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Identification and determination of organic compounds in the
gas and particulate matter released by incense burning by
ultrasonic extraction-gas chromatography-mass spectrometry
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Abstract: Statistical evidence indicates that individuals spend approximately 90% of their time
indoors on a daily basis. A multitude of human activities, including incense burning, cooking,
smoking, and the use of electrical appliances, can contribute to indoor air pollution. This phe-

nomenon poses a significant risk of indoor exposure to human health risks. Incense burning, as one
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of the major indoor pollution sources, has been increasing in use in recent years due to its special
effects in religious practices and regional lifestyles. Incense usually consists of herbs, wood powder,
bamboo sticks, scented materials, and binder powders, and the specific chemical composition of
each type of material is complex due to different uses and manufacturing processes; and the degree
of complete combustion, thermal degradation and volatilization processes of different types of
incense vary greatly, resulting in the release of gaseous and particulate organic compounds whose
compositions are not yet clear. Studies have shown that the emission factors of particulate matter
released from incense burning may be much higher than those produced during the combustion of
charcoal, wood and cigarettes. The levels of organic pollutants emitted by incense burning, such
as aromatic hydrocarbons, esters, ketones, benzenes, and phenols, are much higher than outdoor
levels. Prolonged exposure to incense smoke has been shown to cause respiratory damage and
potential genotoxicity. Therefore, accurate identification and measurement of the organic pollutants
emitted from incense burning is particularly important to accurately assess their environmental and
population health risks. Herein, this study established an analytical method based on ultrasonic
extraction-gas chromatography-mass spectrometry (GC-MS) for the simultaneous determination of
67 organic compounds in gaseous and particulate emissions from incense burning. These compounds
include 29 esters, seven benzene series, 14 phenols, and 17 polycyclic aromatic hydrocarbons
(PAHs). Particulate and gaseous components released during indoor incense burning were collected
using quartz filter membrane and self-made XAD-2 resin sampling tubes, respectively. Non-targeted
analysis of incense components was performed using a GC-quadrupole-Orbitrap high-resolution mass
spectrometry (GC-Q-Orbitrap-HRMS) to achieve preliminary identification of trace organic com -
pounds in the incense-burning samples. Subsequently, targeted analysis was conducted using GC-
MS in selected ion monitoring (SIM) mode, with quantification performed using the external
standard method. Method validation results demonstrated good linearity for all 67 organic compounds
within the range of 10 to 500 wg/L, with correlation coefficients (7)>0.999 0. The limits of detection
(LODs) and quantification (LOQs) were ranged from 0.02 to 0.33 pg/m? and 0.03 to 0.67 wg/m?,
respectively. At low, medium, and high spiked levels, the recoveries for the 67 organic compounds
in the gaseous phase ranged from 72.7% to 119.0%, with relative standard deviations (RSDs) of 0.9%
to 4.1%; for the particulate phase, the recoveries for the 67 organic compounds ranged from 71.5%
to 118.9%, with RSDs of 0.7% to 9.5%. The established method was applied to the determination of
indoor incense-burning samples (incense sticks and electrically heated incense powder), and the
influence of different incineration methods on the types and contents of products was analyzed. The
results indicated that during the same burning duration (30 min), the total content of gaseous and
particulate organic compounds released from ignited incense sticks was higher than that from
electrically heated powdered incense. The particulate organic compounds produced by the ignited
incense sticks are mainly phenolics and PAHs, followed by esters, and benzene series. The
composition of particulate organic compounds from electrically heated powdered incense was similar

to that of incense sticks. A large amount of benzene series were detected in the gaseous organic
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compounds released by burning incense sticks, and the content was much higher than that of the

other three types of organic compounds. The gaseous organic compounds released by electrically

heated incense powder are mainly benzene series and phenols, followed by PAHs and esters.

Compared with the previously reported related monitoring methods, this method is simpler and more

efficient, providing a more convenient technical means for the sensitive screening of gaseous and

particulate organic compounds released by incense burning.

