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Abstract 

The risk assessment process and the subsequent risk management measures need to 
be constantly evaluated, updated and improved. This thesis contributes to that work 
by considering, and suggesting improvements, regarding aspects like user-
friendliness, transparency, accuracy, consistency, data reporting, data selection and 
data evaluation.  

The first paper in this thesis reports from an empirical investigation of the 
motivations, intentions and expectations underlying the development and 
implementation of a voluntary industry owned environmental classification system 
for pharmaceuticals. The results show that the purpose of the classification system 
is to provide information, no other risk reduction measures are aimed for.  

The second paper reports from an evaluation of the accuracy and the consistency of 
the environmental risk assessments conducted within the classification system. The 
results show that the guideline recommendations were not followed in several cases 
and consequently alternative risk ratios could be determined for six of the 36 
pharmaceutical substances selected for evaluation in this study. When additional 
data from the open scientific literature was included the risk ratio was altered for 
more than one-third of the risk assessments. Seven of the 36 substances were 
assessed and classified by more than one risk assessor. In two of the seven cases, 
different producers classified the same substance into different classification 
categories.  

The third paper addresses the question whether non-standard ecotoxicity data could 
be used systematically in environmental risk assessments of pharmaceuticals. Four 
different evaluation methods were used to evaluate nine non-standard studies. The 
evaluation result from the different methods varied at surprisingly high rate and the 
evaluation of the non-standard data concluded that the reliability of the data was 
generally low.  
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predictability, accuracy, consistency, voluntary initiatives, reliability evaluation, 
non-standard test data.  
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REACH Registration, Evaluation, Authorisation and Restriction of 
Chemical substances (European regulation, EC 1907/2006) 

SECIS The Swedish Environmental Classification and Information System 
for pharmaceuticals 

TGD Technical Guidance Document 

 

 

  



vii 
 

Contents  

Abstract.....................................................................................................................................iii 
Acknowledgements....................................................................................................................v 
Abbreviations............................................................................................................................vi 
 
1. Introduction ....................................................................................................................... 1 
    1.1 Aim ............................................................................................................................... 2 

 
2. Background ........................................................................................................................ 3 

2.1 Environmental risk assessment ..................................................................................... 3 
2.2 Standard and non-standard test data ............................................................................. 5 
2.3 Environmental risk assessment of pharmaceuticals ...................................................... 6 
2.4 Reliability and relevance evaluation of ecotoxicity data................................................7 

     2.5 Pharmaceuticals ............................................................................................................ 8 
2.6 Voluntary initiatives ..................................................................................................... 9 
2.7 The Swedish Environmental Classification and Information System for 
pharmaceuticals ................................................................................................................ 10 

 
3. Preview of papers ............................................................................................................ 11 

3.1 Paper I ........................................................................................................................ 11 
3.2 Paper II ....................................................................................................................... 12 
3.3 Paper III ...................................................................................................................... 14 

 
4. Discussion ......................................................................................................................... 16 

4.1 SECIS ......................................................................................................................... 17 
4.2.1 Recommendations for improvement of SECIS ........................................................ 18 

 
5. Future work towards a PhD-thesis ................................................................................ 19 

 
References ............................................................................................................................ 20 
 

Paper I 
Ågerstrand M, Wester M, Rudén C. (2009). The Swedish Environmental Classification and Information 
System for Pharmaceuticals - An empirical investigation of the motivations, intentions and expectations 
underlying its development and implementation. Environment International 35 (5) 778-786 
 
Paper II 
Ågerstrand M, Rudén C. (2010). Evaluation of the accuracy and consistency of the Swedish 
Environmental Classification and Information System for pharmaceuticals. Science of the Total 
Environment 408: 2327–2339. 
 
Paper III 
Ågerstrand M, Breitholtz M, Rudén C. Comparison of four different methods for reliability evaluation of 
ecotoxicity data - A case study of non-standard test data used in environmental risk assessments of 
pharmaceutical substances. Manuscript. 



viii 
 

 

 

 

 

 

 

 



1 

 

1. Introduction 

This licentiate thesis reports from a PhD-project concerning environmental risk 
assessment and risk management of pharmaceuticals.  

The consumption of pharmaceuticals is increasing and this, in combination with 
pharmaceuticals’ inherent design to interact with biological systems, makes 
environmental effects from pharmaceuticals a growing concern. So far there are 
only a handful of reports with confirmed effects on non-target organisms in the 
environment, but laboratory studies show that pharmaceuticals can cause adverse 
effects if exposure occurs.  

