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Chapter 1 

General Introduction 



1 Introduction 

This thesis focusses on environmental management as it operates in practice in 

developed industrial countries like the USA and Western Europe. As toxics are a 

main concern for many companies (1) this thesis emphasizes the environmental 

management of toxics. 

In this thesis the following definition for toxics is used: substances that may cause 

harm to people and other organisms by interference with vital processes. Because 

toxics have both environmental and workplace impacts integration of environmen

tal and workplace management will be important (2). 

Environmental problems and threats to human health that arised from environ

mental problems have given rise to the concept of sustainable development in world 

policies, which was introduced by the Brundtland Commission in 1987. The con

cept of sustainable development was given weight in 1992 by the RIO Earth 

Summit which generated conventions on biodiversity and climate change, and gene

rated a vast menu of activities known as Agenda 21 (3). What sustainable develop

ment means in practice for economies and industries is not thoroughly clear (4). 

Industries not only have to adopt cleaner production, to reduce the pollution, the 

(hazardous) waste and the toxics (use and releases) on which this thesis focusses but 

also structural economical changes are needed (4). 

1.1 Environmental management development 
In the early 1970s the (top) management of large industries became increasingly 

involved in environmental issues (5). The actual and potential impacts of environ

mental issues on total corporate operations did influence corporate policymaking. 

The extent of these influences was governed on the one hand by the product, the 

process, pollution and available pollution control technology and, equally by such 

factors as legal requirements, community pressures, economic feasibilities and 

managerial philosophy. Industries did respond by developing specialized units in 

order to address pollution by pollution control. 

The corporate environmental policies did undergo rapid changes responding to 

new laws, regulations, and pressures from external constituents (1). In the compa

nies policy making, most weight was given to legal and regulatory requirements. 
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The necessity to stay within the limits of the law was about twice as important as 

social responsibility in the USA, Europe and Canada (1). Environmental costs were 

rapidly growing due to operating expenses necessary to maintain compliance with 

the numerous complex environmental regulations (6). Companies did have to learn 

how to measure, report and manage environmental impacts. During this develop

ment process environmental, health and safety departments in corporations have 

grown substantially in both size and importance. 

1.2 Toxics regulation 
As toxics are central in this thesis, toxics regulation will be important (1). In this sec

tion the development of toxics regulation is briefly described. 

By the 1970s it became clear in the USA and Europe that the regulatory mecha

nisms for dealing with toxics emissions (water, air) and waste were inadequate. 

Concerning chemical production the regulatory activities were exclusively focused 

on the end point of the cycle, which caused a virtually unrestricted flow of chemi

cals onto the market (7). The efforts to reduce the toxic pollution were mainly focu

sed on pollution control (end of pipe measures). The pollution control programs in 

practice were heavily related to production, but included also material selection and 

to a lesser degree product design, choice of suppliers, and product use and disposa-

bility (5). In thel 980s policies began to shift from pollution control to pollution pre

vention (8). The regulatory response to the shortcomings in toxics reduction emer

ged in the USA with new legislation including a.o. the Toxics Substance Control Act 

(TCSA 1976) the Hazardous and Solid Waste Amendments to the Resource and 

Recovery Act ( RCRA and HSWA) and the Pollution Prevention Act (PPA 1990). In 

the PPA pollution prevention is defined as a 'source reduction'. Furthermore pro

grams as the EPA 33/50, aimed at toxic release reduction, were executed. Measures 

by companies taken to reach toxic reduction are however, predominantly end of 

pipe measures and on-site recycling (7). 

In Europe, the European Community's (EC) policy on commercial chemicals, 

more than 20 years old, was reinvigorated by the amendments to the Treaty of 

Rome in The Single European Act (1992) reinforcing environmental protection. 

What is now the European Union (EU) developed rules and regulations concerning 

issues as classification of toxics and the transport of toxic waste. 

The EU legislation banned some chemicals (for example chlorofluorocarbons, 
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polychlorinated biphenyls), for several other chemicals the use is (severely) restric

ted. However a number of the banned or severely restricted chemicals are still 

exported to other (developing) countries (9). The EC agreed in 1994 to start investi

gations into the hazards of chemicals on the European market, in order to restrict 

the risks. Unfortunately no single chemical is fully investigated yet (10,11). A revised 

EU chemicals strategy is to be expected at the end of 1999. 

According to EU legislation the health, safety and environmental information 

about dangerous chemicals should be provided by the supplier or producer in mate

rial safety data sheets and labels (12,13,14,15). 

Pollution prevention regulation is hardly developed. In the EU a first attempt is 

the Council Directive (16) concerning integrated pollution prevention and control 

(that came into force in October 1998). This Directive aims at limiting the emissions 

of (indicative) listed chemicals on the basis of an integrated approach to air, water 

and soil in new installations in a wide range of industrial sections (17). 

Reporting requirements such as the TRI (Toxic Release Inventory, USA) 

together with the Clear Air Act Amendments (USA 1990), which have led to a num

ber of emission quantification techniques of hazardous air pollutants, are not yet in 

place in Europe. However the EU Council Regulation on a community eco-

management and audit scheme seeks that companies not only adopt an environ

mental policy consistant with regulatory compliance, but commit to continuous 

improvement in a proactive way (18,19). This regulation together with the require

ment for dissemination of environmental information to the public and other regu

lations (16) require also an effective methodology for quantifying such emissions. 

Other organizations developing policies for and / or monitoring hazardous che

micals are the Organization for Economic Cooperation and Development (OECD) 

and the North Atlantic Treaty Organization Committee on the Challenges of a 

modern Society (CCMS). 

Toxics rules and regulation concerning workers health and safety are well develo

ped in the USA and Europe and compel responsible action. Unfortunately in many 

countries, including the USA and the Netherlands, governmental policies aimed at 

environmental problems are separated from policies concerning the working envi

ronment (8). For more than two and a half decades, various government policies 

and industry responses have been developed to manage toxics related hazards pre

sent at each stage of the production cycle. These policies and activities however, 
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have failed to substantially address the problems of toxics generation and use bey

ond the question of management and disposal (8). 

1.3 Components and tools of environmental management 
Environmental management systems have developed gradually into standardized 

systems as BS 7750 and ISO 14001, with components as policy, organisation, 

management program, objectives and targets, monitoring and audits (20,21). 

Environmental issues should be integrated in all activities of a company. Epstein 

(21) mentions 10 components of corporate environmental integration: develop

ment of a corporate environmental strategy, integrating environmental concerns 

into product design systems, systems for identifying, organizing, and managing 

environmental impacts, information systems for internal reporting, internal envi

ronmental auditing systems, external environmental reporting and external envi

ronmental audits, costing systems, capital budgeting systems, integrating environ

mental impacts into performance evaluation systems, implementing a corporate 

environmental strategy. 

To reach a comprehensive environmental management system more compo

nents should be integrated. Life cycle methods (22,23,24,25) should be integrated in 

order to reduce the environmental aspects of processes and products also for iden

tifying and reducing the toxics. Purchasing should be part of environmental 

management to reduce the impact of bought products and materials, for toxics 

reduction and to extend the environmental management beyond the own produc

tion chain to the supplier. Moreover systems should be in place to quarantee the ade

quacy of information about the products that are purchased. In order to prevent a 

shift of impacts or risks from the general environment to the working environment 

health and safety management should be integrated. Moreover to achieve substan

tial results to toxics reduction activities in companies, toxics use reduction (TUR) 

should be part of all components of the environmental management system 

(20,21,26,27). 

Among the environmental management components the development of environ

mental monitoring has been an important issue. Legislation and external criticism 

on the environmental performance of companies have been a factor in this deve

lopment. Also the growth of environmental costs for example clean up-, liability-, 

shutdown costs (28) and environmental investments have been an impulse to this 
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development in monitoring. Monitoring is increasingly needed for environmental 

management in order to develop the corporate environmental strategy, managing 

the environmental program, setting the targets and controlling whether the targets 

are met, making environmental management decisions (21), reporting for legal pur

poses and reporting the environmental performance. 

1.4 Outline of the present thesis 
In this thesis the following components of environmental management are 
studied: 

- monitoring, 

- Material Safety Data Sheets as an information source, 

- environmental management in purchasing, 

- life cycle methods in environmental management, 

- toxics use reduction, 

- toxics use reduction in processes. 

This is done as follows. 

Chapter 2. For comprehensive improvement oriented environmental manage

ment including the management of toxics a monitoring system is needed. In this 

chapter seven large internationally operating companies were studied to obtain furt

her information as to why companies are performing environmental monitoring 

and for which purposes. Furthermore was investigated on which level (corporate, 

business unit, site) monitoring is taking place and how the results are obtained, used 

and controlled. Environmental costs monitoring was also a target of this study. 

Chapter 3. To develop a management strategy addressing the toxics and to imple

ment the strategy in the company, adequate information about the compounds used 

is needed. Material Safety Data Sheets are supposed to contain information to 

implement measures necessary for safety and protection of health and the 

environment. 

In this chapter the correctness and completeness of Material Safety Data Sheets 

are investigated focusing on the toxicological information. 

Chapter 4 . The integration of environmental management in all of the compa-
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ny's activities includes the activities of the purchasing department. A purchasing 

department of a company may contribute to pollution prevention and the reduc

tion of toxics. Because the purchasing department actually buys materials and pro

ducts, the purchasing department is in a strategic position to contribute to preven

tion in the field of toxics substances or toxics reduction. Furthermore the purcha

sing department may be helpful in the prevention of waste and emissions by sup

pliers, by including prevention related requirements relevant to environmental per

formance of suppliers in purchasing procedures or contracts. 

In four companies the potential and actual role of the purchasing department in 

pollution prevention and toxics reduction is studied. 

Chapter 5. It is important for a company to understand the overall environmental 

impacts of the company's activities. An environmental management tool to take 

into consideration the whole impact of the production-consumption chain of the 

products is life cycle assessment (LCA). The internalization of life cycle methodo

logy, use, and application to company's products is studied in seven large interna

tional companies. Furthermore is investigated if these companies experience pro

blems in performing life cycle studies. Another issue discussed is the involvement 

of the purchasing department in the development of the life cycle studies and the 

extent to which LCA methods used include the toxics. 

Chapter 6. The aim of this chapter is to find out in 10 large international compa

nies why and how they are reducing the toxics (releases and use). Therefore the 

study comprised questions to find out the reasons for toxics reduction, the methods 

used, the implementation of toxics reduction in the companies and to find out 

whether toxics reduction is achieved. As the use of toxics may cause problems to 

both the open and the working environment the possibity exists that toxics reduc

tion causes a shift of risks or impacts. How to prevent shift of risks or impacts is 

also an object of this chapter. Furthermore the role of the purchasing department 

in toxics reduction is investigated. 

Chapter 7. Most source reduction will come from industry as it reevaluates and 

redesigns its production processes. Processes may be the subject of many modifica

tions in order to reach toxics reduction. The target of this chapter is the practice of 
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reducing of toxics by modifying processes. In the study five modified processes in 

large companies, the methods used and the reason for modifying are analyzed. As 

toxics have an impact on the working environment the possiblity exists that caused 

by substitution the risks shift from the open environment to the working environ

ment. Therefore it is asked whether the environmental department is integrated 

with the department of risk, safety and health and information is gathered about the 

working environment before and after modifying the processes. Because pollution 

prevention is potentially the most cost-effective method for environmental 

management the chapter also deals with questions about the costs. 

Finally in chapter 8 the overall findings concerning environmental management and 

toxics reduction in practice will be summarized. 
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Chapter 2 

The environmental monitoring procedures 
of large international companies. 

What is monitored and why. 

A.H.Verschoor and L.Reijnders, Environmental Management (submitted) 

keywords: monitoring, audit, controlling, environmental management 



Abstract 

Monitoring is increasingly needed for environmental management. It plays a role in 

developing the corporate environmental strategy, managing the environmental pro

gram, setting the environmental targets and controlling whether these targets are 

met, making environmental management decisions, reporting for legal purposes 

and reporting the environmental performance of the company. For comprehensive 

improvement oriented environmental management an extensive monitoring system 

is needed. Such monitoring should be partly physical and partly financial. The core 

of physical monitoring should consist of materials accounting based on a (simpli

fied) mass balance of inputs and outputs of plants and measurements of non pro

duct outputs. Financial monitoring should be focussing on integrating all environ

mental costs in product costs. The aim of this survey is to find out what is actually 

monitored and why companies are performing environmental monitoring. To 

address these issues investigations were carried out using structured interviews in 7 

large internationally operating companies, that have adopted environmental 

management systems. None of the companies in our survey was using the extensive 

monitoring system needed for comprehensive improvement based environmental 

management. The financial part of the monitoring system was the least developed, 

but also the physical part showed many déficiences. The companies studied have no 

comprehensive policy as to monitoring environmental costs and integrating these 

costs in to product costs. To account for the environmental strategy is the most 

mentioned as the reason for corporate monitoring. All companies are monitoring 

the substances required by law, five companies are monitoring more non product 

outputs than required by law. All companies have regular audits. Companies are 

monitoring infrequently management system results. N o n e of the companies is 

monitoring materials in order to calculate a (simplified) mass balance. One company 

is planning to do so. High uncertainties are possible in several data from the loca

tions and the corporate data. Calculation of the standard deviation of the monito

ring results should be considered to indicate the accuracy of the data. The compa

nies studied are far away from having the extensive monitoring system needed for 

comprehensive improvement oriented management. 
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Introduction 

Monitoring may be defined as the process of repetitive observation for defined pur

poses of one or more objects such as financial or materials flows to a prearranged 

schedule over space and time. 

Monitoring the business activities in a company serves several purposes for exa

mple, process management, compliance with previous formulated standards, 

externally directed financial accounting, and internally directed management 

accounting (e.g. cost accounting) (Needles 1991, Leeuwen 1995, Jönsson 1996). The 

monitoring activities are also needed for decision making. Recent literature suggests 

that significant changes in existing monitoring and accounting techniques and prac

tices are necessary to meet decision-making requirements of managers. (Kaplan 

1994, Sweeting, 1995). This also holds for monitoring in the environmental field. 

Usually accounting techniques used do not provide ES&H (Environment, Safety, 

Health) managers with the cost data and business process information required to 

make informed and timely decisions (Brandt 1998 a,b). It has been suggested that 

Activity Based Costing (ABC) may be a solution (Turney 1992, Sweeting, 1995). 

ABC is an analytical approach to cost accounting, ABC links activities to costs by 

detailed analysis of cost drivers. 

In the last decade a large number of companies have taken up environmental 

monitoring. Development in legislation and external criticism on the environmental 

performance of the companies have been a factor in this development. Also the 

growth of environmental costs for example clean up-, liability-, shutdown costs 

(Surma 1992) and environmental investments have been an impulse to this develop

ment in monitoring. 

Audits are part of the environmental management systems and may be used as a 

control instrument. Audits provide the organisation with the information to regula

te itself and correct problems (Welch 1997). Thomson (1994) states that environ

mental audits should be part of the monitoring program to demonstrate clearly that 

the commitments made to control adverse environmental impacts are effective. In 

this study we consider audits as a part of monitoring. 
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Environmental monitoring 
Monitoring is increasingly needed for environmental management: developing the 

corporate environmental strategy, managing the environmental program, setting 

the targets and controlling whether the targets are met, making environmental 

management decisions (Epstein 1996), reporting for legal purposes and reporting 

the environmental performance. Establishing the actual environmental performan

ce over time (the trend) is important in monitoring. A company can monitor its envi

ronmental performance in a number of different ways. Monitoring may focus on 

compliance with existing internal standards and applicable regulations or on 

amounts of emissions. It may also deal with eco-efficiency and environmental costs 

(Eagan 1997). Welch (1997) uses two models of environmental management sys

tems (EMS), the compliance- based EMS and the continuous improvement based 

EMS. For the compliance based EMS monitoring is focused on environmental sys

tem results (i.e. releases and permit violations) and operating results (i.e. waste per 

unit of production). For the improvement based EMS monitoring is also focused 

on environmental system results and operating results but furthermore on manage

ment system results (i.e. organisation, reporting, planning). Environmental com

pliance audits are used for the compliance based EMS as a measurement tool, for 

the improvement based model the compliance audits are also used and furthermore 

EMS audits. 

For comprehensive improvement based environmental management an extensi

ve monitoring system is needed. Such monitoring should be partly physical and 

partly financial. The financial accounting should be focused on integrating all envi

ronmental costs in product cost. The core of physical monitoring should consist of 

materials accounting based on a (simplified) mass balance of inputs and outputs of 

plants and measurements of non product outputs. The latter is in line with findings 

in New Yersey (1993) as to establishing a more comprehensive picture of actual 

and/or potential pollution prevention. For the non product outputs a monitoring 

strategy must be established aimed at results with low standard deviations. To achie

ve physical data with a low standard deviation a proper system of sampling, analysis 

and measurements including the frequency of measurements should be established 

(Ward 1986, Rose 1992). Calculation or estimates of the non product outputs 

should preferably be avoided. For obtaining corporate data, corporate monitoring 

procedures and directives must exist and a system to control and support the site. 
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Otherwise the different sites may handle different definitions and generate incom

patible results of monitoring. Verifying of the monitoring results can be executed by 

internal or external (environmental) auditors and / or accountants. Minimally the 

environmental management procedures have to be verified (ISO 14001). Self -

audits and internal audits should be also included in the monitoring strategy. 

External audits provide additional benefits (Epstein 1996). 

The current status of environmental monitoring is unclear. Epstein (1996) states 

corporate environmental information is not generally available, the most common

ly available information relates to physical information on waste production, toxici

ty, and waste reduction but most companies did not have accurate data even in this 

area. 

The aim of this survey is to obtain further information as to why companies are 

performing environmental monitoring and for which purposes. We studied also on 

which level is monitored and how the results are obtained, used and controlled. To 

address these issues investigations were carried out using structured interviews in 7 

large internationally operating companies that were known to have a developed 

environmental management system. 

Method 

The study was carried out with structured interviews, from May until September 

1998. We selected seven large international companies (table 1). Criteria for selec

tion were: large international company, a developed environmental management 

system, described monitoring results, the headquarters or large business unit in or 

close to the Netherlands. The criteria, large international company and a developed 

management system were intended to be sure that the company had experts in the 

field of the research project. Initially 8 companies were selected. After selection of 

the company a member of the management or the director of the environmental 

department was informed about the research project by phone. Afterwards the 

questions of the interview were faxed and the company was asked to select one or 

more experts on the subject. All except one company (for reasons being short of 

time) co-operated. 

In 4 cases the corporate environmental department was interviewed, in 3 cases 
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the environmental department of a production location. When present, written 

material was collected (company environmental report, monitoring procedures). 

The interviews were executed at the company and took about two hours. In all cases 

more information was obtained by a second interview at the company or by phone. 

When needed the questions were asked in several ways to probe the subject of the 

question to the bottom and to be sure the answers were reliable. The interviews 

were recorded, transcribed into a written text and sent back for comment, to be sure 

there was no misunderstanding. The interview texts were finalized on the basis of 

these comments. Most comments were very minor, except one. 

The interview was structured into four parts with open questions (table 2). The 

first part was intended to obtain insight into the environmental organisation. The 

second part focused on the monitoring. The third part was meant to get insight into 

how the results of monitoring are used. And the last part focused on the audit. 

table 1 

participating companies 

1. Océ 
2. DSM,N.V. 
3. Akzo Nobel 
4. ICI 
5. Shell 
6. Cytec Industries Inc. 
7. Unilever 

table 2 

Interview 

part 1 - Environmental organisation 
1 How is the environmental organisation set up. 

part 2 - Monitoring 

2. What are the reasons for corporate monitoring (internal/external) non-

product outputs, product outputs, inputs and throughput. 
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Monitoring (non - product output) 

3. Is monitored on a corporate level. Is every site in every country 

monitored for air/ water emissions and wastes. 

4. Do you have procedures for monitoring and controlling. 

5. Do you monitor the air/ water emissions and wastes of a site or also the 

emissions and wastes of processes. 

6. What kind of air, water emissions and wastes are monitored only the 

legal described ones or also other substances. Why. Are the monitoring 

procedures the same for all your sites in the different countries. 

7. What is the frequency of monitoring. 

8. How are you monitoring in the case of process modification. 

9. Are you monitoring the air emissions after end of pipe technology and 

waste water after treatment or also before. Why. 

10. Do you have problems with monitoring. Do you want to improve your 

monitoring. 

Monitoring (materials / product/ processes) 

11. Do you monitore inputs, outputs, throughputs for material accounting. 

Which materials are monitored, why. How are you monitoring. 

12. Are you monitoring the energy and water consumption. 

Costs 

13. What is monitored for accounting the environmental costs 

part 3 - Results of monitoring 
14. How are you collecting the data of monitoring of your different sites. 

15. What is the quality of the different data. 

16. Are the results of monitoring calculated for a corporate result. For which 

emissions, wastes and materials are corporate results calculated. What is 

the frequency 

17. Are you using the results of the monitoring for legal reporting or /and 

environmental management or also for other purposes. 
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part 4 - Audit 
18. Are you using environmental audits, if so why and what is the frequency. 

19. How are you using the audit results. 

Results 

The results from the interviews are given below. The text is arranged following the 

sequence of the four parts of the interview. A summary is to be found in table 3, 4 

and 5. 

Company 1 ( Océ workforce 17.000) 
The company is active in graphic technology and has business units in more then 30 

countries. The information used is derived from written material and an interview 

with the head of the safety and environmental department at the headquarters in the 

Netherlands. 

part 1) The company has no integrated corporate health, safety and environmen

tal department but at the headquarters there is a department for product safety and 

environment. The company has a corporate policy for health, safety and the envi

ronment. 

part 2) The company is planning to introduce corporate monitoring. Target is 

corporate monitoring and a corporate environmental report in 1999. Stated is that 

every site monitors at least one air and water emission and wastes, but how and what 

is monitored and the frequency of monitoring is dependent on the site, the country 

and legislation. Air emissions in the Netherlands are monitored four times a year 

(measurements). The minimum monitoring target is to meet legislation. What is 

monitored is influenced by legislation and costs. Procedures and directives for 

monitoring and controlling are given by the headquarters for all the sites. The 

responsibity for monitoring lies at the production site. For instruction as to the 

directives of monitoring the sites are visited by specialists from headquarters. In the 

Netherlands and the U.SA. monitoring takes place on a site and process level. When 

it is important for a process modification the measuring frequency is increased. 

There is a problem with the waste amounts, some of the waste amounts are calcula

ted out of the waste volumes. It is planned that in the near future all the waste is to be 

weighted. Target is to monitor processes for a complete material accounting, input 
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and output (product and non product). This is to be started in 1999. Stated is that to 

monitor for a complete material balance gives no technical problems in the 

Netherlands. The same holds for the USA. In the other countries monitoring (input 

and output) is so far not always a priority. In the Netherlands energy and water con

sumption are measured continuously. The site in the Netherlands reports the results 

of energy and water consumption every month on a process level. The sites in the 

USA monitor energy and water consumption also. Sites in other countries don't 

monitor energy. 

Specific environmental costs (activity, process, product) are not monitored. 

part 3) The monitoring results (results from audits and reports) from the sites in 

the Netherlands are collected at the headquarters. Headquarters receives the moni

toring results from several other sites, just for information. The sites in Europe are 

visited by experts from the company, but the results are not collected. 

Not all the data related to non product outputs are obtained from measurements. 

Some of the data are calculated from purchasing data and waste amounts (or waste 

volumes). The headquarters use the monitoring results from the sites in the 

Netherlands for legally required reporting, environmental management and an 

environmental report. The USA sites use the monitoring results for the same pur

poses. A corporate environmental report is not published. 

part 4) The sites in the Netherlands are audited by internal and external auditors 

several times a year, control takes place on the procedures of the environmental 

management system. In the USA the sites are audited by an internal auditor, for the 

other sites audits have to be developed. The audit results are used for improvement 

of the environmental management system. 

Company 2 (DSM workforce 17.000) 
The company out of the chemical industry has its production sites mainly in Europe 

and the USA. The main production sites and the headquarters are located in the 

Netherlands. The company is organised in 13 business units. The information used 

was collected by written material and an interview with the manager of Corporate 

Safety, Environment Health & Technology Department at the headquarters. 

part 1) The corporate Safety, Environment Health & Technology depart

ment at the headquarters and every business unit have a small HSEQ (health, safety, 

environment and quality) staff (one person), the same holds for the production 
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units. The business unit staff 'translates' the corporate policy for the business unit, 

co-ordinates and stimulates and advises. 

part 2) The main reason given for corporate monitoring is the responsibility of 

the supervisory board for the company as a whole. It is stated that effective supervi

sion is only possible with monitoring. Environmental monitoring is stated to have 

relations with the image of the company, publicity, the environmental burden and 

the safety of the employees. A goal for environmental monitoring is to comply with 

legislation and to enable environmental management. The company uses a list of 

substances (priority substances list) of which the emissions have to be reported by 

every site. Monitoring of some of these substances is also legally prescribed. 

There are corporate procedures (directives) for monitoring, controlling and repor

ting. Mosdy monitoring takes place on a site level, in some cases processes are moni

tored. The environmental department does not give directives for monitoring on a 

process level, because it is stated that the legally environmental permits apply to the 

site. The frequency of monitoring depends on legislation, the substances, processes, 

end of pipe technology and sites. Some non product outputs are measured conti

nuously, some daily. In case of a process modification plans for the modification 

have to be reviewed by the project management with regards to the effects on safety 

and environment in order to be sure the corporate policy is fulfilled. In some cases 

the waste water is measured directly before treatment, these data are needed for pro

cess management, and also after treatment in order to account for the waste water 

costs. The same holds for the emissions to the air. There are some problems with 

monitoring and the definitions of what has to be monitored with business units 

outside Europe and North America. It takes time for those business units to get 

used to the procedures and definitions. 

The company states that monitoring for a material balance (input, output, through

put) and process efficiency belongs to the management of the economic aspects of 

the company not to the environmental management, except monitoring for energy 

efficiency. Material accounting and making a simplified mass balance is not a target 

for environmental monitoring. For several processes material balances are impossi

ble because the amounts of the components of the waste are not measured. The 

monitoring requirements for waste are legally oriented and dependent on the desti

nation of the waste (dump, recycle or incineration). 

Only in case that the composition of the waste is needed to determine the destina-
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tion of the waste the composition is analysed. In case of a waste and emission 

reduction program, per location the quantity of the waste, where the waste is 

coming from and the destination (incineration, dump, recycling) is monitored. In all 

the European and American sites energy is measured continuously on a process 

level. 

Environmental costs associated with waste and, waste water are measured or (some

times) estimated. These costs are integrated into the product costs. In order to do so 

the company developed an internal rate structure to divide the costs among the sites, 

part 3) Once a year the monitoring results from the sites have to be reported to 

the corporate environmental department. Corporate results are calculated for a 

yearly corporate environmental report. Which results are published is for a large 

part determined by the Responsible Care Program, CEFIC policy (CEFIC is the 

European branch organisation of the chemical industry) and Dutch environmental 

legislation. The R & D department calculates the air emission data out of input and 

product / non product output data. Also one location calculates air emissions out of 

input and non product /product output data. This can give rise to problems due to 

small emissions relative to large quantités of input and output. 

The internal accountants have to control the environmental data. It is stated that it 

takes some time for the accountants to get used to other data than financial data. 

The company states environmental data are not always exact, sometimes the data 

are a best guess. But the data have to be reliable. It is stated that at the moment the 

quality of the data is no longer a problem. The company has also an external con

troller, an environmental accountant who controls the environmental management 

and procedures on 5 locations a year. Environmental management is the target for 

monitoring a site. 

part 4) Audits take place every three years. Every site reports the audit results to 

the headquarters in the Netherlands. The main reason to execute an audit is control. 

Targets for collecting the audit results from all the sites are benchmarking, review 

the corporate policy (once in three years), bring up to date the corporate directives 

and to control whether the targets are met. 
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Company 3 Akzo Nobel (workforce 70.000) 

The company is active in pharma, coatings, chemicals and fibers. These four groups 

are organised in about 25 business units. These business units have at total about 250 

production locations mainly situated in Europe and the USA. Headquarters are 

located in The Netherlands. The information used was derived from written mate

rial and an interview with the corporate director Safety and Environment. 

parti) The four groups have there own HSE (Health, Safety and Environment) 

staff, the business units do not. The management of the locations is responsible for 

the HSE management of the location. Every location has its own HSE functionary. 

part 2) The reason given for corporate monitoring is to realize openness for sta

keholders and to take responsibility for the executed environmental strategy. The 

company has a corporate safety and environmental policy, with directives and pro

cedures similar for all the locations. The same holds for monitoring. For example all 

locations have to work with an environmental management system according to 

ISO 14001. The reason for monitoring the locations is to control the environmen

tal management system, and to establish the environmental performance and 

whether there is compliance with legal requirements. The corporate strategy is to 

direct and control the production locations not the business units. Monitoring on 

the level of the business unit is not executed, all the data are present but not all the 

business units are used to it. Furthermore all production locations are obliged to 

report their environmental performance. According to the requirements of ISO 

14001 every site has to develop a program to improve its environmental performan

ce. Monitoring can take place on a process or site level. The headquarters receives 

only the site results. At all locations at least the emissions into water and air and waste 

according to the reporting requirements of CEFIC are monitored. The frequency 

of monitoring and what is monitored furthermore depends also on the legal requi

rements of the location. The site can measure more, dependent on environmental 

management demands and process management. When a modified process is instal

led monitoring is as usual. Monitoring is executed before and after end of pipe tech

nology. Which data are destinated for corporate monitoring (before or after treat

ment) is defined by the borders of the site. For example if the waste water treatment 

is located outsite the borders of the site the data are derived from monitoring befo

re treatment. The rapidity of receiving the data at the headquarters can be improved. 

