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To use the Aloha Sampler, simply submerge the device 
horizontally with the two holes aligned vertically (one 
above the other) to the desired depth of the liquid at a 
constant transit rate. The liquid will fl ow in the lower 
hole, and the air will escape through the upper hole 
(Figures 3 and 6). Once a vertically integrated incre-
ment is collected at a single location, move to the next 
location and take another increment etc. The transit 
rate, depth of liquid, fi ll rate and number of vertically 
integrated increments must be considered individually 
for each case, but it will always be possible to obtain a 
meaningful, optimised sample. Some pilot experimen-
tation may be necessary to determine the ideal timing 
for specifi c cases—nothing could be easier.

The Aloha Sampler can also be attached to a pole to 
access hard to reach areas, Figure 7. Once the sample is 
collected, the Aloha Sampler aperture cover is removed 
and a solid cover is placed on the sample bottle. The 
sample is then prepared and stored in the same way as 
any other type of liquid sample. The Aloha Sampler can 
be sterilised for the collection of bacteria. 

The Aloha Sampler has been used in Hawaii to collect 
data from construction activities to determine impact 
to nearby streams. 

Figure 7:  Use of the Aloha Sampler with an extension pole.
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Multiple samples (replicate sampling) were collected 
for a specifi c project to determine the reproducibility of 
the Aloha sampling approach. RSV (%CV) is quite sat-
isfactorily low for this type of sample collection (Table 
1 and 2). These samples were collected using the Aloha 
Sampler on a pole (Figure 7). 

Integrating a sample across the full width and depth 
of a stream is essential for collecting a representative 
sample. Cross-sectional variation in contaminant con-
centration is well documented — surface grab sam-
ples collected at a single point have been shown to 
underrepresent suspended sediment and sediment-
associated constituents such as phosphorus, iron, 
and manganese by 20–60% compared to depth- and 
width-integrated samples [6,7].

One common workaround is to sample at a point suf-
fi ciently far downstream that the stream is assumed 
to be fully mixed. Various rules of thumb exist for es-
timating this distance. For high-gradient mountain 
streams with signifi cant bed roughness and turbulence, 
complete lateral mixing occurs at approximately 25 
stream widths downstream of a discharge point [8]. 
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For slow-moving, lowland, or gently meandering 
streams — where turbulence is low and the transverse 
mixing coe�  cient is reduced — mixing distances of 50 
to 100 or more stream widths are commonly required 
[9]. The United States Geological Service (USGS) char-
acterizes this more broadly, noting that lateral mixing 
is generally complete within a few kilometers down-
stream [10].

There are, however, serious practical problems with 
relying on downstream mixing as a substitute for in-
tegrated sampling.  First, a suitable and accessible 
sampling location may simply not exist at the required 
distance. Second, and more fundamentally, the mix-
ing-zone assumption breaks down wherever the con-
tamination is not a single, well-defi ned point source. In 
industrial areas, stormwater runoff  zones, agricultural 
landscapes, multiple diff use inputs enter the stream at 
diff erent locations and diff erent times. 

time pH Dissolved oxygen (%) total suspended solids (mg L–1)

Rep. 1 9:11 7.07 76.0 12

Rep. 2 9:14 6.96 75.5 13

Rep. 3 9:16 6.95 75.8 12

Mean - 75.8 12.3

RSV (%CV) 0.3 4.7

table 1:  Lihue Mill Bridge, Kauai, Hawaii, 5 November 2013. Owen Environmental, Kalaheo, HI.2

2  Total suspended solids by Method SM 2540 D, Dissolved oxygen and pH by YSI ProPlus Multi-parameter WQ Meter

time pH Dissolved oxygen (%) total suspended solids (mg L–1)

Rep. 1 11:11 7.07 73.9 13

Rep. 2 11:13 7.15 74.7 12

Rep. 3 11:19 7.08 72.9 14

Mean - 73.8 13

RSV (%CV) 1.2 7.7

table 2:  Lihue Mill Bridge, Kauai, Hawaii. 31 October 2013. Owen Environmental, Kalaheo, HI.2

Under these conditions there is no defi ned mixing 
zone, and complete lateral mixing cannot be assumed 
at any fi xed downstream distance. Sampling at a single 
point under these circumstances does not represent the 
stream — it represents only one location in a hetero-
geneous cross-section. This is the bane of grab sam-
pling of solids, only here in the liquid realm.

Therefore, it is preferable to collect a depth- and 
width-integrated sample at the actual point of con-
cern, rather than assume against all odds the stream 
will become well mixed somewhere downstream.

4. comparison to other Stream Samplers

The Aloha Sampler is not designed to represent sus-
pended particulate matter larger than 62 µm. Sampling 
particles above this size requires a more specialized de-
vice known generically as an isokinetic sampler. The 
underlying sampling concept is similar, but the isoki-
netic sampler includes a nozzle at its intake that is de-
signed to match the velocity of the entering water to 
the ambient stream velocity. 
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Because the fl ow is not accelerated or decelerated at 
the nozzle entrance, the sample accurately represents 
suspended particulate matter of all sizes. The relation-
ship between intake velocity and sediment concen-
tration for isokinetic and non-isokinetic collection of 
water samples that contain particulates greater than 
0.062 millimeters is described in [11]. 

When water accelerates as it enters a nozzle or open 
container, fi ne particles — which have less inertia — 
are pulled into the sampled fl ow more readily than 
larger particles, which are largely unaff ected. 

The result is an overrepresentation of fi ne particles 
relative to coarse ones. Conversely, when water decel-
erates as it enters the sampler, fi ne particles defl ect 
away with the slowing fl ow while larger particles carry-
ing too much inertia to change course in a similar man-
ner, continue into the container and become overrep-
resented (Fig. 8). This principle applies to all sampling 
devices, including automated samplers using pumps.

Figure 8:  Illustration of non-isokinetic sampling copied from: Wilde, F.D., Radtke, D.B., Gibs, J., and Iwatsubo, R.T. (eds.).  
 National Field Manual for the Collection of Water-Quality Data, Chapter A4: Collection of Water Samples. U.S.  
 Geological Survey Techniques of Water-Resources Investigations, Book 9, Chapter A4. Reston, VA: USGS, 1999 
 (revised). Figures 4-1, p. 27.



· ISSUE 5 · JUNE 2026 101

ArticLe

A related issue arises once the sample container is full 
or nearly full. At that point the sampler must be re-
moved from the water stream. Leaving it submerged 
after it has reached capacity introduces its own bias: 
fi ne particles, having little inertia, can be swept back 
out of the container and returned to the stream, while 
larger particles tend to settle and remain. The net ef-
fect is overrepresentation of coarse material relative 
to fi nes — the same directional bias as non-isokinetic 
sampling.

The isokinetic sampler functions correctly only in fl ow-
ing water, where the nozzle can be oriented to face the 
current. In still or very slow-moving water — such as 
lakes, lagoons, and low-gradient ponds — ambient 
velocity is insu�  cient to establish isokinetic condi-
tions, and the device behaves essentially like the Aloha 
Sampler, losing its size-representativeness advantage. 
While an isokinetic sampler can technically substitute 
for the Aloha Sampler in any setting, it is more complex 
to deploy and is generally unnecessary where only fi ne, 
or dissolved-phase constituents are of interest.

The USGS introduced the DH-48 isokinetic sampler 
(Figs. 8, 9) in 1948 [12], and this particular model re-
mains in use today. In the decades since, the USGS Fed-
eral Interagency Sedimentation Project has developed 
numerous additional models suited to a wide range of 
specifi c stream depths, velocities, and sampling objec-
tives [13]. 

5. bottom Line comparison

Full stream representation, including suspended ma-
terial: The isokinetic sampler is the only appropriate 
choice. It is the only device capable of accurately repre-
senting suspended particulate matter of all sizes across 
the full stream cross-section, provided the stream has 
su�  cient velocity to establish isokinetic conditions.

