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the entire publication history of tos Forum has been made public under the sampling science and technology 
webpages. tos Forum issues 1-11 contains a wealth of diverse opportunities for continued advanced education. 

tos Forum can be reached at sst-magazine.info/tos-forum. the following three articles are examples of the trea-
sures to be found in the tos forum archive:

Advanced Continued education (edu) 
the Complete tos forum Archive
DOI: 10.62178/sst.002.009

“Critique of Gy’s sampling theory”: misplaced expectations of 
Wikipedia’s democratic intentions

By Geoffrey J. Lyman and Kim H. Esbensen
doi.org/10.1255/tosf.11

In today’s age of the internet and the cloud’s many “blessings”, Wikipedia is widely hailed as the pre-eminent 
internet source of readily available information. Wikipedia has especially been acclaimed for its apparent demo-
cratic attitude towards building a free, open encyclopaedia of the time. But there is also a darker side to all this 
enthusiasm—in that anybody can enter any new entry where none exists on a given topic, or edit any existing 
article. In fact, upon reflection, it dawns upon users that this democratic openness is not necessarily a blessing. 
thus this institution has aptly been described by the following depressing characterisation: “Wikipedia is the 
medium in which your worst enemy can get to write your epitaph”.
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“Critique of Gy’s Sampling Theory”: Misplaced 
expectations of Wikipedia’s democratic intentions
Geoffrey J. Lyman and Kim H. Esbensen

I
n today’s age of the internet and the 
cloud’s many “blessings”, Wikipedia 
is widely hailed as the pre-eminent 
internet source of readily available 

information. Wikipedia has especially been 
acclaimed for its apparent democratic 
attitude towards building a free, open 
encyclopaedia of the time. Indeed Wikipe-
dia carries a plethora of truly informative 
entries, and there are but few who have 
not had reason to sample information from 
this source. But there is also a darker side 
to all this enthusiasm—in that anybody can 
enter any new entry where none exists on 
a given topic, or edit any existing article. In 
fact, upon reflection, it dawns upon users 
that this democratic openness is not nec-
essarily a blessing. Thus this institution 
has aptly been described by the following 
depressing characterisation: “Wikipedia is 
the medium in which your worst enemy 
can get to write your epitaph”. This state-
ment can act also as a clear pointer to our 
errand here regarding a contribution to 
Wikipedia in which a number of faults and 
accusations levelled at the Theory of Sam-
pling (TOS) and its proponents unfortu-
nately can be found. We find it incumbent 
upon us to draw public attention to this 
criticism of the entire life-time’s achieve-
ment of Pierre Gy and the Theory of Sam-
pling (TOS).

TOS critique in Wikipedia
We recently were directed to the fact that 
an entry is included in Wikipedia under the 
title “Gy’s Sampling Theory”,1 in which a 
number of faults in the theory are implied. 
The Wikipedia text also provides a refer-
ence to an open access viXra.org (http://
www.vixra.org/abs/1203.0081) docu-
ment authored by Dihalu and Geelhoed. 
These two contributions are critical of Gy’s 
work, and a full assessment of all scientific 
aspects with which the present authors, 
indeed most of the TOS community, will 
take issue will be presented elsewhere.

Suffice here to point out that Geelhoed 
has previously presented a paper that 
sought to question the matter of quantifying 

sampling variance in the presence of non-
independent particle selection probabilities. 
This issue is at the root of Geelhoed’s 
criticisms, and has also been published 
in several other fora. Geelhoed’s work, 
as reported at the Third World Sampling 
and Blending Conference (WCSB3), Porto 
Alegre, is based on a new mathematical 
simulation approach to predicting 
sampling variance but provided no 
experimental results. This work harks back 
to his paper to the sampling community, 
presented at WCSB2, Brisbane, which 
did contain some experimental results and 
where the math behind the proposed new 
approach was first put forward. However, 
the experimental work was only directed 
at extremely simplistic two-component 
systems of particles with slightly different 
sizes (but identical composition and hence 
density), from which sweeping conclusions 
were attempted that claimed to represent 
inherent deficiencies in the foundation of 
Pierre Gy’s Theory of Sampling. These 
claims, and especially their foundation, 
have been criticised on several occasions 
by several of the leading members of the 
sampling community.

