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Abstract

The objective of this research was to measure the benzene concentration
in ambient air and to assess the health risks of inhalation exposure to benzene
of workers in gas stations. The study was conducted in three gas stations in
Muang district, Sakon Nakhon Province. The exposure to benzene was monitored
during work shifts for eight hours and further measured for ten days per station
by volatile organic compound measuring instrument. The population consisted
of 27 workers to assess the health risks. The results showed that average
concentrations of benzene at three gas stations were 0.4311 + 0.1640, 0.3664
+ 0.1399, and 0.4491 + 0.2227 ppm, respectively. The average benzene
concentrations of all gas stations were not exceeded the benzene standard of
the Department of Labour Protection and Welfare (1 ppm). The health risks
assessment of inhalation exposure to benzene of employees at the gas stations
was 3.01x10°, 2.52x10°, and 6.30x10" mg/kg-day for men and 2.43x10”,
2‘12x10_5, 7x10” mg/kg-day for women, respectively. The cancer risk was
8.19x10", 5.46x10", and 1.64x10° for men and 5.46x10", 2.12x10", and 7x10°

for women, respectively. That means the cancer risk of all workers in gas
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stations was not exceeded for carcinogenic effect. However, there should be

performed regularly for the safety of the workers in gas station.
Keywords: Benzene, Health Risk Assessment, Gas Stations, Carcinogen
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C (mg/m3) X CR (m3/day) XED(years)

LADD =
(mg/kg- day) BW (kg)X AT (day)

Tnefi LADD Ao U%mwm?q@ﬂﬂmﬁﬂuiﬁ%’u (Lifetime average daily dose) (mg/kg-day)
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I~ ° o
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SO, ADSORPTION ENHANCEMENT OVER AMINE/AMIDE
PROMOTED MCM-41

*

L1 . 1 1,2,
Amares Saesim, Anis Usmani and Woraratana Pattaraprakorn

' Department of Chemical Engineering, Thammasat School of Engineering, Thammasat University

: Center of Excellence in Environmental Catalysis and Adsorption, Thammasat University,

Received: 11 August 2022 Accepted: 28 November 2022

Abstract

Amine/amide-support mesoporous material has been proven to enhance
the acidic gas uptake. Herein, MCM-41 synthesized from rice-husk (RH) was
employed as a molecular sieve supporter for dynamic SO, adsorption. Four
species of classified amine/amide including urea (U), monoethanolamine (MEA),
triethylenetetramine (TETA), and dimethylformamide (DMF) were comparatively
impregnated with RM. The SO, adsorption was carried out in a fixed bed column
at 42,000 hr' WHSV. DMF impregnated RM (DMF-RM) provided higher uptake
capacity than other impregnated RMs. The SO, favors adsorbed on tertiary amine/
amide rather than primary and secondary ones. The higher DMF content could
enhance SO, adsorbability. The condition ranges of using 3%wt of DMF loading,
initial concentration of SO, in synthetic waste gas less than 120 ppm, and room
temperature up to 60°C provided the optimal adsorption capacity toward SO,.
The regeneration of adsorbent performed completely at moderate temperature
of 200°C. DMF-RM showed 4% capacity declination after 8 cycles consecutively

uses.
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Introduction

SO, have been considered for one of serious pollutants from any
combustion processes, especially for coal-fired power plant, petroleum and
petrochemical plants. Due to the great concern in environmental issues, many
alternative technologies have been deeply purposed. Dry and wet scrubbing
processes are practically used to treat this harmful gas. One drawback of the
scrubbing processes relies on amount of scrubbing agents (lime, Ca(OH), and
limestone, CaCO3) used. Moreover, the processes are very energy-intensive,
and all scrubbing agents are turned to be a huge amount of solid waste of
CaS0y, which requires further treatments. Moreover, used absorbents cannot
be regenerated. Intensive studies on regenerable adsorbents and/or reactive
catalysts of SO, are very interesting approaches (Gang et al., 2022; Berger et
al., 2018; Rahmaninejad et al., 2012; Kylhammar et al., 2008).

Even though adsorption of SO, on activated carbon, zeolites, metallic
oxides, etc. have been studied, the performance was not reached to a
satisfactory level. Modified surface of adsorbents is one of emerging interests for
regenerable SO, adsorption technologies. Abdulrasheed et al. (2018) purposed
amine modified AC as an appropriate adsorbent for the sulfur-lean flue gas
system, like coal fire power plant. The doping of N-substances provided
significant effect to SO, uptake. However, with strong chemisorption between
SO, and amine sites, the sorption of CO, could be offensive. To overcome this
phenomena, small loading of N-doping has been recommended (Hanif et al,,
2020; Yu et al., 2019; Tailor et al,, 2014, Tailor & Sayari, 2016; Zhi et al., 2011;
Xu et al., 2005).

Residues from burnt rice husk biomass have been known as a precursor
to synthesize zeolites. Fly ash and rice husk ash containing a large portion of
silica are recently utilized for mesoporous material MCM-41 and SBA-15

(Bhagiyalakshmi et al., 2010; Dhokte et al., 2011; Kumar et al,, 2001; Li et al,,
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2017). The materials possess uniform pores, large surface area, high thermal
stability, and readily for a modification, therefore they are able to be used as
adsorbent supports. According to their properties, the functionalized materials
by amine/amide of highly basic sites, should favor the acidic SO, uptake.
Amine/amide groups including primarily-, secondary-, and tertiary-, have been
studied to enhance the acid gas sorption uptake (Uyanga & Idem, 2007; Aaron
& Tsouris, 2005; Diaf & Beckman, 1995). The information of amine-modified
adsorbent is limited to CO, capture rather than SO, sorption. The acid gas CO,
adsorption capacity depends on the number of amine groups and type of
amine groups in the loading. It was mentioned that nucleophilicity of anion
and basicity of amine groups play key role for SO, adsorption (Xu et al., 2019).
A series of the results were reported on using amine modified SBA-15 for SO,
adsorption. The removal of SO, over SBA-15 loaded polyethylene glycol was
reported effectively from 500 to 2 ppm at flow rate of 60 ml/min under
atmospheric pressure, with the breakthrough adsorption capacity of 5.4 mg
SO,/g (Wang et al., 2009). The selection of amine/amide for the surface
modification affects to the basicity of the obtained materials. Tertiary amine
are known to provide low affinity toward CO,, which is readily interact with SO.,.
Zhi et al. (2011) showed the significant improvement on SO, adsorption after
impregnating triethanolamine (TEA) on SBA-15. Pore enlargement for PE-MCM-
41 (PME) and SBA-15PL and then modified with polypropyleneimine dendrite
and polyethyleneimine (PEIl) was studied by [9]. He claimed that PEI-PME
provided the highest adsorption capacity of 4.68 mmol SO,/¢. However, the
reusability of SO, adsorbents has not been studied widely.

In this work, MCM-41 mesoporous materials synthesized from rice husk
ash was used to study the SO, adsorption. The effects of functionalized amine/

amide and their reversible ability were investigated. Studied variables of loading

o
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of amine/amide, temperature condition, initial concentration, and flow rate

were performed. Moreover, the studied adsorbent was tested for its reusability.

Materials and method

1) Preparation of MCM-41 and modified MCM-41

The synthesis of MCM-41 mesoporous silica has been described
elsewhere (Areerob et al, 2011). Silica was extracted directly from rice husk
(RH) under a refluxing technique in HCl solution, Afterward, it was calcined at
700°C for 4 hours. Obtained silica was used to prepare sodium silicate
solution. The mesoporous material was prepared by using hexadecyl (trimethyl)
ammonium bromide (CTAB) as a template and sodium silicate obtained
previously. The synthesis was done in hydrothermal condition at 90°C for 3
days and calcined at 600°C for 6 hours. MCM-41 from rice husk silica (assigned
as RM) in white powder was obtained.

Urea (U), Monoethanolamine (MEA), triethylenetetramine (TETA) and
dimethylformamide (DMF) were loaded on RM by an impregnation technique.
A solution of amine/amide was prepared in a dispersing agent; acetone. The
impregnation was carried out in a sonication condition. After that the soaked
material was heated up to 65°C to expel acetone out. The materials were
assigned as X-RM; where X represents amine/amide loading species. For
example: U-RM represents MCM-41 from rice husk silica promoted by urea.

2) Dynamic adsorption experiments.

The dynamic study of SO, adsorption was carried out in a fixed bed
unit. Studied adsorbent was sieved to 2 mm in equivalent diameter before
loading into a quartz tube with an internal diameter of 6 mm. Approximately
1 ¢ of adsorbent was used. The condition provided the packing length long
enough compared to the tube diameter (L/D > 20) to overcome the external

mass transfer effect. The experiment was tested in atmospheric pressure using
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the starting gas of 1,000 ppm SO, in balance of nitrogen. The inlet gas was
further mixed with nitrogen to adjust the inlet SO, concentration. The tests
were carried out under the WHSV of 42,000 hril. The concentration of SO, in
the effluent line was monitored online by SO, analyzer, model: SOA-7000
Shimadzu, Japan.

The sorption capacity of each studied sorbent is calculated through

the area covered by the breakthrough curve, as shown in Equation 1.

F oo
sc = = J (G Eq. 1

Where SC: Sorption capacity; me/g of sorbent
F: Flow rate of studied exhaust; ml/min
m: Weight of sorbent; g
C: SO, feed inlet concentration; mg/m3

Ci: SO, concentration at certain time; mg/m3

The adsorption breakthrough time was considered at the 20% of an
initial SO, concentration in the feed stream. For the reusability study, sorbent
was regenerated by heating to 80-200°C right after the adsorption. The
regeneration of adsorbent was kept for 30 min until SO, could not be
detected (less than 0.1 ppm).

3) Material characterizations

Studied adsorbents were characterized for their physicochemical
properties as presented;

Powder XRD patterns were obtained from a Bruker AXS: D8 ADVANCE
A25 diffractometer, United States. The x-ray was generated from a Cu Ka target
with a potential of 35 kV. The scan was performed between 26 values of 2 and

10 degrees at a scan rate of 0.02 degrees per minute.

o
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N, Adsorption-desorption was performed, by a Micromeritics ASAP 2010
sorption analyzer, United States, to evaluate the surface area and pore size
distribution. Sample was pretreated with heat at 105°C in vacuum environment
overnight before the measurement. Specific surface area was calculated by
using the standard BET method at the relative pressure range of 0.05-0.30,
while pore size distribution was computed based on the BJH equation.

The IR spectra represents surface functional groups were obtained by
a Fourier Transform Infrared spectrometer (FTIR-UATR, PerkinElmer spectrum
two, United States). The sample was scanned within the wavenumber range
of 650 to 4,000 cm .

The surface morphology of the materials was examined by SEM (JSM-
6700F, JEOL, Japan), equipped with EDX for elemental analysis and their

element distributions.

Results and discussion

1. Material properties

The N, adsorption-desorption isotherms of fresh adsorbents (RM)
modified with amine/amide of 1% (as examples) are shown in Fig. 1. A sharp
increase between relative pressure P/P, of 0.25 and 0.35 corresponds to
capillary condensation within uniform mesopores. Small hysteresis loops in
the adsorption and desorption cycle upon pore condensation were observed
on each adsorbent, which indicated that RM and modified RM contained
mesopore size. The adsorptions of N, isotherms over all samples presented
type IV (IUPAC) patterns, which confirmed a character of highly porous and
one-dimensional material. RM sample has mesopore size distributions with the
average pore size of 3.2 nm. The surface properties were in the same results

discussed by others (Areerob et al., 2011; Kumar et al., 2001).

o
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Fig. 1 N, adsorption-desorption of MCM-41 (RM), U-RM, MEA-RM, TETA-M,
and DMF-RM (Considering the loading at 1%wt).
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Fig. 2 FTIR spectra and of MCM-41 (RM), U-RM, MEA-RM, TETA-M,
and DMF-M (Considering the loading at 1%wt).

Amine/amide modified RM samples were analyzed for their surface
area and average pore size. The data is tabulated in Table 1. The surface area
of all amine/amide modified RM contained less surface area, while the average

pore size was little smaller compared to that of pristine RM. This was probably
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caused by the blocking of amine/amide species on top and or inside the pore

structures.

Table 1 Surface properties of studied adsorbents

BET Surface  Pore volume Pore size N- component
Adsorbent
area (m2/g) (cm3/g) (nm) (Wt%)
MCM-41 715 0.49 3.2 -
1% U-RM 420 0.36 291 0.77
1% MEA-RM 448 0.34 2.95 1.44
1% TETA-RM 491 0.34 2.98 0.85
1% DMF-RM 480 0.35 2.89 0.94

To confirm the availability of amine/amide species in the modified RM,
they were analyzed through an elemental analysis. Nitrogen compositions
grafted onto the material considering samples with 1% loading on each amine/
amide modified RM are presented in Table 1. The amounts of N are 0.77, 1.44,
0.85, and 0.94 were observed after modifying with urea, MEA, TETA, and DMF,
respectively. The results corresponded with their stoichiometric reaction of
silinol groups (Si-OH) on RM surface and amine species.

