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Preface

Care for a good quality of drinking water and surface water, as well as
recent information received from surrounding countries which indicates
that pharmaceuticals are detectable in the environment, let the
Association of River Waterworks (RIWA) and the Institute for Inland
Water Management and Waste Water Treatment (RIZA) decide to have
a literature study carried out on the presence and risks of
pharmaceuticals in the environment. Because the emission routes of
human pharmaceuticals for one thing, differ from those of veterinary
drugs and animal feed additives for another thing, it was decided to
publish two separate reports on these subjects.

This report describes the results of a literature study, in which
information is gathered about the presence of human pharmaceuticals
in surface water, groundwater and drinking water as well as the risks
for humans and the aquatic environment that might result from this
presence.

The study was carried out by AquaSense research and consultancy
agency. Mrs. J.G.M. Derksen was project manager, in which she was
guided by Mr. W.F.B. Jiilich and Mr. P.G.M. Stoks of RIWA and Mr.
G.B.J. Rijs of RIZA.

The draft report was sent to a great number of persons and institutes
who gave their comments. These include Mr. JW. Leenen
(Farminform, also on behalf of the branch organizations Bogin and
Neprofarm), Mr. M. van der Graaff (Nefarma), Mr. P. Leeuwangh
(Ecotox), Mr. M. HLM.M. Montforts (RIVM), Mr. A. Dam (Pharma-
chemie) as well as the project group ‘Chemical substance studies’ from
RIWA and the "Ecotoxicology’ group from RIZA.

We express our thanks to the above-mentioned persons for their
comments on the draft report, coming from their different points of
view. Thanks are also expressed to Farminform and their associated
manufacturers of human pharmaceuticals for providing data on
consumption of pharmaceuticals in the Netherlands. We would also
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like to thank Mr. A. Dam, coordinator ‘Environment and Qccupational
Health & Safety” of Pharmachemie, for his efforts in gathering
information on the pharmaceutical "indusiry, cytostatics and
ecotoxicology data.

Furthermore our acknowledgement is expressed to Mr. J. Rombke
(ECT Oekotoxikologie), Mr. T.A. Ternes (ESWE-Institut fur
Wasserforschung und Wassertechnologie} and Mr. T. Heberer (Institut
fir Lebensmittelchemie, TU Berlin) in Germany and Mr. B. Halling-
Serensen (Roval Danish  School of Pharmacy, Section of
Environmenta! Chemistry) in Denmark for their inspiration and
helpfulness in providing articles and reports.
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Summary

Reason

Care for a good quality of drinking water and surface water, as well as
recent information received from surrounding countries, which
indicates that pharmaceuticals are detectable in the environment, were
the reasons the Association of River Waterworks (RIWA) and the
Institute for Inland Water Management and Waste Water Treatment
(RIZA) decided to have a literature study carried out. This literature
study focused solely on the presence of human pharmaceuticals in
surface water, groundwater and drinking water and the possible
resulting risks for people and the aguatic environment. The reason for
limiting this study exclusively to human pharmaceuticals is the
expectation that the emission route for human pharmaceuticals to
surface water is, from a quantity point of view, much more important
than the emission routes for veterinary drugs and animal feed additives
to surface water.

Obijective and research questions

The most important objective of the literature study was {o gam
additional insight into the potential problem areas and possible problem
substances from the 'human pharmaceuticals' substance group in regard '
of the drinking water, surface water and groundwater quality in the
Netherlands. In the process, the following questions were posed:

1. What is the emission route of human pharmaceuticals to the
environment?

2. What concentrations of human pharmaceuticals have been detected
in sewage waier, surface water, groundwater and drinking water?

3. What are the potential risks of low concentrations of
pharmaceuticals in the aquatic environment for human and water
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organisms? What is known about the ecotoxicity of human
pharmaceuticals?

4. What are the possible problem substances which require priority
attention and which selection criteria form the basis for this
analysis?

5. What is laid down in the law and regulations with regard to
ecotoxicological aspects within  the context of human
pharmaceuticals being permitted in the European Union and the
United States and how is this situation dealt with in the
Netherlands?

Emission routes

Human pharmaceuticals can end up in the environment via three
sources and emission routes, namely the post-production industrial
route, the post-usage domestic route and in the form of unconsumed
pharmaceuticals.

As far as the domestic route is concerned, the pharmaceuticals and their
metabolites are after use excreted via urine and faeces and are then
discharged by households, hospitals and nursing homes in their waste
water into the sewer system and treated in a sewage treatment piant,
Seen from a quantitative point of view, this diffuse emission route is
much more important than the industrial route. In the case of the
industrial route, only a small percentage of the pharmaceutical that is
produced ends up in the waste water. This percentage is depending on
the extent to which the active ingredient is harmful to the environment
{and therefore disposed of seperately as chemical waste) and depending
on the waste water treatment process that is used. If this waste water is
discharged into the sewer system, biological breakdown and adsorption
onto the sludge in a sewage treatment plant will take place as in the
domestic route. The remaining amount will be discharged into surface
water together with the effluent from the sewage treatment plant.

In the Netherlands, 8.3% of the prescribed pharmaceuticals are not
consumed. Only 3% of the unconsumed pharmaceuticals ends up in the
sewer through disposal by the consumers. The majority of the unused
pharmaceuticals are, however, collected separately after they are
handed in to pharmacies. One third of the liquid pharmaceuticals
handed in to pharmacies still ends up in the sewer.

Diversity of substance groups and their presence in the aquatic
environment

Human pharmaceuticals cover a very diverse group of substances. The
most important groups of substances that have been analysed and that
are described in the literature are: '

* Blood lipid regulators and B-blockers (pharmaceuticals used to
treat cardiovascular diseases and to treat high blood pressure);

* Antiepileptics (pharmacenticals for the treatment of epilepsy);
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e Analgesics (pain relievers);

s (Cytostatics (pharmaceuticals for the treatment of cancer);
* Antibiotics;

s  Antidepressants and other psychiatric pharmaceuticals;

s Bronchospasmolytics (pharmaceuticals used to treat asthma and
similar ailments),

s lodinated X-ray contrasting agents.

The group of ‘hormonal disrupting substances’ is also frequently
referred to in the literature. Because this group of pharmaceuticals is
dealt with in other contexts it is not included in this study.

Measurement data in public literature mostly concerns measurements
in surface water and sewage treatment plant effluent. Almost all the
pharmaceuticals investigated are included in these two matrices. In
total, measurement data on 85 different active ingredients and 10
different metabolites are reported on in the reviewed literature. This is
only an extremely small percentage of the thousands of active
ingredients used in human pharmaceuticals.

As expected, the concentrations decrease along the wastewater
emission route from households, companies and hospitals as well as the
routes travelled by sewage water, sewage treatment plant effluents,
surface water, groundwater and drinking water. In surface water, the
concentrations of most human pharmaceuticals are between the
detection limit and several hundred ng/l, with several substances
peaking above the pg/l. These concentrations in the surface water are
from the same magpitude as the concentrations of pesticides described
in the literature. However, because pharmaceuticals are used all year
round, the annual amounts of pharmaceuticals will be higher than those
of pesticides, The concentrations of pharmaceuticals detected in rivers
are closely related to the amount of sewage treatment plant effluent and
the amount of non-purified municipal wastewater that is discharged
into those rivers. In influents and effiuents from sewage treatment
plants, the concentrations of human pharmaceuticals are higher. Human
pharmaceuticals are not, or only scarcely, present in drinking water (a
few ng/l). In the Netherlands, no pharmaceuticals have been
demonstrated as being present in drinking water to date.

Table 0.1 summarises the measurement data. This table shows for each
matrix in which concentration class the maximum measured
concentration of a pharmaceutical is found. Metabolites are shown in
italics.
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Table 0.1 Classification of the maximum measured concentrations into concentration
classes, per matrix and type of pharmaceutical, Metabolites are shown in

alics, STP = sewage treatment plant.

matrix & type of

maxitm maximum

maxisum

maximum maximum max inem
pharmaceutical >10006 ng/t >1000 ng/l =100 ngil >10 ng/t >detection Hmit  <detection Limit
influent STP
cardiovascular Bezafibrate Pentoxifylline
pharmaceuticals Clafibric acid
Fenofibric acid
Gemfibrozil
antiepileptics . Carbamazepine Primidon
analgesics Touprofen Acetylsalicylic acid Indometacine
Paracetamol Diclofenac Ketoprofen
Salicylic acid Gentisic acid Naproxen
Propyphenazone
cytostatics Methotrexate Cyelophosphamide Ifosfamide
other substances Dihydrocodeine Crotamiton
Hydrocodone Fenoprofen
effinent STP
cardiovascutar Bezafibrate Betaxolol Nadolol Clofibrate
pharmaceuticals Clofibric acid Bisoprolol Timolol Etofibrate
Fenofibric acid Carazolo] Fenofibrate
Gemfibrozil Propranoiol
Metoprolol
antiepileptics Carbamazepine
analgesics  Saficylic acid  Acetylsalicylic acid Gentisic acid Meclofenamic
(1977} Diclofenac Thuprofen-COOH acid
Dihydrocodeine Indometacine
thuprofen Keatoprofen
Thuprafen-OH Naproxen
Phenazone
Saficvlic acid
(1998}
cytostatics Bicomycin
Cyclophosphamide
Ifosfamide
antibiotics Erythromycin Chioramphenol Cloxacillin
Roxithromycin Clarithomycin Dicloxaciilin
Suifamethoxazols Erythsomycin Doxycyeline
Trimethoprim Methicillin
Nafcillin
. Oxaciilin
Oxytetracysline
Penicillin G
Penicillin V
Sulfamethazine
Tertracycline
antidepressants Biazepam
iodinated X-ray lopromide Diatrizoate fothalamic acid  loxithalamic acid
contrasting agents {opamidol
other substances Acetominophen Clenbuterol Fenoterol Fenoprofen
Hydrocodone Sulbatamol Toifenamic acid
Terbutaiin
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Table 0.1 continued.
matrix & type of maximum mmaximam maximum maximum maximum maximum
pharmaceutical >10000 ag/l >1008 ngfl >100 ngd >10 ng/t >detection Hmit <detection limit
surface water
cardiovascular Bezafibrate Carazolel Betaxolol Clofibrate Etofibrate
pharmaceuticals Bisaprotol Fenofibrate Timolol Nadolol
Clofibric acid Fenafibric acid
Metoprolol GemAbrozil
Pentoxifylline
Propanolol
antiepileptics Carbamazepine
analgesics Detroproxyphene  Acetylsalicvlic  fbuprofen-COOH Paracetamol
Biclofenac acid Ketoprofen o-hydroxyhippuric
Gentisic acid {buprofen acid
Fouprofen-OH Indometacine
Fropyvhenazone Naproxen
Salicylic acid Phenazone
cytostatics Bleomycin Cyclophosphamide
ifosfamide
Methotrexate
antibiotics Erythromyein Clarithrymyein ~ Chloramphenicol Cloxacillin
Tetracycling Roxithromycin Dicloxacillin
(1983) Sulfamethoxazole Doxycycline
Trimethoprim Methicillin
Nafcillin
Oxacitlin
Oxytetracycline
Penicillin G
Penicillin V
Tetracychne (1999)
antidepressants Medazepam Diazepam
iodinated X1ay  Iopamidol Diatrizoate Tomeprol
constrasting agents Topromide Jothalamic acid
foxithalamic acid
other substances Theophylling Clenbuterol Terbutalin Tolenamic acid
(1983) Fenoterol
Salbutamol
groundwater
cardiovascular Clofibric acid Fenofibrate Clofibrate
pharmaceuticals Clof. acid
derivate
analgesics Phenazone Biclofenac
ibuprofen
Propyphenazone
iodinated X-ray miscellangous

contrasting agenis

RUFEA
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Table 6.1 continued.
mairix & type of maximum maximum maximm maximum maximum maximum
pharmaceutical >10000 ngA =1000 ng/ >100 ngdl >10 ng/l >detection Hmit  <detection Hmit
drinking water
cardiovascular Clofibric acid Betaxolol
pharmaceuticais Fenofibrate Bezafibrate
Bisoprolol
Carazolol
Clofibrate
Metoproiol
Nadolol
Propranolof
Tirnolol
antigpileptics Carbamazepine
analgesics Acetylsaticylic Piclofenac
acid Thuprofen
Paracetamol
Salicytic acid
cytostatics Bleomycin Hosfamide
Methotrexate
antibiotics Erythromycin
Sulfamethoxazole
antidepressants Diazepam
iodinated X-ray Diatrizoate {oxithalamic acid
contrasting agents Iopamidol
lopromide
Tothalamic acid
other substances Clenbuterol
Fenoterol
Salbutamoi
Terbutalin

Potential risks for people

Based on the knowledge of possible adverse side effects of the use of
pharmaceuticals, the expectation is that human health will not be
affected due to consumption of drinking water with pharmaceuticals in
the concentrations that have been detected. There is an extremely large
margin between the maximum therapeutic dosage and the sporadic
concentrations shown in drinking water (a factor of 109).

Potential risks and ecotoxicity

Continual exposure to low concentrations of pharmaceuticals in surface
water may in theory cause the following negative effects on organisms
living in the water:

» cecotoxicological effects, which can be assessed by carrying out
accepted biological tests such as acute and chronic toxicity tests,
genotoxicity tests and carcinogenicity tests;

» effects which are a consequence of the pharmacological influence
of the type of pharmaceutical on non-target organisms (for
example, influences on the hormone and immune system);

12
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» resistance-development in micro-organisms.

The reviewed literature refers to 456 ecotoxicity data on 76 substances
and 6 metabolites. These data relate primarily to acute toxicity tests
with a number of standard organisms (bacteria, algae and water fleas).
Chronic ecotoxicity data was only found on a limited scale. In practice,
however, one should expect water organisms to be exposed to a variety
of pharmaceuticals over a lengthy, possibly even life-long, period. This
combined influence by a variety of substances at the same time is
extremely difficult to estimate. The effects may be additive, but some
pharmaceuticals can also have an intensifying or weakening effect on
each other.

As a result of the often specific ways in which they function it is also
plausible that - as is the case with hormonal disrupting substances -
pharmaceuticals can affect non-target (aguatic) organisms
pharmacologically according to the therapeutic effect on people.
Biological testing methods, which have been specifically developed to
demonstrate such effects, with the exception of endocrine disruption
effects, are as yet unavailable.

There is very little (publicly accessable) information on the negative
effects of pharmaceuticals on, for example, aquatic organisms, and this
information relates primarily to acute ecotoxicity data, The conclusion
could be that, on the basis of this data, it is not possible to make a well-
founded ecotoxicological risk assessment with regard to
pharmaceuticals in the (aquatic) environment.

The possible risks posed by the formation of resistant micro-organisms
and in particular the transfer of resistance genes from resistant to non-
resistant micro-organisms, has been an element of discussion ever since
antibiotics have been used. It is not clear what the possible negative
consequences on, for example, aquatic organisms might be.

Risk assessment of the substances studied

Unfortunately, it turned out to be impossible to acquire a list of the
most consumed pharmaceuticals in the Netherlands. For this reason, on
the basis of expected high consumption, degradability, ecotoxicological
data, the selection of substances in foreign studies and the availability
of data, the following substance groups were selected for further study:

1 Cardiovascular pharmaceuticals
(Blood lipid regulators and -blockers)

II.  Antiepileptics

ITI.  Analgesics

IV. Cytostatics

V.  Antibiotics

V1. Antidepressants

VII. lodinated X-ray contrasting agents

RIFZA
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VHI. Pharmaceuticals that have recently been introduced onto the
market, such as those used to treat impotence.

From the first five substance groups, twenty-one human
pharmaceuticals were selected for particular attention. For these
substances worst case calculations of the expected concentrations in
brooks, canals and large rivers in the Netherlands have been made on
the basis of consumption data. These estimates do not take any account
of metabolic degradation in people or adsorption, degradation and
evaporation at sewage freatment plants and in the environment. With
the exception of the concentrations of Bezafibrate, Clofibrate,
Cefalexine and cytostatics in the large rivers, all the calculated
environmental concentrations are above the limit value of 0.01 pg/l
stated in the most recent draft European directive. A comparison with
the actually measured concentrations shows that, in most cases, the
measured concentrations are clearly below the worst-case estimate.
This applies to both influent of sewage treatment plants and surface
waters. Due to lack of information it still remains unclear which
metabolites in what concentrations are or might be present in the
aquatic environment,

A closer examination of the various substances analysed reveals that
too little details are known about most pharmaceuticals to enable a
well-founded riks assessment to be made. In particular, there is a lack
of chronic and specific toxicity data.

Two substances, namely Clofibric acid (a metabolite of the
cardiovascular pharmaceuticals Clofibrate, Etofibrate & FEtophyllin
clofibrate) and the antiepileptic Carbamazepine are remarkable because
high concentrations are shown in almost all matrices. The presence of
Clofibric acid, but not Carbamazepine, was also demonstrated in
drinking water. Neither substance breaks down easily. There is no or
only very limited information about the ecotoxicity of these
pharmaceuticals.

Analgesics are widely consumed and therefore high concentrations are
found extensively in sewage water, sewage treatment plant effluents
and in surface water. However, most analgesics appear to break down
easily.

Despite the very low concentrations revealed in surface water,
cytostatics certainly need to be looked at due to their specific
pharmacological effect mechanisms and due to the fact that some
cytostatics are very persistent.

Antibiotics are also present in relatively low concentrations in the
aquatic environment. For antibiotics quite a lot of ecotoxicity data is
available in public literature. As expected, bacteria and algae are
extremely sensitive. The effects can be detected in quantities of just a
few pg/l. Some antibiotics from the group of fluoroquinolones appear
to be genotoxic.

Practically nothing is known about the presence of antidepressants in
the environment. However, ecotoxicological research has been carried
out on antidepressants, It appears that the ‘Selective Serotonin

14
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Reuptake Inhibitors’ (SSRIs) have an effect on the reproduction of
mussels at concentrations of just 0.3 pg/t or more.

X-ray contrasting agents that contain iodine are also present in
relatively low concentrations in the aquatic environment. These
substances have a very low level of biodegradability. Acute
toxicological effects were not observed in quantities of up to 10 g/l in
tests involving bacteria, algae, water fleas and fish. On the basis of this
data, the expectation is that iodinated X-ray contrasting agents will not
generate any unacceptable risk for water organisms in the short term.
Given that insufficient chronic toxicity data is available (substances
have been tested on just one trophic level), no conclusions can be
drawn with respect to the possible environmental risks in the longer
term.

The introduction of new pharmaceuticals, for example those to treat
impotency, has increased the level of attention paid to this type of
pharmaceuticals. While usage is expected to increase, practically
nothing is known about the possible ecotoxicological effects. However,
the fact that such pharmaceuticals affect very general enzymes justifies
further research into their possible unintentional effects on non-target
organisms.

Legislation

Several European guidelines state that, in principle, only registered
pharmaceuticals may be used. In order to obtain (an extension of)
registration, a whole series of investigations is required, in which
particular attention has to be paid to the substance's effectiveness and
any adverse side effects on people. Registrations can be regulated
centrally for the EU or on a decentralised basis by one or more
countries. Any consideration of environmental aspects would, in the
case of central authorisation, have to take place via the European
Agency for the Evaluation of Medicinal Products (EMEA) as
commissioned by the Committee of Proprietary Medicinal Products
(CPMP). 1n the Netherlands, substances are evaluated and approved by
the College ter Beoordeling van Geneesmiddelen (Medicines
Evaluation Board).

To date there are no official guidelines within the EU on the possible
environmental risks of human pharmaceuticals. In 1994, a provisional
draft directive (EU directive 111/5504/94) was drawn up which detailed
how the first phase of the environmental risk assessment should be
elaborated. The EU withdraw this directive, however, before it took
effect due to information received from the US - which later turned out
{0 be true - that the US directives were to become less strict. Since
1999, the EU has been working together with the European Federation
of Pharmaceutical Industries Associations (EFPIA) on a directive on
the assessment of the environmental risks. This directive requires a
calculation of the predicted environmental concentration (PEC; in
surface water) on base of data on the expected use and the physical /
chemical characteristics of the pharmaceutical. If available, data on the
biodegradation may also be included. Ecotoxicological data are not

e
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required for this environmental exposure assessment. If the calculated
concentration in surface water exceeds a certain limit value (0.01 pg/l)
a crude environmental effect analysis will be necessary. If the
calculated concentration is lower than this limit value no additional
ecotoxicological information is necessary. The crude environmental
effect analysis involves a Predicted No Effect Concentration (PNEC)
being calculated on base of acute toxicity divided by an uncertainty
factor of 1000. If the PEC/PNEC ratio is greater than 1, an additional
environmental effect analysis will be required. During this follow-up
phase, a more detailed estimate of the expected concentration in
various environmental compartments must be made and extra
ecotoxicological data about the active substance and the most important
metabolites must be submitted. The calculation in Phase 1 must be
carried out for both the emitted substance and important metabolites
(formed for >20 % in humans).

As already mentioned, the limit value for further investigation is stated
in the most recent EU draft directive as being a ‘Predicted
Environmental Concentration’ (PEC) of 0.01 pg/l in surface water. In
the previous version (Draft 4) of this draft directive dated 1994, this
limit value was a factor 10 lower (0.001 pg/l). The draft directives
assume that in the case of concentrations under the proposed limit
values no negative effects are to be expected for water organisms. The
question is whether this assumption is justifiable for pharmaceuticals
with their specific effect mechanisms. Similarly to substances with an
hormonal disrupting effect, such as Ethinyloestradiol, it is plausible
that due to specific pharmaceutical effects, water organisms could be
harmed even at very low concentrations. The question is also whether
the proposed limit value is meaningful when using on only acute
toxicity data for determining the potential risks for water organisms
which are exposed to (very) low concentrations of a cocktail of
pharmaceuticals over a long period of time (perhaps even throughout
their lives).

In the United States, there is an official directive issued by the Food
and Drug Administration (FDA) on environment aspects at registration
of pharmaceuticals. This directive also stipulates that a calculation has
to be made of the expected environmental concentration. The procedure
to be followed for the calculation and additional research in the event
that the limit value is exceeded, is elaborated in much more detail than
in European legislation. The American directives are, however, much
less strict than the provisional European directives. For example, the
estimated concentration in the water to which is discharged (estimated
environmental concentration at point of entry) may not exceed 1 pg/l.
Assuming a dilution factor of 10 to surface water, for example, this is
equivalent to 0.1 pg/l. This is ten times higher than the limit value
proposed in the most recent EU draft directive.

Conclusions

¢ The use of human pharmaceuticals results in contamination of the
surface water and groundwater and incidental of drinking water. In
surface water, the maximum measured concentrations of human

16
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pharmaceuticals are between the detection limit and several
hundreds ng/l, with several substances peaking above the ug/l. In
influents and effluents from sewage treatment plants, the
concentrations are higher. Human pharmaceuticals are not or
sporadic present in drinking water {a few ng/1).

High concentrations of the antiepileptic Carbamazepine and
Clofibric acid, i.e. a metabolite of several fibrates, are present in
almost all matrices. The presence of Clofibric acid, but not
Carbamazepine, was also demonstrated in drinking water.

On the basis of the usually very low concentrations of human
pharmaceuticals in drinking water and the known adverse side
effects of the use of pharmaceuticals, the expectation is that
consumption of drinking water will not affect human health. There
is an extremely large margin between the maximum therapeutic
dosage and the sporadic concentrations shown in drinking water
(factor of 109).

Aquatic organisms in the surface water will be exposed to (very)
low concentrations of several human pharmaceuticals as well as
metabolites over a long period of time, possibly throughout their
lives.

There is still too little (public) information available on the presence
and the possible effects of low concentrations of human
pharmaceuticals and their resulting metabolites in the water
environment to enable a well-founded estimate of the risks for the
water environment.

This lack of knowledge concerning the presence in the aquatic
environment and chronic and specific toxicity of the initial
substances and their metabolites, but above all the possible specific
pharmacological effect of pharmaceuticals on non-target organisms,
justifies further investigation of the possible negative effects on
water organisms caused by human pharmaceuticals.

The usual acute toxicity tests are expected to be unsuitable for the
detection of potential chronic and specific effects on water
organisms as a result of the release of human pharmaceuticals into
the (aquatic) environment. A more realistic estimate of the possible
environmental risks can perhaps be given by means of chronic
(toxicity) tests although these tests as yet are also insufficiently
specific to provide definitive answers about working mechanisms.
In addition to tests, which have been specially developed for
endocrine disruption, biological tests for other specific working
mechanisms are not yet available.

The registration policy with regard to human pharmaceuticals in the
Netherlands and the EU only regulates the possible side effects and
negative effects on humans. No legal basis yet exists and there are
no official guidelines for determining the possible risks for the
(aquatic) environment resulting from the use of human
pharmaceuticals. Within the EU, work is currently being carried out
on a draft directive. However, the expected effectiveness of this

RN
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draft directive is questionable as far as the protection of the
{aguatic) environment is concerned. In the initial phase, an estimate
of the concentration of human pharmaceuticals in the (aquatic)
environment would be sufficient. If the expected environmental
concentration is below a cerfain limiting value, no ecotoxicological
information will have to be submitied by law. It is not inconceivable
that even low concentrations of pharmaceuticals may have a
negative effect on non-target (water) organisms exactly due to their
specific working mechanisms.

+ The knowledge related to the environmental risks of the various
human pharmaceutical substance groups can be summarised as
follows:

type of pharmaceutical consump-  concentration in biodegradability availability
tion surface water ecotoxicological
data
blood lipid regulators/B-blockers +1 + . a b2
anticpileptics + + - ab
analgesics ++ - + b
cytostatics - - - a,c
antibiotics + - - ab,c
antidepressants ¥ ? 7 D
iodinated X-ray contrast media ? + -- 4 b

—

++ = very high, + = high, - = low and - = very low
2 a = acute toxicity, b = chronic toxicity, ¢ = genotoxicity, d = specific
pharmacological effect

» This literature study provides a good insight into the potential
problem areas and possible problematic substances for the water
environment within the substance group ‘human pharmaceuticals’,
but does not provide any answer to the question of which substances
actually constitute a problem and which ones require priority
attention.

Recommendations for follow-up

With regard to the future, the following ecotoxicological, policy and
research-technical recommendations would help to gain a better
overview of the potential side effects of the use of human
pharmaceuticals on the aguatic environment, or at least help to focus
attention on potential side effects.

s Prioritisation of problem substances

Considering a lack of ecotoxicological data, potential problem
substances will, in the first instance, have to be selected on the basis
of the consumption of pharmaceuticals in the Netherlands. This
should not only involve the substances themselves but also their
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most important metabolites. Possible points of departure may be the
substances reported on in the intermational literature and the
information regarding possible side effects for people in the event of
long-term use that is issued when the pharmaceuticals are
authorised. Efforts to establish links with internationally selected
substances may have the negative consequence of the focus
remaining on the same substances all the time without any insight
being created into the (environmental) relevance of these substances
with regard to other human pharmaceuticals used but not yet
researched in the Netherlands. The side effects for people referred to
may, in some cases, only provide an indication of the possible
relevance for the (aquatic) environment. A worst-case exposure
assessment may serve as a first step for a general assessment of the
risks. This would provide a basis for a more detailed elaboration of
the risk assessment on the basis of metabolic degradation in people,
biclogical degradation and adsorption and evaporation in a sewage
treatment plant or from surface water.

Chemical monitoring.

When in a worst-case estimate for a pharmaceutical an exposure
concentration is calculated which is greater than the detection limit
of the analysis method, a chemical measurement campaign can
provide additional insight info the actnal concentrations which occur
in the various matrices of sewage water, sewage treatment plant
effluent, surface water, groundwater and drinking water.

Generic risk analysis for the aquatic environment.

The measured concentrations of pharmaceuticals will be combined
with ecotoxicological measurement data to provide an indication of
the environmental risk. The ecotoxicological research should,
however, link up with the period of exposure in the environment and
the time required for the effect to become noticeable. Because water
organisms in surface water will be continuously exposed to (very)
low concentrations of various pharmaceuticals, chronic (toxicity)
tests would appear to be the most suitable. A combination of a
number of chronic toxicity tests will allow a wide-spectrum risk
analysis to be carried out that is independent of the specific effect
mechanisms of the various pharmaceuticals.