This has also a relation with the monitoring frequency. It is stated also that there are 
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no monitoring problems with the locations outside Europe and the USA. 

Inputs, throughput and outputs of processes are monitored for process manage

ment and environmental reasons, not for making material balances. The company 

states material accounting must include the whole chain and also include suppliers 

and customers of the product. Energy and water are measured continuously at the 

European locations. 

The company states that accounting specific environmental costs of products is 

nearly impossible. As to business management some environmental costs are moni

tored. 

part 3) All the sites receive from the headquarters the same requirements for 

data, mentioned in the CEFIC reporting requirements, at the same time. The data 

from all the production locations are sent to the groups, the added data are sent to 

the headquarters. Every year a corporate environmental report is produced. Many 

sites are publishing their own environmental report. It is stated that there are no 

problems anymore with the quality of the data. When it is impossible to measure the 

emissions, as in the case of a lot of small emissions into the air at the pharma- and 

sometimes at the coatings- group, emission data are calculated out of the input and 

output data. In this case the amounts of the materials in the waste have to be known. 

The components of the waste are not measured in every case. 

part 4) Every location is HSE audited as a minimum once every five years by 

auditors from another business unit with a checklist and a scoring report. In this 

audit the main objects are the HSE management procedures, compliance with regu

lations, the performance and whether the targets are met. The audit results are sent 

to the corporate safety and environment department and to the board of directors. 

The audit results are compared with earlier results. The audit results are used to con

trol whether locations are in compliance with legal requirements, but mainly if the 

environmental management system works: are they doing what was said to be done. 

External auditors are seldom used. Recendy the internal accountants are also veri

fying the relialibity of some at random taken samples of data. How to verify the data 

by the internal accountants is not embodied in directives or procedures. The loca

tions also have their own audit. These audits are executed with a higher frequency 

than once every five years. The results of these audits can lead to an update of the 

HSE location policy or an improvement programme. According the corporate stra

tegy the business units have to include in the audits the suppliers and products. 
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Company 4 ICI (workforce 64000) 

The company belongs to the chemical industry and has 200 sites in more than 30 

countries. The information used is derived from written material and an interview 

with a senior process engineer of the environment group at the site in the 

Netherlands. 

part 1) The company is working with an environmental management system inte

grated with a health and safety system. The headquarters have a safety, health and 

environmental (SHE) department. The sites have their own SHE departments. 

part 2) The reason for corporate monitoring is to account for the performed 

SHE strategy to all the stakeholders. The company developed and introduced the 

Environmental Burden (EB) system (Environmental Burden Internal Report, 

Wright 1998). To the EB system belongs a list of the reportable substances. Every 

site is obliged to measure and report the emissions of the substances listed to air and 

water. Also monitored are the substances of which reporting is required by law and 

parameters, for example in water chemical/biological oxygen demand and nitrogen 

compounds. The air emissions are measured for every process. Legally reporting is 

usually required on a site level. The frequency of measuring is dependent on the pro

cess and what is legally required (this is site and country dependent). Monitoring can 

be changed after a process modification dependent on the legal requirements. The 

sites remain responsible for such change. The emissions are reported after end of 

pipe technology when the end of pipe technology is inside the border of the site, the 

same holds for the data in the corporate environmental report. It is stated that there 

are no problems with monitoring. This holds also in the countries outside the 

Netherlands. When problems exist with monitoring or analysing samples, the sites 

get support from the business units. 

Material balances of processes are unusual. The process measurements, (input, 

throughput, and output) are used for process management. Energy and water are 

measured on a process level. (Most of the water is process water derived from sur

face water.) 

Water emissions costs are passed on to the processes. Environmental management 

and process management are separated, they have separated databases and even a 

different organisation for analysis. The quality control (QC) laboratorium analyses 

the samples for process management, the environmental control (EC) laboratorium 

analyses the specific environmental parameters. The separation in control is caused 
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by the organisation of the company and the corresponding accounting of the costs. 

As for example waste water treatment is considered independent of the production 

it is felt the QC laboratorium can not be used for measuring environmental parame

ters of waste water. Some measurements are used both for environmental manage

ment and process management. This applies for example some measurements of 

waste water before waste water treatment. If the sample comprises to high quanti

ties of substances a change in process management is needed. 

part 3) There are corporate directives and procedures as to the collection of data. 

The sites send their data to the business units, the business units aggregate the data, 

these aggregated data are sent to the headquarters in London. The business unit also 

uses the monitoring results for internal benchmarking. The site data are furthermo

re used for monthly reporting of the compliance with the permit requirements to 

the business unit, for legally required reporting, and for paying the environmental 

taxes. The business units collect all monthly reports. Stated is that even the best 

methods to analyse substances can have a large standard deviation (20 - 30 %). Also 

sampling and the sampling method introduces uncertainties. Input and product 

output amounts are most of the time very large, emissions are low. Several times the 

data of the analyses have to be multiplied by very large factors. Furthermore emis

sion data are sometimes derived from grab sampling, this will lead to high uncer-

taincies in the data. Furthermore there are still some data not based on measure

ments but on estimates. During the last five years the quality of analysis is impro

ving. This is also due to legal requirements. The process emissions and in and output 

data are always measured. Calculated data for example are the losses due to evapora

tion during loading and unloading. Results of corporate monitoring are safety data, 

number of accidents, number of fines, water, energy, air emissions, % compliance 

with legal requirements, waste and Environmental Burden data. Once a year these 

data have to be reported, a corporate environmental report is published. There is 

also an intermediate report for internal corporate use to control the progress of the 

environmental strategy implementation. 

part 4) External audits are not executed, internal audits are. Once every three 

years audits are performed by members of the SHE group from another site. 

Objects of audits are, the company's standards and objectives reached. The stan

dards are the corporate directives, 104 guidelines, and the SHE management pro

cedures. The objectives are described in the environmental report. The procedures 
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for controlling are checked not the performance. The audit results are sent to the 

business unit. The business unit controls whether the recommendations are execu

ted. The company does not use internal accountants for controlling. 

Company 5 Shell (workforce 105.000) 
The company belongs to the chemical industry active in oil, natural gas, coal, chemi

cals and renewables. The company has 5 business organisations and many locations 

in more than 130 countries. The site visited, a large complex in the Netherlands 

(workforce + / - 30.000), has an oil and chemicals business. The information used 

was derived from written material and an interview with the head of the environ

mental department. 

part 1) All business organisations have a Health, Safety and Environment (HSE) 

department. A corporate HSE department sets the HSE policy and directives which 

through the business organisations is cascaded down to the locations. The environ

mental policy and activities of the site are based on these directives and the local 

legal requirements. The role of the business organisations is to check that the poli

cies and directives are implemented on their locations. 

part 2) The reason for corporate monitoring is to check if the HSE strategy is 

executed. Monitoring is used to control the environmental performance based on 

the data. Every site is monitored. The monitoring requirements of the environmen

tal department are integrated in work instructions. What exactly is monitored 

depends on legal requirements, but for quality reasons monitoring other materials in 

excess of legal requirements is possible. The processes are monitored for process 

management. The results of the analyses of the process- and waste water samples 

have to be within certain limits, otherwise the process must be adjusted. Problems 

during operation of the plant that may give rise to an environmental impact, are 

resolved by the operator of the plant. The environmental department of the site liai

ses with the local authorities. The frequency of measurements differs, depending on 

legal requirements and process requirements. Some measurements for example of 

sulphurdioxide are executed continuously. After a process modification monitoring 

is adjusted. In the R&D phase of the modification is determined what has to be 

monitored. Waste water is monitored before and after the waste water treatment, 

before for process management reasons and after for legal reasons. Air emissions 

are most of the time monitored after end of pipe technology. There are still pro-
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blems with monitoring caused by different definitions and instructions in the diffe

rent countries. There is a possibility to analyse the samples in a certified laboratory. 

Process efficiency and management are the reasons for calculating material balan

ces. For environmental reasons a material balance of sulphur is calculated, to deter

mine the optimal fuel mix for heating The components of waste are not analysed. 

Monitored is the amount of waste destined for recyling and reuse. Inputs of energy 

and water are monitored for every site. 

The costs of energy are high for the different sites. The costs for waste and waste 

water are calculated and passed on to the sites. It is not always possible to calculate 

the waste water costs, because many plants drain on the same waste water treatment 

plant. Other environmental costs are not monitored. This is caused by the lack of a 

clear definition of environmental costs. The company states that it is difficult or 

impossible to determine the specific environmental costs. 

part 3) All the sites are reporting to the business organisations, the business 

organisations send the data to the corporate department. Non product outputs that 

are continuously emitted in to air and water emissions, which can be measured, are 

measured. The discontineous emissions are usually calculated. Some data have high 

standard deviations or are a best guess. The monitoring results are used for a yearly 

corporate report. Which data are published in the yearly environmental report is 

defined by the company. Data which have a major impact on the environmental per

formance are published. The verifier of the environmental report checks if what is 

published agrees with the actual environmental performance. The business unit also 

uses the results for a yearly environmental report. The sites publish their own 

report. Furthermore the results are used for environmental management. Another 

reason for monitoring is benchmarking of the sites. A site can compare its HSE 

results with other comparable sites and with a mean site result. 

part 4) Audits are used for controlling the environmental management system. 

The reason for a business audit (once per 5 years) is to control whether the perfor

mance of the sites is in accordance with reporting. The corporate HSE department 

is not performing audits. The site audit, twice per year on a specific subject is direc

ted to the control of the procedures, results and compliance with permit require

ments in order to get the required performance of the environmental management 

system. There are also audits executed by external auditors. External accountants, 

environmental and financial, check the achieved data of the sites relating to their 
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main environmental impacts. The environmental accountants report to the financial 

accountants. Because of the absence of international standards for environmental 

controlling, the instructions for the acountants were developed together with the 

environmental department of the site based on instructions for financial accounting 

and controlling. 

Company 6 (Cytec workforce 5000) 
The company belongs to the chemical industry and has 19 sites, most of the sites are 

located in the U.S.A. The company is organised in 5 business units. The information 

used was collected out of written material and an interview with the environmental 

engineer of the site located in the Netherlands (workforce + / - 250). 

part 1) All the sites have environmental-, risk-, health and safety (ERHS) depart

ments. The corporate (ERHS) department is located in the USA. The business units 

do not have environmental-, risk-, health and safety departments. The corporate 

department advises. 

part 2) Monitoring is executed only on a site level. Neither the business unit nor 

the corporate department are monitoring. Legal requirements are the main reason 

for environmental monitoring. There are no specific corporate requirements and 

procedures for monitoring apart from a corporate requirement that every site has to 

fulfil legal requirements. Every site has its own procedures for monitoring. Not all 

the procedures are described in the environmental management system. The diffe

rent sites can have very different monitoring procedures caused by locally different 

legal requirements and by different products produced by the sites. The site visited 

has a procedure for waste and work instructions for monitoring the waste water, 

how to handle the waste, what to measure in the waste water and how frequently. 

This is embedded in a computerprogram. The work instructions on how to monitor 

are based on the legal requirements as to the site. Monitoring is also executed for 

process management. Sometimes monitoring is executed for both objects, process 

management and environmental, for example as to the input of the waste water tre

atment. When certain limits to the input of the waste water treatment plant are 

exceeded the process has to be adjusted. 

The only air emission measured is acrylonitril, and that only occasionally. The air 

emission was measured after end of pipe technology (scrubber). The other emis

sions to the air to be reported due to legal requirements (carbon dioxide, NH3, an 
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aromatic hydrocarbon, an alcohol, epichlorohydrine, iso-octane) are calculated out 

of the purchased materials, stock and process characteristics. The company expects, 

in the near future, to measure more air emissions in order to fulfil the requirements 

for the new environmental permit. In waste water more materials are measured, the 

effluent of the waste water treatment plant is measured on a site level. The compo

nents of waste are not measured. Measurements in waste are only executed when 

necessary to fulfil the legal requirements. 

In the case of process modification monitoring may be changed due to legal rea-

sons.Before constructing a new plant a new permit is required. The new permit may 

hold monitoring requirements. Stated is that there are no problems with moni to

ring. The site wants to improve the monitoring and measure instead of calculate 

more air emissions. 

Material balances for environmental reasons are not executed. The quality of the 

raw materials and products is analysed in the laboratory, also to control if the custo

mers requirements are fulfilled. The site visited also monitors energy and water on a 

process level. 

The monitoring results of the influent of the waste water treatment plant are also 

used for calculation of the costs to the process. The site is developing monitoring of 

waste and waste water in such a way that the costs can be attributed to the product. 

This is expected to be implemented in 1999. Other environmental costs are not 

monitored. Environmental investments are not specified as environmental costs. 

part 3) The sites may publish their own environmental report . A corporate or 

business unit environmental report is not published nor intended to be published. 

The site visited publishes a yearly internal report with some qualitative environmen

tal information. Monitoring data are used for developing an environmental (year) 

program and targets. The total numbers of non compliance with permit require

ments have to be reported to the corporate department. Stated is that there is no 

problem with the quality of the data. However standard deviations are not calcula

ted. 

part 4) Every site is audited every three years. The audit, extensive and detailed, is 

required by the corporate department. Internal and external (technical) auditors are 

coming from the corporate department and consultancies. The reason for the audits 

is advising and controlling. The audit objectives are verifying the documentation, 

controlling the environmental management system, the environmental program 
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and the compliance with the permit. Also a control of the data and measurements 

are included in the audit. Environmental accountants are not used. The audit results 

with recommendations for improvement are sent to the management of the sites. 

The results are confidential. The site is not acquainted with the results of the other 

sites. 

Company 7, (Unilever N.V., workforce 270 000) 
The company operating in the consumer goods and services market is organised in 

12 Business Groups, 2 categories (Food and Home & Personal Care) and about 500 

sites in 88 countries. The information used is derived from written material and an 

interview with the environmental manager of the Business Group 'Foods ' at the 

head office. 

parti) The company has a corporate Environment Group developing the envi

ronmental policy for the company. The Corporate Environment Group is compo

sed of representatives of the Business Groups, categories and experts. The catego

ries are responsible for the long term strategy. There are environmental directives 

for the whole company from the board. Minimal standard is an environmental 

management system (EMS) according to BS 7750 (in the future ISO 14001). Every 

site has to comply with this requirement. The Safety, Health and Envi ronment 

Advisory Committee helps to implement the policy in the whole company. A pro

fessional organisation, the Safety and Environmental Assurance Center, (a research 

and innovation center) advises the company. Some of the Business Groups have an 

Environmental Steering Group which is responsible for 'translating' the corporate 

environmental policy for the Business Group. In absence of an Business 

Environmental Steering Group the sites are developing their own strategy. The way 

in which the corporate environmental policy is implemented is the responsibility of 

the Business Group. 

part 2) The reason for the corporate monitoring is to provide the necessary envi

ronmental information for the board. Every site is monitored. There are no written 

procedures as to how to carry out the monitoring. Due to the relevance for the envi

ronmental impact of the company 8 parameters have to be reported, C O D 

(Chemical Oxygen Demand) emitted to sewer/surface water, hazardous waste, non 

hazardous waste, use of potable / n o n potable water, energy, S O x emissions and 

compliance with legal requirements. The physical parameters also have to be repor-
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ted per ton product. 

The sites are monitoring at least what is legally obliged and the parameters required 

by the company. The monitoring frequency is at least the frequency obliged by per

mit requirements. What has to be monitored is also dependent on the legal defini

tion. For example for hazardous waste the definition of hazardous waste is different 

among countries. There are corporate work instructions as how to measure COD. 

Process management is most of the time the reason given for monitoring the pro

cesses, sometimes processes are monitored to develop for best practice standards. 

For some products LCAs (Life Cycle Assessments) are developed, for these pro

ducts environmental best practice standards will be developed. It is stated that at the 

corporate level only data are required from the sites which are necessary for develo

ping the environmental strategy. In order to modify a process in the R& D phase the 

energy requirement, waste, and water use of the modified process are investigated 

as to the matter whether these parameters are in accordance with the permit. The 

waste water data published in the company's report are data about the waste water 

leaving the sites. Obviously these data depend on whether there is a waste water tre

atment on or off the site. It is stated that the corporate department will not and can

not control the way the sites gather the data: the site is responsible. The company 

states it is difficult to formulate the questions about monitoring in such a way it is 

clear for every site in every country. 

For nearly every site a water balance is calculated. Material balances take a lot of time 

and effort. Infrequently material balances are calculated for process management 

and efficiency reasons. 

The company is developing Activity Based Costing (ABC) for costing the products. 

Rules calculated out of the ABC at the sites divide the costs of energy, water, waste, 

and waste water among the products. The environmental process data used for ABC 

may be measured or calculated. ABC accounting is or has to be implemented in 

every site. Stated is, that it is not known whether every site is executing these calcula

tions. Some costs are still calculated as overhead costs (total costs accounting is not 

executed). It is stated that it is difficult due to definitions to calculate the environ

mental investment costs. Also environmental management costs are not calculated, 

part 3) For gathering the data, questionaires are sent to all the sites. The sites are obli

ged to answer all the questions. The data from the sites are gathered once a year by 

two Business Groups. In the near future the sites have to send the data to their own 
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business group. At the site level COD or corresponding parameters are measured 

most of the time. Whether the components of waste are measured is stated to be 

unknown. SO2 emissions are calculated out of the sulphur in the fuel. For some pro

cesses the parameters are measured infrequently and some are calculated. The quali

ty of some data can be improved. For example on some sites COD might be meas

ured more frequently. The standard deviations estimated for the corporate parame

ters are for energy and water + / - 5%, and for waste 10 %- 15 %. The results are 

published in a corporate environmental report (once every two years). The Business 

Groups and sites are using the results to evaluate their performance (per ton pro

duct). 

part 4) The business groups are executing site audits once every three years. The 

sites are audited by environmental managers of other sites. These audits are focused 

on the EMS. The frequency of the internal site audits differs. The internal audit is 

usually also focused on the EMS. It is stated that due to a lack of performance stan

dards a performance audit of the site is unusual. Internal and external accountants 

are not used. An external verifier controls the environmental report. Part of the veri

fication can be to check the procedure for gathering the data. The results of the 

audits are used to control if the corporate strategy is carried into effect. 
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table 3-a 

Summary of the results, questions 2,3,6,11. 

Company reason 
corporate 
monito-

reason 
monito
ring 

reason 
monito
ring 

npo 
monitored 

simplified 
mass 
balance 

Océ no 

corporate 

monitoring 

legal material 

accounting 
most sites planned 

DSM responsibility 

board 
legal and 

company 

strategy 

process 

management 
all sites 

Akzo 

Nobel 

openness and 

to take the 

responsibility 

for the SHE 

strategy 

legal and com

pany obliga

tion to report 

performance 

to the head

quarters 

*process 

management 

*environm. 

management 

all sites 

ICI to account for 

the SHE stra

tegy 

legal and com

pany strategy 

process 

management 
all sites 

Shell check if the 

environmen

tal strategy is 

executed 

legal 

requirements, 

process 

management 

process 

management 
all sites 

Cytec no corporate 

monitoring 
legal 

requirements, * 

process 

management 

process 

management 
all sites 

Unilever gathering envi

ronmental 

information 

for the board 

legal require

ments compa

ny strategy 

process 

management, 

efficiency, 

water balance 

all sites 

all sites + / -

npo = non product output 
+ = yes 

— no 
+ / - =unfrequently 
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table 3-b 
Summary of the results, questions 4, 5, 7,9,10. 

Company written 
corporate 
monito
ring proce-

site or 
process 
monito-

frequency 
monito
ring 

monito
ring after 
end of 
pipe tech. 

problems 
monito
ring 

Océ + mostly site dependent on 

site, country, 

legislation 

before + 

DSM + dependent, 

mostly site 

dependent on 

legislation,sub-

stances, pro

cesses and sites 

dependent on 

purpose data 

some caused by 

non uniform 

definitions 

Akzo 

Nobel 

+ process or site dependent on 

legislation and 

requirements 

company 

denned by the 

borders of the 

sites 

some, depen

dent on the 

monitoring fre

quency 

ICI + process dependent on 

legislation, 

process and 

company 

requirements 

dependent on 

borders of the 

site 

no (stated) 

Shell process dependent on 

legal and pro

cess require

ments 

dependent 

on purpose 

data, air 

mostly after 

yes, caused 

by different 

definitions 

and instruc

tions 

Cytec process or site dependent on 

legal require

ments 

after no (stated) 

Unilever process or site dependent on 

legal require

ments (at 

least) 

dependent on 

the borders of 

the sites 

yes, caused by 

definitions 

npo = non product output 
+ = yes 

= no 
+ / - = unfrequendy 
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table 4 

Summary of the results, questions 6,11,12,13 

Company 

m o n . 
l ega l 
s u b -
s tan-

mon. 
more npo 
then legal 
required 

m o n . 
c o m -
p o n e n 
t s o f 
w a s t e -
frac-

ener
gy 
/wate 
r 

quali
ty of 
data 

data 
calcu
lated 

monitoring 
enviromental 
costs 

Océ + not clear + / - + / - some not 

DSM + priority sub

stances list 

and cefic 

requirements 

+ / - + / - some are 

estima

ted 

yes waste,waste 
water,emissions, 
investments are de-
vided among the 
sites and used for 
product costing 
(internal rating, 
some costs are esti
mated) 

Akzo 
Nobel 

+ cefic 

requirements 
+/- + / - some not 

ICI + substances 
fo rEB 

+ + + / - some and 

some are 

estimated 

yes analysing and 

waste water is cal

culated to the pro

cesses 

Shell + + + / - the dis-

conti

nuously 

are mostly 

calculated 

yes waste, waste 

water passed on 

the sites 

Cytec + in waste water un 

known 

only one 

air emis

sion is un 

frequently 

measured 

developing to 

calculated waste 

and waste water 

to the products 

Unilever + company 

requirements 

? + + / - some yes energy, waste, 

waste water are cal

culated with ABC 

to the products 

npo = non product output + / -
+ = in all or most sites 

= not 
? = un known 

for energy and water some 
sites, quality of data can be 
improved, otherwise some 
cases 
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tabk5 
s u m m a r y of t h e r e su l t s , questions 17,19,20 

Company use of monito
r ing result 

audit executed use of audit 
results 

Océ sites in the Netherlands, 

USA and several other 

sites, 

-legal reporting, 

-environm. management, 

-environm. report 

some sites, several times 

a year 
control and improvement 

EMS 

DSM -environm. management 

-environm. report 

once per 3 years 

(results corp.) 
benchmarking, review the 

env. policy, targets control, 

review corporate directives 

Akzo 
Nobel 

-environm. manage

ment, 

-environm. report 

minimal once per 5 

years (results corp.) 

to control the compliance 

and if the EMS works 

ICI -legal reporting 

-calculating costs 

-calculating EB 

-environmental manage

ment 

internal audits, once 

per 3 years (results 

b.u.) 

to control if the company's 

standards and objectives 

are reached 

Shel l -legal reporting 

-environmental manage

ment 

-benchmarking 

-environm. report 

once per 5 years (results 

b.u.) 
control if the performance 

is in accordance with the 

reporting 

Cytec -legal reporting 

-environm. management 

once per 3 years 

(results corp.) 

advising, controlling EMS 

and compliance 

Uni lever -legal reporting 

-evaluate the performance 

-environm. report 

once per 3 years 

(results corp.) 
to control EMS and if the 

corporate strategy in 

implemented 

corp. = corporate 
b.u. = business unit 
EMS = environmental management 

system 
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Discussion 

In this study we try to answer what is monitored and why by large international 

companies. In order to do so we selected the companies with a.o. the criteria of a 

developed environmental management system and described monitoring results. 

These criteria will influence the results of the study, as probably the selected com

panies will be leaders in the field. To analyse differences in monitoring between the 

several industrial branches the studied sample is to small. 

There are several monitoring functions (Leeuwen 1995). They are the signal 

function (observation of changes), the trend function (prediction of future deve

lopments), the instrument function (clarification of underlying processes) and the 

control function. The relevance of these functions will vary in importance depen

ding on the level in the company. As we interviewed in 4 cases the managers from 

the corporate environmental department and in 3 cases employees or managers of 

the site environmental department, this may give rise to variations in the answers. 

To account for the corporate environmental strategy is mostly mentioned as the 

reason for corporate monitoring. This is in accordance with the findings of 

Thomson (1994). Legal requirements are given as one of the reasons by all of the 

companies for monitoring specified non product outputs. Process management 

was mentioned by six companies as a reason to monitor the materials. Only one 

company (Océ) mentioned the importance of material accounting, but the compa

ny did not implement material accounting until now. All companies are monitoring 

the legally required substances, five companies are monitoring more non product 

outputs. As to the audits the companies are monitoring, although infrequently, 

management system results. Compared with the 2 models of Welch ( 1997) all the 

companies studied use the monitoring system of the continuous improvement 

based EMS. Unfortunately none of the companies (one company is planning) is 

monitoring materials in order to calculate a (simplified) mass balance of the proces

ses they use. In this way none of the companies has the possibility to get, in case 

wanted or relevant, a comprehensive picture of the results of or potential for pollu

tion prevention programs (New Jersey 1993). 
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Costs accounting 
For a more sustainable industrial economy integration of all environmental costs in 

the financial accounting is needed (Wallace 1996). Companies need to integrate envi

ronmental impacts and costs into performance evaluation, product costing and pri

cing, and capital investments decisions, which in turn must be merged into the finan

cial reporting and management accounting system (Epstein 1996). In only two of 

the companies studied (DSM, Unilever) some environmental costs are used for pro

duct costing. In one case costs were attributed to the site and in one case to the pro

cesses. One company (Unilever) started with ABC costing (Turney 1992, Sweeting 

1995), also for some environmental costs. Obviously the companies studied still do 

not have a comprehensive policy as to the monitoring of all environmental costs and 

integrating these costs in product costs. Two companies even feel that such a comp

rehensive policy is impossible. Akzo states 'specific environmental cost accounting 

is nearly impossible', Shell states that it is difficult or impossible to determine the 

specific environmental costs. Popoff (1993) states that full cost accounting may be 

the most important step down the path to sustainable development. Our survey 

shows that in this respect companies are may be just starting. It may also be argued 

for their own benefit EHS departments should start themselves changing cost 

management, from allocating to tracing costs through activities, to processes and 

products, services and customers. As their costs are currently accounted as overhead 

costs the department may be easier targeted for costs reduction (Brand 1998b). 

Problems with uniformity and data quality 
Several companies mentioned problems with monitoring. Three companies have 

problems with definitions, for example non uniform definitions of hazardous waste 

between the countries or problems with non uniform implementing of the monito

ring instructions at the individual sites. All companies calculated some to many data 

instead of measuring. Furthermore some data are estimated. This gives rise to sub

stantial uncertainty. Also measured data may have high uncertainties following from 

sampling, analytical procedures and frequency of the measurements (Leeuwen 

1995). Some companies also indicated that several data have high standard devia

tions. All in all there are high uncertainties in several data of the locations and the 

corporate data. All companies should consider to calculate the standard deviation of 

the monitoring results to indicate the accuracy of the data. 
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To overcome the problems with monitoring caused by non uniform definitions and 

non uniform performing of the monitoring instructions, companies need a uni

form controlling and supporting system. Océ and ICI mentioned such a system. 

Companies should also develop uniform procedures and standards to verify the 

data, and the process of collection of data (a.o. sampling, analyses, measurements, 

compiling). Verifying the data and the process of collection of data is very impor

tant to make data more reliable. Only Akzo and Shell mentioned recent verifying of 

(some) data and Unilever mentioned the possibility of verifying the process of col

lection of data. 

Audits 

All studied companies executed audits. Audits are mentioned by the studied compa

nies as a controlling system (of the EMS). This general use of audits is in accordan

ce with the findings of Thomson (1994) who states that the environmental audit 

becomes a regular part of corporate environmental management. Thomson (1994) 

describes four basic components of audits: verification of compliance with regula

tory requirements, verification of conformance with company and industry stan

dards, evaluation of management and preparation of an action plan to correct iden

tified déficiences. All components except the last were mentioned in our survey, 

which shows that audits are indeed a part of the monitoring system. 

Use of monitoring results 
The results of monitoring are mainly used for environmental management and 

reporting. In accordance with the statement of Epstein (1996), that corporate envi

ronmental information is not generally available and the most commonly available 

information relates to physical information, we found that none of the companies 

in our survey was using an extensive monitoring system needed for comprehensive 

improvement based environmental management, and that the financial part of the 

monitoring system was the least developed. 
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Abstract 

In European Union (EU) countries Material Safety Data Sheets (MSDS) should 

contain correct information required by E U regulations. As such MSDS may be 

useful for safety, protection of health and the environment. 

During research concerning environmental management in four companies, 

eleven recent and randomly selected MSDS were evaluated for accuracy of human 

toxicological information. All the evaluated MSDS were found to be incorrect and 

/ or incomplete. This complements earlier research showing that many MSDS are 

incomplete. We suggest that an independent agency should be set up to review 

MSDS whether they are accurate and complete or to make companies liable for 

the defects in the MSDS information provided. 

Introduction 

Protection of health and environmental management by companies handling 

toxics is dependent on adequate information concerning the compounds involved 

(Verschoor, 1997). 