Fig. 2 shows FTIR spectra of RM and RM modified TETA, DMF, MEA,
and urea with 1%wt loading. It was observed that the RM displayed a large
availability of —-OH group around 3411 cmfl, which corresponded to Si-OH
hydrogen-bonded OH. They were absorption bands at 1088 e and 790 cm_l,
which could be attributed to Si-O-Si strong siloxanes, and Si-O-Si, respectively.
The amine/amide modified RM displayed similar spectrum patterns to the
pristine RM, as described. It indicated the impregnation of TETA, DMF, MEA,
and urea, did not affect the structure of RM. In addition, the FTIR spectrum of
TETA-RM showed the characteristic bands at 1555 and 1438 cm  were
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observed. They corresponded to N-H bending of primary amine (R-NH,)
composed in TETA structure. For amide modifications, bands at 1560, 1653
e’ were observed corresponded to the availability of C=0 stretching for 1°
and 3 amide, respectively. Bands of 1085 1135 1636 and 1480 cm’ were
presented for DMF-RM and U-RM. They indicated the presence of C-N stretching
and N-H bending of amine species, respectively. The EDS analysis showed
uniform dispersion of N ions on DMF-RM (as an example). This confirms that
the impregnation technique provides good dispersion of loading over supported
material.

SEM images and XRD patterns are shown in Fig. 3. Only DMF-RM was
selected as an example, and its element mapping of Si, N, and O. Fig. 3a
illustrates particles with irregular shape and dimensions. The EDS analysis
showed uniform dispersion of N ions on DMF-RM. This confirms that the
preparation technique provides good dispersion of nitrogen loading over
supported material.

Fig. 3b presents the XRD spectra of RM and DMF-RM. It was found that
3 peaks for both samples; the first peak was the emphatic peak at 2.5 degree,
representing the hexagonal structure, the second peak at 4.3 degree and the
last one at 4.9 degree. The results confirmed the form of MCM-41 material

structure (ICDD#49-1712).
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Fig. 3 a) SEM-EDX of 3% DMF-RM (Including EDS for N, O and Si),
b) XRD spectra of RM and DMF-RM.

2. Adsorption tests

MCM-41 synthesized from rice husk (RM) is a highly ordered mesoporous
structure with availability of high surface area. It also has a large number of
silinol group as the main functional group. RM and its modified ones were
tested the adsorption of SO, in a packed column. The total flow rate of mixed
gas was introduced continuously 500 ml/min, corresponding to 42,000 hr of
WHSV. The breakthrough curves of SO, capture performed at 30°C are shown
in Fig. 4a. In this study, the loading of amine/amide was fixed at 3%wt. The
sorption capacity of DMF-RM, TETA-RM, MEA-RM, and U-RM were calculated
(by Eq. 1) to be 9.325, 4.772, 3.53, and 3.31 mgsn,/C.qs, respectively. The
sorption capacity on amine/amide modified RM were also higher than RM. Their
capacities were higher than RM itself, 2.92 mgsn,/g.4s, as presented in Fig. db.
The SO, breakthrough time on amine/amide modified RM were longer than
that on pristine RM. Considering the amine/amide modified RM, they possessed
the surface area less than RM, however, the constitutions of amine and amide

groups on the surface of modified samples might play a role on adsorption
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improvement. Considering on the highest SOx caption capacity, we showed
two profiles of breakthrough curves of DMF-RM. One of the profiles was not
complete after adsorption time after 60 min. This might be caused by the
channeling package problem on the top part of the column.

The results revealed that species containing 3° amine/amide was able
to increase the adsorption units higher than those containing 2° and 1° amine
and amide. The results corresponded with the results described by Yu et al,,
(2019). The performance of DMF-RM was considered further in loading,
temperature, initial concentration effects and the reusability of the adsorbent.

2.1 Effect of loading

DMF was impregnated onto RM with different weight percent (1, 3,
5%wt). They were performed at 30°C and 42,000 hr' of WHSV. The higher DMF
loading, the sorption capacity and breakthrough time are extended higher and
longer, as shown in Fig. 4b. DMF-RM loading varied 1-5%wt provided the SO,
sorption capacity in similar range of 11.6 to 12.7 mg/g, while the breakthrough
time moved from 40 min to 120 min ca. The higher amount of amine loaded
affected highly to the SO, removal. However, the leading of 5%wt might give
some inconsistent results, caused by the agglomerated particles.

2.2 Temperature effect

The effect of adsorption temperature was performed at 25, 50, 60,
and 100°C. It was conducted with an initial SO, concentration of 100 ppm and
WHSV 42,000 hr'. Results of breakthrough curves and capacities are presented
in Fig. 4c. The adsorption capacity decreased dramatically from 9.4 to 7.1, 6.7,
and 4.3 mg/g, respectively. The breakthrough time therefore reduced from
100 min to 62 min. It was obvious that adsorption bonding of SO, molecules
with the adsorbent sites possibly became weaker at higher temperature.
Consequently, the adsorption capacity became lower, and the breakthrough

curves became suddenly dropped.

Ul 10 atudl 3 (2565) ISSN 2287-0083 | Vol.10 Issue.3 (2022) ISSN 2287-0083



NInTInemansuazmalulad wninerdeviganssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

24

2.3 Initial concentration effect

Initial concentration of SO, was studied under the same WHSV.
Using an initial concentration ranged between 80-120 ppm, it can be seen, in
Fig. 4d, the breakthrough time was greatly reduced with higher concentration.
Considering the sorption capacity, they provided very similar values, which
were 11.7 and 11.4 mg/g, respectively. As observed that the uptake amount

was little lower with high initial concentration. Moreover, the adsorption of high
concentration performed completely within the shorter period (~83 min.)

compared to that of low concentration (~112 min.). Besides, the breakthrough
curve of higher initial concentration did not sharply rise as that of lower initial
concentration. This indicated that higher concentration might not be
recommended under this WHSV conditions.

3. Reusable potential of adsorbent

One focusing point of this work was on the stability and repeatability
of selected adsorbent. To study the regeneration of adsorbent, the adsorbent
was saturated by SO, were desorbed after a breakthrough experiment. The
desorption of SO, out from the adsorbent surface (3%DMF-RM) was done
through higher temperature swing process. Temperature was raised to 80, 120
and 150°C and kept for 30 min. The column was cooled down, afterward,
before running for the next consecutive round. It was observed the desorption
peaks observed with temperature at 80, 120 and 150°C, were found smaller
compared to the uptake one, as shown in Fig. 5. It, therefore, indicated that
with these temperatures was unable to desorb SO, species attached to
adsorbent completely. The condition at 200°C was then recommended. The
material (3%DMF-RM) was exposed to eight consecutive cycles of 80 ppm SO,.
Little change in SO, adsorption capacity was observed over eight cycles. It is
approximated that the sorption capacity declined about 4% of the initial
capacity after the g" cycle.
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Fig. 4 a) SO, breakthrough curves on different kinds of modified —-RM,

b-d) SO, breakthrough curves over DMF-RM on the study of loading,

temperature, and initial concentration, respectively, and their corresponding

uptake capacities and breakthrough times (insets).
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Conclusions

Rice husk was utilized as a potent precursor for the preparation of
MCM-41 (RM). Surface area and average pore diameter of the synthesized
MCM-41 were found to be 600-800 m’g ', and 3.2 A. RM was modified by
amine/amide (urea (U), monoethanolamine (MEA), triethylenetetramine (TETA)
and dimethylformamide (DMF)). Microcrystalline structure of hexagonal for
both pristine and modified RM was examined by XRD. The loading of amine/
amide had no significant effect to the structure of RM. The loading distribution
was found uniformly through SEM-EDS. Amine/amide modified RM adsorbents
were tested for SO, removal in synthetic waste gas. At the optimal conditions
(42,000 hr_1 WHSV, initial SO, concentration <120 ppm, temperature <6OOC), the
DMF-RM exhibited a maximum removal of 12 mgsp,/Saqsoment- 1he regeneration

of adsorbent was completely exhibited at 200°C.
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Abstract

The objectives of this research were 1) to study the macronutrient
content of compost with different watering and 2) to study the main nutrient
content of the compost by composting on the ground and in the soil. By
composting in bamboo baskets, height : 36 cm., diameter : 40 cm, with 8 kg of
dry leaf waste in each basket, a total of 3 sets of experiments were carried out
in baskets 1, 3, 5, fermentation experiments were placed on the soil, and
baskets 2, 4, 6 were composted in the soil, which the 1" and 2nd races were
sprinkled with tap water, the 3 and 4" baskets were sprinkled with tap water
mixed with PD 1, the 5th and 500 ml, the 6th baskets were sprinkled with tap
water mixed with molasses, watering once a week. It Took 90 days to ferment.
Nitrogen, Phosphorus and Potassium content were analyzed. The results showed
that the first batch of compost, the first basket was placed on the soil and the
second basket was placed in the soil, sprinkled with tap water. The mean
nitrogen content was 0.40+0.02 and 0.30+0.02 by weight. Phosphorus was
0.10+0.01 by weight and 0.10+0.01 by weight. The average Potassium content
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was 0.10+0.01 and 0.00+0.06 by weight. The 2nd batch of compost, the 3"
basket was placed on the soil and the 4" pbasket was placed in the soil and
sprinkled with tap water mixed with PD.1. The average Nitrogen content was
0.80+0.01 and 0.60+0.02 by weight, the average Phosphorus content was
0.20+0.01 and 0.10+0.01 by weight, and the Potassium content was 0.10+0.01
and 0.00+0.06 by weight. The Sth, basket war placed on the soil and the 6"
basket was placed in the soil, watered with tap The 3 batch of comport water
mixed with molasses. The average Nitrogen content was 0.60+0.02 and 0.10+
0.01 by weight. Phosphorus avenge was mean 0.10+0.00 and 0.10+0.01 by
weight, Potassium content was 0.20+0.02 and 0.10+0.01 by weight. organic
fertilizer standard (Department of Agriculture, 2012) must contain and it war
found that Nitrogen content of not less than 1.0% by weight, Phosphorus and

Potassium content, war not less than 0.5% by weight.
Keywords: macronutrients, compost, bamboo baskets
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Abstract

This research aims to 1) study the current conditions, problems, and
needs of the building's electric power management system 2) develop the
electric power management system 3) test the performance and satisfaction
toward the electric power management system. The sample were 40 personnel
who work at Tourism and Service Industry College, Nakhon Phanom University.
As a result, the system can record the use of electricity in different rooms,
display current and historical energy consumption reports, as well as a summary
of electricity bills. Users can control electrical appliances by themselves, or
the system can automatically turn on-off electrical appliances when no one is
the room through the Blynk application. The result of evaluating the performance
and the satisfaction by experts found the overall was at a high level. The aspect
with the highest average was the function (Functional Test) for the performance,

and Function requirement for the satisfaction.

Keywords: Electric Power Management System, Internet of Things
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ARULNGlABLLNIUYBITEUY (Context Diagram)
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PIR Motion
Light bulb |
Sensor

Air conditioner’ Relay Module 1
Controller

Cloud

1 Internet Smartphone
NodeMCU ESP8266

AC — PZEM-004T

3UN 6 vdonlaezunIun13vauYesszuy (Block diagram)

\Feuddslulusunsy (Arduino IDE)

Ya v

J < o . I 1%

INUUUTIARIUFNIABEUNTUNTYINUTBITEUL (Block diagram) {3dela
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Anlniignluda

a & ¢
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nsiadeulm PIR Motion Sensor

2. \BeusialuuuninynnIunL NodeMCU ESP8266 Li1fugn3tadaiun
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v PZEM-004T
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Abstract

This paper presents the design and construction of automatic 3 speed
level mobile air filter controlled by microcontroller at No.1 with 20% pulse
width modulation, No.2 with 40% pulse width modulation and No.3 with 60%
pulse width modulation to filter dust, germs and unwanted odors which
consists of an air filter and a UV lamp, dust measurement equipment, exhaust
fan and the Arduino Mega2560 microcontroller designed to have 2 operating
modes: automatic mode and manual mode. For automatic mode: start when
the dust content value is received from the GP2Y1010AUOF dust sensor module
GP2Y1010AUOF capable of measuring PM 2.5 dust. The measured dust content
is compared with the standard dust content that is within the safe range, no
more than 25 micrograms per cubic meter when the dust content is more than
25 micrograms per cubic meter, the exhaust fan and UV lamp will start and
stop when the dust content is less than 10 micrograms per cubic meter. For
manual mode: the air purifier is activated as soon as the switch is turned on.