Key words: gas chromatography-mass spectrometry (GC-MS) ; incense products identification ;

organic compounds; indoor air
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Table 1 Retention times (RTs) and MS parameters of the 67 target compounds
No. Compound CAS No. RT/min Q“”?::Z‘;e fon Q“ah(tj:/‘;; ons
1 methylbenzene (/1 7) 108-88-3 5.25 91.0° 92.0, 65.0
2 isobutyl acetate ( Z, 2 5 T fiF) 110-19-0 5.53 43.0° 56.0, 73.0
3 ethyl isovalerate (& %2 Z.T%) 108-64-5 7.79 88.0" 85.0, 57.0
4 ethylbenzene (2. %) 100-41-4 7.97 91.0" 106.0, 92.0
5 a-angelica lactone («-24 13 N ) 591-12-8 8.16 55.0" 98.0, 43.0
6 paraxylene (Xf —HI %) 106-42-3 8.22 91.0" 106.0, 105.0
7 m-xylene ([8] —F %) 108-38-3 8.22 91.0" 106.0, 105.0
8 isopentyl acetate ( Z,Fig 5 1% ik ) 123-92-2 8.52 43.0° 70.0, 55.0
9 styrene (7 2 #) 100-42-5 8.88 104.0° 103.0, 78.0
10 1,2-xylene (4B F %%) 95-47-6 8.96 91.0’ 106.0, 105.0
11 cumene (SR #) 98-82-8 10.00 105.0° 120.0, 79.0
12 y-valerolactone (y-I% N fig) 108-29-2 10.78 56.0" 85.0, 41.0
13 phenol (Z ;) 108-95-2 11.90 94.0° 66.0, 37.0
14 2-chlorophenol (2-Z M) 95-57-8 12.16 128.0° 64.0, 130.0
15 furfuryl acetate ( Z B2 HEMR) 623-17-6 12.41 81.0° 98.0, 52.0
16 n-butyl butyrate (T 2 T B§) 109-21-7 12.51 71.0° 89.0, 43.0
17 cis-3-hexenyl acetate ( Z & M 5 ) 3681-71-8 12.96 43.0" 67.0, 82.0
18 D-limonene (D-F7 454 ) 5989-27-5 13.73 68.0" 93.0, 67.0
19 y-caprolactone (y-C NE§) 108-29-2 14.25 85.0" 57.0, 42.0
20 o-cresol (2-F1 34 ) 95-48-7 14.36 108.0° 107.0, 79.0
21 isoamyl n-butyrate ( T /% 5 %) 106-27-4 14.42 71.0° 70.0, 43.0
22 p-cresol (4-H R} ) 106-44-5 14.80 107.0° 108.0, 77.0
23 m-cresol (3-H 3L ) 108-39-4 14.80 107.0° 108.0, 77.0
24 allyl hexanoate ( & R4 N TR ) 123-68-2 14.95 99.0° 43.0, 71.0
25 methyl benzoate (4 /2 F1 i) 93-58-3 15.18 105.0° 77.0, 136.0
26 isopentyl isopentanoate (57 /%% 5 %7k ) 659-70-1 15.38 70.0° 85.0, 43.0
27 hepty lacetat ( Z iz Befis ) 112-06-1 15.49 43.0" 70.0, 56.0
28 2,4-dimethylphenol (2.4-— F 3L 3£ W) 105-67-9 16.01 107.0° 122.0, 121.0
29 y-heptalactone (-5 ) 105-21-5 16.05 85.0" 56.0, 41.0
30 benzyl acetate ( £ R TR ) 140-11-4 16.23 108.0° 91.0, 43.0
31 2,4-dichlorophenol (2,4- "5 4 ) 120-83-2 16.29 162.0" 164.0, 63.0
32 naphthalene (%) 91-20-3 16.53 128.0° 127.0, 129.0
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Table 1 (Continued)

No. Compound CAS No. RT/min QuanEiTt;/t:;e fon Quah(tj;ZG; fons
33 2,6-dichlorophenol (2,6- &K ) 87-65-0 16.73 162.0° 164.0, 63.0
34 ethyl phenylacetate (2K Z ig Z. g ) 101-97-3 17.17 91.0" 29.0, 164.0
35 phenylethyl acetate ( Z iz Z i) 103-45-7 17.30 104.0° 43.0, 91.0

