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1. overview of WCsb11: 
diversity and Application 
of the theory of sampling
the eleventh World confe-
rence on sampling and Blending 
(WcsB11) was held at misty hills 
conference centre, muldersdrift 
in Johannesburg, south africa 
from the 21-23 may 2024. this 
is the second time the confe-
rence took place in south af-
rica, the first being the WCSB4 
in cape town, 2009. WcsB11 
was attended by approximately 
150 delegates from 18 different 
countries, each bringing insights 
and understandings of the way 
sampling in general and the theory of sampling (tos) 
in particular affects our lives. In addition, there were 
approximately five on-line attendees who were una-
ble to travel to south africa, but who participated and 
made excellent on-line presentations of their research. 
the overall level of attendance was above average and 
may be considered a proxy for the measure of success 
of the conference. in the three days of the conference, 
fifty-four presentations were made by delegates, and 
five sponsors were given an opportunity to share their 
expertise with delegates. the theme of the conference 
“diversity and application of the theory of sampling” 
was to examine and explore the significant implications 
and inroads the theory of sampling has made into such 
diverse fields as economic, mineral, industrial, food and 
feed, agricultural, and pharmaceutical activity in which 
sampling is an important basis for making far reaching, 
important decisions. 

Although many of the concepts affecting the accuracy 
and precision of particulate sampling were developed 
as early as in the period between the mid-1800s to 
the mid-1900s, it was pierre gy, a French chemist and 
engineer who began his work on sampling in 1949, who 
laid the foundation and formalised our understanding 
of sampling theory in full measure. What we now know 
and refer to as the theory of sampling was a work in 
progress between 1950 and 1975 and led to the 1967 
publication in French entitled “L’Échantillonnage des 
minerais en vrac: Théorie générale” (Sampling of Par-
ticulate Materials: Theory and Practice) which was Gy’s 
first comprehensive exposition of his theories. Gy‘s 
contributions were seminal in forming the theoretical 
framework for sampling of particulate materials in ge-
neral, which includes the formulation of key principles 
and mathematical models to address the inherent va-
riability and errors in sampling of heterogeneous ma-
terials and processes.
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2. theme and scope of the Conference
the series of World conferences on sampling and Blen-
ding was initiated by WcsB1 in esbjerg, demark in 2003, 
and has subsequently been held in Brisbane, austra-
lia (WcsB2 2005), porto alegre, Brazil (WcsB3 2007), 
cape town, south africa (WcsB4 2009), santiago, chi-
le (WcsB5 2011), lima, peru (WcsB6 2013), Bordeaux, 
France (WcsB7, 2015), perth, australia (WcsB8 2017), 
Beijing, china (WcsB9 2019), and Kristiansand, norway 
(WcsB10 2022).

these World conferences have become the cornerstone 
for fostering international collaboration amongst the 
sampling fraternity and interested professionals. the 
aim is to share knowledge about standardising practi-
ces within the scope of the theory of sampling, to mi-
nimize variability and uncertainty, and to enhance the 
reliability and accuracy of sampling methods. WcsB 
meetings provide a forum that bridges the gap bet-
ween the theory of sampling and the measurement 
uncertainty, and thereby create a unifying foundation 
that will lead to the development of more universally 
accepted practices and standards.

although tos is a cornerstone for modern society‘s 
pursuit of sustainable processes and products, full ac-
ceptance and implementation across all the sectors 
of industry and society, it is still a work in progress. 
WCSB11 extended and amplified the efforts to reach 
the scientific and technological involvement of other 
industries besides mining and minerals, including ap-
plications in technology, industry, society, commerce, 
and trade. these areas include food, feed, agriculture, 
pharmaceutical production, with particular emphasis 
on process analytical technologies (pat), environ-
ment, and sustainability. 

additionally, the conference underscored the impor-
tance of representative sampling in quality manage-
ment and with respect to the environment, as well 
as the optimization of natural and renewable resour-
ces while considering environmental impacts. WcsB11 
specifically aimed to address the UN Sustainable Deve-
lopment goals 9 and 12, focusing on sustainable indus-
try, innovation, infrastructure, and responsible produc-
tion and consumption.