In the EU, Material Safety Data Sheets (MSDS) are supposed to contain infor

mation to implement measures necessary for safety, protection of health and the 

environment. The European Union has a directive relating to the information that 

should be contained in MSDS (91 /155 /EC modified by Directive 93 /112 /EC) . 

Recent research carried out into the implementation of these E U regulations 

in the Netherlands shows that information is usually incomplete when judged by 

the requirements set in the regulations (\reiligheidsinformatiebladenbesluit, 1993). 

The MSDS of 136 companies were reviewed (Oostveen, 1995). All the sixteen 

sections of the MSDS were judged against the information to be provided in the 

MSDS called for in the regulations. Only 4 % of the MSDS that were included in 

the research were judged to be complete. 

Incompleteness was found in all of the sixteen sections. Apart from comple

teness, the correctness of the information concerning protection of health and 

environment including toxicological information is an important element in the 

information included in MSDS. To approach this subject we randomly selected 

eleven recent MSDS that came to our attention in a research project involving 

four companies: a hospital, an industry and two in-company printing offices. 
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We checked the information of section 2, 8 and 11 of the MSDS against the lite

rature, to find out whether they were accurate and complete. 

These sections are included in the sixteen sections that are obligatory. Section 2 

should give product composition and information about the components. N o t all 

of the components have to be mentioned, only the materials mentioned in article 

three of the Directive 8 8 / 3 7 9 / E U and the materials dangerous to health, given in 

Directive 6 7 / 5 4 8 / E C . 

Section 2 of the MSDS should also contain symbols and R (Risk) sentences. Sec

tion 8 should contain personal safety related precautionary measures, measures to 

limit exposure to the product to a minimum and Threshold Limit Values, i.e. occu

pational exposure limits (legal limits for worker exposure; in the Netherlands 

MAC value). 

Section 11 should give toxicological information, including short-term and long-

term toxicity and chronic effects (sensibilisation, carcinogenic, mutagenic and 

reprotoxic effects). Section 11 should also contain specific effects of components 

on health. 

Method 

During a recent project we randomly selected eleven recent MSDS. The toxicolo

gical information was checked against the open literature (section 2,8,11 of the 

MSDS). For this purpose we used the data described in the literature. We assumed 

data in the open literature to be correct. For some products additional informa

tion was obtained from the supplier. 
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Results 

product 
components 

correctness completeness 

P r o d u c t 1 Ryzolin Non Sol-

1 

C o m p o n e n t s 2- aminoet-

hanol > 1 % (weight). 

The MAC value is not 

correct. 

The unit of the MAC value is 

missing. 

P r o d u c t 2 Safe Wash,WM 

40 

C o m p o n e n t s naphtenic 

hydrocarbons < 90 % 

(weight), aliphatic hydrocar

bons < 20 % (weight). 

*Both components have the 

same CAS registry number. 

*The product is formulated 

without the use of materials 

which are toxic, carcinogenic 

or have reprotoxic effects. 

This statement is incorrect. 

Information concerning skin 

and eye protection are 

missing. 

P r o d u c t 3 Blanco fresh 

NW- 110 

C o m p o n e n t s dimethyladi-

pate < 80 % (weight), aroma

tic hydrocarbons < 30 % 

(weight). 

The product is formulated 

without the use of materials 

which are toxic, carcinogenic 

or have reprotoxic effects. 

This statement is incorrect. 

*The R sentence ( 61 or 63) is 

missing. 

""Information concerning skin 

and eye protection is missing. 

*Toxicological information. 

Long-term effects are missing 

like: dimethyladipate has tera

togenic and reprotoxic effects. 

P r o d u c t 4 Anchor 70111W 

Wash R-228 

C o m p o n e n t s hydrotreated 

heavy naphtha > 50 % sol

vent naphtha 20-50 %, 1-met-

hoxy-2-propanol 5 - 20 %, 2-

butoxyethanol 1-5 %. 

*The Treshold Limit Values 

are missing, (they are however 

present in sect ionll) . 

*The toxicological information 

is missing, instead MAC valu

es are mentioned. 

P r o d u c t 5 Anchor 70041 W 

Kendu 

C o m p o n e n t s Stoddard sol 

vent petroleumdestillate 20-

50%, solvent naphtha, light 

aromatic 20-50%, 1-methoxy 

-2- propanol, 5-20 %, 2- but-

oxyethanol, 5-10%, 2- pro

panol, 1-5%. 

*The R sentence ( 61 or 63) is 

missing. 

*The Treshold Limit Values 

are missing, (they are however 

present in sect ionll) . The 

toxicological information is 

missing, instead MAC values 

are mentioned. 
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product 
components 

correctness completeness 

P r o d u c t 6 Cidex 

C o m p o n e n t s glutaraldehy-
de 22,0 g/1. 

*The sections are not numbe

red, some sections are missing. 

*R sentences are missing. 

*The toxicological information 

is missing. 

P r o d u c t 7 Sterillium 

C o m p o n e n t s propane-2-ol 

is 45 %. 

The product is irritating, 

(mentioned is not irritating). 
*The second component, pro-

pane-1-ol, 25 - 50% is missing 

in section 2. 

Toxicological information. 

Short : and long-term effects 

are missing. 

P r o d u c t 8 Hibisol 

C o m p o n e n t s chlorhexidin-

edigluconate, propane-2-ol 

*The MAC value given and 

time mentioned for (exposure 

to) Chlorhexidine are inconsis

tent, and therefore incorrect. 

*Eye protection is needed 

*To use gloves for a product 

mentioned to wash or sterilize 

your hands is strange. 

* Concentrations are not men

tioned. 

Toxicological information 

Long-term effects are missing. 

P r o d u c t 9 Lyorthol 

C o m p o n e n t s 4 chlor-2 

benzylphenol 35 g/1, 2-phe-

nylphenol 32 g/1. 

*Skin protection is definetely 

needed, as the product is a 

skin irritant and causes burns. 

*The unit mg/ml used for the 

MAC phenol is not correct. 

The data refer to m g / m 3 . 

*Toxicological information 

Short- and long-term effects 

are missing like the product is 

a severe eye irritant (4- chloro-

phenyl-o-cresol) and human 

mutation data reported. 

P r o d u c t 1 0 Rapwas 

C o m p o n e n t s aliphatic 

hydrocarbons 100 % 

Section 3 states: the aliphatic 

hydrocarbons contain 20 % 

aromatic hydrocarbons. This is 

inconsistent with section 2 (see 

components). Section 12 states 

that the product contains no 

mono-aromatic hydrocarbons. 

P r o d u c t 11 Nebol 2000 

C o m p o n e n t s aliphatic 

hydrocarbons, (aromatic 

hydrocarbons with a maxi

mum of 0,05 %) 

The R- sentence is missing 
(RIO). 
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Discussion and Recommendations 

All eleven recent MSDS covered in this research were found to be defective, that 

is incorrect and / or incomplete regarding the information that is relevant to pro

tection of health and the environment. The data presented here complement ear

lier research (Oostveen, 1995) in which was found that MSDS as used in the 

Netherlands are usually incomplete. 

The inaccuracy and incompleteness is moreover significant when considered 

from the point of view of environmental and health protection. This may give rise 

to inaccurate judgment and insufficient protection. 

Some components of products, for instance like Stoddard solvent, are a mix

ture of aliphatic and aromatic hydrocarbons. The MAC values of the components 

may differ considerably (e.g. trimethylbenzene 25 p p m and nonane 200 ppm). In 

view of these differences it should be considered to mention the MAC value of 

each individual component in this kind of mixtures. The specific effects of indi

vidual components of such mixtures on health should, we feel, be mentioned in 

section eleven of the MSDS. 

On the basis of the information given in the MSDS (meant for the profes

sional user) persons concerned must be able to implement measures necessary for 

safety, protection of health and the environment. Although only part of the infor

mation given by the MSDS (section 2,8,11) was reviewed for its accuracy and 

completeness, the results show that current MSDS are far from adequate. It is 

recommended that an independent agency be set up to review the MSDS provi

ded by the supplier if they are accurate and complete. Another possibility is to 

make companies liable for the consequence if their own MSDS are inaccurate or 

incomplete. 

We also feel that many users will experience difficulties in understanding these 

complex data. It seems moreover unreasonable to expect that all professional 

users will become, in the forseeable future, experts in toxicology. Therefore it 

should be considered (in analogy to pharmaceutical information sheets) to deve

lop two different MSDS, one with information for persons with expertise in work

place toxicology and one for persons that are lay persons in that respect. 

Definitive conclusions cannot be drawn from this small sample MSDS, further 

investigations are necessary. A full report is available on request. 
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Abbrevations 

IARC 

CAS 

LD50 

MAC 

MAC-C 

OEL 

ppm 

TGG 

TLV 

International Agency for Research on Cancer 

Chemical Abstract Service 

Lethal Dose Fifty - a calculated dose of material which is expec

ted to cause the death of 50 % of an entire defined experimental 

animal population. 

Maximale Aanvaarde Concentratie (legal limits for workers 

exposure) 

Maximale Aanvaarde Concentratie - Ceiling 

Occupational Exposure Limit 

parts per million 

Tijd Gewogen Gemiddelde 

Threshold Limit Value 

60 



Full report 

Abstract 

In European Union (EU) countries Material Safety Data Sheets (MSDS) should 

contain complete and correct information required by EU regulations. As such 

MSDS may be useful for safety, protection of health and the environment. During 

research concerning environmental management in four companies, twelve recent 

and randomly selected MSDS were evaluated for accuracy of human toxicologi-

cal information. All the evaluated MSDS were found to be incorrect and / or 

incomplete. This complements earlier research showing that many MSDS are 

incomplete. We suggest that an independent agency should be set up to review 

MSDS whether they are accurate and complete or to make companies liable for 

the defects in the MSDS information provided. 

Introduction 

Protection of health and environmental management by companies handling 

toxics is dependent on adequate information concerning the compounds involved 

(Verschoor and Reijnders, 1997). In the EU, Material Safety Data Sheets (MSDS) 

are supposed to contain information to implement measures necessary for safety, 

protection of health and the environment. The European Union has a directive 

relating to the information that should be contained in MSDS (91/155/EC modi

fied by Directive 93/112/EC). 

Recent research carried out into the implementation of these EU regulations 

in the Netherlands shows that information is usually incomplete when judged by 

the requirements set in the regulations (Veiligheidsinformatiebladenbesluit, 1993). 

The MSDS of 136 companies were reviewed (Oostveen, 1995). All the sixteen 

sections of the MSDS were judged against the information to be provided in the 

MSDS called for in the regulations. Only 4 % of the MSDS that were included in 

the research were judged to be complete. 

Incompleteness was found in all of the sixteen obligatory MSDS sections speci

fied in the regulations. 

Apart from completeness, the correctness of the information concerning pro

tection of health and environment including toxicological information is an 
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important element in the information included in MSDS. 

To approach this subject we randomly selected twelve recent MSDS that came 

to our attention in a research project involving four companies: a hospital, an 

industry and two in-company printing offices. We checked the information of 

sections 2, 8 and 11 of the MSDS against the literature, to find out whether they 

were accurate and complete. These sections are included in the sixteen sections 

that are obligatory. Section 2 should give product composition and information 

about the components. Not all of the components have to be mentioned, only the 

materials mentioned in article three of the Directive 88/379/EU and the mate

rials dangerous to health, given in Directive 67/548/EC. Section 2 of the MSDS 

should also contain symbols and R (Risk) sentences. Section 8 should contain per

sonal safety related precautionary measures, measures to limit exposure to the 

product to a minimum and Threshold Limit Values, i.e. occupational exposure 

limits (legal limits for worker exposure; in the Netherlands MAC values). Section 

11 should give toxicological information, including short-term and long-term 

toxicity and chronic effects (sensibilisation, carcinogenic, mutagenic and repro-

toxic effects). Section 11 should also contain specific effects of components on 

health. 

Information to be provided by the MSDS 
sixteen sections ( 93/112/EC) 

1. identification, trade name, manufacturer/importer; 

2. product composition and information about the components, not 

all the components have to be mentioned, only the materials 

according article three directive 88/379/EU and material dange

rous for health according directive 67/548/EC, Risk(R) sentences 

and symbols; 

3. risks, the most important risks for men and environment, this 

information must be conform the label on the product; 

4. first aid, a description of symptoms and effects; 

5. instructions in case of fire; 
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6. precautionary measures in case of accidental release of the sub

stance, precautionary measures to prevent polluting of the envi

ronment; 

7. storage and handling instructions; 

8. personal safety precautionary measures, measures to limit the 

exposion to the product to a minimum and Threshold Limit 

Values, i.e. occupational exposure limits (legal limits for worker 

exposure; in the Netherlands MAC value); 

9. physical and chemical properties; 

10. stability and reactivity; 

11. toxicological information, short term, longterm and chronical 

effects (sensibilisation, carcinogenic, mutagenic and reprotoxic 

effects), specific effects of components on health; 

12. ecological information, effects on the environment, mobilisation, 

breakdown, accumulation, ecotoxicity, other effects; 

13. cleaning instructions; 

14. transport information; 

15. information due by law, this information must be conform the 

label on the product; 

16. additional information important for safety, protection of health 

and environment. 

Method 

We randomly selected twelve recent MSDS That were used at companies in envi

ronmental care projects. The toxicological information was checked against the 

open literature (section 2,8,11 of the MSDS). For this purpose we used the data 

described in the literature. We assumed data in the open literature to be correct. 

For some products additional information was obtained from the supplier. 
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Results 

Product 1 
Ryzolin Non Sol-1 (Hijmeco B.V.). 

The product is used as a detergent by industries. 

MSDS section 2 (product composition, dangerous compounds) contains the 

information that the content of 2- aminoethanol > 1 % (weight). 

Section 8 (personal safety precautionary measures) contains the information: 

MAC 330 calculated on the content of 2- aminoethanol. 

Correctness: 

The unit in the MAC value is missing and only the MAC value of the dangerous component 

should be given. Thus the MSDS should state: 2-ethanolamine MAC-TGG 3 ppm (SAX, 

1992, ACGIH, 1989, Nationale MAC- lijst, 1994). (TGG is the time weighted average 

relating a maximum exposition of eight hours a day and forty hours a week.) 

Product 2 
Safe Wash- WM 40 (Hartmann Products B.V.). 

The product is used in printing offices. 

MSDS section 2 (product composition) states that the product is a mixture of 

organic solvents: 

* naphtenic hydrocarbons < 90 % (weight), 

* aliphatic hydrocarbons < 20 % (weight). 

Section 8 (safety precautionary measures) contains 

the information: 

* naphtenic hydrocarbons, Occupational Exposure Limit (OEL) 

300 parts permillion (ppm) 

* aliphatic hydrocarbons, OEL 300 ppm. 

respiration protection: protection must be used if exposure is possible that 

exceeds the occupational exposure limit. 

hand protection: use gloves, 
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eye protection: use safety glasses, 

skin protection: use protecting clothes. 

Comments: 

(both components have the same GAS (Chemical Abstract Service)-registry number.) The 

information as to the OEL could not be checked against the literature as there were no open 

literature data concerning the OEL of these hydrocarbons. 

Section 11 (toxicological information). The MSDS states: the product is formu

lated without the use of materials which are toxic, carcinogenic or have repro-

toxic effects. 

* contact with the eyes: can cause irritation, 

* contact with the skin: long-term contact can cause irritation, 

* respiration: nausea, feeling drunk. 

Correctness: 

Based on the information given in the MSDS, it is not possible to state that the product is 

formulated without the use of materials which are toxic. 

Product 3 

Blanco fresh NW- 110 (Hartmann Products B.V.). 

The product is used in printing offices. 

MSDS section 2 (product composition) contains the information: 

* dimethyladipate < 80 % (weight), 

* aromatic hydrocarbons < 30 % (weight). 

According to section 3: trimethylbenzene is present in the aromatic hydrocar

bons. Trimethylbenzene has an O E L of 25 ppm. 

Section 8 (personal safety precautionary measures) contains the information: 

* dimethyladipate OEL: no data, 

* aromatic hydrocarbons: O E L 50 ppm. 

respiration protection: protection must be used if exposure is possible above the 

OEL, 

hand protection: use gloves, 

eye protection: use safety glasses, 

skin protection: use protecting clothes. 
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Section 11 (toxicological information). The MSDS states: the product is formu

lated without the use of materials which are toxic or reprotoxic or carcinogenic. 

* contact with the eyes: can cause irritation, 

* contact with the skin: long-term contact can cause irritation, 

* swallowing: effects unknown, 

* respiration: nausea, feeling drunk. 

Correctness: 

The product should be considered to contain toxic materials, dimethyladipate is moderately 

toxic (by intraperitoneal route) and has teratogenic and reprotoxic effects; 

trimethylben^ene is mildly toxic by ingestion and a skin and eye irritant (Sax, 1992, 

RTECS, 1995). 

Product 4 

Anchor 70111W Wash R-228 (Tetterode Nederland B.V.). 

The product is used in printing offices. 

MSDS section 2 (product composition) contains the information: 

* hydrotreated heavy naphtha > 50 % (weight or volume, not given), 

no aromatic hydrocarbons present, 

* solvent naphtha 20 - 50 %, 

* l-methoxy-2-propanol 5 - 20 %, 

* 2-butoxyethanol 1- 5 %. 

Section 8 (personal safety precautionary measures) contains the information: 

* respiration protection: in case of insufficient ventilation carry airway pro
tection, 

* hand and eye-protection: recommended, 

* skin-protection: -

Comment: 

The Treshold Limit Values (TLV) are missing. (They are however present in section 11.) 

Section 11 (toxicological information) contains the information: 

* hydrotreated heavy naphtha: MAC 100 ppm, 

* solvent naphtha: MAC 100 ppm, 

* l-methoxy-2-propanol: MAC 100 ppm (the substance penetrates the 
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skin), 

* 2-butoxyethanol: MAC 20 ppm MAC-TGG 15 min. 40 ppm (the sub

stance penetrates the skin). 

Correctness and Completeness: 

The solvent naphtha contains trimethylben^ene (MAC 25ppm), this information is omitted. 

No short or long term effects are mentioned, neither evidence for the reprotoxic effects. 

Solvent naphtha and 2-butoxyethanol have reprotoxic effects (Sax, 1992, RTECS, 1995). 

The 2-butoxyethanol is classified as toxic for reproduction in class 3 according the EU crite

ria. There is no legal need for the manufacturer to mention this classification because there is 

no European classification for the moment. But based on legal obligation (Official Journal of 

the European Communities, 1993) the manufacturer has to mention in section 2 the sentence 

K61 or R63 (R61: can harm the unborn child.) 

Product 5 

Anchor 70041 W Kendu (Tetterode B.V.). 

The product is used in printing offices. 

MSDS section 2 (product composition) contains the information: 

* Stoddard solvent petroleumdestillate 20-50%, 

solvent naphtha, light aromatic 20-50%, 

* 1 -methoxy -2- propanol, 5-20%, 

* 2- butoxyethanol, 5-10%, 

* 2- propanol, 1-5%. 

Section 8 (safety precautionary measures) contains the information: 

* respiration protection: keep sufficient ventilation, 

* hand and eye protection: recommended, 

* skin-protection: -

Comment: 

The Threshold Umit Values are missing. (They are however present in section 11). It is hard 

to judge what is sufficient ventilation. 

Section 11: (toxicological information) contains the information: 

* Stoddard solvent: MAC 100 ppm, 

solvent naphtha, light aromatic: MAC 100 ppm, 

* 1-methoxy -2- propanol: MAC 100 ppm (the substance penetrates the skin), 
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* 2- butoxyethanol: MAC 20 ppm, MAC - TGG 15 min. 40 ppm, (the sub

stance penetrates the skin), 

* 2- propanol: MAC 400 ppm. 

Some LD 50 values are mentioned also. 

Correctness and Completeness: 

The Stoddard solvent and the solvent naphtha contain trimethylben^ene (MAC 25 ppm). 

No short or long term effects are mentioned, nor the reprotoxic effects (see product 4, section 

11). (Sax, 1992,ACGIH, 1989, Nationale MAC- lijst, 1994, RTECS, 1995, 

IARC, 1987). 

Product 6 
Cidex (Johnson & Johnson Medical B.V.). 

The product is used in hospitals for sterilising endoscopes. 

Comment: 

The sections of the MSDS are not numbered, some are missing. 

Section 'Product composition' contains the information: 

* glutaraldehyde 22,0 g/1. 

Section 'Limit values' contains the information: 
: glutaraldehyde MAC-C 0,25 mg/ m3. * 

Section 'Symbols', contains the information: 

* symbol (Xi) irritation has to be noted, 

* use protective gloves and eye protection, 

* in case of eye contact rinse extensively with water and seek medical advice, 

prevent longterm exposure to the vapour by mechanical ventilation. * 

Correctness and Completeness: 

Toxicological information is missing. The R sentences are missing. Short and longterm effects 

are missing. Information concerning skin protection is missing. 

According to literature glutaraldehyde is moderately toxic by inhalation and skin contact. It 

is also a severe skin and eye irritant. No mention is made of mutagenic effects (data repor

ted) or teratogenic and reprotoxic effects (Sax, 1992, RTECS, 1995). 

The advice to use mechanical ventilation (to prevent long-term exposure to the vapour) seems 
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inadequate. In normal open use the MAC value is easily exceeded (Leinster, 1993). 

Product 7 

Sterillium (Beiersdorf N.V.). 

The product is used for washing/sterilising hands in hospitals. 

MSDS section 2 (product composition) contains the information that the con

tent of propane-2-ol is 45 %. 

Completeness: 

The second component, propane-1 -ol is missing in this section. 

Section 8 (personal safety precautionary measures) contains the information: 

* propane-2-ol 25 - 50 %: TLV 980 m g / m 3 , TLV 400 m l / m 3 , 

* propane-1-ol 25 - 50 %: TLV 500 m g / m 3 , TLV 200 m l / m 3 . 

Take care of the usual precautionary measures when dealing with chemicals. 

Wash your hands before the break and at the end of the job. 

respiration protection: not necessary, 

hand-protection: not necessary, 

eye-protection: not necessary. 

Comments and Incorrectness: 

A sentence to wash your hands after the job is strange when the product is meant to 

wash I sterilise the hands. 

No mention is made of the need for respiration protection in case the MAC value is 

exceeded. 

Section 11 (toxicological information) contains the information: 

Primary effect, 

on the skin: not irritating, 

on the eye: not irritating. 

Correctness and Completeness: 

The product is irritating: the components are eye and skin irritatit (propane-2-ol), severe eye 

and skin irritant (propane-1-ol) (Sax, 1992). 

Short-term effects are missing, propane-2-o I'is mildly toxic by skin contact and propane-1-o I 

is moderately toxic by inhalation and / or ingestion. 
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Longterm effects are missing, the same holds for mutation data reported, teratogenic and 

reprotoxic effects. (Sax, 1992, RTECS, 1995, LARC, 1987). 

Product 8 
Hibisol (Zeneca). 

The product is used for washing/sterilising hands in hospitals. 

MSDS section 2 (product composition) contains the information: 

* chlorhexidinedigluconate, symbol Xi, 

* propane-2-ol, symbol F. 

Completeness: 

The concentration of chlorhexidinedigluconate is not mentioned in this section. 

Section 8 (personal safety precautionary measures) contains the information: 

* propane-2-ol MAC-TGG during 8 hours 400 p p m (980 mg/m3) MAC-H 

(H means the substance penetrates the skin), 

* chlorhexidinedigluconate MAC-TGG-15 min. 0,1 m g / m 3 , Time 10 min. 

COM. 

respiration protection: when exposure above the exposure limit is possible use 

protection, 

hand-, eye- protection: use safety glasses and gloves when this product is used 

in large quantities. 

Correctness: 

The MAC value given and time mentioned for (exposure to) Chlorhexidine are inconsistent, 

and therefore incorrect. 

When the product is used in normal quantities eye protection is needed (Sax, 1992). 

To use gloves for a product mentioned to wash or sterilise your hands is strange. 

Section 11 (toxicological information) contains the information: 

Inhalation, the vapour decreases consciousness, inhalations of concentrations 

above the MAC can lead to headache, dizziness, decreased concentration and 

unconsiousness, 

Skin: remove the natural fats from the skin leading to scaling and dermatitis, 

Eyes: irritating, 
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Swallowing: can lead to irritation of the gastrointestinal tract, with effects com

parable to those after inhalation. 

Correctness and Completeness: 

Effects like mutation data reported, teratogenic and reprotoxic effects (experimental), are 

missing. Data showing mutagenicity in propane-2-ol and Chlorhexidine are not mentioned. 

Parachloraniline a contaminant present in preparations cotitaining Chlorhexidine, has been 

suggested to be a potential carcinogen (Sax, 1992, RTECS, 1995, Gilman, 1977, Case, 

1977). 

Product 9 

Lyorthol (Medica B.V.). 

The product is used as a desinfectant for floors and rooms in hospitals. 

MSDS data section 2 (product composition) contains the information: 

* 4-chlor-2-benzylphenol 35 g/1, 

* 2-phenylphenol 32 g/1. 

Section 8 (personal safety precautionary measures) contains the information: 

MAC phenol 5 ppm, 19 mg/ml , the substance penetrates the skin. 

respiration protection: in case of concentrations above the MAC, use filtertype 

A, 

hands: use rubber gloves, eyes: safety glasses, 

skin:-

Completeness: 

Skin protection is definetely needed, as the product is a skin irritant and causes burns. The 

unit mg/ml used for the MAC phenol is not correct. The Mac value refers to mg/m3. 

Section 11 (toxicological information) contains the information: 

Short term effects: causes burns, 

Long term effects: 2- phenylphenol can cause skin allergy, 

Chronic effects:-

Completeness: 

Information as to short-term effects such as the product is a severe eye irritant (2-phenylphe

nol) and is moderately toxic by ingestion are missing. Information relating to human mutation 

data reported is also missing. (Sax, 1992, RTECS, 1995). 
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Product 10 

Rapwas (Blikman & Sartorius). 

The product is used in printing offices. 

MSDS section 2 (product composition) contains the information that the pro

duct consists of aliphatic hydrocarbons 100 %. 

Correctness: 

Section 3 states: the aliphatic hydrocarbons co?itain 20 % aromatic hydrocarbons. This is 

inconsistent with section 2. Section 12 states that the product contains no mono-aromatic 

hydrocarbons. 

Section 8 (personal safety precautionary measures) contains the information: 

OEL aliphatic hydrocarbons 100 ppm. 

respiration protection: in well ventilated rooms protection is not needed.When 

vapour concentrations are high use a charcoal filter, 

hand protection: use rubber gloves, 

eye protection: use safety glasses. 

Section 11 (toxicological information). The MSDS states: the product comprises 

no substances which are carcinogenic or mutagenic. 

contact with the eyes: can cause irritation, 

contact with the skin: longterm contact can cause irritation and delipida-

tion, 

swallowing: effects unknown, 

respiration: effects nausea and faintness. 

Correctness: 

The product contains 20 % aromatic hydrocarbons, so it seems likely that the product may 

contain substances which are cardnogenic and / or mutagenic. 

Product 11 

Nebol 2000 (Nederlandsche Benzol Maatschappij B.V.). 

The product is used for cleaning metal parts by industries. 

Comment: 

The MSDS was accompanied with the request to consider the information in the MSDS as 
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confidential. But the information in the MSDS is a legal obligation required by EU regula

tions. 

MSDS section 2 (product composition) contains the information that the pro

duct consists of a mixture of aliphatic hydrocarbons. The mixture contains aro

matic hydrocarbons with a maximum of 0,05 % (volume). 

Completeness: 

The R- sentence (10) is missing. 

P r o d u c t 12 

'Neutralisierungsfarbe für Giroform' 

The product is used in printing-offices. 

Comment: 

We received two completely different MSDS, one was derived from the manufacturer (Sicpa) 

in Switzerland and was written in German, the other was required from the supplier in the 

Netherlands (Stora) and was written in Dutch. 

MSDS (Stora) 

Comment: 

The sections of the MSDS are not numbered, some are missing. The MSDS consists of 1 

Section 'Product Composition' contains the information: 

High-molecular propoxilated varnish with titanium dioxide. The product reacts 

neutral and does not evaporate. 

The section 'Product description' states, the product has a light smell. 

Comment: 

The product does not evaporate, what is smelling? 

Completeness: 

The section Versonal safety precautionary measures' is missing. 

Section 'No dermatological and toxicological burdens' contains the information: 
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The product does not have objections by appropriate use. 

LD 50 > 12 g/kg, 

oral use: not dangerous or poisonous 

skin irritation: by long-term use skin irritation can appear, 

sensibilisation: no. 

MSDS (Sicpa). 

Section 2 (product composition) contains no information, instead a letter is 

attached with the product composition, for only 1 out of the 5 components the 

percentage is mentioned. 

The letter states: these informations must be treated confidentially. 

Section 8 (personal safety precautionary measures) contains the information: 

respiration protection: no, 

handprotection: gloves recommended, 

eye protection: safety glasses recommended, 

further: use appropriate work clothing. 

Section 11 (toxicological information) contains the information: 

sensibilisation: no, 

skin irritation: no, 

LD 50 > 5000 m g / k g 

Comments: 

The 2 acquired MSDS about the same product differ a lot. The Stora MSDS consists of 1 

page information and is far from complete and not correct, the sections are not mentioned and 

some sections are missing. 

The Sicpa MSDS consists of 4 pages information, all sections are present. 

