8,6 ul;
V.= volume of plasma extracted, typically 600 ul.

All the collected data was used to calculate the sensitivity
and the specificity of the qPCR assay on the clinical samples.

Results and discussions
Optimization of quantitive PCR assay
Design of primer/probe used for gPCR assay:

After designing three primer/Tagman probe sets, we
simultaneously validated these three sets (I), (I), (III) in one
run using the same DNA template which was extracted from
the standard EBV DNA positive plasma sample from the
Chinese University of Hong Kong. In the initial experiment, the
primer/Tagman probe set (II) targeting the BamHI-W region
showed the earliest amplification signal (the red line) and
highest specificity (no amplification signal in the “no template”
control) (Fig. 2). Therefore, the primer/Tagman probe set (II1)
was chosen for further optimization of the qPCR assay.

Quantitation Analysis - Cycling A.Green (Page 1) F—_”’E\@
[T Results % Dynamic Tube | g Slope Carrect % lonore First Outlier Removal,., |l Save Defaults ?
na |Name |Type ‘CI |
BisH | Unknown 3044
LMP-1 Unknovn 7
S0E EENA-1 Urknown 3283
E NTC Urknown
w
E
S04
02
Threshold
0o T T T T T T T T T
g 5 10 15 0 25 30 35 40 45
Cycle
Adjust Seale. .. Auta-Srale Default Seale Log. Scale

Fig. 2. The evaluation of three sets of primer/Tagman
probes. EBNA-1, LMP-1 and BamHI-W indicated for three
sets of primer/Tagman probes (1), (11), and (111), respectively.
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Optimization of the primer concentration:

To optimize the qPCR assay, we optimized several
components in the real-time quantitative PCR reaction, starting
with primer concentration. The range of primer concentrations
to test in the primer optimization as well as the concentrations
of the probe to use needed to be determined separately. In our
study, we utilized SYBR® Green dye-based assays to optimize
the primer concentration without using a Tagman probe.

Five different concentrations of primer pairs in set (III)
which was chosen in previous experiments were investigated,
from 0.1 to 0.5 uM, leaving all the other reaction conditions
unchanged. A primer concentration was considered to be
optimal when the amplification resulted in an amplicon of the
expected size, and when it showed a better performance than
other concentrations.

As it was shown in Fig. 3, the real-time PCR analytical
result revealed no amplification signal in reactions with
primer concentration of 0.1 uM and “no-template” control,
which means no contamination occurs in this experiment. The
amplification signals of the remaining reactions with the primer
concentration ranging from 0.2 to 0.5 uM were equivalent with
the oscillation interval of Ct value from 30.89 to 31.90. The
result from melting curve analysis (only for SYBR® Green
dye-based assays) indicated the specificity of the amplification
products.
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Fig. 3. Optimization of the primer concentrations for
gPCR assay. 0.1Q, 0.2Q), 0.3Q, 0.4Q), 0.5Q indicated for
the gPCR reactions with the same volume of positive DNA
template and different primer concentrations, 0.1 uM, 0.2
UM, 0.3 uM, 0.4 uM and 0.5 puM, respectively. The primer
concentration of the negative control or “no-template”
control gPCR reaction (am Q) was 0.2 uM. As a result,
the optimal primer concentration for the qPCR assay was
determined to be 0.2 uM.

Optimization of the Tagman probe concentration:

Using the optimal primer concentration of 0.2 uM,
we performed an experiment to determine the optimal
concentration for the Tagman probe used in the qPCR assay
among 3 different concentrations: 0.05, 0.1 and 0.2 pM.
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Fig. 4. Optimization of the Tagman probe concentration.
(350.2_1+),(350.1_1), and (35 0.05_1) indicated for the
gPCR reactions with the same volume of DNA template,
optimal concentration of primer (0.2 uM), and of the
Tagman probe at three different titres - 0.2, 0.1 and
0.05 uM, respectively. (35 0.2_1-) was the “no-template”
control reaction with a primer concentration of 0.2 uM
and probe concentration of 0.2 uM .

As it is shown in Fig. 4, the concentration that showed
the earliest amplification signal was 0.05 pM. Consequently,
0.05 pM was determined as the optimal concentration of the
Tagman probe for the qPCR assay.

Optimzation of the DMSO concentration:

Following optimization of the primer and probe
concentration in several previous experiments, we realized that
non-specific products appeared in some real-time quantitative
PCR reactions. Therefore, we tried to add to the gPCR reaction
a small amount of DMSO as an additive to decrease the non-
specific products generated in the qPCR reactions.
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Fig. 5. Optimization of the DMSO concentration.
(10%_Q), (7.5%_Q), (5%_Q), (2.5%_Q) indicated for the
gPCR reactions with the same conditions of primer, probe,
DNA template but different DMSO concentrations - 10%,
7.5%, 5% and 2.5%, respectively. (SS_Q) was the positive
control reaction without DMSO addition (0% DMSO).



The concentrations of DMSO that were used in this
experiment were: 2.5%, 5%, 7.5%, 10% and 0% (no addition
of DMSO). The reaction with 0% DMSO was used as positive
control to compare with other concentrations. As it is shown in
the Fig. 5, the (2.5%_Q) sample gave the earliest amplification
signal, even earlier than the positive control (SS Q). The
(2.5% Q) sample was proven to amplify specific PCR
products by agarose electrophoresis. Consequently, the DMSO
concentration of 2.5% is optimal for the qPCR assay.

Evaluation of qPCR assay on international standard
panel

Upon achieving an optimal qPCR assay, we evaluated this
assay using an international standard panel from the Chinese
University of Hong Kong. Nine DNA standard samples with
concentrations of 150,000 - 60,000 - 6,000 - 3,000 - 1,200 - 600
- 300 - 150 - 50 - 25 copies/ml (equivalent to 15,000 - 6,000 -
600 -300-120-60-30-15-5-2.5 copies/5 pl) were used as a
template of an optimal qPCR assay to investigate the sensitivity
of the optimal qPCR assay. Reactions with high and medium
concentrations of the template were run in duplicate and those
reactions with low titers were run in triplicate (Fig. 6).

B et o nQew [Tz | Y Dvek ik Y Sqpedons: “Pizwn b | B ClePewne, . ol Swa e
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Fig. 6. The analytical sensitivity of the qPCR assay
on standard panels. Amplification signals have been
detected in all reactions (9/9) with standard DNA
samples at different titers as template signals. The lowest
concentration of DNA template corresponds to 25 copies/
ml, which is ten times lower than the current detection
limit in Vietnam. The negative control without a DNA
template (red line below the threshold) did not show an
amplification signal, indicating high specificity of the
gPCR assay.

No amplification signal was detected in the “no-template”
control, which indicated high specificity of the optimal qPCR
assay. All the concentrations of DNA templates in the standard
panels were detected in six out of the six replicates except the
lowest standard concentration (25 copies/ml) that was detected
in 17/18 replicates (95%). Therefore, 25 copies/ml was
determined as the LoD of the optimal qPCR assay. This LoD is
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more than ten times lower than that of qPCR assays published
so far in Vietnam with an LoD of 300 copies/ml [17].

Simultaneously, the performance of the optimal qPCR
assay for quantification of DNA EBV was also assessed on the
international standard panels with a high correlation coefficient
of R?=0.99613 (>0.99) (Fig. 7). Thus, the optimal qPCR assay
has a linear range from 50 to 150,000 copies/ml with an LoD of
25 copies/ml and highly reliable quantification of the ¢/~EBV
DNA concentration.
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Fig. 7. Standard curve of qPCR assay based on international
standard panel. The log of each known concentration in
the dilution series of the standard panel (x-axis) is plotted
against the corresponding Ct value for that concentration
(y-axis).

Evaluation of gPCR assay on clinical samples

Using the optimal qPCR assay and the standard curve
established using an international standard panel, we evaluated
the qPCR assay on clinical samples to determine its sensitivity
and specificity. The plasma samples from NPC patients (n=32)
and healthy controls (n=105) were collected and quantified
using the optimal qPCR assay to measure the ¢c/~-EBV DNA
load in each sample (Fig. 8).

100%
90%
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0%

B0%
% 96%
(31/32)

40%
30%
20%
10%

NPC sample Benign sample

Fig. 8. The sensitivity and the specificity of the qPCR
assay based on clinical samples.
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Figure 8 illustrates the sensitivity and the specificity of the
optimal qPCR assay based on two clinical sample groups: blood
samples of NPC patients and those of healthy controls. In the
first group, the optimal qPCR assay detected ¢/~EBV DNA in
31 of 32 NPC patients, which corresponds to a sensitivity of
96.9%. The concentration of ¢/-EBV DNA in these samples
varied from 53 to 3.8 x 10° copies/ml. In the group of healthy
controls, ¢c/~EBV DNA was detected in only 2 cases and was not
detected in 103 out of 105 healthy controls which corresponds
to a specificity of 98% (103/105). The ¢/~EBV DNA loads
detected in two blood samples derived from healthy controls
were lower than 40 copies/ml. However, no ¢/~EBV DNA was
detected by the optimal gPCR assay with the blood drawn from
these two healthy controls after two weeks. All the extracted
DNA samples have been shown to be amplifiable with the
internal control gPCR assay (B-actin) (Fig. 9).
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Fig. 9. lllustration of internal control qPCR assay. IC+
indicated for positive control of internal control, IC-
indicated for no template control and IC SAMPLE 1 and
IC SAMPLE 2 indicated for the evaluation of extracted
DNA samples using internal control gPCR assay targeting
B-actin gene.

Compare to recent studies in Vietnam

Based on the data we have so far, optimal qPCR assay
targeting cf-EBV DNA for early detection of NPC has achieved
high sensitivity of 96.9% and specificity of 98%. Currently
available qPCR assays in studies published so far in Vietnam
(2015) have a sensitivity of 68% at most, and unknown
specificity, which is not sufficient for early detection of NPC.
Moreover, the LoD of our optimal qPCR assay is 25 copies/ml
plasma, which is ten times lower than other gPCR published in
recent studies in Vietnam.
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Conclusions

This study has shown the successful establishment of an
ultrasensitive qPCR assay for detection of ¢/~EBV DNA with
the detection limit of 25 copies/ml, which is more than ten
times better than currently available assays in our country (300
copies/ml).

Evaluation on clinical samples has proven a remarkably
high sensitivity of 96.9% and high specificity of 98%.

Furthermore, the optimal qPCR assay was evaluated using
the international standard panel from the Chinese University of
Hong Kong, thus resulting in high reliability.

Our novel qPCR assay enables detection of NPC at an
carly stage, thus contributing to an improved survival rate of
patients. It will also form a basis for further studies in Vietnam
and open many new applications in the management of NPC.

ACKNOWLEDGEMENTS

This work was supported by the Hanoi Department of
Science and Technology. The standard panel of EBV DNA
and positive control were kindly provided by Professor Allen
Chan, of the Chinese University of Hong Kong. We would like
to thank Pham Van Quyen for his excellent technical assistance
and Pham The Tai, Hoang Xuan Su, Duong Thuy Linh, and Do
Lan Huong for their helpful input.

REFERENCES

[1] American Cancer Society (2015), Nasopharyngeal Cancer.

[2] P. Busson, C. Keryer, T. Ooka, M. Corbex (2004), “EBV-associated
nasopharyngeal carcinomas: from epidemiology to virus-targeting strategies”,
Trends Microbiol., 12(8), pp.356-360.

[3] L.M. Sri Ganesh Muthiah (2016), “Epstein-barr virus (EBV) and its
association with nasopharyngeal carcinoma (NPC): a systematic review”,
International Journal of Public Health and Clinical Sciences, 3(4), p.149.

[4] L.A. Torre , F. Bray, R.L. Siegel, ). Ferlay, J. Lortet-Tieulent, A. Jemal
(2015), “Global cancer statistics, 2012”, CA Cancer J. Clin., 65(2), pp.87-
108.

[5] M.D. Cheng Her (2001), “Nasopharyngeal Cancer and the Southeast
Asia Patient”, American Family Physician, 63(9), pp.1776-1783.

[6] Everett E. Vokes, David N. Liebowitz, Ralph R. Weichselbaum
(1997), “Nasopharyngeal carcinoma”, Lancet, 350, pp.1087-1091.

[7] K.F.T. Kwok Wai Lo, Dolly P. Huang (2004), “Focus on nasopharyngeal
carcinoma”, Cancer Cell, 5(5), pp.423-428.

[8] S.J. Chai, K.C. Pua, A. Saleh, Y.Y. Yap, P.V. Lim, S.K. Subramaniam,
C.L. Lum, G. Krishnan, W.R. Mahiyuddin, N.P.C.S.G. Malaysian, S.H. Teo,
A.S. Khoo, L.F. Yap (2012), “Clinical significance of plasma Epstein-Barr
Virus DNA loads in a large cohort of Malaysian patients with nasopharyngeal
carcinoma”, J. Clin. Virol., 55(1), pp.34-39.

[9] ). Zhang, C. Shu, Y. Song, Q. Li, J. Huang, X. Ma (2016), “Epstein-Barr
virus DNA level as a novel prognostic factor in nasopharyngeal carcinoma: A
meta-analysis”, Medicine (Baltimore), 95(40), p.e5130.

[10] M.S. Chang and W.H. Kim (2005), “Epstein-Barr virus in human
malignancy: a special reference to Epstein-Barr virus associated gastric



carcinoma”, Cancer Res. Treat., 37(5), pp.257-67.

[11] I. Anagnostopoulos, M. Hummel, Cornelia Kreschel, Harald
Stein (1995), “Morphology, immunophenotype, and distribution of latently
and/or productively Epstein-Barr virus-infected cells in acute infectious
mononucleosis: implications for the interindividual infection route of Epstein-
Barr virus”, Blood, 85(3), p.744-750.

[12] O.A. Odumade, K.A. Hogquist, H.H. Balfour Jr. (2011), “Progress
and problems in understanding and managing primary Epstein-Barr virus
infections”, Clin. Microbiol. Rev., 24(1), pp.193-209.

[13] AS. Ali, M. Al-Shraim, A.M. Al-Hakami, .M. Jones (2015),
“Epstein- Barr virus: clinical and epidemiological revisits and genetic basis
of oncogenesis”, Open Virol. J., 9, pp.7-28.

[14] S.D. Hudnall (2014), “Epstein-Barr virus: pathogenesis and host
immune response”, Viruses and Human Cancer, pp.7-24.

[15] A. Mutirangura, W. Pornthanakasem, A. Theamboonlers, V.
Sriuranpong, P. Lertsanguansinchi, S. Yenrudi, N. Voravud, P. Supiyaphun,
Y. Poovorawan (1998), “Epstein-Barr viral DNA in serum of patients with
nasopharyngeal carcinoma”, Clin. Cancer Res., 4(3), pp.665-669.

[16] Y.M. Lo, L.Y. Chan, K.W. Lo, S.F. Leung, J. Zhang, A.T. Chan, J.C.
Lee, N.M. Hjelm, PJ. Johnson, D.P. Huang (1999), “Quantitative analysis of
cell-free Epstein-Barr virus DNA in plasma of patients with nasopharyngeal
carcinoma”, Cancer Res., 59(6), pp.1188-1191.

LIFE SCIENCES | MEDICINE, BIOTECHNOLOGY m

[17] Huy Tan Pham, Huy Thinh Tran, Thi Thuy Hang Tran, Dinh Phuc
Nguyen, Van Khanh Tran (2015), “Quantitative analysis of cell - free EBV-
DNA in plasma of patients with nasopharynx cancer and correlation to Tumor
Nodes Metastasis diagnosis”, Journal of Medical Research, 95(3), pp.24-31.

[18] Q.T. Le, Q. Zhang, H. Cao, A.J. Cheng, B.A. Pinsky, R.L. Hong, J.T.
Chang, C.W. Wang, K.C. Tsao, Y.D. Lo, N. Lee, K.K. Ang, A.T. Chan, K.C.
Chan (2013), “An international collaboration to harmonize the quantitative
plasma Epstein-Barr virus DNA assay for future biomarker-guided trials in

nasopharyngeal carcinoma”, Clin. Cancer Res., 19(8), pp.2208-2215.

[19] T.T. Yip, R.K. Ngan, A.H. Fong, S.C. Law (2014), “Application
of circulating plasma/serum EBV DNA in the clinical management of

nasopharyngeal carcinoma”, Oral Oncol., 50(6), pp.527-538.

[20] J.L. Ryan, H. Fan, S.L. Glaser, S.A. Schichman, N. Raab-Traub, M.L.
Gulley (2004), “Epstein-Barr virus quantitation by real-time PCR targeting
multiple gene segments: a novel approach to screen for the virus in paraffin-
embedded tissue and plasma”, J. Mol. Diagn., 6(4), pp.378-385.

[21] Y.M. Lo, M.S. Tein, T.K. Lau, C.J. Haines, T.N. Leung, P.M. Poon,
J.S. Wainscoat, P.J. Johnson, A.M. Chang, N.M. Hjelm (1998), “Quantitative
analysis of fetal DNA in maternal plasma and serum: implications for

noninvasive prenatal diagnosis”, Am. J. Hum. Genet., 62(4), pp.768-775.