Specific risk analysis for the aquatic environment.

Due to the often very specific pharmacological effect mechanisms of
pharmaceuticals, it is conceivable that possible specific effects will
occur even at very low concentrations. A possible risk analysis should
be explicitly linked to the type of effect mechanism of a group of
pharmaceuticals, as for example the effect on the hormone or immune
system. Such biological testing methods are currently not, or only
partially, available. It is recommended that an assessment is made of
which specific pharmacological effect mechanisms can affect aquatic
organisms and that specific biclogical test methods are developed which
can be used in the future when screening the active substances and their
metabolites. These newly developed testing methods can also be used in
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the future for the biological monitoring of aquatic systems in addition to
the collection of chemical data.

Resistance development.

It is also desirable that attention is paid fo the consequences of low
concentrations of antibiotics on water organisms, such as resistance
development.

International co-operation.

Considering the complexity of a suitable method for assessing the
risk pharmaceuticals pose to water organisms, as well as the
comparable character of investigations and research requests in the
countries around us, international co-operation and fine-tuning
within the EU would obviously be a good idea. The international
results could be used in the future in the further elaboration of a
definitive European directive for the environmental risk assessment
in relation to human pharmaceutical authorisation.
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1

Introduction

The task of water companies and water quality managers is to
safeguard a good quality of the drinking water and/or surface water.
Attention is also given here to substance groups which, due to usage in
high quantities, might be present in the form of micropollutants. In
general, very little is known about the actual occurrence AND possible
risks of micropollutants. One of the possible groups of micropollutants
is pharmaceuticals. Pharmaceuticals are excreted by humans and
animals in their urine or faeces and in this way may end up in the
environment via various routes.

Only very recently any attention has been focused on the presence of
pharmaceuticals in the environment. In the past, studies on
pharmaceuticals were nearly exclusively focused on the effectiveness
of the substance, on human metabolism and possible side-effects and
on interactions with other pharmaceuticals. The environmental
consequences of the use of pharmaceuticals and their fate in the
environment were ignored for a long time. The result of this is that
there is no, or only very limited information on the occurrence,
breakdown and possible effect on the environment for many
substances. In Germany, the country that is most active in the area of
measuring concentrations of pharmaceuticals in the environment, about
2900 pharmaceuticals have been authorised according to the ‘Red List’
(Rote Liste, 1996). Of these, no more than 2% have been investigated
for their presence in the environment (Ternes, 1998a). According to
Kiimmerer (Kiimmerer, 2000), 50,000 pharmaceuticals were authorised
up to 1990, of which 90% of the consumption volume can be attributed
to 2700 pharmaceuticals. These 2700 pharmaceuticals contain 900
active substances. Among others from the point of view of care for a
good water quality, the possible effects of pharmaceuticals on the
environment are given increasingly more attention by researchers.
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In 1997, sponsored by RIWA!, an inventory study on the presence and
risks of pharmaceuticals in drinking water, groundwater and surface
water and the possible consequences for the treatment of drinking water
was carried out (Derksen & de Poorter, 1997). In this study,
pharmaceuticals referred to human pharmaceuticals, veterinary drugs
and medicinal animal feed additives. The study focused principally on
the Rhine and Meuse basins in the Netherlands and Belgium. This
study demonstrated that so far very little was actually known about the
presence of pharmaceuticals in the environment AND about the
possible risks of low concentrations (ng/l up to a few ng/l) of
pharmaceuticals to humans and the environment.

After the completion of this project, the interest in the subject increased
significantly, among others as a consequence of additional
measurement results in Germany. These measurements demonstrated
that most of the pharmaceuticals studied could be detected in sewage
treatment plant effluent in concentrations ranging from ng/l up to a few
pg/l. A number of pharmaceuticals could also be detected in low
concentrations (ng/l level) in surface water and a single pharmaceutical
could even be detected in drinking water, although in very low
concentrations (a few ng/l). Partly based on these results, the effort to
measure pharmacenticals in surface water, groundwater and drinking
water has increased considerably in the past two years. Reason enough
for RIWA to have a follow-up study carried out on the presence and the
possible risks of human pharmaceuticals {for motivation of the
restriction to human pharmaceuticals, see section 2.1).

Meanwhile, RIZA has also demonstrated interest in studying the
presence and risks of pharmaceuticals in surface water. The angle of
approach of RIZA is care for the quality of surface water, including
possible negative effects on nature in the surface water on the short and
on the long term.

Both projects have been combined into one joint project. The most
important objective for both institutes is fo obtain more insight into
possible problem substances for the Netherlands, On the basis of
measurement data and/or concentration estimates, it can be determined
which substances a future (measurement) effort could best be focused
on. This principal objective and a number of sub objectives can be
described with the following research questions:

1. What is the legislation with regard to ecotoxicological aspects for
authorisation of human pharmaceuticals? This question will be
restricted to the legislation in the Netherlands, the European Union
and the United States.

2. What is the fate of human pharmaceuticals in the aquatic
environment?

3. What concentrations of human pharmaceuticals have been detected
in sewage water, surface water and groundwater?

! The RIWA Substance studies project group is having studies done on substance
groups which couid be of interest or important from the perspective of drinking
water,
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4, What methods of analysis can be used to measure low
concentrations of human pharmaceuticals in sewage water, surface
water and groundwater?

5. What are the possible problem substances on which an eventual
measurement effort should be focused? The determination of
possible problem substances will be supported by estimates of
concentrations in the Netherlands on the basis of consumption data,

6. What is known about the ecotoxicity of human pharmaceuticals?

=

What are the risks of low concentrations of pharmaceuticals in
surface water and groundwater for humans and the environment?

The data have been coliected by consulting staff members of refevant
institutions, by reviewing literature and by searching the Internet.

Chapter 2 first of all will discuss a number of general aspects of human
pharmaceuticals, such as the type of substances, their use, the fate in
the environment and the legislation with regard to environmental
aspects of human pharmaceuticals. Chapter 3 presents a summary of
concenirations measured in different studies and the analysis methods
used. Chapter 4 indicates the selection of the substances for which
consumption data were requested. Based on the consumption data, an
estimate was made of the concentrations to be expected in sewage
treatment plant influent and in the surface water in the Netherlands.
Possible effects of human pharmaceuticals (and especially of the
selected substances) in surface water, groundwater and drinking water
on humans and the environment are discussed in chapter 5. Chapter 6
presents the conclusions and recommendations.
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2 General aspects

In this chapter a number of aspects of the use of human
pharmaceuticals which could be important regarding the presence and
the possible risks of pharmaceuticals in surface water, groundwater and
drinking water will be discussed. After giving a motivation for the
limitation of the study, the type of substances and their use, possible
sources and fate in the environment and the legislation with respect to
environmental aspects of human pharmaceuticals will be discussed
consecutively,

2.1 Motivation for limiting the study to human

pharmaceuticals

From the earlier mentioned preliminary study (Derksen & de Poorter,
1997), which focused on the presence and risks of human
pharmaceuticals, veterinary drogs and medicinal animal feed additives
in surface water, groundwater and drinking water, it appeared that
human pharmaceuticals were the quantitatively most important source
of pharmaceuticals towards the surface water. After excretion in urine
and faeces, human pharmaceuticals are discharged into the surface
water via the sewer water and treatment in a sewage treatment plant.
The most important emission route of veterinary drugs and animal feed
additives is via manure that is spread over the soil, either after having
been temporarily stored or not. Emission to the surface water occurs via
surface runoff, flushing and/or seepage of contaminated groundwater.
These concentrations of veterinary medicines in the surface water are
expected to be generally lower than those of human pharmaceuticals.
Therefore, this study is limited to human pharmaceuticals.

One substance group on which many studies have been carried out
consists of substances with an hormonal effect (estrogens), including

RiZ&A

25



1 7a-ethinyloestradiol, a component of the contraceptive pill. Since this
substance group was discussed extensively in the publications of the
Health Council (1999), Belfroid et af. (2000) and Vethaak et of. (2000),
it will not be taken into consideration in this study.

2.2 Types of pharmaceuticals and their use

Human pharmaceuticals comprise a very diverse group of substances.
The largest portion consists of organic substances, from simple ones to
complex ones. In addition, there are many substances based on salts.
An impression of the diversity of substances can be obtfained by
examining the structural formulas in supplement 1.

In a general sense, a pharmaceutical consists of an active substance
(usually in a low concentration, but sometimes in concentrations up to
50%), mixed with a number of auxiliary substances to make it possible
to handle and dose the pharmaceutical. These auxiliary substances are,
for example, lactose, celiulose, vaseline, syrup, sugars, sorbitol, taste
additives, ete. (van der Meer ef af., 1992}, When this report refers to a
pharmaceutical it means the active substance.

Active substances can be processed info a large number of
formulations, meaning a combination of administration form (tablet,
capsule, syrup, injection fluid, salve, etc.) and concentration of the
active substance.

In the Medicines Act it is laid down that only registered
pharmaceuticals may be used. A separate registration is necessary for
each formulation. A whole series of tests precede the registration of a
medication, in which the activity and toxicity to humans and animals
are given special attention.

Every quarter, the Medicines FEvaluation Board (College ter
Beoordeling van Geneesmiddelen: CBG) provides a list of all
pharmaceutical products which are authorised to be traded in the
Netherlands. At the moment, about 12,000 formulations have been
authorised (CBG, 1999). On the basis of an estimate from the
Repertorium 98/99 (MNefarma, 1999} about 850 active substances are
involved (not including vitamins, vaccines, herbs and homeopathic
substances).

The use of pharmaceuticals can be divided into three categories: a)
pharmaceuticals which can only be obtained by prescription, b)
pharmaceuticals which can obtained exclusively from a pharmacy and
¢) pharmaceuticals for home treatment (over the counter substances).

The most important users of human pharmaceuticals are hospitals,
health care and infirmaries and private households.

Data on production, sales and use of pharmaceuticals are kept updated
by:

e IMS Health
This is a worldwide organisation which collects, processes and
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analyses very detailed data on the pharmaceutical industry. The
pharmaceutical industry provides data on sales and production to
IMS Health and receives them in return in a processed and
analysed form. These data are used by the pharmaceutical industry
for developping market strategies, among other things. In principle
the IMS Health data are not available to third parties.

s Foundation for Pharmaceutical Statistics (Stichting Farmaceutische
Kengetallen: SFK)
SFK collects detailed data on the use of pharmaceuticals in the
Netherlands. It receives its information directly from a pharmacy
panel, in which 850 of the total 1,547 public pharmacies are
associated.

» Statistics Netherlands (Centraal Bureau voor de Statistiek: CBS)
CBS regularly carries out studies on the Dutch population,
including studies on the use of pharmaceuticals.

The above-mentioned organisations primarily express their data in
guilders and/or number of prescriptions. For the concentration of a
pharmaceutical in surface water, groundwater and drinking water and
its possible risks, the important factor is not so much the number of
prescriptions but rather the quantity of active substance being used
annually. These data are calculated by the IMS Health company, but
are in principle not available to third parties. However, in this study, in
co-operation with Farminform (the company that provides IMS Health
in the Netherlands with its data) and the involved manufacturers,
insight was obtained into the use of active substances of a number of
pharmaceuticals (see chapter 4).

A number of characterisations of the use of pharmaceuticals in the
Netherlands will be discussed below. The top 10 of the most frequently
prescribed substances are listed in table 2.1. In table 2.2. the number of
prescriptions is subdivided according to anatomy, while in table 2.3 the
results of an interview carried out by CBS on the use of
pharmaceuticals by the Dutch population are summarised. It involves a
regularly taken Health survey. In this survey, a representative random
sample of the population? is asked whether they used any
pharmaceuticals in the 14 days previous to the interview and if so,
which ones. In this case, a differentiation was made between prescribed
and non-prescribed pharmaceuticals.

It appears from tables 2.2 and 2.3 that most prescribed pharmaceuticals
affect the central nervous system (pain relievers, sleeping pills,
antidepressants and so on), the heart and vascular system (mainly
antihypertensives) and the gastrointestinal system (to treat a bloated
feeling, nausea, excessive gastric acid, diarrhoea, constipation and
diabetes).

2 With exception of the population in institutions and residential treatment centres
(rursing homes, infirmaries, institutions for the handicapped, boarding schools, jails,
eic. ).
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Table 2.3 also demonstrates that one third of the Dutch population uses
pharmaceuticals prescribed by the doctor. A little less than a third of
the population uses non-prescribed pharmaceuticals.

Table2.1  Top ten of the pharmaceuticals most prescribed in the Netherlands in 1997
(SFK, 1998).
Medication type form prescriptions
(millions)
1 Paracetamol’ analgesic tablet 500 mg 23
2 Oxazepam tranguilizer tablet 10 mg 2.2
3 Diclofenac-sodium analgesic, antitheumatic tablet 50 mg 1.2
4 Acetylsalicylic acid' analgesic, blood diluent tablet 80 mg 1.2
3 Ethinyloestradiol/ levonorgestrel  contraconceptive coated tablet 1.2
6 Temazepam sleeping pill capsule 10 mg 1.2
7 Furosemide diuretic tablet 40 mg i1
8 Doxycyline antibiotic tablet 100 mg 10
9 Omeprazol gastric antacid capsule 20 mg 10
10 Temazepam sleeping pill capsule 20 mg 0.8
1 The majority of these pharmaceuticals are sold without prescription,
Table 2.2  Summary of the use of pharmaceuticals in 1997, subdivided according to
anatorny, as a percentage of the number of prescriptions (SFK, 1998),
apatomy Yo pharmaceuticals are used as or to treat
1 central nervous system 21.1 pain relievers, sleeping pills, antidepressants, etc.
2 heart and vascular system 13.8  blood pressure regulating pharmaceuticals, among
others
3 gastrointestinal system il.1 excessive gastric acid, among others
4 respiration system 9.7 asthma, chronic pulmonary diseases, among others
5 dermatological 7.3 skin diseases
) urogenital system and sexual hormones 6.8 diseases of the bladder, kidneys, sexual organs and
contraconception
7 skeletal muscle system 6.6 rheumatism, muscle relaxation, among others
8 systematic antimicrobial substances 6.4 infections
9 blood and blood producing organs 4.9 blood diluents, anaemia, among others
10 SCHS0TY Organs 39 eye salve, ear infection, among others
11 others 6.4
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Table 2.3 Use of pharmaceuticals in the Netherlands in 1995/1996.

Data based on the Health survey, taken by CBS, in which a random sample of
the population was asked about their use of medication in the two weeks prior
to the interview. The use of parmaceuticals is expressed in % of the users in

two weeks, unless mentioned otherwise (CBS, 1997),

type prescribed non-prescribed
total number of users of pharmaceuticals in the two weeks prior to 5.1 million 4.5 million
the interview

{converted to the total population of the Netherlands)

use of medication in the two weeks prior to the interview, classified by type of medication

pain relievers and fever reducers such as aspirin 6.7 70.0
pharmaceuticals to treat coughing, colds, flu, sore throat, etc. 5.5 11.8
preventative pharmaceuticals such as vitamins, minerals, tonics 38 10.2
pharmaceuticals to treat the heart, blood vessels or hypertension 30.1 0.1
divratics {pills to stimulate urination) 6.6 -
Laxatives i1 0.4
pharmaceuticals for gastrointestinal disorders, digestives 9.7 1.9
sleeping pills and sedatives, psychiatric drugs 117 14
antibiotics 6.2 -
pharmaceuticals to treat the skin (for acne, eczema, itching, 9.7 1.3
dandruff, wounds)

pharmaceuticals to treat rheumatism and pain in the joints 7.9 1.0
pharmaceuticals to treat allergy 6.5 -
pharmaceuticals to treat asthma 85 -
hormones 33 -
pharmaceuticals to treat diabetes 5.4 -
pharmaceuticals to treat eye diseases 3.6 -
homeopathic substances “ 7.9
other pharmaceuticals 20.7 3.7
type of pharmaceutical unknown 2.1 0.6
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2.3 Sources and emission routes

Three sources and emission routes can be indicated for contamination
of the environment by human pharmaceuticals:

1. The industrial route
Waste water and solid waste emitted in the production of
pharmaceuticais;

2. The domestic route
Pharmaceuticals and their metabolites are secreted in urine and
faeces during use and thus end up in the environment via waste
water from households, hospitals, heaith care centres and nursing
homes;

3. The route of unconsumed pharmaceuticals.

These emission routes and their associated sources will be discussed
separately in sections 2.3.1 through 2.3.3. The most important route,
namely discharge via a sewage treatment plant, is presented in figure
2.1.

2.3.1 The industrial route

The total chemical waste flow in the Netheriands was 950,000 tonnes
in 1990. The production of cosmetics and pharmaceuticals contributed
1,500 tonnes to this annually {1.5% including package). The waste
arising from production of pharmaceuticals (active substance, solid and
liquid) is collected carefully. If possible, active substances are
recovered as much as possible, due to the damage they may cause to
the environment and/or because they are worth a lot of money. The
residue is disposed of to waste incinerators as hazardous waste.

The quantity of pharmaceuticals that is discharged in the sewer by a
manufacturer is low in comparison to other industries (Richardson &
Bowron, 1985). The experience is that in batch productions about 0.2%
of the active substance is discharged per batch with the flushing water
(Oranjewoud, 1999). Depending on the hazard category of the active
substance, the first flushing water will not be discharged, but collected
and disposed of in a different manner. The waste water from the
consecutive flushings is usually discharged into the sewer, either after
pre-treatment or not. Some of the contamination is degradated in the
sewage treatment plant, some of it will end up in the sewage sludge and
some is discharged to the surface water. The fate depends a great deal
on the adsorption properties of the substance and the extent to which it
degradates in water.

Next, the treated sewage water is discharged to the surface water.
Surface water can be used for drinking water production, either after
staying some time in a retention basin or not. Again, some of the
substances will be removed during the treatment process for drinking
water production.
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Figure 2.1 The most important sources and emission routes of human pharmaceuticals in
the environment.

For many pharmaceuticals it is improbable that they will survive the
sewage treatment plant, the period in the surface water and the
retention basin as well as the treatment process to produce drinking
water as the original substance (Richardson & Bowron, 1985).
However, in targeted measurements, a number of pharmaceuticals
(Acetylsalicylic acid, Bleomycin, Clofibric acid, Diazepam and
Fenofibrate, see supplement 4) could be detected in drinking water.
Moreover, it must be realised that until now only a very limited number
of pharmaceuticals have been studied as to their presence in surface
water and drinking water.

2.3.2 The domestic route

From a quantitative perspective the diffuse emission via the domestic
route is much more important than the industrial route (Richardson &
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Bowron, 1985; Stumph er ol, 1996; Halling-Serensen er al, 1998;
Seel, 1998). However, reduction of the diffuse contamination by
domestic use is much more difficult than reducing the emission in the
production of pharmaceuticals.

After having been administered, pharmaceuticals can either be directly
excreted via urine or faeces (mainly hydrophilic substances) or are
metabolised (mainly polar and lipophilic substances). Metabolism of a
pharmaceutical in the body usually consists of two phases: one phase in
which the substance is oxidised, reduced or hydrolysed and a second
phase in which the metabolites formed in the first phase are linked to a
several low-molecular substances available in the body itself. The latter
process is called conjugation. The conjugated substances are often
biologically re-activated in the sewage system and/or sewage treatment
plant. Examples of conjugation are sulfidation, glucuronidation,
methylation or acetylation. Conjugation usually makes the substance
more water-soluble and causes easier excretion. Most pharmaceuticals
are inactivated by metabolism, but there are also pharmaceuticals that
are not active unless they are metabolised. Some metabolites are more
toxic than the original substance.

The manner in which the pharmaceutical is administered has a great
deal of effect on the absorption in the body and the metabolism of the
pharmaceutical. Differentiation can be made, among other things, in
oral administration in the form of pills or potions, intravenous
administration (injected in the vein}, intramuscular administration
{injected in the muscle) and subcutanecus administration (injected
under the skin) (Grahame-Smith & Aronson, 1992). In oral
administration, a (sometimes considerable) portion of the
pharmaceutical is not absorbed and is excreted into the faeces
unchanged. The portion that is absorbed will disperse in the body,
where the pharmaceutical can be metabolised.

Eventually, the pharmaceutical and its metabolites are excreted via
faeces and/or urine and thus end up in the sewage water, where its fate
is comparable with the pharmaceuticals which are discharged via the
industrial route.

2.3.3 Unconsumed pharmaceuticals

Pharmaceuticals do not contain substances from the so-called “black
list” exceeding the concentrations which are listed in the Decision on
Indication of Hazardous Waste Substances (Beshuiit Aanwijzing
Gevaarlijke Afvalstoffen: BAGA). Residues of pharmaceuticals are
therefore, on base of the hazard they pose to the environment, not
considered to be domestic chemical waste. From the perspective of
public health however, they are collected through the circuit of
domestic chemical waste, in order to promote safe disposal (van der
Meer ef al., 1992).

In a study by Blom er of. (1995), commissioned by, among others, the
pharmaceutical industry it was demonstrated that 83% of the prescribed
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Table 2.4

pharmaceuticals in the Netherlands is not used. No data have been
published about the over the counter pharmaceuticals. Table 2.4
indicates what happens to unused prescribed pharmaceuticals.

Pharmaceutical waste that is collected via the municipal disposal
channels such as Domestic Chemical Waste (Klein Chemisch Afval:
KCA) and waste from pharmaceutical wholesaler’s is incinerated in
waste incinerator installations. It is estimated that 260 tonnes per year
of solid pharmaceuticals (including packaging material) is returned via
the pharmacies to the wholesaler and then incinerated. This is 3% of
the total amount of pharmaceuticals produced.

Table 2.4 shows that a major portion of the unused prescribed
pharmaceuticals are returned to the pharmacy or collected through
KCA channels and disposed of through an incinerator installation.
Some of it is used for landfill and some ends up in the sewer. It does
not become clear from Blom er al. (1995) how large portion of the
liquid pharmaceuticals is returned.

‘What happens to unused prescribed pharmaceuticals in the Netherlands (Blom
et al., 1995). Percentages refer to weight percentages, in which the package is
included,

route of unused % of % of unused % of total % of total
pharmaceuticals total sold pharma- returns to  returas to
ceuticals pharmacy pharmacy
returned to pharmacies 4.8 58 of which removed via:
solid Tiquid

municipal collection 39 33
sewer - 31
wholesale 62 9
unknown - 27

municipal domestic chemical 13 16

waste

garbage bag 0.7 9

sewer 0.3 3

unknown 1.2 14

total 8.3 100 100 100

2.4 Legislation with regard to environmental aspects
of pharmaceuticals

A summary and introduction to European legislation and regulations
with regard to pharmaceuticals is provided by Blasius & Cranz (1998).
Ecotoxicological aspects of pharmaceuticals come up for discussion
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when authorising new substances, extending authorisation of existing
substances or authorising new formulations of substances already
authorised. The legislation with regard to ecotoxicological aspects for
the European Union and the United States will be explained below. For
a more detailed explanation of the legal framework concerning
ecotoxicological aspects for authorisation of human pharmaceuticals
we refer fo Rombke ef al. (1996) and Girtner (1998).

For further legisiation with regard protection of the environment, it can
be stated in general that no specific standards exist for the presence of
human pharmaceuticals in surface water, groundwater and/or drinking
water. Because such a complex group of substances is involved and
because the emission into the environment is of a diffuse nature, these
types of standards are not to be expected in the near future either.

Because of this, no specific discharge requirements for the
pharmaceutical category were set by the Coordinating Committee for
the Implementation of the Pollution of Surface Waters Act
{Coordinatiecommissie Uitvoering Wet Verontreiniging
Opperviaktewateren: CUWVO). However, procedures were imposed in
order to limit emissions as much as possible by ‘good housekeeping’
(for example separate collection of cytostatics). Emission standards for
the pharmaceutical industry exist in the form of discharge requirements
for the industry laid down in WVOQ discharge permits,

Formally (according to the law), pharmaceutical residues are not
considered as Domestic Chemical Waste (KCA), but from an
environmental protection perspective the goal is to coliect them as
KCA anyway and/or have them handed back to pharmacies (see section
2.3.3).

2.4.1 Environmental aspects of authorising pharmaceuticals in the

European Union and the Netherlands

The basis for the European regulations in the area of pharmaceuticals is
directive 65/65/EWG, supplemented by directive 93/39/EG (art. 4.6)
and directive 75/318/EWG. It is laid down in these directives that in
principle only registered pharmaceuticals may be authorised. For
(extension of) registration a whole serie of studies is necessary, in
which the effectivity of the substance and the toxicity to humans
receives the most attention. For which types of pharmaceuticals and
under what conditions registration is necessary is indicated in Blasius
& Cranz (1998).

Consideration of the environmental aspects of the centralised
authorisation of pharmaceuticals in Europe is in the hands of the
European Medications Evaluation Agency (EMEA). EMEA is an
umbrella organisation that is engaged i all aspects of the authorisation
of human and veterinary pharmaceuticals and constitutes the secretariat
for the Committee of Proprietary Medicinal Products {CPMP), among
other things. For further information, see Blasius & Cranz (1998).
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In addition to centralised authorisation, pharmaceuticals can also be
authorised in only one or more countries, in which case a request for
authorisation must be handed in for every country separately
(decentralised authorisation). Consideration of the environmental
aspects for the decentralised method in the Netherlands is in hands of
the Medicines Evaluation Board (CBG).

To date, there are no official directives in the EU with respect to the
possible environmental risks of human pharmaceuticals. The limited
physical and chemical data which must be provided in the dossier for
authorisation of a pharmaceutical, such as water solubility, vapour
pressure, distribution coefficient, pH value, octanol/water coefficient
and degradability provide some insight into the possible fate of a
substance in the environment and with that the possible environmental
compartments where effects could take place.

In addition, the European Committee of Proprietary Medicinal Products
(CPMP) has in the past worked on draft directives, in which a
procedure for determining the possible environmental risks of human
pharmaceuticals has been elaborated. The procedure for the risk
assessment in the draft directive comes down to an estimate of
ecotoxicological risks in two phases. Phase 1 is described in EU
directive 111/5504/94 (Buropean Commission, 1994). This draft
directive (Draft 4) is included in supplement 2. Until recently Draft 4
was the latest draft version of the directive which was distributed to the
public. This directive was intended to go into effect on January 1th,
1995, but was withdrawn before that time because reports were
received from the United States that the directives there were going to
be less strict, which did indeed happen. The directive for Phase I, EU
directive 11/5505/94, which was intended for both human and
veterinary pharmaceuticals, was also withdrawn in expectation of more
clarity about the requirements that had to be met by the environmental
risk assessment for authorisation of human pharmaceuticals.

A request from the European Federation of Pharmaceutical Industries'
Associations {(EFPIA) is on the table to put an end to this uaclear
situation and to adopt the FDA directive from the United States (see
section 2.4.2). Since 1999, partially as a result of this request, work has
started again on a directive for determining risks to the environment.
This has recently led to discussion paper CPMP/SWP/4447/00 from
EMEA that was circulated for comments (EMEA, 2001). This draft
directive, (‘Risk assessment of non-genetically modified organism
containing medicinal products for human use”) has also been included
in supplement 2.

The procedure for the risk assessment in the above-mentioned draft
directives is limited in the first instance to calculating the concentration
to be expected in the surface water. This calculation must be made for
the original substance as well as for the important metabolites (> 20%
formed in humans). The calculation is based on data on the expected
use and physical/chemical properties of the active components. In
addition, data on the degradation under environmental conditions are
also included if they are known. In this exposure calculation
(‘environmental exposure assessment’) ecotoxicological data are not
necessary. If the calculated concentration exceeds a certain limit value,
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a crude ecotoxicological risk assessment is necessary. The limit value
for no hazard is, for the most recent draft directive, at a PEC of 0.01
pg/? in surface water, If the calculated concentration exceeds this [imit
value, a crude ecotoxicological risk assessment (‘crude environmental
effect analysis’) must be carried out. A PNEC is calculated in this case
based on acute toxicity divided by an uncertainty factor of 1000. If the
PEC/PNEC ratio is larger than 1, an additional, detailed
ecotoxicological risk assessment is required. In this follow-up phase, a
more detailed estimate of the expected concentration in various
environmental compartments must be made and additional
ecotoxicological data of the active substance and the most important
metabolites must be submitted. The ecotoxicological requested
information may differ significantly for each active substance.