The result from a risk assessment is only as good as the methods and data used. 
Therefore the risk assessment process needs to be reviewed and updated as new 
scientific data and methods are developed. Aspects of the risk assessment process 
considered in this thesis are transparency, accuracy, consistency, data reporting, 
data selection and reliability evaluation.  

Risk management strategies can differ a great deal in scope, design and 
effectiveness. The Swedish environmental classification and information system for 
pharmaceuticals (here called SECIS) is an example of a voluntary environmental 
initiative taken by the industry. Voluntary initiatives are increasing in numbers 
within OECD (the Organisation for Economic Co-operation and Development) 
member countries and are often presented as alternatives to laws and regulations by 
offering a change for consensus-building between different stakeholders in a cheap 
and flexible way. Considerable literature indicates that companies can profit from 
taking voluntary actions but little is known about their effectiveness towards 
reducing environmental risks (OECD, 2003).  
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1.1 Aim  

My PhD-project concerns regulatory aspects of ecotoxicology, with focus on risk 
assessment and risk management of pharmaceuticals. The overall intention of my 
work is to 1) improve the transparency and the predictability of the environmental 
risk assessments process by reviewing current risk assessments, 2) improve the 
scientific basis of risk assessments by creating evaluation criteria for ecotoxicity 
test data, and 3) improve the environmental effectiveness of risk management 
initiatives by evaluating SECIS.   

This licentiate thesis consists of three papers reporting from two different research 
projects. The first project concerns SECIS. The aim of the project is to increase the 
environmental effectiveness of the classification system by conducting a thorough 
evaluation resulting in recommended improvements. The second project is 
conducted within the MistraPharma research programme. The aim of MistraPharma 
is to identify and reduce environmental risks caused by the use of human 
pharmaceuticals.  

The aim of the first paper is to investigate the driving forces, intentions and 
expectations underlying the development and implementation of SECIS. The 
second paper reports from a study which aims at evaluating the accuracy and 
consistency of the environmental risk assessments conducted within SECIS. In the 
third paper the aim is to investigate if and how non-standard ecotoxicity data can be 
used systematically in environmental risk assessments of pharmaceuticals. 
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2. Background 

2.1 Environmental risk assessment 

The overall objective of an environmental risk assessment is to identify and 
characterize environmental risks and eventually to make decisions on the basis of 
this assessment with the purpose to prevent unacceptable harm to the environment 
and the large diversity of organisms represented in the ecosystems (European 
Commission, 2003). 

The different steps of the regulatory risk assessment, and its connection to risk 
management decision-making, are visualized in Figure 1.  

 

Scientific data

Exposure assessment Effect assessment

Predicted Environmental
Concentration (PEC)

Predicted No Effect
Concentration (PNEC)

PEC / PNEC ratio

Risk characterization

Risk management

 

Figure 1. Outline of the regulatory risk assessment process and its connection to 
risk management (Modified from van Leeuwen and Vermeire 2007). 

 

The purpose of the first step is to identify and describe effects of concern. In the 
second step, the effect assessment (or dose response assessment), experimental data 
are reviewed to establish the lowest identified no observed effect concentration 
(NOEC) or the lowest identified effect concentration where fifty percent of the 
tested population have been found to be affected in laboratory experiments 
(L(E)C50). Thereafter, this concentration is divided by an assessment factor to 
derive a predicted no effect concentration (PNEC). The purpose of applying an 
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assessment factor is to compensate for variations in sensitivity within and between 
species, transfer from laboratory data to field conditions, and for extrapolating 
short-term data to chronic data. The purpose of the PNEC is thus to be used as a 
reference concentration below which unacceptable effects in the environment will 
most likely not occur (European Commission, 2003).  

In parallel, the exposure assessment is performed. Here the concentrations in the 
environment resulting from different emissions are estimated, i.e. the predicted 
environmental concentration (PEC). A PEC is estimated by using data derived from 
actual measurements (retrospective assessments) or from models based on 
estimations such as (estimated) sales data (prospective assessments) (European 
Commission, 2003).  

In the risk characterisation, a risk quotient is calculated by comparing PEC with 
PNEC. Dependent on the PEC/PNEC ratio the decision whether a substance 
presents a risk to organisms in the environment is taken. A risk ratio above 1 
normally leads to further evaluations (European Commission, 2003). 