#Vietnam Journal of Science,

SEPTEMBER 2017 « VOL.59 NUMBER 3

£ Technology and Engineering



m LIFE SCIENCES | PHARMACOLOGY

Neuroprotective eftects of Diospyros kaki
and Gardenia jasminoides against ischemic
neuronal injury in mice

Thi Xoan Le", Thi Nguyet Hang Pham, Van Tai Nguyen, Viet Dung Le

Abstract:

National Institute of Medicinal Materials

Received 8 May 2017; accepted 15 September 2017

This study aims to clarify the neuroprotective effects of ethanol extracts of
Diospyros kaki (DK) leaves and Gardenia jasminoides (GJ) fruit on cerebral
ischemia injury using middle cerebral artery occlusion (MCAO) model in mice.
Swiss albino mice were daily treated with DK extract (125-500 mg/kg b.w) and
GJ extract (250-1,000 mg/kg b.w) for 1 week before being subjected to MCAO.
The administration of edaravone (6 mg/kg, i.v), which was a reference drug,
was started immediately after MCAO. DK and edaravone treatment improved
neurological deficits and reduced infarct volume of MCAO mice compared

to that of a vehicle-treated one. GJ treatment improved neurological deficits,
but did not affect the infarct volume of MCAQO mice. These results suggested
that the DK and GJ treatment might be beneficial for protecting the neuronal

system against cerebral ischemic injury.

Keywords: cerebral ischemia, Diospyros kaki, Gardenia jasminoides, middle
cerebral artery occlusion, neuroprotection.

Classification number: 3.3

Introduction

Stroke is the major
disability and the fourth leading cause
of death worldwide. Ischemic stroke
accounts for approximately 80% of all
strokes. Ischemic injury is associated
with vascular leakage, inflammation,
tissue injury, and cell death [1]. Cellular
ischemia

changes associated with

include impairment of metabolism,

energy failure, free radical production,
calcium

excitotoxicity, altered

homeostasis, and protease activation. All

“Corresponding author: Email: xoanle@gmail.com
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cause of

these events affect the brain’s functions
and contribute to long-term disabilities
[2]. The advantage of herbal medicines
with diverse chemical components
and multi-targeted effects may bring
breakthroughs for the complicated and
closely related diseases like cerebral
ischemia. Therefore, searching for the
potential drugs from plants to treat
ischemic cerebrovascular diseases will

be a worthy direction to explore.

DK is a deciduous tree belonging to
the family Ebenaceae. Pharmacological

SEPTEMBER 2017 « VOL.59 NUMBER 3

studies have shown that DK leaf
flavonoid has extensive pharmacological
actions, including dilation of blood
vessels, a lipid-reducing effect, a
glucose-lowering effect, and antioxidant
properties. DK leaf flavonoid can
elevate ischemic tolerance by reducing
inflammatory reactions and vascular
endothelial injury [3]. Moreover, DK
leaves possess an antithrombotic activity.
A 10,000 D anticoagulant fraction,
which was purified from the leaves of
DK, inhibited thrombin-catalyzed fibrin
formation with a competitive inhibition
pattern [4].

GJ is an evergreen flowering
plant of the family Rubiaceae. The fruit
of GJ is traditionally used due to its
homeostatic, antiphlogistic, analgesic,
anti-inflammatory, and  antipyretic
effects. GJ has the obvious effect of
preventing and treating atherosclerosis
and thrombosis in the cardiovascular
system [5]. It also has central sedative,
analgesic, anti-diabetes, anti-depression
and anti-inflammatory effects [6].
Moreover, Haiyan, et al. [7] reported
that GJ extract had the functions of
learning and memory improvement
and neuroprotective effect on chronic
cerebral ischemia in rat models.

In this study, the neuroprotective
effects of DK and GJ extracts against
cerebral ischemia were investigated by
using middle cerebral artery occlusion



(MCAO) model in mice.

Materials and methods
Extract preparation

DK leaves were collected in Yen Bai
province and GJ fruit were collected
in Bac Ninh province. These herbs
were identified by Dr. Pham Thanh
Huyen, Department of Medicinal
Plant Resources, National Institute of
Medicinal Materials (NIMM).

For the DK extract preparation, the
leaves of DK were dried in a hot-air
oven and ground. The DK powder (100
g) was extracted with 70% ethanol under
reflux for two hours and then filtrated.
The extraction was repeated three times.
After filtration, the combined extract
was concentrated at 50°C under reduced
pressure and dried in vacuum oven at
50°C to obtain 18.4 g of DK extract.
The total flavonoid content of this DK
extract was estimated to be 7.99% using
spectrophotometric analysis. For the GJ
extract preparation, the fruit of GJ was
dried in a hot-air oven and ground. 100
g of GJ powder was extracted with 50%
ethanol under reflux for two hours and
filtrated. This step was repeated three
times and the filtrate was combined,
concentrated at 50°C under reduced
pressure, and then dried in a vacuum
oven at 50°C. The yield of the extraction
from the dried fruit was calculated to be
32.4%. The GJ extract was estimated to
contain 11.79% of geniposide (HPLC
analysis).

Animals

Male Swiss albino mice (National
Institute of Hygiene and Epidemiology,
Hanoi, Vietnam) were purchased at the
age of 6-7 weeks old. The animals were
housed in the laboratory animal room
maintained at 25+1°C with 12-hour light/
dark cycle for at least one week before
the commencement of the experiments.
Animals were given access to food
and water ad [libitum. The behavioural

experiments were conducted during the
light phase from 9:00 to 18:00.

Middle cerebral artery occlusion

Transient cerebral ischemia in mice
was induced as previously reported [8, 9]
with slight modifications. Briefly, mice
were deeply anesthetized with sodium
pentobarbital (60 mg/kg, ip.). After
disinfecting the fur and skin with 70%
ethanol, the midline neck was incised
to dissect the left common carotid
artery (CCA) from surrounding tissues.
The CCA was temporarily occluded
by a temporary suture using 5-0 silk.
A permanent suture is placed around
the external carotid artery (ECA), and
another temporary suture is placed on
the ECA distal to the bifurcation. The
left internal carotid artery (ICA) was
clipped using reverse-action tweezers
to avoid bleeding. After cutting a small
hole into ECA between the permanent
and temporary sutures, 12-mm long 6-0
silicon-coated (about 2 mm is coated
with silicon) monofilament suture
was introduced into the ECA and then
inverted into the ICA. The suture was
tightly tied around the monofilament to
prevent bleeding and the reverse-action
tweezers were removed. The occluder
was introduced to occlude the origin of
the MCA in the circle of Willis (9-10
mm insertion beyond the bifurcation of
ECA and CCA). The suture on the ECA
was tightly tied to fix the monofilament
in position. The temporary suture was
removed from the CCA. After 60 minutes
of occlusion, the monofilament suture
was withdrawn to allow reperfusion.

Neurological score

A neurological grading scale was
used to assess neurological recovery after
MCAO injury according to Menzies, et
al. [10]: scale: 0 = no apparent deficits;
1 =right forelimb flexion, 2 = decreased
grip of the right forelimb while tail
pulled, 3 = spontaneous movement in all
directions (right circling only if pulled
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by tail), 4 = spontaneous right circling.
The tests were performed daily for 6
days from day O (one hour after the
reperfusion) and continued until the end
of the experiment.

Estimation of brain infarct volume

Six days after reperfusion, the
MCAO-subjected mice were killed to
estimate the brain infarct volume. Brains
were removed quickly from the skulls
and chilled inice-cold saline. The coronal
tissue sections (2x5 mm) were obtained
using a tissue slicer. The slices were
immersed in a saline solution containing
0.8% 2,3,5-triphenyltetrazolium chloride
(TTC; Sigma, St. Louis, MO, USA) for
10 minutes at 37°C. The area of the
infarction was measured using Image J
software (ver. 1.41, NIH; Bethesda, MD,
USA). The total infarct volume of each
brain was calculated by the summation
ofthe infarct areas of all brain slices. The
infarct area of each slice was calculated
by subtracting the normal ipsilateral
areas from the contralateral hemisphere
to reduce errors due to cerebral edema
and was presented as the percentage of
the infarct to the area of the contralateral
hemisphere [8, 11].

Drug administration

DK and GJ extracts were suspended
in distilled water. The administration
period of DK and GJ extracts was
started one week before the surgery and
continued until the decapitation day (day
6). DK extract at a daily dose of 125, 250,
500 mg/kg b.w or GJ extract at a daily
dose of 250, 500, 1,000 mg/kg b.w were
per-orally administered to mice. On the
operation day, mice were received the DK
and GJ extracts one hour before the test.
The edaravone (> 98% purity) provided
by Dr. Nguyen Van Tai, Department of
Phytochemistry, NIMM was dissolved
in 0.9% saline. The administration of
edaravone (6 mg/kg b.w, i.v) was started
from the day of operation immediately
after the MCAO. Distilled water was
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per-orally administered to MCAO

vehicle group mice.
Data analysis

Statistical analyses were performed
using  SigmaPlot 12.0 (SYSTAT
Software Inc., Richmond, CA, USA)
(statistical analysis software). Data were
presented as mean = S.E.M. or as median
(interquartile  range).  Neurological
scores were analysed using Kruskall-
Wallis and Mann-Whitney U-test. Infarct
volume was analysed using one-way
analysis of variance (ANOVA) followed
by post hoc Student-Newman-Keuls test
for multiple comparisons. Differences of

p<0.05 were considered significant.

Results

The effects of DK and GJ extracts
on neurological score

MCAO mice showed neurological
deficits after being subjected to MCAO
for 60 minutes and
The MCAO animals
decrease in motor ability and ability

reperfusion.
revealed the

to respond to stimuli on the side of
the body contralateral to ischemia.

The animals treated with DK extract
showed a significant improvement in
neurological deficits induced by MCAO
at a dose of 500 mg/kg on day 2, day
4, and day 6 after injury (Table 1). The
effect of DK extract on the neurological
score is in a dose-dependent manner.
Treatment with GJ extract at the dose
of 500 mg/kg reduced neurological
deficits in MCAO mice observed on day
5 and day 6 after MCAO operation. At
the dose of 1,000 mg/kg, the GJ extract
treatment also reduced neurological
deficits of MCAO mice on day 6
(p<0.05). Edaravone-treated MCAO
mice showed a significant decrease in
neurological deficits compared to the
vehicle-treated one on day 2 and day 6
(p<0.05) (Table 1).
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Table 1. The effects of DK and GJ extracts on the neurological score.

Dose Day(s) after MCAO surgery
Treatment
(mg/
groups K
2) Day 0 Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Vehicl 0 4 2.5 2 2 2.5 2 3
chicte (325:4) (2:375  (2:3)  (1.25;3.75) (1.253)  (23) (2;3)
125 4 3 3 3 2 2 2.5
G4 (24 (153 (153) 2;3)  (1.253)  (0.5;3)
4 3 2 2 2 1 2
DR 20y @ @3 w3y w3y 13 (03
500 3 2 1.5* 2 1* 1 2%
(3;375) (2;275)  (1;2) ;2 (1;1.75)  (1;1.75)  (1;2)
250 4 2.5 2.5 2.5 2 2 1.5
4,4  (2;3) (2;3)  (1.75:3) (0.75;2.25) (0.75;2.25) (0.75;3)
4 3 3 3 2 1* 2%
G S0 gy @y as3% 13 453 1Y) (152)
1000 3.5 2 3 3 2.5 2 2%
(G4  (2:3) (2:3) (2;3)  (1.75:3) (1.75,225) (1;2)
Ed 6 4 2 1* 1 1 2 2%
aravene G4H 03 02 (132 (1;2) ©2) (12

Data were presented as median (interquartile range). *p<0.05 vs. vehicle-
treated MCAO mice (Kruskall-Wallis and Mann-Whitney U-test).

The effects of DK and GJ extracts
on infarct volume

TTC employed to
measure the cerebral infarcts in focal
ischemia induced by MCAO. TTC acted
as a proton acceptor for many pyridine
nucleotide-linked dehydrogenases that,

staining was

along with the cytochromes, formed an
integral part of the inner mitochondrial
membrane and made up the electron
transport chain. The tetrazolium salt
was reduced by the enzymes into a red,
lipid-soluble formazan. Viable tissue,
therefore, stained deep red while the
infarct remained unstained [12].

Figure 1A showed the typical
photographs of TTC-stained brain
sections of MCAO mice 6 days after
reperfusion. As shown in Fig 1B, 6

days after MCAO, the infarct volumes
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of vehicle-treated MCAO animals were
40% higher in average. The treatment
with DK extract dose-dependently
and significantly reduced the brain
infarction in the mouse brain. The
effect of GJ extract on brain infarction
in MCAO mice was insignificant while
the treatment of edaravone (6 mgkg)
immediately after MCAO produced a
significant reduction in brain infarct.

Discussions

The MCAO in rodents has been
widely used to evaluate the effects of the
potential treatment of cerebral ischemia.
This model offers the advantage of
inducing reproducible transient or
permanent ischemia of the MCA territory
in a relatively non-invasive manner.
Intraluminal ~ approaches  interrupt
the blood flow of the entire territory
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Fig 1. The effects of DK and GJ extracts on the infarct volume of MCAO mice 6 days after reperfusion. (A) Typical
images of TTC-stained brain section; (B) Quantitative analysis of infarct volume (%) in the brain of MCAO mice. Each
data column represents the mean + S.E.M. (n=6-9). *p<0.05 vs. vehicle-treated MCAO mice (ANOVA followed by post

hoc Student-Newman-Keuls test).

of this artery, result in reproducible
lesions in the cortex and striatum, and
can be ecither permanent or transient
[13]. The reperfusion by removal of
the occluding filament at least partially
results in the restoration of blood flow
after spontaneous or therapeutic lysis of
a thromboembolic clot in human. In this
study, the 60-minute MCA occlusion
after reperfusion induced a remarkable
infarct area along with motor function
deficits in mice. These results are in
agreement with our previous report
[8]. Moreover, the administrations of
DK and GJ extracts showed potential
neuroprotective effects on brain ischemia
injury induced by MCAO. These results
suggest that the effects of DK and GJ
extracts against ischemic brain injury
are independent from the suppression of
cerebral thrombosis mechanism.

The administration of DK extract
significantly and  dose-dependently
reduced MCAO-induced injury. The
effects of DK extract were quite similar to
a reference drug, edaravone. Edaravone

has been approved for the treatment
of acute ischaemic stroke in Japan
and is still under clinical investigation
[14].
has been reported to reduce brain

in some countries Edaravone
infarction and oedema after ischemic/
reperfusion injury in animal models as
well as in stroke patients. The possible
mechanism of action of edaravone
mainly encompasses the decrease in
oxidative stress or lipid peroxidation,
pro-inflammatory response, and
tissues
after ischemic stress [15]. It has been
reported that flavonoid, which is the
main therapeutic constituent in DK
leaves, possesses anti-inflammatory and

anti-apoptosis activities [16]. If the DK

protection of neurovascular

extract contains a total flavonoid content
of 7.99%, it can be speculated that the
anti-inflammatory and anti-apoptosis
activities of DK flavonoids play a role
in the neuroprotective action of the DK
extract against ischemic neuronal injury.

The administration of GJ extract at the
doses of 500 and 1,000 mg/kg showed the
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improvement of neurological deficit in
mice from day 5 and day 6, respectively.
This action was different from those of
DK extract and edaravone that could
be observed from day 2 after ischemic
injury. In contrast, these GJ treatments
have no effect on the infarct volume of
MCAO mice. The plausible explanation
for these results is unclear. However, it
may infer that the GJ extract may protect
peripheral neuron from ischemic injury.
This explanation is supported by the
fact that the transient cerebral ischemia
induces apoptosis in the peripheral
neuron [17] and geniposide, which is
an active component of GJ extract,
possesses anti-apoptosis activity [18].

Conclusions

The present study demonstrated
that the administrations of DK and
GJ extracts enhanced the recovery of
neuronal injury after cerebral ischemia
in mice. This finding suggested that the
DK and GJ treatment might be beneficial
for protecting the neuronal system
against ischemic injury.
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Abstract:

Southeast Asia has 11 countries: Brunei, Cambodia, East Timor, Indonesia, Laos, Malaysia, Myanmar, Philippines,
Singapore, Thailand, and Vietnam. Southeast Asia is considered one of the most active economic development regions
in the world, with high demand for energy development, cultural diversity, and language. These countries and
Vietnam have good relationships in diplomacy and cooperation and in other fields; therefore, it is very convenient for
Vietnam to invest in oil and gas exploration and exploitation in the region. On the basis of evaluating the criteria of
natural conditions, geological features, sedimentary basins, exploration and exploitation status as well as investment
environment of each country in Southeast Asia, this article will introduce the most comprehensive information about
the potential and the overall picture of the oil and gas industry in Southeast Asia and in individual countries, thereby
providing information and orientation for investment opportunities of each country in the region.

Keywords: hydrocacbon reserves, investment opportunities, petroleum potential, Southeast Asia.
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Southeast Asia Petroleum Potential Overview
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position with 2.4 Tem and is followed by Vietnam. The gas
reserves of remaining countries in the region are very small or
limited (Laos, Cambodia...) (Fig. 4).
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Fig. 3. Worldwide gas reserves distribution (USSG, 2012).
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Fig. 4. Gas reserves distribution of Southeast Asia (USSG,
2012).

