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ABSTRACT

Mosquito-repellent incense (MRI) is a widely used product in the household. Although the quality
of MRI has been strictly managed, it still has certain health effects in practical use. This study in-
vestigated the level of volatile organic compounds (VOCs) in MRI smoke and its removal ability by
photocatalysis. An online survey was conducted using Google form to select three typical types of
MRIwhich are the most popular use in Vietnam (i.e.,, MOSFLY, RAID, and JUMBO VAPE) as well as their
use level and condition. These types of MRIs were then burnt in a normal room for 8 h to determine
the level of air pollution emission. Results from room test show that the tVOCs concentration emit-
ted from one of the MRIs was as high as 1621 ppb, which was the highest pollution level among
the three MRIs tested. This type of MRl was then employed as VOCs pollutant source for testing the
treatment ability of a photocatalytic equipment in a closed chamber. The experimental treatment
of emitted VOCs by the photocatalytic treatment equipment showed that titania nanotubes (TNTs)
modified with metal salt and heat treatment achieved high removal efficiency. It has reached in-
door air standards of < 490 ppb after 180 min of treatment with an input concentration of about
1,600 ppb. By changing the conditions of TNTs modification and operation conditions, the high-
est treatment efficiency was achieved with 2 g of zinc doped TNTs at a Zn/Ti molar ratio of 0.5%,
calcined at 500 °C, in which the treatment to meet the standard reached the shortest treatment
time. The results in this study indicate that burning MRI could cause indoor air pollution that may
affect human health and photocatalysis is a potential technology for treating VOCs from indoor MRI

burning.

Key words: Mosquito-repellent incense, VOCs, indoor air pollution, photocatalysis

INTRODUCTION

One of the most popular methods of repelling
mosquitoes is to use incense. Mosquito-repellent
incense (MRI) or mosquito coil with spiral-shaped
contains compounds that repel mosquitoes derived
from dried daisies. According to Strickman et al.
(2009), components of MRI may include pyrethrum,
pyrethrins, allethrin, esbiothrin, butylated hydroxy-
toluene, piperonyl butoxide, and n-octyl bicyclohep-
tene dicarboximide!. With high mosquito repellent
effect at low cost, MRI is widely used, especially in
Asia, Africa, South America, and Australia?. In Viet-
nam, the use of mosquito-repellent incense at home is
very popular, especially in rural areas.

Although it is considered as a safe product for health,
MRI smoke contains some air pollutants such as fine
dust, formaldehyde?, and polycyclic aromatic hydro-
carbons (PAHs) 3. This smoke can irritate some parts
of the body? and affect the lungs in adolescents and
infants significantly*. The research of Salvi et al.
(2016) indicated that the concentrations of PM2.5 and

CO by MRI burning were much higher than those
by indoor cooking activities using biomass fuels .
However, there is a lack of information on air pollu-
tion from MRI burning in Vietnam as well as an effec-
tive solution for its smoke control.

In recent years, the photolysis under the presence
of a catalytic material has been extensively stud-
ied because of its superior properties. In the field
of environment, photocatalysis is particularly effec-
tive in the treatment of pollutants in low concentra-
tions such as nitrogen oxides’, volatile organic com-
pounds (VOCs) 89 sulfur dioxide ', odor!!, and air-
borne microorganisms '2. Titanium dioxide (TiO,)
is usually the photocatalytic material of choice be-
cause of its appropriate oxidation and reduction po-
tentials, high stability, and suitable band gap energy.
Moreover, TiO; is chemically stable, environmental-
friendly, relatively cheap, and easily found in the mar-
ket. Among different types of TiO5, titania nanotubes
(TNTs) is recently becoming an efficient and popu-
larly used type because of its high activity and good

properties 13715,
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In this study, we conducted an online survey to se-
lect three types of mosquito-repellent incense which
are the most popular use in Vietnam. The concentra-
tion of pollutants in MRI smoke was monitored in an
actual room and in closed chambers. Photocatalysis
was applied to treat the smoke using TNTs. Input and
output VOCs concentrations were recorded and the
treatment efficiency of the photocatalytic equipment
at different experimental conditions was determined.

MATERIALS AND METHODS

Google form tool was used to set up an online survey
form of the situation on MRI use in households and
the data from surveyors were collected via Google ac-
count. The majority of respondents were students in
different places, but they are currently studying and
living in Ho Chi Minh City. This survey was con-
ducted to find out the most popular MRIs used in the
daily life of Vietnamese people as well as the level of
use, which were then selected for testing the pollution
level during the burning process.

