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ABSTRACT

In this study, a reliable number of soil samples for TPH fractionation was investigated in order to perform risk assessment.
TPH was fractionated into volatile petroleum hydrocarbons (VPH) with three subgroups and extractable petroleum
hydrocarbons (EPH) with four subgroups. At the study site, concentrations of each fraction were determined at 18
sampling points, and the 95% upper confidence limit (UCL) value was used as an exposure concentration of each fraction.
And then, 5 sampling points were randomly selected out of the 18 points, and an exposure concentration was calculated.
This process was repeated 30 times, and the results were compared statistically. Exposure concentrations of EPH obtained
from 18 points were 99.9, 339.1, 27.3, and 85.9 mg/kg for aliphatic Co-C;3, C19-Cs6, C57-Cyo, and aromatic C;;-Cs,,
respectively. The corresponding exposure concentrations obtained from 5 points were 139.8, 462.8, 35.1 and 119.4 mg/kg,
which were significantly higher than those from 18 points results (p <0.05). Our results suggest that limited number of
samples for TPH fractionation may bias estimation of exposure concentration of TPH fractions. Also, it is recommended
that more than 30 samples need to be analyzed for TPH fractionation in performing risk assessment.
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Table 1. TPH concentrations of 18 sampling points by depth in the study site

TPH concentration

Sampling points

Depth

12 3 4 5 6 7 8
(m)

10 11 12 13 14 15 16 17 18

mg kg'

0-1 141.7 4479 100.7 1224 650.2 672.1

ND 4019 ND
1-2  ND 16873 1434 2223 808.7 ND 8485 1140 ND ND 895

1658 73.6 ND 1089 ND ND 642 582.0 1356
134.4 2826.9 751.7 664.8 ND 2371.62283.7

ND: Not detected (under detection limit, 50 mg/kg)
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Table 2. Number of soil samples for TPH fractionation
recommended by Washington Department of Ecology (WDE, 2016)

Volume of soil (m%) Number of soil samples to be tested

0—-76 2

77 — 765 3

765 — 38,228 5

38,229 — 76,455 10
> 76,455 10+ 1 for each additional 38,228 m
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Table 3. Concentrations of VPH and EPH after TPH fractionation
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VPH EPH
Sampling Depth Aliphatic Aliphatic Aromatic Aliphatic Aliphatic Aliphatic Aromatic
Point (m) Cs-Cg Co-Cy2 Co-Cyp Co-Cys Ci9-Cs6 C37-Cyo Ci-Cp
mg kg™!
1 0-1 ND ND ND ND 90.6 ND 21.1
1-2 ND ND ND ND ND ND ND
average ND ND ND ND 50.3 ND 15.55
2 0-1 ND ND ND ND 95.9 ND 64.2
1-2 ND 6.6 12 234.6 748.1 46.6 223.2
average ND 4.55 7.25 122.3 422 28.3 143.7
3 0-1 ND 52 ND ND 43.5 ND 229
1-2 ND ND ND ND 40.7 ND ND
average ND 3.85 ND ND 42.1 ND 16.45
4 0-1 ND ND ND ND 46.3 ND 23.1
1-2 ND ND ND ND 53.2 ND 27.1
average ND ND ND ND 49.75 ND 25.1
5 0-1 ND ND ND 47.1 251.8 ND 65.5
1-2 ND ND ND 69.3 160 ND 73.5
average ND ND ND 582 205.9 ND 69.5
6 0-1 ND 10.8 ND 126.3 184.3 38.8 118.6
1-2 ND ND ND ND ND ND ND
average ND 6.65 ND 68.15 97.15 244 64.3
7 0-1 ND ND ND ND ND ND ND
1-2 ND ND ND 459 429.9 39.7 102.2
average ND ND ND 27.95 219.95 24.85 56.1
8 0-1 ND ND ND 20.2 199.9 329 43.7
1-2 ND ND ND ND 35.1 ND 21.8
average ND ND ND 15.1 117.5 21.45 32.75
9 0-1 ND ND ND ND ND ND ND
1-2 ND ND ND ND ND ND ND
average ND ND ND ND ND ND ND
10 0-1 ND ND ND ND 58.6 ND 24.1
1-2 ND ND ND ND ND ND ND
average ND ND ND ND 343 ND 17.05
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Table 3. continued
VPH EPH
Sampling Depth Aliphatic Aliphatic Aromatic Aliphatic Aliphatic Aliphatic Aromatic
Point (m) Cs-Cs Co-Ci2 Co-Cyo Co-Cig Ci9-Css C37-Cyo Ci-Cy
mg kg™!
11 0-1 ND ND ND ND 37.6 ND 209
1-2 ND ND ND ND 35 ND ND
average ND ND ND ND 36.3 ND 15.45
12 0-1 ND ND ND ND ND ND ND
1-2 ND ND ND ND 54.8 ND 23
average ND ND ND ND 324 ND 16.5
13 0-1 ND ND ND ND 634 24.5 20.3
1-2 ND ND ND 501.4 2041.1 81.2 2441
average ND ND ND 255.7 1052.25 52.85 1322
14 0-1 ND ND ND ND ND ND ND
1-2 ND ND ND 80.6 222.2 20.1 88.4
average ND ND ND 453 116.1 15.05 49.2
15 0-1 ND ND ND ND ND ND ND
1-2 ND ND ND 423 164.8 ND 41
average ND ND ND 26.15 87.4 ND 25.5
16 0-1 ND ND ND ND 64.2 ND 63.2
1-2 ND ND ND ND ND ND ND
average ND ND ND ND 37.1 ND 36.6
17 0-1 ND ND ND 89.1 448.5 525 104.6
1-2 ND ND ND 564.3 1598.8 104.5 419.2
average ND ND ND 326.7 1023.65 78.5 261.9
18 0-1 ND ND ND ND 29.9 ND 20.8
1-2 ND ND ND 197.3 2254 ND 150.6
average ND ND ND 103.65 127.65 ND 85.7
Detection limit 5 5 5 20 20 20 20
ND: Not detected (under detection limit)
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Table 4. Exposure concentrations of TPH EPH determined with the concentrations obtained from all 18 points and randomly selected 5
points

TPH EPH fractionation exposure concentration (mg kg™)

Classification Aliphatic Aliphatic Aliphatic Aromatic
Co-Cig Ci9-Cs6 C37-Cyo C-Cy
Obtained from all 18 points 99.9 339.1 273 85.9
Obtained from randomly Mean 139.8 462.8 35.1 1194
selected 5 points Standard deviation 753 269.5 16.3 50.1
(30 times repeat) Range 19.8 ~ 259 95.6 ~ 912.9 10 ~ 59.9 43.1 ~ 196.1

Table 5. Standard deviation of TPH EPH concentrations of 18 points and the average standard deviation of TPH EPH concentrations of
5 points

“TPH EPH fractionation concentration (mg kg™')

Classification Aliphatic Aliphatic Aliphatic Aromatic
Co-Cig Ci9-Cs6 Cs37-Cao Ci-Cx
Standard deviation of 18 points 86.3 288.1 17.3 65.8
Average standard deviation of 5 points 90.6 317.2 184 64.0
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Fig. 1. Histogram of TPH EPH concentrations in the study site.
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