Referring to the analysis of USGS in the year 2012, the re-
maining potential of oil and gas in Southeast Asia is around 22
billion barrels (~3.6% of worldwide total reserves - 595 billion
barrels) and 8.5 Tem (~5.3% of worldwide total reserves - 159
Tem), respectively. Generally, the remaining potential of the
region is distributed mainly in Indonesia (41% of oil and 36%
of gas potential), Malaysia (25% of oil and 27% of gas poten-
tial), and Vietnam (12% of oil and 16% of gas potential). The
attractive basins for exploring the remaining oil potential in the
Southeast Asia are Baram Delta Basin (Brunei) - Sabah Basin
(Malaysia), Kutei and East Java Basins (Indonesia), Cuu Long
Basin (Vietnam), offshore basins of Myanmar, and the Gulf of
Thailand. The attractive basins for exploring the remaining gas
potential are Kutei and East Java Basins (Indonesia); Baram
Delta Basin (Brunei), Sarawak and Sabah Basins (Malaysia),
and Nam Con Son Basin (Vietnam).
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Southeast Asia geological characteristic overview

Southeast Asia recently is a part of the south-eastern Eur-
asia plate. To the east, it is bounded by the Pacific Plate and
Philippines Microplate. To the west, southwest and the south,
it is bounded by Indian-Australia Plate. These boundaries are
defined by Arakan - Nicoba - Java - Timo subduction zone (1),
Sorong strike-slip zone (2) and East Philippines subduction
zone (3), (Fig. 5).

EurasianPlate

Fig. 5. Southeast Asia tectonic map (Hall, 2004 [2]).

The subduction of India-Australia Plate beneath Eurasia
Plate formed the Sunda active margin with five main elements
including Java Trench, Nias Accretionary Complex, Northeast
Nias fore-arc basin, Sumatra-Java volcanic arc, and Ace
back-arc basin. The subduction of the Pacific Plate and the
Philippines Microplate beneath the Western Eurasian plate
resulted in forming Philippines active continental margin
elongating from Taiwan - Philippines to East Hal Mahera.

The crust of Southeast Asia has generally been formed
since Cambrian. Only some areas, such as the center of East
Sea, Sulu Sea, Sulawesi Sea, Banda Sea, and Andaman Sea,
have typical oceanic crust formed by sea spreading during the
Cenozoic. Recently, in the Southeast Asia, there are five main
geotectonic blocks, namely South China (I), Indonesia (II),
Sibumasu (I1I), West Myanmar (IV), India (V), and Borneo
(VI). The suture zones between these geotectonic blocks are:
Ma River (1), Utaradi-Bentong-Rup (2), Sittang-Bham (3),
East Aracan (4), Kuching-Lupa (5), Sumatra-Java subduction
zone (6), Mae Ping-Hau River Fault (7), Three-Pagoda Fault

(8) (Fig. 6).



Fig. 6. Main geotectonic blocks of Southeast Asia: 1) South
China; II) Indosinia; 111) Sibumasu; IV) East Myanmar; V)
India; VI) Borneo; Suture zones: 1) Ma River 2) Utaradi;
3) Sittang-B.Ham; 4) East Aracan; 5) Kuching-Lupar; 6)
Sumatra-Java subduction zone; 7) Mae Ping-Hau River; 8)
Three-Pagoda Fault (PVEP Mekong, 2008 [3]).

Petroleum investment opportunities in the Southeast Asia

In the Southeast Asia, hydrocarbon has been discovered
and produced mainly in Cenozoic basins which distributed in
margin shelfs. A minority of hydrocarbon production is from
Paleozoic-Mesozoic basins. Vietnam, Malaysia, and Indonesia
are known as the top countries in the region for their petroleum
potentials. The Potential of Myanmar is smaller, but its opening
may give a chance of investment. Thailand and Brunei are
recorded as small potential countries while Laos, Cambodia,
East Timor, and Singapore are very limited or not proven of
the potential.

In fact, countries with high potentials have high success
ratio. However, exploration investment in these countries is
very difficult, because of their long histories of exploration and
production resulting in fewer areas available for exploration.
Remaining open blocks in these countries are located in very
deep water causing very high exploration cost. Thus, to invest in
these countries, companies need to have suitable technologies
and be ready to take risks.

PVEP/PVEP Overseas has experiences in investing in the
Southeast Asia with contracts signed in Indonesia, Malaysia,
Myanmar, Laos, Cambodia and East Sea. Based on our
evaluation, there is very little opportunity for investment in
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Laos, Cambodia, Philippines, East Timor, and Singapore
because of their limited petroleum potentials. Brunei and
Thailand that have small potentials, a limited number of open
blocks, high risk of geology and geography (deep water sea). ..
should not be considered for investment. Although Malaysia
has the biggest potential in the region, the opportunity is not
much because the open blocks are located in areas either
very risky in terms of geology or with very deep water. In
this country, all attractive blocks/areas belong to Petronas
(Malaysia national petroleum company) and giant worldwide
oil companies. Thus, it is very difficult for new investors to
find success in remaining unattractive blocks.

Generally, referring to the conditions of potential and
investment environment, only Myanmar and Indonesia in the
Southeast Asia should be considered for studying and seeking
for new ventures. In these countries, especially Indonesia, the
potential in remaining open blocks is still expected. These
countries have quite flexible environments for investment,
high security and available infrastructure. Vietnam has close
relationships with these countries for a long time. Petrovietnam
has some experiences in making contracts with Indonesia and
Myanmar. Investing in these countries could be conducted by
joint studying, signing new petroleum contracts or farming in
existing contracts...

Myanmar

Myanmar is a country with an area of 678,500 square
kilometers and a long history of oil and gas industry and rather
good petroleum infrastructure. The potential of Myanmar is at
average level in the region, with gas reserves of about 50,200
billion cubic feet (mainly distributed in three offshore areas of
Myanmar with a total reserve of 46,900 BCF) and oil reserves
of 4,814 million barrels (located in onshore basins, of which
75% are located in the central basin). At present, Myanmar’s
total oil and gas productions are about 22,000 barrels per day
and 1,300 million cubic feet per day, respectively.

By the present time, Myanmar area has divided into 105
contract blocks, of which 53 blocks are onshore, and 52 blocks
are offshore. The number of onshore blocks which were
discovered for oil and gas is 49 while discovered offshore
blocks are 26 (in the Rakhine, Tanintharyi and Mottamma
basins).

Myanmar has totally 17 sedimentary basins (Fig. 7),
including 14 Tertiary basins (11 onshore, 3 in shallow marine)
and 3 Pre-Tertiary basins. Out of 14 Tertiary basins, there are
6 inland basins producing oil, gas, and condensate (Chindwin,
Center, Prome (Pyay) Embayment, Rakhine Coastal,
Ayeyarwaddy, and Bago Yoma); 3 basins on the continental
shelf are producing gas and condensate (Moattama, Rakhine
Offshore, and Tanintharyi); and 5 basins are still in exploration
with no discovery yet (Hukawng, Shwebo-Monywa, Sittaung
Valley, Mepale, and Mawlamyine). Currently, neither oil or gas
has been discovered in Pre-Tertiary basins, which are small,
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Fig. 7. Myanmar oil and gas infrastructure (MOGE, 2011 [4]).

low exploration level, and being offered (Namyau, Hsipaw-
Lashio, Kalaw).

The regional assessment shows that the Center-Prome,
Rakhine Offshore and Moattama sedimentary basins have
been discovered and exploited for oil and gas. Significant
oil reserves have been found, open blocks are available, and
the ability to buy assets and tendering in open blocks is high
(Table 1). Therefore, the Central-Prome, Rakhine Offshore,

and Moattama basins are priorities when selecting a basin for

Table 1. The potential blocks for investments (MOGE, 2015).

investing in oil and gas industry in Myanmar.

Currently, the negotiation of new contracts in Myanmar is
relatively favourable because there are still open areas/blocks.
Operators in Myanmar are also willing to call on investors to
participate in exploratory risk sharing. Therefore, investment
opportunities in Myanmar are quite feasible.

Indonesia

Indonesia is a country with an area of 1,919,440 km? and
over 60 sedimentary basins, in which 30 basins had oil and
gas exploration activities, and 14 basins have been under
production activities, while other 22 basins still have little or
no petroleum production activities. Proven reserves are 4.2
billion barrels of oil and 108 trillion cubic feet of gas. Indonesia
also has a long history of oil and gas exploration for over 130
years. Commercial discoveries take place in 10 basins (Fig. 8),
(Pertamina 2003 [5], PVEP Overseas, 2013 [6]).

Due to the differences in geological conditions, the
sedimentary basins in Indonesia can be divided into two
groups: the western group and the eastern group. The western
Indonesian basins are assessed with denser and earlier
exploration history than the eastern basins. Most of the
western basins have been explored, whereas 20 of 38 basins
in the eastern Indonesia have not been explored. That limited
exploration activity in the eastern Indonesia reflects difficulties
in terms of infrastructure and logistics, wild areas, and deep-
water (> 200 m).

Western Indonesia basins:

The group of basins with large oil and gas potential in the
western part of Indonesia is mainly distributed in continental
or shallow water areas. The basins generally exhibit similar

0Oil and Gas Fileds Oil and Gas Reserves Cumulat_ive
Area Number LHoeLs Open 5 Sl Selected
Basin (km?) of Blocks with Blocks . . Oil (MMbb) Gas (TCF) oil Gas Basins
Operato Discovered Producing
PI P2+3 P1 P2+3 (MMbb)  (BCF)
Onland 53 18 3405.6 2.95 504.1 757.6
Center 34320 17 8 9 8 1793.33 2243.81 0.678 0.279 516.55 318.63 v
Prome 16027 15 5 10 18 4 144.46 627.15 0.416 1.38 36.03 289.55 v
Irrawaddy 33996 5 2 3 8 1
Chindwin 35198 3 1 2 3 0
Bago & Sittaung 55200 4 1 3 1 0
Hukawnd 24237 1 1 1
Rakhine Coastal 25175 2 1 1 0
Shwebo - Monywa 27333 1 1 1
Mepale 1259 1 1
Namyaw 5110 1 1
Hsipaw Lashio 2126 1 1
Kalaw 3320 1 1
Mawlamvine 11494 1 1
Offshore Coast 53 19.52  37.68
Rakhine Offshore 29546 28 22 3 3.37 10.64 v
Moatama 46070 13 3 3 S) 11.8 25.8 v
Tanintharyi 171297 14 7 1 4.35 1.24
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Fig. 8. Indonesian sedimentary basins & potential (Doust & Noble, 2008 [7]).

structural and stratigraphic similarities, reflecting the similar
control regime of tectonic throughout the history of Cenozoic
development. The basins with similar geological setting lie in
the southeast of the Sunda Shelf, undergoing general tectonic
effects related to the movement of the Indo-Australasian,
Eurasian Plates and the global change of sea level, which
influence the filling of sedimentary basins.

Some of the similarities of the western Indonesia basins:
(1) the initial rifting phase occurs in mid-late Eocene. This
phase is filled by river-lake sediments, which can form an
important oil and gas source rock; (2) The sea progradation
proceeds from Middle Oligocene to Middle Miocene, which
is characterized by changes in sediment- deposit-environment,
from river, delta to shallow waters and shallow seas, forming
terrigenous reservoirs of river and delta facies and carbonate
reservoirs. The regional seal related to the maximum sea level
in the Middle Miocene is formed; (3) The late of Miocene-
Pliocene compression related to the collision between
Australian Continental Plate with Euro-Asia Plate.

The fore-arc basins are generally considered to have lower
prospect due to limited source rocks, poor reservoir quality and
low heat. Most of the recoverable reserves (85% of Indonesia’s

reserves) are mostly back-arc basins, which have large potential
reserves, such as North Sumatra Basins, Sumatra Centers,
South Sumatra, Sunda-Asri, West Java, East Java, Kutei, East
and West Natuna (Table 2).

Table 2. Proven reserves in major Indonesian sedimentary
basins (USSG, 2012).

No Sedimentary Basin ~ Oil Reserves(MMbbl) ReserSeaSS(T CF)
1 North Sumatra 3,111.89 21.28
2 Central Sumatra 3,790.48 8.56
3 South Sumatra 909.80 17.90
4 West Java 556.52 3.7
5 East Java 1,022.35 6.4
6 Natuna 383.35 51.46
7 East Kalimatan (Kutai) 670 18.33
8 Sulamesi 49.78 423
9 Matuku 48.07 1522
10 Papua 94.93 2432
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Eastern Basins in Indonesia:

The eastern Indonesian sedimentary basins are geologically
distinguishable from the western basins, they locate in a very
complex area geologically affected by collision of continental
plates, arcs, and remnant oceans. Sedimentary basins in eastern
part are small, mostly undeveloped, and located in deep water,
remote areas, or forested areas with limited infrastructure.

Although the petroleum potential of the eastern Indonesian
basins is estimated less than that of the western Indonesian
basins, the eastern basins are currently attracting the interest
of oil and gas companies; as exploration activities are limited
in the area, some of the new commercial discoveries in the
Mesozoic reservoirs, even very large discovered field (Tangguh
gas field ~ 20 Tcf, Paleogene and Jura objects, Bintuni basin).

It is clear that oil and gas exploration activities, as well as
important commercial discoveries, are concentrated in some
areas such as Sumatra, Java, East Kalimantan, Sulawesi,
Natuna, and Papua (the contiguous part of Papua New Ghine).
Most of the best hydrocarbon systems can be found mainly in
the western region, including Sumatra, Java, Natuna, and East
Kalimantan (Kutei) basins. There are some gas discoveries
in the eastern region of Tanggu, West of Irian Jaya. In the
eastern part, only Salawati Basin on Irian Jaya’s Bird’s Head
is considered to have an active hydrocarbon system. With the
development of geological understanding and technological
advances, exploration costs in remote and deep-water areas
are reduced; recent exploration has been shifted from west
region to east region. Indonesia has a long and relatively well-
developed oil and gas infrastructure, which is very favourable
for oil and gas exploration and exploitation.

In Indonesia, investors can purchase assets or sign contracts
as the country annually maintains international tenders for new
blocks or relinquished areas. With the remaining relatively large
potential - especially deep-water prospects, many operators are
also willing to share interests in the exploration and production
blocks; therefore, investment possibilities in Indonesia are
quite attractive.
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Conclusions

Southeast Asia is an active economic development zone
with high demand for energy development and has favourable
conditions for investment in oil and gas exploration and
production.

Oil and gas are explored and produced in Southeast Asia in
both Paleo-Mesozoic and Cenozoic sedimentary basins, with
various types of sedimentary basins and complex geological
features. The great oil and gas potential is concentrated mainly
in the Cenozoic basins, with many large fields discovered and
distributed on the margin of the continental shelf of Southeast
Asia.

Some countries including Vietnam, Indonesia, Malaysia,
Brunei, Myanmar, and Thailand have great petroleum potentials
and well-developed infrastructures. However, Thailand,
Malaysia, and Brunei have no open blocks or limited access.
Meanwhile, Laos, Cambodia, Philippines, East Timor, and
Singapore have very limited or no oil or gas potential. Therefore,
investment in these countries should not be considered.

Looking for investment opportunity is currently most
feasible in Indonesia and Myanmar, ranging from new
exploration contracts to asset purchase. In Myanmar, Central,
Prome, Rakhine Offshore, and Moattama basins should be
priorities for investment. Whereas, in Indonesia, the most
preferred basin groups are the western Indonesian basins such
as Sumatra, Java, East Kalimantan (Kutai), Sulawesi and
Natuna. For Eastern Indonesian basin group, the basin in the
Papua Islands region and most notably the Bintuni basin may
attract interest.
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Abstract:

The main objective of this study was to assess the environmental impact of

the Nam Son landfill on the subsurface geological structure studied using 3D
electrical imaging and self-potential investigations. The map of the equipotential
was based on self-potential data and was indicative of concentrations of
redox-active components, and the map of the electrical conductivity provided
information about the mineralization of the groundwater. The electrical
conductivity of the subsurface was obtained from 3D-electrical imaging analysis
conducted using a Wenner-based array configuration. An inversion of the data
was carried out using 3D regularized least-squares optimization methods with
robust model constraints. Three profiles of 3D electrical imaging and 180 self-
potential data points, scattered within the study area near the disposal site, were
implemented. The self-potential method supports the results of the geoelectrical
method relating to a contaminated zone in the survey area with a large

negative self-potential anomaly of ~-260 mV with respect to the reference of a
contaminant plume. Interpretations of geophysical data showed a low resistivity
zone (<10 Q m), which appeared to be a fully saturated zone with leachate from
the Nam Son open dumpsite. The correlation between geophysical investigations
and hydrochemical analysis proved to show high conductivity zones related with
landfill leachate.

Keywords: contaminant plume, electrical imaging, fluid conductivity, landfill
leachate, self-potential.

Classification number: 4.3

contaminates surrounding lands and
water. As the population grows and
industries develop, the landfill leachate
problem becomes increasingly serious
[2,3].

Landfill leachate consists of a
number of complex factors, including
the composition of the solid waste

Introduction

One of the major causes of the
pollution problem for municipal solid
waste landfills is landfill leachate, which
is generated from precipitation, surface
run-off, and the infiltration or intrusion
of groundwater percolating through a
landfill, biochemical processes in waste

cells and the inherent water content of
wastes themselves [1].