Stream representation, excluding suspended mate-
rial (dissolved phase): Either the Aloha Sampler or an 
isokinetic sampler will work. Because any suspended 
material collected is fi ltered out prior to digestion and 
analysis, sampling bias with respect to particle size is 
irrelevant for dissolved-phase determinations. Depth- 
and width-integrated collection is always important for 
spatial representativeness.

Non-representative grab sampling: A dip sample (grab 
sample) collected at a single location only represents 
one point in time and space. It does not represent the 
stream cross-section and is inherently incapable of 
characterizing suspended material. Despite these sig-
nifi cant limitations, it unfortunately remains the most 
common sampling approach in practice [14], despite 
~70 years of the Theory of Sampling (TOS). Except 
for the isokinetic sampler, water sampling is not im-
mune from inspiration and guidance from the Theory 
of Sampling (TOS), ibid.

Figure 9:  Example of isokinetic sampler.  DH-48 Suspended Sediment Sampler. 
 https://water.usgs.gov/fi sp/docs/Instructions_US_DH-48_001010.pdf
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6. conclusion 
The Aloha Sampler is a promising new tool to eff ec-
tively collect and combine increments in a dynamic 
liquid system, producing highly fl exible, problem de-
pendent samples with very low sampling variability. 
It is extremely inexpensive in fi xed capital outlay and 
very cost eff ective to implement and use. 

The Aloha Sampler produces fi t-for-purpose samples 
over a wide range of hitherto di�  cult-to-sample deci-
sion units. The Aloha Sampler is a signifi cant improve-
ment over commonly used sampling approaches and 
equipment targeting surface waters in a wide range of 
situations.

references

[1] F.F. Pitard, Pierre Gy’s Sampling Theory and Sampling Practice, 2nd Edn. CRC Press(1993). ISBN 0-8493-8917-8

[2] DS 3077, DS 3077. Representative sampling—Horizontal Standard. Danish Standards (2013). www.ds.dk

[3] Field Sampling Procedures Manual. New Jersey Department of Environmental Protection (August 2005).

[4] Sampling and Consideration of Variability (Temporal and Spatial) for Monitoring of Recreational Waters. US Environmental 

Protection Agency, O�  ce of Water. EPA-823-R-10–005 (December 2010).

[5] C.A. Ramsey, W. Okubo, T. Teruya and M. Heskett, “Application of sampling theory to the measurement of bacteria at ocean 

beaches”, Proceedings 6th World Conference of Sampling and Blending, pp. 445–456 (2013).

[6] Risch, M. R., & Jansen, J. (1995). Surface-water-quality assessment of the upper Illinois River Basin in Illinois, Indiana, and 

Wisconsin: Cross-sectional and depth variation of water-quality constituents and properties in the upper Illinois River Basin, 

1987–88 (Water-Resources Investigations Report 95-4021). U.S. Geological Survey. https://doi.org/10.3133/wri954021 

[7] Martin, G. R., Smoot, J. L., & White, K. D. (1992). A comparison of surface-grab and ross sectionally integrated stream-wa-

ter-quality sampling methods. Water Environment Research, 64(7), 866–876. https://pubs.usgs.gov/publication/70017049

[8] Rutherford, J. C. (1977). Observed mixing lengths in mountain streams. Journal of Hydrology, 35(3–4), 249–259. https://doi.

org/10.1016/0022-1694(77)90081-6

[9] Fischer, H. B., List, E. J., Koh, R. C. Y., Imberger, J., & Brooks, N. H. (1979). Mixing in Inland and Coastal Waters. Academic Press, 

New York.

[10] Kilpatrick, F. A., & Wilson, J. F., Jr. (1989). Measurement of time of travel in streams by dye tracing (Techniques of Water-

Resources Investigations, Book 3, Chapter A9). U.S. Geological Survey. https://water.usgs.gov/osw/pubs/disp/dispersion.html

[11] Wilde, F. D., D. B. Radtke, Jacob Gibs, and R. T. Iwatsubo, eds. 1999. Collection of Water Samples. Techniques of Water-Resources 

Investigations, Book 9, Chapter A4. Reston, VA: U.S. Geological Survey.

[12] Federal Interagency Sedimentation Project. 2001. Sampling with the US DH-48 Depth-Integrating Suspended-Sediment 

Sampler. Vicksburg, MS: Waterways Experiment Station, U.S. Army Corps of Engineers.

[13] Davis, Broderick E., and the Federal Interagency Sedimentation Project. 2005. A Guide to the Proper Selection and Use of 

Federally Approved Sediment and Water-Quality Samplers. Open-File Report 2005-1087. Reston, VA: U.S. Geological Survey.

[14] Ramsey, Charles A. 2015. “Considerations in Sampling of Water.” Journal of AOAC International 98 (2): 316–320. https://doi.

org/10.5740/jaoacint.14-251



· ISSUE 5 · JUNE 2026 103

1 KHE Consulting, Copenhagen, Denmark

1. introduction

At a recent conference three gentlemen of science, 
technology, industry and commerce accidentally 

found one another in agreement on a not so gentle-
man-like three-pronged theme: “Use and Misuse of 
the Assay Exchange paradigm” – “Manipulating mine 
and process metal accounting”  - “Increasing  profi t-
ability by ‘tuning’ the sampling and assaying for ex-
change”. What do these topics have in common? On 
closer scrutiny, it turned out that all is not always right 
in the sampling realm! 

Most individual experiences show that professionals 
and technical staff  involved in sampling of ores, con-
centrates, refi ned metal products (f.ex., PGM), recy-
clates, spent catalysts and complex secondary mixtures 
all attempt to do the best job possible. 

Sampling under Duress – what Few want to Say and 
even Fewer want to Hear
by Kim H. esbensen1

Doi: 10.62178/sst.005.009
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AbStrAct

Key topics addressed in the present contribution: i) use and misuse of the Assay Exchange paradigm; ii) manipu-
lating mine, ore and metal processing sampling for increased profi tability by ‘tuning’ sampling and assaying; iii) 
sampling for refi ning and metal accounting; iv) risk mitigation ‘games’. To paint the backdrop for the many ways to 
lose one’s righteous way, I fi rst present a detailed analysis of the assay exchange formalism, the ‘scheme’, which is 
involved in most trading and commercial contractual transactions. Based on a thorough Theory of Sampling (TOS) 
analysis, it is revealed how no less than two hidden, very often un-recognised sampling and sub-sampling stages 
‘before assaying’ play a crucial role in determining the reliability of the fi nal analytical determinations, demolish-
ing the notion that total Measurement Uncertainty is a matter of analysis/assaying only. There are many tempting 
opportunities for devious behaviour and lack of due diligence along the ‘lot-to-assaying-to settlement’ pathway, 
ranging from ill-informed negligence to deliberate fraud. Presented here are some of the more gregarious examples 
of sampling under duress – and what can be done about it. Indeed, what should be done about this is simplicity 
itself, exclusively and honestly relying on the Theory of Sampling (TOS) only, with voluntary full transparency.

However, such best eff orts are sometimes subverted by 
actions of the few that fully understand the mechanics 
of sampling and assaying and where to apply pressure 
to achieve ‘more benefi cial results’ at particular stages 
in the logistics and processing chain from ore-to-re-
fi ned and traded metal. This is unfortunately deliberate 
dishonest behaviour! 

Below follows a sketchy trace of the origin and many 
manifestations of such misbehaviour, expounding their 
negative eff ects and impacts – but ending with show-
ing the only, completely honest way forward. 
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2. what caused this? – part 1
The following conversation was conducted by the 
author in his erstwhile role as professor with an all-
consuming interest in sampling. Knowing very well 
the necessary-and-su�  cient principles behind repre-
sentative sampling (having taught the discipline of the 
Theory of Sampling (TOS) for more than two decades), 
the question is: why are these principles not always 
followed where they demonstrably matter, for ex-
ample where even very small deviations between true 
and estimated lot, batch, or consignment concentra-
tions translate into highly signifi cant economic gains 
or losses? 