36 y-octalactone (y-3 g ) 104-50-7 17.30 85.0" 29.0, 57.0

37 p-choro-m-cresol (4-5-3-H JLIK ) 59-50-7 17.59 107.0° 142.0, 77.0
38 ethyl nonanoate (2 Z i) 123-29-5 17.64 88.0" 101.0, 43.0
39 menthyl acetate ( Z /2 Mg ) 89-48-5 17.67 95.0° 81.0, 43.0

40 2,4, 6-trichlorophenol (2,4,6- =% % i) 88-06-2 18.22 196.0° 198.0, 97.0
41 2,4,5-trichlorophenol (2,4,5- =% i) 95-95-4 18.27 196.0° 198.0, 97.0
42 geranyl acetate ( £ 2 7 M1 ) 105-87-3 18.38 69.0" 41.0, 42.0

43 methyl cinnamate ( P42 F S ) 103-26-4 18.46 131.0° 103.0, 162.0
44 anisyl acetate ( £ R ] & [ ) 104-21-2 18.73 121.0° 120.0, 103.0
45 acenaphthylene (J&#) 208-96-8 19.21 152.0° 151.0, 131.0
46 ethyl cinnamat (A& 2B 103-36-6 19.23 131.0° 103.0, 176.0
47 acenaphthene (& ) 83-32-9 19.59 153.0° 154.0, 152.0
48 dihydroactinidiolide ( — 2 kA P 1 ) 17092-92-1 20.11 111.0° 43.0, 137.0
49 2,3,4,6-tetrachlorophenol (2,3,4,6-PU & /) 58-90-2 20.24 232.0° 230.0, 131.0
50 2,3,4,5-tetrachlorophenol (2,3,4,5-P0& ) 4901-51-3 20.31 232.0° 230.0, 131.0
51 2,3,5,6-tetrachlorophenol (2,3,5,6-V0& ) 935-95-5 20.35 232.0° 230.0, 131.0
52 fluorene (%) 86-73-7 20.81 166.0° 165.0, 167.0
53 methyl dihydrojasmonate ( % %1 il 2 1 fig ) 24851-98-7 21.59 83.0" 82.0, 153.0
54 y-dodecanolactone (y-+ ") 2305-05-7 22.05 85.0" 55.0, 41.0

55 phenanthrene () 85-01-8 24.31 178.0° 176.0, 179.0
56 anthracene () 120-12-7 24.49 178.0° 176.0, 179.0
57 fluoranthene (%¢ ) 206-44-0 28.41 202.0° 200.0, 203.0
58 pyren (i) 129-00-0 29.05 202.0° 200.0, 203.0
59 benzo| a Janthracene ([ a J#) 56-55-3 32.42 228.0° 226.0, 229.0
60 chrysene (Ji]) 218-01-9 32.52 228.0° 226.0, 229.0
61 benzo| b fluoranthene (£ [ b %% ) 205-99-2 35.18 252.0° 250.0, 253.0
62 benzo| k]fluoranthene ([ k%% #) 207-08-9 35.18 252.0° 250.0, 253.0
63 benzol a]pyrene (A Jf:[altf) 50-32-8 35.86 252.0° 250.0, 253.0
64 benzo[ e]pyrene (Z¥f:[e] ) 192-97-2 36.01 252.0° 250.0, 253.0
65 indeno[ 1,2,3-cd Jpyrene (&ijf-[1,2,3-cd]iE) 193-39-5 40.06 276.0° 274.0, 275.0
66 dibenz| a,h]anthracene ( —#Jf[a,h] ) 53-70-3 40.21 278.0° 276.0, 279.0
67 benzol[ ghi]perylene (K3 (ghi)it) 191-24-2 41.18 276.0° 274.0, 275.0
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i #) 70 Ak G 5 8 bR E S IR E BN T
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X 48 b e b TR A bR v T (500 png/L) , I [
E L TAE . #ig k-, Y4 SI=600.RSI>600 . HRF>
80.0 .RHRF=>80.0.TS>90.0 A& ARI<40 i, % 5& 4%

(AT B 1 A v 0 gk 2 TR L 48 R A W Y 1
LI 128 5 2R 349 70 B O 70 Rl A, G v PO g i %)

B If (8] L F C7~C40 IE M B S b b e, S 80 ik
T ARI(H . a4 BB B, A 08 85K
15 BH A 445 2R s B0 A ARE %, it va A L 1) O A ) 0%
PRI, A4 ST 36 4 A B o) 7 A 2% 8 3 2 i SI=600 . RST
>600 .HRF>80.0 .RHRF=80.0 . TS>90.0 & ARI<40.