The landfill leachate has the potential
to contaminate groundwater and surface
water supplies, and threaten human
health as it migrates from landfills and

*Corresponding author: Email: giangnv@igp-vast.vn

composition, the age of the waste,
the operation of the landfill, the
hydrogeological conditions in the
vicinity of the landfill site, the rate of
water movement through the waste, the
temperature of the landfill, the moisture
content, the pH, the landfill chemical and
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biological activities, and the seasonal
variations in weather [4].

Nam Son is the biggest landfill in
Hanoi and receives more than 4,000
tons of domestic waste per day. landfill
leachate is a serious problem there.
During the last decade, some research
projects have been conducted to compare
landfill leachate treatment systems which
have been used across Vietnam and in
the world at large, including at the Nam
Son landfill site in Hanoi [5], and studies
investigating the recovery ability of N,
P in leachate from the Nam Son landfill,
Hanoi for pretreatment of ammonium
have also been carried out [6].

During the past 20 years, geophysical
methods have proven to be efficient
and effective means for characterizing
the subsurface geology and hydrology
associated with landfills [7-9]. As a
result, the geophysical characterization
of landfills is now routine practice.
Even so, due to the inherent uniqueness
of each site, it is necessary to carefully
select a method and appropriately
design survey parameters in order to
derive adequate benefits. In many cases,
particularly when multiple objectives are
desired, it is best to use complimentary
geophysical methods [1, 2, 10]. A variety
of techniques can be applied to define
landfill properties, leachate circulation,
or regional contamination from offsite
seepage [11]. A combination of various
geophysical methods, as well as 3D
electrical imaging and self-potential,
were used for shallow geological
structure investigation in the north of
the Nam Son landfill. These techniques
were applied in the lowest altitude
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terrain around the landfill to monitor
the volatility of the soil and water
environment; that may be caused by the
landfill operation.

Geological features of the study area

The terrain of the study area is hilly,
but the typography is fairly simple.
The general form terrain is a very soft
transition from 10 to 20 m. The study
area is located within a region of moist,
tropical monsoon heat. Average annual
rainfall is 1,670 mm and average
air humidity is 84%. The aquifers
are deposits of Holocene (gh) and
Pleistocene (qp) [11, 12]. The water layer
deposit of the Triassic Rift (t), is exposed
in the north of the Soc Son district, and
is characterized by slightly better water
quality in the quaternary sediments.
The silver-coloured soil in some parts
of the research area is the result of the
ancient alluvial ferralitic products.
According to a geological-mineral map
(scale 1:50,000) published in 2015
by the Hanoi Institute of geology and
environment, the structure of Soc Son
district is mainly in the upper Triassic
system and the Jura conglomerate [13].
There are two stratigraphic formations:
the Khon Lang (T,, kl) and the Na Khuat
(T, nk). There are three boreholes at 30
m of depth there, where, in general, the
stratigraphic column consists of:

e From the ground surface to 1.5/2
m - the class covered ruins in a sepia-
brown golden colour, the composition of
clay and gravel in a semi-hard state.

e From 1.5/2 mto 14/15 m - lightning
weathered siltstone rock was made
perfectly golden brown, semi-hard hard
status.

e From 14/15 m to 30 m: grey-black
shale weathering to soft weathering,
medium to the hard state.

Methodology of research

The research area covers 180 x 300 m
(Fig. 1) which allowed for the convenient
use of many geophysical methods, e.g.
3D electrical imaging and self-potential
(SP) methods to assess subsurface
environmental contamination.
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Fig. 1. The location of the Nam Son landfill and study area of the measurements
profiles: T1, T2, T3, and samples surface water sites: N1, N3, N5, and samples

groundwater sites: S1, S3, and S5.

3D electrical
method

imaging surveys

Overview of electrical surveys:

The purpose of the electrical
surveys was to determine the subsurface
resistivity  distribution by making
measurements of the ground surface.
From these measurements, the true
resistivity of the subsurface was
estimated. Ground resistivity is related
to various geological parameters such as
the mineral and fluid content, porosity
and degree of water saturation in the
rock [10, 14].

Resistivity ~ measurements  were
normally made by injecting current into
the ground through two current electrodes
and measuring the resulting voltage
difference at two potential electrodes.
From the current (I) and voltage (V)
values, an apparent resistivity (pa) value
was calculated [10].

p.=kV/I (1)

where k is the geometric factor which
depends on the arrangement of the four
electrodes.

Resistivity meters normally gives
a resistance value of R = V/I, so in
practice, the apparent resistivity value
was calculated by:
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p, ~kR 2

To interpret the data from such a
survey, it is normally assumed that the
subsurface consists of horizontal layers.
However, in this case, the subsurface
resistivity changed only with depth, but
did not change towards the horizontal
direction. It was a one-dimensional
model (1D) of the subsurface structure.
Another classical survey technique is
the profiling method. However, in this
case, the spacing between the electrodes
remained fixed, and the entire array was
moved along a straight line. This gave
some information about lateral changes
in the subsurface resistivity, but it did not
detect vertical changes in the resistivity.
An interpretation of the data from
profiling surveys was mainly qualitative.
Nowadays, however, 3D electrical
surveys are practical commercial
techniques with the relatively recent
development of multi-electrode
resistivity surveying instruments [3] and
fast computer inversion software [15].

Before dealing with the 2D and 3D
resistivity surveys, we will briefly look
at the resistivity values of some common
rocks, soils, and other materials.
Resistivity surveys give a picture of
the subsurface resistivity distribution.
To convert the resistivity picture into a



geological picture, some knowledge of
typical resistivity values for different
types of subsurface materials and
the geology of the surveyed area, is
important.

3D electrical imaging surveys:

Since all geological structures are 3D
in nature, a fully 3D resistivity survey
using a 3D interpretation model gives the
most accurate results [16]. At the present
time, 3D surveys are a subject of active
research. Many of the early 2D surveys
were carried out using the Wenner
Array because the sensitivity plot of
the Wenner Array had nearly horizontal
contours beneath the centre of the array.
As well, the Wenner Array was relatively
sensitive to vertical changes in the
subsurface resistivity below the centre
of the array. In general, the Wenner
is good for resolving vertical changes
(i.e. horizontal structures). Compared
to other arrays, the Wenner Array has a
moderate depth of investigation. With
the Wenner Array, the geometric factor
is 2ma, (‘a’ is for the electrode spacing)
which is smaller than the geometric
factors of other arrays. Among the most
common arrays is the Wenner Array
as it has the strongest signal strength.
This can be an important factor if the
survey is carried out in areas with high
background noise. One disadvantage
of this array, however, is that 2D
surveys have relatively poor horizontal
coverage because the electrode spacing
is increased. This could be a problem if
you use a system with a relatively small
number of electrodes.

Figure 2 shows one possible
arrangement of the electrodes from a 3D
survey using a 25 electrodes system. For
convenience the electrodes were usually
arranged in a square grid with the same
unit electrode spacing in the x- and y-
directions. To map slightly elongated
bodies, a rectangular grid with different
numbers of electrodes and spacing in the
X- and Y- directions was used. In this
case, each electrode was, in turn, used as
a current electrode, and the potential of
all the other electrodes was measured.

Laptop

Resistivity Camputer

Meter

x-direction
—

y-direction

¢ Electrode

Fig. 2. The arrangement of the
electrodes for a 3D survey [16].

(A)
First position of
resistivity-meter

Third Fourth
position position
of of
resistivity- resistivity-
meter meter

Fig. 3. Using the roll-along method
to survey a 10 by 10 grid with a
resistivity meter system with 50
electrodes. (A) Survey using a 10 by
5 grid with lines orientated in the
x-direction. (B) Surveys with lines
orientated in the y-direction [16].
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3D roll-along techniques: The nearly
3D surveys involved grids of at least
16 by 16 in order to cover a reasonably
large area. A 16 by 16 grid required 256
electrodes, which was more than what
was available on many multi-electrode
resistivity meter systems. A method
used to survey such large grids with
a limited number of electrodes was to
extend the roll-along technique used
in 3D surveys [4, 16]. The traditional
survey showed an example of a survey
using a multi-electrode resistivity-
meter system with 50 electrodes to
survey a 10 by 10 grid. Initially, the
electrodes were arranged in a 10 by 5
grid with the longer lines orientated in
the x-direction (Fig. 3). Measurements
were then made primarily in the
x-direction, with some possible
measurements made diagonally. Next,
the entire grid was moved in the y-
direction so that the 10 by 5 grid then
covered the second half of the 10 by 10
grid area. The 10 by 5 grid of electrodes
was then orientated to the y-direction

(Fig. 3).

The 3D forward modeling program:
The free 3D resistivity forward modeling
program, RES3DMOD.EXE, -enables
user to calculate the apparent resistivity
values for a survey of a rectangular grid
of electrodes over a 3D structure. We
calculated resistivity values using the
resistivity model, we also calculated
the apparent resistivity values using
the Calculate option. The RES3DMOD
program also has an option to save the
apparent resistivity values into a format
that can be accepted by the RES3DINV
inversion program. For our case, to
save the apparent resistivity values as
a RES3DINV data file for one of the
models, and later carry out an inversion
of this synthetic data set [16].

Data inversion: A model used to
interpret the 3D data set is shown in
Fig. 4. The subsurface is divided into
several layers and each layer is further
subdivided into a number of rectangular
blocks. A 3D resistivity inversion
program, RES3DINV, was used to
interpret the data from 3D surveys. This
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program attempted to determine the
resistivity of the blocks in the inversion
model that most closely reproduced
the measurements’ apparent resistivity
values from the field survey. Within the
RES3DINV program, the thickness of
the layers was modified by the user [4,
16].

x-direction

+ Electrode

y -direction

/,,', -

Layer 1

Layer 2

Layer 3

Layer 4

Fig. 4. The model used in 3D
inversion where the widths of the
rectangular blocks are equal to the
unit electrode spacing in the x- and
y-directions [16].

Self-potential (SP) method:

The basic concept: Various potentials
are produced in native ground and
within the subsurface which is altered
by our actions. Natural potentials occur
in dissimilar materials, at near varying
concentrations of electrolytic solutions,
and are due to the flow of fluids
which may be mapped to determine
information about the subsurface. SP
can be produced using mineralization
differences, electro-chemical action,
geothermal activity, and bioelectric
generation of vegetation. Four different
electrical potentials are also recognized.
Electrokinetic potential, or the streaming
potential, is caused by the flow of fluids
with certain electrical properties that
passes through pipes or porous mediums
with different electrical properties [17].
Liquid-junction potential, or diffusion
potential, is caused by the displacement
of ionic solutions of dissimilar
concentrations. Mineralization potential,
or electrolytic contact potential, is
produced at the surface of conductors
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with other media. Shale potential occurs
when similar conductors have solutions
that are of differing concentrations about
them. Telford, Geldart, and Sheriff
(1990) provided equations for these
differing potentials [10]. Recognition
of different SP sources is important
in order to eliminate noise and lower
background voltages. Some engineering
and environmental occurrences may be
mapped by contouring surficial voltages
between base electrodes and mobile
electrodes.

Data acquisition: A simple SP survey
consists of a base electrode position
and a roving electrode to determine
potential differences on a gridded
survey or along profile lines. The
required equipment merely includes
electrodes, wires, and a precise millivolt
meter. The electrodes are in contact
with the ground surface and should be
of the nonpolarizing type, which are
also called porous pots. Millivolt Meters
are used to read the potentials in the
millivolt range using a resolution from
0.1 to 1.0 mV [18]. Measurements using
the electrodes may require systems to
reverse the electrode position to resolve
contact potentials at the electrodes.
Previously measured locations may
need to be remeasured on a systematic
or periodic basis. Reoccupation of
stations is necessary when very accurate
surveys are being conducted and for
sites with temporal potential changes or
spatial variations of electrode potential.
Changes are temporally in the electrodes
and are due to the self-potential of the
field require the survey to be conducted
in a gridded or looped array [19].

Data interpretation: Most SP
investigations use a  qualitative
evaluation of the profile amplitudes,
or grid contours, to evaluate self-
and streaming-potential anomalies.
Flow sources produce potentials in
the direction of the flow. Fluid inflow
produces negative relative potentials,
as would greater distance from the
flow tube; outflow of the fluid results
in positive potentials [20]. The self-
potential due to water flow is a direct

SEPTEMBER 2017 « VOL.59 NUMBER 3

parameter for a grouting remediation
of reservoir leakage. SP methods can
be very useful for karst groundwater
regimes identified in quick surveys of
sites or in long-term surveys during rainy
seasons. There can also be a qualitative
evaluation of the flow volume in
different subsurface routes if the ground
surface may be assumed parallel to the
surface through the irregular flow paths.

Results of investigations
3D electrical imaging surveys

We used Terrameter SAS 4000 (four
channel) Resistivity and IP instrument,
with an integrated PC for full control of
the data acquisition process and storage
of data, and 64 electrodes [21]. The data
collection was carried out along three
profiles T1, T2, and T3 using the Wenner
Array with 5 m electrode spacing and
using integrated roll-along surveys.
(Fig. 2). The raw data was interpreted
using the software RES3DINV to build
3D inversion models. The RMS error
for iterations of resistivity data varied
by 9.46% in the inverse resistivity
models. The results suggest delineation
of geological formations such as various
sub-surface lenses like clays and in
situ-saturated sands and clays, which
were up to the depth of several meters.
The principal aquifer was formed in
the unconsolidated alluvial formations,
deposited under various sedimentary
environments. The 3D electrical imaging
showed resistivity values that varied
laterally with the depth; two levels were
distinguished in accordance with their
obtained resistivity values.

Figure 5 shows the distribution of
resistivity values. In the resistivity value
less than 10 Wm for a majority on the
surface, in the position of a 50 meter to
190 meter, with a width of about 20 m
and a depth of about 5 m, which tended to
penetrate deep down at nearly 10 m and
spread out towards the N-canal Lai Son.
Meanwhile, the resistivity value block
> 30 Wm occupied most of the lower
portion of the model that corresponded
with the medium grain sand and clay



0 10 20 30

40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

I 8109 33.593 69.078 |

Fig. 5. The distribution of resistivity values by 3D model inversion for the
study area.
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Fig. 6. The distribution of resistivity values by 3D model inversion after cutting
a part of structures.
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Fig. 7. The distribution of resistivity values by 3D model inversion by
y-direction.
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Fig. 8. The distribution of resistivity values by 3D model inversion by
z-direction.
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shale lithology.

To more clearly observe the
distribution of blocks down to a deep
resistivity was low, and we had to cut
off parts in places from 60 to 270 metres
according to the x-direction, from 50
to 90 metres according to y-direction,
and from the ground down the 15 meter
according to the z-direction (Fig. 6).
We can see the block of low resistivity
distribution only down about 10 m deep,
which tends to expand at the N-canal of
Lai Son. Below a depth greater than 10
m, the resistivity values were from 30 to
70 Wm corresponding to the lithology
and are medium sand and clay shale
(water layer).

To review the distribution of
resistivity value according to the
y-direction, we divide the model into the
sections along the local y-direction; each
cut was from 10 m, resulting in showing
the resistivity zone at less than 10 Wm
(blue colour) on the surface to the depth
of 10 m (Fig. 7).

We can divide the blocks into six
sections and vertical sections, each
separated by 5 m. In Fig. 8, resistivity
values less than 10 Wm appear on the
surface quite broadly and as deep down
as this value is possible, shrinking to a
depth of about 10 m, then disappearing.
Meanwhile, high resistivity values of
over 30 Wm rise when more down deep.

The 3D electrical imaging shows the
spatial distribution of waste and leachate
concentrations within the study area of
the landfill. Accordingly, a 3D survey
was undertaken to determine the pattern
of leachate drainage within the waste
so that a more refined contaminant
transport model could be developed.
A full 3D survey was undertaken by
sub-dividing the landfill into a number
of discrete rectangular blocks and
acquiring data on multiple parallel lines.
The line data were merged into a single
x-y matrix file and then inverted using a
3D finite element algorithm. The results
were then presented as a 3D volumetric
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tomograms in order to show the inferred
waste distribution and leachate flow. The
resistivity model indicated that leachate
had accumulated at several discrete
localities within the landfill at high
conductivities. A narrow leachate plume
was indicated in one part of the landfill,
migrating down-gradient to the north.
The inferred leachate concentrations
in the study area were subsequently
confirmed by drilling down and making
hydrochemical samples which showed
elevated solute levels that are coincident
with distinct resistivity lows of <10 Qm.

This
electrical resistivity imaging can be
a suitable method to study resistivity
distribution (3D) at a large scale (ten to
several tens of meters wide and down
to 30 m deep). 3D electrical imaging
is becoming a common tool to study
recirculation experiments in landfills, as

survey shows that surface

well as focusing on electrical resistivity
changes in the subsurface by pollution
of groundwater or location of shallow
or deep infiltration/recharge zones or
delineation of leachate plume in landfills.