In addition to the PEC/PNEC risk characterisation a PBT assessment will be 
performed, by combining information about the substance’s toxicity (T), its 
potential to persist in the environment (P), and its capacity to bioaccumulate in 
organisms (B) (European Commission, 2003).  
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2.2 Standard and non-standard test data 

Ecotoxicological testing can be done using a variety of methods and models. Two 
very general approaches are to use a standard test or a non-standard test. Standard 
tests refer to tests performed and reported according to a uniform method described 
and provided by an official standardisation organisation. Non-standard tests, on the 
other hand are tests performed according to any other test method.  

The major advantages of using standard tests are that the results are directly 
comparable across substances and that the data they generate will be readily 
accepted across jurisdictions. Test guidelines also contribute to promote the 
reliability of the data by making it easier to repeat the experiment if needed because 
of the detailed standard test procedures and extensive reporting of data that is 
required.  

The major disadvantage of standard test methods is that they do not always 
represent the most relevant testing approach depending on the type of endpoint 
under investigation. Therefore, results from non-standardized tests may in some 
cases be more sensitive and thereby contribute additional and significant 
information to a risk assessment.  

It should also be noted that non-standardized experiments can be just as reliable 
(reproducible) as tests performed under strict implementation of a test standard, and 
that following a standard will not automatically ensure that the test has sufficient 
relevance for risk assessment purposes.  
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2.3 Environmental risk assessment of pharmaceuticals 

In 2005 the Swedish Association of the Pharmaceutical Industry (LIF) launched 
SECIS, a national voluntary classification for pharmaceuticals and in 2006 the 
European Medicines Agency’s (EMA) guideline on the environmental risk 
assessments of medical products for human use came into force. Both SECIS and 
the EMA guideline are following the risk assessment steps described by van 
Leeuwen and Vermeire (2007) but they are not suggesting or implementing any risk 
management measures besides providing environmental information. The reason 
for this is that the purpose of SECIS is only to provide information and according to 
the EMA guideline an environmental risk assessment is required for all new 
marketing authorization applications but the result cannot affect the outcome of the 
application (Swedish Association of the Pharmaceutical Industry, 2007; European 
Medicines Agency, 2006). 

The EMA risk assessment process is divided into two phases. In Phase I the PEC 
for surface water is calculated and the logKow is measured. If the PEC value is 
equal to or above 0.01 µg/L a Phase II analysis should be performed. Substances 
with a logKow > 4.5 should be screened for persistence, bioaccumulation and 
toxicity (European Commission, 2003). Pharmaceuticals that are known to affect 
the reproduction of vertebrates or invertebrates at concentrations below 0.01 µg/L 
should also enter Phase II. In Phase II Tier A physico-chemical, fate and effect 
studies are reviewed and PNEC is calculated. Standard long-term toxicity tests on 
algae, Daphnia, and fish (OECD guidelines 201, 211 and 210), together with an 
appropriate assessment factor on the lowest no observed effect concentration 
(NOEC), are proposed to determine PNEC. If the ratio PEC/PNEC is above 1, an 
extended environmental fate and effect analysis, according to Tier B in Phase II is 
needed (European Medicines Agency, 2006).  

The SECIS risk assessment process differs from the EMA guideline in three general 
aspects: 1) Within SECIS actual sales figures for the total sales volume of the 
pharmaceutical substance is used when calculating PEC. EMA, on the other hand, 
states that PEC should be derived from data on maximum daily dose and percentage 
of market penetration for a specific product and company. 2) SECIS allows for use 
of short-term data and non-standard data. This allows for more pharmaceuticals to 
be assessed in SECIS since long-term data is missing for a majority of the 
substances. 3) The EMA guideline only applies to new registrations while SECIS 
applies to all products on the Swedish market (Swedish Association of the 
Pharmaceutical Industry, 2007; European Medicines Agency, 2006). 
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2.4 Reliability and relevance evaluation of ecotoxicity data 

The European Commission Technical Guidance Document (TGD, European 
Commission, 2003) is a comprehensive document used by authorities and risk 
assessors all over Europe. According to TGD, an evaluation of the data reliability 
should ensure “the inherent quality of a test relating to test methodology and the 
way that the performance and results of the test are described”. Basically this 
evaluation should answer the question: Has the experiment generated and reported a 
true and correct result?  

The assessment of the relevance of the data should describe “the extent to which a 
test is appropriate for a particular hazard or risk assessment”, e.g. answer questions 
like: Does the test exposure scenario exist for the tested substance? How do the 
tested doses relate to measured or predicted environmental concentrations? 

Evaluation of data can be done within different frameworks. It usually relies to a 
significant extent on case-by-case assessments based on expert judgment. However, 
there are also attempts to make the evaluation process more structured. Such an 
approach can include check-lists or even pre-defined evaluation criteria (Klimisch 
et al., 1997; Hobbs et al., 2005; Durda and Preziosi, 2000; and Schneider et al., 
2009). 