Caused by the confidential product information it is hard to give a description of the correct

ness and completeness of the MSDS. But information in the sections is contradictory. Section 

11 states the product is not irritating, section 8 recommends hand-, skin- and eye- protection. 
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Discussion 

All twelve recent MSDS covered in this research were found to be defective, that 

is incorrect and / or incomplete regarding the information that is relevant to pro

tection of health and the environment. The data presented here complement ear

lier research (Oostveen, 1995) in which was found that MSDS as used in the 

Netherlands are usually incomplete. 

The inaccuracy and incompleteness is moreover significant when considered 

from the point of view of environmental and health protection. Omitted war

nings concern eye protection (product 7), skin protection (several products), mut

agenicity and suspected carcinogenity (several products) and reproductive risk 

(several products). This may give rise to inaccurate judgment and insufficient pro

tection. 

In the case of MAC/TLV values, some quantitative data (product 1,8) and 

units (product 1,9) were incorrect. Some components of products, for instance 

like Stoddard solvent, are a mixture of aliphatic and aromatic hydrocarbons. The 

MAC values of the components may differ considerably (e.g. trimethylbenzene 25 

ppm and nonane 200 ppm). In view of these differences it should be seriously 

considered to mention the MAC value of each individual component in this kind 

of mixtures. The specific effects of individual components of such mixtures on 

health should, we feel, have to be mentioned in section eleven of the MSDS. 

Sentences as "The product is formulated without the use of materials which 

are toxic, carginogenic or have reproductive effects" (product 2 and 3) when the 

product contains such materials are misleading. It should also be noted that sen

tences like "Use gloves" or 'Wash your hands before a break and at the end of the 

job' are strange when the product is meant to wash/sterilize the hands (product 

7,8). 

Product 4 contains 1- methoxy-2- propanol, the isomer 2- methoxy-1- pro-

panol is reprotoxic (Machine Pont, 1993). When the concentration of 2- met

hoxy-1- propanol in 1- methoxy-2- propanol is less then 5 %, the manufacturer is 

not obliged to state that the product is reprotoxic. We feel however the user has 

the right to know that a potential reprotoxic substance is present. The risk might 

be low, but the effect can be very severe. 
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Recommendations 

On the basis of the information given in the MSDS (meant for the profes

sional user) persons concerned must be able to implement measures necessary for 

safety, protection of health and the environment. Although only part of the infor

mation given by the MSDS (section 2,8,11) was reviewed for its accuracy and 

completeness, the results show that current MSDS are far from adequate. In a lar

ger survey into whether the MSDS were complete the same conclusion was 

reached (Oostveen, 1995). It is recommended that an independent agency be set 

up to review the MSDS provided by the supplier if they are accurate and com

plete. Another possibility is to make companies liable for the consequence if their 

own MSDS are inaccurate or incomplete. 

We also feel that many users will experience difficulties in understanding these 

complex data in MSDS. It seems moreover unreasonable to expect that all pro

fessional users will become, in the foreseeable future, experts in toxicology. 

Therefore it should be considered (in analogy to pharmaceutical information 

sheets) to develop two different MSDS, one with information for persons with 

expertise in workplace toxicology and one for persons that are lay persons in that 

respect. Definitive conclusions cannot be drawn from this small sample MSDS, 

further investigations are necessary. 

References 

1. ACGIH: Threshold Limit Values and Biological Exposure 

Indices for 1989-90 (1989). American Conference of 

Govermental Industrial Hygienist, Cincinnati (OH). 

2. Case, D.E. (1977). Safety of Hibitan 1. Laboratory experi

ments. Journal of Clinical Periodontology, 4, 66-72. 

3. Gilman, M.R. and de Salva, S. J. (1977). Teratology Studies of 

benzethoniumchloride, cetylpyridinium and Chlorhexidine in 

rats. Toxicology and Applied Pharmacology, 48, A 35. 

4. IARC: IARC Monographs on the evaluation of Carcinogenic 

Risks to Humans - Overall evaluations of Carcinogenicity 

(1987). An Updating of IARC Monographs Volumes 1 to 42, 

World Health Organisation, Lyon, France, Supplement 7. 

76 



5. Leinster, P., Baum, J. M. and Baxter, P.J. (1993). An assessment of 

exposure to glutaraldehyde in hospitals: typical exposure levels 

and recommended control measures. 

6. British Journal of Industrial Medicine, 50, 107-111. 

7. Maclaine Pont, M.A. (1993). Health -based recommended occupa

tional exposure limits for 1- methoxypropanol -2, 1 -methoxypro-

pylacetate -2, 2-methoxypropanol-l , 2-methoxy propylacetate - 1 , 

Min. of Social Affairs and Employment, SDU, Den Haag, The 

Netherlands. 

8. Nationale MAC- lijst (1994). P 145, Sdu Servicecentrum 

Uitgeverijen, Den Haag. 

9. Official Journal of the European Communities, (1993). 

Legislation, L 110 A, volume 36, Mai. 

10. Oostveen, G. (1995). Het veiligheidsinformatiebladenbesluit: de 

naleving in Nederland. Min. of Social Affairs and Employment, 

Den Haag, The Netherlands. 

11. RTECS: Registry of Toxic Effects of Chemical Substances 

(1995). National Institute for Occupational Safety and Health, 

Cincinnati, (OH). 

12. SAX 's Dangerous properties of industrial materials (1992). Van 

Nostrand Reinhold, New York, 8th ed. 

13. Veiligheidsinformatiebladenbesluit (1993).Wet Milieugevaarlijke 

Stoffen, Staatsblad, 252. 

14. Verschoor, A.H. and Reijnders, L. (1997) How the purchasing 

department can contribute to toxics reduction. Journal of 

Cleaner Production 5 (3) pp 187 - 191. 

77 



78 



Chapter 4 

How the purchasing department can 
contribute to toxics reduction. 

A.H.Verschoor and L.Reijnders, J. Cleaner Production Vol. 5 no. 3 pp. 187 - 191, 

1997.Keywords: purchasing, toxics reduction. 



Abstract 

The role of purchasing departments in the prevention in the field of hazardous 

substances ('toxics reduction') was studied. Purchasing departments can make a 

substantial contribution in this field, provided that a number of requirements are 

met. The requirements are related to support by experts, organisation of purcha

sing, linkage with registration and information systems within the company, the 

ability to obtain adequate information about supplies and provisions for adequate 

financial means. Four medium sized companies in The Netherlands were inter

viewed to investigate the extent to which such requirements are met with in prac

tice. It was found that only a part of the preventive potential of purchasing 

departments was exploited, with substantial between-company differences. 

Introduction 

Prevention of waste and emissions is an important element in environmental 

management (1,2). A purchasing department may make an important contribution 

to actual prevention. By including prevention related requirements relevant to 

environmental performance of suppliers, it may be helpful in the prevention of 

waste and emissions by suppliers. By buying products that are conducive to quan

titative and/or qualitative waste and emission prevention it may contribute to 

improved environmental performance of its own company (3). 

So far contributions of purchasing departments to prevention of waste and 

emissions has been underemphasized in the scientific literature. Against this 

background we outline the potential contribution of purchasing departments to 

preventive activities in the field of toxic substances at the company to which the 

purchasing department belongs, and present the results of a survey in four medi

um sized Dutch companies into the extent in which this potential is actually 

exploited. 

The potential role of the purchasing department in toxic sub
stances related prevention 

Because they actually buy toxic substances that are used in the company purcha

sing departments are in a strategic position to contribute to prevention in the field 
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of toxic substances or toxics reduction. 

They may do so by evaluating such substances that are on the market and select 

less hazardous substances on a case by case basis. They may also do so by using 

fixed decision-rules, for example by implementing white lists (outlining substan

ces that are acceptable, excluding all other substances) or black lists (with sub

stances that are considered unacceptable). 

To be able to play this role effectively and optimally, a number of requirements 

should be met. Firstly a purchasing department should be able to control or in

fluence the actual purchasing in line with environmentally oriented decision-rules 

that are part of company policy. 

Meeting this criterion supposes either a centralized purchasing department or a 

decentralised system of purchasing supported by adequate software or other equi

valent means of control and communication. 

Secondly the purchasing department should be supported by specialists with 

expertise in the environmental and toxicological evaluation of hazardous sub

stances to guide decision making (4). 

The purchasing department should be in a position to obtain required informa

tion such as data on chemical specifications of products and material safety data 

sheets from the suppliers concerned and check their correctness (5, 6). 

Furthermore, to optimise the use of hazardous substances there should be linka

ge with systems registering stocks and use of those substances ('accounting sys

tems') and information systems for those within the company that are confronted 

with hazardous substances. 

Finally adequate provisions should be made to enable higher prices to be paid 

for more preferable purchases. 

Here, we evaluate four medium sized companies in The Netherlands as to the 

extent to which these requirements are met. 

Method 

The study was carried out by structured interviews with the head of the purcha

sing department, the coordinator of the environmental program of the company 

or the head or other member of staff of the environmental department. When 

present, written material was collected (procedures of purchase, information per-
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tinent to the organisation of the department). The interviews were recorded, 

made into a written text and then sent back to the interviewed persons for com

ment. The interview texts were finalised on the basis of these comments.The 

interview was structured into four parts with open questions (see table 1). The 

first part was intended to get insight into the organisation of the purchasing 

department. The second part focused on the procedures of purchase. The third 

part focused on suppliers and services delivered by others. The last part was to 

learn more about acceptable surplus costs for less hazardous products and mate

rials. 

Table 1 

Interview 

Questions concerning the organisation of the purchasing department 

1.1. In which way is the department organized. 

1.2. Are all products and materials purchased by the purchasing department. 

Questions concerning the procedures of purchase 

1.3. Are there procedures to preclude or limit the purchase of products or 

materials toxic to man and/or other organism. What kind of procedures 

are used. 

1.4. Is a register of hazardous substances present. How does registration takes 

place. 

1.5. Is the register of hazardous substances coupled to the purchase of sub

stances. 

1.6. Is materials accounting and a stock management system present, if so how 

does it work. 

Questions concerning suppliers 

1.7. Do contractual rules concerning environmental effects exist for suppliers 

of products and goods. If so, how do they read. 

1.8. Does the supplier give enough information about products and/or sub

stances. 
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1.9. D o suppliers have to comply with other requirements with regard to wor

king condition and quality control. 

Questions about the costs 

1.10. Which surplus costs for less hazardous products and materials are accepta

ble to the company. 

1.11. Which criteria determine the acceptance of higher costs for such products 

and materials. 

Results 

C o m p a n y 1 (food industry, workforce 800) 

The company has a central purchasing department. The goal was that, by the end 

of 1996, 98% of all purchases are handled through the purchasing department. 

To exclude undesirable products the purchasing department has developed the 

following procedures: 

* anyone ordering a product or a material does so through the purchasing 

department 

* the purchasing department reviews whether the substance(s) present are 

registered under an article number in the company register 

* if there is no such registration an expert reviews the substance(s) present 

using the criteria mentioned below and compare it with similar products. 

If the substance meets the criteria it will be ordered. If the substance does not 

meet the criteria, additional information is obtained from the supplier. The mem

ber of staff of the company requesting the product / material has to justify its 

use and is asked for alternatives. 

To gain an article number, the product has to meet the following criteria: 

* quality of the product 

* suitability 

* easy to handle 

* is the product easy to store 

* review of eco-toxicological and human toxicological properties on the 
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basis of the material safety data sheet (MSDS) provided by the supplier. 

The toxicological properties outlined on the MSDS are checked against the 

database of the National Toxicology Center. The data are compared with those of 

similar products. The reason behind this type of procedure was dictated by quali

ty requirements and also by the fact that the company wastewater treatment faci

lity is very sensitive to pollution. The computers of the stock department and the 

purchasing department are coupled. Through this coupling stock management 

and materials accounting is feasible. Within the software of the purchase program 

runs a program for the manufacturing of safety sheets. Safety sheets are called up 

with the article number. In various departments safety sheets are present for the 

substances worked with in these departments. 

During the procedure of giving all substances an article number 110 substan

ces have been reviewed. Exclusion criteria were used and this has led to the exclu

sion of 40 substances. Benzene and chlorofluorocarbons (CFC 's) are no longer 

purchased (in the many refrigerators present CFC 's were exchanged for HCFC's). 

Not all substances had been screened at the time the company was intervie

wed. Recurrent screening has not yet been worked out. Services provided by 

other companies are virtually absent in this company. Therefore no criteria are 

developed for this purpose. Criteria for reviewing environmental performance of 

suppliers are not yet developed (those interviewed said no supplier will remain 

(7)). Expertise for review of products and materials is given by the head of the 

laboratory (a chemist). Higher prices are paid for higher quality, however it is not 

clear if this also applies for higher prices due to environmental considerations. 

Company 2 (metallurgical-electrotechnical industry, workforce 1300) 

The company consists of one central office and various production sites. A cen

tral purchasing department exists together with a purchasing representative at 

each site. A large proportion of the purchases runs through the central depart

ment. A review system for suppliers is set up. 

Interest in toxics has resulted from concern about working conditions and legal 

requirement. An exclusion criterium for ordering a product is the presence of 

substances in the product which are on the black list of the European Community 

(EC3, a list of 129 substances). The purchasing procedure is as follows: new pro

ducts and materials are screened for environmental effects before the purchase is 
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made. Based on a standardized questionaire product information will be made 

available to people within the company. Currently the product information is res

tricted to human toxicology. The questionaire askes for : 

* the composition 

* physical properties 

* chemical properties and reactivity 

* toxicology with quantative data such as LD50/LC50 and TLV/MAC 

* qualitative ecological properties 

* waste and methods for waste disposal 

* procedures in case of accident 

* Risk and Safety clauses 

* environmental aspects (dangers, preventive measures in case of accident) 

pertinent to pollution of air, water and soil. 

The information obtained from the questionaire is used to draw product infor

mation sheets for in company use. The product information sheets for hazardous 

substances were expected to have been completed by the end of 1996; 865 sub

stances and products will be dealt with. The policy of the company is aimed at a 

reduction in the total number of hazardous substances used. To achieve this goal 

information is gathered from product information given by the suppliers. Several 

hazardous products are no longer purchased, mostly on the basis of the black list. 

When reduction in the number and quantity of hazardous products is reached, 

registration of hazardous products will be worked out. Registration and review of 

substances and products is not done by the purchasing department, but is carried 

out by the stock departments which are under the control of the central mainte

nance service. The substances and products (and goods and services) that have 

already been purchased have yet to be reviewed and this will be carried out perio

dically. 

The purchasing procedure operational at the moment considers the following 

aspects : 

* raw materials 

* environmental burden during the production process and the waste dispo 

sal of the p roduc t , this burden has to be broken down into effects on 
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soil, water and air, noise, vibration and recycling 

* possible alternatives that are less of a burden to the environment 

* sustainability 

* additive substances and waste 

* environmental care of the producer of the materials (environmental 

care system, environmental policies, yearly environmental report). 

The data needed to review the aspects mentioned above are derived from the pro

duct information given by the supplier. Reviews of data are carried out by the 

maintenance service and the purchasing department. This gives rise to disagree

ment in the evaluations. 

A register is kept of products and goods. Each article receives a unique number 

after registration, reregistration is carried out after two years. 

Review aspects of services by other companies are (separate from environmental 

care) : 

* materials used for services 

* waste disposal during the delivery of the service 

Purchasing related to the construction of new sites is not carried out by the cen

tral purchasing department. For these purposes criteria have yet to be developed 

and incorporated into the contracts. Several demands for example for the separa

tion and removal of waste are already incorporated into contracts. The company 

allows higher costs for products and processes that eliminate subtances with eco-

toxicological and human toxicological risks. 

C o m p a n y 3 (government office, workforce 1800) 

Although this governmental office has a central purchasing department the strong 

decentralisation of the organisation leads to independent purchase by the diffe

rent departments. Only thirty percent of the purchase of goods and services is 

carried out by the central purchasing department of the company. The majority 

of purchased office utilities and furniture is carried out by the central department. 

The following purchase procedure is under development: 

* articles are environmental screened (the criteria are not yet developed) 

and are given a score from one to three 

* the score is added to the purchasing programme 

* the different departments receive their total score by the end of the year 
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* when the total score is above a certain limit those responsible for the 

environmental programme should indicate ways to lower this score. 

The registration of hazardous products will be coupled to the purchasing depart

ment. Registration, material accounting and also environmental screening pro

grammes will be carried out in the purchasing department in the near future. At 

the present time there are recommendations for machinery and materials. Also 

guidelines for packaging materials exist. Exclusion criteria operative at the 

moment for purchasing are products that contain cadmium, asbestos and CFCs. 

The following requirements are mentioned in contracts with suppliers: 

* no cleaning products containing chlorine 

* reuse of aluminium containing plates in the restaurant 

* return of toner cartridges and fixatives to the supplier. 

There are no rules for allowable surplus costs for purchasing products with less 

environmental impact. 

C o m p a n y 4 (bank, workforce 1600) 

The company has a purchasing department but the different departments are not 

obliged to use the purchasing department for their purchases. About ten percent 

of all purchase of goods and services is handled by the purchasing department. 

The aim of the company is to purchase according uniform rules. A procedure to 

reach this goal is currently being developed including technical and legal aspects. 

This procedure also takes account of environmental and workplace related legis

lation and other aspects. Environmental aspects will be weighed by scoring on a 

checklist. The checklist will contain questions pertinent to materials and products, 

durability, stocking related rules, safety, energy expenditure, influence on interior 

climate, waste, packaging materials and emissions. N o exclusion criteria are used. 

The internal accountancy service will control the uniformity of purchasing. So far 

there has been no significant reduction in the purchasing of hazardous substan

ces. The registration of hazardous products will not be coupled to the purchasing 

procedure. The printing office is the only department where material safety data 

sheets are present with information on the hazards of the products used. All other 

departments using hazardous products lack safety data sheets at the moment. 

Material accounting is absent. N o requirements are made regarding the environ

mental performance of suppliers. It is accepted by the company that 'green' pro-
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ducts may be more expensive, to which extent however is unclear. 

Table 2 surveys the results against the requirements that should be met to opti

mise the role of the purchasing department in the field of toxic reduction. 

table 2 company 1 company 2 company 3 company 4 

purchase central or decentrali

sed with adequate software 
+ + 

purchase decentralised wit

hout adequate software 
+ + 

explicit company policy in the 

field of toxic reduction 
- + - -

environmentally oriented pur

chasing procedures 

* white list 

* black list 

* case by case 

+ 

+ 
+ 

+ 

+ 
+ 

+ 

+ 

+ 

environmentally oriented pur

chasing 

procedures applied 

+ -

purchasing department sup

ported by specialists 
+ + - -

purchasing department 

* linkage with accounting 

systems 

* linkage with employee 

information systems 

+ 

+ 

+ 

adequate check of information 

derived from the supplier 
+ 

explicit rules for allowable 

increases of purchasing 

costs 
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Discussion 

Organisation of the purchasing department. 
All companies interviewed have a purchasing department. The percentage of pur

chase carried out by the department varies from ten to ninety. Two companies 

have a highly centralised system of purchasing. These companies have succeeded 

in bringing down the total number of products purchased and reduced also the 

number of hazardous substances within the company. The same holds for one of 

the companies with a more decentralised way of purchasing. One of these com

panies has not so far been able to reduce the number and amount of hazardous 

substances. This may in part be linked to relatively recent interest in this subject. 

Environmentally oriented purchasing may be more difficult to carry out when 

purchasing is decentralised. This may be counteracted by using adequate software 

and stricter control of the purchasing procedures. For instancy by allowing decen

tralised purchase for registered products only. In this case registered products will 

already have been screened for environmental aspects. 

Purchasing procedures 
All companies have environmental criteria built into their purchasing procedures. 

Three out of four also have criteria to exclude specific substances. In one com

pany the criteria are operational. One of the three companies having a black list 

uses the black list of the European Community, the other two companies exclu

de only two or three substances. None of the companies has a white list. Selecting 

on a case by case basis is operational in company 1. Company 2 is working this 

out at present. A policy to reduce hazardous substances is present only in com

pany 2. Specialists needed for the review of products and the environmental and 

toxicological evaluation of hazardous products are present in company 1 and 2. 

Company 1 and 2 produce product information sheets for internal use, company 

3 and 4 are working on similar information. Company 1 has a program for the 

production of product information sheets coupled to the purchasing program. 

The program can also be used as an information system. In company 2, product 

information sheets are produced by the central maintainance service not coupled 

to purchasing. The lack of linkage may reduce the effectiveness of the environ

mental purchasing procedure. The purchasing departments of company 1 and 2 
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have a linkage to accounting systems, this can optimise the use of hazardous sub

stances. 

Costs 

In all four companies it is possible to pay higher prices for products with less envi

ronmental impact. The extent to which this takes place could not be established 

in this survey. 

Suppliers and services 

Only company 2 had developed criteria for reviewing suppliers and services per

tinent to their environmental care. However the procedure is not operational yet. 

The review criteria relate to reviewing materials used for services and waste dis

posal. An overall procedure to review the environmental management of the sup

plier is not yet worked out. The potential importance of these procedures regar

ding to the environmental performance of suppliers warrants further investiga

tion. 

Control of information given by suppliers 

Control of information by suppliers was only operational in company 1. This is 

no luxury because sampled information by suppliers was often found to be defec

tive and/or incorrect if checked against literature (8). 

Quality control and working conditions 

In company 1 quality requirements were the reason to start with the purchasing 

procedure. In company 2 concern about working conditions and the related legal 

registration of hazardous substances had an important impact on the policy deve

lopment pertinent to hazardous substances. 

These results suggest that quality control and/or concern about working con

ditions in a company can have an impact on the prevention of hazardous sub

stances in the field. Further investigations are required to substantiate this notion. 
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Conclusions 

Purchasing departments can make a substantial contribution in a company to pre

vention of hazardous substances, provided that a number of requirements are 

met. The requirements are related to support by experts, organisation of purcha

sing, linkage with registration and information systems within the company, the 

ability to obtain adequate information from suppliers and provisions for adequate 

financial means. In four medium sized Dutch companies it was found that only 

part of the preventive potential of purchasing departments was exploited, with 

considerable between-company differences. 
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Abstract 

We studied how 7 large international companies are applying life cycle methodo

logy to their products. The study comprised questions about the involvement of 

the purchasing department and also about the inclusion of toxics in the life cycle 

studies. 

The participating companies are using 5 different life cycle methods. None of 

them used the 'full LCA'. The use of life cycle methods is mostly unfrequently. At 

the companies studied use of LCA methodology was not internalised but rather 

at the starting stage. In 4 cases reasons for development of the life cycle studies 

are coming from outside the company. Five of the seven companies mentioned 

problems gathering valid data. The results of life cycle studies are used for diffe

rent applications. In five cases results of the life cycle methods are used for acti

vities which may lead to environmental impact reduction. Three companies deve

loped life cycle methods for a data base. The use of the results for purchasing pur

poses occured at 2 companies. Only in one case the purchasing department was 

involved in the development of the life cycle method. This restricted involvement 

limits the potential environmental impact of life cycle studies. None of the com

panies uses or intends to use the life cycle method for toxics reduction. Two com

panies used 'risk assessment' and one company a 'black list' for this purpose. In 

all the studies the attention to toxics was insufficient to prevent potential shifts of 

hazard to the work environment. 

Introduction 

For environmental improvement it is important for a company to understand and 

reduce the environmental impacts of its products, processes and services (1). An 

important approach to reduce the environmental impacts is pollution prevention. 

In a pollution prevention assessment the system boundaries are drawn very nar

rowly around the facility. Processes however are part of a production-consump

tion chain and interlinked through suppliers and customers (2). An approach to 

the consideration of the whole impact of the production - consumption chain is 

life cycle assessment (LCA). LCA may be used for environmental impact reduc

tion but also to learn about the impacts of products from 'cradle to grave'. The 

first attempts to look at extended product systems focused on calculating energy 
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requirements during the 1970s after the first oil shock. The attention for environ

mental releases were limited. The renewed interest in LCA dates from the late 

1980s and includes non-energy related impacts. The applications and benefits of 

LCA are described in literature (1,2,3,4) but there is also some criticism. LCAs are 

very data intensive, which means the success of a study is strongly dependent on 

the availibility of good data. (2) 

Kxozer and Vis (5) discussed the methodological imperfections of LCA, they 

stated that the LCA method is still in development, data availability is hardly suf

ficient. Owens (6) states LCA is not capable or sufficient by itself of generating a 

comprehensive environmental assessment of any system, more focused asses

sments using other analytical techniques are often necessary. Baumann (7) and 

Grotz (8) concluded that industry is internalising life cycle assessment methodo

logy. Their work showed that the prevailing objective of life cycle studies perfor

med by industry is product and process optimisation and information purposes. 

Baumann and Grotz however did not study which life cycle methods are used by 

industry. 

In this study we will address a number of questions about the internalisation 

and use of life cycle methods. We studied what kind of life cycle methods com

panies are using and if companies experience problems in performing life cycle 

studies especially with regard to data (2) and methodology (5). Furthermore we 

looked for verification of the findings of Bauman and Grotz, as to the internali

sing by companies of life cycle assessment methodology. We studied for what pur

poses life cycle methods are used. We also addressed the question if purchasing 

departments are involved in the development of the life cycle methods. Because 

the purchasing department actually buys materials and products, the purchasing 

department is in a strategic position to reduce the impact of bought products and 

materials. In order to do so they should be able to influence and control the actu

al purchasing in line with the environmental policy of the company (9). 

Involvement in life cycle studies may give the purchasing department expertise to 

contribute to environmental improvement. 

We also studied whether the LCA method used includes the toxics. Toxics used 

in products and processes are not only environmentally relevant but also impor

tant for health at the workplace (10). In dealing with potential reduction of toxic 

emissions one should be aware of negative effects of the toxics involved on the 
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work environment. Characterization of toxic chemicals with relevance to human 

exposure in the work environment does normally not belong to LCA. Integration 

of this aspect in LCA or the use of other methodology is needed to assess the 

work place health effects (10,11,12,13). 

To answer the questions we selected seven large international companies (table 

1) that were known to have performed life cycle studies and, more in general, have 

a well developed environmental management system. The last criterion was used 

to ensure that there was sufficient environmental expertise in the company. 

table 1 

participating companies 

1. Novo Nordisk 
2. Volvo. 
3. The Body Shop 
4. Procter & Gamble 
5. DSM, N.V. 
6. Credit Suisse 
7. Hoechst Group 

Life Cycle Methods 

There is a variety of life cycle methods, the following are described in literature. 

A full LCA (3,14,15,16) systematically analyses and quantifies environmental 

impacts of a product from resource extraction to final disposal. The full LCA has 

four components: goal and scope definition, quantitative inventory, impact asses

sment and interpretation (3). The goal definition and scoping stage defines the 

intended application, the scope, the functional unit, the system boundaries and 

data quality. The quantitatieve inventory quantifies the resource use, material use, 

energy use and environmental releases during the entire life cycle of the product. 

The impact assessment is an assessment of the potential impacts with the identi

fied forms of resource use and environmental emissions. The last stage of the 

LCA is the interpretation of the results of the study in relation to the objectives 

of the study. 

An LCI (Life Cycle Inventory) differs from a full LCA. An LCI covers the first 

two steps of the full LCA: goal definition and scoping stage and quantitative 
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inventory. An LCI usually examines the entire production and consumption chain 

of a product from resource extraction to final disposal of product associated 

waste. Sometimes an LCI is only carried out for the processing part within the 

company giving a so called 'cradle to factory gate' LCI. 

Shorter 'screening' LCA's (17,18) comprise of, in general all steps of the full 

LCA, but tend to focus on major impacts and are less quantitatively orientated. 

The EPS (Environmental Priority Strategy) (17) is an example of a screening 

LCA. The principle used for the EPS is to describe impacts on the environment 

in terms of impacts on one or several safeguard subjects (human health, biodi

versity, production, resources and aesthetic values) and value changes in them 

according to the willingness to pay to restore them to their normal status. Impact 

on safeguard subjects are valued in ELU (Environmental Load Unit), according 

to the willingness to pay for avoiding negative effects on safeguard subjects. 

Emissions, use of resources and other human activities are valued according to 

their estimated contributions to the changes in the safeguard subjects. 

The Ökobilanz (18) is a sort of partial screening LCA. The Ökobilanz consists 

of two parts the 'Kernbilanz' and the 'Komplementärbilanz'. The 'Kernbilanz' 

comprises the data derived from the impacts of the company's direct activities. In 

the company studied impacts are compiled from the electricity used, heating, 

water, waste and (intern) transport. The 'Komplementärbilanz' comprises data 

from the indirect impacts. In this 'Bilanz' the company studied compiled impacts 

as to the paper used (the impacts during the production of the paper), external 

transport, business trips (car and public transport), commuter traffic. The data 

from the 'Kernbilanz' and the 'Komplementärbilanz' are calculated in UBP 

(Umweltbelastungspunkte). 

Method 
The study was carried out by structured interviews, from June 1996 until July 

1997 (table 2). One to three persons (selected for the subject) per company were 

interviewed. In most companies (5 companies) people working at the Corporate 

Environmental Department were interviewed. In two cases a member of the 

Division Research and Development was interviewed. In one case beside the 

member of the environmental department on the headquarters a member at the 

product design and engineering site was also interviewed. When present, written 
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material was collected (Corporate Environmental Report, reports on life cycle stu

dies of products/ processes or procedures). Most of the interviews were recor

ded (6 companies). All interviews were transcribed into a written text and then 

sent back to the interviewed persons for comment on correctness. The interview 

texts were finalised on the basis of these comments. 

The interview was structured into four parts with open questions ( table 2). 

The first part is intended to get insight into the question which life cycle methods 

are used. The second part focuses on the problems and results and the handling 

of the results. The third part focuses on the purchasing department. The last part 

is intended to learn more about toxics and life cycle methods. 