This research uses a method to create dust by burning incense. From the test,
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it was found that the automatic mode, air filter will have a dust content of 0
micrograms per cubic meter after 10 minutes, compared to Xiaomi air filter,
the dust content is O micrograms per cubic meter after 8 minutes, the manual
mode, No.1 air filter has dust content of 0 micrograms per cubic meter after
14 minutes, No.2 air filter has a dust content of 0 micrograms per cubic meter
after 10 minutes, No.3 air filter has dust content of 0 micrograms per cubic
meter after 8 minutes, it cleans the air, free from dust, germs and unwanted
odors which is very necessary for human beings, it can be used in areas such

as households, educational institutions, establishments and the hospital as well.
Keywords: Automatic air filter, Pulse width modulation, Microcontroller
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Abstract

The quasi experimental study aimed to determine the short term effect
of yoga exercise on body composition and physical fitness among primary
school overweight students. The sample group consisted of 32 students who
were overweight (Body Mass Index>23; 10-12 years old) by a multistage
randomization method. The experimental procedure was 4 weeks of yoga
exercise (week 1-2 with cold yoga exercise and 3-4 weeks with hot yoga
exercise), using the standard X-scan Plus Il instrument to measure body
composition before and after yoga exercise. The descriptive statistics were
percentage, mean, and standard deviation to describe the gender and body
mass index. The inferential statistic was a paired t-test to compare the body
composition before and after the fourth week of exercise and set the statisti-
cally significance at the 0.05 level.

The results showed that the subjects had an average age of 10.90 years
old (17 males and 15 females). Most of them had a body mass index at the
first level of obesity, followed by the second level of obesity, and overweight.

When comparing body composition between before and after the 4t week of
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yoga exercise, there was a statistically significant change in body composition,

including Body mass index (p =0.02)
Keywords: Overweight, yoga exercise, body composition
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284319718 (Body composition) Aedndiuusinaluiulusisnefuiiasienied
Usiaanledy lnenisAwiumeaviiuianiy (Body mass index; BMI) LileUszidiu
susadasiu a1nn1sAnyIves Chauhan et al. (2017) ldfnwiniseanidsniedie
Toagyniuduiian 1 92lus seezian 1 1ieu Tungudedne 64 au 1y 53.6 T
WU 1SRINNITERNAIRINIEMIEleAretausdwraliAfvintanisanadegiedl

=2

JoAAUNNEDR TIRTIT1UAUNITAN®IVDY Moliver et al. (2011) WUIN N1588N

o

[ a

dsnesevegyloaglunduivdeiifiorguinnit 45 U denalvidviinaniofiaiu
sasumsAnwmui deukazndniseeniidmiedelonsieu mdriinanigll
finmswasuudas (Hewett et al, 2017) aussanimmsnefiduiusiuguaimdndnu
flo AnueanuvessyuLlakazsyuulnadewden Wuanssousdalfufivesssuy
Inadeuwden (Mlawazvaeaiden) wazszuumelalunsandetoendiauluduead
n&siile Yildsnmeannsniavguilisvhanuniesenmdsmedldndmidedolng)
Wuszeznagnuuldfeaninsaiamiueanuvesssuuinlauassruulvarioudeon
lagmsdudnasuitn 91nmsAnuiiiiuan wud1 mseenmdsniefeleazyn
Fuidunan 1 Pludlunewd ssezian 1 ieu lunguiiedns 64 au flong 53.6 1
wazSsuifisuauiifiaun i 26 au wud1 eny 53.6 9 ladfinmaudsuutasisfisiy
yosszuulvaioudon (Chauhan et al, 2017) FsdonndeaiunsANYIT8Y Hewett

et al. (2017) lovinseeniaenenglisunsuleazsou 41w 16 dUav Tungy

o
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freg19e7y 27- 47 U wudn nguniseeniasmemeleaziasnguaiunuliiinass
gnsnswiuvesiilawagszuulnaisudon aussanimmiesmenduiusivavnin
v ] 2 ' v & = " A oV v v & 3

ausiold fie Ausaud Wunsiedeulmgegauinfissiinldvesndiuile 18y uay
naudesia 31NN13ANYITRY Shafer (2018) NANwIAEIRUIUTUNTUNITORNAGINTEY
meloavneguama 15 A 1y 19-63 U svegiian 12 dUav wudi fanugeu
AIDITNAIUANATU TINNIUNAITANYINUI {e9e1e 27 AU HAIUEOURT
WiNAY Jg9e1y 6 AU ANugauiianad wagdn 2 Au Lilin1sasundas (Alverina

et al,, 2020) N1590NA1AINEAETLALUANAINITALNNAINUDOUAIVDILNUNAN

[ [
v = g

a1fRTU (Selvaraja & Arumugam, 2018) UBNAINUU ANTIANINNNAETNFURUS

(%) v

fugvamssfidruanueanuvesndiuie (Muscular endurance) Ao @170
vonduniledalataniodendgunduiolumsnadse fiefuusmdemiuanun
lunsasanmmanasadadelfidussezinaienuiu mnmsinuniikiu Hoy et
al. (2020) lfhAnwnsesnidanesmeleeziloandadeiifinadessuulssamues
Haeey 60-79 U Tdianeaniasnie 90 uil se 2 a1 sauszeziian 10 dUavi
lnedingumeaed 18 AuLazNguAIUAN 15 AW WU ngumuAuliiinananisiuives
szuulsvam enueavuvesndunie Tuvnrfinguvasedlifinaronssuivesszuy
Uszamusanunsafiunuonnuvesndiaiold dunisfnuives Wooten et al,
(2018) Anvin1seeniidanefeloayauidenmsiuiiaseuennuveand ety
AE991YNoURALVAINITEBNMAINTY 71U 16 AY adsag 45 unit Hunan 3 fu/
dansi sauiovun 6 FUaW mamsinumuin udsainmsseniidniedelenzau
anusovhlmiAnaueanuveandundoiiutuld uaraussnamvnanmefidiiudi
qunndnuaaine fe enuudausswesndiiio (Muscular strength) AeU3unigegn
vosussfindundedinladanimiendundundoaunsnoonussiumld Qutanis
wad 1 A%9) B9 Widjaja et al. (2021) leAnwilusunsalonslneluananiiming

$1uau 22 eu 81y 61-63 T Maluniseentidinme 60 wifl dasias 3 A%y s
srezmINToaNfIAInIY 8 S wul HedUai 4 uax 8 nNauFI9g19liAIY
uaussweanduiilovessorsddiuandlugigeongld uagnsinyives Lau et al (2015)

v o = a ) o w 1% 1 S o
lﬂwqﬂqiﬂﬂwqLﬂﬁnﬂUﬂqiaaﬂﬂr]a\‘iﬂ’]EJG’T]Uﬁ%igiﬂﬂzlumﬁmsﬁqjﬂuaququ 173 AU

o
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914387319 44-59 U viavua 12 danii lneuuinguniseaniaaniesisluny 87 Ay

' I a = 4 1 & A X | Ao o w aa
WU rgimgﬁmwummmLLSUQLLNEUENﬂmiJLuEJqu“uuamﬂuuaﬁmmwwamm

1 [ =

PNMIANBNEIUL dulngiideinnisAnvinisesnmaimemelasly

]

naudgeoeguazlungugiie Tussezian 6-8 a1 uidslinisAinvufefiunaves

Anseaninaantemgleazlussardu (4 dUa) NiseoIRUsENaUIDITI9NIEWAY
o v = A Y& 1w & Ao v
AUTTONINNIINBTINUIULBY LaLIINNISANTHIULLAAT LMW IS W UATALLE

1N1599NAEINIEMElYALAINIT0ANLINTNLAE BIAUSENBUVRII 1IN LA lULANTAL]

o '
[V a

amgimindu Asiudadumenanigidvaulanasfnyinavesnisesnidaniedie

1 13

loaglusreraunilneasnlsenauuadIs 1 INgLALENITANINNIINIEYRIN NS sUUTEaY

Anwindnnzuminfy saiaiemsluuunisesnimainiemiglensivangay

o [ 13 = o H v a
ANNIULANUILOUANYINUNILUIAUNLNY

WUIZAIA
WBANEINAYDIN5ENMaIN8mIsleArlus e s dUNTRe0IAUSENBUYDY

SNNYBATFUTIONINNNN18VDIUNFUUTLOUANYINTNIZUINTNLAY

A5AUN15IY

£
a v A

NITeLlASUNMITUIRIINANENIINNMITSBET NN ITe ULyl Wivede
MSFUAA Inendoiungnssil il TNSU-EDU 081-2564 Sufl 16 ey 2565
NENADEN9
ngufeg1e Auraanlusunsy G* Power 3.1.9.4 anndudutinizouiil
amihmdnifulussfudssoune Addfnueglulinising 2565 vedlsaFeus
neeAsaiey dand1dnauanenssunsduasunisAnyienty Jaingnssid
91w 388 Ay WudniSoure 189 au wasiniFeunds 199 au lanqualedia

nanua 21 au Wedesiunisaeuda (Drop out) Tuszninenisesniasnienieluny

N

@

TRLFWRLVWIANFUFIDETUBNTBYAE 30 TINTIMUA 32 AU (V18 17 AU LaEUd

e

15 aw) wazinsduieguuurateduney Tnsuungudiagesniudfudu
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309NN IYIUNN5IY USENaUMY WRIDILaN T IUNTNAADY kaLLA3e9ila?
Tdlunsinusiusindeys Al
1. issdianldlun1snaass As NMseaniNaINIgngleny 1518azLen

A9t

1.1 YNAY HIAIMNSI MTEAVING 2 9719 WIOUSNWVUNT 2 U19VUMNTLD

LY

a P Yy o oA v awva o AN W P
Aswe wazlons 2 Peduiivanewin IneUfURvsnn 3 e wweaz 1 Wwdl sin 1 wadl
sy 4 wii

1.2 v WesInga Wuwnne 2 919 Tefledunvanedawinga 2 919

v
va o

warldmonduidnlviogntuity Tnsufiivianun 3 1w wnay 1 wifl Wn 1 WAt T
D 4 wil

1.3 yhBusuiilensitu Sunss vt 2 $radafu nieusnuuts
2 49ty wazRusludremiiderts 2 Srmnsuuity Ieufdivonun 3 wn waay 1
Wil Wn 1 wid sadu 4 undl

1.4 yidulaeia ueunne vmBuansidadui 2 41 adidioas
wazApe NI 2 Sredunfeudu Tasufiivanun 3 1w waar 1 und W 1 un
sy 4wl

waenUfURvinlens 4 vin WWunan 16 widl FeihAnssutunuinig
dUnsifl 1 JaBnuendeunsie dUn%d 2 Jedsgnuea dUail 3 A1anszland

N8 1 @il wazdUavin 4 Annselantiunsie 2 adiu felunsazduaidildinan 8

[
v a

Wi MnuIvhnsufURvileasiwge 4 vin Tdha 16 uii Jjdalanadl

v ¥
(Y]

1.5 3o usune enuvh 2 1edudaiu 45 ssmanniiuendish
Framtiontu uariiens 2 Sreuneiiniiuds TnaufiRvanun 3 we waay 1 und
Wn 1 uil udu 4 wdl

1.6 vdlsl Budamss snuneniuiu T handuRadusun
dulamenumiasiy wionsnuuit 2 Srdunuufemiiofsus TaeufoRvamun
3 @0 weay 1w W 1wl sandu 4 wndl

1.7 g ueuAdaguuy Winwmden Jo1aliteddia ledunuuay
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wBuadaren unfivwy lnd vihen wiligduenilugunds Tngufufvmmn
3 10 waay 1 w1 in 1wl sandu 4 undl
1.8 duiiy weuain 1neile Mvidilesuity sederon whdtaes
S Yaneihaduuuiiu wideaderenliis ardumBeanss aedaty duneluaazinn
waziieglunuaieafulasufoatomn 3 e waay 1 w1 fin 1 unit by g
U9l
2. desileildlunisiiusiusudeya Usznoudie iniesilonnsgiu
X-scan plus Il Jawon, 2013) LATLUUNAGBUELSSOAMMANIY Ssaviden fai
2.1 MyinesdUsznaureIany Meirdoslonnigiu X-scan plus
Il Jawon, 2013)
2.1.1 safiunanie (Body mass index BMI) e Ardaiiunanied
T3 fnmuaunavesimiing [Flansu) wazdiugs (wudiuns)
212 wrad nnlaelasaulagdu (Lean body mass: LB.M)
(Wosidus)
2.1.3 wandauilo (Soft lean mass: S.LM) (Uedidus)
2.1.4 maﬂﬁﬂm‘ﬁaammz@ﬂ (Skeletal muscle mass: S.M.M)
(Wosdus)
2.1.5 walviiu (Body fat) vheidu (Wesidus)
2.1.6 Wesi@unlviulusieneg (Percentage body fat: P.B.F) fie
Fdruvadlatilusmediandudesavdlodeuiuiminsisne
2.2 WUUNAGDUELSIANNNINBYRITnLEeuTiiiaMvmTnAuTe
anugeus Shsmsuvesiale AnumumuYeInd Ll wazauuSwses
ndile (nsuwadnwn, 2562) flseasiden fail
2.2.1 mudousa (Flexibility) naaeulnanisiesesaludnmii
(Sit and reach test) vty wuRuns (cm)
2.2.2 meanuvesszuuiilaayluaisuden (Cardiorespiratory

endurance) NAFRUINIINITHAUVDINILD (Heart rate) fvheidu (ASsaund)
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2.2.3 apanuvesndnuiile (Muscular endurance) iaaaulng
n13qn-13 60 Fut (Sit-ups 60 seconds) STy
2.2.4 muwdussvosndruiie (Muscular strength) nageulng
msianstunselanlna (Standing board jump) dvthedu wes (m)
nsifiusIuTINdaya
1. nguepgaundiemeasduiuwsnaglasunisinesdusenauvessnnieg
FeA3edlanInIgIU X-scan plus I Jawon, 2013) UALVAGBUANSIANNNINE
2. vntudhgnimmeasadunan 4 #ansi Tagludaidi 1-2 sandsne
shelonzdu melusiesiimunuaamail 28 ssrwaldea Insvinisesnddsnely
anuifomademldazan Welminduasiunisesnidmelusefuiun vdsmin
duludansiil 3-4 sanidsnedeloasdou esnniseentdimedieloasfou
annsawayndsnulusnioldd lnsegniglusieafiniuaugumgil 37 sem
waidua Rnduiuhnisevguinane 10 uidl FuSuniseentidinedaevinluaz
flavun 8 ¥ (@13 gannsod, 2504) uagAanssutunuinszninsnisesnidaniy

