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Hydrocarbons in Joss Sticks’ Smoke and Raw Materials

The researcher Wiphada Khajorn-anekkul

Level of Study Master of Science (Science Education)
Year 2010
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The purpose of this research was to analyze the characteristics and quantities of
polycyclic aromatic hydrocarbons (PAHs) in joss,sticks’ smoke and raw material. The specified
eleven samples were collected from both joss sticks made from raw materials that were friendly
to environment and from general and unspecified ones. Twenty samples of raw materials used
for making joss sticks were also collected. The smoke was kept in cassette glass cylinder with
PTFE filter membrane and in sorbent tube with XAD-2 resin connected to a vacuum sucker. The
analysis was made by using gas chromatograph-mass spectrometer that possessed Instrument
Detection Limit value of five picograms.

The research results revealed that smoke of all joss sticks gained Benzo[alpyrene in
Group 1 that caused human cancers. This substance with 1.7769 Llg/g. was found in rose joss
sticks made from general materials or the materials that was not specified to be friendly to
environment. The substances in Group 2A that caused human cancers or in Group 2B that might
caused the cancers were also found. In addition, at least one substance of PAHs that caused or
might cause human cancers was found in twenty raw materials’ smoke. However, three substance
groups of PAHs were found in saw dust of rubber tree and white abrasive furniture. 0.5715 |lg/g.
of Benzo[a]pyrene and 1.9545 |lg/g. of Dibenz[a,h]anthracene in Group 2A were found in saw
dust of rubber tree. The highest quantities of these two substances were found in saw dust of

rubber tree compared to all tested raw materials.



faanssuilszmea

a a Jd dyo =] ' vy J ] A vy
mmuwumunumﬁ%qma"lﬂmammmgmswmjmuﬂﬂa LAZHUITNIUNINYIUDN

e

1] é 1 o 1 % 1 - an =
vaeridavau #elderniihunnanldnmue Alinszauniuusnie as.Sall wasdsuanan
P a a Jd o P 9 (] a Yo o =1
pmstmlSaminedinuindn dldanungandiuedisdalumsIddumei uazilSovues

' 9y A ] w2 P v
w1 laldaaoaun filouvensrwveunszaauiluediegsll o Temail viuniaes e
4 1 aa & a2 2 = ] A A Yo =
AEn3519150 a5.mua1 10912830 Fuduer91sdniSaursudanunils nldA 1S
uuziinlumsive
@ I'd a o a a
YOUDLAM AMUAIL DIAUIUUN VSENFUnonan wazddmivgusuiugilvey
HAq v« Y A a o q Yy ' a4 o a a v
ayulns Aldatwngandhonsuanuindagilsumialdideyadis 4 Nerfumswananaie
o' dig w ' A ' y A A o
YDUDUAY AMUAIIYE YNszFU NIRaNuImmdouuziilunsldiniesliouna
a o 3 4
TasunTans-uuaalalastimes sauado o @i luauniionns ssandatazans
3 o @ a v o g [] [ o
Tudlou dninasisaeuguamduidgdad #ldldanugremaeludiudie 4 suduia
] 9 =S
LRNLRNT
= =® q’/l Y v ] (] o i‘_I o w
YounANNA lumMsAnyanualiny gune aaul Tasmwizasouairniuiasla
Y = a a d W c?o < ] 9 =
wagld lomalumseinisuImetinusaiuidusigaleiien
9 o R A =2 9 "9 a a Jd g =1
ganovoueulsz Temisenalininmsanur ldundaulaImonidnusauil wagvini

9 @ a g ] a a d dysl ) [ Yy I~
‘U'ﬂy‘ﬂf’)u1?]Lﬂﬂql@'llﬂWi'ﬂQiuTﬂU’\uwuﬁlﬁﬂJu qj']WW’ﬁlﬂﬁullfJﬂ’Jﬂﬂ'ﬂﬁJlﬁuﬁlﬂ

INMAT VISBUNND



MUY

UNAATOATIING. ..o
UNAATDATHIDINGY . ....ooeiiiiiiieeeiiie e

AAANT T T ENIM e

AuigEe . E ... B |

g e S

1 unmn

anuihumuazanudnguellymins V...

2

2 <

AU T AIRUBIMITIVY. ..o
VOUIVAVDINTI IV e eee e
VTS LTI NI IV e,
TNV oo

nIULUIAATUMS V... ...

a d' d' v
2 PNAUACNUIVYNINY IV

NITNUNIUITTIUNTIV s '

3 A uHUMITIVY

UVUBINITIVY.eeeeeeeeeeeeeseeeneesssssaen s cessssssssees
a Y <
(AT DA IMAZUN IO eeeessesssesssssssesssssesssesssssssssssesse
A a -
BRI ccerrsnrscoreenerecr meanrmvensemsmmsemmsssessssnsnsis 6555005 55084 55O RT3
DU VTURI.eeeeeeeeeeeeeeeemsnssassse e
DVTUIATT N oeeeeeeemmeeeeeeeeeessssms e eeessssssss s sssessasssa s

msm‘s’unmsaxawmmgm ..........................................................................



=D.