The actual pollutant level of MRI burning in the con-
fined space was determined in a room with a dimen-
sion of 2.8 x 1.8 x 3.0 m, which has a main door with
2.3 m height and 0.7 m width and two small windows
with a size of 0.6 x 0.6 m. The room test duration
lasted for 8 h, starting from the beginning of burning
one slice of MRI, which was placed on the floor of the
room. A digital measuring device was placed in the
room in a position of 1.5 m high from the floor and
data was recorded every 10 min, as exhibited in Fig-
ure 1.
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Figure 1: Room test for MRI burning: (1) fluores-
cence light, (2) measuring device placed on the
table, and (3) MRI coil.

The chamber test for pollution level and treatment was
conducted using two parallel closed chambers with a
size of 850 x 600 x 800 mm, as displayed in Figure 2.
A fan and a lamp were placed inside the chamber
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Figure 2: Chamber test for MRI burning: (1) fan,
(2) light, (3) measuring device, (4) door, (5) MRI
coil, and (6) treatment equipment.

to ensure that the air is circulated evenly and simu-
late the actual room condition. The experiments were
conducted with two closed chambers, one of which
contained treatment equipment (Chamber 2, treat-
ment chamber) and the other as a control chamber
without any treatment (Chamber 1). Pollutant con-
centrations (tVOCs) were measured in both cham-
bers for comparison. In treatment tests, the MRI coils
were burnt in both chambers until the tVOCs concen-
tration reached around 1,600 ppb. The coils were then
extinguished and the treatment equipment in Cham-
ber 2 was turned on. The performance of the treat-
ment equipment was calculated using the following
equation:

-G
1

x 100

H (%) =

Where:
Chamber 1 and 2, respectively.

C; and C, are tVOCs concentrations in

The treatment equipment is illustrated in Figure 3,
which has many components. The fan (2) mounted at
the top of the equipment has an effect of circulating
the polluted airflow in the closed chamber through
the equipment with an appropriate flow. The UVA
lamp system (5) and electronic ballast (9) has the ef-
fect of generating UV light irradiating on the catalyst
coated glass fiber (4) to perform the photocatalytic
treatment. The air after being processed by the photo-
catalytic will pass through the coarse fabric filter (7) to
collect dust in the air. All the above components are
fixed to a cylindrical stainless steel tube (8) by racks
(1, 3, and 6). The equipment length and diameter are
400 mm and 49 mm, respectively.

The catalytic materials used in this study were
TNTs from TiO, by the hydrother-
mal method!®.  The pure TNTs material was

made
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Figure 3: Photocatalytic treatment equipment:
(1) fan rack, (2) fan, (3, 6) holder of UV-A light, (4)
glass fiber plate, (5) UVA light, (7) raw filter, (8)
stainless steel pipe, (9) ballast.

then modified by impregnation with metal
nitrate salt precursors (Zn(NO3),.6H, 0,
Al(NO3)2.9H, O, Fe(NO3)3.9H, O, Cu(NO3),.3H,0,
Cd(NO3)2.4H20, CO(NO3)2.6H20 and
Sr(NO3),.6H,0) and calcined at different tem-
peratures according to the procedure published in

our previous works !®17.

Finally, they were loaded
onto glass fiber support material and placed on the
inside wall of the stainless steel tube. The coating
process included (i) dispersion of the desired amount
of catalyst in 20 mL of distilled water, (ii) ultrasound
treatment for 20 min to form a stable suspension, (iii)
spreading the catalytic suspension evenly on the glass
fiber sheet, and (iv) drying the coated fiber at 105
?C for 20 min before assembling into the treatment
equipment.

All chemicals used in this study are lab-grade and
originated from China. The concentration of volatile
organic compounds (tVOCs) was measured by a com-
mercial online air quality monitor (Mobile Nose, Ad-
dwii, Taiwan). This commercial measuring device
was then sent for calibration at Nanoparticle and Air
Quality Laboratory (Institute of Environmental En-
gineering, National Chiao Tung University, Taiwan)
before using it in this study. The calibrated accurate
range of the device with an error within + 1 unit is 0
- 60,000 ppb for tVOCs.

