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ABSTRACT

Background: The use of scented candles and incense sticks, both of which are household products that are
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burned for indoor deodorization and calming effects, is increasing. Fine dust has been designated as a group

1 carcinogen by the International Agency for Research on Cancer. Volatile organic compounds (VOCs) affect

air pollution and can cause diseases.

Objectives: This study aims to determine the effect on indoor air quality by measuring PM, ; and VOCs

generated when burning scented candles and incense sticks.

Methods: Scented candles and incense sticks were selected as household products to burn. As for the target
sample, top-selling products (five types of scented candles, five types of incense sticks) were purchased online.
The PM, ; concentration according to time was measured immediately next to the sample and three meters
away from each other in an enclosed space using a real-time aerosol photometer. VOCs were collected as
samples under the same conditions using Tenax tubes and were quantitatively analyzed by TD-GC/MS.

Results: In the case of scented candles, the concentration of PM, ; did not increase during combustion and

after being extinguished by placing a cover on the candle. For the incense sticks, the concentration of PM, ;

Highlights:

- PM,; did not increase during
combustion of scented candle and
after extinguished by cap.

- For the incense sticks, very high PM,
was detected during combustion and
after extinguish.

- After burning scented candles
and incense sticks, some VOCs

concentration were increased.

averaged 1,901.27 pug/m’. After burning scented candles and incense sticks, some VOCs concentrations were

increased such as ethyl acetate and BTEX (benzene, toluene, ethylbenzene, xylene).
Conclusions: Therefore, when using scented candles, extinguishment by placing a cover on the candle can be
expected to reduce PM, ;. It is advisable to avoid using incense sticks because PM, ; concentration increases

from the start of combustion.
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Table 1. TD-GC/MS analysis conditions

913,14
et

5lar 9lom, o]9} ®elsto] Kim Song (2016),” Park &
(202177001 K%E Bz AHEAl PM, s TS AU, Lim
I} Kim (201501 A= &2 AFRA] VOCs LS FABH=
S A% A7 AY=QIcE. SHATE 9 37H9] Aol A PM, ;2%
VOCsE FAlo] AL gorom, FRue oz A
5tk whebd B Ao A A7E Hsto] B

Parameter Conditions
Instrument Chromatec Crystal MSD (Chromatec, Russia)
Column DB-624 (length 60 m, diam 0.25 mm, film 1.00 pm)
MS inlet temp. (°C) 230
Inject mode Split mode (50:1)
Injection vol. 1uL

Column temp. (°C)

40°C (15 min) - 200°C (8°C/min)-> 260°C (20°C/min, 7 min)

MS mode SIM
Compouds m/z
Pentane 4342
Acetone 4358
Methyl acetate 4374
Methylene chloride 4984
Tert-butanol 59 57
Ethyl acetate 4345
Benzene 7877
Toluene 9192
Ethylbenzene 91 65
m-xylene 106 91
p-xylene 106 91
Isoamyl acetate 4367
o-xylene 91 106
Pentyl acetate 4370
D-limonene 6893
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Fig. 1. Structure of the measurement room

https://doi.org/10.5668/JEHS.2024.50.1.36

of ARt Agaxolet. ERF FRoIA ZuAEA] 4719 A=
(0 m, 3 meF ARG FHI(AA A, A4 F(30R), 23} A, &
102 733 A, 7] 2042 B3 A, 271 302 A3 Aol wret

3 Al 4L APT 31 A AU Tefstel 3 mE
Stgom, 2R QA 28 DRVl BE dius B
9l ARHZ0R)S 7120 2 Soick 24718 Fo) AAgke
2 248 PM,;9] FiH ool vlolu] olZ el ol H) 4 2

