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ABSTRACT 

Analytical laboratories function, traditionally, as reporting services providing analysis 

results to customers, who use these results as input into their decision processes.  The 

customer’s focus is primarily on the output results and on the service delivery 

elements, such as price and turnaround time.  Customers usually accept analysis 

results as being reliable, and suitable for their intended use.  In turn, most laboratories 

focus on the input samples, and endeavour to ensure the quality of their results, while 

meeting cost and delivery requirements.  The laboratory often assumes that the 

customer is able to interpret, reliably, the provided output results.   

However, in general, neither the laboratory, nor its customer, pays much attention to 

environmental performance.  Indeed, even where the laboratory’s environmental 

performance is considered, the focus is usually only on energy use, and the quantity of 

wastes discharged.  Equally importantly for environmentally related samples, is the role 

of experts within the system to interpret the results and provide professional advice on 

sample collection and the ultimate use of the analytical results.  For example, poor 

project design for a contaminated site clean-up may result in unnecessary 

environmental impacts associated with inappropriate sampling, under- or over- 

treatment of a site, adverse economic, environmental and human health impacts, as 

well as higher than necessary costs and significant legal liability.   

An evaluation of the literature identifies a clear need to extend environmental 

performance considerations to include the selection, collection and treatment of 

laboratory samples.  This research identifies that a product systems approach focused 

on the data and information outputs, rather than only on the input sample and costs, 

can support enhanced overall environmental performance.  The ‘Laboratory Product 

Model (LPM)’ is conceptually developed within this research as a first step to 

measuring and improving overall environmental performance of analytical laboratories.  

This LPM invokes a ‘production line’ approach similar to that used by manufacturing 

industries, and promotes collaboration between the various organisations involved 

along this production line. 

Two types of products, the laboratory data product and the laboratory information 

product, are identified.  Typically, the laboratory information product brings together a 

number of laboratory data products, relevant interpretative expertise, and input sample 

and other information, to provide an interpretation of the data product(s) within the 

overall context of the project from sampling to use of the collected data. 
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The LPM is based on a new concept – that of ‘encoded data’.  This encoded data can 

be traced along the production line as a recognisable entity.  The encoded data in the 

laboratory sample is decoded by the laboratory process, and is ‘repackaged’ for 

presentation to the customer as a laboratory data product.  This data product is a 

combination of the identity, and/or concentration, of a specific analyte.   

This research uses the concept of the laboratory data product to identify a ‘unit of 

production’.  This unit of production is universally applicable, and is independent of the 

disciplinary area from which the laboratory data is produced.  The LPM approach 

facilitates the quantitative determination of laboratory performance indicators as a first 

step to evaluation and overall improvement in environmental performance of analytical 

laboratories.  This means, for example, that the environmental performance of a 

bacteriological laboratory, and an inorganic chemistry laboratory, can each be 

measured as a function of the number of units of production.   

A large multidisciplinary laboratory facility is investigated, using data contained in the 

corporate management information systems.  The determination of the number of 

laboratory data products produced, and the quantities of wastes generated from 

process material inputs, provided quantitative values of selected environmental 

performance indicators for the laboratory division and the laboratory departments.  The 

need for such management databases to provide easy, reliable access to relevant data 

to support routine performance evaluation, is identified.  In addition, the databases 

require new information and data to facilitate a better evaluation and comparison of the 

environmental performance of the collaborative, laboratory production line.  

The LPM facilitates an examination of performance beyond the laboratory boundaries 

to take account of environmental performance factors upstream, i.e., sampling, and 

downstream, i.e., use of the output data.  It provides a framework for the continuous 

improvement of environmental performance in analytical laboratories. 

In summary, the LPM,  

 defines a product systems framework for laboratories and their products; 

 identifies laboratory data and information products; 

 identifies a standardised unit of production for laboratories; and 

 assists in the evaluation of environmental performance. 
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1. INTRODUCTION 

1.1 OVERVIEW 

An analytical laboratory undertakes tests, or analyses, on samples or materials in a 

purpose built laboratory facility.  The tests are undertaken to identify and to quantify, as 

necessary, certain components within the sample, or the material, that is analysed.  

Different laboratories have different capabilities, and support either a single scientific 

discipline, e.g., chemistry, or a number of different scientific disciplines, e.g., chemistry, 

biology and physics, within the single facility.  For the purposes of this study, an 

analytical laboratory is a laboratory that practices one, or more, of these scientific 

disciplines in a purpose built laboratory facility. 

Traditionally, analytical laboratories have some level of interaction with their customers, 

who supply, or arrange to supply, laboratory samples to the laboratory for processing.  

Laboratories also interact with their suppliers, who provide various inputs, such as 

chemical reagents, laboratory consumables and scientific technology, for use in the 

analysis processes and other associated activities.  Both the customer and the supplier 

activities have the potential to involve a transportation component.  As a result of these 

various activities, there are many opportunities for improved, laboratory environmental 

performance across all of the activities involved in delivering an analysis results. 

1.1.1 The analytical laboratory as a service organisation 

Analytical laboratories are generally classified as being part of the service industry.  

They primarily act as a reporting service, which supplies analytical results, or data, to 

their customer in the form of a test report.  A typical laboratory service is shown in 

Figure 1-1 
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Figure1-1  Typical laboratory service  

 

Customers then use the output analysis data to address their particular issues and 

problems.  The relationship between the laboratory, its customer and the issue, or 

problem, requiring analysis data is shown in Figure 1-2.  

Figure1-2  Relationship between the laboratory, the customer, and the problem 

 

Traditionally, very few laboratories involve themselves in the development of the 

sampling and/or the testing programs.  As a result, there are many cases where the 

laboratory has little understanding of the problem, or the issue, that the analysis 

parameters requested by the customer are expected to address.  As a result, the 

laboratory may not understand the type, and/or the quality, of information that is 

actually needed by the customer.  On the other hand, the customer may not appreciate 

the capabilities available from the laboratory, nor the constraints placed on the 

laboratory’s performance, by inadequate sampling. 

As Lifshin (1996, p. 87) states: 

"In the traditional model, almost all the interaction between the analytical 

laboratory and its customers took place in the project execution phase, where 

customers submitted samples and received reports.  In the worst, and all too 

frequent cases, the analyst knew nothing about the goals of the project 
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submitting the samples and even why the samples were submitted for one 

method rather than another." 

This perception of a laboratory as only a service provider often means that laboratory 

selection by a customer is driven by factors such as quality, price, and turnaround time.  

These drivers have the potential, in turn, to influence laboratory decision-making in 

relation to the selection of test processes and analytical technology.  Poor decisions by 

the laboratory may adversely influence the quality of the data provided.  The potential 

also exists for environmental harm to arise from poorly conceived sampling and 

analysis programs driven only by financial considerations and operating under the 

traditional approach. 

The traditional role of the analytical laboratory needs to be revisited and success will be 

achieved if analytical personnel are integrated into projects as team participants 

(Lifshin 1996, 1998).  An approach that extends the laboratory's involvement in an 

analytical testing program is described by Lifshin (1998, p. 25), 

"Under the new model, lab professionals participate in both the project planning 

and transition phases of the new technology introduction process.  By moving 

into the process earlier, such as the design of the experiment studies, they can 

minimize the numbers of samples and select the best method for providing 

critical information.  It is also possible to improve sampling and ensure that 

samples are compatible with the selected method and are of the correct size and 

physical state."  

This combination of enhanced cooperation and communication between all parties 

involved in an analytical project effectively identifies an important subset of the 

‘laboratory supply chain’.  The performance of the laboratory and the quality of its 

outputs becomes critically dependent on, and inseparable from this supply chain. 

1.1.2 The analytical laboratory and the environment  

Increased attention is being given to the environmental performance of laboratories, 

and the service industries.  In the case of analytical laboratories, environmental 

performance considerations focus primarily on pollution prevention and waste 

minimisation strategies, e.g., ‘Environmental Management Guide for Small 

Laboratories’ (US EPA 2000).  A number of approaches, including the adoption of 

microscale chemistry techniques, are available to laboratories to address this issue 

(Reinhardt, Leonard and Ashbrook 1996).  Source reduction of hazardous wastes, 

improved ‘end-of-pipe’ waste treatment, and the introduction of recycling and reuse 
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strategies for the Lawrence Livermore National Laboratories (LLNL) in the United 

States are also reported (Allenby, Gonzalez and Raber 1996).  

In other cases, the energy and water efficiency of the laboratory at the ‘whole facility’ 

level is the focus of attention.  For example, substantial energy savings were achieved 

at the LLNL  through actions such as the replacement of fluorescent light ballasts, the 

use of occupancy movement sensors to control lighting, and the replacement of low-

efficiency air conditioning chillers with high-efficiency ones Allenby, Gonzalez and 

Raber (1996).  The US EPA is coordinating the "Laboratories for the 21st Century" 

initiative and that this initiative focuses on improving the energy and water efficiency of 

laboratories from a whole of facility perspective (Wirdzek 1999). 

In contrast, the National Physicians for the Environment (NAPE) concept of 

environmental stewardship for academic biomedical research recognises that 

biomedical research has environmental impacts on air, water, agriculture and quality of 

life (Bailey and Grupenhoff 2000).  Their hope is that ‘decision-makers take a broad 

view that extends beyond merely meeting minimum standards and avoiding legal 

liabilities’ (Bailey and Grupenhoff 2000, p. 933).  However, these approaches look only 

at direct environmental impacts of laboratory processing, such as the discharges of 

chemicals to waste streams, and the impacts of the laboratory facility itself, such as 

energy and water usage.   

The potential for direct and indirect environmental impacts arising from inappropriate, 

and/or poor quality, analysis data, and other factors are generally not considered.  

However, some authors, (e.g., Zurer 1991; Bram 1997; Claycomb 2000), identify that 

adverse impacts may arise when a customer uses the analysis data provided by the 

reporting service as input into another process.  They recognise the wider 

environmental implications related to the quality of data and information produced by 

the laboratory and its subsequent application to problem solving.  Maher, Cullen and 

Norris (1994) identify a waste of human and physical resources arising from poor 

professional practice in some Australian environmental monitoring and survey 

programs.  Thus, the use of the ‘inadequate’ data by the laboratory’s customer have 

resulted, for example, in a waste of resources, an unnecessary product recall, and a 

more extensive clean up of a contaminated site than is actually necessary.   

Despite these examples, the indirect effects are generally not considered within the 

traditional laboratory service models.  The consideration of the quality of laboratory 

service delivery requires that such external impacts, and their sources, need to be 
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taken into account.  Indeed, there is also a need to look more closely at the relationship 

between these phases as they apply to the environmental performance of a laboratory 

service in this broader context.  In particular, environmental performance evaluation 

needs to be extended beyond a consideration of pollution prevention and waste 

minimisation practices by laboratories, and incorporate these other phases as part of 

the one system. 

1.1.3 Analytical laboratory environmental performance evaluation 

The need to extend performance assessment is supported by the proposition that the 

service industries should apply the same life-cycle approaches that have been applied 

to the manufacturing industry.  This has not occurred, because of the lack of suitable 

metrics and approaches for measuring the environmental performance of a service 

(Graedel 1998).  In addition, it is identified that the service industries lack well-defined 

units of production, making it difficult to compare performance over time and between 

organisations (Rosenblum, Horvath and Hendrickson 2000).   

The same is true of the analytical laboratory industry, which does not have a generally 

agreed, or well-defined, unit of production.  This lack of an agreed unit of production 

makes it difficult to compare the relative environmental performance of similar, and/or 

dissimilar laboratories, e.g., those that specialise in different scientific disciplines, or 

those that have a mix of scientific disciplines within the one facility.   

In summary, there are a number of deficiencies with current approaches to analytical 

laboratory performance and its evaluation.  There is a need for a new framework that 

allows the extension of the current approach to include pre-analysis and post-report 

activities as essential components of laboratory environmental performance.  There is 

also a need to adopt a systems approach to take into account, as key factors, all 

activities associated with laboratory testing and/or service delivery, in particular, the 

contribution of the extended laboratory supply chain to overall performance.  The new 

framework has also to identify a unit of production for laboratories that allows 

comparison of laboratories and their products, irrespective of their disciplinary base. 

Finally, a reliable source of data is required that allows the measurement and 

comparison of laboratory performance without the extensive, detailed data collection 

required by ‘many’ formal LCA methodologies.  As far as practicable, the necessary 

data should be available from within existing corporate organisational data and 

information bases used for other business purposes (Global Environmental 

Management Initiative 1998; Jasch 2000; Olsthoorn et al. 2001). This means that there 
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is a complementary requirement to examine existing laboratory systems, and to identify 

what minimum, organisational information/data is required to meet environmental 

performance evaluation requirements.  The reliability of the data derived from the 

management information is also important, as it has the potential to impact upon the 

measured performance, and, subsequently, on the reliability of the evaluation process 

and outcomes. 
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1.2 AIM 

The aim of the research is to, 

 develop a framework for the practical evaluation of the environmental performance 

of analytical laboratories and their products. 

1.3 OBJECTIVES  

The objectives of the research are to: 

 review and assess current laboratory approaches to service delivery and 

evaluation;  

 develop a product systems approach for laboratory performance evaluation; 

 consider the interactions between the laboratory and the elements of its supply 

chain, as they impact environmental performance;  

 study a large analytical laboratory service facility, and the use of corporate data to 

facilitate the development of appropriate models and processes; 

 select performance indicators that allow for the assessment and comparison of 

laboratories’ environmental performance; and  

 identify how these processes and measures can be used to improve the 

environmental performance of analytical laboratory and to reduce the potential 

adverse impacts of the production line.  

1.4 OUTLINE OF RESEARCH  

This research focuses on the analytical laboratory testing and service delivery system, 

and is applicable to any laboratory involved in the analysis of samples.  In particular, 

attention is given to the development of practical approaches for measuring and 

improving laboratory environmental performance.  Initially, traditional laboratory 

service-based approaches are considered, together with the various quality 

management and environmental management standards.  Subsequently, the systems 

and tools that are applicable to other products, services and industries are considered 

in terms of their applicability in the laboratory context.  Particular interest is given to 

those approaches that take into account product and service delivery activities from an 

integrated systems perspective. 

A product systems approach is selected and applied to laboratory service delivery.  

This approach takes all parts of the laboratory service delivery system, or supply chain, 

into account, including sample collection, laboratory sample processing, laboratory 

data use, recycling and waste management.  The outcome of this is the development 

of a fundamental framework that looks at analytical laboratories within a new 



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   8 

framework, the Laboratory Product Model (LPM).  The LPM presents a new, generic 

laboratory production line model for the reliable production and use of laboratory 

information products.  At the same time, the LPM identifies a standardised unit of 

production for the laboratory, namely, the laboratory data product.   

The LPM aims to facilitate the achievement of improved performance of the laboratory 

product and the laboratory product production line through its quality and 

environmental dimensions.  The laboratory’s relationships with other organisations 

within the laboratory-product supply chain are demonstrated.  From a laboratory 

perspective, the focus moves from the sample input to the production of a laboratory 

data product that achieves the required specification, and meets customer needs.  

Mature supplier-laboratory-customer relationships have the potential to assist 

laboratories to move further down the pathway of improved environmental 

performance.   

The planning process for the production and use of reliable information products based 

on the LPM is developed.  Checklists for use in the planning of a new laboratory 

product are developed.  The LPM enables the application of environmental 

management systems and tools similar to those adopted by the manufacturing 

industry.  As a result, laboratory environmental performance indicators are required.  

A laboratory study is used to develop environmental performance indicators.  These 

are expressed in absolute terms, and in relative terms based on the number of 

laboratory data products produced.  The laboratory’s management information systems 

are used to determine the number of products produced, and to determine the 

quantities of input materials that contribute to laboratory environmental performance.  

The environmental performance indicators are applied to the evaluation of a 

laboratory’s internal environmental performance and comparison of the different 

laboratory departments, or science disciplines, of the study laboratory.   

The reliability of the data derived from the study laboratory’s management information 

systems is evaluated.  Possible shortcomings are identified, and recommendations are 

made about future developments based on these findings. 
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1.5 JUSTIFICATION 

The current approaches to monitoring and evaluating the performance of analytical 

laboratories and their products are deficient in a number of areas.  Where performance 

is measured, this often focuses on quality, costs and turnaround time.  In the case of 

environmental performance, these approaches are focussed internally within the 

laboratory itself, and generally consider only pollution prevention, waste minimisation, 

and ‘whole of facility’ management of energy and water consumption.  However, all of 

the various phases involved in the production and use of laboratory outputs have the 

capacity to influence overall environmental performance.  These factors limit the 

improvement in the environmental performance of laboratories and their outputs. 

A new approach is required to integrate, and to quantify on a common unit of output, all 

of the activities associated with the production and use of laboratory outputs.  In 

addition, it is essential to recognise the contributions to overall environmental 

performance from upstream and downstream aspects of the analytical laboratory, i.e., 

the laboratory is only part of the production system for laboratory outputs.  Current 

approaches to assessment of performance of analytical laboratories do not readily 

allow consideration of these other inputs to overall analytical performance.  They also 

only accommodate quantification on a per sample input, or report output, basis.  These 

models do not allow adequate comparison within laboratories or across disciplinary 

boundaries. 

This research aims to facilitate the integration of activities within a single production 

framework that would start with sample collection, include the current laboratory-

processing phase, and continue through to the ultimate use of laboratory data outputs.  

The development of a model that allows extension of the laboratory-product system 

boundaries from within the laboratory walls to incorporate other parts of the laboratory 

supply chain, i.e., both upstream and downstream of the laboratory itself, is important 

for environmental performance evaluation.  Such a model will help achieve 

improvements in the quantitative estimation of environmental performance, and also 

allow comparison of multidisciplinary facilities.  

Under current approaches, the responsibility for the non-laboratory phases often 

resides with organisations other than laboratory.  In order to drive improved 

environmental performance, the roles and responsibilities of all organisations operating 

within this system need to be coordinated in a systematic way.  Such organisational 

coordination and collaboration along the production line can contribute to better 



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   10 

planning for the reliable production and use of laboratory outputs, while, at the same 

time, optimising their performance.  It is anticipated that a mutual sharing of benefits 

arising from the coordinated approach would follow. 

In terms of measuring laboratory environmental performance, current practices are 

generally limited to the use of values based on absolute indicators, e.g., total quantity 

of chemicals used.  These absolute indicator values do not take account of laboratory 

production, which means, e.g., that the laboratory using the least quantity of chemicals 

may be seen as the ‘best’ performing laboratory.  On the other hand, the laboratory 

with this least chemical use may have the least level of activity, accounting for the least 

usage.  Where a relative performance measure is required, the number of samples 

analysed, or number of reports generated, is used.  These measures are not always 

appropriate, as samples can be subject to more than one laboratory process, while a 

report can contain the results from more than one process and more than one sample.  

The analytical laboratory industry, in fact, lacks a standardised unit of production.  This 

limits the ability to measure and compare performance. 

Therefore, the new approach described in this research identifies and defines a 

generic, standardised unit of production.  This standardised unit of production enables 

the development of output-based environmental performance indicators and facilitates 

the comparison of the environmental performance of laboratories with similar, different, 

or multiple scientific disciplines.  The output-based values can assist customers to 

select laboratories based on environmental performance, as well as the usual 

requirements of quality and costs.  At the same time, the laboratory’s focus shifts from 

sample inputs to the provision of laboratory data outputs. 

This study includes the examination of an operating, multidisciplinary laboratory.  This 

site-based study shows how data derived from existing, corporate, laboratory 

management information systems can provide a readily accessible and reliable source 

of data.  At the same time, data gaps and uncertainties that can impact upon the 

evaluation of environmental performance under the new approach should are also 

identified and guidelines proposed to overcome deficiencies in corporate data.  This 

study, therefore, aims to identify ways in which data reliability, ease of access and 

analysis of corporate data can be achieved, so that a simple, but reliable approach for 

regular, ongoing usage of corporate databases for measuring environmental and 

operational performance can be achieved.  
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The new approach shifts the laboratory emphasis from a unit operation focussed on 

‘the sample’ to a project-based, collaborative organisation focussed on planning for the 

production and use of reliable data and information outputs that achieve desired 

outcomes.  At the same time, ‘good’ environmental performance is ensured throughout 

all steps of the production process.  The new model allows improved quantitative 

assessment of traditional, internal laboratory sample processing steps that use goods 

and materials (sometimes toxic), and generate emissions and wastes. 

This thesis outlines the conceptual development and structure of the Laboratory 

Product Model.  This model identifies a team-based laboratory production approach; 

identifies a ‘unit of production’; and demonstrates how existing toxicity registers can be 

used to evaluate and change internal process environmental performance.  In addition, 

the potential applicability of appropriately structured laboratory management 

information systems and macro indicators to assess environmental performance 

without the need for comprehensive, life cycle inventory and analysis for each of 

potentially hundreds of types of laboratory data and information products, are 

considered.  
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1.6 OUTLINE OF THESIS 

The thesis is structured as follows, 

 Chapter 1 presents an overview of the research, together with a definition of the 

aims and objectives of the research.  An outline of the research, with a justification, 

is presented. 

 Chapter 2 presents a literature review that considers the analytical laboratory and 

service industries.  

 Chapter 3 presents the methodology used for the selection of the study laboratory, 

as well as the methodology used in accessing, and performing the associated 

calculations, on the study laboratory’s corporate management information systems. 

 Chapter 4 presents the results and calculations arising from the laboratory study. 

 Chapter 5 presents the current, laboratory service-delivery framework.  The 

Laboratory Product Model (LPM) is developed, and a laboratory-product supply 

framework identified.  The LPM defines a generic laboratory data product output, 

which is compared with a standard manufactured product.   

 Planning for the reliable production and use of laboratory information products is 

described, and summary checklists are developed.   

 A laboratory study is used to develop a number of environmental performance 

indicators that are applicable to the comparison of the environmental performance 

of laboratories are presented.  The reliability of the laboratory’s management 

information systems are discussed. 

 Chapter 6 presents conclusions and recommendations. 
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2. LITERATURE REVIEW  

2.1 BACKGROUND  

2.1.1 Analytical laboratory as a service provider 

Analytical laboratories perform tests on samples or materials to identify and to quantify, 

as necessary, certain components within the sample or material.  The analysis results 

are usually of particular interest to the requesting customers, who use the supplied 

data, and/or information, to make decisions in relation to the problem/issue that created 

their analysis needs.  In most cases, purpose built laboratory facilities are used to 

provide an appropriate sample processing and testing environment, while at the same 

time providing for worker safety.   

Analytical laboratories usually act as analytical result reporting services, and, hence, 

are generally considered as being part of the service industry.  This, then, raises the 

question as to what characterises a service industry.  According to the United Nations 

Environment Program's (UNEP) Industry and Environment (Editor 1998), the service 

industry is broadly classified as one that creates value by performing a service for 

individuals, or for businesses, rather than producing material goods.   

The international quality management standard, AS/NZS ISO 9000:2000, contains the 

following descriptions and definitions: 

 “Service is the result of at least one activity necessarily performed at the interface 

between the supplier and the customer and is generally intangible” (Standards 

Australia and Standards New Zealand 2000a, Clause 3.4.2, Note 2).   

 “Process - a set of interrelated or interacting activities which transforms inputs into 

outputs” (Standards Australia and Standards New Zealand 2000a, Clause 3.4.1); 

and 

 “Product - result of a process” (Standards Australia and Standards New Zealand 

2000a, Clause 3.4.2). 

Current practices identify laboratories as service providers.  The laboratory service is 

the result of the activity that occurs at the interface between the laboratory and its 

customer.  However, closer consideration shows that the analytical laboratory performs 

a number of processes to convert inputs to outputs, with the laboratory analysis data 
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and analysis report being the result of these processes.  The literature review shows 

that using a process, or production, approach can facilitate the consideration of 

environmental performance.  The recognition of the dual nature of the laboratory as a 

service provider, and as a materials processor, allows the identification of a new 

approach to performance evaluation of laboratories.   

2.1.2 Failures of laboratory service approach 

The view of a laboratory as only a service provider means that the selection of a 

laboratory by a customer is often driven by factors such as quality, price, and 

turnaround time.  These drivers have the potential to influence internal laboratory 

decision-making in relation to the selection of test processes and analytical technology.  

A number of failures are reported, and these can be attributed to the laboratory service 

approach.   

Cost effectiveness 

Customer driven, economic considerations have a significant influence on the 

laboratory process and, most likely, adversely impacts on laboratory data quality.  

These considerations are believed to result in large variations occurring in sampling, 

homogenizing, extraction method, solvent system, and quantification procedures 

(Franceschini 1996).  This issue is taken up by Videon (1996), who believes that 

Australian environmental testing laboratories face ”a bewildering array of standards 

and protocols for analytical methodology” (Videon 1996, p.9).  

Price, rather than the best available methodology for the situation in question, drives 

the laboratory’s choice of methodology (Videon 1996).  In order to be price competitive, 

some laboratories use cheaper techniques and alternative methodologies to entice 

purchases of analytical work.  Customers are led to believe that different ways of 

laboratory processing can achieve the same results, when they can provide quite 

different results.  Industries that use the services of analytical laboratories, however, 

are unlikely to endure high levels of uncertainty for too long. 

The cost saving approaches adopted by laboratories sometimes result in the provision 

of unreliable data to customers.  This, in turn, has the potential to give rise to direst and 

indirect environmental impacts, which may result in further economic costs being 

incurred by both the laboratory and the customer.  For their part, customers use the 

laboratory-generated information as input into other processes.  Their decisions, while 
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being technically ‘correct’ based on the available unreliable data, may result in the 

taking of inappropriate actions.   

Bram (1997), for example, writes that sound environmental engineering decisions are 

often based on reliable analytical laboratory results.  The consequence of working with 

inadequate, or incorrect, data is a potential multi-million dollar liability for some 

contaminated sites.  Similarly, Claycomb (2000) notes that poor quality environmental 

data may result in the making of inappropriate decisions regarding site characterisation 

and site remedial action.  

Production line failures 

According to Maher, Cullen, and Norris (1994), considerable human and financial 

resources have been wasted through poor professional practice in the design and 

implementation of environmental surveys and monitoring programmes.  As a result, in 

Australia, there are several massive data collections of little use to the investing agency 

because of their unreliability.  In addition, managers and decision-makers interpreting 

and using this unreliable data could cause considerable social and political mischief, 

and pose unacceptable risks to the water resource and the users of that resource.  

An alarming number of failures in the public and private pathology laboratory systems 

are attributed to system failures, such as poor staff training, non-existent work 

manuals, inadequate computer systems, and insufficient internal audit checks (Bryant 

1996).  According to Bryant (1996), pathology laboratories should not just be interested 

in performing laboratory tests.  They are responsible for activities that occur before and 

after testing, and for ensuring the correct test results are provided for the correct 

patient to the correct doctor.  Investigations at the time had not determined whether the 

laboratory errors had affected patient outcomes.  However, other evidence suggests 

that adverse patient events arise from such system errors. 

Fraudulent behaviour 

Some US EPA contract laboratories are reported by Zurer (1991) as having been 

charged with criminal offences for defrauding the government, and were accused of 

falsifying laboratory records.  The US EPA expressed concern that not only had they 

been defrauded out of the value of the tests, but also they could have wasted tens of 

millions of dollars at sites cleaning up one compound when the real issue was another 

substance not accurately reported.  
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An example that resulted in significant economic, environmental and social costs is 

provided by Australia’s largest ever product recall, which was initiated by Australia’s 

Therapeutic Goods Administration (TGA).  The TGA audits of the offending company’s 

records revealed, amongst other things “test data being systematically and deliberately 

manipulated to give false results that the product was within specification to enable its 

release into the market” (Therapeutic Goods Administration 2003b).  The 

manufacturing licence of the company in question was suspended and 1369 products, 

including 219 products of the company’s own products, were recalled (Therapeutic 

Goods Administration 2003a).   

One area of investigation into the cause of the product recall focused on internal 

laboratory processes.  There are allegations that laboratory-supplied information was 

falsified to enable the release of poorly manufactured products to the marketplace.  In 

this case, the possibility is that changes were made to reliable laboratory data to satisfy 

the requirements of the laboratory’s internal customer.  This action resulted in the 

release of unreliable products to the marketplace, and, subsequently, the product 

recall.  

Summary 

These examples identify that there are potential economic costs associated with the 

use of unreliable laboratory data, and with the inappropriate use of reliable laboratory 

data.  The examples, however, do not acknowledge the associated environmental 

impacts arising from the use of the inappropriate data supplied by a laboratory.  

Therefore, the customer’s use of this inappropriate and/or poor quality analysis data 

has the potential to give rise to direct and indirect environmental impacts when it is 

used as input into another process.   

The quality of laboratory data is also dependent upon the planning of the sampling 

programs, the compatibility of analysis requirements with the laboratory’s capability.  

Some of these factors often lie outside the immediate control of the laboratory.  

Therefore, there is the potential for environmental harm to arise from poorly conceived 

sampling and analysis programs, particularly those driven only by financial 

considerations.  The performance of the laboratory and its outputs is strongly linked to 

the performance along this supply chain.  It follows that laboratories and their 

customers need improved performance assessment information that encompasses 

more than just the current economic and time-based criteria. 
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2.1.3 The service industry and the environment 

The service sector is growing in importance in the world economy.  It is described as 

dominating the American economy, accounting for 75% of Gross National Product 

(GNP) and 80% of employment.  There is a similar, significant growth of the service 

sector in recent years in other developed countries, and this is expected to continue in 

the coming years (Salzman 1999).  A similar view suggests that the service sector 

represents 60% of 1996 Gross Domestic Product (GDP) in the United States; but if 

transportation, government, electric, gas and sanitary services are added, then the 

value of the service sector is thought to be closer to 80% of GDP (Rosenblum, Horvath 

and Hendrickson 2000).  

According to the UNEP, Industry and Environment, the 1995 World Bank figures show 

that the service industry accounted for 63% of world Gross Domestic Product (GDP), 

with industry at 33%, and agriculture at 5% (Unknown 1998).  Other UNEP figures, 

presented in Table 2-1, illustrate that the service sector is growing in the developing 

nations as well as in the industrialised countries.   

Table 2-1  Services as % of GDP in developing countries  

Country 1980 1994 

India 36 42 

China 21 32 

Indonesia 34 42 

Philippines 36 45 

Thailand 48 50 

Russia 37 55 

Brazil 45 49 

South Africa 43 65 

Czech Republic 30 55 

Malaysia 40 42 

Mexico 59 64 

Argentina 52 65 

Korea 45 50 

Hong Kong 68 82 

Singapore 61 64 

Source: Unknown (1998, p.4)  



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   18 

The general movement in the world economy is away from raw materials based 

industries towards the information, or knowledge, based industries, and this is 

increasing rather than decreasing the overall impacts of economic activity.  However, 

little consideration is given to the environmental implications of the service industry, 

possibly based on the assumption that they have minimal impacts (Salzman 1999).   

As the service sector is the major contributor to many countries’ economies, serious 

attention must be given to its performance.  The potential for service industries to 

cause environmental impacts is now recognised.  For example, (Standards Australia 

and Standards New Zealand 2003b) identifies the key environmental objectives for 

services as the conservation of resources, recycling and energy recovery, and the 

prevention of pollution, waste and other impacts.   

Clearly, more attention must be given to the environmental performance of the 

industries within the services sector.  However, this may be more difficult than it would 

first appear, as the service industries are not well defined, and there are a broad range 

of businesses and activities involved.  Many service industries serve customers 

directly, and often are dispersed through the community.  This diversity makes it 

difficult to evaluate their equally broad range of potential impacts on the environment.  

Therefore, some services that appear clean may turn out to be less clean than 

expected when their potential impacts are evaluated (Editor 1998). 

This is true of analytical laboratories, which often use only small quantities of a variety 

of chemicals in their analysis processes.  While these give rise to direct environmental 

impacts, laboratories often appear to produce relatively low emissions at their point of 

generation when compared with manufacturing industries.  According to Rosenblum, 

Horvath, and Hendrickson (2000), there is the belief that that the service industry 

sector has been treated differently from the manufacturing industry sector, because of 

this.  In this regard, laboratories are consistent with the general perceptions about the 

service industries.   

However, services, may give rise to both direct and indirect environmental impacts.  

The direct environmental impacts arise from the use of hazardous materials and the 

associated generation of wastes, while indirect environmental impacts may arise 

through the effects of in-house decisions on other businesses (Editor 1998).  Thus, 

Editor (1998) believes that it is essential for the potential environmental impacts to be 

assessed over the entire life cycle of the materials and products that the service uses.   
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This suggestion of a need to assess the potential impacts of the process inputs used 

by the service industry is too narrow.  It does not include a similar evaluation of the 

potential impacts of the service industry's outputs.  For example, laboratories have 

direct environmental impacts arising from their facility and their use of hazardous 

materials.  At the same time, in-house decisions by laboratories, such as those that 

affect the quality and reliability of the analysis data provided, may give rise to indirect 

environmental impacts, such as those discussed in Section 2.1.2.  Sample collection 

and transport also carry risks.  There is, therefore, a need to broaden the approach for 

evaluating the environmental impacts of a laboratory service. 

According to Rosenblum, Horvath, and Hendrickson (2000), the economy-wide, direct 

environmental impacts of services are greater than expected, particularly in the area of 

energy consumption.  The service industries also have significant indirect 

environmental effects on an economy-wide basis, even in those cases where the direct 

effects appear to be minimal.  Therefore, when service industries are analysed, the 

environmental effects along the supply chain must be considered along with the direct 

environmental impacts.  The greening of the service industries must include a greening 

of their supply chains (Rosenblum, Horvath and Hendrickson 2000). 

The role of the services sector as a source of environmental harm needs to be 

considered, along with ways to reduce the environmental impacts of specific services.  

(Salzman 1999) categorises services as smokestack services, cumulative services and 

leverage services.  Trucking companies, telecommunications providers, and hospitals 

are identified as smokestack services.  These organisations generally have large 

physical plants, and emit significant quantities of air, or solid, waste emissions.  

Biotechnology companies and research laboratories are also included in this category.  

Salzman (1999) observes that research laboratories are generators of infrequent, small 

quantities of a number of hazardous wastes.  In this researcher’s laboratory 

experience, traditional analytical laboratories have similar waste generation 

characteristics.   

Dry cleaners, dentist offices, and fast food chains are classified as cumulative services, 

and are seen as not causing significant environmental harm individually, but as having 

important impacts collectively.  Leverage services include large retailers, utilities and 

banks, and these are not considered to cause significant environmental harm with their 

own activities.  On the other hand, they have the commercial links that provide an 

effective mechanism for promoting environmental improvement upstream and 

downstream in the service cycle, i.e., along the supply chain (Salzman 1999).   
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This supply chain approach has the potential to facilitate a broadening of the outlook to 

develop interactive commercial relationships that focus on improving overall 

environmental performance, i.e., managing within the supply chain.  Analytical 

laboratories are only one of the organisations in the supply chain involved in the 

production and use of analysis results.  Thus, there is a need to promote improved 

environmental performance upstream and downstream of the laboratory itself, i.e., 

within the laboratory supply chain.  Such an approach has not been reported.  

Graedel (1998) describes a category of service in which the customer comes to a fixed-

location service, and temporarily transfers an item that they own to the service 

provider.  This item is then subjected to a process, and is returned to the customer.   

In the traditional analytical laboratory, the customer brings their sample to the fixed 

laboratory for analysis.  However, whilst the ownership of the sample is temporarily 

transferred to the laboratory, some, or all, of the sample is often utilised in a laboratory 

process.  Very often, the sample is converted to a waste emission by the laboratory in 

test process, with only a portion of the sample available for return to the customer.  In 

many cases, sample return to the original owner does not occur.  This means that the 

laboratory service industry differs from those service industries where all of the 

submitted material is available for return to the owner. 

Services are capable of creating environmental impacts through their ability to 

influence the people and the organisations that use the service.  The service sector is 

in a position to influence environmental performance in a number of ways, including: 

 “Influencing suppliers to provide more environmentally conscious products and 

services. 

 Reducing resource inputs in their operations, such as through energy efficiency 

programs and cutting business travel.  

 Educating consumers about the relative merits of different products that are offered 

(particularly in the retail sales sector). 

 Reducing resource use on the part of consumers by substituting more 

environmentally beneficial services or activities (e.g., substituting teleconferencing 

services for business travel)”. (Rosenblum, Horvath, and Hendrickson 2000, p. 

4669). 

These approaches identified by Rosenblum, Horvath, and Hendrickson (2000) identify 

that the service industries should use their position to influence their suppliers.  This is 
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consistent with the previous suggestion that the life cycle of the products used by the 

service need to be considered, (e.g., Editor 1998), and that supply chain management 

approaches need to be adopted, (e.g., Salzman 1999).   

Analytical laboratories need to consider the energy and resource inputs into their own 

operations, and to educate their customers regarding the most appropriate testing 

regime that is required in to satisfy their information needs.  This is consistent with 

Salzman (1999), who writes that service industries also need to consider their energy 

and resource inputs.  Salzman (1999) also identifies that there is a need for service 

providers to look at, and beyond, their internal processes to the end use of their 

products, or services, if they are to influence overall environmental performance of their 

service.   

Thus, laboratories need to work closely with their supply chain to reduce the direct and 

indirect environmental impacts arising along the laboratory supply chain.  This 

approach should have the flow-on effect of improving the environmental performance 

of the laboratory service that is part of that supply chain.  However, as discussed in 

Section 2.1.2, an examination of current practice reveals that the main drivers of 

performance for laboratory services appear to be economic and financial. 

Graedel (1998) identifies the life stages of a service, as shown in Figure 2-1. 

Figure 2-1  The life stages of a service  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Graedel, (1998, p. 59) 

In Figure 2-1, Stage 1 corresponds to the construction of, or modification to, a facility to 

make it suitable for use.  Site selection in relation to the market of the service is a key 

consideration in relation to transportation.  Stage 2 corresponds to the purchase, or 

lease, of equipment needed to perform the service, specifying the appropriate 
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environmental characteristics.  Stage 3a corresponds to the operation of performing the 

service, with energy and waste generation and disposal as key considerations.  Stage 

3b corresponds to the operation of the facility, with transportation and energy usage 

being key considerations.  Stage 4 corresponds to site and service closure, with the 

ease of building refurbishment for new usage, or recycling of building contents if there 

is no new use (Graedel 1998).   

Analytical laboratories follow the model closely.  They usually deliver their services 

from facilities that are purpose built, or specifically modified, for the types of laboratory 

processes to be undertaken.  They are equipped with relevant technology to enable 

them to perform their laboratory processes, and the facilities are operated to enable the 

required processing and laboratory report provision to be undertaken.  Performing the 

service and operating the facility means that waste generation and disposal, and 

transportation and energy usage, are potential key environmental performance issues 

for a laboratory and its outputs.   

Rosenblum, Horvath, and Hendrickson (2000) identify the lack of a well-defined ‘unit of 

production’ as contributing to the lower level of attention to the environmental 

performance of the service industries.  This inhibits the assessment of relative 

performance over time and between companies.  Analytical laboratories, similarly, lack 

an agreed unit of production, making their comparative environmental performance 

over time difficult to assess. 

In summary, analytical laboratories are often seen as using small quantities of a large 

number of chemicals that give rise to direct environmental impacts.  Indirect 

environmental impacts can arise from activities that occur upstream and downstream of 

the laboratory. Thus, there is a need to broaden the considerations about analytical 

laboratory performance.  All activities associated with the production and use of 

laboratory outputs need to be considered, rather than just focussing on the internal 

performance of the laboratory and the life cycle of the products used by the laboratory.  

The development of an effective laboratory supply chain may contribute to improved 

environmental performance.  The identification of a standardised unit of production for 

laboratories would be useful for monitoring and evaluating the performance of 

laboratories.    
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2.2 ANALYTICAL LABORATORY PERFORMANCE 

2.2.1 Introduction 

There are a number of factors that influence laboratory operational performance, 

including their environmental performance.  Customers often select laboratories based 

on perceptions about their performance, while, operationally, laboratory processing is 

generally identified as a key consideration.  This section reviews the operations and the 

functions of analytical laboratories, both as service providers and as product providers.  

Approaches for evaluating laboratory performance are also considered, and 

shortcomings of the current approaches are identified. 

2.2.2 Laboratory services approach 

The issue for many analytical laboratories is that they merely analyse samples 

submitted to them by their customers, and have little, or no, knowledge of the 

contextual setting relating to the analysis request.  This means that the laboratories are 

usually only in control of their internal processes, and are not in the position to exert 

much influence within their supply chain.  It also means that the best outcomes may not 

always be achieved, either for the laboratory or for the customer who receives the 

analysis results. 

This approach is described as the traditional laboratory model (Lifshin 1996, 1998).  In 

this model, most of the interaction between the laboratory and its customer takes place 

during the project execution phase.  Frequently, the laboratory analyst knows little 

about the goals of the project, or even why the samples are submitted for a particular 

test (Lifshin 1996).  The approach has been entitled succinctly as “samples in, results 

out” (Lifshin 1998, p. 24). 

Arising from these observations, Lifshin (1998) proposes an alternative model in which 

the laboratory participates in the project planning, from sampling design to the selection 

of the best methodology to provide the critical information to the customer.  The 

benefits of this collaborative approach include: better matching of the method to the 

precision and accuracy requirements; improved scheduling of laboratory resources; 

and better definition of the required reporting requirements.  The collaborative, project-

based approach can contribute to personnel performance planning and review, and 

personnel achievement rewards.  In addition, in a user-pays environment, the time 

spent meeting with customers is a cost to the project (Lifshin 1998).   
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However, this project-based approach is driven from an economics-based perspective, 

in which, if fewer samples are submitted, then both the costs of analysis and the 

analysis turnaround time are reduced.  To be really effective, the project-based 

approach should also ensure that the best test methodology is selected to provide the 

information that the customer requires.   

It is argued by Lucchesi (2001) that the purpose of a modern chemical analysis support 

laboratory is to add value to the customer.  Under this approach, operational 

performance could be improved by eliminating non-value adding activities from the 

laboratory and reorganising the laboratory to meet the new mission.  The laboratory’s 

mission can be refined by customers and staff working closely together, so that what 

the laboratory should, or should not, be doing can be identified (Lucchesi 2001).    

This deeper interaction between the laboratory and its customers should result in 

improved operational performance.  One consequence of this approach could be a 

reduced range of tests available from the laboratory, with a corresponding expectation 

of an increase in the number of tests performed.  This approach appears to be driven 

by economic factors related to efficiency gains from volume processing. 

The chemical analysis service spectrum ranges from low value-added, mandate driven 

testing to high value-added activities involving more complex analyses and problem 

solving.  Thus, some laboratories offer more than is provided through the traditional 

laboratory services model, and present a broader range of services to customers.  In a 

problem solving analysis service, the key point is to define the problem and to come up 

with a solution that meets the urgency and priority of the problem (Lucchesi 1995).  

In many cases, according to Lucchesi (1995), the classical analytical process leaves 

out the two most important steps.  Lucchesi (1995) suggests that the first step in an 

analytical process should be problem definition, rather than sample collection.  The 

other missing step in the process is interpreting the analysis data to reach a meaningful 

solution to the problem behind the analysis rather than just data processing.  The 

intermediate steps, internal sampling, sample preparation, elimination of interferences, 

measurement and data processing, are the means to an end.  These processing 

activities are supported by relevant documentation and mandated procedures. 

The three steps, problem definition, laboratory processing and data interpretation, are 

valid for sample-oriented, data producing, general routine work.  However, Lucchesi 

(1995) is critical of many analytical chemists, as they are preoccupied with the low 
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valued-added end of the spectrum, i.e., the intermediate step that results in the 

generation of data.   

Despite these criticisms, there remains a clear requirement for laboratories to excel at 

the intermediate step, i.e., producing accurate and reliable results.  Analytical quality 

has two major components, metrological and practical.  Metrological quality relates to 

measurement processes that follow measurement standards and written 

documentation.  Practical quality relates to meeting the customer’s information needs.  

A combination of both elements is considered to provide “integral analytical quality” 

(Valcarcel and Rios 2003, p. 78).  However, it is critical for the laboratory to work 

closely with the customer to ensure the analysis data required by the customer is 

provided (Valcarcel and Rios 2003).  

Many environmental professionals assume that the primary point for improving 

analytical performance lies with the laboratory-based activities.  However, the reliability 

of sample collection directly affects the quality of information that the laboratory 

produces.  Therefore, it is critical to provide an environmental laboratory with properly 

collected, preserved, stored and transported samples.  Field-sampling programs need 

to be integrated into analytical project planning.  Unless this occurs, then even the best 

analytical practices will not deliver accurate and reliable data (Claycomb 2000).  The 

relationship between sample collection and information generation is described as “bad 

data in equals bad data out” (Claycomb 2000, p. 189). 

The appropriate sample collection and presentation of sample to the laboratory is an 

important upstream component that relates directly to the performance characteristics 

of the laboratory outputs.  The analysis data must also relate to the required end use of 

the data.  The end use of data is an important downstream component of the analysis 

data processing system.  Both upstream and downstream components of an analysis 

project, therefore, need to be taken into account when striving for enhanced 

performance. 

According to Maher, le Gras, and Wade (1997), an effective water-monitoring 

programme has certain characteristics - sampling design that delivers representative 

measurements; sampling procedures that protect the integrity of the samples collected; 

and an analytical scheme that produces verifiable and accurate results.  These 

characteristics are incorporated into a framework for the design of a water quality 

sampling program.  This sampling program framework demonstrates a clear focus on 

defining the objectives of the program, with a view to determining whether a solution to 
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the problem or question can be found within the logistical and financial constraints 

imposed.  The framework for designing a sampling program is shown in Figure 2-2. 