Table 2 

Interview 

LCA 

1 Does or did the company use a life cycle analysis for measuring environ

mental impacts. 

2 Why was a life cycle method developed and for what purpose, product, 

process, other. 

Problems and results 

3 Are there problems in using life cycle methods or other techniques (like 

gathering information and data). 

4 What are the results of the life cycle technique and how did you use the 

results. 

Purchasing department 

5 Did the purchasing department play a role in the development of the 

LCA's. 

6 Are the results of the LCA's used when buying products and /or materials. 

If so how are they used and for what kind of products/processes. 

Toxics 

7 Does the life cycle technique include the toxics and how. 

8 Do the results of the life cycle technique play a role in reducing toxics. 
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Results 
The results from the interviews are given below. A summary is to be found in 

tables 3 and 4. 

Company 1, Novo Nordisk, workforce 13000. 
This biotechnical company has companies and production facilities in 54 coun

tries. The information used was collected by interviews at the Corporate 

Environmental Affairs at the headquarters and written material. The company 

uses large quantities of raw materials. The company has no environmental requi

rements for raw materials but has to comply with the quality requirements of the 

Food and Drugs Administration. An LCI for quantifying the environmental 

impact of products was done for one product. The company started developing 

the LCI because of questions from product users. Some products of the compa

ny are used in other large value products. The company did not have much expe

rience in the field of LCAs at the moment of the interview (June 1996). There 

were many problems gathering the information and data from the suppliers. Some 

acquired data gave problems because of confidential product information. Other 

data are simply not available because suppliers involved are not developing in this 

field. Some acquired data were inconsistent. For the LCI actually performed some 

data were estimated. The questionaire for suppliers used for gathering informa

tion comprises questions about ecotoxicity, biodegradability, bioaccumulation and 

human toxicity. The results of the LCI inventory are specified in: use of resour

ces, use of energy, air emissions, waste water emissions and solid waste. The 

results are intended for customers and for evaluating the environmental perfor

mance of the application. The purchasing department was involved in developing 

the LCI procedure. The results of the LCI are however not used for purchasing 

purposes. The toxic materials are only specified in the solid waste. The toxicolo

gy of the product for which the LCI is performed is classified. The company does 

not use the LCI for toxics reduction. 

Company 2, Volvo, workforce 72000. 
This company out of the automotive industry has production facilities in 23 coun

tries. The information used was collected from interviews of the environmental 

manager at the headquarters and the person who was working with the technique 
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at the product design and engineering site of Netherlands Car B.V.. The compa

ny, in collaboration with others, developed the Environmental Priority Strategy 

(EPS). The company uses the EPS unfrequently. The EPS is developed as one of 

the criteria, besides durability, technical and financial aspects, to make decisions 

and choices for products, materials and design. According to the company the sta

tus of the knowledge as to how different emissions contribute to effects in the 

environment is, in many aspects, poor. Estimates therefore have to be accompa

nied by error figures, which sometimes have to be several orders of magnitude. 

The company states that, the EPS is not an objective scientific method, there are 

political and economic aspects to be considered in the method. It is also stated 

that it is hard to choose between the different life cycle methods, which give pri

ority to different things. 

The company itself gathered most of the data necessary for performing the 

EPS. In Sweden industry, university and government are working together in a 

competence centre to establish quality assured data for the EPS in a data base. The 

industries are gathering the data. The competence centre assures the quality. Most 

of the time the company is using the data from the competence centre data base, 

seldom are correct data provided by the suppliers. The EPS is used also as a simp

le tool for the designer (product development) to know in a more or less quanti

tative way whether he is on the right path. Another aim is to calculate the total 

environmental load of the cars in ELU (Environmental Load Unit). The amount 

of ELU reflects the willingness to pay for avoiding negative effects. The ELU is 

also used as a unit to quantity the various impacts of the cars, materials or com

ponents. The purchasing department played a small role in developing the EPS. 

They were only involved when data are needed from suppliers. The results deri

ved from the EPS are not used yet for buying products and materials. 

To exclude some toxics the company uses a 'black list'. Beside the 'black list' 

the company uses a 'grey list' of toxic substances whose use is to be restricted. 

The EPS method used does not apply to the materials on the 'black list'. The com

pany states that, for toxics reduction the EPS is useful because the method iden

tifies the toxics and you are able to compare alternatives. There is however no evi

dence that the EPS method is actually used for toxics reduction. 
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Company 3, The Body Shop, workforce 4000. 

The company has production sites and shops in 45 countries. The information 

used is derived from written material and an interview at the environmental 

department at the headquarters. The company uses large quantities of raw mate

rials. The company developed its own life cycle method for gathering quantitative 

and qualitative information from suppliers of products and raw materials. The 

method developed differs greatly from the life cycle methods described in the 

introduction. The method consists of a questionaire. The questionaire for pro

ducts covers manufacture, use and disposal of products. Most questions have to 

be answered with a yes or no. There are questions about the materials, for example 

whether they are derived from renewable resources but also questions about non 

environmental issues like fair trade, fair prices, working women, and discrimina

tion. Furthermore there are questions about the sterilizing treatment of the pro

ducts, health and safety risks during the production. Also there are some quanti

tative questions for example about the COD ( Chemical Oxygen Demand) for 

liquid effluent and the concentration of total synthetic detergents. There are furt

her questions about packaging, use of recycled materials, toxic substances leached 

from the packaging in the product and whether the packaging is reusable or recy

clable. Questions about waste, risk of the waste to the environment and biode-

gradability of waterborne waste are also included. In order to maintain confiden

tiality for the supplier, the life cycle method and scoring is carried out by an 

external consultant. 

The 'life cycle' scoring for raw materials has a formula computing overall sco

res, in such a way that the quantitative sections covering energy and raw materials 

inputs and wastes account for 50 % of the overall score. Failure to provide an ans

wer automatically scores zero. The information is used by the Purchasing 

Department and the Product Development Department. Whether the raw mate

rial should be investigated is determined by the quantity used and ecological 

saliency. The 'Life Cycle' schemes of fifty percent by weight of the raw materials 

are providing useful information (57 out of 85 ingredients). The results of the 

questionaire are, besides other criteria, also used for rating the supplier. The Life 

Cycle scheme is not applied for toxics reduction. The company uses 'Risk 

Assessment' for the toxics as being more appropriate. 
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Company 4, Procter & Gamble, workforce 100.000. 
The company is a consumer goods company operating globally in over 140 coun

tries. The information used is derived from written material and an interview at 

the division Research & Development in The Netherlands. The Environmental 

Quality Group co-ordinates a worldwide environmental program. The same stan

dards are met in the company worldwide. The company uses for products the 

LCI, Life Cycle Inventory. The impact assessment is not carried out because, it is 

stated, there is not a generally accepted method (19). The company states that an 

Life Cycle Inventory can be used directly for finding improvements in resource 

use and waste management (20). According to the company neither LCI or full 

LCA can be used to assess environmental safety. 

The company in co-operation with others worked on a data base for LCIs. 

Problems still exist in gathering reliable data. For the same process there can be a 

difference in data depending on the manufacturer. In that case choices have to be 

made to use one mean value for all manufacturers or more data for different 

manufacturers in the database. Data from their own suppliers are used as much as 

possible. The results are used within the company to compare the products. 

Results were also used to substantiate discussions, for instance discussions about 

the use of renewable or non-renewable raw materials. The purchasing department 

did not play a role in the development of the LCI's but the results are used for 

buying. In that case the results are translated in product specification. The com

pany states the use of an LCI is very important, 'you have to know what are the 

environmental effects of products and processes'. The company does not use the 

LCI for toxics reduction. The company uses 'Risk Assessment' for the toxics as 

being more appropriate. 

Company 5, DSM N.V., workforce 17000. 

The company out of the chemical industry has its production sites mainly in 

Europe and the USA. The main production sites and the headquarters are located 

in the Netherlands. The information used here was collected by written material 

and an interview at the Corporate Safety, Environment Health & Technology 

Department at the headquarters. The company uses the LCI to perform an 'eco-

profile' for some of their polymeric products. The LCI data are derived from the 

processing part of the company (so called cradle to factory gate). The performed 
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LCI contains the data specified as waste, energy, water use and emissions into 

water and air. The data are intended for a data base containing mean European 

plastic data established under the Association of Plastics manufacturers in Europe 

(APME). The company states the data in the data base can be used by customers, 

who can add up their process data to the data provided. In some cases the com

pany also provided data requested by customers, for instance customers out of the 

automotive industry. The company only generates data and does not use data 

from suppliers. 

The LCI's can also be used in selling and marketing the companies products. 

The LCI is not intended for reducing the environmental impacts, but can be used 

for research and development. In one case an LCI was used to provide data for 

studying the possibility of starting the recycling of a product. The results showed 

that recycling was a possibility, but that a waste problem was the result. For this 

waste problem a technical solution was provided. Product stewardship, audits and 

questionaires are in use for the reduction of the environmental impacts of the 

companies activities. The purchasing department did not play a role in the deve

lopment of the LCI's. The reason given was that the expertise in this field is at the 

corporate Safety, Environment & Health Department. The results are not used 

for buying. 

LCI's are not used for toxics reduction. The company states that reducing the 

risk of toxics is more important than reducing the hazard by toxics reduction. In 

line with this, toxics reduction is not felt to be a target though toxics emission 

reduction is. 

Company 6, Credit Suisse, workforce 26000. 

The company is a leading financial services group. The headquarters and more 

then 350 offices are located in Switzerland and about 100 offices in several coun

tries. The information used here is derived from written material and an interview 

at the environmental department at the headquarters. 

The company uses the 'Ökobilanz' to qualify and quantify the environmental 

impacts caused by the company's activities. The 'Ökobilanz' was performed for 

the headoffices in 1994 and did include about 60 % of the company's buildings 

area in Switzerland. 

The 'Ökobilanz' consists of two parts, the 'Kernbilanz' and the 'Komplemen-
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tärbilanz'. Not all the impacts are compiled. The company had problems gather

ing the necessary data for the 'Ökobilanz'. For instance some data did not exist, 

some data were derived from at random samples or were estimated by calculation. 

The 'Buwal' data base (21) was also used. 

Of the UBP (Umweltbelastungspunkte, Environmental Load Units) in the 

'Kernbilanz' 79 % is due to the electricity used. The results are used to compare 

the environmental impacts between the several offices and with the results of 

other banks using the UBP. The results are also used for communication with the 

several stakeholders (co - workers, suppliers, business partners). The purchasing 

department did not play a role in the development of the 'Ökobilanz' and the 

results are not used for buying. The 'Ökobilanz' does not contain data regarding 

the toxics. The company uses other procedures to reduce the use of toxic pro

ducts, because that is deemed more appropriate. 

Company 7, Hoechst Group, workforce 150.000. 

The company is an international network of companies out of the pharmaceuti

cal, agricultural and chemical sectors operating in over 120 countries. The infor

mation used here was collected by written material and an interview at the R & D 

and Production at the headquarters.The company together with 13 other partners 

(major surfactants manufacturers, intermediate suppliers and surfactant users) 

participated in a project ' The European Life- Cycle Inventory for Detergent 

Surfactants Production' (22). The study is an so-called partial LCI (cradle to fac

tory gate study). The study also refers to the lack of an agreed Impact Assessment 

(19), for this reason an Impact Assessment is not carried out. 

The study (22) focused on surfactants produced for the European market. The 

data for the study were obtained from a broad range of sources, including more 

than 10 unpublished company specific data bases, data from research organisa

tions as well as published data. The study followed as much as possible 'The prin

ciples of the Society of Environmental Toxicology and Chemistry '(SETAC) (23). 

After the mentioned study the company performed a second surfactant study with 

the same partners and the same technique. The main purpose of the LCI study 

was to facilitate objectively surfactant assessment on environmental grounds. 

However the results were said to show, given the complexity of the analysis, that 

compiled LCI data should be used mainly to identify opportunities for improve-
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ment within each individual surfactant system rather than to attempt direct com

parisons between them. There were problems, mainly in the beginning, in gathe

ring valid and correct data. The purchasing department did not play a role in the 

development of the LCI's and the results are not used for buying. Internally the 

company uses a similar but less extensive technique, the 'Material Flow Analyses'. 

The Material Flow Analysis is used for decision making in product development. 

This technique is used frequendy. The company reduces environmental impacts 

mainly on the basis of the 'Material Flow Analysis', audits and a technique called 

'Product Risk Evaluation Process'. In the LCI the toxics are not specified. It is sta

ted a toxicity profile is made for all products. The profile includes a. o. the aqua-

toxicity, biodegradability and human toxicity. 
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table 3 

Summary of the results, about the use of life cycle methods in 7 major compa-

C o m p a n y 

(Life 
Cycle) 
techni
que used 

techni
que fre
quently 
used 

pro
blems 
gather
ing valid 
data 

results used for purcha
sing dep. 
involved 
in deve
lopment 
life cycle 
method 

result 
s used 
for 
buyin 
g 

Novo 
Nordisk 

LCI yes ""customers 
""evaluation environ
mental performance of 
the application 

involved not 

Volvo EPS yes product development not not 

The 
Body 
Shop 

own 
questionai-
re 

+ ? ""purchasing and pro
duct development 
department 

*rating suppliers 

? used 

Procter 
& 

Gamble 

LCI +/- yes ""comparing the pro
ducts 

""purchasing and pro
duct specification 

"•substantiate discus
sions 

"'data base 

not used 

DSM 
N.V. 

LCI 'cradle 
to factory 
gate' 

+/- produces 
data 

*data base 
""providing data for 
customers 

not not 

Credit 
Suisse 

Okobilanz yes *compare the environ 
mental impacts 

""communication 

not not 

Hoechst 
Group 

LCI 
'cradle 
to facto
ry gate' 

yes mainly 
in the 
beginning 

*data base 
""identify opportuni
ties for improvement 

not not 

+ - frequently 
+ / - = unfrequendy but more than once or twice 

= once or twice 
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Discussion and conclusions 

The results of this study show (table 3,4) that companies are using a variety of life 

cycle methods. Interestingly, none of the companies mentioned responded to 

regulation as a reason for life cycle studies. This is at variance with the findings of 

Berkhout (24) who states that regulation is the main driver of environmental ini

tiatives in industry, and has also played an important role in encouraging firms to 

adopt life cycle approaches. In 4 cases, reasons mentioned in this study for deve

lopment of the life cycle studies were coming from outside the company (com

pany 1 started caused by questions of customers and 3 companies developed for 

a data base with other participants). Most (six) companies applied the life cycle 

methods in a very limited segment of their products. The use of life cycle 

methods is mostly unfrequent. Most of the participating companies state they use 

other techniques than life cycle methodology for the reduction of the environ

mental impacts of the company. The full LCA (3,14,15,16) was used by none of 

the companies. Disagreement about impact assessment (19) was mentioned twice 

as a reason for not using the full LCA. One of the companies developed its own 

method. The life cycle methods used differ a lot also in complexity. 

This study does not show that companies are internalising life cycle methodo

logy, it may show that most of the companies studied are starting. The sample stu

died is too small to draw conclusions for industry in general. However this finding 

is in line with the findings of Berkhout (24) about the adoption of life cycle 

approaches by European industry. 

Five companies reported having problems gathering valid data due to suppliers 

not having the required data, the data are confidential or the provided data are not 

valid and / or correct. As LCAs are very data intensive this can lead to uncertain-

cy in the results of performed life cycle methods. This is in agreement with the 

findings of Neitzel (25) and Krozer and Vis (5). The results from the life cycle 

methods are used for a variety of applications both internal and external (table 3). 

Bauman (7) and Grotz (8) also showed varying applications but the prevailing 

objective of the LCAs was product and process optimisation and information 

purposes. Three companies in our sample are using the results for a data base. The 

data compiled in data bases are often presented in the form of industry averages 

in order to preserve the confidentiality of such imputs (22). The use of such data 
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however does not reflect between company differences. Two companies mentio

ned these problems. One company states that these compiled data should be used 

mainly to identify opportunities within each individual product system and not for 

between product comparison. In five cases life cycle methods are used for activi

ties which can lead to environmental impact reduction by process and product 

optimalisation. This is in agreement with the findings of Bauman (7) and Grotz 

(8). Two companies used the results for purchasing and in one case the purcha

sing department was involved in the development. This restricted involvement of 

the purchasing department limits the potential environmental impact of life cycle 

studies because this department actually buys materials and products, the purcha

sing department is in a strategic position to reduce the impact of bought products 

and materials (9). None of the companies used life cycle methods for toxics 

reduction, or intends to use them for this purpose (table 4). Two companies did 

not include toxics at all in their life cycle studies. In the other studies the attention 

to toxics was insufficient to prevent potential impact shifts to the work environ

ment. Two companies used 'Risk Assessment' for the dealing with the toxics and 

one company a black list. Apparently the existing life cycle methods are not felt to 

be the right methods for toxics reduction. 
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table 4 

Results, about toxics and life cycle method in 7 major compa-

Company 

toxics reduction 
a target? 

Toxics integrated 
in the life cycle 
method used 

Toxics reduction 
induced by the life 
cycle method used 

Novo + +/- -

Volvo + +/- -

The Body + +/- -

Procter & 
Gamble 

+ 
+/- -

DSM N.V. +/- -

Credit + - -

Hoechst + - ~ 

+ — no 
+ / - = little 

= yes 
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Abstract 

Environmental management can be directed at the various aspects of environ

mental performance. One of these aspects is the reduction of toxics. To address 

the problems caused by toxic chemical pollution especially in the USA toxics 

reduction programs have been developed focussing on pollution prevention and 

toxics use reduction. Pollution prevention aims at reducing the amount of any 

hazardous substance, pollutant or contaminant entering any waste stream or 

otherwise released into the environment (prior to recycling, treatment or dispo

sal). Toxic Use Reduction (TUR) reduces, avoids or eliminates the use of toxic or 

hazardous substances. Both techniques may also reduce the risks to the health of 

workers and consumers. Pollution prevention may include TUR. 

The aim of this survey is to find out why and how companies are reducing the 

toxics (releases and use). To address these issues investigations were carried out 

using structured interviews in ten large internationally operating companies from 

a wide range of industries that were known to have performed toxics reduction. 

The interview comprised also questions about the involvement of the purchasing 

department. 

All but one of the studied companies mentioned compliance as one of the 

reasons for toxics reduction, product (safety) was mentioned by 4 companies and 

the working environment was mentioned twice. 

Six of the studied companies have substantial programs for toxics reduction. 

Most of the programs are directed to toxic release reduction but three programs 

also to toxic use reduction. As to toxics reduction measures most companies men

tioned more measures than process related ones. For toxics release and use reduc

tion the measures taken were very different in complexity, varying from a black list 

to the execution of a complex program. Most companies are far from using the 

whole potential for activities relevant to toxics reduction within the company, 

which should consist of a comprehensive policy with clear targets, a comprehen

sive program for toxics reduction (including TUR) and a monitoring system 

extending to the corporate level. Only one company was found that met these 

requirements. Three companies specified requirements about toxics to their sup

pliers. Companies can do more in this field using requirements for excluding or 

limiting toxics in supplies. 
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Introduction 

Environmental management can be directed to the various aspects of environ

mental performance (1). One of these aspects is the reduction of toxics, substan

ces that may cause harm to people and other organisms by interference with vital 

processes. 

By the 1970s it became clear in the USA and Europe that the regulatory 

mechanisms for dealing with toxics emissions (water, air) and waste were inade

quate. Concerning chemical production the regulatory activities were exclusively 

focused on the end point of the cycle, which caused a virtually unrestricted flow 

of chemicals onto the market. In practice thus the efforts to reduce the toxic pol

lution were mainly focused on pollution control (end of pipe measures) to limit 

present and future environmental contamination (2). An American survey (3) exe

cuted in the early 1970s in 516 large companies showed that somewhat over 85 % 

of the companies said they operated a pollution control program (air, water). The 

same survey showed that the pollution control programs were heavily related to 

production (77 %), but included also materials selection and to a lesser degree 

product design, choice of suppliers, and product use and disposability. The pollu

tion control programs up to the 1970s were hardly effective for toxics reduction 

and the reduction of toxics dispersed into the environment by transportation and 

commercial products (4). The regulatory response to the shortcomings in toxics 

reduction emerged in new legislation a.o. the Toxics Substances Control Act 

(TSCA 1976). 

Pollution prevention 
In 1990 the USA introduced the Pollution Prevention Act in which pollution pre

vention is defined as a 'source reduction'. Pollution prevention aims at reducing 

the amount of any hazardous substance, pollutant or contaminant entering any 

waste stream or otherwise released into the environment (prior to recycling, tre

atment or disposal). Recycling outside the production site and treatment were spe-

cificially excluded from the definition of pollution prevention. Furthermore over 

150 countries participated in Agenda 21' (5) which addresses prevention of pol

lution at the source. 

Toxic Use Reduction reduces, avoids or eliminates the use of toxic or hazar-
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dous substances. Pollution prevention may include Toxic Use Reduction. In the 

early 1990s pollution prevention programs such as the voluntary EPA 

(Environmental Protection Agency, USA) 33/50 program were started. The 

33/50 program aimed at the reduction of the release of 17 high use toxic chemi

cals: 33 % reduction in 1992 and 50 % reduction in 1995. The 17 chemicals 

accounted for 22 % of the release reported to TRI (Toxic Release Inventory). The 

TRI monitors the releases of manufacturing facilities with 10 or more employees 

that meets certain thresholds for processing one or more of the 329 identified 

toxic chemicals. Fifteen percent of the companies invited to participate in the 

33/50 EPA program did participate. The reduction in releases was predominant

ly reached by end-of-pipe treatment and on-site recycling (2). 

The prevention programs and regulations in the USA however ignored occu

pational problems and have not dealt directly with product-based problems cau

sed by toxic chemicals. 

Toxics and the work environment 
Toxics handled by industry not only have an impact on the open environment but 

also on the work environment (6,7,8). In many countries policies as to environ

mental problems are separated from policies concerning the work environment. 

In the USA for example the Occupational Safety and Health Administration 

(OSHA) has until now given little attention to pollution prevention issues (4). The 

OSHA however has developed a generic hazard communication standard to pro

vide information on the hazards of the chemicals to the workers. The same holds 

for the European Union. Unfortunately the information provided in the form of 

Material Safety Data Sheets (MSDS) is often incomplete and incorrect (9). 

Toxics and consumer products 
Toxics may be present in products. Data of the State of New Yersey (1990) indi

cate that 55 to 99 % of industrial inputs of five toxic heavy metals (mercury, lead 

cadmium, chromium, and nickel) was converted into products. Toxic constituents 

in consumer products may cause problems among users, consumers and on dis

posal (10). Potential toxic hazards may also be caused by products used by indus

try. Product reformulation and substitution of toxic constituens can help to 

address these problems (11). 
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Toxics use reduction programs may be useful in this respect. 

Toxics use and release reduction 

The reduction of toxic use or releases can be achieved externally by legal and 

regulatory requirements. Morrison (12) showed as to 'the factors reflected in envi

ronmental policy making' (of US companies) that the necessity to stay within the 

limits of the law was more then twice (69%) as important as a social responsibili

ty (32%), with liability pressures (21%) coming third. Morrison also showed 'the 

key issues' of company concern. According to this study toxic air pollution, toxic 

waste disposal and worker health and safety head the list of the (35) issues. 

Morrison's (12) list concerning 'the primary elements of corporations environ

mental strategies' is headed by installation of and improving new pollution con

trol devices and complying with environmental regulations. Internal factors are 

also important in the reduction of toxics. The findings of a study (13) as to the 

effect of employee participation on source reduction (based on the 1991 - 1992 

TRI database) showed three formal employee participation practices: internal pol

lution prevention opportunity audits, participative team management and formal 

employee recommendation procedures. A combination of these practices tripled 

the reduction in emissions (reduction of toxic waste at the source) compared to 

manufacturers using none of these practices. 

The reduction of toxic use or releases can be achieved internally by changing 

the production process, the products, re-use and (in process) recycling, end of 

pipe measures, applying input substitution and / or set requirements for the pur

chased products and raw materials (8,14,15). Ideally activities of companies aimed 

at toxics reduction should be comprehensive in addressing all these possibilities. 

They should be based on a policy with clear targets. Monitoring extended to the 

corporate level should be a part of the activities. 

The aim of this survey is to find out why and how companies are reducing the 

toxics (releases and use). As the use of toxics may cause problems to both the 

open and the work environment we studied if the environmental department is 

integrated with the department of risk, safety and health. To answer how and why 

companies are reducing toxics (release and use) we studied the toxics reduction 

policy of the company, the reasons for toxics reduction, the implementation in the 

organisation and the results. 
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The interview comprised also questions about the involvement of the purchasing 

department. Because the purchasing department actually buys materials and pro

ducts the purchasing department is in a strategic position to reduce the use of 

toxics by selecting less hazardous substances on a case by case basis and to set 

toxics related requirements for products and raw materials (15). To address these 

issues investigations were carried out using structured interviews in ten large inter

nationally operating companies from a wide range of industries that were known 

to have performed toxics reduction. 

Method 

The study was carried out with structured interviews, from 1996 until March 

1998. We selected ten large international companies (table 1). To select the com

panies we used the most recent corporate environmental reports. Criteria were: 

large international company, a well developed environmental management system 

and described toxic reduction results. The second criterion was to ensure that 

there was sufficient environmental expertise in the company. After the selection 

of the company a member of the management or the director of the environ

mental department was informed about the research project by phone. Afterwards 

the questions of the interview were faxed and the company was asked to select 

one or more experts on the subject. All approached companies co-operated. 

In most of the time employees or managers (eight) working at the corporate 

environmental department were interviewed. One interview was executed with 

the purchasing manager and the manager regulatory affairs, another interview 

separate with the environmental manager and a senior consultant Product Design 

& Engineering. When present, written material was collected (company environ

mental report, purchasing procedures, LCAs procedures, supplier requirements). 

The interviews were executed at the company or by phone and took about one to 

two hours. In all cases more information was obtained by a second interview at 

the company or by phone. When needed the questions were asked in several ways 

to probe the subject of the question to the bottom and to be sure the answers 

were reliable. The interviews were recorded, transcribed into a written text and 

sent back for comment. The text of the interviews were sent back to be sure there 
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was no misunderstanding. The interview texts were finalised on the basis of these 

comments. Most comments were very minor. The interview was structured into 

three parts with open questions (table 2). The first part was intended to obtain 

insight into the environmental organisation and integration with department of 

risk, safety and health. The second part focused on the toxics reduction. The third 

part was to learn more about the purchasing department and toxics reduction. 

table 1 

participating companies 

1. 
2. 

Cytec 
Merck & Co Inc. 

3. Volvo 
4. 
5. 

The Body Shop 
ICI 

6. Dow 
7. IBM 
8. Polaroid 
9. Océ 
10. Bristol-Myers Squibb 

table 2 

Interview 

environmental organisation 
1 How is the environmental organisation set up; is the environmental depart

ment integrated with the department for risk, safety and health. 

toxic reduction 
2 Does the company has a policy to reduce the toxics, if so how and why. 

3 Has toxic reduction a place in the management system, if so how. 

4 Is there a reduction in the number and amount of toxics or toxics emis

sions, if so how did you reach it. 
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purchasing department 

5 How is the purchasing department organised, what is bought and for 

which sites. 

6 Is the purchasing department involved in the reduction of the toxics or 

toxics emissions, if so how 

Do suppliers have to comply with environmental and/ or quality require

ments regarding the toxics. 

7 

Results 

The results from the interviews are given below. A summary is to be found in table 
3. 

Company 1 (Cytec, workforce 5000) 
The company is part of the chemical industry and has 35 sites, most of the sites 

are located in the U.S.A. The information used was collected out of written mate

rial and from 2 interviews. Interviewed were the purchasing manager and the 

manager regulatory affairs at the site located in the Netherlands. This site is follo

wing the environmental policy dictated by headquarters in the U.S.A. The envi

ronmental-, risk-, health and safety activities are integrated in one department. 

Most of the products of the company are hazardous materials. Due to this reduc

tion of the toxics use is not a goal for the company, compliance is the reason given 

for reducing the toxics emissions. The purchasing department of the site in the 

Netherlands buys most of the raw materials for the European sites, sometimes 

also for the American sites. The company is working on a supplier partnership. 

The number of suppliers is reduced according to the rule: one supplier for one 

raw material. The criteria used to reduce the number of suppliers are mainly based 

on quality and liability reasons. There are no criteria for the environmental per

formance of the suppliers, but there are environmental related criteria for the 

materials delivered by suppliers. These derive from requirements of customers as 

to the amount of heavy metals and halogenated hydrocarbons in the product. The 

requirements of customers resulted in demands for reduction of the heavy metals 
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and halogenated hydrocarbons in the raw materials supplied. Setting quality requi

rements for raw materials resulted in a substantial reduction of the hazardous 

waste generated by the company. 

Company 2 (Merck & Co Inc., workforce 48000) 

The company is a pharmaceutical manufacturer and has about 50 sites. Sixty per

cent of the employees are working in the United States. The information used is 

derived from written material and an interview with the vice- president of the cor

porate environmental department located in the United States. The corporate 

environmental department is integrated with the safety, risk and health corporate 

department. The company works with product stewardship, informing the pro

duct users about responsible use. The policy of the company is to reduce the rele

ase of toxics not the use of toxics. Air emissions of carcinogens have been redu

ced by more then 90 % worldwide since 1987, the releases and transfers of SARA 

toxics (chemicals listed under section 313 of the Superfund Amendment and 

Reauthorisation) were reduced by 90 % at the end of 1995. The reason for the 

toxic release reduction was compliance with requirements relevant to the Toxics 

Release Inventory (TRI); the company was also a participant of the EPA 33/50. 

