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Abstract: Polycyclic aromatic hydrocarbons ( PAHs) have attracted global attention because

they are carcinogens and mutagenic to humans. To date, more than 200 PAHs have been found.
The United States Environmental Protection Agency ( USEPA) has designated 16 PAH species
as priority control pollutants due to their highly toxic substances. Herbal incense is frequently
used in daily life. As a result, it is critical to investigate its impact on human health and envi-
ronmental safety. However, research on particle-phase PAHs is very limited and inapplicable.
The current research focuses mainly on bamboo incense, which has a simpler formula than
herbal incense.

In this study, the emission factor and emission characteristics of particle-phase PAHs from
herbal incense were described. A method combining ultrasonic and gas chromatography-mass
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spectrometry (GC-MS) was developed for the simultaneous determination of 16 particle-phase
PAHs of herbal incense. The settings for extraction solvent, ultrasonic time, and instrument
analysis conditions were optimized. In the test chamber, samples were collected by burning 0. 8
g of herbal incense. After combustion, PAHs adsorbing on the particles of herbal incense were
collected on a quartz filter. The whole filter sample was sliced and extracted with n-hexane-
dichloromethane (1:1, v/v). A rotary evaporator was used to concentrate the extract. GC-MS
was used to analyze the prepared sample. The internal standard method was used to perform
quantitative analysis on the target compounds. The linearities of the 16 target PAHs were good
between mass concentrations of 0.1-5.0 pg/mL, with correlation coefficients greater than
0.998. The method detection limits (MDLs) of the 16 PAHs ranged from 0. 4 to 3. 8 ng/g. The
0.625 pg/g and 1.25 pg/g spiked recoveries ranged from 77.4% to 99.5% and 82.0% to
101. 3%, respectively. The relative standard deviations ( RSDs) of the 16 PAHs were ranged
from 0. 7% to 7.2% (nm=6). The emission factors of particle-phase PAHs from five different
kinds of herbal incense ranged from 4. 60 to 11. 89 wg/g. The highest concentration of phenan-
threne (Phe) was found in 16 particle-phase individual PAHs of herbal incense. Fluoranthene
(Flu) , pyrene (Pyr), chrysene (Chr) and anthracene ( Ant) concentration were ranked after
Phe. The sum of these five proportions was 73. 00% —89. 97%. The proportion of Phe in herbal
incense particle-phase PAHs was significantly higher than that of other indoor combustion
sources. As a result, Phe could be used to identify individual PAHs in the particle-phase of
herbal incense. The particle-phase PAHs were mainly distributed on the 3-ring and 4-ring, with
a sum of 83.84% to 96.31% on the 3-ring and 4-ring. The proportion of high-molecular weight
PAHs in the samples ranged from 44. 25% to 63. 31%. The proportion of low-molecular weight
PAHs in the samples ranged from 36. 69% to 55.75%. The incense source could be distinguished
from other indoor combustion sources by its distinctive Phe/Flu ratio. The established method
has high sensitivity, simple operation, and requires fewer samples. This method is suitable for
rapidly detecting PAHs in burning incense. At the same time, it provides scientific data for fur-
ther studies on the distribution and health effects of particle-phase PAHs of herbal incense.

Key words: ultrasonic extraction; gas chromatography-mass spectrometry ( GC-MS) ; polycy-
clic aromatic hydrocarbons ( PAHs) ; particle-phase; emission characteristics; characteristic ra-

tio; herbal incense
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Fig. 1 Schematic diagram of test chamber
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Table 1 Information of sample

No. Type Shape Specification ~ Single weight/g Moisture rate/% [*) Mass loss during combustion/%
Sl herbal smell incense incense coil 48 discs 2.35 7.70 86.5
S2 herbal smell incense incense stick 21 cm 0.45 7.61 78.0
S3 herbal smell incense incense stick 21 cm 0.42 8.76 88.4
S4 sandalwood incense  incense coil 40 discs 16.65 8.28 89.6
S5 eaglewood incense incense stick 21 cm 0.85 8.96 93.1
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Table 2 GC-MS parameters for the 16 polycyclic aromatic hydrocarbons (PAHs) and 5 internal standards

PAH Retention time/min Ton pairs (m/z) IS

Naphthalene-Dg (Nap-Dy) 12.841 136", 137, 68

Naphthalene (Nap) 12.885 128, 129, 127 Nap-Dy
Acenaphthylene (AcPy) 16.723 152*, 153, 151 AcP-D,,
Acenaphthene-D,, (AcP-D,,) 17.098 164" | 162

Acenaphthene (AcP) 17.171 154, 153, 152 AcP-D,,
Fluorene (Fluo) 18.377 166* , 167, 165 Phe-D,,
Phenanthrene-D , (Phe-D ;) 20.570 188", 94