3. Aims, objectives, and Goals
the aims of the World conferences on sampling and 
Blending (WcsB) are principally to preserve, promo-
te, and advance the theory of sampling by providing a 
platform for researchers and practitioners to collabora-
te, share knowledge, and develop standardized metho-
dologies and best practices. 

continuance of the WcsB series will ensure that the 
principles of representative sampling, as laid out in 
tos, are understood, regulate, and penetrate the 
worldwide practice of sampling. in general, the key aim 
is to improve the knowledge about heterogeneous ma-
terials, which arise in industrial and industrial contexts. 
the conferences act as a knowledge exchange forum 
for the convergence of scientific inquiry and industrial 
practice, enabling the dissemination and exchange of 
insights and innovations in sampling and blending.

interdisciplinary collaboration and exchange of know-
ledge is fostered in a collaborative environment where 
academia, manufacturers, engineering firms, and pro-
fessional practitioners can interact and benefit from 
shared expertise and experience. the support and in-
volvement of original equipment manufacturers (oem) 
responsible for promoting technological advancements 
and quality assurance in sampling practices highlight 
the need for this symbiotic relationship. 

the technical program and high quality of papers and 
presentations form a strong, scientifically verified basis 
for the global sampling community to move towards 
analytical excellence, emphasizing the importance of 
both detecting and mitigating sampling errors. in this 
way a global appreciation and international recogniti-
on and application of tos-based sampling practices is 
strengthened. publication, availability, and accessibility 
of the proceedings in digital format promotes the wide 
dissemination and historical preservation of the know-
ledge shared at the conferences. through these aims, 
the WcsB conferences strive to uphold and propagate 
the importance of sampling science and technology, 
ensuring its continued relevance and application across 
various industries and academic disciplines.

the WcsB11 was promoted and marketed by the saimm 
well in advance of the conference. Workshops and key-
note speakers were promoted once they had been fixed 
in the program. an outstanding outreach was the “cru-
cible” podcast (https://iono.fm/e/1408876), which was 
hosted by the saimm, and is available on the saimm 
homepage and on spotify. during the conference the 
saimm marketing team continuously posted content 
from the highlighting speakers and sponsors on linke-
din. even weeks after the conference, the posts still re-
ceive attention in this community. access to the photos 
taken at the conference and at the evening events has 
been made available via the conference dropbox (see 
below).

https://iono.fm/e/1408876
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4. organising Committee and sponsors
gratitude is extended to the dedicated members of 
the organising committee, including the secretariat of 
saimm who acted as the host and organizing entities 
led by camielah Jardine, gugu charlie, patricia takali-
mane, nazli mamdoo, and sam moolla. members of the 
WcsB11 committee included mariska reyneke, Willem 
slabbert, letisha smal, sandra ratsoma, and Kim es-
bensen, sheryl tittlemier, chris robben. the chairper-
sons were terance nkosi and richard minnitt.

sponsors and supporting organizations of WcsB11 in-
cluded the following:

Headline sponsor
• Rand Refinery – were the leading sponsor and spon-

sored all the awards and gifts and had a 10-minutes 
sponsor presentation slot at the conference. rr also 
had an exhibition stand.

Premium exhibitors
• herZog maschinenfabrik gmbh & co.Kg set up an 

exhibition stand and made a 10-minutes sponsor 
presentation slot (but they did not take up any of 
these benefits)

• rocklabs set up an exhibition stand and made a 
10-minutes sponsor presentation slot at the con-
ference

• multotec set up an exhibition stand and made a 
10-minutes sponsor presentation slot at the con-
ference

Corporate sponsor
• Fl smidth made a 10-minutes sponsor presentation 

slot at the conference

exhibitors
• Block 10 set up an exhibition stand
• iteca socadei – set up an exhibition stand
• Qingdao yosion intelligent technology set up an 

exhibition stand, and sponsored the delegate bags

banner sponsor
measurement process solutions set up promotional 
banners displayed at the conference Qotho minerals 
and displayed promotional banners at the conference Figure 1:  Thank you to all WCSB11 sponsors.
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4.1 Scientific Committee and Reviewers

The conference’s success is also attributed to the ri-
gorous peer-review process conducted by a competent 
corps of reviewers:

Roger brewer

roger.brewer@doh.hawaii.gov

stefan brochot

s.brochot@caspeo.net

trevor bruce

trevor.bruce@flsmidth.com

Ana-Carolina Chieregati

ana.chieregati@gmail.com

Philippe davin

philippe.davin@iteca.fr

Oscar Dominquez

oscar.r.dominguez@bhp.com

simon dominy

s.dominy@e3geomet.com

Jean-sebastien dube

jean-sebastien.dube@etsmtl.ca

Karin engström

karin.engstrom@lkab.com

Kim esbensen

khe.consult@gmail.com

dominique François-bongarçon

dfbgn2@gmail.com

michael Hidding

michael.hidding@Flsmidth.com

Ralph Holmes

ralph.holmes@csiro.au

li Huachang

lihuachangbj1@163.com

martin lischka

m.lischka@herzog-maschinenfabrik.de

Pentti minkkinen

pentti.minkkinen@sirpeka.fi

Richard minnitt

richard.minnitt@wits.ac.za

Claudia Paoletti

claudia.paoletti@efsa.europa.eu

bert Pauels

Bert.pauels@eu.umicore.com

Francis Pitard

Fpsc@aol.com

Rodolfo Romanch

rodolfoj.romanach@upr.edu

Willem slabbert

willems@multotec.com

elke thisted

elke.thisted@glencore.no

sheryl tittlemier

sheryl.tittlemier@grainscanada.gc.ca

Aldwin vogel

aldwin.vogel@ahkgroup.com
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5. Conference Programme
pre-conference workshops: three workshops were of-
fered:

• introduction to the theory and practice of sampling 
(tos) in science, technology, industry, commerce 
and society (Kim h. esbensen);

• sampling theory, sampling practices and their 
economic impact (Francis F. pitard & dominique 
François-Bongarçon);

• sensor-Based ore sorting and sampling (christo-
pher robben)

the post-conference feedback points to broad satis-
faction with this educational opportunity.

in a bold new step, the organising committee decided 
to select a range of younger and newer entrants to the 
sampling community as Keynote speakers and as ses-
sion chairpersons, meant as an educational challenge 
for the younger cadres. the keynote speakers were: 
ana-carolina chieregati,  rodolfo romanach, clau-
dia Paoletti, Jean-Sebastien Dubé, Stephane Brochot. 
oscar dominguez gonzales was also invited as a key-
note speaker, but was unfortunately unable to present 
orally; however, his lecture is included in the confe-
rence proceedings. see online proceedings for informa-
tion on their presentations.

The scientific value and relevance of the accepted pa-
pers at the World conference on sampling and Blending 
(WcsB) are substantial, given the context and aims of 
the conference. the value and relevance of the papers 
contribute to the development and refinement of the 
theory of sampling (tos), addressing both theoretical 
foundations and practical applications. new innova-
tive methodologies and techniques that improve ac-
curacy, efficiency, and reliability in various industrial 
and analytical contexts are presented. interdisciplinary 
research findings and technological innovations with 
applications across multiple industries, from mining 
and pharmaceuticals to environmental studies and 
food safety, demonstrating the broad applicability of 
sampling techniques are now on record in the approved 
collection of papers. industrial applications, enhanced 
decision-making, standardization and best practices, 
sustainability and environmental impact, the educa-
tional value, and the importance of global collabora-
tion are emphasised. overall, the accepted papers at 
the WcsB conference help setting high standards that 
benefit both academia and industry.

6. Papers and Proceedings
a call for the submission of papers for the WcsB11 was 
issued in July 2023 with a notice of acceptance being 
sent to authors on 6th october 2023. papers accepted 
for the conference were subjected to peer review and 
the date for final paper submission was 29th January 
2024. Reviewing criteria included scientific value and 
showcasing the current state of sampling and blending. 
the author deadline for revised papers was 12th Febru-
ary with final acceptance or rejection of the papers was 
issued on 19th February 2024. papers were published 
as proceedings of WcsB11 in a convenient and readi-
ly available electronic format, which is distributed in a 
saimm dropbox facility with a link provided to delega-
tes 2-3 days before the conference.

the conference proceedings were professionally edited 
by annette thompson through saiimm and produced 
in a modern format, facilitating rapid submission, re-
view, and publication. after each WcsB conference, the 
proceedings are the only tangible scientific evidence 
left for posterity. 

saimm has given permission for the WcsB11 procee-
dings to be available and downloadable as open ac-
cess at both the saimm as well as the ipgsa webpages 
[https://www.saimm.co.za/Conferences/files/wcsb11-
2024/WcsB11%20proceedings%20Book.pdf; https://
intsamp.org/], documenting the current state of sam-
pling science and technology, furthering the opportu-
nities for future developments and advancements. the 
ipgsa owes saimm a great debt of gratitude for this 
opportunity.

