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Abstract. An evaluation has been made at the laboratory for INAA in Delft of the type of analytical protocols
requested for by scientific and commercial customers. Examples are given of the differences in requests from
industrial research and university research and the consequences for the analysis protocol to be selected. On
basis of experience with the users and clients and customer satisfaction evaluation results, a SWOT (Strengths,
Weaknesses, Opportunities and Threats) analysis has been made. This analysis makes clear that many of the
frequently mentioned 'advantages' of INAA do not excite the clients. One of the typical weaknesses of the
technique results from lack of automation, indispensable for effective and economic operations. This may
hamper small INAA groups to become interesting for large-scale and/or parallel requests, to become competitive
and self-sustainable. Suggestions are given how the weaknesses and threats may be circumvented and how the
strong points and opportunities may be successfully exploited.

1. INTRODUCTION

There are several reasons why neutron activation analysis groups are nowadays requested to
identify beneficiaries (customers) for their technique and to start 'commercial' activities.
Many institutions deal with budget cuts; in other organizations the existence of (industrial)
customers is considered important for public justification of the existence and continuation of
the reactor. The NAA laboratory has to face the reality that it may have to shift part of its
attention from (self-directed) scientific research to (customer directed) scientific services.
Most probably, this implies a change in culture, policy and in the technical and organisational
management at the laboratory.

There are various analytical problems in the applied sciences for which INAA may be the
preferred technique to obtain information on elements and their concentrations. To this end,
the NAA group has to understand its position in the market, and it should know that it has to
offer. The questions to be answered are: " Who is interested in INAA anyhow, and why would
INAA be selected? What is the added value of our activities?" There are numerous publications
explaining the advantages and shortcomings of NAA, and many comparisons have been made
with other methods for elemental analysis. However, nearly all of these evaluations themselves
'by radiochemists for radiochemists'. It can be of considerable more value to the NAA
laboratory to understand the customers' view in this.

Several NAA laboratories from the academic community have proven to be successful in
acquiring contracts for analyses. A few industries have established their own NAA laboratories
to support their companies' requests[1,2]. Companies exist offering a wide range of analytical
techniques for element analysis, including NAA. Each of them will have its own experience with
customers, will have a different variety of samples analysed and will have a different way of
dealing with customers' requests.

In this paper the experiences of the laboratory for INAA at Delft are given as a case study. The
laboratory for INAA of the Interfaculty Reactor Institute at Delft has some 20 years
experience with external users of the INAA facilities, and in the last 10 years a fully
commercial business unit has been integrated with the research group.
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2. TECHNICAL AND ORGANISATIONAL ASPECTS

The Nuclear Analytical Methods research group supervises the facilities of the laboratory for
INAA[3] at Delft. The main task of this group is the development of physical and mathematical
methods of radioanalysis, with the emphasis on gamma-ray spectrometry and neutron activation
analysis. 'Routine' INAA is carried out by a commercial business unit, in liaison with the
research group that has the final responsibility for the analytical quality. All activities related to
the use of the facilities and the conduct of INAA are covered by the laboratory's quality system
[4] which has been accredited for compliance with EN45001 (closely following ISO Guide 25).

The laboratory for INAA identifies 'external' and 'internal' customers. Scientists from other
universities or research establishments, governmental bodies and industry form the first category.
The internal customers are scientists within the mother Institute, mainly from the department of
Radiochemistry. Some of these internal customers are trained by the laboratory to carry out the
analyses on their own.

The external customers are fully charged for the analyses whereas the internal customers only
pay for the consumables (capsules, internal quality control samples, etc).

2.1. Sample types

The sample types, which are being analysed for external customers, are given in Table 1. Plastics
is currently the largest segment: a perfect niche for INAA since it can be done non-destructive.
These analyses are mainly for law enforcement purposes and reliability of the analyses is very
important since the results may have large economical consequences. Analysis of human toenail
clippings is another major component. These are analyses for epidemiologists, and here again
advantage is taken of the non-destructive nature of INAA. The samples are precious collections,
analysed already several years ago for Se, thereafter archived and now processed again for other
elements. There is a trend for more requests for analysis of new materials, composites, silicon
carbide, carbon fiber, alumina, etc.