Phenanthrene ( Phe) 20.625 178%, 179, 176 Phe-D,,
Anthracene (Ant) 20.731 178*, 179, 176 Phe-D,,
Fluoranthene ( Flu) 23.458 202, 203, 101 Phe-D,,
Pyrene ( Pyr) 23.963 202, 203, 101 Phe-D,,
Benzo[ a ] anthracene (BaA) 26.871 228", 229, 226, 114 Chr-D,,
Chrysene-D,, (Chr-D,,) 26.907 240, 241, 120

Chrysene ( Chr) 26.970 228, 229, 226, 114 Chr-D,,
Benzo[ b | fluoranthene ( BbF') 29.677 252, 253, 126 Per-D,,
Benzo| k] fluoranthene ( BKF) 29.742 252*% 253, 126 Per-Dy,
Benzo[ a ] pyrene (BaP) 30.496 252% | 253. 126 Per-D,,
Perylene-D,, (Per-D,,) 30.501 264, 265, 260

Indeno|[ 1,2,3-cd ] pyrene (InP) 33.436 276, 227, 138 Per-D,,
Dibenz[ a,h]anthracene ( DBA) 33.539 278, 279. 139 Per-Dy,
Benzo[ ghi | perylene ( BghiP) 34.135 276* , 277. 138 Per-D,,

* Quantitative ion.
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Fig. 2 Effect of different solvents on the recoveries of
the 16 particle-phase PAHs in herbal incense

DCM: dichloromethane.
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Table 3 Regression equations, correlation coefficients (r?), method detection limits (MDLs) ,

recoveries and RSDs of the 16 PAHs

. . Recoveries (n=3)/% RSD

PAH Regression equation 7’ MDL/(ng/g)
0.625 ng/g 1.25 pg/g (n=6)/%

Nap Y=0.913X+0.196 0.999 2.7 78.6 94.5 1.5
AcPy Y=1.613X+0.269 0.999 2.4 97.8 98.4 3.7
AcP Y=1.033X+0.207 0.998 3.7 77.4 92.4 1.4
Fluo Y=1.274X+0.294 0.998 3.4 93.6 99.0 1.6
Phe Y=0.930X+0.258 0.999 33 85.7 94.9 1.0
Ant Y=0.868X+0.138 0.998 2.9 98.0 95.4 4.8
Flu Y=1.046X+0.260 0.998 3.1 95.2 96.8 1.7
Pyr Y=1.055X+0.258 0.998 3.8 94.9 96.4 1.2
BaA Y=1.040X+0.070 0.999 0.4 99.5 101.3 6.4
Chr Y=0.686X+0.109 0.998 0.4 91.6 99.0 0.7
BbF Y=1.260X+0.176 0.998 0.9 97.7 82.8 1.6
BKF Y=1.253X+0.108 0.999 0.9 90.6 82.0 2.8
BaP Y=1.070X-0.049 0.999 0.7 89.5 85.7 6.8
InP Y=0.864X-0.029 0.999 0.7 88.1 85.6 7.2
DBA Y=0.745X+0.046 0.999 2.3 91.8 84.1 5.8
BghiP Y=0.965X+0.124 0.999 3.1 86.2 84.7 3.1

Y. peak area; X: mass concentration, pg/mL.
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Table 4 Emission factors of particle-phase PAHs
of herbal incense

Emission factors/( ng/g)

PAH
S1 S2 S3 S4 S5
Nap ND ND ND ND 0.05
AcPy 0.34 0.21 0.02 0.15 0.26
AcP ND ND ND ND ND
Fluo 0.11 0.21 0.15 0.02 0.15
Phe 3.50 4.83 1.75 2.50 2.21
Ant 0.92 1.38 0.24 0.61 0.60
Flu 1.67 2.00 0.79 0.96 1.33
Pyr 1.20 1.42 0.58 0.74 0.99
BaA 0.68 0.32 0.24 0.21 0.56
Chr 1.63 1.01 0.51 0.48 1.37
BbF 0.31 0.13 0.07 0.06 0.32
BKF 0.17 0.07 0.03 ND 0.21
BaP 0.39 0.19 0.13 0.13 0.34
InP 0.25 0.10 0.08 0.03 0.24
DBA 0.14 0.02 0.01 ND 0.13
BghiP 0.08 ND ND ND 0.15
Y PAHs 11.39 11.89 4.60 5.88 8.90

ND. below the MDL.