A major advantage of using a more structured way of evaluating data is increased 
transparency and predictability of the risk assessment process. For instance, both a 
check-list and pre-defined criteria will contribute to ensuring that at least a 
minimum and similar set of aspects are considered in each evaluation. Pre-defined 
evaluation criteria may also contribute to increased transparency of the evaluation 
process to the extent that these criteria are clearly reported to the relevant actors.  

Disadvantages of using pre-defined evaluation criteria and check-lists are less 
flexibility and a focus on the general aspects of a study. In general there is a need to 
strike a balance between flexibility and predictability in the data quality evaluation 
process; it will always include an element of expert judgment, but it is also 
important to continuously seek to increase the predictability and transparency of 
this process. 
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2.5 Pharmaceuticals 

Pharmaceuticals are, compared to other groups of chemicals, well investigated 
when it comes to mode-of-action, potential side effects, and pharmacological 
effects on humans and experimental animals (mice and rats). In addition to this, 
pharmaceuticals have a number of inherent properties that make them interesting 
for an environmental perspective. First, they are designed to interact with biological 
processes and it is therefore likely that non-target species are affected if exposed.  
Second, to minimize side effects the interaction should be as specific as possible, 
ideally influencing only one well-defined target or cellular process. Third, the 
interaction should be achieved already at low concentrations, meaning that the 
substance has to be relatively potent. Fourth, the substances have to be sufficiently 
persistent to remain un-metabolised long enough to reach the target organ in the 
human body.  

The use of pharmaceuticals is increasing worldwide due to a variety of reasons; 
increased world population, increased wealth, new and improved treatments, 
unhealthy life styles, market forces, time constrains on health care and low 
acceptance for illness and diseases. The risks for non-target organisms are likely to 
increase, as exposure increases.   

So far, over 200 pharmaceutical substances have been found in European surface 
waters (Personal communication Thomas A Ternes, Federal Institute of Hydrology, 
Koblenz, Germany). Examples of substances where exposure have had an effect on 
non-target organisms in the environment are the sex hormone ethinylestradiol and 
the anti-inflammatory drug diclofenac. Ethinylestradiol has proven to contribute to 
feminization of male fish living in waters polluted by wastewater effluents (Purdom 
et al., 1994, Larsson et al., 1999, Jobling et al., 2002) and use of diclofenac are 
responsible for a rapid and devastating decline (up to >95%) of three vulture 
species in Pakistan and India (Oaks et al., 2004).   

Substances that in SECIS have PEC/PNEC ratios above one, i.e. indicating that the 
substance occurs in the environment at a concentration that is harmful for non-
target organisms, are acetylic salicylic acid, allopurinol, amoxicillin, estradiol, 
ethinylestradiol, ketoconazole, mykofenolatmofetil, natriummykofenolat, 
norethisterone, propranolol, raloxifene and sertraline (available at www.fass.se; 
Ågerstrand et al., 2009; Ågerstrand and Rudén, 2010). 
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2.6 Voluntary initiatives 

Voluntary initiatives as environmental risk management measures are a rather new 
phenomenon. It has been used since the early 1990s as an alternative to mandatory 
requirements and standards (OECD, 2003). The general idea behind voluntary 
initiatives is that they offer “win-win” situations:  The regulator achieves the 
desired results with decreased enforcement costs and the regulated community is 
offered flexibility in the development and implementation of the initiatives (Daley, 
2007).  

Commonly used criteria for systematic evaluations of voluntary initiatives are: 
environmental effectiveness; economic efficiency; equity; competitiveness; 
acceptability; inclusiveness and public participation (OECD, 1999, 2003; Sullivan, 
2005; Cabugueria, 2001). The opinions whether voluntary approaches are more 
efficient than other environmental policy instruments differ. Some argue that they 
offer a chance to handle environmental problems in a flexible manner at low cost, 
and at the same time gain consensus with involved stakeholders. Others believe that 
the environmental targets often are modest and set by the industry themselves and 
therefore provide few environmental improvements beyond what would have been 
achieved anyway. Voluntary initiatives have also proven to have potential for free-
riding: i.e. when companies obtain the benefits of an initiative (e.g. avoiding stricter 
regulation) while not performing beyond “business as usual” (OECD, 2003; 
Sullivan 2005). 