“Representatives from TIC companies feel that full application of TOS in the fi eld can be challenging, at 
least when sampling commodities and minerals of high value. This relates to when stipulating sampling 
procedures to inspectors operating in remote locations around the world, on spot assignments with lim-
ited access to the whole consignment and with challenges in extracting a representative sample.
The major challenge is to convince clients, a lot of them traders, to spend the necessary eff orts - read 
*money* -  to allow to open packaging for full access or pass the material through an automatic sampler 
to take a larger sample mass. I guess this applies to any industry. When global traders put their negotia-
tion skills to use with us, the humble TIC service providers, they win. I mean, they win because we will 
compromise on the representativity of the sampling and play by their rules. But in the end, we all lose 
as the results from the labs will be biased. And then we will spend time investigating and dealing with a 
claim. Of course, we add the necessary remarks and caveats in our reports and certifi cates, but it is all a 
game. The game they play is to save face with their buyers by pretending their product is of high quality, 
but that the opponent’s ‘sampling’ and/or ‘assaying’ were done incorrectly. The other game they play 
is to use our knowledge of sampling to manipulate analytical results to their advantage. For example, 
fi nding out that natural segregation exists in high grade Cu concentrates, they try to manipulate the 
sampling technique into making a profi t.  

The more we educate such clients and share our knowledge, the more we are dragged into becoming 
puppets. In this context of dynamic and complicated mechanics of the global minerals trade, TOS is too 
often ignored, and the industrial practicians are many times ignorant of the work the professional and 
theoretical samplers are putting into creating a TOS framework that will benefi t the whole industry. 

Experience with practical application of TOS in the fi eld is a thing that may, or may not (often), also 
apply to commercial settlement aspects in the business realm. We are often asked to give training to 
operational teams in diff erent trading houses w.r.t. to diff erent topics of concern, mainly to explain the 
diff erences in weighing and sampling between two ends: pit vs. furnace - or loading port vs. discharge 
port.

i believe partnering with independent toS experts would greatly contribute to the necessary edu-
cation of the relevant industries.

[The veracity of this statement is beyond reproach. The rapporteur, known to the author, shall remain 
incognito. It is not who said this, it is what is revealed that is important]

evidence from the trenches

Think of industry sectors dealing with Gold, Silver, 
Platinum Group Metals (PGM), REE, critical miner-
als, large quantity commodities even? The following is 
a refl ection by a very experienced agent at the front 
line where resource and commodity trading meets TIC 
companies (Testing, Inspection, Certifi cation) off ering 
services to this sector. 

Upon direct questioning a relevant TIC-representative, 
the following statement resulted:
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3. what caused this? – part 2
At approximately the same time a fascinating book was 
recommended to the author: The Secret Club That Runs 
the World – Inside the Fraternity of Commodity Trad-
ers by investigative reporter and author Kate Kelly.

Who is Kate Kelly?

“I look for ways to shine a light on the inner workings of 
policy and governance. If there are signifi cant amounts of 
capital or lever-pulling shaping political, legislative or reg-
ulatory outcomes, I’m interested.” 
https://www.nytimes.com/by/kate-kelly

A few snippets from publisher blurbs about this book 
will set the scene:

“Nestled deep in the towers of banking and fi nance are 
the commodities traders who spend their days gam-
bling with oil, gold, and corn a.o. contracts. They‘re 
highly educated world travellers with a penchant for 
risk, and they‘re here to bet big on the future of the 
raw materials that make our economies hum. They‘re 
very wealthy, barely regulated, and can be a force for 
tremendous good--or for ill!”

“Commodity players are a shrewd and indomitable lot. 
And the contracts they trade are still so loosely regulat-
ed that the correct combination of money and skill cre-
ates irresistible opportunity. That’s why  Kate Kelly is 
only half joking when she calls them the ‘secret club that 
runs the world’. When most people think of the drama 
of global fi nance, they think of stocks and bonds, ven-
ture  capital, high-tech IPOs, and complex mortgage-
backed securities. But commodities? Crude oil and soy-
beans? Copper and wheat? What could be more boring? 
That’s exactly what the elite commodity traders want 
you to think. They don’t seek the media spotlight. Their 
astonishing wealth was created in near-total obscuri-
ty, because  they dwelled either in closely held private 
companies or deep within large banks and corporations, 
where commodity profi ts and losses weren’t  broken 
out. But if the individual participants in the great com-
modities boom of the 2000s went unnoticed, their im-
pact did not. Over several years the size of the market 
exploded, and so did prices for raw materials—raising 
serious questions about whether  the big traders were 
intentionally jacking up costs … What was really driv-
ing all those price spikes? Kate Kelly takes us inside this 
secretive inner circle that controls so many things we all 

depend on. She gets closer than any previous reporter 
to understanding these whip-smart, aggressive, and of-
ten egomaniacal men (yes, they are nearly all  men). 
They work hard, play hard, fl aunt their wealth, and bet 
millions every day on a blend of facts, analysis, and pure 
gut instinct”.

The present article is particularly interesting in these 
‘facts’ and ‘analytical/assay results’, which are always 
considered fully reliable.

But are they?

4. use and misuse of the Assay 
 exchange paradigm
I admit that the above two information sources spurred 
more than a fl eeting interest in these matters. But what 
really hit the head on the nail soon hereafter was being 
presented with a description of the well-known Assay 
Exchange ‘mechanism’2. The Assay Exchange descrip-
tion was of such superfi ciality and showed a debilitat-
ing lack of the necessary scientifi c underpinnings w.r.t. 
the principles behind proper representative sampling, 
the Theory of Sampling (TOS). The present author 
therefore decided to delve into the depths of issues not 
before visited, namely: What is the origin and ration-
ale behind the Assay Exchange paradigm and, how it is 
used today?

Two months’ detective work then quickly resulted in 
an expository paper, aptly titled - also for the preset 
purpose: “The Elephant in the Room: Unsubstantiated 
Complacency Regarding the ‘Assay Exchange’ Paradigm 
– Sampling Uncertainties with Hidden Economic Con-
sequences” [1,2].

4.1 Key message 

“The assay exchange paradigm is an integral element 
in many contractual agreements stipulating how busi-
ness transactions rely on comparison of two inde-
pendent assay results for commercial and trading set-
tlement purposes. It turns out that the current Assay 
Exchange vs. splitting gap paradigm incurs no less than 
two un-recognised sampling uncertainties, which leads 
to hidden adverse economic consequences for at least 
one – and sometimes for both – contractual parties. 
The magnitude of this unnecessary uncertainty is nev-
er estimated, which leaves management and business 
stakeholders without information about potential eco-
nomic losses – a clear breach of due diligence. 

2 This was parlayed by a much used ‘expert’ in another context, the specifi cs and details of which are of no relevance for the present   
 exposé, but it revealed a seriously fl awed understanding that called for more attention.
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However, all that is needed to resolve this critical issue 
is stringent adherence to the Theory of Sampling (TOS) 
by mandatory contractual stipulations of only accept-
ing representative sampling and sub-sampling princi-
ples, leading to a community call to action” [1,2].

4.2 technical denouement

The elephant in the room is the tacit, unwarranted as-
sumption that the contractual splitting gap is always 
centred on the true average lot concentration. Note for 
example in Figs. 2-5 below that an acceptable settle-
ment assay is easily reached via the assay exchange 
scheme regardless of whichever analytical concentra-
tion level is bracketed by the interval defi ned by the 
cardinal three samples involved as analysed by seller, 
buyer, and umpire. But this assumption is challenged 
by the fact that the crucial primary sample (which is 
immediately divided in three sub-samples) is in fact 
the result of sampling a heterogeneous material. TOS-
initiated readers will have smelled a scent already …. 

