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Analysis of Poly Aromatic Hydrocarbon
in Solid Samples(ll)

S. K. Shin

National Institute of Environmental Research,
Inchon 404-170, Korea

The extraction of solid samples was performed to establish the analytical method of PAHs in environmental

samples. The recovery efficiency of the soxhlet, accelerated solvent and microwave extraction were surveyed

64~120%, 68-100% and 2281%, but the highest recoveries were obtained the dichloromethane(89, 90,

75%) and dichloromethane:methanol(10:1)(96, 94, 81%) in these three methods. The extraction recoveries of
soxhlet and accelerated solvent extraction methods were surveyed high recovery efficiency compared to the
microwave extraction method but the microwave extraction method can be used very easily. To establish the
analytical method of the PAHSs in the solid samples, the samples were extracted with the dichloromethane and

dichloromethane:methanol(10:1) in the soxhlet, and eluted with 1003¢ of the 10% dichloromethane:n-hexane.
Two(A and B) different kinds of the methods were applied to the soil and waste samples. As the result, the
internal standards recoveries were obtained9336, therefore the established methods can be used to ana-

lyzed the PAHs in the environmental samples.
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Table 1. Recovery of soxhlet extraction using various solvents(%)
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Compound A B C D E F G H
Naphthalene 87.82 63.70 55.27 90.91 93.05 73.12 55.04 58.27
Acenaphthylene 75.10 59.28 58.78 90.16 92.70 76.43 63.47 60.78
Acenaphthene 86.35 67.47 68.09 120.13  106.86 98.24 72.12 58.80
Fluorene 85.43 68.43 71.88 138.32 107.29  136.03 52.08 72.81
Phenanthrene 92.62 74.44 82.04 142.77 10729  137.21 66.93 66.49
Anthracene 87.75 80.32 86.37 108.52  109.03  104.42 57.50 51.97
Fluorancene 93.21 81.97 85.21 134.30  101.00  131.43 79.66 56.48
Pyrene 93.53 83.91 84.87 121.44  97.69 118.81 77.20 55.84
Benzo(a)anthracene 92.64 92.98 81.08 140.63  87.89 129.10  101.93 69.52
Chrysene 93.64 91.10 81.33 137.41 87.76 125.35 90.03 59.72
Benzo(b)fluorancene 93.82 86.71 75.82 136.64 100.84 119.15 98.06 62.96
Benzo(k)fluorancene 92.66 96.69 74.45 136.05  99.41 118.71  109.84 63.53
Benzo(a)pyrene 88.73 88.46 70.64 90.89 95.47 75.97 89.92 61.88
Indeno(1,2,3-cd)pyrene 88.41 76.07 60.94 120.36 76.71 97.87 102.89 69.06
Benzo(g,h,i)perylene 91.50 90.09 68.35 98.20 84.05 83.21 101.63 71.50
Dibenzo(a,h)anthracene 85.63 77.47 65.55 117.48 91.33 90.36 101.23 72.87

Average 89.30 79.94 73.17 120.67  96.15 106.89 82.16 63.50

A; Dichloromethane, B; n-Hexane, C; Cyclohexane, D; Toluene, E; Dichloromethane:Methanol(10:1), F; Dichloro-
methane:Acetone(1:1), G; n-Hexane:Acetone(1:1), I; Toluene:Methanol(1:1)
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Fig. 1. The recoveries of dichloromethane and dichloromethane:methanol(10:1) in soxhlet extraction.
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matrix Compound Analytical result
. YR, 0, e .
Soil PAHS Condition: 00°C, 13Mpa, Acetone:n-Hexane(1:1)
- Average recovery: 104.8%
- Condition: 100°C, 14Mpa, Acetone:n-Hexane(1:1), Comparison ASE to soxhlet:
cannot have the difference between two method
i PCB
Sediment c - 100, 13Mpa, Acetone:n-Hexane(1:1)
- Average recovery: 98.2%
. RSN 0, . .
Soil OCPs Condition: 100°C, 13Mpa, Acetone:n-Hexane(1:1)
- Average recovery: 97.3%
Soil Chlorinated - Condition: 100°C, 13Mpa, Dichloromethane:Acetone(1:1)
Herbicide - Average recovery: 112.9%
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Table 3. Recovery of ASE using various solvents(%)