Possible ways to increase the performance of environmental initiatives include 
development of standardized approaches for reporting, setting achievable quantified 
targets, clearly stating objectives and goals, identifying precise requirements, 
identifying reviewing and benchmarking mechanisms, setting appropriate sanctions 
for failing to meet stated requirements and involving an external reviewer (Sullivan, 
2005).  

Voluntary initiatives cover a variety of different arrangements. According to OECD 
(1999) they can be divided into four general types: (1) unilateral commitments 
where individual firms or coalitions of firms set up programs, (2) private 
agreements between polluters and pollutes, (3) public voluntary schemes where 
participating firms agree to standards developed by public bodies, or (4) negotiated 
agreements where the authorities and the industry agree on a contract. SECIS is a 
unilateral commitment where pharmaceutical companies on the Swedish market 
participate in a program set up by the pharmaceutical industry. 

  



10 

 

2.7 The Swedish Environmental Classification and Information System for 
pharmaceuticals 

SECIS is a national and voluntary classification system for pharmaceuticals. The 
initiative to develop SECIS was taken in 2005 after a streak of events: a regional 
initiative concerning environmental classification of pharmaceuticals; a report from 
the Swedish Medicines Agency to the Swedish government that concluded that 
environmental information are missing for many pharmaceutical substances; and 
increased awareness about pharmaceuticals’ effects on the environment among 
involved stakeholder (Wennmalm and Gunnarsson, 2005; Swedish Medical 
Products Agency, 2004; Ågerstrand et al. 2009).  

So far, pharmaceutical companies have shown a high degree of interest to 
participate in SECIS (Mattson, 2007). In February 2010, 691 of the 1090 substances 
available on the Swedish market had been assessed, however environmental data is 
still missing for a substantial part of the substances: ecotoxicity data is missing for 
59% of the substances, 47% lack data on the substances' persistency, and 40% lack 
bioaccumulation data (available at www.fass.se; Ågerstrand and Rudén, 2010). 

Within SECIS, the pharmaceutical companies provide environmental data and 
classify their products according to pre-defined criteria and a guidance document 
(The Swedish Association of the Pharmaceutical Industry, 2007). The guidance 
document is developed for the purposes of SECIS, but it is based on the EMA 
guideline for environmental risk assessment of pharmaceuticals (European 
Medicines Agency, 2002; 2006) and the TGD (European Commission, 2003). A 
consultant reviews the risk assessments and the classification proposal before the 
information is made public on LIF’s webpage (www.fass.se). Information is 
presented per product, which implies that several risk assessments and 
classifications can exist for the same pharmaceutical substance. 

SECIS is based on an assessment of risk, i.e. combining information about the 
substances' hazardous properties with information about the estimated 
environmental concentrations. The PEC/PNEC ratio is used to classify each product 
according to the criteria into a risk category and corresponding risk phrase. The 
system has four risk classification categories; insignificant, low, moderate, and high 
risk. A classification according to the SECIS guidance document furthermore 
includes an assessment of the pharmaceutical substance potential to persist in the 
environment and to bioaccumulate in organisms (The Swedish Association of the 
Pharmaceutical Industry, 2007).  
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3. Preview of papers 

3.1 Paper I 

Paper I reports from an empirical investigation of the motivations, intentions and 
expectations underlying the development and implementation of SECIS.  A 
questionnaire, containing 19 questions, was sent out to the 29 persons involved in 
the start-up process of the classification system. The questions were either 
composed as open-ended questions, or as statements asking the respondents to 
indicate agreement on a five point Likert scale.  

The response rate for the survey was 72% (n=21). The answers were coded and the 
data analysed using descriptive statistics. The answers from the respondents were 
analysed according to affiliation and the respondents were therefore divided into 
three different groups: persons affiliated with the pharmaceutical industry, persons 
affiliated with governmental agencies and persons with other affiliations.  

The results from this inquiry indicates that the decision to implement a 
classification and information system for pharmaceuticals was the result of a 
combination of several driving forces, mainly political pressure and a possibility to 
increase the industries' goodwill, while at the same time keeping the process under 
the industries' control. The expected possible effects of the system, other than 
increased goodwill, are according to this survey assumed to be low. The system 
offers little guidance for end-users in the substitution of one pharmaceutical for 
another. One possible reason for this could be that LIF needs to observe the 
interests of all its members and should not affect competition. The affiliation of the 
involved actors correlates to how these actors view and value the system, but this 
has not hampered the collaborative process to develop and implement it. 

There are three general conclusions that can be drawn from the results of this study. 
First, the likelihood that the system will have an impact on prescriptions and use of 
pharmaceuticals are questioned since the system provides only limited guidance to 
end-users that want to explore the possibility to substitute one pharmaceutical for 
another. 