The samples from internal users are mostly resulting from biomonitoring projects (lichens,
mosses, tree bark, soil, air particulate matter).

2.2. Analysis protocols

The traditional protocol for multi-element analysis was (and still is): 2 irradiations, 3
measurements (the shorts, one after 1 week and one measurement after about 1 month); 50-60
elements reporting. The various requests and particularly the needs of the external customers
made necessary to develop different analysis protocols.

Most external customers appear not to be interested in full multi-element analysis, even not
when the data is given for 'free' together with the data requested in the first place. Customers
are usually oriented to one or a few given element(s) (see Table 2) whereas their main
demand lies with turnaround time.

The majority of the work for external customers deals with one measurement 2-4 days after
irradiation and a single element determination, or a group of some 12 elements which can be
determined in this manner. The turnaround time of these measurements is about 1 week-10
days (see Table 3). This is usually acceptable for customers who compromise between
number of elements and turnaround time. The perception of a short turnaround time is
enhanced when taking advantage of the weekend for decay, e.g. by receiving the samples and
irradiation on Thursday, counting on Sunday night and reporting on Monday afternoon or

76



Table 1. Sample types with percentage of the total throughput, as analysed by the Laboratory for
INAA in Delft

Plastics
Plants and Biomonitors

Toe-nail clippings
Metals

High-tech materials (composites, carbides)
Blood, serum

Various industrial products (textile,
packaging material, paint, resins, solvents,

acids)
Air filters

40%
30%
12%
6%
5%
3%
3%

1%

Table 2. Requests (in percentage of total throughput) for number of elements to be reported for
external en internal customers of the Laboratory for INAA in Delft

1 element
2 elements
3 elements

Group of elements
> 3 elements

External customers
40%
20%
8%

20%
12%

Internal customers
8%
4%
4%

14%
70%

Table 3. Analysis protocols (in percentages of total) applied for external and internal customers of the
Laboratory for INAA in Delft. S: NAA applied to short half-life radionuclides, M: NAA on basis of
intermediate half-life radionuclides (e.g. measurement 1 week after irradiation), L: NAA on basis of
long-lived radionuclides (e.g. measurement 1 month after irradiation)

Shorts (S)
Medium (M)

Long(L)
S + M
S + L
M + L

S + M + L
Special optimised

External customers
20%
60%
2%
1%
1%
2%

10%
5%

Internal customers
13%
13%
2%

70%
2%

Tuesday morning. In limited cases analyses are carried out with 2 days turnaround time. In
addition a variable number of analyses is done with the fast rabbit systems. As mentioned
before, only a few external customers are interested in total multi-element determinations.

For the academic market segment the situation is different. Here mainly full multi-element
analyses are requested because a large number of more elements are needed for the factor
analysis in the interpretation of the biomonitoring projects. However, it cannot be excluded
that the request for multi-element data also might be influenced by the fact that these analyses
are done at almost no charge. Experience with services to groups at other universities learned
that requests for multi-element data changed rapidly in request for a limited number of
elements when the groups were charged for the analyses. After all, an analysis consisting of
one irradiation and one measurement is less expensive than an analysis consisting of two
irradiations and three measurements.
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2.3. Number of samples

Most of the external customers offer their samples in small batch sizes, and certainly not in
hundreds at a time or so). The maximum number of samples processed simultaneously (which
can be packed into one rabbit) is 14. The number of batches for external customers is about 250
per year, and for internal customers about 150. Total number of samples processed is about 4000
-4500. To this, the number of control samples, blanks and flux monitors should be added which
makes the total number of capsules processed in the order of 15,000 per annum. Since some
samples are measured more than once, the number of spectra analysed is estimated to be
approximately 40,000 per year.

2.4. Customer satisfaction

The laboratory evaluates every 3 years its customers' opinions on the services provided. An
independent bureau carries out this evaluation to avoid any conflict of interest between the
customers, the laboratory and the interpretation of the evaluation. Some typical conclusions of
the most recent evaluation are:

— Customers complained about the attainability of the laboratory's employees. The direct
access to the various extensions was not sufficient due to the high mobility of the
employees between offices, laboratory and counting room. Such a small group cannot
afford a permanent telephone operator. This shortcoming now has been accounted for
via the introduction of cellular phones.

