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Analysis of Poly Aromatic Hydrocarbons
in Water Samples(l)
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The recoveries of extraction solvent, clean-up solvent and real sample were surveyed to establish the ana-
lytical method of PAHs(poly aromatic hydrocarbons) in liquid samples. The average recoveries of extraction
solvent were surveyed 70~102% in the selected solvents. The dichloromethane and n-hexane as non-polar sol-
vents, and dichloromethane:acetone, n-hexane:acetone, cyclohexane :acetone, dichloromethane:methanol(1:1)
and dichloromethane:methanol (10:1) as combined solvents were examined the extraction recoveries over 80%.
Also, in the silicagel column process, the dichloromethane:pentane(2:3), 10% dichloromethane:n-hexane and
40% dichloromethane:n-hexane as elution solvents were represented over 87% recoveries. The analytical
method in liquid sample, which extracted with dichloromethane:methanol(10:1) and eluted with 10% dichlo-
romethane:n-hexane selected to get the highest recovery.
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Table 1. Selected ion group in GC/MS analysis
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Group R.T

Analytical compound

Internal standard

- Naphthalene

- Acenaphthene
- Acenaphtyne
+ Fluorene

- Anthracene

1 3min~13min

- Phenanthracene

2 13min~23min - Fluoranthene

- Pyrene

- Benzo(a)anthracene

- Chrysens

- Naphthalene-d8
- Acenaphthene-d10

- Phenanthracene-d10
- Chrysene-d12

- Perylene-d12

- Benzo(b)fluoranthene

3 23min~40min

- Benzo(k)fluoranthene
- Benzo(a)pyrene

- Indeno(1,2,3-cd)pyrene
- Benzo(g,h,i)perylene
- Dibenzo(a,h)anthracene
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Table 2. Solvent recoveries(%) in liquid/liquid extraction
Cmpound A B C D E F G H I J
Naphthalene 56.20 9098 89.21 80.57 99.48 66.38 92.11 4556 9158 85.02
Acenaphthylene 99.11 95.00 9324 7432 10042 7743 9222 5453 90.80 90.46
Acenaphthene 98.32 9625 9432 8331 10032 76.73 93.17 57.69 9268 90.43
Fluorene 109.53 96.92 94.89 98.12 101.26 80.41 9297 6326 95.63 92.22
Phenanthrene 109.06 97.02 98,59 9353 103.76 84.62 93.15 6633 9249 95.31
Anthracene 108.08 96.80 98.93 103.28 101.58 88.13 93.61 3579 91.01 92.39
Fluorancene 97.74 9298 98.83 96.26 104.09 8290 88.22 6897 8564 94.21
Pyrene 9542 9231 98.85 9533 104.80 8343 9741 69.50 8429 93.73
Benzo(a)anthracene 8793 9042 99.59 11249 102.94 84.39 8191 7261 81.77 90.65
Chrysene 87.84 9029 100.01 96.64 103.95 8395 83.61 76.71 8196 9191
Benzo(b)fluorancene 85.68 88.77 99.56 94.08 107.62 8129 76.19 8629 8152 92.39
Benzo(k)fluorancene 8326 8734 9850 9434 103.44 81.64 7844 8941 7751 89.53
Benzo(a)pyrene 79.26 8485 9247 8490 98.46 7927 7490 7599 7256 85.38
Indeno(1,2,3-cd)pyrene 78.72 7910 9026 93.29 96.54 7457 67.72 97.63 69.70 82.59
Benzo(g,h,i)perylene 85.18 82.10 93.87 94.59 102.82 8030 74.05 9628 7636 88.97
Dibenzo(a,h)anthracene 81.68 76.75 90.54 119.70 103.08 76.10 72.25 130.59 72.89 86.87
Average 90.19 89.87 95.73 9334 102.16 80.10 83.87 7046 83.65 90.13

A; Dichloromethane, B; n-Hexane, C; Cyclohexane, D; Toluene, E; Dichloromethane:Acetone(1:1), F; n-Hexane:Acetone
(1:1), G; Cyclohexane:Acetone(1:1), H; Toluene:Methanol(1:1), I; Dichloromethane:Methanol (1:1), J; Dichloromethane:

Methanol(10:1)
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Fig. 1. The recoveries of n-hexane and dichloromethane:methanol(10:1) in liquid/liquid extraction.
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Table 3. The analytical methods of varies countries
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Matrix  Extraction Extraction Solvent Clean Elution Solvent Instrument Internal Standard
- oM E A 4H1:1) - 1st: pentane
Soil, t2EeHe 2miscard) G
Sediment, soxhlet  PAE(L:1) S* - 2nd: DCM HPLC - Anthracene.dl0
U Sludge - 25l ek2(10:1) :pentane(2:3) FLIR - 1 raczrllg—
. 2= 2 (16~18hr) 25 ml Pyrene-
S st ta 95 - Benzo(a)anthracene-d12
A Sl'( do (Be GC(FID) - Benzo(a)pyrene-d12
liquid/ . N midiscar GC/MS - Dibenzo(a,h)anthra-cene-d14
water S - dichloromethane S - 2nd: DCM .
liquid HPLC - Benzo(ghi)perylene-d12
:pentane(2:3)
FT-IR
25 ml
sediment S - 15% ether: .
20 g) soxhlet - hexane or F* hexane 50 ml GC/MS - Dibenzo(a,h)anthra-cene-d14
- 1st: n-hexane
] soil 6 ml(discard)
2 909 soxhlet - toluene(8hr) S - 2nd: 2% DCM  GCMS -
p g :pentane
a 50 ml
n + 2% acetone:
water liquid/ . I n-hexane .
D liquid - hexane S - 10% DCM: GC/MS - Dibenzo(a,h)anthra-cene-d14
n-hexane 100 ml
- 1st: hexane 5ml
+benzene 5 ml
. - cyclohexane - . - Acenaphthene-d10
C soil soxhlet dichloromethane 5 (discard) GC(FID) - Anthracene-d10
a - 2nd: benzene
. - Pyrene-d10
n 5 ml(2times)
- Benzo(a)anthracene-d12
a - 1st: hexane
- Benzo(a)pyrene-d12
d micro * 5ml+benzene + Dibenzo(a,h)anthra-cene-d14
a sediment - acetone:hexane (1:1) S 5 ml(discard) GC(FID) 2
wave - Benzo(ghi)perylene-d12
- 2nd: benzene
5 ml(2times)
- Acenaphthene-d10
- Anthracene-d10
- hexane 25 ml + - Pyrene-d10
soxhlet - toluene(18hr) S* hexane:DCM GC/MS - Benzo(a)anthracene-d12

S
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Table 4. Solvent recoveries of various countries
Compounds USA® Japan Canada? Sweden®
Method Ib) Method II9

Naphthalene 81.60 82.19 81.25 65.78 85.37
Acenaphthylene 83.61 68.49 95.06 72.87 89.50
Acenaphthene 85.55 68.32 92.06 74.77 90.00
Fluorene 90.04 72.28 80.86 82.46 91.56
Phenanthrene 90.64 66.75 93.60 90.73 92.98
Anthracene 86.62 68.33 92.94 92.63 91.80
Fluoranthene 91.75 61.02 86.72 94.61 94.10
Pyrene 91.93 58.40 99.79 94.58 94.57
Benzo(a)anthracene 94.14 63.73 89.77 98.15 97.02
Chrysene 96.40 63.91 99.40 94.07 96.97
Benzo(b)fluorancene 93.88 55.15 98.83 95.88 94.98
Benzo(k)fluorancene 93.58 58.01 97.44 94.42 95.23
Benzo(a)pyrene 90.94 53.46 93.58 93.38 93.74
Indeno(1,2,3-cd)pyrene 88.63 49.70 91.72 89.52 89.68
Dibenzo(a,h)anthracene 99.05 61.97 86.54 84.88 89.75
Benzo(g,h,i)perylene 95.29 47.61 94.95 77.40 88.25

Average 90.85 62.46 92.16 87.26 92.22

a) Dichloromethane:Pentane(2:3) 25 ml—50 ml

b) 2% Acetone:n-Hexane(decide the solvent amounts after elution)—300 ml
¢) 10% Dichloromethane:n-Hexane 50 ml—100 ml

d) Benznen 5ml(2 times)—20 ml

e) n-Hexane 25ml + n-Hexane:Dichloromethane 25 ml: total 50 ml—70 ml

% The large amount of elution solvent was used to present the original analytical method.
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Fig. 2. The recoveries of elution solvent in silicagel cleanup process.
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Table 5. Fractional recoveries in dichloromethane:pentane(2:3)