Compound A B C D E F G H
Naphthalene 75.33 54.34 63.84 68.81 80.18 84.23 51.85 56.13
Acenaphthylene 77.11 61.05 92.93 68.23 87.89 91.78 56.93 68.05
Acenaphthene 77.50 70.80 95.34 80.60 94.83 98.78 67.12 79.08
Fluorene 92.86 71.46  126.89 81.89 98.87 118.72 60.21 79.11
Phenanthrene 82.82 75.36  111.58 73.40 97.79 115.15 63.41 90.35
Anthracene 76.00 73.67 88.84 75.34 93.13 93.84 52.73 75.30
Fluorancene 81.72 83.08 101.50 74.48 94.18 104.41 64.93 90.31
Pyrene 81.47 84.87  100.76 73.81 99.11 103.15 64.41 89.15
Benzo(a)anthracene 97.76 86.15 117.71 70.50 96.95 114.91 77.89 109.62
Chrysene 89.21 86.54  103.57 70.38 96.82 103.79 71.16 96.48
Benzo(b)fluorancene 94.96 88.93 108.75 74.14 96.36 101.24 89.00 103.82
Benzo(k)fluorancene 102.23  90.66 119.26 72.50 99.64 106.64 90.61 110.41
Benzo(a)pyrene 87.61 87.53 104.81 67.91 92.99 95.56 70.68 100.90
Indeno(1,2,3-cd)pyrene 88.28 7724  105.15 59.56 88.89 92.81 72.86 105.13
Benzo(g,h,i)perylene 87.93 84.04 99.95 63.27 91.08 93.83 72.70 101.87
Dibenzo(a,h)anthracene 84.26 87.97 98.86 65.44 94.68 90.63 71.81 102.46

Average 89.87 78.98  102.49 71.27 94.00 100.60 68.45 90.52

A; Dichloromethane, B; n-Hexane, C; Cyclohexane, D; Toluene, E; Dichloromethane:Methanol(10:1), F; Dichlorome-
thane:Acetone(1:1), G; n-Hexane:Acetone(1:1), I; Toluene:Methanol(1:1)
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Fig. 2. The recoveries of dichloromethane and dichloromethane:methanol(10:1) in ASE.

B o, 28€ FZ8uA 165 PAHs= 25 3
F& 89 el e Aoz AL B3, FF
8 FollM tEE=dE 9 EE2ehmeE(10:1)
o] Hit 3|58o] 90% L 94%=E THE gujEo] Hls)
163 PAHs 7} A9 35-80] %2 Holm, 7} A&

5 Aole] 48 Aolw vlwA AL Zow Yepd,

tEz2re 2 gEE e ehe(10:1)S 71580
FEUE o83 F= &R AT

T2l Fig 2t tEERve) tZzavehbe
£10:1) EF-&rel gk 7 e I5ES vERd
Aoz, a4 R naphthalene, acenaphthylene,
acenaphthene, fluorene, phenanthrene, anthracene,



PPNE T T

fluorancene ¥ pyrened} 7ro] WlwZ Ex}eo] z2Re
o] Zfele UEFE2m e erE(10:1)¢] =381
7t =& 39E eI o, wAlEe] & A
tEZ 2} tE22uehHehE(10:1) 7 Sufollx
3l&9 o7t gle AR Yelsth

o B 9 shfo

B5golA o7} A9 Yl FEAIE BS Wuk of
Uz}, okgke] Feito] ol 3l5ege] & Aol sl
249 Fe22d gl F28 F 9de +
27 Sl

Aol =9

=
N b
=
I
i1

wEkH e (10:1)0] 7P =2 Ao
g g 7Een] FEY 5o th
v 34gs el &
SD 4%l w]=+ EPA 8270043 7 B4 34
£ ZA7= v|wsEA, n-3A)Ake] 7% naphthalene, acen-

aphthylene, acenaphthene, anthracene % fluorancene

)

Seslraie] 24 ) 259

A3, A EFZH 2 naphthalene, benzo(b)fluorancene,
benzo(k)-fluornacene, benzo(a)-pyrene, benzo(gh,i)pery-
lene 2 dibenzo(a,h)-anthracene 5°] AZHANS
3k Zsisler EFlmehE 981+ naphtha-
leneo] HAERFIE Hlojdt A o= Yepuitt