 Figure 2-2  Framework for the design of sampling programs  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Maher, leGras, and Wade (1997, p. 21) 

The framework presented in Figure 2-2 involves all parties getting together to define 

the problem or question to be addressed, and to consider the cost effectiveness of the 

sampling program against the objectives of the study.  The environmental condition of 

the water body being sampled is taken into account as an input to sampling design.  

Collection devices, storage and transport of samples to the laboratory form part of the 

framework in relation to the field collection of samples as input into the laboratory 

measurement activity.  The interpretation of laboratory measurements, taking into 

account laboratory method and quality control, completes the linkage back to the 

objectives of the sampling program.   
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The framework in Figure 2-2 serves to highlight that the reliability and/or objectivity of 

the outputs are integral to the interpretation and application of the results.  Cost 

effectiveness is a key consideration.  However, environmental performance of the 

program within this framework is not considered.  Indeed, the environmental 

performance of the laboratory and/or its outputs, as a component of the total analysis 

program design and delivery, is not  considered.   

The proposition that all parties need to get  together to design an analysis project is 

extended by (Zoller 2000).  In discussing environmental chemistry in the context of 

sustainable development, Zoller (2000) identifies the need for a clear distinction 

between customer 'wants' and customer 'needs'.  The 'wants' approach results in over-

consumption, but this is supported by an industry where there are growth and profit 

motives.  On the other hand, the 'needs' approach is considered to be more socially 

and environmentally responsible, i.e., more sustainable.  

It follows that a multi disciplinary approach is required to achieve sustainability.  Such 

an approach integrates different qualities and types of knowledge, and supports the 

strengthening of the relationships between science and technology and the 

social/behavioural sciences in different socioeconomic, cultural and environmental 

contexts.  However, this is in conflict with the current practice of specialisation within 

science and technology, where researchers are focusing their expertise into narrower 

fields of endeavour (Zoller 2000).   

The Zoller (2000) approach articulates the involvement of an enlarged cross-section of 

stakeholders in the design of analytical projects.  The approach supports and extends 

that proposed by Lifshin (1996, 1998); Lucchesi (1995, 2001); and Maher, leGras and 

Wade (1997).   

In summary, there is clearly a need to look beyond internal laboratory processing, or 

the intermediate step, when considering the performance of an analytical laboratory 

and its outputs.  In other words, there is a need to look outside of the laboratory walls 

to improve performance.  This means factors that may impact upon the reliability of the 

analysis processing and the relevance analysis data must be considered.  These 

factors may arise both upstream and downstream of the laboratory itself.  Supply chain 

collaborations between the organisations involved in the production and use of analysis 

data may be critical to achieving the expected outcomes. 
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2.2.3 Laboratory product approach 

In contrast to the traditional laboratory services approach, (e.g., Lifshin 1996, 1998), 

described in Section 2.2.2, Dessy (1993) proposes that the laboratory can be likened to 

a factory.  Under this proposal, the traditional laboratory model, in which samples go 

into a laboratory and results and reports come out, is compared with a factory model, 

where parts go in and subassemblies and complete products come out.   

In general, most scientists, who feel that laboratories cannot be treated as a production 

environment because of the nature of the work, do not accept this approach (Dessy 

1993).  However, one of the results of this shift in thinking is that a project management 

approach can be used to manage the laboratory processes.  In doing this, laboratories 

can be modelled after factories, enabling performance evaluation and operational 

improvement (Dessy 1993).  This project managed, factory approach is expected to 

bring about improvement in operational performance by trading off time, cost and 

resources.   

The factory approach of Dessy (1993) provides a useful insight into identifying ways of 

bringing about improvement in industrial analytical laboratory operations (Darlington 

1999).  This factory model thinking identifies three primary considerations,  

 an analysis request is equivalent to the factory receiving an order for its product; 

 performing the analysis is equivalent to the factory manufacturing its product; and 

 reporting the data to a customer is equivalent to the factory delivering its product.  

In line with this thinking, the laboratory, which undertakes repetitive analyses, is 

analogous to a continuous plant operation, while the laboratory that changes methods 

and techniques frequently is considered as a batch operation (Darlington 1999).   

Improved operational performance of the factory could be expected to produce some 

parallel improvement in environmental performance.  However, the limitation to this 

approach is that it only those activities that take place within the factory, or, in this 

case, the laboratory walls, are considered.  It does not take into account activities 

upstream and downstream of the laboratory that can influence the performance of the 

laboratory product, and this has not considered by researchers to date. 

The product approach, described by Dessy (1993) and Darlington (1999), is consistent 

with the consideration of a product being the result of a process, as described in the 

international quality management standard AS/NZS ISO9000: 2000 (Standards 

Australia / Standards New Zealand 2000), and discussed in Section 2.1.1.  The 
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adoption of a product approach does raise the possibility of applying approaches 

similar to those that are applied to industrial products to the evaluation of laboratory 

product performance, including environmental performance.   

In the industrial product sector, product design is “the single most important aspect of 

product realization process” (Oakley 1993, p. 309).  Environmental impacts occur at 

each stage of the life cycle and, as such, should not be considered in isolation.  A focus 

on achieving environmental benefits in one stage may result in greater environmental 

costs at another stage.  Life Cycle Assessment (LCA) has been used as an 

appropriate, objective, analytical tool to determine a product’s environmental 

performance (Oakley 1993). 

The best time for making a product ‘green’ is during the design phase, with the Design 

for Environment (DfE) approach being directed at minimising the adverse impacts of 

the product while maximising benefits it brings to society (Curzons et al. 2001; Borland 

and Wallace 2000).  Product design is based on mapping customer, corporate and 

governmental requirements into a product, and includes all technical aspects, including 

component purchasing, manufacturing, assembly, service and obsolescence.  The final 

product must meet cost requirements in order to be successful in the marketplace, and 

the environmental impacts should be considered in this design phase, with LCA and 

associated inventory assessment being a possible approach (Borland and Wallace 

2000).  

There are many similarities between the industrial approach to product design and the 

proposal for an alternative laboratory model (Lifshin 1996,1998), and the design of a 

sampling program (Maher, leGras, and Wade 1997), discussed in Section 2.2.2.  The 

major difference is that the industrial product is being designed with the product’s 

environmental performance in mind.  At this point, the design of a laboratory ‘product’ is 

not generally included in the planning/design phase of a laboratory-based project. 

In summary, the concept of the laboratory as a factory is identified, but this is too 

narrow as it is focused with the laboratory walls.  However, the benefits of adopting a 

laboratory product-like approach, in which the sample inputs and the analysis data 

outputs are specifically selected to meet the specific end use requirements of the 

customer, cannot be overlooked.  The laboratory product approach would facilitate the 

use by laboratories of approaches and tools that are used by the manufacturing 

industries. 
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2.2.4 Laboratory processing 

Laboratory processing is the critical step in laboratory service delivery.  Laboratories 

use chemicals and other materials in the process of obtaining analysis data.  

Therefore, processing is one phase of laboratory service delivery that can clearly give 

rise to direct environmental impacts.  However, in some cases, the laboratory itself is 

not fully in control of this aspect of their work, especially when it is required to use 

standardised, or prescribed, test methods.   

In a water monitoring program, for example, the customer may request the laboratory 

to use specified methods from a publication such as “Standard Methods for the 

Examination of Water and Wastewater, APHA, 20th Edition” (Clesceri, Greenberg and 

Eaton 1998).  This text also describes sample collection protocols.  An alternative 

source of protocols for water sample collection are contained in AS/NZS 5667.1: 1998. 

“Water quality - Sampling - Guidance on the design of sampling programs, sampling 

techniques and the preservation and handling of samples” (Standards Australia and 

Standards New Zealand 1998a).   

The customer may next turn to a text such as the “Australian Guidelines for Water 

Quality Monitoring and Reporting” (Australian and New Zealand Environment and 

Conservation Council and Agriculture and Resource Management Council of Australia 

and New Zealand 2000), and/or the “Australian Drinking Water Guidelines” (National 

Health and Medical Research Council and Agriculture and Resource Management 

Council of Australia and New Zealand 1996) for an interpretation of the test results.  

The customer does not always have the expertise to know which guidelines are 

relevant, or appropriate, to their case.    

The need to use standard methods often arises for laboratories working within a 

regulatory framework.  For example, one of the roles of the US EPA is the development 

and approval of analytical testing procedures for use by contract laboratories to 

measure regulated pollutants.  The current procedures are prescriptive and they 

contain a high level of detail on how to conduct a test.  Recently, the US EPA began a 

move towards allowing for the use of performance-based methods, giving laboratories 

the freedom to use non-standard, in-house methodologies that satisfy stated 

performance criteria (Telliard 1999).   

These performance criteria include a Data Quality Objective (DQO) and a 

Measurement Quality Objective (MQO) to be associated with a reference method.  The 

DQO balances data needs against resources, with trade-offs between data confidence 
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and costs, while the MQO includes the usual quality elements such as bias, precision, 

sensitivity, selectivity, detection limit and range.  According to Telliard (1999), these are 

specified as part of the DQO and together they are used to balance what is practicable. 

As proposed, laboratories will still need to obtain US EPA approval by certifying 

method performance, probably relying on self-certification by the laboratory and 

periodic certification by the US EPA.  According to Telliard (1999), the goals of this 

performance-based approach include, 

 enabling the regulatory community meet specific measurement needs with reliable, 

cost effective methods; 

 emphasising project or application specific method performance needs; 

 encouraging the use of professional judgement in the modification or development 

of alternatives to established methods; 

 employing consistent expression of qualitative and quantitative method 

performance criteria; 

 fostering new technology development and continuous improvement in 

measurement methodology; and 

 encouraging feedback to the EPA from the measurement community.  

The new US EPA approach may give some control back to a regulatory laboratory as 

to which processes they adopt.  The methods are performance focused with an 

expectation that reliable data that meets specific measurement needs will be produced.  

However, cost effectiveness is still a key focus.  The significant limitation is that 

opportunities to address issues relating to the direct and indirect environmental impacts 

of the methods developed to meet a specific customer requirement are not discussed. 

There are potential environmental impacts arising from the use of standard methods.  

Standard testing methodologies have the potential to influence the laboratory's 

environmental performance relating, in particular, to waste management.  As an offset 

to this issue, there is some concern that the use of non-standard methodology could 

call research findings into question.  The reason for this is the level of uncertainty within 

scientific community of using less well-established and, thus, potentially less reliable 

test processes (Bridges 1995).  This ‘lack-of-trust’ thinking is consistent with that of 

regulators requiring analysis data to be based on standard methods. 

Sample processing is only one of the phases involved in laboratory services and/or 

products delivery, as identified in Section 2.2.2, (e.g., Lifshin 1996, 1998; Lucchesi 

1995).  The new, proposed US EPA approach to the development of recognised 
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methods described by Telliard (1999) does not consider all phases of laboratory 

service delivery.  However, the method development approach may provide 

laboratories with the opportunity to incorporate considerations relating to direct 

environmental impacts into method development as a DQO.  The combination of a 

collaborative approach, and reliable, standardised methodology that meets the specific 

analysis requirements, should work towards optimising the performance of a laboratory 

and its outputs. 

2.2.5 Laboratory performance evaluation 

Some laboratories evaluate their performance, with the types of measures employed 

varying depending on the type of laboratory involved.  In some cases, laboratory 

performance evaluation is based on outputs, but this is rarely applied consistently 

across laboratories.  For example, a university might look to the number and quality of 

publications; a routine laboratory to the number of samples completed, or profit 

generated; an industrial laboratory to the number of problems solved; and a 

government laboratory to the value to society (Lifshin 1996).   

These examples identify both outcomes-based and outputs-based approaches to 

laboratory performance evaluation.  They are driven by competition for resources.  

According to Lifshin (1996), the reliance on the number of samples processed is a poor 

indicator of performance.  The justification for the role of a laboratory organisation 

should focus on a correlation with impact.  In order to meet this shift in performance 

expectations and to compete for resources, there is need to build a new laboratory 

model.  In this new model, it is essential for laboratory personnel to become team 

participants in projects, and to give attention to detail in all aspects of their work.   

The outcomes-based performance drivers for laboratories are based on economics.  

While the focus is on improving the economic performance of the laboratory, there is 

corresponding challenge to the traditional role of the laboratory.  The inclusion of 

laboratory personnel in project teams is critical to achieving the outcomes that will be 

used to justify the laboratory’s existence. 

Another approach to performance evaluation suggests that a better evaluation of 

laboratory performance is the value contributed to achieving organisational goals and 

objectives.  In this case, incremental benefit should either equal, or exceed, the 

incremental expenditure.  In addition, demographics, laboratory size, and the number 

of tests offered can affect cost structures and, hence, performance measures (Collins 
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2001).  The typical range of benchmarking or performance metrics, developed by 

Collins (2001), is shown in Table 2-2. 

Table 2-2  Typical benchmarking/performance metrics 

 Average labour cost- 
professional 

 Average labour cost – 
technician 

 Average labour cost- clerical 

 Average hours paid overtime 
per technician per year 

 Average years of service – 
professional 

 Average years of service – 
technician 

 Average number of years of 
school -professional 

 Average number of years of 
school -technician 

 Average % technician time 
utilized for analysis 

 Ratio number of 
technicians/number of 
professionals 

 Equipment maintenance costs 
as % of book value 

 Average age of equipment 

 Average safety recordables per 
year per lab employee over 
past five years 

 Average hours of training per 
professional per year 

 Average hours of training per 
technician per year 

 Average cost per analytical 
hour 

 % of testing for rechecks 

 % of rechecks that change 
more than 1 sigma 

 Training costs as % of 
operating budget 

 % of travel costs as % of 
operating budget 

 % of major instruments that  are 
fully depreciated 

 % of training hours that are O-J-
T (on-the-job training) 

 Capital budget as % of 
operating budget 

 Capital budget as % of 
depreciation 

 Average turnaround time for 
highest-priority samples (minus 
actual test time) 

 % technician time maintaining 
quality system (paperwork, test 
monitors) 

 % testing time using standard 
test methods 

 Number of sq ft of lab space per 
technician 

Source: Collins (2001, p. 79) 

Table 2- 2 presents typical benchmarking/performance measures.  Many are 

economics based, e.g., average labour costs, average cost per analytical hour, capital 

budget as % of operating budget, and so on.  Some measures look at staff resources, 

e.g., ratio number of technicians/number of professionals.  Other measures look at the 

process, e.g., percentage of testing for rechecks, percentage of rechecks greater than 

one sigma; average turnaround time for highest-priority samples (minus actual test 

time).  However, Table2-2 is deficient in that it does not consider environmental 

performance. 

Many laboratories support the need to achieve recognition from a parent organisation 

by applying performance evaluation and benchmarking based on cost effectiveness 

and the timely delivery of services.  The outcomes-based performance measurements 

suggested by Lifshin (1996) are not included Table 2-2.  In addition, output-based 

measures are not included, even though the need to make allowances for laboratory 

size and the number of tests undertaken is identified.   

Laboratory benchmarking and performance evaluation has the potential to impact on 

the laboratory’s management.  Customer satisfaction measures not only determine the 

performance of the laboratory, but also reflect on the performance of the laboratory 
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manager.  This brings about an operational conflict, as managers of service 

organisations are often evaluated on the basis of customer satisfaction with the 

services they provide.  At the same time, these managers are being asked to improve 

the efficiency of their operations and reduce costs (Darlington 1999).   

Laboratories commonly adopt a survey approach to evaluate performance because 

surveys are easy to administer and to communicate to senior managers.  In some 

cases, the surveys are based on some form of an agreed standard in an attempt to 

normalise the metrics, and to provide a level of independence (Collins 2000). 

The survey approach, however, lacks comparability with other laboratories, and is 

usually focused on economic and customer-based performance drivers.  Customer 

satisfaction measures, while very important to the economic performance of the 

laboratory, do not contribute to the evaluation of the laboratory’s environmental 

performance. 

In contrast, operational improvement is often based on internal and external 

benchmarking of laboratory processes.  Darlington (1999) reports that the consulting 

company KPMG (Dallas, TX) surveyed their customers and found that 92% of them 

identified enhanced productivity as the greatest benefit of internal benchmarking, while 

80% of respondents found external benchmarking provided increased product/service 

quality and reduced costs.  The KPMG respondents identify waste reduction, arising 

from the elimination of steps and/or rearranged workspace, as a potential benefit of the 

benchmarking process.   

Benchmarking exercises, such as those reported by Darlington (1999), often result in 

actions that bring about incremental change to existing processes.  However, the best 

option for reliable benchmarking to occur is an in-depth study of the operations of the 

benchmarking partners.   

According to Collins (2001), the in-depth study approach is probably neither the 

preferred, nor the accepted, methodology for laboratory managers.  Most laboratory 

benchmarking studies fail to provide a satisfactory picture about the relative 

performance of different laboratories.  As most studies are based on the collection and 

comparison of metrics, they do not provide a true understanding of how things are 

done by the benchmarking partners.  True benchmarking requires that individual 

processes be broken down into their component parts and for comparison to occur at 

this level. 
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The work by Darlington (1999) and Collins (2001) focuses on using benchmarking to 

improve laboratory performance, but does not discuss activities associated with 

improving laboratory environmental performance.  Customer satisfaction measures 

often relate to the timeliness and costs of analyses, and to the customers’ interactions 

with staff members in the delivery of the service.  Performance across the laboratory 

supply chain is not discussed. 

In order to achieve a level of reliability, benchmarking requires the identification of a set 

of processes and sub-processes specific to a particular purpose, with the level of 

breakdown depending on the objectives of the exercise.  Specific practices are then 

identified for comparison and measurement.  Precise, quantified data is not mandatory 

for benchmarking, but rather benchmarking may have to rely on imperfect data (Nath 

and Mrinalini 2000). 

Nath and Mrinalini (2000) found that non-corporate, Research and Technology 

Organisations (RTOs), which have extensive and intensive interactions with clients 

enjoy a better access rate of their services, and a higher number of client-funded 

projects.  They conclude that R&D organisations should offer a ‘research results’ 

product to the market, with the buyer of this product involved in arriving at the final 

product.  In this framework, the R&D organisation and the buyer are complementary.   

The ‘research results’ approach needs to be transferred to the analytical laboratory 

industry. The Nath and Mrinalini (2000) findings support the Lifshin (1996) suggestion 

that laboratories need to adopt an outcomes-based focus to secure scarce resources, 

and that laboratory personnel need to work with customers as part of the project team.  

By working together, the laboratory and the customer can design analytical projects 

that achieve outputs that are ‘fit for purpose’ in terms of reliably meeting the customers 

information needs.  At the same time, customer satisfaction and mutually beneficial 

economic outcomes are achievable.  Working closely with customers is clearly 

important for optimising laboratory performance.   

Thus, laboratory performance evaluation currently focuses on service delivery and 

economic performance criteria.  The need for laboratories to adopt an outcomes-based 

approach and customer collaborations are identified as means for improving 

performance.  There is the possibility that the absence of a standardised unit of 

production for laboratories is also limiting current laboratory performance processes.  

According to Rosenblum, Horvath, and Hendrickson (2000) this lack of a standardised 
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unit of production is limiting comparisons within the service industries, and the same 

appears to apply to analytical laboratory services.   

2.2.6 Laboratory selection 

Current approaches to the evaluation of laboratory service/product performance are 

considered in Section 2.2.5.  However, the question arises as to what criteria a 

potential customer might use to select a supplier of laboratory services.  Bram (1997) 

suggests that third party laboratory accreditation to an international standard provides 

the minimum starting point.  However, as identified in Section 2.1.2, third party 

accreditation based on Australian TGA requirements, does not necessarily ensure the 

expected outcome, i.e., reliable results.  Therefore, the onus is clearly on the users of 

laboratory data to ensure that the laboratory is capable of producing consistent, valid 

results.   

The criteria for selecting an outsourced laboratory contractor for laboratory analyses 

are discussed by (Jordan 2002).  According to Jordan (2002), laboratory selection 

should not be based on cost alone, but rather should take into account cost 

effectiveness while meeting the outsourcing company’s quality standards.  There is 

recognition that, in cases where the analysis is critical to product quality, the outside 

price may be more expensive than the internal price, but the gaining of cutting-edge 

technology with no capital investment may compensate for this.  Jordan (2002) also 

suggests that in awarding analysis contracts, access to technology may be an 

additional consideration.   

However, if a laboratory seeks to win outsourced analysis contracts it should work 

closely with the target client to discover, if possible, the outsourcing company’s real 

analysis data requirements and their quality expectations.  If the laboratory’s technical 

capability and quality standards are consistent with the outsourcing company’s 

standards, then the laboratory is positioning itself to win that work.  

The suggestions of Bram (1997) and Jourdan (2002) are limited in that there are no 

specific requirements for the external laboratory to meet an environmental performance 

standard as well.  The achievement of third party technical accreditation does not mean 

that the laboratory meets an acceptable environmental performance standard, as 

discussed later in Section 2.4.3. 

In summary, laboratory selection should no longer just rely on technical accreditation, 

but should include an evaluation of environmental performance.  Understanding the 
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customer’s analysis needs is again identified as important.  The need for an expanded 

model that takes into account activities that occur outside of the laboratory factory walls 

is again apparent. 
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2.3 THE LABORATORY AND ENVIRONMENT 

2.3.1 Introduction 

Like all organisations, analytical laboratories face a range of environmental issues, 

some mandated by government regulations, while others are driven by stakeholder 

concerns.  As a result, some laboratories are adopting strategies to improve their 

environmental performance.  This section considers some of the environmental issues 

that relate to the laboratory, and the strategies adopted by laboratories in response to 

these pressures, particularly in relation to improved environmental performance. 

2.3.2 Sustainable development 

In the global context, one of the early drivers of sustainable development is the 

publication of "Our Common Future" (World Commission on Environment and 

Development (WCED) 1987).  This publication emphasises the concept of sustainable 

development as the means by which the today’s needs are met without compromising 

the needs of tomorrow’s generations. 

Amongst other things, the ‘Key Commitments, Targets and Timetables from the 

Johannesburg Plan of Implementation’ (United Nations: World Summit on Sustainable 

Development 2002) identifies the target of accelerating the shift towards sustainable 

consumption and production based on a framework of programmes.  The key 

commitments that relate to chemicals include: an aim to use chemicals in ways that do 

not lead to significant adverse human health and environmental effects; and a renewed 

commitment to the sound management of chemicals and hazardous wastes throughout 

their life cycle. 

Laboratories make a critical contribution to achieving these outcomes for chemicals in 

two ways – firstly, through the sound management of chemicals and hazardous wastes 

within their own facilities, and, secondly, as part of a team to measure and evaluate the 

human health and environmental effects of chemicals.   

Sustainable development considerations should influence, therefore, the environmental 

performance of laboratories as they relate to the use chemical and other inputs, and 

the corresponding need to protect people and the environment.  Analytical laboratories 

need to be involved as an essential part of the ’team’ required to achieve these goals.  

Laboratories need to be demonstrably objective, environmentally sensitive, and 
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perform environmental work of high quality in order to maximise their contribution, 

particularly in terms of their provision of accurate, reliable data and information.   

2.3.3 Stakeholder pressures 

The regulation of laboratory waste places some pressure on laboratories to improve 

their environmental performance.  In addition to complying with their local regulatory 

requirements, laboratories have a responsibility to society to improve their 

environmental performance in the context of current national and international 

environmental drivers, such as sustainable development.   

In the US, regulatory authorities appear to have taken an interest in the wastes 

generated by analytical laboratories.  However, many laboratories regard the regulation 

of waste by the authorities as a source of concern.  These concerns arise because of 

the significant difference between the laboratory and an industrial manufacturer in 

relation to the requirements of the regulations.  These regulations often do not 

acknowledge that none of the inputs into the laboratory process, such as chemicals 

and disposable laboratory ware, are incorporated into the analysis data output.  

Instead, they enter into the waste stream.  In addition, laboratories tend to use small 

quantities of a large number of chemicals.  In contrast, in manufacturing, chemicals 

often appear in a product and much larger quantities are generally used.  

In the US, according to Raber (1996), there is agreement that laboratory waste must be 

regulated, but the legislation is written with large manufacturing processes in mind.  In 

an effort to address this perceived shortcoming, the California Environmental 

Protection Agency's Department of Toxic Substances Control (DTSC) task force 

recommended that laboratories should be redefined to incorporate the laboratory 

process unit (LPU).  The LPU is a room, or a group of laboratory rooms, under the 

control of a supervisor. 

Under this model, hazardous wastes would not be regulated until after they were 

removed from the LPU. This means that laboratories would become quite similar to 

manufacturing process units.  While these recommendations are designed to provide 

regulatory relief for the laboratories they were not, at the same time, acceptable to the 

DTSC, as they were thought to be less stringent and in conflict with federal regulations 

(Raber 1996).  

Similarly, a Californian State Department Laboratory Reform Task Force reports that 

the US EPA’s legislation is designed for large industrial sites.  This legislation is 
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considered as unsuitable for the regulation of laboratory waste as many laboratories 

generate infrequent, small quantities of hazardous wastes of various types.  Industrial 

sites, on the other hand, generally tend to produce large quantities of a small number 

of wastes (Salzman 1999). 

Another report on the regulation of laboratory waste notes the significant difference 

between laboratories and industrial manufacturers in terms of their chemical usage.  

Industrial production regulations are applied to laboratories, but laboratories generally 

produce small quantities of waste, often involving a wide variety of substances of 

varying degrees of hazard.  This contrasts with production facilities, whose substance 

usage is more predictable over time.  However, some US EPA sponsored 

collaborations are in place to develop performance-based rules tailored to laboratories 

(Bailey and Grupenhoff 2000).  

In addition to regulatory requirements, laboratory analysts also have to be aware of 

international agreements, such as the Montreal Protocol, that prohibit the production of 

Ozone Depleting Substances.  As an extension to this, laboratory analysts have to 

consider the effect on the environment of substances used in the workplace, as well as 

the fact that, eventually, legislation may prevent them from using whole classes of 

chemicals due to their detrimental effects on the environment.  Under the UK-based, 

Valid Analytical Measurement (VAM) programme priority, analytical methods are being 

investigated to identify and develop alternative solvents or methodologies to address 

the requirements of such agreements (Barwick 1996).   

Indeed, there is an obligation on laboratories not only to meet regulatory requirements, 

but also to develop new test methodologies that focus on the elimination, or 

minimisation of the use of hazardous substances.  The incorporation of environmental 

performance indicators based on pollution prevention and waste minimisation should 

become a requirement for new test methods.   

It is clear from the foregoing that current regulatory-driven approaches do not provide a 

framework for a significant improvement in the environmental performance of 

laboratories.  As identified, most laboratories tend to use a large number of small 

quantities of chemicals compared with the manufacturing industry, which often uses 

large quantities of a small number of chemicals.  The standards and regulations 

approach provides a driver for compliance, which, therefore, must be considered as a 

minimalist approach that focuses on improving existing processes.  
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Communities are often concerned about the environmental performance of facilities in 

their neighbourhood.  As a result, governments have introduced methodologies to 

facilitate the communication of certain environmental performance information.  

Environmental reporting provides a means for the disclosure of information about an 

organisation’s environmental activities.  These disclosures may be involuntary, 

voluntary or mandatory (Skillius and Wennberg 1998).  

Governments from a number of OECD countries, including Australia, United States, 

Slovak Republic, Japan, Korea, and the nations of the European Union, have 

introduced mandatory environmental reporting measures called Pollutant Release and 

Transfer Registers (PRTRs) (OECD 2001).   

The Australian Government, for example, introduced a national reporting system called 

the National Pollutant Inventory (NPI) (Australian Government Department of 

Environment and Heritage 2003).  The NPI requires industry to report on the usage of 

chemicals once their usage exceeds the specified limits.  The NPI is designed to 

provide the community, industry and government with information about the types and 

quantities of certain substances emitted to air, land and water.  The NPI Guide proves 

a list of substances that includes the names of the chemical compounds and the 

corresponding reporting limit.  

The US EPA requires industry to report on the usage of chemicals on the basis that 

they appear on the list of chemicals in the Toxics Release Inventory (TRI) (US EPA 

2003).  The legislation relating to the US Toxics Release Inventory (TRI-US) mandates 

that industrial facilities maintain a publicly accessible database containing information 

on the release of emissions and other waste management activities of toxic chemicals 

by companies that manufacture, process or otherwise use them.  A reference list of 

toxic chemicals for which reporting is required is published under EPCRA Section 313 

(US EPA 2003).  The TRI-US provides information to citizens, businesses and 

government so that they can work together to protect the quality of their land, air and 

water. 

However, industry is only required to report on approximately 300 - 370 chemicals out 

of a possible 60,000 chemicals, with the most common ones being selected.  The TRI-

US does not require companies to measure discharges but to use professional 

judgement to estimate them, bringing into question the level of accuracy of the data 

(Horvath et al. 1995; Nathan Jr and Miller 1998; Toffel and Marshall 2004).  The 

accuracy of the data is also questioned on the grounds that neither the US EPA, nor 
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the state environmental agencies, validate the TRI-US data on a routine basis (Toffel 

and Marshall 2004).  

The EPA summaries of the TRI-US chemical releases usually involve the sum of the 

emissions by weight, and conclude that this approach implies that, irrespective of the 

chemicals involved, the impacts of all chemical releases are equivalent.  However, it is 

well established that some chemicals are more harmful than others.  Thus, there is a 

suggestion that the data should be ranked based on relative toxicity.  However, such 

toxicity weighted emission indices have limitations and must be interpreted carefully 

(Horvath et al. 1995).  This is particularly important in relation to impact assessments.  

PRTRs, such as the NPI and the TRI-US, provide a standardised basis for comparing 

the absolute quantities of these toxic chemical used as inputs into processes, within 

their respective countries.  The use of publicly available data provides one way of 

benchmarking across facilities, but the usefulness of the data is limited, as it does not 

take account of production levels, nor does it include all waste materials.  This 

approach is limited in terms of benchmarking with competitors (Matthews 2003). 

Although PRTRs arose because of stakeholder concerns, their use of has not been 

fully integrated into current approaches for evaluating the environmental performance 

of laboratories.  However, as laboratories are reported to use small quantities of a large 

number of chemicals, (e.g., Salzman 1999; Bailey and Grupenhoff 2000), they may not 

reach the required reporting thresholds.  It is also important to define an agreed unit of 

production for laboratories to facilitate useful comparisons of environmental 

performance across laboratories.  To date, such a unit of production has not been 

established.  It may be possible to source the required data from the laboratory 

information management and procurement management systems. 

The development of voluntary sustainability reporting guidelines provides the 

opportunity for organisations to move their environmental reporting strategies beyond 

the mandatory reporting of toxic emissions.  One such approach is provided in The 

‘2002 Sustainability Reporting Guidelines’ of the Global Reporting Initiative (GRI) 

(Global Reporting Initiative 2002).  However, there are likely to be variations in different 

industry sectors, and these needs will evolve over time.   

The operations of laboratories sometimes cause concern in local communities.  Thus, 

an analytical laboratory needs to understand its environmental impacts and aspects, 

and have in place a strategy for managing the risks and responding to community 
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concerns.  Proactive community programmes are a key to establishing good 

relationships.  In doing this, the laboratory must recognise that it is part of the 

community, with its scientists and managers accessible to the community.  The most 

successful partnerships, involve community membership as partners in a two-way 

exchange, with the best form of interaction occurring before a problem arises (Goldman 

et al. 2000). 

The laboratory facility should adopt a risk management approach to their operations 

including monitoring the movement of substances to and from the site.  However, the 

risk management approach only focuses on facility performance in relation to the 

handling of hazardous materials.  It does not address the environmental performance 

issues associated with analytical project planning, and the provision of appropriate, 

reliable data to customer. 

2.3.4 Approaches to laboratory environmental performance 

Many analytical laboratories address their concerns about environmental performance 

by adopting pollution prevention and waste minimization practices.  A green laboratory 

is described as one in which the laboratory’s overall environmental impact is 

considered, including solid waste generation, air and water emissions, energy use and 

resource consumption (Ashbrook and Klein-Banai 1996a).  The achievement of a 

green laboratory status is based on two principles - operating a facility safely, and 

achieving the lowest amount and least toxic wastes (Ashbrook and Klein-Banai 1996b, 

1996a).   

A number of guidelines have been prepared to assist laboratories to achieve the lowest 

amount of least toxic wastes.  For example, "Environmental Management Guide for 

Small Laboratories” (US EPA 2000c) provides guidelines for small laboratories, but the 

principles are equally applicable to larger laboratories.  Other examples include: 

“Reduction Techniques for Laboratory Chemical Wastes” (Field 1990), “Research and 

Educational Laboratory Waste reduction” (Ohio EPA 1997), "Waste Minimization 

Manual - Analytical Laboratories” (Alberta Environmental Protection 1999), "Pollution 

Prevention Guide for Laboratories", (Texas Natural Resource Conservation 

Commission 2002), and “Waste Minimization Fact Sheet – No. 8” (University of Illinois 

at Urbana-Champaign 2002).   
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These publications focus on pollution prevention and waste minimisation activities, and 

suggest that laboratories should adopt practices such as:  

 reducing the quantities of chemicals, e.g., by altering methods of analysis, adopting 

microscale processes; 

 substituting more toxic chemicals with less toxic ones; 

 chemical recycling, e.g., introducing segregation programs, in-house recovery and 

redistillation of solvents; 

 materials reuse, e.g., reuse of sample and chemical containers, chemicals 

exchange programs; 

 introducing inventory management programs. 

The "Waste Minimization Manual - Analytical Laboratories” (Alberta Environmental 

Protection 1999) identifies the types of Wastes Generated by Analytical Laboratories.  

The waste categories tabulated in the Manual include: halogenated and non-

halogenated solvents, inorganic acids and bases, unused and/or expired chemicals, 

samples, waste chemicals/reagents and reaction products, used oil, radioactive waste, 

biohazard waste, laboratory supplies and equipment, paper, cardboard, plastic, glass, 

wastewater to the sanitary sewer, and air emissions.  Appendix B in the Manual 

(Alberta Environmental Protection 1999) identifies waste minimisation opportunities for 

each of the categories identified.   

The list of the categories of laboratory waste is quite comprehensive, as is the collation 

of minimisation techniques.  However, the waste minimisation techniques do not refer 

to the possible environmental benefits associated with the design/redesign of analysis 

projects.  The approaches focus on internal activities in terms of managing the 

chemical and non-chemical inventory and the submitted samples. 

The US National Physicians for the Environment (NAPE) are promoting environmental 

stewardship for academic biomedical research.  The initial findings of their review 

demonstrate a focus on improving the environmental performance of internal laboratory 

activities, and of the laboratory facility itself.  The dissemination of information and the 

provision of user training to ensure sound environmental practices are encouraged 

(Bailey and Grupenhoff 2000).   

Some reference is made to the supply chain, but it describes each step in the supply 

chain as contributing by improving their environmental performance rather than each 

step of the supply chain working together to achieve the best environmental outcome.  
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Further, the development of a framework for assessing and improving laboratories, 

their outputs and their supply chain within the one system is not discussed. 

The NAPE Committee on Minimisation and Management of Wastes from Biomedical 

Research undertook a review, including the characterisation of the wastes generated, 

waste management methods, an evaluation of potential adverse impacts of waste 

generation, strategies to reduce impacts and providing best practice examples of 

pollution prevention and waste minimisation (Rau et al. 2000).    

The types of wastes and their relative scale are identified, including:  

 Hazardous wastes.  All laboratories in 30,000 US institutions generate less than 

0.01% of the total US hazardous waste; 

 Medical wastes.  Laboratories contribute 3.3% of regulated medical waste in the 

US; 

 Radioactive wastes.  Medical and research facilities together account for less than 

5% of the low-level radioactive waste generated in the US; and  

 Multihazardous wastes.  Data is not available, but based on a national survey of 

generators, it is predicted that research facilities are responsible for a very small 

fraction of multihazardous wastes (Rau et al. 2000). 

Many pollution prevention and waste minimisation practices used by industry are 

applicable to laboratories, e.g., procurement management; materials substitution; 

reduction of experimental size; redistribution, reuse and recycling of supplies and 

reagents; waste segregation to maximise recovery and treatability of wastes; and staff 

awareness and training.  There are also incentives for improving waste management 

and minimisation practices, including institutional health and safety hazards reduction; 

environmental protection; regulatory compliance; liability avoidance; disposal cost 

avoidance; community relations; and the use of laboratory wastes as teaching tools 

(Rau et al. 2000). 

However, the findings by Rau et al. (2000) identify the typical types of waste emissions 

produced by laboratories and demonstrate the laboratories’ relatively low contribution 

to total waste generation at the US level.  The quantity of hazardous waste produced 

by laboratories is also quite small when compared with the total quantity of hazardous 

waste generated.  In comparison, regulated medical waste from laboratories is a much 

larger proportion within that category.   
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However, as laboratories do produce wastes, albeit in small quantities, there is a 

corresponding need for them to have in place practices that enable them to measure, 

evaluate and improve their environmental performance.  

When it comes to waste disposal by incineration, the US medical waste incinerators 

rank in the top four sources for dioxin and mercury emissions.  Thus, one of the key 

tasks for health care professionals is to review the by-products of waste disposal 

methods and developing environmental selection criteria for product purchases.  This 

means that the overall health care supply chain management process should 

incorporate criteria that link product selection, product use and product disposal, in 

terms of environmental and community health impacts (Kaiser, Eagan and Shaner 

2001). 

Analytical laboratories, including the non-biomedical ones, use products that are 

disposed of as medical waste by incineration.  This means that similar approaches to 

supply chain management should be applied to the selection and use of materials and 

goods used in laboratory processes.   

A national survey of chemical disposal and waste management in laboratories was 

undertaken in the US (Reinhardt, Leonard and Ashbrook 1996).  Questions were 

framed under the headings of management of laboratory chemicals and wastes; 

disposal of laboratory chemicals to the sanitary sewer; neutralization and chemical 

treatment of laboratory waste; minimization of laboratory chemical waste; and the 

management of certain waste laboratory chemicals.  

The principal focus of Reinhardt, Leonard and Ashbrook (1996), and Ashbrook and 

Klein-Banai (1996b) are on the laboratory process itself.  Although Reinhardt, Leonard 

and Ashbrook (1996) address the environmental performance of a laboratory with a 

high level of detail, there is little, if any, consideration of the issues such as analytical 

project design, or the end use of the laboratory data, to address a specific issue or 

problem, or the laboratory supply chain.  

Environmental accounting of chemical usage may become somewhat akin to financial 

accounting, with the additional benefit that pollution prevention will improve laboratory 

safety, benefit the environment, and save money and time.  In addition, the best 

implementation strategies are based on good organisation, good planning, procedures 

optimisation, and continuous improvement, and are usually associated with the 
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development of a written pollution prevention plan that includes specific targets and 

regular reviews (Ashbrook and Klein-Banai, 1996a, 1996b). 

However, the pollution prevention and waste minimisation approaches, while important 

to laboratory environmental performance, focus only on internal laboratory processing.  

The potential for environmental benefits that may be derived from working with 

stakeholders to ensure good analytical project planning linked to the use relevant, 

reliable analysis data, is not discussed.   

The adoption of a formal approach to pollution prevention and waste minimisation for 

laboratories is proposed (Charbonneau 1996).  However, this formal approach reflects 

the international standard management systems structure that involves the plan, do, 

check, act (PDCA) cycle of the ISO 9000:2000 (Standards Australia and Standards 

New Zealand 2000a) and the ISO14001 Standard (Standards Australia and Standards 

New Zealand 1996a).   

Again, this formal approach addresses many of the waste management issues in the 

analytical laboratory, and complements those areas as described in the international 

standards.  The inward focus on the laboratory’s operations and processes is 

maintained while environmental performance issues relating to the laboratory supply 

chain are not identified, or discussed. 

Successful pollution prevention projects are reported at Utrecht University, The 

Netherlands.  These projects arose from environmental concerns, legislation and 

increasing enforcement, against a background where waste and emission prevention 

were not recognised as part of the university’s environmental policy.  The reasons 

proposed for this non-recognition include issues such as,  

 universities are characterized by a large number of relatively small activities; 

 the users of energy and water are not responsible for their respective costs; 

 free facilities are provided to scientists in autonomous departments; 

 research materials and methods are specific and often to difficult to vary because of 

the requirements of standardisation and reproducibility; and 

 waste minimisation applies to industry, but is relatively unknown to the universities 

in the 1980s (Kempeneers 1995).  

A Utrecht University project in the chemical research laboratories identified chemical 

wastes and emissions, both qualitatively and quantitatively.  It noted that many 

laboratory activities are small scale; that the behaviour of personnel using manual 
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techniques greatly influences waste production and emissions; and that linking process 

information, chemical purchases and waste output enables process flow monitoring 

(Kempeneers 1995).  These findings support those discussed previously. 

Similarly, laboratory analyses in a geochemistry laboratory produce variable volume, 

mixed waste streams.  Thus, a full quantitative analysis for pollution prevention 

opportunities may not be cost effective given the small quantities of waste generated 

by such laboratories.  Indeed, a preliminary evaluation of the data from the DOE 

laboratories suggests that the greatest opportunity for pollution prevention is 

associated with research project design and implementation Bridges 1995. 

The identification of small scale chemical usage in laboratory activities is consistent 

with the NAPE findings that laboratories produce a large number of small quantities of 

waste (Bailey and Grupenhoff 2000).  It is also consistent with the generic problems of 

the service industry identified by Salzman (1999), and Rosenblum, Horvath and 

Hendrickson (2000), which were discussed in Section 2.1.3. 

While again noting the small, mixed volume waste stream arising from laboratory 

processing, the most significant finding is that the greatest opportunities for pollution 

prevention may arise during the project design phase.  Thus, the important linkage 

between the data requirements and the laboratory processes required to obtain the 

necessary data and improvement in environmental performance is identified.  This 

supports the premise that it is necessary to look outside of the laboratory walls if the 

laboratory environmental performance is to be further improved. 

Allenby, Gonzalez, and Raber (1996), report that the pollution prevention strategies 

adopted by the Lawrence Livermore National Laboratories (LLNL) include: source 

reduction, process and engineering control, waste treatment, recycling and reuse.  

Their energy conservation program included managing heating, cooling and ventilation 

in buildings, using movement sensors, and changing the type of ballast used in the 

fluorescent lights.  NAPE also proposed the development of a pollution prevention and 

waste minimisation clearinghouse for biomedical facilities (Barker et al. 2000).   

The pollution prevention and waste minimisation activities reported by Allenby, 

Gonzalez and Raber (1996), and Baker et al. (2000), focus on the design of the 

research programs themselves as a possible area for improving the environmental 

performance of the biomedical research facility.  These pollution prevention and waste 

minimisation studies demonstrate that this approach has the potential to deliver both 
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emission reductions and cost savings for laboratories.  They also show that the use of 

a structured, team approach appears to be effective and that there are costs 

associated with the delivery of such programs, but these costs should be outweighed 

by the benefits.   

Unfortunately, these workers again limited their studies to the activities that occur 

within the laboratory facility itself.  They do not include the evaluation and comparison 

of environmental performance between laboratories.  A broader approach that takes 

upstream and downstream requirements for the laboratory output into account is 

required if optimised environmental performance is to be achieved.  

2.3.5 Green Chemistry 

Green Chemistry is an evolving pollution prevention and waste minimisation approach 

that focuses on reducing the production of wastes through the design of chemical 

processes.  It uses chemistry for pollution prevention (Anastas 1999).  Green 

Chemistry practices enable organisations to meet environmental goals and legal 

obligations, while remaining competitive in the marketplace (Anastas et al. 1999).  For 

example, the Los Alamos National Laboratory Green Chemistry Program, for example, 

is investigating all manner of chemical processes, including synthesis, catalysis, 

analysis, monitoring, separations, and reactions, with a view to reducing the impacts on 

human health, energy consumption and the environment (Hjeresen 1998).   

Smith Kline Beecham (SKB) characterise their activities under the banner of Green 

Chemistry, and have developed 'greenness' metrics for mass and energy as a means 

to characterise chemical efficiencies.  The mass and energy terms appear to be good 

leading indicators of overall environmental impact, while the explicit tracking of solvent 

use is highly indicative of overall environmental impact (Messelbeck and Sutherland 

2000).  

In the case of laboratories, energy use is recognised as an indicator of building 

efficiency by the Labs21 project (Wirdzek 1999).  The mass of materials, including 

solvents, used by laboratories is also important.  As discussed in Section 2.3.4., the 

importance of minimising the mass of hazardous materials is also recognised by the 

pollution prevention and waste minimisation programs for laboratories.  

The Green Chemistry approach is also applicable to laboratory analytical processing.  

Some traditional chemical analysis techniques are being redesigned to reduce, or 

eliminate, the use of hazardous substances (Anastas et al. 1999).  This Green 
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Analytical Chemistry, evolved from the industrial process design based Green 

Chemistry.  The emergence of Green Analytical Chemistry is driven by new knowledge 

about hazardous chemicals, chemists’ ability to create new compounds, and the 

increased costs of using and disposing of hazardous substances (Anastas 1999).   

Anastas (1999) notes that it is ironic that the basis for the evaluation of environmental 

problems may involve the use of analytical methodologies that also contribute to further 

environmental problems.  In this regard, the US EPA has 3,500 methods addressing 

over 4,000 water parameters, and this means that it is important to design and develop 

new procedures that generate less hazardous substances.  Therefore, environmental 

performance is should be a driver for development of new procedures, with the 

selection of performance criteria a critical issue.  Pollution prevention is, therefore, 

seen as one of the keys for developing performance indicators for any analytical 

method (Anastas 1999).  

The quantities of hazardous materials produced in all stages of the chemical analysis 

life cycle are the key issue.  As Anastas (1999, p. 171) states: 

‘From sample collection, to preparation, analysis, and disposal, the use and 

generation of hazardous substances are important issues.  These go beyond 

concerns for laboratory waste to include important concerns for workers safety, 

monitoring, and energy efficiency. It is for these reasons that a focus area of 

green chemistry is emerging as the design and development of new analytical 

procedures that we use to generate less hazardous substances’.   