First and foremost, it must be understood 
that the entire critique exclusively only 
addresses issues related to estimating the 
Fundamental Sampling Error (FSE) and 
that all Geelhoed’s work only relates to 
Pierre Gy’s 1979 work,2 but nowhere refers 
to the three most fundamental works in 
the context, viz. Gy papers in 1967 and 
1971,3–5 which rank among the most 
central works specifically describing the 
issues surrounding the genesis of FSE—
and the realisation of strict limits for the 
realistic application of the equation for its 
estimation. It has been pointed out to both 

Geelhoed and Dihalu on various occasions 
in several fora, that several empirical 
results and experiences from extensive 
experimental campaigns led Pierre Gy 
himself to conclude that the possibilities for 
the simple, first order “Gy’s formula”a are 
more limited than many practitioners would 
like to accept, limited except for rather 
simple systems. Pierre Gy concluded that a 
second (of the so-called “correct sampling 
errors”) was needed, the Grouping and 
Segregation Error (GSE), if one was ever to 
get a realistic grasp of the full complexity 
of the phenomena of heterogeneity. It is fair 
to state that this insight has been pointed 
out to Geolhoed et al., but to no apparent 
avail, and this is especially germane to the 
entry in Wikipedia. With this background, 
we here focus on a few salient issues in 
the “critique”.

It appears that the critical focus point in 
Geelhoed’s assertions is that the random 
selection of a particle of one type to fall 
into an increment (a sample) may influence 
the selection probability for the following 
particle (a physical neighbour particle). 
That is, it is proposed that the selection 
probability for the second particle is 
not independent of the selection of the 
previous particle. This then might be the 
case where a “type 2” particle tends to 
associate with a “type 1” particle. This 
situation is well known from TOS as the 
case of “spatial coherence” or “grouping” 
if occurring in a broadly isotropic material, 
and as “segregation” in the case where 
such a tendency to coherence is primarily 
brought about by gravitation. In fact these 
relationships were discussed extensively 
in the (1967, 1971) fundamental Gy 
literature.3–5 These issues are of course 
also present in any-and-all of Gy’s later 

aGy himself loathed that this equation has been accorded this personal accolade—by others, who are 

not necessarily initiated to the full complexity of heterogeneity and how to counteract this in sampling. 

Gy has in fact always been highly dissatisfied and worried that his name should be associated with 

“just a first attempt, and a simplistic and highly approximate equation at that— trying to encapsulate 

something much more complex” (pers. com. 2008). This personal insight is key to understanding much 

of our vehement rejection of the Wikipedia “critique”.
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The Aloha SamplerTM: concept, objective, design and 
implementation
Charles Ramsey
EnviroStat, Inc., PO Box 636, Fort Collins, CO 80522, USA. E-mail: chuck@envirostat.org

The Aloha Sampler is an innovative new sampling tool to effectively collect and combine increments from dynamic, liquid, one-phase 
and two-phase systems. It is extremely inexpensive and very cost effective to implement and produces more representative samples 
than any other conventional techniques. TOS forum has asked EnviroStat to present the Aloha Sampler for its readers.