The basic assumption of the draft directive is that concentrations lower
than the proposed limit values are no longer expected to present any
negative effects for water and soil organisms. The question is whether
this assumption is correct for the pharmaceutical substance group with
its specific effect mechanisms. Just as for substances with an hormonal
disrupting effect, such as Ethinyloestradiol, it can be assumed that
pharmaceuticals could cause harmful effects in water organisms even at
very low concentrations due to their specific pharmacological
mechanisms. The question is also whether the proposed limit value,
based on only acute toxicily tests, is meaningful for determining
potential risks to water organisms that are exposed to (very) low
concentrations of several pharmaceuticals for a long time (possibly
lifelong).

For calculating of the concentrations of human pharmaceuticals in
surface water and for a crude risk assessment in other compartments,
contact is sought with the EU directive for veterinary pharmaceuticals
EMEA/CVMP/055/95  (‘Environmental Risk  Assessment for
Veterinary Medicinal Products other than GMO-containing and
Immunological Products™).

Pharmaceuticals containing substances which have been synthesised by
genetically modified organisms pose a special risk. A special directive
exists for these substances: Environmental risk assessment for human
medicinal products containing or consisting of GMOs (111/5507/94).

2.4.2 Environmental aspects for authorisation of pharmaceuticals in

the United States

The legal basis for the protection of the environment in the United
States is laid down in the National Environmental Policy Act (NEPA)
of 1969. This Act stipulates that weighing the environmental aspects
for authorisation of pharmaceuticals is in the hands of the Food and
Drug Administration (FDA). FDA regulations stipulate that:

3 In Draft 4 of the draft directive this limit value was still 0.001 pg/l.
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“Environmental Assessments (EAs) must be submitted as part of
certain new drug applications (NDAs), abbreviated applications,
applications for marketing approval of a biologic product, supplements
to such applications, investigational new drug applications (INDs) and
for various other actions, unless the action qualifies for categorical
exclusion.”

A handbook for implementing EAs is provided in the ‘Guidance for
industry. Environmental assessment of human drug and biologics
applications’ (FDA, 1998). This handbook is included in supplement 3.
Among other topics, the following subjects are covered in the
handbook:

¢ What categories of pharmaceuticals are subject o categorical
exclusion from the EA obligation;

» When an EA is required,;
¢  What an EA consists of;

* Information abouf the environmental problems which human
pharmaceuticals and biological products may cause;

»  What test methods must be used.

Categories of pharmaceuticals excluded form the obligation of an EA
are:

* New submission of already registered pharmaceuticals for which
approval of the submission does not lead to an increase of the use of
the active substance, and for which an EA has been submitted in the
past;

= A new submission of already registered pharmaceuticals for which
approval of the submission will lead to an increase in use of the
active substance, but the estimated concentration of effluent of a
sewage treatment plant (‘estimated environmental concentration at
point of entry’) does not exceed 1 pg/l. Assuming a dilution factor
of 10, for example, for the transition from effluent to surface water,
this corresponds with 0.1 ug/l. Thus, this limit value is 10 times the
value in the draft EU directive;

» Substances which occur naturally, provided approval of the
submission does not significantly change the concentration or
distribution of the substance and its metabolites or degradation
products in the environment;

= ‘Investigational new drug applications’ (INDs),

= Submission for approval for trading biological products of for
transfusion appropriate human blood, blood components or plasma.

An EA is necessary unless the intended action is included in the
categorical exclusions listed above. However, if special conditions
indicate that the intended action could affect the quality of the human
environment, an EA is necessary anyway. This is the case, for example,
when there is an increase in the use of the active substance (for instance
at a higher dose or longer period of administration), if the estimated
concentration of a pharmaceutical at its point of entry to the surface
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water is higher than 1 pg/l, or for substances that are suspected of being
capable of affecting the environment directly or indirectly in the
expected concentrations.

In addition fo a number of general matters, such as a description of the
pharmaceuntical and its formulation, an EA must provide insight into the
(expected) fate of the pharmaceutical in the environment, the possible
effects, measures to prevent any negative effects the pharmaceutical
may have on the environment and possible alternatives fo the
pharmaceutical. A step-wise approach is recommended for testing the
fate and effects (see figure 2.2).

It may be concluded that the American legisiation with regard fo
including environmental risks in authorisation of human
pharmaceuticals is more advanced in comparison with the European
legislation. However, the American directives are much less strict than
the provisional European directives. In practise, only very few
pharmaceuticals will exceed the limit value for additional
ecotoxicological studies, according to FDA’s Kearns in an interview
with Science News. Therefore, the FDA decided in 1999 that the
manufacturers may supply less extensive information. This situation is
experienced by the US Environmental Protection Agency as
undesirable.
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Tiered Approach to Fate and Effects Testing

Determine environments of Potential Concern
Atmaspheric. Aquatic andier Terrestrial

Investigate Depletion rapid Microbiat
Machanismi{s) complete inhibition Test
No rapid. complete

depletion mechanism

Micrabial
Inhibition Test

Log K, 3.5 Consider Initiating
Chronig Toxicity Testing  ~ ~~~ -~~~ T 0T~ g

Log K, < 3.5 orbog K, 3.5 with justification

J. No Chserved Effects
TIER 1 LG oor EC 1000 at MEEC
Acute Toxicily s 55 e 50
1 species MEEC Ohserved Efiects
al MEEC

{C or EC <1000

e B e 5O

MEEC
TERZ2 Mo Ohserved Effects
Acute Toxcity LG or EC  $100 at MEEC
Base Set et B0 50
Aguatic &for MEEC Chserved Effecis
Terrestrial 2 MEEC

1C or EC <100

e B B0

MEEC
TIER 3
Chronic Toxicity LC or EC 310 & No Observed Effects
Agquatic &or t 50 50 at MEEC
Terrestrial MEEC

LC or EC <10 or Observed Effects

e B ovene B0 at MEEC
MEEC
Consult CDER/GBER

Nota: MEEC = EEC or EIC whichever i greater

Figure 2.2 Step-wise approach for determining the fate and effects of human
pharmaceuticals on the environment (FDA, 1598). The results of such studies
must be supplied by the manufacturer with a request for aathorisation in the
United States. Explanation of the abbreviations used: EIC = Expected
Introduction Concentration (introduction into the environment via a sewage
treatment plant); EEC = Expected Environmental Concentration {sometimes
also called the Predicted Environmental Concentration (PEC); MEEC =
Maximum Expected Environmental Concentration; CDER = Centre for Drug
Evaluation and Research; CBER = Centre for Biologics Evaluation and
Research.
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3 Measurement data and
analysis methods

This chapter provides a summary of concentrations measured from
various studies and the analysis methods used. Section 3.3 discusses the
removal of pharmaceuticals from sewer water and during drinking
water production,

3.1 Measuring pharmaceuticals

There are a number of research groups in Europe which have been very
active in the past few years in the area of measuring human
pharmaceuticals in the aquatic environment and drinking water. The
most important research groups are (more or less in chronological order
of when they started studying pharmaceuticals):

ESWE-Institut fiir Wasserforschung und Wassertechnologie
GmbH, Wiesbaden, Germany.

Studies on many different pharmaceuticals, including blood lipid
regulators, P-blockers, bronchospasmolytics, antirheumatics,
analgesics (pain relievers), antibiotics and iodinated X-ray
confrasting agents in different matrices including influents and
effluents of sewage treatment plants, surface water, bank filtrates
and drinking water.

Technologiezentrum wasser (TZW), Internationale Arbeitsge-
meinschaft der Wasserwerke im Rheineinzugsgebiet (IAWR)
and Arbeitsgemeinschaft Rhein-Wasserwerke (AWR).
Measurements of various pharmaceuticals, including blood lipid
regulators, analgesics, Clofibric acid and Carbamazepine in the
river Rhine.
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Institut fiir Lebensmittelchemie, Technische Universitit Berlin,
Germany.

Studies on various pharmaceuticals, especially polar substances, in
various matrices.

Institute of Environmental Medicine and Hospital Epidemio-
fogy, Freiburg, Germany.

Mainly studies on the occurrence of cytostatics, antibiotics and
iodinated X-ray contrasting agents and their capacity to break
down.

Research Laboratories, Schering AG, Berlin, Germany.
Studies on iodinated X-ray contrasting agents.

Swiss Federal Research Station, Widenswil, Switzerland.
Studies on Clofibric acid in Swiss lakes and the North Sea and on
Diclofenac in rivers and lakes.

Swiss Federal Institute for Enviropmental Science and Techno-
logy (EAWAGQG), Ditbendorf, Switzerland.

Studies on antibiotics (macrolids and sulfonamides), among others,
in sewer water and surface water.

Royal School of Pharmacy, Copenhagen, Denmark.
Studies on concentrations, action and ecotoxicity of mainly
veterinary pharmaceuticals, but also of human pharmaceuticals.

RIWA, VEWIN and KIWA, the Netherlands.
Studies on the occurrence of a few human pharmaceuticals in the
Netherlands and Belgium.

In addition to the measurement efforts made, six extensive literature
reviews about environmenial aspects of human (and veterinary)
pharmaceuticals were conducted, in which, among others, summaries
of measurement data are presented. These are (in chronological order):

.

Richardson & Bowron (1985)
First demonstration that pharmaceuticals occurred in sewage
treatment plant effluent.

Rombke er al. (1996)
Very extensive study of the literature on effects on the environment
of human and veterinary pharmaceuticals in the environment.

Derksen & de Poorter (1996)
Inventory literature study on the presence and the risk of human
and veterinary pharmaceuticals in the aquatic environment.

Halling-Serensen ef al. (1998)
Extensive review article on human and veterinary pharmaceuticals
in the environment.

Daughton & Ternes (1999)
Extensive summarising review article on pharmaceuticals and
“Personal Care Products’ in the environment.

Ayscough et al. (2000)
English review on human pharmaceuticals in the environment.

42

RIZA



The studies by Rémbke et al. (1996) and Derksen & de Poorter (1996)
were also, as a result of a question from the Dutch Consumer Union
and by commission of the Inspection Environmental Hygiene (Inspectie
milieuhygiéne), summarised and provided with commentary in a RIVM
report by Vlaardingen & Montforts (1999},

In addition, there were three symposiums on human (and veterinary)
pharmaceuticals in the environment:

s  Arzneimittel in Gewiissern. Risiko fiir Mensch, Tier und Um-
welt 4. June 1998, Landesmuseum Wiesbaden. Organised by:
Hessische Ministerium flir Umwelt, Energie, Jugend, Familie
und Gesundheit; Wirtschaftsforderung Hessen Investitionsbank
AG; Wasser Agentur Hessen & Hessische Landesanstalt fiir
Umwelt, (Toussaint, 1998},

s Pharmaceuticals in the Environment. March 9, 2000, Hotel
Sofitel, Brussels. Organised by the Technological Institute,
Section on Environmental Technology (71 KVIV), Belgium.

o DJIA Workshop on Environmental Risk Assessment of Non-
GMO Pharmaceuticals. February 12-13, 2001, Copthorne Tara
Hotel, London. Organised by the Drug Information
Association, Switzerland.

Two Special Issues, devoted to pharmaceuticals in the environment,
have also been published in the following magazines:

s The Science of the Total Environment Special Issue: Drugs and
hormones as pollutants of the aquatic environment: determina-
tion and ecotoxicological impacts. January 1999, Vol. 225, no.
1&2.

» Chemosphere Special Issue: Drugs in the environment. April
2000, Vol. 40, no. 7.

It becomes clear from the information that measurements were
principally made in Germany, including in influent and effluent of
sewage treatment plants, in the rivers Rhine, Elbe, Main and Ruhr, and
also in the North Sea and lakes in Switzerland. In the Netherlands,

measurements were also made recently on a limited scale (Mons ef al.,
20000,

Supplement 4 presents a summary of the measurement data from
different sources in the literature. The data have been classified
according to the matrices in which the pharmaceuticals were measured.
The following classes have been distinguished:

s cffluent from hospitals or industry;

« influent from sewage treatment plants;

s cffluent from sewage treatment plants;

s waste water (not indicated in more detail);
s surface water;

¢ sediment;

s groundwater;
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surface water during the treatment process for drinking water
production;

drinking water.

Data on measurements in urine or faeces immediately after excretion
and in domestic waste water were not included in this summary.

The in the literature described and studied pharmaceuticals were
selected on the basis of their extensive use, detection at low
concentrations and/or the possibility of chemical identification of the
active ingredients. The most important groups of the substances studied
are (in alphabetic order):

-

analgesics (pain relievers);
antibiotics;
antiepileptics;

B-blockers (pharmaceuticals for preventing high blood pressure and
heart problems);

bronchospasmolytics (pharmaceuticals for treating asthma and
similar diseases);

fibrates i.e. blood lipid regulators (cholesterol and triglycerid
reducing pharmaceuticals for treatment of heart and vascular
diseases);

iodinated X-ray confrasting agents;

cytostatics (pharmaceuticals for treatment of cancer).

In table 3.1, the frequency distribution of the measurement data from
supplement 4 is classified by matrix.
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Table 3.1 Frequency distribution of all measurement data from supplement 4 classified
by matrix, The number of data refers to the number of separate reported

measurements (meaning one datum is one line in supplement 4),

matrix number of number of number of
data pharmaceuticals metabolites
total 533 85 10
hospital or industry effluent 22 18 0
of which estimated 16 15
of which measured 6 5
sewage water treatment plant 43 24 5
influent
of which estimated 3 5 g
af which measured 38 20 3
sewage treatment plant effluent 156 58 8
waste water (miscellaneous) 21 15 3
surface water 223 64 9
sediment 3 2 1
groundwater i2 >9 2
surface water during the treatment i1 19 1
process for drinking water
production
drinking water 43 31 2

This table demonstrates that most measurement data are related to
measurements in surface water and to a lesser extent in sewage water
treatment plant effluents. The highest number of pharmaceuticals was
also studied in these matrices. Measurements in sediment were only
described in one literature reference, measurements in groundwater in
two, In total, measurement data of 85 different pharmaceuticals and 10
different metabolites were reported in the reviewed literature. The
largest portion of the pharmaceuticals was measured in more than one
matrix.

The data from supplement 4 have been summarised in table 3.2. This
table indicates in which concentration class the maximum measured
concentration of a pharmaceutical is listed. Metabolites are represented
in italics, The classification ts based on the maximum measured
concentration because the median measured value of most
measurements is not provided.

The concentrations measured in the (waste) sewage water and sewage
treatment plant effluents, surface water, groundwater and drinking
water vary from ng/l to a few pug/l. The highest peak is a concentration
of Carbamazepine, a pharmaceutical for treatment of epilepsy, of 2.5
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mg/l in pharmaceutical industry effluent. The general trend is that the
concentrations decrease as they follow the route of effluent from
hospitals and industry, influent and effluent of sewage treatment plants,
surface water and drinking water. The concentrations of most
pharmaceuticals in surface water are between the detection limit and a
few hundred ng/l, with peaks for some pharmaceuticals above the pg/l
order. These concentrations in the surface water are on the same order
of magnitude as concentrations of pesticides deseribed in the literature
(Ternes, 1998a). However, because pharmaceuticals are used year-
round, the annual burden of pharmaceuticals will exceed that of
pesticides.

The concentrations of pharmaceuticals detected in rivers correspond to
a large extent with the share of sewage treatment plant effiuent being
discharged into the river (Ternes, 1998b; Seel, 1998). In Germany, this
share is usually a few tenths percent, but especially in larger brooks and
small rivers it can be as high as 100% under extreme conditions at low
water levels (Seel, 1998). The share of the sewage treatment plant
effluent in the river is generally lower in the lower course of rivers. In
the Netherlands, standard dilution factors are are used for discharge of
sewage treatment plant effluents into the surface water: 3 for a brook
(33% share), 10 for a canal (10% share) and 100 for a large river (1%
share) (Westphal, 1990).

Relatively high concentrations were measured in groundwater,
especially of Clofibric acid, with peaks as high as 7,300 ng/lL.

Generally, no pharmaceuticals or hardly any (a few ng/l) were detected
in drinking water. In addition to supplement 4, no anfibiofics,
psychiatric drugs, P-blockers and bronchospasmolytics could be
detected either, despite their low detection limits below 1 ng/l (Temes,
1998a). Pharmaceuticals that were detected in drinking water are
Acetylsalicylic acid, Bleomycin, Clofibric acid (a metabolite of
Clofibrate, Etofibrate & Etophyllinclofibrate), Fenofibrate, Diazepam,
iodinated X-ray contrasting agents, and, sporadicaily, Bezafibraie,
Diclofenac and Ibuprofen.
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When comparing the concentrations in surface water and the drinking
water prepared from it, a clear reduction in concentration is generally
observed (Hirsch ef al., 1996; Stumph er o, 1996). Haberer & Ternes
(1996) and Mons et al. {2000) also concluded that pharmaceuticals or
their metabolites were not detected in drinking water, or only in very
low concentrations.

It must be emphasised that the major part of the measurement data is
related to measurements abroad, mostly in Germany, but also in
Switzerland, Brazil and the United States. When interpreting these
measurement data for the situation in the Netherlands, a few critical
observations can be made. First of all, it is impossible to retrieve the
location, conditions and measurement methods that were used in the
studies cited. Therefore, it is difficult to establish the relevance of the
data for the situation in the Netherlands. For example, sewage
treatment plant effluents in Germany are often discharged into
relatively minor water bodies. The quantity of purified waste water can
run up to a very high level in these minor water bodies, especially in
dry seasons, causing the measured concentrations to become relatively
high. The surface water flow in the Netherlands is more constant and
effluent is also discharged into larger flows of water, so that it may be
expected that the concentration will be lower in general. Furthermore, it
is known that the efficiency and degree of coverage of the water
purification processing in the Netherlands is generally very effective,
which also could result in lower concentrations.

As far as is known, targeted measurements of the presence of
pharmaceuticals were only carried out once in the Netherlands. This
study is described in Mons er ¢l (2000) and is presented here. The
study was carried out by a consortium of RIWA, VEWIN and KIWA.
The results are summarised in table 3.3. This table shows that 7 of the
11 pharmaceuticals studied in the effluent of the two selected sewage
treatment plants could be detected. Metoprolol, Erythromycin,
Carbamazepine and Diclofenac were detected in all effluent samples.

The concentrations in surface water were generally lower.
Carbamazepine was detected in almost all surface water samples and
was also the highest concentration detected in surface water with a
peak concentration of 310 ng/l. Paracetamol, Ifosfamide and
Fenofibrate were not detected in surface water.

In the samples of surface water during the treatment process of
drinking water production, only three of the eleven pharmaceuticals
could be detected, namely: Sulfamethoxazole, Clofibric acid and
Ibuprofen. No pharmaceuticals were detected in drinking water. It must
be observed with these results that methods of analysis have not been
optimised yet and that for some pharmaceuticals (Paracetamol,
Sulfamethoxazole and Ifosfamide) the percentage recovery is very low
(0-20%). The real concentrations could therefore be much higher (up to
a factor of 2-10) than the concentration listed. For a number of
pharmaceuticals (Bezafibrate, Ibuprofen, Diclofenac and Fenofibrate),
however, the percentage recovery is already fairly high (>75%).
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Table 3.3 Summary of the measurements of a number of human pharmaceuticals in the
Netherlands and Belgium (in ng/l; from: Mons et a/., 2000%; n = number of
measurements. The number of measurements of Paracetamol and
Sulfamethoxazol is twice as high as for the other pharmaceuticals because they
were measured in the same samples by two different analysis methods.
pharmaceutical sewage n surface water n during/after n drinking n
treatment treatment for water
plant drinking
efftuent water
Paracetamol <100 4 <100 22 <100 8 <100 12
Sulfamethoxazole <10 -70 4 <10 - 70 22 <10 - 100 8 <i0 12
Metoprotol 226 - 530 2 <10 - 30 I <10 4 <10 6
Hosfamide <10 2 <10 11 <10 4 <10 6
Erythromycin 120 ~ 500 2 <10-130 1 <10 4 <10 6
Clofibric acid <1070 2 <1030 11 <10 - 10 4 <16 6
Begzafibrate <10 -20 2 <10 — 40 11 <10 4 <10 6
Carbamazepine 380870 2 <10 310 1 <10 4 <10 6
{buprofen <10 2 <1340 i <10~ 190 4 <10 6
Diclofenac 100 280 2 <iQ - 20 11 <10 4 <i0 6
Fenofibrate <10 2 <100 11 <100 4 <100 6

3.2 Available analysis techniques

The summary of analysis techniques is limited to the list of selected
substances for which consumption data will be requested (this list is
presented in chapter 4). The techniques that were used are listed in
supplement 5. Analysis techniques for other pharmaceuticals are
described in Kalsch (1999) and Falter & Wilken (1999), among other
publications.

From a more general point of view it can be stated that a number of
analysis techniques are available for measuring very low concentrations
of pharmaceuticals (ug tot ng/l):

*  GC/MS or GC/MS/MS
Used for, among others, betablockers, bronchospasmolytics, blood
lipid regulators, antirheumatics and pain relievers (Hirsch ef ol.,
1996, Stumpf er al., 1996; Sachter et al., 1998; Ternes et al., 19982,
Heberer ef al., 1997, 1998; Buser ef al., 1998b and Steger-
Hartmann ef al., 1996},
With GC/MS, only substances that are volatile or can easily be
derivatized to volatile substances can be measured. This means that
only 20 to 25% of the substances that are expected to be present in
water can be measured with GC/MS (Richardson & Bowron,
1985).
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e LC/MS/MS
Suitable for measuring samples for a broad spectrum of micro-
contaminations (personal information from Mr. Ruijten, Xenobio-
sis). Used by Ternes ef al. (1998a) for measuring Carbamazepine
and Cyclophophamide, among other pharmaceuticals. Also used for
measuring iodinated X-ray contrasting agents (Hirsch er af., 2000).

» HPLC
Used for, among others, measuring the antibiotics Sulpha-
methoxazole, Tetracycline, Erythromycin and Theophylline (Watts
et al., 1983), Doxycycline and Erythromycin (Hirsch et al., 1998)
and Ciprofloxacin (Hartmann ef af., 1998).

* Immunoassays (ELISA)
Very sensitive and specific, especially suitable for larger molecules
(Richardson & Bowron, 1985; Aherne et al., 1990).

Prior to the analysis, some type of extraction is uysually necessary.
Examples of techniques which can be used for this are XAD extraction,
solid phase extraction (SPE), gas strips and PE extraction (Van
Genderen ef al., 1994; Hirsch et al., 1996; Stumpf et al., 1996; Sachter
ef al., 1998; Ternes ef al., 1998a, Heberer er ol., 1997, 1998; Buser ef
al., 1998b and Steger-Hartmann et of., 1996; unpublished information
from Mr. Ruijten, Xenobiosis).

For most metabolites there are no suitable reference substances, which
are necessary for a meaningful development of a method and for
quantification (Ternes, 1998a).

Hirsch (1998) states that analysis methods for demonstrating antibiotics
are mainly developed to determine concentrations of active substances
or metabolites in plasma or urine, on the one hand, and on the other
hand in food items such as milk, meat or fish. This involves mostly
liquid chromatography methods with UV detection. LC/MS and
LC/MS/MS techniques are also used. Using gas-chromatography
techniques for analysis of antibiotics is limited by insufficient thermal
stability (e.g. penicilling), high molecular weight (e.g. macrolids)
and/or high polarity (e.g. tetracycline) (Hirsch, 1998). Therefore, only a
limited number of antibiotics can be detected by means of GC/MS,
such as Chloramphenicol (Kijak, 1994) or Sulfamethazine (Cannavan
et al., 1996). For analysis of antibiotic residues in surface water and
drinking water hardly any methods have been described. Watts ef al
{1983) used reprocessing with XAD-2 resin and freeze-drying,
followed by fractioning by means of HPLC and detection with mass
spectrometry. This technique was used successfully for the analysis of
Erythromycin, Tetracycline, Methyixanthin and Theophylline.

3.3 Removal of pharmaceuticals in purification steps

Production of pharmaceuticals is often in small quantities and
discontinuously. It is estimated, on the basis of general experience in
batch productions, that about 0.2% of the active substance is discharged
with the flushing water for each batch (Oranjewoud, 1999).
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The (batch) production process may vary considerably, depending on
the type of pharmaceutical company and the active substance. This will
also cause the composition of the wastewater of such companies to
change to a large extent, both from company to company as well as in
time (Polderman, 1984). The range of pharmaceuticals which reaches
the sewage treatment plant via households and hospitals will be much
more constant in composition, although it comprises many different
substances.

Residues of pharmaceuticals may have a negative effect on the
purification in a biological sewage treatment plant (Polderman, 1984).
The inhibiting action of residues of antibiotics, corticosteroids,
cytostatics, sulfonamides and other pharmaceuticals on the purification
process have been demonstrated (various references from Polderman,
1984). However, a large number of studies demonstrate that the active
sludge in sewage treatment plants is capable of degrading very complex
substances, provided it is given the time to adapt to this (Polderman,
1984). The inhibition disappears after the period of adaptation. It is
probable that this adaptation is caused by a shift in the composition of
species of the microflora in the purification sludge.

‘The inhibiting properties of antibiotics on biological sewage treatment
plants in particular have been studied to a large extent, Liebmann
(1961) studied the effect of different concentrations of Penicillin,
Streptomycin, Tetracycline, Chlortetracycline and Oxytetracycline on
the gas production of sludge. The strongest inhibition (25% Iless
gaseous volume) occurred in the presence of 2 g of Streptomycin per
kg of sludge. The researchers concluded from this that the toxicity,
even for these high concentrations, is not as severe as expected. Other
studies also demonstrated that antibiotics do not cause large problems.
The relatively high resistance of the active sludge for toxic substances
can be attributed to the varied composition of this sludge.

In a biological sewage treatment plant a certain percentage of the
pharmaceuticals are, depending on the type of compound, also removed
either by degradation or by adsorption to sludge. For example, removal
percentages of 66 to 96% were reported for various betablockers and
bronchospasmolytics during sewage water treatment (Hirsch er al,,
1996). Ternes (1998b) investigated a number of betablockers, blood
lipid regulators, analgesics and the antiepileptic Carbamazepine and
detected removal percentages varying from 7% for Carbamazepine up
to more than 99% for Salicylic acid. However, in sewage treatment
plants in which the incoming sewage water is mixed with rain water
running off paved surfaces, rain fall may result in a considerable
reduction in the removal efficiency (Ternes, 1998b).

It is not clear to what extent pharmaceuticals inhibit the purification
process in the concentrations detected in the sewage water treatment
plant influent due to toxic effects, But it is a fact that, if inhibition takes
place, the inhibiting substance not only breaks down to a lesser extent,
but that all other substances are also removed less effectively
(Polderman, 1984). This is especially true for substances with low
degradability properties.
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As mentioned above, pharmaceuticals are generally not or only
scarcely detected in drinking water. The filtration step with activated
carbon applied to the process water for the preparation of drinking
water therefore appears to effectively remove most of the
pharmaceuticals and their metabolites.
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4 Substances under study

In this chapter, for 21 selected substances an estimate of the
concentrations to be expected in surface water in the Netherlands is
made, based on consumption data,

The selection of substances to be studied, the calculation method and
the results will be discussed consecutively. The possible risks of the
selected substances will be elaborated in section 4.3.

4.1 Selection of substances under study

Within the framework of this study, for a limited number of
pharmaceuticals consumption data were requested. Unfortunately, it
was not possible to obtain a list of the most consumed active substances
authorised in the Netherlands. A list of substances had to be submitted
and for these substances alone insight into the consumption data was
provided. Thus the selection was made on the basis of expected
consumption, which does not necessarily always correspond with the
actual consumption. In addition to consumption, a large number of
other arguments played a role.