<!
PM, 5 &=0 BAGAISE 53 HF ol Fig. 12 54 33

o] 722 e 1goltt

2.2. 3|2NQI|BIEH2(VOCs) Al &3 U 24
&z 9l QA

L %2,
o

Al 289 i A% 371 F VOCs =8 24
5171 f1sto] WeHlE FHOER 3 m, A& 2 m, %°] 2.3 m)9]
A &% A0 m, 3 m)et A4 AF 37 ARES A
27 29 AHE 0.2 L/min] SFo 2 A4S 23] €y
2~ EH(Tenax TA tube, Chromatec, Russia)o] 30& 59 &2+
AlA ot er, gt AlEd A4 H(background)dt A4 F
Om 23 mO2 379 ARE 2 s
FHE Age B4 A7) -20°Col|A] Bastglon, dg
-7\ A 2 20ke TJ2n] AFEA7](Thermal Desorption-Gas
Chromatography, TD-GC/MS, Chromatec, Russia)E AF-8-5F
of FFEAstA oM, AARE 717124 2702 Table 13+ ZTh
HFAE HHA FH 1759 VOCs #EEHE UM
Fdsto] 2/dstelon, A Mol 0.1 ngFH 500 ngZ7HA|
ZHgstdtt voCs9] 7 &4 A&l 0.73 ng (FIEOH]
g0]2)3} 5.06 ng (OMIE) AFole] k0.5 Table 20 AAI3H
o 3 R H| A Beleh] Foto] BUT B kR
2H513E 1] 1% olfe] TH-E B

[¢]

.2 2

1. ZOIMIHXI(PM, ) 5 Zi}

%29] 4% A& Al wEt 0 mojlA ZRAHERIE 578
SIS o, AHE A, AHE F(308), 7110+ F/208 %/30
E 5 &0 2 5wt 47 11.6 pg/md’, 174 pg/m’, 255 pg/m’,
19.9 pg/m’, 16.2 pg/m’*0I9itt. 3 molAl& Z+2t9] =7t
11.6 pg/m’, 14.5 pg/m’, 23.6 pg/m’, 18.5 pg/m’, 14.7 pg/m’
ojitt AHE FHE AU PM, 9] F=7t S7FSFAAL &)
o|%F faste A HYt: ES ARSI WHE AR A

010_\1_5

% %
%
= 3 PMs9 A 7129 50 pg/m’E HlofuA] o= A0

rr
ftjo

A7 AT FrE BF FAo] i AFoltt £



AE|)9| Argol AL F7I1—d DIxl=

29.26
52.68
116.04
12.18
27.46
34.39

1.05

0.30

0.65
18.87
<LOD
<LOD

acetate VOC
<LOD

Benzyl Sigma

1,4-
1.71
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

dichloro-
benzene

D-
limo-
nene

1.65
0.50
1.63
43.83
0.25
2.03
1.50

Pentyl
1.31
<LOD
<LOD
<LOD
<LOD <LOD
<LOD
<LOD

0_
acetate xylene acetate
1.77
1.15
2.20
2.37
0.63
0.67

Isoamyl
1.30
<LOD
<LOD
<LOD
<LOD
<LOD
<LOD

1.11
1.30
3.23
3.47
0.37
1.00
1.13

m, p-

1.18
1.93
4.40
4.60
0.43
1.07
1.17

benzene xylene

Ethyl-

1.15
7.00
15.80
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10.33
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1.90
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0.83

Pentane Acetone
0.93

BG
3m
0m
BG
3m
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Table 2. VOCs measurement results according to usage conditions of scented candles and incense sticks (unit: pig/m”)
LOD (ng)
BG: Background, AM: Arithmetic mean, LOD: Limit of detection.

Candle
Incense

9x] k11 A31E1-S e} gola A A SIS E v WSt
Atk ¥ 43} W) PM,, B ZolS setsle] A
ZwolA] Br} AT AHg WS Tttt Sk $73
< 9 AR EolA = 7 0 m AZAE B 2,365.7+
957.7 pg/m*Z PM,; =7t FA5H A53194T, 3 m A
ol A= 33.5430.5 pug/m’ O 2 oF 28] Ar5351c) HHH 73
< dolA & of PM,; 5EE 13.014.1 pg/m’0]iom, F=x
Aa A PMz.s s Hrf F2 =20 2 o PM, 5 HRA2. 71 9]
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A2 2E9] A9 ARG 7ol mhEt 0 mofl A 2T HRHAIE