Second, if the owner of the system, in this case LIF, cannot provide information 
that will enable comparisons between different pharmaceutical substances due to 
their role as a representative for all their member companies, then the efficiency of 
the system might benefit from being hosted by a more independent body.  

Third, there seems to be a common perception among the respondents that 
developing an environmental classification system has a value in itself.  
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In summary, SECIS is an ambitious initiative that is unique in its kind. The system 
has great potential to contribute to scientifically well-motivated decisions on risk 
management. However, the results from this investigation suggest that there is room 
for further improvements of the system.  

 

 

3.2 Paper II 

In this paper the accuracy and the consistency of the environmental risk 
assessments conducted within SECIS were evaluated. Three main aspects were 
considered:  

(1) Were the risk assessments and classifications made within SECIS accurate in 
relation to the SECIS guidance document: How were data selected for the risk 
assessments made so far? What types of data were included (e.g. standard vs. non-
standard), what were the main sources of the data, and how complete were the 
datasets?  

(2) If the data-sets did not include all available and relevant data; would a 
supplemented data-set alter the PEC/PNEC ratio or the risk classification? 

(3) How consistent were the risk assessments when different companies had 
assessed one and the same pharmaceutical substance? 

For these analyses we selected all the pharmaceutical substances classified by at 
least one company and for which ecotoxicity data could be found in the open 
scientific literature. This resulted in a set of 36 substances and 48 assessments that 
were scrutinized (the number of assessments is larger than the number of substances 
since several companies are producing products with the same substance). 

The results showed:  

(1) Based on the review of the 48 assessments above, alternative PEC/PNEC ratios 
could be determined for six substances. Five of these were results of altering the 
assessment factor in assessments where long-term data had been used as short-term 
or vice versa. In the sixth assessment ecotoxicity data from blue-green algae was 
not used in an assessment of an antibiotic substance, even though it is specifically 
acknowledged in the EMA guideline and by the reviewer to be an important species 
when it comes to ecotoxicity testing of antibiotics. The alternative PEC/PNECs for 
these six substances would, if implemented, lead to four new risk classifications. In 
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three cases the substance would have been classified into a higher category and in 
one case a lower.  

The scrutiny also brought about five assessments which, in SECIS, had resulted in 
risk classifications even though the data provided was not sufficient for 
classification according to the guidance document. 

(2) Additional data which altered the PEC/PNEC ratio were available for 18 of the 
48 risk assessments. These data were reported in 14 studies. 9 of the 14 studies 
reported results from standard tests. Half of the studies were regarded as long-term 
studies and the other half as short-term.  

The use of additional data resulted in a new classification category for 13 of the 
assessments. Ten of the 13 assessments resulted in a higher classification category, 
for one substance the PEC/PNEC ratio increased with three orders of magnitude 
and the risk classification changed two steps. 

(3) Seven of the 36 pharmaceutical substances selected for evaluation in this study 
were assessed and classified by more than one risk assessor. In two of the seven 
cases, different producers classified the same substance into different classification 
categories. This is a rather high percentage of the substances that were eligible for 
this analysis (2/7 or 29%), but only a small part of the substances that have been 
classified by at least two companies (2/18 or 11%) and only a tiny part of the total 
number of classified substances in SECIS in April 2009 (2/179 or 1%). To what 
extent our selection of pharmaceutical substances to evaluate is representative for 
the rest of the classified substances is not known. 

Finally some recommendations to improve the classification system’s accuracy, 
consistency, transparency, data reporting and data selection are proposed. The 
recommendations include clarifying concepts and instructions in the guidance 
document, introduction of a standardized way of reporting data to the website, and 
promotion of use of non standard test data when considered the most relevant. 
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3.3 Paper III 

The recommendations in SECIS differ from those of EMA on how to risk assess 
pharmaceutical substances by allowing for use of non-standard ecotoxicity data. 
But information about on how to evaluate this kind of data is not included in the 
SECIS guideline.  

The overall aim of this study was to investigate if non-standard ecotoxicity data 
could be used systematically in environmental risk assessments of pharmaceutical 
substances. This has been done by 1) an investigation whether recently published 
non-standard ecotoxicity studies from the open scientific literature fulfill proposed 
reliability criteria, and 2) an evaluation of the usefulness of existing proposed 
criteria for reliability evaluation of test data.  