A total of 21 substances were selected, referred to in this report as the
substances under study. A list of these substances under study plus
argumentation for their selection is presented in table 4.1. This list of
substances was drawn up on the basis of pharmaceuticalswhich have
been authorised in the Netherlands (Nefarma, 1999). One or more of
the following elements played a role in the selection of the substances
to be studied:

» Active substance in pharmaceuticals that are used daily with a
high daily dosage (pharmaceuticals for treatment of heart and
vascular diseases and antiepileptics, among others) or are
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otherwise used on a large scale (Acetylsalicylic acid, for
example);

e Active substances which are used periodically in high daily
doses (e.g. antibiotics);

e Active substances or types of pharmaceuticals which have been
detected in other countries in sewage treatment plant influent
or effluent, surface water and/or groundwater;

o Familiarity of the ‘public’ with the pharmaceutical (that
contains the active substance};

» Active substances which have shown not to be easily degraded;
s  Formation of stable metabolites;
*  Active substances with high risk (cytostatics, among others);

s Active substances which may cause resistance development
and/or allergic reactions (antibiotics);

e Active substances which occur in  many authorised
pharmaceuticals;

s For each type of effect one representative per type of
pharmaceuticals (e.g. per type of antibiotic or per type of
cytostatic).

The arguments stated in table 4.1 are the arguments that played a role at
the moment of selection. We emphasise that the selection of substances
under study on the basis of the criteria mentioned above (expected
consumption, stability, toxicity), does not automaticly stand for the
substances that actually cause problems.

The consumption data (=sales in the Netherlands) were requested via
the company FarmInform. This company collects monthly sales data
from the pharmaceutical industry. These data are processed by
FarmInform and also passed onfo the IMS Health Nederland. The
information is used by the pharmaceutical industry for marketing
purposes, among other things. The individual pharmaceutical
manufacturers have given their approval for providing the consumption
data.

As a result of recent literature data, this report would also have to focus
on iodinated X-ray contrasting agents, antidepressants and
pharmaceuticals for treatment of impotence. However, at that time no
consumption data were requested for these pharmaceuticals.
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Table 4.1

Selection of substances under study.

active substance

application

motivation

Fibrates

Bezafibrate
Gemfibrozil
Clofibrate

f-blockers

Metoprolol

Antiepileptics

Carbamazepine

Valproic acid

cholesterol
and
triglyceride
reducing
pharma-
ceuticals
{blood lipid
regulators)

Pharma-
ceuticals for
treatment of
high blood
pressure and
other heart
diseases

antiepileptic

antiepileptic

This type of pharmaceutical is used for long periods, daily, in relatively
high doses, In Germany, various fibrates were measured in sewage
ireatment plants, surface water and drinking water,

A Timited number of fibrates have been authorised in the Netherlands
(active substances): Bezafibrate, Gemfibrozil, Clofibrate and Ciprofibrate.
The recommended daily dosage is 600 mg/day, 1200 mgfday and 100
mg/day respectively. The Clofibrate metabolite, Clofibric acid, appears very
slowly degradable and can be detected in many surface water bodies in
various European countries. Moreover, Clofibric acid has been detected in
drinking water in Germany in concentrations up to 270 ng/t. Bezafibrate
and Gemfibrozil have both been detected in sewage treatment plant influent
and effluent and in surface water in Germany, the concenirations of
Bezafibrate being higher than those of Gemfibrozil. In Germany,
Ciprofibrate was not included in the measurement program. Consumption
data for Bezafibrate, Gemfibrozil and Clofibrate have been requested.

B-blockers are pharmaceuticals that are used in case of high blood pressure
and other heart diseases. This means that they are used for a long period on
a daily basis. In the Netherlands, a large number of active substances have
been authorised as B-blockers. One of them has been selected.

This active substance is used in several pharmaceuticals in relatively high
concentrations {100 - 400 mg/day). It has been detected in sewage treabment
plant effluent up to 2200 ng/l, in surface water also up to 2200 ng/l. So it
appears to degrade slowly. Not detected in drinking water.

Pharmaceuticals for freatment of epilepsy are taken daily in high dosage. 12
active substances have been authorised in the Netherlands, Two substances
were selected from these, to wit:

This active substance has been detected in 24 of the 26 samples of surface
water in Germany, up to 1100 ng/l, removal rates in the sewage treatment
plant are low.

Many pharmaceuticals containing this active substance have been
authorised in the Netherlands.
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Table 4.1 Selection of substances to be studied (continued).

active substance

application

mofivation

Analgesics

Acetylsalicylic acid

Paracetamol

Naproxen

Ibuprofen

Diclofenac

Cytostatics

Cyclophosphamide

Bleomycin

Cisplatin

noR-parcotic,
antipyretic
analgesics

cytostatic
{alkylating
drug)

cytostatic
{antibiotic
drug)
cytostatic
{alkylating
drug)

Analgesics (pain relievers) are used frequently. They can also be obtained
without prescription. The daily dose is relatively high. These active
substances are incorporated in many different products. A number of
active substances were selected that are incorporated in many products,
were detected in surface water in other countries, are taken in high daily
doses and/or are well known to the public.

Detected in surface water in Germany up to 340 ng/l, in sewage treatment
plant effluent up to 1500 ng/l. Appears to break down well. Is generally
well-known

Detected in sewage treatment plant effluent in Germany in a concentration
of 26000 ng/l. Appears to break down well, Is well known to the public.

Detected in surface water in Germany up to 390 ng/l, in sewage treatment
plant effluent up to 520 ng/l.

Detected in surface water in Germany up to 530 ng/l, in sewage treatment
plant effluent up to 3400 ng/l.

Detected in surface water in Germany and Switzerland up to 1200 ng/l, in
sewage treatment plant effluent up to 2100 ng/L

Cytostatics are pharmaceuticals used for treatment of cancer. This group
of substances includes different types of substances, such as alkylating
substances {Cyclophosphamide, Ifosfamide, Tamoxifen), antimetabolites
{Fluoracil), anti-tumor antibiotics (Bleomycin, Mitomycin), topo-
isomerase inhibitors (Etoposide) and other cytostatics (Cisplatin). Since
these cytostatics interfere with cell growth and cell division, they form a
potentially high-risk group. Three substances were selected.

Detected in hospital effluent up to 4500 ng/l, measured in several dozen
ng/l in effluent of a sewage treatment plant in Germany, not detected in
surface water, slowly degraded.

The estimated concentration in hospital effluent in Switzerland is 20 ng/l,
measured in several dozen ng/l in effluent of a sewage treatment plant and
in river water in Italy. Appears difficult to break down.

In general it can be stated that the foxicity of Cisplatin is considerably
higher than that of the usual cytostatics. Cisplatin is not metabolised.
Estimated concentration in effluent of a hospital in Switzerland is 90 ng/l.
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Table 4.1

Selection of substances to be studied (confinued).

active substance

application

motivation

Antibiotics

Doxycycline

Erythromycin

Amoxicillin

Ciprofioxacin

Nitrofurantoin

Cefalexin

Sulfamethoxazole

antibiotic from
the tetracycline

group

antibiotic from
the macrolid
group

antibiotic from
the broad
spectrum
penicillin
group

antibiotic from
the
fluoroquing-
lone group

antibiotic from
the nitrofuran

group

antibiotic from
the
cefalosperin

group

antibiotic from
the
sulphonamide

group

There are several groups of antibiotics, the most important ones of the
human  pharmaceuticals being: tetracyclines, macrolids, penicillins,
fluorequinolones, nitrofuranes, cefalosporines and sulfonamides.
Antibiotics are generally taken in a relatively high daily dosage for a
period of 5-7 days. Antibiotics can cause resistance development and
allergic reactions. One representative was selected from each group.

Only a few tetracyclines are authorised in the Netherlands. Doxycycline
is most incorporated in these products.

This active substance from the macrolid group has been detected in
surface water (~10060 ng/l). Used in several products.

Most important broad spectrum penicillin authorised in the Netherlands;
used in several products. Very high concentration estimated in hospital
effluent in Switzertand (200,000 ng/).

Measured in high concentrations in hospital effluent in Switzerland
(3000- 87000 ng/). Suspected to be genotoxic.

The only substance from this group authorised for human consumption,
Mutagenity has been demonstrated in E. coli bacteria and rats. Excreted
in active concentrations in urine.

In the Netherlands 20 active substances have been authorised from this
group. The portion which is excreted unchapged via the faeces is
therefore expected to be relatively high.

One of the few pharmaceuticals from this group that have been
authorised in the Netherlands. Measurements in the environment have
demonsirated that the substance is fairly stable.
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4.2 Estimates of concentrations in the environment

Faor the 21 selected substances under study estimates were made of the
concentrations in surface water according to the method from the EU
Draft Guideline I11/5504/94 and discussion paper CPMP/SWFP/4447/00

{worst case calcalation):

PEC (g/l) = A*(100-R)
I5*PFEVFD* 100
in which:
A (kg/year):  consumption per year (= sales in a cerfain area per year)
R (%) percentage of foss by adsorption, evaporation and degradation
in the sewage treatment plant and the environment
P: number of inhabiiants in a certain area

V (m'/day):  quantity of waste water produced per person per day
D: dilution factor for transition from waste water to surface water

The loss percentage (R) is determined at 0% for the worst-case
calculations. The concentration is divided up in the expected
concentration in brooks, canals and rivers, taking into consideration
any differences in dilution for the transition from effluent to surface
water (dilution factor D of 3, 10 and 100, respectively). For P the
number of inhabitants of the Netherlands {15.6 million; CBS) is used,
and for V, the wastewater produced per person, 130 litres/day is used
(CBS). The consumption of Bleomycin sulfate was given in LE, a
measure for the activity of a substance. This has been converted into
kg/year with the agsumption that 1 mg of dry Bleomycin sulfate weight
contains 1500 LE., at minimum (Boekema et al., 1997).

The results of the worst-case calculations are presented in table 4.2. For
comparison, the measured concentrations mentioned in the literature
have also been included in this table.

In the most recent draft versions of the EU directive for environmental
risk assessment of pharmaceuticals, the limit value in the surface water
has been set at 0.01 upg/l. It appears from the table that, with the
exception of the concentrations of Bezafibrate, Clofibrate, Cefalexine
and cytostatics in the big rivers, this limit is exceeded for all
pharmaceuticals. These results contrast somewhat with the results of
Webb (2000a), who found that only 16 of the 67 pharmaceuticals
studied exceeded the limit when calculating the ‘worst case’ PECs
according to a comparable method in England. This discrepancy may
be caused by the fact that for the English situation other values are used
for the different parameters, such as the number of inhabitants, the
consumption per year and the waste water produced per day.

As may be expected, a comparison with the measured concentration
shows that in most cases these (insofar as available) are clearly below
the worst-case estimate. This is true for sewage treatment plant effluent
as well as for surface water. Exceptions are Bezafibrate (for sewage
treatment plants and surface water), Cyclophophamide (only sewage
treatment plants) and Erythromycin (only surface water). An

64

RIZA



explanation for this may be that the measurements are related to
different countries, mainly Germany, where the consumption of these
pharmaceuticals may be higher than in the Netherlands. It is also
remarkable that the measured peak concentrations in most cases are
higher than the estimated concentrations in big rivers.

Table 42  Worst case calculation of the concentration expected in sewage freatinent plant
influent and in streams, canals and rivers, as well as the concentrations
measured in sewage treatment plant influent and surface water mentioned in
the literature (in various countries). The values in the table relate to sales to
hospitals, pharmacies and chemist’s in 1999,

active substance quantity cone, cone, conc. cong, canals cone, conge.
{<kg/year) STP sTP brooks  calculated  big rivers surface
influent influent  calculated (ng/l) calculated water
calculated measured (ng) {ng/l) measured
{(ngfl) (ng/h) (ng/l)

Heart and vascular
pharmaceuticals

Bezafibrate 294 396 up to 4400 132 40 4 <25~ 3100
Clofibrate 225 303 - 1 30 3 <0.5 - ~40
Gemfibrozil 5678 7644 up o 5500 2548 764 76 <5-510
Metoprolol 10078 13568 - 4523 1357 136 <3 2200
Antiepileptics

Carbamazepine 10813 14357 150 - 1760 4852 1456 146 <30 -2100
Valproic acid 10540 14190 - 4730 1419 142 -
Analgesics

Acetylsacylic acid 27978 37666 3200 12555 3767 377 <{0 - 340
Paracetamol 223372 300720 26000 100240 30072 3007 ~
Naproxen 17559 23639 ~G50 7380 2364 236 <3400
Tbuprofen 43008 64632 to 12000 21544 6483 646 <5330
Diclofenac 5596 7534 to 6220 2511 753 73 <} -1200
Cytostatics

Cyclophophamide 92 124 <6 — 143 41 12 1 <10
Bleomycin <128 172 - 57 17 2 <517
{as sulphate)

Cisplatin 0 0 - 0 0 0 -
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Table 42  Continued
active substance quantity conge, cone. cone. cone, canals conc. cone,
{<kg/year) STP STP brooks  caleculated big rivers surface
influen{ influent  calculated {ag/h calculated water
calculated measured {Bg/) (ng/h) measured
{ng/) {ng/h (ng/l)
Antibiotics
Doxycycline! 903 1216 - 405 122 12 <50
Erythromycin' 1487 2602 - 667 200 20 ~1000
Amoxicillin’ 17974 24198 - 8066 2420 242 -
Ciprofloxacin 1589 2139 - 713 214 21 -
Nitrofurantoin 725 76 - 325 98 i0 -
Cefalexin’ 63 85 - 28 5 1 -
Sulfamethoxazole’ 4120 5547 - 1849 555 55 <10 - ~1000

I These pharmaceuticals also have veterinary applications. The value presented refers to
human consumption only.
- No measurement values available.

The values in the table relate to sales to hospitals, pharmacists and drugstores in 1999,

4.3 Risk assessment of substances under study

In this section the environmental risks of a number of substance groups
and specific substances under study are explained briefly. For more
detatled information we refer to the cited references and to chapter 5.

4.3.1 Cardiovascular pharmaceuticals

Pharmaceuticals for treatment of cardiovascular diseases, especially
fibrates (blood lipid regulators) and betablockers, are among the types
of pharmaceuticals for which presence in the environment has been
studied most. A number of reasons can be given for this. In the first
place, these pharmaceuticals are consumed in large quantities, on the
one hand because the daily dose is high, on the other because the
pharmaceuticals are used throughout the year. In addition, the frequent
detection of Clofibric acid was one reason for carrying out more studies
on the presence of blood lipid regulators and other cardiovascular
pharmaceuticals in the environment. Clofibric acid is a metabolite of
the pharmaceuticals Clofibrate, Etofibrate and Etofylinclofibrate,
which was frequently detected in routine measurements of herbicides
because of its similarity to the herbicide Mecoprop.
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4.3.2 Antiepileptics

Although cardiovascular pharmaceuticals are detected up to pg/l in
sewage treatment plant effluent, the concentrations in surface water are
generally low except for a few peaks. A remarkable exception to this is
Clofibric acid. The consumption of the pharmaceuticals of which
Clofibric acid is a metabolite is not extremely high, but Clofibric acid
appears to be poorly degradable and has been detected in nearly all
matrices, influent and effluent of sewage treatment plants, in rivers, the
North Sea, groundwater and even drinking water up to concentrations
of 270 ng/l (Stan et af., 1993; Heberer, 1995; Stumph ef al, 1996;
Kalbfus, 1997; Sacher et al, 1997; Heberer ef al, 1998; Buser &
Miller, 1998; Sacher ef 4., 1998; Ternes, 1998b; Stumph ef al., 1999).
It is one of the most reported subsiances in measurements of
pharmaceuticals in the environment. As mentioned above, Clofibric
acid has also been repeatedly detected in the Netherlands in the regular
screening of Rhine water at Lobith and Meuse water at Eijsden. Mons
et al. (2000) also demonstrated its presence in the Netherlands in
sewage treatment plants effiuent, in surface water and in the water
during the treatment process for drinking water production. Maximum
concentrations measured were 70 ng/l.

Hignite & Azamoff (1977) already detected Clofibric acid in 1977
during measurements of pharmaceuticals in the influent and effluent of
a sewage treatment plant in Kansas. They concluded that only 20% of
the Clofibric acid was broken down in the sewage treaiment plant.
Ternes (1998b) found a removal percentage of 51% in the sewage
treatment plant, while Stumph et al (1999) reported removal
percentages between 6-50% for sewage treatment plants in Brazil
These numbers indicate the poor degradability of Clofibric acid. The
fact that Clofibric acid is also found in drinking water indicates that the
purification step with active carbon is not entirely sufficient to remove
all Clofibric acid.

The acute ecotoxicity of Clofibric acid is not very high. The ECsg is
about 100 mg/l for various water organisms (Henschel e 4/., 1997). For
Clofibric acid ethyl ester, which is probably a metabolite of Clofibric
acid, an EC10, 21 days of 8.4 pg/l is mentioned for reproduction of the
water flea Daphnia magna (Kopf, 1997). Clofibric acid is suspected of
being a hormone disrupting substance (Stahlschmidt-Aliner, 1996).
There are no indications that Clofibric acid accumulates in organisms
(Kalbfus, 1997). However, Clofibrate was detected in fish at a few
ug’kg of fresh weight (Kalbfus, 1997). For a well-founded ecological
risk assessment, however, more toxicity data, especial chronic ones,
and data on specific toxicity are needed.

Antiepileptics are used daily in high doses. Studies on the occurrence
of antiepileptics in the environment have been mainly focused on
Carbamazepine. Carbamazepine was the pharmaceutical which was
detected most frequently and in the highest concentrations during a
study by Ternes (1998b). The pharmaceutical was found in all sewage
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4.3.3 Analgesics

treatment plants and in the receiving surface water with a maximum
concentration of 6.3 pg/l. Sacher et al. (1997), Sacher er of. {1998) and
Mohle et al (1999) also demonstrated the substance in high
concentrations in various matrices. A concentration of no less than 2.5
mg/l was measured in the effluent of a pharmaceutical company
(Sacher et af, 1997). Moreover, the substance has also been
demonstrated sometimes in the regular screening of Rhine water at
Lobith and Meuse water at Eijsden. Mons ef &l (2000) also detected
Carbamazepine in the Netherlands in focused measurements in sewage
treatment plant effluent {up to 870 ng/l) and in 10 of the 11 surface
water samples studied. The pharmaceutical was, with a peak
concentration of 310 ng/l, also the one demonstrated in the highest
concentration in surface water. The drinking water purification step
with active carbon however, appeared appropriate to remove all
Carbamazepine.

The high concentrations in the environmeni indicate that
Carbamazepine is poorly degradable. Ternes (1998b) detected a
removal percentage of only 7% in sewage treaiment plants.

No data were found on the ecotoxicity of Carbamazepine. Therefore it
is not possible to estimate the risk of Carbamazepine to the
environment.

Data on the exotoxicity of other antiepileptics (Fenobarbital, Valproic
acid and its analog 2-n-valproic acid) indicate that these are not acutely
toxic.

Analgesics or pain relievers are frequently used in high daily doses.
Many analgesics can also be obtained without a prescription.

One of the best-known analgesics is Acetylsalicylic acid. This
pharmaceutical has been regularly detected in sewage water treatment
plants, but is degraded effectively there. Ternes (1998b) found a
removal percentage of 81% in sewage treatment plants. The
pharmaceutical is not very toxic to humans and the environment. Thus
the environmental risks appear minor.

In addition to Acetylsalicylic acid, studies have mosily been focused on
Diclofenac, Indometacine, Ketoprofen, Ibuprofen and Propyphenazone
(AWWR, 1996; Stumph ef al., 1996; Buser et al., 1998; Ternes, 1998b;
Maohle ef al., 1999; Buser ef al, 1998; Stumph ef al., 1999). Although
the concentrations in sewage treatment plant influent are very high (up
to pg/l) and a number of pharmaceuticals are also detected in surface
water in peak concentrations of a few hundred ng/l, they can no longer
be demonstrated in drinking water. This shows that they can be rather
effectively degraded or removed otherwise. For Diclofenac, Buser er af
(1998) found a removal percentage of almost 50% in sewage treatment
plants. Partly on the basis of data on concentrations in surface water
they concluded that photodegradation is the most important route for
Diclofenac to be broken down in surface water. Buser ef ol (1999)
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4.3.4 Cytostatics

demonstrated that Ibuprofen is also easily broken down. Two
metabolites were detected: Ibuprofen-OH and Ibuprofen-COOH. Effect
concentrations for Ibuprofen are in the order of several dozen mg/1.

Although Paracetamol is an analgesic that is used in large quantities,
hardly any studies have been carried out on the presence of the
substance. Mons ef al. (2000) could not detect the substance in sewage
treatment plant effluent, in surface water, in treated surface water or in
drinking water in the Netherlands (detection limit 100 ng/l), although it
must be noted here that the recovery rate was very low (< 20%). Ternes
(1998b) also could not detect Paracetamol in the effluent of a sewage
treatment plant (detection limit 200 ng/1).

The analgesics Acetylsalicylic acid, Salicylic acid and Paracetamol are
generally not or only slightly toxic (EC5q >10 mg/1).

Cytostatics are pharmaceuticals that are used for treatment of cancer.
The use of cytostatics is low due to their specific application.

The common characteristic of cytostatics is that they inhibit or kill
(tumour) cells in their growth by interfering with the cell’s metabolism.
However, the way this effect is achieved can vary to a large extent
(Boekema et al., 1997).

Cytostatics are not only used for treatment of cancer, they are in many
cases also cancer inducing and moreover highly toxic. Therefore, the
substances are collecied separately and removed by incineration. The
urine and faeces of patients are in most cases also collected and
removed separately. Therefore, the concentrations to be expected in the
environment will be low.

With respect to the risks to the environment, cytostatics were mainly
studied for their presence and degradability, in particular by the
University Hospital of the University of Freiburg in (ermany
(Kiimmerer et al, 1996; Steger-Hartmann et of., 1996; Kiimmerer ef
al., 1997, Steger-Hartmann ef al., 1997). The pharmaceuticals referred
to are Cyclophosphamide and Iphosphamide. 1t appears that neither can
be broken down biologically.

Little is known about the ecotoxicity of cytostatics. It appears, on the
basis of toxicity checks within biodegradation tests that
Cyclophosphamide and Iphosphamide are nof very toxic to bacteria
(Kiimmerer ef al, 1996). For Bleomycin, Mitomycin and Flouracil,
however, effects on bacteria are already observed starting at a
concentration of several tens of pg/l (Hartmann ef al., 1998; Backhaus
& Grimme, 1999). Hartmann ef al. {1998) studied a few cytostatics for
their genotoxicity and found LOEC values of 0.05 mg/l (Bleomycin)
and 1.25 mg/i (Cisplatin). In both cases, these toxicity values exceeded
the theoretically calculated effluent concentrations of the
pharmaceutical in question.
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4.3.5 Antibiotics

It is not possible 1o make a good estimate of the risks of cytostatics to
the environment on the basis of the present knowledge. Although the
necessary precautions are faken fo prevent the emission of cytostatics
into the environment, this substance group certainly deserves attention,
not in the last place due to their specific effect mechanisms and their
poor degradability.

The guantity of antibiotics which is used as veterinary drugs and/or
animal feed additive is many times higher than the quantity used as
human pharmaceutical (Hirsch, 1998). Despite their frequent use as a
pharmaceutical, most antibiotics are rarely detected in the aguatic
environment. Hirsch ef ol (1998) studied 18 different antibiotics and
metabolites. Only 5 of these could be detected in sewage treatment
plant effluent as well as in surface water. No antibiotics could be
detected in the studied groundwater samples. Penicillins and
tetracyclines could also not be detected in water samples, either due o
their high sensitivity to hydrolysis, or due to the fact that they can not
be detected because they are bound to suspended matter or sediment
(tetracyclines are known to bind strongly to sediment and soil), Mons et
al. (2000} demonstrated the antibiotics Sulfamethoxazole and
Erythromycin in sewage treatment plant effluent and in surface water in
an inventory study in the Netherlands in concentrations of several tens
of ng/l. The pharmaceuticals could no longer be detected in drinking
water.

A relatively large quantity of ecotoxicity data has been found for
antibiotics. Bacteria are especially very sensitive, as may be expected.
Effects can already be demonstrated starting at a few pg/l. In addition,
algae and cyanobacteria are also very sensitive to antibiotics. Based on
their own studies and data from the literature, Holten Litshaft er af
(1999) conclude that algae are more sensifive to antibiotics than are
crustaceans and fish. This has been confirmed by Lanzky & Halling-
Sarensen (1997). It can not be excluded that the environmental effects
on higher organisms {crustaceans and fish) will probably take place
mainly through indirect effects on algae.

Furthermore, it appears that the cyanobacterium Microcystis
aeruginosa is about two or three orders of magnitude more sensitive to
antibiotics than the other two investigated species of algae, the
saltwater species Rhodomonas salina and the freshwater species
Selenastrum capricornurum (Holten Litzheft er af, 1999; Halling-
Serensen, 2000). Harrass et al (1985) demonstrated that the
cyanobacterium Microcystis aeruginosa is about a factor of ten more
sensitive to the antibiotic Streptomycin than is the freshwater algae
Selenastrum capricornutum. Therefore for better risk evaluation of
antibiotics it is advisable to also include cyanobacteria as a test
organism in the testing baftery.

A group of antibiotics on which relatively many studies have been
carried  out, mainly concerning their genotoxicity, are the
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4.3.6 Antidepressants

fluoroquinolones. Fluoroguinolones are frequently used antibiotics with
a high anti-bacterial activity. Genotoxicity has been detected for this
group of antibiotics (Mersch-Sundermann ¢f af, 1994). A few
fluoroquinolones appeared to be very genotoxic in the SOS-
Chromotest, meaning they caused a high induction of the SOS repair
system. Sparfloxacin, the most genotoxic fluoroquinolone, appeared to
be 50 times more genotoxic than the positive control in the SOS-
Chromotest (4-nitroquinoline-N-oxid) and about 3000 times that of
benzo{a)pyrene, a well known muiagen and carcinogen. Ciprofoxacin
and Norfloxacin are also highly genotoxic, followed by Rosoxacin,
Ofloxacin, Fleroxacin and Enoxacin. Pipemic acid, Cinoxacin and
Nalidixic acid are only weak genotoxics. Mersch-Sundermann er ol
(1994) demonstrated that genotoxicity increases in accordance with any
increase in antibacterial activity. Hartmann ef al. (1998) and Hartmann
et al. (1999) demonstrated that the genotoxicity which was detected in
the Umu-C test of the waste water of a large Swiss hospital and five
German hospitals was mainly caused by antibiotics from the
fluoroguinolone group, especially Ciprofloxacin.

Fluorogquinolone carboxylic acids break down in sunlight in aqueous
solutions (Burhenne ef al, 1997ab). Moreover, they can be broken
down by fungi in the soil (Martens et al. 1996).

In addition, it must be mentioned that the increase in consumption of
antibiotics also increases the spreading of resistance genes among
pathogenic bacteria, as well as others. This phenomenon is considered
by many as a big problem for public health in the near future.

It may be concluded that too little data are available on antibiotics to
make a well-founded ecotoxicological risk assessment. It involves both
data on presence in the environment and data on chronic toxicity
{(Health Council, 1998).

Virtually nothing is known about the presence of antidepressants in the
enviropment. However, studies on the ecotoxicity of anti-depressants
were done by different people (Calleja ef al.,1993; Fong, 1998; Fong e
al ,1998: Lilius ef af,1994; Lilius et al,1995 and Stoyanov ef al,
1987).

One important group of antidepressants, the ‘Selective Serotonin
Reuptake Inhibitors’ (SSRIs), which includes the pharmaceuticals
Fluoxetin (Prozac), Fluvoxamin (Luvox) and Paroxetin (Paxil), among
others, is remarkable due to its very high ecotoxicity. Serotonin is
involved in the transmission of signals in the nerves of both vertebrates
and invertebrates. In addition, serotonin is involved in many
physiological processes {Daughton & Ternes, 1999). SSRIs increase
the effect of serotonin because they prevent serotonin from being re-
uptaken after it has taken effect. Therefore, the neurotransmission will
continue.
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Fong (1998) and Fong et ol {1998) studied the effects of SSRIs on the
reproduction of mussels. Already at low concentrations these
pharmaceuticals appeared to stimulate the reproduction of mussels. The
pharmaceutical that was the most powerful stimulator was Fluvoxamin,
which already caused stimulation of the reproduction in males at 318
ng/l. SSRis appeared to be the most powerful stimulators of the
reproduction in mussels ever found.

