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Determination of Polycyclic Aromatic Hydrocarbons in Soil
by High Performance Liquid Chromatography with
Fluorescence Detection
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Abstract Polycyclic aromatic hydrocarbons PAHs are the environmental organic pollutants
which can induce cancers teratogeny and organism saltation. Therefore a reliable detection
method is essential for studying the environmentally hazardous PAHs. The high performance
liquid chromatography with a highly sensitive fluorescence detector was introduced to deter-
mine 15 PAHs of the priority pollutants named by the US Environmental Protection Agency
EPA in soil. The gradient elution procedure was improved and the detection wavelength was
optimized. The detection limits and the recoveries of the improved method for the 15 PAHs
were in the ranges of 0. 12 ug/kg to 1.57 wg/kg and 73% to 126% respectively. The relative
standard deviations of this method were in the range of 0. 53% to 3.57%. The results indicated
that this method is a reliable detection method with low detection limit high sensitivity and re-
peatability for the determination of PAHs in soil.
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Table 1 Detection wavelength program of PAHs
- USEPA - -
Time/min Agy/nm A g /TN
16 PAHs 15 0 270 323
23 252 370
26 252 402
30 280 460
15 PAHs 33 270 390
70 min 47 290 410
65 290 500
1
2
1.1
Class-vp
RF-10AXL OTO-10ASVP PAHs
LC-10AT PAHs
15 PAHs Supelco
Tedia Milli-Q
Easypure RF
1.2 PAHs
NaP AcPy Flu 15 PAHs 70 min
PhA AnT FluA Pyr
BaA Ji Chr b BbF k PAHs
BkF a BaP a h
DbA g h i j& BghiP 12 3-cd 2.1
In 12 3-cd P 0.0250 g PAHs 2 2
100 mL 250 mg/L "
PAHs
4 C Varian ChromSpher 5 PAH
1.3 Cis
5.000 g
24 h 2.00 mL
0.50 mL - 0
1:1 1 15 PAHs
mL 2.00 mL 2.2
1 mL PAHs
18
1.4
Varian ChromSpher 5 PAH <250 MPa
250 mm x 4.6 mm 5 pum ChromSep stainless
steel 10 mm x3 mm 5 pm ChromSep 60%
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Fig. 1 Chromatogram of a mixture of the PAH standards
Peaks 1. NaP 100 pg/L 2. AcPy 200 pg/L 3. Flu
60 wg/L 4. PhA 80 wg/L 5. AnT 80 wg/L 6. FluA
PAHs 80 wg/L 7. Pyr 100 pg/L 8. BaA 20 pg/L 9. Chr
PAHs ng/kg PAHs 40 wg/L  10. BbF 80 pg/L 11. BKF 20 pg/L 12. BaP
) 80 wg/L  13. DbA 40 pg/L  14. BghiP 160 png/L  15.
In 12 3-cdP 160 ug/L .
2
Table 2 The best detection wavelength of PAHs nm 3
Peak No. in Fig. 1 PAH Agx Agm
1 N
aP 270 323 3.1
2 AcPy 270 323
3 Flu 270 323 15 PAHs
4 PhA 252 370
5 AnT 252 402 100 pg/L 200 pg/L 60 pg/L
6 FluA 280 460
; Pyr 70 290 80 pg/L 80 pg/L 80 pg/L 100
8 BaA 270 390 pg/L a 20 pg/L Ji 40 pg/L b
o Chr 270 390 80 pg/L k 20 pg/L a 80
10 BbF 290 410 C e
1 BKF 290 410 ng/L a h 40 pg/L g ki de
12 BaP 290 410 160 pg/L 12 3-cd 160 pg/L
13 DbA 290 410 1 2
14 BghiP 290 410
4 10
15 In 12 3-cd P 290 500
NaP naphthalene AcPy acenaphthylene Flu fluorene HPLC
PhA phenanthrine AnT anthracene FIuA fluoranthene PAHs
Pyr pyrene BaA benzo a anthracene Chr chrysene
BbF benzo b fluoranthene BKF benzo k fluoranthene PAHs 3
BaP benzo a pyrene DbA dibenzo a h anthracene 6
BghiP benzo g h i perylene In 1 2 3-cd P indeno 1 2 RSD 0.53% ~ 3. 6%
3-cd pyrene.
15
2.4 S/N =3 0.12 ~ 1.57