4.3 theory of Sampling (toS) 

All materials in the realm of technology, industry, pro-
cessing, trading, commerce … for which Testing, In-
spection and Certifi cation (TIC) is on the agenda, are 
heterogeneous – it is only a matter of degree. The 
Theory of Sampling (TOS) has for over 70 years dem-
onstrated the severe danger involved in assuming that 
there is no sampling error involved extracting a primary 
sample. But this is not the place to detail TOS, as there 
is an ample source of excellent background literature 
available [3-8].   

Without a modicum of TOS competence, the assay ex-
change scheme appears simple, easy-to-understand, 
and could not possible lead astray …

4.4 Assay exchange paradigm - the grim   
reality

However, the technical reality behind the Assay Ex-
change paradigm is grim, as shown in Fig. 1, which em-
phasises that no less than two sampling operations are 
involved, each with its own sampling/sub-sampling er-
rors and uncertainties – and all this indeed takes place 
before analysis. Surely this cannot avoid having an im-
pact on the quality, and as it transpires, the quantity 
reported in the analytical results.

Following TOS, when sampling heterogeneous mate-
rials (e.g. broken ores, aggregate materials, concen-
trates, mixtures, recyclates - in general materials with 
signifi cant grain-size and/or density contrasts), there 
is every reason to take notice – and especially to take 
appropriate operational precautions regarding the im-
pact of the dominant primary lot sampling error (PSE) 
[3-8]. 

And there are equally good reasons also to mind the 
subsequent ‘sample division’ (aka sample splitting) 
producing the three tacitly ‘assumed equal’ samples 
for the seller, the buyer, and the umpire laboratory 
(if needed). This sub-sampling is generally associ-
ated with a secondary, non-vanishing sampling error 
(SSE), the magnitude of which can be both small, sig-
nifi cant or large, depending on the operational com-
petence (and the material heterogeneity). Indeed, SSE 
may often be smaller than PSE, but never neglectable, 
especially if suitable practical facilities to be used for 
appropriate comminution (crushing) and mixing are 
not mandated in contractual stipulations to be TOS-
compliant, which is often not the case [3-8]; see also 
the refl ections on the Round Robin test framework at 
the end of this article.

The degree to which is has been possible to reduce PSE 
will determine how close the analytically determined 
concentration in the primary sample will be relative 
to the ‘true’ lot concentration. Following TOS’ under-
standing there are always also secondary sampling er-
rors (associated with sample splitting), although never 
as large as those associated with primary sampling. 
The primary sampling stage errors typically dominate 
the total uncertainty budget, and it is therefore always 
necessary to take the most stringent science-backed 
precautions at this stage. This is practically never an 
element in typical Assay Exchange agreements and in 
relevant trading contracts.

Appropriate precautions fi rst and foremost include 
TOS’ ability to eliminate the so-called Incorrect Sam-
pling Errors (ISE), which is the necessary condition for 
unbiased sampling [3-8]. But this is necessary for all 
sampling stages, because any non-zero level of resid-
ual heterogeneity within a sample/sub-sample opens 
up for non-vanishing uncertainty contributions related 
to splitting operations. These trivial TOS insights are 
unfortunately most often unrecognised in the assay 
exchange realm, with severe consequences to be laid 
bare below.
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Figure 1:  Assay Exchange reality - acknowledging two sampling stage uncertainty impacts PSE, SSE (red arrows). 
 PSE := Primary Sampling Error; SSE := Secondary Sub-sampling Error. For full description of the Assay Exchange  
 paradigm, see [1,2]. Illustration copyright: KHE Consulting teaching archive; used with permission.

Figure 2:  Illustration of a realistic splitting gap location (which is random as a function of the degree of incomplete sampling  
 bias elimination and other potential ISE defi ciencies at the primary sampling stage). The case illustrated here does  
 not lead to ‘go to umpire’; see [1,2] for full details. Illustration copyright: KHE Consulting teaching archive; used with  
 permission.
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Contractual Splitting Gap/Limit

Splitting Gap

Assay difference less than splitting gap – No umpire needed

Analytical result (conc)

True lot concentration

MvG risk

Figure 3:  Illustration of a realistic splitting gap location (which is random as a function of the degree of incomplete sampling  
 bias elimination and potential other ISE defi ciencies at the primary sampling stage). The case illustrated leads to ‘go  
 to umpire’; see [1,2] for full details. Illustration copyright: KHE Consulting teaching archive; used with permission.

Figure 4:  Illustrating the MvG risk; case of no umpire needed. The MvG error/risk is only (close to) zero in the case of 
 vanishing primary sampling uncertainty; see [1,2] for full details. Illustration copyright: KHE Consulting teaching  
 archive; used with permission.
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Contractual Splitting Gap/Limit

Contractual Splitting Gap/Limit

Splitting Gap

Assay difference greater than splitting gap – Go to umpire!

Analytical result (conc)

True lot concentration

MvG risk

Figure 5:  Illustrating the MvG risk; case of going to umpire. The MvG error/risk is only (close to) zero in the case of 
 vanishing primary sampling uncertainty; see [1,2] for full details. Illustration copyright: KHE Consulting teaching  
 archive; used with permission.

There are certain logical eff ects from the complemen-
tary PSE and SSE infl uences, as follows:

The degree of incomplete primary sampling bias elimi-
nation will impact the way the splitting gap is brought 
into action, manifested as a deviation from the as-
sumed centering of the gap on the true lot concentra-
tion, as is shown in Fig. 2. This will be the situation 
regardless of whether the paradigm leads to ‘go to um-
pire or not, Figs. 3-5.

It is important to emphasise the distinction between 
this primary sampling eff ect and the splitting gap 
mechanism. If the primary sampling uncertainty is nil, 
i.e. were it possible to eliminate all (incorrect – as well 
as correct) sampling errors (full explanation in [3-8]), 
the assay exchange paradigm would be unassailable. 
Were it possible to counteract all adverse eff ects from 
both material heterogeneity and from adverse sam-
pling procedures (grab sampling in essence) and hereby 
always ending up with a perfect representative primary 
sample for all materials with all kinds and degrees of 
heterogeneity, always employing optimal composite 
sampling – then, and only then, would there be no 
splitting gap deviations. 

Alas, the entire history of the Theory of Sampling (TOS) 
shows that this ideal scenario is not achievable under 
any circumstance!  There is always a minimum material 
heterogeneity, giving rise to a non-vanishing minimum 
sampling uncertainty even after everything embedded 
in “best practice” has been adhered to.  This is why one 
cannot glibly assume that the splitting gap is always 
centered on the true lot concentration, but rather that 
there will always be an off set to some degree (small, 
intermediate, large), witnessed in Figs. 2-5.

4.5 mismatch vs. Gap error (mvG)

Any deviation between the fi nal settlement assay value 
and the “true lot” concentration is termed the ‘Mis-
match vs. Gap’ error, MvG [1,2], Fig. 5. This uncertainty 
translates into an economic risk, the MvG risk, which 
needs to be managed. However, this is demonstrably 
not a provision envisaged in the conventional assay ex-
change paradigm, which does not even acknowledge a 
primary sampling error (PSE) infl uence!

Adding in the subsequent sample division error eff ects 
(which may include a potential sub-sampling bias), the 
relative deviations between the three analytical results 
from seller, buyer, umpire is now crucial. 
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The tripartite assay results from Lab A, Lab B, and the 
Umpire lab depend on to which degree the primary 
within-sample heterogeneity has been successfully re-
duced/eliminated by appropriate TOS action before the 
practical sample division (primarily by careful mixing) 
which also contributes.

The full MvG risk can be illustrated with graphic clarity 
as shown in Figs. 4,5. There is here a subtle issue that 
needs to be emphasised with force:

within the conventional assay exchange paradigm, 
this mvG uncertainty is always assumed to be zero; 
therefore, it’s risk management never appears as a 
task on the business rm agenda.

Figs. 4,5 show how the location in the Y-axis direction 
of the contractual splitting gap may be signifi cantly 
displaced from the assumed closeness to the true lot 
concentration, mostly infl uenced by the degree of a 
primary sampling bias if/when this has not been suc-
cessfully mitigated [3-8]. 