7. Awards and Recognitions

7.1 Pierre Gy sampling Gold medal:

dr. ana-carolina chieregati and dr. claudia paoletti 
were awarded the pierre gy sampling gold medal for: 
“excellence in teaching and dissemination of the the-
ory of Sampling.“ (see separate “Award Justification” 
in this issue).

https://www.saimm.co.za/Conferences/files/wcsb11-2024/WCSB11 Proceedings Book.pdf
https://www.saimm.co.za/Conferences/files/wcsb11-2024/WCSB11 Proceedings Book.pdf
https://intsamp@intsamp.org/
https://intsamp@intsamp.org/
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7.2 distinguished service Award

For the first time the award was presented by the IPGSA 
council to prof. Kim h. esbensen (by kind courtesy of 
Rand Refinery donating a Gold Kruger Rand medal). 
prof. esbensen was awarded for his sustained and dis-
tinguished contributions to the organisational activities 
of the association and its WcsBs over 20 years, inclu-
ding steadfast leadership of the committees involved 
behind “ds3077 representative sampling - horizon-
tal Standard”, the world’s only de facto international 
standard on this important topic (see separate “award 
Justification” in this issue).

7.3 Young Authors Awards

Also, for the first time, four awards in the form of spe-
cialised commemorative coins by kind courtesy of rand 
Refinery, were presented to Young Authors, to the or-
ganizing committee, and saimm secretariat team that 
facilitated for the success of the conference. the young 
author awards are made for the most outstanding pa-
pers presented by young authors at WcsB conferences 
to encourage their participation. to qualify, the author 
must be less than 35 years of age at the date of the 
conference. these awards are made at the discretion of 
the organising committee.

• the Best paper award made to Killian Berelsmann 
of herzog, germany, for his outstanding paper en-
titled “Quality criteria in sample preparation – how 
to ensure full reproducibility and fully homogeniza-
tion?”  co-authored with martin lischka. 

• the Best presenter award made to hulisani esra 
madima of multotec, for his presentation entitled 
“The case for using five-times particle nominal top-
size cutter width for dry material primary increment 
sampling at 0.6 m/scutter speed” co-authored with 
Willem slabbert. 

• the Best presenter award made to charles tonon-
gei, of anglo-american platinum, for his presenta-
tion entitled “variographic analysis of a concentra-
tor plant feed slurry stream data before and after 
replacement of the intermediate sampler hopper”.

• the Best presentation award made to debra samuel 
of the Rand Refinery, for her paper entitled “Com-
paring sampling techniques for gold bullion to find 
the most effective sampling method”. 

terance nkosi and richard minnitt were awarded com-
memorative plaques by the ipgsa for their sustained 
efforts in the co-chairman ship of the WCSB11 Confe-
rence.

Figure 2:  Terance Nkosi (left) and Richard Minnitt were awarded commemorative plaques by the IPGSA.
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8. New Initiatives and Future outlook
the next World conference on sampling and Blending 
WcsB12 will take place in exeter, cornwall uK in 2026, 
to be co-chaired by professors hylke glass and simon 
dominy. (nB. Bids for future conferences must be sub-
mitted to the ipgsa no later than one month before 
commencement of the next WcsB; bids must follow 
the guidelines published by the ipgsa council).

