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Quantification of Uncertainty Associated with Soil Sampling
and Its Reduction Approaches

Geonha Kim*

Department of Civil and Environmental Engineering, Hannam University

ABSTRACT

It is well known that uncertainty associated with soil sampling is bigger than that with analysis. In this research,
uncertainties for soil sampling when assessing TPH and BTEX concentration in soils were quantified based on actual field
data. It is almost impossible to assess exact contamination of the site regardless how carefully devised for sampling.
Uncertainties associated with sample reduction for further chemical analysis were quantified approximately 10 times larger
than those associated with core sampling on site. Bigger uncertainties occur when contamination level is low, sample
quantity is small, and soil particle is coarse. To minimize the uncertainties on field, homogenization of soil sample is
necessary and its procedures are proposed in this research as well.
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Fig. 1. Schematic representations of particle assemblages (modified from Collins and McGown, 1974). (a) Irregular aggregations by
connector assemblages, (b) regular aggregation interacting with particle matrix, (c) interweaving bunches of clay with silt inclusion, (d)

granular particle matrix.
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&3Fo] Shimazu GC-2010S ©]-&3te] EA3on,
TPHE ES07552.18] 7| ZZrEg)n] + FIDHS o]
3lo] Shimazu GC-20102- o]83lo] EAJ813}.

BTEX #4123} benzene =% nd~8.9 mg/kg, toluene
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erron=2 % BT o] @xk= AHskE A8 4 =9
At AT AE: 3] st =Y 7= o=
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Mg=extracted sample mass (g), M;=mass of soil to
be assessed (g) (assumed infinity), dos=the mesh size
where 5% of the material is retained (cm), c=the
mineralogical factor (g/cm®), B=the liberation factor,
f=rparticle shape factor, g=particle size range factor.
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(@)
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op=the mass proportion of the contaminant in the
site to be sampled, a=the contaminant proportion in
the critical particles, p.=the contaminant density (g/

em?), p,=the soil density (g/cm?).
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3.1 BMoxt Matks}
Table 2= BTEXS} TPHoIl #ste] 2.20] Ae nle}
2ol Hyt, B4k, HEAFE ol8sle] B o=
AT, COV(Coefficient of Variation, HEAT )=
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TPH, BTEX EE& =0 ZA 1.043-1.06124 23

e Ak wg A2 s & Aok 5 %
geéce 7Vl Qlo] A8E EAeke gAY
© 2= BlaA At
3.2. M EAF 2} »Es)
32.1. 294 93
Table 10 B2l ¥ A]E9] TPH EXXES o]8&3},

ABAFHAA s 2L &S AT 1 A
= AN oF 650g8 EFS AFASIAL ©] F
48 g0 NBRE AHYPH=E 7}AS} TPHE A3 2
5564.8 mg/kg= AP F,

Mg =650g, Mp=infinite g, doys=02cm, f=1, f=
0.5, g=025 =5565%x10° a=1, p=114 and p,=
2.65 g/em®

(1 _(5565 : 10’5))2

A

r~111

5565 x 10™° 3
=2 U 7 o o6s+(1-222200 )14 = 6600 g/
¢ 5565 % 10 ° +( 1 ) grem
1
(6)
1 1)
= ——-—=).02-c-c-B-F
SFE /\/(650 ML dgﬁ ¢ ﬂfg
=J($_O%)xoz x6600x 1x0.5x0.25=41% %)

o FolE o83l ANHel = AS BIae
41%2 AP}, o] AEE BAS %o}oq 48go2 A

P My =48 g, My =650 0] HH o]E thea} o]

Table 1. Sample size at the site (M1), reduced amount for analysis (M2), and analyzed results for BTEX, TPH concentrations

Volatile Organics TPH
Sample M1 M2 Benzene Toluene Ethylbenzene o.m.p-xylene M2 Concentration
@ @ (mg/kg) (mg/kg) (mg/kg) (mg/kg) (® (mg/kg)
1 650 5.5 nd"! nd 3.6 9.2 48 5565
2 540 4.6 nd 1.1 17.7 28.0 45 4926
3 480 5.0 nd 1.1 3.6 213 51 373
4 400 6.5 1.1 54 35.7 150.9 65 4483
5 650 6.2 1.4 7.2 48.4 182.4 65 3769
6 540 5.6 1.7 6.9 75.7 178.5 55 4709
7 480 7.2 nd 35 253 80.3 51 5379
8 450 6.4 8.9 5.6 422.7 256.7 71 11340
9 650 5.7 6.8 42 264.9 162.1 52 5408
10 550 6.9 nd 1.6 17.9 26.4 63 1241
11 670 6.6 nd 3.8 20.1 95.9 47 5565

! not detected (unit: mg/kg)
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Table 2. Mean concentrations (ppm), standard deviation(ppm) and coefficient of variation (%) of spiked samples for quantifying

analytical error

Standard Benzene Toluene Ethylbenzene Xylene Standard TPH
(mg/kg) measured measured Measured measured (mg/kg) measured
5.00 8.9 6.7 8.6 83 170.0 209
20.00 212 18.8 20.7 212 340.0 374
50.00 49.6 55.8 49.5 49.7 680.0 675
100.00 91.4 92.9 93.0 923 1700.0 1580
200.00 203.6 202.4 203.0 203.2 3400.0 3449
Mean 75.0 753 75.0 75.0 1257
SD 78.5 78.6 78.6 78.6 1334
Cov 1.047 1.043 1.048 1.048 1.061

Table 3. Fundamental error (SFE) associated with sample reduction to M1 on sampling site and further reduction to M2 for analysis

Benzene Tolunene Ethylbenzene Xylene TPH
E. Ml E. M2 E. Ml E. M2 E. Ml E. M2 E. Ml E. M2 E. Ml E. M2

1 8 93 89 93 110 35 69 22 41 404

2 93 66 63 50 16 27 12 26 256

3 10 93 63 63 110 35 30 14 18 181

4 7 62 25 28 24 11 5 5 15 148

5 5 56 22 24 18 9 4 5 13 128

6 5 50 24 25 13 8 4 5 12 114

7 10 93 29 35 41 13 9 7 11 105

8 2 22 25 28 2 3 4 4 9 91

9 2 25 30 32 3 4 6 5 7 74

10 9 93 44 52 49 16 23 13 6 64

11 8 93 29 34 47 15 8 7 6 57
AR = Sl e A} Soepe AR 23kt A k. delA
3R oA o3k B, ARHA o] @Al o3t &

11 5 - e - e

Spp= J(Arg—@)‘0~2-dgs-6‘ﬂ'f-g 94 5 ofe] eASe] WA, FAPIE of2 S
B o) RARk S, ARAFsh B exke 2

/\/(%%)0.23x6600x 1x0.5%x0.25=404% ®)

0
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Fig. 2. Fundamental sampling error calculated for field sampling
and sample reduction for analysis as a function of TPH in soil
(Mg =650 g, My =infinite g, dos=02cm, =1, f=0.5, g=
025, o, =TPH, o= 1, p.= 11.4 and p,,=2.65 g/cm’).
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Fig. 3. Representative sampling extraction technique prescribed
in Korean guideline.
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Sampling SOP(Standard Operation Procedure)(EPA, 1994)
9] 722 Sampling at Depth with Augers and Thin Wall
Tube Samplers®] 1030l Tha} o] 7&= o] k-

“Place the remainder of the sample into a stainless

steel, plastic, or other appropriate homogenization
container, and mix thoroughly to obtain a homogenous
sample representative of the entire sampling interval”.
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