— The layout of the reports is too scientific. Quite a few customers appear to be not
familiar with the scientific E-format in reports, the concept of detection limits or
uncertainties, and even not with the chemical symbols for the elements. It is not always
trivial that, e.g., "Sb" means "Antimony". A new layout is now being developed.

— Turnaround times of one week or even longer is often still quite acceptable, differently
from what is often be proclaimed as one of the drawbacks of NAA. Customers are
satisfied as long as the reporting is done within the time frame, guaranteed by the
laboratory in advance.

— Many customers turn to NAA after their in-house analytical techniques failed for the
analysis needed. It is therefore important to invest on building awareness on the
opportunities of NAA for the potential market segments.

3. STRENGTHS, WEAKNESSES, OPPORTUNITIES AND THREATS

The (potential) customers often have an entirely different perception of what NAA has to
offer as an analytical technique. They often apply for the use of NAA when all other
techniques have failed, as has been mentioned before. Moreover, the contracting-out is
sometimes a psychological barrier to take, since it is more-or-less synonymous with 'loosing
control'. The strong and weak points of NAA are balanced against the 'in-house' techniques
and the disadvantage of contracting out. It can be expected that weak points of (the laboratory
for) NAA get more emphasis, whereas some of the advantages as proclaimed by
radiochemists, are taken as granted.

The view of outsiders helps the NAA laboratory to understand the potentials of the technique
to provide (scientific) services. Such a view can be summarised in management terms as a
'SWOT' analysis; 'SWOT' being the acronym for "strengths, weaknesses, opportunities and
threats".
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3.1. The strong points of INAA

— The method is useful for materials which are hard to dissolve.
— The results are reliable. It can be made clear that NAA is matrix independent, and

calibrant independent; that the feasibility and detection limits are predictable.
Customers ask for 'quality' but not always in terms of accuracy and precision.
Moreover, they are seldomly interested in results of reference material analysis or
proficiency testing. Customers simply expect that a laboratory — especially a university
laboratory — must have a good performance in this all. Their view on quality is like one
of its definitions: to get what has been asked for, especially within the time frame
agreed upon. It is expected that the analysis can be reproduced and eventually that the
laboratory can stand-up in court to defend its results. It stresses the importance of
quality management.

— The analysis can be repeated on the same material for additional information, in case of
doubt and also other methods can be used to analyse the same material. Eventually, the
analysed material can be returned to the customer.

3.2. The weak points of INAA

— The turnaround times may still sometimes be prohibitively long, not just because of
physical problems but also because of organisational problems. And because of a too
academic approach of the analytical request. Any NAA laboratory has to learn that it
has to optimise its service to satisfy the customer rather than to satisfy the NAA
specialist. In many cases there is no need to reach a better than 5% counting statistics
precision, and even 20-30% may suit equally good. The traditional approach in INAA
is to get as many as possible elemental data with as good as possible precision. It was
demonstrated in the above that customers may be interested in 1-3 elements only, and
even more often, they want an answer like: "is the concentration yes or not above a
certain level".

— Another way to satisfy customers is to increase capacity by shorter counting times,
shorter irradiation times or to optimise in decay time. Traditionally, one of the
measurements in INAA is done 3-5 weeks after irradiation. However, often already
reasonably good results can be obtained some 10-12 days after irradiation when the
24Na background has reduced substantially. Similarly, satisfactory results can be
obtained after 3 days decay rather than to wait a full week after irradiation. Modern
days' counting equipment can easily handle moderate or high counting rates. In
principle, there should be no significant difference in results obtained via a
measurement with 5% dead time and with 60% dead time — if using the pulser method
at constant decay rate, or 'loss-free counting1. It all can contribute to a higher throughput
and more customer satisfaction.