9. special Panels and discussions
a recurrent program element at WcsB conferences is 
a panel discussion, this time chaired by dr. ralph hol-
mes and dr. Kim h. esbensen. this was an open fo-
rum debate about teaching and training of tos, invi-
ting thoughts, ideas and experiences from conference 
delegates about training and education in the field of 
sampling. this point was initiated by a sponsoring oem 
whose concern was the importance of the fundamental 
principles in the theory of sampling and the ways and 
means that such education can penetrate industry and 
society at large. the importance of establishing a sing-
le-source document on tos, that can be made univer-
sally accessible, and on which the teaching and training 
of tos can be stabilized and based, was emphasised. it 
was pointed out that this goal is actually in the midst 
of being realised through the sustained work behind 
the ds3077 national standard, which for 10 years has 
served as a de facto international standard supplying a 
first attempt at this objective. 

the conference was given an extensive report on the 
current work aimed at concluding with the fully revised 
ds3077 (3rded.), to be published autumn 2024, and 
subsequently to be proposed as an iso standard. this 
iso process is likely to take a year or two, facilitated 
by participation by dedicated tos-competent future 
members of the committee to be organised.

10. exhibition, Poster sessions, and  
 Networking
The exhibition featured 10 exhibitors, including five 
South African and five foreign exhibitors.

participants engaged in fruitful discussions during cof-
fee breaks, a wine tasting event, and poster sessions. 
Exhibitors from Rand Refinery, Iteca Socadei, Kingyo-
sion, Block 10, multotec, saimm, and rocklabs show-
cased the latest in representative sampling, sample 
preparation and analysis, while poster sessions covered 
a wide range of topics in industry and academe. net-
working opportunities: Coffee breaks and poster pre-
sentations facilitated networking among delegates, and 
many participants shared positive feedback, highligh-
ting the conference as a prime opportunity to inter-
act with the growing community of diverse-industry 
sampling professionals and the excellent organisation 
of both in-person and virtual components.

Figure 3:  A ‘random sample’ from the Misty Hills venue auditorium – is it representative?
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11. A sample of highlights

Figure 4:  Ulrik Thisted presenting at WCSB11 from a very remote site in Norway, Elke and Ulrik Thisted’s IT-equipped  
 summer cabin – What’s not to like with hybrid conferences?
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Figure 5:  Newest TOS R&D enthusiast from beyond traditional application fields: Jean-Sebastien Dubé (Canada) on the left  
 and to the right steadfast industrial process expert from Pharma, Rodolfo Romanach (Puerto Rico).

12. Post-Conference tours

Delegates visited Rand Refinery the headline sponsors 
of the conference, and the oem multotec, a premium 
exhibitor at the conference.

The technical visit to Rand Refinery, world-leading 
precious metals refinery “just around the corner”, was 
commented on by participants who commended the 

company and hosting team, who, even though the 
Rand Refinery at the time of this visit was in the pro-
cess of stock accounting, dedicated valuable time to 
ensure the visitors had an enriching experience. “From 
the moment of arrival, the team welcomed us warmly, 
providing a delightful breakfast, lunch, and thoughtful 
gifts, ensuring our comfort throughout the visit. 
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the tour was informative and well- organized, covering 
key stages of the refining process:

• receiving: how raw materials and deposits are re-
ceived and logged.

• sampling: detailed explanation of the many stages 
of the Rand’s unified sampling process.

• preparation: steps for sub-sampling and preparati-
on of materials for analysis.

• analysis and research: insight into analysis tech-
niques and ongoing research. The Rand Refinery is a 
lBma reference laboratory.

our knowledgeable guides shared numerous interesting 
factoids, making the tour both educational and enga-
ging. The visit to Rand Refinery was highly insightful, 
offering a rare look at its complex operations. The hos-
ting team‘s dedication and hospitality made the expe-
rience memorable and valuable, deepening understan-
ding and respect for the precious metals industry”.

the theme for the technical visit to multotec process 
equipment was: “Where the theory of sampling comes 
to life”. the visit was hosted around an in-depth tour 
of Multotec’s sampler workshop. 

the in-person event allowed participants to evaluate, 
touch, see and interact with live sampling equipment 
and the detailed features refined into these machines 
to allow metal accounting precision sampling. the ran-
ge of wet and dry sampling equipment on display in-
cluded: linear launder samplers, radial vezin samplers, 
slurry handling hoppers, cross stream belt end cross-
cut samplers, cross belt hammer samplers, control pa-
nels and ancillary sample storage equipment.

the attendees themselves were inspired by the theme 
and were enthusiastic, engaging and full of eager ques-
tions – even after attending a rewarding 3-day samp-
ling conference packed with knowledge!

one of the attendees posted on linkedin: “a big thank 
you to the multotec team for hosting us in a technical 
visit at the end of the World conference on sampling 
and Blending 11 at their spartan facilities near the Jo-
hannesburg airport, and for sponsoring the conference. 
I enjoyed learning about Multotec’s multiple products 
to support the mining industry, and the important role 
that the theory of sampling plays in day-to-day ope-
rations.”

