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Abstract. In this study, 16 seasonal fly ash samples of municipal solid waste incinerator
(MSWI) were collected from waste-to energy power plant in Can Tho city to analyze the
physical properties and heavy metals content. The results showed that the fly ash samples are
very alkaline with porous and spherical shape, and the particle size of 1 - 100 um. The analytical
results disclosed that in these fly ash samples, the Zn, Pb, Al, Fe and Cr metals were found at
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high content ranging from 0.36 - 19.05 mg/kg; while the toxic metals Ni and Hg are also found
in fly ash, with the content from 0.141 to 0.51 mg/kg. The analysis results by SEM/EDX and
XRF were quite similar to each other (with a difference of below 5 %), indicating that both
techniques can be applied to research heavy metals. In addition, the content of heavy metal
elements in fly ash is not affected by weather conditions due to the closed exhaust gas treatment
system. The findings in this study can guide the management, treatment and reuse of fly ash
from MSWI incineration plants in Viet Nam.
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1. INTRODUCTION

In Asian developing countries, including Viet Nam, trash incinerators seldom remove any
dangerous substances, endanger the health of plant workers and nearby residents, and do not
generate any energy. Moreover, the incineration process is not a final waste treatment stage; the
emission of toxic flue gas and the release of incineration residues must be treated subsequently,
especially for municipal solid waste incineration (MSWI) fly ash. Fly ash has been classified as
hazardous waste because it contains toxic dioxins and various heavy metals such as Cr, Cd, Pb,
Hg, and As [1, 2]. The disposal of fly ash has caused growing concerns regarding the severe
negative impact on the environment and human health [3 - 5].

With the characteristics of spherical structure and superfine particle size, fly ash can
disperse very far. Many studies suggested that fly ash could be dispersed up to several tens of
kilometers [6, 7]. Therefore, several methods have been developed to treat and reduce the hazard
of fly ash, such as glass solidification/stabilization (S/S) technology [8, 9], cementitious [10 -
12], chemical S/S technology [13, 14], and acid extraction technology [15]. For example, Fan et
al. compared the difference between the disposals of MSWI fly ash solidified by cement,
phosphate cement, aluminate cement, and alkaline-activated cement to conclude the
solidification/stabilization mechanism [8]. Fly ash is a hazardous waste that must be stabilized
and then landfilled [16, 17]. This stabilization and landfills are costly and unstraightforward
tasks with complex operations [18, 19]. Hence, identifying the overall characteristics of fly ash
before choosing an adequate solidification or stabilization treatment has great significance. The
general factors must also be considered by researchers who can utilize exploring forward
resource improvement of valuables for MSWI fly ash.

In Viet Nam, the overloaded domestic landfills and outdated technology incinerators lead to
a high risk of environmental pollution and affect public health. The fly ash content of the Can
Tho plant is currently about 3 - 5 %, which is stabilized, collected, and then covered with
tarpaulins and temporarily stored in the warehouse area of the plant [20, 21]. The fly ash, after
harmless treatment, is ultimately transported to the landfill site, leading to an environmental
impact [22].

In Viet Nam, the proportion of metal components in solid waste varies significantly
between localities, from 0.1 - 5.5 % and tends to increase gradually with the increase of
industries [23]. Metals are inorganic substances that are only oxidized without decomposition
during combustion. Therefore, most of the burned metals remains in the form of oxides, and the
heavy parts by weight are dropped to the bottom of the furnace (bottom ash). In contrast, volatile
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metals, such as As, Cd and Hg, are evaporated at furnace temperature (> 850 °C), so they often
appear in flue gas [18].

Studies have found 20 metals in the composition of collected fly ash with mainly heavy
metals such as Cd, Cr, Cu, Pb, Zn and dioxin/furan [8]. Therefore, evaluative, appropriate and
efficient treatment of fly ash for the recycling process is being demanded urgently. This study
aimed to determine the characteristics of fly ash and evaluate its heavy metals content. In
addition, the accuracy and detection of heavy metal content in MSWI fly ash play a vital role in
realizing a high-efficiency treatment process.

2. MATERIALS AND METHODS
2.1. Sample collection

The study focused on sampling fly ash at Can Tho waste power plant for study. Can Tho
plant is located in an area about 500 m from Can Tho river and 110 km from the East Sea [24].