— There is no culture present in research laboratories to have facilities 'stand-by' to suit
requests for analysis. Many NAA laboratories are often not equipped to handle parallel
requests for analyses. Moreover, NAA is not a method of elemental analysis in which
the capacity can easily be extended or with which routine analysis can be done at a high
and quick throughput. This is a weak point when considered to be an alternative for
laboratories employing other methods with equipment, especially developed for routine
services and an organization tuned to this as well. In many cases the limited technical
and organisational capacity may result in frustration with the customers and a
confirmation of the existing image that research institutions are unreliable partners in
scientific services. Eventually it also may adversely affect the justification of the reactor
as such.
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— Sensitivities are sometimes not good enough anymore to suit present day's levels of
interest (environmental and industrial research); Pb cannot be determined and Cu is
troublesome as well.

— Generally, NAA is poorly advertised with potential customer, like in the communities
of applied sciences. Usually radiochemists speak about their technique to radiochemists
only, at radiochemical conferences. At more general spectroscopic conferences hardly
any contribution is found on the status and opportunities of NAA. It is an illusion to
expect that the many publications on NAA and its applications have their impact.
Customers, and this count in particular for the non-university market segment, do not
read J.Radioanal.Nucl.Chem., Nucl. Instr. Meth. or Anal.Chem.; they are not interested
in the resolution of Ge detectors, the ko- phenomena nor in the results of reference
material analysis. NAA is not an analytical technique that belongs to the package of
methods taught and trained at technical schools and universities. Taking into account
the overwhelming presence of techniques like A AS, ICP and XRF, it should be feared
that within other analytical laboratories there is rather limited awareness even on the
existence and accessibility to NAA.

— The customer has to send his samples to the NAA laboratory rather than that the
analyses can be done 'in-house'. The customers may perceive this as 'loosing control',
not as much on the conduct of the analyses but more on the certainty that the results will
be available at a given time.

3.3. The opportunities for INAA

— The need for reliable results. Reliability is sometimes more important than level of
accuracy, though the combination of reliability and accuracy is of importance when
analyses have to be done for e.g. product control or law enforcement.

— Analysis of materials for which no matrix-matching reference materials are available.
The common approach in other methods of elemental analysis is the use of matrix
matching reference materials for calibration. The variety of materials to be analysed and
trace elements sought develops itself much faster than the availability of suitable
reference materials and certified concentrations. This applies especially to the material
sciences and for ultra low concentrations. In many laboratories awareness exists that the
reliability of the analyses is questionable if such matrix-matching reference materials
are not available.

— Unique materials which should not get lost. This applies e.g. to materials of which the
sampling has been tedious (e.g. cosmic dust); materials which cannot be collected again
(e.g. human bioindicators such as hair, nails, tissue, blood, urine; but also materials
related to environmental pollution like atmospheric dust); materials of which the same
test portion may have to be analysed again, by NAA or any other technique (see for
instance the example given in the above of the toe nail clippings) depending on the first
results; materials related to forensic work, in which there should be no loss of evidence.

Validation of other methods for element determinations. Increasing laboratories (research,
industrial and service) laboratories have to fulfil the validation criterion as laid down in ISO
Guide-25 or equivalent standards. Sometimes this validation can only be done by comparison
with another technique. Here there are opportunities for NAA laboratories for continuing
support to external customers. Perhaps it may not result in a large supply of samples but it
certainly will contribute to respect and an expressed need for the existence of the NAA
laboratory.
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3.4. The threats to INAA

— Too little awareness on the existence of NAA. There is a strong need for renewed
awareness building on the modern' days opportunities of NAA. As has discussed in the
above, it is a big mistake of the NAA community if this remains limited to the
radiochemical and scientific journals only. Customers are found by contacting them in
their own media, and in a language they comprehend and which is directed to their needs.
Technical journals are a better choice than scientific journals. Mailings of brochures may
only be of value after potential customers have asked for more information; otherwise, it
ends at the pile of daily junk mail. The customer satisfaction evaluation again
demonstrated how important it is to prevent the use of jargon and to be aware of the fact
that the first contact might be with non-scientists.