Note that the assay exchange scheme is typically fol-
lowed regardless of this critical uncertainty, an uncer-
tainty which is not acknowledged in the standard assay 
exchange paradigm! Is this but an innocent oversight 
(bad when it comes to settlement), or is this delib-
erately overlooked? Or, worse, is this deliberately ig-
nored? In all these cases, what could be the motivation 
for doing so? This harks back to the anonymous con-
versation with a TIC-agent quoted in the beginning of 
this article.

There is a substantial risk in not knowing about, or not 
acknowledging, the MvG uncertainty! The critical issue 
is that current assay exchange practices do not include 
mandatory means to deal with sampling infl uences in 
the splitting gap settlement accounting scheme! There 
are few exceptions from this situation which are asso-
ciated with highly knowledgeable companies and cor-
porations, or with entities who are interested in using 
this lack of understanding for narrow, selfi sh interests)
.

4.6 the point is … 

Thus, there will always be a real, non-vanishing risk 
of settling a business transaction based on the assay 
exchange paradigm at an assumed reliable assay level, 
which may in fact lie signifi cantly distanced from the 
true lot metal content, as demonstrated in Figs. 4,5. 

The gap displacement shown here is a direct rendi-
tion of what in reality becomes a signifi cant settlement 
bias, which is not known at the time of analytical de-
terminations, and which therefore cannot be counter-
acted by any rational means. 

The gap deviation, the MvG error/risk, may be small 
(low heterogeneity materials; largely acceptable sam-
pling performance) but it may just as well be large 
(signifi cantly-to-excessively heterogeneous materials; 
non-representative sampling competence/procedures/
equipment):

the point is that all this is unknown to the contrac-
tual parties, who believe that the assay exchange 
scheme will result in a fair settlement for both par-
ties. 

For many commodities the economic risk involved 
may perhaps not constitute reasons for much wor-
ry (bulk commodities with relatively low unit value), 
but as tonnages go up, the sum-total economic ef-
fect may still well accrue to appreciable, unaccepta-
ble amounts (“The secret commodity trading club that 
runs the world”). This fact is much more characteristic 
in the mining, minerals processing and metal refi ning 
industry sectors. Here matters are economically much 
more serious, for example for the precious metals re-
fi ning industry concerning e.g., Gold, Silver, Platinum 
Group Metals (PGM), some REE and similar, where even 
minute amounts of misassigned, but certifi ed, deviat-
ing concentration results between buyer-seller trans-
late into highly signifi cant economic consequences – 
absolutely worth a legal fi ght if/when discovered. As an 
example, a misappropriation of one oz of Gold repre-
sents a value of USD ~4,500; one oz. of Platinum USD 
~1,750; readers can do their own math.

Thus, there are many possible adverse consequences 
of not being aware of the MvG risk! It is precisely the 
scope, width and severity of such consequences that 
caught the attention of the accidental trio of refl ect-
ing gentlemen indicated in the introduction. It is not 
possible that these issues are not also known to many 
more parties with functioning eyes and an educated, 
rational mind. Which begs the question: How widely is 
this hidden risk known throughout the minerals and 
commodities trading world and in specifi c related in-
dustry sectors for miners, smelters, and refi ners?
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5. manipulating mine and process metal  
 accounting
There is another way reaching the same potentially 
adverse results – only here resulting from quite de-
liberate actions. For example, insights into how pro-
cess industry laboratories have been coopted by local 
operational management to produce analytical data 
that improves desired metal accounting totals, which 
the specifi c processing industry is trying to achieve, or, 
in other words, actions which are deliberately trying 
to keep senior corporate management and sharehold-
ers ‘happy’.  This operational pressure can take many 
forms, but the most frequent one is probably refusing 
to accept analytical data not corresponding to expected 
or desired levels - instead continuing to re-analyse 
until a more fi tting result is obtained by sheer happen-
stance (sampling, sub-sampling and analysis of heter-
ogeneous materials will always result in some spread of 
analytical results) and then taking exactly this datum 
as gospel, rejecting all other data points as somehow 
fl awed. If ever there was a more blatant verifi cation 
that a total sampling + analysis variability is always 
present! This modus operandi is certainly not confi ned 
to ore and minerals processing and refi ning metallurgy 
industry sector alone!

The laboratory process disruption this behaviour causes 
aff ects the basic KPI’s a laboratory manager and staff  
are measured against, i.e., negatively impacting turna-
round, sample throughput, often prompting “client 
complaints”, which then show up as negatives in per-
formance reviews and, worst of all, reducing monetary 
performance bonuses. The result of this kind of pres-
sure and fi nancial penalties is that laboratory manag-
ers and senior staff  may ‘adjust’ data before release to 
reduce, or completely eliminate re-analysis demands, 
to ensure a more “smooth laboratory process” with 
continued ‘good’ operational reviews. This practice is 
certainly not confi ned to industrial and commercial 
analytical laboratories only! Whenever there is a po-
tential substantial extra value on the horizon, tempta-
tions abound.

Potential fraudulent behaviour specifi cally in the ana-
lytical laboratory aside, the focus interest in this article 
is how sampling and sub-sampling plays an integral 
role at many stages along the full ‘lot-to-aliquot-to-
analysis’ pathway: Lots of temptations for failing one’s 
way! There is an interesting testimony of a dramatic 
awakening to these issues by laboratory personnel with 
operational responsibility following a basic introduc-
tion to the Theory of Sampling (TOS) [10]3.

Other issues are associated with the many sampling 
and sub-sampling stages before analysis in general: 
industrial technical staff  may be under pressure to 
take samples at ‘advantageous times’, to adjust sam-
ple size, or to ‘modify’ sampling procedures (including 
sample preparation), or to ‘look away’ at critical work 
path junctures - all again to provide fi nal analytical 
results that will better support certain objectives, be 
these commercial, payment optimisation, metal ac-
counting, trading profi t, or environmental monitoring. 
This author has personally experienced the latter re-
lated to alleged ‘random sampling’ of spillage water on 
an oil production platform, where this kind of pressure 
was revealed when subsequently data analysing quar-
terly compositional results. The guaranteed loser in all 
such dishonest executions of sampling, sub-sampling, 
sample preparation and analysis is - representativity. 
When representativity is lost, all bets are off . A major 
ploy is how a simple physical tests and quantifi cation 
like moisture determination can easily be used to bias 
analytical result in a favoured direction … by TIC in-
spection staff , by laboratory personnel, or by company 
or corporate management at diff erent post-analysis 
levels.

Modifi ed samples or process analytical samples/PAT 
sensor signals transformed into analytical data, will 
ultimately make it into data bases from which TIC 
companies and third-party laboratories will be tasked 
with providing independent analytical data to be used 
for fi nal commercial settlements between i) buyer vs. 
seller; ii) seller’s laboratory vs. buyer’s ditto vs. the ref-
erence umpire laboratory – and so we’re back to the 
assay exchange paradigm in many diff erent (dis)guises, 
but with deliberately faulty, misleading, or downright 
fraudulent actions and data. What a world …

3 https://wcsb10.com/media/ogzbw012/wcsb10-economic-arguments-dec-2022-compressed.pdf (p.36)
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6. Increasing profi tability by ‘tuning’  
 sampling and assaying for exchange
The net eff ect of the above bad practices (example se-
lection in no way exhaustive) is voluntarily to bias the 
assay exchange database, which will therefore in eff ect 
disadvantage one or more of the parties in a fi nal com-
mercial transaction. So …

1. There can be involuntary, unrecognized bias-gen-
eration in the form of assay exchanges infl uenced 
by the hidden sampling error impacts described 
above: This is negligence by lack of understanding 
the full framework of assay exchange, treating it 
as but an always true and fair ‘scheme’ to be fol-
lowed in a spreadsheet. Or 

2. iThere exist various forms of deliberate manipula-
tions at one or more stages along the ‘lot-to-al-
iquot-to-analysis-to-risk management’ pathway. 
While the former is a clear lack of professional due 
diligence, the latter refl ect a direct fraudulent, 
criminal intent – but they both lead to the same 
result, an untrustworthy settlement/ transaction 
database.