¢ A [

manaegudunm 10 wid sadu 60 it srernavimun 4 #ai Ao Yuduns
funs uartuans faudiaan 09.00-10.00 u. lurugeoniidsniedaasifoazrinig
Vuiindnsimaduvesilaluundd 5, 10, 15, 20, 25, 30, 35 wavtufinudsnisesn
Manegiud vegluszduiesay 60-80 Y038nsnsiauilagege lnslulday
Fnrsarmsduresilavureenfdinisasiintuides 9 ANUTEAUAIUNUN
yesnnseeniidsmemelony (§Uawin 1-2 Sasmaiiuvesilovaresniidanie
Yoz 60-70 vaadATINSIHUveIlagege dUavid 3-4 Sasinsiduvesiiala
Whmnewfiandy fesay 70-80 vesdnsiniswiuvesinlagean Taesnsinisiuves
Wlavageaniidiniy Seuar 60 nurefniseaninadenienisleazlussauiuiis
Ununang (Light zone) Lazsosag 80 wunefisn1seanniainigmelunzlussiunin
(Hard zone)

3. ndunguiiednarldsumsussduidnadsteieiesdionnsgiu x-

scan plus Il LagNAADUANTIONINNNNY
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nsAATIEtaYa

nagaunswanuasaslsernsiulAsUn® Alwana Shapiro-wilk test ahi
Fansauun (Descriptive statistics) 1éun $ouag (Percentage) ANady Mean (X)
wazdrudeauuNIATFIU (Standard Deviation) Lilonssaundoyainauazfvil
WIANY waradAeyuu (Inferential statistics) Usenausiy afiinaaeu Paired
ttest WiomAuLANAveINanIseenidnesielen foukasndanisesntids
mMedUanii 4 nsainadeuliifulumudonnandedu sxldadnlidmnsfimes

(%

friedman test wazAmuatpdAyn1sedanszau 0.05

NANTTIBUAZIAUTIINA

INNITVAADUAMNLANANVDINANITODNAAINEIIBLEAE ADUN1ITEDN
Mdimeuazndaniseanmdsmeseleagludunid 4 Tngldadfnaaeu Dependent
sample t-test {Adeldmnaeutonnandosuresadfdndn Slikudennandosiy
wAsuldaia fiedman test :nMsMAFBUNINSEIEYBsTRLAMEARA Shapiro-
wilk test wuin deyaiifinisnszatsuuuund Leun wratnitnlngldsan oy
wrandnuLiie Miaﬂé’ﬂm‘ﬁaaﬂﬂﬁzﬂﬂ wazwosiuludulusnsnie (P=0.16, P=0.17,
P=0.14 Wwag P=0.99 mudsv) luvasiiduiinameuazinaluiu fnsnszanedeya
wuulaiun@ (P<0.001 uag P<0.001 anuddu) namsinsgvideyaiistasBondl

1. Soyaitugu

nauspEsiamLn 32 Ay fiergiade 10.90 T (5D=087) Tasuvaduimemne

17 au (Souag 57.33 ) uwagnende 15 au (Seuaz 42.67) nqudiegsadmlvainvil

wanegluszauininiiu (Segag 62.50) wageu (Seway 37.50) (15191 1)
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91

A19197 1 Jeyaiugu (n=32)

fauds U (Govaz)
LINF
P8 17 (57.33)
AN 15 (42.67)
fufiutane (nnw’)
hwiniAu (23-24.99) 20 (62.50)
99U (25-40.61) 12 (37.50)
X = 2869 (3.01) Min-max (23.10-40.60)
21y (V)
10 13 (40.63)
11 9 (28.13)
12 10 (31.25)

X =10.91(0.86) Min-max (10-12)

2. Ms5USEUTBURIAUSZNBUYDI319N18NDULATVRINITEBNANAINEAY
Tonzdunnsid 4

idleFouifsussdusznauvesiansvesnguiets seninenoulaynds
mseenidmeseloay Ui 4 wui esduszneuressimeifinsudsuwlas
wuuldedfanieada Wun dudinante (p=0.02) Tusazfivadminlagllsy

¥

lusu (p=0.53) wrandunile (p=0.57) wananuiilednnsegn (p=0.55) u3alusiy

a o (%

(p=0.13) uazilofidudlusulusranie (p=0.13) lifinsiudsunyasuwuuiideddy

V9EDH (115199 2)

o
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AN5197 2 NSIUSEUMIBURIAUSENBUYBIT N ENBULALNEINTEBNANSINILAIE

TopsdUaei 4 (n=32)

Paired-sample t-test

value Std. Std. Error 95% Confidence
fawds Deviation Mean Interval of the t df p-value
Difference
Lower Upper
giname Ao 2869 154 0.27 0.07 1.19 232 31 002
(n=32) G 28.05
waminleglsl  feu  44.80 1.69 0.29 042 0.79 062 31 053
swladu (n=32)  nds a4.61
wandunile few  41.09 1.48 0.26 -0.38 0.68 0.56 31 057
(n=32) G 40.94
wanduiledn  feu  20.65 1.53 0.27 -0.39 071 0.59 31 0.55
n3¥An (n=32) M 20.49
walasu dou 2042 269 047 -0.23 171 154 31 013
(n=32) WA 19.69
wWeosfWudluily  Aew 3091 2.19 0.38 -0.19 1.39 1.54 31 0.13*
19M18 (n=32) M 30.31

*

i Paired t-test b friedman test

3. MSUSHU—UANSTANINNIINIENBULAZUAINITOBNAAIN18R8TAZ
danidl 4

\dew3suiilsuanssnnnnianisueenguiaega seninenouLayndanIs
santdimesielony dUa1%i 4 WU esfUszneuvesseneiifinisdsuuas
wuudded1Agnieads laun Aruseuda (p<0.001) sraznianisnsslanlng

(p<0.001) LLazqﬂﬁ"a 60 Wt (p<0.001) (1157391 3)

o
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A15199 3 NSUSYULTIEUANTSDNI NN N IENDULAT R IN1588NNaIN18AI8LuAY

U 4 (n=32)

Paired-sample t-test

Auls Std. Std. Error t df p-value
value
Deviation Mean
o flou 0.89 2,07 0.36 -9.01 31 0.00
ANBBU (N=32) .
ViGN 4.20
riou 92.18 6.67 118 -10.06 31 0.00
szezvnenszlanlng (n=32) .
ViGN 104.06
. oy 12.21 190 0.33 -14.90 31 0.00
an-s 60 N (n=32) .
ViGN 17.25

b Paired t-test h friedman test

aiUsIwNaN1ITIVY

naushegeamdutnGeuifdmiingu S1uau 32 eu fergads 10.90
U (D = 0.87) WWuneane 17 au (Sesaz 57.33) wazsineAnde 15 au (5osay 42.67)
nquieddlngidvinaniseglussdudiminiu (Gesay 62.50) wazdau
(Gowar 37.50) Tailummeinindnisouluatetdagiuduinlugamaluladadelnl
Faflawazmanauieinndu fianssunamevienisindeulmiosasdwinlding
amndesfiarimdniauldhenitlueia LLagwudwﬁé’mwLﬁuqﬁmﬁaamﬂ%ﬁ%’im
Wasuuladld saAdenlunsfulsenuerms wazianssuiitingi1 (Penedo &
Dahn, 2016) @saenadasiusisnsausiolanfisteaudn nadeiRanssumianie
ffovas ghinszdunszias waziinmseenidametesas silfdnudrddagtudes
Hulsedauanniu wazainaudiszdmaliinlsanun lddesdulsaumn
auiulaiings lsaislauasvaeniden (nsuewndy, 2562)

SowSsuidivuanssammmsneiduiuiuguninvesnguiiegns seuing
feunseanmdinie wdiniseenfidsnedUaniii 4 wui Auadsvestyiianie
anasegefiuddymeada 91n 28.69 wide 28.05 Alandi/ms1auns (0.64 kg/m’)
wzhdulaniei vy uasvinidedaduriiiansnsoanluuiiasauudedoluiuld
(Chauhan et al, 2017) FefwiinianiganasuinniinsaneI ik uufianasiie

0.62 kg/m2 wag 0.59 kg/m2 Gokal et al,, 2007; Telles et al,, 2010 %qmsﬁﬂwwaa
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Telles et al. (2010) N@ANYINTISERANGIN1EABlEALIINAUIUTBATUNISTAUBIWITNL
lafusuaramsdminiivdsdialinguiieganiivininifulidsiuianisanas
faudazlifinsdrinvuindndiuveieimnsuseUsunandanuisivualinaiy (Biolo
et al,, 2007) wanNINUTINUINTUTLATY 1 FUARNlEmNTlvTus Wasausn (wan
19-lal-19a7357) wazniseanmasnigluannuwinasunusIAaNNANLLASEATIYILan
H v v v a a o A a a )
Uuine avfinnaniy reladmesealuiien uazUaduidssdu q Neziinlsaiale

a

wazvaanLdantuenaating 1349 aula (Slavicek et al,, 2008) aeelsAny Tuns
AnwniiadslianisanasisludninFoumeuazindgs Tuvnzanand o
wanduidlelaglisuluiy anduniefanszgn walviu wasefdusludiy
Tusrame wuilsidnsiwasuidas demssimfunmsnufinuandnui adsiag
meazanasmiauiunsanasweanduniefiumannluiu uasuTinmnaidldan
MslATIEvesRUsTnaus1anie (Telles et al, 2010) Fesnseanuwuulusunsunisin
msdnaliAanmsuasunlasiifulselovisonsdusznouressnanie Tagudulid
nsanlvsiulusnenisuaziininandiuile (Siani et al, 2003) lunisAnwdanvni
wadntindsuudas feilifumszilidnmatuuelinguiegradrialusunsy
nsfuesndlusumuaze s maniiy FsanmsAnniiiunseauin nsiu
9579 AUT I ALARADTAHAUINABNTTLUIUNIT WALNUDATY (Catabolism)
Fadunsaaearserns (arsdiluana) Whduluanaidnuazdeu ATP a1si
818nm30u (NAD+, NADP+ uaz FAD) uaransdumedmsunsdunseiliiunssuiu
maueuuUeATuifiea ndussiusznouresiumenely dswevinlvinanduielas
Tusqwludiulusreneanas (Sahay, 2007) usluu1en15@NEINSUNUIN BeAUTENDU
yostumelifienuuandeseninegisulssmutsedsRruisulsenueimsly
(Dhume & Dhume , 1991) uaﬂmﬂﬁé’uﬂum@maﬁhjLLﬂsﬁﬂdwuaaﬁmﬁfﬂIﬂaMiw
lusfuazanasldinsznsiinlons inszfivians@nuiidnwinisiinleazlugiae
wivmundunuidtiefivefidudlasulusneanas uinduiinanduiolaglsl
salasfudfindu (vang et al, 2007) Fvanvmiuriaieivinldnandudelaglism
laffuanasdsliaunsoasuld uinisanasvesdaiintanisenafinuduiusiugn

UniFeuliesnniifanssunmsiauleaziiudu wsmguannanndiliaunseasdlann

o

Ul 10 atudl 3 (2565) ISSN 2287-0083 | Vol.10 Issue.3 (2022) ISSN 2287-0083



NITIermansuazmalulad wninedesvigenssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

nseenmdmedeloasinzaudmdudiniinnviminiy wsznanisanwiie

ThAnnsiasunUasiisvlidaeu wilwidaie mdudnanisanamasduanid 8
yonantuNamsanedanun ndeniseeniidenesieloasluduavi 8

aussanmmaneveaintnidsufiiviminiy Tnsenzanadovesniudoudy

o

ARAEUDIIEEENINSElanlng WasARAsvedan-1ie 60 Iud WuTuegwdlidud Ay

[y =

N9@dd (p<0.001, p<0.001 ag p<0.001 MUAIAY) FINNN1YBINITEBAAIRINTY
melenzidlenzioutaslonzidudunduiniiunistavdeandiuile sauadinig
insenduilaidunaiuiug Feildnguiieg1afinnuesudi Lazauudusves
nansieyndruiiunndy tnsanzlundudaergilaeanidiniesigloay 6 vin
< [ a v = ! v ! @ =l