Self-potential survey

The data collected by the SP method
was processed to
exemplified by low background voltages
for recognition of different spontaneous-
potential sources. After processing, the
SPdatawasintherange of-260to+30mV
for three measured profiles (T1, T2, and
T3). We aimed to assess the relationship
of the near-surface geological formation
with environmental occurrences, and we
used the processed SP data to map the
contouring surficial voltages between
base/reference electrode(s) and the
mobile electrodes. On the map made
from an equipotential based on SP data
collected in March 2016 (Fig. 9), one
can distinguish three positive anomalies
(marked in red/brown) and two zones
of negative anomaly (in dark blue).
The values of the positive SP anomalies
were within the range +10 to +25 mV

eliminate noise
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Fig. 9. A map of equipotential based on self-potential (SP) data carried out in

March 2016.

and negative was in the range from
-150 to -260 mV. The SP anomalies
were positive (resurgence) where the
hydrostatic pressure decreased (i.¢. in the
direction of the water flux), and the SP
anomaly was negative for the infiltration
Other produce
spontaneous potentials, which were

case. occurrences
mapped to determine information about
the subsurface. Spontaneous potentials
can be produced by differences in the
mineralization of the ground, electro-
chemical actions, geothermal activities,
and bioelectric generation of vegetation.

The notable thing here are the SP
positive anomalies at three points (Fig. 9
-red/brown colour), and the SP negative
anomaly at the back which expands out
into two distinct zones that the position
of the two zones on the measured profile,
T3, located near the Nam Son landfill. So,
we much ask if it was due to the landfill
leachate that caused this effect? As a
blanket statement, this phenomenon has
the related zone with the high electrical
conductivity in the structure according
to 3D electrical imaging stated above.

There is an increasing interest in
the use of the SP method for non-
invasive characterizing of subsurface
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groundwater flow and contamination.
The interpretation of SP signals is
underlined by the understanding of the
main physical process involved in their
origin. The equipotential map based on
the SP data demonstrates the direction of
the water.

Hydrochemical analysis

There are many sources of water in
the landfill, for example, precipitation,
groundwater infiltration, surface run-
off, and the disposal of liquids or
sludges. The amount of water entering
the landfill depends on such factors as
the seasonal distribution of the water
balance, the topography, the geology,
and the hydrogeological properties of
the site, soil type, land cover, human
activity, and other similar factors. [1].
Water plays three major roles in land
filling: first, as a medium essential for
bacterial activity; second, as a medium
for chemical reactions in organic matter;
and third, as a medium for the movement
of contaminants and solvents.

In this research project, to conduct
analysis, we sampled surface water in
three locations (N1, N3, and N5) on the
Lai Son canal and groundwater in three
boreholes, drilled in the area of research



Table 1. Hydro-geochemical analysis of surface water (N1, N3, and N5) and
groundwater (S1, S3, and S5) samples affected by the Nam Son Landfill for
the 2016 year by Institute of Chemistry and Institute of Geophysics, VAST.

Surface water name of

Groundwater name of

samples and content samples and content Star;dard
Parameter for date for date QC:’zl‘\Il-l(f;/M-
N1 N3 N5 S1 S3 S5  MT(B1-2015)
pH 786 7.1 7.52 7.22 7.14  7.08 5.5+8.5
EC (uS/cm) 2,507 2,646 2,659 1,645 1,778 1,601 1,000
Water level (m) 4.2 4.7 5.5
Temperature (°C)  21.3 22.5 22.8 24.8 25.0 25.1
TDS (ppm) 1,630 1,720 1,702 1,051 1,156 1,025 1,500
DO (mg/1) 2.1 2.7 2.2 3.7 3.4 33 >4
COD (mg/l) 156 162 157 44 56 53 40
BOD, (mg/l) 112 124 105 28 26 33 25

Legend: COD: chemical oxygen demand; EC: electrical conductivity; TDS:
total dissolved solids; DO: dissolved oxygen; BOD.: Biochemical or Biological
Oxygen Demand during 5 days at 20°C; QCVN-08/09-MT (B1-2015): Vietnam
Technical Regulation on surface water or groundwater quality by Ministry of
Natural Resources and Environment (MONRE).

(S1, S3, and S5) (Fig. 1). The water
samples were collected and analyzed in
March 2016. The results of the analysis
are presented in Table 1 for surface water
and groundwater, respectively.

The
of water

environmental indicators
quality can be roughly
divided into the physical indicators
of temperature, EC, and TDS; and the
chemical indicators of pH, BOD, COD,
and DO. Because direct measurements
of water quality can be expensive, we
used on-site test kits and water samples
analyzed at laboratories using real-time
monitoring. The values of the parameters
are presented in Table 1. The data shows
that the values of most parameters in
2016 are of a higher concentration by
comparison of their standard values.
Most of the water samples indicated
a slightly alkaline nature with pH
7.08/7.86. The values of DO, for all sites,

are lower than regular, but the values
of COD and BOD; exceed permissible
limits. High concentration of TDS and
EC were observed in all sites along Lai
Son canal and all wells, which means
that the surface water and groundwater
in the landfill areas are of very poor
quality. The results of the hydrochemical
analysis show that the values of TDS
and EC for surface and groundwater
are very high. Although generally TDS
is not considered a primary pollutant,
it is used as an indication of aesthetic
characteristics of domestic water and as
an aggregated indicator of the presence
of a number of chemical contaminants
[2]. Primary sources of the TDS in waters
are soil contaminants and polluted water
from the landfill. Bear in mind, however,
that the concentration of some naturally
occurring dissolved solids increases as a
result of weathering and dissolution of
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rocks and soils and influences the results
of analyses.

The BOD is widely used as an
indicator of water quality. In this case,
BOD values ranged from 26 to 33 mg/I
for groundwater and from 105 to 124
mg/I for surface water. These values are
too high for natural water to acceptable.

Conclusions

Integrated, geophysical surveys
methods, as well as 3D electrical imaging
and self-potential (SP) were employed
to determine the subsurface geological
structure, and assess the effect of landfill
leachate at the Nam Son waste site. The
case study area was generally close to the
ground surface and was characterized
by the non-homogenous formations
which were largely responsible for the
transfer of contaminated water into the
underlying aquifers.

Interpretations of 3D resistivity
geoelectrical data showed a low
resistivity zone (<10 Qm), which
appeared to be a zone that is fully
saturated with leachate from an open
dumpsite. The SP method supported
the results of the geoelectrical method
relating to a contaminated zone in the
survey area from a largely negative
SP anomaly of ~-260 mV with respect
to the reference with the contaminant
plume. These electrical anomalies could
be the signature of oxido-reduction
phenomena which occur at various
depths in the contaminated groundwater.
A comparison with the available
hydrochemical data suggests that this
SP anomaly could be attributed to high
redox potential gradients in this area.

The results of our research clearly
indicate the need for regular monitoring
of groundwater and surface water quality
in the vicinity of the Nam Son landfill.
Also, we recommend installing a waste
water treatment plant that could diminish
pollution from seeping waters flowing
directly from the Lai Son canal. The
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management of the landfill should also
pay more attention to the environmental
protection of groundwater resources
from domestic wells in the areas around
the landfill area.
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Abstract:

The precursor PVP-capped o -NaYF,:Yb*/Er’ nanospheres were used as
the templates for preparing the a-NaYF :Yb*/Er’*/PVP/MOFs multilayer
nanocrystals with a self-template method. By using iron (III) carboxylate
and zeolitic imidazolate frameworks dissolved in dimethylformamide
(DMF) solution containing 25% of diethylene glycol (DEG), the spherical-
shaped a-NaYF :Yb*/Er**/PVP/MIL-100 and a-NaYF4:Yb*'/Er*"/PVP/
ZIF-8 multilayer nanocrystals were successfully prepared with the sizes of
300-500 nm at 100°C for one hour. Under a 976 nm laser excitation at room
temperature, the & -NaYF :Yb*/Er’*/PVP/MIL-100 and o-NaYF :Yb**/
Er**/PVP/ZIF-8 multilayer nanocrystals exhibited strong up-conversion
luminescence with three emission bands centered at around 520 nm, 540
nm, and 655 nm corresponding to *H S, — 1, and ‘F , —“1
transitions of Er** ions, respectively.
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Introduction

Metal-organic frameworks (MOFs)
are considered as the new classes of
hybrid porous materials assembled with
metal cations and organic ligands. Due
to their unique physical and chemical
characteristics, they have been widely
investigated for various applications such
as biosensors, gas storage, catalysis, and
separation, etc. [1-5]. Particularly, MOFs
based on iron (IIT) carboxylate materials
(MIL-100) and/or zeolitic imidazolate
framework (ZIF-8) have recently
attracted a great deal of attention owing
to their prospective applications in drug
delivery, diagnostics, and therapy of
cancer [6-8].

Recently, rare earth doped NaYF,
nanoparticles (NPs) have been proven
to have excellent near-infrared (NIR)
excited up-conversion luminescence
(UCL) properties, making the new
generation of bio-probes in diagnostics
and therapy of cancer [9-12].
Stimulated by this discovery, many
research groups have been paying
their attention to fabricate and study
UCL@MOFs nanocrystals for applications
in bioimaging, diagnosis, and targeted
drug delivery [13, 14].

In this work, a self-template method
was used to prepare high-quality
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Scheme 1. Schematic

illustration of

—_— ‘ 0-NaYF :RE*/PVP/MIL-100
100°C, 1h
: o-NaYF :RE*/PVP/ZIF-8

ZIF—;;. ;Y‘;

the synthesis

of a-NaYF,:Yb**/Er**/PVP/MOF multilayer nanocrystals.

multilayer nanocrystals, in which PVP-
capped a-NaYF,:Yb*"/Er*" nanospheres
were used as the core, and MIL-100
(or ZIF-8) served as shell layers. It
hypothesized that the spherical shape
of  a-NaYF,:Yb*/Er*/PVP/MIL-100
and a-NaYF:Yb*'/Er*"/PVP/ZIF-8
multilayer nanocrystals would exhibit
simultaneously both NIR  optical
property of UCL cores and the unique
property of metal-organic frameworks
(Scheme 1).

Experimental

Materials

Iron (III) chloride hexahydrate
(FeClL-6H,0, 99.0%), Zinc nitrate
tetrahydrate (Zn(NO,),.4H,0,
98.5%), Trimesic acid (H,BTC),
Dimethylformamide (DMF, 99.5%),
3-Methylimidazole (3-MeIM, C,HN,),
Diethylene glycol (DEG), Sodium
acetate  (CH,COONa), Ammonium

fluoride (NH,F), Rare-earth chlorides
(RECL.6H,O, RE™:Y*, Yb*, Er®),
polyvinylpyrrolidone (PVP, Mw
~20,000), and hydrogen chloride
solution were purchased from Merck
and Sigma-Aldrich. All the chemicals
were of analytical grade.

Synthesis of PVP-capped
a-NaYF ;Yb'/Er** nanospheres

The PVP-capped a-NaYF,:Yb**/Er**
nanospheres were synthesized according
to our previous report [15] as follows:

Firstly, three solutions of YCI,.6H,0,
YbCl,.6H,0,and ErCl,.6H,O were mixed

£ Vietnam Journal of Science,
£ Technology and Engineering

by magnetic stirring for one hour (Y*/
Yb**/Er** molar ratio of 79/19/2). Then,
the solution of CH,COONa dissolved
in DEG was slowly added while being
stirred for 30 minutes to obtain solution
A. Simultaneously, a solution containing
NH,F was dissolved in DEG and slowly
added to the solution A, then stirred until
a homogeneous mixture was obtained.
The resulting homogeneous mixture was
poured into a 100 ml Teflon vessel and
heated up at a temperature of 120°C for
two hours in the argon atmosphere under
vigorous magnetic stirring, and then
cooled down to room temperature by ice
water. The samples of a-NaYF_Yb*/
Er** nanopowders were cleaned by
centrifugation with deionized water and
isopropanol and dried at 70°C in air.

After that, the a-NaYF,Yb’/Er’*
nanopowders were re-dissolved into
10 ml HCI (0.1 M) solution, washed
three times by ultrasonic treatment and
centrifugation. The products of 0.1 g
0-NaYF,:Yb*/Er*" nanoparticles were
dissolved in 10 ml ethanol solution
containing 0.5 g of PVP (M =20000)
and vigorously stirred to obtain the
homogeneous solution of PVP-capped
a-NaYF,:Yb*/Er*" nanospheres.

Synthesis of a-NaYF ;Yb*/Er*/
PVP/MOF multilayer nanocrystals

Firstly, the mother solution B was
prepared for the secondary growth to
form a thick MIL-100 and ZIF-8 layers
as follows:

- Mix the solution of 0.05 g of
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FeCl,-6H,0 and 0.04 g of H,BTC into
20 ml solution containing 75% of DMF
and 25% of DEG under stirring at 25°C
for one hour (with MIL-100 layer).

- Mix the solution of 02 g
of Zn(NO,),4H,0 and 03 g
3-Methylimidazole (3-MeIM) into 20
ml solution containing 75% of ethanol
(EtOH) and 25% of DEG under stirring
at 25°C for one hour (with ZIF-8 layer).

After that, 10 ml of the prepared
solution of PVP-capped a-NaYF,:Yb*"/
Er*" nanospheres was dropped into the
mother solution B and gently stirred
at room temperature for one hour to
obtain the homogeneous solution C. The
homogeneous solution C was heated
up at 100°C for one hour in the argon
atmosphere under vigorous magnetic
stirring and cooled down to room
temperature by ice water.

Finally, the obtained products of
0-NaYF :Yb*/Er*/PVP/MOF multilayer
nanocrystals were cleaned three times
with ethanol by centrifugation to remove
redundant iron ions and acid, and then
dried at 70°C for 24 hours.

Instrumentation

The crystalline phase structure was
determined by using a PANalytical
X’Pert Pro diffractometer with Cu K_
radiation (A = 1.54060 A) in the 260 range
of from 5° to 70°. The average grain
size was calculated by using Scherrer’s
formula [16]:

D = kM(P cos0) (1)

where A is the wave length of the X-ray
diffraction, 0 is the diffraction angle
and B is full width at half maximum
(FWHM).

The morphology of the nanocrystals
was investigated by FE-SEM (S-4800,
Hitachi). Fourier transform infrared
spectroscopy (FTIR) analysis was carried
out on the Thermo Nicolet NEXUS
670 FTIR (USA). Up-conversion
luminescence = measurements ~ were
performed at room temperature with a
Jobin-Yvon HR1000 monochromator,
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equipped with a charge-coupled device
(CCD) camera using a 976 nm laser
diode.

Results and discussions

The  a-NaYF,Yb*/Er*/PVP/MOF
multilayer nanocrystals were successfully
synthesized by using the self-template
method at the temperature of 100°C for
one hour. The evolution of the crystalline
phase of o-NaYF,:Yb*/Er’*/PVP/MOF
multilayer nanocrystals compared with
the single crystalline of PVP-capped
0-NaYF,:Yb**/Er’* nanospheres, MOF, and
reference crystallographic data of a-NaYF,
(JCPS No. 77-2042) was confirmed by
XRD measurements (Fig. 1).

With the samples of PVP-capped
o-NaYF :Yb*/Er** nanospheres
(patterns P, and P,), all diffraction
peaks corresponding to pure cubic a
phase of NaYF, (JCPS No. 77-2042)
with a calculated lattice constant are
5.447 A, space group Fm-3m, and Z=4.
Meanwhile, after being mixed with
the mother solution for the secondary
growth to form a thick MOF layer, the
as-synthesized o-NaYF,:Yb*"/Er**/PVP/
MOF multilayer nanocrystals (pattern
P,) have two group peaks which match
the standard cubic NaYF, XRD pattern
(JCPS No. 77-2042) and MIL-100
crystalline phase (marked with “*”,
pattern P,) [17] or amorphous ZIF-8
(pattern P_) [18]. In addition, the average
grain size calculated by using Scherrer’s
formula with all samples is around 45
+ 5 nm, suggesting the formation of
MOF layer onto the surface of the core
0-NaYF,:Yb*/Er*" nanospheres while
maintaining the crystallographic phase
of a-NaYF,:Yb*"/Er* nanospheres.

Figure 2 shows the morphology
of  0-NaYF,_Yb*/Er’/MIL-100  and
0-NaYF :Yb*"/Er*/PVP/ZIF-8 multilayer
nanocrystals obtained at the temperature
of 100°C for one hour. As it is shown in
the inset of Fig. 2A (S), the core of PVP-
capped o-NaYF,:Yb**/Er’* nanospheres
has the size of around 40 nm. After being
mixed with the mother solutions for the
secondary growth to form a thick MOF
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Fig. 1. The normalized XRD patterns of samples: (A) «-NaYF_:Yb**/Er’*/
PVP/MIL-100 multilayer nanocrystals (pattern P,) compared with PVP-capped
a-NaYF,:Yb**/Er** nanospheres (pattern P,) and MIL-100 (pattern P,) and (B)
a-NaYF,:Yb**/Er**/PVP/ZIF-8 multilayer nanocrystals (pattern P,) compared
with PVP-capped a-NaYF,:Yb**/Er** nanospheres (pattern P,) and amorphous
ZIF-8 (pattern P,). The JCPS No. 77-2042 is the reference crystallographic data
of a-NaYF, (JCPS No. 77-2042) and the peaks of MIL-100 are marked with “*”.