F2 48T AYWAIRT.SI.RSI.HRF .RHRF.TS #1 ARI
Table 2 RTs, search indexes (SI), reverse search indexes (RSI), high-resolution filtering values (HRF), reverse high-

resolution filtering values (RHRF), total scores (TS), and deviation of retention indexes (ARI) of the 48 compounds

Compound RT/min SI RSI HRF RHRF TS ARI
Methylbenzene 4.69 925 929 99.5 100.0 98.3 /
Ethylbenzene 7.23 912 914 99.8 100.0 98.2 12
p-Xylene 7.47 906 907 99.9 100.0 98.1 11
Styrene 8.13 951 953 99.7 100.0 98.9 10
m-Xylene 8.19 882 883 100.0 100.0 97.7 20
Cumene 9.21 783 783 99.5 99.5 95.5 0
0-Cresol 13.72 901 912 99.0 99.2 97.6 14
p-Cresol 14.25 795 803 98.4 98.5 95.3 5
Isopentyl isopentanoate 14.90 752 752 99.8 100.0 95.0 3
Hepty lacetat 15.03 715 785 96.6 99.6 93.0 4
2,4-Dimethylphenol 15.59 917 918 99.4 99.6 98.1 7
y-Heptalactone 15.69 678 679 99.7 99.9 93.5 4
Benzyl acetate 15.84 810 815 99.5 100.0 96.0 6
2,4-Dichlorophenol 15.87 920 922 95.6 96.0 96.7 3
Naphthalene 16.11 913 914 93.0 95.2 95.5 1
2,6-Dichlorophenol 16.33 875 884 99.0 98.7 97.1 14
Ethyl phenylacetate 16.81 833 837 99.6 100.0 96.5 3
Phenylethyl acetate 16.94 890 890 99.9 99.9 97.8 5
y-Octalactone 16.96 769 769 99.7 99.7 95.3 4
p-Choro-m-cresol 17.25 924 927 99.3 99.7 98.2 4
Ethyl nonanoate 17.29 698 698 99.8 99.8 93.9 1
Menthyl acetate 17.31 625 626 99.3 99.4 92.2 3
2,4,6-Trichlorophenol 17.86 905 907 98.2 98.8 97.4 9
2,4,5-Trichlorophenol 17.91 869 870 96.6 96.5 96.0 11
Geranyl acetate 18.03 785 786 100.0 100.0 95.7 2
Methyl cinnamate 18.10 832 837 99.5 99.6 96.5 12
Anisyl acetate 18.36 852 853 99.9 99.9 97.0 1
Acenaphthylene 18.75 904 939 91.3 98.2 94.6 14
Ethyl cinnamate 18.79 805 840 99.5 99.9 95.9 10
Acenaphthene 19.09 924 946 92.5 95.6 95.5 15
Dihydroactinidiolide 19.56 844 846 99.7 99.8 96.8 20
2,3,4,6-Tetrachlorophenol 19.67 892 903 92.7 96.9 94.9 4
2,3,5,6-Tetrachlorophenol 19.76 894 902 91.2 97.9 94.4 16
Fluorene 20.15 881 886 82.7 86.8 90.7 14
Methyl dihydrojasmonate 20.87 737 738 99.8 99.9 94.7 3
Phenanthrene 23.35 912 924 96.6 97.6 96.9 24
Anthracene 23.54 903 910 96.9 97.7 96.9 24
Fluoranthene 27.66 924 932 90.3 94.0 94.6 3
Pyrene 28.32 913 935 90.1 94.6 94.3 28
Benz[ a Janthracene 31.73 869 883 88.9 92.6 93.0 1
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Table 2 (Continued)