The 16 fly ash samples are denoted as follows: In the dry season, two samples were taken
in December 2021 and January 2022, with symbols from FAL1-FAS8, in the rainy season, two
samples were taken in May 2022 and June 2022, with symbols from FA9-FA16. Depending on
the frequency of vibration of the bag dust filter system, fly ash is not continually produced. For
each factory, four samples of ash will be collected per month during the two months of rainy and
dry seasons. The period from December to February is the peak of the dry season, characterized
by low humidity and high calorific value. In contrast, during the rainy season of June and July,
municipal waste has high moisture and low calorific value, which significantly impacts the
combustion and exhaust gas treatment processes and can change the composition of fly ash. The
raw fly ash was preliminarily dried in an oven at 80 °C overnight and then tested for physical
and chemical analysis, leaching toxicity of heavy metals. The sampling method was carried out
according to TCVN 7538-2:2005 - Soil quality - sampling - Technical guidance on sampling.

2.2. Physicochemical characterizations

The morphology of the fly ash was shown by scanning electron microscope (SEM), using a
Hitachi Model 8100 SEM electron microscope with high resolution and low aberration: 0.7 nm
resolution for secondary electrons (Vacc: 15 kV) 0.8 nm (Target voltage: 1 kV) (Target voltage:
1 kV) *3, acceleration voltage 0.530 kV, target voltage*3' 0.12 kV, magnification 20 —
1,000,000 times, gain with Bruker SDD detector (EDX). The fly ash composition was analyzed
using Energy Dispersive X-ray Spectroscopy (EDX) (model: Hitachi S-4800). Control samples
were analyzed by X-ray fluorescence equipment (XRF - model: Element Eye JSX-1000S
EDXRF/JEOL-US).

2.3. Leaching test of heavy metal

Heavy metals in fly ash, including Pb, Zn, Fe, Mg, Al, Cr, Cu and Ni, were also analyzed
by SEM/EDX equipment. Control samples were analyzed by the XRF technique. The control
comparison aims to check the measurement’s accuracy and limit technical errors in the analysis
process. The analysis results of 16 fly ash samples in Can Tho plant were compared with QCVN
07:2009/BTNMT (National technical standard for hazardous waste) to assess the hazard of fly
ash. The steps of the analysis process are shown in the following diagram (Figure 1):
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Figure 1. Diagram of fly ash analysis by SEM/EDX method.
3. RESULTS AND DISCUSSION

3.1. Characteristics of MSWI fly ash

MSWI fly ash is a type of irregular substance converged by particulates, de-acid reactant,
and unreacted substance as well as condensate, with a rough surface, high porosities, and a large
specific area, which makes it easy for heavy metals formed by waste incineration to condense on
its surface [18, 23]. Figure 2 illustrates images of the microstructure and morphology of fly ash.

Figure 2. SEM micrographs of fly ash samples in the rainy season (a) and dry season (b).
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The data showed that the fly ash of 04 sampling batches is uniform in shape with the size of
1 - 100 um. The observed homogeneity of fly ash might be due to the low flue gas velocity left
out from the furnace. Generally, there were particles with porous structures in all fly ashes from
both factories. The sheet, block, and spherical forms were observed as well.

The physical properties are listed in Table 1, which shows that the obtained humidity (0.8 -
1.0 %) and pH value (11.9 - 12.3) were much higher than other reported fly ash samples.

Table 1. The physical properties of fly ash.

Parameters Value (average) References
Humidity 08-1.0% 0.5-0.7 % [21]
pH value 11.9-123 6.1 [25]
Particle size 1-100 um 7.5 um
Temperature 71-80°C 75 °C [24]

The moisture content of all samples is determined below 1.0 %, assigned to the absorption
of moisture from the air during shaking and temporary storage. The humidity value is as low as
0.8 % in the dry season. In contrast, the humidity increased in the rainy season but not
significantly, and the difference in moisture content of the ash between the two plants could not
be determined.

Table 1 demonstrates that the alkalinity of fly ash with a high pH can be addressed to
enhance acidic soil with a low pH or soil contaminated with salinity and infertile owing to
shrimp cultivation. Because the coastal area of Can Tho possesses a large area of shrimp farming
land, fly ash helps neutralize pH and clean the soil. However, it is necessary to check the content
of organic compounds to consider the danger of fly ash. This is a rather sensitive location
because fly ash can disperse far, which can cause problems of sea and ocean pollution when
entering the aquatic environment. The Can Tho factory has been in operation since 2019 with a
capacity of 400 tons/day and emits about 6-8 tons of fly ash per day. The plant uses a
combination of "SNCR furnace denitrification + deacidification by semi-dry method + dry lime
spray + activated carbon adsorption + cloth bag dust filter" [25].