New procedures are under development to cover all phases of the analytical 

processes, including ‘field analysis, screening, extraction, dilution methods, digestion 

methods and alternative mobile phases’ (Anastas 1999, p. 173).  These procedures are 

summarised as follows: 

 Field analyses, where analysis and data collection is performed on site.  This 

means that samples are not collected in special containers, preserved and 

transported to a distant laboratory.  The associated advantages are reduced 

sample handling, transport, and decreased use of chemical preservatives.   

 Screening.  This approach relies on the pooling of samples from across a sampling 

site, and the use of statistical and chemometric analyses to ensure validity.  In this 

way, the number of samples submitted to the laboratory for full analysis is reduced. 

 Dilution methods.  The preparation of quality control standards for low 

concentration parameters often requires the dilution of a small amount of the 
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substance of interest in a large volume of solvent.  Dilution methods can reduce the 

large volumes of solvent required to prepare very dilute solutions by the use of 

automated dilutions. 

 Sample preparation.  Specific technologies, such as solid phase extraction, 

immunoassay techniques, supercritical fluid extraction, are used to achieve green 

chemistry goals of decreased usage, or substitution, of hazardous substances in 

the analysis process. 

Some technologies have reached the stage of development where they are either fully 

accepted, or available, as draft methodologies from the US EPA (Anastas 1999).  

However, while Anastas (1999) indicates that all phases of the analytical life cycle are 

considered by the new approach, the focus is on the reduction and/or elimination of 

hazardous materials used at each phase.  Field-testing is promoted as a mechanism 

for reducing sample handling, transport and wastes.  The adoption of field-testing in an 

analytical project relates directly to analytical project planning.  The Green Analytical 

Chemistry approach, however, does not provide a framework for the design of an 

analytical project that takes into account all phases from sample collection to the end-

use of reliable analysis data. 

The movement towards performance based analytical test methods, discussed in 

Section 2.2.4, opens the door for the incorporation of environmental performance 

measures into test method development.  The Green Analytical Chemistry approach 

extends this by promoting the need for incorporating environmental performance 

indicators, based on pollution prevention, into method development.  The focus on the 

environmental performance of the methodologies means that the focus is on the 

individual processes, rather than on the whole process as an integrated activity.   

There remains a need for a framework to be developed that looks beyond the 

laboratory processes and treats the whole process from sample collection, laboratory 

processing and the end use of data to drive improvement in the environmental 

performance of the laboratory product.   

Green Chemistry has achieved much within the manufacturing factory walls with 

decreased use of toxics, diminished by-products, solvent substitution and other 

activities.  However, more could be achieved in such programs by looking beyond the 

walls and adding a ‘life cycle perspective’.  The addition of a life cycle perspective 

enlarges the scope of Green Chemistry, and enhances the potential for further 

environmental benefits (Graedel 1999).   
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The application of a parallel approach to analytical laboratories needs to be examined. 

Similar benefits should be achieved by adding a life cycle perspective to analytical 

laboratory products.  In other words, looking outside of the laboratory walls and 

adopting a ‘product life cycle’ approach should achieve further environmental benefits 

beyond those of a pollution prevention and waste minimisation approach.  

2.3.6 Laboratory facilities management  

Analytical laboratories, as with many service organisations, usually use a purpose-built 

facility to carry out their business activities.  The operation of the laboratory facility itself 

offers an area for consideration for improved environmental performance.  The facility, 

in addition to the service process activities, may impact upon the environmental 

performance of the service.  Most analytical laboratories operate from purpose-built 

facilities, which incorporate features to ensure the safety and comfort of workers, e.g., 

fume cupboards to remove chemical emissions from the workplace environment, and 

conditioned air for worker comfort.   

The Lawrence Livermore National Laboratory (LLNL) achieved an increase in energy 

efficiency of 18%, with associated annual cost savings of approximately $US 3 million 

per annum from 1985.  These efficiencies were achieved by installing electronic 

controls on various pieces of facility equipment, so that thermostatic settings and 

airflows are reduced out-of-hours.  Electronic ballasts were installed in all fluorescent 

lights, low-efficiency chillers were replaced with high-efficiency ones, and solar cells 

were used to power water aeration pumps (Allenby, Gonzalez and Raber 1996).   

In the US, the environmental performance of the laboratory facility is the focus for a 

high level of research and development activity.  The US EPA is coordinating the 

Laboratories for the 21st Century initiative, formally called Labs21 XL Project (US EPA 

2000a).  It consists of two components - the Labs21 Initiative and the XL Project.  The 

Project XL component is expected to develop and issue case-specific agreements for 

testing innovative ways to maximise the environmental performance of laboratories, 

including some agreed regulatory flexibility.   

The focus of Labs21 component is on improving the energy and water efficiency of 

laboratories from a whole of facility perspective.  A typical laboratory is uses five times 

as much energy and water per square foot as the typical office building.  It is 

anticipated that Labs21 Initiative will expand beyond its initial focus on energy 

efficiency and water conservation to address other pollution prevention and 

environmental parameters (US EPA 2000a). 
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The Labs21 approach is also expected to lower laboratory operating costs; reduced 

health and safety risks; improved facilities management; reduced greenhouse gas 

emissions; improved community relations; and lower insurance premiums.  Current 

activities of Labs 21 include, creating a national database of current environmental 

practices, including energy and water; negotiating voluntary goals for environmental 

performance; providing training and technical information exchange opportunities; 

establishing Labs21 partnerships; and promoting Labs21 initiative (Wirdzek 1999). 

The EPA and the DOE estimate the energy savings of the order of 60 -75% are 

achievable.  These two organisations assume that, if only 25% of laboratories achieve 

a 60% reduction in energy consumption, then the US could reduce energy 

consumption by 84 trillion BTUs, which is equivalent to the energy consumed by 

840,000 US households.  The conservation of 84 trillion BTUs would save $US1.25 

billion and decrease carbon dioxide emissions by 19 million tons (Wirdzek 1999).  An 

energy performance indicator, such as energy consumption per square foot of 

laboratory space, is suggested for comparing building performance. 

This comparison of building performance is important for comparing the efficiency of 

different laboratory facilities.  However, the suggested indicator does not take into 

account the volume of work undertaken by the laboratories that are compared.  This is 

an important consideration.  A very energy efficient facility may undertake very few 

analyses compared with one that is less energy efficient, but has a higher analysis 

throughput.  The energy performance indicator does not account for the technologies 

employed by the laboratory for the laboratory processes.  This production-based 

comparison is difficult in the absence of an agreed unit of production for laboratories, 

as identified in Section 2.1.3.  A production framework is required to enable meaningful 

comparisons between laboratory facilities.  

Another comprehensive approach to improved laboratory environmental performance 

relates to the Montana State University, which developed the world's first green 

academic science facility.  The aim is to commission a zero emissions chemistry 

laboratory.  Apart from being resource efficient, the laboratory is designed to maximise 

the use of renewable materials and energy, and to minimise the use of fossil fuels.  

Microscale chemistry processes are to be used, with the chemical waste and emissions 

being handled by various recovery systems based on engineering solutions (Betts 

1998). 
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The Montana State University approach is both process and facilities based.  However, 

this, is still internally focussed and does not address issues that occur outside of the 

facility that may impact on the environmental performance of the laboratory and its 

services, or products. 

A number of possible activities for improving the environmental practices of biomedical 

facilities are identified under the broad headings of purchasing and administrative 

services; energy conservation; water; campus grounds and land use; transportation; 

new construction; campus planning and design; investment policies; and teaching and 

research (Medlin and Grupenhoff 2000). 

These examples show that the management of laboratory facilities is an important 

component of the environmental performance of a laboratory.  The Project XL and 

Labs 21 approaches are both process and facilities based, but do not take into account 

the laboratory supply chain.  The comparison of the environmental performance of 

laboratory buildings may demonstrate the relative efficiency of buildings.  A very 

efficient building may have lower analysis processing throughput than a less efficient 

building with higher analysis processing throughput.  However, in the absence of a 

standardised unit of output, it is difficult to compare laboratory facility performance 

based on units of output at any point in time and/or over time.  
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2.4 AUDIT STANDARDS APPROACHES  

2.4.1 Introduction 

The current approach by laboratories to achieve improved environmental performance 

focuses on pollution prevention and waste minimisation strategies, and on improving 

facility performance.  The strategies are inward looking, and focus on the 

environmental performance of the laboratory processes, and of the facility itself.  A 

broader focus and a framework are required to achieve further environmental benefits.  

This section reviews selected international management standards relevant to 

laboratories to determine whether these provide a framework that is applicable to this 

broader approach.  

2.4.2 International standards 

Better organisational performance is often associated with better management 

practices.  In order to assist in meeting this need, a number of international standards 

have been developed to provide frameworks for the development of effective 

organisational management practices.  The international standards involving third party 

audit processes were selected for evaluation with respect to their potential to influence 

environmental performance of an analytical testing laboratory.  The selected standards 

include, 

 AS ISO/IEC 17025: 1999 ‘General requirements for the competence of calibrating 

and testing laboratories’, (Standards Australia 1999); 

 The Quality Management System (QMS) Standards, based on ISO9000: 2000; 

(Standards Australia and Standards New Zealand 2000a); 

 The Environmental Management System (EMS) Standards, based on ISO14001 

(Standards Australia and Standards New Zealand 1996a); and  

 European Union Eco-Management and Audit Scheme (EU-EMAS) (European 

Commission 2001). 

The selected international standards are now considered in relation to their applicability 

for providing a framework for improving environmental performance of analytical 

laboratories. 

2.4.3 Laboratory accreditation standards 

The AS ISO/IEC 17025:1999 standard (Standards Australia 1999), referred to as ISO 

17025, is an industry specific standard applicable to calibrating and testing 

laboratories.  Its purpose is to provide confidence in calibrating and testing laboratories 
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and to provide a mechanism for acceptance of calibrations and test results between 

countries.  Technical accreditation is claimed to be an important mechanism for 

demonstrating technical competence and for the marketing of analytical testing 

services.  Technical competence is achieved through process control, using quality 

control techniques, with an aim of achieving zero defects in the testing process.  

Internal audit programmes and third party audit schemes support this activity.  

The accreditation approach is based on the traditional command and control culture.  It 

is described as an off-line assessment that can be undertaken by anyone at any time 

by examining the relevant evidence, e.g., laboratory manuals, validations, calibrations.  

The audit focuses on the laboratory processes, verifying them as far as possible, based 

on the available objective ‘evidence’ (Prosek, Golc-Wondra and Krasnja 2000).   

In terms of environmental management, ISO 17025 is only concerned with the potential 

of the testing environment to influence the quality of the test results.  Environmental 

conditions, e.g., room temperature and humidity control, filtered air, which may 

influence the results are expected to be monitored, controlled, and reported.  Method 

selection by the laboratory is based on meeting the needs of the client.  ISO 17025 

recommends the use of methodologies published by international, regional, or national 

standards bodies, by reputable technical organisations, in relevant scientific texts or 

journals, or as specified by a manufacturer.  The use of non-standard, validated 

methods is based on agreement with the client.   

In summary, ISO 17025 is designed for use by laboratories to ensure the accuracy and 

reliability of the information produced by an analytical laboratory.  It does not provide 

guidance for addressing environmental management strategies for laboratories.  

Specifically, environmental management and health and safety issues, lie outside the 

scope of the standard.  ISO 17025 does not provide a framework for evaluating the 

performance of a laboratory, or its products or services, although improved 

performance may be achieved through improved management practices.  

2.4.4 Quality management standards 

Many laboratories that gain technical accreditation to ISO 17025 take advantage of its 

compatibility with the ISO 9000 quality management standards to seek certification of 

their Quality Management System (QMS).  Organisations usually develop their QMS 

based on AS/NZS ISO 9001: 2000 'Quality management systems – Requirements’ 

(Standards Australia and Standards New Zealand 2000b).  The implementation of a 

QMS to this standard is supported by AS/NZS ISO 9000: 2000 Standard, ‘Quality 
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management systems - concepts and vocabulary’ (Standards Australia and Standards 

New Zealand 2000a), and AS/NZS ISO 9004: 2000 Standard, ‘Quality management 

systems – Guidelines’ (Standards Australia and Standards New Zealand 2000c). 

The QMS Standards are customer focused, and acknowledge that they are not 

developed for the purpose of environmental management, and that the achievement of 

environmental outcomes is not one of the objectives.  The current QMS standards were 

developed with enhanced compatibility with the AS/NZS ISO 14000 environmental 

management standards in mind.   

In addition to the comparison within the standards, guidance documents are published 

to support the integration of the quality, environmental and workplace health and safety 

management systems.  These standards include, 

 AS/NZS 4851:1999, ‘Management system integration - Guidance to business, 

government and community organisations’; (Standards Australia and Standards 

New Zealand 1999a) 

 HB 139 (int) -1999, ‘Step by step guidance on integrating management systems, 

health and safety, environment and quality’ (Standards Australia and Standards 

New Zealand 1999c)  

The AS/NZS ISO 9001:2000 standard (Standards Australia and Standards New 

Zealand 2000b) applies a process approach and focuses on the customer.  It does not 

cover the requirements for products, which may be specified by the customer, or the 

organisation, in technical specifications, product standards and contractual 

agreements.  The environmental concerns focus on the compliance of product with 

statutory and regulatory requirements.  

The AS/NZS ISO 9001:2000 standard (Standards Australia and Standards New 

Zealand 2000b) briefly mentions management responsibilities relating to the supply 

chain with particular emphasis on customer focus.  This narrow approach centres on 

customer satisfaction and does not take into account other activities that occur within 

the supply chain, in particular those that impact upon environmental performance.  A 

number of issues, which may be applied to influence the environmental performance of 

an organisation are identified.  They include:  

 considering the efficient and effective use of resources and their impact on the 

environment;  

 considering the environmental issues associated with infrastructure, such as 

conservation, pollution, waste and recycling;  
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 identifying and managing risks; 

 external measurement activities such as benchmarking;  

 the impact of the use of natural resources, such as energy; 

 product life cycle, including performance data; and 

 traceability of hazardous materials. 

Each of the above issues provides guidance regarding some activities that could be 

undertaken to achieve improved environmental performance of organisations.  

However, these issues do not have to be addressed to satisfy the certification 

requirements.  The quality management standards approach, therefore, does not 

provide a framework for monitoring and evaluating the environmental performance of 

laboratories. 

2.4.5 Environmental management system standards 

The Environmental Management System (EMS) standards provide the tools and 

framework for a systematic approach to environmental management for any 

organisation, and are associated with traditional third party auditing.  They are 

designed to assist an organisation in identifying, evaluating and managing their 

environmental risks, in complying with regulatory requirements and in demonstrating 

due diligence in the event of an environmental incident.  The adoption of an EMS is 

expected to provide management with both economic and environmental benefits, and 

to provide a source of competitive advantage.  An analytical laboratory is able to 

develop and implement a standards based EMS. 

The ISO14000 series of EMS standards include, AS/NZS ISO 14001: 1996. 

‘Environmental management systems – Specification with guidance for use’ (Standards 

Australia and Standards New Zealand 1996a); and AS/NZS ISO 14004: 1996. 

‘Environmental management systems – General guidelines on principles, systems and 

supporting techniques’ (Standards Australia and Standards New Zealand 1996b). 

The ISO14000 standards do not preclude an organisation from developing a stand-

alone system from scratch using the tools and the framework provided.  The 

organisation could then separately identify, evaluate and manage their environmental 

risks with the purpose of continually improving their environmental performance.  

However, this approach is expected to be less common. 

An EMS documents the planning and the control of the operation, and the 

environmental performance that takes into account criteria derived from legislation and 
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external/internal requirements.  There are likely to be many factors external to an 

organisation over which it could be considered to have an influence.  The principal 

focus appears to be upstream of the organisation, which may be addressed by a 

survey to identify suppliers committed to the environment.  Alternatively, a 

comprehensive, life cycle assessment (LCA) of the products of supplier organisations 

could be undertaken, as suggested by Editor (1998), and discussed in Section 2.1.3.  

LCA is discussed in Section 2.5.9.  

The Eco-Management and Audit Scheme (EU-EMAS) is voluntary scheme introduced 

by the European Union (European Commission 2003).  The implementation of EU-

EMAS by an organisation is based on the ISO 14000 environmental management 

standard.  The EMAS scheme extends the ISO14000 with preparation of the 

environmental statement and the public communication of environmental performance. 

Neither the AS/NZS ISO 14001 standard, nor EMAS, provides the tools that are used 

for decision-making.  However, the development of an EMS can be supported by other 

tools, and standards within the ISO14000 series, and these are discussed in the 

Sections 2.5 and 2.6. 

While an EMS provides a framework for organising internal corporate benchmarking, 

there may be limitations within an organisation that operates more than one facility.  

These limitations may arise when each site of a multi-site organisation develops a site-

specific EMS, and these apply different organisational goals and varying evaluation 

schedules, making internal organisational benchmarking difficult (Matthews 2003). 

The environmental performance evaluation standard, AS/NZS ISO 14031:2000 

(Standards Australia and Standards New Zealand 2000d), provides guidelines for the 

development of environmental performance indicators, but these guidelines do not 

have to be used and, as a result, implementation may be different for different parts of 

the organisation. 

There are potential benefits for environmental benchmarking, if a single system is 

developed for a multi-site organisation, based on common organisational goals and 

coordinated data gathering and system reviews.  This would enable both waste 

emission and time based comparisons to be conducted at the corporate level, and 

facilitate corporate environmental benchmarking (Matthews 2003).  

The potential difficulties of comparing the environmental performance of different 

facilities within the one organisation using EMS developed indicators are recognised.  It 
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follows that performance evaluation using EMS developed indicators of different 

facilities, which are not part of the same organisation, would be at least as difficult, if 

not more difficult.  The absence of a common management team to perform a 

coordinating function would contribute to the difficulties.  

In the case of analytical laboratories, different laboratories may use different test 

processes, or be involved in different scientific disciplines.  As a result, different, 

laboratory-specific, environmental performance indicators may be developed, when 

each laboratory develops their own EMS.  Therefore, this EMS approach may not 

facilitate interlaboratory comparisons, suggesting that alternative approaches are 

necessary. 

The AS/NZS ISO 14001:1996 standard (Standards Australia and New Zealand 1996a) 

provides no guidance for addressing those aspects and impacts identified during the 

initial environmental audit.  The application of the standard is often limited to the 

upstream side of the supply chain.  These and other limitations mean that only 

incremental improvement will be achieved, unless the organisation looks outside of its 

business-as-usual position (Ehrenfeld 2001). 

This internal focus is a significant limitation, if organisation seeks to become ‘best-in-

class’ in terms of environmental performance of an.  This suggests that organisation 

require a more comprehensive, external looking approach to move beyond incremental 

change. 

According to Ehrenfeld (2001), an EMS could be strengthened by adopting an 

industrial ecology approach, with life cycle assessment and substance flow analysis 

being useful tools for this process.  The ISO 14000 standards, however, do provide for 

a number of approaches to support the development of an EMS, including life cycle 

assessment and design for environment.  A systems-oriented industrial ecology 

approach is proposed.  This has the potential to open possibilities for improvement 

beyond the normal scope of product-oriented life cycle assessments. 

The alternative systems approaches described by Erhenfeld (2001), identify that there 

are alternative tools and approaches that can provide some guidance to organisations.  

In the case of analytical laboratories, there may be benefits in looking beyond the 

laboratory walls by applying approaches such as the ones described.  The application 

of a systems approach should enable the development of a laboratory-based 

framework for improving the environmental performance of laboratories, and facilitate 

comparison between different laboratory facilities.   
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2.5 SYSTEMS APPROACHES AND THE ENVIRONMENT 

2.5.1 Introduction 

The environmental management systems approaches, based on the international 

standards, do not provide the framework necessary to move the environmental 

management beyond compliance and pollution prevention approaches.   The 

development and implementation of an EMS, whether it is to be certified to the ISO 

14001 standard or not, often requires the application of other systems and tools to 

facilitate the improvement in environmental performance, as noted in Section 2.4.5.  

Therefore, the alternative approaches need to be examined.   

This section briefly reviews the various systems and tools that are available to 

organisations to improve their environmental performance.  Those that may be 

applicable to the development of a broader framework for laboratories are of particular 

interest.  

2.5.2 Total Quality Environmental Management (TQEM)  

The international EMS standards encourage the integration of the organisational 

management systems of quality, environment and workplace health and safety.  A 

similar systems-based approach that integrates total quality management (TQM) and 

environmental management is Total Quality Environmental Management (TQEM).   

The Global Environmental Management Initiative (GEMI) claims the credit for the 

integrating the two approaches (Global Environmental Management Initiative 1993).  

Measurement and statistical processes are central to the TQEM process.  For 

example, cause and effect diagrams, Pareto charts, control charts, flow charts, 

histograms and benchmarking are used to identify and clarify underlying causes.  

Global Environmental Management Initiative (1993) describes a situation where 

environmental laboratory taking too long to complete soil contamination analyses.  Two 

flow charts are used to identify the possible delay factors, such as bad samples, poor 

communication and laboratory re-works.   

The example reiterates the need for the recognition of the contribution of each phase of 

the laboratory process, from sample collection through to the use of results, to the 

whole process of laboratory service/product delivery.  These ‘delay factors’ may impact 

not only on the laboratory’s reputation as a service provider, but also on the 

laboratory’s environmental performance.  Depending on the circumstances, the 
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laboratory would most likely be responsible for laboratory reworks, involving the 

consumption of additional resources.  In the traditional laboratory service model, the 

laboratory is most likely not responsible for the bad samples, as this would be done by 

the customer.  The laboratory, however, may have to share some of the responsibility 

for the bad communication, but the adoption of a collaborative approach would 

overcome this problem.  Therefore, there is a need to recognise where responsibilities 

lie, and where these change as the sample moves though all phases of the service 

delivery.   

In the laboratory situation, the laboratory data outputs are not capable of being reused, 

or recycled, in the same way for a manufactured product.  However, customer needs 

and concerns are often addressed with further laboratory analysis or, perhaps, 

reanalysis of the samples submitted to it.  These additional activities add to the 

economic costs, and give rise to direct environmental impacts where further resources 

are consumed, e.g., in sample analysis/reanalysis. 

The use of other tools to support the development of an integrated TQEM is consistent 

with the ISO 14000-based EMS approach.  For example, the combination of the 

approaches may result in a manufacturer modifying process-input materials and the 

manufacturing process, and redesigning the product to be recyclable.  These changes 

may contribute to a reduction to internal EHS costs and risks, as well as to minimising 

the impact of the products and processes on the environment.    

In a similar way, the green analytical chemistry approach, described in Section 2.3.5, 

promotes the modification of process input materials for analytical laboratories, but with 

no contribution available from the recycling attributes of the analysis data output.  The 

reliance of the TQEM approach on other systems and tools to facilitate improved 

environmental performance is seen as a shortcoming.   

The successful implementation of TQEM relies on the support of technical programs, 

including pollution prevention activities, and approaches such as life cycle assessment 

(LCA) and Design for Environment (DfE).  Therefore, other systems and tools are likely 

to be required in order to maximise the improvement in environmental performance of 

laboratories and their products/services.   

2.5.3 Product Oriented Environmental Management (POEM) 

A development of the TQEM approach is the concept of Product Oriented 

Environmental Management (POEM).  The basis of the POEM is the proposition that 
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the focus of environmental management is moving away from the process towards the 

product itself, as demonstrated through concepts such as extended producer 

responsibility.  As a result of this change in thinking, improving the environmental 

performance of the product becomes an integral part of an organisation’s operations 

and strategy (de Bakker 2002).    

Under the POEM approach, a company should take control of their products’ 

environmental, as well as their economic and technical performance, with the 

environmental characteristics forming a key element of product quality.  POEM also 

takes into account a product’s life cycle, and other characteristics such as end-of-life 

treatment and supply chain management.  The POEM approach is promoted as a 

theoretical, provisional framework, which will grow into a mature, empirically and 

theoretically based model (de Bakker 2002).  The POEM Matrix is presented in Figure 

2-3. 

Figure 2-3  Product-Oriented Environmental Management Matrix (POEM) 

POEM System-technical organisation Social-dynamic organisation 

Operational 
level 

 Environmental information 
management systems 

 Control techniques: performance 
measurement 

 Budgeting 

 

 Cross functional consultation and 
communication 

 Increased environmental training 

 Motivation and commitment 

Strategic 
level 

 

 

 Planning/strategic orientation 

 Vertical deployment 

 Formal interface management 
(internal and external) 

 Division of tasks and responsibilities 
(including environmental ones) 

 

 

 Shared norms and values (including 
environmental ones) 

 Employee empowerment 

 “Transformational” leadership 

 Partnerships and integrated chain 
management (ICM) 

Source: deBakker (2002, p. 60) 

POEM places emphasis on partnerships and integrated chain management (ICM), 

which means that intra-firm cooperation is important.  It has a social-dynamic aspect, 

for example, in cross-functional design activities and ICM; and a social-technical 

aspect, for example interface management and budgeting (de Bakker 2002).  

According to Jensen and Remmen (2005), good POEM practice should establish links 

between an organisation’s environmental initiatives and the market.  This should then 

relate to the organisation’s product development processes and responsibilities.  

Continuous improvement 

Cooperation and learning 

Stakeholder focus 
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The concepts and activities identified by POEM extend the TQEM approach beyond 

process management.  In POEM, the social-dynamic organisation works closely with its 

customers and stakeholders at both the strategic and operational level.  Such an 

approach is applicable to the analytical laboratory, with the laboratory extending its 

involvement with its customers consistent with the approach proposed by Lifshin (1996, 

1998), and Maher, LeGras and Wade (1997).   

At the operational level, cross-functional consultation and communication would form 

an important component of sampling program design to meet specific data 

requirements.  This would be supported at the strategic level by partnerships and 

integrated chain management activities. Increased environmental training supports the 

provision of information for the environmental management system.   

The European Union’s Integrated Product Policy (EU IPP) is a particular example of 

product-oriented environmental management, and is an integral component of the EU’s 

Sustainable Development Strategy (Commission of the European Communities 2003).  

Five key principles form the basis of EU IPP – life cycle thinking, working with market, 

stakeholder involvement, continuous improvement and a variety of policy instruments.  

The aim of the EU IPP is to reduce the cumulative environmental impacts of products 

throughout the whole of their life cycle.  The EU IPP further supports the move from 

process to products to improve environmental performance. 

The conceptual move from process to products is consistent with the approach for 

laboratories, described by Dessy (1993), where the focus moves from laboratory 

processes to the production of data, as discussed in Section 2.2.3.  There is a need to 

move beyond the laboratory process and to consider activities upstream and 

downstream of the process itself in order to improve environmental management 

practices.   

2.5.4 Supply chain management 

The POEM approach identifies integrated chain management as a strategic level 

approach to environmental management.  The TQEM approach also supports supply 

chain management particularly in relation to customer and stakeholder satisfaction.  As 

noted in Section 2.4.4, the AS/NZS ISO9000: 2000 quality management systems 

standard (Standards Australia and Standards New Zealand 2000a) recognises supply 

chain management as a means for improving business performance.  Therefore, a 

supply chain approach supports the position that there is a need to look outside of the 

organisation, if overall business performance is to be considered.  The importance of 
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managing within the supply chain from an environmental performance perspective 

cannot be overlooked. 

Analytical laboratories appear to be ideally placed to exert an influence within their 

supply chain, and to promote improved environmental performance within their 

industry.  As discussed in Section 2.2.2, working closely with customers is identified as 

a pathway for improving business performance in the laboratory industry sector, (e.g., 

Lifshin 1996, 1998; Maher, Le Gras and Wade 1997).  Indeed, learning about the 

customer’s needs directly is important for laboratories seeking to move away from the 

traditional laboratory service approach.  There is an identified need for laboratories to 

drive the development of an extended, more comprehensive relationship with their 

customers to integrate laboratory product development.  

As noted by Editor (1998), one of the key attributes of the service industry is its need to 

work closely with customers, as they are usually in direct contact with their customers 

and other businesses.  As a result, supply chain management is an effective means of 

promoting environmental performance not only within the service industry, but also in 

related manufacturing industries.  The service industries are uniquely placed to 

influence, and to respond to, public demands for sustainability initiatives.  

The approach of moving towards the customer removes costs, and allows the supplier 

to learn about a customer's needs directly, and to benefit the environment by 

shortening the value chain (Arnold and Day 1998).  However, such value chain 

environmental benefits may be difficult to achieve in the short term (Hammer 2001).  

According to Hammer (2001), companies generally have done a good job of 

streamlining their internal processes, while those that involve interactions with other 

companies are largely "a mess" (Hammer 2001, p. 82).   

As identified previously, analytical laboratories currently focus on managing their 

internal processes, e.g., through technical accreditation.  At the same time, the 

laboratories’ interactions with other organisations in their supply chain are not managed 

to the same level.  The analytical laboratory industry would benefit from customer-

supplier relationships.  For example, a supplier laboratory would benefit from contract 

predictability, focused research and knowledge about future customer decisions, while 

the buyer of laboratory services would have better designed analysis programs, giving 

rise to improved quality, competitive pricing, and improved access to the laboratory. 
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Environmental Supply Chain Dynamics (ESCD) usually involves a powerful customer 

firm (Hall, 2000).  These powerful customer firms are usually under more pressure to 

demonstrate their environmental credentials than are the smaller supplier firms.  The 

result is that the ESCD places pressure on suppliers to improve their environmental 

performance.   

In the analytical laboratory industry, small analytical laboratories often work with 

relatively powerful customers and, therefore, they could be subject to this form of 

pressure.  However, due to the general perception that the service industries are 

relatively ‘clean’, there is a possibility that these customer-driven environmental 

performance pressures may not yet have been applied to laboratories.  However, 

laboratories need to be able to respond to these pressures, and to be able to 

demonstrate their environmental performance.  The development of a reliable 

framework for evaluating laboratory performance would assist in this process.   

Laboratories purchase technology and other consumable items for use in their 

businesses activities in the same way as do other businesses.  The incorporation of 

environmental criteria in purchasing decisions would provide an added component in 

relation to supply chain management for laboratories.  This would be in addition to the 

supply chain relationships with their suppliers of sample inputs and the end users of the 

analysis data.   

Ideally, the costs and benefits should be shared between the partners who become 

more dependent on each other (Lamming and Hampson 1996).  Faruk et al. (2002), 

who suggest that a major part of supply chain management is the sharing of 

responsibility for various aspects of performance, including the sharing in the 

achievement of reduced environmental burdens, acknowledge this.    

Laboratories should be prepared to incorporate environmental criteria into their 

purchasing decisions, and to share the costs and benefits with their suppliers.  A 

similar approach should be applied where the laboratory is in the role of a supplier, and 

environmental considerations are built into the selection process for laboratory 

products.  In the event that the laboratory worked with a customer to plan an analytical 

project that resulted the laboratory performing fewer analyses, then mechanisms 

should be to share the benefits arising from this collaboration.  Otherwise, supply chain 

collaboration could be against the laboratory’s financial interests. 
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The traditional supply chain has been concerned with the linear flows of information 

and products/services between customers and suppliers.  This business model results 

in the development of site-centric performance metrics, often focused within the 

company.  The web-based technologies are accelerating the development of a 

collaborative supply chain to include suppliers, customers, suppliers’ customers and 

customers’ suppliers (Basu 2001).  The traditional view of purchasing as a low-level 

strategic activity is challenged by the fact that successful organisations have achieved 

their competitive advantage on managing their relationships with suppliers.  Supply 

chain management requires a sharing of responsibility for the various aspects of 

performance (Faruk et al. 2002). 

Laboratories need to enter into relationships to share responsibility for the planning, 

delivery, and use of analysis data.  A supply chain management approach could 

provide the basis for developing a model aimed at improving the environmental 

performance of a laboratory and its products.  The laboratory is well placed to exert 

influence on activities that occur upstream and downstream of the laboratory itself.  

Ideally, the laboratory should be part of an organisational relationship that requires 

optimal performance at all stages of the delivery system. 

2.5.5 Industrial Ecology 

Industrial Ecology (IE) provides a conceptual, comprehensive, systems-based, 

multidisciplinary, technological framework, which evolved from a study of natural 

systems.  One of the basic principles of ecosystems is no waste.  IE recognises that 

the manufacturing and service systems are natural systems that are connected to their 

local and regional ecosystems and ultimately to the global biosphere (Lowe 1993).   

The ultimate goal of IE is to bring the industrial system as close as possible to 

becoming a closed-loop system, with near complete recycling of all materials, and a 

target of zero environmental impact.  There are demonstrated environmental benefits 

of moving outside the organisation’s boundaries and collaborating with other 

organisations.  IE brings a broader framework to support organisational approaches 

such as TQEM, while on the other hand, TQEM encourages breakthrough thinking, 

which supports the realisation of IE (Lowe 1993). 

The large, US–based, multidisciplinary laboratory, the Lawrence Livermore National 

Laboratory (LLNL), made IE one of its strategic thrusts.  The efforts to reduce the 

environmental impact of the laboratory rely partly on Total Quality Environmental 
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Management (TQEM) practices, and pollution prevention and waste minimisation 

strategies  (Allenby, Gonzalez and Raber 1996).  

The concept that environmental impacts may be reduced by moving the consideration 

from a product focus to a functional needs approach arises from IE (Lifset 2000).  The 

structured economic relationships that form the basis of this approach may present 

many opportunities for meeting human needs with fewer physical products.  This shift 

in thinking proposes that consumers do not necessarily want the manufactured product 

itself but rather the service that the product provides.    

On this basis, laboratories should be providing their customers with an analysis product 

that meets their functional needs, i.e., to provide reliable analysis data on which they 

can base their decisions.  The organisations involved in the production and use of 

laboratory products can achieve this desired outcome by working closely together. 

In terms of ‘true’ IE, there may be difficulties for laboratories, compared with large 

industrial manufacturing organisations.  Laboratories are recognised as users of small 

quantities of a large number of chemicals, and these have the potential to enter a 

variety of waste streams.  As a result, a laboratory may have to work with organisations 

that are interested in relatively small quantities of wastes.  On top of this, laboratory 

data outputs cannot be recycled in the traditional way, placing a further limitation on the 

IE approach. 

2.5.6 Design for Environment  

The US EPA supports the Design for Environment (DfE) approach through the 

development of an Integrated Environmental Management System (IEMS) (US EPA 

2000b).  The IEMS approach provides a number of tools that can be used by analytical 

laboratories to improve their environmental performance, such as the substitute’s tree, 

and the pollution prevention hierarchy.  These tools allow some variation in the types 

and quantities of chemicals used in some test processes.   

The IEMS approach does not call for integration across the whole of a process, but 

calls for the laboratory and staff members to work on partnership arrangements with 

stakeholders.  This suggestion of a stakeholder partnership is consistent with the 

approach proposed for laboratories by Lifshin (1996 1998), and Maher, LeGras and 

Wade (1997), as discussed in Section 2.2.2.  However, it does not provide a model for 

this collaborative approach.   
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The importance of taking account of environmental aspects during the design phase of 

products is recognised in the Handbook HB207.2-2003 ‘Environmental management - 

Integrating environmental aspects into product design’ (Standards Australia and 

Standards New Zealand 2003b).  The organisation‘s management is responsible for 

the continuous environmental improvement of products, and for the management of the 

supply chain.  Product considerations are based on the evaluation of the environmental 

aspects and impacts of the product’s inputs and outputs at all stages of the product life 

cycle, with these findings helping to define the design approaches (Standards Australia 

and Standards New Zealand 2003b).   

Product design is considered under the headings of strategic considerations, 

management considerations, product considerations, and the product design and 

development phase.  During this product design and development phase, all external 

and internal factors affecting the product are considered, including, but not limited to: 

 customer needs and expectations, e.g., the product’s technical performance; 

 environmental requirements, e.g., use of resources, protecting human health and 

the environment; 

 legal requirements, e.g., regulations; and production technologies, capabilities or 

the need for new processes (Standards Australia and Standards New Zealand 

2003b).   

These key product design and development factors should be under consideration 

when an analytical laboratory develops a new method, or varies an existing method, to 

meet the customer’s technical performance needs and expectations in relation to the 

analysis data.  However, this is not always done in the traditional laboratory model, 

where there is little, or no, interaction between the laboratory and the customer about 

the technical requirements.  In fact, it may be possible to apply a DfE style of approach 

to all laboratory outputs to ensure that the information produced meets the customer’s 

end use requirements.  There is a need to compare and evaluate laboratory 

environmental performance, but DfE does not provide an approach to this.  

An environmental benchmarking model for a product estimates that 80-90 percent of 

the environmental impacts of products are determined early in the product 

development phase.  This means that specific and measurable environmental goals 

and measures for products, as well as for the organisation, should be established, and 

supported by a structure and incentives for environmental improvement.  

Environmental information gains value when it is compared with other appropriate 

values, which a central theme of benchmarking.  The traditional place to look for best 
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practice environmental performance is in the leading products on the market, either 

within the firm (internal benchmarking), or outside of the firm (external benchmarking) 

(Schvaneveldt 2003).  

DfE and Green Chemistry complement each other to provide a systems approach to 

implementing IE.  DfE uses a pollution prevention approach to ensure that potential 

environmental impacts taken into account are taken into account at the earliest phase 

possible, i.e., during the design phase.  Green Chemistry complements this by applying 

chemistry techniques to reduce, and/or eliminate, the use of products that are 

hazardous to human health, or the environment (Anastas and Breen 1997).  The 

relationship between DfE and Green Chemistry, Industrial Ecology and Sustainable 

Development is represented diagrammatically in Figure 2-4. 

Figure 2-4  Relationship between DfE/Green Chemistry and Sustainable Development  

  

Source: Anastas and Breen (1997, p. 97) 

Figure 2-4 shows DfE/Green Chemistry as a contributor to IE, which, in turn, 

contributes to Sustainable Development.  The essential principles of the 

complementary DfE and Green Chemistry approach are to ensure that products and 

processes are designed to meet their functional requirements, are cost effective and 

are harmless to human health and the environment.  This means taking into account 

the environmental impacts of the product or process during the design phase (Anastas 

and Breen 1997).    
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Analytical laboratories use technical equipment, as well as chemical and material 

inputs, in their processes.  Some laboratory equipment has been produced under DfE 

programs (Kirsch and Maginn 1992).  Therefore, there is a possibility that DfE may be 

applied to a variety of equipment types.   

Multidisciplinary teams are often used in the DfE approach to achieve the best 

environmental outcomes.  This is consistent with involving the key elements within the 

laboratory supply chain in the planning for the production and use of laboratory 

products, (e.g., Lifshin 1996, 1998; Maher, leGras and Wade 1997), as discussed in 

Section 2.2.2. However, the DfE type of approach has not been applied to the 

production of laboratory data products.  This may be attributed to the fact that the 

laboratory data products cannot be recycled, or disassembled, in the same way as a 

conventional product.   

2.5.7 Cleaner Production 

Cleaner Production is defined as “the continuous application of an integrated 

preventative environmental strategy applied to processes, products, and services to 

increase overall efficiency, and reduce risks to humans and the environment” (UNEP 

2001).  The conservation of raw materials and energy, the substitution of 

toxic/hazardous materials by less toxic/hazardous materials, and reducing the quantity 

and/or toxicity of emissions and wastes form the basis of the key approaches for 

production processes.  In the case of products, the focus is on the reduction by design 

of environmental impacts across the life cycle of the product.  For services, 

environmental concerns are addressed through the design and delivery of the service 

(UNEP 2001). 

Cleaner Production provides a comprehensive approach to production, covering all 

processes, products and services, and their impacts.  The design and use of products 

and services, management skills and policies, and continuous improvement are each 

important (Australian and New Zealand Environment and Conservation Council 1998).  

The principle of Cleaner Production is that it is better to prevent wastes and emissions 

rather than treat and control them once they are generated.  The most common 

practices of Cleaner Production include product modification, input substitution, 

technology modification, good housekeeping and on-site recycling and reuse (van 

Berkel 1999).  

Cleaner Production overlaps the preventative approaches of pollution prevention and 

waste minimisation, but these approaches are limited by the fact that they tend to focus 
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on one key environmental impact, hazardous waste, or toxic substance.  Newer 

approaches focus on a reduction in a product’s life cycle environmental impacts, e.g., 

design for environment, or on the delivery of the delivery of competitively priced 

products and services with reduced ecological impacts, e.g. eco-efficiency (van Berkel 

2001).  

The adoption of a Cleaner Production approach may enhance a laboratory’s 

environmental performance through practices such as chemical substitution in 

laboratory processes, and energy conservation.  It is process focused and does not 

provide the framework for improved environmental performance though organisational 

collaborations across the analysis data delivery system.   

2.5.8 Life Cycle Assessment 

Life-Cycle Assessment (LCA) takes a ‘cradle to grave’ approach to consider the 

environmental impacts of a product throughout its lifecycle, i.e., from raw material 

acquisition (cradle) through production, use and disposal (grave).  During this process, 

the aspects of the product that have environmental impacts are identified.  This, then, 

provides a focus for producers to take steps to reduce, or minimise, the environmental 

impacts of the products (Starkey 1998).   

The standards-based LCA approach relies on a group of published standards to 

provide the tools and the framework for examining the environmental performance of a 

product.  The LCA standards provide the means for an objective evaluation of the 

overall environmental burden associated with a product, process, or activity.  The 

standards are, 

 AS/NZS ISO 14040: 1998.  ‘Environmental management - Life cycle assessment - 

Principles and framework’.  (Standards Australia and Standards New Zealand 

1998c).  This standard describes the general principles and framework for 

conducting and reporting an LCA study; 

 AS/NZS ISO 14041: 1999.  ‘Environmental management - Life cycle assessment -

Goal and scope definition and inventory analysis’ (Standards Australia and 

Standards New Zealand 1999b).  This standard provides guidance on determining 

the goal and scope of an LCA study and for conducting a life cycle inventory. 

 AS/NZS ISO 14042: 2000.  ‘Environmental management - Life cycle assessment - 

Life cycle impact assessment’ (Standards Australia and Standards New Zealand 



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   73 

2001a).  This standard provides guidance for conducting a life cycle impact 

assessment for an LCA study. 

 AS/NZS ISO 14043: 2000.  ‘Environmental management - Life cycle assessment - 

Life cycle interpretation’ (Standards Australia and Standards New Zealand 2001b).  

This standard provides guidance for the interpreting the results from an LCA study. 

 AS/NZS ISO 14048: 2003.  ‘Environmental management – Life cycle assessment – 

Data documentation format’ (Standards Australia and Standards New Zealand 

2003a).  This standard provides guidance on how to format data to support an LCA 

study. 

These Standards are developed for use in conjunction with the environmental 

performance evaluation standard, AS/NZS ISO 14031 (Standards Australia and 

Standards New Zealand 1998b), discussed in Section 2.6.2, to provide relevant 

information on the evaluation of the environmental aspects and to set environmental 

performance standards for an ISO14001 based Environmental Management System.  

An LCA is based on the following steps: 

 “Compiling an inventory of the relevant inputs and outputs of the product system; 

 Evaluation of the potential environmental impacts associated with those inputs and 

outputs; and  

 Interpreting the results of the inventory analysis and impact assessment phases in 

relation to the objectives of the study” (Standards Australia and Standards New 

Zealand 1998c, p.iii) 

A diagrammatic representation of the LCA approach is shown in Figure 2-5. 

Figure 2-5  Interrelationship among the three LCA components  
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The Life-Cycle Inventory (LCI) is central to an LCA.  SETAC developed a technical 

framework for the key phases of an LCI (Fava et al. 1991), and this is shown in Figure 

2-6. 

Figure 2-6  The SETAC Life-Cycle Inventory framework  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Source: Fava et al. (1991, p. xix) 

A similar example of a product system for a LCI analysis is given in the ASNZS ISO 

14041 (Standards Australia and Standards New Zealand 1999b), and this is shown in 

Figure 2-7. 
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Figure 2-7  ISO14041 - example of a product system life cycle inventory analysis  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Standards Australia and New Zealand (1999b, p. 3) 
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life-cycle of a product, process, or activity, they are evaluating their environmental 

impacts holistically.  Environmental managers and decision makers are viewing this 

life-cycle approach as an important approach for achieving environmental 

sustainability.  In a similar summary, business are said to be embracing the life-cycle 

concept, with an understanding that products have environmental impacts across their 

product life, not just in their manufacturing stage (Jensen and Remmen 2005).  

However, an LCI requires the analysis of a large quantity of data from many different 

sources.  This means that full LCAs are often criticised as being time consuming and 

very costly depending on the size and scope of the project (Jensen et al. 1997).  As a 

result, simpler, alternative approaches are adopted.  A survey by Gloria et al. (1995), 

notes the use of in-house, streamlining variations to speed up the process and reduce 

costs.  This streamlining is achieved by minimising the scope, or by not including some 

data.  The system boundaries, assumptions and limitations can be clearly defined at 

this initial point.  Indeed, a full LCA and a streamlined LCA represent two points on a 

continuum (Todd and Curran 1999).  

Other reported approaches include conceptual LCA, and simplified LCA (Jensen et al. 

1997).  A conceptual LCA is based on a limited, and sometimes, qualitative inventory, 

and the results are often presented as a qualitative statement, or as a simple scoring 

system.  The limitations of this approach include the omission of one or more phases of 

the life cycle, or a reduction in the number of parameters considered.  A simplified LCA 

is a comprehensive screening approach across the whole of the life cycle, but it limited 

by the fact that it uses generic data.  