To reduce the release of toxic chemicals methods such as new processes, recovery, 

substitution and 'end of pipe control' are used. The company did not measure 

whether the use of toxics is reduced. 

The purchasing department is centrally organised and is buying (as much as 

possible), for quakty and reliability reasons for aU sites in the world. The compa

ny has no environmental requirements for raw materials. For quality reasons there 

are some requirements for toxic contaminants in raw materials, such as the 

amount of methanol in ethanol. The company does not use environmental requi

rements for suppliers, though a possibility to be considered for the future is the 

use of iso 14000 as a criterion. 

Company 3 (Volvo, workforce 72000) 

The company is part of the automotive industry and has production facilities in 

23 countries. The information used was collected from written material and inter

views of the environmental manager at the headquarters and a senior consultant 

from the Product Design & Engineering site of Netherlands Car B.V.. The 
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department for health and safety is not integrated with the environmental depart

ment. The environmental organisation consists of line functions, networks, wor

king groups and project groups. 

The company has a policy for toxics reduction using a grey and black list. The 

substances on the black list are to be excluded, the substances on the grey list have 

to be limited. The black list contains 10 groups of substances. The company sta

tes that the last types of cars are produced without the toxics on the black list. The 

company also states that the reduction of the number of toxics was also helped 

by using a data base. This data base, containing a register for the chemicals used 

is available worldwide. The reason for the toxics reduction is legislation and pro

ducer liability. The company is liable for the recycling of the post consumer-pro

ducts (in 2002 up to 85 %). The company states recycling is easier without the 

toxics. The company has the strategy to buy as much as possible centrally, but the 

distance between the supplier and the production site is important in view of the 

just in time delivery. The company set environmental requirements for suppliers 

and contractors. The suppliers have to sign for the materials on the black and grey 

lists. The strategically important suppliers have to fulfill the requirements accor

ding to environmental systems as ISO 14001, EMAS or BS 7750 or have a time 

plan for fulfilment. The suppliers must be able to report on their environmental 

work, organisation, results and compliance. The environmental requirements and 

the requirements to deliver materials and/or products without the listed toxics can 

influence the environmental performance of the supplier and can lead to toxics 

reduction. The site in the Netherlands handles the requirements for suppliers in 

such a way that it makes suppliers aware of their environmental performance. 

Company 4 (The Body Shop, workforce 13000) 

The company is centrally organized and has production sites and shops in 45 

countries. The information used is derived from written material and an interview 

with a member of the environmental department at the headquarters. The com

pany has a corporate department, 'Ethical Audit Department', with environmen

tal and other specalists. A 'Global Supply Division' with environmental and health 

and safety specialists and a 'Retail Division' with an environmental adviser. There 

are also part-time volunteer environmental advisers spread throughout the orga

nisation. The company operates quality, health and safety and environmental 
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management systems. The various management systems operate independently, 

though integrated ethical audits are conducted. The company has a policy to min

imize the risks of new products by screening new products for potential toxic 

impacts on the aquatic environment. Many of the raw materials have been tested 

also for potential toxic impacts on the aquatic environment. The results of the 

tests are used to set up a database, the information is used for developing new 

products. 

The divisions / sites have their own purchasing departments but consistency 

in the various systems is maintained via the Strategic Purchasing area. The com

pany developed an environmental rating scheme for suppliers. Toxics are not 

included in the rating scheme. 

Company 5 (ICI, workforce 64000) 

The company belongs to the chemical industry and has 200 sites in more than 30 

countries. The information used is derived from written material and an interview 

with a senior process engineer of the environment group at the site in the 

Netherlands. The company is working with an environmental management system 

integrated with a health and safety system. The headquarters have a Safety, Health 

and Environmental (SHE) department. The sites have their own SHE depart

ments. Audits are performed by members of the SHE group from another site. 

The company developed and introduced the Environmental Burden (EB) system 

(16,17) to assess the potential harm to the environment from chemical emissions, 

to improve the environmental management and reporting and to identify the most 

harmful wastes and reduce these first. Toxics are integrated in the EB system. At 

every site the emissions in water and air are measured. The air emissions measured 

are classified in five impact categories: acidity, hazardous air emissions, global war

ming, ozone depletion and photochemical ozone (smog) creation. The emissions 

in water are classified in three impact categories: acidity, aquatic oxygen demand 

and ecotoxicity to aquatic life. Some substances can be assigned to more than one 

impact category. The quantities measured in tons are multiplied by the so called 

potency factors for the specific substance. This will give the Environmental 

Burden of an individual substance. The EB of each environmental impact cate

gory can be calculated. The Environmental Burdens of the different impact cate

gories are not aggregated because it is felt to be incorrect to add together the EB's 
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to find a total Environmental Burden until there is a method to aggregate the dif

ferent environmental impacts. The company set the target to halve four of the 

environmental burdens of the operations worldwide in 2000, acidity in air and 

water, aquatic oxygen demand, ecotoxicity and potentially hazardous emissions 

(carcinogens) in air. The reduction targets are independent of the production 

quantities. The hazardous emissions to air are currently limited to those air emis

sions considered to have carcinogenic potential. The company states this is the 

beginning, the reduction of hazardous impacts has to be extended beyond the car-

cinogenics. 

All the targeted impact categories have been reduced compared to 1995. In 

most of the cases the reduction was carried out by adaptations of production pro

cesses and in some cases by substitution. The company measures the impacts of 

the sites, not the impacts of a process. The company states: future developments 

in quantifying impacts should extend to the product supply chain 'upstream' and 

'downstream'. The company also states that the targets of the EB system deter

mine the environmental strategy and emissions reduction programme, the envi

ronmental performance improvement is achieved by the SHE management sys

tems and audits. The reason for the toxics emission reduction is compliance. 

The purchasing departments are organised decentrally. All businesses buy for 

their own processes. The company produces more products out of one produc

tion chain. One of the quality requirements for the products supplied is a maxi

mum yield in the next production step, this requirement can lead to a reduction in 

emissions and/or waste. There are no environmental requirements for outside 

suppliers. 

Company 6 (Dow, workforce 39.500) 

The company is a chemical company, organised in 15 business units and has 94 

manufacturing sites in 30 countries all over the world. The information used is 

derived from written material and an interview with the vice president for envi

ronment, health and safety of the European part of the company and the head of 

the environmental department in the Netherlands. 

The company has a corporate environmental policy. An environmental advis

ory council with experts from outside the company serves as adviser for the 

management on key environmental, health and safety issues (EH&S). Through 
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community advisory panels the company communicates with local citizens. An 

EH&S committee of the Board developes the policy and steers the continuous 

improvement of the EH&S performance. The company is working with a 

'responsible care' program. One of the goals for 2005 is to incorporate principles 

of sustainable development and eco- efficiency into business strategies. 

The company is working on an emission reduction program of chemicals in 

order to reduce the emissions to air and water, with an emphasis on substances 

such as human carcinogens, chemicals that are persistent, toxic and bioaccumula-

tive (PTBs), selected ozone depletors and high volume toxic compounds. The 

company selected 29 compounds (a number of the selected chemicals are the 17 

EPA 33/50 chemicals) and wants to reduce the emissions (to water and air) of 

these chemicals by 75 % in 2005. The company wants to reduce the emissions 

beyond current legislation anticipating a tighter legislation in the future. The com

pany states the use of these PTB chemicals is reduced. Globally the emissions of 

the 17 EPA 33/50 compounds are reduced by 65 % compared to 1988. Also the 

VOC emissions are reduced since 1988 by about 50 %. The same applies for the 

US. SARA 313 (TRI) compounds. Overall chemicals emissions have to be redu

ced in 2005 by 50 % and waste (including hazardous waste to landfill) indexed on 

production by 50 %. For the emission reductions of toxics process modification 

is used as well as elimination of and substitution for toxics. 

The company works in Europe with a priority list including 58 chemicals. This 

European list includes chemicals considered (by the goverments) as priority for 

voluntary reduction programs. The European part of the company reduced the 

emissions of these 58 chemicals to air and water by 50 %. The total amount of 

hazardous waste (not indexed on the increased production) in Europe increased 

but also the waste sent for external processing increased. 

In the Netherlands the company calculated the impact of the emissions in 

categories using the eco- indicator (18). For the human toxicology only the impact 

of the carcinogenic chemicals is calculated. The goal is to reduce the total impact 

of the emissions as measured by the eco-indicator with 17 % in 2000. 

The company has a corporate purchasing department, which is buying the 

major items globally. The questionaire for the responsible care programme is used 

when the company buys from outside companies. The questionaire also compri

ses environmental questions. Questions about toxics are not present. 
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Company 7 (IBM, workforce 225.300) 

The company is part of the electronic industry and has business units in Asia, 

Europe, Middle East, Africa, Latin America and North America. The information 

used is derived from written material and an interview with a program manager of 

the corporate environmental affairs department at the headquarters. 

The corporate environmental affairs department is responsible for the compa

ny's worldwide environmental strategy and provides advice and counsel in process 

and product safety, energy and environmental programs. The management of a 

site is responsible for the environmental performance of the site. The Environ

mental Master Plan is the major planning and reporting document. It concentra

tes on performance in such areas as chemical emissions and use, waste and recy

cling of all the manufacturing, development and research sites. The corporate 

health and safety department is no longer integrated with the environmental 

department, but the departments are working very closely together. 

The company has a strategy to reduce the generation of hazardous waste. The 

hazardous waste generation is indexed to the production. In 1996 hazardous waste 

generation declined by 9,7 %. The 1995 hazardous waste generation was 24 per

cent lower compared to 1994. The percent of hazardous waste recycled remained 

constant in 1996 at 78 %. For hazardous waste the company follows the U.S. 

definition for the production units in the U.S.. In the European countries the 

European hazardous waste definition is followed, and so on. Hazardous materials 

used in large quantities but not subject to legal requirements are also considered 

for reduction. 

The company has environmental impact assessment (EIA) programs for pro

ducts and processes. The main issues for the process EIA are the work and safe

ty issues and the impact on the environment. On the basis of the product EIA a 

product profile is made. This considers the energy used, undesirable chemicals 

(PBB's), the materials used and the possibilities of recycling etc.. An EIA is per

formed for every product. The company wants to ease the dismantling of pro

ducts and to increase the ability to recycle. The company has 19 reutilization and 

materials recovery centers around the world. 

The company has eliminated the use of ethylene glycolether in all processes to 

improve the working environment and eliminated cadmium, mercury and lead 

from packaging materials. Compliance was one of the reasons for toxics reduc-
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tion. In 1996 there was a 14,4 % reduction in released chemicals (14,8 % outside 

the U.S.) compared to the year before, defined by the U.S. Sara section 313. The 

releases of the EPA 33/50 chemicals have been reduced by 90,7 % in 1996 com

pared to 1988. 

The purchasing is centrally organised, worldwide. The units make the specifi

cation for the materials required. Beyond the reduction of costs, the company has 

in this way more influence on the suppliers. There are only a few procedures in 

the purchase contracts to preclude toxics, one is to preclude parts processed with 

CFCs. The company states that the company routinely works with its vendors and 

suppliers on a wide range of environmental improvement opportunities. 

Company 8 (Polaroid, workforce 12000) 

The company manufactures primarily in instant imaging recording fields and has 

its headquarters in the U.S.A. The company is organised in business units. There 

are 24 operating units in the U.S.A., the Netherlands, Mexico and Scodand. The 

company is a major participant in manufacturing joint ventures in China and 

Russia. The information used is derived from written material and an interview 

with an employee of the corporate Health, Safety and Environmental affairs. 

Forty-five environmental professionals are working in the companies facilities 

worldwide. The corporate office of Health, Safety and Environmental (HSE) 

Affairs includes a small staff of experts which provides support to H S E personel. 

The environmental policy is a corporate policy with some differences between the 

countries and the states related to differences in law. All directors with operative 

responsibility sit on the Environmental Operating Committee. The company fol

lows the Ceres (Coalition for Environmentally Responsable Economics) princip

les. 

The company has a policy to reduce the overall use of chemicals and chemical 

waste. The program TUWR (toxic use and waste reduction) reduces the toxic use 

and the sources of waste per unit production. The program was started as a result 

of current legislation and legislation expected in the future. The environmental, 

accounting and reporting system (EARS) measures the divisions performances. 

EARS monitors and reports rates of toxic use and waste for 5 categories of mate

rials. The categories are classified by the companies toxicologist. The system cate

gorizes approximately 2000 chemicals both regulated and not regulated by law. 
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The strategy for the most toxic chemicals and wastes (category 1 and 2) is reduc

tion of the use; for category 3 and 4, chemicals waste source reduction and recy

cling on /o f f site with reuse; for category 5, waste source reduction, recycling 

on /o f f site with reuse, vendor recycling and (beneficial) incineration. The com

pany wants to improve in all 5 categories. If a chemical in category 2 has been 

substituted for instance by a chemical in category 4, the recycling and reuse in the 

category 4 has to be improved otherwise this category will be scoring worse after 

the substitution. The TUWR chemicals include the 17 chemicals targeted by EPA 

33/50 so that substitution of another chemical, including equally toxic or more 

toxic cannot be counted as a reduction. The company follows quantitively the che

micals used from purchase through finished product. Usage and byproducts are 

reported at all levels, from individual process and product through site, divisional 

and corporate totals. The company wants to change the toxics reduction program. 

The program with 5 categories is in practice difficult to execute and does not cor

respond to the American governmental releases reduction programs. The compa

ny starts with a program aimed at use reduction of the most toxic materials with 

5 % per year, a releases reduction program and reduction of the off-site transfers. 

The 5 % reduction program of the most toxic chemicals is a worldwide program. 

The results of the program are published in order to compare the scoring of the 

production sites. 

F rom 1988 until 1993 the overall toxic use and waste per unit of production 

was reduced by 23 %. The use and waste reduction of the most toxic chemicals 

was higher. In 1994 there was an increase in chemical use and waste per unit of 

production. In 1995 compared to 1994 the toxic use and waste was reduced by 6 

%. Since 1987 the company has reduced the releases of chemicals covered by the 

Superfund Amendment and Reauthorization Act (SARA) by approximately 3,3 

million pounds (TRI, Toxic Release Inventory). For the EPA 33/50 chemicals a 

66 % reduction was reached in air emissions (1995). There was a 99,9 % reduc

tion in emissions to sewer and a 33 % reduction in off- site disposal. The compa

ny has an on line MSDS (Material Safety Data Sheet) data base containing more 

than 2000 chemicals. The company has a central purchasing department which 

buys the chemicals for the U.S. operating units and organises the hazardous waste 

disposal. The company has no procedures for precluding the purchase of toxic 

materials apart from benzene and mercury. All new chemicals are reviewed by a 
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toxicologist. The company has some problems with obtaining the right informa
tion from its suppliers. 

Company 9 (Océ, workforce 17.000) 

The company is active in the graphic technology and has business units in more 

then 30 countries. The information used is derived from written material and an 

interview with the manager of the safety and environmental department at the 

headquarters in the Netherlands. The company has no integrated corporate 

health, safety and environmental department but at the headquarters is a depart

ment for product safety and environment, and a department for the workplace 

safety and environment. The company has a corporate policy for health, safety 

and the environment. When developing a new product early in the project the raw 

materials are checked against a black list. The black list comprises the materials to 

be excluded by law (asbestos, cadmium, PCB's, ozone depleting materials etc.) as 

well as materials the company wants to be excluded (materials likely to be exclu

ded by law in the near future) .The possibilities for dealing with the products in the 

post consumer stage (reuse and recycling) are considered. The companies strate

gy is to design the products in such a way that the materials and parts can be reus

ed and recycled. Hazardous materials are avoided if possible (the energy use has 

to be as low as possible). The company has it's own recycling facility. The mate

rials used during the development of the product in the R&D department are 

checked too. For example carcinogens are allowed only in R & D under control

led conditions. Glycolethers once used in the production proces have been sub

stituted by alcohol and aceton. The reasons stated for toxics reduction are com

pliance, consumer safety and safety of the working environment. The company 

has no corporate data about toxics emission reduction or toxics use reduction. In 

the Netherlands the emissions of toxics to the air and water are reduced due to 

new processes and the use of end of pipe technology, the hazardous waste incre

ased mainly due to (one fraction) waste returned by customers. The companies 

strategy for the maximum concentration of the toxics in the working environment 

is 20 % of the MAC (Maximum allowable concentration). 

The business units in the different countries have their own central purchasing 

department. Only articles with an article number can be bought directly. For other 

articles a procedure has to be started. Suppliers have also to provide product-
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information about the compounds they supply. The materials on the black list are 

to be excluded. Suppliers have to sign for the product information provided. The 

reason for the supplier strategy is the product and post consumer product respon

sibility of the producer. For new products this product strategy is standard. 

Company 10 (Bristol-Myers Squibb, workforce 51.000) 

The company is a health and personal care company and operates worldwide in 

32 countries on six continents. The company is organised in 4 business areas and 

has about 75 locations. The information used is derived from written material and 

an interview with an employee of the corporate Environmental, Occupational 

Health and Safety (EHS) department. 

The corporate EHS department developes the corporate policy. The 

Corporate Issues Committee makes the major corporate decisions, several mem

bers of the committee sit on the Board of Directors. Each division within the 

company is represented on the Corporate EHS Steering group, this group helps 

to make the EHS policy. The company employs worldwide 150 people who spend 

at least half of their time on EHS management. 

The EHS policy was started as a result of legislation. Due to considerations of 

costs the company wants to go further then complying with legislation. One of 

the companies long term goals is zero pollution. The company states generating 

less waste will reduce the costs, because wastes represent losses of raw materials. 

Another goal is to complete Product Life Cycle (PLC) reviews of the major pro

duct lines and incorporate PLC criteria into new product development processes. 

The product lines are evaluated a.o. for waste reduction, higher efficiency and 

alternatives for toxics. The pharmaceutical business group is the major user of 

chemicals in the company (90 %). The long term goals of the pharmaceutical 

business group for toxics are a 90 % reduction in global toxic solvent releases and 

the elimination of known human carcinogens in manufacturing when feasible. 

Another goal is monitoring the environmental releases and employee exposures. 

The pharmaceutical business group is reducing chemical releases by modifying the 

processes and elimination and substitution of chemicals in product lines. The 

business group states that government requirements for pharmaceutical manu

facturing have the unintended consequence of limiting EHS improvement. The 

releases of 10 high priority chemicals have decreased by 48 % since 1988. 
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Expected is a decrease of 94 % in 2000. The releases in the USA defined under 

SARA Section 313 decreased 70 % from 1988 to 1995. The reduction of the USA 

EPA 33/50 chemicals decreased 60 % in 1995 compared to 1988. A new process 

was started for penicillin that eliminates the use of a toxic solvent. The company 

states the medical devices business group succeeded in minimizing the use of 

toxics. Most divisions of this group have eliminated methyl chloroform and ethy-

lene-oxide in processes. 

The companies U.S. hazardous waste (goal is to collect hazardous waste data 

worldwide) increased in 1996 compared to the prior year. This increase is attribu

ted partly to the shutdown of some research facilities, distribution centers and 

rising production at one facility. 

The company has a group for 'shared services', they deal with purchasing of 

raw materials and chemicals. Care is taken that EHS impacts are considered when 

purchasing raw materials and equipment. In order to do so suppliers have to give 

information about the compounds in the raw materials. The company wants to 

reduce the toxicity of the raw materials. The company states in that way the nega

tive impact of consumer use of the product is decreased. 
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table 3 
Summary of the results, about the toxics reduction in 10 major com-

Company 

env. 
dep. 
integ 
r. 
H&S 

reason for 
toxics 
reduction 

method 
used for 
toxics 

comp 
rehe 
n 
sive 

toxics 
reduc
tion 
tar-

rel. 

toxics 
reduc
tion 

rel. 

toxic 
s 
requi 
re 
ment 
s 

Cytec + Compliance 
•customer/ 
product requi
rements 

supplier 
partnership 

+ +/-

Merck 
&Co 

+ compliance •process rela
ted 
*new proces
ses 
•substitution 

+ + ? +/-

Volvo •compliance 
•recycling 
products 
*producer lia
bility 

*black - and 
grey lists 

+ + + + + 

Body 
shop 

+ minimize 
risks pro
ducts 

*risk asses
sment for 
products 
*data base raw 
materials 

+ + 

ICI + compliance •Environmen 
tal Burden 
*process rela
ted 
•substitution 

+ + + 

Dow + compliance •lists for emis
sion reduction 
•process rela
ted 
•elimination 
and substitu
tion 

+ + + 

+ = yes 
= not 

+ / - = few or ver)' few 

? = unknown 
EIA = Environmental Impact 
assesment 
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table 3 

Summary of the results, about the use of life cycle methods in 7 major compa-

env. reason for method comp toxics toxics toxic 
Company dep. toxics used for rehe reduc reduc s Company 

integ reduction toxics n tion tion requi 
r. sive tar- re 
H & S 

rel. rel. 

ment 
s 

IBM more 

or less 
""compliance 

*working 

environment 

* strategy 

reduction of 

hazardous 

waste 

*process 

related 

*E1A pro

ducts and 

processes 

+ +/- + + +/-

Polaroid + compliance TUWR pro
gram 

+ + + + + +/-

Oce more 

or less 

*compliance 

*working 

environment 

*product safe

ty 

*process rela

ted 

*black list 

*new proces

ses 

^product 

requirements 

+ +/- + + + 

Bristol- + ^compliance *process rela _ + + + + + 
Meyers 
Squibb 

*costs ted 

*PLC review 

*elimination 

and substitu

tion 

+ = yes 
= not 

+ / - = few or verv few 

? — unknown 

EIA = Environmental Impact assesment 
PLC = Product Life Cycle 

Discussion 

In this study we tried to answer 'why and how' companies are reducing the toxics. 

In order to do so we selected the companies with a.o. the criteria of a well deve

loped environmental management system and described toxics reduction results. 
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These criteria will influence the results of the study, as probably the selected com

panies will be leaders. To analyse differences in toxics reduction between the 

several industrial branches the studied sample is to small. 

Toxics have an influence on the open and the work environment. In dealing 

with reduction of toxics (use and release) one should be aware of the negative 

effects of the toxics involved on the work environment. Ashford (19) stated that, 

the problems of the general and workplace environment are intimately connected 

and must be attacked together. Integrating the environmental management and 

the health and safety management (20) not only may improve the effectness of the 

environmental management but also may prevent a shift of the impact of toxics 

on the open environment to a risk for the working environment (21). Most of the 

studied companies had their departments for environment and health and safety 

integrated. Unfortunately the governmental policies in most countries in these 

two fields are separated (4). 

Most companies are far from using the whole potential for toxics reduction, 

which should consist of a comprehensive policy with clear targets (air, water, 

waste, working environment, products), a program for toxics use and release 

reduction and a monitoring system also on a corporate level. Only company 8 

(Polaroid) met the requirements. 

The studied companies showed a large difference in policies aimed at toxics 

reduction. This survey confirms the findings of Morrison (12), who showed that 

the top factor reflected in environmental policy of companies is legislation, and 

of Berkhout (22) who states that regulation is the main driver for corporate envi

ronmental initiatives. All the studied companies mentioned compliance as one of 

the reasons for toxics reduction, product (safety) was mentioned by 4 companies 

and the improvement of the working environment was mentioned twice. 

Contrary to the findings of Morrison none of the companies mentioned social 

responsibility as a reason for toxics reduction, although an image problem is said 

to be one of the main reasons why the chemical industry, well represented in this 

survey, developed the Responsible Care program (23). The survey of Morrison 

(12 ) showed also that toxics are a main concern of companies. This is in our sur

vey reflected in the policies of 6 of the studied companies. These companies have 

substantial programs for toxics reduction. Most of the programs are directed to 

toxics release reduction, but the programs of Volvo, Polaroid and to a lesser 
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extent Océ also to toxics use reduction. Seven of the companies were active in 

pollution prevention. 

As to toxics reduction measures, most companies mentioned more measures 

than process related measures. This is in accordance with the findings of Lund (3) 

and Morrison (12). The measures to reduce toxics release and use were very dif

ferent in complexity, varying from a black list to the highly complex program of 

Polaroid. The latter is actually replaced by another program due to its complexi-

city. Compliance with the American programs SARA and EPA 33/50 operation

al in 5 companies relates to reduction of toxic releases. The EPA 33/50 chemi

cals are not only selected for toxicity, so it is possible to substitute the 33/50 che

micals by more toxic chemicals (24). Two companies have methods to prevent the 

substitution of chemicals by more toxic chemicals. Polaroid prevents the substi

tution of less toxic by more toxic chemicals by adding the EPA 33/50 chemicals 

to their own toxics use reduction program comprising 2000 chemicals which are 

categorized in 5 toxicity categories. Substitution can also give a shift in the envi

ronmental impact from one impact category to another. The methodology deve

loped by ICI can be helpful to limit this problem. ICI calculates the emission 

reductions in quantity of impact per impact category. 

Two companies are using a data base containing Material Safety Data Sheets 

about chemicals for on line use. This may stimilate employee participation in sour

ce reduction. None of the companies mentioned employees participation. Maybe 

the questions in the interview were not suitable to elicit responses on this subject. 

For a sustainable industrialization environmental management should be 

extended beyond the own production chain (25). At every stage of production 

and consumption there are impacts upon the environment. In our survey supplier 

requirements about toxics in products and materials used are limited (table 3). 

Hale (26) states many companies specify environmental requirements for their 

suppliers. In our survey 5 companies did have such environmental requirements 

or worked with the suppliers for environmental improvement. Only 3 companies 

specified requirements about toxics. Quality requirements developed by Cytec 

resulted in a substantial reduction of the hazardous waste generated by the com

pany. Obviously companies can do more in this field (15), using requirements for 

excluding or limiting toxics in supplies or setting requirements for raw materials 

resulting in less hazardous waste. But still most companies in the survey have a 
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long way to go before exploiting the whole potential for toxics reduction. All in 

all the findings in this survey are in agreement with Rossi (8) who states that toxics 

use reduction is emerging from behind the shadow of pollution control. 
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Abstract 

Toxics reduction aims at reduced releases of toxics substances. Toxics use reduc

tion (TUR) has been advocated as a simple and effective method of reducing toxic 

pollution. Substitution and product reformulation are placed first in the TUR 

hierarchy based on effectiveness of reduction, product and process changes are 

placed second and, recycling, plant operations and maintenance are placed third. 

Here we analyze five examples of process modifications given by the company as 

an example of toxics reduction. The companies involved have a well developed 

environmental management system. All companies mentioned environmental 

legislation as a reason for toxics reduction and three mentioned also legislation 

aimed at the working environment as a reason. One of the companies involved 

used a ranking list for solvent substitution, evaluating environmental risks and 

risks of the working environment. Three other companies used less sophisticated 

lists for solvent optimalization and product development. The methods used for 

process modification are rather different. Three stressed input substitution and 

one product reformulation. These four lead to toxics use reduction. In two of the 

three cases that input substitution was performed the risks shifted from toxic to 

inflammable. In the two of the three cases that workplace legislation was mentio

ned as a reason for process modification, the working environment improved after 

process modification. Unexpectedly three of the four cases of toxics use reduc

tion studied were said by the company to lead to increased costs. Factors to eva

luate so that processes for toxics reduction be properly modified are besides risks 

of processes, risks of products, substitution decisions (all risks), performance and 

quality of products and costs. Maybe the studied companies, as they were forced 

by legal requirements, focused on complying with legal requirements and not on 

improving mentioned factors. 

Introduction 

Toxics may pose risks to workers and consumers and may also lead to environ

mental risks (1). Toxics reduction leading to reduction of risks is an issue for both 

governments and companies in industrialized countries. The influence of regula

tion has been limited in this context (2,3). 

A study as to how and why companies are reducing the toxics showed that 
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most of the companies (nine out of ten) mentioned legal compliance as a reason 

for toxics reduction, product (safety) was mentioned by four companies and the 

working environment was mentioned twice (4). 

To achieve substantial results to toxics reduction, toxics use reduction (TUR) 

should be part of all elements of the environmental management system (EMS) 

(4-8). Factors to integrate in EMS procedures for evaluation, in order to modify 

processes for toxics reduction are besides risks of processes, risks of products, 

substitution decisions (risks), performance and quality of products and costs. 

With risks we mean risks of releases to the general environment, risks of emis

sions to the working environment and risks to consumers. 

TUR is an element of pollution prevention (9-11) as also shown by the com

prehensive definition of pollution prevention mentioned by Gottlieb (9): pollu

tion prevention is seeking to eliminate hazards in all environmental media along 

the production chain encompassing not only environmental releases but also 

occupational exposures and product use. The pollution prevention hierarchy is 

described in decreasing preference as: source reduction, recycling, treatment, ulti

mate disposal (. UJ.TUR reduces, avoids or eliminates the use of toxic or hazar

dous substances or generation of hazardous by-products per unit of product, so 

as to reduce risks to the health of workers, consumers, or the environment, wit

hout shifting risks between workers, consumers or parts of the environment (12). 

The MA TURA accepts six techniques to achieve TUR, 1) input substitution, 2) 

product reformulation, 3) product unit redesign or modification, 4) product unit 

modernization, 5) improved operation and maintenance of product unit equip

ment and methods and, 6) in process recycling, reuse or extended use. OTA (The 

U.S. Congress Office of Technology Assessment) defines the same techniques in 

five methods (13,14). 