Junan 8 duavilugaungiivies 37 ssrwaidiss dwwalvilianugeudiuaziiniig

WHaLSIVDI5819AAIUBNLANUINTY (Bucht & Donath, 2019) wregrdlsAnuiia

v '
S [ v o

Wisususeauauntnvesnisinleazdmuin Tunisdnunillissauainuntdnei
AINSANETRILIN SaaransnsAnefnuriiinnseeniideneselonsiay
dwaranuseufiuazauuise avseendidinigetiades 2-3 adwedund
(Schmid et al,, 2010) wenantufanuin viemsinunldinanlunisesniidanie
seloazusdazaduunitlunisined uilunisinwinguldnaviunianiseen
fasnedaelonyyeuiiniuun (Hunter et al, 2013a; Hunter et al,, 2013b) I
gamgiivedlonziousiafesgininluaziouniqluuszua 10 ssaneafoa

(Laukkanen et al., 2015)

dyunan1maasg

nseaniiasnemelaazidunan 4 dUa9 anunsaaHanaalIInnINmIg
megeadndndeuditivwindy Tnoenzamuseusfisiy Aedsvessyasni
nsglanlnafindy wazAnadsvosgn-it 60 Iunfifiatu uiogslsfinuiulsdnu
a3sinendladiimswasuntas wu mandmielneliisaulaty wandnie wia
n&ruidlefinnszan walvdiu wasedidudludulusienie dduisduduagraded
msaziimslaszidivileaziidmanensiuasunlamiaisineasenann wazaisd

AMsENYINAYRINITRNIaINemeleaslussazanaly

o

Ul 10 atudl 3 (2565) ISSN 2287-0083 | Vol.10 Issue.3 (2022) ISSN 2287-0083



NInTInemansuazmalulad wninerdeviganssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

JoLEUBLUY

1. YaLEUBLULAINN15IRTUASI

1.1 m33AuANUadE U NI dIHATUNIUARDIAUTENBUYBIT N VDILT

v
°

Inzdnminiu
1.2 A5IN1SAN®ISLEL81IVRINITBNNIIN8A8lgALNAINARD

99AUTENDUTBIT NNV NN IR IMTiNAY

ARRNISUUITZAA
YOUDUANANVTINEIANANTNSANIAULINGIANENTNITANT UNINGIEENTS

0 awv

Mnuwiiingwngassiiuazenanainslunisiideynau

LON&1981439

NSUNAANY. (2562). AOUUUNATOULALNMIUINTTIUAUTTONINNINN18VOUAN
181991 4aztszmaulne. ngamme: dinfiusifaduia fsd.

nsueunile. (2562). Segazvaainieiiuy (6-14 T) nozisudiuuazdau seauys
g, szUvasaumAaTiUayusuNsduaSIgunmLareueAanndey,
NIENTIEATITUFY. https://nutrition2.anamai.moph.go.th/webupload/
6x22caac0452648c8dd1f534819ba2f16c/filecenter/file/doc/2564-1.11-
2.pdf.

fiaen ynse. (2557). aunmPinvesiihonzsiildsunmssnudeeiivitnuazand
WA, 9735737ITNEIVIAUALNITAUAGUN N, 36(4), 1496.

FJuNIA YeyUseasy. (2559). NATaINIT0RNMAINELUUNFEleALARANTIANINNNY
nelugaseny. 295975WeIU98a75 ¥ Ineaeseniv, 43(1), 35-47.

uafle Alafndusngs. (2547). sudeuisnisisemamerviamans (Rurindsdi 3).

nsann: drinfiuigunainsalumineqe.

o

U a ]

19ANG LSOV, (2560). UTYg) ¥annIs 5a01 uasn15InNaUseidunanna
Anw) @UTUUTUUT) ngamne: ddnfuiuiegmainsaluninede.

and gannsel. (2544). srmlawgunzleny. uaswen: usen (el UWAT TIA.

Ui 10 atfudl 3 (2565) ISSN 2287-0083 | Vol.10 Issue.3 (2022) ISSN 2287-0083



NITIermansuazmalulad wninedesvigenssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

d1inINg1mansnIsiun. (2555). UUUNATOULALNMTILINTTINTUTIONINNINNIY
ﬁ?%ﬁ"wﬁnZwyaw 7-18 1. NN ASUNAFANWA, N3ENIINSVDLTEN
wazAw.

qiins auniiln uagAme. (2555). LUUNATOULAZINAIININTTINAUTTONINY NN
Fmsuinlngety 7-18 7. nqamwa: nsumadin nsEnsnansvienileiuas
AU

Alverina, G., Wattimena, I., & Wulandari, Y. (2020). The Difference In Flexibility Of
Lumbar Joins Before and After Yoga Gymnastics In Integrated Health
Center (Posyandu) Yuswo Widodo Surabaya. Journal of Widya Medika
Junior, 2(4), 257-262.

Biolo, G., Ciocchi, B., Stulle, M., Bosutti, A., Barazzoni, R., Zanetti, M., Antonione, R.,
Lebenstedt, M., Platen, P., Heer, M., & Guarnieri, G. (2007). Calorie
restriction accelerates the catabolism of lean body mass during 2 wk
of bed rest. The American Journal of Clinical Nutrition, 86(2), 366-372.

Bucht, H., & Donath, L. (2019). Sauna Yoga Superiorly Improves Flexibility,
Strength, and Balance: A Two-Armed Randomized Controlled Trial in
Healthy Older Adults. International Journal of Environmental Research
and Public Health, 16(19), 3721. Doi:10.3390/ijerph16193721.

Chauhan, A., Kumar, D., Prasad, S. S., and Badoni, M. R. (2017). Semwal 3 Yoga
Practice Improves the Body Mass Index and Blood Pressure: A
Randomized Controlled Trial. International Journal of Yoga, 10(2),
103-106.

Dhume, R. R, & Dhume, R. A. (1991). A comparative study of the driving effects
of dextroamphetamine and yogic meditation on muscle control for the
performance of balance on balance board. Indian Journal of Physiology

and Pharmacology, 35(3), 191-194.

o

Ul 10 atudl 3 (2565) ISSN 2287-0083 | Vol.10 Issue.3 (2022) ISSN 2287-0083


https://pubmed.ncbi.nlm.nih.gov/?term=Biolo+G&cauthor_id=17684207
https://pubmed.ncbi.nlm.nih.gov/?term=Ciocchi+B&cauthor_id=17684207
https://pubmed.ncbi.nlm.nih.gov/?term=Stulle+M&cauthor_id=17684207
https://pubmed.ncbi.nlm.nih.gov/?term=Bosutti+A&cauthor_id=17684207
https://pubmed.ncbi.nlm.nih.gov/?term=Barazzoni+R&cauthor_id=17684207
https://pubmed.ncbi.nlm.nih.gov/?term=Zanetti+M&cauthor_id=17684207
https://pubmed.ncbi.nlm.nih.gov/?term=Antonione+R&cauthor_id=17684207
https://pubmed.ncbi.nlm.nih.gov/?term=Lebenstedt+M&cauthor_id=17684207
https://pubmed.ncbi.nlm.nih.gov/?term=Platen+P&cauthor_id=17684207
https://pubmed.ncbi.nlm.nih.gov/?term=Heer+M&cauthor_id=17684207
https://pubmed.ncbi.nlm.nih.gov/?term=Guarnieri+G&cauthor_id=17684207

NInTInemansuazmalulad wninerdeviganssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

Gokal, R., Shillito, L., & Maharaj, S. R. (2007). Positive impact of yoga and

pranayama on obesity, hypertension, blood sugar, and cholesterol: a
pilot assessment. Journal of Alternative and Complementary Medicine,

13(10), 1056-1057.

Hewett, Z. L., Pumpa, K. L., Smith, C. A, Fahey, P. P., & Cheema, B. S. (2017).

Effect of a 16-week Bikram yoga program on heart rate variability and
associated cardiovascular disease risk factors in stressed and sedentary
adults. A randomized controlled trial. BMC Complement Medlicine and

Therapies, 17(1), 226-230.

Hoy, S., Osth, J., Pascoe, M., Kandola, A., & Hallgren, M. (2020). Effects of yoga-

based interventions on cognitive function in healthy older adults: A
systematic review of randomized controlled trials. Complementary

Therapies in Medicine, 58(1), 1-8.

Hunter, S. D., Dhindsa, M. S., Cunningham, E., Tarumi, T., Alkatan, M., Nualnim,

N., & Tanaka, H. (2013a). The effect of Bikram yoga on arterial stiffness
in young and older adults. Journal of Alternative and Complementary

Medicine, 19(12), 930-4. Doi: 10.1089/acm.2012.0709.

Hunter, S. D., Dhindsa, M., Cunningham, E., Tarumi, T., Alkatan, M., & Tanaka, H.

(2013b). Improvements in glucose tolerance with Bikram Yoga in older
obese adults: A pilot study. Journal of Bodywork and Movement
Therapies, 17(4), 404-7. Doi: 10.1016/j.jomt.2013.01.002.

Jawon, (2013). Specializes in manufacturing and offering body composition

44

l

1

02

analyzer, blood pressure monitor for hospital, and 30 kinds of other

medical products. Medical Co., Ltd.

o

Ul 3 (2565) ISSN 2287-0083 | Vol.10 Issue.3 (2022) ISSN 2287-0083


https://pubmed.ncbi.nlm.nih.gov/?term=Hewett%20ZL%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Pumpa%20KL%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Smith%20CA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Fahey%20PP%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cheema%20BS%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Hoy+S&cauthor_id=33618011
https://pubmed.ncbi.nlm.nih.gov/?term=%C3%96sth+J&cauthor_id=33618011
https://pubmed.ncbi.nlm.nih.gov/?term=Pascoe+M&cauthor_id=33618011
https://pubmed.ncbi.nlm.nih.gov/?term=Kandola+A&cauthor_id=33618011
https://pubmed.ncbi.nlm.nih.gov/?term=Hallgren+M&cauthor_id=33618011

NITIermansuazmalulad wninedesvigenssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

Lau, C,, Yu, R, & Woo, J. (2015). Effects of a 12 Week Hatha Yoga Intervention
on Cardiorespiratory Endurance, Muscular Strength and Endurance, and
Flexibility in Hong Kong Chinese Adults. Evid Based Complement
Alternative Medicine. Evidence-Based Complementary and Alternative
Medicine, 1-12. Doi: 10.1155/2015/958727.

Laukkanen, T., Khan, H., Zaccardi, F., & Laukkanen, J. A. (2015). Association
between sauna bathing and fatal cardiovascular and all-cause mortality
events. JAMA Internal Medicine, 175(4), 542-8.
Doi:10.1001/jamainternmed.2014.8187.

Moliver, N., Mika, E. M., Chartrand, M. S., Burrus, S. W. M., Haussmann, R .E.
& Khalsa, S. B. S. (2011). Increased Hatha yoga experience predicts
lower body mass index and reduced medication use in women over 45
year. International Journal of Yoga, 4(2), 77-86.

Penedo, F. J., & Dahn, J. R. (2016). Exercise and Well Being: A Review of Mental
and Physical Health Benefits Associated With Physical Activity. Current
Opinion in Psychiatry, 18(2), 189.

Sahay, B. K. (2007). Role of yoga in diabetes. Journal of the Association of
Physicians of India, 55, 21-26.

Schmid, A. A., Puymbroeck, M. V., & Koceja, D. M. (2010). Effect of a 12-week
yoga intervention on fear of falling and balance in older adults: A pilot
study. Archives of Physical Medicine and Rehabilitation, 91(4), 576-583.

Selvaraja, C., & Arumugam, S. (2018). Effect of iron yoga practices on core
strength and flexibility among football players. Ganesar College of arts
and science, 6(4), 596-599.

Shafer, L. M. (2018). Low-Impact Yoga Improves Flexibility, but Has No Effect on
Heart Rate Variability in Sedentary Adult Women. (A thesis of Master

of Science, Department of Biological Sciences, Wright State University)

o

Ul 10 atudl 3 (2565) ISSN 2287-0083 | Vol.10 Issue.3 (2022) ISSN 2287-0083


https://pubmed.ncbi.nlm.nih.gov/?term=Mika%20E%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Chartrand%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Burrus%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Haussmann%20R%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Khalsa%20S%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Schmid+AA&cauthor_id=20382290
https://pubmed.ncbi.nlm.nih.gov/?term=Van+Puymbroeck+M&cauthor_id=20382290
https://pubmed.ncbi.nlm.nih.gov/?term=Koceja+DM&cauthor_id=20382290

NInTInemansuazmalulad wninerdeviganssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

Siani, V., Mohamed, E. |, Maiolo, C., Daniele, N. D., Ratiu, A., Leonardi, A., &
Lorenzo, A. D. (2003). Body composition analysis for healthy Italian
vegetarians. Acta Diabetologica, 40(Suppl.1), 297-298.

Slavicek, J., Kittnar, O., Fraser, G. E., Medovg, E., Konecng, J., Zizka, R., Dohnalova, A.,
& Novak, V. (2008). Lifestyle decreases risk factors for cardiovascular
diseases. Central European Journal of Public Health, 16(4), 161-164.