A challenge for LCA is to ensure that the results are relevant and reliable.  LCA is often 

perceived as being too quantitative, and data is presented with little regard to, or an 

acknowledgment of, the level of uncertainty (Weidema 2000).  In response to the 

challenge of data uncertainty, a framework is proposed for modelling data uncertainty 

in life cycle inventories for the system under study.  Within this framework, data 

uncertainty is divided into the two components of inaccuracy of data, and lack of data.  

The lack of data is further broken down to data gaps, i.e., the complete lack of data, 

and to lack of representative data (Huijbregts et al. 2001).  This is represented 

diagrammatically in Figure 2-8. 
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Figure 2-8  Division of different types of data  
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corresponding air conditioner product.  The scores indicate that the service option is 

environmentally preferable to the product option, but the conditioned air service relies 

on Extended Producer Responsibility (EPR) approach for its success (Bennett and 

Graedel 2000).   

If the analytical laboratory service is deemed to produce a product, then that product 

provides a service to its customer.  However, the EPR approach cannot be considered, 

as the laboratory produces an intangible product that cannot be recycled in the same 

way as, e.g., an air conditioning unit. 

Graedel (1998) proposes that the same life-cycle approach that is applied to the 

manufacturing sector should be applied to the service sector.  This has not occurred 

due to a lack of suitable metrics and approaches for measuring the environmental 

responsibility of a service.  The lack of information on the environmental aspects of the 

service industry is also attributed to a governmental focus on emissions and the final 

disposition of wastes, rather than on resource flows and transfers (Graedel 1998).   

In the case for the analytical laboratory industry, the lack of suitable metrics for 

measuring and comparing environmental performance is identified (Rosenblum, 

Horvath and Hendrickson 2000).  The products systems framework used for life cycle 

inventories may provide a suitable framework for the development of a model for a 

laboratory product.  If this can be done, then it would address the suggestion by 

Graedel (1998) regarding the adoption of a life cycle approach by a service industry. 

2.5.9 Life Cycle Management 

Life Cycle Management (LCM) is a programme under the UNEP/SETAC Life Cycle 

Initiative.  The objective of the Life Cycle Initiative is ‘to develop and disseminate 

practical approaches for evaluating opportunities, risks, and trade-offs associated with 

products over their whole life cycle to achieve more sustainable products’  (Sonnemann 

et al. 2001, p.326).  The initial focus of the LCM program is on linking life cycle thinking 

with the environmental, social and economic aspects of sustainability (Sonnemann et 

al. 2001).  

LCM applies life cycle thinking to business practice in order to manage the life cycle of 

an organisation’s products and services to achieve more sustainable consumption and 

production.  This relates to the concept that products themselves have environmental 

impacts over their life cycle, i.e., use, disposal and distribution, in addition to the 

impacts of the manufacturing processes.  Product life cycle thinking aims to reduce 
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resource use and emissions to the environment, and is based on the principles of 

pollution prevention that are currently applied internally within organisations.  However, 

LCM expands the pollution prevention concept to include the product life cycle and 

sustainability (Jensen and Remmen 2005).   

LCM is an integrated flexible framework of concepts, techniques and procedures, 

rather than a single tool or methodology.  The systems and tools include the ISO14000 

series framework, product-oriented environmental management systems, the plan, do, 

check, and act approach, supply chain management, internal communication, the 

learning organisation and cooperation in the product chain.  Corporate strategy, the 

market, the financial sector and legislation drive its implementation.  In addition to 

reduced costs, LCM drives innovation, manages risk, and exposure to legal liability, 

including retrospective liability for environmental impacts of an organisation’s 

operations and products (Jensen and Remmen, 2005).  

In implementing an LPM program, an organisation should engage all departments 

within the organisation.  The organisation should also expand its facility-based EMS to 

incorporate product life cycle thinking, including its interactions with external 

stakeholders.  The focus should be on the flow of both materials and values, so that the 

characteristics of the cleaner products meet the market requirements.  This means 

making the linkages in the product chain to optimise material flows in the supply chain, 

and meeting customer expectations in the value chain (Jensen and Remmen, 2005). 

The promotion of the early integration of environmental and social concerns into 

product design and development is based on the assertion that 70 to 80 % of the total 

project life cycle costs are determined by design.  This means that an early 

consideration of the environmental performance of a product system from cradle-to-

grave is a critical part of the design process (Jensen and Remmen, 2005).  

Profitability is a key element of LCM, and Life Cycle Costing (LCC) provides the link 

between an organisation’s environmental and business strategies.  Where there are a 

number of options available, LCC evaluates the economic feasibility in relation to the 

environmental and social performance of the options.  If these synergies can be 

achieved then this will contribute to the movement towards sustainable development 

(Jensen and Remmen, 2005).   

The adoption of a LCM approach would be appropriate in the case of an analytical 

laboratory.  The potential for laboratory products to have impacts over their life cycle 
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was identified in Section 2.1.2.  These impacts can be reduced by the production of 

reliable laboratory products that meet the requirements of the end user.  Pollution 

prevention and waste minimisation practices are also relevant to laboratories.  Product 

life cycle thinking aims to reduce resource use and emissions to the environment and 

appears to provide an appropriate framework for developing a new laboratory model.  

The economic factors are also an important consideration. 

2.5.10 Relationships between various approaches 

A number of systems and tools have been identified, and are available to assist 

organisations to improve their environmental performance.  Some approaches appear 

to be related, or to overlap, in some way.  These inter-relationships are often the result 

of a development, or an evolution, from another system.    

Sustainable development is the ultimate goal of the application of the various 

concepts/principles.  Whilst sustainable development is easy to conceptualise, it is 

difficult to change the political, economic, and other forces that drive current, 

unsustainable activities.  This means that sustainable development will not be achieved 

by isolated actions, but will depend on a system, such as industrial ecology, that 

crosses economic and ecological boundaries (Keoleian and Menerey 1994). 

Similarly, sustainable development is regarded by Bras (1997) as the broadest, least 

well defined approach that requires pollution prevention, the consideration of life cycle 

consequences of production, and an approach that imitates the natural system.   

The overall thrust of environmentally conscious product design lies in the reduction of 

the negative environmental impacts of products throughout their life cycle.  The 

relationship between the various approaches can be represented on an environmental 

and temporal scale of environmental impact reduction (Bras 1997), and this is shown in 

Figure 2-9. 
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Figure 2-9  Environmental and temporal scale of environmental impact reduction 

approaches 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Bras (1997, p. 8) 
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hand corner of Figure 2-9.  These approaches focus on ‘end of pipe’ solutions, and the 

elimination of pollutants from existing products and processes, respectively.  

Environmentally conscious design, DfE, and Life Cycle Design lie to the right of these 

approaches.  These approaches take life cycle approaches to product design, and 

move well beyond pollution prevention.  IE and Sustainable Development are further to 

the right, and take into account more products, more manufacturers, and increased 

timeframes.   

Scale of temporal concern 

S
c
a
le

 o
f 

o
rg

a
n

is
a
ti

o
n

a
l 
c
o

n
c

e
rn

 

1 2 

3, 4, 5 

6 

7 

S
in

gl
e 

pr
od

uc
t l

ife
 c

yc
le

 

X products 

Manufacturing 

Use 

Disposal 

Manufacturing Use Disposal Human 

lifetime 

Civilization 

span 

One manufacturer 

X manufacturers 

Society 

1. Environmental engineering 

2. Pollution prevention 

3. Environmentally-conscious Design & 

Manufacture 

4. Design for the environment 

5. Life cycle design 

6. Industrial ecology 

7. Sustainable development 

Product life cycle 



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   82 

The adoption of pollution prevention based environmental management practices by 

analytical laboratories, as described in Section 2.3.4 and 2.3.5, identify that the status 

of environmental practice in laboratories tends to lie in the bottom left hand corner.  

Laboratories usually have a diversity of inputs and outputs compared with many 

manufacturing industries, presenting a challenge to move beyond the level of the single 

product life cycle.  This means that analytical laboratories need to adopt practices that 

enable them to move away from the bottom, left hand corner towards the top, right 

hand corner.  Improved environmental performance can be achieved by adopting 

practices that relate to a product life cycle.  The adoption of a product systems 

approach may help laboratories to enhance their environmental performance and move 

further down the pathway towards IE and sustainable development.  

In Figure 2-9, an organisation should ideally move from the lower left-hand corner, 

representing the current state of practice, towards the upper right, representing 

sustainable development.  However, Bras (1997) argues that sustainable production 

and industrial ecology is often implemented at a management level in terms of general 

strategies, but most work described as an application of industrial ecology uses this 

general approach at single product life cycle level.  

Many organisations rely either wholly, or partly, on others for industrial product design, 

but provide leadership in terms of integrating environmental issues into the design.  

This means that communication between the various levels in the product realisation 

process is required to achieve the best product from a technical, economic and 

ecological perspective.  A demonstration of this practice is provided by large, original 

equipment manufacturers, which have close working relationships with end users, and 

share design information in order to reduce lead-time, decrease cost and increase 

quality (Bras 1997). 

A similar hierarchy of systems and tools is described, and represented graphically as 

the 'Industrial Ecology Space-Time' (IEST) (Graedel 2000), and this representation is 

shown in Figure 2-10. 
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Figure 2-10  Industrial Ecology Space-Time (IEST) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Graedel (2000, p. 30A) 

Industrial ecologists respond to the spectrum of environmental concerns at different 

levels.  In Figure 2-10, the first phase of IEST model is pollution prevention, which is 

largely directed at addressing today's industrial processes and focuses on a single 

product life cycle within a facility's boundaries.  Pollution prevention contributes to the 

goals of industrial ecology, based on the position that achieving some reduction in 

emissions is a movement down the industrial ecology pathway (Graedel 2000).   
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emissions reduction. 
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right of Figure 2-10.  This may involve the blending of a number of approaches, such 

as the development of green laboratory facilities, the application of Green Analytical 

Chemistry and DfE approaches, together with interdisciplinary involvement, to achieve 

the best possible environmental outcome.   

Another way of presenting the relationships between the various approaches is 

provided by an examination of the relationship between the final goal of sustainability 

and the concepts/principles, the analytical tools, the policy instruments and the data 

that provides the factual basis for decision making (Udo de Haes 1996).  This 

relationship is shown in Figure 2-11. 

Figure 2-11  Relationship between the final goal, the principles, the analytical tools, the 

policy instruments and data as a factual basis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Source: Udo de Haes (1996, p. 10) 
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relationships and overlaps between the various approaches.  The concepts are not 

ranked, and no distinction is made between the various concepts/principles of life cycle 

thinking, cleaner technology, DfE, IE and TQEM.  Analytical tools and policy 

instruments support all of the concepts/principles.  Data provides, in turn, the factual 

basis to support the analytical instruments and policy tools.   

The relationships expressed in Figure 2-11 support the position that analytical 

laboratories should adopt a model that allows them to use the available tools and policy 

instruments.  The application of the overarching concepts and principles will assist 

them as they seek to move down the pathway towards sustainable development.  

Factual data will be required by the laboratory to support the implementation and 

ongoing use of the selected concept/principle. 
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2.6 ENVIRONMENTAL PERFORMANCE EVALUATION 

2.6.1 Introduction 

Environmental performance indicators provide information that facilitates the 

comparison of environmental performance over time within the one organisation, and 

between different organisations.  These indicators require data for their development, 

and provide support to environmental management systems by providing values for 

use in developing strategies to improve environmental performance, and to measure 

any improvement achieved.  This section reviews the development and application of 

environmental performance indicators, and the identification of possible sources of 

factual data that will assist in the development of these indicators. 

2.6.2 Standards-based environmental performance indicators 

The international standards provide approaches for developing indicators for evaluating 

environmental performance.  The key standard is AS/NZS ISO 14031: 2000 

(ISO14031: 1999) ‘Environmental management - Environmental performance 

evaluation – Guidelines’ (Standards Australia and Standards New Zealand 2000d).  

The AS/NZS ISO 14031 standard is designed as an internal management process and 

tool to provide management with reliable and verifiable information on an ongoing 

basis.  This is to ensure that the environmental performance of the organisation is 

meeting the criteria set by management.  It provides tools and a framework to support 

environmental performance evaluation as part of an ISO14001 based Environmental 

Management System.   

AS/NZS ISO14031 discusses two forms of performance indicators: management 

performance indicators (MPIs), and operational performance indicators (OPIs).  The 

MPIs provide information on the organisation's capability and efforts in managing 

matters such as the implementation of policies and programmes, conformance, 

financial performance and community relations.  On the other hand, the OPIs provide 

management with information on the environmental performance of the organisation's 

operations.  The OPIs cover such matters as materials, energy, services supporting the 

organisation's operations, physical facilities and equipment, supply and delivery, 

products, services provided by the organisation, wastes and emissions. 

The development of a series of environmental performance indicators of the types 

described in AS/NZS ISO14031 enable organisations to monitor and evaluate its 

performance against its environmental policy, objectives, targets and other 
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environmental objectives.  The AS/NZS ISO 14031 Standard also discusses 

environmental condition indicators that enable management to develop indicators of an 

organisation's contribution to the regional, national, or global condition of the 

environment.   

In line with the ISO 14000 standards, environmental performance evaluation is based 

on a Plan, Do, Check, Act (PDCA) cycle, which is shown in Figure 2-12. 

Figure 2-12  Environmental Performance Evaluation  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Standards Australia and Standards New Zealand (2000d, p. 4) 
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2.6.3 Application of environmental performance indicators 

The rate of growth of environmental costs caught many organisations off guard, and 

many have struggled to integrate environmental management into their operations 

(Epstein 1996).  Now, environmental performance metrics are being used to monitor 

and evaluate the environmental performance of business units and company facilities.  

The companies, which manage their environmental performance, recognise the 

possibility for competitive advantage arising from innovation that arises from an 

examination of capital, process and product improvements.  

Environmental performance indicators provide quantitative and qualitative information 

regarding the efficiency and effectiveness of an organisation in achieving its 

environmental objectives.  The selected indicators need the attributes of relevancy, 

measurability, and comparability.  Relevancy relates to the determination of what and 

where to measure.  The determination of what to measure does not always correspond 

to the ability to make that measurement in practice, and this relates to the measurability 

for the indicator.  Comparability has a variety of possible considerations, and these 

relate to timeframes, different sites within the one organisation, different organisations 

in the same line of business, and all other organisations.  No system of comparison 

satisfies all parties, meaning that there are significant problems with the use of 

indicators (Skillius and Wennberg 1998). 

One of the reasons for the success of the quality movement is its emphasis on the 

need for objective information, which enabled the visualisation and understanding of an 

organisation’s goals and results.  However, the selection and collection of objective and 

useful data is a challenge for an organisation.  Three types of indicators are applied – 

process improvement indicators, environmental results, and customer/stakeholder 

satisfaction (Wolfe and Howes 1993).   

The process improvement indicators include internal measures relating to 

environmental investment, environmental training, and employee awareness.  The 

environmental results indicators include continuous and episodic measures, which may 

be supported by benchmarking, e.g., the CP Hotels and Resorts netted $CAN 250,000 

in one hotel in the first year of the application of an environmental management 

programme (Wolfe and Howes 1993).  Customer/stakeholder satisfaction indicators are 

determined by external consultation, and provide input into internal decision-making 

and planning.  
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Environmental performance indicators can take a number of forms - absolute, relative, 

compound, group and indices.  An example of an absolute indicator is the total quantity 

of a substance used in a period of time, e.g. one year.  For a relative indicator, an 

example is the quantity of substance per unit of output.  A compound indicator may 

refer to a quantity of substance used per unit of output in the same period of time.  A 

group indicator, provides consolidated data of a related factor, e.g. quantity of waste, 

while indices refer to a constructed number produced on a scientific basis by weighting, 

or factoring (Skillius and Wennberg 1998; Jasch 2000).  

The required environmental data may be obtained from financial bookkeeping, 

production planning and control and production flow diagrams, and may be collected at 

the level of the firm, separate sites, departments, cost centres or separate machines.  

The attribution of data to cost centres and production process phases assists in the 

identification of pollution prevention options, but a typical shortcoming is a lack of 

harmonisation of technical data with financial data.  Better integration of data, including 

consistency testing, would provide optimization opportunities and would become a 

major tool for environmental controlling (Jasch 2000).  

The use of data already collected for other business purposes to develop performance 

metrics is also discussed by the GEMI Metrics Working Group (Global Environmental 

Management Initiative 1998).  GEMI considers that this approach can be easily 

implemented within reasonable cost objectives, and suggest that the data can be 

normalised against a unit of production to take into account production activity.   

For analytical laboratories, it may be possible to use laboratory management data 

collected for other business reasons.  This could provide a reliable data source for the 

development of environmental performance indicators.  Absolute indicator values 

should be possible for analytical laboratories using material input data.  However, 

analytical laboratories are currently not well placed to use relative indicators based on 

production units, because of the absence of an agreed and defined unit of production.  

Therefore, there is a need to define a generic unit of production for laboratories in order 

to take account of laboratory ‘production’, and to provide comparisons that are more 

meaningful.    

The GEMI Metrics Working Group surveyed member organisations regarding their 

environmental performance measurement systems (Global Environmental 

Management Initiative 1998).  The survey identified that organisations used a mix of 

indicators - lagging indicators, leading indicators, and environmental condition indictors.  

Lagging indicators measure outputs such as the quantity of pollutants emitted, or 
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discharged.  These measures are lagging, as they are made after the production 

processes have occurred.  However, they are easy to measure and understand, and 

are often available from data collected for other business reasons.   

Leading indicators measure in-process performance, and are often a combination of 

quantifiable and non-quantifiable data.  The non-quantifiable data makes this form of 

indicator less useful in the context of performance measurement and evaluation.  

Environmental condition indicators measure the direct effect of the activity on the 

environment, and relate to long-term, time dependent changes.  These indicators may 

be time consuming and expensive to collate, as such information is not often collected, 

and may need to be collected over several years (Global Environmental Management 

Initiative 1998).   

At this early stage of the development of laboratory environmental performance 

evaluation processes, the development of lagging indicators should be useful.  It may 

be possible to develop them from available business data.  The development of leading 

indicators, based on in-process monitoring by laboratories, would seem unlikely, based 

on the reports that only relatively small quantities of chemicals are used in laboratory 

processes.  In some cases, analytical laboratories may be providing some of the data 

for in-line monitoring for manufacturing processes.  In relation to environmental 

condition indicators, it could be anticipated that baseline data is not available for 

laboratory operations, again based on the perception that laboratories only use a small 

quantity of a large number of chemicals. However, the use of environmental condition 

indicators is likely to increase in the future. 

Mass and energy appear to be good lead indicators of overall environmental impact.  In 

the case of the drug manufacturing industry, the rigorous management of solvent 

usage is considered conducive to achieving the greatest green process improvement  

(Curzons et al. 2001).  As discussed in Section 2.3.6, the US EPA through the Labs21 

project identifies energy consumption as a major issue facing US laboratories (Wirdzek 

1999).   

According to Thoresen (1999), industrial companies often use environmental 

performance indicators for decision making, both inside and outside of a company.  For 

example, environmental performance indicators may be used as tools by external 

stakeholders at the macro level for the regulation, control and surveillance of industrial 

companies, e.g., by regulatory authorities and external stakeholders.  At the micro 

level, companies use environmental performance indicators for internal goal setting, 
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control and surveillance of product and process performance, and continuous process 

and product improvement.  This means that different, but related, environmental 

performance indicators may be required for the different purposes, with the micro 

indicators containing a higher level of detail than the aggregated, macro indicators. 

The interpretation of the system boundaries by an organisation’s management has the 

potential to influence the selection of indicators.  If the management takes a narrow 

perspective, then they will focus on the environmental impacts of their facility.  This 

narrow focus may limit an organisation’s ability to influence environmental impacts 

along the product life cycle (Thoresen 1999).  

Analytical laboratories have tended to look within the boundaries of their facility when 

considering environmental performance, as demonstrated by the pollution prevention 

approaches discussed in Section 2.3.4 and 2.3.5.  A much broader approach is 

required, taking into account potential environmental impacts along the laboratory 

service/product supply chain.  A laboratory, as a professional provider of analysis data, 

is ideally placed to exert influence within its supply chain, and to improve environment 

performance across the life cycle.  

Thoresen (1999) proposes three categories of performance for companies trying to 

control the environmental performance of their operations and products – product life 

cycle performance, environmental performance of selected process technology, and 

environmental performance of operations.  The first category, product life cycle 

performance, relates to the environmental impacts arising from the use of resources, 

transport, and performance of products and packaging across the life cycle.  The 

consideration of life cycle impacts and life cycle costs may influence the product 

development choices.   

The second category, environmental performance of selected process technology, 

relates to the selection of the best technology for the manufacturing processes, and is 

based on achieving the best balance between the economic and environmental 

performance of the technology.  Once the technology is selected, then the indicator is 

not longer suitable for continuous use, but may be used as a technology standard.  The 

third category suggested by Thoresen (1999), environmental performance of 

operations, focuses on operational performance, as the manufacturer has this part of 

the product system under their direct control.  The environmental performance 

indicators in this category may use a variety of formats - absolute, normalised, relative, 

indexed, aggregated, or weighted, in accordance with stakeholder requirements. 
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The success of environmental performance indicators depends on the relevance of the 

indicator and its measurability and comparability over time.  A product life cycle 

environmental performance approach has not been applied to laboratory products.  

There is a need to consider the life cycle of the laboratory product as a component of 

performance of the laboratory service/product.  Laboratories also use technology, and 

this means that they should develop processes for technology selection based on their 

scientific, environmental and economic performance.  There is also a need to facilitate 

the development of relative indicators environmental indicators for laboratories, which 

means that there is a corresponding need to identify a generic laboratory output that 

can be used for normalisation.  

It is suggested that industry has developed, but not published, several kinds of 

environmental performance indicators, and that a number of indicators are often 

required to reflect on the impact of an industry on the environment (Tyteca 1996).  In 

an attempt to decrease the number of indicators, normalisation is often carried out as a 

second step, but the ultimate aim is to reduce the number of indicators, preferably to a 

single indicator.  In reviewing the measurement of the environmental performance of 

firms, Tyteca (1996) identifies that LCA is a tool for studying a particular product over 

all stages of its life cycle, rather than the impacts of a given plant or firm.  The LCA of a 

product aims to aggregate the impacts before reaching a conclusion as to the global 

environmental impact of the product. 

The choice of environmental indicators for business is influenced by the business type 

and industry sector; as well as it size, market position; the timeframe under 

consideration; the environmental regulations that influence the industry; and the 

corporate culture of the organisation (Olsthoorn et al. 2001).  The ISO14031-based 

environmental indicators, for example, are best for an environmental management 

system, as these are focused internally, and relate to the requirements of the standard.   

Environmental indicators should allow for meaningful, cost-effective comparisons, and 

be objective, easy to understand, and appropriate to requirements.  Standardisation 

and aggregation are necessary to maximise the usability of the environmental 

information for both internal and external users (Olsthoorn et al. 2001).  To this end, 

Olsthoorn et al. (2001) propose that all environmental data be normalised, and then 

standardised and/or aggregated to develop indicators to meet the specific information 

need.  Such standardisation should allow comparability over time, and between sites, 

functional units, or products.  
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According to Jasch (2000), each of the environmental management systems, ISO 

14001 and EU-EMAS, requires commitment to continuous environmental improvement, 

but do not necessarily require the use of environmental performance indicators (EPIs).  

However, environmental performance indicators are particularly useful in defining 

environmental targets and for comprehensive environmental reporting.  Article 5 of the 

EU-EMAS Regulation identifies some minimum requirements for environmental 

performance indicators (Jasch 2000), as shown in Table 2-3. 

Table 2-3  Environmental indicators in accordance with Article 5 of EMAS Regulation  

 Absolute Relative 

Production Output in kg, items, etc Production Output (PO)  ---- 

Raw material consumption kg kg/PO 

Energy consumption kWh kWh/PO 

Water consumption m3 m3/PO 

Total waste kg kg/PO 

Waste qualities kg In % of total waste 

Waste water m3 m3/PO 

Air emissions kg kg/PO 

Source: Jasch (2000, p. 81) 

The environmental performance indicators in Table 2-3 are presented in both absolute 

values and relative values based on production units, allowing for comparison over 

time.  The selection and use of a reference unit is critical for interpretation, and that 

although production units are the norm, other units such as revenue, employee 

numbers, and production days may be used.  Environmental indicators provide a 

comprehensive and precise summary of a vast quantity of organisational data (Jasch 

2000). 

The Australian Government has released a Guide to reporting against environmental 

indicators (Environment Australia 2003).  The indicators are broken into two broad 

categories – environmental management indicators and environmental performance 

indicators.  The environmental management indicators are said to be consistent with 

the Global Reporting Initiative (GRI) report format.  They discuss conformance with the 

organisational EMS; environmental process improvement; integration of the EMS with 

other business management systems; due diligence processes; and environmental 

liabilities.  The environmental management indicators are considered lead indicators 

that provide the basis for future performance forecasts.  The environmental 
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performance indicators reflect those described by the GRI, but provide additional 

details about the calculations within the Australian context.   

The GRI identifies core environmental performance indicators under headings of 

materials; energy; water; biodiversity; emissions, effluents and waste; suppliers; 

products and services; compliance; transport; and overall (Global Reporting Initiative 

2002).  The GRI uses absolute values, but requests normalised, or ratio, values to 

provide complementary information.  The absolute values provide information about the 

magnitude of a reporting organisation's overall contribution to an overall effect.  Ratio 

values relate two absolute values to each other, enabling comparison of different 

scales of operation.  For example, intensity ratios express impact per unit of activity 

such as resource usage per volume of production, with a decreasing ratio reflecting 

improved performance.  

Laboratories do not currently have an agreed production unit, making it difficult to 

compare environmental, and other, performance based on output.  However, if this can 

be achieved, then more-meaningful comparisons can be made within and between 

laboratories.   

The Lowell Center for Sustainable Production (LCSP) has developed a framework for 

addressing the environmental, but not the social and economic, aspects of sustainable 

production.  The framework seeks to address the shortcomings of the published 

environmental indicators to advance the understanding of corporate sustainability 

(Veleva et al. 2001), and is presented in Figure 2-13. 
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Figure 2-13  The Lowell Center for Sustainable Production indicator framework 

 

The indicators for each level of the framework in Figure 2-13 are described as follows: 

 The Level 1, Facility Compliance/ Conformance Indicators evaluate how well the 

facility is meeting current regulations, e.g. number of reportable spills, number of 

notices of non-compliance, or dollar value of fines paid;   

 The Level 2, Facility Material Use and Performance Indicators measure resource 

use efficiency and are reported as a total value, and/or as a normalised value 

adjusted for output, e.g. tons TRI-US emissions, energy consumed per kilogram of 

output;   

 The Level 3, Facility Effect Indicators measure the potential effects of the facility on 

the environment and public health, and are reported as absolute or relative values, 

e.g., kg of greenhouse gas emissions in CO2 equivalents per year; 

 The Level 4, Supply Chain and Product Life-cycle Indicators aim to  measure 

environmental performance along the product life-cycle, e.g., percent of products 

designed for ease of reuse, or recycling; and 

 The Level 5, Sustainable Systems Indicators show how well a company’s 

production processes align with the sustainable society, and require community 

input, e.g., percent of water from local sources and used within the recharge rate 

(Veleva et al. 2001). 

Level 5 

Sustainable Systems Indicators 

Level 4 

Supply Chain & Product 
Life-cycle indicators 

Level 3 

Facility Effect Indicators  

Level 2 

Facility Material Use and 
Performance Indicators 

Level 1 

Facility Compliance/ 
Conformance Indicators 

Source: Veleva et al. (2001, p. 449) 
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The LCSP approach seeks to clarify the various environmental performance measures 

that are available for use by organisations.  The review of the voluntarily reported 

environmental performance indicators shows the current level of maturity lies 

predominantly at Levels 1 and 2.  Using the LCSP review as a guide, analytical 

laboratories are expected to be capable of achieving the same, lower levels.  Work is 

being undertaken to address Level 3 facility environmental effect indicators through 

facility performance programs, e.g., Labs 21 (Wirdzek 1999).  Level 4 and Level 5 

indicators to address the life-cycle of the laboratory product/service and the sustainable 

system have not been developed.   

If enhanced environmental performance is to be achieved for laboratories and their 

products, then there is a need to develop approaches to facilitate the move towards 

developing Level 4 and Level 5 indicators.  If the movement to Level 4 and 5 indicators 

can be achieved, then the performance of laboratories will be moving down the 

sustainable system pathway.  This means that there is a need to consider laboratory 

outputs from a supply chain and product life cycle perspective. 

2.6.4 Laboratory Management Information Systems 

Analytical laboratories use management information systems to manage their 

customers and the sample inputs, and to procure materials and services.  Laboratory 

Information Management Systems (LIMS) are information management systems 

designed specifically for laboratories.  Originally, many LIMS were developed as ‘in-

house’ applications to streamline data acquisition and reporting.  Subsequently, 

custom-built systems became available, and these often require customisation to meet 

specific laboratory needs, but this increases costs and slows implementation 

(Limsource 2006). 

Management information systems, such as those described, may provide the reliable 

source of data for the evaluation of the environmental performance of analytical 

laboratories. 
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2.7 SUMMARY 

This literature review identifies that: 

 the current view of an analytical laboratory is of a service provider that receives 

samples, processes them, and provides customers with analytical results 

describing what is ‘in the sample’;   

 performance of a laboratory is evaluated on cost, and on turnaround time between 

sample submission and results reporting; 

 technical accreditation, ownership and market values determine the quality of the 

laboratory and its outputs or its service; 

 little attention is paid to environmental performance during the design of analytical 

projects; 

 there is no standardised ‘unit of production’ for analytical laboratories; 

 performance based on regulations can be a poor indicator of quality, and provides 

no indication of environmental performance; 

 where laboratory environmental performance is considered, solid waste emissions, 

pollution prevention, and energy and water consumption are the current primary 

indicators; 

 evidence is provided that industrial production line, supply chain and life cycle 

approaches can be applied to analytical laboratories, but new concepts and 

modified approaches are necessary; 

 these and the Green Chemistry approaches identify that potential impacts potential 

impacts of upstream and downstream activities related to the analysis of laboratory 

samples may have greater environmental significance than internal laboratory 

processes; 

 new approaches are required to allow for a more effective assessment of small 

sample size, large sample numbers, small quantities of a large number of 

chemicals, small quantities of a large number of wastes of varying toxicity, and 

upstream and downstream environmental impacts; and 

 a new approach, based on a product supply chain and a well defined ‘unit of 

production’ that can be applied across all disciplinary areas of analytical laboratory 

facilities, is essential if improved environmental performance is to be achieved.  

Costs and timeliness remain as important parameters. 
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3. METHODOLOGY 

3.1 INTRODUCTION 

A new framework for the reliable production and use of a laboratory information 

product, the Laboratory Product Model (LPM), is developed based on a product 

systems framework.  The laboratory is now only a part of the production process, and 

supplies a laboratory data product as input into the production of a laboratory 

information product.  In order to optimise the performance of the production line, the 

selection of the laboratory with the best environmental performance is required.  

Environmental performance indicators for laboratories would assist in the comparison 

and selection of the appropriate laboratory.  A laboratory study is undertaken to 

investigate the use of corporate management information to develop useful 

environmental performance indicators.  The purpose of the laboratory study is to show 

how an objective assessment of laboratory processes can be undertaken to provide a 

more objective, simpler environmental performance assessment.  This chapter 

introduces the LPM, and describes the methodology used to analyse the data 

contained in the corporate management information systems.   

3.2 DEVELOPMENT OF A GENERIC LABORATORY PRODUCT MODEL 

The literature review identified that laboratories need to move from an internal, service 

delivery focus to an outwards looking, product systems approach, if they are to improve 

their environmental performance, and that of their products, beyond their present level.  

The product systems approach means that laboratories need to work with their 

suppliers at all stages of the delivery system from sample collection and delivery, 

laboratory processing, through to the end use of the laboratory data. 

The findings of the literature review, and the researcher’s knowledge of the laboratory 

industry based on over 30 years of laboratory experience, were combined to develop a 

new Laboratory Product Model (LPM).  The development of this LPM uses the linking 

feature of ‘encoded data’, and is described in Section 5.2.  The LPM describes a 

production line approach that incorporates all phases of laboratory product production, 

into the one framework.  A Laboratory Product Supply Framework that requires the 

collaboration between all of the organisations involved to optimise the performance of 

the production line is identified.  The LPM is applied to planning for the production 
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reliable laboratory information products, and this is presented in Section 5.3.  A number 

of issues are identified that require consideration as part of laboratory product planning. 

With the adoption of an LPM approach, the laboratory is, now, only part of the 

laboratory product production line, and its performance only contributes to the overall 

performance of the production line.  From the laboratory perspective, the selection of 

the laboratory with the best environmental performance is required to optimise the 

environmental performance of the production line.  The development and application of 

reliable environmental performance indictors was identified as key requirement for 

laboratory selection.   

Data collected for other business reasons provides a source of reliable data for the 

development of environmental performance indicators (Global Environmental 

Management Initiative 1998; Olsthoorn et al. 2001).  Many laboratories use corporate, 

management information systems, and these systems were identified as a potential 

source of reliable data for laboratories.  Thus, it was decided that the best approach 

would be to use real data from an operational laboratory, and a laboratory study 

approach was selected.   

3.3 LABORATORY STUDY 

The LPM thinking in relation to the production of laboratory data products is applied in 

the laboratory study.  The suitability of the available input data in the corporate 

management information systems to predict environmental performance is 

investigated.  Environmental performance indicators for laboratories are developed.  At 

the same time, any data gaps, or uncertainties, that may affect data reliability, and, 

hence, the reliability of environmental performance comparisons, would be identified. 

3.3.1 Selection of study laboratory 

The selection of a suitable laboratory was based on a number of factors, including data 

availability and its relative ease of access, to researcher.  The following criteria were 

also applied to the selection:  

 the laboratory was large enough to support a number of different scientific 

disciplines, ensuring that the different disciplines within the one organisation could 

be compared; 

 the size of each of the scientific disciplines was such that the number of data 

products produced, and the quantities of material input used by each discipline, 

were statistically large enough to ensure valid comparisons could be made; 
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 the laboratory’s client base was large and included both public and private sector 

customers, thereby providing a diversity of accounts and minimising the influence of 

different account types on the findings;  

 the laboratory used computer-based laboratory management information systems 

to record information, facilitating access for data mining; 

 the research project was able to access the relevant information contained in the 

laboratory management systems.  It was understood that some types of information 

may be of a confidential nature, e.g., information with potential legal implications, 

human resource management information, and that this might not be available to 

the study; and   

 the laboratory had relevant accreditation to manage the technical quality of its data 

products.   

Once the preliminary selection of the study laboratory was made, a more detailed 

examination of the laboratory’s management information systems, including the nature 

of the data, and its availability, was undertaken.  When the nature of data in the 

management information systems was determined, permission was sought, in writing, 

from the Director of the study laboratory to access the required information.  The 

Director gave permission to access the two key sources of management information – 

the Laboratory Information Management System (LIMS) and the Procurement 

Management System (PMS).  Later, in further discussions with the study laboratory’s 

Director, a verbal agreement on matters relating to confidentiality of information was 

reached. 

3.3.2 Selected laboratory characteristics  

A large, public sector laboratory located in the Brisbane metropolitan area, with access 

to laboratory management information systems to record laboratory activity, as well as 

material and other purchases, was selected for the study.   

The selected laboratory was a business unit of a larger, science-based, parent 

organisation, as shown in Figure 3-1. 
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Figure 3-1  Business Units of the large science-based parent organisation 

 
 
 
 
 
 
 
 
 
 
 

In Figure 3-1, the Clinical Laboratory Division, shaded grey, is an integrated network of 

pathology laboratories providing clinical diagnostic services for both metropolitan and 

regional areas.  The Technology Services Division, also shaded grey, is an integrated 

network of biomedical equipment procurement and maintenance services for the public 

hospital system.  These two divisions were not included in the study. 

The Corporate Services Division, shaded pale blue, is responsible for procurement 

services, information management services, human resource management services, 

financial management, infrastructure and projects, and business development.  This 

division was not included in the study.  However, the Procurement Unit within the 

Corporate Services Division was consulted regarding access the PMS, as discussed in 

Section 3.5. 

The study laboratory undertakes analyses in the areas of public health and forensic 

sciences, and its organisational chart is shown in Figure 3-2.   
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Figure 3-2  Organisation chart of the study laboratory  

 

Figure 3-2 shows that the study laboratory is divided into two operational laboratory 

divisions, shown as Division A, shaded yellow, and Division B, shaded green.  A third 

division, Business Support Services, shaded blue, provides facilities and management 

support.   

Division A consisted of four discipline-based operational departments, shown as 

Departments A1-A4, and called Inorganic Chemistry, Organic Chemistry, Bacteriology 

and Media, and Virology, respectively.  The three operational departments Inorganic 

Chemistry, Organic Chemistry and Bacteriology and Media, shaded yellow, are the 

focus of the study.  ‘Bacteriology and Media’ is referred to as ‘Bacteriology’ in the 

remainder of the study.  The Virology Department, shaded grey, was not included in 

the study for the reasons outlined in Section 3.4. 

Division B also consisted of four disciplines, shown as Departments B1-B4.  In many 

ways, Division B was functionally quite similar to Division A in that a number of similar 
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scientific disciples are represented, and a number of similar processes and 

technologies are used.  However, the principal activity of Division B is forensic science, 

and this presented a number of confidentiality and security related issues.  As a result, 

Division B was excluded from the study, and its non-inclusion is not considered to 

impact on the study.   

The Business Support Services Division provides support for the whole laboratory 

facility through facilities management, finance and information technology.  The 

facilities management and finance units provide local support for the laboratory facility, 

including the management of the facility, materials and services procurement and 

distribution.  The information technology (IT) group was responsible for the 

management of the local IT network, as well as for the in-house developed LIMS.  The 

Division was not included in the study, but it was consulted during the course of the 

study. 

The following quality management systems were in place in the laboratory. 

 The departments of laboratory are technically accredited by third party audit 

processes to AS ISO/IEC 17025: 1999, “General requirements for the competence 

of calibrating and testing laboratories” (Standards Australia 1999), for most of their 

activities.   

 The laboratory’s quality management system was certified to AS/NZS ISO 9000: 

2000 (Standards Australia and Standards New Zealand 2000a).  According to AS 

ISO/IEC 17025, technical accreditation is closely aligned to certification AS ISO 

9002:1997 quality system requirements, and, as such, a laboratory with 

accreditation should be on the pathway to achieving certification.  The laboratory 

upgraded to AS/NZS ISO 9000:2000 when the new standard was implemented.  

The laboratory has a documented workplace health and safety management system, 

but this is not subject to third party audit processes.  Workplace health and safety 

management has some relationship to environmental management at a local level.  As 

a result, the laboratory is aware of factors that may impact upon human health, and has 

put in place practices to manage these factors.  However, some workplace safety 

practices, such as the management of clinical waste, may influence environmental 

performance.  The study laboratory does not have a formal environmental 

management system in place.   
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3.3.3 Laboratory management information systems 

The study laboratory’s computer-based management information systems are sources 

of relevant information for evaluating laboratory environmental performance.  The key 

systems used by the laboratory are:  

 The Laboratory Information Management System (LIMS).  This system manages 

customers, and information about laboratory sample inputs and process outputs.  It 

should enable the determination of the number of laboratory data products.  The 

approach used to calculate the number of products produced is described in 

Section 3.4; and 

 The Procurement Management System (PMS).  This system manages information 

about laboratory input material purchases, and enables the prediction of laboratory 

waste outputs.  The evaluation of process inputs should facilitate an evaluation of 

laboratory environmental performance.  The approach used to evaluate the inputs 

materials, and, thus the waste generation is described in Section 3.5. 

The financial year 1999/2000 was selected as the common time frame for the 

evaluation of the two databases.   
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3.4 LABORATORY OUTPUT INFORMATION  

The LIMS is an 'in-house' application, developed and managed internally by the 

Information Technology Group, Business Support Services.  Originally, it was 

developed for financial management purposes.  It is used for the administration of 

customer accounts, and to manage sample inputs to the laboratory, and the tracking of 

laboratory decoding process activities.   

Personnel from each laboratory department are responsible for entering the information 

into the database when customers submitted their analysis requests and samples.  The 

Finance Unit, Business Support Services manages the billing of customers based on 

laboratory departments’ information inputs.   

The purpose of the study, and the associated information requirements, were 

discussed with the LIMS Administrator, Information Technology, Business Support 

Services.  Following these discussions, the LIMS Administrator provided the researcher 

with a 'data dump' in ‘.dbf’ format for the whole laboratory for one financial year, 1999-

2000.  These ‘.dbf’ formatted data files were imported into MS Excel to facilitate the 

manipulation of the data to generate the secondary data required by the study.   

The raw data file used for the calculation of the number of laboratory information 

products for the selected departments in Laboratory Division A is presented in 

Appendix 1.  An example of an MS Excel spreadsheet derived from the data dump is 

provided in Figure 3-3. 
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Figure 3-3  Example of MS Excel worksheet with imported LIMS data 

Source:  Appendix1.xls 

The meaning of the column headings in the MS Excel worksheet and a brief description 

of their function are given in Table 3-1.   

CCODE

ORG_CO

DE

ACC_CO

DE REG_NR RECEIVE_D CLI_REF LABNR_SEQ INV_NR

SWA_WDC

ODE QTY DESCRIPT

PRIME_W

A MONTH AMOUNT

ASD QOA N 99080144 3/08/1999 MS  777/777 MBBOTA 2.0 PLASTIC CONTAINERS, SPECIAL WASHMB 9908 6.00

ASD QOA N 99080144 3/08/1999 MS  777/777 MBBOTM 2.0 PLASTIC CONTAINER, STERILISEDMB 9908 4.00

ASD QOA N 99080144 3/08/1999 MS  777/777 MBBOTX 2.0 BOTTLE OF PRESERVATIVEMB 9908 2.00

DES QOE T 99080145 3/08/1999 - MS  778/778 M22202 MBBOTA 100.0 PLASTIC CONTAINERS, SPECIAL WASHMB 9908 300.00

DES QOE T 99080145 3/08/1999 - MS  778/778 M22202 MBBOTC 100.0 PLASTIC CONTAINER, DETERGENT WASHMB 9908 200.00

DES QOE T 99080145 3/08/1999 - MS  778/778 M22202 MBBOTG 220.0 GLASS CONTAINER, SPECIAL WASHMB 9908 1100.00

DES QOE T 99080145 3/08/1999 - MS  778/778 M22202 MBBOTX 100.0 BOTTLE OF PRESERVATIVEMB 9908 100.00

ICC QLA C 99080146 3/08/1999 - MS  779/779 G22415 MBBOTA 14.0 PLASTIC CONTAINERS, SPECIAL WASHMB 9909 42.00

ICC QLA C 99080146 3/08/1999 - MS  779/779 G22415 MBBOTC 3.0 PLASTIC CONTAINER, DETERGENT WASHMB 9909 6.00

ICC QLA C 99080146 3/08/1999 - MS  779/779 G22415 MBBOTG 14.0 GLASS CONTAINER, SPECIAL WASHMB 9909 70.00

ICC QLA C 99080146 3/08/1999 - MS  779/779 G22415 MBBOTX 26.0 BOTTLE OF PRESERVATIVEMB 9909 26.00

DEGL QOE C 99080147 3/08/1999 300368 MS  780/780 M22356 MBBOTA 10.0 PLASTIC CONTAINERS, SPECIAL WASHMB 9908 30.00

DEGL QOE C 99080147 3/08/1999 300368 MS  780/780 M22356 MBBOTC 13.0 PLASTIC CONTAINER, DETERGENT WASHMB 9908 26.00

DEGL QOE C 99080147 3/08/1999 300368 MS  780/780 M22356 MBBOTG 5.0 GLASS CONTAINER, SPECIAL WASHMB 9908 25.00

DEGL QOE C 99080147 3/08/1999 300368 MS  780/780 M22356 MBBOTX 41.0 BOTTLE OF PRESERVATIVEMB 9908 41.00

DESR QOE C 99080148 3/08/1999 EN294582 MS  781/781 G22411 MBBOTA 70.0 PLASTIC CONTAINERS, SPECIAL WASHMB 9909 210.00

DESR QOE C 99080148 3/08/1999 EN294582 MS  781/781 G22411 MBBOTB 270.0 CONTAINER BAGGING FOR LEGAL SAMPLESMB 9909 270.00

DESR QOE C 99080148 3/08/1999 EN294582 MS  781/781 G22411 MBBOTC 25.0 PLASTIC CONTAINER, DETERGENT WASHMB 9909 50.00

DESR QOE C 99080148 3/08/1999 EN294582 MS  781/781 G22411 MBBOTG 75.0 GLASS CONTAINER, SPECIAL WASHMB 9909 375.00

DESR QOE C 99080148 3/08/1999 EN294582 MS  781/781 G22411 MBBOTM 100.0 PLASTIC CONTAINER, STERILISEDMB 9909 200.00

DESR QOE C 99080148 3/08/1999 EN294582 MS  781/781 G22411 MBBOTX 45.0 BOTTLE OF PRESERVATIVEMB 9909 45.00

DESR QOE C 99080148 3/08/1999 EN294582 MS  781/781 G22411 MBMISC 50.0 MISCELLANEOUS ITEMS, $1 UNIT COSTMB 9909 50.00

WRCQ QON C 99080149 3/08/1999 - MS  782/782 G22431 MBBOTA 580.0 PLASTIC CONTAINERS, SPECIAL WASHMB 9909 1740.00

WRCQ QON C 99080149 3/08/1999 - MS  782/782 G22431 MBBOTC 850.0 PLASTIC CONTAINER, DETERGENT WASHMB 9909 1700.00

WRCQ QON C 99080149 3/08/1999 - MS  782/782 G22431 MBBOTM 180.0 PLASTIC CONTAINER, STERILISEDMB 9909 360.00

WRCQ QON C 99080149 3/08/1999 - MS  782/782 G22431 MBBOTX 50.0 BOTTLE OF PRESERVATIVEMB 9909 50.00

EHK QH1 N 99080162 4/08/1999 MS  783/788 M*ZADM 1.0 REGISTRATION AND HANDLING FEEMS 9909 15.00

EHK QH1 N 99080162 4/08/1999 MS  783/788 MGAPW2 6.0 ICP - STD WATER ANALYSISMG 9909 216.00

EHK QH1 N 99080162 4/08/1999 MS  783/788 MSSWH2 6.0 STD WATER ANALYSIS, 10 OR >10 SAMPLESMS 9909 402.00
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Table 3-1  Listing of LIMS raw data format and data purpose  

Excel Column 
Heading 

Heading Meaning Description 

C_CODE Client Code Unique short code assigned to a client or client program. 