The four reliability evaluation methods are described by Klimisch et al. (1997), 
Hobbs et al. (2005), Durda and Preziosi (2000), and Schneider et al. (2009). Nine 
studies published in the peer-reviewed open scientific literature containing non-
standard test data were used as examples and evaluated according to the four 
methods.  

The evaluation methods differ in their scope, user friendliness, and how criteria are 
weighted and summarized. Klimisch et al. (1997) has unclear criteria and not 
enough guidance for the evaluator which affects the user friendliness. Durda and 
Preziosi (2000) have a broad scope and is user friendly but using the method 
resulted in the evaluation result “not reliable”  for all nine studies that we evaluated. 
Hobbs et al. (2005) also has a broad scope and is user friendly. According to Hobbs 
et al. (2005) more studies were accepted compared to all the other methods, but 
none of the studies were categorized as having “high quality” . Schneider et al. 
(2009) also has a broad scope and is user friendly. This method differentiated the 
selected studies more than the other methods, i.e. some studies were considered 
“not reliable” and others were considered “reliable without restrictions”.   

The reliability evaluation of the non-standard test data show that many of the 
aspects considered important in the different evaluation methods are left out in the 
reporting by the authors of the selected studies. Examples of aspects that are 
missing are information about the controls, results from statistical evaluations, 
dose-response correlations, tested concentrations and clear descriptions of the test 
environment. Possible reasons for this could be lack of knowledge about what kind 
of data that are needed in risk assessment and that the reports from the scientific 
studies were not written with risk assessment in mind. Using a checklist (e.g. 
criteria from an evaluation method) as guidance could improve the reporting and 
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regulatory impact of the studies by guaranteeing that all relevant aspects are 
reported.  

Overall the evaluation of non-standard test data resulted in a low number of studies 
with acceptable reliability. The nine selected studies were evaluated by four 
different methods which resulted in 36 evaluations. Only 15 (or 42%) of these 
evaluations resulted in “acceptable quality”, “reliable with restrictions”, or “reliable 
without restrictions”. 

Also, the evaluation result from the four evaluation methods differed at surprisingly 
high rate. Using the four methods lead to an agreed evaluation result in only two 
studies. The evaluation result differed by one step for five studies and by two steps 
for two studies.  

More structured evaluation methods, as an alternative to case by case evaluation, 
can help risk assessors from both regulatory agencies and pharmaceutical 
companies to use non-standard test data. However, the choice of evaluation method 
can affect the outcome of the reliability evaluation. Using the method described by 
Durda and Preziosi (2000) might result in a situation were no data from the open 
scientific literature can be used in risk assessment, whereas the method described 
by Hobbs et al. (2005) opens up for use of more data.   
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4. Discussion 

The risk assessment process and the subsequent risk management measures need to 
be constantly evaluated, updated and improved. This thesis contributes to that work 
by considering, and suggesting improvements, regarding aspects like user-
friendliness, transparency, accuracy, consistency, data reporting, data selection and 
data evaluation. The focus is on how ecotoxicity data is used and handled but the 
general principles discussed can apply to other type of data used in risk 
assessments.  

A risk assessment is the result of the selected data and selected method used to 
handle the data. An important starting point for the risk assessment is to gather all 
available data instead of settling for data that only fulfil the basic criteria for the 
risk ratio calculation. Paper II concludes that the companies have had different 
strategies regarding data gathering, some have included publically available data 
while others have settled for their own data. Data from the open scientific literature 
is generally not used to the extent it could be in the risk assessments in SECIS. 

Using reliable and relevant test data in risk assessments is considered fundamental. 
Still, it is seldom mentioned in risk assessment documents exactly how data were 
evaluated for reliability and relevance, and which criteria that were used.  Paper II 
confirm that none of the evaluated risk assessments specified how the data 
evaluation was conducted and paper III conclude that the choice of evaluation 
methods can affect on the outcome of a reliability evaluation.  

Neither the EMA legislation (European Medicines Agency, 2006) nor the SECIS 
guidance document (Swedish Association of the Pharmaceutical Industry, 2007) 
clarify how data evaluation should be conducted. In contrast, both the TGD 
(European Commission, 2003) and the Reach guidance document (European 
Chemicals Agency, 2008) address how to evaluate the reliability and relevance of 
test data by providing a framework with guidance to risk assessors. There is also 
evaluation methods presented in the open scientific literature. However, with the 
exception of Klimisch et al. (1997), these have so far had low penetrating power.  