It is not clear at what concenirations SSRIs are present in the
environment. The results of the ecotoxicological studies indicate,
however, that disruption of the ecosystem may already take place at
very low concentrations of SSRIs.

4.3.7 lodinated X-ray conftrasting agents

Iodinated X-ray contrasting agents, including Iohexol, lopamidol,
fopromide, lotrolan and Diatrizoate are used for diagnostic purposes.
By means of the X-ray contrasting agents, soft tissues can be visualised
using X-rays. The agents are used in high dosage. More than 3000
tonnes annually are used worldwide (Kalsch, 1999). However, they are
poorly degraded in humans: 95% is excreted unmetabolised (Daughton
& Ternes, 1999), They have been detected in high concentrations in the
environment, with median values up to 490 ng/l for Iopamidol and 230
ng/I for Diatrazoate in surface water, with locally a peak concentration
of no less than 100 pg/l Diatrozate (Ternes & Hirsch, 2000). Physical
chemical data (water solubility, octanol/water distribution coefficient
and vapour pressure) indicate that jodinated X-ray contrasting agents
remain in the water phase, do not absorb to sludge or sediments and do
not accumulate in organisms {Steger-Hartmann ef ai., 1998).

fodinated X-ray contrasting agents are not easily degraded in sewage
treatment plants and in the environment (Steger-Hartmmann ef af., 1998;
Steger-Hartmann et af., 1999; Kalsch, 1999). Kalsch (1999) studied the
biodegradability of Diatrizoate and Iopromide. Diatrizoate was slowly
degraded after an adaptation period and two metabolites were detected.
These metabolites turned out to dissolve well and to be stable under
aerobic conditions. In anaerobic conditions, the metabolites were
broken down. It was also shown that lopromide breaks down slowly in
both water sediment systems and in river water into two metabolites.
Also for other iodinated X-ray contrasting agents it was reported that
they break down slowly. In addition, they appear to be sensitive to
photodegradation (Steger-Hartmann, 1998).

Acute ecotoxicological effects were not detected in concentrations up
to 10 g/l in tests with bacteria, algae, crustaceans and fish. Chronic
effects on the water flea Daphnia magna were also not detected up to
the highest tested concentration of | g/l (Steger-Hartmann ef af., 1998).
From a comparison of the expected environmental concentrations and
the low (acute) ecotoxicity, it may be stated that even though iodinated
X-ray contrasting agents are present in the environment in high
concentrations and although they are poorly degradable in water, their
acute risk to the environment will most likely be low. Since there are
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insufficient chronic toxicity data available (the substances are only
tested on one trophic level), no conclusion can be drawn with regard to
the possible long-term risks to the environment.

4.3.8 Pharmaceuticals for treatment of impotence

Different pharmaceuticals for treatment of impotence have been used
throughout the years. However, the introduction of many new
pharmaceuticals, one of which is Viagra (Sildenafil citrate), has
seriously increased the focus on this type of pharmaceuticals. These
pharmaceuticals have a very specific effect. For example, Viagra
inhibits the enzyme phosphodiesterase which, by an indirect mode of
action, causes the muscles to relax and the blood circulation to
improve. Hardly anything is known about its possible ecotoxicological
effects. However, the fact that the pharmaceutical interferes with a
general enzyme such as phosphodiesterase is reason enough to be
concerned about the possible unintended effects of this pharmaceutical
on non-target organisms. Moreover, the use of the pharmaceutical is
expected to increase in the future, partly because it can be obtained via
the Internet without a prescription (Daughton & Ternes, 1999).
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5 Risks

5.1 Determining the risks

The following data are required for determining the risk of
pharmaceuticals to humans and the environment:

1. The exposure time;
2. The (eco) toxicity of the pharmaceutical;
3. The concentration to be expected.

Continuous consumption of pharmaceuticals results in continuous
emission of pharmaceuticals from households via domestic sewer water
and sewage treatment plants into surface water throughout the entire
year. Although a person’s individual consumption may differ largly
from time to time, the composition of the cocktail of pharmaceuticals
leaving the sewage treatment plant is expected to be fairly constant
throughout the year. Thus we are talking about long-term exposure to
low concentrations of a large number of widely varying compounds.

Data on the toxicity for aquatic and terrestrial organisms are scarce
(Rombke et al, 1996; Halling-Serensen ef a/,1998; Daughton &
Ternes, 1999; Webb, 2000a; Jorgensen & Halling-Sorensen, 2000). The
ecotoxicity data available are mainly related to short-term tests (<72
hours) with standard organisms (bacteria (Microtox™ test), algae and
water flea).

For humans there are many data of short-term exposure to high
concentrations (such as when a pharmaceutical is used). However, data
on long-term exposure of humans to low concentrations of
pharmaceuticals are scarce.

Based on the literature, it may be stated that the concentrations are
expected to be low, on the order of magnitude of a few ng/l in drinking
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5.2 Ecotoxicity

water and surface water and a few ug/l in the influent and effluent of
sewage treatment plants (see supplement 4). Based on an average water
consumption of two litres per day (Richardson & Bowron, 1985), the
expected dose is no more than 1 pg/day. Webb (20002} calculated that,
assuming a worst-case estimate, the exposure via drinking water during
an entire lifetime (70 years) is less than a daily dose for most
pharmaceuticals. The risk to humans appears minor if considered this
way.

However, considering the limited information it is difficult to make an
exact estimate of the risks of pharmaceuticals in surface water,
groundwater and drinking water to humans and the environment.
However a number of aspects can be indicated, on the basis of the
conceniration data, which could possibly play a role at low
concentrations, to wit:

s ccotoxicity;

* mutagenity, genotoxicity, carcinogenicity;

* resistance development in micro-organisms;
s allergic reactions in humans;

o endocrine effects,

Substances with an endocrine (hormonal) effect are discussed
extensively in other publications, as already indicated in section 2.1,
and are therefore not covered by the scope of this study. The other risks
are elaborated in more detail in sections 5.2 through 5.6.

The ecotoxicity data found in the literature are presented in supplement
6. A total of 456 eniries were found for 76 substances and 6
metabolites. For some of the substances this involves several levels of
effect (for example an ECg-, EC5p- and ECgg-value) for the same
organism, derived from the same basic data. For the main part, it
involves acute toxicity data. Chronic toxicity data were found for 25
substances. This involves data for Vibrio fischeri in an adapted chronic
test design of the Microtox™ test (38), for Daphnia magna
(reproduction and lethality; 18), for the zebra fish Brachydanio rerio;
(early life stage test; 6) and for aquatic plants (Lythrum salicaria; 20).
The effect concentrations found are on the order of magnitude of a few
to a few tens of pg/l. This is around or below the concentration level
detected in the surface water. Thus, negative effects of pharmaceuticals
on organisms in the surface water cannot be ruled out,

Figure 5.1 shows how the data are distributed among the different
groups of organisms. It appears that by far the most data are related to
tests with bacteria and crustaceans.
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Figure 5.1
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Distribution of the ecotoxicity data among the different types of test
organisms.

Figures 5.2 and 5.3 present the further distribution of the data among
different types of tests with bacteria and crustaceans. The bacterial tests
involve mainly acute or chronic toxicity for the bacterium Vibrio
Jischeri in the Microtox™ test, tests in which the growth inhibition of in
most cases the bacterium Pseudomonas putida is measured, and
genotoxicity tests, The data on crustaceans (145 entries) involve
principally acute toxicity for Daphnia magna (58.6%).

In addition to data in supplement 6, Predicted No Effect Concentrations
(PNEC) are given in Webb (2000a) for 67 pharmaceuticals. Most of
these pharmaceuticals are also used in the Netherlands. The PNEC
values are derived from ecotoxicity data, taken into account a safety
factor of 1000 for acute data, 100 if one NOEC value is known and 10
if chronic NOEC values are known for three trophic levels. In this
calculation the lowest of the ecotoxicity data that is found is used.
Since it is not stated which organism, test parameter and test duration
are involved, the data in Webb (2000a) are not included in supplement
6. The ecotoxicity data used for determination of the PNEC value will
be presented in Webb (2000b, in prep.).
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distribution ecotoxicity data bacteria

50 .
40 .

30

number

20 .

Figure 8.2 Distribution of ecotoxicity data on the bacteria. Biohmn. = bioluminiscence;
genotox. = genotoxicity; CFU in CBU = Colony Forming Units in Closed
Bottle test; tox in CBT = toxicity in Closed Bottle Test.
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Figure 5.3  Distribution of the ecotoxicity data on crustaceans.
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For acute EC50- and LCsg-values, classification criteria have been
established in EU directive 67/548/EEC. The acute toxicity data (ECsq
and LCsg-values) from supplement 6 are summarised and assessed in
table 5.1. The frequency distribution of the data collected by Webb is
presented in table 5.2.

Table 5.1  Summary of the available acute ecotoxicity data (only the EC,, and LC,-
values) of the homan pharmaceuticals from supplement 6.

ecotoxicity range classification number frequency cumulative

(%) (%)

<0.1 mg/l extremely toxic 9 1.0 7.0
0.1-1 mg/l very toxic 6 4.7 11.7
1-10 mg/l toxic 23 18.0 29.7
10-100 mg/] harmiul 31 24.2 539
100-1000 mg/l not toxic 43 336 87.5
>1000 mg/l not toxic 16 12.5 1060.0

total 128

Table 5.2  Summary of the available acute ecotoxicity data (only the EC,, and LC,-
values) of the human pharmaceuticals collected by Webb (from: Webb,
2000a).

Ecotoxicity range  classification number frequency cumulative

(%} (%)
<0.1 mg/l extremely toxic 2 1.9 1.9
0.1-1 mg/l very toxic 8 7.5 9.3
1-10 mg/l toxic 22 20.6 299
10-100 mg/t harmful 31 29.0 58.9
100-1000 mg/l not toxic 37 346 93.5
>1000 mg/l not toxic 7 6.5 100.0

total 147

The classification of the data from Webb (2000a) and the data collected
in this study show great similarities. This is not surprising since they
are partly based on the same references. The difference is found mainly
in the <0.1 mg/l class, the class of the very toxic substances. This
involves especially EC5p-values for cyanobacteria, which appear to be
extremely sensitive. The data with an ECgg-value <0.1 mg/l are
displayed in table 5.3. It refers to the toxicity of various antibiotics for
the bacterium Pseudomonas putida and the cyanobacterium
Microcystis aeruginosa. In addition to table 5.3, mussels appear fo be
extremely sensitive fo the antidepressant Fluvoxamine (Luvox).
Spawning was induced in males at a concentration as low as 0.3 ug/l.
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Table 5.3

Acute ecotoxicity data for human pharmaceuticals which are classified as
extremely toxic (EC,-value <0.1 mg/l). Test parameter: growth inhibition; test
duration 16 hours for the bacterium Pseudomonas putida and 7 days for the
cyanobacterium Microcystis aeruginosa

pharmaceutical antibiotic group  ECvalue growth Reference
inhibition (mg/l)

Pseudomonas putida

Ofloxacin fluoroquinolones 0.016 Kimmmerer et al. (2000)
average (n=2)

Ciprofloxacin fluoroquinolones 0.080 Kitmmerer et al. (2000}
average (n=2)

Microcystis aeruginosa

Amoxicillin penicillins 0.0037 Holten Listzhaft ef af. (1999)

Ciprofloxacin fluoroquinolones 0.005 Holten Liitzheft & Halling-Serensen

{unpublished); from: Halling-
Sarensen {2000)

Spiramycin macrolids 0.005 Halling-Serensen (2000)

Benzylpenicillin (Penicillin G) penicilling 0.006 Halling-Serensen (2000)

Streptomycin others 0.007 Halling-Serensen (2000)

Chlortetracycline tetracyclines 0.05 Halling-Serensen (2000)

Tetracycline tetracyclines 0.09 Halling-Serensen (2000}

The basic assumption is that the supply of pharmaceuticals in the field
situation will be fairly constant in time. In a field situation there is
therefore no short-term exposure, but a long-term one to a more or fess
constant concentration. Therefore, for a more realistic estimate of the
possible risks to the environment chronic toxicity data are necessary.

In ECETOX (1993), a comparison is made between the ratio acute
ECsq / chronic NOEC for different types of organisms, in both fresh
and salt water. The toxicity data used for this are from the ECETOC
Aquatic Toxicity (EAT) database. This database contains evaluated
toxicity data of 368 chemical substances for 122 aquatic species in
fresh and salt water. For 19 general chemicals (no pharmaceuticals)
from this database which are used for comparison of the ratio between
the acute ECsg / chronic NOEC, this ratio varied between 1.25 and
28.3. This means that the chronic NOEC-value in this case is about 30
times lower than the acute EC5p-value.

However, these data cannot be applied to pharmaceuticals just like that,
since:

a) pharmaceuticals often have specific effect mechanisms which could
have an unintended similar effect on vertebrates in the aquatic
epvironment;
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b) continuous exposure to (very) low concentrations of these substan-
ces occurs and;

c) the test methods being used for chemicals (acute and chronic
toxicity tests) are not always equally useful for testing
pharmaceuticals. To illustrate this, we refer to the example of
Ethinyloestradiol, of which the acute toxicity (0.84 mg/l) differs
from the lowest measured NOEC (0.001 pg/f) by a factor of
800,000.

In addition, in a field situation there will always be simultaneous
exposure to several substances (pharmaceuticals AND other toxic
substances). The combined effect of this cocktail is very difficult to
predict.

Under the influence of toxic substances the species composition of
natural micro-organisms may change, with sensitive species dis-
appearing. In contrast to the described resistance (see section 5.4) this
is achieved by acclimatisation of micro-organisms, which involves a
shift in sensitivity within a species.

It has been demonstrated that residues of some types of antibiotics can
temporarily inhibit natural bacterial processes in  sediment
(Anonymous, 1995).

It can be concluded that with the current knowledge for most human
pharmaceuticals it is not possible to make a proper estimate of the
ecotoxicological risk of human pharmaceuticals to the environment,

5.3 Genotoxicity and carcinogenicity

Genotoxic effects refer to all damage of genetic material. This may
consist of minor or larger mutations {mutagenity)} in genes, but also
inciudes effects at the chromosome level. Carcinogenic effects refer to
the development of tumours.

Genotoxic and carcinogenic effects both involve damage fo hereditary
material and therefore must be considered as serious. In principle, one
single mutated cell can be sufficient to cause a tumour. However, a
tumour is only developed after replication of the mutated cell. In
addition, in order to develop a tumour the cell must have been mutated
in such a way that it will begin to grow uncontrollable. 1t is well known
that most mutations do not lead to development of tumours. In fact
most mutated cells are not viable. Moreover, organisms have various
repair mechanisms available to repair damaged genetic material from
cells that do survive mutation. The only thing that is certain is that
exposure fo genotoxic and carcinogenic substances increases the
chance of development of a tumour. Contact with such substances
should therefore be avoided as much as possible. Some general aspects
of genotoxic and carcinogenic processes are described in Van Genderen
et al. (1994).

Effects on the genetic material have been found, among others, for:
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Cytostatics mutagenic, genotoxic & carcinogenic (Aherne

et al., 1990; Van der Heide & Hueck-Van der
Plas, 1982; Grahame-Smith & Aronson, 1992)

Nitrofurans (S-nitrofuranderivatives) mutagenic (among

others, Anonymous, 1989)

~ Sulfamethazine carcinogenic {Barragry, 1994)

Oxytetracycline  genotoxicity, combined with cytotoxicity

(Giuliani et ¢f., 1996)

It is still unclear what the meaning of detection of genotoxicity in
wastewater and drinking water is and how possible risks must be inter-
preted (Giuliani ef al., 1996). A possible relation between genotoxicity
in, for instance, drinking water and the occurrence of tumours wil be
very hard to demonstrate.

5.4 Antibiotics and development of resistance in

micro-organisms

Development of resistance especially plays a role while using
antibiotics. From the beginning of the use of these type of
pharmaceuticals there has been concern about the possible development
of resistant bacteria. This involves the so-called acquired or secondary
resistance. This resistance can be acquired in different manners:

i.

By genetic adaptation of micro-organisms. Two types of
adaptations can be differentiated for this:

a)

b)

By natural selection of bacteria (within one species) that by
mutation have become insensitive to certain antibiotics. If, by
using an antibiotic, the sensitive bacteria decrease in number,
the resistant mutants will get the upper hand.

Micro-organisms that are resistant to more than oge antibiotic
can have resistance factors (the ‘R-factor’) in their genetic
material which can be transferred to non-resistant organisms.
By this, these non-resistant organisms will suddenly become
permanently insensitive, The R-factor often contains resistance
genes to several antibiotics. This is referred to as cross-
resistance. That means that a micro-organism is not only
resistant to a certain antibiotic, but also to related substances.
The cross resistance may be complete, meaning insensitivity to
all related substances, or incomplete, meaning insensitivity to a
cerfain antibiotic and reduced sensitivity to the related
antibiotics. Complete cross-resistance occurs with penicillins,
cefalosporins, macrolids, tetracyclines and a number of
aminoglycosides. Partial cross-resistance occurs, among other
pharmaceuticals, between tetracyclines and Chleroamphenicol,
penicillins and cefalosporins and between macrolids and the
lincomycine group. (Anonymous, 1989).
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2. Resistance can also be caused by acclimatisation of the micro-
organisms, meaning reduction of the sensitivity of micro-organisms
after long term exposure. This resistance usually disappears after
the administration of the antibiotic has stopped.

In particular the transfer of resistance genes has worried people. It is
feared that the resistant bacteria will pass their resistance genes on to
human bacteria. As a result of this the antibiotics will lose their
effectiveness. Considering the serious consequences, much research
has recently been carried out on resistance and transfer of resistance.
The opinions on the possible risks are divided (Jagers op Akkerhuis ef
al., 1995; Wilson, 1994; Anonymous, 1995; Zuidema & Kliein, 1993,
among other publications).

In order to prevent problems with resistance, in the Dutch hospitals a
clear tendency has arisen to reserve new antibiotics for situations in
which older pharmaceuticals are no longer effective (van Klingeren,
1990). In addition, the number of antibiotics for veterinary use has been
restricted. When using antibiotics in animal feed, the substances are
rotated (Jagers op Akkerhuis ef al., 1995; van Gool, 1990).

1t can be concluded that the extent of the risks regarding transfer of
resistance genes is still open for discussion.

5.5 Allergic reactions in humans

An other potential risk of the use of pharmaceuticals is the
development of allergic reactions. An allergic reaction has a number of
important characteristics (Grahame-Smith & Aronson, 1992):

#  There is no dose-response relationship. Even very small quantities
can cause a response once the allergy has developed. The reaction
disappears when the contact with the substance is ceased,

s There is often a delay between the exposure and the response;

* The allergy manifests itself in a type of immunological response,
for example fever, skin rash, a shift in the composition of the blood
cells and asthma attacks.

Allergic reactions especially arise from the use of antibiotics. The
allergy incidence for various antibiotics is: penicillins (10%),
cephalosporins (5%), tetracyclines (5%); sulfonamides (13%) and
Trimethoprim (3%) (Barragry, 1994).

Although it is estimated that 10 to 15% of the population is allergic to
one or several antibiotics, few cases have been reported (Wilson,

'1994). Reasons for the absence of registered cases of allergy caused by

antibiotics may be that it is difficult to determine the cause of the
allergy as well as to analyse the very low concentrations of
pharmaceuticals that can already cause an allergic reaction.

Most of the cases reported are related to Penicillin allergy and are
characterised by dermatitis (inflammation of the skin). In addition, an
anaphylactic shock was observed in a number of cases (a certain
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hypersensitivity response). Although rare, this has a very serious
negative effect of the use of penicillin. The incidence is about 1 out of
2500 — 10000 patients.

The dose of Penicillin necessary to cause an allergic reaction is very
low (Wilson, 1994). Minimal quantities (1 to 10 molecules) of
Penicillin are capable of causing allergic reactions. However, for
primary sensibilisation, somewhat higher concentrations are necessary
(Adkinson, 1980).

The exent of the risk of allergic reactions due to the presence of
pharmaceuticals in surface water or drinking water is still under
discussion. Although very small quantities can cause allergic reactions,
a direct relation between the presence and the expression of an allergic
reaction has not been demonstrated.
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6 Conclusions and
recommendations

6.1 Conclusions

Human pharmaceuticals cover a very diverse group of substances.
The following pharmaceuticals were selected for further study,
based on the expected high consumption, (bio)degradability, the
available ecotoxicological data, the selection of substances in
foreign studies and the representativeness of the ftype of
pharmaceuticals for their class of substances:

*  Cardiovascular pharmaceuticals (blood lipid regulators and
B-blockers)

*  Antiepileptics

+  Analgesics

*  Cylostatics

*  Antibiotics

*  Antidepressants

* fodinated X-ray contrasting agents

¢ Three emission routes by which human pharmaceuticals end up in

the aquatic environment can be distinguished: the post-production
industrial route, the post-usage domestic route and in the from
unconsumed pharmaceuticals. Quantitatively, the domestic route
makes the largest contribution. In this route, the human
pharmaceuticals and their metabolites are, after consumption,
excreted via urine and faeces and and are then discharged in the
surface water affer treatment in a sewage treatment plant. In the
production of pharmaceuticals, the residual material is collected
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carefully and recovered. The final residue is usually disposed of
with the first flushing water as hazardous waste and incinerated in
waste incinerator installations. The experience is that in batch
productions about 0.2% of the active substance is discharged into
the sewer with the second (and consequent) flushing water. In the
Netherlands, 8,3% of the prescribed pharmaceuticals are not
consumed. The majority of the unused pharmaceuticals (58%, i.e.
4.8% of the total amount of pharmaceuticals sold) are collected
separately by handing them in to pharmacies. However, one third of
the liguid pharmaceuticals handed in to the pharmacy still ends up
in the sewer. About 3% of the unconsumed pharmaceuticals end up
in the sewer via the consumer.

The use of human pharmaceuticals leads to contamination of surface
water, groundwater and incidentally drinking water. Measurement
data for the Netherlands are available on a very limited scale. Of the
thousands of active substances, only a very limited number of
pharmaceuticals, approximately B85 active substances and 10
metabolites, are described in the international public literature with
respect to the presence in and risks to the aguatic environment.

As expected, the concentrations decrease along the emission route
of wastewater from households, companies and hospitals, sewage
water, sewage treatment plant effluent, surface water, groundwater
and drinking water. The concentrations of human pharmaceuticals
in surface water are between the detection limit and a few hundreds
of ng/l, with several substances peaking above the pg/l. In influents
and effluents from sewage treatment plants the concentrations are
higher. Human pharmaceuticals are not, or only scarcely, present in
drinking water (a few ng/l).

Two substances, being the antiepileptic Carbamazepine and
Clofibric acid, a stable metabolite of several blood lipid regulators,
have been detected in nearly all mairices in relatively high
concentrations, The presence of Clofibric acid, but not of
Carbamazepine, was also demonstrated in drinking water.

Based on the knowledge of possible adverse side effects of the use
of pharmaceuticals, the expectation is that human health will not be
affected due to consumption of drinking water with pharmaceuticals
in the concentrations that have been detected. There is an extremely
large margin between the maximum therapeutic dose and the
sporadic concentration shown in drinking water (a factor of 106).

Aquatic organisms in the surface water will be exposed to (very)
low concentrations of several human pharmaceuticals as well as
metabolites over a long period of time, possibly throughout their
lives.

There is stil] too little (public accessable) information available on
the presence and the possible effects of low concentrations of
human pharmaceuticals and their resulting metabolites in the water
environment to enable a well-founded estimate of the risks for the
water environment.
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» By far, most ecotoxicity data are related to acute toxicity tests with

bacteria and crustaceans. Chronic toxicity were only found on a
limited scale. Furthermore, it is not inconceivable that
pharmaceuticals may have a negative effect on non-target (aquatic)
organisms even in low concentrations, just because of their specific
effect mechanisms. There were no data on specific effect
mechanisms found in the public literature.

This lack of knowledge concerning the presence in the aquatic
environment as well as chronic and specific toxicity of the initial
substances and their metabolites, but above all the possible specific
pharmacological effect of pharmaceuticals on non-target organisms,
justifies further investigation of the possible negative effects on
water organismos caused by human pharmaceuticals.

The accepted acute toxicity tests are expected to be insufficient for
detection of potential chronic and specific effects for aquatic
organisms as a result of the presence of human pharmaceuticals in
the (aquatic) environment. Chronic (toxicity) tests may give a more
realistic estimate of the possible risks to the environment, although
these tests also cannot give a definitive answer, as yet, on specific
effect mechanisms. Except for tests that measure the disruption of
hormones, no tests are available yet which measure specific effect
mechanisms. For an adequate risk assessment of effects of
pharmaceuticals in the environment, such specific tests will have to
be developed.

In the authorisation policy of human pharmaceuticals in the
Netherlands and the EU, only the possible side effects and negative
effects on humans are determined. There is no legal basis yet and
there are no official directives for determining the possible risks to
the (aquatic) environment as a result of the consumption of human
pharmaceuticals. At the moment, a draft directive is being worked
on within the EU. A question mark can be placed at the expected
effectiveness of this draft directive for protection of the (aquatic)
environment. In the first phase, calculation of the concentration of
human pharmaceuticals in the (aquatic) environment is sufficient. If
the expected environmental concentration does not exceed a certain
limit value (0.01 ug/1) no ecotoxicological information will have to
be submitted according to the law. However, it is not inconceivable
that pharmaceuticals also may have a negative effect on non-target
(aquatic) organisms in lower concentrations than this proposed limit
value, because of their specific effect mechanisms. If the calculated
concentration is  higher than this limit value, a crude
ecotoxicological risk assessment will have to be made. In this case,
a PNEC is calculated mostly on the basis of acute toxicity divided
by an uncertainty factor of 1000. If the PEN/PNEC ratio is higher
than 1, a detailed additional ecotoxicological risk assessment is
required.

In ‘worst case’ estimates of the expected environmental
concentrations of human pharmaceuticals in the Dutch surface
water, it appears that the concentrations of substances under study,
with the exception of the concentrations of Bezafibrate, Clofibrate,
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Cefalexine and cytostatics in the large rivers, exceed the limit value
of the provisional proposed limit value of the EU (0.01 pug/1). These
estimates of the original substances are made on the basis of the
consumption numbers (as human pharmaceutical) in the
Netherlands and in this estimate the metabolization in humans or
degradation, adsorption or evaporation in a sewage treatment plant
as well as in surface water have not been taken into account.

When comparing the ‘worst case’ estimates with the actually
measured concentrations in surface water, it appears that the
measured concentrations of initial substances in almost all cases
clearly are below the ‘worst case’ estimates. Bezafibrate and
Erythromycin are exceptions. An explanation for this could be that
the measurements are related to foreign countries, especially
Germany, where the consumption of these pharmaceuticals as well
as the discharge situation may differ from those in the Netherlands.

The knowledge of the risks to the environment of the different
substance groups of ‘human pharmaceuticals’ can be summarised as
follows:

type of pharmaceutical consumption concentration in biodegradability availability
surface water ecotoxicological
data
blood lipid regulators/f-blockers +1 - - a, b2
antiepileptics + + - a,b
analgesics ++ - + ab
cytostatics - e - 8¢
antibiotics + - - a,b e
antidepressants ? ? 7 D
Iodinated X-ray contrast media ? ++ - a,b

[

++ = very high, +=high, - = low and -- = very low

2 a = acute toxicity, b = chronic foxicity, ¢ = genofoxicity, d = specific
pharmacological effect

This study of the literature provides good insight into the potential

problem areas and possible problem substances within the substance

group of ‘human pharmaceuticals’ for the aquatic environment, but

does not answer the question of which substances are actual

problems and which must be given priority attention.