ORG_CODE Organisational 
Code 

Primary grouping of client codes associated with one client, or 
a group of similar clients. 

ACC_CODE Account Code Assigned to the client for a particular type of account, where N 
= fee-for-service for non-commercial work; and C = fee-for-
service for commercial work. 

REG_NR Registration 
Number 

Unique identifier assigned upon registration to a sample, or 
package of samples, received from a client.   The number 
sequence is generated as sample packages are received 
across the whole of the facility. 

RECEIVE_D Received Date The date of registration of the samples 

CLI_REF Client Reference Client purchase identifier, e.g., purchase order number.   

INV_NR Invoice Number Unique number used for billing clients.  

LABNR_SEQ Lab Number 
Sequence 

The laboratory number, or sequence of laboratory numbers, 
assigned to a sample, or series of samples.  The numbers 
assigned relate to the sequence of samples received by 
departmental work areas; and the numbers are linked to the 
REG_NR.  

SWA_WDCODE Section Work Area 
Work Description 
Code 

Laboratory test(s) requested by the client, and assigned to 
each laboratory number.  The Code also serves a number of 
other operational purposes, such as non-analysis activity, e.g., 
sample registration (Codes beginning with ‘Z’), or an analysis, 
or non-analysis activity charged at an hourly rate (Codes 
beginning with ‘Y’).   

QTY Quantity Number of laboratory tests requested on the sample, except 
where the “SWA_WDCODE” begins with a “Y”, e.g., “YMIS”, 
and the number value is in hours, or decimal parts thereof. 

DESCRIPT Description Description of the laboratory test 

PRIME_WA Primary Work Area Department work area where the major component of work is 
undertaken.  A description of the work areas is provided in 
Table 3-2. 

MONTH Month Month in which work is completed. 

AMOUNT Amount Charge for test(s), or activity, in dollars. 

Source:  Appendix1.xls 

Each department consists of a number of work areas, called primary work areas.  

Personnel in these work areas usually register the samples in LIMS, and are 

responsible for preparation of the final report(s) that correspond to the sample(s) in 

question.  The names of the primary areas of the study laboratory are given in Table 3-

2. 
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Table 3-2  Description of Primary Work Areas in study laboratory 

Primary 
Work Area 

Description Primary 
Work Area 

Description 

Inorganic Chemistry Organic Chemistry 

MB Inorganic: Containers EB Organic: Physical parameters 

MG Inorganic: Geochemistry EJ Organic: Uncredited work 

MJ Inorganic: Uncredited work EM Organic: Blue-Green algae 

MM Inorganic: Metals - water EN Organic: Nutrients 

MS Inorganic: Standard water EO Organic: Trace organics 

MT Inorganic: Trace metals EP Organic: Pesticides 

MX Inorganic: X-Ray Fluorescence ER Organic: Aflatoxins 

  ES Organic: Mass Spectrometry 

Bacteriology   

NB Bacteriology: Notifiable bacteria NN Bacteriology: Neisseria 

NE Bacteriology: Enteric pathogens NP Bacteriology: Parisitology 

NF Bacteriology: Food NS Bacteriology: Leptospirosis 

NJ Bacteriology: Uncredited work NW Bacteriology: Water 

NL Bacteriology: Legionella   

The LIMS is the laboratory’s primary source of information about the laboratory 

decoding process activities.  The procedure used to calculate the number of laboratory 

data products from the LIMS is given in Section 3.4.1.  At the same time, the guideline 

for determining the number of laboratory products, described in Section 5.4.2, was 

applied. 

3.4.1 Laboratory products determination 

An initial evaluation of the worksheet in the MS Excel Workbook, Appendix 1, was 

undertaken.  For Division A, data relating to Inorganic Chemistry, Organic Chemistry 

and the Bacteriology Departments was found.  The Virology Department’s data was not 

present.  Further investigations found that the Virology Department retained its data in 

a separate database, and that this was not available to the study.  Therefore, Virology 

was not included. 

However, it was decided that the data from the three departments still provided a 

sufficient diversity of scientific disciplines to facilitate the testing of the suitability of the 

database for determining the number of laboratory data products.  The data from these 

three departments was proposed as being representative of the Laboratory Division for 

the purposes of the study.   
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A structured approach to the analysis of the data was adopted.  The data in Appendix 1 

was sorted by department, and the data for each department was copied and pasted to 

new worksheets called ‘Inorganic Data’, ‘Organic Data’ and ‘Bacteriology Data’ in new 

workbooks named Appendix 1A, Appendix 1B, and Appendix 1C, respectively.  Then, 

further information was added to each line of the data in the worksheet for each 

laboratory department.  The process applied was:  

 Two additional columns were added to each worksheet to assist the identification of 

generic laboratory products.  One column was headed 'matrix' (the material form of 

the sample, e.g., water, soil, food).  The term ‘matrix’ was chosen, as it is 

commonly used in the analytical laboratories to describe the physical nature of the 

matter to be tested.  The second column was headed 'biomarker' (the analysis 

parameter(s) of interest, e.g., element, pesticide).  The term ‘biomarker’ was 

chosen as a public health laboratory usually investigates chemical, and/or 

biological, makers that may impact on the health of people, and/or the environment.   

 Each row of information was assigned a ‘matrix’ and ‘biomarker’ description in the 

new columns.  The assignment was based on the Section Work Area Work 

Description Code [SWA_WDCODE], the description of the laboratory work code 

[DESCRIPT], and an understanding of the primary requirement of ‘the reason for 

analysis’, e.g., a metal parameter in blood is assigned to the columns on the basis 

of the ‘matrix’ = ‘biological’, and the ‘biomarker’ = ‘element’.  A listing of the 

categories applied under each of the headings ‘matrix’ and ‘biomarker’ is provided 

in Table 3-3.  
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Table 3-3  Listing of generic laboratory products using ‘matrix’ and ‘biomarker’ 

Matrix Biomarker Purpose 

admin admin registration & handling of samples 

admin collabtrial administration fee for participating in collaborative trial 

admin freight fee for sending packages by freight 

admin other administration fee for internal activities 

admin qc - nutrient preparation of nutrient samples for collaborative trials 

admin qc - toxin preparation of reference toxin standards 

admin report fee for compiling special report 

admin variation administrative surcharge for varying invoice 

air drug miscellaneous work, charged at hourly rate 

air filter element toxic metals in air filters 

biological element toxic metals in biological specimens 

biological pesticide biological sample for pesticide, herbicide 

biological poison poison in biological specimen 

biological svoc biological specimen : GC/MS determination 

biota orgmet biota – organometallic determination 

biota pesticide biota – pesticide residue determination 

biota svoc biota – semi-volatile organic compounds 

biota toxin biota – toxin determination 

dip pesticide dip - pesticide concentration 

food bacteria isolation & identification of bacteria in food 

food composition elemental composition of food 

food pesticide food – pesticide/herbicide determination 

food  standard food standard analysis - elements 

food  svoc food – semi-volatile organic determination 

food toxin food toxin determination 

liquid  element prepared sample – element(s) determination  

liquid physical prepared sample – physical parameters 

isolate bacteria bacterial identification on prepared isolates 

oil svoc PCB residue s in oil 

ore  element ore – element analysis   

ore physical ore – analysis for physical parameters 

sample composition non- routine analysis of unknown sample type 

sample container preparation of sample containers, and related devices 

sample element analysis for elements in unknown sample type 

sample parasite parasite identification in unknown sample type 

sample pesticide pesticides in unknown sample type  

sample svoc prepared sample – GCMS examination 

sample voc sample analysis – purge & trap GCMS  

sediment element sediment sample – element analysis 

soil element prepared soil sample – element(s) determination 

soil nutrient soil – environmental nutrient analysis 

soil pesticide soil – pesticide/herbicide residue analysis 

soil svoc soil – semi-volatile organic compounds 
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Table 3-3 (Continued)  Listing of generic laboratory products using ‘matrix’ and 

‘biomarker’ 

Matrix Biomarker Purpose 

solid element prepared solid sample – element(s) determination 

solid physical prepared solid sample – physical determination(s) 

standard antisera preparation of bacterial antisera 

swab pesticide swabs for pesticide residue analysis 

swab bacteria environmental swabs for bacterial examination 

swab svoc swab for determination of semi-volatile organic carbon 

vegetation pesticide vegetation samples – pesticide/herbicide determination 

water aqprog1 water effluent for physical parameters 

water bacteria water – bacterial examination 

water cbwcprog catchment water for physical parameters 

water composition water – non-routine analysis 

water dialprog dialysis water – standard analysis program 

water element water sample – element(s) determination 

water nutrient water – environmental nutrients 

water pesticide water – pesticide/herbicide residue analysis 

water physical water sample – physical determination(s) 

water phytoplankton water – chlorophyll determination 

water  standard preparation of buffer solutions 

water svoc water- semi-volatile organic carbon compounds 

water  swa water – water analysis standard program 

water voc water – volatile organic carbon compounds 

Source: Appendix 1A.xls, Appendix 1B.xls, Appendix 1C.xls 

Once this was completed, new work sheets were prepared by copying and pasting the 

data in the columns ‘LABNR_SEQ’, ‘SWA_WDCODE’, ‘DESCRIPT’, Matrix’, 

Biomarker’, and ‘QTY’, and these are called ‘ LabProducts’ in each of Appendix 1A, 1B 

and 1C.   

 Two further columns called ‘No of Reportable Results’ and ‘Total Number of 

Products’, were added to these worksheet to identify the number of laboratory 

products associated with the line being evaluated.  The ‘Number of Reportable 

Results’ was assigned to each row of information in the modified database on the 

basis of the number of reportable results corresponding to the SWA_WDCODE. 

This information was obtained from Team Leader of the corresponding 

departments.  The reportable results correspond to the number of laboratory data 

products that a produced by that test, including ‘zero value’ results.   

o If the activity associated with SWA_WDCODE provided reportable results, 

then the corresponding whole number of reportable results was assigned to 

the row.  For example, in Appendix 1A, a ‘WDCODE’ ‘MGCA/F’, is 
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associated with the work description (‘DESCRIPT’) ‘Calcium by Flame AAS’, 

and the assigned matrix/biomarker is ‘water/element’, and 1 reportable 

result is produced.   

o If the row did not represent an activity that appeared to correspond to a 

laboratory data product, e.g., a step in the laboratory process, laboratory 

administrative activity, then a zero value was assigned to the row.  For 

example, in Appendix 1A, under the assigned ‘matrix/biomarker’ identifier of 

‘water/element’, the code ‘MM PRTF’, with the work description ‘Preparation 

& filtration AAS/ICP’ represents a filtration step prior to a decoding process, 

and was given a zero value in the ‘No. Prods’ column. 

Some ‘SWA_WDCODE’ do not correspond to a laboratory test, but, rather, a laboratory 

activity.  For example, each laboratory department has a ‘Z ADMN’ work description 

code (WDCODE) that represents the administration activity associated to the 

registration of a batch of samples from a customer.  The word ‘Admin’ was placed 

under both the ‘matrix’ and the ‘biomarker’ columns, and zero products was recorded 

under the ‘No. Prods’ column.   

In some cases, the ‘WDCODE’ commenced with ‘Y’, and these codes record the 

number of hours worked on the activity.  The ‘YMIS’ code relates to laboratory 

production, but the number of products cannot be determined from the number of 

hours, and zero products were recorded under the ‘No. Prods’ column. 

The data with the additional columns and information was copied and pasted to new 

worksheets called ‘Lab Products’ in each of the workbooks Appendix 1A, Appendix 1B, 

and Appendix 1C.  The columns ‘C_CODE’, ‘ORG_CODE’, ‘ACC_CODE’, ‘REG_NR’, 

‘RECEIVE_D’, ‘CLI_REF’, ‘INV_NR’, ‘PRIME_WA’, and ‘AMOUNT’ were deleted, as 

they were no longer required for this data analysis.  The modified data was sorted 

using the descriptors in the “matrix” and “biomarker” columns.  The total number of 

laboratory products for each of the Inorganic Chemistry, Organic Chemistry, and the 

Bacteriology Departments was determined by summing the assigned numeric values in 

the “No. Prods’ column for each ‘matrix’ and ‘biomarker’ grouping.  The numerical 

values of total number of products (‘No Prods’) were colour coded to assist in the 

results compilation.   

New worksheets called ‘Summary’, were created in each of the workbooks Appendix 

1A, Appendix 1B, and Appendix 1C.  These colour-coded ‘No Prods’ values were 
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transferred to the ‘Summary’ worksheet, and the relationship with the results presented 

in Table 4-1 was added. 

The analysis of the Bacteriology data (Appendix 1C) revealed that this department did 

not use the LIMS universally as a sample management tool.  For example, much of the 

Notional (‘N’), or non-commercial work is charged to the CLIENT_CODE ‘GCL’, which 

means that the department is billing the study laboratory itself for the work undertaken.  

This ‘N’ work appears to be the majority of the department’s activity.  It is billed 

periodically, and appears to be recorded in the LIMS to satisfy the laboratory 

management’s requirement to record laboratory processing activity.  Bacteriology was 

found to maintain another separate database to record its activities, but this was not 

available to the research.  The number of tests recoded   
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3.5 LABORATORY MATERIAL INPUT INFORMATION 

The PMS contained information about materials and other inputs purchased and / or 

used by the laboratory to produce the laboratory product.  Operationally, the Corporate 

Services Division of the laboratory’s parent organisation manages the procurement 

management system.  The Facilities Management Group, Business Support Services, 

in the study laboratory has the delegation to manage the routine purchasing process.  

The typical process for purchasing materials is shown in Figure 3-4. 

Figure 3-4  Typical material purchase process  

  

In Figure 3-4, designated personnel from each of the laboratory’s departments place 

their department’s requisitions for material inputs into the PMS to initiate the 

purchasing process.  The Facilities Management Group authorise the purchase 

requisitions from the departments, generate the purchase orders for vendors, place the 

order, receipt the goods upon their delivery to the facility, and, then, deliver the goods 

internally to the requisitioning department.   

The data requirements for the laboratory study were discussed with the senior staff 

responsible for the procurement services within the Procurement Unit in the Corporate 

Services Division of the parent organisation.  Following these discussions, the 

researcher was allocated a temporary procurement system account to enable access 

to the system.  The type and format of the information contained in the procurement 

system was determined, and a dedicated query routine provided to enable access to 

the required information, and saving the acquired data files. 
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The laboratory and each of its departments were represented in the database by a 

unique identifier called a ‘cost centre code’.  The cost centre codes can be used to link 

the costs of material and other purchases to a business unit of the parent organisation, 

to a specific laboratory department, or to a designated project, if laboratory 

management required this.  The Finance Unit, Business Support Services provided the 

researcher with cost centre codes, corresponding to the laboratory departments 

involved in the study.   

Queries were executed for each of the departments - Inorganic Chemistry, Organic 

Chemistry, and Bacteriology and Media.  The data for Bacteriology and Media was 

combined, as Media is a specialist work group that reports to the Bacteriology team 

leader.   It prepares materials for use by Bacteriology in their production processes.  

The available data included information about the chemicals, reagents, consumables, 

and other items used in the laboratory processes, as well as information about vendors 

and delivery locations.  The PMS maintained two separate files called, 

 "not-in-stock", which are materials purchased on an 'as needs' basis for immediate 

distribution to the ordering section; and  

 "stock", which are materials purchased and retained in a central store for later 

distribution to sections, usually in sub-quantities of the purchased package quantity. 

One query was executed for each cost centre, and for each ‘stock’ type, and the data 

was imported in a comma-delimited format into MS Excel spreadsheets for further 

evaluation.  Some columns in the two data sets did not have the same headings, and 

the sequence of the columns did not directly correspond.  The content of the columns 

was reviewed in relation to their potential to contribute to the performance evaluation, 

and to facilitate their amalgamation into a single worksheet for each department.  

Columns such as “Cost Centre”, Cost Centre Description”, “Vendor Name”, “Vendor 

Number” and “Delivery Point Description” were removed.   

The combined data is used as the basis for the calculation of the quantities of selected 

input materials for each department is given in three separate worksheets in the one 

MS Excel workbook labelled Appendix 2.  The column headings for the final listing of 

the combined “not-in-stock” and “stock” MS Excel worksheets are given in Table 3-4. 
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Table 3-4  Listing of column headings for final combined materials spreadsheet 

Column Heading Description 

Material Group Description description of the  

Transaction Date Date of transaction 

Description Description of materials, or goods, purchased   

Base Unit of Measure Description of unit purchased, e.g., each (EA),  box, carton (CTN), packet 
(PKT), bottle (BOT), litre (L)  

Quantity Number of units purchased 

Price Purchase price 

Amount Total purchase price (= Quantity x Price) 

Source: Appendix2.xls 

An example of an MS Excel worksheet taken from Appendix 2 is provided in Figure 3-

5. 

Figure 3-5  Example of MS Excel worksheet containing imported PMS data files 

Source: Inorganic worksheet, Appendix 2.xls 

The combined MS Excel worksheet for each department’s was evaluated, as described 

in Section 3.5.1. 

Material group 

description

Transaction 

date

Description Base unit 

of 

measure

Quan

tity

Price Amount 

($)

MISC SERVICES 26/07/1999 analysis of TBTO sediments EA 7 140 980

MISC SERVICES 26/07/1999 analysis of TBTO sediments EA 7 140 980

MISC SERVICES 26/07/1999 analysis of TBTO sediments EA 7 140 980

MISC ITEMS 24/03/2000 BOTTLE WASH BASKETS ELECTRO POLISHING EA 8 104.35 834.8

MISC SERVICES 12/04/2000 CHANGE PLUG IN MACHINE MODEL # G7700 EA 1 117.2 117.2

FREIGHT 28/06/2000 FREIGHT EA 1 40 40

MISC SERVICES 1/10/1999 ICP Torch, shorten bottom stems EA 3 21 63

MISC SERVICES 18/01/2000 PREVENTATIVE MAINTENANCE SERVICE AGREEME EA 1 2989 2989

MISC SERVICES 27/06/2000 Repair Gas-Liquid Separator EA 1 76.4 76.4

MISC SERVICES 8/02/2000 REPAIR OF AUTO SAMPLER EA 1 350 350

MISC SERVICES 22/12/1999 Service to Varian SP400Z report #34449 EA 1 607 607

MISC SERVICES 26/07/1999 T.B.T.O. ANALYSIS OF SEDIMENTS EA 7 140 980

MISC SERVICES 18/11/1999 TBTO Analysis at CSIRO EA 3 140 420

MISC SERVICES 23/09/1999 TBTO analysis at CSIRO EA 5 140 700

MISC SERVICES 30/11/1999 TBTO analysis at CSIRO EA 2 140 280

MISC SERVICES 30/11/1999 TBTO analysis at CSIRO EA 1 140 140

MISC SERVICES 24/08/1999 TBTO analysis of sediments EA 9 140 1260

MISC SERVICES 2/09/1999 TBTO analysis of sediments EA 9 140 1260

MISC SERVICES 2/09/1999 TBTO analysis of sediments EA 5 140 700

MISC SERVICES 2/09/1999 TBTO analysis of sediments EA 9 140 1260

MISC SERVICES 6/10/1999 TBTO analysis of sediments EA 9 140 1260

CHEMICALS 12/05/2000 (4-METHYL PENTAN-2-ONE AR)#2219 AJAX 2.5 BOT 1 125.2 125.2

INVITRO DIA TEST KIT 23/03/2000 2 X 250mlSRM 1643D TRACE ELEMENTS IN WAT EA 2 748 1496

CHEMICALS 30/09/1999 ACETONE AR 2.5L EA 1 14.77 14.4

CHEMICALS 13/10/1999 ACETONE AR 2.5L EA 1 14.77 14.4
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3.5.1 Processing laboratory material input data  

Again, a structured approach was required to complete a detailed evaluation of the 

data.  The worksheet for each department in Appendix 2 was copied to form new 

worksheets called ‘Inorganic Inputs’, ‘Organic Inputs’, and ‘Bacteriology Inputs’ in 

workbooks Appendix 2A, Appendix 2B, and Appendix 2C, respectively.   

It was determined that the evaluation should focus on materials that were being used 

directly in analysis processes, and then enter the laboratory waste stream, or impact on 

the environmental performance of the laboratory.  The following categories were 

selected, with the reasons for their selection being given in the referenced sub-

sections: 

 Chemicals (See Section 3.5.2); 

 Clinical Waste and Landfill Waste emissions (See Section 3.5.3);  

 Paper (See Section 3.5.4); and 

 Sample containers (See Section 3.5.5). 

The columns labelled ‘Transaction Date’, ‘Price’ and ‘Amount’, were deleted from the 

new worksheets, as they did not relate to the evaluation of environmental performance.  

Six new columns were added to each worksheet to assist the evaluation. The purpose 

of the new columns is described in Table 3-5.   

Table 3-5  Description of new columns added to material data worksheets 

Column 
Heading 

Description 

Category Enabled the insertion of material categories descriptor against each line of data, e.g.,  

chemicals, labware, office supplies, 

Type Enabled the insertion of a second descriptor against each line of data, e.g., TRINPI, plastic, 
latex, glass, as required 

Other Enabled the insertion of a third descriptor, e.g. CW (clinical waste), LF (landfill), as required 

Qty (Nr) Enabled the insertion of the number of items to be included in total weight calculations, e.g. 
1 bag (base unit of measure) may contain 100 items, so 100 items was recorded in the 
column  

Av Wt (g) Enabled the insertion of the measured weight of items for the calculation of the total weight  

Tot Wt (kg) The result of the calculation Av wt x Nr, and converted to kg. 

Source: Appendix 2A.xls, Appendix 2B.xls, Appendix 2C.xls 

The cells in the worksheet under the heading ‘Category’ were filled.  Additional 

information was added to the cells under the headings ‘Type’ and ‘Other’, as necessary 

to facilitate the data analysis.  Once the cells the necessary cells under these headings 



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   119 

were populated, the data was ready for sorting to facilitate further analysis.  The cells in 

the worksheet under the headings ‘Qty (Nr)’, Av Wt (g), and ‘Tot Wt (kg)’ were not 

populated at this point.   

3.5.2 Chemicals 

Chemical inputs are used in many analysis processes, particularly within the chemistry-

based disciplines.  The large number of chemicals, and the relatively high toxicity of 

many of these, means that the potential for these chemicals to influence the 

environmental performance of laboratories cannot be overlooked.  An assumption is 

made that if a facility purchases a chemical in a particular period, then that chemical is 

used  in that period. 

As discussed in Section 2.3.3, a number of OECD countries, including Australia and 

the United States, have introduced environmental reporting measures called Pollutant 

Release and Transfer Registers (PRTRs) (OECD 2001).  The chemicals purchased by 

the laboratory were evaluated on the basis of whether they appear, or do not appear, 

on the Australian National Pollutant Inventory (NPI) published an NPI List of 

Substances (Australian Government Department of Environment and Heritage 2003).  

In the laboratory study, the chemical use was classified as follows,  

 Chemicals listed on Australia's National Pollutant Inventory (NPI), and these are 

referred to as ‘NPI Chemicals’.  

 Chemicals not listed on the NPI, and these are referred to as ‘Non-NPI Chemicals’. 

The US EPA Toxics Release Inventory (TRI-US) (US EPA 2003) is a well-established 

PRTR, so the chemical usage was also evaluated against the corresponding list of 

substances.  In the laboratory study, TRI-US chemical usage is evaluated and reported 

as follows,  

 Chemicals listed on the US EPA's Toxics Release Inventory (TRI), and these are 

referred to as ‘TRI-US Chemicals’. 

 Chemicals not listed on the TRI, and these are referred to as ‘non-TRI-US 

Chemicals’.  

The ‘Inorganic Inputs’, ‘Organic Inputs’, and ‘Bacteriology Inputs’ worksheets in 

workbooks labelled Appendix 2A, Appendix 2B, and Appendix 2C were sorted to group 

the chemical inputs.  This sorting was done using the word ‘Chemical’ under the 

‘Category’ heading.  The sorted chemical inputs, with ‘TRINPI’ in the ‘Type’ column 

were copied and pasted to new worksheets.  These worksheets were called 

‘NPIChemicals’, and were used for the further sorting of the ‘Chemical’ data.  The 
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column ‘Material Work Description’ was also deleted from all of the new worksheets, as 

it was no longer required. 

The ‘Other’ column was deleted in the ‘NPIChemicals’ worksheets and replaced by two 

new columns, one labelled ‘TRI’, the other ‘NPI’.  The TRI and NPI chemicals were 

identified in the new worksheets by placing a ‘Y’, indicating a listed TRI or NPI 

chemical, or an ‘N’ indicating a non-listed TRI or NPI chemical in the corresponding 

column against each row containing a relevant chemical compound.  The data with the 

letter ‘Y’ in the ‘TRI’ column was copied and pasted to further new worksheets labelled 

‘TRI Chemicals’, which were given the same headings as the ‘NPIChemicals’ 

worksheets.     

The data with the letter ‘N’ in the ‘TRI’ column was copied and pasted to more new 

worksheets labelled ‘NonTRIChem’.  The data with the letter ‘N’ in the ‘NPI’ column 

was copied and pasted to new more worksheets labelled ‘NonNPIChem’.  The sorted 

chemical inputs with ‘Other’ in the ‘Type’ column were copied and pasted to both the 

‘NonNPIChem’ and the ‘NonTRIChem’ worksheets.  Lines of data that were copied to 

other worksheets and were no longer relevant to the source ‘NPIChemicals’ 

worksheets, were deleted. 

The content of the cells under the column headed ‘Type’ in the worksheets 

‘NPIChemicals’, ‘NonNPIChem’, ‘TRIChemicals’ and ‘NonTRIChem’ was edited.  The 

non-solid acid chemicals were identified with the word ‘acid’, the organic chemicals with 

the word ‘solvent’, liquids that were not solvents with the word liquid, and solid 

compounds with the word ‘solids’.  The data was then sorted on these words.   

A number of the chemical inputs, such as the acids and solvents, are liquids.  

Therefore, there was a need to convert volume to mass using the densities of the 

liquids.  Another column was added to each of the chemical worksheets, and the 

relevant cells were populated with the densities that corresponded to the chemical.  

The volume of the chemical was multiplied by the density to give the corresponding 

mass.  

Where possible, the densities used in the calculations were obtained from the chemical 

containers.  In the remaining cases, the densities were obtained from the National 

Institute of Occupational Safety and Health (NIOSH) Pocket Guide to Chemical 

Hazards (NIOSH 2003).  A listing of the densities used is given in Table 3-6. 
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Table 3-6  Listing of densities of chemicals 

Chemical Density (g/mL) Chemical  Density 
(g/mL) 

Acetic acid 

Acetone 

Acetonitrile 

Bromine # 

Chloroform 

Dichloromethane 

Ethanol 

Ethyl acetate 

Ethyl ether # 

Hexane 

Hydrochloric acid 

Hydrofluoric acid 

1.049 

0.7857 

0.786 

3.12 

1.5 

1.3255 

0.789 

0.8945 

0.71 

0.659 

0.909 

0.993 

Isoamyl alcohol # 

Isopropyl alcohol  

Methanol 

Methyl isobutyl ketone # 

Nitric acid 

n-Pentane # 

Perchloric acid # 

Phosphoric acid 

Sulfuric acid 

Toluene 

Xylene 

0.82 

0.79 

1.11 

0.80 

1.502 

0.63 

1.76 

1.88 

1.84 

0.867 

0.87 

# Means that the density of the chemical was obtained from NIOSH (2003) 

The quantity of each of the chemical was calculated by multiplying the number of units 

purchased by the mass of the product, e.g., if 10 units were purchased, then this was 

multiplied by the mass of the contents.  The total mass for each of the chemical inputs 

was determined by summing the masses of the solids or summing the calculated 

masses of the liquids.   

The chemicals are mostly used in laboratory analyses, and are of appropriate grade, 

e.g., laboratory reagent, analytical grade reagent, and are at the maximum 

concentration for the chemical concerned.  Therefore, no adjustment was made for the 

concentration. 

The worksheets ‘NPI Chemicals’, ‘Non-NPI Chemicals’, ‘TRI-US Chemicals’, and ‘Non-

TRI-US Chemicals’ for Inorganic Chemistry, Organic Chemistry and Bacteriology are 

presented in workbooks Appendix 2A, Appendix 2B, and Appendix 2C, respectively.   

3.5.3 Clinical and landfill waste emissions 

Non-chemical material input items, such as disposable plastic and glass pipettes, 

bacteria media plates) are used by laboratories in laboratory processes.  These items 

do not appear in the final product, but enter the laboratory’s waste streams.  They were 

identified under the ‘Category’ heading as ‘LabWare’ in the ‘Inorganic Inputs’, ‘Organic 

Inputs’, and ‘Bacteriology Inputs’ worksheets in workbooks labelled Appendix 2A, 

Appendix 2B, and Appendix 2C.  The generic materials of manufacture of the 

laboratory ware items were identified under the column headed ’Type”, e.g. plastic, 
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glass, latex.  The column ‘Material Work Description’ was deleted from all of the new 

worksheets, as it was no longer required.  

Interviews with senior department staff, while referring to a data printout of the 

‘Labware’ category items for their work areas, identified the expected disposal 

pathways of clinical waste, or landfill waste.  Laboratory ware items identified as being 

disposed of by incineration, were referred to as Clinical Wastes (CW).  Those 

laboratory ware items identified as being disposed of to Landfill are referred to as 

Landfill Waste (LF).   

The gathered information was added against the relevant line to the cells under the 

heading ‘Other’ in the ‘Inorganic Inputs’, ‘Organic Inputs’, and ‘Bacteriology Inputs’ 

worksheets in workbooks.  The data in the worksheets was sorted using the 

abbreviations ‘CW’ and ‘LF’ under the ‘Other’ heading.  The sorted items under ‘CW’ 

were copied, and pasted to new worksheets, called ‘Clin Waste’.  The items sorted 

under ‘LF’ were copied, and pasted to new worksheets, called ‘Landfill Waste’.  

Representative samples of the items, where they were still available, were weighed.  

The average mass of the items was recorded in the relevant cells under the heading 

‘Av Wt (g)’.  The mass of clinical waste, expressed in ‘kg’, was calculated by multiplying 

the mass of the item by the total number of items in each package, and the result was 

recorded in the column ‘Tot Wt (kg)’.  Similarly, the mass of Landfill Waste was 

calculated by multiplying the mass of the item by the total number of items in each 

package, and the result was recorded in the column ‘Tot Wt (kg)’. 

The laboratory ware items were also sorted in relation to the generic materials of 

manufacture using the generic material identifiers recorded in cells under the column 

headed ’Type”.  The total mass of all Clinical Wastes, Landfill Wastes, and their 

materials of manufacture, were calculated from the sorted data.  The worksheets ‘Clin 

Waste’ and ‘Landfill Wastes’ for Inorganic Chemistry, Organic Chemistry and 

Bacteriology are presented in the workbooks Appendix 2A, Appendix 2B, and Appendix 

2C, respectively.   

3.5.4 Paper 

Paper in various forms was identified as a commonly purchased material from an initial 

review of the data.  The paper was identified as ‘OfficeSup’ under the ‘Category’ 

heading, and ‘Paper’ under the ‘Type’ heading in the ‘Inorganic Inputs’, ‘Organic 

Inputs’, and ‘Bacteriology Inputs’ worksheets in workbooks labelled Appendix 2A, 
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Appendix 2B, and Appendix 2C.  The type of paper was also identified under the 

‘Other’ heading.  The column ‘Material Work Description’ was deleted from all of the 

new worksheets, as it was no longer required. 

The data in the worksheets was sorted using the ‘OfficeSup’ and ‘Paper’ fields that had 

been added.  The sorted items were copied and pasted to new worksheets, called 

‘Paper’.  Representative samples of the paper items were weighed.  The average mass 

of the items was recorded in the relevant cells under the heading ‘Av Wt (g)’.  The 

mass of paper, expressed in ‘kg’, was calculated by multiplying the mass of the item by 

the total number of items in each package, and the result was recorded in the column 

‘Tot Wt (kg)’.   

The paper was also sorted based on the type of paper recorded under the ‘Other’ 

column.  The total mass of Paper, as well as their type, were calculated from the sorted 

data.  The worksheets ‘Paper’ for Inorganic Chemistry, Organic Chemistry and 

Bacteriology are presented in the workbooks Appendix 2A, Appendix 2B, and Appendix 

2C, respectively.   

3.5.5 Sample containers 

An initial evaluation of the data identified sample containers as common purchases.  

Sample containers were identified as ‘SampleCont’ under the ‘Category’ heading in the 

‘Inorganic Inputs’, ‘Organic Inputs’, and ‘Bacteriology Inputs’ worksheets in workbooks 

labelled Appendix 2A, Appendix 2B, and Appendix 2C.  The material of manufacture 

was also identified under the ‘Type’ heading.  

The ‘SampleCont’ filed was used to sort the data in the worksheets.  The sorted data 

was copied and pasted to new worksheets, called ‘Sample Containers’.  A number of 

each of the various sample containers was weighed to determine the average mass of 

each container type, and this was recorded in the relevant cells under the heading ‘Av 

Wt (g)’.  The mass of sample containers, expressed in ‘kg’, was calculated by 

multiplying the mass of the item by the total number of items in each package, and the 

result was recorded in the ‘Tot Wt (kg)’ column.  . 

The sample containers were also sorted on the basis of their material of manufacture, 

recorded in the ‘Type’ column.  The worksheets ‘Sample Containers’ for Inorganic 

Chemistry, Organic Chemistry and Bacteriology are presented in the workbooks 

Appendix 2A, Appendix 2B, and Appendix 2C, respectively. 
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3.6 OTHER DATA CALCULATIONS 

The US EPA’s Labs21 Project identifies the consumption of energy and water as an 

important focus for laboratory facility environmental performance (Wirdzek 1999).   

Therefore, the consumption of electrical energy and water in the study laboratory was 

considered. 

3.6.1 Energy 

A one-on-one interview was undertaken with the senior staff member from the Facilities 

Management Unit, Business Support Services, whose responsibilities include ensuring 

the supply of energy to the laboratory facility.  It was determined that the payment of 

electrical energy accounts was managed through the procurement database.  In this 

case,   

The Finance Unit, Business Support Services searched the database and found the 

electricity supply company's name as a vendor.  They executed a query on the 

database against the ‘Vendor Name’ covering the study period.  This query identified 

the transaction number for each monthly account raised by the electricity vendor during 

the study period.  This transaction number enabled the Finance Unit to locate the 

respective office files, and subsequently the 'hard copy' of all energy accounts for the 

financial year in question.  The quantity of electricity supplied to the laboratory facility 

was shown on the account.   

This electrical energy consumption information was then recorded into an MS Excel 

worksheet (Appendix 3.xls).  The total quantity of electrical energy purchased was 

calculated from the data recorded in the MS Excel worksheet, by summing of the 

electrical energy purchases for each month.  The total quantity of electrical energy 

used by the laboratory is expressed in kWh and MJ. 

In the study laboratory, the electricity consumption figures were only available for the 

whole of facility, as there was only the one electricity meter for the facility.  However, if 

a comparison of the performance of different laboratory departments is to be made, 

then there is a need to assign electricity consumption in some way.  The US EPA 

Labs21 approach uses energy consumption per square foot of laboratory space as a 

performance indicator for laboratory facilities (Wirdzek 1999).  The Finance Unit, 

Business Support Services provided the researcher with estimated floor area for each 

of the departments based on architectural plans.   
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The estimated floor areas of the Inorganic Chemistry, Organic Chemistry, and 

Bacteriology were as follows, Inorganic Chemistry, 884m2, Organic Chemistry, 1768m2, 

and Bacteriology/Media, 1117m2.  The electrical energy consumption per square metre 

of floor space for each laboratory departments was calculated, based on the estimated 

floor areas relative to the total estimated floor area of the whole facility (21,840m2).  

The implicit assumption is that all laboratory space consumes energy at the same rate.  

The issues associated with measuring the consumption of electricity are discussed in 

Section 5.4.9. 

3.6.2 Water 

A one-on-one interview was undertaken with the same senior staff member from the 

Facilities Management Unit, Business Support Services, whose responsibilities also 

include ensuring the supply of water to the laboratory facility.  It was determined that 

the Local Authority's water accounts were also managed through the procurement 

database.  Again, the account transaction numbers were identified in the same way as 

for the electricity accounts, as described in Section 3.6.1.   

The Finance Unit located the respective office files, and the hard copies of all ‘rates’ 

accounts for the financial year in question.  The researcher reviewed the available data 

and found that the quantity of water used by the facility was not available in the records 

provided.  Consequently, no water consumption data is available for inclusion in the 

MS Excel spreadsheets.  

As in the case of energy consumption measurement, only one meter was available for 

the facility for measuring water consumption.  This meant that only a total volume of 

water usage would have been available, and a calculation based on a floor area would 

have been required.  The issues associated with single-point water metering are 

discussed in Section 5.4.12. 

3.6.3 Laboratory processing gases 

The laboratory has a reticulated laboratory gas supply system that s managed by 

Facilities Management, Business Support Services.  The purchases of these gases 

were not identified by the evaluation of the departmental procurement data.  The data 

was not sought, as there was no metering systems for determining which departments 

in the whole facility used how much of each of the reticulated gases.  
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3.7 PERFORMANCE EVALUATION 

The data derived from the analysis of the LIMS and PMS is used to evaluate laboratory 

environmental performance.  Absolute, or total, quantities of input materials that enter 

the laboratory waste stream are identified to enable comparisons to be made between 

the three departments.  The determination of the number of laboratory data products 

enables the calculation of environmental performance indicators based on output.  This 

enables output -based comparisons between the laboratory departments.  Laboratory 

environmental performance evaluation is discussed in Sections 5.4.8 and 5.4.9.   

3.7.1 Relationship between laboratory input and output information 

In an analytical laboratory, there is usually a time lag between the receipt of a sample, 

decoding and the production of laboratory data products. Similarly, the input materials, 

such as process chemicals and disposable laboratory ware, are not utilised by the 

laboratory in the test processes immediately upon receipt, and tend to be consumed 

over time.   

In the study laboratory, the LIMS recorded the laboratory outputs as ‘reported’ when 

the laboratory personnel recorded that work was completed.  In the course of a 

financial year, some analysis processing could have taken place in the previous 

financial year, but is recorded as reported in the current financial year.  At the end of 

the financial year, some samples received in a current financial year are processed in 

the subsequent financial year.  In the same way, input materials purchased in one 

financial year may be used in a subsequent financial year.   

Therefore, the study assumes that there is a direct relationship between the production 

of laboratory data products and the use of laboratory chemical and material inputs 

during the period of the study.  The impact of this assumption is expected to be minimal 

for a routine analytical laboratory, where the number of samples processed and the 

production processes are relatively consistent over a period of time.  
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4. RESULTS 

4.1 INTRODUCTION 

The secondary data derived from the analysis of the primary data taken from the 

laboratory management information systems using the methodology described in 

Section 3 is presented.  The values in Tables 4-1 to 4-10 have not been rounded to an 

appropriate number of significant figures.  However, it is recognised that the quantities 

of chemicals and other material inputs could not be determined to number of significant 

figures shown in these tables.  Similarly, the number of laboratory products could not 

be calculated to the number of significant figures shown.  The subject of data accuracy 

and data gaps is discussed for LIMS in Sections 5.4.4 to 5.4.6, and for PMS in 

Sections 5.4.10 to 5.4.12.  

4.2 LABORATORY PRODUCTS  

The number of laboratory products produced by the study laboratory was determined 

from the Laboratory Information Management System (LIMS), as described in Sections 

3.4 and 3.4.1.  The summarised data for each department, Inorganic Chemistry, 

Organic Chemistry and Bacteriology, is taken form the worksheets labelled ‘Summary’ 

in the workbooks of Appendix 1A, 1B and 1C, respectively.  A summary of the number 

of products produced by the departments and the laboratory division is presented in 

Table 4-1.   



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   128 

Table 4-1  Number of laboratory products produced by the study laboratory 

Generic Laboratory Product  

Number of Laboratory Products 

Inorganic 
Chemistry  

Organic 
Chemistry 

Bacteriology  Laboratory 
Division  

Biological 

- isolate bacteria identification  

- element  

- pesticide residue  

 

-- 

2,145 

-- 

 

-- 

-- 

18,823 

 

8,293 

-- 

-- 

 

8,293 

2,145 

18,823 

Biota 

- chemical content  

- pesticide residue 

- toxin 

 

-- 

-- 

-- 

 

5 

672 

755 

 

-- 

-- 

-- 

 

5 

672 

755 

Food/vegetation 

- bacteria count & identification  

- element / composition 

- pesticide residue  

- toxin & semi-volatile organic carbon  

 

-- 

179 

-- 

-- 

 

-- 

-- 

12,527 

365 

 

6,463 

-- 

-- 

 

 

6,463 

179 

12,527 

365 

Liquid 

- element & physical parameters 

- pesticide & semi-volatile organic carbon  

 

5,805 

-- 

 

-- 

458 

 

-- 

-- 

 

5,805 

458 

Ores/Soils/sediments/solids 

- element 

- physical parameters 

- environmental nutrients 

- pesticide residue 

- volatile & semi-volatile organic carbon  

 

33,970 

436 

-- 

-- 

37 

 

-- 

117 

2,782 

12,096 

434 

 

-- 

-- 

-- 

-- 

-- 

 

33,970 

553 

2,782 

12,096 

471 

Water  

- bacteria count & identification 

- element  

- environmental nutrients 

- pesticide residue 

- physical parameters 

- phytoplankton  

- standard water analysis 

- volatile & semi-volatile organic carbon 

 

-- 

15,555 

-- 

-- 

1,313 

413 

237,815 

-- 

 

-- 

107 

32,748 

50,643 

2,107 

71,519 

-- 

22,251 

 

17,271 

-- 

2 

-- 

-- 

-- 

-- 

30 

 

17,395 

15,662 

32,751 

50,643 

3,420 

71,932 

237,815 

22,281 

Miscellaneous 

- air filter element  

- environmental swab bacteria 

- sample parasite 

- sample composition 

- sample volatile & semi-volatile organic carbon  

- swab pesticide & semi-volatile organic carbon 

 

305 

-- 

-- 

-- 

-- 

-- 

 

-- 

-- 

-- 

290 

46,819 

647 

 

-- 

131 

11 

-- 

-- 

-- 

 

305 

131 

11 

290 

46,819 

647 

Total Number of Products 297,973 276,165 32,325 606,463 

     

Production Units (PU) (1000's Lab Products) # 298.0 276.2 32.3 606.5 

Source: Appendix 1A.xls, Appendix 1B.xls, Appendix 1C.xls 

Note (1): ‘--' means that the product is not relevant to the laboratory department.  

# Note (2): A Production Unit (PU) is defined in Section 5.2.8 as 1000 laboratory products. 



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   129 

4.3 MATERIAL INPUTS 

The quantities of chemicals and other materials used by the study laboratory as input 

to the laboratory testing processes were determined from the PMS using the 

methodology described in Section 3.5. The complete list of the input material 

information for each of the departments, Inorganic Chemistry, Organic Chemistry and 

the Bacteriology, is given in Appendix 2A, 2B and 2C respectively.  A summary of the 

quantities of the selected material inputs and the calculated value, corresponding to the 

quantities of the materials normalised by the value of the PU are shown in the following 

tables (Tables 4-2 to 4-10).   

4.3.1 National Pollutant Inventory chemicals 

The chemicals listed on the NPI List of Substances were identified, and their quantities 

determined from the data in Appendix 2A, 2B and 2C.  A summary of the quantities of 

the NPI chemicals used by each of the departments – Inorganic Chemistry, Organic 

Chemistry and Bacteriology and Media as well as the total for the Laboratory Division, 

plus the corresponding values normalised by the PU, are shown in Table 4-2.  
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Table 4-2  Quantity of Chemicals on the Australian NPI List of Substances 

NPI Chemical 

Quantity of NPI Listed Chemical (kg) 

Inorganic 
Chemistry 

Organic 
Chemistry 

Bacteriology  Laboratory 
Division 

Acetic acid 

Acetone 

Acetonitrile 

Boron compounds 

Chloroform 

Dichloromethane 

Ethanol 

Ethyl acetate 

Hexane 

Hydrochloric acid 

Hydrofluoric acid 

Inorganic cyanides 

Methanol 

Methyl isobutyl ketone 

Nitric acid 

Phenol  

Phosphorus (compounds), Total  

Phosphoric acid 

Sulfuric acid 

Toluene 

Xylene 

7.9 

43.2 

-- 

14.5 

-- 

-- 

170.8 

-- 

-- 

65.9 

8.9 

0.5 

-- 

2.0 

267.4 

-- 

0.1 

14.1 

50.6 

-- 

-- 

2.6 

583.0 

113.2 

1.0 

105.0 

1,235.4 

67.1 

23.7 

553.6 

22.7 

-- 

-- 

139.9 

-- 

-- 

4.5 

-- 

-- 

147.2 

6.5 

-- 

-- 

2.0 

-- 

1.0 

-- 

-- 

416.2 

-- 

-- 

-- 

-- 

-- 

11.7 

-- 

-- 

-- 

3.7 

9.4 

9.2 

-- 

2.2 

10.5 

628.2 

113.2 

16.5 

105.0 

1,235.4 

654.1 

23.7 

553.6 

88.6 

8.9 

0.5 

151.6 

2.0 

267.4 

4.5 

3.8 

23.5 

207.0 

6.5 

2.2 

Total 645.9 3,005.4 455.4 4,106.7 

     

NPI Chemicals (kg/PU) 2.2 10.9 14.1 6.8 

Source: Appendix 2A.xls, Appendix 2B.xls, Appendix 2C.xls 

NOTE:  On occasions, there is some variation in the number after the decimal place for the ‘Total’ value 

between the Tables and the worksheets, Appendices 2A, 2B, and 2C.  This is attributable to MS Excel 

summing the non-rounded values, compared with summing of the rounded values as they appear in the 

summary tables. 