Telles, S., Naveen, V. K., Balkrishna, A., & Kumar, S. (2010). Short term health
impact of a yoga and diet change program on obesity. Medical Science
Monitor, 16(1), CR35-40.

Widjaja, A. A., Chothani, S. P., & Cook, S. A. (2021). Different roles of interleukin
and interleukin 11 in the liver: Implications for therapy. Human
Vaccines & Immunotherapeutics, 16(1), 2357-2362.

Wooten, S. V., Signorile, J. F., Desai, S. S., Paine, A. K., & Mooney, K. (2018).
Yoga meditation (YoMed) and its effect on proprioception and balance
function in elders who have fallen: A randomized control study.
Complementary Therapies in Medicine, 36(1), 129-136.

Yang, Y., Verkuilen, J. V., Rosengren, K. S., Grubisich, S. A., Reed, M. R., Hsiao-
Wecksler, E. T. (2007). Effect of combined Taiji and Qigong training on
balance mechanisms: A randomized controlled trial of older adults.

Medical Science Monitor, 13(8), CR339-348.

o

Ul 10 atudl 3 (2565) ISSN 2287-0083 | Vol.10 Issue.3 (2022) ISSN 2287-0083


https://pubmed.ncbi.nlm.nih.gov/?term=Siani+V&cauthor_id=14618498
https://pubmed.ncbi.nlm.nih.gov/?term=Mohamed+EI&cauthor_id=14618498
https://pubmed.ncbi.nlm.nih.gov/?term=Maiolo+C&cauthor_id=14618498
https://pubmed.ncbi.nlm.nih.gov/?term=Di+Daniele+N&cauthor_id=14618498
https://pubmed.ncbi.nlm.nih.gov/?term=Ratiu+A&cauthor_id=14618498
https://pubmed.ncbi.nlm.nih.gov/?term=Leonardi+A&cauthor_id=14618498
https://pubmed.ncbi.nlm.nih.gov/?term=De+Lorenzo+A&cauthor_id=14618498
https://pubmed.ncbi.nlm.nih.gov/?term=De+Lorenzo+A&cauthor_id=14618498
https://pubmed.ncbi.nlm.nih.gov/?term=Slav%C3%ADcek+J&cauthor_id=19256282
https://pubmed.ncbi.nlm.nih.gov/?term=Kittnar+O&cauthor_id=19256282
https://pubmed.ncbi.nlm.nih.gov/?term=Fraser+GE&cauthor_id=19256282
https://pubmed.ncbi.nlm.nih.gov/?term=Medov%C3%A1+E&cauthor_id=19256282
https://pubmed.ncbi.nlm.nih.gov/?term=Konecn%C3%A1+J&cauthor_id=19256282
https://pubmed.ncbi.nlm.nih.gov/?term=Zizka+R&cauthor_id=19256282
https://pubmed.ncbi.nlm.nih.gov/?term=Dohnalov%C3%A1+A&cauthor_id=19256282
https://pubmed.ncbi.nlm.nih.gov/?term=Nov%C3%A1k+V&cauthor_id=19256282
https://pubmed.ncbi.nlm.nih.gov/?term=Widjaja+AA&cauthor_id=32530750
https://pubmed.ncbi.nlm.nih.gov/?term=Chothani+SP&cauthor_id=32530750
https://pubmed.ncbi.nlm.nih.gov/?term=Cook+SA&cauthor_id=32530750
https://www.tandfonline.com/toc/khvi20/current
https://www.tandfonline.com/toc/khvi20/current
https://pubmed.ncbi.nlm.nih.gov/?term=Wooten+SV&cauthor_id=29458919
https://pubmed.ncbi.nlm.nih.gov/?term=Signorile+JF&cauthor_id=29458919
https://pubmed.ncbi.nlm.nih.gov/?term=Desai+SS&cauthor_id=29458919
https://pubmed.ncbi.nlm.nih.gov/?term=Paine+AK&cauthor_id=29458919
https://pubmed.ncbi.nlm.nih.gov/?term=Mooney+K&cauthor_id=29458919
https://pubmed.ncbi.nlm.nih.gov/?term=Yang+Y&cauthor_id=17660722
https://pubmed.ncbi.nlm.nih.gov/?term=Verkuilen+JV&cauthor_id=17660722
https://pubmed.ncbi.nlm.nih.gov/?term=Rosengren+KS&cauthor_id=17660722
https://pubmed.ncbi.nlm.nih.gov/?term=Grubisich+SA&cauthor_id=17660722
https://pubmed.ncbi.nlm.nih.gov/?term=Reed+MR&cauthor_id=17660722
https://pubmed.ncbi.nlm.nih.gov/?term=Hsiao-Wecksler+ET&cauthor_id=17660722
https://pubmed.ncbi.nlm.nih.gov/?term=Hsiao-Wecksler+ET&cauthor_id=17660722

NITIermansuazmalulad wninedesvigenssii
UDON THANI RAJABHAT UNIVERSITY JOURNAL OF SCIENCES AND TECHNOLOGY

BIOSORPTION BEHAVIOR OF CD(Il) IONS ONTO TAPIOCA PEEL:
EQUILIBRIUM, KINETICS, THERMODYNAMICS AND DESORPTION STUDIES

Panumas Promthetl'* and Weena Promthet2

1Program of Management Engineering, Faculty of Industrial Technology, Loei Rajabhat University

z Program of Information Technology, Faculty of Science and Technology, Loei Rajabhat University

Received: 1 November 2022 Accepted: 23 December 2022

Abstract

The biosorption behavior of Cd(ll) from aqueous solution onto industrial
waste such as tapioca peel was investigated as a function of influence parameters
such as contact time, solution pH, initial concentration, temperature, desorption,
and regeneration. Results showed that the biosorption was relatively fast, and
equilibrium was achieved within 30 min. The tapioca peel exhibited good
biosorption potential at pH 5. The experiment data was described better by the
Langmuir than the Freundlich isotherm model, with a maximum biosorption
capacity of 36.10 mg/e. The biosorption kinetics followed a pseudo-second-order
model, and the thermodynamic behaviour indicated that the Cd(ll) biosorption
onto tapioca peel was an endothermic process. The results of FTIR spectroscopic
analysis revealed that hydroxyl and carboxyl groups on the tapioca peel surface
were involved in the biosorption of Cd(ll). Desorption of Cd-loaded tapioca peel
was desorbed by HCl, HNO,, H,SO,, EDTA, MgCl,, and NaCl as the desorbing
agents. The results showed that more than 86% desorption of Cd(ll) was attained

with 0.1 M HCL. The regeneration experiments showed that the biosorption
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capacity of tapioca peel was a total slightly reduced 6%. Meanwhile, the recovery

of Cd(Il) was decreased from 88.74 to 70.91% in the sixth cycle.

Keywords: Biosorption, Desorption, Tapioca peel, Biosorbent, Cd(ll)

Introduction

Water pollution by heavy metals has been an important ecological
and environmental issue in Thailand. Cd(ll) is one of the heavy metals that is
regarded as an element of high toxicity. Cd(ll) toxicity can lead to cancer,
hypertension, renal dysfunction, hepatic injury, and lung insufficiency (Sari et
al., 2008). Industrial effluents from electroplating, pigments, battery, solar
cells, plastic stabilizers, mining, metallurgical, and fertilizer industries are the
major sources of Cd(ll) contaminants in water resources (Gupta et al.,, 2022).
Conventional methods for the removal of Cd(ll) from wastewater are ion
exchange, ultrafiltration, adsorption, solvent extraction, chemical precipitation,
reverse osmosis, and phytoremediation (Wattanakornsiri et al., 2022). However,
the disadvantages of the methods include being extremely expensive and not
effective, especially when the metal concentration is less than 100 mg/L
(Volesky, 2007)

Biosorption is one alternative that should be considered; the advantages
of this method over conventional methods include great efficiency for metal
removal at low concentration, the possibility of metal recovery, and the low
cost of biosorbent. Researchers have tested many materials such as rice husk,
tea waste, coffee bean, coconut waste, peanut shell, sunflower stalk, orange
peel, banana peel, mango peel, pomelo peel, sugarcane bagasse and melon
peel for Cd(ll) removal from wastewater (Kwikima et al., 2021; Ahmadi et al,
2022).

Tapioca is an annual tuber crop grown widely in tropical areas. Currently,

Thailand is also the world's largest exporter of tapioca products with an average
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of 7 million tons/year. However, the tapioca industry produces large quantities
of wastes and creates environmental problems. Finding a use for large quantities
of tapioca peel is one of the challenge tasks. The objective of the present work
was to explore the potential of tapioca peel for the biosorption of Cd(ll) from
aqueous solution. The influence of various experimental parameters such as
contact time, solution pH, initial concentration, temperature, desorption, and
regeneration have been investigated. FTIR analysis, biosorption isothermes,
kinetics, and thermodynamic model were used to evaluate the experimental

data and to describe the possible biosorption mechanism.

Materials and methods

Biosorbent preparation

Tapioca peel was generated in the native tapioca starch production
process from the J.Charoen Marketing Co., Ltd., in Chiangkan district, Loei
Province, Thailand. The peels were washed 4-5 times with distilled water and
dried in an oven at 80 °C for 48 hours, and then crushed and sieved through
diffe rent sizes. 0.425-2.36 mm fraction was used in all experiments.

Fourier transform infrared analysis

The functional groups present on the surface of tapioca peel before
and after Cd(Il) biosorption were analyzed by FTIR spectroscopy (Bruker, Tensor
27). The analysis was carried out using KBr, and the spectra range varied from
4000 to 400 cm .

Metal solutions

All chemicals used in the present work were analytical grade and were
purchased from Loba Chemie (Mumbai, India). The stock solution of Cd(ll) was
prepared by dissolving the required amount of Cd(NO,),-4H,0 in distilled water.
The pH of solutions was adjusted by pH meter (Mettler-Toledo, $20) using 0.1
M HNO3 and 0.1 M NaOH.
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Biosorption studies

The Cd(ll) biosorption experiments to examine the effects of the
parameters such as contact time, solution pH, initial concentration, and
temperature were carried out in 250 mL Erlenmeyer flasks containing 100 mL
metal solutions and 1 g of tapioca peel. The flasks were agitated at 200 rpm in
the orbital shaker (Forma Scientific, model 420) at a temperature of 35°C. Tapioca
peel was separated using fiberglass filter paper, and the Cd(ll) concentration in
solution was analyzed by AAS (Shimadzu, AA-6200) and operated at an analytical
wavelength of 228.8 nm. The effect of contact time was studied at definite
time intervals (5, 10, 20, 30, 60, 90, and 120 min). The effect of pH was
determined in different pH solutions (2, 3, 4, 5, 6, and 7). The effect of initial
concentration was varied over a range concentration (25, 50, 100, 200, 300,
400, and 500 mg/L), and the effect of temperature was incubated at different
degrees (5, 15, and 55°C). All experiments were carried out in triplicate, and
the results were presented as mean values. The amount of Cd (Il) biosorption

at equilibrium, g. (mg/g), was calculated as follows:

\'%
de = 3, (Co = Ce) (1)

Where: Cyand C, are the initial and equilibrium concentrations of Cd(ll) in
solution (mg/L). V and M are the volume of solution (L) and mass of

tapioca peel (g).

Desorption and regeneration studies

Desorption experiments were carried out by treating 1 ¢ of tapioca
peel with 100 mL of 50 mg/L Cd(ll) solution. After Cd(ll) biosorption, the Cd-
loaded tapioca peel was filtered, washed several times with distilled water to
remove residual Cd(ll), and desorbed with 100 mL of 0.1 M HCl, HNO5, H,SO,,
EDTA, MgCl,, and NaCl. The mixtures were shaken in the orbital shaker for 30
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minutes, and the filtrates were analyzed to determine the concentration of
Cd(Il) after desorption. The desorbed peel was washed, and the so regenerated
biosorbent was used in six biosorption-desorption cycles to determine reusability

of the peel. Desorption efficiency was calculated as follows:

Amount of Cd(II) desorbed
Amount of Cd(IT) adsorbed

Desorption efficiency = X100 2

Results and discussion

Effect of contact time

Contact time is one of the important parameters that attributed to
the success of the biosorbents in metals biosorption. The results showed that
the biosorption of Cd(ll) increased as the contact time was increased, and the
figure showed two phases of rapid and slow rates (Fig.1). The biosorption
capacity of Cd(ll) increased rapidly during the first 5 minutes. After that, the
capacity increased slowly until the equilibrium was reached at 30 minutes,
when biosorption equilibrium was found to be 4.27 mg/g. The rapid phase is
attributed to the highly porous structure and the large surface area of the
tapioca peel, which provides ready access for the removal of Cd(ll) on the
active sites. With the gradual occupancy of these sites, the process becomes
less efficient in the slower phase. Similar observations of two-rate biosorption
were reported for the removal of Cd(ll) by mungbean husk (Saeed et al., 2009),
physic seed hull (Mohammad et al., 2010) and leaves waste (Gupta et al.,, 2022).