6.2 Recommendations

With regard to the future, the following ecotoxicological, policy and
technical research recommendations would help to gain a better
overview of the potential side effects of the use of human
pharmaceuticals on the aquatic environment, or at least help to focus
attention on potential side effects.

s Prioritisation of problem substances.
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Considering a lack of ecotoxicological data, potential problem
substances will, in the first instance, have to be selected on the basis
of the consumption of pharmaceuticals in the Netherlands. This
should not only involve the active substances themselves but also
their most important metabolites.Possible points of departure may
be the substances reported on in the international literature and the
information regarding possible side effects for people in the event of
long-term use that is issued when the pharmaceuticals are
authorised. Efforts to establish links with internationally selected
substances may have the negative consequence of the focus
remaining on the same substances all the time without any insight
being created into the (environmental) relevance of these substances
with regard to other human pharmaceuticals used but not yet
researched in the Netherlands. Any reported side effects for humans
may in some cases only give an indication of the possible relevance
to the (aquatic) environment. A worst-case exposure estimate may
serve as a first step for a general assessment of the risks. This would
provide a basis for a more detailed elaboration of the risk
assessment on the basis of metabolic degradation in humans and
biological degradation, adsorption and evaporation in a sewage
treatment plant or in surface water.

Chemical monitoring.

When in a worst-case estimate for a pharmaceutical an exposure
concentration is calculated which is greater the detection limit of the
analysis method, a chemical measurement campaign can provide
additional insight into the actual concentrations which occur in the
various matrices of sewer water, sewage treatment plant effluents,
surface water, groundwater and drinking water.

Generic risk analysis for the aquatic environment.

The measured concentrations of pharmaceuticals will be combined
with ecotoxicological measurement data to provide an indication of
the environmental risk. The ecotoxicological research should,
however, link up with the period of exposure in the environment and
the time required for the effect to become noticeable. Because water
organisms in surface water will be continuously exposed to (very)
low concentrations of various pharmaceuticals, chronic (foxicity)
tests would appear to be the most suitable. A combination of a
number of chronic toxicity tests will allow a wide-spectrum risk
analysis to be carried out that is independent of the specific effect
mechanisms of the various pharmaceuticals.

Specific risk analysis for the aquatic environment.

Due to the often very specific pharmacological effect mechanisms of
pharmaceuticals, it is conceivable that possible specific effects will
occur even at very low concentrations. A possible risk analysis should
be explicitly linked to the type of effect mechanism of a group of
pharmaceuticals, as for example the effect on the hormone or immune
system. Such biological testing methods are currently not, or only
partially, available. It is recommended that an assessment is made of
which specific pharmacological effect mechanisms can affect aquatic
organisms and that specific biological test methods are developed which
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can be used in the future when screening the active substances and their
metabolites. These newly developed testing methods can also be used In
the future for the biological monitoring of aquatic systems in addition to
the collection of chemical data.

Resistance development.

It is also desirable that attention is paid to the consequences of low
concentrations of antibiotics on water organisms, such as resistance
development.

Attention to (local) discharge of pharmaceuticals.

In the production of pharmaceuticals consideration may be given to
(further) minimising the amount of residual substances in the tanks
at the end of the production process. In hospitals, etc., their use may
be reserved as much as possible. For unconsumed pharmaceuticals,
it should be considered to promote and improve the collection
system for unconsumed pharmaceuticals in order to prevent these
substances from ending up in the {(aquatic) environment.

International co-operation.

Considering the complexity of a suitable method for assessing the
risk pharmaceuticals pose o water organisms, as well as the
comparable character of investigations and research requests in the
countries around ns, international co-operation and fine-tuning
within the EU would obviously be a good idea. The international
results could be used in the future in the further elaboration of a
definitive European directive for the environmental risk assessment
in relation to human pharmaceutical authorisation.

Legislation and regulation.

Further development of a European directive which can be used for
the environmental risk assessment of pharmaceuticals will have to
be carried out by the authorised agencies.
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Supplement 1
Structural formulas of various human
pharmaceuticals
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Fibrates

Betablockers

Antiepileptics

Bezafibrate

Gemfibrozil

Clofibrate

Etofibrate

Clofibric acid

Metoprolol

Carbamazepine
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Analgesics

Naproxen
Ibuprofen
Diclofenac
Cytostatics
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Antibiatics

Doxycycline

Ry=H; Ry=H; Ry = CH,, R, = OH

Erythromycin

A = desosamine
B = cladinose (3-O-methylmycarose)

R, = 0; R, = OH
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Nitrofurantoin OuN o c /
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Supplement 2

European draft directives for environmental risk
assessment within the authorisation procedure of
human pharmaceuticals

This supplement contains:

1. Ewropean Commission (1994). Assessment of potential risks to the
environment posed by medicinal products for human use
{excluding products containing live genetically modified
organisms): Phase | environmental risk assessment. [11/5504/94
Draft 4. European Commission, Directorate-General Industry,
III/E/3 Pharmaceuticals Service, Ad Hoc Working Party on
environmental risk assessment for non GMO containing medicinal
products, Brussels.

2. EMEA (2001). Draft CPMP discussion paper on environmental
risk assessment of non-genetically modified organism (non-gmo)
containig medicinal products for human use. DIA workshop on

Environmental Risk Assessment of non-GMO Pharmaceuticals, 12-
13 February 2001, London, UK.
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ASSESSMENT OF POTENTIAL RISKS TO THE
ENVIRONMENT POSED BY MEDICINAL PRODUCTS FOR HUMAN
USE (EXCLUDING PRODUCTS CONTAINING LIVE GENETICALLY

MODIFIED ORGANISMS) :

PHASE 1 ENVIRONMENTAL RISK ASSESSMENT

1. . Introduction and Background

The use and disposal of medicinal products can have an adverse effect on the environment
and, consequently, present a risk to human health arising from indirect exposure. This is
recognised in article 4.6 of Directive 65/65/EEC, as amended. Therefore, from 1. January
1995, an spplication for marketing authorisation for 2 medicinal product for human use must
be accompanied by, “... if applicable, reasons for any precautionary and safety measure to be
taken for the storage of the medicinal product, its administration to patients and for the
disposal of waste products, together with an indication of any potential risks presented by the
medicinal product for the environment. The article applies irrespective of the procedure
used, i.e. national, decentralised or centralised.

Normally for medicinal products, the identification of potential risks to the environment will
be achieved by means of an environmental risk assessment (ERA), conducted in two phases.
For most medicinal products, it is anticipated that only the first phase of the evaluation will be
necessary.

The purpose of this document is to give guidance on the following:

» the applications for marketing authorisation of medicinal products for human use which
should be accompanied by an environmental risk assessment

» the data requirements for the Phase I assessment of ecotoxity
» the conclusions of the Phase | assessment

» the circumstances under which an applicant should proceed to a Phase 11 assessement

Guidance on the Phase II assessment, which applies to medicinal products for both human and
veterinary use, is available in a separate document (IT1/5505/94). Chapter 1 is of particular
relevance to products for human use.

The European Commission has already issued a technical guidance document entitled Risk
Assessment of Notified New Substances which was prepared 1o assist those carrying out risk
assessments of new substances notified under Directive §7/548/EEC, as amended. Some
sections of this document are not applicable to medicinal products, as the emphasis is on
manufacture, rather than use and disposal Nevertheless, it contains much useful information
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which may be helpful to applicants in the preparation of an environmental risk assessment for a
medicinal product, including sections on :

» principles of risk assessment

» assessment of human exposure levels

*» approaches 1o the assessment of ecotoxicity, environmental exposure and environmental
fisk characterisation

» reasonable worst case and statistical approaches

» general processes of release, dispersion and elimination

« estimation of relevant parameters in the aquatic, soil and atmospheric compartments

2. The Scope of the Environmental Risk Assessment

According to Article 4.6 of Directive 65/65/EEC, as amended, the subject of the ERA is
the medicinal product, i.e. the product as a whole, including the adjuvants/excipients in
the formulation, the immediate container and the packaging, ss well as the active
constituent itself. In addition, Article 4.6 relates to those risks to the environment arising
from use, storage and disposal of the medicinal product, rather than those arising from
synthesis and manufacture of the active substance and the product.

Whilst it is accepted that most excipients can be described as inert, and are chosen
specifically for their lack of pharmacological or toxicological effect, nevertheless it is
possible that some may warrant attention in relation to their potential for harmful
environmental effects and this should be discussed in the ERA, where relevant.

3. Applications which require an Environmental Risk Assessment

» All applications for marketing authorisations for medicinal products containing a New
Active Substance received after 1 January 1995,

* Any application for a medicinal product containing a live vaccine received after
1 January 1995.

* Subsequent renewal of marketing authorisations granted for the above categories.

These restrictions are provisional and may need to be revised later. Any decision not to
conduct an envirpnmenta! risk assessment should be justified by the applicant.
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Specific environmental issues relating to live vaccines will be addressed in a separate
guideline,

Products consisting of or containing live genetically modified organisms are subject to
separate requirements with respect 1o the evaluation of environmental risk, as laid down in
Article 6 of Regulation No. 2309/93.

4. The Role of The Applicant's Expert

Due 1o the wide diversity of the information to be handled in a Phase I ecotoxicity
assessment , an expert suitably qualified to give an overview of all the data together with
an evaluation of the category of risk , will be required.

In generalterms, the assessment of environmental risk involves the consideration of

s the assessment of effects (identification of the imtrinsic hazardous properties of the
substance and the elucidation of dose/response or concentration/effects characieristics
where appropriate}

s the assessment of exposure for the different environmental companments

» risk characterisation, i.e. comparison of information on hazardous properties and effective
dose levels/concentrations with exposure levels in order to characterise the degree of risk
posed to the environment

Risk characterisation will lead to one of the following conclusions
1. the product is of no immediate concern; no further data is required,
2. the product may be of concern and further data will be required immediately;

3. the product may be of concern and further data will be required when use reaches a certain
level;

4. the product is of concern and recommendations should be made for risk reduction.

Following 2 Phase 1 assessment , it is unlikely that the expent will reach a category 4
decision and give an opinion on measures necessary to reduce the risk of an adverse
environmental impact, since this will normally come afier more refined estimations of
predicted environmental concentrations have been made, often with additional studies in a
Phase II assessment. It is likely that the expent's expression of concern in categories 2 & 3
will also lead to 2 more detailed Phase 11 assessment,
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The expert should also consider all of the user information texts and make a statement on
the relevance and suitability of the advice regarding the administration and disposal of the
medicinal product.

3, Environmental Exposure Assessment

§.1  General Approach.

The assessment of environmental exposure involves the identification of emission sources, the
estimation of emission rates and the subsequent distribution and elimination process. The
purpose of the Phase I assessment for medicinal products is to provide a first estimate of the
distribution among the environmental compartments water, soil and air as well as of the
respective concentrations within them, .e. a crude estimate of the Predicted Environmental
Concentrations (PEC).

These first estimates will establish whether or not there is a need for 8 Phase II assessment. In
general, Phase II assessments will not be required for medicinal products which are used in
relatively small quantities and released diffusely into the environment thus leading to negligible
environmental concentrations.

The Phase | assessment is based on data on the release of the substance(s) under consideration
into the environment and certain physico-chemical properties of the active substance and/or its
main metabolites. Other relevant information includes the use pattern of the product, the
expected extent of use, the concentration of the substance(s) under consideration in urine and
faeces, the degradation process under typical conditions and sewage handling and disposal
practices. Consequently., experimentally-derived data on environmental effects ( e.g. LCyy, fish
toxicity ) are usually not required in Phase I, but must form part of 2 Phase II assessment.

During the development of the medicinal product it will become apparent whether or not 2
Phase I assessment provides adequate reassurance regarding potential adverse environmental
effects, and the decision whether or not 10 move to a more detailed Phase II evaluation should
be made at this stage.

8.2  Data Requirements

In Phase I the estimate of the release into the environment is based on the following information:
s amount placed on the marke1 per time unit
s use paftern

s excretion and metabolite paitern in humans (generally available from clinical studies)
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Furthermore, the prediction of the environmental concentration requires information on physico-
chemical properties allowing a first, crude, prediction of the environmental fate:

* water solubility
* n-octanol/water partition coefficient ( Py, or log, Py )
* dissociation constant (if applicable)
* hydrolysis
® vapor pressure {estimate)
Generally this information should be provided on the drug substance and its main metaboljtes

( Normally >20% of the dose, possibly less in cases of known or suspected special ecotoxic
effects )

The data requirements and issues relating to a Phase 11 Environmental Risk Assessment are the
subject of a separate Guideline.

5.3  General Processes Affecting Environmental Exposure
5.3.1 Release into the environment

The environmental exposure arising from the ws¢ of the medicinal product is the main
consideration for the exposure assessment in Phase I. Manufacture and production are subject
to other regulations, while the release into the environment due to disposal and waste treatment
will generally be considered diffuse, However, in cases where the mammalian toxicity data or the
nature of the product already provide an indication of possible concern (e.g. due to mutagenic or
carcinogenic properties) the disposal of the drug product should be included in the Phase ]
assessment.

The exposure consideration should be restricted 1o the designated use pattern of the product as
defined in the SPC. Indirect release, such as might oceur from landspreading of sewage siudge,
should also be considered

The emission pattern will generally be a diffuse release into waste water systems due 1o the
excretion of the active substance itself and/or its metabolites by patients. Other patierns may
occur (e.g, emission of inhalation anaesthetics or propellants into the atmosphere).

5.3.2 Eanvironmental Fate ( Distribution & Elimination Processes )

After emission, distribution of the substance will occur to an extent dependent on the magnitud
of the advection, dispersion and diffusion processes.

Regarding sewage concentrations, many medicinal products are used intermittently, consequently
there will be considerable dilution from the addition of sewage from the untreated population.
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For active substances or their metabolites excreted into waste water this normally means dilution
in the waste water streams and subsequently in surface waters,

A consideration of the pattern of use will also be important here.

Subsequent to the release into an environmental compartment and dispersion therein, a substance
will distribute between the different compartments (water, air, soil, sediment and biota). This
distribution process can be assessed using the above mentioned physico-chemical parameters.
The octanol/water pantition coefficient is generally used as an indicator of bioconcentration, but
can also be useful in the sssessment of sorption to sediment and soil particles. The vapour

pressure and/or Henry's constant allow an assessment of the relative emission into the air
compartment.

While distribution refers 10 the physical process of transfer from one phase to another (e.g from
water to sediment particles or to the atmosphere), elimination means the reduction in
concentration of substances by chemical or biochemical process Thus, elimination of a substance
may occur by hydrolysis and photolysis.

5.4 Estimation of Environmental Concentrations
5.4.1 Concentration in Water

In general the active substance and its metabolites will at first be found in the water
compartment due to human excretion. Information on metabolism - and thus on the
compounds introduced into the environment, will be available from clinical trials.
Metabolism often leads to substances which are more hydrophilic and less toxic. During
product development, Structure-Activity Relationships, SAR, may have been established
which will be useful in this context, especially if quantitative.

These data may already be available and described elsewhere in the submission dossier,
e.g. inPart 11 & Part 111, in other cases, the applicant may need to generate some of them
to help the expert reach a conclusion in Phase 1.

In most cases no specific data for the emission and environmental conditions in a particular
environment or region will be available. A first estimate of the predicted environmental
concentration in surface waters receiving the discharge of sewage treatment facilities can then be
obtained using the following formula;

Ax(100-R)
PEC, crude estimate, [g1] =

3I65xPxVxDx100
where
A fkpfyr] = predicted amount used per year in the EU country of highest dosage

R [%] = removal rate (due to loss to sludge panticles, volatization, hydrolysis or
biodegradation)
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P = number of inhabitants of the country
V[m3day] = volume of waste water per capita and day (generally 0.15 10 0.20 m3)
D = factor for dilution of waste water by surface water flow (average factor: 10)

In the Phase I assessment under worst-case conditions, R should always be counted as zero, and
A/P should be maximum,

Generally an active substance and its metabolites or degradation products will be considered as
being of no immediate concern in the water compartment if the crude estimated value for PEC is

0.001 pg/l or below in surface water. This threshold value has been chosen for the following
reasons:

@ It is hundred times lower than the general limit value for pesticides in drinking water,
Thus there is little concern about the respective substances reaching groundwater ar
surface water which is used for production of drinking water.

» It is considered unlikely that drug substances will produce 1oxic effects on aquatic
organisms at such a low concentration.

%5.4.2 Concentration in Soil

It is generally assumed that for medicinal products there is insignificant exposure of the soil
compartment. Exposure may occur mainly via landspreading of sewage sludge. The paruuioning

between the aqueous phase in a waste water treatment plant and sludge particles follows the
formula:

Css  {conc. of substance adsorbed to particles)
K=

Cww (conc. of substance in the aqueous phase}

The equilibrium constant K' is related to the adsorption constant {related 1o organic carbon) Kge
by:

K'=K, x % organic carbon content/100

For the purposes of Phase I assessment, as 2 first approximation, K,. may be taken to be equal
1o Pofw.

Sewage sludge contains a relatively high proponion of organic matier (up 1o 40% organic
carbon). The concentration in soil can be roughly estimated using the following formula:

PEC,,; = Cy x 1.7 x 30007 (mg/kg for arable land)
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PEC,i = Cgyx 1.0 x 1500" (mg/kg for grass land)!

A threshold for PECy,;; of 10ppb (ug/kg) can be considered, below which there is no immediate
concern about the occurence of a substance in soil as with veterinary medicinal products.

5.4.3 Concentration in Air

The concentration of active substances or their metabolites in the air compartment are ge{xcraliy
assumned to be low due to their low vapour pressures, low production volumes and significant
dilution.

For example, in the case of propellants for inhalation 2erosols the potential risk for depletion of
the ozone layer and / or ‘greenhouse’ effects should be considered.

6. SUMMARY OF ACTION LIMITS

Usually, if the substances under consideration in a Phase 1 environmental risk assessment fulfil
the following criteria then further investigations ( e.g. in the form of a Phase II assessment )
will not be considered necessary

. estimated PEC in soil < 10pg/kg
. estimated PEC in surface water < 0.001pg/]

However, it may not be relevant to apply these limits 1o substances of known, 'special' toxic
or adverse environmemal effects, or where such effects are suspected on the basis of
Stucture/ Activity Relationships. Stricter criteria would apply in these cases, and the expern
will be required 10 consider other, more appropriate, action limits. A dose (concentration) -
response (effect) assessment would normally be required. For example, it may be more
appropriate in Phase 1 to relate the Predicted Environmental Concentration to the Lethal
Concentration for centain appropriate animal species, e.g. a requirement that PEC < 1% Acute
LCsq or 2 Predicted No Effect Concentration.

Conversely, regarding bioaccumulation potential, it is accepted that a persistent chemical is
niot necessarily a toxic one, nor will it necessarily have adverse environmental effects, and the
expert will be expected 1o comment accordingly.

HRisk Assessment of Notified New Substances Technical Guidance Document]
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DISCUSSION PAPER ON ENVIRONMENTAL RISK ASSESSMENT OF
NON-GENETICALLY MODIFIED ORGANISM (NON-GMO) CONTAINING
MEDICINAL PRODUCTS FOR HUMAN USE

1 INTRODUCTION

Council Directive 65/65/EEC recognises that an application for the marketing authorisation
for a medicinal product for human use must be accompanied, if applicable, by reasons for any
precautionary and safety measure to be taken for the storage of the medicinal product, its
administration to patients and for the disposal of waste products, together with an indication
of any potential risks represented by the medicinal product for the environment. This
discussion paper is applicable for non-Genetically Meodified Organism (non-GMO} containing
medicinal products that apply to Council Directive 65/65/EEC; it is applicable for proprietary
medicinal products for human use intended to be placed on the marked in the European
Union, and subsequent renewals of such products.

This discussion paper is not applicable for medicinal products containing or consisting of
Genetically Modified Organisms; applicants are referred to the Note for guidance on
Environmental risk assessment for human medicinal products containing or consisting of
GMOs (CPMPAII/5507/94).

This discussion paper presents

. Commonly accepted principles for the environmental risk assessment of medicinal
products when administered to patients. -

. Labelling provisions: an outline of the information that applicants could provide on
precautionary and safety measures to be taken, for the purpose of reducing any risks to
the environment, with regard to the administration to patients, and to storage and
disposal of waste products.

2 GENERAL PRINCIPLES OF ENVIRONMENTAL RISK ASSESSMENT OF
MEDICINAL PRODUCTS WHEN TAKEN BY PATIENTS

Assessment of potential risks to the environment is a step-wise, tiered procedure that may be
terminated when sufficient information/data are available to either suggest that the medicinal
product is unlikely to represent a risk to the environment or else to identify and sufficiently
characterise the potential risks. If relevant experimental data (e.g. metabolism) can be
obtained from other parts of the dossier, these should be used in the assessment, and such
studies therefore need not to be repeated. If, based on the available information and data, the
applicant concludes that the medicinal product is unlikely to represent a risk to the
environment and that therefore it would not be necessary or useful to generate additional
experimental data, the applicant should justify this decision. When the medicinal product
exhibits potential risks to the environment, the applicant should propose appropriate
precautionary and safety measures to be observed when the product is administered to
patients and/or for the disposal of waste products. These measures should be included in the
Summary of Products Characteristics (SPC) (Figure 2).

Since for medicinal products the benefit for humans has relative precedence over any
environmental risks, the environmental risk management procedures adopted for industrial
chemicals and pesticides (i.e. prohibiting or restricting their use if an unacceptable risk to the
environment is evident) is neither possible nor desirable in this case. Precautionary measures
through product labelling are therefore the recommended risk management procedures for
medicinal products, when concerns for the environment are present.
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Article 4.6 of Directive 65/65/EEC, as amended, requires the applicant to indicate any
potential risks exhibited by the medicinal product for the environment. Although it is
expected that emphasis will be given to the main substance(s) being excreted (parent
compound and/or metabolite(s), as determined by human excretion profile), the assessment
should consider any substance of concern in the medicinal product. It should be noted that
Article 4.6 relates to those risks to the environment arising from use, storage and disposal of
the medicinal product rather than to those arising from synthesis and manufacture of the
product. Manufacture and production are subject to other regulations.

Whilst it is accepted that most excipients can be described as inert, and are chosen specifically
for their lack of pharmacological or toxicological effect, it is nevertheless possible that some
may warrant attention in relation to their potential for harmful environmental effects. This
should be discussed in the Environmental Risk Assessment Report, where relevant.

3 ENVIRONMENTAL EXPOSURE ASSESSMENT: OVERALL
CONSIDERATIONS OF ENVIRONMENTAL COMPARTMENTS OF
POTENTIAL CONCERN

Of the different environmental compartment(s) (aquatic, atmospheric, and/or terrestrial),
mainly those of potential concern need to be considered. The environmental exposure
considerations should, however, not be restricted to the designated use pattern as defined in
the Summary of Product Characteristics (SPC). For example, indirect release, such as might
oceur from land spreading of sewage sludge, should also be considered.

It is generally assumed that for medicinal products emission patterns will mainly consist of a
diffuse release into waste water systems due to excretion of the active substance and/or its
metabolites by patients (see Figure 1). Other patterns may occur in special situations, €.g.,
emission of inhalation anaesthetics or propellants into the atmosphere. As it can be assumed
that in most cases there is only an insignificant exposure of the compartments soil and air,
these compartments need generally not to be considered in the first step of an assessment.

The concentrations of active substances and/or their metabolites in the air compartment are
generally assumed to be low due to their low vapour pressure, low production volumes and
significant dilution. However, specific environmental concerns should be considered, for
example, in the case of propellants for inhalation aerosols, where the potential risk for
depletion of the ozone layer and/or ‘greenhouse’ effects has to be looked at. Matters relating
to the replacement of chlorofluorocarbons (CFC) are referred to in the Note for Guidances on
Replacement of Chlorofluorocarbons (CFC) in Metered Dose Inhalation Products
(CPMP/I/5378/93) and Matters Relating to the Replacement of CFC’s in Medicinal
Products (CPMP/111/5462/93).

Where relevant, assessments of exposures and effects in non-aquatic environmental
compartments should be conducted on a case-by-case basis.

3.1 Environmental exposure assessment: inifial considerations

The exposure assessment is based mainly on data on the release of the substance(s) under
consideration into the environment and on certain physico-chemical properties of the
substance. Other relevant information includes the use pattern of the product {(e.g., seasonal
vs. continuous use; population-based vs. hospital based use), the expected extent of use (e.g.,
short-term vs. chronic use, magnitude of patient population), the concentration of the
substance(s) under consideration in urine and faeces, the degradation processes under typical
environmental conditions and sewage handling and disposal practices.

Subsequent to the release into one environmental compartment and dispersion therein, a
substance will be further distributed between the different additional compartments (water,
air, soil, sediment and biota). This distribution process can be estimated using the above
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mentioned physico-chemical parameters. The octanoVwater partition coefficient is generally
used as an indicator of bioconcentration, but can also be useful in the assessment of sorption
to sediment and soil particles. The vapour pressure and/or Henry’s constant allow an
assessment of the relative emission into the air compartment.

While distribution refers to the physical process of transfer from one phase or compartment to
another (e.g. from water to sediment particles or fo the atmosphere), elimination means the
reduction in concentration of substances by chemical or biochemical processes. Thus,
elimination of a substance may occur by hydrolysis, photolysis or biodegradation (or a
combination thereof).

The prediction of environmental concentrations requires information on the physico-chemical
properties allowing a first, crude, prediction of the environmental fate. Data on the following
should be provided, if applicable:

Molecular weight

Water solubility

N-octanol/water parturition coefficient (Kow, Pow, logioPow etc. )
Estimate of vapour pressure

Dissociation constant for acids or bases

Hydrolysis rate

Other degradation processes, e.g., oxidation, and photolysis.

Other data, which may be useful in refining crude PEC’s include information relating to
removal and passage from one environmental compartment into another, e.g.,

. Biodegradation
. Adsorption to sewage sludge
. Adsorption to soil particles

This information should preferably be provided for the substance being assessed. When such
information is not available for the substance itself, information from similar substances
through structure-activity relationships may be useful, but the reliability of such data has to be
discussed by the applicant.

3.2  Environmental exposure assessiment: the substance(s) to be evaluated

The substance(s) to be included in the environmental risk assessment should generally be
determined based on the excretion profile in man. The main excretory moiety should
generally be assessed. In most cases, however, it is sufficient to consider just the active entity
(the parent compound, or the active metabolite for pro-drugs), especially when a crude PEC is
calculated under worst case conditions {i.e., no removal, low water consumption per capita) in
the relevant environmental compartment, and the PEC value obtained gives no reason for
concern and for further environmental effect analysis.

3.3 Environmental exposure assessment: aquatic compartment

Based on the common environmental exposure pattern of medicinal products for human use,

the risk assessment for the water compartment generally needs to be considered as the first

step (Figure 1). .

34 Environmental expesure assessment: crude predicted environmental
concentrations in the aquatic compartment

The initial step of assessment should be to estimate the environmental concentration in that
part of the aquatic compartment receiving the discharge of sewage treatment facilities.

In most cases it is sufficient to predict the concentration of the active moiety of a medicinal
product at the point of entry into the aquatic environment as defined in the following formula
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for crude calculation of the Predicted Environmental Concentration in surface water
(PECsurrace waTER):

PECSURFACEWATER [gﬂ} = (A X (100 o R)) / {365 xPxVxDx 100)

where,

A (kg) = Predicted amount used per year in the relevant geographic area in any of the next
five years. This area may be a single EU country (the EU member state with a maximum ratio
of A/P should be used), or another, relevant area for national/multinational applications

R {%] = Removal rate (due to loss by adsorption to sludge particles, by volatization, by
hydrolysis, by biodegradation or other specific, naturally-occurring processes)

p = Number of inhabitants of the geographic area considered (EU member state(s))
V [m’] = Volume of wastewater per capita and day (generally 0.15 to 0.30 1’ in the EU).
D = Factor for dilution of waste water by surface water flow (average factor: 10)
This crude calculation of PEC in surface water assumes

the predicted amount used per year is evenly distributed over the year,
the medicinal product is used evenly throughout the geographic area,
the sewage system (sewage treatment plants) is the main gate for the entry of the
medicinal product into the environment,
. there is no metabolism

Case-specific alterations in these assumptions may justify modifications of the formula for the
calculation of the PECsurrace water.

The applicant should choose and justify appropriate and realistic values for the parameters
used in this formula (A, R, P, V and D), :

3.5 Environmental exposure assessment: action limits and conclusions from the
calculation of crude predicted aquatic concentration

If this crude PEC value (crude predicted concentration of the substance in surface water) is

below 0.01 pg/l, and no other environmental concerns are apparent, it may be assumed that
the medicinal product is unlikely to represent a risk for the environment following its
prescribed usage in patients.

If this crude PEC value is above 0.01ug/l, a crude environmental effect analysis should be
performed as described below (section 4).

