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Determination of Polycyclic Aromatic Hydrocarbons in Dianchi
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Abstract A fast method for determination of polycyclic aromatic hydrocarbons PAHs in wa-
ter samples was established. The samples from the Dianchi Lake and Panlong River were ana-
lyzed directly using stir bar sorptive extraction-thermal desorption system-gas chromatography/
mass spectrometry SBSE-TDS-GC/MS . Polydimethylsiloxane PDMS was used as the ex-
traction phase. The samples were extracted with stir bars at 1 100 r/min for 60 min at ambient
temperature 25 C . Desorption was carried out at 300 C for 5 min under a helium flow of 50
mL/min in the splitless mode while maintaining a cryofocusing temperature of 0 C in the pro-
grammed-temperature vaporization PTV injector of the GC/MS system. The limits of detec-
tion of PAHs ranged from 1.0 pg to 468. 8 pg. The theoretical recoveries of PAHs were greater
than 90% except that naphthalene was 64. 90% and the recoveries of 16 PAHs from water
samples ranged from 83. 1% to 109.4% and the relative standard deviations RSDs ranged
from 1.2% t09.3% = =6 . PAHs in Dianchi Lake and Panlong River samples were quantified
rapidly by this method. The results show that the total content of these 16 PAHs is 89. 16 ng/L
in Dianchi Lake 65.41 ng/L in the up-stream of Panlong River 339.22 ng/L in the middle-
stream of Panlong River and 62. 25 ng/L in the down-stream of Panlong River. It is demonstra-
ted that the Dianchi Lake and Panlong River were polluted by PAHs to some degree.
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HPLC
1.2
60 C/mi
PAHs TDS 30 C ™, 300 © 5
min 50 mL/min
PAHs 5 < 12 C/s
PAHs CIS-4 0 ——300
PDA - HPLC T 3 min
4 C/mi
FLD -HPLC '~ / 80 C o
2 C/mi 1 C/mi
SPE PDA 530 ¢ ™.,265 € 2 min M, 280 T
FLD  HPLC ) /min _
PAHS 8 290 C 5 min 1.0
mL/min GC MS 280 T
SBSE 230 C 70 eV
SPME * SBSE El
25 ~100 pL PDMS 5 ~14 min m/z 128 164
10 mm SPME 14 ~ 18 min m/z 152 154 164 18 ~22 min m/z
154 166 22 ~50 min m/z 178 188 202 228 252
SBSE- TDS - 50 ~82 min m/z 228 252 264 276 278
/ GC/MS 1
16 1 16
Table 1 Mass concentrations and selection ions
PAHs of the 16 PAH standards
1 N PAH Selection Concentration
o ion m/z 1/1 / ng/mL
1.1 1 naphthalene 128 620.0
: 2 acenaphthylene 152 580.0
TDS-2 Gerstel 3 acenaphthene 154 500.0
Agilent 6890NGC/5973N MSD 4 fluorene 166 565.0
/ GC 5 phenanthrene 178 462.5
6 anthracene 178 790.0
CIS4 Gerstel / 7 fluoranthene 202 615.0
SBSE 10 mm x 8 pyrene 202 495.0
0.5 mm 25 L PDMS Gerstel HP- 9 benz a anthracene 228 660.0
’ " 10  chrysene 228 520.0
5MS 30 m x0.25 mm x0.25 pm 11  benz e acephenanthrylene 252 480.0
naphthalene 98% ace- 12 benzo k fluoranthene 252 450.0
naphthylene 98% acenaphthene 99.0% 13 benzo a pyrene 252 4500
14  indeno 1 2 3-¢c d pyrene 276 250.0
fluorene 98.9% phenanthrene 99. 0% 15 dibenz a h anthracene 278 500.0
anthracene 99. 0% fluoranthene 98% 16 benzo g h i perylene 276 280.0
pyrene 97.4% a benz a anthra-
cene 99.0% Jf chrysene 99.0% e 1.3
benz e acephenanthrylene 98% k 16
benzo k fluoranthene 99.0% a 2
benzo a pyrene 99.5% 12 3cd 1/1 1/1
indeno 1 2 3-¢ d pyrene 99.0% a 3 2 4
h dibenz a h anthracene 96.7% g 1/1 1
h i 3t benzo g h i perylene 99.0% 1.4
Aldrich 20
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2 Fig. 1 Effect of extraction time on the extraction
amounts of compounds
2.1 1. naphthalene 2. acenaphthylene 3. acenaphthene 4.
: fluorene 5. phenanthrene 6. anthracene 7. fluoranthene 8.
pyrene 9. benz a anthracene 10. chrysene 11. benz e
acephenanthrylene . benzo uoranthene . benzo a
SBSE h hryl 12. b k fl h 13. b
pyrene 14. indeno 1 2 3-¢ d pyrene 15. dibenz a h an-
thracene 16. benzo g h i perylene
15 30 60 120 240 min
SBSE 16 2.2
1 20 mL 20 mL
16 2 pL
15 min 1/1 1/2 1/4 1/8 “1.5”
min 30 min y x ng/mL
60 min 3
120 min 240 min LOD 2
60 min 2-a 16  PAHs
2 16 r?
Table 2 Regression equations correlation coefficients r’> and limits of detection LODs of the 16 PAHs
Peak No. in Fig. 2 t/min PAH Linear equation r? Linear range/ng LOD/pg
1 8.00 naphthalene Y =999x - 7750 0.9996 0.155 -2.480 117.0
2 15.26 acenaphthylene y =844x - 19700 0.9999 0.145 -2.320 27.0
3 16.12 acenaphthene Yy =615x-5190 0.9997 0.125 -2.000 468.8
4 19.04 fluorene y =762x - 8080 0.9999 0.141 -2.260 35.8
5 24.19 phenanthrene y =1110x - 9300 1.0000 0.116 -1.850 13.4
6 24.55 anthracene y =1090x - 19000 0.9998 0.198 -3.160 12.8
7 31.13 fluoranthene y =1250x - 12900 0.9998 0.154 -2.460 3.9
8 32.29 pyrene y =1200x - 7670 0.9999 0.124 -1.980 3.2
9 39.50 benz a anthracene y =1300x - 12400 0.9999 0.165 -2.640 2.1
10 39.74 chrysene y =1200x - 9680 1.0000 0.130 -2.080 3.2
11 46.94 benz e acephenanthrylene y =1120x -2190 0.9997 0.120 -1.920 3.5
12 47.11 benzo k fluoranthene y =12402 - 18900 0.9989 0.113 -1.800 3.9
13 49. 14 benzo a pyrene y =1280x — 6080 0.9998 0.113 -1.800 5.2
14 57.59 indeno 1 2 3-c¢c d pyrene y =837x + 1140 0.9992 0.063 - 1.000 1.0
15 58.15 dibenz a h anthracene y =1710x - 1040 0.9989 0.125 -2.000 15.1
16 59.54 benzo g h i perylene y =1130x - 1240 0.9992 0.070 - 1.120 3.5