There also exist other potential ‘levers’ that can be ac-
tivated within the regimen of analysis alone, e.g. ap-
plication of ‘correction factors’ of many kinds based 
on data whose origin is lost in a historical fog or de-
liberately kept hidden. But the analytical realm sensu 
stricto is not a topic for the present focus.

A fi nal topic is associated with the fi eld of risk mitiga-
tion practices, which has its root in a combination of 
asymmetric factors inherent in the formalisms of ‘by 
the book’ assay exchange and the ensuing settlement 
mechanics. This is where e.g., metal refi ners seek to 
manage exposure to Measurement Uncertainty (MU). 
But is this MU := [MUanaysisl] or MU := [MUsampling 
+ MUanalysis]? There is obviously a crucial diff erence!
Industrial risk mitigation often involves anticipated, 
perceived, or misguided notions as to counterparty po-
sitioning. This is a complex mine fi eld, driven by con-
fi dence in one’s own superior ability to shine a torch-
light through the dense fog of potential economic gains 
vs. loss understandings of what goes on following the 
Assay Exchange mechanics. This could manifest itself 
as a deliberate over–, or sometimes under-reporting 
analytical concentration values in anticipation of coun-
terparty actions (which may or may not actually be the 
case) and/or even trying to factor in general umpire 
performance as well. Obviously, this kind of economic 
gaming can rapidly develop into rather byzantine risk 
management practices – but such practices are not on 
the agenda here. 

What is important is that for some involved parties, as 
well as for some neutral observers, this economic game 
can sometimes seem to be so widespread that it takes 
on what could almost be viewed as a legitimate indus-
try ‘commercial practice’! But is it? The ultimate ‘num-
ber manipulating’ potential is so many-faceted that 
it needs its own comprehensive account (not touched 
upon here).

However, it is interesting how a key role is played out 
by sampling in this game: proper, representative sam-
pling vs. sampling under duress.

So, what can be done? What should be done?

A preliminary step is to clear up the sometimes-con-
fusing terminology used across diff erent disciplines 
and applied technology fi elds: error vs. uncertainty vs. 
measurement uncertainty [11].

7. the way forward: understand and 
 eliminate sampling errors, 
 uncertainties, risks
Status quo is that the standard assay exchange para-
digm largely ignores the MvG risk. 

The above analysis of misplaced, economically danger-
ous trust in the conventional Assay Exchange scheme 
without recognition of the two hidden sampling error 
uncertainty infl uences is tantamount to a signifi cant 
unrecognized extra risk, almost never properly recog-
nised. Embedding TOS errors (as TOS risks) in the gen-
eral framework of Risk Management is treated in detail 
by Paoletti and Esbensen (2025) [12].

All the above complex technical relationships notwith-
standing, there is a surprisingly simple way out of this 
under-brush of potentially nefarious behaviours: 

It starts with the fundamental need for selection of a 
Decision Unit (DU); technical details can be found in 
[13]. The cardinal step in designing a representative 
sampling plan ‘from-lot-to-aliquot-to-analysis’ is a 
formal defi nition of an appropriate Decision Unit (DU), 
aligned with the transaction or settlement objective. 
The Decision Unit determines unequivocally the specif-
ic material target (in terms of location, timing, volume, 
mass) from which sample increments are extracted, as 
part of a composite sampling process [3-8]. 
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The DU is the specifi c material to which the fi nal ana-
lytical results apply and from which inference is to be 
drawn as to the characteristics of the whole lot. By in-
sisting on an a priori DU defi nition, there can no longer 
be applied ‘encouragement’ or pressure to technical 
personnel, because there now exists a comprehensive, 
complete operational SOP (Standard Operation Pro-
cedure), which in the name of transparency of course 
is meant to be followed to the letter! Should ‘devia-
tions’ later be discovered, the meticulously worked out 
DU defi nition, SOP and sampling plan will also serve 
to protect workers and personnel below supervising 
management levels in relation to criminal prosecution, 
lawsuits …

8. resolution
Here is the universal resolution – and it is an easy one. 
All that is needed to resolve the critical issues outlined 
above is 100%, stringent adherence to the principles 
of the Theory of Sampling (TOS) by mandatory con-
tractual stipulations only to use (and only accept from 
counterparties) documentable TOS-representative 
sampling and sub-sampling practices; full details in 
[14,15]. As concerns the key sampling aspects, there is 
only need for the following two sentences that embod-
ies the core of what shall be done:

Figure 6:  Contractual, settlement and agreement mandate –  
 universal remedy against all sampling defi ciencies.  
 Illustration copyright: KHE Consulting teaching  
 archive; brought here with permission.

Imagine the relief if/when the two sentences quoted in 
Fig. 6 were to be included in all trading and settlement 
contracts going forward. The entire array of debilitating 
issues regarding the assay exchange scheme - and all 
temptations to bad behaviour (re. sampling, analysis, 
risk management) could go away if/when this manda-
tory contractual stipulation is agreed upon by all par-
ties!

Well, what is also needed is to instigate some directed 
business and cultural moral re-armament … 

Then: 
1. All sampling procedures would only be in the form 

of proper composite sampling (grab sampling is 
banned).

2. All bias-generating Incorrect Sampling Errors (ISE) 
would be eliminated from the primary sampling 
stage and from all sub-sequent sub-sampling 
stages as well, forcing MU:= [MUsampling + MUa-
nalysis] to be optimally reduced to MU:= [MUa-
nalysis].

3. All industry sectors where sampling is a critical el-
ement will henceforward be honour-bound to fol-
low the global standard DS 3077:2024 [14,15], Fig. 
7.

9. round robin – no validation
Various suggestions are often given in defence of 
the assay exchange paradigm, for example: “Samples 
should regularly be sent for Round Robin (RR) assaying 
and comparison”. To which: The fi ndings of RR com-
parisons, also called Profi ciency Testing Programs, are 
highly sensitive to whether the sample division process 
producing assumed ‘identical replicate samples’ sent 
off  to participating (and umpire laboratories) are in-
deed representative, or not - and are, as such, indeed 
scrupulously identical.

The Round Robin framework is based on the tacit 
premise that the distributed laboratory samples (which 
can be viewed as an augmented seller – buyer – um-
pire sample set), are indeed 100% identical. If/when 
not enough attention, or no attention at all, is directed 
at the critical dividing sub-sampling involved, the RR 
scheme is subject to the exact same critique as lev-
elled above to the standard assay exchange mecha-
nism. When no attention is directed to the sampling 
issues involved, the RR facility is only able to compare 
the analytical performances s.s. between laboratories 
(which is indeed the o�  cial objective of RR), but this 
leaves the sub-sampling variance out of consideration, 
eff ectively allowing a MvG risk/uncertainty to infi ltrate 
the comparative analytical database.
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Figure 7:  DS 3077:2024 “Representative Sampling: Horisontal standard”. Global standard stipulating the necessary-and- 
 su�  cient framework for defensible sampling in all of science, technology, industry, environmental monitoring, food,  
 feed, pharmaceutical manufacturing/processing, regulatory authorities [14,15]. Illustration copyright: KHE Consulting  
 teaching archive; brought here with permission.