Biosorption capacity (mg/g)

°

=

0 M M 5 100 20 140
Time (min)

Fig. 1 Effect of contact time on the biosorption of Cd(ll) onto tapioca peel
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Effect of solution pH

It is well known that solution pH is one of the major parameters
controlling the biosorption of metals ions with biosorbents. The results showed
that the biosorption capacity was increased with increasing solution pH (Fig.2).
This can be explained by the fact that at low pH, the surface of the tapioca
peel would also be surrounded by H+, which decreases the Cd(ll) interaction
with the active sites of the tapioca peel by greater repulsive force, while with
an increase in pH, the total surface of the tapioca peel became negative;
therefore, biosorption increased (Benaissa & Elouchdi, 2007; Ahmadi et al., 2022)
and the maximum biosorption occurred at pH 5, when the capacity was found
to be 4.29 mg/g. However, the decrease in biosorption efficiency at higher pH
(>5) was due to the formation of soluble hydroxylated complexes and their
competition with the active sites as a result, the retention would decrease

again (Kumar et al., 2011).

Biosorption capacity (mg/g)

2 3

Solution pH

Fig. 2 Effect of pH on the biosorption of Cd(ll) onto tapioca peel

Biosorption isotherms

The biosorption isotherm is the relationship graph between the amounts
of Cd(Il) adsorbed onto the surface of tapioca peel at equilibrium (Fig.3). The
results showed that the biosorption capacity increased with an increased
concentration. When the initial concentration increased from 25 to 500 mg/l,

the biosorption capacity increased from 2.36 to 31.87 mg/g. The biosorption
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isotherms were studied using two models, namely the Langmuir and Freundlich
isotherm. The Langmuir model assumes adsorption on a homogeneous surface
and a monolayer adsorption, and the equation is expressed as follows:

__ OmaxKLCe

qe o 1+K;,Ce (3)

Where:  gpax and K. are the maximum capacity (meg/g) and Langmuir constant
(L/mg). The values of gn,. and K can be calculated from the slope

and intercept of the plot between C./q. versus C..

The Freundlich isotherm assumes adsorption on a heterogeneous

surface and a multilayer adsorption and the equation is expressed as follows:

de = KeCy'" @

Where: Kg and 1/n are the biosorption capacity and biosorption intensity. The
values of K¢ and 1/n can be calculated from the slope and intercept

of the plot between log g, versus log C..

The results showed that (Fig. 4 and 5) the biosorption isotherm for the
tapioca peel was described well by the Langmuir model (R2=O.9889) as compared
to the Freundlich model (R°=0.9492). In other words, the biosorption process
took place through a monolayer coverage of Cd(ll) ions on the surface of tapioca
peel, and the maximum capacity (gma,) obtained in this study was 36.10 mg/g
(Table 1). Moreover, the maximum biosorption capacity of tapioca peel in this
work is higher than that of various biosorbents reported in the literature

(Table 2).

o
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Table 1 Isotherm parameters obtained from Langmuir and Freundlich model

Langmuir isotherm Freundlich isotherm
G K, R K: /n R
36.10 0.0353 0.9889 2.21 0.553 0.9492

Table 2 Comparison of cadmium biosorption capacities of various biosorbents

Biosorbents Capacity (mg/g) Reference
Banana peel 2.18 (Anwar et al., 2010)
Physic seed hull 11.89 (Mohammad et al., 2010)
Corn stalk 12.73 (Zheng et al., 2010)
Wheat straw 14.80 (Dang et al., 2009)
Coffee grounds 15.65 (Azouaou et al., 2010)
Pomelo peel 21.83 (Saikaew et al., 2009)
Mungbean husk 35.41 (Saeed et al., 2009)

Tapioca peel 36.10 This work
E 25 .
é 15 4
E- 10 4
2 y.
L e

Equilibrium concentration (mg/L)

Figure 3 Biosorption isotherms of Cd(ll) onto tapioca peel
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Figure 4 Langmuir isotherm plots of Cd(ll) onto tapioca peel

09 4

Log qe

0.6

03 4

¥ = 0.553x + 0.3449
R*=0.9492

0

0 0.6 1.2 18 2.4
Log Ce

Figure 5 Freundlich isotherm plots of Cd(ll) onto tapioca peel

Biosorption kinetics

To describe the possible biosorption mechanism of Cd(ll) onto tapioca
peel and rate the controlling steps, the kinetic models were studied using two
models, namely pseudo-first-order and pseudo-second-order equations. The
pseudo-first-order equation, which is also known as the Lagergren model and

the linear form of the equation, is expressed as follows:

kq

log(qe — q¢) = logqe — -t (©)

Where: g, is the biosorption capacity at time t and k; is the first-order rate
constant (min). The values of k; and g can be calculated from the

slope and the intercept of plot between log (ge-gy) and t.
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The pseudo-second-order, which is known as the Ho and McKey model

and the linear form of the equation, is expressed as follows:

t 1

1
+ —t (7
ac k203  qe

Where: k, is the second-order rate constant (g/mg/min). The values of g. and
k, can be calculated from the slope and intercept of plot between

t/qt versus t.

The value of biosorption capacity geey determined using the first-order
model was far lower than the experimental Qg Value. On the other hand,
the value of biosorption capacity Qecay Obtained from the second-order model
was approximate to the experimental value more than the value of the first-
order model. A comparison of the regression coefficient (R") between the first-
order and second-order (Table 3) showed that biosorption process closely
followed the pseudo-second-order (Fig. 6) better than the pseudo-first-order.
Therefore, the rate-controlling step of the biosorption process may be due to
the chemisorption involving valency forces through the sharing or exchange of

electrons between the tapioca peel and Cd(ll) ions (Ho, 2006).

Table 3 Kinetic parameters of pseudo-first-order and pseudo-second-order

Experiment Pseudo-first-order Pseudo-second-order
2 2
9€(exp) 9€(cav ky R 9e(can k, R
4.32 1.49 0.058 0.9506 4.55 0.079 0.9998
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Figure 6 Pseudo-second order plots of Cd(ll) onto tapioca peel

Biosorption thermodynamic

The effect of temperature is an important influencing factor in the
biosorption process. The thermodynamic behaviour for biosorption of Cd(ll) onto
tapioca peel was mentioned at three different temperatures, viz., 15, 35, and
55 °C. The results showed that when the temperature increased from 15 to 55
°C, the biosorption capacity increased from 3.50 to 4.71 mg/g. The increases in
capacity of Cd(Il) with temperature may be due to the enlargement of pore
size or the activation of some components available at the surface of tapioca
peel that respond to Cd(ll) biosorption (Ajmal et al., 2000). The thermodynamic

distribution coefficient (KD) was expressed as in the following equation:
Kp = Ca/Ce (®)

Where: Cyis the equilibrium concentration on the surface of tapioca peel (mg/L).
The value of free energy change (AG®) was calculated from the following
equation:

AG® = —RTInKp ©)

Where: R is the gas constant (8.314 J/mol/K) and T is the temperature (°K). The
values of the entropy change (AS°) and enthalpy change (AH®) were
obtained from the slope and intercept of the plot between In Ky versus

1/T.

o
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R RT (10)

The results showed that (Table 4) the value of AG® was calculated to
be -1.99, -4.77, and -7.54 kJ/mol. The negative values of AG® confirm the
spontaneous nature of Cd(Il) biosorption. The values of AS° and AH® were
found to be 138.9 J/mol and 38.03 kJ/mol. The positive value of AS°® indicates
that the freedom of Cd(ll) ions is not too restricted in the tapioca peel. The
positive value of AH° indicates that the biosorption of Cd(ll) onto tapioca peel

was the endothermic process.

Table 4 Thermodynamic parameters for the biosorption of Cd(ll) onto tapioca

peel
Temp (K) AG°(kJ/mol) AH°(kJ/mol)  AS°(kJ/mol K) R’
288.15 -2.98
308.15 -5.02 26.41 0.102 0.9871
328.15 -7.06

Organic functional groups analysis

The FTIR spectra of tapioca peel before and after the biosorption of
Cd(ll) were used to determine the frequency changes of the organic functional
groups in the tapioca peel and the spectra wave number varying from 400 to
4000 cm . The FTIR spectrum of native tapioca peel (Fig. 7A) showed the
presence of several functional groups. The adsorption peak at 3431 e was
attributed to the stretching vibration of the O-H bond due to alcohols, and
the peak at 2929 e was likely due to the presence of C-H bonds in the
carboxyl group. The peak observed at 1760 e was due to the stretching
vibration of the C=0 bond due to carboxylic acids (Feng et al.,, 2011). The peak
at 1652 cm might be attributed to the stretching of the C=C and C=0 bonds,

o
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and the peak observed at 1031 e was attributed to the stretching of the
C-0 bond due to alcohols, carboxylic acids or esters. The FTIR spectrum of
Cd-loaded tapioca peel (Fig. 7B), showed that the stretching vibration at 3431,
2929, 1760, 1652, and 1031 e were changed and shifted to 3421, 2925, 1745,
1631, and 1026 Cmfl, respectively. These shifts in the FTIR spectrum of tapioca
peel after the biosorption of Cd(ll) may be attributed to the chemical interactions,
as the ion exchange between hydrogen atoms of hydroxyl and carboxyl groups
of tapioca peel and Cd(Il) ions were mainly involved in the biosorption of Cd(ll)

onto tapioca peel (Sari et al., 2008).

T imem

4000 3500 3000 2500 2000 1500 1000
Wavenumber cm- 1

Figure 7 FTIR spectrum of tapioca peel (A) native tapioca peel

(B) Cd-loaded tapioca peel

Desorption and regeneration studies

The regeneration of biosorbent may be crucially important for keeping
down the operating costs of heavy metal removal from wastewater. The results
showed that the highest desorption efficiency of 86.73% was attained with 0.1
M HCL. Conversely, NaCl was less efficient than the other desorbing agents (Fig.
8). The inefficient desorption by NaCl was ascribed to the formation of alkaline
metal complexes or metal precipitation at high pH (Saeed & Igbal, 2003). The
regeneration of tapioca peel was reused for up to six cycles using 0.1 M HCl as

a desorbing agent (Fig. 9). In total, the biosorption capacity was slightly decreased
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by 6% after a sequence of six cycles. Meanwhile, the recovery of Cd(ll) decreased
from 88.74 to 70.91% in the sixth cycle. There is a reduction in both percentage
biosorption and desorption. It may be concluded that HCl has the potential
to desorbent the metal ions due to H' biosorption and pH shift, however,
in turn, this also changes the functional chemistry of the surface leading to

reduction in the capacity of the bio-adsorbent in next cycle (Gupta et al., 2022).

100

ot
HO

HNOy H,50, EDTA MgCly Nacl

& 8 3

Desorption efficiency (%)

Desorbent (0.1 M)

Figure 8 Effect of desorbent on the desorption of Cd(ll) from tapioca peel

= Biosorption

@Desorption

Biosorption/Desorption (mg/g)

1 2 3 N s 6

Cycle number

Figure 9 Six cycles of Cd(Il) Biosorption-Desorption with 0.1 HCl

Conclusions

Cd(Il) biosorption onto tapioca peel was found to be dependent on
contact time, solution pH, initial concentration, and temperature. Langmuir
isotherm described the biosorption of Cd(ll) onto tapioca peel better than the

Freundlich isotherm with a maximum biosorption capacity of 36.10 mg/g at an
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optimum pH of 5. The pseudo-second-order equation well-fitted the biosorption
kinetics, and the thermodynamic behaviour indicated that the Cd(ll) biosorption
onto tapioca peel was an endothermic process. FTIR analysis revealed that
carboxyl and hydroxyl groups were mainly responsible for the biosorption of
Cd(ll). Desorption studies showed that more than 86% desorption of Cd(ll) was
attained with 0.1 M HCL. Tapioca peel in this work has been shown to be greatly
efficient and an alternative biosorbent for the biosorption and desorption of
Cd(ll) from aqueous solution because of its reasonable high biosorption capacity,
and this waste is available in large quantities from tapioca starch industry in

Thailand.
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Abstract

Vermicompost is rich in organic matter and nutrient elements which
are essential for plant growth. Therefore, using vermicompost combined with
reducing the rate of chemical fertilizer may promote plant growth as a result
improve yield of sweet waxy corn. This study aimed to investigate the effect of
vermicompost combined with chemical fertilizer application on growth and
yield of waxy corn. The study was performed in a randomized complete block
design (RCBD) with four replications. Six treatments consist of 1) chemical
fertilizer at the rate 25 kg/Raf1 (control) 2) Vermicompost at the rate 3 t/Rai
3) Vermicompost at the rate 1 t/Rai" + chemical fertilizer at the rate 12.5 kg/Raf1
4) Vermicompost at the rate 2 t/Rai + chemical fertilizer at the rate 12.5 kg/Rai |
5) Vermicompost at the rate 3 t/Rai + chemical fertilizer at the rate 12.5 kg/Rai_1
and 6) Vermicompost at the rate 4 t/Rai + chemical fertilizer at the rate 12.5
kg/Raifl. The result revealed that the application of vermicompost combined
with reduced chemical fertilizer (T3-T6) showed it was not significantly different
between chemical fertilizer for SPAD chlorophyll meter reading and plant
height. Furthermore, there was no significant difference between vermicompost
integrated with chemical fertilizer and chemical fertilizer for fresh ear yield,
excepting T4. The results indicated that application of vermicompost at the

rate 1 /Rai - + chernical fertilizer at the rate 12.5 kg/Rai’1 could be recommended
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for farmer due to contributed growth and yield of waxy corn and resulted in
yield potential equal to chemical fertilizer application at the rate of 25 kg/Rai_1