In the TUR hierarchy based on effectiveness of reduction, substitution and 

product reformulation are placed first, product and process changes are placed 

second and, recycling, plant operations and maintenance are placed third (14). 

Input substitution is a corner stone of the TUR strategy (15). However substitu

tion may be considered a highly complex process (16). Input Subsumtion presents 

special concerns because chemical substitution when made without an understan

ding of all the issues involved, has the potential to increase rather than decrease 

risks (15). This has to do with the multifaceted nature of chemical substitution, 
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the acute or chronic health risks, safety and, fire risks (17), the limited knowledge 

of the toxicity of chemicals (18), the sometimes incorrect available information 

(19) and, the possible shift of risks from the working environment to the general 

environment and vice versa (14,20,21). Also functional aspects of chemicals are 

important. For example: with regard to substitution there is a difference in sol

vents used in the process (cleaning solvents), solvents in products (paints), and 

solvents used as chemical building blocks, for example butadiene, ethylene, and 

xylene. From the first two applications of organic solvents 100 % comes to be 

emissions or waste. The latter application is necessary for making non-hazardous 

products and cannot easily be replaced (15), alternative synthetic pathways are 

needed. 

Toxic chemicals are usually closely monitored and disposed of, whereas substi

tute chemicals will not be subject to the same practises. Similar complexities sur

round product reformulation. 

Burnett states that most source reduction will come from industry as it re eva

luates and redesigns its production process, performed as a continuous process of 

technical innovation and diffusion (22). Moreover processes may be the subject of 

input substitution, product reformulation and other techniques to achieve TUR. 

Therefore we focused our study on process modification. In order to do so we 

studied five modified processes in companies with a well developed EMS. The 

modified processes were given by the companies as examples of toxics reduction. 

We also looked in the practical examples at the extent that toxics risks may be 

replaced by other hazards and / or risks. Pollution prevention has been hailed as 

the most cost-effective method for environmental management (11,22,23). 

Theodore (24) states if a pollution prevention project cannot be justified econo

mically after all factors and considerations have been taken into account (Total 

Cost Assessment), it should not be pursued. Therefore we gathered information 

about the costs involved in process modification. 

As the use of toxics may cause problems both to the open and the work envi

ronment we asked whether the environmental department is integrated with the 

department of risk, safety and health. The question about quantifying techniques 

used by the company was to understand the possiblity whether the company could 

estimate or calculate the environmental impacts before and after the process 

modification. 
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Method 

The study was carried out with structured interviews, (table 2) and a process inves

tigation from February 1998 until December 1998. We selected four large com

panies (table 1) that were known to have performed toxics reduction by modifying 

their (production) process. To select the companies we used the most recent cor

porate environmental reports. Criteria were: large company (operating interna

tionally or belonging to an internationally operating company), a developed envi

ronmental management system, the headquarters and a large site in the 

Netherlands. The criteria used, large (international) company and a developed 

management system were intended to be sure that the company had substantial 

expertise in the field of the research project. After selection of the company a 

member of the management of the environmental department was informed 

about the research project by phone. In four cases the corporate environmental 

department and in one case the head of the Abandonment , Soil Restoration and 

Waste Management department was informed. Afterwards the questions for the 

interview were faxed and the company was asked to select one or more experts 

on the subject. All companies co-operated. In one case two sites of one compa

ny co-operated. Most of the time (four times) the corporate and site environ

mental department was visited. The companies were asked to select an example 

of processes modified to reduce the amount of toxics and / o r toxic releases to 

the general environment or the working environment. The interviews were exe

cuted at the company and took about two hours. Furthermore, written material 

was collected (site environmental report, process descriptions, procedures). In all 

cases more information was obtained by a second interview at the company or by 

phone. When needed the questions were asked in several ways to probe the sub

ject of the question to the bot tom and to be sure the answers were reliable. The 

interviews were recorded, transcribed into a written text and sent back for com

ment. The text of the interviews was sent back to be sure there was no misun

derstanding. The interview texts were finalized on the basis of these comments. 

Most comments were very minor with the exception of one. The interview (table 

2) was structured into three parts with open questions. The first part was inten

ded to get insight into the organisation and into the environmental organisation. 

The second part focused on toxics reduction. The last part was focused on the 

process, the process before and after the modification. 
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table 1 

participating companies 

1. NAM (Shell and Esso) 
2. Océ 
3. DSM Resins 
4. DSM Andeno 
5. Akzo (site) 

table 2 

Interview 

organisation 
1 How is the company organised, central or decentralised, number of sites, 

countries, workforce. 

2 How is the environmental organisation set up. 

toxics reduction 
3 Does the company has a policy to reduce the toxics (input, throughput 

(intermediates) waste and / or emission), if so how. 

4 Has toxic reduction a place in the environmental management system. 

5 Did you reach a reduction in the number and amount of toxics or the 

releases, if so how did you reach it. 

6 Are you using quantifying techniques, if so which techniques are used. 

process investigation 
The company was asked to give an example of a process modification 

leading, in the companies opinion, to toxics reduction. 

7 What was the reason for this process modification. 

process before/after modification 
8 Description of the process before/after modification. 

9 Quantities toxics used, input, throughput, output (product/nonproduct). 

10 Quantities of emissions (water, air) and wastes. 
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11 Working environment. 

12 Costs. 

Results 
The results from the interviews are given below. A summary of the results is to 

be found in table 8. 

Company 1 (NAM workforce 2700) 
The main activities of the company are gas and oil exploration and production. 

The company is organised in business units, with 800 locations on- and off shore 

in the Netherlands. The information used is derived from written material and an 

interview with the manager of the Abandonment, Soil Restoration and Waste 

Management Department and the manager of the external waste treatment faci

lity. The corporate office of Health, Safety and Environmental ( HSE) Affairs 

includes a small staff which advises the corporate management and develops the 

corporate environmental policy. Every business unit has its own HSE department 

with a staff which advises the manager of the business unit. 

The company has a corporate policy for toxics release and use reduction. The 

policy is focused on reduction of the effects of chemicals on the (working) envi

ronment and on reduction of the amounts of materials used by the exploration 

and production. The reduction of toxics releases is mainly reached by recycling 

(for example methanol, glycol and oil based mud). The company uses quantifying 

techniques in order to calculate the environmental impacts of waste and emis

sions. They developed their own method for quantifying the impact of the waste 

(. -v. The method is mainly based on the destination of the waste (reuse, recycling, 

incineration or dumping). The impact of the air emissions is calculated in EIU's 

(Environmental Impact Units) as in LCAs (26). The environmental investments 

options are ranked in costs per EIU reduction. 

The example of a process modification to reduce toxics given by NAM con

cerns gas treatment. 

In 1970 it was discovered that gas produced contained mercury. The annual pro

duction of 40. 109 Nm 3 gas (1995) contained 6500 kg Hg (180 g mercury /m3 

gas). To reduce the mercury in the gas, a gas conditioning process based on cool

ing and filtering is used. After the conditioning a part of the mercury is to be 

145 



found in a sludge fraction. A part of the mercury is found as liquid mercury. The 

filters, sand and water contain a relatively smaller part of the mercury. A gas con

densate fraction also containing some mercury is sent to another company. The 

water fraction containing some mercury is injected undergroud (back into the ori

ginal gas reservoir). Target of the gasconditioning process is to keep the mercury 

concentration in the gas as low as possible. The company states that the described 

gasconditioning process is the best available technology. The sludge was the sub

ject of process modification. 

The original sludge treatment process was as follows. The sludge 500.000 kg / 

year (containing + / - 1 , 2 % mercury, water (20 %) and hydrocarbons (20 %) inclu

ding 300 ppm benzene) was filled with bentonit (clay) and calciumsulfate to soli

dify. The sludge was sealed in barrels. Handling of the barrels needed personal 

protection due to the mercury and benzene concentrations in the working envi

ronment. The barrels are kept in a conditioned CI dump (a depleted salt mine). 

The company states that the air emissions in the CI dump are zero. 

Due to new legislation dumping of the sludge was no longer allowed. A pro

cess modification was needed. Characteristics of this modification can be found 

in table 3. A factory was built aimed at recovering the mercury by destination out 

of the sludge. The sludge is heated (with an energy of 1 k W h / l k g sludge). After 

cooling the vapor is separated into three fractions, mercury, water and hydrocar

bons. The process is kept under nitrogen and low pressure. The mercury concen

tration in the working environment is kept as low as possible (< 20 g/m3) . The 

hydrocarbons and benzene concentration in the working environment are said to 

be 0 g / m 3 . Mercury (30 g / m3) and hydrocarbons (30 mgr /m3) are released to 

the air (output 8000 m 3 / year). The mercury recovered is reused, the hydrocar

bons (with a mercury concentration of 10 ppb) are sent as fuel to an incinerator. 

The waste, 300.000 kg / year (burned sand, clay and oxidized iron) containing 2 

ppm mercury is disposed of in a C3 dump. The water 100.000 kg / year polluted 

with mercury (10 g / m3) and hydrocarbons is sent to the waste water treatment. 

The cost of the original disposal of sludge in a CI dump were given as fl 1000,-

per thousand kg sludge. The process of heating the sludge and recycling the mer

cury costs were stated to be fl 5000,- per thousand kg sludge. 

146 



c o m p a n y 2 Océ (workforce 17.000) 

The company is active in graphic technology and has business units in more then 

30 countries. The information used is derived from written material and an inter

view with the manager of the consumables production and the manager R&D at 

the headquarters in the Netherlands. The company has no integrated corporate 

health, safety and environmental department but at the headquarters there is a 

department for product safety and environment, and a department for workplace 

safety and environment. The company has a corporate policy for health, safety 

and the environment. When developing a new product the raw materials are chec

ked early in the project against a black list. The black list comprises the materials 

to be excluded by law (asbestos, cadmium, PCB's, ozone depleting materials etc.) 

as well as materials the company wants to be excluded (materials likely to be exclu

ded by law in the near future). The possibilities for dealing with the products in 

the post consumer stage (reuse and recycling) are considered. The company's stra

tegy is to design the products in such a way that the materials and parts can be 

reused and recycled. Hazardous materials are avoided if possible. The company 

has it's own recycling facility. The materials used during the development of the 

product in the R&D department are checked too, for example carcinogens are 

allowed only in R&D under controlled conditions. 

The process modification selected by the company for this study as an examp

le of toxics reduction was executed in the supplies department. Characteristics of 

the two-step process modification are given in table 4. The department produces 

supplies for the copying machines, including polyester sheets. In some cases a 

light sensitive layer is needed on polyester. In order to bring a light sensitive layer 

on the polyester sheet (melinex) a process is used with organic solvents. First the 

sheet (roll of polyester) is etched with trichloroacetic acid in water. The etching is 

needed to prepare for attachment of a cellulose-acetate layer on both sites of the 

sheets. Originally the cellulose-acetate was dissolved in een 7 : 3 solution of di-

chloromethane and methylene glycol. In the years 1970 (until 1980) the coating 

process was executed as an open process. Due to environmental legislation and 

financial reasons associated with losses of solvents a process modification was 

needed. The process was closed and the vapor condensed (258 °F). The solvent 

was recycled and reused. Still about 5 % of the solvent was lost due to evapora

tion during the drying process and after the process, as the sheets contained sol-
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vent after drying. In 1993 465.000 1. solvent was used of which 5 % (about 23.000 

1.) was emitted in the working environment. Enforced ventilation was used to 

reduce the workplace concentrations. The reduction of the legal MAC value (legal 

limit for workers exposure) of dichloromethane forcefully brought home the pro

blem of the working environment. Solvent concentration in some cleaning pro

cesses exceeded the new MAC value 100 fold. 

Again a process modification was needed. The only choice perceived was sub

stitution of the solvents. The solvent chosen is a 8 : 2 mixture of acetone and 

ethanol. The emission to the working environment (and therefore into the gener

al environment) is still 5 % of solvent used. The choice of the acetone and 

ethanol mixture was mainly based on the solvability of the Celluloseacetate in the 

solvent and the high MAC values of acetone and ethanol. Acetone and ethanol 

however are inflammable and / or explosive. (The company had the knowlegde 

and experience to work with inflammable solvents.) Investments were needed for 

the new process to reduce the risks of inflammability and explosiveness. The oxy

gen concentration is critical, monitoring of the working environment is executed. 

The process and solvent stock is kept under a nitrogen atmosphere. After modi

fication the process costs are higher due to the investments. R&D will be started 

to substitute the organic solvents with water. 

company 3 DSM Resins, Zwolle (workforce 1800) 

The company out of the chemical industry has its production sites mainly in 

Europe and the USA. The main production sites and the headquarters are located 

in the Netherlands. The information used was derived from an interview with the 

Safety, Health and Environment and Quality manager from the business unit 

Industrial Resins & Compounds and a product specialist 'Insert resins'. The com

pany has a corporate Safety, Environment Health & Technology department at 

the headquarters with a small staf. The business unit Industrial Resins was visited 

(workforce 1000). Every business unit has a small HSEQ (one person) staff, the 

same holds for the production units. The business unit staff 'translates' the cor

porate policy for the business unit, co-ordinates and stimulates and advises. The 

business unit produces about 130.000 ton of polyester resin. The business unit 

does not have a management system for toxics reduction but the R& D of new 

products is aimed at toxics reduction. The business unit uses the company's prio-
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rity substances lists (black list European Union). The reasons for toxics reduction 

are legislation (environmental and working conditions) and problems of the 

customers with toxic materials (additives to the polyester resin). About 500 types 

of different polyester are produced. The chemicals and amounts used for produ

cing the different types of polyester depend on the customer's specification of the 

polyester and price. The process is as follows: the chemicals are mixed, polycon-

densation takes place at a temperature of 200-220 °C in a closed process. The 

vapour of the process holds water and some organic acids, the vapour is mixed 

with the fuel of the incinerator. After the polycondensation the polyester is mixed 

with the styrene in a closed process. After adding some chemicals and, if neces

sary, some styrene dependent on the viscosity, the polyester is delivered to the 

customer as a polyester in 40 % styrene solvent. To start the hardening of the pro

duct at the customers site (crosslinking of the polyester with the styrene) some 

additives are needed. The polyester resin may be polymerised at the customers in 

moulds or in open systems, for example by spraying or by spreading. About 50 % 

of the amount of polyester in styrene is used in open systems. When the polyes

ter styrene solution is used with open techniques about 7 % of the styrene eva

porates. Most of the time the customers are small to medium sized companies. In 

many cases the knowledge and means to take the right measures for limiting the 

impact of styrene on the working conditions is not sufficient. 

Due to European environmental legislation which reduced the allowable emis

sions of styrene (volatile organic compounds) and changing requirements for the 

working environment (a reduced MAC value of styrene, from 50 to 25 ppm) a 

process modification was needed. (In Germany the monitoring of styrene emis

sions is obligatory by law, in the Netherlands the monitoring of the total emis

sions of volatile organic compounds is obligatory.) A possibility to reduce the sty

rene concentrations in the working environment is changing the open techniques 

into closed systems and improving the enforced ventilation. End of pipe techno

logy may be used to reduce the emissions into the general environment. Other 

possibilities were to develop a resin without styrene, a resin which causes a redu

ced styrene emission by using an open system, or a resin with a reduced concen

tration of styrene.The company decided to modify the polyester resin in order to 

reduce the styrene emission. This process was chosen by the company as an exa

mple of toxics reduction. Main characteristics of the process change are given in 
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table 5. The process at the customers site was not changed. 

To modify the resin a process was developed with a modified chemical com

position and a reduced concentration of styrene (a 25- 30 % solution instead of 

40 %). The technology of the process was not modified. (In order to get a poly

ester resin solution with the same viscosity the molecule weight of the polyester 

was reduced.) Moreover parafins and waxes (C25 - C35) were added to form a film 

on the surface of the polyester during the hardening, thereby reducing evapora

tion. (However most of the evaporation of styrene occurs during the spraying or 

spreading.) After the modification the evaporation of the styrene, during the 

spraying or spreading and hardening, is 3-4 %. The costs of the modified resins 

are increased with 30 - 35 %. The higher cost are due to the change in chemicals. 

Still R&D has to be done to reduce the costs. 

company 4 DSM, Andeno, Venlo (workforce 400) 

The company out of the chemical industry has its production sites mainly in 

Europe and the USA. The main production sites and the headquarters are located 

in the Netherlands. The information used is derived from written material and an 

interview with the manager Quality, Environment, Safety and Health and the envi

ronmental specialist of the dependent site. The company has a corporate Safety, 

Environment, Health & Technology department at the headquarters with a small 

staff. Every business unit of the company has its own (small) QESH (Quality, 

Environment, Safety, Health) staff, the same holds for every site. The business 

unit visited belongs to the business group fine chemicals. The business unit visi

ted (3 sites) produces pharmaceutical intermediates. The strategy of the company 

is emission reduction of the toxics but also reduction of the number and amounts 

of toxics.The business unit is working to eliminate all materials which have an 

impact on the ozone layer (corporate requirement). Directives exist to start in the 

R & D phase of a new process with the non or less toxic solvents. There is not a 

ban on a solvent, but investments are higher with toxic solvents. The corporate 

list with priority substances (European Union black list) is used in the R&D stage 

of a new process to optimalize the process solvents. Optimalization of solvents 

in existing processes is more difficult, substituting solvents can lead to other 

unwanted by-products. The production site used 6 solvents from the priority sub

stances list. Two toxic solvents are completely eliminated, carbontetrachloride and 
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1,2 dichloroethane. The process modification chosen by the company as an exa

mple of toxics reduction concerns a process to produce an intermediate of an 

antibiotic. Characteristics of the process modification are given in table 6. The ori

ginal process produces the intermediate F G Z (d-phenylglycinechloride-hydrocho-

ride) out of d-phenylglycine. Out of the F G Z (mol.weight 206) another compa

ny produces an antibiotic (ampicillin). Carbontetrachloride and 1,2 dichloroetha

ne are used as a solvent for the production of the F G Z . There is a net con

sumption of solvents (0.1 kg carbontetrachloride and 0,027 kg 1,2 dichloroetha

ne per kg FGZ) due to several losses. Most of the solvents was recycled (98%, cal

culated out of the needed extra input) and reused. An emission into the air remai

ned, 72 ton / year. The concentration in the air of the workplace was monitored 

on 50 % of the MAC value for both solvents. 

A process modification was needed due to legislation, as carbontetrachloride 

was no longer allowed. A possible modification considered was to use methyle-

nechloride instead of carbontetrachloride or just 1,2 dichloroethane. However the 

use of a 100% methylenechloride solvent needed high investments. Furthermore 

the possibility existed, at the time of the process modification, that methylene

chloride should also be excluded due to legislation. 1,2 Dichloroethane was not 

chosen as a substitute due to high investments needed for a process with a toxic 

solvent. This drew attention to an alternative process existing on the site, the pro

duction of FGkze (mol.weight 301) which may be used as another intermediate 

for ampicillin. For this closed process the solvent 2- propanol is used. However in 

the process 2.2 liter 2- propanol is lost per kg FGkze. In the beginning most of 

the releases of 2- propanol were carried off as waste. Nowadays 70 % of the 2-

propanol is recycled and reused. The first process was closed and the second pro

cess expanded. The working environment associated with the second process is 

not monitored. A reason for this was said to be the high MAC value of 2- pro

panol. The vapour of 2- propanol is inflammable. As a location for inflammable 

processes already existed (the so called multipurpose department) it was not 

necessary to make safety investments. After the modification the process costs are 

lower due to lower investments. The extent to which the efficiency of the pro

duction of ampicillin differs with the different intermediates was not a subject of 

our study (mol.weight of F G Z 206 and FGkze 301). 
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C o m p a n y 5, Akzo site, workforce 1200 

The site visited belongs to the business unit which produces active pharmaceuti

cal ingredients. The business unit has a workforce 2000 worldwide and seven sites. 

The business unit has to fulfil the requirements of the FDA (Food and Drugs 

Administration, U.S.A.). The information used is derived from written material 

and an interview with the manager of the H S E (health safety, environment) 

department of the site visited. The business unit does not have a central H S E staff 

department. All the sites have their own H S E staff departments, the size of the 

HSE department depends on the size of the site. The sites may use the H S E 

expertise of the other sites. The company has a corporate strategy for toxics 

reduction, there are some quantified targets. The corporate strategy aims at the 

reduction of the impact of non- product output, hazardous waste, hazardous 

emissions to ak and water. The company works with 'product steward ship' (^ ') . 

There are no requirements for suppliers and no lists with unwanted hazardous or 

priority materials for the company as a whole. Several sites have developed their 

own lists in this field. 

At the site visited many different batchwise processes are executed. The pro

cesses are chemical reactions in a solvent. After reaction the materials are crystal

lized, filtered and dried. Alcohols are the largest amount of solvents used. The 

process modifications chosen by the company as an example of toxics reduction 

were its dealing with organic solvents. 

The site executed several process modifications in order to reduce the releases 

of solvent to the working environment and the general environment. 

Characteristics of process modifications are given in table 7. The site eliminated 

some organic solvents (benzene, trichloromethane, dichloroethane). It is stated 

that it is impossible to eliminate or substitute chlorinated hydrocarbons (such as 

trichloroethylene and methylenechoride) completely The reasons for substitution 

and elimination in the past were, most of the time, requirements for the working 

environment, because most processes were open processes at that time. Later on 

legal and other environmental requirements formed reasons to substitute and / or 

eliminate solvents. Nowadays the processes are as much as possible closed (the 

reactors were and are closed but the filtering and drying not, nowadays most 

handling is controlled or closed). 

In the R&D phase of a new process, the main streams of organic solvents are 
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screened. For this purpose a ranking list of solvents was developed for the busi

ness unit. The use of the list is embedded in the management system. The ran

king of the solvents on the list depends on quantified legal requirements for the 

working environment and open environment. The main ranking criteria are RIR 

index (relative inhalation risk, this describes the probability limits are exceeded) 

and emission potential (g /m >. Other criteria are presence on black lists, repro-

toxic risk, fire danger and explosive risk. (Carcinogenics are not used.) All these 

criteria are assimilated in a health and safety score (the water score is 0, the hig

hest score of dichloromethane is 10). The list is frequently updated (minimal once 

per 2 years). The update frequency is also dependent on alterations in the MAC 

values of the solvents on the list. 

For the working environment the MAC value is used as an exposure limit. For 

materials without a known MAC value the site developes their own limits as much 

as possible conforming to the method of the MAC value. Some materials used (or 

produced) in the process are (biologically) very active. In many situations person

al protection remains needed, because it is technically impossible to reduce unpro

tected exposure. Monitoring the working environment of every process is impos

sible, due to the large amount of different processes. With reference exposures 

and worst cases (materials and levels), processes and work situations are evaluated. 

Procedures and work instructions are developped based on the most critical mate

rials used in processes. 

Furthermore an activity program was developed for all solvents focussing on 

the main releases. For example the solvent emissions were reduced by applying 

technology for reduced nitrogen use in processes. To reduce the emissions of 

chlorinated organic solvents to water the waste water streams with the chlorinated 

solvents were separated from the other waste water streams. Distillation was used 

to separate these solvents from the waste water. The amount of chlorinated sol

vent in waste water was reduced from 82 ton (1986) to 600 kg at present. 

Nowadays about 12,000 ton of organic solvents are used. Half of the amount of 

the solvent used, about 6000 ton, is recycled and reused. The total purchase of 

organic solvents in a year is about 6000 ton. Emissions into the air are about 300 

ton. These emissions are calculated out of input and output data. In spite of 

enlarged production the solvents consumed in processes remained approximately 

constant. There is no quantified accounting of the amounts of solvents elimina-
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ted or substituted. It is stated that due to the use of the ranking list, the mix of 

organic solvents used must be less hazardous nowadays. Biotechnology is applied 

more in processes but it is not the strategy. (The strategy is to minimize the rele

ases to the open environment and the risks for the working environment, bio

technology might be a choice.) The process costs are said to be higher after modi

fications due to higher investments in technology and experts. 

Table 3 

Main characteristics of process modification at NAM. 

process 1 impact proces s 2 impact 

500.000 kg Hg slud working environ 500.000 kg Hg slud working environ
ge/year ment exposure mercu ge/year ment exposure mercu
o p e n process ry and benzene, per closed process ry < 20microgr./3 
»adding 150.000 kg clay sonal protection nee *heating, fractioning emiss ions air, 8000 
and calciumsulfate ded Fractions m3/ year 
*sealed in barrels *mercury 6000 kg, »mercury 
*C1 dump »hydrocarbons incl. 150 30microgr./m3 

kg benzene total »hydrocarbons 30 
100.000 kg mg/m3 

Table 4 

Main characteristics of processs modification at Oce 

proces s impact proces s impact proces s impact 3 

open pro »open envi process clo 5% of the sol closed pro 5 % of the sol
cess dissol ronment the sed solvent vent evapora cess solvent vent evapora
ving cellulose- evaporated dichloromet- tes into wor acetone/ tes into wor
acetate in a solvent is hane/ methy king environ ethanol 8:2 king environ
solution of enforced emit lene glycol 7:3 ment and then ment and then 
dichloromet- ted into the in open, MAC in open, extra 
hane/ methy- open air value exceeded measures to 
leneglycol 7:3 working 

environ
ment expos
ure to the sol-

in some cases reduce fire and 
explosion risk 
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Table 5 

Main characteristics of process change at DSM Resins 

process 1 impact process 2 impact 

production polyes +/- 7 % of the styrene production polyes 3 - 4 % of the styrene 
ter resin, 130.000 ton evaporates into the ter resin, 130.000 ton evaporates (open sys
process polyconden- working and general process polyconden- tem) 
sation polyester resin environment (open sys sation polyester resin 
and dissolving the poly tem). with a shorter chain-
ester in 40 % styrene in length due to a change 
closed processes in chemicals and dissol
use at customers ving the polyester in 25 
about 50 % of the resin - 30 % styrene in clo
is used in open systems sed processes, adding 

parafins and waxes 
use at customers 
unchanged 

Table 6 
Main characteristics of process modification at DSM Andeno. 

process 1 impact proces s 2 impact 

production interme working environ production another working environ
diate of an antibiotic ment carbontetrachlo intermediate of the ment 2-propanol (not 
(FGZ, mol.weight 206) ride,!^ dichloroethane same antibiotic (FGkze, monitored due to the 
process solvents 1:1 (monitored at 50 % mol.weight 301) in a high MAC value) 
carbontetrachloride/1,2 of the MAC value) closed process environment 
dichloroethane 1:1 general environ process solvents emission 2- propanol 

ment emissions (72 2-propanol waste 
ton /year) of carbon *before recycling about 
tetrachloride and 1,2 2.2 liter 2-propanol/kg 
dichloroethane FGKze 

*after recycling 0.3 
liter/kg 
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Table 7 

Main characteristics of process modifications at a site of Akzo 

process modified process 2 

process 
many different processes in batches 
impact 
solvent emissions to working environment, air 
and water, waste 

process 
many different processes in batches 

modifications 
closing processes, in process and end of pipe 

technology, recjxling of the solvents, use of ran

king list of solvents 

impact 
less exposure working environment, less 

releases reduced use of organic solvents 

Discussion 

In this study we try to analyze some examples of toxics reduction in processes of 

a number of companies. In order to do so we selected companies with a.o. the cri

teria developed environmental management system. These criteria will influence 

the results of the study as probably the selected companies will be leaders. The 

sample studied is small, but it may well be that the results are representative of the 

state of affairs of toxics reduction by process modification. The companies were 

asked to select an example of a process modified to reduce the amount of toxics 

or toxic releases to the general or working environment. All the companies stu

died had, more or less, toxics reduction integrated in the EMS. 

All companies mentioned environmental legislation as a reason for the process 

modification. The working environment was mentioned three times. In the cases 

the working environment was mentioned the working environment improved in 

two of the three cases after the process modification. 

The methods used for process modification are very different. Company 1 

gave as an example for toxics reduction in a process an off-site waste treatment. 

The toxic materials concerned are mercury and benzene. The modification was 

needed caused by changing environmental legislation. However the toxic compo

nents are co- products of gas exploration. This makes all TUR techniques impos

sible. The changed process leads to the production of usable by-products. The 

mercury is reused, the other fractions, hydrocarbons and benzene are sent to the 
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incineration. In the pollution prevention hierarchy the modified process is incre

asing one step from ultimate disposal to treatment \™). The waste is less toxic 

after treatment. In the working environment there is still exposure to mercury 

(about half of the MAC value). The costs after modification are 5 times higher. 

The company states there was no other possiblity. 

Company 2 started with a open process and lost a lot of solvent. One of the 

solvents used methylene chloride is a confirmed carcinogen (28). Using a closed 

process was overtaken by legal requirements for the working environment. The 

solvent was substituted with a less toxic solvent. The first modification (closing 

the process, TUR hierarchy 3) reduced the toxic releases and use (source reduc

tion). By the second modification input substitution was adjusted (TUR hierarchy 

1). However the risk shifted from toxic to inflammable. This was facilitated by the 

experience of the company with flammable solvents. 

Company 3 uses product reformulation (TUR hierarchy 1) to get a lower emis

sion of styrene to the working environment and to the general environment. The 

toxicological properties of styrene are: suspected carcinogen, skin and eye irritant, 

and the material has been involved in several industrial explosions (28). After 

modification compared with before product modification still half of the amount 

of styrene evaporates into the working environment and into the general envi

ronment. The modified product is more expensive. 

Company 4 uses product reformulation (TUR hierarchy 1) to substitute the 

solvent, halogenated hydrocarbons with an alcohol. The risk for the working envi

ronment shifted from toxic to inflammable (28). The modified process was alre

ady operational on the site. 