Moreover, the compositions of fly ash were variable in various cases with high alkali
contents (pH 11.9 - 12.3) because the hydrated lime or sodium carbonate were usually used for
acid gas neutralization in the treatment processing of gas from power plants [12, 26]. Fly ashes
exist in micron-scale particles, with more than 90 % of the particles below 100 um [27]. The
number of particles with a size of 50 um is estimated to be about 50 % of particles in fly ash,
which can induce easy dispersion of fly ash into the air and significantly impact human health
because it can go directly into the lungs when inhaled. 20 % of particles have a size of 50-80 pm
and the remaining 30 % are asymmetric or large-sized particles. The particle size of fly ash is
influenced by the operational conditions of municipal solid waste and the units in which the
particulates are collected [9, 28].

The analysis data from Table 1 shows that the fly ash of MSWI incinerators has a spherical,
cylindrical structure with high pH and alkaline and non-hazardous waste. Therefore, it is
expected that fly ash from MSWI incinerator can be used to improve soil quality in Can Tho
province in particular and Mekong Delta in general. However, fly ash is a relatively new type of
waste in Viet Nam, so more in-depth studies are needed before it can be put into practice.
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3.2. Heavy metal contents of incineration fly ash

Although fly ashes have significant differences in the types and contents of heavy metals,
eight metals including Pb, Zn, Fe, Mg, Al, Cr, Cu and Ni were mainly found in the tested
samples. Table 2 shows the heavy metal content of MSWI fly ash, indicating relatively high Zn
and Pb levels in incineration fly ash. However, the heavy metal contents of 16 fly ash samples
are lower than the acceptable standard of QCVN 07:2009/BTNMT.

Table 2. The heavy metal content of incineration fly ash (mg/L).

Sample No. Fe Cr Al Ni Zn Hg Pb Cu
FAL 0.54 0.51 1.39 0.46 15.04 0.152 10.1 0.78
FA2 0.46 0.49 1.55 0.45 19.9 0.141 9.5 0.81
Sampling
FA3 0.52 0.77 1.49 0.48 16.09 0.143 9.67 0.98
batches 1
FA4 0.36 0.6 1.24 0.51 19.05 0.15 10.2 0.85
Average 0.47 0.5925 | 1.418 0.475 1752 | 0.1465 | 9.867 0.245
g +0.070 | £0.110 | £0.117 | £0.023 | £2.012 | £0.004 | £0.290 | £ 0.076
FAS5 0.5 0.76 1.41 0.63 17.78 0.142 10.65 0.86
FAG 0.51 0.87 131 0.24 16.54 0.152 9.8 0.85
Sampling
FA7 0.59 0.73 1.83 0.35 18.98 0.147 9.3 0.98
batches 2
FA8 0.57 0.81 1.76 0.76 16.6 0.146 10.4 1.01
Average 0.542 | 0.7925 | 1.577 0.495 | 17.475 | 0.146 | 10.037 | 0.925
g +0.038 | £+0.053 | £0.221 | £0.208 | £0.999 | +£0.003 | +0.526 | £ 0.070
FA9 0.86 0.89 2.45 0.24 15.37 0.187 12.7 0.45
) FA10 0.84 1.03 3.24 0.35 17.94 0.18 14.5 0.49
Sampling
FA1l 0.81 1.43 3.03 0.2 15.35 0.179 14.5 0.68
batches 3
FA12 0.8 1.49 3.23 0.31 18.04 0.177 13.8 0.59
Average 0.827 1.21 2.987 0.275 | 16.675 | 0.1807 | 13.875 | 0.552
g +0.023 | £0.255| £0.321 | £0.058 | £1.315 | +£0.003 | +£0.736 | +0.089
FA13 0.76 0.97 3.09 0.31 16.64 0.185 13.7 0.45
FAl4 0.69 1.04 5.42 0.30 17.71 0.19 14.8 0.48
Sampling
FA15 0.73 1.21 4.89 0.38 15 0.183 14.6 0.42
batches 4
FAL6 0.75 1.59 4.52 0.39 15.39 0.188 13.9 0.39
Average 0.732 1.205 4.48 0.345 | 16.185 | 0.1865 | 14.25 0.435
g +0.026 | £+0.240 | £+0.863 | £0.040 | £1.068 | +0.002 | +0.460 | +0.033
QCVN 07:2009/BTNMT - 5 - 70 250 0.2 15 -