y peak area x mass concentration ng/mL.
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Fig. 2 SIM chromatograms of water samples and standards

a. 1/2 standard solution b. Dianchi Lake c. up-stream of Panlong River d. middle-stream of Panlong River e. down-stream of

Panlong River.

Conditions A stir bar coated with polydimethylsiloxane PDMS was added to 20 mL water samples and stirring was performed for
in a headspace vial. The extract is then analyzed by TD-GC/MS
1. naphthalene 2. acenaphthylene 3. acenaphthene 4. fluorene 5. phenanthrene 6. anthracene 7. fluoranthene 8. pyrene

60 min at room temperature 25 T

9. benz @ anthracene 10.
1 2 3-¢c d pyrene

2.3
Ko/w ’
3
IOg Ko/w
Win program SRC

B=Vy/Vipus

PDMS 25 uL

chrysene
15. dibenz a h anthracene

11. benz e acephenanthrylene

12. benzo k fluoranthene

16. benzo g h i perylene.

PAHs
16
Ko/w Ko/w
RSD
_ K,./B 2.4
1+ K,,/B
20 mL

13. benzo a pyrene 14. indeno

90%

20 mL 6

2L 122 16

125 ~395 ng/mL
6

2-b c d e
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3 16 n=6
Table 3 Theoretical recoveries test recoveries and relative standard deviations RSDs of 16 PAHs n =6
No. PAH CAS number log K,,,, Theoretical recovery/% Recovery/% RSD/%
1 naphthalene 91-20-3 3.17 64.90 83.1 5.2
2 acenaphthylene 208-96-8 3.94 91.59 102.5 8.9
3 acenaphthene 83-32-9 4.15 94. 64 96.8 6.4
4 fluorene 86-73-7 4.02 92.90 86.3 8.3
5 phenanthrene 85-01-8 4.35 96.55 91.0 9.3
6 anthracene 120-12-7 4.35 96.55 90.7 2.6
7 fluoranthene 206-44-0 4.93 99.07 94.7 8.5
8 pyrene 129-00-0 4.93 99.07 96.3 8.4
9 benz a anthracene 56-55-3 5.52 99.76 105.6 3.9
10 chrysene 218-01-9 5.52 99.76 104.7 6.2
11 benz e acephenanthrylene 205-99-2 6.11 99.94 107.5 2.5
12 benzo k fluoranthene 207-08-9 6.11 99.94 108.5 4.2
13 benzo a pyrene 50-32-8 6.11 99.94 109.4 1.2
14 indeno 1 2 3-¢c d pyrene 193-39-5 6.70 99.98 105.8 1.8
15 dibenz a h anthracene 53-70-3 6.70 99.98 99.7 1.9
16 benzo g h i perylene 191-24-2 6.70 99.98 95.5 3.5
4 16
Table 4 Contents of 16 PAHs in water samples from different sources ng/L
No. PAH Dianchi Lake Up—stream- Middle—strea%m Down—streaTn
of Panlong River of Panlong River of Panlong River
1 naphthalene 10.63 12% 6.29 109. 04 8.24
2 acenaphthylene 2.98 3.29 3.57 2.84
3 acenaphthene 4.27 2.78 42.26 5.47
4 fluorene 9.58 11% 7.62 47.06 8.24
5 phenanthrene 27.02 30% 18.36 66.98 10.50
6 anthracene 8.72 10% 3.61 24.37 4.66
7 fluoranthene 4.85 5.86 12.88 5.58
8 pyrene 4.81 3.38 14.45 4.26
9 benz a anthracene 3.33 3.15 4.32 3.28
10 chrysene 4.30 4.89 5.87 4.04
11 benz e acephenanthrylene 2.42 2.24 2.36 2.27
12 benzo k fluoranthene ND 2.82 2.85 2.87
13 benzo a pyrene 2.20 ND 2.06 ND
14 indeno 1 2 3-¢ d pyrene ND ND ND ND
15 dibenz a h anthracene 2.72 ND ND ND
16 benzo g h i perylene 1.33 1.12 1.15 ND
Total 89.16 65.41 339.22 62.25
ND not detected.
4 PAHs
PAHs 62.25 ng/L PAHs
16 PAHs 14 PAHs 16
89. 16 ng/L PAHs
a 4 GB3838-2002
PAHs 4 CJ/T 206-2005 PAHs
PAHs 63% a a
2.20 ng/L k 12 3-cd e g h i dE k
4 PAHs 123-cd 6

200 ng/L GBI13198-91
PAHs 339.22 ng/L
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