These action limits may not be universally applicable, e.g.:

* for substances with known or suspected special ecotoxic effects, lower PEC action
limits would be appropriate, e.g. for estrogens, or genotoxic substances, while

. substances of known low ecotoxic potential may warrant higher PEC action limits, e.g.
paracetamol.

In every case, the applicant should justify the action limits applied and all action taken or not
taken.
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3.6 Environmental exposure assessment: prediction of concentrations in non-aquatic
compartments

When indicated, predicted concentrations in other compartments should be calculated by
using methodologies as described in the Guideline Environmental Risk Assessment for
Veterinary Medicinal Products other than GMO-Containing and Immunological Products
(EMEA/CVMP/055/95).

4. CRUDE ENVIRONMENTAL EFFECT ANALYSIS

The purpose of this analysis is to predict the concentration of the substance for which adverse
effects are not expected to occur in the environmental compartment of concern, ie. to
estimate the predicted no-effect concentration (PNEC).

If the calculated PEC is below the threshold of concern, environmental effect analysis and
further testing is not needed.

4.1 Crude environmental effect analysis: aquatic compartment

If a PECsurrace watsr has been calculated and has been shown to exceed the action limit, the
tiered testing should be continued with a determination of PNECwarsr, as described below.

For the first assessment approach, a standard acute toxicity test set on fish, daphnia and algae
may be used to determine the PNECwater. The lowest value of the respective LCso or ECsg
should be used for risk evaluation. The applicant should justify the test species used

The PNEC is calculated by applying an assessment factor to the values resulting from tests on
environmental organisms from the compartment of concern, e.g. LCso, ECso or NOEC. The
assessment factor is an expression of the degree of uncertainty in the extrapolation from the
test data on a limited number of species to the real environment. In general, the more
extensive the data and the longer the duration of the tests, the smaller is the degree of
uncertainty and the size of the assessment factor.

The assessment factor is determined by the nature of the available toxicity data and accounts
for

. extrapolation from acute to chronic toxicity (a factor 10)
. inter-species variations differences in sensitivity {a factor of 10)
. intra-species variability (a factor of 10)

Usually, an assessment factor of 1000, applied to the lowest L{E)Cso value, should be used
when reviewing data from laboratory testing in at least three aquatic organisms.

For the establishment of a crude PNEC, the following basic formula should be used:

| PNEC = EC/ AF

where;
PNEC = Predicted no effect concentration

EC = Effect concentration determined as the lowest LCsy or ECs from acute toxicity tests
in several test organisms

AF = Agsessment factor

Priority should be given to test methods adopted in, or being developed for, Annex V to
Directive 67/548/EEC, or adopted as OECD test guidelines. Test methodologies accepted by
the FDA may also be used.

Experimental studies should be performed according to Good Laboratory Practices (GLP).
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4.2 Conclusions from the crude environmental effect analysis: aquatic compartment

If the ratio PECsurrace water © PNECwarer is below 1, further testing will be unnecessary,
and it can be concluded that the medicinal product is unlikely to represent a risk to the
environment.

If the ratioc PECsunrace warsR: PNECwarer is above 1, further considerations are needed on a
case-by-case basis, ie., a more detailed assessment of the substance in the appropriate
environmental compartment and using appropriate models should be conducted. The
principles of such an assessment are described in the Guideline Enmvironmental Risk
Assessment for Veterinary Medicinal Products other than GMOQO Containing and
Immunological Products (EMEA/CVMP/055/96). Further assessment may also include field
studies.

5. PRECAUTIONARY AND SAFETY MEASURES TO BE TAKEN FOR THE
STORAGE, ADMINISTRATION AND DISPOSAL OF THE MEDICINAL
PRODUCT AND LABELLING

When the possibility of environmental risks cannot be excluded, precautionary and safety
measures may consist of, but not be restricted to,

. Restricted clinical use, e.g. hospitals only
* Product labelling, SPC, PL, etc. for patient use, product storage and disposal
Ll Environmental monitoring (field studies)

Labelling should generally aim at minimising the quantity discharged into the environment by
appropriate mitigation measures, e.g. through state-of-the-art hospital treatment plants.

Appropriate disposal of unused pharmaceuticals, e.g. when shelf life is expired, is considered
important to reduce the exposure of the environment. In order to enhance environmental
protection, it is therefore recommended that — even for medicinal products that do not require
special disposal measures - package inserts (patient information leaflets) should include the
following statement:

“Unused preparations or old preparations should be returned to pharmacies. Old
preparations should not be disposed of via wastewater or the municipal drainage system.
These measures will reduce pollution of the environment.”

6. SCIENTIFIC ADVICE FROM THE CPMP

The applicant may request scientific advice from the CPMP -according to the EMEA
procedures for such advice- on issues related to environmental risk assessment and on
possible precautionary and safety measures to be taken with respect to the use, storage and
disposal of a medicinal product.

7.  REPORTING - THE ENVIRONMENTAL RISK ASSESSMENT REPORT

An Environmental Risk Assessment Report should always be prepared. It should be a self
standing document without unnecessary cross-referral to other parts of the dossier and should
be presented in the Part I of the dossier.

The Environmental Risk Assessment Report should include an evaluation the applicability of
the environmental assessment performed. In particular, the report should provide:

I.  An estimate of the potential environmental exposure (PEC) with an assessment of the
underlying assumptions
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2. An assessment of possible risks to the environment from the point of view of use, and a
presentation and evaluation of data in support of such risk evaluation,

3.  Anevaluation of precautionary and safety measures to be taken régarding the storage of
the medicinal product, environmental release from use in patients, and disposal of
unused products or waste materials derived from such products,

4. Proposals for labelling (SPC, PL etc.) which would reduce potential risks to the
environment

The Environmental Risk Assessment Report should state the justifications if any of the above
evaluations are not found to be applicable for the medicinal product.

The curriculum vitae of the author of the Environmental Risk Assessment Report should be
provided.

8. LIST OF ABBREVIATIONS

CPMP Committee for Proprietary Medicinal Products
PNEC Predicted No-Effect Concentration

PEC Predicted Environmental Concentration

AF  Assessment Factor

NOEC No Observed Effect Concentration

ERA Environmental Risk Assessment

SPC  Summary of Product Characteristics

PL.  Package Leaflet _
FDA United States Food and Drug Administration
QECD Organization for Economic Co-operation and Development
GLP Good Laboratory Practices
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Figure 1:

Usual environmental exposure scenario for medicinal products when prescribed to
patients:
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Figure 2:

Schematic decision tree for environmental risk assessment of non-GMO medicinal

products.
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Supplement 3

American directive for environmental risk assessment
within the authorisation process of human
pharmaceuticals
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GUIDANCE FOR INDUSTRY"

Environmental Assessment of Human Drug
and Biologics Applications

L INTRODUCTION

The National Environmental Policy Act of 1969 (NEPA) requires all Federal agencies to assess
the environmental impacts of their actions and to ensure that the interested and affected public is
informed of environmental analyses. The Food and Drug Administration (FDA) is required under
NEPA to consider the environmental impacts of approving drug and biologics applications as an
integral part of its regulatory process. FDA's regulations in 21 CFR pant 25 specify that
environmental assessments (EAs) must be submitied as part of certain new drug applications
{(NDAs), abbreviated applications, applications for marketing approval of a biologic product,
supplements to such applications. investigational new drug applications (INDs) and for various
other actions {see 21 CFR 23.20). unless the action qualifies for categorical exclusion.

Under the President's reinventing government (REGO) initiatives, announced in April 1993, FDA
reevaluated and revised its environmental regulations to reduce the number of EAs required to be
submitted by industry and, consequently, the number of findings of no significant impact
(FONSIs) prepared by the Agency under NEPA. FDA issued for public comment a notice of
proposed rulemaking on April 3, 1996 (61 FR 14922} (republished May 1. 1996 (61 FR 19476)),
that proposed additional categorical exclusions for those actions that have been identified as
normally not having a significant effect, individually or cumulatively. on the quality of the human
environment. The final rule was published on July 29, 1997 (62 FR 40569), and became effective
August 28, 1997. All applications or petitions requesting Agency action {(e.g.. NDAs, abbreviated
new drug applications (ANDAs), INDs. biologics license applications (BLAs). supplements to
such applications) must be accompanied by either an EA or a claim of categorical exclusion.
Failure to provide (1) a claim of categorical exclusion or (2) an adequate EA. is sufficient grounds
for refusing to file or approve the application (21 CFR 314.101(d)(4), 601.2(a) and (c), and
25.15(a)). An EA that 1s adequate for filing is one that addresses the relevant environmental
issues. An EA adequate for approval is one that contains sufficient information to enable the
Agency to determine whether the proposed action may affect significantly the quality of the
hurnan environment. This guidance provides information on when an EA should be submitted; it
also makes recommendations on how to prepare EAs for submission of drug or biologics
applications to the Center for Drug Evaluation and Research (CDER) and the Center for

' This guidance has been prepared under the direction of the Chemistry Manufacturing Controls Coordinating
Commitiee, Center for Drug Evaluation and Research (CDER). and the Center for Biologics Evaluation and Research
{CBER) at the Food and Drug Administration. This guidance represents the Agency's current thinking on environmental
assessments. 1t does not create or confer any rights for or on any person and does not operate to bind FDA or the public.
An alternative approach may be used if such approach satisfies the requirements of the applicable statute, regulations, or
both.
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Biologics Evaluation and Research (CBER). Topics covered include (1) when categorical
exclusions apply, (2) when to submit an EA. (3) the content and format of EAs. (4) specific

" guidance for the environmental issues that are most likely to be associated with human drugs and
biologics, {5) test methods, (6) an applicant's treatment of confidential information submitted in
support of an EA, and (7) master files for drugs and biologics.

This guidance, which is based on the July 1997 final rule. will remain in effect until superseded by
new regulations or new guidance. The guidance is intended to supersede CDER's Guidance for
Indusiry For the Submission of an Environmental 4ssessment in Human Drug Applications and
Supplements, which was published in November 19935. Information in this guidance, along with
information in the Code of Federal Regulations (CFR) at 21 CFR part 25 and 40 CFR parts 1500-
1508 and the FDA Environmental Assessment Technical Handbook (NTIS Publication Number
PB 87 175345/AS), which provides information on acceptable test methods, represents the core
information available from CDER and CBER to assist indusiry in preparing an EA.

IL. WHAT TYPES OF ACTIONS ARE SUBJECT TO CATEGORICAL
EXCLUSION?

Certain classes of actions are subject to categorical exclusion and, therefore, ordinarily do not
require the preparation of an EA because, as a class, these actions, individually or cumulatively,
do not significantly affect the quality of the human environment (21 CFR 25.5(c)). However. as
required under 21 CFR 25.21 and 40 CFR 1508.4, FDA will require "at least an EA" for any
specific action that ordinarily would be excluded if extraordinary circumstances indicate that the
specific proposed action may significantly affect the quality of the human environment® See
section [11.C for additional information regarding extraordinary circumstances.

Submissions to CDER or CBER that ordinarily are excluded categorically under the regulations
include actions on (1) NDAs, abbreviated applications. applications for marketing approval of a
biologic product, and supplements to such applications if FDA's approval of the application does
not'increase the use of the active moiety; (2) NDAs, abbreviated applications. and supplements to
such applications if FDA's approval of the application increases the use of the active moiety, but
the estimated concentration of the substance at the point of entry into the aquatic environment
will be below 1 part per billion (ppb); (3) NDAs, abbreviated applications, applications for
marketing approval of a biologic product, and supplements to such applications for substances
that occur naturally in the environment when the approval of the application does not alter
significantly the concentration or distribution of the substance, its metabolites, or degradation
products in the environment; (4) INDs; and (5) applications for marketing approval of a biologic
product for transfusable human blood or blood components and plasma. An applicant is eligible

’ Regulations would require an EIS {environmental impact statement} when "evaluation of data or information
in an EA or otherwise available to the agency leads to 2 finding by the responsible agency official that a proposed action

may significantly affect the quality of the human environment (21 CFR 25.22(b)).
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to file a claim of categorical exclusion from the requirement to submit an EA if the action meets
the criteria of at least one categorical exclusion.

A person submitting an application or petition of a type subject to categorical exclusion under 21
CFR 25.31 is not required to submit an EA if the person states that the action requested qualifies
for categorical exclusion, citing the particular categorical exclusion that is claimed. and states that
to the applicant’s knowledge, no extraordinary circumstances exist (21 CFR 23 A5(d)). An
applicant ordinarily need not provide data to demonstrate that the action qualifies for categorical
exclusion. CDER and CBER can rely on other information submitted in an application to
evaluate the appropriateness of a claim for categorical exclusion. In the limited instances when it
may be necessary, CDER or CBER will request additional information as needed to establish to
their satisfaction that the criteria for categorical exclusion have been met,

II1. WHEN IS AN EA REQUIRED?

Preparation of an environmental assessment ordinarly is required unless the proposed action
qualifies for an exclusion under 21 CFR 2530 or 25.31. An EA would also be required if
extraordinary circumstances indicate that the specific proposed action may significantly affect the
quality of the human environment (21 CFR 25.21).

Detailed information is provided below for the most common situations when actions would not
qualify for categorical exclusion.

A. NDAs, Abbreviated Applications, and Supplements

Note: Section 1, below, should be used to assess increased use of a biological product as
referenced in 21 CFR 25.31(a). Section 2 does not apply to biologics license applications
(BLAs) because BLAs are not included in the categorical exclusion on which this section
is based (21 CFR 25.31(b)). BLAs should be evaluated for whether they are eligible for
categorical exclusion using 21 CFR 25.31(a) or (¢} or other appropniate categorical
exclusions found in 21 CFR 25.30 and 25.31.

NDAs, abbreviated applications. and supplements to such applications would not qualify
for categorical exclusion if FDA's approval of the application increases the use of the
active moiety and the estimated concentration of the substance at the point of entry into
the aquatic environment will be 1 ppb or greater.

1. Increased Use

Increased use of an active moiety may occur if the drug will be administered at

higher dosage levels, for longer duration, or for different indications than were

previously in effect, or if the drug is a new molecular entity. The term wse also
encornpasses disposal of FDA-regulated articles by consumers.
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Anachment A contains examples of actions that would not be considered 1o
increase the use of a drug and Attachment B contamns examples of actions that
would be considered to increase the use of a drug or biologic. These lists are not
inciusive. An applicant is encouraged to contact the appropriate Center if anv
questions arise as to whether a particular action is considered to increase the use of

a drug or biologic.

2. Estimating the Concentration of a Substance at the Point of Entry' into the
Aquatic Environment

The expected introduction concentration (EIC) of an active moiety into the aquatic
environment should be calculated as follows:

EIC-Aquatic (ppb) = A x B x Cx D where

A = ke/vear produced for direct use (as active moiety)
B = /liters per day entering POTWs*

C = vear/365 days

D = 10° pg/kg (conversion factor)

*1.214 x 10" liters per day entering publicly owned treatment works {POTWs).
Source: 1996 Needs Survey, Report to Congress. Information regarding the Aeads
Survey is available on the Internet at http://www.epa.gov/owm. It is updated
periodically. ‘

This caiculation assimes:

. All drug products produced in a year are used and enter the publicly owned
treatment works (POTW) system.

®  Drug product usage occurs throughout the United States in proportion 1o
the population and amount of waste water generated.

. There is no metabolism.

The estimate of the kilogram/year active moiety should be based on or include (1)
the highest quantity of the active moiety expected to be produced for direct use in
anv of the next five years. Produced for direct use means the quantiny intended for
use in humans during a given year (i.e., excludes any quantity produced for
inventorv buildup), (2) the quantity used in all dosage forms and strengths included
in the application, and (3) the quantity used in an applicant's related applications.
Related applications include those for other dosage forms using the same active
moiery and for products using different forms of the active moiety (e.g.. level of
hvdration, salt. free acid/base). All concentrations should be reported as the
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concentration of active motety. rather than the salt or complex.

The calculation of the expected introduction concentration {EIC) of an aciive
moiety entering into the aguatic environment from patient use can consider the
extent of metabolism of the active moiety to less pharmacologicaliv active or
inactive compounds, if that information is available. The pharmacological activiry
of metabolites relative to the active moiety should be considered when calculating
the EIC. The weighted contribution of the metabolite to the EIC should be
calculated (e.g., kg/vear active motety x 10% x 0.5 for a metabolite found at a
level of 10% and that has half the pharmacological activity of the active moierv).
If the pharmacological activity of the metabolite is unknown. it can be assumed to
be the same as the active moiety.

An alternative calculation should be used if the drug product is intended for use in
a specific geographic location (e.g.. use an alternative value for the amount of
liters per day entering POTWs — term B in the EIC calculation above),

Moreover, if an altermative calculation is used fo estimate localized use. or for any
other reason, the calculation and the source and basis for the alternative calculation
should be provided when filing an EA or a claim of categorical exclusion and
would be subject to review.

B. Applications for Substances that Occur Naturally in the Environment

NDAs, abbreviated applications, applications for marketing approval of a biologic product
and supplements to such applications for substances that occur naturally in the
environment would not qualify for categorical excluston under 21 CFR 23.31(c) when
FDA's approval of the application alters significantly the concentration or distribution of
the substance, its metabolites, or degradation products in the envirenment. This might be
the case when the use and disposal occur in a geographic area where the substance does
not naturaily occur. However. the application may be eligible for a categorical exclusion
under other provisions in 21 CFR 25.31.

In addition to drug and biologic products derived from natural sources or from biological
systems, substances can be considered naturally occurring even if they are chemicaliy
svnthesized. The Agency will consider the form in which the FDA-regulated artcle will
exist in the environment when determining whether the drug or biologic is a natrally
occurring substance. For example. a modified active moiety (e.g.. salt) that does not
occur naturally could be considered a naturally occurring substance if i1 is established that,
in vivo and in the environment, the active moiety exists in a form that is found narurally.

Biological and biotechnological products will be similarly evaluated. For example. a
protein or DNA comprising naturally occurring amino acids or nucieosides. but having a
sequence different from that of a naturally occurring substance, will normally qualify as a
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naturally occurring substance afier consideration of metabolism. The same principle
would apply to synthetic peptides and oligonucleotides and living and dead cells and
organisms. CDER and CBER may rely on other information subminied in an application
(e.g.. information about metabolism, excretion. and stability; viability (if applicable): and
physical and/or chemical characteristics of the product) in determining whether the FDA-
regulated article would be considered a naturally occurring substance.

CDER and CBER will evaluate on a case-by-case basis the appropriateness of categorical
exclusions claiming that the quantity of the naturally occurring substance that is expected
to enter the environment as a result of an action will not alter significantly the

concentration or distribution of the substance, its metabolites, or degradation products in

the environment.
C. Extraordinary Circumstances

As stated in 21 CFR 25.21 and 40 CFR 1508.4, FDA will require at least an EA for any
specific action that ordinarily would be categorically excluded if extraordinary
circumstances indicate that the specific proposed action could significantly affect the
quality of the human environment. Extraordinary circumstance can be shown by data
available either to the Agency or the applicant and can be based on the production, use, or
disposal from use of the FDA-regulated article. Data available to the Agency can include
public information, information submitted in the application, and data available to the
Agency on the same or similar products.

1. Actions for which available data establish that there is a potential for
serious harm to the environment at the expected level of exposure.

FDA considers harm to the environment to include not only toxicity to
environmental organisms but also environmental effects other than toxicity, such as
lasting effects on ecological community dynamics.

2. Actions that adversely affect a species or the critical habitat of a species
determined under the Endangered Species Act or the Convention on
International Trade in Endangered Species of Wild Fauna and Flora to be
endangered or threatened. or wild fauna or flora that are entitled to special
protection under some other Federal law.

Actions that adversely affect a species or the critical habitat of a species
determined under the Endangered Species Act to be endangered or threatened,
wild fauna or flora listed in the Convention on International Trade in Endangered
Species of Wild Fauna and Fiora (CITES), or wild fauna or flora that are entitled
to special protection under some other Federal law or international treaty to-which
the United States is a party would be considered an extraordinary circumstance,
and an EA should be submitted unless there are specific exemptions relating to the

140

RIZA



pharmaceutical substances or FDA action. An example of an exception would be
when a species is afforded special protection under Federal law or international
treaty. but the pharmaceutical is derived only from nonwild specimens. If nonwild
specimens are exempted from Federal law or treaty. the action would be eligible
for categorical exclusion as indicated in section IIL.C.3.a. Both direct effects (e.g..
pharmaceuticals derived from fauna or flora. see section [I1.C.3) and indirect
effects (e.g., adverse effects from manufacturing site emissions) should be
considered.

Under the U.S. Endangered Species Act (ESA), Congress declared, "[T)he United
States has pledged itself as a sovereign state in the international community to
conserve to the extent practicable the various species of fish or wildlife and plants
facing extinction, pursuant to the Convention on International Trade in
Endangered Species of Wild Fauna and Flora" (16 U.S.C. 1331(a)(4)(F)).
Identification as an endangered or threatened species does not preclude the use of
such fauna or flora. However, under the ESA. if a species has been determined to
be endangered or threatened, a Federal agency is required to consult with the
Secretary of Interior or the Secretary of Commerce to ensure that the agency's
actions are not likely to jeopardize the continued existence of endangered or
threatened species or their critical habitats (16 U.S.C. 1536).

3. Use of Fauna or Flora

FDA intends to examine closely the proposed actions for FDA-regulated articles
obtained from fauna and flora and will use the extraordinary circumstances
provision to require an EA in any instance in which it appears from an examination
of the proposed action that the action may jeopardize the continued existence of a
species. The following sections discuss CDER's and CBER's current position on
when the use of fauna or flora normally would constituté an extraordinary
circumstance for which an EA should be submitted to support the application.”

a. Cultivated Specimens

Actions involving drug or biologic products derived from cuitivated plants
{e.g., plantation, nursery stock) or bred or domestic animals (e.g..
laboratory breed, cows, pigs) are not normally considered an extracrdinary
circumstance that would require an EA for an action that is normally
categorically excluded (see section I111.C.2 for a possible exception).

b. Wild Specimens

3 FDA may clarify the environmental information that must be submitted to the Agency in marketing
-applications for specific drug or biologic products derived from plants or animals (e.g., paclitaxel, 61 FR 38694}
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i NDAs, abbreviated applications. applications for marketing
approval of a biclogic product. or certain supplements to
such applications.

NDAs, abbreviated applications and applications for marketing
approval of a biologic product where the drug or biologic product
is derived from plants or animals taken from the wild, supplements
to such applications that relate to changes in the source of the wild
biomass (e.g., species, geographic region where biomass is
obtained), or supplements to such applications that are considered
to increase the use of an active moiety or biologic substance (see
Attachment B) and which will cause more harvesting than what was
described in the original EA would be considered an extraordinary
circumstance, and an EA should be submitted.

i INDs

INDs generally involve relatively small quantities of a drug or
biologic product and treatment of a limited number of patients.
Many INDs never result in the filing of an NDA or application for
marketing approval of a biolegic product, which would allow for
the wide-spread commercial sale of the product. CDER and CBER
will evaluate INDs on a case-by-case basis where the drug or
biologic product is derived from wild plants or animals to determine
whether the extraordinary circumstance provision in 21 CFR 23.21

is invoked.

To facilitate Center review, when submitting a claim of categorical
exclusion for actions where the drug or biologic product is derived from
plants or animals, CDER and CBER request that the applicant provide the
following information with the claim. or specifically identify where the
information can be located (e.g., page number of application): (1)
biological identification (i.e.. common names, synonyms. variety. species,
genus and family); (2) a statement as to whether wild or cultivated
specimens are used; (3) the geographic region (e.g.. country, state,
province) where the biomass is obtained; and (4) a statement indicating
whether the species is (a) determined under the Endangered Species Act or
the Convention on International Trade in Endangered Species of Wild
Fauna and Flora {CITES) to be endangered or threatened. (b) entitled to
special protection under some other Federal law or international treaty to
which the United States is a party, or (c) the critical habiuat of a species
that has been determined to be endangered or threatened under the
Endangered Species Act or the Convention on Intemational Trade in
Endangered Species of Wild Fauna and Flora (CITES) or is entitled to
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IV.

special protection under some other Federal law or international reaty 1w
which the United States is a party. CDER and CBER will use this
information 10 evaluate whether the claim of categorical exclusion is
appropriate.

4. Production and Disposal Sites

FDA has found that regulated articles produced and disposed of in compliance
with all applicable emission requirements do not significantly affect the
environment and has determined it is unnecessary to review a company's
compliance with Federal, State, and local environmental laws. In addition. both
CDER and CBER routinely require as part of their safety evaluations that live
organisms be inactivated following production and prior to release into the
environment if there is a reasonable possibility that the living system may be
harmful to the environment. Therefore, CDER and CBER will not routinely
request submission of manufacturing and disposal information in an EA.
However, if information available to the Agency or the applicant establishes that
the general or specific emission requirements promuigated by Federal. State. or
local environmental protection agencies do not address unique emission
circumstances and the emissions may harm the environment, this would be
sufficient grounds for requesting manufacturing or disposal information in an EA.
Actions that threaten a violation of Federal. State. or local law or requirements
imposed for the protection of the environment may constitute a significant impact
(40 CFR 1508.27(b)(10)).

3 Significant Effects as Defined in 40 CFR 1508.27

The Courncil on Environmental Quajirv has provided a definition of "significantix"
to aid in determining if an action may significantly affect the quality of the human
environment. These examples shouid be considered when evaluating whether
extraordinary circumstances exist that may warrant submission of at least an EA

{See Attachment C).

PREPARING AN EA FOR SUBMISSION TO CDER or CBER
A. Content and Format

This section describes the basic information that should be submutted inan EAifan EA is
required. Attachment D contains an outline of the format for an EA. Alternative formats
may be used, but the applicant should recognize that use of a standard format, such as
described in this guidance, promotes efficiency in the review process.

1. Date

RN
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The EA should include the date the EA was originally prepared and the date(s) of
any subsequent amendments.

2

Name of Applicant or Petitioner

The EA should identify the applicant who is submitting the application.

3.

Address

The EA should contain the address where all correspondence is to be directed.

4.

Description of Proposed Action
a. Requested Approval

The description of the requested approval should include the drug or
biologic application number (if available), the drug or biologic product
name. the dosage form and strength, and a brief description of the product
packaging. For example, "XYZ Pharmaceuticals has filed an NDA
pursuant to section 505(b) of the Federal Food, Drug, and Cosmetic Act
for TRADE NAME (established name). 250 mg and 500 mg, packaged in
OHDPE bottles. An EA has been submitted pursuant to 21 CFR part 25."

b. Need for Action

The EA should briefly describe the drug's or biologic's intended uses in the
diagnosis, cure. mitigation, treatment, or prevention of disease.

c. Locations of Use

The EA should identify the location(s) where the product will be used.
Depending on the type of product and its use, the locations of use are
typically identified as hospitals. clinics and/or patients in their homes. If
use is expected to be concentrated in a particular geographic region, this
fact should be included.

d. Disposal Sites

Unless other disposal methods by the end user are anticipated, it is
sufficient to state that at U.S. hospitals, pharmacies, or clinics, empty or
partiallv empty packages will be disposed of according to hospital,
pharmacy, or clinic procedures and/or that in the home, empty or partially
empty containers will typically be disposed of by a community’s solid waste
management system, which may include landfills, incineration, and ~
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recycling. although minimal quantities of the unused drug could be
disposed of in the sewer svstem.

