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Study of the Density of Smoke and Harmful Gases
of Adhesive Indirect Moxibustion

Eun-Jung Kim, Yu-Jong Kim, Ji-hoo Hwang, Hyun-Seok Cho, Kyung-Ho Kim,
Seung-Deok Lee, Kap-Sung Kim

Dept. of Acupuncture & Moxibustion, college of Oriental Medicine, Dongguk University

Objectives: We measured the density of smoke and harmful gases emitted from burning adhesive indirect moxa.
Through the test we aimed to find out if there was an excessive amount of smoke emitted and if it included harmful

gases.

Methods: 9 types of adhesive indirect moxa were chosen. The buffer layers which do not burn during treatment were
removed and 10g of each moxa were made into powder and put into a holder. A smoke density chamber (Smoke
Density Chamber FTT. U.K) and Fourier transform infrared spectroscopy (FT-IR I 4001. MIDAC U.S.A.) were used
to measure the density of smoke and harmful gases emitted from burning moxa by ISO 5659-2 test.

Results: The result of measuring maximum smoke density showed that the regular indirect adhesive moxa (A-F)
emitted high density smoke of 172.1-291.4Ds. The smokeless moxas, Seoam moxas, emitted the least amount of
3.4-5.5Ds. Concentrations of 7 typical harmful gases (CO, HCI, HCN, HBr, HF, SO2, NOx) were measured and all
of the moxas emitted CO due to incomplete combustion. 4 types of moxa emitted NOx and all smokless moxas
emitted NOx. HBr, HCN, HCI, HF, SO2 were not found in any of the moxas.

Conclusions: The amount of harmful gases emitted from burning moxa was much lower than short-term exposure
standards of chemical and physical factors (Ministry of Labor 2010-44). Further experiments measuring gases from
moxa combustion should be done in larger environments similar to normal medical clinics.
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Fig. 1. Adhesive indirect moxa samples
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Table 1. Shape and Apparent Density of Adhesive Indirect Moxa Samples
Sample Moxa type Shape Apparent density(mg/cif’)
A mini moxa pipe type 677
B mini moxa pipe type 744
C mini moxa pipe type 664
D ball moxa cylinderical type 416
E ball moxa cylinderical type 335
F ball moxa cylinderical type 400
G smokeless moxa smokeless pipe type 983
H smokeless moxa smokeless pipe type 998
I seoam moxa smokeless pipe type 987
@) %= x| @ &4
ANFA Rl & Al&A] BFA| o= 2 E(Buffer layer) O 7R EE 25 kW/m' (without pilot flame)<
39l Fo] 55 AAT T 10g8 S Jsio] = e15}o] Heat flux meter® Cone heater®] A}
FHZ wEodTh o] FEIH ARE 75475 mf & A= St
tlo] ol AAE F1|8k3IrhFig. 2) @ Fnd AFA FrY A4 A FAE FH8
Atk
2) W @ A¥A E|= Cone heater 3H5 Sof 23t
(1) 2171 T NS 2L 7 Algete] HA FEaE
A7IEE T Fa7EA Sl S AVEE A of (Fth 202)7H4 A= 7kt § Vi =
3 % (Smoke Density Chamber FTT. UK.)%} (Ds)E F3F%iTh
FT-IR(Fourier transform infrared spectroscopy) (FT-
IR I 4001. MIDAC U.S.A)S AHE3Iolth & A e ,132|ogm[ ;00}
o AHgE 71719) AR A7l 914914 Sk
610(mmyo]™ FT-IRY Cell dol= 10mSiTth A4
@ A A3 F EPD A7) FT-R Ak

WS ISO 5659-29] whel AE7]3Q] HAAIH AT+

2o 9lz)sto] 7 AR
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Fig. 2. Preprocessing of samples
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Fig. 3. Smoke density chamber(left) and Fourier transform infrared spectroscopy(FT-IR)(right)
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Fig. 4. Density of smoke of adhesive indirect moxa combustion
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Table 2. Density of Smoke of Adhesive Indirect Moxa Combustion

Density of smoke/1 adhesive

Sample Density of smoke/10g 2/1 moxa* indirect moxa

A 283.4 0.23 6.52

B 291.4 0.35 10.20

C 2174 0.22 4.78

D 256.6 0.16 4.10

E 182.6 0.09 1.64

F 172.1 0.11 1.89

G 45 0.39 0.18

H 34 0.31 0.11

I 5.5 0.15 0.08
* g/1 moxa : mean value of 5 adhesive indirect moxa of each samples
2. Falvta =4 of Ha-A2AA AF S EFS LS o

FTIRS o] &3te] A=A -9 A2l 7744 1, =4 A0 4F Ves st AlA A%
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= oA AR Alee] AARs T Ale 3

Table 3-1. Amount of Harmful Gases Emitted When Burning Adhesive Indirect Moxa

(/10g)(Unit: ppm)

(€0) HBr HCN HCI HF NOx SO,
A 805.8 ND ND ND ND ND ND
B 835.9 ND ND ND ND 16.0 ND
C 914.1 ND ND ND ND ND ND
D 918.7 ND ND ND ND ND ND
E 943.4 ND ND ND ND ND ND
F 939.6 ND ND ND ND ND ND
G 1051.6 ND ND ND ND 18.5 ND
H 783.7 ND ND ND ND 113 ND
1 579.8 ND ND ND ND 11.2 ND

*N.D : Not detected
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Table 3-2. Amount of Harmful Gases Emitted When Burning Actual Amount of 1

24

T A7) 95 5 feizks B Sl AT @47)

Adhesive Indirect Moxa
(/1 moxa)(Unit:ppm)

CO HBr HCN HCl HF NOx SO,
A 18.53 ND ND ND ND ND ND
B 29.26 ND ND ND ND 0.56 ND
C 20.11 ND ND ND ND ND ND
D 14.70 ND ND ND ND ND ND
E 8.49 ND ND ND ND ND ND
F 10.34 ND ND ND ND ND ND
G 41.01 ND ND ND ND 0.72 ND
H 24.29 ND ND ND ND 0.35 ND
1 8.70 ND ND ND ND 0.17 ND
*N.D : Not detected
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S HEAFE ol 8AE NO2(ppm) Rn VOC (ug/m’) ki °oE
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