2.5 AEFEFRZ PAHs B9 45T
16 it PAHs fb.& W 80 P A7 78 22 5, WA A B

F ORI PAHSs 143 i R, T DLFE SR A X A4
At R £ 5 TR0 B8 190 il 4 o) v e ) S B AR
R A S AT LI H, #E 16 Fft PAHSs |7, Phe
& AR 5 FhAS B AR v 34 O B e, B L o
24. 85% ~42. 59% , Horbr S4 b He il B v, A 42.59%
HYK K Flu,Pyr, Chr l Ant,iX 5 F#/~{& PAHs 7¥
x5

16 f PAHs H /5 tb 22 Rk 73.00% ~ 89. 97% , A< 45
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R K 280, Hoax 15 PAHS 76 5 M
YA R s A A, SR EUE A9 BaP 7R AR A Y
AR, H R 1.60% ~ 3. 85% , AN [] %8 N B B Y
BaP #&7E 16 A PAHs (5 L 5Ed, 7EE A
PRSI 3 SE R T 1 Phe & 1 15 LR e i 19
HS5HLEHA L, PR Phe & A W AL, H
d7 LR T 25. 0%, 5 T A= PR B, Ui B Phe
TEMRTE RO WUk 25 PAHSs & & 5 HA X R 2,
AR AR B 0R A R AE PAHL,

Wil 5 A PR ECRURE X 4 7 53 i A9 4G i, PAHSs
foPE R NS 228 6 K 16 Ff PAHS 427 &
FFEIEEAT 28, 450 2 ¥ (Nap) 3 35 (AcPy,
AcP, Fluo, Phe, Ant).4 ¥ (Flu, Pyr, BaA,
Chr) .5 ¥ ( BbF, BKF, BaP, DBA) fil 6 ¥f (InP,
BghiP) , 5 Fh7 B & ik 25 PAHs 3R 80h 3 31 F0 4
Wi £ F,3 A 4 35 Lz M Ch 83.84% ~
96.31% ., HH,S2 1 3 355 teder hy 55.75%, 4 3
di i fIKN 39.95%, S5 1 4 K ik N
47.67%, 3 ¥ 5 HeER AR h 36. 17% ., Hrfr,2~3 3
PAHs # I\ AR 70 BTt BN (LMW) |, 4~6 8%
AT 4> F B 40 (HMW ) |, — it HMW PAHSs
IBUEYES = T LMW, {2 2 3189 Nap %F A A9 S0
P b —2$6 HMW PAHs if &% A Sc | HMW

TEZENPRKEERF 16 7 PAHs IR EE L

Table 5 Content percentages of the 16 PAHs from different indoor burning sources

Content percentages/%

Incense Bamboo

Mosquito

S1 S2 S3 S4 S5 stick! ™ incensel™)  coil incense! ! Cigarette! ') Firewood!'”)  Straw!'”)  Coall'®)
Nap 0 0 0 0 0.52 2.15 2.13 0.10 0.46 0.51 0.52 3.34
AcPy 3.00 1.76 0.47 2.49 2.93 1.68 1.36 0.01 0.17 0.31 0.31 1.14
AcP 0 0 0 0 0 1.48 1.96 0.08 0.77 0.15 0.01 1.41
Fluo 0.97 1.79 3.31 0.30 1.67 4.07 2.81 0.05 0.57 2.02 2.28 6.11
Phe 30.74 40.62 38.12 42.59 24.85 30.18 27.11 1.88 7.11 10.64 19.41 12.20
Ant 8.06 11.58 5.26 10.35 6.72 8.05 10.66 1.14 4.19 1.88 2.79 4.05
Flu 14.64 16.79 17.14 16.29 14.93 13.80 14.92 3.97 12.30 20.28 13.90 12.73
Pyr 10.52 11.96 12.65 12.66 11.14 10.02 14.49 6.24 15.40 18.36 13.99 10.36
BaA 6.01 2.70 5.27 3.54 6.25 5.52 4.09 16.39 17.55 7.35 6.89 10.73
Chr 14.29 8.50 11.05 8.09 15.36 6.97 5.54 8.07 14.32 8.16 9.27 7.44
BbF 2.72 1.09 1.40 0.96 3.61 2.00 1.36 8.74 3.78 8.14 9.63 8.10
BKkF 1.52 0.62 0.56 0 2.34 2.50 0.94 14.11 4.98 3.58 3.69 2.19
BaP 3.44 1.60 2.88 2.18 3.85 3.19 2.90 10.28 8.79 6.05 6.65 4.30
InP 2.17 0.81 1.74 0.48 2.68 3.05 3.41 11.64 5.03 6.86 4.42 6.52
DBA 1.25 0.19 0.17 0.07 1.49 2.41 3.24 15.15 3.39 1.12 1.79 4.33
BghiP 0.66 0 0 0 1.67 2.93 3.07 2.15 1.19 4.60 4.45 5.05
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Fig. 4 Ring number distribution of particle-phase
PAHs of herbal incense