4.3.2 Toxics Release Inventory chemicals 

The TRI-US chemicals used by the laboratory are provided in Appendix 2A, 2B and 2C.  

The quantities of reportable TRI-US chemicals, and the corresponding normalised 

values based on output, used by laboratory departments and the laboratory division, 

are summarised in Table 4-3.   
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Table 4-3  Quantity of Chemicals reportable under the US Toxics Release Inventory (TRI-

US) 

TRI-US Chemical 

Quantity of TRI-US Chemical (kg) 

Inorganic 
Chemistry 

Organic 
Chemistry 

Bacteriology  Laboratory 
Division 

Acetic acid 

Acetone 

Acetonitrile 

Bromine 

Chloroform 

Dichloromethane 

Hexane 

Hydrochloric acid 

Hydrofluoric acid 

Methyl isobutyl ketone 

Nitric acid 

Phenol  

Phosphoric acid 

Sulfuric acid 

Toluene 

Xylene 

7.9 

43.2 

-- 

0.6 

-- 

-- 

-- 

65.9 

8.9 

2.0 

267.4 

-- 

14.1 

50.6 

-- 

-- 

2.6 

583.0 

113.2 

0.9 

105.0 

1,235.4 

553.6 

22.7 

-- 

-- 

-- 

4.5 

-- 

147.2 

6.5 

-- 

-- 

2.0 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

-- 

9.4 

9.2 

-- 

2.2 

10.5 

628.2 

113.2 

1.5 

105.0 

1,235.4 

553.6 

88.6 

8.9 

2.0 

267.4 

4.5 

23.5 

207.0 

6.5 

2.2 

Total 460.6 2,774.6 22.8 3,258.0 

     

TRI-US Chemicals (kg/PU) 1.5 10.0 0.7 5.4 

Source: Appendix 2A.xls, Appendix 2B.xls, Appendix 2C.xls 

4.3.3 Non-NPI chemicals 

The chemicals not included on the NPI List of Substances, and used by the laboratory, 

are presented in Appendix 2A, 2B and 2C.  A summary giving the total quantities of the 

chemicals not reportable under the NPI, together with the corresponding normalised 

values, for each department and the laboratory division, is presented in Table 4-4. 

Table 4-4  Quantity of Chemicals not reportable under the Australian NPI 

Input Material 

Quantity of Non-NPI Chemicals (kg) 

Inorganic 
Chemistry 

Organic 
Chemistry 

Bacteriology  Laboratory 
Division 

Liquid compounds  

Solid compounds 

9.9 

17.8 

193.8 

593.6 

0.8 

145.8 

204.5 

757.2 

Total Non-NPI chemicals (kg) 27.7 787.4 146.6 961.7 

     

Total Non-NPI chemicals (kg/PU) 0.1 2.9 4.5 1.6 

Source: Appendix 2A.xls, Appendix 2B.xls, Appendix 2C.xls 
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4.3.4 Non-TRI chemicals 

The quantities of chemicals that are not reportable under the TRI-US, and that are 

used by the laboratory are given in Appendix 2A, 2B and 2C.  A summary of the total 

quantities of chemicals not reportable under the TRI-US, together with the 

corresponding normalised values, for each of the department and the laboratory 

division, is presented in Table 4-5. 

Table 4-5  Quantity of Chemicals not reportable under the TRI-US 

Input Material 

Quantity of Non-TRI-US Chemicals (kg) 

Inorganic 
Chemistry 

Organic 
Chemistry 

Bacteriology  Laboratory 
Division 

Liquid compounds  

Solid compounds 

180.1 

32.7 

423.5 

594.6 

428.9 

150.2 

1,032.5 

777.5 

Total Non-TRI-US Chemicals (kg) 212.8 1,018.1 579.1 1,810.0 

     

Total Non-TRI-US Chemical (kg/PU) 0.7 3.7 17.9 3.0 

Source: Appendix 2A.xls, Appendix 2B.xls, Appendix 2C.xls 

4.3.5 Clinical wastes 

Many non-chemical materials used for laboratory processing were identified as being 

disposed of by incineration as Clinical Waste.  The quantities of Clinical Waste for each 

department were calculated from the data in Appendix 2A, 2B and 2C.  A summary the 

total quantities of material disposed of as Clinical Waste, together with the 

corresponding normalised values, for each department and the laboratory division, is 

presented in Table 4-6. 

Table 4-6  Quantity of material as Clinical Waste 

Input Material 

Quantities of Clinical Waste (kg) 

Inorganic 
Chemistry 

Organic 
Chemistry 

Bacteriology  Laboratory 
Division 

Glass 

Latex 

Plastics 

Other 

5.8 

53.5 

236.7 

0.0 

128.9 

42.1 

55.8 

34.3 

129.6 

111.0 

5,872.1 

201.6 

264.3 

206.6 

6,164.6 

235.9 

Total Clinical Waste (kg) 296.0 261.1# 6,314.3 6,871.4 

     

Total Clinical Waste (kg/PU) 1.0 0.9 195.5 11.3 

Source: Appendix 2A.xls, Appendix 2B.xls, Appendix 2C.xls 
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4.3.6 Landfill wastes 

Other non-chemical, laboratory-processing material was disposed of as Landfill Waste.  

The quantities of Landfill Waste for each department are given in Appendix 2A, 2B and 

2C.  A summary of the total quantities of material used by the study laboratory, and 

disposed of as Landfill Waste, together with the corresponding normalised values 

based on output for each department and the laboratory division, is given in Table 4-7. 

Table 4-7  Quantity of material as Landfill Waste 

Input Material 

Quantity of Landfill Waste (kg) 

Inorganic 
Chemistry 

Organic 
Chemistry 

Bacteriology  Laboratory 
Division 

Glass 

Latex 

Plastic 

Other 

-- 

32.0 

115.5 

42.3 

1.1 

-- 

246.7 

32.0 

-- 

-- 

11.3 

15.3 

1.1 

32.0 

373.5 

89.6 

Landfill Waste (kg) 189.8 279.8 26.6 496.2 

     

Landfill Waste (kg/PU) 0.6 1.0 0.8 0.8 

Source: Appendix 2A.xls, Appendix 2B.xls, Appendix 2C.xls 

4.3.7 Paper 

Paper was used for the various activities associated with laboratory processing report 

presentation and record keeping.  The quantity of paper used by each department is 

given in Appendix 2A, 2B and 2C.  A summary of paper usage, together with the 

corresponding values normalised based on output, for each department and the 

laboratory division, is given in Table 4-8. 

Table 4-8  Quantity of Paper used 

Input Material 

Quantity of Paper (kg) 

Inorganic 
Chemistry 

Organic 
Chemistry 

Bacteriology  Laboratory 
Division 

Facial Tissues 

Office Copy Paper  

Paper Towel  

Other 

53.6 

492.5 

73.4 

0.0 

41.0 

580.4 

86.5 

4.8 

97.2 

804.6 

161.4 

100.4 

191.8 

1,866.3 

321.3 

105.2 

Paper - Total (kg) 619.5 712.7 1,163.6 2,495.8 

     

Paper - Total (kg/PU) 2.1 2.6 36.0 4.1 

Source: Appendix 2A.xls, Appendix 2B.xls, Appendix 2C.xls 
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4.3.8 Sample containers 

Each laboratory section used sample containers manufactured from either glass or 

plastic.  These sample containers are often provided to customers to assist with 

sample collection and submission to the laboratory.  The mass of the sample container, 

by type, for each department are calculated in Appendix 2A, 2B and 2C.  A summary of 

the mass of the sample containers procured, and the corresponding normalised values, 

is given for each department and the laboratory division in Table 4-9. 

Table 4-9  Mass of Sample Containers procured 

Input Material 

Quantity of Sample Containers (kg) 

Inorganic 
Chemistry 

Organic 
Chemistry 

Bacteriology  Laboratory 
Division 

Glass 

Plastic 

792.9 

1,132.6 

-- 

49.0 

-- 

266.3 

729.9 

1,447.9 

Containers - Total (kg) 1,925.5 49.0 266.3 2,177.8 

Source: Appendix 2A.xls, Appendix 2B.xls, Appendix 2C.xls 

The sample containers were not normalised based on production, as Inorganic 

Chemistry prepares them for use by other departments, in particular for Organic 

Chemistry. 

4.3.9 Energy  

A summary of the quantity of electrical energy consumed, based on the floor areas of 

the departments relative to the total laboratory floor area, and the corresponding 

normalised values for each department and the laboratory division, is given in Table 4-

10. 

Table 4-10  Electrical energy consumption assigned on a floor area basis 

Energy Consumption 

Energy consumption (kWh and MJ) 

Inorganic 
Chemistry 

Organic 
Chemistry 

Bacteriology  Laboratory 
Division 

Electricity (kWh/yr) 287,497 574,995 363,274 1,225,766 

Energy (kWh/yr/PU) 965 2,082 11,247 2,021 

Electricity (MJ/yr) 1,034,991 2,069,981 1,307,788 4,412,759 

Energy (MJ/yr/PU) 3,473 7,495 40,489 7,276 

Source: Appendix 3.xls  
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5. DISCUSSION 

5.1 INTRODUCTION 

There is a need to reconsider the traditional laboratory service-delivery approach to 

improve the environmental performance of analytical laboratories, and the reliability of 

their data outputs.  This chapter summarises the issues arising from the literature 

review, and proposes a new framework arising from these considerations.  The 

framework is applied to planning for the reliable production and use of a laboratory 

product. A laboratory study demonstrates the development and application of 

environmental performance indicators based on corporate data.  The gaps and 

uncertainties associated with the use of this data are discussed.  

5.2 THE LABORATORY PRODUCT MODEL 

5.2.1 Introduction 

The limitations of the traditional approach to laboratory service delivery are considered.  

A new model for the production and use of a laboratory information product is 

developed.  This section presents the development of this new model, and discusses 

its dimensions.  

5.2.2 The traditional laboratory service 

The role of the laboratory in the traditional laboratory service approach is to receive 

samples, to perform test processes and to deliver test reports to its customers.  In this 

traditional approach, the laboratory has little involvement in project planning, or little 

understanding of why the tests were performed (Lifshin 1996, 1998).  Laboratory 

processing, however, is only an intermediate step in laboratory service delivery with 

problem definition, and data interpretation as other critical components (Lucchesi 

1995). 

The quality of the laboratory test results, therefore, depends not only on the internal 

processes, but also on activities that occur outside of the laboratory itself.  For 

example, poor sample collection and transportation practices may affect the quality of 

the sample presented to the laboratory, and, consequently, the quality of the laboratory 

data as it relates back to the original material that was sampled (Bryant 1996; 

Claycomb 2000).  
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However, while the quality of the laboratory data produced is important, it is equally 

important that this data meet the customer’s information needs (Valcarcel and Rios 

2003).  This is not always the case, and there many Australian examples in 

environmental studies where useless data collections have arisen because of poor 

professional practice (Maher, Cullen and Norris 1994).  In other cases, engineering 

decisions based on unreliable data have given rise to multimillion-dollar liabilities for 

some contaminated sites (Bram 1997).  These examples highlight a need for reliability 

across the whole of the analytical project from sample collection to the end use of data, 

not just in the laboratory-processing component. 

The traditional laboratory service model results in a focus on internal processes by the 

laboratory, so that contractual obligations with its customer are met.  Cost 

considerations by laboratories have resulted in some laboratories varying their 

processes to meet the financial constraints imposed by customers and competitors.  

Such variations can impact adversely upon the quality, reliability and appropriateness 

of the analysis data (Zurer 1991; Franceschini 1996; Videon 1996).  This traditional 

laboratory reporting service approach is shown diagrammatically in Figure 5-1.  

Figure 5-1  Traditional Laboratory Service approach  
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The laboratory-based activities are represented within the shaded box, with the non-

laboratory activities represented outside of the shaded box.  Where the separation of 
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Analytical project delivery often involves different organisations.  For example, one 

organisation may be responsible for sample collection, another for the transportation of 

samples to the laboratory.  The laboratory is responsible for the processing, while the 

laboratory’s customer is responsible for the data interpretation.  The customer of the 

laboratory’s customer may be the organisation that actually has the problem requiring 

the analysis data to assist in solving a problem.  This type of situation frequently occurs 

with consultancy work.  Often, problems are found at the interface between the 

organisations in this total system, e.g., where the responsibility and accountability for 

products and processes change within the system   

The limited level of collaboration between the organisations involved in the Traditional 

Laboratory Service approach is shown in the Laboratory Service Supply framework, 

Figure 5-2. 

Figure 5-2  Traditional Laboratory Service Supply framework  

 

 

 

 

 

 

 

 

 

 

Source: Rynja and Moy (2006, p.328)  
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customer, i.e., the customer’s customer.  There is little direct interaction between the 

various service providers as a group, minimising the collaboration between the various 

organisations.  The potential outcome of this low level of communication is a decrease 

in the quality and reliability in the analysis data reported and used. 

5.2.3 Need for an alternative production model 

The traditional model results in the adoption by the laboratory of a focus on samples 

and processing, and this forms the basis of a proposal that a laboratory is similar to a 

factory.  In this laboratory factory, samples are project-managed through the production 

line, the produced information products leave the factory, and are supplied to 

customers (Dessy 1993; Darlington 1997).  This approach may achieve operational 

efficiencies, but the focus is on those activities that occur within the laboratory, or the 

factory, walls.   

By focusing only on the efficiency of laboratory factory, additional operational 

efficiencies that may arise from a consideration of the production and use of laboratory 

data as an inter-related system may be overlooked.  The failure to consider these 

interdependencies also has the capacity to impact upon not only the quality and the 

usefulness of the output data.  These issues arise as each organisation involved often 

has different considerations.  

An alternative proposition is that an extended, industrial factory production line 

approach could be applied to the production of a laboratory ‘product’.  In this case, the 

production line would produce a reliable product that meets the customer’s information 

needs, paralleling the production of a manufactured product that meets the consumer’s 

needs.  Because of this change in thinking, the focus for the laboratory should shift 

from the input, i.e., the sample, to the output, i.e., the laboratory information product.   

All of the activities associated with the production and use of the laboratory product, 

i.e., from sample collection through to the end use of the product, will form part of the 

one product system.  The reliable performance of the entire system should contribute 

to an improvement to product quality and reliability.  Performance considerations would 

be expanded to incorporate activities that are outside of the laboratory factory walls.  

The production line approach should also enable the achievement of environmental 

performance efficiencies across the whole system.  This is consistent with 

manufactured products, where environmental impacts for arise from their use, disposal 

and distribution, as well as from the manufacturing process.  It is also consistent with 
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product systems thinking that allows for the application of environmental management 

frameworks and tools, e.g., DfE, LCA, LCM, that are used by the manufacturing sector 

(Jensen and Remmen 2005).   

In the traditional laboratory model, the main environmental performance focus appears 

to be on the application of pollution prevention and waste minimisation strategies, (e.g., 

Reinhardt, Leonard and Ashbrook 1996; Alberta Environmental Protection 1999; US 

EPA 2000c; Texas Natural Resource Conservation Commission 2002).  The Green 

Analytical Chemistry approach adopts procedures that reduce the quantity, and/or 

toxicity, of chemicals as part of pollution prevention and waste minimisation programs 

(Anastas 1999).  In addition, the general approach to the environmental performance of 

the facility itself is limited to reducing the quantity of water and energy used by 

laboratories (Allenby, Gonzalez and Raber 1996; Wirdzek 1999).  However, none of 

these environmental management approaches considers the potential influence on the 

environmental performance of the other parts of the product system. 

Therefore, there is clearly a need to broaden the considerations about environmental 

performance of laboratories and their outputs.  This is particularly so, if there is a desire 

to move laboratory environmental management practices from pollution prevention and 

waste minimisation outwards towards the broader environmental performance 

outcomes of industrial ecology and sustainable development (Udo de Haes 1996; Bras 

1997; Graedel 2000), as discussed in Section 2.5.11.  The adoption of a product 

systems approach for laboratory product outputs could help to achieve this outcome. 

5.2.4 Need for a linking feature 

In the traditional model, there is a focus on the laboratory sample, but the sample does 

not carry through the entire production process.  It is modified, or even destroyed, 

during the sample-processing phase, and generally enters the laboratory’s waste 

stream after processing.  Customers seeking analysis results are not interested in the 

sample once the laboratory process is commenced, nor are they interested in the 

wastes produced, or in other factors related to processing.  In fact, the customer’s 

interest is on the output data and its reliability.  The processing laboratory, however, 

retains a level of interest on the now destroyed sample as it moves through the 

laboratory production line, and enters the waste stream.  

In the metal refining process, for example, the required metal in a mined ore can be 

followed through the refining process.  In this case, customers seek a refined metal that 

meets a quality specification and is suitable for their intended use, but they are not 
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interested in the waste products of the production process.  The refinery has to retain 

some interest in the now modified ore as it moves through the production line and 

enters the waste stream. 

Clearly, there is a need for an easily describable feature to act as a link between the 

sample input, i.e., the material collected from the sampling site (e.g., water body, soil, 

or building), and the output, i.e., the quantity of some chemical or micro-organism that 

was present in the original material at the sampling site.  This common feature needs 

to be traceable, and unchanged, through the laboratory data production line, and to be 

useful in monitoring and evaluating of this production line.   

The laboratory’s customer uses the laboratory data, and this relates to the data 

contained in the raw material source from which the laboratory sample is taken.  This 

research identifies the linking feature as ‘encoded data’, which is extracted from a raw 

material source in the laboratory sample and converted by the laboratory process into a 

decoded form, i.e., the laboratory data product.  This encoded data is defined as the 

chemical, the physical property, or the micro-organism, whose specific characteristics, 

such as identity and concentration, are ultimately seen as a usable laboratory product.  

The tracking of this linking feature gives rise to the Laboratory Product Model (LPM) 

that enables the process of sample collection through analysis to the interpretation and 

reporting of results to be treated as a ‘production process’.   

5.2.5  The Laboratory Product Model (LPM) 

Following a consideration of the factors described in Sections 5.2.2 to 5.2.4, all stages 

of the laboratory activity, from sample collection through to the use and reuse of the 

laboratory-derived information product, were considered within the product life cycle 

that forms the basis of the SETAC Life Cycle Inventory framework, shown in Figure 2-

6.  The approach is equally applicable within the AS/NZS ISO 14040 product life cycle 

inventory framework, shown in Figure 2-7.   

The result of this consideration, using the linking feature of encoded data, is the 

development of the new Laboratory Product Model (LPM) (Rynja and Moy 2000, 

2002b).  The LPM is presented in Figure 5-3. 
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Figure 5-3  The Laboratory Product Model (LPM) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Adapted from Rynja and Moy (2002b, p. 360) 
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Step (a) 

The fundamental concept within the LPM is that the raw material source (a) in Figure 5-

3 contains ‘encoded data’.  As any material contains an infinite number of molecules, 

there are, potentially, an infinite number of pieces of encoded data contained in the raw 

material source.  For example, water in a water body, or soil on a contaminated site, 

contains encoded data. However, in most analytical projects, the number of pieces of 

encoded data that are of interest to the project, and that require decoding, is limited.  

As a result, the number of ‘laboratory products’ produced from any analysis process is 

also limited.  The encoded data may be a chemical (e.g., copper), physical (e.g., pH), 

or microbiological (e.g., Escherichia coli). 

Step (b) 

A representative laboratory sample (b) in Figure 5-3 is taken, or extracted, from the raw 

material source, and this contains the raw material input (encoded data) for the 

production process.  In order to ensure that the collected sample is reliable, i.e., the 

quantity and identity of the encoded data in the sample is the same as in the raw 

material source, special precautions often are required.  For example, sample 

collection may involve the use of special containers, the addition of chemical 

preservatives to the samples, and/or refrigeration (e.g., 40C), and/ or cold storage (e.g., 

-180C).  If a reliable sample is collected, stored and transported to the laboratory, then 

it is assumed that the laboratory sample is representative. 

This raw material extraction phase, or sampling, is the practical application of all of the 

considerations associated with the planning of the sampling program, as indicated by 

the relevant box on the left hand side of Figure 5-3.  The analytical project planning 

takes into account factors such as the sample size, the location, the type and the 

number of samples, as well as the proposed end use of the analysis data.  Laboratory 

product planning is discussed in Section 5.3. 

Step (c) 

The sample testing process (c) in Figure 5-3 is the means by which the encoded data 

contained in the laboratory sample input is decoded.  The testing process should 

provide a reliable test result that is relevant to the intended end use of the analysis data 

by the customer.  Test method selection, shown in the relevant box on the left hand 

side of Figure 5-3.  At the same time, the selected test method should be economically 

and environmentally responsible.  
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Step (d) 

The decoded data derived from the laboratory’s sample processing step (c) in Figure 5-

3, may not be in a form that can be provided directly to a customer.  For example, it 

may be in the form of a reading on a meter, population counts from a microscopic 

plate, or on a chart printed out from a laboratory instrument.  The laboratory takes this 

decoded information and interprets and/or evaluates it.  This evaluation takes account 

of the characteristics of the decoded data, as well as other factors such as: the 

calibration standards, quality control data, repeat (e.g., duplicate) analyses, the 

quantity or size of the sample taken for analysis, the nature of the sampled material, 

the dilution factors, and so on.  If the quality control procedures associated with the 

laboratory processing are satisfactory, then reliable analysis data is produced.  

Step (e) 

External information about the sample, as shown in the relevant box on the left side of 

Figure 5-3, is combined with the evaluated, decoded data, and is repackaged.  This 

repackaged output is presented to the laboratory's customer as the laboratory data 

product (d).  For example, the laboratory data product may be - sample X taken from 

location Y contains concentration Z of the chemical, or organism (W).  The laboratory 

data product is distributed, in Figure 5-3, to the laboratory's customer (e).   

The laboratory data product is usually supplied to the customer in the form of a report.  

The laboratory report may be delivered in paper format, and this is distributed using a 

transportation input, e.g., postal, or courier.  Alternatively, the laboratory report may be 

distributed electronically, e.g., facsimile, email, or online via a secure link to the 

laboratory’s information management system.  

On some occasions, the laboratory may provide an additional, value-adding service by 

providing a primary interpretation based on, e.g., the compliance/non-compliance with 

a standard, a range of ‘normal’ values for that parameter in the type of material 

analysed.  This activity is indicated in the “Standards, regulations, knowledge” box to 

the left of Figure 5-3.  The laboratory supplies this additional information to assist the 

customer in the reliable end use of the laboratory product.  In most instances, this 

simple advice is regarded as a value-added service, with the laboratory receiving no 

additional revenue from its provision.   

If a more comprehensive interpretation of the laboratory data products is required, then 

the LPM regards this as a separate non-production activity.  This additional activity, 
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discussed in Step (f), often results in additional revenue for the laboratory, but no 

further laboratory processing activity is required.  

Conceptually, the LPM defines a standardised unit of production for a laboratory, i.e., 

the laboratory data product.  The application of this generic unit of output is discussed 

in the laboratory study presented in Section 5.4. 

Step (f) 

In Figure 5-3, the customer combines the laboratory data product with other data and 

information relating to the issue/problem (shown in the relevant box on the left hand 

side of Figure 5-3) to produce the laboratory information product (f).  This laboratory 

information product is then used to address the issue/problem.  For example, the issue 

might be the development of an engineering solution to decontaminate a contaminated 

site, or the acceptance for release to the marketplace of a batch of manufactured 

product.  The anticipated requirements of this issue/problem helped to define the 

specifications for the particular laboratory data product(s) sought by the customer.   

Inputs and outputs 

The laboratory production line requires a variety of inputs and generates a number of 

wastes.  For example, the sample collection process may use a variety of inputs 

including some, or all, of the following: chemicals, sample containers, consumable 

materials (e.g., protective gloves, filter papers), energy (e.g., for refrigeration and/or 

freezing), paper (e.g., notebooks, blank report forms), and transportation.   

Similarly, the sample-processing activities require a variety of inputs including some, or 

all, of the following: chemicals (e.g., acids, solvents, bacteriology media, gases), 

disposable laboratory ware (e.g., personal protective ware, volumetric dispensing 

devices, Petri dishes and cultivation media), reusable laboratory ware (e.g., 

glassware), specialised scientific equipment (e.g., various analysers, ovens, 

incubators).  The delivery of processing materials and equipment provides a 

transportation input for laboratory processing.  The laboratory facility itself uses water 

and energy. 

These inputs result in the generation of waste outputs, including airborne emissions, 

water effluents, solid emissions, e.g., to landfill and clinical wastes, and other releases. 
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Summary 

The LPM is a production line approach that facilitates the integration of sample 

collection, laboratory processing, and specific laboratory product use within the one 

framework for the production of laboratory products.  The LPM applies the concept of 

decoding the encoded data contained in the laboratory sample, and shifts the focus for 

laboratories from the sample input to the laboratory product output. 

5.2.6 Comparison between laboratory and manufactured products 

The LPM is based on the premise that production lines for the laboratory product and 

the manufactured product are conceptually quite similar.  A comparison between the 

production lines for a manufactured product and the laboratory product is undertaken to 

determine the extent of these similarities.  A close parallel between the two production 

lines will demonstrate the solid conceptual and practical basis of the LPM.  

The product life cycle framework that forms part of the SETAC Life Cycle Inventory 

framework (Figure 2-6) is used as the basis for this comparison.  The comparison 

between the laboratory information product and the conventional product described by 

(Rynja and Moy 2002b) is shown in Table 5-1.   
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Table 5-1  Comparison between a conventional product and a laboratory information 

product 

Conventional Product Laboratory Information Product 

Raw material acquisition 

 Mining non-renewable material 

Raw material acquisition 

 sample collection 

Production 

 Manufacturing processes 

 Manufactured products 

 Product distribution 

 Material or crop storage, pre and post 

processing 

Production 

 Analysis processes 

 Analysis information products 

 Analysis report distribution 

 Storage of samples and other inputs, both pre 

and post analysis 

Use 

 Consumer's use of product 

 Product after sales servicing 

Use  

 Customer's use and reuse of information 

products 

Recycling and reuse 

 Product disassembly with component recycling 

 Product reuse for similar purposes 

Recycling and reuse 

 recycling is not applicable  

 information products can often be reused on 

other projects, either from the sample source, 

or for comparative assessment of laboratory 

products from other sources 

Waste Management 

 Management of the waste streams associated 

with the processes 

Waste Management 

 Management of the waste streams associated 

with the processes 

Energy Supply  

 All forms for the facility and the product 

production processes  

Energy Supply  

 All forms for the facility and the product 

production processes  

Transportation 

 All transportation associated with the process 

from raw material acquisition to distribution 

Transportation 

 All transportation associated with the process 

from raw material acquisition to distribution.  In 

the LPM, ‘transportation’ of the laboratory 

product may be electronic. 

Source: Adapted from Rynja and Moy (2002b, p. 361)  

The comparison in Table 5-1 shows that there are many parallels between a laboratory 

information product and a conventional manufactured product.  These are now 

discussed.  
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Raw material acquisition 

In the case of refined metal product, an ore body contains a mineral that is sought for 

use as an input, e.g. as a metal, into other processes.  The ore body also contains 

other minerals that are not sought as inputs into other processes.  Both the sought and 

the non-sought minerals are mined, and then transported to a metal refinery for 

processing.  The refinery process separates the sought metal from the non-sought 

minerals, so that the sought material is available as an input into other processes.   

For a laboratory information product, the raw material source, such as a water body, 

contains encoded data that is sought for use as a laboratory data product input into 

another process.  The water body, in this example, also contains encoded data that is 

not required.  Both the sought and the non-sought encoded data are transported to the 

laboratory for processing.  The critical feature for the laboratory product is for the 

laboratory sample to contain the same quantity and identity of the sought encoded data 

as the raw material source.   

Laboratory sample collection, or raw material acquisition from a raw material source 

such as a water body, is the starting point for the production of a laboratory information 

product.  If a laboratory sample is not collected, then there can be no laboratory 

processing, and, consequently no laboratory data product.  Therefore, sample 

collection is a significant upstream activity in the production of a laboratory information 

product. 

Production and use 

In order to produce their products, laboratories usually have a ‘warehouse’, or a 

number of ‘warehouses’, to manage and to store materials such as laboratory samples 

in both pre-analysis and post-analysis phases, chemical reagents, laboratory 

consumables, and paper.  This is similar to metal refinery, which usually stores its 

inputs and production outputs (including wastes), both in the pre-production and post-

production phases.  

In the laboratory processing phase, there is an expectation that as much as possible of 

the encoded data in the sample input is decoded.  The efficiency of the decoding 

process is commonly referred to in the laboratory industry as the ‘method recovery’.  

For a manufactured product, there is a similar expectation that as much of the input 

material of interest as possible appears in the finished product.  This conversion 

efficiency, or recovery, is an important criterion for comparing production methods, and 
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for determining data reliability and production efficiency.  Decoded data recovery is a 

key input to method selection in the laboratory. 

When the production of laboratory data product is completed, it is then distributed to 

the customer.  There are a number of traditional pathways available to satisfy this 

requirement, such as preparing a paper report for distribution by mail, or facsimile; or 

by electronic transfers via an online service, or email.  Similarly, the refined metal is 

distributed to its customers using industry standard pathways, such as road, rail and/or 

sea transport. 

The laboratory data product should match, as closely as possible, the specifications 

required by the laboratory information product that is to be used in solving the analysis 

problem.  The produced laboratory information product is primarily for the intended 

purpose.  This is similar to the conventional product, which is manufactured using 

inputs of known specification to produce products that meet the required, or expected, 

end use for the product.  

An interesting characteristic of the laboratory product is that is possible to produce a 

laboratory product with a nominal data value of ‘zero’, and/or non-identification of a 

nominated substance, or organism.  This occurs when the quantity of the data of 

interest present in the source material is less that the reporting limit for the test method.  

Laboratories report this value as a ‘less than value’.   

This ‘zero value’ output is still a real and useful laboratory product.  Furthermore, the 

product provides an important input to laboratory evaluation as it relates directly to 

ensuring ‘false positives‘ are not reported – an important reliability criteria for laboratory 

performance..  In contrast to a manufactured product, the ‘zero value’ laboratory 

product is still very important and useful for the customer.  

Recycling and reuse 

The comparison between a conventional product and the laboratory product, however, 

raises some issues regarding recycling and waste management.  Recycling is defined 

in the US EPA’s Resource Recovery and Conservation Act Orientation Manual as ”The 

separation and collection of wastes, their subsequent transformation or remanufacture 

into useable or marketable products or materials, the purchase of products made from 

recyclable materials’” (US EPA 2004).  Clearly, there is some difficulty in applying the 

concept of recycling to the intangible laboratory product in the same way as to a 
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manufactured product.  However, the medium, such as paper, on which the laboratory 

data product is presented to a customer, may be capable of recycling.   

Recovery, and/or storage for reuse, is an easier concept to transfer from a normal 

product to a laboratory information product.  Scientifically, the laboratory product has 

the potential for reuse, e.g., in long-term trend analyses, in which case the laboratory 

products are used as input to decisions based on long-term trends.  This is similar to 

reusing a conventional product for a purpose other than the one for which it was 

originally designed.  

Waste management 

In the case of the laboratory product production, none of laboratory process inputs, 

such as samples, chemical reagents and consumables, appears as part of the 

laboratory product output.  All of the input materials used into the laboratory processing 

should enter directly into various waste emission streams, and be accounted for in this 

manner.  Likewise, the sample that is used in the decoding process, plus any 

unprocessed sample, should enter the laboratory waste management program.  

With the manufactured product, some of the input materials are processed into 

products, while some materials enter the waste streams, and these wastes should be 

managed as part of the manufacturer’s waste management program.   

Energy 

Generally, both the laboratory product and the conventional product are manufactured 

in facilities that use electrical energy.  In addition to the use of energy use by the facility 

itself, production lines also use energy in their processes.  For laboratories, scientific 

technology, e.g., a pH meter, atomic absorption spectrometer, is used to decode the 

encoded data in samples.  This is similar to a manufacturing process for conventional 

product that uses energy inputs and equipment for production, e.g., a metal press, a 

container filler and capper.  

Transportation 

The manufactured product and laboratory product use transportation inputs.  For the 

laboratory product, transport is often required to reach the site of the raw material to be 

sampled, and to deliver the collected samples and other material inputs to the 

laboratory.  It may also be required for laboratory product distribution.  In the same 
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way, transport is required to bring the raw material and other material inputs to the 

production facility, and to distribute conventional products to customers. 

Summary 

There are close parallels between a laboratory product and a conventional 

manufactured product.  This means that the LPM has a solid conceptual and practical 

basis.  This, in turn, allows the use of many of the analytical and evaluation tools that 

have been developed for production process assessment and product quality 

comparison.  

5.2.7 Laboratory production line collaboration  

Working closely with customers is acknowledged as a pathway for improving the 

performance of analytical laboratories (Lifshin 1996, 1998; Maher, leGras and Wade 

1997).  The adoption of the LPM approach should facilitate all organisations involved in 

the production line work in particular, the laboratory, the suppliers of laboratory 

samples, and the customers of the laboratory product, working closely together to 

achieve the desired outcome of reliable decisions based on reliable data.   

There are many interactions between the laboratory and other suppliers, such as the 

suppliers of reagents, chemicals, consumables, and equipment.  The relationships 

between the laboratory and these other suppliers have the potential to impact on 

laboratory performance, but are not discussed at this point.  However, they are 

discussed in the sections relating to laboratory product planning (Section 5.3), and 

laboratory performance evaluation (Section 5.4).  

The LPM production line approach is considered in terms of the laboratory product 

supply chain.  The new Laboratory Product Supply Framework (Rynja and Moy 2006) 

is shown in Figure 5-4.  
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Figure 5-4  Laboratory Product Supply Framework  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Source: Rynja and Moy (2006, p. 332) 
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of results, as these activities are performed by other organisations. The evaluation of 

the service quality and the reliability of the result is limited comparative costs, and to 

the error estimate on the data output, and/or turnaround time. 

The new LPM production line approach incorporates all phases of the laboratory 

product production and use into the one system, from sample collection, through 

analysis and reporting, to the use of analysis data.  The parallels between the 

proposed laboratory product and the conventional manufactured product are 

demonstrated, confirming the solid conceptual and practical basis of the LPM.  The 

LPM is output focused and has a number of dimensions, and these are shown in 

Figure 5-5. 

Figure 5-5  The Dimensions of the Laboratory Product Model 
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As shown in Figure 5-5, the LPM employs a production line approach to produce a 

reliable laboratory product.  Data reliability for the laboratory product system is 

discussed in Section 5.3.2.  The product dimension encourages organisational 

collaboration and planning along the production line to achieve optimal performance.  

The LPM is expected to achieve enhanced cost and environmental performance 

benefits across the product system, within the quality and environmental dimensions.  

The objective of the LPM framework is to facilitate performance improvement in both 

the laboratory production line, and in the laboratory product.   

The LPM significantly extends the proposition that the laboratory is like a factory, 

producing information products from submitted sample inputs (Dessy 1993; Darlington 

1999).  The LPM approach means that the laboratory factory is only a part of the 

laboratory product system.  At the same time, the LPM is consistent with the position 

that laboratory processing is only the intermediate step in an analysis project (Lucchesi 

1995).   

The LPM effectively supports the enlarged Laboratory Product Supply Framework 

(Figure 5-4), and identifies the supply chain collaborations required to enhance 

laboratory performance.  The formation of these supply chain collaborations affirms 

that laboratories should be an integral part of analytical project planning teams (Lifshin, 

1996, 1998; Maher, LeGras and Wade 1997).  The relationship between sample 

collection and the laboratory product use is clearly established, and this should address 

concerns that poor sample collection results in poor laboratory data (Claycomb 2000).   

While defining a generic laboratory information product, the LPM also defines the 

laboratory data product as a unit of output for the laboratory.  This addresses the 

argument that service industries tend to lack a standardised unit of production, which 

makes the assessment of the relative performance of companies difficult (Rosenblum, 

Horvath and Hendrickson 2000).  It should also enable the laboratory to move away 

from an inward focus, and influence environmental performance along product supply 

chain (Thoresen 1999). 

The LPM enables the extension of environmental performance evaluation from a 

consideration of the life cycle of the products used by the service (Editor 1998) to a 

consideration of the performance across the services’ product life cycle.  This 

laboratory product approach is consistent with the argument that a service should 

adopt the same life cycle approach that has been applied to manufacturing industry 
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(Graedel 1998).  It allows for a better examination, comparison and assessment of 

laboratory-based processes.  For example, 

 assessing environmental performance based on the laboratory product functional 

entity; 

 understanding of data reliability and the magnitude of error in producing the 

laboratory product; 

 comparing of different laboratory disciplines, and the comparison of performance at 

a unit of production level; and 

 planning to achieve reliable product delivery.  

The LPM facilitates the application of many of the tools that are applied in the 

manufacturing sector, including the analysis of site data derived from corporate 

management information-systems to evaluate environmental performance.   

Ratio values are used to relate wastes and production in the development of 

environmental performance indicators, as identified in Section 2.6.3, (e.g., Jasch 2000).  

Therefore, this research defines a Production Unit of output (PU) for a laboratory data 

product as 1000 laboratory data products.  This value of 1000 data products is selected 

to continue the analogy with the conventional industrial process.  For example, in a 

metal refinery, production efficiency is expressed in terms X kg of waste per tonne (or 

1000kg) of metal refined.  For a laboratory this can now be expressed as x kg of waste 

per PU (or 1000 data products). 

In addition, it can be argued that the production unit approach could form the basis for 

the development of a functional unit for an LCA study of a laboratory product.  For 

example, an LCA study could be undertaken to evaluate the performance of two 

laboratory data products with a similar specification, e.g., same limit of reporting and 

repeatability.  The data products selected for evaluation may be decoded in one 

laboratory by a different process, and/or piece of scientific equipment, or in different 

laboratories by the same process, or piece of equipment.   

Thus, the LPM provides a significant, new framework for the evaluation of the 

environmental performance of a laboratory and its products.   



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   155 

5.3 PLANNING FOR RELIABLE LABORATORY PRODUCTS 

5.3.1 Introduction 

Analytical projects are undertaken to address a specific need or question, so there is 

an underlying expectation that reliable laboratory data products are produced.  Further, 

there is an expectation that the laboratory information products subsequently produced 

meet the specific need of the project, i.e., the right decisions are made.  If these 

expectations are met, then a reliable data generation and interpretation system is in 

place.   

This section discusses the requirements for the production and use of reliable data, 

ensuring the quality of the laboratory product.  The issues that should be taken into 

account to ensure the efficiency of the laboratory product production line in the context 

of the LPM are discussed.  An example of planning for a reliable laboratory product 

using recognised standard methods is discussed, with the environmental performance 

of the production line being a particular focus.  

5.3.2 Laboratory product reliability 

Unreliable laboratory products may be produced when the laboratory has little, or any, 

involvement in the activities that occur outside of the laboratory.  Data gaps, and/or the 

provision of data that does not fully meet analysis requirements, are possible outcomes 

of this lack of knowledge across the analytical project.  The LPM supports collaboration 

between the supplier laboratory, the customer and other key stakeholders work to 

ensure that reliable laboratory products are produced to meet the specific end use 

requirements. 

Two critically related activities contribute to the production of reliable laboratory 

products.  Firstly, the sample collection process must ensure that the sample presented 

to the laboratory contains the same quantities of the same encoded data as the 

material from which the sample was taken.  Secondly, the laboratory-processing phase 

must ensure that the analysis data is that which is sought by the customer, and is 

correctly identified and reliably quantified, as necessary.  However, in practice, these 

critically related activities are not always as closely related as they should be, and this 

gives rise to data uncertainty.   
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Data uncertainty is attributable to data inaccuracy, or the lack of specific data 

(Huijbregts et al. 2001).  A framework for planning the production and use of reliable 

laboratory products, taking data unreliability into account is shown in Figure 5-6.  

Figure 5-6  Framework for planning the production and use of reliable laboratory 

products  

 

Figure 5-6 focuses on the reliable production of a laboratory information product rather 

than on the sample.  The expected end use of the laboratory information product 
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required to solve a problem is the starting point that informs the planning of the 

production and use of the laboratory product.  When the ‘specification’ is developed, 

the sample collection program can commence.  At the same time, there is a need to 

ensure reliability at each step of the production process, i.e., from sample collection 

through to the interpretation and use of the data.  These steps are now considered. 

Sample Collection 

Good sample collection practices ensure that the data in encoded form in the collected 

sample is present in the same quantities and type as was present in the raw material 

source.  This means that a representative sample is collected.  Poor sample collection 

may result in a change to the quantity, or the identity, of the data in its encoded form as 

it relates to the original source.  

Sample Storage and Transport 

Good sample storage and transportation practices will ensure that the data in its 

encoded form remains unchanged during this phase and, thus, remains as a 

representative sample.  Poor sample storage and transportation practices may result in 

a change to the quantity and/or identity of the data in its encoded form, and is no longer 

a representative sample.  Thus, even if reliable laboratory processing occurs, then the 

desired, reliable decoded data, as it relates to the original source material, will not be 

produced. 

Sample Processing  

Appropriate laboratory processing practices ensure that the encoded data is decoded 

accurately and reliably to produce a reliable laboratory data product.  This means that 

the correct identification and quantification of the encoded data has occurred.  Poor 

data processing means that unreliable decoded data is produced, resulting in an invalid 

laboratory product.   

Laboratory Product Use 

The laboratory data product is combined with other information and data products to 

produce a laboratory information product.  If this information product meets the needs 

of the problem, and sound conclusions are reached, then a reliable laboratory 

information product is produced.  Poor practices in combining relevant information and 

data products will result in the production of an unreliable laboratory information 

product.   
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Summary 

In the ideal situation, the pathway to the reliable production and use of the laboratory 

product follows the left hand side of Figure 5-6.  Any poor step takes the production 

pathway for a laboratory product over into the unreliable data stream on the right hand 

side of Figure 5-6.  The critical feature identified here is that there is the need for ‘data’ 

to be reliable from the time of collection from the source through to its use as 

interpreted data in a decision process.  If the requirements of the framework for the 

production and use of reliable laboratory products (Figure 5-6) is understood and 

applied, then the remaining elements of the analysis program can be planned to 

optimise the performance of the production line. 

5.3.3 Laboratory product performance 

The members of the supply chain collaboration responsible for planning for the 

production and use of a reliable laboratory information product are expected to 

optimise the economic and environmental performance along the production line as 

part of the planning process.  This collaborative team should focus, therefore, on 

meeting the analytical project objectives, while optimising the sample collection and the 

sample-processing phases for the laboratory production line.   

The production of the laboratory product is now considered in three separate, but 

intimately related components, laboratory sample collection (occurs upstream of the 

laboratory); laboratory processing (occurs in the laboratory), and use of the information 

product (occurs downstream of the laboratory). 

Sample collection 

Many factors require consideration for the sample collection phase, commencing with 

the nature of the raw material containing the encoded data, and the specific analysis 

requirements.  The nature of the raw material and the analysis requirements influence 

the selection of the device(s) required for taking the sample, such as a sampling pump, 

an auger, a filtration device, a beaker, as well as the nature of the sample container.  

These sampling devices are selected to ensure that the required encoded data in the 

laboratory sample is consistent with that in the original material.  Personal protective 

equipment may be required to protect the sampler from the material being sampled, 

and/or to protect the sample from potential changes to the encoded data being 

introduced by contact with the sampler. 
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From an environmental performance perspective, there is a need to account for the 

environmental performance of the sampling devices, the personal protective 

equipment, the chemical preservatives, and the sample containers.  In some cases, the 

sampling devices reused, simply by rinsing with raw material from the next sampling 

point prior to taking the actual sample.  In other cases, devices may need a thorough 

clean, and/or the use disposable components.  Similarly, the personal protective 

equipment may be reusable, or disposable.   

The sample containers themselves may require preparation to a recognised standard 

e.g., for water sampling, AS/NZS5667.1 - 1998 (Standards Australia and Standards 

New Zealand 1998a).  These procedures involve washing of glass containers and 

receptacles with inputs such as purified water, detergent, and/or chemicals (e.g. nitric 

acid, ethanol, and acetone).  Therefore, there is a need to select protocols that ensure 

the reliability of the sample, and the optimal environmental performance relating to the 

preparation and use of items associated with the sample collection process. 

In many cases, there is a time delay between sample collection and laboratory 

processing.  Therefore, the laboratory samples often need further treatment to ensure 

the reliability of the sample used in the laboratory process.  The sample preservation 

techniques include the addition of chemical preservatives, and/or refrigeration, and/or 

freezing.   