Compound RT/min SI RSI HRF RHRF TS ARI
Chrysene 31.83 891 901 88.6 92.7 93.3 5
Benzo| b |fluoranthene 34.33 893 901 92.9 96.2 95.0 9
Benzo| k |fluoranthene 34.38 845 852 91.0 91.1 93.3 33
Benzo[ a |pyrene 34.90 876 923 90.4 91.9 93.7 12
Benzo[ e]pyrene 35.01 848 859 88.9 91.6 92.5 35
Indenol 1,2,3-cd Jpyrene 37.73 866 888 90.6 92.8 93.6 27
Dibenz[ a,k Janthracene 37.83 829 830 91.2 92.9 93.1 29
Benzol[ ghi ]perylene 38.44 863 873 88.6 91.7 92.7 36

The data in this table were obtained through non-targeted analysis. /: no value.
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221 FUEAHEHRA

S E GC-MS 2 AT, B 34 m/z
0B oh 25~300, % & 67 Ff B AR L & Y IR A AR
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TR B B () A 2 3 0 X 2 1 H bR Ak B W . 1R UL AR
M) 7 {5 ey (140 5 1 A 8 o 5, i I L O s ) T
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AT A I 2 1 4k A A RIS L R E
JE I PR B R E i B TR R ) A BT . S
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0 3% - = H OB T 3 33 BB SR A 0 335 - B 33 B
CHEAT I E o LA 67 Fi H AR Ak 5 9 (500 pg/L) 1Y
S/N R %5 548 br , 45 R R WY, SR AT AM €833 - Jo 3% B¢
FHACET 45 19 S/N B 5k e T SAH €8 3% - — 5 DU AR AT
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A B RO A W AT, BRI UL, e s A A
GC-MS Ky HArfb A Pt nl 4347 77 ik
222 EEEAHEHMEAMN