éxéﬁ}‘ii—% o, A& A, AHE S(3042), 71(10+:/20+&/30
) £02 F=7FZ17F 131 pg/m’, 19013 pg/m’, 1191 pg/m’,
46.1 pg/m’, 22.7 pg/m’2.2 ZAE9ITt 3 mollAE 4 5
=7} 12.4 pg/m?®, 997.3 pg/m’, 110.8 pg/m?, 45.3 pg/m’,
23.3 pg/m*o|ch QIAIA AELL 43} $7) obd AR FHE
PM, ;9] &7t EOHAL @] o|F w7t ol Ae &
AT 5= Uk WA~ AEE] A1 B(G0R) FAE BHR 4
W B71E PM,; 94 7129 50 pg/m*S oF 14~264) Z3ts}
= FAR AR 43} & &7|E AJESHAF 102 o] Zast
< w 90% °l4 PM, s 5 &7} ZHAsHe FA1E Btk 3

0%o] AUFAL e TR0 /ZuTE R BT Ta
SFCH(Table 3). Fig. 29} Fig. 32 %9} QAL AE 5749
A% A} % shto] S el Tdoln], B2o] 43} 9
71014 PM, 5 S EOIA Ze we] A=olth

1,/_\_ A9 VOCs 55 S50 1789 58
0C 5&=E& eIt &4 #9et A4 A
9] & VOC &=E vt o 2ok A 2F -E'-:
%4 791 background®] ‘5= 7t 212} 29.26 pg/m’, 12.18 pg/m’ 2
2 7P 2ttt A4 F(3 m)9) & VOC 5E+= 52.68 ug/m
27.46 pg/m’0)1AaL, A4 (0 m)9 F VOC H=7} 116.04
ng/m’, 34.39 pg/m’2 71 EA| Z7 = ArH(Table 2).
-2, o]4otd oAlEIoE, HIFoE|olE, 1.4-HF
22HA0 B¢ BE 54 4ol LODEY Yokt ShA|T o
HopAE[o| Eofl A= A4 Aof vIsh 14 F(0 m, 3 m)Ql F=
=7t o 28 Asoton, A AE A F(0 m)oAM
gk oF 2.48) A5stich WAl A4 F0 m, 3 m)Y Fx
Al OF 2,78 A58t om, QA ABE A4 Holl= 7:-4%?}

650 yg/m 7] 71 S 1s1ich B
m, 3 m)el G2} QI 24 2t2} oF 2,38, 3a o
ik OZMAL ¢k F(0 m, 3 m) P20k QAL Ao
oF 2,411, 2.68) Z7F3HEom, ALeAm-, p-, 0 Ab FO
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Table 3. Particulate matter 2.5 micrometers (PM, ;) measurement results according to scented candle and incense stick usage conditions (unit:

ug/m’)
. Scented candle Incense stick
Measuring Usage status Total Total
distance
AM SD Max AM SD Max
0Om Before use 11.6 7.2 29 13.1 9.8 29
In use (30 min) 174 10.2 40 1,901.3 681.5 2,952
EXtinguishment* 2,365.7 957.7 4,263 1,817.9 1,063.2 3,917
Smothering by cap 13.0 41 21 - - -
10 minutes after ventilation 25.5 23.4 80 119.1 167.9 535
20 minutes after ventilation 19.9 17.5 60 46.1 52.1 181
30 minutes after ventilation 16.2 13.9 52 22.7 18.7 81
3m Before use 114 8.0 29 124 9.7 32
In use (30 min) 14.5 8.7 35 997.3 942.5 2,783
Extinguishment™ 33.5 30.5 133 1,137.7 1,037.5 2,917
10 minutes after ventilation 23.6 17.6 60 110.8 157.1 539
20 minutes after ventilation 18.5 14.6 57 45.3 46.1 155
30 minutes after ventilation 14.7 13.0 50 23.3 17.9 78
AM: Arithmetic mean, SD: Standard division.
*Candle: blow out, Incense stick: rub out.
Candle Incense stick
10000 10000
—&— Om —— 0m
—A— 3m —h— 3m
‘g, 1000 - ?Sn 1000
Z z
5 E
5 100 A 5 100 [
E E
g §
S 2
S 10 A S w0l
1 T T T T T T 1 - 1 1 ' ' L
& & ;e\*“e\ & @“‘@ ;\c“”&u & &fé\ &
5 Rl \;{.“\ .és A@\\ & R &*"\Q . .‘Q‘IQ «#*:o
- < X W & & <& & & &
& & & & & &