Fig. 2. The FE-SEM images of (A) o-NaYF_:Yb*/Er**/MIL-100 and (B)
a-NaYF,:Yb**/Er**/ZIF-8 multilayer nanocrystals prepared by self-template
method at the temperature of 100°C for one hour. The inset S, shows the core
of PVP-capped «-NaYF,:Yb**/Er** nanospheres. The insets S, and S, give the
high-magnification SEM image of the samples «-NaYF,:Yb**/Er**/MIL-100
and «-NaYF,:Yb**/Er**/ZIF-8 multilayer nanocrystals (scale bar: 100 nm).

layer, the a-NaYF,:Yb*/Er**/PVP/MIL-
100 and o-NaYF,:Yb*/Er*/PVP/ZIF-8
multilayer nanocrystals obtained have
the sizes of 300-400 nm (Fig. 2A, S)) and
300-500 nm (Fig. 2B, S,), respectively.
The insets of Fig. 2A (S,) and Fig. 2B
(S,) confirm the core/shell structures
of  a-NaYF,:Yb*/Er*/MIL-100
0-NaYF :Yb**/Er*/ZIF-8
nanocrystals.

and

multilayer

SEPTEMBER 2017 « VOL.59 NUMBER 3

Figure 3 presents the FTIR spectra of
0-NaYF :Yb*/Er*/PVP/MIL-100 (curve
a,) and NaYF,:Yb*/Er**/PVP/ZIF-8 (curve
b)) multilayer nanocrystals compared
with ~ PVP-capped  a-NaYF,:Yb**/Er**
nanospheres (curves a, and b)), MIL-
100 (curve a,) and ZIF-8 (curve b,). The
characteristic infrared (IR ) absorption bands
and the corresponding organic functional
groups of samples a-NaYF,:Yb*/Er’"/
PVP/MIL-100 (NP/MIL100), MIL-100,
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Fig. 3. FTIR spectra of a-NaYF_:Yb*/Er**/PVP/MIL-100 (curve a,) and NaYF_:Yb*'/Er**/PVP/ZIF-8 (curve b,)
multilayer nanocrystals compared with PVP-capped «-NaYF_:Yb**/Er** nanospheres (curves a, and b ), MIL-100

(curve a,), and ZIF-8 (curve b,).

and a-NaYF,:Yb**/Er*" nanospheres (NP),
NaYF :Yb*/Er*/PVP/ZIF-8 (NP@ZIFS),
and ZIF-8 are illustrated in Table 1.

It can be seen in Fig. 3 and Table 1
that the broad absorption peak at around
3430 cm™ corresponding to hydroxyl
groups (-OH) was observed in all samples
(curves a-a, and b-b,). In addition,
comparedtothespectraofa-NaYF,:Yb*"/
Er* (curve a)), the spectrum of MIL-
100 and  o-NaYF_Yb*/Er*/PVP/
MIL-100 multilayer nanocrystals has
adsorption bands which represent for
MIL-100 structure. For example, the
strong vibrational bands at around 1285,
1413, and 1680 cm’ corresponding to
the symmetric -COOH stretching and
interaction between the deprotonated
-COOH and the Fe ion indicate the
growth of MIL-100 crystals on the
surface of the PVP-caped a-NaYF,:Yb*"/
Er*" nanospheres [17]. Especially, in the
MIL-100 and o-NaYF:Yb*/Er*/PVP/
MIL-100 multilayer nanocrystals, we
can observe the weak signal in the range
of 1820-2060 cm™! bands corresponding
to the traces of residual trimesic acid,
which proves that the cleaning process
by using centrifugation with ethanol
is very effective in removing the
residual trimesic acid. Furthermore,
the characteristic peaks of ZIF-8
observed in both of ZIF-8 (curve b,) and
NaYF,:Yb*/Er**/PVP/ZIF-8 (curve b))
samples suggest the existence of ZIF-8
layer on the surface of the PVP-caped
a-NaYF :Yb*/Er*" nanospheres [19].

K3 [EEEEel SEPTEMBER 2017 « VOL.59 NUMBER 3

Table 1. The characteristic IR absorption bands of samples a -NaYF :Yb?**/Er**/
PVP/MIL-100 (NP/MIL100), MIL-100, and a-NaYF:Yb*"/Er** nanospheres
(NP), NaYF4:Yb3*/Er3+/PVP/ZIF-8 (NP@ZIF8), and ZIF-8 [20].

Intensities: vs-very strong; s-strong; m-medium;

Characte‘r istic Functional groups w-weak; vw-very weak
absorptions >
(em) P NP@MIL-100 MIL-100 NP  NP@ZIF8 ZIF-8
3430 —OH groups Vs Vs Vs VS Vs
3068 C-H stretching vw VW - - -
2958, 2925 C—H stretching - w w
2662, 2547 —OH (of DMF) w w -
206105;370’ Residual H,BTC vw VW -
1730 —C=0 stretching - - m m
1680 —COOH stretching Vs Vs -
1630 —C=0 stretching w - S w w
1565 C=C stretching - - m m
1483 Aromatic stretching - - Vs vs
1446 C—H stretching - - m m
1413 —COOH stretching Vs Vs -
1285 —C=0 stretching s Vs -
1228 C—N stretching - - vs vs
1113 C—N stretching - - vs vs
1044 C-N-C stretching - - Vs vs
974 C—N stretching - - s S
938 3(0-H) m m -
842 C-N stretching - - s s
782 —CH m m -
730 C—H stretching m m -
666 C—N stretching - - s S
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Fig. 4. The  comparison of  up-conversion luminescence
spectra of the a-NaYF,:19%Yb?**/2%Er3*/PVP/MIL-100 and

a-NaYF,:19%Yb?**/2%Er**/PVP/ZIF-8 multilayer nanocrystals compared
with the bare core a-NaYF,:19%Yb?*/2%Er** nanoparticles and PVP-caped
o -NaYF,:19%Yb?*/2%Er** nanospheres upon 976 nm excitation at 800 mW.

Table 2. Integrated emission intensity ratio of the red to green regions of the

as-synthesized samples

Sample

I I. /1

Green Red Green' ~ Red

Bare core a-NaYF :Yb’'/Er’" nanoparticles 0.38 2.82 ~0.13
PVP-capped a-NaYF :Yb**/Er** nanospheres  0.38 1.90 ~0.20

. VH3+ + T :
a-NaYF :Yb*'/Er’*/PVP/ZIF-8 multilayer 1.00 1L.82 055
nanocrystals

_ VRt + _ :
a-NaYF :Yb**/Er’**/PVP/MIL-100 multilayer 275 273 ~101

nanocrystals

The up-conversion luminescence spectra
of the a-NaYF_:19%Yb**/2%Er*/PVP/
MIL-100 and o-NaYF,:19%Yb**/2%Er*"/

PVP/ZIF-8 multilayer nanocrystals
compare  with the bare core
0-NaYF,:19%Yb*/2%Er**  nanoparticles

and PVP-caped a-NaYF,:19%Yb**/2%Er**
nanospheres upon 976 nm excitation at 800
mW are showed in Fig. 4.

The results revealed that the
a-NaYF,:1 9%Yb**/2%Er**/PVP/MIL-
100 and o-NaYF,:19%Yb*"/2%Er*"/
PVP/ZIF-8 multilayer nanocrystals had
three emission bands at around 520 nm,
540 nm, and 655 nm corresponding
to 2Hn/z - 4115/2’ 4S3/2 - 4115/2’ and
‘F,, — ‘I, transitions of Er’* ions,

respectively. The integrated intensity of

UCL emission in green and red spectral
regions of as-synthesized samples was
shown in Table 2 with the note that all of
the data shown in Table 2 were obtained
for the same experimental conditions.

The obtained data show that the
total integrated emission intensity of
the NaYF,:19%Yb*"/2%Er*"/PVP/
MIL-100 multilayer nanocrystals is
about 1.94 times higher than that of the
NaYF,:19%Yb**/2%Er**/PVP/ZIF-8
multilayer nanocrystals, and about 1.71
and2.41timeshigherthanthatofthe PVP-
caped 0-NaYF,:Yb*/Er’* nanospheres
and bare core a-NaYF,:2%Er*",19%Yb**
nanoparticles, respectively. Moreover,
when adding the Ilayers of PVP,
PVP/ZIF-8 or PVP/MIL-100, the

SEPTEMBER 2017 « VOL.59 NUMBER 3

integrated intensity ratio of green to
red emissions increased from 0.13 to
1.01. This suggests that the efficiency
of the up-conversion increases when
increasing the particle size of bare
core  a-NaYF,:19%Yb*"/2%Er*
nanoparticles, PVP-caped
a-NaYF,:19%Yb*"/2%Er** nanospheres,
a-NaYF,:19%Yb**/2%Er**/PVP/MIL-
100, and o-NaYF,:19%Yb*"/2%Er*/
PVP/ZIF-8 multilayer nanocrystals [21].
The increase in the efficiency of the up-
conversion could be speculated due to
the porous structure of MIL-100 shells.
This leads to the limitation of transferring
photo-generated electron—hole pairs in
the o- NaYF,:19%Yb**/2%Er*"/PVP/
MIL-100 multilayer nanocrystals.

Conclusions

In summary, a self-template method
was utilized to prepare high-quality
NaYF,:19%Yb**/2%Er’**/PVP/MIL-
100 and 0-NaYF,:19%Yb*"/2%Er*/
PVP/ZIF-8 multilayer nanocrystals.
The UCL spectra studies demonstrated
that the integrated intensity ratio of
green to red emissions increased from
0.13 to 1.01 when adding the layers of
PVP, PVP/ZIF-8 or PVP/MIL-100 on
the surface of the a-NaYF,Yb*/Er*
nanoparticles. This suggests that the
efficiency of the up-conversion increases
due to the decrease in contribution
of the non-radiative processes when
an increase in particle size affects the
bare core a-NaYF,:19%Yb*/2%Er*
nanoparticles, PVP-caped
a-NaYF :19%Yb*"/2%Er** nanospheres,
a-NaYF,:19%Yb**/2%Er**/PVP/MIL-
100, and o-NaYF,:19%Yb*"/2%Er*"/
PVP/ZIF-8 multilayer nanocrystals.
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Effects of ENSO on the intraseasonal
oscillations of sea surface temperature

and wind speed along Vietnam’s coastal areas
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Abstract:

Our study applied the Ensemble
Empirical Mode Decomposition
(EEMD) method to analyze
intraseasonal variability (ISV) of
sea surface temperature (SST)

and wind speed using a 22-year
monitoring data set from 10 coastal
stations. Results show that the El
Niifio and Southern Oscillation
(ENSO) significantly affected the ISO
Quasi-Biennial Oscillation (QBWO)
10-20 day periods and Madden-
Julian Oscillation (MJO) 30-60 day
periods of SST and wind speed at the
coastal stations. As seen with MJO,
the effects of ENSO on SST tend to
increase from the north to south,
whereas its impact on wind speed
decreases from the north to south of
Vietnam’s coastal areas. In contrast,
with QBWO, the effect of ENSO on
SST reduces moving from the north
to south, whereas its impact on wind
speed increases from the north to
south of Vietnam’s coastal areas.

Keywords: EEMD, El Niiio, ENSO,
ISV, SST.
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Introduction

The hydro-meteorological time
series data collected around the world
and most specifically collected at the
South China Sea particularly contains
the high to low-frequency signals, or
from synop to interannual periods.
These oscillation signals are due to the
influences of processes varying from a
planetary to regional scale, including:
Seasonal oscillation with the monsoon
(3-6 months), QBO (20-30 months),
ENSO (3-5 years), Pacific Decadal
Oscillation (PDO) (10-11 years), and
others. ISO is the bridge between the
synop scale and the seasonal scale, and
directly affects the weather and climate
in the region. Previous studies have
shown that the South China Sea has two
local ISOs including a 10-20-day period
QBWO and a 30-60 day period MJO [1-
5]

The ENSO is an
phenomenon found on a global scale
covering a period of 3-5 years. This
oscillation significantly affects the large-
scale circulations and others that are
smaller scale, such as ISV, and seasonal
oscillation; which, in turn, affects climate
and weather in the region, including in
the South China Sea. So far, the effect of
ENSO on ISV is still an ongoing debate.
Some studies suggested that the phases
of ISV or MJO are strongly related to

oscillation
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the warm phases of ENSO (El Niiflo)
[6, 7], but other studies have found no
significant relationship between MJO
and ENSO [8, 9]. However, most of
the studies show a common agreement
that the main effect of ENSO on ISV
is limited to areas of the Pacific Ocean,
while MJO tends to operate in the
Central Pacific and does not operate in
the Western Pacific Ocean during the
warm phases of the ENSO [10, 11]. D.E.
Waliser, et al. (1999) suggested that ISV
is very sensitive to small changes from
SST and the author also suggested that
ISO may be related to ENSO [9]. Wen
Zhou, et al. (2005) suggested that in the
warm phase of ENSO, MJO switches
to activate in the Central and Eastern
Pacific, and is not active in the Indian
Ocean nor the South China Sea. In the
cold phases of ENSO, MJO is active in
the South China Sea, but the author also
noted that this hypothesis needs further
study [12].

Thus, although a lot of studies on the
ISV and its interactions with large-scale
global oscillations have been conducted,
the study of ISV in coastal areas of
Vietnam is still very limited, especially
studies using measured data from coastal
stations.

This paper aims to study the ISV of
marine hydro meteorological factors and
its interaction with ENSO. To do that,
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we applied EEMD method to analyze
ISV of SST and wind speed in Vietnam’s
coastal areas using a 22-year data set
from ten coastal stations.

Method and data

Empirical Mode Decomposition
(EMD) is a new and useful method used
to separate and analyze a time series of
data, particularly non-linear and non-
stationary data. EMD decomposes data
into different frequencies (from high to
low) and different amplitudes. The data
is analyzed based on characteristics of
the data itself (adaptive analysis), which
does not depend on the choices of the
user [13].

From a time series X(t), through the
filtering process (sifting process), EMD
decomposes X(t) into a finite number of
intrinsic mode functions (IMFs):

X()= 3 IME +r (1)

where: IMF, represents mode i”, and r
is the residual of the data X(t), which is
then referred to the trend of data, and 7 is
the number of IMFs, which depends on
the length of data.

In order to apply EMD for
decomposing data, the input data has
to satisfy three conditions: (i) The
signal must have at least two extremes,
including one maximum and one
minimum; (ii) The time scales must be
determined for the time interval between
two extreme points; and (iii) If the data
does not have extreme values, only the
bending point is recorded for the extreme
values to be determined by taking their
derivatives. The major steps of the EMD
method are as follows:

1) Identify all extremes, connecting
the high peak points by an upper
boundary and the low peak points by a
lower boundary, and then calculate the
mean values of the upper and lower
boundaries to get an average of mj(t).

§ Vietnam Journal of Science,
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2) Subtract the original data from
m(t), we get the first component of the
sifting process /1 (2):

h@® = X0 - m,) 2

3) Assign h (1) to a new time series,
and step 1, step 2 is repeated:

hg(t) = h](t) - mg(t)

hk(t) = hk,1(t) - mk(t)

The iteraction process only stops
when the Cauchy Convergence Criterion
is satisfied [14]:

SD, = ZzT:o|hk—1 (t) —h (tlz 3)
27:1 hlf—l

In which, h, is the sifting result in
the k" interaction, if SD, is smaller
than a given value (usually about 0.2-
0.3), thus the filtering process can be
stopped because the IMF has brought
full physical meaning. The highest
frequency of the c,(z)-component will be
assigned using /1j(?):

e = h) (4)

4) After the IMF component has the
highest frequency value extracted-c,(2),
the rest of the data is then determined:

r(M =X - c(1) )

5) The remaining data-r (¢) continues
to be used to extract IMF components
with lower frequencies. When (1)
becomes a monotonic function, or a
function that has only one extreme, no
IMF component is extracted further, and
the decomposition stops. Finally the data
is decomposed into the form (1).

However, the EMD method has a
limitation that is the mixed frequencies
problem (or mode mixing). That is, there
is more than one frequency that exists in
an IMF, or a frequency is present in two
different IMF functions. This will lead
to false results for the physical nature of
each IMF received.

The EEMD method was improved
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by Z.H. Wu and N.E. Huang (2009)
using EMD to rectify the mode-mixing
problem. Accordingly, the original
data was added to a white noise series
(Gaussian noise) with finite amplitude.
Then, the data is decomposed into IMFs
using the EMD method for new time
series. The IMFs received from the
EEMD method significantly reduced the
mode-mixing phenomena [14]. Usually,
the amplitude of white noise at 0.2-
0.4 times the standard deviation of the
original data and number of repetitions
of the filtering process is several hundred
times.

The steps of the EEMD method are
as follows:

i) Add a white noise series to the
original data

ii) Decompose the data with added
white noise into IMFs by EMD

iii) Repeat steps 1 and 2 as many
times as is required until the envelopes
are symmetric with respect to zero (note
that each time a different white noise
series is added)

iv) Obtain the ensemble means
of the corresponding IMFs of the
decompositions as the final result.

To determine the average period
of each IMF, the following formula is
proposed [1]:

ACk = n/Peaksk

In which, Ac, is the average period of
k" IMF, n is the sample size or the length
of original data. Peaks, is the number of
local extreme peak values of the k™ IMF.,

SST and wind speed data have
been measured at Vietnamese coastal
stations from since the mid-20th century.
However, until 1993, data measured
synchronization was continuous and
comprehensive. After analysis and
quality assessment of data, SST and wind
speed observed from 1993 to 2015 at 10
stations are used in the study, including:
Bai Chay, Hon Dau, Hon Ngu, Con Co,



Son Tra, Quy Nhon, Phu Quy, Vung Tau,
Con Dao, and Phu Quoc.

