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Abstract: 

In a technologically advanced era, where process control is accurately maintained 
within the smallest error margins, and accuracy and precision are continuously 
improved, sampling is still left to the lowest paid employee in the company without 
training him or her properly to understand the relevance and importance of the task. 

In this paper the objectives of sampling in a process control environment is discussed 
and an attempt is made to link it to the theory of sampling. Some of the practical 
problems associated with implementing theoretical sampling principles in an industrial 
environment will be elucidated and some examples given on how compromises are 
made. 

Different methods of sampling will be discussed with real life examples from different 
manufacturing industries. 

Introduction: 

Without a sample there can be no analysis. Without a suitable sample there should be 
no analysis. 1 

To quantify these error sources the term measurement uncertainty was developed. It is 
the concept in analytical science that unifies the different strands of information used 
for predicting data quality. Error sources do not only arise from chemical analysis, but 
also from the sampling procedure used to select a primary sample. The source can be a 
stockpile of raw material, a stretch Of contaminated land, a batch of foodstuff, a 
geochemical exploration site or a manufactured product. 

Sampling is often the main source of uncertainty and the associated errors are much 
larger than errors in instrumental determination or sub-sampling in the laboratory. 

Sampling should always be considered as the first step in the measurement process and 
its contribution to the estimation of uncertainty has to be considered. 

Objectives in Sampling: 

A production plant can be thought of as a trading concern; it buys raw material from the 
mine, processes it and sells it at a profit. Operational control is a form of technical 
accountancy although the same precision as with a financial bookkeeping system is not 
often attainable. 
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Sampling and chemical analysis facilitates a metallurgical balance; the mill is debited 
with the units valuable minerals entering as feed and credited with total units value in its 
products (concentrate and tailings). Although exact balance is not often attainable, the 
closest agreement is accepted. 

Additional to metallurgical balance, sampling and chemical analysis give information 
on the ore body, enable inspection at selected points in the process throughout the plant 
to optimize requirements for efficient treatment and are used to identify recoveries and 
losses. 

A bulk material is sampled to give a primary sample that should be representative of the 
original bulk material (Measurand2

). From this a laboratory sub-sample is taken and 
prepared for analysis. The sub-sample should also be representative of the original 
measurand. From this sub-sample the analysis specimen is prepared, and should still be 
representati ve of the original measurand. FinalJy, depending on the analytical method, 
the analysed volume that is often only a part of the analysis specimen should be 
representative of the measurand. See Figure 1. 

Figure 1: Rep.'esentative of Measurand 

Determination of uncertainty and data quality: 

Measurement uncertainty has been defined by Thompson3 as the interval around the 
result of a measurement that contains the true value with high probability. To estimate 
these, two methods were proposed by Ramsey4 in a review of sampling as a source of 
measurement uncertainty. The first proposed method is the "bottom up" approach 
where the random error from each individual component of a method is quantified 
separately as a standard deviation (s). The overall uncertainty is estimated by summing 
the individual errors by their variances (S2). 5,6 The disadvantage of this method is that 
all sources of uncertainty need to be identified. To quantifY all the component errors 
can be a lengthy and costly procedure. The second proposed method is a "top down" 
method where inter-laboratory trials such as proficiency tests or collaborative trials are 
used to estimate the total tillcertainty of a measurement. 
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Ramsey4 proposed a method to quantify the sampling uncertainty by considering the 
primary sampling and chemical analysis as just two parts of the same measurement 
process and quantify their combined contribution. The example was given of a single 
sampler applying a single sampling protocol. This method gives an estimate of the 
random components of the procedures (i. e. sampling and analytical precision) but 
requires separate estimates of the systematic component (sampling and analytical bias). 

The prescribed method is based on the taking of duplicate samples for some proportion 
of the sample increments. Duplicate chemical analyses are then made on both of these 
sample duplicates in a balanced design. This method was originally proposed by 
Miesch8 and Garrett9. The duplicate samples are not taken at exactly the same place, 
but separated by a distance that might have occurred by a totally independent 
interpretation of the sampling protocol as could arise when independent samplers use 
the same protocol. 

The measurement uncertainty (u) can then be estimated using this "bottom up" 
approach, combining the sampling and analytical variance. 

u = Srneas = ..J S2 samp + 8 2 
anal (1) 

From this equation it can be seen that random errors from both process of primary 
sampling (S2samp) and chemical analysis (s2anaD contribute to the overall measurement 
uncertainty and the proportions and relationship from the different errors can be plotted 
to elucidate the contributions. If the measurement uncertainty is dominated by sampling 
variance, this is where greatest improvement in overall variance can be brought about, 
for example by increasing the mass of sample. 