ARtICle

Figure 6:  One of the pre-conference courses: “Sensor-Based Ore Sorting and Sampling” was conducted  
 by Dr. Christoffer Robben (right) for a small, very enthusiastic group of participants.
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13. Conclusion and Future Conferences
in summary, the achievement of the World conferen-
ces on Sampling and Blending (WCSB) has significantly 
contributed to the advancement and dissemination of 
the theory of sampling (tos). tos addresses the com-
plexities of particulate sampling and its inherent errors, 
providing systematic methods to minimize sampling 
uncertainties. 

the conferences serve as a vital platform for resear-
chers, academics, and industry professionals to ex-
change knowledge and improve standards in sampling 
theory and practice. the conferences have facilitated 
truly global teaching and understanding of tos, lea-
ding to its inclusion in postgraduate courses across va-
rious countries including the us, denmark, Brazil, me-
xico, south africa, and australia. the WcsB series have 
fostered dialogue between proponents of tos and to-
tal measurement uncertainty (mutotal), emphasizing 
their complementary nature. 

TOS effectively identifies and minimizes the effect 
of sampling errors, while MU primarily identifies and 
reduces analytical variance. the conferences have in-
vigorated research and development in tos, ensuring 
continuous improvement and innovation in sampling 
methodologies. 

ACKNoWledGemeNts

technical support: A special thank you to the managers of the IT aspects, who impeccably ensured seamless high-
quality integration for online participants.
venue: Appreciation goes to the venue Misty Hills, which handled all logistical challenges efficiently, providing a 
conducive environment for the conference.
post-conference resources
• Master-link to Conference presentations, proceedings, and photos available at: https://www.dropbox.com/scl/

fo/olv2w12xue84yzy8uy4c4/AONrHivlaEubxE_kz4QdSKE?rlkey=hojx73q356kotbuds9x6m45gf&e=2&st=mart7f
yv&dl=0

• Link to a “Crucible” podcast: https://iono.fm/e/1408876

this has been particularly crucial in maintaining the 
relevance and application of tos in various indust-
ries. Forward-leaning original equipment manufactu-
rers (OEMs) have benefited from the theoretical and 
practical insights provided at WcsB, leading to impro-
ved sampling equipment design that adheres to tos 
principles. 

this collaboration has resulted in generous sponsorship 
from oems for the conferences. the conferences ho-
nour significant contributors to TOS with the Pierre Gy 
sampling gold medal. 

Since the first conference in 2003, held biennially (with 
a delay in 2021 due to the covid-19 pandemic), WcsBs 
have played a pivotal role in advancing the theory and 
correct application of sampling, ensuring it remains a 
vital scientific discipline in both academic and indust-
rial contexts. 

there is every intention to continue on this global path, 
also laying the foundation for a current crop of com-
plementary regional sampling conferences in south 
America, Australia and South Africa. This significantly 
increased activity is a tribute to the highly successful 
role and achievement of the eleven WcsB conferences 
to date.

https://www.dropbox.com/scl/fo/olv2w12xue84yzy8uy4c4/AONrHivlaEubxE_kz4QdSKE?rlkey=hojx73q356kotbuds9x6m45gf&e=2&st=mart7fyv&dl=0
https://www.dropbox.com/scl/fo/olv2w12xue84yzy8uy4c4/AONrHivlaEubxE_kz4QdSKE?rlkey=hojx73q356kotbuds9x6m45gf&e=2&st=mart7fyv&dl=0
https://www.dropbox.com/scl/fo/olv2w12xue84yzy8uy4c4/AONrHivlaEubxE_kz4QdSKE?rlkey=hojx73q356kotbuds9x6m45gf&e=2&st=mart7fyv&dl=0
https://iono.fm/e/1408876