RESULTS AND DISCUSSION

The situation of using mosquito-repellent
incense in households

In order to know the most popular type of MRI used
in the household and the amount of MRI coil used,
a survey was conducted with the participation of 114
people (mostly in the range of 18 - 24 years old).
Results showed that MOSFLY, RAID, and JUMBO
VAPE were the most commonly used MRI brands in
Vietnam, which then denoted as A, B, and C for fur-
ther investigation (not respectively, for removing the

identity of the brands). The incense was often used in
the evening and it was often placed in the living room
(53.3%), bedroom, and study place (31.6%). The need
to use mosquito coil increased during the rainy season
due to the huge number of mosquitoes. The number
of MRI used ranged from 1 to 2 slice/room/day and its
use is often lower in urban areas than in rural areas.
Among the surveyed people, 72% knew the health ef-
fects of MRI smoke. Although many brands of MRIs
recommended that only one incense slice should be
burnt for a room with an area of 35 m? and the in-
cense should be used in a well-ventilated area, there
are still many cases of abuse of MRI use in the room
without ventilation. From the surveyed results, three
types of MRI were selected for further investigation
with the main components presented in Table 1.

Determination of air pollution level from
MRI burning in an actual room and closed
chambers

Three types of MRI (i.e., A, B, and C) were applied
for room experiments to determine the air pollution
caused by their smoke. Data were recorded every
10 min and continuously for 8 h. Results in Fig-
ure 4 show that the smoke of all three MRI types con-
tains VOCs, which is similar to the study of Liu et al.
(2003)2. In general, the concentration of pollutants
of each type varied during the test period, which un-
stably increased at the beginning, and then decreased
at the end of the experiment. Regarding organic pol-
lutants of one slice burning, tVOCs of MRI B reached
the highest average value up to 1621 ppb, exceeding
Chinese indoor air standards of 490 ppb '8, followed
by MRI C and MRI A. MRI B was then chosen as the
target incense for further experiments. Besides, the
concentration of tVOCs when burning 2 slices tends
to be higher than that with 1 slice, in which the high-
est tVOCs concentration when burning 2 slices were
1.27 times higher than that from 1 slice.

The experiment was then conducted to investigate the
pollution of MRI smoke in a closed chamber with a
volume of 408 L. Due to the very high concentration
of air pollutants that exceeds the upper limit of the
measuring device when burning 1 slice of MRI in the
closed chambers, the experiments were consequently
conducted with 1 cm of MRI B and data were recorded
every 10 min for 3 h. As seen in Figure 5, the concen-
tration of tVOCs varied from 1200 to 3000 ppb. These
significantly high concentrations can be explained by
the accumulation of pollutants in the limited space of
the closed chamber, resulting in much higher concen-
trations than in the actual room. The concentration of
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Table 1: NAMES AND MAIN INGREDIENTS OF THE SELECTED TYPES

Denoted name Main ingredients
A Meperfluthrin 0.035%, additive 99.965%
B Meperfluthrin 0.022%, additive 99.978%
© Metofluthrin 0.0097%, coconut powder, wood flour, wheat flour, joss powder, color, preser-
vative
s the control chamber or blank test (i.e. without the
i i o equipment). The tVOCs concentration is recorded
b 01 slice
a2 sk and compared with the Chinese standard (i.e. <490
3600 4 slices b]S)
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Figure 5: Concentrationsof t VOCs when burning
1 cm of MRI B in closed chambers.

tVOCs then began to decrease after 30 min when the
MRI was completely burnt and decreased steadily af-
ter that throughout the test period.

Experimental treatment of VOCs using pho-
tocatalytic equipment

In this study, the initial level of tVOCs in the cham-
ber was created at around 1,600 ppb by burning MRI
B. The concentration of around 1,600 ppb was chosen
since 1,621 ppb was recorded as the highest concen-
tration during the room test. Two closed chambers
were used simultaneously, in which one contains the
photocatalytic treatment equipment while the other is

165

der treatment with different metal-doped TNTs.