Alternative methods for the estimation of uncertainty include that of GylO, where a 
mathematical model predicts the possibility of the uncertainty of sampling. 

(2) 

where s is the standard deviation of sampling error, m is the sample mass and d is the 
size of the of the largest particles in the sample. C is a constant and product of (i) 
liberation factor, (ii) shape factor, (iii) a particle size distribution factor and (iv) a 
composition factor. In practise this equation is based on a very idealised model of the 
system being sampled. This approach is often used to calculate the sample mass that 
should be taken for a specific particle size and component concentration. See Figure 2 
and 3. From the adjacent graphs one can see that if one is interested in trace elements in 
rocks at the ~ 1 OOOppm range and to have a <2 % error one needs a nominal number of 
grains of 107

. Figure 3 indicates the mass of sample necessary at different grain sizes to 
remain within a specified level of uncertainty. 

The other alternative model is that used by geo-statisticians. They use a technique 
called "kriging"ll; this method estimates the analyte concentrations between sampling 
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locations and is based on the characterisation of the change in covariance of 
measurements made in pairs of sampling locations with increasing distances of 
separation. The essential difference from the previous methods is that it refers to 
concentrations between rather than at sampling locations. 

Figure 2: Relative sampling error (95% probability) for each component in a 
sample 

Figure 3: Sampling error - grain size and size of sample 

Sampling different types of material: 

Sampling techniques differ according to the substance analysed and its physical 
characteristics. The size of a primary sample must be adequate to be representative of 
the measurand, for the type of measurement and for the level of the contaminant. 
Different types of material will be sampled by different methods depending on whether 
they are raw materials and ore analysed for quality and grade, or process samples to 
evaluate the running of the operation. Products will be sampled for certification and 
mass balance and waste and environmental samples will be analysed for mass balance 
and control. 

Examples from different industries: 

A few industry specific examples are presented to show the implementation of different 
sampling designs. 
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From Columbus Stainless, products including Low carbon Ferrochrome, High carbon 
Ferrochrome, Silicon-Manganese, Ferro-Nickel, Ferro-Silicon and Stainless Steel are 
sampled manually at casting. The raw materials like limestone, dolomite and fluorspar 
are sampled from stockpiles. 

At BHP Billiton, Metalloys, raw materials, process samples and products are sampled in 
the process stream, mostly by automated samplers. 

At Richards Bay Minerals one moves away from Ferro metals and at this minerals 
processing operation, the samples comprise borehole samples during exploration, heavy 
mineral concentrates and the different magnetic separation fractions as well as final 
products. 

Pretoria Portland Cement samples extensively throughout the production process. All 
raw materials are sampled as well as raw meal, clinker, additives and the final products. 

Sampling methods: 

Solid sampling is often done using grab samples that do not provide a representative 
sample. When hand sampling is done, composite sampling techniques should be 
employed to enable a representative sample. In Figure 4, the knotted rope technique is 
used to collect a composite sample from railway trucks transporting product. 

Figure 4: Composite hand sampling 
Ingot sampling during the casting process of metals is prone to bias. Figure 5. 

Figure 5: Ingot Sampling 
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Solid sampling, done by mechanical sampling machines are used extensively because 
they are more accurate and faster than hand sampling techniques and the human factor 
is eliminated. Two different approaches are followed: Part of a moving stream of 
material is continuously removed, or the whole stream of material is diverted at regular 
intervals. This is done with cross belt samplers (Figure 6), rotary cutters, screw 
samplers and chain bucket samplers (Figure 7). Primary spinning disk(Figure 8), and 
tilt arm samplers are employed. 

Figure 6: Cross belt sampler 

Figure 7: Chain Bucket Sampler 

Figure 8: Dry stream analyser with cross belt 
cutter and spinning disk 
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In conclusion: 

The objective of sampling is to select subgroups such that the variation of 
measurements or counts within the subgroup will be produced by common causes. The 
spread of the control limits will be based on only within subgroup variation. Any 
additional variation will cause data beyond the control limits. This will signal a non
conformance to the process. 

Good sampling protocols lead to good process control, which results in an acceptable 
product. In any commercial concern a good product leads to good profits, which should 
offset the cost involved in the original sampling design. 
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