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Determination of Soil Sample Size Based on Gy’s Particulate Sampling Theory
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ABSTRACT

A bibliographical review of Gy sampling theory for particulate materials was conducted to provide readers with useful
means to reduce errors in soil contamination investigation. According to the Gy theory, the errors caused by the
heterogeneous nature of soil include; the fundamental error (FE) caused by physical and chemical constitutional
heterogeneity, the grouping and segregation error (GE) aroused from gravitational force, long-range heterogeneous
fluctuation error (CE,), the periodic heterogeneity fluctuation error (CE;), and the materialization error (ME) generated
during physical process of sample treatment. However, the accurate estimation of CE, and CE; cannot be estimated easily
and only increasing sampling locations can reduce the magnitude of the errors. In addition, incremental sampling is the
only method to reduce GE while grab sampling should be avoided as it introduces uncertainty and errors to the sampling
process. Correct preparation and operation of sampling tools are important factors in reducing the incremental delimitation
error (DE) and extraction error (EE) which are resulted from physical processes in the sampling. Therefore, Gy sampling

theory can be used efficiently in planning a strategy for soil investigations of non-volatile and non-reactive samples.
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Fig. 1. Conceptual representation of constitution and distribution heterogeneity in particulate materials (Pitard, 1993). (a) Homogeneous
constitution and distribution, (b) Homogeneous constitution but heterogeneous modular distribution, (c) Homogeneous constitution and
maximum distribution heterogeneity(perfect segregation), (d) Heterogeneous constitution and natural distribution homogeneity.
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Table 1. Gy sampling error types for particulate sampling (Gerlach and Nocerino, 2003)

Notation Error type

Description

FE  Fundamental error (7]¥-232})

A result of the constitutional heterogeneity

GE  Grouping and segregation error (-5 2 ¥F 2x}) A result of the distributional heterogeneity

Long-range heterogeneity fluctuation error

CE - Trends across space or over time
P BN WE o P
Periodic het ity fluctuati L .
CE; irlo 1 He erogeneltyi uc» ation error Periodic levels across space or time
G771 EdA WE 22h
DE Incremental delimitation error Identifying the correct sample to take.

G2 A GEAEAR) 22

Considers the volume boundaries of a correct sampling device

EE  Incremental extraction error % 5= 23}

Removing the intended sample.
Considers the shape of the sampling device cutting edges

PE  Preparation error (FAA|5 4] 23}

Sample degradation, gross error, analytes loss or gain
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Fig. 2. The relationship between errors in Gy sampling theory for particulate materials (US EPA, 1992).
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Table 2. Liberation parameter estimates by material description
(Gerlach and Nocerino, 2003)

/ Type of material

Analyte 100% available
(recommended for most environmental applications)

1.0

0.8  Very heterogeneous

0.4 Heterogeneous material

0.2  Average material

0.1 Homogeneous material
0.05 Very homogeneous material

Table 3. Examples of shape parameters (Gerlach and Nocerino,
2003)

f Description

> 1.0 Needle-like material, such as asbestos
1.0 All of the particle are cubes

All of the particles are spheres; most minerals; most haz-
ardous waste samples

0.2 Soft homogeneous soilds, such as tar, or gold flakes
0.1 Flaky materials, like mica

Table 4. Granulometric factor values (Gy, 1998)

g Description
0.25 Undifferentiated, unsized material (most soils)
040 Material passing through a screen
0.50 Material retained by a screen

0.60/0.75 Material sized between two screen
Naturally sized materials, e.g., cereal grains, certain

075
sands
1.0 Uniform size (e.g., ball bearings)
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Fig. 3. Graphical description of segregation. (a)Segregation of fine particles from larger particles in the same density class, (b)Segregation
of dense fragments from lighter particles in the same size fraction (Pitard, 1993).
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Table 5. Correct sampling geometry in different sampling dimension (Gustavsson et al., 2006)

Sample
Dimension Example Correct sample geometry
3D Soil pile A sphere inside the lot
2D Flatted pile, soil strata A cylinder, perpetual to the plane, through the entire thickness of the strata

1D Conveyor belt

Cut off with two parallel planes

0D Quite similar unit such as truckloads Randomly chosen units
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