Ty, HERad ) e e ee10:)E
o] 43t Az= HollA Hisulel o] A opdEZ
1659 A 3580 75% ¥ 81%= eI, EPA
EAIA Astal e AEFHeIE B UEdhe Al
° 2 Yepith o3¢l Fig. 3& ol& &ujo] i3k 7t
A 3Es U Ae®, Jgelx He upet
o] tE= 2 e EE(10:1)°] 165 PAHs EF
HEEade 1o oF 2 3588 YeEUTH

64~120%, 68~100% 2 22~81%% %W}
zpol7t AE Ao w Yehgoy, 7R Y BT tFE
22|89, 90, 75%) B HIFE2ehHee(10:1
96, 94, 81%) €77} &2 3TE&S 45 F U= A
o= yehsth

T3 S48 9 7R FERe 5 58] =

< AL’ YA el

Table 4. Recovery of microwave using various solvents(%)
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Compound A B C D E F G H 1
Naphthalene 65.14 3554 558 3231 7115 35.92 5.94 66.05 84.12
Acenaphthylene 77.88 3896 4692 57.17 7252 46.10 39.78 65.01 83.27
Acenaphthene 85.87 50.74 6719 5719 7941 55.64 43.73 77.44 80.41
Fluorene 85.50 4299 71.08 6483 77.67 54.30 50.19 68.85 87.79
Phenanthrene 80.06 4151 5837 65.08 71.16 58.47 66.68 61.06 82.42
Anthracene 79.37 3743 5832 6250  72.59 61.60 39.93 61.72 81.35
Fluorancene 7438 3199 4138 57.71  66.83 65.69 50.23 55.90 80.22
Pyrene 75.02 36.68 4680 5622  67.46 69.11 51.08 56.17 82.38
Benzo(a)anthracene 76.19 1469 2131 56.23 70.78 79.96 66.81 57.68 85.57
Chrysene 7633 11.45 17.04 5297 71.16 79.85 59.77 57.98 85.43
Benzo(b)fluorancene 76.41 3.83 6.68 53.52 65.28 81.03 71.83 59.19 81.40
Benzo(k)fluorancene 69.25 5.21 7.66 56.16 69.29 74.69 75.27 55.70 81.46
Benzo(a)pyrene 66.34 4.35 588 52.60 64.06 72.28 69.42 54.70 77.42
Indeno(1,2,3-cd)pyrene 64.64 0.00 255 5755 6761 61.31 84.04 54.44 73.93
Benzo(g,h,i)perylene 7994  0.010 0.00 59.08 78.02 72.50 85.82 64.63 80.17
Dibenzo(a,h)anthracene 64.77 0.00 0.00 57.13  64.15 57.07 84.57 60.70 68.70

Average 7451 2221 2855 56.00 70.57 64.10 59.07 61.08 81.01

A; Dichloromethane, B; n-Hexane, C; Cyclohexane, D; Toluene, E; Dichloromethane:Methanol(10:1), F; Dichloro-
methane:Acetone(1:1), G; n-Hexane:Acetone(1:1), I; Toluene:Methanol(1:1)
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Fig. 3. The recoveries of dichloromethane and dichloromethane:methanol(10:1) in microwave
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Fig. 4. Comparison the solid extraction method using dichloromethane: methanol(10:1)
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Fig. 5. Analytical method of PAHs in solid sample.
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Fig. 6. Chromatogram of waste sample
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Table 5. Internal standard recovery in soil and waste using soxhlet extraction(%)
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Soil Waste
Internal standard
A B C D E
Naphthalene-d8 88.17 91.59 89.14 87.97 88.76
Acenaphthene-d10 80.01 81.75 87.23 88.98 89.89
Phenanthracene-d10 99.97 107.93 99.86 105.65 104.43
Crysene-d12 101.24 108.23 102.64 99.83 99.98
Perylene-d12 80.48 82.00 84.35 85.34 82.14
Average recovery 89.97 94.30 92.64 93.55 93.04

Al

A method: extraction with dichloromethane/elution with 10% dichloromethane:n-hexane 100 ml

B method: extraction with dichloromethane:methanol(10:1)/elution with 10% dichloromethane:n-hexane 100 ml
C method: extraction with dichloromethane/10% Tl & ZZH -4k 100 ml &3
D method: extraction with dichloromethane:methanol(10:1)/elution with 10% dichloromethane:n-hexane 100 ml
E method: same as D method and contained the acid treatment with 2N-HCl
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