Background

T
he Theory of Sampling (TOS) pro-
vides a comprehensive approach 
to representative sampling. Sam-
pling tools are an important 

component of designing reliable sampling 
protocols; optimal sample mass and the 
appropriate number of increments for a 
composite sample will not provide a repre-
sentative sampling if the tools are incorrectly 
designed or utilised. It has been estimated 
that 75% of all sampling tools are incorrectly 
designed with the result that: “enormous 
research is mandatory in order to develop 
correct sampling systems for monitoring the 
environment”.1 Correct sampling tools must 
enable an equi-probabilistic selection of all 
particles (molecules) at the randomly chosen 
increment location. Another important role of 
correct sampling tools is the ability to “reach” 
into the material being sampled, thus making 
all the material “available.” Full availability is 
a critical success factor to make inferences 
from the analytical result back to the material 
in question (in TOS called the lot, and called 
the “decision unit” in EnviroStat’s approach). 
This criterion has been formulated as the 
Fundamental Sampling Principle (FSP), see, 
for example, DS 3077 (2013).2

These two aspects, sampling tool cor-
rectness and FSP, are not the only design 
considerations. Some other important con-
siderations for sampling tools are:

 ■ durability
 ■ easy to clean or decontaminate (if the 
tool is not disposable)

 ■ easy to use (eliminate operator-induced 
errors)

 ■ easy to maintain
 ■ inert (does not interact with or contami-
nate the sampled media)

 ■ maintain analyte integrity (eliminate ad-
sorption, oxidation, leaching)

 ■ efficient to collect and combine incre-
ments (to form composite samples)

The potential list of design criteria is too 
large to address here in full—it is always a 
function of the material sampled, environ-
mental conditions and the analyte of inter-
est.

Sampling of surface waters
There is a lack of sampling tools that meet 
the requirements of TOS for sampling of sur-
face waters. Most surface water samplers 
are discrete point samplers (hand-held or 
weighted container samplers) and are typi-
cally some type of bottle that is opened and 
filled at one discrete point. These include 
dippers, lathes, using the sample container 
as the sampling device, and Van Dorn/
Kemmerer type (Figure 1). All of these types 
of samplers do not adequately address the 
inherent distributional heterogeneity of the 
lot.

Sampling of surface water is always 
problematic due to its dynamic nature, 
especially since the composition 
changes with respect to both time and 
space. Examples of dynamic systems 
are industrial conduits, canals, lakes, 
rivers and oceans. The difficulty of sam-
pling these systems is well recognised, 
alas very little has been done to develop 
tools and techniques to better represent 

such dynamic systems. The New Jersey 
Field Sampling Manual states: “Liquids, 
by their aqueous nature, are a relatively 
easy substance to collect. Obtaining rep-
resentative samples, however, is more 
difficult. Density, solubility, temperature, 
currents and a wealth of other mecha-
nisms cause changes in the composi-
tion of a liquid with respect to both time 
and space. Accurate sampling must be 
responsive to these dynamics and reflect 
their actions.”3

In one surface water study,4 it was con-
cluded that for individual samples drawn 
at 10-minute intervals (grab samples), the 
average variability (change in concentra-
tion between consecutive samples) was 
60%—and as high as 700% for an indi-
vidual result. This large variation on such 
a short time scale makes characterisa-
tion of surface waters virtually impossible 
if based on grab sampling. In the same 
report it was also stated that the misclas-
sification rate of water quality was: 33%, 
64% and 71% for each of three study 
years, respectively (% estimates are rela-
tive sampling variability (RSV) measures, 
as described in DS 3077).

The Aloha Sampler (Liquid Sampler Pat-
ent 7571657) was developed to address 
these concerns by an operational mode 
that will allow more representative liquid 
sampling.

The basic parts of the Aloha Sampler 
are an aperture cover (lid), and a recepta-
cle for the liquid. The aperture cover has 
two holes, located along a diameter, that 
allow the liquid to flow into the recepta-
cle when the sampler is submerged into 
liquid (Figures 2 and 3). The placement 
and size of holes allow for an approxi-
mate one minute fill rate if the holes are 
vertically aligned. If the Aloha Sampler is 
rotated slightly the fill rate increases to 
approximately two minutes. This gives the 

Figure 1. Generic design of Van Dorn/
Kemmerer type sampler.
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A comprehensive literature review reflecting fifteen 
years of debate regarding the representativity of reverse 
circulation vs blast hole drill sampling
Karin Engström
Quality Development Engineer in Sampling and Test Methods, Luossavaara-Kiirunavaara AB (LKAB), Kiruna, Sweden. Industrial PhD 
 student, Aalborg University, Denmark. E-mail: karin.engstrom@lkab.com