The source and the quantity of energy required for refrigerating, and/or freezing, the 

samples from time of collection until presentation at the laboratory is another important 

factor.  In many cases, the use of transportable refrigeration and freezing capability is 

not always practicable.  Possible substitutes for field sampling include ordinary ice for 

cooling to 40C, and dry ice for freezing.  This latter approach usually involves the use 

of suitable portable devices (cool boxes).  The quantity of each type ice required 

depends on the volume of the cool boxes, and the number and size of the samples 

collected.   

The project planning determines the number of laboratory samples for each sampling 

event, the type of sample, the location of the sampling site, and the frequency of 

sampling.  These project-planning requirements introduce a potential multiplier effect 

on the sample collection activities relating to sampling devices, sample containers, 

personal protective equipment, chemical preservatives and refrigeration/freezing, as 

identified.   
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The location of the sampling site relative to the various parties involved introduces the 

possibility of a transportation input.  If the sample points are remote from the customer, 

the sampler, and/or the laboratory, then the actual sampling sites, as well as their 

relative locations to each other, need to be considered.  The transportation 

considerations may include: 

 transporting empty sample containers from the laboratory to the sampler’s venue, 

and/or the customer venue (assuming the laboratory prepares appropriate sample 

containers); 

 transporting empty sample containers from the sampler/customer venue to the 

sampling point; and 

 transporting the filled sample containers from the sampling point to the laboratory, 

either directly, or via the sampler/customer venue.  

A possible sample container flow is presented in Figure 5-7. 

Figure 5-7  Indicative sample container transportation flows  

 

 

 

 

 

 

 

 

 

The sample container flow in Figure 5-7 shows empty sample containers leaving the 

laboratory going to the customer, then to the sampler, and then to the sampling site(s).  

The dotted lines represent this sample container flow to the sampling sites.  The 

sampler fills the sample containers and forwards them to the laboratory, and the solid 

lines represent this flow.  In this example, the sample sites, S1, S2, and S3, may 

represent three different locations, or three samples from the one location.  Therefore, 

there is a need to account for all transportation trips. 

When the sampler and the sample containers arrive at the sample point, there may be 

an additional transportation input at the sampling site.  For example, if the sampling site 
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is a large water body, then a motor vessel may be required to reach the desired 

sampling point(s).   

Laboratory product planning may need to consider arguments for taking the laboratory 

processing activity as near as practicable to the sampling location, e.g., through field 

analysis.  While this may not always be possible, there are situations where field 

instruments may be suitable for the processing step.  These field analyses may 

minimise the number of samples that require transportation to the laboratory, with a 

corresponding decrease in material use (sample containers and preservative 

chemicals), and laboratory waste generation.  The field sampling approach is 

consistent with the green analytical chemistry approach described by Anastas (1999), 

in which full, or partial, on site analysis and data reporting may provide advantages in 

terms of sample handling, transport and waste minimisation.  

Thus, transportation is an important consideration for the laboratory product 

performance evaluation.  The transportation indicator could be based on the quantity of 

each type of fuel required, e.g., petrol, diesel, or hybrid, required to complete all sample 

collection transportation activities.  

Quality control procedures should be incorporated into the sampling protocols to 

ensure reliable sample collection.  These additional activities can include activities, 

such as travel blanks and duplicate sample collection for sensitive parameters.  From 

an environmental performance perspective, there is a need to include the additional 

resource usage in the evaluation of the product performance. 

The sample collection activities that may have the potential to impact on the 

environmental performance of laboratory product are summarised in Table 5-2. 
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Table 5-2  Summary of sample collection activities for laboratory product planning  

Planning 
Requirement 

Significance Planning Consideration 

Nature of raw 
material to be 
sampled 

Influences sample 
collection approach 
required for different 
matrices, e.g., water, soil, 
sediment, biota, effluent 

 Type of sample collection equipment, e.g., sample 
pump, auger, and personal protective equipment  

 Consider the life cycle of the sample collection 
equipment 

Analysis 
parameter(s), 
i.e., laboratory 
data products, 
required for 
the project:   

Influences sample 
container selection, and 
the sample preservation 
and storage requirements, 
e.g., metal, organic 
compound, bacteria, 
physical parameters  

 Type of sample container required 

 Form of sample preservation, e.g., chemical 
preservative, refrigeration, cold storage required 

 Preparation of sample containers 

 Consider the life cycle of sample containers, and the 
chemical inputs 

 Consider energy requirements for refrigeration/cold 
storage 

 Consider how is the energy produced 

Number of 
laboratory 
samples 

Influences how much 
sampling equipment and 
the number of sample 
containers that are 
needed for sample 
collection for each 
parameter and each 
location 

 Quantity of sampling equipment required 

 Type and number of sample containers required 

 Quantities of chemical preservative(s) required 

 Amount and type of energy required  

 Multiplier for single sample collection activity 

Location of the 
sampling 
point; and 
number of 
sampling 
events 

Influences the 
transportation 
requirements for sample 
containers and the 
sampler collector to and 
from the field; and for 
each sampling event 

   

 Transportation required to get sample containers to 
the sampling locations  

 Transportation required to get the sampler to the 
sampling locations 

 Transportation, e.g., motor boat, required at the 
sampling point 

 Transportation to get the collected samples to the 
laboratory 

 Samples transported to laboratory within the holding-
time quality requirements for each of the parameters 

 Possibility of on site field analyses 

 Number and engine-type of vehicles for each sample 
collection activity 

 Total travel distance for each vehicle type 

 Type and quantity of each fuel type, e.g., gasoline, 
diesel, gas, hybrid, is required 

Sample 
collector  

Sampler selection  Sample-collection accuracy requirements for the 
required parameters, e.g., travel blanks, duplicate 
samples 

 Account for additional material usage for quality 
control 

 Account for samples not received in laboratory within 
holding time 
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Sample Processing 

When the sample collection and transportation component of the laboratory product 

planning is completed, the sample-processing phase becomes the next component for 

consideration.  The selection of a suitable laboratory for the reliable decoding of the 

encoded sample data is important.  The first component of this selection process 

depends on the technical capability and the capacity of the prospective laboratory, i.e., 

the laboratory either can do the processing, or cannot do it.   

Many problem-solving projects involving the use of laboratory data products require 

more than one piece of analysis information.  In some cases, all of the required 

processes can be undertaken by a single, multidisciplinary laboratory.  In other cases, 

more than one laboratory may be required, as the one facility does not have the 

required full capability.  Therefore, the laboratory, or combination of laboratories, with 

the capability and capacity, as well as the best environmental performance should be 

selected.   

If a laboratory can perform the required processing, then there is a need to determine if 

the laboratory has appropriate processes in place to ensure the accuracy and reliability 

of the processing step.  Technical accreditation to a relevant standard, e.g., ISO 17025 

(Standards Australia 1999), should ensure that the laboratory uses appropriate 

processes, and has quality control and quality assurance procedures in place.  The 

quality control procedures require a laboratory to undertake additional processes, such 

as blank determinations to ensure the processes are not introducing the required 

encoded data into the sample, and spiked analysis determinations to check on the 

ability to recover encoded data from the sample matrix.  The consumption of additional 

materials for quality control purposes should be included in the materials consumption. 

A laboratory often uses some form of scientific technology to decode the samples, so, 

there is a need to account for the life cycle performance of this technology.  If the 

technology consumes material resources during operation, then there is a need to 

account for the consumption of these additional resources.  The laboratory generally 

uses chemicals, laboratory consumables (e.g., reagent kits, personal protective 

equipment, disposable laboratory ware), and other inputs into its processes, as part of 

the decoding processes.  The environmental performance of the chemicals and other 

materials need to be considered as part of laboratory environmental performance.   

Most laboratories operate from laboratory facilities that consume water and energy.  

Therefore, energy and water consumption efficiencies of the laboratory facility itself, 
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and its scientific technologies, are important factors in relation to the environmental 

performance of the laboratory products produced in the laboratory.   

Sample inventory management is important.  In many cases, purpose built laboratory 

space, compete with its conditioned air, is used for pre and post analysis for storage 

purposes rather than for sample processing.  Where laboratory samples have 

preservation requirements such as refrigeration or freezing, then the samples are 

usually stored in a refrigerator, or freezer, located within the laboratory.  The larger the 

volume and the number of samples stored in the laboratory space, and in the 

refrigerators and freezers, the greater is the potential consumption of electrical energy 

for non-processing activities.  Therefore, the minimum number of samples should be 

retained in these conditions at any one time.  A good sample-inventory management 

system would satisfy this requirement.  In addition, there may be benefits in managing 

the timing of analytical project sample delivery during the planning phase, where this is 

practicable. 

The laboratory distributes its products to its customers, and, traditionally, paper-based 

reports are delivered through the regular mail system, or by courier.  This approach has 

a transportation component.  More recently, electronic formats became more readily 

available and accepted.  Electronic reports are delivered by email, or made available to 

customers through web-based portals, and, thereby, minimising the transportation 

component. 

Pollution prevention and waste minimisation 

The laboratory should be operating as efficiently as possible.  Thus, programs such as 

pollution prevention and waste minimisation programs, such as, chemical recovery and 

chemical recycling programs, chemical exchange programs, and microscale 

processing, and the substitution of hazardous chemicals, are important.  Chemical 

substitution should reduce the quantities of hazardous chemicals entering the waste 

stream.  The chemical recovery and recycling programs and the chemical exchange 

programs should result in a reduction in the absolute quantities of chemicals used in a 

laboratory.   

From a technical perspective, the aim of microscale processes is perform a laboratory 

process using fewer inputs, while achieving the same performance in terms of 

accuracy and reliability as the large-scale process.  This is consistent with the 

performance–based approach called the Data Quality Objective (DQO) (Telliard 1999).  

Microscale processing decreases the quantities in sample inputs as well as process 
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inputs such as chemicals and other consumables.  Relevant environmental 

performance indicators should be used to monitor and evaluate the laboratory’s 

environmental performance.   

Purchasing  

A green purchasing program should contribute to improved laboratory environmental 

performance by incorporating environmental performance criteria into equipment and 

materials purchasing specifications.  These purchasing decisions may result in a 

decreased consumption of energy, water and other consumables during the life of the 

equipment, or product.  At the end of the equipment’s useful life, a manufacturer-

sponsored return, or recycling, program may be in place.  The decreased consumption 

of resources, and the degree of recyclability of technology should be reflected in the 

laboratory’s environmental performance.   

The sample processing activities that have the potential to impact on the environmental 

performance of laboratory product, as discussed above, are summarised in Table 5-3. 
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Table 5-3  Summary of sample processing activities for laboratory product planning 

Planning 
Requirement 

Significance Planning Consideration 

Analysis 
parameter(s), 
i.e., laboratory 
data products, 
required for 
the project:   

 

Depends on the technical 
capability of the 
laboratory, and its quality 
control procedures 

 One laboratory has capability and capacity to perform 
all the tests in line with project requirements 

 Different laboratories are required to perform some or 
all of the tests 

 Analytical laboratory ability to meet the accuracy 
requirements for the required parameters, e.g., 
laboratory accreditation, quality control procedures, 
blanks, duplicate analyses, spiked samples 

 Account for additional material usage for quality 
control 

 Consider the environmental impacts of laboratory 
product distribution, e.g., paper-based by courier, 
regular post, or electronic email, web-based delivery 

 Consider scientific technologies, chemicals and 
reagents, disposable products, and other materials 
used by the laboratory  

 Adopt chemical substitution, where possible 

 Consider the product life cycle performance of the 
scientific technology, the chemicals and reagents, the 
disposable products, and the other materials 

 Consider impact of pollution prevention & waste 
minimisation, e.g., chemical recovery and recycling 
programs, microscale processing 

 Green purchasing programs 

 Sample inventory management systems 

Analytical 
Laboratory 
Selection 

 

Environmental 
performance influences 
laboratory selection 

 Laboratory environmental performance 

 Laboratory facility performance, e.g., energy, water  

 Consider laboratory environmental performance 
indicators, including water recycling, alternative 
energy sources 

Laboratory Product Use 

There is an expectation that the user of the laboratory data products has other relevant 

data and information products available, and the necessary skills and knowledge to 

produce a reliable laboratory information product.  If the reliable use of laboratory 

information products occurs, then there is a successful linkage between the initial 

problem, the planning and delivery of the laboratory product, and the solution to the 

problem. 

There is also an expectation that the laboratory data product is, in fact, used by the 

customer.  If the data product is not used, then there may have been an unnecessary 

consumption of resources, with associated economic and environmental impacts.  
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Therefore, it is important that laboratory data products are used for the purpose 

intended wherever possible. 

Summary 

The LPM means that the planning activity for each laboratory product should address 

specific end use requirements for the product, while, at the same time, optimising the 

environmental performance of the laboratory product.  The factors that have the 

potential to impact on the environmental performance of the product during sample 

collection and laboratory processing are summarised in Tables 5-2 and 5-3.   

5.3.4 Example of the production and use of a laboratory product 

The relationship between sample collection, sample analysis, and the end use of the 

laboratory product, is evaluated using an example.  In this example, a water sample is 

collected and the processed for lead content to determine compliance of a water body 

with the relevant water quality standard (Rynja and Moy 2002b, 2006).  A framework 

showing the Sample Collection, Processing and Reporting for a ‘Lead in Water’ 

Laboratory Product is presented in Figure 5-8. 
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Figure 5-8  Sample collection, processing and reporting for a 'Lead-in-Water' laboratory 

product 

Standards-based Sample Collection Requirements  

Standard Methods for the Examination of Water 
and Wastewater, APHA, 20th Edition (Clesceri, 

Greenberg and Eaton 1998)  

AS/NZS 5667.1: 1998. Water quality - Sampling - 
Guidance on the design of sampling programs, 
sampling techniques and the preservation and 
handling of samples (Standards Australia and 

Standards New Zealand 1998a) 

1000mL sample, with 100mL nitric acid 100mL sample, with 10mL nitric acid 

 

Possible Technology Processes and Corresponding Reporting Limit for Lead 

Technology Volume required for sample processing Reporting limit (Pb) 

Flame Atomic Absorption 
Spectrometry (F AAS) 

10mL per element 
50 g Pb/L (original water 

source) 

Graphite Furnace Atomic Absorption 
Spectrometry (GF AAS) 

5mL per element 
2 g Pb/L (original water 

source) 

Inductively Coupled Plasma Atomic 
Emission Spectrometry (ICP AES) 

10mL for all calibrated elements 
100 g Pb/L (original water 

source) 

Inductively Coupled Plasma Mass 
Spectrometry (ICP MS) 

10mL for all calibrated elements 
0.01-0.1 g Pb/L (original 

water source) 

 

Possible End Use of Information Product 

Australian guidelines for water quality monitoring 
and reporting (Australian and New Zealand 
Environment and Conservation Council and 

Agriculture and Resource Management Council of 
Australia and New Zealand 2000)  

Australian Drinking Water Guidelines (National 
Health and Medical Research Council and 

Agriculture and Resource Management Council of 
Australia and New Zealand 1996) 

Fresh Water 3.4 g Pb/L Drinking Water 10 g Pb/L 

Marine Water 4.4 g Pb/L  

Laboratory Data Product Use 

In Figure 5-8, the box labelled ‘Possible End Use of Information Product’ shows the 

relevant water quality standards.  They are: for fresh water, 3.4 g Pb/L; for marine 

water, 4.4 g Pb/L (Australian and New Zealand Environment and Conservation Council 

and Agriculture and Resource Management Council of Australia and New Zealand 

2000); and for drinking water, 10 g Pb/L (National Health and Medical Research 

Council and Agriculture and Resource Management Council of Australia and New 

Zealand 1996).   
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Laboratory Processing 

The box labelled ‘Possible Technology Processes and Corresponding Reporting Limit 

for Lead’, shows different technology-based decoding processes that may be available 

in a laboratory.  The box also shows the reporting limits for the lead content in the 

original water source, using the available technologies: for Flame atomic Absorption 

Atomic Absorption (FAAS), 50 g Pb/L, for Graphite Furnace Absorption Atomic 

Absorption (GF AAS), 2 g Pb/L, (ICP AES), 100 g Pb/L, and Inductively Coupled 

Plasma Mass Spectrometry, 0.01-0.1 g Pb/L.  The reporting limits for the laboratory 

processes are usually calculated statistically, and represent the accuracy and 

repeatability, i.e., the reliability, of the laboratory decoding process.   

If the requirement is for a lead in fresh water product, or a lead in marine water product, 

then either GF AAS, or ICP MS, technology could be used in the laboratory decoding 

process.  This shows that the selected process-technology needs to relate to the end-

use of the product, and needs to be determined in the product-planning phase.  

Therefore, a laboratory with either, or both, processing capabilities should be selected 

for the processing step.   

When the technical capability of the candidate laboratories is determined, the 

environmental performance should be evaluated to enable the selection of the one with 

the ‘best’ performance.  If the environmental performance of the laboratories is similar, 

it may become necessary to evaluate the environmental performance of the alternate 

laboratory processing technologies.  

The ‘Possible Technology Process’ box in Figure 5-8 also shows that the ICP AES and 

ICP MS technologies provide for the analysis of all calibrated elements, i.e., they are 

capable of analysing, concurrently, more than one element.  Therefore, if these 

instruments are calibrated for several elements, then the decision is usually made only 

to supply the data product(s) specifically requested by the customer.  This raises an 

interesting question as to whether there is the potential for impacts to arise from the 

non-use of all the available information.  For example, an investigation might target one 

element, when in fact another element decoded in the analysis process, is the real 

issue.  Alternatively, in long-term trend analysis where data products are reused, some 

potentially available information may not be available for reanalysis.    
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Sample Collection 

The next stage is to ensure the collection and transportation to the laboratory of a 

reliable sample that is the ‘right’ size for the laboratory process.  Recognised standard 

sampling and preservation procedures are usually applied.  The Standard Methods for 

the Examination of Water and Wastewater, APHA, 20th Edition (Clesceri, Greenberg 

and Eaton 1998) suggests a sample volume of 1000mL containing 100 mL nitric acid 

preservative; while the AS/NZS 5667.1: 1998.  ‘Water quality - Sampling - Guidance on 

the design of sampling programs, sampling techniques and the preservation and 

handling of samples’ (Standards Australia and Standards New Zealand 1998a) 

suggests a sample volume of 100mL with 10mL nitric acid preservative.  In each case, 

a plastic sample container is recommended. 

The GF AAS process requires approximately 5mL per element, while the ICP MS 

process uses approximately 10mL for all calibrated elements.  If it is assumed that only 

10mL of the preserved water sample is used in the laboratory process, then a quantity 

of 990mL of acidified water is in excess of processing requirements for the larger 

sample, while 90mL remains for the smaller sample.  This means that a larger quantity 

of acidified sample waste will enter the laboratory’s waste stream for the larger sample.   

From an environmental performance perspective, the larger, 1000mL sample container 

probably involves the use of more plastic material inputs in manufacture than the 

smaller, 100mL one.  In addition, the larger sample container also requires the use of 

100mL nitric acid preservative, compared with 10mL nitric acid for the smaller one.  

This means that there is a greater use of material resources associated with the 

collection of the larger sample.  In addition, if the sample containers are prepared for 

use by nitric acid treatment, then the larger containers are likely to require a greater 

quantity of acid for this treatment, and to generate a larger quantity of acid for the 

preparing organisation’s waste stream.  Thus, the larger containers require a greater 

quantity of resources for their preparation and use. 

While the per sample impacts are marginal, the cumulative impacts, including disposal 

costs are significant.  For example, in a laboratory processing 10,000 water samples 

per year would have to dispose of 9,900 litres of potentially contaminated and acidified 

water for 1000mL samples, compared with 900mL for 100mL samples.  Clearly, the 

real environmental impact is dependant upon the concentration of the analytes in the 

water samples.  
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The transportation of the empty sample containers from the preparing organisation to 

the sampling point, and their subsequent return to the laboratory filled with sample is 

another consideration.  The larger sample containers occupy a greater volume, and 

this could be a consideration if the container size resulted in an increase in the number 

of deliveries to the field for a project involving a large number of samples.  The 

transportation of the filled sample containers from the field back to the laboratory has a 

similar size consideration as for the sample containers going to the field.  In addition, 

the mass of the filled containers may create a further issue, as a 1000mL container of 

water weighs approximately 1kg, while a 100mL container weighs approximately 100g.   

The filled sample containers in this lead in water product example do not require 

refrigeration, or freezing.  However, other data products do require the filled sample 

containers to be handled this way.  The amount of energy required for chilling, or 

freezing, the sample is greater for a large container than for a smaller container.  The 

quantity of energy will also be influence by the ambient temperature and the length of 

time that refrigeration, or freezing, is required between the time of sample collection 

and laboratory processing.  Some of this energy is consumed prior to the samples 

being received in the laboratory, and this should be considered as part of the upstream 

environmental performance.  The energy consumed once the samples are received in 

the laboratory should be considered as a part of the laboratory environmental 

performance. 

Therefore, the relative size of sample containers is an important environmental 

performance consideration in relation to laboratory product design.  Therefore, it is 

critical during the planning phase for the laboratory product that sample size is 

matched as closely as possible to laboratory processing requirements to achieve 

optimal environmental performance, while at the same time delivering reliable sample 

collection and processing.  

5.3.5 Summary 

The quest to generate reliable laboratory information products commences with the 

determination of the specification of the product based on its proposed end use.  When 

this is determined, then the laboratory production line requires the reliable collection, 

storage and transportation of samples from a sampling site to a laboratory for 

processing, followed by the valid end use of this reliable data.   

Standard methods provide guidance for the collection of reliable samples, but the 

adoption of these procedures does not necessarily optimise the environmental 
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performance of the sample collection and transportation process.  The quantity of raw 

material collected for laboratory processing should be incorporated into the test 

method.  Often, this contrasts with the standard methods approach, where the quantity 

of sample required is described in generic sample collection procedures, e.g., in a 

separate table.  As more than one method may be available for laboratory processing, 

the generic approach often provides for the method that requires the greatest quantity 

of sample.  Therefore, significantly more sample may be collected than is required for 

analysis processing.  

The LPM approach should form the conceptual basis for the planning for the production 

and use of reliable laboratory products.  The US EPA is moving towards the 

development of performance-based methods for the analysis of environmental 

samples.  A test method’s Data Quality Objective (DQO) should balance the data 

needs against resources, including a trade-off between data confidence and costs 

(Telliard 1999).  The proposed, US EPA standard test methods development approach 

should incorporate environmental performance considerations into the DQOs as part of 

the balance between data needs and resources.  

There are environmental benefits to be achieved by the careful planning of analytical 

projects.  All phases of the laboratory production line starting with sample collection 

continuing through to the end use of the decoded data must be considered as part of 

the one system.  The outcome of the planning process should be improved 

performance of the laboratory product, and, ultimately, of the laboratory itself as the 

processing organisation within the production line.  Therefore, the new LPM has a 

demonstrated potential to extend the consideration of laboratory environmental 

performance outside of the laboratory walls.  

In many cases, the customer requires more than one laboratory data product as input 

into their laboratory information products, and, hence, their decision processes.  These 

laboratory data products may be available from the same science discipline, such as 

inorganic chemistry (e.g., metal content in water, sediment, and biota); or different 

science disciplines, such as inorganic chemistry (e.g., metals), organic chemistry (e.g., 

pesticide residues), and bacteriology (e.g., coliforms).  It is important to ensure that the 

overall reliability of the collective data/ information is not affected adversely by too great 

an uncertainty in any of the laboratory products being combined.  Any significant 

variability in the quality of different laboratory products should be taken into account as 

an input into the analysis project planning.  
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If more than one laboratory data product is required, then the customer may acquire 

them from a single multidisciplinary laboratory, or, from a number of separate 

laboratories with different technical capabilities.  This means that a mechanism is 

required to select the best performing multidisciplinary laboratory, or the best 

performing mix of laboratories to cover all disciplines. 
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5.4 ANALYTICAL LABORATORY STUDY 

5.4.1 Overview 

The application of the LPM framework for planning the delivery of a laboratory product 

with optimal environmental performance requires the selection of a laboratory, or 

laboratories, based on their environmental performance.  As discussed in Section 

2.6.2, the environmental performance evaluation standard AS/NZS ISO 14031: 2000 

(Standards Australia and Standards New Zealand 2000d) identifies two types of 

indicators, management performance indicators (MPIs) and operational performance 

indicators (OPIs).   

The MPIs focus on matters such as the implementation of policies and procedures, 

conformance, financial performance and community relations.  The OPIs, on the other 

hand, focus on providing management with information about the environmental 

performance of the organisation’s operations.  This focus on operational performance 

can be related to production efficiency and environmental performance of laboratory 

products. 

The success of such environmental performance indicators depends on the relevance 

of the measure, as well as their measurability and comparability over time (Thoresen 

1999).  This means that a reliable data source is required to facilitate the process.  This 

usually requires considerable additional resources, e.g., financial, staff and electronic 

storage.  However, there are suggestions that data collected for other business 

purposes can be a source of reliable data for the development of environmental 

performance indicators, including normalised values based on production (Global 

Environmental Management Initiative 1998;  Olsthoorn et al. 2001).   

For laboratories, the development and application of environmental performance 

indicators also requires a source of reliable data.  Most laboratories maintain some 

form of corporate management information to assist them in managing their sample 

inputs, as well as their material and other process inputs.  Therefore, this management 

information is identified as a potential source of practical and reliable data.  The 

purpose of the laboratory study is to show that corporate data collected for other 

business purposes can be used to develop environmental performance indicators, 

including those based on production. 

The first objective of this section is to investigate the use of corporate data, as input, for 

the development and measurement of environmental performance indicators, and to 
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use of these indicators in the evaluation of laboratory performance.  The second 

objective is to identify data uncertainties and gaps that may contribute to improved 

environmental performance in the broader context of the environmental performance of 

the laboratory production line.   

As outlined in Section 3.3, a major, multidisciplinary laboratory, without a formal 

environmental management system, or any OPIs, was selected for a laboratory study.  

The laboratory study tests LPM thinking, while at the same time evaluating the 

available, corporate management information (Rynja and Moy 2002a).  The study 

laboratory maintains two principal management information systems.  One system is 

the Laboratory Information Management System (LIMS), and the other is the 

Procurement Management System (PMS).  The type of information available, how it is 

accessed and analysed, is discussed in Sections 3.4 and 3.5.   

The relationship between the LIMS and PMS forms the basis for developing 

environmental performance indicators for the laboratory, and this relationship is shown 

in Figure 5-9.   

Figure5-9  Relationship between LIMS and PMS 
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In Figure 5-9, the LIMS records information about the laboratory’s transactional 

activities with customers, and provides a source of information about the laboratory’s 

sample inputs and process outputs.  Therefore, the LIMS data should be suitable for 

determining the number of laboratory data products produced.  The procedures used to 

analyse the LIMS data are described in Section 3.4, with the results provided in 

Appendices 1A, 1B and 1C, and summarised in Table 4-1.  The determination of the 

number of laboratory products is informed by a consideration of the guideline for 

determining the number of laboratory products presented in Section 5.4.2.   

In Figure 5-9, the PMS records information about material and other purchases.  This 

provides a source of information about input materials and services that may have a 

process output impact on the environment.  The laboratory uses the PMS to manage 

all of the procurement activities, including the purchase of materials used in the test 

processes.  The PMS is evaluated to identify, classify, and quantify a number of the 

inputs to the laboratory processes using the procedures described in Section 3.5.  The 

input materials were analysed and classified, with the results presented in Appendices 

2A, 2B and 2C, and summarised in Tables 4-2 to 4-10. 

An analysis of the wastes and emissions from the laboratory processes, and the 

number of laboratory products produced is used, as shown in Figure 5-9, to develop 

environmental performance indicators for laboratories as quantity per laboratory data 

product.  

5.4.2 Guideline for determining the number of laboratory products 

This approach provides the first level of input for the determination of the number of 

laboratory data products produced, and was adopted in the determination of the 

number of laboratory data products produced in the study laboratory.  This LIMS data 

evaluation process also informed the conceptual development of the generic, 

laboratory data product.  This, in turn, supported the formulation of this guideline.  

The determination of the number of generic, laboratory data products is based on an 

understanding of the specific decoding procedures undertaken by the laboratory.  The 

central principle is 'the reason for the analysis'.  The focus is on the nature of the 

laboratory data products produced by the analysis process, based on the identity of the 

generic, decoded data output and the nature of the sample.  For example, if the generic 

decoded data output is ‘elements’, and the nature of the sample is ‘water’, then the 

generic laboratory data product is ‘elements in water’.  This approach was applied to 
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preparation of the summary table (Table 4-1) showing the number of generic laboratory 

products produced. 

Many laboratory processes concurrently decode more than one laboratory data 

product.  For example, an ICP MS and an ICP AES decode the number of elements in 

accordance with their calibration, as discussed in Section 5.3.4.  Therefore, the number 

of data products produced by a laboratory relates directly to the number of analysis 

parameters of the calibration, and these are called reportable results.  All of these 

reportable results may, or may not, be reported to the laboratory’s customer, but the 

decoding process for all analysis parameters still occurs in each processing activity.  

Thus, the number of laboratory data products produced by a laboratory relates directly 

to the number of reportable results.  The number of reportable results was assigned to 

each test code to enable the determination of the number of laboratory products 

produced. 

5.4.3 Number of laboratory data products 

The number of laboratory products produced by the study laboratory was determined 

using the methodology described in Section 3.4.  The evaluation of the primary LIMS 

data produced secondary data that identifies the type and number of generic, 

laboratory data products produced by the laboratory departments, and this secondary 

data is shown in Table 4-1.  The general diversity of the generic, laboratory data 

products produced by a multidisciplinary laboratory is apparent in Table 4-1.  For 

example, a number of different matrices (e.g., biological, water, soil, and food) are 

analysed for a number of different biomarkers (e.g., elements, pesticides, 

environmental nutrients). 

The number of products produced by the three laboratory departments and the 

laboratory division is summarised in Table 5-4 

Table 5-4  Summary of the Number of the Products produced  

Department 
No. of Laboratory 

Products 
Percentage of 

Production 
No. of Production 

Units (PU) 

Inorganic Chemistry  297,973 49.1 298.0 

Organic Chemistry 276,165 45.6 276.2 

Bacteriology 32,325 5.3 32.3 

Laboratory Division 606,463 100.0 606.5 

As shown in Table 5-4, Inorganic Chemistry produced the largest number of laboratory 

data products, with 297,973 products, or 49.1% of production.  Organic Chemistry 
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follows with 276,165 products, or 45.6% of production, and Bacteriology with 32,325 

products, or 5.3% of production.  The reasons behind the significant difference in the 

number of data products produced by Bacteriology when compared with Inorganic 

Chemistry and Organic Chemistry are discussed in Section 5.4.4. 

The corresponding PU values, shown in Table 4-1 and in Table 5-4 are as follows, 

 Laboratory Division (total of the three laboratory departments) (606.5 PU); 

 Inorganic Chemistry Department (298.0 PU);  

 Organic Chemistry Department (276.2 PU); and 

 Bacteriology Department (32.3 PU).   

The PU values are used in the calculations for the comparative studies discussed in 

Sections 5.4.8, and 5.4.9. 

The number of data products produced is significantly greater than the number of 

samples presented to the laboratory for analysis.  This occurs by virtue of the fact that, 

in many cases, a single decoding process produces more than one laboratory product.  

In some other cases, a single decoding process produces only one laboratory product.   

The determination of the number of laboratory data products produced is important 

when comparing laboratory performance based on production.  For example, one 

laboratory may use 10 decoding processes to produce 10 data products, while another 

laboratory may use one processing step to produce 10 similar data products.  This 

possibility is identified in Section 5.3.4, where ‘lead in water’ products were discussed.  

The LPM shifts the focus from laboratory sample inputs to laboratory data product 

outputs.  This output focus provides a better indication of the level of production activity 

actually occurring in an analytical laboratory.  It also provides a better indicator of the 

effects of different processing systems. 

5.4.4 LIMS data reliability 

If reliable performance comparisons are to be made, it is important to have accurate 

and reliable indicator values.  This means that the data derived from the LIMS must be 

reliable.  The LIMS in the study laboratory was developed primarily to meet financial 

administration requirements, i.e., the billing of customers, and internal reporting, e.g., 

value of work performed by each department and work unit.  The LIMS was not 

developed for the routine determination of the number of laboratory product produced.  

As a result, there is a possibility that the structure of the database may influence the 
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reliable estimation of the number of laboratory data products produced, i.e., production 

may be overestimated, or underestimated.  This possibility is enhanced where a 

retrospective analysis of a management information database is undertaken, as current 

practices may influence the recollection of what actually happened in the past.  

Therefore, data uncertainty and data gaps in the LIMS data from the laboratory study 

are considered. 

5.4.5 Uncertainty of data obtained from LIMS 

The structure of the LIMS database was such that each line of information in each of 

the MS Excel worksheets in Appendices 1A, 1B, and 1C required a manual intervention 

for the determination of the number of laboratory data products.  At the same time, the 

guideline for determining the number of generic, laboratory products, given in Section 

5.4.2, were applied.   

The data from Inorganic Chemistry and Organic Chemistry showed on many occasions 

that the SWA_WDCODE did not correspond to the number of laboratory data products.  

In Inorganic Chemistry (Appendix 1A), for example, in the generic products grouping 

‘swa in water’, the test code ‘MGAPLW2’, called ‘ICP-Std Water Analysis’ appears on 

several occasions, and represents 19 reportable results, or  laboratory data products.  

As described in Section 5.3.4, an ICP/AES has the capacity to produce a number of 

results based on its calibration specification.  On the other hand, the test code 

‘MGCA/F, described as ‘Calcium by Flame AAS’ corresponds to one laboratory data 

product.   

In Organic Chemistry (Appendix 1B), a similar situation arises with the SWA_WDCODE 

codes.  For example, in the generic laboratory product ‘physical in water’, the code 

‘EBTURB’, described as ‘Turbidity’, corresponds to one laboratory data product.  On 

the other hand, for the generic laboratory product ‘biological pesticide’, the code 

‘EPP2’, described as ‘Blood OC’, uses a decoding process involving gas 

chromatography for organochlorine pesticide residues.  This corresponds to 23 

laboratory data products, and this often includes the production of ‘zero value’ 

products, which may or may not be reported.   

With the focus on sample inputs and generic laboratory outputs, the Organic Chemistry 

department, for example, often considers that many of their laboratory processes only 

produce one laboratory product, e.g., the presence, and/or absence, of organochlorine 

pesticides.  Under the LPM, each reportable laboratory data product that is produced 

by a laboratory decoding process must be identified in the LIMS.   
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The Bacteriology department (Appendix 1C) does not use the LIMS as a sample 

management tool.  This department enters data periodically in the LIMS to satisfy the 

laboratory management’s requirement to record the financial value of laboratory 

processing activity.  From Bacteriology’s perspective, their test codes correspond to the 

number of reportable results.  Most of the time they are looking for the presence, or 

absence, of specific classes of micro-organisms, or, in some cases, to perform a total 

plate count, e.g., coliforms in water.  There is a possibility that the number of different 

micro-organisms that could be detected by a screening process is greater than one, 

i.e., number of data products >1, but this is not consistent with their current thinking.  

Thus, the number of products produced by Bacteriology may be underestimated when 

compared with the situation in Organic Chemistry and Inorganic Chemistry, where 

individual ‘zero value’ products are considered as important.  This partially explains the 

large differences in the number of PU’s reported in Tables 4-1 and 5-4. 

Sometimes in the study laboratory, the SWA_WDCODE is used to describe an activity 

that only forms part of the production process.  The result is that more than one work 

code is associated with one laboratory product in some departments.  The multi-code 

approach is based on the position that one work group within the department 

performed one part of the laboratory processing activity, while another work unit 

performed another part.  The adoption of this approach was driven by the management 

review of the dollar value of work performed by the departments and the work units.  

The team leaders have the delegated authority to access the database to add, and/or 

to remove, these codes, and to use multiple codes for the one laboratory product.   

These multi-code and flexible access practices give rise to the possibility of influencing 

the determination of the number of products produced.   

The SWA_WDCODE is also used to record administrative activities, and for work billed 

at an hourly rate.  The administrative activities were easy to identify in the LIMS, and 

were not counted.  The work billed at the hourly rate was not counted, either, as the 

SWA_WDCODE is used to record the number of hours worked on a task, rather than 

the number of laboratory data products produced.  This latter exclusion will result in a 

small underestimation (< 5 %) in the number of products produced by the study 

laboratory. 

Ideally, a single SWA_WDCODE should correspond to one laboratory data product.  

Where this is not practical, another process is required that provides the required 

outcome of determining the number of laboratory products.  The number of laboratory 
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products could then be routinely and reliably determined.  It may be possible to achieve 

this within the existing LIMS of the study laboratory.   

5.4.6 Gaps in data obtained from LIMS 

The study laboratory’s LIMS does not record certain information that would assist in 

providing input into laboratory product planning.  In particular, additional information 

about laboratory sample inputs and customers would be useful.  In addition, all 

departments should be required to use the central system so that data on all 

departments is available to managers. 

Laboratory sample inputs 

The volumetric size and the material type of the sample container and transportation 

are important sampling program design considerations, as identified in Section 5.3.4.  

The laboratory has no record of how the samples are delivered to the laboratory, e.g., 

the sample packaging, the number of deliveries, or the transport mode used in the 

delivery.  In some cases, samples are submitted to the laboratory in reusable 

packaging, such as cool/cold boxes.  The cool boxes are returned to the submitting 

customer by the laboratory, or the customer takes them after they deliver the samples.  

Ideally, the cool boxes could be back-filled with empty sample containers in an attempt 

to influence packaging and transportation performance.  In other cases, the customer 

submits sample in less robust packaging, such as cardboard cartons, and this enters 

the laboratory’s reuse, waste, or recycling streams.   

In the study laboratory, some laboratory procedures specify how and where samples 

are stored pre-analysis to maintain sample integrity.  Minimal paper-based sample 

inventory records are retained regarding the disposal of samples.  However, these are 

mostly included to satisfy third party accreditation audits, rather than for use as a 

laboratory product planning. 

The LIMS manages laboratory sample inputs, and, thus, is an ideal location to record 

additional information about laboratory samples.  Information that could provide useful 

input for planning the production of laboratory products and improving their 

performance includes,  

 the material type, and the capacity/dimensions of the sample container; 

 the disposal, or reuse, of sample containers;  

 the storage holding time, including pre and post analysis times, of the samples 

within the laboratory;  



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   182 

 the quantity of unused sample, unused sample disposal, and disposal pathway;  

 the packaging of delivered samples, including its reuse, or disposal; and 

 how the samples are delivered to the laboratory, e.g., type of vehicle, petrol, diesel, 

hybrid; 

The importance of sample inventory management is discussed in Section 5.3.3.  Thus, 

LIMS for laboratories should be developed to include further information to manage the 

sample inventory, and to assist in the planning for laboratory product production. 

Customers 

The LPM proposes supply chain collaborations.  As LIMS manages the customers who 

submit samples, it could be used to record the status of the collaborative relationships 

between the laboratory and its customers.  This could be achieved with additional fields 

to record the level of customer collaboration with the laboratory regarding planning for 

the production and use of laboratory products.  The laboratory could use this 

information as the basis for the development of a ‘preferred customers’ list.  This would 

facilitate their seeking additional work from these customers, and for recruiting other 

customer to join the preferred customers list. 

Universal use of LIMS 

The central LIMS database should be used by all laboratory departments to avoid 

incomplete data sets.  These make it difficult to estimate the total number of products 

produced by a laboratory division, or a laboratory department.  As noted in Section 

5.4.5, the Bacteriology department did not use the system for the intended purpose, 

while the Virology department, as noted in Section.3.4.1, did not use the LIMS at all 

and was excluded from the laboratory study.   

The non-universal use of the LIMS can have a flow-on effect in terms of using 

normalised environmental performance indicators for comparison purposes at both the 

whole-of-laboratory and the department level.  This data gap may be critical in a 

performance-based, laboratory selection process for multidisciplinary laboratories, or 

for the selection a single discipline laboratory from within a multidisciplinary laboratory.  

Therefore, laboratory management should ensure that all parts of the laboratory use 

the common, corporate information management system.   

Laboratory product reliability 

The LIMS system does not record the reliability of the laboratory data product itself.  

However, in the study laboratory, if the sample is marked as completed in LIMS, then, it 
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is assumed that the laboratory data product complied with the relevant quality control 

requirements.  The quality control charts are maintained separately from LIMS.  As the 

LPM is focused on data reliability, there is a strong case for linking the analysis data 

and the quality control data within LIMS.  This will mean that all information regarding 

the laboratory data products is retained on the one system. 

Summary 

The number of laboratory data products produced by a laboratory can be determined 

from corporate LIMS data.  This determination should enable an output-based 

comparison of performance of laboratories, including multidisciplinary laboratories, as 

well as individual laboratory departments and the laboratory division.  However, there 

are LIMS data gaps and uncertainties that need to be addressed to increase the 

usability and usefulness of the information system.  

5.4.7 Quantity of laboratory process input materials 

The secondary data, derived from the evaluation of the primary PMS input data, 

identifies the type and quantity of materials and services used by the laboratory 

departments that can have an impact on the environment.  The absolute quantities of 

material used in a one-year period (1999-2000) are shown in the following tables:  

Table 
No. Page Material  

Table 
No. Page Material  

4.2 130 NPI chemicals (kg) 4.7 133 landfill waste (kg) 

4.3 131 TRI-US chemicals (kg) 4.8 133 paper (kg) 

4.4 131 non-NPI chemicals (kg) 4.9 134 sample containers (kg) 

4.5 132 non-TRI-US chemicals (kg) 4.10 134 energy (kWh) 

4.6 132 clinical waste (kg)    

The determination of the quantities of materials used by the study laboratory provides 

total quantities of materials used by the laboratory division, and the individual 

departments.  These absolute values enable material usage comparisons to be made 

between the different laboratory departments.  The determination of the number of 

laboratory data products produced by the three laboratory departments enables 

comparisons based on values normalised by the Production Unit (PU).  These 

comparisons are presented in Sections 5.4.8 and 5.4.9. 

5.4.8 Facility-based comparison 

The quantities of materials used by the laboratory division, and presented in Tables 4-2 

to 4-10, are summarised in the ‘Total Material Usage’ column in Table 5-5. 
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Table 5-5  Summary of material use by Laboratory Division 

Material  Total Material Input 
(kg) 

Total Material 
Input (%) 

OPI 

(kg/PU)* 

NPI chemicals 4,106.7  24.0  6.8 

Non-NPI chemicals # 961.7 5,068.4 5.6 29.6 1.6 

TRI-US chemicals 3,258.0  19.0  5.4 

Non-TRI-US chemicals # 1,810.0 5,068.0 10.6 296 3.0 

Lab disposable materials disposed of 
as clinical waste 

 6,871.4  40.2 11.3 

Lab disposable materials disposed of 
as landfill 

 496.2  2.9 0.8 

Paper  2,495.8  14.6 4.1 

Sample containers  2,177.8  12.7 3.6 

Total   17,109.6  100.0 28.2 

# Note (1): Only one set of values, i.e., the sum of NPI Chemicals and Non-NPI 

Chemicals, is used in the calculations of the Total Material Usage (kg) used; and 

Material Usage (%).  The one decimal point variation between the NPI and TRI-US 

Chemicals relates to the summing and rounding function in MS Excel. 

* Note (2):  The number of PU for the laboratory division is 606.5. 

According to Table 5-5, the laboratory uses approximately 17,110kg of the selected 

input materials.  This consists of approximately 6,871kg of laboratory disposable 

materials disposed of as clinical waste, 5068kg of chemicals, 2,496kg of paper, and 

496kg of laboratory disposable materials disposed of as landfill waste.  In addition, 

approximately 2,178kg of sample containers are used.   

These absolute values can be normalised based on production.  In Table 5-5, if the 

laboratory production is 606.5 PU, then 28.2kg of input material is required to produce 

one PU of laboratory output.  On this production basis, the value for clinical waste is 

11.3kg/PU, for NPI Chemicals 6.8kg/PU, for paper 4.1kg/PU, and for landfill waste 

0.8kg/PU.   

Table 5-5 shows that laboratory disposable materials disposed of as clinical waste form 

the largest category of inputs purchased, making up 40.4% of inputs.  Only 2.9% of 

laboratory disposable materials are expected to enter the landfill waste stream.  

Approximately 29.6% of the material inputs, by weight, are chemicals; 12.7% are 

sample containers, while paper accounts for 14.6% of inputs.   
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In the case of chemical inputs, Table 5-5 shows that approximately 4,107kg, or 24.0%, 

of the chemicals used are reportable under Australia’s NPI, while 3,258kg, or 19.0%, 

are reportable under the TRI-US.  According to Table 4-2, 21 different chemicals make 

up the total quantity of NPI chemicals, while the total quantity of TRI-US chemicals, 

according to Table 4-3, is made up of 16 different chemicals.  The chemicals that are 

on the NPI, but are not on the TRI-US include boron compounds, ethanol, ethyl 

acetate, inorganic cyanides, methanol, phosphorus compounds (total).  On the other 

hand, bromine is on the TRI-US, but not on the NPI.  If Tables 4-2 and 4-3 are 

compared, then the bulk of the difference between the quantities of the NPI chemicals 

and the TRI-US chemicals is attributable to ethanol (approximately 650kg) and 

methanol (approximately150kg). 

If the quantities of the individual chemicals are considered, then the laboratory division 

does not use sufficient of any chemical to reach either the NPI or TRI-US reporting limit 

for an individual chemical.  As the laboratory division produces over 600,000 products, 

this confirms that the laboratory uses small quantities, by industrial standards, of a 

large number of chemicals.  This is consistent with the statements in the literature 

regarding the pattern of chemical usage by laboratories (Salzman 1999).  However, the 

LPM approach, as described in this thesis, has provided the means to quantify these 

inputs in relation to the number of outputs. 