PL GC-MS 1 Ry A 4 , S 56 b 8 7 DB-5 #E

35
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M) o7 {0 B AR B s o 25 SRR, R4 H bR
fb& Y fE DB-5 a3 A [ A 43 8 800 B A g T
U Wi 17 AR 5 5 [, DB-5 (033 A i 6% T b 1
R0 R BT A A, BRI e R S AR T R SR 5K
¥ . 67 Ff HErfb & ¥4 DB-5 (il it/ 5 )5 1Y TIC
BRI E 1, Hodr, % — 2 S5 e R 3 3
RS 4-H IRy ORIE [0 ]9 5 IR IE (K ]9 X
3 A 53 S MR TC vk 58 A 0 B WOK e TR S — A
AR AT R b3
2.3 FHEFERWIE
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PR i 4, A Bk mH ) #. g5 Rk 3 iR,
67 i A HLAL & W 7E 10~500 wg/L 7 Bl N £k 1 6 &
B, AH 96 R0 (r) $920.999 0. 4r 911 3 4% #0110
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Fig. 1 Totalion current (TIC) chromatogram of the 67 target compounds after separation by DB-5 chromatographic column
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Table 3 Regression equations, linear ranges, correlation coefficients (r), LODs and LOQs
No. Compound Regression equation Linear range/( p.g/L) r LOD/(pg/m®) LOQ/(pg/m?)
1 methylbenzene Y=297.75X+902.46 10-500 0.9991 0.03 0.07
2 sobutyl acetate Y=174.65X-402.83 10-500 0.9993 0.07 0.17
3 ethyl isovalerate Y=87.14X-8.61 10-500 0.9991 0.07 0.17
4 ethylbenzene ¥Y=328.91X+590.33 10-500 0.9992 0.03 0.07
5 a-angelica lactone Y=51.37X-251.76 10-500 0.9992 0.17 0.33
6 paraxylene Y=548.81X+1936.15 10-500 0.9992 0.02 0.03
7 m-xylene Y=548.81X+1936.15 10-500 0.9992 0.02 0.03
8 isopentyl acetate Y=127.98X-81.70 10-500 0.9991 0.07 0.17
9 styrene Y=205.39X+907.85 10-500 0.9996 0.02 0.03
10 1,2-xylene Y=276.56X+511.88 10-500 0.9995 0.07 0.17
11 cumene Y=278.01X-322.05 10-500 0.9996 0.03 0.07
12 y-valerolactone Y=70.86X-397.15 10-500 0.9997 0.17 0.33
13 phenol Y=181.82X-349.79 10-500 0.9994 0.07 0.17
14 2-chlorophenol Y=141.18X-567.11 10-500 0.9992 0.07 0.17
15 furfuryl acetate Y=69.38X+36.34 10-500 0.9993 0.17 0.33
16 n-butyl butyrate Y=107.48X+15.26 10-500 0.9991 0.07 0.17
17 cis-3-bexenyl acetate Y=116.20X-31.27 10-500 0.9992 0.07 0.17
18 D-limonene Y=77.93X+58.60 10-500 0.9995 0.07 0.17
19 y-caprolactone Y=150.28X+8.29 10-500 0.9994 0.03 0.07
20 o-cresol Y=123.46X-380.06 10-500 0.9994 0.07 0.17
21 bsoamyl n-butyrate Y=107.57X-67.38 10-500 0.9997 0.07 0.17
22 p-cresol ¥Y=258.35X-1055.72 10-500 0.9995 0.03 0.07
23 m-cresol Y=258.35X-1055.72 10-500 0.9995 0.03 0.07
24 allyl hexanoate Y=75.56X-70.42 10-500 0.9993 0.07 0.17
25 methyl benzoate Y=176.97X+179.85 10-500 0.9990 0.03 0.07
26 isopentyl isopentanoate Y=260.84X-488.11 10-500 0.9993 0.03 0.07
27 hepty lacetat Y=104.87X+15.79 10-500 0.9993 0.07 0.17
28 2,4-dimethylphenol Y=131.16X-530.18 10-500 0.9995 0.03 0.07
29 vy-heptalactone Y=216.56X-155.49 10-500 0.9992 0.03 0.07
30 benzyl acetate Y=111.68X-50.84 10-500 0.9993 0.03 0.07
31 2,4-dichlorophenol Y=87.58X-722.39 10-500 0.9995 0.07 0.17
32 naphthalene Y=418.05X+199.10 10-500 0.9990 0.02 0.03
33 2,6-dichlorophenol Y=86.70X-645.59 10-500 0.9996 0.07 0.17
34 ethyl phenylacetate Y=297.51X-180.06 10-500 0.9992 0.02 0.03
35 phenylethyl acetate Y=210.50X-216.75 10-500 0.9993 0.02 0.03
36 y-octalactone Y=254.00X-473.84 10-500 0.9993 0.03 0.07
37 p-choro-m-cresol Y=104.97X-740.20 10-500 0.9996 0.07 0.17
38 cthyl nonanoate Y=152.55X-577.97 10-500 0.9993 0.03 0.07
39 menthyl acetate Y=118.95X-206.85 10-500 0.9995 0.07 0.17
40 2,4,6-trichlorophenol Y=53.95X-507.71 10-500 0.9996 0.07 0.17
41 2,4,5-trichlorophenol Y=67.33X-794.94 10-500 0.9994 0.07 0.17
42 geranyl acetate Y=97.90X-792.13 10-500 0.9996 0.03 0.07
43 methyl cinnamate Y=131.67X-371.53 10-500 0.9994 0.03 0.07
44 anisyl acetate Y=108.54X-1032.51 10-500 0.9998 0.03 0.07
45 acenaphthylene Y=348.57X-1011.07 10-500 0.9995 0.03 0.07
46 ethyl cinnamate Y=155.74X-578.78 10-500 0.9995 0.03 0.07
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Table 3 (Continued)
No. Compound Regression equation Linear range/( ug/L) r LOD/(pg/m®) LOQ/(pg/m?)
47 acenaphthene Y=221.97X-306.09 10-500 0.9993 0.03 0.07
48 dihydroactinidiolide Y=87.02X-204.72 10-500 0.9995 0.03 0.07
49 2,3,4,6-tetrachlorophenol Y=33.43X-367.11 10-500 0.9996 0.33 0.67
50 2,3,4,5-tetrachlorophenol Y=37.83X-543.84 10-500 0.9992 0.33 0.67
51 2,3,5,6-tetrachlorophenol Y=41.45X-394.10 10-500 0.9996 0.33 0.67
52 fluorene Y=258.74X-602.55 10-500 0.9995 0.03 0.07
53 methyl dihydrojasmonate Y=126.53X-764.41 10-500 0.9997 0.03 0.07
54 y-dodecanolactone Y=183.97X-1350.18 10-500 0.9997 0.07 0.17
55 phenanthrene Y=383.27X-1226.96 10-500 0.9996 0.03 0.07
56 anthracene ¥Y=390.03X-2013.38 10-500 0.9997 0.03 0.07
57 fluoranthene Y=405.33X-2017.02 10-500 0.9997 0.03 0.07
58 pyrene Y=434.48X-2419.71 10-500 0.9997 0.03 0.07
59 benzo| a ]anthracene Y=410.11X-2596.59 10-500 0.9997 0.03 0.07
60 chrysene Y=438.45X-2456.70 10-500 0.9997 0.03 0.07
61 benzol b |fluoranthene Y=969.61X-7186.94 10-500 0.9997 0.03 0.07
62 benzol[ k |fluoranthene Y=969.61X-7186.94 10-500 0.9997 0.03 0.07
63 benzo[ a |pyrene Y=472.43X-3700.61 10-500 0.9997 0.03 0.07
64 benzo[ e|pyrene ¥Y=490.36X-3964.96 10-500 0.9998 0.03 0.07
65 indenol 1,2,3-cd |pyrene Y=428.48X-4315.63 10-500 0.9996 0.07 0.17
66 dibenz[ a,h]anthracene Y=498.39X-5753.07 10-500 0.9995 0.07 0.17
67 benzo[ ghi |perylene Y=499.41X-5052.12 10-500 0.9997 0.07 0.17