Compound 10~20 ml 20~30 ml 30~40 ml Total recovery(%)
Naphthalene 15.00 66.60 0.00 81.60
Acenaphthylene 12.40 71.05 0.16 83.61
Acenaphthene 15.40 69.96 0.19 85.55
Fluorene 8.91 80.76 0.37 90.04
Phenanthrene 11.60 78.67 0.36 90.64
Anthracene 11.68 74.54 0.40 86.62
Fluoranthene 10.61 80.42 0.72 91.75
Pyrene 13.06 78.27 0.61 91.93
Benzo(a)anthracene 8.87 84.31 0.95 94.14
Chrysene 9.22 86.19 0.99 96.40
Benzo(b)fluorancene 7.66 84.47 1.75 93.88
Benzo(k)fluorancene 9.18 82.90 1.51 93.58
Benzo(a)pyrene 9.08 80.65 1.20 90.94
Indeno(1,2,3-cd)pyrene 7.41 79.61 1.61 88.63
Dibenzo(a,h)anthracene 7.26 90.23 1.56 99.05
Benzo(g,h,i)perylene 8.53 85.17 1.58 95.29

Average 90.85

Table 6. Fractional recoveries in 10% dichloromethane:n-hexane

Total recovery

Compound 20~30ml 30~40 ml 40~50 ml 50~60 ml 60~70 ml 70~80 ml 80~90 ml %)
Naphthalene 44.56 36.69 0.00 0.00 0.00 0.00 0.00 81.25
Acenaphthylene 16.06 71.21 7.79 0.00 0.00 0.00 0.00 95.06
Acenaphthene 34.64 54.39 3.03 0.00 0.00 0.00 0.00 92.06
Fluorene 0.00 35.08 36.56 9.23 0.00 0.00 0.00 80.86
Phenanthrene 0.00 67.40 26.20 0.00 0.00 0.00 0.00 93.60
Anthracene 0.00 75.08 17.86 0.00 0.00 0.00 0.00 92.94
Fluoranthene 0.00 30.42 41.92 12.15 2.23 0.00 0.00 86.72
Pyrene 0.00 68.21 26.26 3.79 1.53 0.00 0.00 99.79
Benzo(a)anthracene 0.00 0.00 27.15 38.99 19.79 3.84 0.00 89.77
Chrysene 0.00 0.00 25.02 43.25 22.79 5.94 2.40 99.40
Benzo(b)fluorancene 0.00 0.00 2.26 40.35 37.05 16.83 2.35 98.83
Benzo(k)fluorancene 0.00 0.00 2.31 48.21 32.96 13.96 0.00 97.44
Benzo(a)pyrene 0.00 0.00 28.01 41.06 19.56 4.95 0.00 93.58
Indeno(1,2,3-cd)pyrene 0.00 0.00 0.00 39.31 36.80 15.61 0.00 91.72
Dibenzo(a,h)anthracene 0.00 0.00 0.00 0.00 18.49 47.59 20.46 86.54
Benzo(g,h,i)perylene 0.00 0.00 0.00 40.13 31.86 16.63 6.32 94.95

Average 92.16
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Fig. 3. Analytical method of PAHs in liquid sample.
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Table 7. Internal standards recoveries in liquid/liquid extraction(%)

A B C D
Naphthalene-d8 84.10 67.50 42.75 47.75
Acenaphthene-d10 76.56 63.75 61.69 60.24
Phenanthracene-d10 97.63 74.63 70.31 78.63
Crysene-d12 94.54 63.75 80.06 62.60
Perylene-d12 80.23 36.38 52.31 33.58
Average recovery 86.61 61.20 61.42 56.56

1. A method: dichloromethane:methanol(10:1) extraction/eluion of 100 ml 10% dichloromethane:n-hexane
2. B method: dichloromethane:methanol(10:1) extraction/elution of 100 ml dichloromethane:pentane(2:3)
3. C method: n-hexane extraction/elution of 100 ml 10% dichloromethane:n-hexane

4. D method: n-hexane extraction/elution of 100 ml dichloromethane:pentane(2:3)
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