Fig. 2. Comparison of measurement results of particulate matter 2.5

micrometers (PM, ;) of scented candles according to distance (unit:
3

pg/m’)

SHoAct.

D-2]HHI} WA EO| Ex= AR & Slte] ol 0
mOllA] 127.7 pg/m’ 7 54.4 pg/m’S] 2 =2 AEHUH
D-2|EHI0] Ft2 43.83 pg/m’0]iL, HIHoAElo|E2] 3
T2 18.87 pg/m’ 0% o= BHAE oF 2¢ o1 dolAl 7
ofct. Fxo] A= F sfolA o AL wAste] P29 F
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Fig. 3. Comparison of measurement results of particulate matter 2.5
micrometers (PM, ;) of incense stick according to distance (unit: pug/m”)
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Bt FA5HA Z716tA F2E 4818 39| PM, s s
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Park 5(2021)* E3F F2E 11.2 m* 27]19] A4 55
7 A5 o] AFoA AT F2O| HI HEE
2.008 mg/m*0] k. 20| AE E3F 558 9] 3} 7|7t Bt
PM, ;9] Z7H= nlu|stlon, 45t 3 FATH =7t 71
Aot Asigick B Ao &, Kim¥} Song (2016)72] A
23 55k

VOCsQ A< Lim¥} Kim (20152 27 187 mm, =0°]
240 mm 3719] AAAE A|2sto] 7S ZP5IGTE VOCs
o] ALt EA0] 9loAE= Tenax F2TS ArgdtgoH,
100 mL/mino.& 3 L ZiF5tAT. & Aol 4= 0.2 L/min
o2 6 L Atk Lim¥} Kim (2015)%V9) 4 ¥AL 1.06
ug/m’, 24 0.18 pg/m’, oA 0.46 pg/m’ +ELZ
=AUtk B A7 A3 WA 1.13 pg/m’, 24 15.93
pg/m?, oA 4.60 pg/m’e} HlRPS f, B A A3t
o &7 SA=9loH, AY Fito|y AlEo] th2y] grEo g
A3ZY= T (Table 4).
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Table 4. Comparison of results with other studies
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B Ao A QAN AES AT 1] 2u|AHA] &4 ATt
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Ut UIAEA] B Q] 71EAE I THESich

VOCs9] 7%, WHOS] 7|22 ofedlldll 22,000 (A7) pg/m’
olal, R 260 (15) pg/m’® ojatolH, o] AL 7|&
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VOCs9| 39 Fxe AAA AH BE AE5E <t
BTEX, of=loldElo|E & A% 2o] 7} AEHH0

N

=ik WHOS] AW 5713 7IEA] ofsk3iH. 0]2]9] VOCs
=4 B3 B o 2E SUe AY 2714 7I1EA] ofsk3le
4, D-2|=2ul3} fidopA|E|o| B9 F9- 574 BatA]2] 24 o]
Jog 7t AT AlFo] AR, ot A¥h= A5
ZSHol|A AlF E Apol7h It AS HojEth st 2
Aol A AR AlF 7t P A0IRLAL, ThfRE ABfR}e] o]

PM, VOCs
This study Kim and Song (2016)"  Park et al. (2021)*” This study Lim and Kim (2015)*"
Measurement time 30 60 55 30 30
(unit: minute)
Peak concentration 4,263 9,000 2,008 Benzene: 1.13 Benzene: 1.06

(unit: pg/m3)

Toluene: 15.93
Ethyl benzene: 4.60

Toluene: 0.18
Ethyl benzene: 0.46
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