Blast hole sampling is widely used for grade control by the mining industry all over the world, both in precious and base metal open 
pit mining. Blast hole (BH) samples are often regarded as inferior in comparison to “proper drill sampling” like reverse circulation 
(RC) and diamond (core) drilling (DD), and are accused of lacking representativity by the sampling community. The present paper 
aims at collecting all peer reviewed publications from 2000 onwards that concern open pit mine sampling performance of BH, RC 
and/or DD drill sampling. This will form a comprehensive literature review reflecting on the debate between the representativity of 
the different sampling methods. The literature review collected a total of 31 publications (two were more or less duplicates and one 
consisted of an abstract only). The main source for publications on RC and BH drill sampling were dedicated sampling conferences, 
other mining conferences and some publications were found in peer-reviewed journals. From the gathered publications, it is not 
possible to draw a general overall conclusion as to the superiority of one drill sampling method over another. Both RC and BH have 
advantages and disadvantages and the choice of system needs to be related to the ore type and to the mining conditions. The overall 
conclusion is that it is always necessary to evaluate the specific sampling system to be used in light of the Theory of Sampling (TOS) 
(and with respect to the characteristics of the ore to be mined). It is always necessary to ascertain that the specific drilling sampling 
system contemplated does not lead to hidden losses that could have been avoided or missed profits that could be gained with a 
more relevant and representative sampling system. It would appear that the mining industry is doomed to continue to follow local, 
often economy-driven objectives and sampling solutions even if these can be documented as inferior when seen in the light of the 
representativity imperative. A call is made for universal adherence to the principles laid down by TOS for representativity in the primary 
sampling stage, before economic, logistical or other (local) factors are allowed to intervene. What is the objective to analyse and to 
make decisions in the mining industry, based on samples that can be documented not to be representative?

Introduction

I
n the mining industry, misclassifications 
of ore types due to poor sampling prac-
tices can easily generate large value 
losses and contribute to economic inef-

ficiency in the crushing stages, as has been 
vividly demonstrated by Carrasco et al.1 
Internal calculations at LKAB indicate that 
misclassification of ore can lead to unnec-
essary costs of up to US$200,000 if one 
blast of waste is classified as ore, or loss in 
revenue of up to US$700,000 if one blast of 
ore is classified as waste. These estimates 
only represent pure costs or losses, and do 
not include losses due to decreased qual-
ity of final products, loss of customer trust, 
increased product handling or increased 
strain on waste dumps and dams. These 
examples clearly show the need for cor-
rect and representative sampling methods 
in open pit mining, for high quality and cost 
effective mining operations.

Blast hole (BH) sampling is widely used 
for grade control by the mining industry all 
over the world, both in precious and base 
metal open pit mining. BH samples are 

often regarded as inferior in comparison to 
“proper drill sampling” like reverse circula-
tion (RC) and diamond (core) drilling (DD) 
and are accused of lacking representativ-
ity by the sampling community.2,3 Figure 
1 presents some of the well-known BH 

sampling problems and issues. Neverthe-
less, many mining operations continue to 
rely on manual BH sampling methods which 
are claimed to lead to “good results”. How-
ever, Abzalov et al.4 concluded in a study 
of (mainly) existing BH and RC samples in 

Figure 1. Summary of blast hole sampling problems and errors (from Reference 2 with permission).
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Blast hole sampling is widely used for grade control by the mining industry all over the world, both in precious 
and base metal open pit mining. Blast hole (Bh) samples are often regarded as inferior in comparison to “proper 
drill sampling” like reverse circulation (rc) and diamond (core) drilling (dd), and are accused of lacking repre-
sentativity by the sampling community. the present paper aims at collecting all peer reviewed publications from 
2000 onwards that concern open pit mine sampling performance of Bh, rc and/or dd drill sampling.
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