Nifio Index (ONI) is
obtained from the National Oceanic and
Atmospheric Administration (NOAA)
[15]. ONI is running 3-month means of
the SST anomaly across the Nifio 3.4
area (5°N-5°S, 120°E-170°W). It is a
standard that NOAA uses to determine
the El Nifio (warm phase) and La Nina
(cold phase) in the tropical Pacific
region.

Oceanic

Result and discussion
Determine ENSO winter events

The El Nifio and La Nina events
are determined from the ONI. A ENSO
event occurs when ONI exceeds or
equals the threshold of £ 0.5 in five
consecutive months. The years in which
ONI is greater than or equal to 0.5 is an
El Nifio year, and the years in which
ONI is less than or equal to -0.5 is a La
Nina year. ENSO winters are the years
that ENSO occurs in winter (months 12,
1, and 2). December is the month of the
previous year and January and February
are the months of the following year.
The neutral years are the years that
ENSO does not occur throughout the
year (Table 1).

There are seven El Nifio winter
events, seven La Nina winter events and
nine neutral years.

Decompose SST and wind speed
data of coastal stations

Decomposition by EEMD shows that,
there are 13 components decomposed, in
which intraseasonal oscillations is IMF4,
IMF5 and IMF6 components (Table 2).
IMF4 component is QBWD oscillation
(10-20 days period). IMFs components
have frequencies close together is IMF5
and IMF6 be combined into a single
component to make sure of the physical
meaning of the oscillation [14]. Taking
the average of the IMF5 and IMF6, we
obtained a 30-60 days period oscillation,
called an MJO.
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Table 1. The ENSO years and neutral years.

ENSO Winter
No El Niio La Nina Neutral
El Nifio La Nina
1 1994 1995 1994 1995 1993
2 1997 1998 1997 1998 1996
3 2002 1999 2002 1999 2001
4 2004 2000 2004 2000 2003
5 2006 2007 2006 2007 2005
6 2009 2010 2009 2010 2008
7 2015 2011 2015 2011 2012
8 2013
9 2014
Total 7 7 7 7 9
Table 2. ISV of SST and wind speed (ws).
IMF4 IMF5 IMF6
Station/IMF
ws SST ws SST ws SST
Bai Chay 14 16 27 30 41 67
Hon Dau 14 15 27 31 50 65
Hon Ngu 14 16 29 31 55 47
Con Co 15 15 29 32 48 53
Son Tra 14 16 27 31 56 70
Quy Nhon 14 17 23 32 48 63
Phu Quy 17 16 33 33 57 55
Vung Tau 14 16 30 35 49 68
Con Bao 16 16 33 32 66 48
Phu Quoc 15 16 21 34 53 38
Unit: days.

From here, ISV of SST in 10-20 days
period is presented as SST QBWO; ISV
of SST in 30-60 days period is presented
as SST MJO; similarly for wind speed is
WS QBWO and WS MJO.

Assessing the effect of ENSO to ISV
Correlation between ENSO and ISV:

Using lead/lag correlation analysis
(SST Niflo had a 3.4 lead of 60 months
longer than ISV) between interannual
variation (IAV) of SST Nifio 3.4 and
interannual variation of ISV, results
show that at the time of ENSO activity
(zero time), the effects of ENSO on ISV
were not significant in most stations with
low correlation coefficients (from -0.2 to
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0.3). However, at the time of SST Nifio
3.4 lead 40-50 months than ISV, the
correlation between SST Nifio 3.4 and
ISV is significant at most stations (Fig.
1A, 1B, 1C, 1D, and Table 3):

- The TAV of SST Nifio 3.4 has a
negative correlation with the TAV of
SST-QBWO (from -0.1 to -0.6) and have
a positive correlation with IAV of SST-
MJO (from 0.2 to 0.7) in at most of the
stations.

- IAV of SST Nifio 3.4 has a negative
correlation with TAV of WS-QBWO
(from -0.3 to -0.6) and has a negative
correlation with TAV of WS-MJO (from
-0.4 to -0.7) at most of the stations.

#Vietnam Journal of Science,

i Technology and Engineering



m ENVIRONMENTAL SCIENCES | CLIMATOLOGY

mBC EHD

=]
)

-ﬁ

Correlation Coefficient

o .J_Ill__lﬂ I_Ilunrl1l_m“ P~y T,, -
|

cc BEST

|I] woll il lehll. |n||.

| QN mPQ |vT

L

BCD mPQU

J Jad

40 50 60

mPQU

lﬂ‘l HJ In

40 50 60
mCD mPQU

i Min H—. -]
40 50 60
mCP mPQuU

-60 -50 40 30 20 10 0 10 20 30
Lag time (month)
A)
100 mBC mHD mHN mce msT man mrFa uvT
éo,sa
ED.DU m I_lrr'_' _.rr‘_l ..lI-,—r\ J.__r” nn .I i_
AN Nt i L e i T
T 050
g
800
60 -50 40 -30 -20 -10 0 10 20 30
Lag time (month)
(B)
100 B850 BHD HN mcc msT man mra |vT
Lk |
E ml M- Jﬂ I'H-Il-l 2 | Iﬂ n _IT_-L FJ.‘
S0 L o e ' e L
g0
[
8100
60 -50 20 30 -20 -10 0 10 20 30
Lag time (month)
©)
100 msg mHD mHN mce msT man mra uvT
050 l H_‘
M R | .ﬂll;]-ﬂhl.;Llﬂllﬂl. ..Hl.. o il

Correlation Coefficient

-60 -50 40

Ik 1f'1|1 L M

-30 -20 -10 [} 10 20 30
Lag time (month)

(D)

Ll

40 50 60

Fig. 1. The lead/lag correlation coefficient between the IAV of SST Nifio 3.4
and the IAV of ISV. (A) 1AV of SST Nifio 3.4 and SST-QBWO; (B) IAV of SST
Nifio 3.4 and SST-MJO; (C) IAV of SST Nifio 3.4 and wind speeds QBWO; (D)

IAV of SST Nifio 3.4

and WS-MJO.

Table 3. The correlation coefficient between the 1AV of SST Nifo 3.4 and the
1AV of ISV at the time of SST Nifio 3.4 lead 40-50 months than ISV (the 95%
statistically significant correlation coefficient is marked by*).

Periods
Stations 10-25 days 30-60 days
SST WS SST WS
Bai Chay -0.58%* -0.09 0.31% -0.33*
Hon Dau -0.42% -0.14* -0.57* -0.25%
Hon Ngu -0.48* -0.17* 0.19% -0.66*
Con Co -0.3* 0.18* -0.47* 0.56*
Son Tra -0.33* -0.01 0.41* -0.47*
Quy Nhon -0.52% -0.14* 0.28* -0.18%
Phu Quy 0.3* -0.01 0.64* -0.22%
Vung Tau -0.12 -0.6* 0.65* 0.70*
Con Pao 0.04 0.27* 0.68* 0.03
Phu Quoc 0.49* 0.21* 0.65* -0.08
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The average of the absolute value of
the correlation coefficient between 1AV
of SST Nifio 3.4 and IAV of ISV was
calculated and presented in Table 4.

Table 4. The average of the absolute
value of the correlation coefficient
between IAV of SST Nifo 3.4 and
IAV of ISV.

IAV of ISO/ Northern Central Southern
stations stations stations stations

SST-QBWO 0.49 0.36 0.21

WS-QBWO 0.13 0.08 0.36
SST-MJO 0.35 0.45 0.66
WS-MJO 0.41 0.35 0.27

From Table 4, we could see that
the effects of ENSO on SST-QBWO
decrease from north to south, while
the effects of ENSO on WS-QBWO
at southern stations are higher than
northern stations. In contrast, the
effects of ENSO on SST-MJO increase
from north to south, and the effects of
ENSO on WS-MJO decrease from north
to south, and this may be due to the
influence of terrain and shoreline shape.
In the following section, we assess the
different levels of effect of ENSO to ISO
from SST and wind speed in the El Nifio
and La Nina phases.

Effects of ENSO to ISV of SST and
wind speed in EI Nifio and La Nina:

In order to research the changes of
ISV on El Nifio and La Nina conditions,
multi-year monthly means of ISV over
all stations were calculated over a full
time period of 1993-2015 and for the
El Nifio and La Nina years. The result
showed that SST-QBWO had phase
transitions in mid-October when winter
monsoons prevailed in the South China
Sea. In the La Nina condition, SST-
QBWO obtained positive values for the
winter, with a peak in December; and
negative values in the spring and fall,
with a peak in July and an increasing
trend held until the end of October (phase
two). Under El Nifio conditions, SST-
QBWO changed the opposite with low



ENVIRONMENTAL SCIENCES | CLIMATOLOGY m

Mean (1993-2015)
+avannnsElNifio

SST(oC)

SST (0C)

Time (month)

©

Time (month)

(B)

Mean (1993-2015)
........ £l Nifio
—%—LaNina

Time (month)

(D)

Fig. 2. Fluctuation of multi year monthly mean of ISV across all stations in a
full time period 1993-2015 and El Nifio, La Nina years. (A) SST QBWO, (B)

SST MJO, (C) WS QBWO, (D) WS MJO.
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Fig. 3. Fluctuation difference value of SST ISO between ENSO winter and
neutral winter at each stations. (A) SST QBWO between El Nifio and neutral
winter years, (B) SST QBWO between La Nina and neutral winter years, (C)
SST MJO between EI Nifio and neutral winter years, (D) SST MJO between La

Nina and neutral winter years.

peaks in December and was enhanced
from January to September (Fig. 2A).
WS-QBWO had phase transitions in
February and September, when winter
and summer monsoons began reducing.
In La Nina condition, WS-QBWO
obtained positive values in spring and
summer with the high peak in May, and
the obtained negative values in fall and
winter at a low peak in December. In El

Nifio condition, WS-QBWO changed
opposite with negative values from
January to October. The amplitude of
WS-QBWO in the winter less than in
summer and in El Nifio condition less
than La Nina condition (Fig. 2C).

In Neutral and La Nina conditions,
SST-MJO obtained negative values
across a full year. In all conditions, SST-
MJO has a decreasing trend throughout
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the year. The SST-MJO value for La
Nina was strong, and more steadily
decreasing than El Niflo and Neutral
conditions (Fig. 2B). ENSO has not
significant effect to WS-MJO from
January to the end June when WS-MJO-
less change. WS-MJO only changes
from July to December. The amplitude
of WS-MJO in El Nifio condition is less
than La Nina condition (Fig. 2D).

Thus, ENSO’s effect on SST-ISV was
more significant than WS-ISV. There is
the opposite phase of the effect of ENSO
to SST-QBWO and WS-QBWO during
El Nifio and La Nina conditions.

The effect of ENSO to ISV from SST
and wind speed in ENSO winter years:

Calculation was conducted to find the
difference of ISV values between ENSO
winter and neutral winter months at each
station. Fluctuation of this difference
showed that, there were four QBWO
and two MJO occurrences in the three
months of winter (Fig. 3). The next step
was to calculate the standard deviation
of the above differences. This standard
deviation values reflect the amplitude
of ISV during ENSO winter years. The
standard deviation of the difference
of SST-QBWO obtained high values
at Hon Dau, Con Dao, Quy Nhon, and
the lowest at Vung Tau (Fig. 4A). The
standard deviation of the differences
of SST-MJO decrease from northern
stations to southern stations. Almost all
stations had fluctuations of SST-MJO
in La Nina winter months greater than
in El Nino winter months (Fig. 4B).
The standard deviation values of WS-
QBWO at Son Tra, Quy Nhon, and Vung
Tau stations were lower than the remain
stations. Specially, Phu Quy station had
the highest value (Fig. 4C). The standard
deviation value of WS-MJO was highest
at Phu Quy too (Fig. 4D). This due to
Phu Quy Island is located in the sea area
with strong winds stress compared to
other stations.

Conclusions
ENSO’s effects are significant to the

#Vietnam Journal of Science,

£ Technology and Engineering



m ENVIRONMENTAL SCIENCES | CLIMATOLOGY

e
&

E El-Ne

B La-Ne

Standard deviation
o o o o o©o
O R -

o

cc ST QN

Stations

BC HD HN

(A)

07

0.6 EEEl-Ne ElLa-Ne

Standard deviation

cc ST QN

Stations

BC HD HN

©

o
o

0.45

ion
=
=y

0.35

.:,,:.:,
e

0.15

Standard deviat

=
o 2
& o

(=}

PQu BC HD

BEI-Ne Bla-Ne

bl e
S w

Standard deviation
=

PQu 0

cD

PQ VT

HN

B El-MNe

B La-Ne

cc ST QN PQ VT cb Pau
Stations
(B)

(D)

Fig. 4. The standard deviation of difference between SST ISV, WS ISV in ENSO winter and neutral winter at each
stations. (A) SST QBWO in El Nifio winter year, (B) SST MJO in La Nina winter year, (C) WS QBWO in El Nifio winter
year, (D) WS MJO; El-Ne is difference between EI Nifio and neutral year; La-Ne is difference between La Nina and

neutral year.

intra-seasonal oscillation of SST and
wind speed at the coastal stations in both
the QBWO and the MJO. The effect of
ENSO on SST-MJO tends to increase
from north to south, while the effect of
ENSO on WS-MJO tends to decrease
from north to south. The effect of ENSO
on SST-QBWO decreases from north to
south, and the effect of ENSO on WS-
QBWO at the southern stations are
higher than that of the northern stations.
ENSO effects aresignificant to SST-ISO
than WS-ISO. There are the opposite
phases of the effect of ENSO on SST-
QBWO and WS-QBWO during El Nifio
and La Nina conditions. There are four
QBWO and two MJO occurrences in the
three months of winter every year.
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Abstract:

Currently, there are various standards and guidelines

to calculate product carbon footprints in the world

such as the Greenhouse Gas (GHG) Protocol of the

World Resources Institute/World Business Council for
Sustainable Development (WRI/WBCSD), ISO 14067, and
PAS 2050. Most of the studies on carbon footprints of rice
production adopt the ISO Life Cycle Assessment (LCA)
method while very few studies apply PAS 2050 and the
Greenhouse Gas Protocol Agricultural Guidance of WRI/
WBCSD. However, the above standards and guidelines do
not provide a separate methodology for calculating carbon
footprints of rice production. From that perspective,

this research paper has developed a methodology to
calculate the carbon footprints of rice production from
the upstream processes, rice production process to post-
farm stage. However, several sources of GHG emissions
during the life cycle of rice have not been included in this
methodological framework due to either the lack of data
or complicated calculation methods.

Keywords: product life cycle, rice carbon footprints.
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Introduction

The term “carbon footprint” is derived as an integral part
of the “ecological footprint™', whereby “carbon footprint” is
understood as the land area that absorbs the amount of CO,
emitted by the humans during their lifetime. However, as
climate change has gradually become a global challenge, the
concept of “carbon footprint” has developed independently
and in a different form from its origin [1] and defined as “the
quantity of GHGs expressed in terms of CO,-equivalent (CO,e),
emitted into the atmosphere by an individual, organization,
process, product, or event from within a specified boundary”
[2]. In addition, ISO 14040 defines that carbon footprint is the
total amount of CO, and other GHGs (e.g., methane, nitrous
oxide, etc.) emitted during the life cycle of the product.

The scope of the carbon footprint depends on the range of
activities to be taken into account, including Tier 1 (on-site
emissions), Tier 2 (emissions embodied in purchased energy),
and Tier 3 (all other indirect emissions not covered under Tier
2) [3-5]. The choice of direct and indirect emissions is also
incompatible with the different studies. In most cases, the
inclusion of all indirect emissions is very complex; therefore,
many studies on carbon footprint calculate only direct
emissions or indirect emissions in Tier 2 [4, 6, 7]. However,
indirect emissions can account for most of the carbon footprints
of many activities.

Carbon footprint calculations can be carried out based
on a product-based approach or an activity-based approach,
i.e. GHG emissions from activities of individuals, groups
or organizations. The carbon footprints of activities are the
annual GHG emission inventories of individuals, groups,
organizations, companies, and governments. One of the
guidelines for calculating the carbon footprints of activities
is IPCC Guidelines for National Greenhouse Gas Inventories
[8]. The product carbon footprint (PCF) refers to the life
cycle assessment of the whole/part of the product or service

'Ecological footprint refers to the biologically productive land and sea
area required to sustain a given human population expressed as global
hectares.
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life cycle. Since 2009, government agencies and international
organizations have made significant strides in developing
standards and guidelines for calculating PCF [9]. At present,
three PCF calculation guidelines are universally accepted,
including PAS 2050 of the British Standards Institute (BSI),
the GHG Protocol of the WRI/WBCSD, and ISO 14067. All
the three standards are based on the LCA method specified in
ISO 14040 and ISO 14044.

Methodological framework for calculating carbon footprint

The methodology of this study is based on the reference
to the GHG Protocol Agricultural Guidance of WRI/WBCSD,
the IPCC Guidelines for National Greenhouse Gas Inventories
in 2006 (GL 2006), the Good Practice Guidance for Land
Use, Land Use Change and Forestry (GPG LULUCF 2003),
the Good Practice Guidance and Uncertainty Management in
National GHG Inventories (GPG 2000), and other relevant
studies. The calculation process of carbon footprints of rice
production consists of five steps:

Step 1: Select the GHGs under the regulation of the Kyoto
Protocol.