(-): no specified

To evaluate fly ash properties according to the regular seasons in the region, 16 samples
were taken in the wet and dry seasons. The results show that the compositions of fly ash
collected in the two seasons are quite similar, and not significantly different from each other.
Therefore, it can be concluded that the metal composition in fly ash is not affected by weather
and climate characteristics.
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All fly ash samples showed the highest Zn content from 15 - 19.05 mg/L, followed by Pb,
Al, Fe and Cr ranging from 9.3 to 14.8 mg/L, 1.24 to 5.42 mg/L, 0.36 to 0.86 mg/L and 0.49 —
0.86 mg/L, respectively. Meanwhile, Cu only appeared in samples ranging from 0.39 to 0.98
mg/L. Some highly toxic metals, such as Ni and Hg, were found in all fly ash samples ranging
from 0.2 to 0.51 mg/L and 0.141 to 0.19 mg/L, respectively.

Table 2 shows that there are two indicators, Hg and Pb in the fly ash sample, which may be
due to input solid waste including industrial solid waste. These two metals were absorbed during
exhaust gas treatment and existed in fly ash. Other metals with low toxicity, such as Al, Fe and
Cu, were also found in the fly ash samples. However, there is no limit for these metals in the
regulation on the limit of hazardous waste of the Ministry of Natural Resources and
Environment of Viet Nam. Although different analysis methods were used and the waste
composition was different, the results of the heavy metal analysis in this study were quite similar
to data from previous studies in China and Portugal [2, 27, 29].

B dry season M rain season Elemental content of flyash
25
20
15 { I
> 10
S

~—H
T

17
Zn J'Hgl Pb

Figure 3. Elemental content of fly ash in the dry and rainy season.

Total heavy metals in incineration fly ash are estimated at 1.5 - 1.8 % by weight of ash,
which is higher than the value in previous studies [2]. This can be explained by the fact that the
solid waste in Viet Nam has not been classified, and the combustion components contain heavy
metals. The magnitude of heavy metal toxicity in incineration fly ash is not only related to its
total amount but also closely related to its chemical form. The bioavailability and toxicity of
heavy metals in the environment could not be fully characterized by the total amount of heavy
metals in the environment [30]. The finding showed that, with the above metal content, fly ash is
not harmful to the living environment, especially the river/sea system.

3.3. SEM/EDX and XRF analysis

Two samples of fly ash representing two seasons: FAL (dry season), and FA9 (rainy
season), were randomly taken and analyzed by XRF, the results are given in Table 3.

The results of measurements made on the same ash sample carried out in two separate
laboratories are compared (Table 3). The data shows no significant difference in heavy metal
content in fly ash composition using SEM/EDX and XRF. The error between the two
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measurement techniques is as low as 1 - 2 % for heavy metals with high content, such as Zn and
Pb. The error is about 3 - 5 % higher for metals with low content. However, the error between
the two measurement methods is < 5 % and within the acceptable range.

Table 3. Heavy metal content in fly ash measured by EDX and XRF (mg/L).

Sample no. Fe Cr Al Ni Zn Hg Pb Cu
FALl (XRF) 0.6 0.55 146 | 0.48 | 18.09 0.2 13.2 0.81
FAL (EDX) 0.54 0.51 139 | 046 | 15.04 | 0.152 | 10.1 0.78
FA9 (XRF) 1.1 0.92 356 | 032 | 16.15 | 0.21 13.1 0.54
FA9 (EDX) 0.86 0.89 245 | 024 | 1537 | 0.187 | 12.7 0.45

4. CONCLUSIONS

This study was carried out on 16 fly ash samples collected at Can Tho waste power plant,
according to two regional characteristics, rainy and dry seasons between 2021 and 2022, to
examine the structural morphology and heavy metal composition in fly ash. The results indicated
that fly ash is spherical particles with porous and relatively smooth surfaces with particle sizes
ranging from 1-100 um, low moisture content, and high pH. Fly ash composition includes some
heavy metals: Pb, Zn, Fe, Hg, Al, Cr, Cu and Ni, which are metals with relatively high content.
There was a similarity in the composition and concentration of elements between samples in 2
different seasons, corresponding to not being affected by weather factors. The contents of heavy
metals are below the values at QCVN 07:2009/BTNMT, which deduce that the fly ash is not
hazardous waste. Moreover, the results from two SEM/EDX and XRF measurements are similar
to 02 randomly selected control samples, indicating that the reliability of the SEM/EDX method
and can be further applied to other studies on heavy metals.
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