2.6 AREFEMHE PAHs B4FELLE

PAHs 544 1A (6 1 JF LU (AR G e 3R A2, 6
VE B AE H A T 40 e PAHSs B R ICR . A S
W AS [RI IR Pl 21 R L b 2 A R B R A B L (B0 7
XFEE W7 & 0k A B R 1) R AIE FU AL, &5 5% L 3%
6. Flu/(Flu+Pyr) .InP/( InP+BghiP) .BaA/( BaA

+Chr) fil Ant/ ( Ant+Phe ) H A 8 4 Fa e v 72
FFREOR A e 22 AR R 4 A FRAE H
1B 43 92 0. 58 0. 88.,0.29 .0. 19, Flu/( Flu+Pyr) ¥
AR AEA [F] 25 P R 58 U5 A 481 ; InP/ ( InP + BghiP )
BRT 0.5, 4K L ik G B 1738 i e F fn
JES B 422307 ; BaA/ ( BaA+Chr) (1 HU(EAE A F) %
PRBEVR 22 A8 K AR BE A Ant/ ( Ant+Phe) H 57K
S RGBT B RN R R A ke
FHE R BE R . L, Y= N IEE 2R
BEURIS , JoTk IX 4 ANFRAF FU (A XA & R, ok
4253 5@ 5 Phe/Ant Fl Pyr/BaP H{E K X /3 A
L1 /e O NI ol R Rl = = 7 1| B R B
4.72 , KKH5r500 5. 67.3. 04, Phe/Ant A 4R AT
DA AE TR WO Al AT (H HAEAEAN [
AR P A ZE R K, Hak &M% D GE & A 1
H SR s AR A FIZ A 1Y Pyr/BaP {450
HLR T HA A R R (R K 4 4 G i A 25
F L N T AR R E MR, H 5 A AL,
i3 Phe/Ant F1 Pyr/BaP [ A IG5 A %50CH] i ik
I, A5 A Phe/Flu Al , K WA B LF
T2 T 1 LA 23T 2. 00, HL W X ) T Hofl 22
PR BEYR , RE AT L3 3 Phe/Flu U AR X 20 BA A TR
5 AR N BRBEIR A R L AR A A 2 2
BT FO R R 22 S /0N DRI X DA R AR AE B R KR X 43,
[ BB 4 L) N2 PAHSs HE i 2 BR 85 )5 77 e 764k
11 RIS 52 M REAE LU AR, 7 AR 52 30 R 7 A AR5

AR, R LA B2t s it — T

R 6 KEFEFHS PAHs FI4SELLE
Table 6 Characteristic ratios of particle-phase PAHs of herbal incense

Item Herbal incense Incense Bamboo Mosquito o el i 47 Straw!!7) Coall 18]
(this study) stick!®)  incense!"®)  coil incense!'") 'garetle Tewoo raw °

Flu/ ( Flu+Pyr) 0.58 0.51 0.58 0.39 0.44 0.52 0.50 0.55
InP/ (InP+BghiP) 0.88 0.53 0.51 0.84 0.81 0.60 0.50 0.56
BaA/(BaA+Chr) 0.29 0.42 0.44 0.67 0.55 0.47 0.43 0.59
Ant/ ( Ant+Phe) 0.19 0.28 0.21 0.38 0.37 0.15 0.13 0.25
Phe/Ant 4.48 2.54 3.75 1.65 1.70 5.67 6.96 3.01
Pry/BaP 4.72 5.00 3.14 0.61 1.75 3.04 2.10 2.41
Phe/Flu 2.21 1.82 2.19 0.47 0.58 0.52 1.40 0.96
N Yy Ay N VN /‘\-/r~ ==

3 A& PAHs W53 5 s, %07 i AL SRR AR X

Zole

A5 35 0 A B RS 5 R A ) R 2R 1 T
RS AEH, XA B FE A S S B T L, AL
T2k 4 e 250 U5 R GC-MS Xt 16 F PAHSs it
F553 0T, BN T —F PR R A 7 25 7™ i 16 FhURL

A HILVA TR AR SN DM o i, FA DR 0 vfEf 32 i
FRE 3 BEAF A0 A5 TRIIRE, XA B 16 Tl BORL 25
PAHs (73 A3 FFAEBEAT 20 0T, 1 1 A 557 UKL 25
(1) PAHs 73 A MU AN ARV E RO G, XL
AN FIRA T AR R At 2 PO R B U 04 HE A LB, W 2
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