Y: peak area; X: mass concentration, pg/L.

232 EWRE g R E
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Table 4 Comparison of the proposed method with other methods

Numbers

Quantitative analysis Detection LOD/

Ref. of analytes Matrix Pretreatment method method method Recovery/% (pg/m?)
[35] 16 incense ultrasonic extraction  internal standard method GC-MS 76.6-118.9 0.01-0.06
[36] 67 ambient air thermal desorption internal standard method GC-MS 81.6-114.9 0.3-2.4
[37] 22 ambient air thermal desorption external standard method GC-MS 90.3-112.0 2-5
This method 67 incense ultrasonic extraction external standard method GC-MS 71.5-119.0 0.02-0.33
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Fig.2 Composition content diagrams of (a) particulate organic compounds and (b) gaseous organic compounds released

by four incense-burning samples

PAHs: polycyclic aromatic hydrocarbons.
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Table 5 Determination results of the contents of particulate and gaseous organic compounds released by indoor incense-

burning samples (two types of incense sticks and two types of electrically heated incense powder) pg/m?
Joss 1 Joss 2 Powder 1 Powder 2
Category Compound
Particulate Gaseous Particulate Gaseous Particulate Gaseous Particulate Gaseous

Benzene series methylbenzene 0.6 3242.5 0.5 1434.0 0.4 74.4 0.4 16.0
ethylbenzene ND 432.9 ND 291.1 ND 32.5 0.1 ND
paraxylene 0.2 654.9 ND 401.7 ND 46.8 ND 8.8
m-xylene 0.2 654.9 ND 401.7 ND 46.8 ND 8.8

styrene 0.6 1310.1 0.2 831.1 ND 118.8 0.3 46.5
1,2-xylene 0.2 400.8 ND 279.7 ND 34.5 ND 5.8
cumene ND 57.0 ND 23.6 ND 7.0 ND 2.5
Esters isobutyl acetate ND ND ND ND ND ND ND 7.0
ethyl isovalerate ND ND ND 2.1 ND ND ND ND

«a-angelica lactone ND ND ND ND ND ND ND ND

isopentyl acetate ND ND ND ND ND ND ND ND
y-valerolactone ND ND ND ND ND 15.4 ND ND

furfuryl acetate ND ND ND ND ND ND ND ND

n-butyl butyrate ND ND ND ND ND ND ND ND
cis-3-hexenyl acetate ND ND ND ND ND ND ND ND
D-limonene ND 149.7 ND 140.4 0.8 103.1 ND 70.2
y-caprolactone ND ND ND ND ND ND ND ND