— The attitude of researchers is too introverting. In many NAA laboratories, the technique is
still applied as it has been developed 30 years ago, optimised to find as many elements as
possible, at the best possible precision. It is of paramount importance to find out what is
important for a customer: accuracy, precision, single or multi-element, turnaround time,
sensitivity, price.... The analysis should then be optimised to the customers' request and
often a protocol has to be selected different as one would do from the NAA point-of-view.

— The academic environment is almost synonymous for unreliability in planning. Deadlines
are seldomly met; this applies to contributions to scientific conferences but also for
reporting results. Laboratories have to introduce a style of working with commitment to
planning of all aspects of the analysis, like availability of consumables, equipment checks,
use of equipment etc. There should also be a rigid procedure for checking the results
before reporting them, including quantifiable criteria. It might be disastrous for a
laboratory if still mistakes are found after reporting. Quality management principles will
also turn to be of importance to reduce the amount of repetition of work — which may
result in small disasters when capacity is limited — and to carry-out timely the required
performance checks, maintenance, stock control and so.

— Unreliable reactor schedules. In institutes with reactors with extensive neutron beam
physics programs sometimes the reactor operation is tuned to the experimental conditions
for this beam physics work. This also may apply to full power operating schedules which
may be delayed due to modifications needed of the beam experiments. As thus, it may
hamper the scheduled irradiations for NAA (and e.g., also for isotope production).

— Unreliable operation of NAA equipment since there is no return of revenues for
replacements and investments. This is a most serious threat, since it quickly moves the
laboratory in a downward spiral. Sometimes this may be by-passed by payment 'in
natura', e.g. via procurement of equipment by the customer. However, there are no
general guidelines to overcome this threat since it is typically a political problem within
the mother organisation.

— Lower detection limits are required than can presently be attained. Large volume Ge
detectors and especially well-type Ge-detectors should be considered the present days'
work-horses for NAA laboratories. The better detection limits, increased throughput and
good economics justify their procurement and replacement of conventional Ge-
detectors [5, 6]. Moreover, high-count rate electronics is now standard available, which
allows for measurements e.g. after shorter decay times of interfering radioactivity [7].
These instrumental improvements will not effect that NAA detection limits may be
equally good as proclaimed by the — interference free !.' — detection limits of e.g.
AAS or ICP. But they are opportunities to fulfil customer's requirements at relatively
low investment.

— Automation is difficult to be realised. Many laboratories are lacking the opportunities to
develop their own automation. As such, throughput is limited and turnaround times may
remain prohibitively long. Commercially available sample changers are scarce and
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containers are not standardised; automation of software is in principle feasible but
should be done by the laboratory itself, which in the practice turns out to be not always
possible. The poor situation on easily available automation in NAA is in big
contradiction to developments with other techniques where automation is almost a
standard option.

4. CONCLUSIONS

In many countries NAA laboratories have to face the reality that the daily efforts may have to
be shifted from (self-directed) scientific research to (customer oriented) scientific services.
This implies a change in culture, policy and technical and organisational management at the
laboratory. External customers have different requirements to the scientific services than
internal customers for their scientific research. It should be noted that the examples given in
this paper apply a specific case study. However, it demonstrates the differences, and NAA
laboratories should be aware of the fact that external customers have their own perception of
the advantages and weaknesses of NAA. The advantages of NAA, as found in numerous
review articles and books, have been compiled from the inside out, rather than from the
customers point-of-view. Their view on the strong points and weaknesses of the method may
be different from case to case. NAA laboratories should be alert on this, and develop a
flexibility to respond on it.

A weakness that can easily become a serious threat to NAA — and the opportunities for
scientific services — is that the method is hardly demonstrated outside the typical
radiochemical society. The number of papers on NAA in e.g. Analytical Chemistry is already
declining for many years, and the method gets hardly any attention at large spectroscopic
meetings. There are fewer and fewer technical schools and universities with introductions and
practical training on NAA. There is little awareness on the new developments and
opportunities of the method for modern days' research and requests.

A remaining problem is that automation in NAA — indispensable for effective and economic
operations — is hardly commercially available, and often has to be developed in-house. This
may hamper many small NAA laboratories to become interesting for large-scale and/or
parallel requests, to become competitive to other methods of analysis and to obtain the funds
to compensate for budget cuts.
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