The experiment was first conducted to investigate the
influence of metal doping (e.g, Al, Co, Cu, Zn, Fe,
Cd, and Sr) on the activity of TNTs and to find out
the suitable photocatalyst for VOCs removal. The re-
sults are displayed in Figure 6 for the metal/Ti mo-
lar ratio of 0.5% and the catalyst amount of 1 g. Al-
though the concentration of tVOCs in both cham-
bers decreased during 300 min of the experiment,
the decrease rate was much faster in the chamber
with the treatment equipment than in the blank one,
indicating the effectiveness of photocatalytic treat-
ment. The two photocatalysts of Zng s/TNTssgq
and Cd 5/TNTss) gave the fastest treatment rates
and their tVOCs concentrations reached the stan-
dard concentration after 200 min (Zng s5/TNTss0q)
and 280 min (Cdgs5/TNTss0g) of treatment. The
other five catalysts of Alys/TNTsso9, Feg.s/TNTsso0,
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COo_S/TNTSSQ(), Sr0‘5/TNTS500, and CUQAs/TNTSy)O
appeared not to be the suitable catalysts since their
treated tVOCs concentrations did not reach the stan-
dard even after 300 min of the experiment. In terms
of average treatment efficiency during 300 min of the
experiment, Zng 5/TNTssog and Cdg 5/TNTssgy had
similar efficiencies of 70.1% and 69.5%, respectively.
However, TNTs impregnated with Zn(NO3),.6H,O
was preferred for using in further experiments be-
cause of its shorter treatment time to reach the stan-
dard of tVOCs.

1800
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1200
Iy
[=>
&
.5 1000
E
§ 800
[5]
(=1
[=]
O
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400 A
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0

0 40 80 120 160 200 240 280 320 360
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Figure 7: The concentration change of tVOCs un-
der treatment with Zn/TNTs annealed at differ-
ent temperatures.

Heat treatment or annealing is considered as an ef-
fective method for improving the crystallinity and ac-
tivity of TN'Ts material '>2°. In this study, the effect
of annealing was investigated in a range of 400 - 600
?C using TNTs impregnated with Zn(NO3),.6H,O0.
Figure 7 depicts the effect of calcination tempera-
ture on the activity of Zn/TNTs photocatalyst with a
Zn/Ti molar ratio of 0.5% and a catalyst amount of 1
g. When using catalyst heated at 600 °C, the concen-
tration of tVOCs in the treatment chamber decreased
faster than other catalysts during the beginning of the
test from 20 min to 140 min. The concentration was
then slowly decreased and the standard reached after
260 min. Meanwhile, tVOCs treated by the catalyst
calcined at 500 and 550 °C reached the standard af-
ter 200 and 240 min, respectively. For catalysts an-
nealed at low temperatures of 400 and 450 °C, it took

longer times to reach the standard. Thus, the catalyst
annealed at a temperature of 500 °C had outstanding
treatment ability and was selected for further experi-
ments.

The ratio of metal and titanium may also have an ef-
fect on the activity of the photocatalyst. In this exper-
iment, different Zn/Ti molar ratios of 0.5%, 1%, and
1.5% were tested for catalyst calcined at 500 °C and
catalyst amount of 1 g and the results are exhibited
in Figure 8. Among the tested materials, the catalyst
with a Zn/Ti ratio of 0.5% gave the shortest treatment
time of 220 min. At higher ratios of 1% and 1.5%, the
results were not much different, in which the times
to reach the standard were 300 and 320 min, respec-
tively.

1800
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1000 1

800 4
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600 1 Standard

gam

~fmgy
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0 T T T T T T T T
0 40 80 120 160 200 240 230 320
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360

Figure 8: The concentration change of tVOCs un-
der treatment with Zn/TNTs at different Zn/Ti ra-
tios.

The suitable amount of catalyst used is also an impor-
tant consideration for photocatalytic treatment appli-
cation, where too much catalyst is costly but too less
catalyst affects the photocatalytic activity. In this ex-
periment, the amount of catalyst was varied in the
range of 0.5 - 2.0 g, and the results are displayed
in Figure 9. In general, the more catalyst used, the
shorter times to reach the standard were. It took only
180 min for tVOCs concentration to decrease to be-
low the standard when using 2.0 g of catalyst while
the use of 0.5 - 1.5 g of catalyst needed around 220 -
240 min. After 180 min, the experiment using 2 g of
catalyst achieved the highest efficiency of 70.6% while
the lowest efficiency of 65.9% was in the case of 1.5 g.
The efficiency when using 0.5 g and 1 g was not much
different. Thus, under the condition of this study, the
amount of catalyst suitable for the treatment equip-
ment is 2 g.
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Figure 9: The concentration change of tVOCs un-
der treatment with different catalyst amounts.