isoamyl n-butyrate ND ND ND ND ND ND ND ND

allyl hexanoate ND ND ND ND ND ND ND ND
methyl benzoate ND 8.0 ND 8.4 ND 5.9 ND 3.2
isopentyl isopentanoate 2.9 ND 3.3 ND 1.0 ND 0.2 2.5

hepty lacetat ND ND ND ND ND ND ND ND
y-heptalactone ND ND ND ND ND ND ND ND

benzyl acetate 10.8 ND ND ND ND ND ND ND
ethyl phenylacetate ND 3.6 ND 4.5 ND 1.8 ND 1.4
phenylethyl acetate ND ND ND ND ND ND ND ND
y-octalactone 1.0 ND 0.3 ND ND ND ND 0.9

ethyl nonanoate ND ND ND ND ND ND ND ND
menthyl acetate ND ND ND ND ND 6.6 ND 9.2
geranyl acetate 8.7 24.2 ND 18.7 ND 6.8 11.3 6.6

methyl cinnamate 20.7 7.3 ND ND 1.3 ND ND ND

anisyl acetate ND ND ND ND ND ND ND ND

ethyl cinnamate ND ND 3.9 ND ND ND ND ND
dihydroactinidiolide ND 15.7 ND ND ND ND ND ND

methyl dihydrojasmonate ND ND ND ND ND ND ND ND
y-dodecanolactone ND ND ND ND ND ND ND ND

Phenols phenol 248.9 343.3 32.7 498.8 15.9 327.5 3.6 167.4
2-chlorophenol ND 0.4 ND 6.5 ND 3.1 ND 0.8

o-cresol 39.6 39.1 8.8 54.9 3.3 32.3 0.7 20.2

p-cresol 84.6 39.7 22.7 60.3 7.9 36.1 2.0 24.6

m-cresol 84.6 39.7 22.7 60.3 7.9 36.1 2.0 24.6
2,4-dimethylphenol 36.1 17.0 10.0 18.2 3.2 ND 1.1 9.9
2,4-dichlorophenol ND ND ND ND ND ND ND ND

2,6-dichlorophenol ND ND 0.6 ND 0.3 ND 0.3 ND
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Table 5 (Continued)
Joss 1 Joss 2 Powder 1 Powder 2
Category Compound
Particulate Gaseous Particulate Gaseous Particulate Gaseous Particulate Gaseous
p-choro-m-cresol 4.0 ND ND ND ND ND ND ND
2,4,6-trichlorophenol ND ND ND ND ND ND ND ND
2,4,5-trichlorophenol ND ND ND ND ND ND ND ND
2,3,4,6-tetrachlorophenol ND ND ND ND ND ND ND ND
2,3,4,5-tetrachlorophenol ND ND ND ND ND ND ND ND
2,3,5,6-tetrachlorophenol ND ND ND ND ND ND ND ND
PAHs naphthalene 11.2 113.5 1.5 126.0 0.4 66.1 0.2 42.7
acenaphthylene 18.7 ND ND ND ND ND ND ND
acenaphthene 3.8 1.5 ND 1.1 ND ND ND 0.3
fluorene ND ND ND 1.1 ND ND ND ND
phenanthrene 94.8 2.3 37.9 2.8 8.7 0.7 ND 0.4
anthracene ND ND ND ND ND 0.3 ND 0.2
fluoranthene ND ND 15.0 0.3 2.6 ND 23.9 0.2
pyrene 22.6 0.2 13.6 ND 1.2 ND 0.9 ND
benzol a ]anthracene 14.2 ND 6.4 ND 0.3 ND 0.6 ND
chrysene 22.8 ND 13.0 ND 0.2 ND 1.1 0.2
benzol b |fluoranthene 2.6 ND 1.2 ND ND ND ND ND
benzol k |fluoranthene 2.6 ND 1.2 ND ND ND ND ND
benzo[ a Jpyrene 4.0 ND ND ND 0.5 ND 0.7 ND
benzo[ e]pyrene 6.0 ND 3.2 ND ND ND ND ND
indeno[ 1,2,3-cd Jpyrene 4.4 ND 2.1 ND ND ND ND ND
fibenz| a,h]anthracene 1.1 ND 0.7 ND ND ND ND ND
benzol ghi ]perylene 2.7 ND ND ND ND ND ND ND

ND: not detected.
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