The laboratory division is estimated to have used 1,225,766kWh, or 4,412,759MJ, of 

electrical energy over the same one-year (1999-2000) timeframe.  If laboratory 

production is taken into account the laboratory division uses electrical energy at the 

rate of 2,021kWh/PU or 7,276MJ/PU. 

The determination of these values shows that the total quantities of these materials for 

a laboratory division can be determined from input data of a corporate procurement 

management system.  These absolute values of materials, and the normalised values 

based on output shown here can form the basis for comparisons with other laboratory 

divisions.   

5.4.9 Laboratory department-based comparisons 

Comparisons between the laboratory departments of the study laboratory were also 

undertaken.  The total material usage data, as well as the corresponding OPIs based 

on output, shown in Tables 4-2 to 4-10, are summarised at the laboratory department 

level in Table 5-6. 
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Table 5-6  Summary of total material usage and OPIs, by laboratory department 

Material Inorganic Chemistry Organic Chemistry Bacteriology  

 
Total 

material 
usage (kg) 

OPI 
(kg/PU)^ 

Total 
material 

usage (kg) 

OPI 
(kg/PU)^ 

Total 
material 

usage (kg) 

OPI 
(kg/PU)^ 

NPI chemicals 645.9 2.2 3,005.4 10.9 455.4 14.1 

Non-NPI chemicals 27.7 0.1 787.4 2.9 146.6 4.5 

TRI-US chemicals 460.6 1.5 2,774.6 10.0 22.8 0.7 

Non-TRI-US chemicals 212.8 0.7 1,018.1 3.7 579.1 17.9 

Solid waste emissions, 
disposed of as clinical waste 

296.0 1.0 261.1 0.9 6,314.3 195.5 

Solid waste emissions 
disposed of as landfill 

189.8 0.6 279.8 1.0 26.6 0.8 

Paper 619.5 2.1 712.7 2.6 1,163.6 36.0 

Sample containers* 1925.5 
Not 

available* 
49.0 

Not 
available* 

266.3 
Not 

available* 

Total Materials  

(excluding TRI-US and non-
TRI-US chemicals & sample 
containers)# 

1,778.9 6.0 5,046.4 17.2 8,106.5 251.0 

*Note: The sample container OPIs are not available, as the weights of containers could not be assigned to 

an individual laboratory department (as identified Section 4.3.8).  

# Note: the TRI-US and non-TRI-US chemicals are not included in this calculation, as the same chemicals 

are already accounted for by the NPI and non-NPI chemicals. 

^ The number of PU for the laboratory departments are: Inorganic Chemistry 298.0, Organic Chemistry 

276.2 and Bacteriology 32.3. 

Table 5-6 demonstrates that corporate data can be used to compare environmental 

performance of laboratory departments.  For example, the total quantity of input 

materials, excluding sample containers, used by Inorganic Chemistry is 1778.9kg, 

compared with 5046.4kg for Organic Chemistry and 8106.5kg for Bacteriology.  If 

production is taken into account, then the OPI for Inorganic Chemistry is 6.0kg/PU, for 

Organic Chemistry 17.2kg/PU, and for Bacteriology 251.0kg/PU.  This shows that on 

an absolute basis, and on an output basis, Inorganic Chemistry uses fewer inputs than 

Organic Chemistry, and significantly less than Bacteriology.  

The different consumption patterns in the different disciplines are highlighted.  This 

finding contributes to the assessment that high values may not be avoided by current 

technology.  However, the LPM identifies the comparatively high value, and this should 

prompt the reassessment of process methodologies to identify alternatives.  This 

assessment helps to drive organisations to achieve performance improvement.   
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The individual categories of materials are now considered. 

NPI and non-NPI Chemicals 

Table 5-6 shows that Organic Chemistry uses 3005.4kg of NPI Chemicals to produce 

its laboratory data products.  This represents the largest usage of NPI chemicals by 

any of the three laboratory departments.  Of the other departments, Inorganic 

Chemistry uses 645.9kg of the NPI chemicals, and Bacteriology uses 455.4kg of the 

NPI chemicals.  

The details of the NPI Chemicals are shown in Table 4-2, and the organic solvents 

(acetone, acetonitrile, chloroform, dichloromethane, ethanol, ethyl acetate, hexane, 

methanol, and toluene) represent the major proportion of the NPI chemicals used by 

Organic Chemistry.  The major reason for the large consumption of solvents is that the 

laboratory adopted standards-based processing methods, e.g., APHA, 20th Edition, 

(Clesceri, Greenberg and Eaton, 1998) that are solvent-based.  The study laboratory 

has made little attempt to develop performance based methods that apply approaches, 

such as microscale processing, solvent substitution, or other techniques that could 

improve the environmental performance of the processing.  The time required to 

develop and validate the technical performance of any new method is said to be 

contributing to the department’s decisions to continue with the existing processes 

(Personal Communication).  The LPM helps to measure performance and therefore 

can facilitate the implementation of performance-based methods. 

According to Table 4-2, the acids (acetic, hydrochloric, hydrofluoric, nitric, phosphoric 

and sulfuric) and the organic chemicals (ethanol and acetone) are the major NPI 

chemicals used by Inorganic Chemistry.  Nitric acid, ethanol and acetone are each 

used in the preparation of sample and preservative containers for use in field sampling 

programs involving waters and sediments.  Acids are used in sample processing, 

sometimes in the form of acid digestions of solid materials to release the encoded data 

for decoding with scientific technology.  The digestions are undertaken in water-

scrubbed fume cupboards, so the expectation is that the vaporised acid gases are 

condensed and enter the wastewater disposal stream. 

In Bacteriology, the major chemical used, according to Table 4-2, is ethanol.  This 

ethanol consumption is mostly attributable to its use as a sterilising agent on the 

department’s work areas.  This means that the bulk of this chemical enters the 

laboratory’s atmosphere and, therefore, can be classified as an air emission.  
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With regard to the non-NPI Chemicals, Inorganic Chemistry uses 27.7kg of these 

chemicals, compared with 787.4kg for Organic Chemistry, and 146.6kg for 

Bacteriology.  The major contributor to the quantity of non-NPI Chemicals used by 

Bacteriology is associated with materials used to prepare culture plates.  Most of 

Bacteriology’s non-NPI Chemicals are disposed of as a solid waste emission via the 

clinical waste stream, and is tallied in clinical waste emissions in Table 4-6.   

In the case of the Organic Chemistry, much of this material is associated with sample 

processing activity, in particular sample extraction and preparation.  In Organic 

Chemistry, the major non-NPI Chemical is sodium sulfate, which is used to ‘dry’, i.e., to 

remove residual water from, the solvent extraction of encoded data from samples prior 

to the gas chromatographic step.  No attempt is made to recover and reuse this 

chemical, and most of it enters the wastewater disposal stream. 

If the of NPI Chemical usage is considered on a laboratory production-basis, then the 

Inorganic Chemistry OPI is 2.2kg/PU, the Organic Chemistry OPI is10.9/PU, and the 

Bacteriology OPI is 14.1kg/PU.  For the non-NPI Chemicals on a laboratory production-

basis, Bacteriology has the largest OPI of 4.5kg/PU, followed by Organic Chemistry 

with an OPI of 2.9kg/PU, and Inorganic Chemistry with an OPI of 0.1kg/PU.  This 

shows that Inorganic uses the lowest quantity of both NPI and non-NPI chemicals on 

an output basis. 

TRI-US and non-TRI-US Chemicals 

The usage levels of TRI-US Chemicals by the three departments are shown in Table 5-

6.  Organic Chemistry uses 2774.6kg of the TRI-US Chemicals, which is much greater 

than the 460.6kg used by Inorganic Chemistry, and the 22.8kg used by Bacteriology.  

When the use of non-TRI-US Chemicals by the laboratory departments, shown in 

Table 5-6, are considered, Inorganic Chemistry uses 212.8kg of non-TRI-US 

Chemicals, Organic Chemistry 1018.1kg and Bacteriology 579.1kg.  The relatively 

higher proportion of non-TRI-US Chemicals used by Bacteriology, compared with the 

non-NPI chemicals is attributable to ethanol. 

If the TRI-US Chemicals are considered on a laboratory production basis, then the 

Organic Chemistry OPI is 10.0kg/PU, the Inorganic Chemistry OPI, 1.5kg/PU, and the 

Bacteriology OPI, 0.7kg/PU,.  In relation to the non-TRI-US Chemicals, Bacteriology is 

the major user on a laboratory production basis with 17.9kg/PU, followed by Organic 

Chemistry with 3.7kg/PU, and Inorganic Chemistry with 0.7kg/PU. 
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Clinical Waste 

The quantity of laboratory disposable materials, described as solid waste emissions 

assigned to the clinical waste stream, is presented in Table 5-6.  In this case, 

Bacteriology generates 6314.3kg of clinical waste, the major proportion of these wastes 

for the departments under the study.  Inorganic Chemistry and Organic Chemistry each 

produce a similar total quantity of clinical waste, with 296.0kg, and 261.1kg, 

respectively.   

According to Table 4-6, 5872.1kg of plastic material is disposed of as clinical waste by 

Bacteriology.  This identifies the large quantity of single use plastic items used in the 

laboratory processes, such as culture dishes, disposal bins for sharps, disposable 

pipettes, pipette tips, and inoculating loops.  Bacteriology does not undertake steps 

directed at the reuse of these items, nor does it treat, e.g., by sterilisation, any of the 

wastes prior to disposal.  This means that virtually all material input purchases in this 

category enter the clinical waste stream for incineration.  

The major proportion of the glass disposed of as clinical waste in Bacteriology, shown 

in Table 4-6, consists of glass containers containing reference materials, such as anti-

sera.  On the other hand, the glass from both Inorganic Chemistry and Organic 

Chemistry is mostly consists of glass Pasteur pipettes.  These pipettes may, or may 

not, been exposed to potentially infectious materials, but are disposed of in sharps 

bins, which are sent for incineration.  Organic Chemistry also disposes of glass 

automatic sampler vials used in their gas chromatographs using this pathway.  These 

vials have not been direct contact with potentially infectious materials, but have been in 

contact with an organic solvent, such as hexane.  Organic Chemistry does not attempt 

to reuse these glass vials, as this recovery process is considered as too labour 

intensive, and therefore, uneconomic. 

The quantity of latex used by each department, shown in Table 4-6, represents the 

quantity of disposable gloves used for personal protection during the production 

processes.  The quantity of latex gloves used by Inorganic Chemistry and Organic 

Chemistry appears quite high when compared with Bacteriology.  Neither of these 

departments processes the number of potentially infectious samples that Bacteriology 

processes, but the latex gloves are considered to offer other benefits, such as 

minimising the potential for cross-contamination during the laboratory-processing 

phase.   
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The significant factor that contributes to the quantity of clinical waste material produced 

by Bacteriology is the lack of a segregated waste stream.  Virtually all of the solid 

wastes generated are classified as clinical waste.  This relates to the proposition that, if 

many of the laboratory samples and reference materials are potentially infected, then 

all materials that are exposed to those samples are potentially infectious.   

Inorganic Chemistry analyses biological materials for heavy metals, with a ‘clean room’ 

for trace element determinations.  The clean room is purpose built for trace element 

determinations and operates at a positive pressure to the remainder of the Inorganic 

Chemistry laboratory.  Inorganic Chemistry uses disposable laboratory ware for both 

personal protection and the protection of the integrity of the samples and the 

environment from contamination.  These disposable laboratory materials are disposed 

of as clinical waste, as there is not a segregated waste stream within the clean room 

facility.   

The normalised data for materials assigned to the clinical waste stream are shown in 

Table 5-6.  Bacteriology uses 195.5kg/PU; Inorganic Chemistry uses 1.0kg/PU; and 

Organic Chemistry uses 0.9kg/PU.  This identifies, clearly, that Bacteriology uses a 

large quantity of material disposed of clinical waste for every laboratory data product 

produced.  The OPI of 196.7kg/PU figure does not include the weight of the samples 

and the sample containers that may also disposed of as clinical waste.  

Landfill 

The quantity of laboratory disposable materials, described as solid waste emissions 

assigned to the landfill waste stream, is presented in Table 5-6.  Inorganic Chemistry 

produces 189.8kg of the landfill wastes, Organic Chemistry 279.8kg, and Bacteriology 

26.6kg.  The corresponding OPIs are: Inorganic Chemistry 0.6g/PU; Organic 

Chemistry, 1.0kg/PU; and Bacteriology, 0.8kg/PU.  Both Bacteriology and Inorganic 

Chemistry dispose of more waste per PU to the clinical waste than to landfill.  

Bacteriology, in particular, has more than 200 times the quantity going to clinical waste 

than to landfill for the reasons outlined in the discussion on clinical waste emissions.  

Organic Chemistry, uses plastic tubes for the digestion of water samples for total 

nutrients (Total Nitrogen and Total Phosphorus), and these tubes contribute to their 

landfill waste emissions. 



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   191 

Paper 

Table 5-6 shows Bacteriology is the largest user of paper with 1163.6kg of the 

laboratory division paper usage.  Inorganic Chemistry uses 619.5kg, and Organic 

Chemistry uses 712.7kg.  The output-based use of paper for Inorganic Chemistry is 

2.1kg/PU, for Organic Chemistry, 2.6kg/PU, and for Bacteriology, 36.0kg/PU.  On an 

output basis, Inorganic Chemistry and Organic Chemistry use a similar quantity of 

paper on a PU basis than the Bacteriology department.  

According to Table 4-8, the common paper types include standard office paper, facial 

tissues and hand towels.  The major proportion of the office paper is used for 

laboratory report generation.  Often, a number of copies of the laboratory reports are 

prepared and these are forwarded to the laboratory’s customers, as well as to other 

key stakeholders.  Further copies of the laboratory report are retained for the 

laboratory’s hard copy internal records.  A small quantity of office paper enters the 

laboratory solid emissions landfill waste stream, with a very small quantity entering the 

paper-recycling pathway.  A paper-recycling pathway is available, but the use of this 

system is not mandatory.  It is used on an ad hoc basis, and is its use audited in any 

way.   

The information contained in many of the laboratory’s test reports are retained by most 

departments on the laboratory computer systems.  The risk of data loss is low, as 

comprehensive data backup procedures are in place, and are fully implemented.  The 

laboratory departments make limited use of their ability to exchange electronic records 

and reports with its primary customers and/or its stakeholders.  The laboratory reports 

are forwarded through the usual external mail system, or through an internal mailing 

system, to key stakeholders.  The mail transfer approach involves a transport 

component, as well as paper usage.  The adoption of a focused, electronic reporting 

strategy by the laboratory should result in a reduction in the quantity of paper used and 

decrease in the mail transportation input.  

Facial tissues and paper towels are used for a variety of purposes, e.g., personal 

hygiene, or as part of the test process.  The used paper towel and tissues enter the 

solid waste stream emissions as either landfill or clinical waste.   

Sample Containers 

From Table 5-6, it can be seen that the Inorganic Chemistry purchases 1925.5kg of 

sample containers, while Bacteriology purchases 266.3kg, and Organic Chemistry 
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49.0kg.  The quantities of sample containers are suitable for use as an absolute 

measure, but it is not reliable.  In the study laboratory, Inorganic Chemistry prepares 

sample containers, and repackages separate containers of chemical preservatives, 

mostly for environmental analysis parameters in water and sediment.  Bacteriology 

purchases prepared sterile containers from an external supplier.  There are difficulties 

in assigning the sample containers to the departments, as some similar containers are 

prepared for different end use requirements.  This makes the normalised values 

unreliable, and these values are not calculated. 

Table 4-9, shows that 1447.9.0kg of the sample containers are made from plastic 

materials and 729.9kg is made from glass.  Most of the plastic containers enter the 

solid waste emission stream and as either clinical waste or landfill.  In the case of 

Bacteriology, all 266.3kg of plastic containers are expected to enter the solid waste 

clinical waste stream following use.  In the case of glass containers, the majority are 

expected to enter the landfill waste stream. 

The laboratory prepared and/or purchased containers are not the only source of 

sample containers that enter the laboratory.  In addition, there is no guarantee that the 

prepared sample containers are actually returned to the laboratory.  Thus, the 

laboratory does not have a record of the quantities of sample containers used, and this 

was identified as a gap in LIMS data in Section 5.4.6. 

As the laboratory prepares sample containers for sampling programs means that the 

laboratory is ideally placed to influence the design of sampling programs, particularly in 

relation to the size of sampling containers.  In order to do this the laboratory would 

need to optimise the volume of the laboratory sample, and, therefore, the sample 

container, with the volume required for laboratory processing as sample container 

requirements with its test methods.  This is consistent with the recommendations in 

Section 5.3.5. 

Energy 

The electrical energy consumption is assigned to the laboratory departments on the 

basis of floor area, and is shown in Table 4-10.  On this basis, Organic Chemistry, with 

574,995kWh/yr or 2,069,981MJ/yr appears as the largest consumer; Bacteriology uses 

363,274kWh/yr or 1,307,788MJ/yr, and Inorganic Chemistry uses 287,497kWh/yr or 

1,034,991MJ/yr.  These energy values, as presented, reflect the fact that the Inorganic 

Chemistry has the smallest floor area and the Organic Chemistry the largest.  On a 

production basis, the electrical energy consumption for Organic Chemistry is 
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2,082kWh/PU (7,495MJ/PU), Inorganic Chemistry is 965kWh/PU (3,473MJ/PU), and 

Bacteriology 11,247kWk/PU (40,489MJ/PU).  This shows that Organic Chemistry uses 

more energy per PU than the combined usage of Inorganic Chemistry and 

Bacteriology.   

This floor area based assignment of electrical energy to the laboratory departments 

does not take into account other factors such as processing technology, or the number 

of fume cupboards that discharge conditioned air to the outside environment.  The 

figure for Organic Chemistry is expected to be greater if these factors were taken into 

account.  Organic Chemistry has both the highest level of processing technology that 

uses electrical energy and the greatest number of fume cupboards  If these 

considerations were taken into account, then it is very likely that the electricity energy 

usage by Organic Chemistry would be proportionally greater, while that of the other 

sections would be proportionally lower.  An electricity meter installed in each laboratory 

department would facilitate the measurement of the actual quantities of electrical 

energy consumed by each department. 

5.4.10 Reliability of data obtained from PMS 

Again, if reliable performance comparisons are to be made, then it is important for the 

analysis of the available PMS data to produce reliable data.  There is the possibility 

that a database analysis may result in an overestimation, or underestimation of the 

quantities of materials used, particularly when a retrospective analysis of the 

management information database is undertaken.  Therefore, data uncertainty and 

data gaps in the PMS data from the laboratory study are considered. 

5.4.11 Uncertainty of data obtained from PMS 

Timelines 

As discussed in Section 3.7.1, there is an inherent assumption that the input materials 

purchased are used to produce the laboratory product outputs within the same one-

year timeframe, where the LIMS and PMS databases for same calendar year.  This is 

not necessarily the case, as some input materials may be purchased in a previous 

financial year to produce products in the current financial year.  Similarly, some input 

materials may be purchased in the current financial year, but utilised in a subsequent 

financial year.  This means that there may be an over-estimation or an under-

estimation of the quantities of some inputs as they relate to the laboratory product 

outputs.   
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At the same time, a similar timeline situation applies to the laboratory sample inputs.  

Some samples received in a previous financial year will be analysed in a current 

financial year, while some sample received in a current financial year will be analysed 

in a following financial year.  The impact of this lag in timelines should be minimal for a 

laboratory with steady throughputs, as forward purchase decisions are usually made 

based on the current and projected input demand requirements.   

In order to address the timeline issue it may be necessary to develop an application 

that relates input material inputs to sample inputs through the laboratory processes.  In 

this way, a complete picture of material usage and disposal could be developed for 

each laboratory process.  It also means that, if a laboratory process is changed, e.g., 

by the adoption of microscale processes, or input material substitution, then the 

benefits would become apparent as soon as the process change is adopted. 

Calculations  

As discussed in Chapter 4, the raw data values for the laboratory study are presented 

without rounding.  The shortcomings of this approach are recognised, as many of the 

calculations cannot be made to the level of accuracy suggested by the values as 

presented.  The small variations associated with rounding should not have a significant 

impact on the accuracy of the measurement.  

5.4.12 Gaps in data obtained from PMS 

Many entries in the PMS database, as with the LIMS database, required manual 

intervention, including the insertion additional information, to facilitate the calculations.  

For example, many ‘solid’ items were expressed solely in terms of the number of items 

purchased, e.g., one pack, but these often contained a number of individual items, e.g., 

ten tubes.  In order to determine the total mass of the contents of the package of items, 

the number of items in a package is determined, and a representative sample of the 

items weighed.  Other additional information was added to the PMS data to facilitate 

the calculations, such as the mass of items, the densities of the liquids, and/or disposal 

pathways.   

However, once the additional information requirements for each inventory item are 

established, they could be incorporated into the original database, or into a secondary 

program designed to analyse the data from the primary database.  If this were to occur, 

then information about the quantities of laboratory inputs and the corresponding 

disposal pathway would be available for routine use.  This would allow environmental 
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benefits, e.g., arising from a change of a disposal pathway, the introduction of a new 

process, and/or introduction of a recycling program, to be evaluated, and/or predicted. 

In relation to the weighed items, some data gaps in the laboratory study arose because 

of the time delay between the material purchase and the actual weighing event.  In 

these cases, the items in question were no longer being used by the department 

concerned, as a result of either a change in the laboratory process, or the introduction 

of an alternative product that served the same purpose.  The non-availability of items 

for weighing could result in an underestimation of the quantities of wastes entering the 

clinical waste or landfill waste streams for the corresponding departments.  This would 

be overcome if a representative sample of all new items received was weighed and a 

record retained.    

Laboratory gas supplies 

As identified in Section 3.6.3, the quantities of bottled gas used in the laboratory 

processes by the laboratory departments were not determined.  The Facilities 

Management Group, Business Support Services purchases and is responsible for their 

distribution by a reticulated system to the departments.  Bottled gas purchases do not 

appear in the data for the individual departments.  In addition, there was no 

methodology for measuring the quantities of the individual gases distributed to the 

departments.   Therefore, it is recommended that systems be established to measure 

the quantities of bottled gases distributed to the departments. 

The gashouse issue highlights that some information on input materials may not be 

identified and/or quantified in an analysis of a PMS.  These data gaps may result in a 

possible under-estimation of the use of resources and some unreliability in the 

corresponding performance indicators.   

Energy and water metering 

In the study laboratory, the data relating to energy purchases appears as a vendor 

account, which meant that the vendor identity was required to obtain further 

information, as identified in Section 3.6.1.  In the case of the electrical energy supplier, 

the study laboratory retained a full copy of the electrical energy account, which 

enabling the quantity of electrical energy to be calculated.  On the other hand, the 

laboratory retained a partial copy of the local authority rates notice, which meant that 

the quantity of water usage was not available, and this created a data gap.   
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In the study laboratory, electrical energy and water consumption is measured using 

facility-based metering.  This makes the determination of electrical energy and water 

use by the individual department very difficult.  The departments in the study are 

expected to have different energy and water usage patterns, as they use different 

scientific technologies and have processes.  Separate metering systems for electrical 

energy and water are required for each laboratory department to facilitate comparison 

of environmental performance based on these measures.   

Packaging and Transport 

The PMS does not record the number or the type of primary packages of input 

materials received, nor the fate of the packaging materials.  In addition, the PMS does 

not record the number of deliveries, or the means of delivery, making it difficult to 

estimate a transportation indicator for the delivery of inputs.  Therefore, the database 

should be modified to facilitate the collection of the additional data, and processes put 

in place to ensure the relevant information was collected. 

Supplier Qualification 

The PMS contains details about the input material suppliers.  However, the study 

laboratory does not have a supplier, and/or input, qualification process based upon 

environmental performance.  The introduction of a supplier/product environmental 

performance-based qualification process is required to ensure that the laboratory 

selects the best-credentialed suppliers and products for their processes.  The 

environmentally qualified suppliers and products could then be identified in the 

database to facilitate environmentally responsible purchasing decisions. 

Summary 

The data derived from the study laboratory’s PMS, demonstrates that input data can be 

used to develop environmental performance indicators.  Firstly, comparisons are 

possible using the total quantities of selected input materials for laboratory departments 

and for the laboratory division of the study laboratory.  Secondly, the absolute 

quantities of materials can be normalised for output using the number of laboratory 

data products derived from sample input-based data.   

This ability to measure performance based on production is important.  A laboratory 

that uses a small quantity of input materials may be very efficient in its use of these 

materials.  Alternatively, it may only be producing a small number of products.  
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Production-based indicator values provide the means of addressing this issue, and 

provide for meaningful comparisons.  

The laboratory study demonstrates that corporate management information systems 

can be used to develop input based environmental performance indicators to monitor 

evaluate laboratory environmental performance.  However, some PMS data gaps and 

uncertainties need to be addressed to increase the usability and usefulness of the 

information system. 

5.4.13 Application of performance indicators 

Environmental performance indicators derived from corporate management information 

systems can be applied in a number of ways.  In planning for the reliable production 

and use of a laboratory product, they can be used as a basis for selecting a laboratory 

based on environmental performance.  They can also form the basis for the 

development and ongoing monitoring of a formal ISO14000-based environmental 

management system.  In line with the LPM, the indicators can be used to extend the 

evaluation of environmental performance of laboratory outputs from within the 

laboratory walls to include activities that occur outside of the laboratory.   

Laboratory selection 

The reliability of laboratory processing and optimal laboratory environmental 

performance are desirable attributes under the LPM.  As suggested by (Bram 1997), 

technical accreditation of a laboratory to an international standard, e.g., ISO17025, is 

one criterion that should be applied to laboratory selection.  The technical accreditation 

of a laboratory should assure the reliability of the laboratory processing.   

If laboratory environmental performance became a consideration, as required by LPM 

thinking, then indicators such as those proposed in the laboratory study would become 

important for the selection of a laboratory.  In the case of a multidisciplinary laboratory, 

the ability to measure performance at the laboratory division, and the laboratory 

department level is important.   

A selection challenge would arise if the performance of the laboratory division in one 

laboratory was better than that of another, but the performance of one department was 

significantly inferior to that of the competitor.  A decision would need to be made 

whether to select the laboratory data products from the laboratory with the best overall 

performance, or from the better performing departments from the different laboratories.   
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The choice may be driven by other factors that impact on the performance of the 

laboratory production line.  For example, the transport factors may determine that there 

are additional environmental impacts associated with the delivery of samples to 

different laboratories.  The laboratory with the superior performance in the discipline 

may be located further from the sample site, so that transport performance 

consideration may become a factor.  Alternatively, pressure may be applied to 

laboratory one to bring its environmental performance into line with that of laboratory 

two, if it is to be involved in the project.   

The performance of the laboratory is a factor in the selection of a laboratory, as the 

laboratory is only a part of the production system.  This emphasises the importance of 

the product systems approach proposed by the LPM in improving the environmental 

performance of laboratories and their products. 

Environmental management system 

An ISO14000 based EMS requires the use of measures for the implementation and 

ongoing monitoring of environmental performance.  Environmental performance 

indicators, such as those described in this thesis, would satisfy this requirement.   

The study laboratory has not developed an EMS, but it would appear from the 

evaluation of the data in Sections 5.4.8 and 5.4.9 that there is capacity to improve the 

laboratory’s environmental performance.  Therefore, the study laboratory should 

implement an EMS, and use the available management data in its implementation and 

ongoing monitoring.  This EMS could be integrated with the existing ISO9000 based 

quality management system, and with the existing ISO17025 based technical 

accreditation system. 

Managing environmental performance 

The approaches to environmental management adopted by laboratories, such as 

pollution prevention and waste minimisation, and facility energy and water consumption 

management, are important in reducing emissions to the environment by laboratories.  

Environmental performance indicators, can be used to monitor and evaluate the 

success, or otherwise, of these approaches.  However, if the production of laboratory 

data products was considered, then the environmental performance within the 

laboratory walls would be associated with the production of those products.   

The production line approach extends environmental performance considerations to 

include all processes that contribute to the production of a laboratory product.  As a 
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result, matters such as transportation, the number and size of sample containers, the 

quantities of chemical preservatives, and the energy for the refrigeration, or freezing, of 

samples, contribute to the environmental performance of laboratory products.  

Therefore, they must also be taken into account as part of the performance evaluation 

of the laboratory product.  

This extension enables the evaluation of the environmental performance of laboratory 

products to move from the boxes labelled ‘Environmental Engineering’ and ‘Pollution 

Prevention and Waste Minimisation’ outwards toward the box labelled 

‘Environmentally-conscious Design and Manufacture’, ‘Design for Environment’ and 

‘Life Cycle Design’, in Figure 2-9 (Bras 1997).  A similar argument applies to the 

Industrial Ecology Space-Time (IEST) model, in Figure 2-10 (Graedel 2000).  In other 

words, under the LPM the performance of the laboratory products is moving further 

down the pathway towards sustainability. 

5.4.14 Laboratory Information Products 

The laboratory data product, under the LPM (Figure 5.3), is one of the inputs into the 

production of a laboratory information product.  In order to produce the information 

product, a single laboratory data product may be combined with other information 

products and knowledge to reach a solution.  In other cases, a number of different 

laboratory data products may be required to produce the one information product.  

These laboratory data products can arise from the one discipline, or from a number of 

disciplines.  The LPM approach allows for the comparison of performance between the 

different disciplines to facilitate the selection of the laboratory with the best 

performance.   

It is also important that laboratory data products are used appropriately, i.e., to arrive at 

the ‘best’ solution to a problem, otherwise an unnecessary consumption of input goods 

and services will occur.  The production of a laboratory information product is an 

objective process that involves project planning, the assessment of all sample 

information, analysis data, other relevant information, and knowledge to arrive at the 

optimal information product for the end user.  A gathering of expertise from the 

collaborative supply chain ensures that relevant data products and the best 

interpretation of the available information combine to arrive at a solution to the original 

problem.   
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5.4.15 Summary 

Environmental performance indicators are numerical measures that condense 

information for decision-making and/or for comparative purposes.  The laboratory study 

demonstrates that material input data from a PMS can be used to determine the total 

quantify of materials that may have an impact on the environment.  The total quantities 

of materials used by different departments can be compared.  The number of 

Production Units of output can be determined form LIMS data, and these values can be 

used to normalise the total quantities of materials based on output.  Laboratory 

divisions and laboratory departments can then use both absolute measures and 

relative measures to monitor and improve environmental improvement.   

The ‘ease of use’ of the management information systems needs to be improved, if this 

approach is to be applied on a routine basis.  In addition, further data is required to 

increase the quantity of available information, and to bring about improvements 

advocated by the LPM.  

The key recommendations relating to the LIMS, arising from the discussions in 

Sections 5.4.5 and 5.4.6 are: 

 A.  Each laboratory data product needs to be represented by a unique code, based 

on LPM thinking.  This direct relationship between data product and the LIMS 

product code is required to remove uncertainty associated with calculations.  This 

approach will enable an easy, routine calculation of the number of laboratory 

products produced;  

 B.  Additional laboratory sample fields should be added to the management 

information database to accommodate information that will assist in the laboratory 

in planning of the production and delivery of a laboratory product, e.g., sample 

container type and size, sample container packaging, transportation, waste 

management issues relating to samples and sample packaging inputs;  

 C.  Additional customer management fields should be included to assist in the 

management of preferred customers, i.e., those customers that involve the 

laboratory in planning.  

 D.  The laboratory data products and the related quality control data should be liked 

within LIMS. 

 E.  Laboratory management should ensure that all laboratory departments use a 

common management information system, and that only management-approved 
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changes are made to the critical content of the management information system.  

This will ensure that all management information, in a common format, is available 

to the managers. 

The key recommendations relating to the procurement management systems, arising 

from the discussions in Sections 5.4.11 and 5.4.12, are: 

 A.  Systems should be put in place to capture new and additional information 

required for the calculation of input material data, e.g., a representative sample of 

all new products introduced into the laboratory should be weighed, and a record 

retained;  

 B.  Department-based metering systems for electricity, water and reticulated gases 

are required in the study laboratory;  

 C.  Additional data regarding packaging and transport to the laboratory needs to be 

incorporated in the PMS database. 

 D.  A supplier qualification process, based on environmental performance 

requirements, needs to be introduced. 

The values of the environmental performance indicators based on data taken from 

modified management information systems can be used in the selection of analytical 

laboratories based on performance.  These indicators are also suitable for use in the 

implementation and monitoring of environmental management systems.  The selection 

of laboratories based on performance must include criteria based on environmental 

performance, in addition to those based on quality and service delivery.  The LPM 

approach can assist laboratories and their products in moving down the pathway 

towards sustainability. 
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6. CONCLUSIONS 

6.1 INTRODUCTION 

This thesis achieved its primary aim of developing a framework for the practical 

evaluation of the environmental performance of an analytical laboratory and its 

products.  The new model uses a product systems framework.  It requires the 

consideration of all phases of the laboratory process from the sample collection 

through to customer use of laboratory information as key elements affecting 

environmental performance.  Finally, the laboratory study demonstrates the application 

of data derived from a laboratory’s corporate management information system to the 

evaluation of environmental performance. 

This chapter summarises these research findings and outcomes, and considers the 

implications of these research findings for the analytical laboratory services industry.   

6.2 ATTAINMENT OF RESEARCH AIM & OBJECTIVES 

6.2.1 Laboratory evaluation framework 

The Laboratory Product Model (LPM) (Figure 5-3) was developed as a new framework 

for evaluating the environmental performance of analytical laboratories and their 

products.  The identification of the key linking feature, encoded data that is decoded by 

the laboratory process to produce a laboratory data product, facilitated the 

development of the LPM.  This resulted in the adoption within the LPM of a production 

line approach for the production and use of laboratory information and data products.   

The parallels between the laboratory information product and a conventional 

manufactured product are shown in Table 5-1.  This confirmed the solid conceptual and 

practical basis of the LPM.  Each phase of the production process from sample 

collection, through sample processing, to the end use of the laboratory product was 

considered.  The major difference was that the laboratory data product, or decoded 

data, as it is intangible, cannot be recycled, or disassembled, in the same way as can a 

manufactured product.   

For the laboratory, the focus was moved from ‘input of samples’ to the output of 

laboratory data products that meet the product specification required as input into the 

production of the customer’s laboratory information product.  This is illustrated using a 

‘lead in water’ product in Section 5.3.4.   



An investigation of pathways to continuous environmental improvement in analytical laboratories 

 

 

G M Rynja   204 

A generic unit of production, the laboratory data product, was defined for analytical 

laboratories.  This, in turn, enabled the definition of a Production Unit of Output (PU) 

(Section 5.2.8).  It is argued, also, that such a Production Unit of Output with a given 

specification, e.g., in terms of limit of detection and repeatability, could be used as the 

basis for the development of a functional unit for an LCA study. 

The LPM encompasses product, quality, and environmental dimensions, and the 

relationship between these factors was shown in Figure 5-5.  These are now 

considered.  

6.2.2 Laboratory supply chain 

Organisational collaboration was encouraged by the product dimension of the LPM.  All 

of the activities that occur upstream and downstream of the laboratory itself were 

incorporated within the one system.  The LPM’s production line approach facilitated the 

development of a Laboratory Product Supply Framework, shown in Figure 5-4.  This 

framework extends the system boundaries that apply to the traditional laboratory 

model.   

The Laboratory Product Supply Framework identified the critical importance of 

collaboration between the organisations involved in the production line for a laboratory 

information product.  The collaboration was to ensure that the ‘right’ laboratory data 

product is used as input into the laboratory information product.  If this collaboration 

can be achieved, then the outcome of improved reliability for the end user of the 

laboratory information product, and improved performance of the laboratory itself, can 

also be achieved.  This organisational collaboration will also ensure that the laboratory 

delivers on the important service component of its activities. 

6.2.3 Planning the production and use of a laboratory product 

The quality and environmental dimensions of the LPM addressed the performance of 

the production line and the laboratory product.  The critical importance of data quality 

and reliability at all stages along the laboratory product production line was shown in 

Figure 5-6.  If the encoded, or the decoded data is unreliable at any stage of the 

production process, then an unreliable product is produced.   

The quality and environmental dimensions of the LPM were applied to planning for the 

reliable production and use of a laboratory product.  The key issues for consideration 

by the collaborative supply chain in planning for sample collection were summarised in 

Table 5-2.  These considerations addressed those activities, e.g., sample collection 
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and storage, that occur upstream of the laboratory in the production line.  The key 

issues to be considered for the laboratory processing phase were summarised in Table 

5-3.   

The LPM provides a framework for the planning for the reliable production and use of 

laboratory information products.  If the identified issues are considered by the 

collaborative partnerships during the planning phase, then the economic and 

environmental performance of laboratory products will be optimised, while product 

quality (i.e., reliability and accuracy) is maintained.  

Consideration was also given to the complex interactions between the laboratory and 

other elements of its supply chain as they impact on laboratory environmental 

performance.  The need for supplier qualification based on environmental performance 

was also identified.  The extended system boundaries of the Laboratory Product 

Supply Framework enabled the consideration of laboratory product performance to 

move from an internal laboratory focus only to incorporate, also, the activities that 

occur upstream and downstream of the laboratory.   

6.2.4 Laboratory study 

A laboratory study involving a large, multidisciplinary analytical service laboratory was 

undertaken.  This study focused on the environmental performance of the laboratory 

and its departments (Section 5.4).  The study laboratory maintained corporate 

management systems information for other business purposes in LIMS.  The LIMS 

managed sample inputs, and the billing of customers for work undertaken.  Its data was 

used to determine the number of laboratory data products produced.  The PMS 

managed the procurement of materials and services.  Its data was used to calculate 

quantities of input materials that may impact on the environment.  The processes 

applied to derive useful, relevant data from the corporate systems was described in 

Sections 3.4 and 3.5. 

However, reliable data is required, if reliable performance comparisons are to be made.  

A review of the data gaps and the data uncertainties arising from the analysis of the 

corporate databases was undertaken.  The LIMS data possibly underestimated the 

number of laboratory data products produced by one laboratory department.  Any 

significant underestimation, or overestimation, of the number of products produced, 

impacts on the reliability of comparisons.   
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It was also identified that some data that would be useful to the implementation of the 

LPM for planning the reliable production and use of laboratory products was not 

available.  For example, information was not available to assist in the evaluation of the 

performance of the laboratory supply chain.  The key recommendations regarding 

LIMS and PMS were provided in Section 5.4.15.  Until the administrative systems 

contain the necessary data sets, it will be difficult for an objective evaluation of the 

environmental performance of the laboratory supply chain collaborations to be 

undertaken on a routine basis.   

Despite these deficiencies in the study laboratory’s management information systems, 

the laboratory study demonstrated the potential for laboratory corporate management 

information systems to provide a valuable source of data for environmental 

performance evaluation of laboratories.   

6.2.5 Laboratory environmental performance evaluation 

Under the LPM, the laboratory is a contributor to the laboratory product production line, 

and, as such, contributes to its performance.  The development and application of 

environmental performance indicators can  assist in the selection of the laboratory with 

the ‘best’ environmental performance.  The LPM provides for the development of 

production-based environmental performance indicators to support the use of absolute 

indicators.  

The data sets from the laboratory study enabled the determination of the quantities of 

materials that may impact on the environment and an estimation of the number of 

laboratory products produced.  Absolute quantities of selected materials, together with 

normalised, or relative, indicators based on the Production Unit of Output (PU), were 

used to propose the following environmental indicators: 
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Absolute Indicator Relative Indicator 

NPI Chemicals (kg)# NPI Chemicals (kg/PU)# 

Non-NPI Chemicals (kg)# Non-NPI Chemicals (kg/PU)# 

TRI-US Chemicals (kg)# TRI-US Chemicals (kg/PU)# 

Non-TRI-US Chemicals (kg)# Non-TRI-US Chemicals (kg/PU)# 

Clinical Waste (kg) Clinical Waste (kg/PU) 

Landfill Waste (kg) Landfill Waste (kg/PU) 

Paper (kg) Paper (kg/PU) 

Sample Containers (kg) Sample Containers (kg/PU)* 

Electrical Energy (kWh, or MJ) Electrical Energy (kWh/PU, or MJ/PU) 

#  Only the relevant country’s PRTR needs to be applied. 

*  Not applicable in the study laboratory  

The environmental performance indicators selected were applied at the laboratory 

division and the laboratory department level (Sections 5.4.8 and 5.4.9).  The 

department level environmental performance indicators demonstrated that the 

performance of different science disciplines could be compared.   

Environmental performance indicators, such as those described, can be applied to the 

performance-based selection of a laboratory to be part of a laboratory product 

production line.  They can also be applied to monitoring and evaluating environmental 

performance as part of an environmental management system, and to the evaluation of 

the performance of alternative processes to produce similar laboratory data products. 
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6.3 CONCLUDING REMARKS 

The LPM provides a framework for the practical evaluation of the environmental 

performance of a laboratory and its products.  A product systems approach for 

evaluating laboratory environmental performance is now available for use by 

laboratories and their production line collaborators.  The LPM proposes a production 

line approach that integrates all of the activities associated with the production and use 

of a laboratory product, from sample collection to the end use of laboratory data into 

the one framework.   

The LPM thinking identified that activities that occur upstream and downstream of the 

laboratory, i.e., within the collaborative laboratory supply chain, have the potential to 

impact on performance.  Collaborative partnerships between the organisations involved 

in the laboratory product supply are expected to optimise the performance of the 

laboratory product production line and the laboratory product.  This optimisation will be 

achieved by collaborative planning for the reliable production and use of laboratory 

products.  However, there may be a need to be develop a system for the mutual 

sharing of the benefits between the collaborating organisations of the optimised 

production of laboratory products, e.g., where planning process results in the laboratory 

analysing fewer samples, to ensure success. 

For laboratories, the LPM shifts the focus from inputs, i.e., samples, to outputs, i.e., 

laboratory data products that meet the performance specifications required by the 

laboratory customer as input into laboratory information products.  The LPM defines the 

laboratory data product as a standardised unit of production for laboratories.  The 

determination of the number of laboratory data products enables an extension to the 

evaluation of laboratory performance to incorporate relative measures based on 

production.   

Pollution prevention and waste minimisation practices are important for laboratory 

environmental performance.  However, the production line approach extends 

environmental performance considerations to include all processes that contribute to 

the production of the laboratory data product.  As a result, all factors relating to the 

production of laboratory products that contribute to the environmental performance of 

laboratory products can be taken into account.  This extension beyond the laboratory 

factory walls enables the assessment of environmental performance of the laboratory 

products to move outside of the laboratory (factory) walls, and to move further down 

the pathway towards sustainability.    
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Corporate management information systems, such as those utilised by the study 

laboratory, provide a readily accessible source of data for the evaluation of laboratory 

environmental performance.  However, if reliable comparisons are to be made, the data 

derived from these information systems needs to be reliable.  Therefore, the 

management systems must be developed, redeveloped, or modified, to ensure 

accuracy, and to minimise the potential complexities relating to data collation and 

analysis.  If this can be achieved, then the objective data required for the environmental 

performance evaluation can be used on a routine basis.   

Analytical laboratories use LIMS to manage customers and laboratory processing.  

Customers prepared to enter into collaborative arrangements with laboratory need to 

be identified, to facilitate the management and recruitment of preferred customers by 

the laboratory.  The ability to determine, easily and reliably, the number of products 

produced by a laboratory is also required.  In addition, all laboratory departments must 

use the common database, in the common format, to ensure a complete data set to be 

available for evaluation and monitoring.  This was not the case in the study laboratory.   

Additional fields in LIMS to accommodate details such as sample container type and 

size, packaging, transportation, waste management issues arising from the disposal of 

samples and packaging, are required.  This would assist in the evaluation and 

monitoring of environmental performance of the laboratory and the laboratory 

production line, particularly in relation to wastes arising from sample inputs.   

Laboratories use a PMS to manage procurement of input materials and services.  The 

identification of preferred suppliers qualified on the basis of their environmental 

performance is required to facilitate ‘green purchasing’ programs.  A system is required 

to capture additional information about new input materials that are introduced into 

laboratory processes, e.g., a record of the weight of representative sample of new 

products; a record of the material type and potential fate of the item; and packaging.  

This would facilitate the easy and reliable calculation of the quantity and type of waste 

generated.     

All laboratory facilities need to be equipped with an appropriate number of meters to 

record more detailed information about energy, water and gas consumption.  Such 

metering would be at a facility level consistent with the data requirement needs, e.g., 

laboratory wing, laboratory department, or specific laboratory equipment.  This 

approach would overcome the issue with the study laboratory, where only a single 
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meter is available for recording each of electrical energy and water consumption inputs 

for the whole facility. 

The study laboratory did not have a formal environmental management system in 

place.  The attainment of third party, laboratory technical accreditation, e.g., to AS 

ISO/IEC 17025: 1999 (Standards Australia 1999a), and quality management systems 

certification to AS/NZS ISO 9001:2000 (Standards Australia and Standards New 

Zealand 2000b) by a laboratory does not guarantee sound environmental performance, 

as demonstrated by the study laboratory.  Little attention appeared to have been given 

to environmental management practices, e.g., segregation of waste, pollution 

prevention and waste minimisation, monitoring environmental performance.  The 

implementation of an environmental management system, and/or the implementation of 

pollution prevention and waste management practices, would assist laboratories to 

improve their environmental performance, and decrease the quantities of wastes 

generated.   

The application of laboratory environmental performance indicators, including quantity 

of clinical wastes, quantity of landfill wastes, quantity of reportable chemicals, and 

others proposed in this research, can contribute to strategies for continuous 

improvement in laboratory environmental performance.  If the laboratory can also 

secure collaborative partnerships with its customers and sample suppliers, as 

proposed by the LPM, then the laboratory will move further down the pathway of 

achieving ongoing, sustainable, laboratory environmental performance outcomes.  
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