Of course, conscientious RR organisers recognise that 
potential errors in subsampling may signifi cantly in-
fl uence the intended statistical comparison of labora-
tory analytical data, impacting on the validity of the 
conclusions on performance of the participating labo-
ratories. Therefore, RR samples are often prepared to 
a much smaller particle size than what is common for 
commercial settlement samples and then subjected to 
(very) thorough mixing. One often stated reason is that 
a much-reduced particle size is helpful since it will in-
crease mixing e�  ciency and will also help to reduce 
extraction errors e.g., from smearing gold left behind 
on the pulverising instrument, or by discarding oversize 
sample material that is too hard to crush. With RR this 
intensive sample preparation ‘does not matter’ as the 
aim is to compare analytical performances only. An RR 
dispatching facility will sometimes perform perfunc-
tory homogeneity checks to verify that each divided 
sample generates the same analytical result when ana-
lysed with its own in-house laboratory. Only after such 
vigorous measures have satisfi ed the dispatching facil-
ity, will it send out the RR test samples to participating 
laboratories. 

Notably however, such profi ciency test samples no 
longer have a defensible representativity relationship 
with the donor material from which they originated; 
they have specifi cally been prepared to make the RR 
exercise, or Profi ciency Testing Program, only, focusing 
on the relative analytical performances. It is as if sam-
pling and especially sub-sampling eff ects in this case 
do not exist and need not be taken into consideration. 
But they most certainly do exist and will most defi -
nitely impact the comparison database; it is just that 
nobody cares about with which infl uences and magni-
tudes that have been left out of consideration. These 
sampling/sub-sampling eff ects will be incorporated in 
various in-between sample and in-between laboratory 
performance variances.

These ‘optimised sample set’ issues for RR purposes are 
in fact identical to the standard assay exchange setup 
in that the relationship to the original lot composition 
will never be known. 
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While this may be fully acceptable in the case in which 
one is well-knowingly, deliberately only interested in 
analytical performance comparison (which indeed is 
the raison d’etre for RR), this also means that there 
is no saving grace w.r.t. the assay exchange paradigm 
even if samples are “regularly sent round for Round 
Robin (RR) assaying and comparison”. RR checks will 
never be able to detect and to quantify the associated 
sub-sampling errors and their resulting uncertainties. 
Therefore, to try to make RR testing more relevant, 
more realistic, eff orts have been expended by some 
RR test organisers instead to employ real-world 
samples for the RR comparison of analytical perfor-
mance, which are then subjected to Herculean mixing 
eff orts a.o. before splitting. It is easy to understand 
the rationale for this based on the present exposé: 
Analytical laboratories are supposed to be able to an-
alyse original lot material with optimal accuracy and 
precision (fi eld samples, industrial samples, trading 
samples, environmental samples … target materi-
als are very diff erent in nature). However, accuracy 
in the RR context is exclusively w.r.t. the analyti-
cal aliquot volume only. But this context is identical 
with the assay exchange context treated here. Thus, 
this more ‘realistic’ RR context will be subject to the 
exact same critique as was levelled at the standard 
assay exchange scheme above, although often with 
signifi cantly reduced splitting uncertainties. Princi-
pally however, the result is that this version of the 
RR facility is equally unable to serve as validation the 
assay exchange paradigm.

Summing up: Agreement between analytical results 
from the same laboratory only attests to the consist-
ency of analysis, while agreement between diff erent 
laboratories does not guarantee representativity with 
respect to the original lot material. ‘True lot con-
centration’ cannot be measured - which is why the 
Theory and Practice of Sampling (TOS) was devel-
oped; see [8, Fig. 8] for an overview of the histori-
cal development of sampling practice and theory as 
solutions to societal needs and demands. Systematic 
eff ects will always arise when there are diff erences in 
i) sampling procedure, ii) preparation and iii) analytical 
techniques. 

So, even the most analytically precise assay values are 
only the best possible estimates of the compositional 
characteristics of an original lot, subject to both ran-
dom variability and potential systematic eff ects, re-
fl ecting the compound, complex, multistep sampling 
pathway from lot to aliquot – all of which takes place 
before analysis. And then there is risk mitigation, a 
game of its own, sadly not exclusively performed by 
former boy scouts ... 

FurtHer reADinG

April 7th, 2026, the beginnings of a broader discussion 
of these issues could be found on LinkedIn under the 
heading “But let’s talk about what actually happens on 
the ground”. This discussion is a perfect complement 
to the present essay, greatly recommended

https://www.linkedin.com/feed/update/
urn:li:activity:7447296871074525185/
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10. conclusions
This contribution off ers the dictum presented in Fig. 6 
to all sectors in science, technology, industry, trad-
ing, commerce, regulating authorities, environmental 
monitoring and control, risk management (exemplifi -
cation nor exhaustive) where sampling plays an inte-
gral role for reliable, representative analytical results 
upon which to be able make transparent, defensible 
decisions in society - together with a modicum of mor-
al re-armament to fi ght temptations to economically 
selfi sh narrow-term interests! 
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two Gold medal Laureates, one breakthrough: minnitt 
& minkkinen on Liberation-Driven Sampling

Doi: 10.62178/sst.005.010

“For liberation-limited ores, the primary strategy is no longer to accom-
modate massive heterogeneity through impractically large sample masses, 
but to strategically apply comminution to unlock the ore’s inherent ho-
mogeneity. This paradigm change enables a move from costly, over-en-
gineered sampling protocols to lean, precise, and economically optimized 
practices, fundamentally improving the e�  ciency and reliability of resource 
evaluation.”

This revolutionary news is cited from a recently pub-
lished paper: “The Hidden Variable in Sampling 

Protocols: A Review of Liberation Evolution through 
Subsampling and Comminution” by Richard Minnitt 
and  Pentti Minkkinen:

Minnitt, R., Minkkinen, P. The Hidden Variable in 
Sampling Protocols: A Review of Liberation Evolution 
through Subsampling and Comminution. Math Geosci 
(2026). https://doi.org/10.1007/s11004-026-10292-y

FurtHer reADinG

For decades, two powerful but disconnected theo-
ries have shaped how we estimate sampling error 
in mineral processing — with no bridge between 
them. Minnitt & Minkkinen now provide exactly 
that: a unifi ed diagnostic framework that tells you 
whether your ore is truly heterogeneous or simply 
waiting to be unlocked through targeted com-
minution. The result is leaner, smarter sampling 
protocols.

https://doi.org/10.1007/s11004-026-10292-y

For readers of Sampling Science and Technology, this 
paper complements the discussion  initiated in SST nr. 2 
by Ana Carolina Chieregati, “A Brief Review of Hetero-
geneity Tests for Estimating the Variance of the Fun-
damental Sampling Error” (https://doi.org/10.62178/
sst.002.003).

Enjoy reading this breakthrough achievement from two 
Pierre Gy Sampling Gold Medal awardees.
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review of pitard & pitard (2026): theory of Sampling 
and Sampling practice, 4th edition (2026)
by Kim H. esbensen1

Doi: 10.62178/sst.005.011

A much-awaited renewal of Francis Pitard’s monumen-
tal Theory of Sampling and Sampling Practice, 3rd edition 
(2019) was launched in February 2026. The fourth edi-
tion is the work of Francis and his son Maxime A. Pi-
tard. This review compares the third and new fourth 
editions before assessing their scientifi c contents.

While the 3rd ed. totalled 693 pages (incl. References 
and Index), it is now achieved in 683 pages in the 4th. 
The core scientifi c text (38 chapters) has shrunk by 24 
pages, but this is entirely due to a slightly smaller font 
and a denser layout and text deployment. While four 
references have been added in the 4th ed., the identi-
cal Index is still formidable and very useful (see why 
below). Two chapters are new, penned by the main au-
thor’s son Maxime Pitard.  

unexpected surprise
The fi rst 38 chapters of the 4th ed … are identical to 
the 38 chapters in the 3rd ed! Both editions are mas-
sive, the List of Contents (LoC) alone comes to 20 pag-
es! At fi rst sight, this is overwhelming with a 4-tier 
organisation hierarchy: Part / Section / Subsection / 
Sub-Subsection. Indeed 20 pages is a bit exaggerated, 
since following the book’s XIII Parts listing its 40 chap-
ter titles gives a perfectly fi ne fi rst overview with much 
less fuss. Still, for readers with a systematic mind, this 
level of detail may be welcome – and for any second 
(or third) reading, this meticulous detailing serves an 
important navigation purpose: any vaguely remem-
bered topic can be found immediately.