Step 2: Determine the scope of calculation: GHG emissions
from upstream processes (production of electricity, fertilizer,
lime and pesticides); rice production (rice cultivation, land
use change, operation of agricultural machinery, groundwater
extraction, fertilizer and lime use), and post-production of rice
(straw burning on the farms).

Step 3: Collect activity data.

The activity data can usually be obtained from existing data
such as bills, electricity meters, production records, and land
registration records, etc. In general, data on energy purchase
and production can commonly be collected with high quality.
On the contrary, it is difficult to collect reliable data on land
management and land use change [3].

Step 4: Calculate carbon footprint.
a) Calculate GHG emissions/removals

Specific calculation formulas will be presented in more
detail later in the section “Calculation of GHG emissions and
removals in the life cycle of rice”.

b) Calculate carbon footprint

Global warming potential (GWP) of all tiers is calculated
individually using the conversion factor of IPCC (2007). The
formula for calculating GWP of tier, (i= 1, 2 or 3) is as follows:

GWP (tier,) = emission/removal of CH, x 25 + emission/
removal of N,O x 298 + emission/removal of CO,

where:
GWP is in kg CO,e/ha.

The carbon footprint is calculated by summing the GWP of
all tiers and its unit can be presented as spatial or yield-scaled
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carbon footprints, which are calculated as follows:
3
CF,= ) [GWP(tier;)]
2

CF,

Ch = Grain yield

y

where:
CF_: Spatial carbon footprint (kg CO,e/ha)
CF: Yield-scaled carbon footprint (kg CO e/yield).

This study will use carbon footprint by yield, i.e. kgCO_e/
kg rice.

Step 5: Analysis of uncertainty (optional).

Two reasons for the uncertainty of the calculation results
are the uncertainty of the model and of the data. The results of
GHG emission calculation cannot avoid the uncertainty.

Calculation of GHG emissions and removals in the life cycle
of rice

GHG emissions from the production of inputs for rice
cultivation

CO, emissions firom electricity generation for rice
cultivation:

Emissions from the burning of fossil fuels such as diesel and
natural gas during the operation of agricultural machinery are
direct emissions. Meanwhile, emissions from the generation
of electricity used in the operation of agricultural machinery
are indirect due to the burning of fossil fuels during electricity
production. GHG emissions from electricity generation for
rice cultivation are calculated according to the formula given
below:

GHG emissions = electricity consumption * EF _ (1)
gri
where:

GHG emissions =
generation (tCO,e)

GHG emissions from electricity

Electricity consumption = Amount of consumed electricity
for the operation of agricultural machinery (MWh)

EF,; = Emission Factor = 0.6612 tCO,/MWh (According
to Decision No. 605/KTTVBDKH-GSPT of the Department of
Climate Change dated 19 May 2016 on emission factor (EF) of
Viet Nam’s electrical grid, 2014).

GHG emissions from the production of fertilizers and lime:

GHG emissions from fertilizer production depend on
different production technologies and energy sources [10, 11].
This analysis includes emissions from three main nutrients
(N, P, K) and agricultural lime (CaCO,). CO, emissions
from the production of the above substances are attributable
to the use of energy during production and transportation. In



order to calculate indirect emissions from the production and
transportation of fertilizers and lime, the mean emission factor
is derived from [12] and multiplied by the amount of fertilizer
application rate using the following formula:

Emissions = application rate * EF
where:

fertilizer/lime (2)

Application rate = amount of fertilizer/lime application rate
per hectare (kg/ha)

rtilizertime — €MIssioN factor for the production of fertilizer
and lime (kg CO,e/kg fertilizer/lime). Kool, et al. (2012) has
provided EF_.. . for N, P, K and lime for global, Western
Europe, Russia and Central Europe, North America, China,
India and the other countries.

GHG emissions from the production of pesticides:

Energy consumption in pesticide production depends on
the composition and the production process employed. The
emission factor of 0.069 kg CO,e/MJ from [13, 14] can be
used to calculate emissions from pesticide production. If all
electricity used to produce pesticides is generated from nuclear
or hydropower, which emit less carbon, the above factor will
be 0.049. Where the data on the application rate of pesticide
are available, the CO,e emissions are calculated using the
following formula:

Emissions =Input energy * Application rate * EF pesticides (3)

where:
Input energy = energy used to produce | kg of pesticide
(MJ/kg)

Application rate =the application rate of common pesticides
(kg/ha)

pestcides — emission factor of energy for the production of
pesticides (kgCO,e/MJ).
Greenhouse gas emissions from rice cultivation
Methane emissions from rice cultivation:
Based on IPCC (2006), CH, emissions are calculated using
formula (4), where CH, emissions are estimated by multiplying

daily emission factors by means of rice cultivation period and
annual harvest area.

CHy rice = Zi,j,k(EFi,j,k * pjnx Apjr * 10_6) @)
where:
CH = Annual methane emissions from rice cultivation

4 rice

(Gg CH, per year)

EF, = Daily emission factor under i, j, and k conditions (kg
CH,/m’/day)

to = Cultivation period of rice under i, j, and k conditions
(days)

Aijk = Annual harvested area under i, j, and k conditions

ENVIRONMENTAL SCIENCES | CLIMATOLOGY m

(ha/year)

i, j, and k = different ecosystems, water regimes, type and
amount of organic amendments, and other conditions under
which CH, emissions from rice may vary.

Emissions from different regions are adjusted by
multiplying a baseline default emission factor. According to
GPG 2000, the daily emission factor can be calculated using
the following formula:

EF =EF _,SF, . Sij SE L SF (5)
where:

EF. = Adjusted daily emission factor for a particular
harvested area

EF, = Baseline emission factor for continuously flooded
fields without organic amendments

SF, = Scaling factor to account for the differences in water
regime during the cultivation period (continuously flooded = 1,
error range = 0.79-1.26)

Sij = Scaling factor to account for the differences in water
regime in the pre-season before the cultivation period (less
than 30 days = 1.9, error range = 1.65 and 2.18 source)

SF_ = Scaling factor that accounts for differences in both
type and amount of organic amendment applied

SF,_ , = Scaling factor for soil type, rice cultivar, etc.

Emissions increase as the amount of organic material
increases. Formula (6) and the default conversion factor for
farm yard manure present an approach to vary the scaling
factor according to the amount of manure used on the farm
(IPCC, 2007) [15].

SF, = (1+ X, ROA, * CFOA, )09 (6)
where:

SF_ = Scaling factor for both type and amount of organic
amendment applied

ROA. = Rate of application of organic amendment i, in dry
weight of straw and fresh weight for others (tonnes/ha)

CFOA, = Conversion factor for organic amendment i.
According to IPCC (2006) [16], the default conversion factor
for farmyard manure is 0.14 with an error range of 0.07-0.2.

Carbon stock change in the living biomass due to land use
change:

GPG LULUCF classifies the national land into six
categories, i.e. Forest Land, Cropland, Grassland, Wetlands,
Settlements, and Other land and subdivides each of them into
two subcategories on the basis of whether or not land conversion
has been occurred. The GHG emissions and removals in
LULUCEF include the carbon stock changes in living biomass
(aboveground/belowground), litter, and soil. According to the
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assumption of GPG LULUCF 2003, the carbon stock in the
biomass of all land uses is zero after conversion. Formula (7)
is used to calculate the biomass stock change associated with
land use change, except for the conversion from Forest Land
to Cropland:

AC = A (conversion )*[(C -C

Before

+ACGrowth] (7)

After )
where:

AC: Annual change in carbon stocks in living biomass in
land converted from “before” to “after” (tonnes C/yr)
: Annual area of land converted from “before” to

Conversion”

“after” (ha/yr)

C,u. Carbon stocks in biomass immediately after
conversion (tonnes C/ha)
Chuire: Carbon stocks in biomass immediately before

conversion (tonnes C/ha)

AC_ .- Changes in carbon stocks from one year growth of

land “after” (tonnes C/ha).

For the conversion from Forestland to Cropland, the
decrease in carbon in living biomass will be calculated
according to the following formula:

Cross™Lsoodremovats Cuetwood ™ ot tosses ®)
L, oiremovats—H*BCEF *(1+R)*CF [8a]
L, oo FG*D*CF [8b]
L hertosses Adisurbance - By~ (1-fy )*CF [8¢c]

where:

C, ... Annual decrease in carbon stocks due to biomass loss,

tonnes C/yr
CF: Carbon fraction of dry matter (tonnes C/tonne d.m)

R: Ratio of below ground biomass to above ground biomass
(root-to-shoot ratio), dimensionless

BCEF, (= D*BEF)): Biomass conversion and expansion
factor for expansion of annual net increment in volume
(including bark) to aboveground biomass increment (tonnes
d.m/m3), equivalent to basic wood density multiplied by
biomass expansion factor

: Annual carbon loss due to biomass removals

wood-removals

(tonnes C/yr)
: Annual carbon loss due to fuelwood gathering

fuelwood”
(tonnes C/yr)
oher losses: ANNUAL other losses of carbon (tonnes C/yr)

H: Annual wood removals, roundwood (m*/yr)
FG: Annual volume of fuelwood gathering (m*/yr)
BCEF, (= D*BEF): Biomass conversion and expansion

factor for conversion of removals in merchantable volume to
biomass removals (including bark) (tonnes d.m/m?), equivalent
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to basic wood density multiplied by biomass expansion factor
D: Wood density (tonnes d.m/m?)
: Areas affected by disturbances (ha)

disturbance”

B,,: Average annual above-ground biomass of land areas
affected by disturbance (tonnes d.m/ha/yr)

Fy.: Fraction of biomass lost in disturbance.

Formula (9) is used to calculate the emissions from biomass
burning:

L, =A*B*C*D*1 0° 9)
where:

L. : Quantity of GHG released due to fire (tonnes of GHG)

fire”

A: Area burned (ha)
B: Mass of “available” fuel (kg d.m/ha)

C: Combustion efficiency (or fraction of the biomass
combusted), dimensionless

D: Emission factor (g/kg d.m).

Greenhouse gas emissions from on-farm machinery use for
field operation:

In farming, three types of fuel are commonly used,
including diesel, natural gas and electricity. Diesel is used for
rice production and machine operation in the field. Natural
gas and electricity are used more often for farm operations
such as underground water intake, machine maintenance,
and drying. According to IPCC (2006), GHG emissions from
diesel combustion for the operation of agricultural machines
are calculated based on the following formula:

GHG emissions = amount of used fuel * EF, | (10)

According to Table 2.5, p.2.2 of GL 2006, the default
emission factor for stationary emissions of diesel in agriculture
is 74528.8 kg CO,t/TJ.

Greenhouse gas emissions from
groundwater for irrigation:

the extraction of

GHG emissions from irrigation are calculated based
on the energy required for extraction (pumping) and water
application. Irrigation is the primary consumer of energy on
farms especially when pumping is required. Therefore, any
changes in irrigation methods can lead to a change in on-farm
energy consumption. The direct energy inputs are mainly used
for the operation of agricultural machinery and pumps, while
indirect energy inputs refer to energy that is used to produce
equipment and other products and services used on-farm.
When groundwater is used, a lot of energy is required for
pumping water.

CO, emissions from irrigation are calculated based on the
energy needed for extraction and application of water. The
calculation of CO, emissions from water absorption is based



on the assumption that the energy required to extract water
from a surface source is negligible and only the amount of
energy to extract groundwater is calculated. In addition, the
study assumes that water source is in close proximity to the
field and the water is conveyed to the farm by gravity.

The energy used for water extraction is the energy required
to lift 1 m?® of water (1000 kg m®) up to 1 m at 100% efficiency
of 0.0027 kWh [17]. GHG emissions are calculated by
multiplying energy consumption by emission factor.

9.8ms~2+«Lift (m)=Mass (kg)
3.6+10%+Ef ficiency (%)

Energy (kWh) = (11)

where:

Energy = Energy used to extract water from shallow and
deep wells

Lift = Average depth value (m)

Efficiency = Efficiency ranges from 11-30% for electric
pumps and 40-67% for diesel engines

Mass = Amount of groundwater used for irrigation (m?*/
year).

Then the CO, emissions from the use of diesel pumps will
be calculated by taking the amount of energy consumed and
the emission factor of the diesel engine. According to Table
2.5, p.2.2 of IPCC (2006), the default emission factor for
stationary emissions of diesel burning in agriculture is 74528.8
kg CO,Y/TI.

For electric pumps, CO, emissions are calculated by
multiplying the amount of energy consumed by the emission
factor of Vietnam’s electrical grid in 2014 (0.6612 tCO,/MWh).

Greenhouse gas emissions from fertilizer application:

GHG emissions from the application of N, P and K
fertilizers are calculated by multiplying the amount of applied
fertilizer by the emission factor of fertilizer application by type
derived from (12).

Emissions = Application rate *EF (12)

fertilizer application

where:
Emissions = Emission level (CO,e)
Application rate = Amount of applied fertilizer (kg)

EF = Emission factor of fertilizer application (CO,e/kg
fertilizer).

Greenhouse gas emissions from lime application to soil:

Lime is commonly used to manage soil and grasslands
to reduce soil acidity. Lime is commonly applied as crushed
limestone (CaCO,) or crushed dolomite (CaMg(CO,),).
Adding lime to soil leads to CO, emissions as the carbonate
limes dissolve and release bicarbonate (2HCO,), which will
decompose into CO, and water. The CO, emissions from the
dissolution of carbonate rock do not include the emissions
from fossil fuel used to crush, transport, and spread the crushed
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rock on the field. The direct emissions of lime application to
soil is calculated by multiplying the amount of lime application
(kg) by the emission factor of crushed limestone or dolomite.
According to GPG LULUCF (2003), the carbon emission
factor of the crushed limestone is 0.12 (tC/ton) and that of
crushed dolomite is 0.122 (tC/ton). Carbon emissions are
converted to CO, emissions by using the following formula:
CO,e=44/12*C.

GHG emissions from on-farm straw burning:

Straw is the main by-product of rice production. In
recent years, on-farm straw burning has been increasing and
negatively affecting the environment, human health, and
contributing to global climate change. This study assumes that
GHG emissions in post-production of rice are mainly from the
burning of straw on farm. The calculation of GHG emissions
from straw burning is based on the methodology of similar
studies such as Nam, et al. [18], which includes the following
steps:

Step 1: Determine the straw-to-grain ratio

Straw-to-grain ratio is calculated according to the following
formula:

w,
R= (13)

where:

R: Straw-to-grain ratio
W.: Dry weight of straw (kg)
W, : Weight of rice (kg).

According to Le, et al. [19], the rate of on-farm straw
burning in Thai Binh province is respectively 51% and 78.5%
during the winter-spring and autumn-winter season. This is
because in the winter-spring season, farmers often cut the tops
of the rice, and due to high temperature most of the straw is
plowed into the soil, thus significantly reducing the burning
rate. In the autumn-winter season, farmers often cut the rice
from the roots, then dry or burn, and hence the rate of straw
burning is higher.

Step 2: Calculate the amount of straw generated after
harvest

The amount of straw generated per crop is calculated by the
following formula:

Amount of straw generated = Rice yield * Straw/grain ratio (14)
Step 3: Estimate the quantity of burned straw on farm

The quantity of burned straw on the farm is calculated
according to the following formula:

Qst=prka

where:

(15)
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Q,: Quantity of burned straws on farm (tonnes)

Qp: Quantity of rice yield (tonnes)

R: Straw-to-grain ratio

k: Ratio of straw burned on farm to total straw quantity.
Step 4: Calculate GHG emissions from burned straw

GHG emissions from straw burning are calculated by the
following formula:

Ei - Qsl X EFI X Fco

where:

(16)

E.: Emissions of i into the environment due to burning
straw on farm (tonnes)

EF;: Emission factor of i emissions from on-farm straw
burning (g/kg) (based on Gadde, et al. (2009) with E, = 1464;
E.,=34.7,E, =3.1)

F_,: Rate of conversion to gas when burning straw. F, =

0.8 [20].
Conclusions

In conclusion, PAS 2050, the GHG Protocol of WRI/
WBCSD, and ISO 14067 are commonly accepted standards and
guidelines for calculating carbon footprints which are based on
the process approach and LCA as regulated in ISO 14040/44.
Most of the studies in the world have used the LCA method to
calculate carbon footprints during the rice life cycle. Several
studies have used both LCA method of ISO and GHG inventory
guidelines. Very few studies used PAS 2050, the GHG Protocol
Agricultural Guidance of WRI/WBCSD and ISO 14067. The
purpose of the LCA is to assess the environmental impact of the
entire life cycle of products/services; therefore, future studies
should use standards, guidelines for calculating product carbon
footprint. In addition, the above-mentioned guidelines for PCF
calculation have yet to develop a separate methodology for
calculating rice carbon footprints. Therefore, this study has
developed a methodological framework for calculating rice
carbon footprints, from upstream processes, rice production
to post-farm stage. However, there remain sources of GHG
emission in the life cycle of rice that have not been included
in this methodological framework due to either the lack of
input data or complicated calculation methods. They are GHG
emissions from seed production and transportation of materials
to the field, carbon stock changes in litter and soil due to land
use changes, GHG emissions during rice distribution and
consumption, HFC and PFC emissions from air conditioners
and refrigerators, and other emissions apart from burning straw
during the disposal process. These issues need to be further
researched to refine the methodology in the future.
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