' o S A Y
ﬂ']imi&li]q‘ﬂﬂ'imlﬂiﬂﬁllﬂ’l .............................................................................

a A

3 o @ ' @ [ a AAo '
mim"uuazﬂmuﬂﬂ’JamﬂgﬂuazmﬂﬂuﬂﬂumiNaﬁ‘gﬂ‘nnm‘ﬂmﬂalu

Q

el e N e e e

a

=2 aa 3 o v 1 @ @
ﬂﬂ"la«l']'lﬁﬂ'ﬁlﬂUﬁ?ﬂﬂTQdUllﬁ%ﬂ’JuﬂTﬂgﬂLmZ')ﬁﬂﬂU ...................................

q

AITNATOUU TS AN DA INUDI Do ese s eeeeseeseneseens

a d a a a a a
fﬂi’JLﬂi'Izﬁﬂfumlﬁzﬂ‘iﬁﬂmﬂli]\iﬁ’liI‘Wﬁ‘l“ﬁﬂﬁﬂﬂziiﬂlﬂﬂ

-4 Y] v @ a
To1a5n15 UoUTUAIDINFUUAT TAGAU...ovvvveerreer i
M W W F . e e
a ¢y

4 WaM3AATIZHVRYA
\
=] o o L] @ a a 9) a
msnuuazimuadledsgluazingaun 1 lumsnan g s
= aa <3 @ ] [ ) @ a

HANSANEIIEMINUAIEHULZA TUINFUUAL TAGAV. e
NANINAAOUUTEANTAINUDIITNATOU e eeeeeseseseeene

a d a a a a a
HamsanTzHadanazlSuavesds Ind lendnes lsundn
J @ 1 @ a
181a5m15uouTUAIDEINFUUAZTAGAD .oooeeereeeneerresininnenscens
a Y
5 azlwa enUsewa uazvataueuMy
R T R Y e . &, S o
B S TR e b i B R LI ...
ACTERIUDEIME .. im0
TITTUIUNTH. . .oooooorooreoieneeseeeesessesssesseese e ssssss s sissssnssssssee
MANUIN
MARUIN N AT RUAAIHANITNADOLcroeeverrceeenrerseesssmssessecessssessessssssnen
MANUIN ¥ NMNLEAI TSN INUNTUUASIUATUNATU oo
Usz Taganm

28
33
34

39
44

45
48
48

55

65
68
72
74

79
98



ﬂ]ﬁ]ﬂ;;
1.1
2.1
2.2

23

24

3.1
3.2
33
34
3.5
4.1
4.2

43

4.4

4.5

MIVYAIN

v a ad ’ o a,
wmasgummsounioszmodiwluyssomalasi W lunar 1 1............
do a a o d
aNIMUAT ST UNYYO NS TIUHARANUNQATINATTUTY o
= a a 4 a
a5 Ind loynanez Isuan1la1asA1suou (PAHS) 16 ¥0A........oeeeeeeee

1 reference dose 1AUN13NU (RfDo) Hag 1aun15v1e 19 (REDI) vo9a13

ANNUFUVBINIINANLIS I (Carcinogenic potency slope) 1ABM3AY (CPSo)
1

1az 1aumMsn1019 (CPSI) YOIET PAHS. .....veeeeeeeeeeeeeeeeeeee e

N351A30Y Mixed 16 PAHs working standard solution...............c.cooiiiinnnn.

a

M3ussnNUaz AUANTAYBIRIBOIAQAY . ...
FUAUATTHAA DO NTU oo
FUANDETHAA DU NI IADAU oo eeeeseeenensssssssssssssssssssessenns

Characteristic ions UBIT1T PAHS. ... ..ot

ANHUEYBIAIBUNIGU e sssssssssssssnneee

TR TR T g R Lo 1=
d19uLazIAT (Retention time) ¥939a135 PAHs Nanuaudu 1 lulasnsuae

DDA T e e e e e e e e ses s s s s e e e e eee e e eee oo

fI1 Instrument Detection Limit (IDL) Y9315 PAHs NAUAUYY 0.005

Tulnasnsuseiianans

vy
VAN AN g

12

15

15
27
29
30
31
37
46
47

49

51
56



ﬂ]‘ﬂ‘?'l
2.1
2.2
2.3
3.1
32
3.3
3.4
3.5
3.6
3.7
3.8

4.1
4.2
43

44

4.5

UYMW

St T LT RN TRt R 1 e T N N
3 iTﬂﬂQ'u PAHs 1@ International Agency for Research on Cancer (IARC)....
aszuumsaveaduveauu Tane IS ulus19mo. o
A0 agu Ins 1age (S6-1)..oovonieii e
A0 MO FURBUNDY (C5-1). e
ﬁdﬂdﬂ:ﬁ'ﬂ’fﬂhﬂ TR3-1) ol L ENROE N T .. . S B
20019 T TUNUMBU (MS5-1).. oo
AIDUNABNNNAIY (M3-3)...eeiieeiiiiiiieiieiie et
AIDUNOUITY (M2-3)..cceeeeeeenns o ne SO

d [ [ a
uHUMNMSINUATUINF ULz IngAy

Y
a a d a a @ v
wanIvuABUMI AN 1T THALaz S IIMYDIdS PAHS 111%')@01\1@1]llﬁ$

d d L) Y a a b Y
o3 IFUAAUNGY (%Recovery) ¥B3a15 PAHSs 16 ¥ila 7 lavnmsanalu
PTFE filter membrane............cooiiimiiiiiiiiie i eeeaaaeeeeeeaaananans
d I @ [ a a 9
WosIHUAAUNGY (%Recovery) ¥Baa15ana PAHs 16 ¥1ia N 1AvIAN1S
ANATU XAD2 TESIN. +eeeeeeeeeeee e e e e e e e e e e e e e e
i 4
o3 IFUAAUNGY (%Recovery) ¥B9a15 PAHs 114 16 ¥1in 910 Silica column
UT1a15 PAHs 590 TUAI001ATUTY e

USuaues PAHs 520 TUAIDONATUTAQA ...oooooeeeeeeeeeeeeneenmneseseeeeeeeeeeeeennenes

14
32
32
32
32
32
32

34

43

52

53

55

59
63