CONCLUSION

The pollution levels of VOCs were investigated when
burning three types of most popular mosquito-
repellent incense used in households. Room test for
8 h of MRI burning found that the average levels of
VOC:s could reach to 414 ppb for burning 1 slice of
MRI in a 15-m3 room, which slightly increased to 526
ppb when burning 2 slices. In the closed chamber test
for 30 min of burning MRI, the photocatalytic treat-
ment equipment can effectively remove tVOCs and
the best treatment condition was achieved when us-
ing 2 g of Zn-doped TNTs at Ti/Zn ratio of 0.5% and
calcined at 500 °C. Under this suitable condition, the
tVOCs treatment efficiency reached 70.6% after 180
min of treatment. Future works may focus on detailed
components of tVOCs and their individual removal
for a better understanding of its emission and treat-
ment.
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ABBREVIATION

MRI: Mosquito-repellent incense

PAHs: polycyclic aromatic hydrocarbons
PM2.5: particulate matter with size < 2.5 um
TNTs: titania nanotubes

tVOC:s: total volatile organic compounds

UV: ultraviolet

UVA: ultraviolet A (wavelength 400 - 315 nm)
VOC:s: volatile organic compounds
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Nghién ctru xtr ly cac hop chat hitu co bay hoi tir qua trinh dét
nhang muoi bang phuong phap quang xtc tac

Nguyén Nhat Huy'

2%, Nguyén Thi Bich Ha'2, Dinh Pham Ngoc Huyén'-2, V6 Thi Thanh Thuy'2,

Hoang Cong Anh Duy'2, Lam Pham Thanh Hién'-2, Nguyén Thi Thay?3
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TOM TAT

Nhang muéi 1a mét sdn phdm dugc st dung réng réi, tuy chat lugng nhang mudi da dugc quan ly
nhung khoi nhang mudi van co thé co nhimng tac dong nhat dinh dén sic khde ngudi dung trén
thuc té. Nghién ctu n‘ay tién hanh khao sat néng d6 cac hop chat hiu co dé bay haoi (tVOCs) co
trong khoi nhang mudi va thuc nghiém xtr ly khi & nhiém bdng phuong phap quang xuc tac. Mot

khao sat truc tuyén st dung cong cu Google form da dugc thuc hién dé chon ra ba loai nhang
mudi dugc st dung nhiéu nhat & Viét Nam (MOSFLY, RAID va JUMBO VAPE) cling nhu muc dé va
diéu kién strdung. Ca ba loai nhang mudi nay dugc thi nghiém dét trong moét phong binh thudng
trong 8 gid dé xac dinh muic d6 6 nhiém khong khi. Két qua cho thdy mét trong ba loai nhang
phat thai tVOCs cao dén 1621 ppb, cao nhat trong ba loai nhang st dung. Loai nhang nay sau dé
dugc dung lam ngudn phat thai VOCs dé thir nghiém kha nang x ly clia mét thiét bi quang xdc
tac trong budng kin. Két qua xt ly chat 6 nhiém VOCs tir khoi nhang bang thiét bj xt Iy quang xuc
tac cho thdy TiO, dang 6ng (titania nanotubes, TNTs) bién tinh véi kim loai va x{ ly nhiét cho hiéu
qua xUr ly cao, dat tiéu chudn khéng khi trong nha ctia Trung Quéc (< 490 ppb) sau 180 phut xur ly
vdi néng d6 dau vao trong khodng 1600 ppb. Viéc thay déi cac diéu kién bién tinh TNTs va diéu
kién van hanh cho thdy hiéu qua x{ ly cao nhat dat dugc vdi xdc téc TNTs tdm Zn(NO3)p.6H,0 Vi
ti lé mol Zn/Ti la 0,5%, nung & 500 °C, va khéi lugng 2 g thi thiét bj quang xUc tac cho thai gian xU
ly dat tiéu chudn ngdn nhat. Két qua t&r nghién cliu nay chi ra rang viéc dét nhang mudi trong nha
gay 6 nhiém khang khi co thé anh hudng dén sic khde con ngudi va quang xuc tac la mot cong
nghé tiém nang dé xur ly VOCs tir viéc dét nhang mudi trong nha.

Tuw khoa: Nhang trir mudi, tVOCs, 6 nhiém khong khi trong nha, quang xuc tac
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