20 30 40 50 C

g/ kg 3
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Table 3 Regression equations and detection Table 4 Continued

limits LODs of the method Background/ Added/ Found/ Recovery/

PAH

PAH r Regression equation' LOD/ pg/kg % pwg/L ng/L %
NaP 0.9944 y =15549x + 56898 1.57 BbF 21.50 20 41.62 100. 60
AcPy 0.9985 y =35261x + 184901 0.86 21.50 40 56.90 88.50
Flu 0.9978 y =103724x +72764 0.33 21.50 60 84.60 105. 17
PhA 0.9988 y =44884x +44187 0.76 BKF g 8 s 1396 9960
AnT 0.9992 y =140976x + 125599 0.24 g 8 1 18.72 104,40
FluA 0.9988 y =38727x +92240 0.78 g 8 s 24,29 106.73
Pyr 0.9995 ¥ =68835x +202668 0.42
BaA 0.9997 y =109624x + 14242 0.25 BaP 17.73 20 36.93 96.00
Chr 0.9989 y =60194x + 13020 0.49 17.73 40 36.49 96.90
BbF 0.9980 y=31874x +71111 0.80 17.73 60 82.90 108.62
BkF 0.9992 y =246552x + 103746 0.12 DbA 1.55 10 11.10 95.50
BaP 0.9978 ¥y =150929x - 60672 0.23 1.55 20 22.40 104.25
DbA 0.9960 y =73183x +96426 0.42 1.55 30 31.43 99. 60
BghiP 0.9980 y =44243x + 167932 0.82 BghiP 18.22 40 56. 00 96. 45
In 12 3-cd P 0.9990 y=10602x +29655 0.61 18.22 80 94.27 95.06
1 y peak area x mass concentration pg/L. 18.22 120 138.51 100. 24
In123cdP 6.70 40 44. 45 94.38
3.2 6.70 80 85. 86 98.95
3 PAHs 6.70 120 127.20 100. 42
“ 1.3 HPLC
PAHs 73% ~ 3.3 PAHs
126% 4
4 10 “1.3"
Table 4 Recovery of the method PAHs
PAH Background/ Added/ Found/ Recovery/ PAHs
ng/L wng/L ng/L %
NaP 8.90 25 28. 44 78.16
8.90 50 45.61 73.42 2 10 PAHs 5
8.90 75 82. 66 98.35 5 PAHs
AcPy 0. 66 50 48.46 95.60
0. 66 100 90. 00 89.34 ng/kg  ~ng/kg
0. 66 150 136. 46 90. 53
Flu 4.24 15 18.82 97.20
4.24 30 33.62 97.93 ) PAHs
4.24 45 48.62 98.62
PhA 35.45 20 51.15 78.50
35.45 40 65.12 74.18 PAHs
35.45 60 99. 14 106. 15
AnT 5.40 20 25.63 101.15 i
5.40 40 42.91 93.78 7 1
5.40 60 72.27 111.45 . »
FluA 46.00 25 70. 58 98.32 T n
46.00 50 88.43 84. 86 ) ’I‘ |
46.00 75 116.31 93.75 h ,|| |
Pyr 41.24 25 59. 84 74. 40 i'i 5 H H |i| "
41.24 50 77.66 72.84 53 ﬁ 5 H H ;II ﬂ
41.24 75 115.73 99.32 P f“l ,H. .}l! | uﬁ,‘_ﬁﬁur’{uﬂw | m_}ﬂij"h_li"
BaA 16.76 5 20.96 84.00 ntsirati A SN e
16.76 10 25.17 84.10 10 20 30 40 50 60 0
16.76 5 29.94 87.87 #/min
Chr 16.21 10 28. 85 126. 40 2
16.21 20 36. 50 101. 45 Fig. 2 Chromatogram of a soil sample

16.21 30 46.97 102.53 For peak identifications see Fig. 1.
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Table 5 Determination results of the PAHs in ten soils
PAH Contents/ pg/kg RSD/%
NaP 2.37-33.76 3.21
AcPy 1.69 -106. 67 1.90
Flu 8.42 -18.34 1.05
PhA 22.94 -115.80 2.34
AnT 0.96 -6.25 0.76
FluA 21.98 -100.41 0.75
Pyr 25.12 -107.25 3.57
BaA 3.72 -47.32 1.46
Chr 7.40 -52.64 0.61
BbF 9.98 -61.13 0.99
BKF 2.79 -25.03 0.63
BaP 4.22 -46.05 0.64
DbA 0.77 -5.48 1.62
BghiP 6.24 -54.76 1.77
In 12 3-cd P 2.01 -43.39 0.53
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