The only organisational diff erence between the 3rd 
and the 4th edition (apart from adding the two new 
chapters) concerns minor, but important reorganisa-
tions within Part I “Introduction and a Management 
Strategy”, in which certain preface, introduction and 
historic summary sections have been stirred up a bit 
and served in a partly new order, which gives a better 
reading fl ow – as a much needed introduction to the 

monumental task ahead of all readers. It is impera-
tive to pay very close attention to this Part. For both 
editions, the last 2.5 pages of Part I becomes the vade 
mecum for the reader: “Subdivisions of the Text” is the 
booster rocket that propels the reader into getting off  
the ground right away. This is where an inspiring over-
view is to be found, a map for the reader’s excursion 
into TOS: theory, practice and project management. 
The route through this vast terra incognita is unique to 
Francis Pitard. 

For this reviewer it has always been a mystery why this 
highly circuitous route through all the core TOS pres-
entations was devised this way. But this simply refl ects 
the fact that there are many didactic roadmaps towards 
full comprehension of the Theory and Practice of Sam-
pling. There exist other introductions to TOS’ theory 
and practice on the sampling textbook market as well. 
Diversity is good for a discriminate readership with dif-
ferent abilities to follow the serious mathematical and 
statistical exposé in (the 3rd) the 4th edition.

Scientifi c scope
This is a scientifi c publication par excellence! It is a 
systematically worked through textbook, providing a 
complete introduction and very well-written develop-
ment of the Theory of Sampling (TOS) and its applica-
tion to a number of typical sampling objectives, e.g., 
sampling of precious metals and other analytes in trace 
concentrations, environment, moisture determina-
tion, particle size distribution metallurgical accounting, 
process control, blending monitoring a.o. with derived 
principles for ‘correct’ equipment design, implementa-
tion, usage, cleaning, maintenance and quality control. 
It is a pleasure for the reader to be treated to a com-

1 KHE Consulting, Copenhagen, Denmark
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prehensive historical view of the development of TOS 
through the lens of Francis Pitard’s close collaboration 
with the founder of TOS, Pierre Gy through many dec-
ades, and to be invited in on the main author’s unique 
grasp of the logical way to tie this together with the 
works of I. Visman and C.O. Ingamells into a single 
comprehensive framework. Nobody else could have 
done this without Pitard’s enormous insight and expe-
rience, which is second to none in the world sampling 
community.

The 4th ed. is notable because of the two new chapters, 
one of which widens coverage of process sampling sig-
nifi cantly and presents the all-important variographic 
data analysis and modelling tool in a renewed edu-
cational way. The 4th ed concludes with a refreshing 
graphic view on bias testing.

Scientifi c content
After having read the entirety of this book, this review-
er tried to come up with a condensed assessment of the 
631 core pages involved but failed – it was simply too 
much. So instead, why not listen to the Maestro - it 
cannot be more focused than when it comes from au-
thor himself. THIS is the inspiring overview that com-
pels you to want to read this book – and read all of it!

Addendum
The two last chapters are written by Pitard’s son 
Maxime Pitard. Chapter 39 is an off ering to the many 
readers without specifi c geostatistical training and 
competence, deriving the essential variographic under-
standing of the many variability components in process 
data, showing how variographics opens up for detailed 
insights in i) optimal sampling, ii) process monitoring 
and iii) process quality control. This didactic introduc-
tion is truly helpful for all novices to the intricacies of 
process sampling. Chapter 40 present a new educa-
tional packaging for bias testing, also giving a wider 
perspective on how sequential bias testing allows new 
insights regarding this critical characteristic: Is a par-
ticular sampling procedure biased, or not – but over 
which process interval does this conclusion hold up? 
This concluding chapter is a refreshingly new presen-
tation of an approach originally proposed by Pierre Gy 
himself. This modern re-telling plus a highly informa-
tive graphic software (illustrated with instructive in-
terpretations) is very useful for the reader. Bravo to the 
addendum!
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Highlight (for this reviewer)
After the full theoretical and technical treatment in this 
excellent, indeed perfect textbook, chapter 32 shows 
up with quite a diff erent tenor: “Solvable and Unsolv-
able Sampling Problems”. 

After a very long career of practicing and teaching 
sampling science theory and the technology needed 
for solving practical sampling problems, Francis Pitard 
here vents quite an impressive amount of accumulated 
frustration as to why an overwhelming proportion of 
the world’s practical samplers, technicians, engineers, 
Original Equipment Manufacturers (OEM), manage-
ment of individual companies and corporations, econ-
omists, regulators - you name it - have not gotten it 
yet: the benefi ts and the value of the Theory and Prac-
tice of Sampling. The main author has been involved in 
countless consulting projects, audits, and educational 
outreach enterprises – he knows the practical fi eld in-
timately better than any other colleague (or competitor 
in the business realm). By way of the candid writing in 
this chapter, the reader comes away ‘feeling the same 
pain’. Anybody who manages to read the book this far 
will immediately feel the need to sign up for member-
ship in the International Pierre Gy Sampling Association 
(IPGSA).

conclusion
This textbook is unique, the only fully up-to-date, 
complete introduction to TOS. It is the most advanced 
written treatise on all aspects of sampling, at the high-
est scientifi c level. But it also states its intention to 
be comprehensible for any-and-everybody having un-
derstood that proper sampling is needed, for example 
the industrial engineer, metallurgist, geologist, miner, 
chemist, environmental scientist, academics too (TOS 
is still only taught as part of university curricula in but 
a few places worldwide) – as well for management 
(company, corporation) and for regulators and other 
relevant authorities. This is a tall order! This goal will 
depend on the eff ort the reader is willing to put in. Be 
this as it may, this book’s content cannot be recom-
mended enough. It is clear Francis Pitard writes for his 
legacy - and the result could not be a fi ner scientifi c 
gift to the world!

And for those who might balk at its 683 pages and its 
elevated math and stat - get it anyway: It belongs on 
everybody’s professional shelf or desktop; it is (also) 
the ultimate HANDBOOK of sampling. 

A grumpy postscript
There can be observed a few misquoted year-dating 
springled around, and some literature survey summa-
ries appear to stop abruptly at the year 2017 (the 3rd 
edition was published in 2019). This could have been 
avoided, updating in an age where use of AI for mun-
dane editorial work is acceptable.

However, the publication of a global standard: DS 
3077:2024 Representative Sampling – Horizontal Stand-
ard, a signifi cant achievement for the sampling com-
munity, especially for those seeking a condensed in-
troduction to proper sampling in practice (which is the 
objective of international standards). But this standard 
is totally overlooked in this textbook, which is all the 
more surprising given that Pitard is the fi rst author of 
a call for community action2: “IPGSA sampling compe-
tence: Crucial added value to international standards”. 
This a major disappointment!

This textbook is massive! Can one truly comprehend 
this monolithic curriculum by reading (it) alone? Be-
sides, what can you do? Winston Churchill once stated: 
“You want me to speak – for how long? I can give a 
one-hour speech tomorrow, but if you only want a 
10-minute speech, I must prepare for a week”. 

It is not only that the book is massive, so is its price. 
For those brave enough to join forces with this review-
er in this mild criticism, every September you’ll fi nd 
the evergreen Pitard grand course at Colorado School 
of Mines (CSM): “Sampling Theory, Sampling Practices 
and Their Economic Impact”3, a 5-day didactic bonanza 
covering the very same topics as found in the book – in 
fact the book is the course curriculum, handed out to 
all active paid-up participants. This course is second to 
none - see you there?

2 https://www.saimm.co.za/Conferences/fi les/wcsb11-2024/30_WCSB05-Pitard.pdf

3 https://proed.mines.edu/courses/sampling-theory-sampling-practices-and-their-economic-impact-c75n
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