Company 5 takes several measures, including substitution, improved operation, 

on site recycling and waste water treatment (10,12). 

Only one company (NAM) uses on a regular bases techniques quantifying 

environmental impacts (waste and emissions to the air). 
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Table H 

Summary of results. 

toxic 
s 
poli

toxics 
reduc 
tion 

reason 
process 
modifica

process 
modification 

chan 
ge in 
wor

change 
in emis
sions 

change 
in 
waste 

chan 
ge in 
costs 

Compan 
cy tion king 

envi
ron 

NAM yes releases environmen

tal legislation 

waste treat

ment (off site) 
? ? *less 

mercury 

*hydro-

carbons 

are inci

nerated 

instead of 

dumped 

incre

ase 

strong 

Océ yes use 

and 

costs and 

legislation 

*open process 

to closed (pro
pro

cess 2, 

* reduction 

(proces 2), 
incre

ase 

releases (working and 

general envi

ronment) 

cess 2), 

*input substitu

tion chemicals 

(process 3) 

+ / -
pro
cess 3, 
+ 

*Substitu-

tion, less 

env. impact 

(process 3) 

DSM 
Resin 

yes use 

and 

releases 

legislation 

(working and 

general envi

ronment) 

modifying che

mical composi

tion of the 

resin,less 

styrène as a sol

vent is needed 

+/- reduction 

of styrene 

emission 

incre

ase 

strong 

DSM 
Aden 

yes use 

and 

releases 

environmen

tal legislation 
production of 

another inter

mediate for the 

same antibiotic, 

solvent substitu

tion 

+ 2-propanol 

instead of 

carbontetr-

achloride 

and 1,2 

dichloro-

ethane 

emissions 

less 2 -

propanol 

decre

ase 

AKZO 
(si te) 

yes use and 

releases 
legislation 

(working and 

general envi

ronment) 

*closing processes 
*in process and 
end of pipe tech
nology "recycling 
of the solvents 
*ranking list of 
solvents 

+ emission 

reductions 

to air and 

water 

less incre

ase 

? = not clear 
+ / - = more or less 
+ = improvement 
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Costs 

In 4 of the 5 cases the production costs increased after modification. (In 3 of the 

4 cases where TUR was involved). This is unexpected in view of the opinion that 

pollution prevention is found to be the most cost-effective method for environ

mental management (11), and in view of the findings of Gray (17) showing the 

most important factors in chemical substitution decision making are regulatory 

compliance and costs. We did however not perform a total costs assessment (24). 

We just asked the companies if the cost increased or decreased after modification. 

Costs involved in using toxics are: engineering controls to minimize releases, regu

latory reporting requirements, worker training requirements, secondarily contai

ned storage facilities, and disposal restrictions (23). Most of these costs remain 

until the last toxic or hazardous chemical is eliminated or substituted. Two com

panies stated the costs increased due to investments (company 2 and 5). This is 

contrary to the statement of company 4 that investments are higher with toxic sol

vents and the findings of Higgins (23). The reformulated product of one compa

ny was more expensive (due to more expensive chemicals) and, the waste treat

ment process of N A M was more expensive. Higgins (23) identified in a review of 

corporate practices, five corporate decision models based on the following goals: 

minimize near term costs, minimize long term costs, reduce total waste, limit total 

expenditures to a fixed amount, achieve other corporate objectives (e.g. pubic 

image, reduced liability). From these goals only the reduced liablity is reached by 

3 of the 4 companies. For the fourth company even the reduced liablity is doubt

ful. Financially the process modifications studied are no success stories. There are 

so far few, if any, examples in literature of cases where TUR ended up costing a 

company significant amounts of money. However it may be that the present lite

rature is biased towards success stories (15). 

Substitution 

Three companies (2,4,5) substituted solvents. Only company 5 used a ranking list 

for solvents evaluating environmental risks and risks of the working environment. 

Company 3 and 4 use the corporate priority substances list (black list EU 76/464). 

Company 2 uses a black list for product development. The use of such lists is in 

line with the finding of Gray (17) that substitution decisions may range from ad 

hoc procedures to procedures that are defined, structured, and documented. 
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More elaborate decision making systems are found in the comparitively larger 

firms, which have many resources, often including an environmental, health, and 

safety department (HSE) (17). The companies studied were large companies with 

HSE or similar departments. 

Conclusions 

Obviously one of the biggest challenges for companies addressing process modi

fication is not only solving the problem for which the modification was needed 

but improving or innovating the processes in such a way that more aspects of 

company performance improve. Factors to integrate in procedures for evaluation, 

in order to modify processes for toxics reduction are besides risks of processes, 

risks of products, substitution decisions (all risks), performance and quality of 

products and costs. Maybe the companies studied, as they were forced by legal 

requirements, focused on complying with legal requirements and not on impro

ving mentioned factors. A more comprehensive response to toxics reduction than 

shown in the examples seems indicated. This is in line with TUR legislation in 

Massachusets which stipulates that companies should develop plans identifying 

programs and goals to discontinue or reduce the generation, per unit of product, 

of any agent that appears on a defined list of toxic compounds provided that a 

comprehensive evaluating procedure is developed and the programs and goals are 

integrated in the EMS. 
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Chapter 8 

Summary 



Summary of findings 

In chapter 1.3 an inventory was given of the components of a comprehensive 

environmental management system. 

In this thesis the following components of environmental management were stu

died: 

* monitoring, 

* Material Safety Data Sheets as an information source, 

* environmental management in purchasing, 

* life cycle methods in environmental management, 

* toxics use reduction, 

* toxics use reduction in processes. 

The following results were obtained. 

In chapter 2 it was found that for comprehensive improvement oriented envi

ronmental management an extensive monitoring system is needed. Such monito

ring should be partly physical and partly financial. 

The core of physical monitoring should consist of materials accounting based 

on a simplified mass balance of inputs and outputs of plants and measurements 

of releases. Financial monitoring should be focussing on integrating all environ

mental costs in product costs. In this chapter it is demonstrated by a study in 

seven large international companies what is monitored and why. None of the 

companies in our survey was using the extensive monitoring system. The financial 

side was the least developed, but also the physical side showed many déficiences. 

Full cost accounting maybe the most important step down the path to sustainable 

development. The survey shows that in this respect companies may be just star

ting. 

To account for the environmental strategy is the most mentioned reason for 

corporate monitoring. All companies are monitoring the substances required by 

law, five companies are monitoring more non product outputs than required by 

law. Companies are monitoring management system results infrequently. None of 

the companies is monitoring materials in order to calculate a (simplified) mass 

balance. High uncertainties are possible in several data from the locations and the 

corporate data. Calculation of the standard deviation of the monitoring results 
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should be considered to indicate the accuracy of the data. Companies should also 

develop uniform procedures and standards to verify the data, and the process of 

collection of data. N o n e of the companies studied was using an extensive moni

toring system needed for comprehensive improvement based environmental 

management. 

In chapter 3 it was found that the eleven Material Safety Data Sheets (MSDS) 

covered in the study were all defective, incorrect and / or incomplete regarding 

the information that is relevant to protection of health and the environment. 

Managers and employees have to develop a strategy adressing the toxics and 

implement the strategy in the company. The incorrectness and incompleteness of 

the information given in the MSDS may give rise to inaccurate judgment and 

insufficient protection of employees. Furthermore it was concluded that many 

users of the MSDS will have difficulties in understanding the complex data in 

MSDS. It is recommended that an independent agency be set up to review the 

MSDS provided by the supplier. Moreover it should be considered to develop two 

kinds of MSDS, one with information for persons with expertise in workplace 

toxicology and one for persons that are lay persons in that respect. 

According to chapter 4 purchasing departments can make a substantial con

tribution in a company to prevention in the field of hazardous substances, provi

ded that a number of requirements are met. The first requirement is that the pur

chasing should be supported by specialists with expertise in the environmental 

and toxicological evaluation of hazardous substances to guide decision making. 

Secondly the purchasing department should be in the position to obtain the requi

red information such as data on chemical specifications of products and Material 

Safety Data Sheets. This information has to be checked for correctness. Thirdly, 

for optimizing the use of hazardous substances, a linkage should exist with sys

tems registering stocks and use of the hazardous compounds in the form of 

accounting systems and linkage with information systems for those within the 

company who are confronted with hazardous substances. Fourthly, there must be 

provisions to enable higher prices to be paid for more preferable purchases. 

The purchasing department should evaluate the hazardous substances to be 

bought with selecting and decision systems. They may use a selecting system on a 
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case by case basis, or fixed decision rules for example as white and black lists. It 

was demonstrated that in the four companies studied only a part of the preventi

ve potential of the purchasing department was exploited, with considerable diffe

rences between companies. 

Chapter 5 focusses on life cycle methodology. Life cycle methodology is an 

environmental management tool to take into consideration the whole environ

mental impact of the production-consumption chain. The life cycle methods 

maybe used for environmental impact reduction from 'cradle to grave'. The use 

and internalization of life cycle methods in seven large international companies 

was studied. The companies were using five different life cycle methods, mostly 

infrequently. At the companies studied use of the life cycle methodology was not 

internalized but rather in the early stages of internalization. Most of the compa

nies mentioned problems gathering valid data. In five cases results of the life cycle 

method are used for activities which may lead to environmental impact reduction. 

The use of the results for purchasing purposes occured at two companies. In only 

one case the purchasing department was involved in the development of the life 

cycle method. None of the companies uses or intends to use the life cycle method 

for toxics reduction. In all the companies the attention to toxics was insufficient 

to prevent potential shifts of hazard to the working environment. 

In chapter 6 it was studied why and how companies are reducing the toxics (use 

and releases). The study was executed in ten large internationally operating com

panies. Most companies are far from using the whole potential of activities rele

vant to toxics reduction within the company. This should consist of a compre

hensive policy with clear targets, a comprehensive program for toxics reduction 

(including toxic use reduction) and a monitoring system extending to the corpo

rate level. Only one company was found that met these requirements. 

Integration of the environmental management and the health and safety 

management not only may improve the effectiveness of the environmental 

management but also may prevent a shift of the impact of toxics on the open 

environment to a risk for the working environment. Most of the companies stu

died had integrated their departments for environment and health and safety. 

All but one of the companies studied mentioned legal compliance as one of 
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the reasons for toxics reduction, product (safety) was mentioned by four compa

nies and the working environment was mentioned twice. 

Six of the companies studied have substantial programs for toxics reduction. 

Most of the programs are directed to toxics release reduction but also three pro

grams to toxics use reduction. Two companies have methods to prevent the sub

stitution of less toxic by more toxic chemicals. 

As to toxics reduction measures most companies mentioned more measures 

than process related ones. For toxics release and use reduction the measures taken 

were very different in complexity, varying from a black list to the execution of a 

complex program. For a sustainable industrialization environmental management 

should be extended beyond the own production chain. Three companies specified 

requirements about toxics to their suppliers. Companies can do more in this field 

using requirements for excluding or limiting toxics in supplies. 

In chapter 7 five examples of process modifications given by the companies as 

an example of toxics reduction were analyzed. All companies mentioned envi

ronmental legislation as a reason for process modification and three also mentio

ned legislation aimed at the working environment as a reason. One of the com

panies involved used a ranking list for solvent substitution, evaluating environ

mental risks and risks of the working environment. Three other companies used 

less sophisticated lists for solvent optimalization and product development. The 

methods used for process modification are rather different. Three stressed input 

substitution and one product reformulation. These four lead to toxics use reduc

tion. In two of the three cases that input substitution was performed the risks 

shifted from toxic to inflammable. In the two of the three cases that workplace 

legislation was mentioned as a reason for process modification, the working envi

ronment improved after process modification. Unexpectedly three of the four 

cases of toxics use reduction studied were said by the company to lead to increa

sed costs. Factors to evaluate whether processes for toxics reduction are properly 

modified are, besides risks of processes, risks of products, substitution decisions 

(all risks), performance and quality of products and costs. Maybe the companies 

studied, as they were forced by legal requirements, focused on complying with 

legal requirements and not on improving the factors mentioned. Obviously one 

of the biggest challenges for companies addressing process modification is not 
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only solving the problem for which the modification was needed but improving 

or innovating the processes in such a way that more aspects of company perfor

mance improve. 
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Samenvatting 

De regelgeving voorbij. 
Milieumanagement en de reductie van 

gevaarlijke / toxische stoffen in de praktijk. 



In hoofdstuk 1.3 is een inventarisatie gegeven van de componenten van een uit

gebreid milieumanagementsysteem. In dit proefschrift worden de volgende 

facetten van milieumanagement bestudeerd: 

* monitoring, 

* Material Safety Data Sheets (productveiligheidsbladen) als informatie

bron, 

* de rol van de inkoopafdeling, 

* de plaats van levenscyclusmethoden, 

* de vermindering van gevaarlijke / toxische stoffen in bedrijven, 

* de vermindering van gevaarlijke / toxische stoffen in processen. 

Hoofdstuk 2 

De monitoringsprocedures op milieugebied van grote internatio
nale bedrijven. Wat wordt gemonitord en waarom. 

Monitoring is in toenemende mate noodzakelijk voor milieumanagement. 

Monitoring is nodig voor het ontwikkelen van de milieustrategie, het managen van 

het milieuprogramma, het stellen van de diverse milieudoelen en om te controle

ren of deze doelen gehaald worden. Ook is monitoren nodig voor het nemen van 

beslissingen voor milieumanagement, het rapporteren over wettelijk geregelde 

zaken en het rapporteren van de milieuprestatie van het bedrijf. Een veelomvat

tend monitoringssysteem is een vereiste voor een ingrijpend op verbetering 

gericht milieumanagement. Dergelijke monitoring moet deels fysisch (-chemisch) 

zijn en deels financieel. De kern van het fysische monitoren moet bestaan uit een 

materialenbalans van wat bedrijven in- en uitgaat inclusief de hoeveelheden emis

sies en afval, zulks in de vorm van een vereenvoudigde massabalans. De monito

ring van het financiële deel moet zich toespitsen op het integreren van al de 

milieukosten in de productkosten. 

In zeven grote internationaal opererende bedrijven werd een onderzoek uitge

voerd naar wat feitelijk wordt gemonitord en waarom. Bij dit onderzoek werd 

gebruik gemaakt van gestructureerde interviews. Eén van de criteria om de bedrij

ven te selecteren was de aanwezigheid van een milieumanagementsysteem. 

Geen van de onderzochte bedrijven werkte met het monitoringssysteem nodig 

voor een ingrijpend op verbetering gericht milieumanagementsysteem. Het finan-
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ciële deel van het monitoren was het minst ontwikkeld maar ook het fysische deel 

vertoonde veel tekortkomingen. De onderzochte bedrijven hebben geen uitge

breid beleid voor monitoring van milieukosten en integratie van deze kosten in 

productkosten. Rekenschap afleggen over het gevoerde milieubeleid is de fre

quentst genoemde reden voor het monitoren op 'corporate' niveau. Het monito

ren van stoffen vereist door wet- en regelgeving wordt door al de onderzochte 

bedrijven uitgevoerd, vijf bedrijven monitoren meer emissies dan vereist door 

wet- en regelgeving. Minder frequent gemonitord worden de resultaten van het 

milieumanagementsysteem. Geen van de bedrijven voert monitoring uit om een 

eenvoudige massabalans te berekenen. Eén bedrijf is dit van plan. In diverse uit

komsten (data) van monitoring zijn grote onzekerheden mogelijk. Dit betreft 

zowel de data van de bedrijfsvestigingen als 'corporate' data. Bedrijven zouden 

moeten overwegen om een indicatie te geven van de nauwkeurigheid van de diver

se data door berekening van de standaarddeviatie van de resultaten. Bedrijven zou

den tevens uniforme procedures en standaarden moeten ontwikkelen voor de 

verificatie van de data en de methodieken om data te verkrijgen. De onderzochte 

bedrijven zijn nog ver verwijderd van het veelomvattende monitoringssysteem 

noodzakelijk voor een ingrijpend op verbetering gericht milieumanagement. 

Hoofdstuk 3 

Material Safety Data Sheets, correct en compleet? 

Voor het ontwikkelen van beleid met betrekking tot gevaarlijke / toxische stof

fen en voor implementatie van dit beleid in het bedrijf is adequate informatie 

nodig over de in het bedrijf gebruikte stoffen. In de landen behorende tot de 

Europese Unie zijn 'Material Safety Data Sheets' (MSDS's, productveiligheidsbla-

den), welke correcte informatie moeten bevatten, door wetgeving verplicht 

gesteld. Deze MSDS's zijn te gebruiken ter verhoging van de veiligheid en voor 

bescherming van de gezondheid en het milieu. Tijdens onderzoek naar milieuma

nagement in vier bedrijven werden elf recente willekeurig (ad random) geselec

teerde MSDS's geëvalueerd op de accuraatheid van de humaan toxicologische 

informatie. Alle elf onderzochte MSDS's hadden tekortkomingen. De bladen 

waren niet correct en / of niet compleet wat betreft de bescherming van de 
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gezondheid. De niet correcte en incomplete informatie van de MSDS's kan leiden 

tot een onjuiste beoordeling en onvoldoende bescherming van de werknemers. 

Tevens kan worden geconcludeerd dat veel gebruikers van de MSDS's moeilijk

heden zullen ondervinden in het begrijpen van de complexe data in de MSDS's. 

Het zou om deze reden overwogen moeten worden om twee soorten MSDS's te 

ontwikkelen, één soort voor deskundigen en één soort voor personen met minder 

kennis op dit gebied. 

Hoofdstuk 4 

Hoe de inkoopafdeling kan bijdragen aan de reductie van gevaar
lijke / toxische stoffen. 

De integratie van het milieumanagement in al de activiteiten van het bedrijf 

omvat ook de activiteiten van de inkoopafdeling. De inkoopafdeling van een 

bedrijf bevindt zich in een strategische positie om bij te dragen aan vermindering 

van het gebruik van gevaarlijke stoffen in het bedrijf. De inkoopafdeling verzorgt 

namelijk de feitelijke inkoop van materialen en producten. Daarnaast kan de 

inkoopafdeling een bijdrage leveren aan verbetering van de situatie betreffende de 

gevaarlijke stoffen bij de toeleveranciers door in de inkoopcontracten en inkoop

procedures eisen op te nemen die relevant zijn voor de milieuprestatie van de toe

leveranciers. 

Inkoopafdelingen kunnen een aanzienlijke bijdrage leveren op het gebied van 

preventie van gevaarlijke stoffen, vooropgesteld dat aan een aantal eisen is vol

daan. Deze betreffen gecentraliseerde inkoopsystemen en ondersteuning van 

inkoop door deskundigen met expertise op het gebied van milieu- en toxicologi

sche evaluatie van gevaarlijke stoffen. Dit laatste ter ondersteuning van de besluit

vorming. Daarnaast moet de inkoopafdeling in de positie zijn om adequate infor

matie te verkrijgen van toeleveranciers, zoals informatie over chemische specifica

ties van producten en Material Safety Data Sheets. Deze informatie moet op cor

rectheid worden gecontroleerd. Vervolgens, om het gebruik van gevaarlijke stof

fen te optimaliseren, zou een koppeling van registratie- en informatiesystemen 

binnen het bedrijf aanwezig moeten zijn. Het gaat hierbij om een koppeling tus

sen registratiesystemen over opslag en gebruik van gevaarlijke stoffen in de vorm 
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van een balans en informatiesystemen voor diegenen in het bedrijf die worden 

geconfronteerd met gevaarlijke stoffen. Ook moeten er in het bedrijf mogelijkhe

den zijn om hogere prijzen te betalen voor inkopen die op veiligheids- en milieu

gebied de voorkeur verdienen. D e in te kopen gevaarlijke stoffen moeten door de 

inkoopafdeling geëvalueerd worden met selectie- en besluitvormingssystemen. O p 

minder gevaarlijke stoffen kan geselecteerd worden door product- en materiaal

vergelijking maar ook door gebruik van vaste regels zoals zwarte en witte lijsten. 

O m te inventariseren in hoeverre in de praktijk aan deze eisen wordt voldaan 

werden vier middelgrote Nederlandse bedrijven geïnterviewd. Het bleek dat maar 

een deel van het beschreven potentieel voor vermindering van gevaarlijke stoffen 

door inkoopafdelingen werd benut met grote verschillen tussen de bedrijven. 

Hoofdstuk 5 

Het gebruik van levenscyclusmethoden door zeven grote bedrij
ven. 

O m voor milieumanagement de volledige milieubelasting van de productie-

consumptieketen in kaart te brengen kunnen levenscyclusmethoden behulpzaam 

zijn. D e levenscyclusmethoden kunnen gebruikt worden voor de vermindering 

van de milieubelasting van producten gedurende het van 'wieg tot het graf' tra

ject. In zeven grote bedrijven werd het gebruik en de internalisering van de levens

cyclusmethoden bestudeerd door middel van interviews. Het interview bevatte 

tevens vragen over de betrokkenheid van de inkoopafdeling en vragen of de 

gebruikte levenscyclusmethode ook de gevaarlijke stoffen omvatte. D e onder

zochte bedrijven gebruikten 5 verschillende levenscyclusmethoden. Geen van de 

bedrijven gebruikte de volledige levenscyclusanalyse. De levenscyclusmethoden 

werden meestal weinig frequent gebruikt. Bij al de onderzochte bedrijven was de 

methodologie niet geïnternaliseerd maar eerder nog in de startfase. Bij vier bedrij

ven kwam de aanleiding om levenscyclusstudies te ontwikkelen van buiten het 

bedrijf. Vijf van de zeven bedrijven noemden problemen met het verzamelen van 

valide data voor de levenscyclusstudie. D e resultaten van de levenscyclusstudies 

werden gebruikt voor activiteiten die kunnen leiden tot vermindering van de 

milieubelasting. Drie bedrijven ontwikkelden levenscyclusmethoden voor een 
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databestand. Bij twee bedrijven werden de resultaten voor inkoopdoeleinden 

gebruikt. De inkoopafdeling was maar in één bedrijf betrokken bij de ontwikke

ling van de levensscyclusmethode. Deze geringe betrokkenheid van de inkoopaf

deling beperkt de potentiële vermindering van de milieubelasting door levenscy

clusmethoden. Geen van de bedrijven gebruikt levenscyclusmethoden of heeft de 

bedoeling om deze te gebruiken voor de reductie van gevaarlijke stoffen. Twee 

bedrijven gebruikten voor dit doeleinde risico- inventarisatie en één bedrijf 

gebruikte een zwarte lijst. In al de onderzochte bedrijven was de aandacht voor 

gevaarlijke stoffen onvoldoende om verschuivingen van potentieel gevaar door 

gevaarlijke stoffen van milieu naar werkomgeving te voorkomen. 

Hoofdstuk 6 

De vermindering van gevaarlijke / toxische stoffen in tien grote 
bedrijven, hoe en waarom. 

Het milieumanagement van een bedrijf kan zich toespitsen op diverse aspec

ten van de milieuprestatie. Eén van deze aspecten is de vermindering van gevaar

lijke stoffen. 

In het bijzonder in de USA zijn programma's ontwikkeld om de problemen 

veroorzaakt door verontreiniging van het milieu door gevaarlijke stoffen aan te 

pakken. Deze programma's richten zich op de vermindering van milieubelasting 

en de reductie van het gebruik van gevaarlijke stoffen. Bij vermindering van de 

milieubelasting door gevaarlijke stoffen staat vermindering van emissies en afval 

centraal. De reductie van het gebruik van gevaarlijke stoffen, vermijdt of elimi

neert gevaarlijke stoffen. De risico's voor de gezondheid van medewerkers en con

sumenten kunnen door beide genoemde methoden verminderen. 

Het doel van deze studie is te beantwoorden hoe en waarom bedrijven gevaar

lijke stoffen verminderen (gebruik, emissies en afval). Hiervoor werd onderzoek 

uitgevoerd in tien grote internationaal werkende bedrijven afkomstig uit diverse 

branches. Bekend was dat de geselecteerde bedrijven hadden gewerkt aan het ver

minderen van gevaarlijke stoffen. 

De milieu- en de veiligheids- en gezondheidsafdeling waren geïntegreerd bij de 

meeste van de onderzochte bedrijven. Deze integratie verhoogt niet alleen de 
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effectiviteit van het milieumanagement maar kan ook de verschuiving van de 

belasting van het milieu naar een belasting van de werkomgeving voorkomen. O p 

één bedrijf na noemden alle onderzochte bedrijven het naleven van regelgeving 

als reden voor het reduceren van gevaarlijke stoffen. Als tweede reden werd door 

vier bedrijven de veiligheid van de producten genoemd en als derde werd door 

twee bedrijven de werkomgeving als reden aangevoerd. 

Zes van de onderzochte bedrijven hebben substantiële programma's voor het 

verminderen van de gevaarlijke stoffen. De meeste van deze programma's zijn pri

mair gericht op het verminderen van de emissies van gevaarlijke stoffen en het 

gevaarlijke afval. Drie van de programma's omvatten ook het reduceren van het 

gebruik van gevaarlijke stoffen. Wat betreft de maatregelen op het gebied van de 

reductie van gevaarlijke stoffen noemden de meeste bedrijven meer maatregelen 

dan maatregelen die het proces betreffen. De maatregelen getroffen voor het ver

minderen van het gebruik en de emissies van gevaarlijke stoffen en het gevaarlij

ke afval zijn erg verschillend in complexiteit. D e maatregelen varieerden van het 

toepassen van een zwarte lijst tot de uitvoering van een complex programma. 

Voor een bredere verbetering op milieugebied moet het milieumanagement zich 

verder uitstrekken dan de eigen productieketen. Drie bedrijven hebben gespecifi

ceerde eisen voor toeleveranciers over gevaarlijke stoffen. Bedrijven kunnen meer 

doen op dit gebied door het specificeren van eisen aan toeleveranciers over het 

uitsluiten of beperken van gevaarlijke stoffen. 

D e meeste bedrijven zijn ver verwijderd van het gebruik van het volledige 

potentieel van activiteiten in het bedrijf die relevant zijn voor de reductie van 

gevaarlijke stoffen. Dit volledige potentieel aan activiteiten zou moeten bestaan uit 

een veelomvattend beleid met duidelijke doelen, een uitgebreid programma voor 

het verminderen van de gevaarlijke stoffen (gebruik, emissies en afval) en een 

monitoringssysteem dat zich uitstrekt tot het 'corporate' niveau. Maar één bedrijf 

uit het onderzoek voldeed hieraan. 
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Hoofdstuk 7 

De reductie van gevaarlijke / toxische stoffen in processen. 
Enkele praktijk voorbeelden. 

Een simpele en effectieve methode aanbevolen om de milieubelasting door 

gevaarlijke stoffen door emissies en afval te verminderen is de vermindering van 

het gebruik van gevaarlijke stoffen (TUR). In de TUR hiërarchie, de hiërarchie van 

maatregelen die tot gebruiksvermindering kan leiden, staat als eerste geplaatst her

formuleren van het product en substitutie van gevaarlijke (grond)stoffen, gevolgd 

door proces- en productwijziging en als derde wijziging en onderhoud van de 

installatie. 

In vijf bedrijven werden proceswijzigingen, door de bedrijven aangegeven als 

voorbeelden van vermindering van gevaarlijke stoffen, geanalyseerd. De onder

zochte bedrijven hadden een goed ontwikkeld milieumanagementsystem. Alle vijf 

de bedrijven noemden milieuwetgeving als een reden voor de vermindering van 

de gevaarlijke stoffen. Drie bedrijven noemden ook regelgeving voor de werkom

geving als reden. Eén van de bedrijven gebruikte een ranglijst voor de substitutie 

van oplosmiddelen. Voor de plaatsing in rangorde werden milieurisico's en risico's 

voor de werkomgeving gebruikt. Drie andere bedrijven gebruikten voor oplos

middeloptimalisatie en productontwikkeling minder ver ontwikkelde lijsten. De 

methoden gebruikt voor proceswijziging zijn zeer verschillend. Drie bedrijven 

richten zich op de substitutie van gevaarlijke stoffen en één bedrijf op product

herformulering. Deze vier wijzigingen leiden tot een vermindering in het gebruik 

van gevaarlijke stoffen. In twee van de drie gevallen van wijziging door substitutie 

verschoof het risico door toxiciteit voor de werkomgeving naar brandbaar. In 

twee van de drie gevallen waar regelgeving voor de werkomgeving werd genoemd 

als reden voor vermindering van gevaarlijke stoffen verbeterde de werkomgeving 

na proceswijziging. Tegen de verwachting in leiden drie van de vier gevallen van 

reductie in het gebruik van gevaarlijke stoffen tot verhoogde kosten. 

Om proceswijziging, met als doel de reductie van gevaarlijke stoffen, in totaal 

goed uit te voeren moeten de volgende factoren geëvalueerd worden, risico's van 

processen, risico's van producten, de risico's voorvloeiende uit substitutiebesliss

ingen, performance en kwaliteit van producten en de kosten. Mogelijk waren de 

onderzochte bedrijven, omdat ze gedwongen werden door wettelijke eisen, gericht 
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op het voldoen aan de eisen van de wetgeving en niet op verbetering van het 

totaal. Klaarblijkelijk is één van de grootste uitdagingen voor bedrijven bij het aan

pakken van proceswijziging niet alleen het oplossen van het probleem waar de wij

ziging voor nodig is maar het verbeteren en innoveren van de processen op die 

wijze dat meer aspecten van de bedrijfsprestatie tot verbetering leiden. 
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