The results from paper III also indicate that non-standard ecotoxicity studies from 
the open scientific literature fail to report aspects related to reliability that are 
considered necessary for risk assessments. A possible explanation to this could be 
that studies in the open scientific literature are in most cases not performed with the 
purpose to be included in a risk assessment; they are instead curiosity-driven and 
more explorative in their design. However, one could also argue that the same 
reliability criteria should apply to all data since reproducibility, which is closely 
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connected to reliability and how studies are reported, is a cornerstone in the 
scientific work.   

 

4.1 SECIS 

SECIS is a unique system by its mere existence. It has contributed to the discussion 
about pharmaceuticals’ effect on the environment and has made data, which 
previously were considered company secrets, publicly available. However, to be an 
effective risk reduction tool this is not sufficient. Examples of evaluation variables 
for voluntary initiatives include; purpose, third-party review, transparency, 
sanctions, participation rate, and level of compliance.  

The host of an environmental initiative can affect and limit the user-friendliness, 
and consequently also the environmental effectiveness, of the initiative by defining 
a purpose and a structure that limit the possible actions that can be made by users. 
SECIS has the purpose to provide available environmental information about all 
pharmaceutical substances on the Swedish market by 2010. The information 
provided does not differ much from the requirements in the EMA legislation but it 
applies to all pharmaceuticals, not only new market applications, and the 
information is publically available. The information is presented in a way that does 
not encourage further actions such as substituting one pharmaceutical for another 
(paper I).  

The results from paper II indicate that a third-party reviewer is not a guaranty for 
transparent and accurate risk assessments. Failing to follow the guidelines without 
justifying the exceptions or not explaining why a decision was made can affect the 
credibility of the initiative. Furthermore, there are no sanctions, economic or non-
economic, for non-compliance within SECIS. Sanctions are considered important 
for the effectiveness of the voluntary initiative (Cabugueria, 2001). 
 
When guideline recommendations give room for interpretation it can result in 
inconsistent risk assessments with varied content as shown in paper II.  By using a 
standardized reporting format the transparency and comparability of the risk 
assessments can increase.    
 
The participation rate in SECIS is relatively high; this could be seen as a signal of 
success according to Lange (2008) and Southworth (2009). However, the variation 
of the content of the risk assessment suggests that the level of compliance differ 
(paper II).  Competitive pressure, the environmental commitment among the upper 
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management of the company, regulatory pressure and the size of the company are 
examples of factors that could affect the level of compliance (Wu, 2009).                                                    

 

4.2.1 Recommendations for improvement of SECIS 

SECIS has come a long way in a short period of time but additional steps have to be 
taken to further develop the system into a user friendly and credible tool in the risk 
management process. Based on the results from paper I-III the following 
improvements are recommended: 

• To facilitate substitution, the system should be adjusted so that the 
environmental risk assessments for pharmaceutical substances with the 
same pharmacological effect could be more easily compared. 

• Investigate the underlying factors to the current inconsistency in the risk 
classifications performed by different companies and make required 
adjustments in routines and the guidance document.  

• Define central concepts such as “short-term” and “long–term” data in the 
SECIS guidance document. 

• Clarify which aspects of the SECIS guidance document that is mandatory 
or recommended. 

• Promote the use of non-standard test data when these are considered the 
most relevant. It should be clearly stated that the aim is to always use a 
relevant and sufficiently sensitive test method.   

• Clarify how non-standard test data can be evaluated when it comes to 
relevance and reliability.  

• Create a reporting format that helps companies report all relevant 
information to the website in a harmonized way. 

• Require that the open scientific literature as a rule is searched for relevant 
data and, when available these data should be taken into consideration in 
the risk assessment. 

• Require that every action that is not supported by the SECIS guidance 
document should be transparently justified. 
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5. Future work towards a PhD-thesis 

Future work involves the development of a reliability and relevance evaluation 
scheme for ecotoxicity data for pharmaceuticals substances. Experiences from 
paper III will be used as the basis for this scheme and we will collaborate with 
expertise working with regulatory aspects of environmental risk assessment of 
pharmaceutical substances at the German Federal Environment Agency to create a 
tool that is user friendly and helpful for risk assessors and experimentalists. The aim 
of the work is to enable use of non-standard test data in environmental risk 
assessment as a complement to standard test data.  

I also would like to investigate the actual use and the possible effects of SECIS. Has 
the information from the classification system influenced the recommendations 
from the pharmaceutical committees to the prescribing doctors? Has the 
information from the classification system changed what pharmaceuticals are being 
prescribed and sold? Has the classification system contributed to raising the 
question regarding pharmaceutical substances’ effect on the environment? This will 
be done with surveys to relevant stakeholders and by reviewing sales and 
prescription statistics. 
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