(recommended rate)
Keywords: Vermicompost, SPAD chlorophyll meter reading, Fresh ear yield
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8051 12.5 Alansudels Siwdudeyaldifioudng 1 dusels 4) lddewnd dnsn 12.5

+ 1+

Alansusals srufudeyaldnaudnsi 2 auw/ls 5) ldduwwdl ons1 12.5 Alansu/ls
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TunIniundi 1 lddewniiingn 46-0-0 $n51 25 Alanfu druniniuudil 2-6 Tnsld
JonnmInansdimun wazilednlnaey 30 Yundsdiougn Snslddeadedt 2
Tuvdnuudd 1 Teelddeniingn 15-15-15 iudegadinudetvedly lnensaasa
Lﬁaﬁﬁﬁ’ﬂwﬁmq 15, 30 uaz 45 Junaeaindredan Tneaanlufl 2 vide 3 Wuan
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Least significant difference (LSD)
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Usglowd uazlusunadon ogdl 0.13%, 0.30% uaw 0.39% awdsy dwluteya
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TUsumaeonstanun (%) 0.39 0.66
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TudnvesnuarAnudeivedty nuimavesnisldleyaldifeusiuiv
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nstadewd dnavilidnuaeAnnudgiluinnuuandsiunieeds o1y 30 wag

45 Jundsdneugn Tnenuimeamuaninislddendednauies uasnisldadeyaldifou
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suiunsladend Sananudseduganimiamuaniinisleyayaldfousgaien
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M58 2 waveansidyaldifiouriudunislideniidednumuzanuguasAinig
Wervestnlnatumndeaninu fieng 15, 30 uag 45 Tundegeugn

(days after transplanting; DAT)

- . AUGS (wumung) Arnnuealu
NIALUUA

15 DAT 30 DAT 45 DAT 15 DAT 30 DAT 45 DAT
Fertilizer (T1) 36.2 ab 120.8 182.0 51.9 49.3 a 61.2 ab
VM 3t (T2) 36.5 ab 122.5 185.3 50.1 428 b 54.6 b
VM 1t +F(T3) 36.7 ab 119.7 175.3 51.2 49.9 a 62.0 ab
VM 2t + F (T4) 325 ¢ 119.1 183.5 49.5 48.7 a 65.8 a
VM 3t + F (T5) 39.1a 125.2 185.6 49.5 49.1 a 68.7 a
VM 4 t + F (T6) 35.2 bc 124.6 180.0 52.1 49.2 a 61.0 ab
F-test * ns ns ns * *
CV. (%) 6.80 6.11 5.16 7.28 6.28 11.32

vanewe:  Aadslunedutiieddudiinfusednusiimiloudulsifinuunnsiamisadilagisnns
Wisuifiuradeuuy LSD 4 P = 0.05
ns way * = Liflmnuumndnansaduazuansnsneadiafisziuanudesiu 95% aud
T1 = Jawndidnsuugii 25 Alandusels
T2 = Joyaldifiousng 3 dusels
T3 = Joyaldifiowsna 1 dusels + Juiatidng 12.5 Alaniudels
T4 = Jeyaldifioudna 2 dusels + Jownlidns 12.5 Alansusiels
T5 = Joyaldifiewsne 3 dusels + Juwaiidng 125 Alansudels

T6 = Jeyaldifiousdna 4 dusols + Joalidns 12.5 Alansusiels
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nnnsAnualiiuin msladeldideulusnmiidr (1 dustels) sauiu
nsaansladewndl vsensladeyaldifouiissegiafes Inailinisaiayiuls
dnwazanugsvesiudnlnaliunnsefunsladendmusanuuzih Jsaenndes
Aums@nwiiinuan swinsladeldideusuiunsannisldadeind silvianugs
vostlnavulduansnsiunislddewndl (Canatoy, 2018; Villaver, 2020) usogndls
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nmsfinwdliiiuin nsladeyaldfousuiunisanlddenddnavili
runisElnuazanuendfinliuandsiunislddeniisnsuugt wuheiiunsing
I~ A0 v @ |+ v A ' @ |+ A o 9w 1
el Ml mslddeyaldiousiuiunisantalewnsl vinliaunieilinuay
AnugMindlnalidanuuandsiunistadewd (Lazcano et al, 2010; Canatoy,

2018; Villaver, 2020)

lﬂl ¥ ¥ A ! U Y+ a0 U 4
M990 3 masuaqmi’lmgavl,al,ﬂam’mnumﬂmjEJmmaaﬂwmsmmmwﬂmmz

AMUEEINVDITIINAT LTI

.. Aundein (wudluns) AN (lwuRuns)
7IALUUA
fsudaniUaan waslanilden faulaniUaan waslanaan

Fertilizer (T1) 33.0a 17.8 56.6 ab 44.6 ab
VM 3t (T2) 26.5 ¢ 16.0 50.3d 423 b
VM 1t +F(T3) 29.0 bc 17.8 56.5 ab 46. 6 a
VM 2 t + F (T4) 30.6 ab 17.5 54.4 c 428 b
VM 3t + F (T5) 31.5 ab 18.0 57.6 a 44.9 ab
VM 4 t + F (T6) 28.7 bc 18.5 54.7 c 46.1 a
F-test * ns ** *
CV. (%) 7.46 6.60 2.63 4.41

o v v o

vunewe:  Aadslunedutiieddudiindusednusiimiloudulsifinuunnsiimisadilagisnis
Wisuifiunadeuuy LSD 4 P = 0.05
ns, * way ** = ldfimuuana1annsainlazuana1msananseduaud ety 95% waz
99% MUy
T1 = Jainiidnsuugii 25 Alandusels
T2 = Joyaldifiousng 3 dusels
T3 = Joyaldifiowdnn 1 dudels + Jewaildng 12.5 Alaniudels
T4 = Joyaldifiowsna 2 dusels + Juwaiidng 12.5 Alansudels
T5 = Jeyaldisiowdnn 3 dudels + Jowaildng 12.5 Alaniudels

T6 = Joyaldifiowsdna 4 dusiels + Juiatidng 12.5 Alansudels
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2.3 wavasnshiyaldieusiuiunislddeniinednuusnaninuagen
ATV

2.3.1 U TN nARLaLAIAINNRINY

a4 1+

Nnuan1Inaaes nuimavesnstadewd Jeyaldiou waznisldle

ERY] 3

1+ a o

yaldifousiudunsladeind uadi

9

Tlnsasiniininandeusazudsuaniuden
fauuandimeadia (15197 4) Tnenuiminwudndnasldadeyaldideusas
3 dudeld Tafunsldteind Snsn 125 Alansusiels (T5) widndnanrouuas
nienildengafian (345.6 uaz 207.0 n¥usieiln mud1dv) wagidmidninan
Laiumnsistunisladennd Tuvaeiinisladoyaldifiou 3 fusiels Svurniinrouuas
vasUonidenidniian (224.8 uaz 140.9 n3usieiln mudRU) dauAAILMIY
wudldfianuwendeiuseninensladendl Jeyaldisiou waznislddeyaldifiou
fafunisladend venanidmuinislaleldyaldifousng 1 dudeld sauify
msladaaianst 12.5 Alansudels (T3) uaznisladeyaldiiousnsn 3 dusels +
Joiaildnsy 12.5 Alanudels (T5) duuilduvesAinnumitugs (13.1 wag 12.3
brix°) fnua19U

v

o v v A ] Y] U+ a0 v ° o '
M1379% 4 NaGUENmﬂm&aiamauiwﬂUﬂWﬂ%QEJLmJmaaﬂwmzumuﬂﬂﬂammzm

AITHKRITU
.. swiinilngn (nFusieiln) ,
NINLUUA ANAURU (brix°)
faudaniUdan waslanildan
Fertilizer (T1) 329.7 a 182.9 ab 11.8
VM 3t (T2) 224.8 ¢ 1409 c 11.1
VM 1t +F (T3) 3182 a 202.5 a 13.1
VM 2 t + F (T4) 2785 b 161.6 bc 10.7
VM 3t + F (T5) 3456 a 207.0 a 12.3
VM 4 t + F (T6) 316.6 a 2035 a 11.8
F-test ** *x ns
CV. (%) 7.11 9.93 10.76
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o v v o

wnewn:  Anadslunedulifedfuiidifudesnusimiloutulifiauuandrmisadalngiznng
Wisuifiurnadeuuy LSD 4 P = 0.05
ns way ** = LifimuuandasadAuazuandnsvnsadffissiuanundesiu 99% nudid
T1 = Jawndidnsuuzi 25 Alansudels
T2 ={eyaldideusdni 3 dusiels
T3 = Joyaldifiewsne 1 dusiels + Jewadidng 125 Alaniudels
T4 = Joyaldifiowdnn 2 dusels + Jeiaiidng 12.5 Alaniudels
T5 = Joyaldifiewsne 3 dusels + Jewailidng 12.5 Alaniudels

T6 = Joyaldifiowsn 4 dusiels + Jewalidng 12.5 Alaniudels

inmsfnwdliiuinnistddeyaldideusiudunislddewd dnavili
weHnaniindy wagvuainagiiuauUsinaudeyaldifeuniiuiy aenndesiv

nsAnwiiy TaTainnsladeyaldneuludnsassiuiumslddewni vinlvlivun

1+

Hnanvest1ilnalugniinisldadoniiiissegrnfeivsonisldleyaldinouiie

Bt
ogufen luvuzinislddeyaldideustrafoafivuniinanidnniinislddeinad
(Canatoy, 2018; Villaver, 2020; Oktem & Oktem, 2020)

uenani msladeyaldifou Viliianummuesdinaldwnnding
fumslddeiedl wWuiReriuAnwives Lazcano et al. (2010) Flidiuindeyaldifou
faantRtievilidninedannmilnifvinfunsldadeind

2.3.2 anwgHananilnen

NHANIINAGeY nudmHaresnslaleyaldiiousiuiunisldlend
fnavilidnvaznanannoulagndsleniuden fanuuand1anaadia (ainsnad 5)
Tagwuiwdauudninisladeyaldifiousni 3 dusiols samdunsldateindt sns
12.5 Alansusiols (T5) dnandninandounazwdslenidengadfian (4,007 uaz

1+

2,004 Alansusials audeu) Tuvaeinistaleyaldifeudnsi 3 Aurobs (T2)

9 RY

a

InandndnannauwazvasloniUdentosan (2,607 way 1,634 Alansusals

q

ANUAIAU)
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M13199 5 wavesmsldyaldineusiuiunmislddeniinenandntinannoulaniden

wazNananEnanvaslanlannvasinwad ey

.. nandnneuvaniaen nanannaalanildan
TR (ansu/ls) (ansu/ls)

Fertilizer(T1) 3,822 a 2,120 ab
VM 3t (T2) 2,607 ¢ 1,634 ¢
VM 1t+F(T3) 3,689 a 2,348 a
VM 2t + F (T4) 3,229 b 1,873 bc
VM 3t + F (T5) 4,007 a 2,400 a
VM 4t + F (T6) 3,671 a 2,360 a
F-test x% *%

CV. (%) 7.1 9.9

wanewe:  Avadelursduiliiedfuiiniidudiiednysimileuduldiaiiuuand1amiadflaeisnis

WisuleuAaaswuy LSD #1 P = 0.05

aaa

= fuandnamsadiafisziuauidosiu 99%

T1 = Yewafidnsuuzi 25 Alansudels

T2 ={oyaldifioudna 3 dusials

T3 = Joyaldifiousdna 1 dusiels + Juwalidns 12.5 Alansudels
T4 = Joyaldifieudne 2 dusiels + Juwadlidns 125 Alansudels
T5 = Joyaldifieusdna 3 dusiels + Juwalidns 12.5 Alansudels

T6 = Joyaldifieudne 4 dusials + Juwadlidns 125 Alansudels
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[ =~ saa | 4 v ) ° Lo 1 a _ a ] |+ =~
Jundawuaninislaleyaldfoudnaisian uidenslinandaiisuwinnsldalewnd
mudnsuuzd Wesnnludeyaldisiou TUTiadunsinggs (38.50%) wazU3uu
Tulssiau (1.94%) Mvngau vinbilinsuanUaeesiniidudsslewilifuazivianyan
AuAnufesnisuesity Fadunaisenisiasydulanisiiuaiduvesie Ussneuiu
nslasulsunusigneanesauasliunalouNiieaneainnisladewndl dawavinlv
1lnaiinanandninaniguduieriunsladeniinudnsuuzidn aennassiu
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