5. Identification of Substances that are the Subject the Proposed Action

The EA should contain information that allows for the accurate location of data
about the substance in the scientific literature and for identification of closely
related compounds. At a minimum. the information listed below should be
provided, if available. For many biological products. format items 3.a.iii. b, ¢. and
d will not apply. Other information. such as the international nonproprietary name
(INN) or nonsystematic or semisystematic chemical names should be included if
deemed useful in the identification of the compounds. ‘

Usually this information need only be provided for the drug or biologic substance.
but the same information ajso should be provided for the form of the active
ingredient in the drug or biologic product if it is different from the dnig or biologic
substance (e.g.. a salt formed in situ from a free base) or for a pharmacologically
active related substance formed by conversion from a pharmacologically inactive
parent compound (e.g., a prodrug product is converted 1o the pharmacologically
active form).

a, Nomenclature

L Established Name (U.S. Adopted Name-USAN)

i1 Brand/Proprietary Name/Tradename
iil. Chemical Names or Genus/Species of Biologic Product
(e.g., virus)
* Chemical Abstracts {CA1 Index Name (inverted
form)
L Systematic Chemical Name (uninverted form)
b. Chemical Abstracts Service (CAS) registration number
c. Molecular Formula

d. Molecular Weight

e. Structural (graphic) Formula/Amino Acid Sequence

6. Environmental Issues

REAA
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The tpe of information provided will vary depending on the environmental issues
associated with the particular action. In general. the EA should include a succinct
description of the environmental issues. The affected environment and the
environmental effects and their significance should be discussed. Dara and
analyses to support the discussions should be provided as appropriate. Specific
guidance is provided in section IV.B for the environmental issues that are most
likelv to be associated with human drugs and biologics. For environmental issues
not specifically addressed in section IV.B (e.g.. those included in sections 111.C 4
and 3), applicants are encouraged to consult the appropriate Center prior to

preparing the EA.
7. Mitigation Measures

Describe measures taken to avoid or mitigate any potential adverse environmental
effects associated with the proposed action. If no adverse environmental effects
have been identified. it should be so stated and indicated that. therefore. no
mitigation measures are needed. See section [V.B.2.b for additional information
regarding the discussion of mitigation measures for actions involving fauna and

flora.
8. Alternatives to the Propésed Action

If no potential adverse environmental effects have been identified for the proposed
action. the EA should state this. If potential adverse environmental effects have
been identified for the proposed action. the EA "shall discuss any reasonable
alternative course of action that offers less environmental risk or that is
environmentally preferable to the proposed actions" (21 CFR 25.40(a)). The
discussion should include the no-action alternative and measures that FDA or
another government agency could undertake as well as those the applicant or
petitioner would undertake. The EA should include a description of those
alternatives that will enhance the quality of the environment and avoid some or all
of the adverse environmental effects of the proposed action. The environmental
benefits and risks of the proposed action and the environmental benefits and risks
of each alternative should be discussed. See section IV.B.2.c for additional

" information regarding the discussion of alternatives for actions invelving fauna and

flora.
9. List of Preparers

The EA should include the name. job title. and qualifications (e.g., educational
degrees) of those persons preparing the assessment and should wdentify any persons
or agencies consulted. Contract testing laboratories should be included in the list
of consultants, although this may be included in a confidential appendix.
Curriculum vitae can be included in lieu of a description of an individual's
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qualifications.
10. References

The EA should include a list of citations {for all referenced material and standard
test methods used in generating data in support of the EA. Copies of referenced
articles that are not generally available and that are used to support specific claims
in the EA document should be attached in a nonconfidential appendix.

11.  Appendices

Both confidential and nonconfidential appendices can be included. See section
I'V.E for additional information about the treatment of confidential information. A
list of the appendices should be included in the EA summary document with a
designation of confidentialor nonconfidential fellowing each of the listings.

Ty pically, the nonconfidential appendices include data summary tables and copies
of referenced articles that are generally unavailable or that were used to support
specific claims in the EA. Proprietary or confidential information, such as use
estimates and test reports, should be included in the confidential appendices.

Specific Guidance — Environmental Issues
1. Assessing Toxicity to Environmental Organisms

If an EA is required. it normally should focus on characterizing the fate and effects
of the compound of interest in the environment {1) when FDA's approval of the
application increases the use of an active moiety and the estimated concentration
of the active moiety at the point of entry into the aquatic environment is I ppb or
greater (see section II1.A); (2) when the substance occurs naturally in the
environment and FDA's approval of the application alters significantly the
concentration or distribution of the substance, its metabolites. or degradation
products in the environment (see section [IL.B): or (3) in some cases, when data
available to the Agency or applicant establish that at the expected level of
exposure. there is the potential for serious harm to the environment (see section
I111.C.1). The provided information should focus on the fate and effects of the
active moiety and/or structurally related substances (SRSs). rather than on
excipients, for example.

The Centers encourage the use of a logical, tiered approach to testing so that
adequate information is available to assess the potential environmental fate and

effects of pharmaceuticals while minimizing the cost to industry. Figure 1 provides -

an illustration of a tiered approach. Alternative, scientifically justified approaches
also can be used.
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Figure 1

Tiered Approéch to Fate and Effects Testing

Determine anvironments of Potential Concam
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Information submitted for fate and effects can include specific data generated on
the test substance or relevant information on analogous compounds from the
submitter or from peer-reviewed literature as appropriate. Actual experimenial
data regarding base paramsters are generally preferable to computer modeling:
however, in some circumstances computer modeling may be appropriate. FDA
should be consulted if a company believes computer modeling is appropriate and
wishes o use modeling in an EA.

a. Environmental Fate of Released Substances
i. Identification of Substances of Interest

The actual substances that will enter or exist in the environment
(i.e.. atmospheric. aquatic, terrestrial) can include the parent
compound (i.e.. drug or biologic substance) or SRSs such as the
dissociated parent compound, metabolites, or degradants. The EA
should list the drug or biologic substance and the predominant
SRSs expected to enter or exist in the environment; provide the
name, chemical structure and CAS number when possible; and
provide a rationale for the decision as to which substance(s) will be
studied. Predominant SRSs should be considered those greater
than 10 percent of dose.

In most cases, fate (and effects) information should be provided on
the parent (or active) drug or biologic substance. as representative
of substances entering the environment. Such information is
relevant to SRSs when the SRSs possess the same fundamental
structure as the parent drug or biologic substance and are
comparably or more polar. At a minimum. the EA should contain a
discussion of the potential fate and effects of the predominant SRSs
based on their structurai differences and/or similarities to the parent
compound (e.g.. due to a functional group change, the metabolite
should be more soluble than the parent compound, or the SRS is
more polar). Computerized structure-activity relationship modeling
programs may be useful in supporting extrapolation of fate and
effects information from the parent (or active) drug or biclogic
substance to the SRS Relevant available pharmacologic activity
and toxicity information should be provided for the SRSs. Specific
toxicity -activity information for SRSs may be included in a
confidential appendix. Additional environmental information on a
predominant SRS may be warranted, following consultation with
the appropriate Center, if the fate of the compound is expected to
differ from the parent compound, or there is an indication that the
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SRSs effect on the environment would be substantially greater than
from the parent drug or biologic substance. ' '

iL. Physical and Chemical Charactenization
The following tests should be conducted to determine if the
compound is most likely to amass predominantly in aquatic.

terrestrial, and/or atmospheric environments:

. Water Solubility

. Dissociation Constant(s}
. Octanol/Water Partition Coefficient
. Vapor Pressure or Henry's Law Constant

If there is a scientific basis for not performing a test. the
justification should be included in the EA (e.g.. water solubility was
not determined because the compound is hydrolytically unstable).
For a test compound that associates or dissociates in water, water
solubility and the octanol/water partition coefficient may have to be
determined at pH 5 and 9 as wellas pH 7.

The octanol/water partition coefficient (K_) is an indicator of a
nonionized compound's potential to adsorb to the organic fraction
of soil, sediment, or biosolids (i.e., sludge} in addition to being an
indicator of a compound's lipophilicity. It is not as good a predictor
for inorganic chemicals. metal organic complexes. dissociating,
ionic organic compounds, or compounds with other mitigating
structural features such as molecular size. Further study of the
sorption and/or desorption properties (K.} of a substance to
biosolids should be considered if log K, is greater than 3 or other
properties indicate that sorption or desorption may occur.

iti. Environmental Depletion Mechanisms

Depletion mechanisms should be investigated to determine if there
is degradation of the compound in the environment(s) of interest. [t
is usually sufficient to provide basic supporting information that

_ identifies the potential for a compound to be removed from the
environment by a depletion mechanism {e.g.. photolysis or
hydrolysis based on information developed for analytical rmethods
validation or from stability studies). It is unnecessary to go to
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extraordinary effort 1o identifv a depletion mechanism once the
tvpical depletion mechanisms (i.e.. hydrolvsis. photolvsis.
biodegradation) have been investigated or to continue investigating
other potential depletion mechanisms once one has been identified.

If the depletion mechanism is being used to reduce the expected
introduction concentration or to eliminate effects testing. a formai.
detailed analysis of the depletion mechanism should be provided
{e.g.. according 1¢ a standard test method. rate determination.
analvsis of expected exposure time in the environment).

Consideration should be given to the nature and extent of the
degradation. If a rapid. complete depletion mechanism is identified
(degradants are relatively simple. polar by-products), no testing to
determine the environmental effects of the compound should be-
performed except for a microbial inhibition test or other appropriate
test to assess the potential for the compound to disrupt waste
treatment processes. Based on the estimated time prior to emission
from a treatment facility, the following would be considered rapid
depletion mechanisms:

Hydrolvsis t, (pH 3-9): s 24 hours

Aerobic Biodegradation t.: s 8 hours
Soil Biodegradation t.: < 5 days

Direct and indirect photolysis. although significant under laboratory
conditions. may not be as rapid a depletion mechanism in the
environment due to significant variation in light intensity {e.g..
refated to weather, latitude, depth penetration) and duration of
exposure. Efforts to characterize photolysis as a depietion
mechanism should take these factors into consideration.

v Environmenta! Concentrations

Expected Introduction Concentration (EIC): The environmental

" introduction concentrations into those environments (i.e.. aguatic.
terrestrial, atmospheric) where the substance(s) of interest 1s most
likely to amass (see section ['V.B.].a.ii) should be estimated. A
method of calculating the expected introduction concentration of a
substance into the aquatic environment is described in section
[11.A.2. The calculation of the expected introduction concentration
(EIC) entering into the aquatic environment from patient use, in
addition to considering metabolism as described in section IT1.A. 1.
may include consideration of the environmental depletion
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mechanisms that oceur in the waste treaument process (e.g..
adsorption. degradation. hydroivsis). if the information is available
{see section IV.B.L.a.ii).

Some drug or biologic substance and/or active moiety may enter
the terrestrial environment when biosolids from waste water
treatment facilities, which contain adsorbed material. are applied to
land. Application of biosolids to land is subject to regulation by
the Environmental Protection Agency (EPA) or an appropriate
State authority. Biosolids are generally subjected to some form of
aerobic or anaerobic digestion in the waste treatment facility. The
EIC for the terrestrial comnpartment shouid be estimated if. based on
the available physical or chemical properties of the compound,
significant quantities of the active moiety are expected to adsorb to
biosolids. The calculation used will depend on the typical

treatment, disposal. and application processes. Currently,
approximately 6.8 million tons of biosolids (dry basis) are generated
per vear with 34 percent of that quantity being applied to land. The
remaining biosolids are incinerated, landfilied or disposed of by
other means. Depletion mechanisms (e.g., biodegradation, -
hydrolysis) that occur in the waste treatment process can be
considered when calculating the EIC for the terrestrial

compartment, if the information is available. Additional

information regarding land application of biosolids is available from
EPA's Office of Wastewater Management (on the Internet at
http:/fwww.epa.gov/owm/bio.htm).

The concentration expected in the atmospheric compartment need
not be routinely calculated for pharmaceutical products
administered through inhalation because, for the majority of these.
the aciive moiety or other compound of interest is not released into
the air. However. the EIC should be considered for products that
are released primarily into the air {e.g., medical gases).

CDER and CBER have defined use to encompass disposal of FDA-

regulated articles by consumers. Normally, the EIC from disposal
need not be calculated since the majonty of pharmaceutical
products will be totally consumed, and any residual waste will
typically be disposed of in jandfills or at incineration facilities that
are regulated by the EPA or appropriate State agencies. These
agencies have considered the environmental impacts from the
operation of these facilities in their licensing process and require
controls {e.g., scrubbers, lined landfills, migration tests) to limit the
release of materials into the environment. The EIC for disposal
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should be calculated if significant quantities of material are
expected to be disposed of other than by landfill. incineration or
other procedures regulated by the EPA or appropriate State
agencies.

Expected Environmental Concemration (EEC: The expected
environmental concentration (EEC). sometimes referred to as the
predicied environmental concentrarion (PEC). is the concentration
of the active moiety or other compound of interest that organisms
would be exposed to in the environment (e.g.. surface water) after
consideration of, for example, spatial or temporal concentration or
depletion factors such as dilution, degradation. sorption and/or
bicaccumulation. Adjustments to the expected introduction
concentration may be made. based on spatial and temporal
concentration or depletion factors. to provide an expected
environmental concentration. Supporting information and/or
discussion should be provided to explain the factors used in
calculating the expected environmental concentration. The
concentration should be provided for each environmental
compartment (aquatic, terrestrial, atmospheric) expected 1o be
affected based on the physical and/or chemical characterization of
the compound of interest. In the majority of cases. the EEC for the
aquatic environment would be expected to be significantly less than
the EIC for the aquatic environment due to dilution. Based on
‘dilution factors for POTWs available from the EPA, applving a
dilution factor of 10 to the EIC-aquatic to estimate the EEC-
aquatic is normally appropriate.

v, Summary

A summary discussion of the environmental fate of the substance(s)
of interest should be provided for each environmental compartment
based on the information and data provided in the EA. and the
environmental compartment(s) in which the substance is expected
to predominantly amass should be identified. In some
circumstances, transport between envirommental compartments
should be considered when determining the fate of the substance(s)
of interest in the environment.

Aquatic Environment: In general, pharmaceutical substances are
expected to enter predominantly into the aquatic environment and.
therefore, the focus of any effects studies most likely will be on
aquatic organisms. If the substance(s) of interest rapidly degrades
{(see section I'V.B.l.a.iii) or adsorbs completely and irreversibly to

Rz 153



b.

biosolids. then fate and effects in the aquatic environment should
not usually be considered.

Terrestrial Environment: In general. substances enter the
terrestrial environment predominantly from biosolids removed from
waste water treatment plants that are subsequently applied to land.
Therefore, effects on the terrestrial environment are more likely if a
compound adsorbs to biosolids (see section IV.B.1.a.ii). Biosolids
are generally subjected to some form of aerobic or anaerobic
digestion in the waste treatment facility: only a fraction of the
biosolids may be applied to land. while the remainder is incinerated
or land filled. Fate and effects testing in the terrestrial environment
should be considered if testing indicates that the substance(s) of
interest will significantly adsorb to biosolids (e.g.. K. > 1000).

Atmospheric Environment. In general. substances that do not
adsorb readily 1o soils. have a high vapor pressure. and have a low
water solubility, are likely to volatilize significantly from the aquatic
or terrestrial environments, although actual volatilization rates will
depend on environmental conditions (e.g., dispersion away from the
evaporation site) and on factors that can lessen or enhance the
effective vapor pressure or behavior of the chemical at a liquid-air
or solid-air interface. The atmospheric compartment may be of
interest for medical gases. But. based on the polarity of the
majority of compounds at relevant aquatic environmental
conditions, it is unlikely that there would be substantive partitioning
from the aquatic to the atmospheric environment for other
pharmaceuticals. Any potential for a substance to volatilize and
recycle into the aquatic or terrestrial environments should be
discussed based on the information and data available for the
substance.

Environmental Effects of Released Substances

Tiered approach to environmental eﬁ?zcts testing (see below,
Microbiological Inhibition Testing through Tier 3 Testing and Figure 1): If

" no rapid. complete depletion mechanism has been identified, it should be

assumed that the compound will persist in the environment for some time
and, therefore. the toxicity of the released substances to environmental
organisms should be evaluated. The fate of the substance should be
considered when designing the studies. For those compounds that enter
the atmospheric environment, testing should be designed based on the
extent to which the substance recycles into the aquatic or terrestrial
environments. All toxicity test results for the drug or biologic substance
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should be reported in terms of the guantity and‘or concentration of the
active moiety. When using this tiered approach to effects testing. it is
important to design the test conditions appropriately so that a no-observed-
effects concentration is determined.

Microbial Inhibition Testing: A microbial inhibition test or other
appropriate test (e.g.. respiration inhibition testing) should be performed to
assess the substance(s) of interest's potential to inhibit microorganisms and
subsequently disrupt waste treatiment processes.

Assessment Factors: The assessment factors are intended to provide a
consistent regulatory basis for determining when additional ecotoxicity
testing should be performed {tiered approach). They are directly related to
the amount of valid ecotoxicity data available. Ifthe LC,, or EC,, or other
appropriate test endpoint divided by the maximum expected environmental
concentration (MEEC: EIC or EEC. whichever is greater) is less than the
assessment factor, additional testing should be performed. The use of EC;,
or test end point other than the LC,, should be iimited to those test
organisms for which the LC,, is not the test eadpoint.

TESTTIER ASSESSMENT FACTOR
1 1000 (see below)
2 100 (see below)
3 10 (see below)

Alternative scientifically justified approaches also can be used.

Tier | Testing: Acute ecotoxicity testing should be performed on a
minimum of one suitable test organism {see base set for Tier 2 testing). If
the EC,, or LC,, divided by the MEEC is greater than or equal 10 1000. no
further testing should be conducted unless sublethal effects are observed at
the MEEC. If the EC,, or LC,, divided by the MEEC is less than 1000,
Tier 2 testing should be performed. Sublethal effects (observed effects) at
the MEEC indicate that chronic toxicity testing (Tier 3) should be
performed. The use of the assessment factor of 100 could be used for Tier
1 testing if there is evidence (e.g.. Tier 2 testing on a similar compound) to
support that the single test organism used would be expected to be the
most sensitive of the base set test organisms. If the compound is expected
to partition to both the aquatic and terrestrial environments, usually testing
of an aguatic test organism is sufficient-since CDER has routinely observed
lower toxicity results reported for aquatic test organisms as compared to
terrestrial test organisms.
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Tier 2 Testing: Acute ecotoxicity testing should be performed on the
minimum base set of aquatic and/or terrestrial organisms. The aquatic base
set usually consists of (1) a fish acute toxicity test. (2} an aquatic
invertebrate acute toxicity test. and (3) an algal species bioassay. The
terrestrial base set usually consists of (1) plant early growth tests. (2)
earthworm toxicity tests, and (3) soil microbial toxicity tests. Usually only
an earthworm toxicity study is indicated if the substance binds tightiv to
soil. A rodent acute toxicity is not included in the terrestrial base set since
there is usually a significant quantity of mammalian (e.g.. mouse. rat. dog.
monkey, human) toxicity testing performed, both acute and chronic. 10
support the underlying applicacton and to demonstrate the safety of the
drug or biologic product. Consultation with CDER or CBER is suggested
prior to initiating any terrestrial studies.

If the EC,, or LC,, for the most sensitive organism In the base set divided
by the MEEC is greater than or equal to 100, no further testing should be
conducted unless sublethal effects are observed at the MEEC. [fthe EC,,
or LC,, divided by the MEEC 1s less than 100, Tier 3 testing should be
performed. Sublethal effects (observed effects) at the MEEC indicate that
chronic toxicity testing (Tier 3) should be performed.

Tier 3 Testing: Chronic toxicity testing should be considered if the
compound has the potential to bioaccumulate or bioconcentrate; if
indicated based on Tier 1 and/or Tier 2 testing, or if there are other
indications that the compound undergoes biotransformation to more toxic
compounds.

Bicaccumulation. or bioconcentration. is a complex. dvnamic process that
depends on the availability, persistence, and physical and/or chemical
properties of a compound in the environment. In general. pharmaceuticals
tend not to be very lipophilic and are produced and/or used in relatively
low quantities compared to industrial chemicals. In humans, the majority
of pharmaceuticals are metabolized to some extent to SRSs that are more
polar. less toxic, and less pharmacologically active than the parent
compound. This suggests that there is a low potential for bioaccumulation
or bioconcentration of pharmaceuticals; however, because of the length of
time it takes to conduct chronic toxicity studies, applicants are encouraged
to identify as early as possible compounds that are candidates for these

studies.

A primary indicator of the potential for bicaccumulation is a compound's
octanol/water partition coefficient (K,,). A high octanol/water partition
coefficient indicates that the compound will tend to be lipophilic. Chronic
toxicity testing should be considered if log K, of a compound is greater
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2.

than or equal t 3.5 under relevant environmental conditions (e.g.. pH 7).
and a justification should be provided if chronic toxicity: testing is not '
performed. Structural features (e.g.. molecular size. polarity) that limit
passage across biological membranes or the lack of bicavailability to
environmental organisms (e.g.. strong adsorption 1 soil} are mitigating
factors that could be considered when determining if bioaccumulation
(bioconcentration) would be a concern for compounds with a K, greater
than or equal to 3.5. It may be important to obtain acute toxicity data for
the organism to be tested to set the concentrations for the chronic studies
properly. 1f the preparer of an EA 1s considering initiating chronic toxicity
studies, consultation with CDER or CBER is recommended to ensure that
such studies are appropriateé and properly designed.

For chronic toxicity testing, if the EC,, or LC,, divided by the MEEC is
greater than or equal to 10, no further testing should be conducted unless
sublethal effects are observed at the MEEC. CDER or CBER should be
consulted if the EC,, or LC,, divided by the MEEC is less than 10 or there
are sublethal effects at the MEEC.

Test Methods and Test Organisms: Studies should be performed using test
organisms and methods that have been identified by the FDA
Environmental Assessment Technical Handbook. the EPA (40 CFR 797),
the Organization for Economic Cooperation and Development (OECD), or
other peer-reviewed literature, as appropriate, for use in environmental
studies. If the drug or biologic product is intended to act upon an
environmental organism (e.g., antiparasitic. antibiotic). information
regarding the toxicity to the target organism(s) should be included.

c. Summary

A summary discussion of the'environmental fate and effect of the
substance(s) of interest should be provided. Discussion of the affected
environments (aquatic, terrestrial, or atmospheric} should be inciuded. The
toxicity test results should be compared to the MEEC and the difference

“between the values discussed (e.g.. in terms of the assessment factor,

> 1000, > 100). It also may be appropriate to relate the toxicity test results
to other estimated environmental concentrations (see section I'V.B.1.a.1v).

Use of Fauna or Flora

[fan EA is to be submitted for an action because the use of fauna or flora is the
environmental issue (see section [I1.C.2 or 3), the EA should include specific
information regarding the source of the fauna or flora, the mitigation measures
associated with the harvesting of the resources, and a discussion of the reasonable
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alternatives,

a.

Use of Resources

information relating to the source of the plant or animal. such as biological
identification. government oversight of harvesting. geographic region
where biomass is obtained. and harvesting methods and techniques should
be included in the EA. The EA should include. but not be fimited to. the
following types of information:

Biological identification (i.e.. common names. synonyms. variety.
species, genus, and family).

A statement as to whether wild or cultivated specimens are used.

The geographic region (e.g., country. state, province) where
biomass is obtained and whether harvesting occurred on public or
private land.

A brief description of government oversight of the harvesting
including, if applicable, the identity of the authority permitting
harvesting and identity of authorities consulted regarding the
harvesting. Submission of copies of permits or harvesting
regulations relating to the specific species is helpful. For species
covered under CITES, CDER or CBER could request copies of
relevant permits.

A brief description of the applicant's oversight of the harvesting.

A statement indicating whether the species is (1) determined under
the Endangered Species Act or the Convention on International
Trade in Endangered Species of Wild Fauna and Flora (CITES) o
be endangered or threatened, (2) entitled to special protection
under some other Federal law or international treaty to which the
United States is a party, or (3) the critical habitat of a species that
has been determined to be endangered or threatened under the
Endangered Species Act or the Convention on International Trade
in Endangered Species of Wild Fauna and Flora (CITES) or is
entitled to special protection under some other Federal law or
international treaty to which the United States 1s a party.

A statement describing the part of plant or animal used and whether
it is a renewable resource.
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b.

A detailed description of the method of harvest including such
information as the type of harvesting (e.g.. clear cut. gleaning from
timber stands destined for clear cutting. salvaging. pruning).
frequency of harvest. whether the harvesting technique will affect
the ecosystem (and if so. how). and whether the harvesting is
conducted in accordance with government regulations or guidances
(include citations to applicable regulations or guidances).

Bulk weight or other appropriate measure of biomass needed to
vield one kilogram of active moiety or biologic substance. the
amount that has been harvested to date to support the proposed
Agency action for the product. and the amount expected to be
harvested in the future,

The amount of biomass needed to produce the active moiety or
biological substance used to treat the average patient. This should

be provided in terms easy to understand {(e.g.. 2-3 trees per patient).

The expecied patient population and number of kilograms of active
moiety or biologic substance needed per year shouid be provided.

An estimate of the total number of plants or animals in the
geographic region where the biomass is obtained.

Any uses of the plant or animal other then for the proposed use
(humans, food source, habitat for fauna}.

Plant or animal growth rate and/or life span and, if applicable, the
rate of reproduction/regeneration.

A discussion of whether the harvesting provides for sustained vield
(e.g., percentage of sustainable harvest needed to supply annual

- needs based on the proposed use and any prior approved uses).

Mitigation Measures

Mitigation measures taken before (e.g.. developing a process that uses a
renewable part of a plant). during {e.g¢.. limiting/selecting specimens to be
harvested), and after harvesting (e.g.. reforestation) should be included in
the discussion of mitigation measures (see 40 CFR 1508.20).
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c. “Alternatives 1o the Proposed Action

A discussion must be provided of the reasonable alternatives that were

considered when deciding which biomass source would be used to produce

the active moiety or biologic substance (21 CFR 25.40(a)). All alternatives
that were considered (e.g., other species, wild or cultivated sources.
chemical synthesis) should be discussed. A brief discussion of the factors ‘
(e.g., environmental effects) that were considered in deciding whether or
not the alternative would be used should be provided. The no-action (i.e..
no approval) altemative should also be discussed. It should be indicated if
any of the altemnatives not currently used are planned for use in the future.

C. Data Summary Table

 To facilitate review, the EA, if appropriate, should include a data summary table in a
" nonconfidential appendix (EA format item 11). Attachment E provides'an ewmpie ofa

suitable data summary table.
D. Test Methods and Repnrt Formats

Test methods and report formats are provided in the FDA Environmental Assessment
Technical Handbook. Equivalent tests, such as those provided by the EPA (40 CFR 796
and 797), the Organization for Economic Cooperation and Development (OECD), or
other validated, peer-reviewed methods can be used. Environmental fate studies should
be compliant with either FDA's current Good Manufacturing Practice (¢GMP) regulations
(21 CFR 211.194) or FDA's Good Laboratory Practice (GLP) regulations (21 CFR part
58). The reports submitted in support of fate testing should include a description of the
test method sufficient for a reviewer to determine the scientific merit of the methodology.
Test performance and test reporting for environmental effects studies should meet FDA's
GLP standards. Guidance on test reporting formats is included in the FDA Environmental
Assessment Technical Handbook or 40 CFR parts 796 and 797. Raw test data (e.g.,
_copies of notebook pages, HPLC chromatograms for each assay) should not be included

in the EA.
E.  Confidential and Nonconiidential Information

Some of the information that is submitted in an EA may be available elsewhere in an
application or in a publicly available document. This information may be incorporated by
reference in the EA (21 CFR 25.40(d)). However, the EA summary document, the
document that contains the information recommended in section I'V. A, should be a stand-
alone document that contains a summary of the public information that 1s incorporated by
reference and, to the extent possible, a summary of the confidential information that is
either incorporated by reference or included in confidential appendices to the EA (21 CFR
25.51(a)). The EA will be made public by the FDA as required by regulations issued by
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the Council on Environmental Quality. Therefore. the EA should contain. if appropriate.
three distinct parts: (1) the EA summary document (see section [V.A). whichis
nonconfidential: (2) nonconfidential appendices: and (3) appendices with confidential
information used to support the EA. Confidential data and information pertinent to the
environmental review of a proposed action should be included in confidential appendices
whenever possible to facilitate review of the EA. All confidential appendices should be at
‘the end of the environmental assessment document. References to nonconfidential and
confidential appendices may be included in the EA summary document. as appropriate.
The EA summary. document, nonconfidential appendices. and FONSI are made available
for public inspection to the extent allowed by applicable laws (21 CFR 25.30(a) and (b)).

Attachment F provides general guidance as to which information can be included in
confidential appendices of the EA. It is the applicant's responsibility 1o clearly identify the
information in the EA that it believes is confidential.

F. Master Files for Drugs and Biologics

CDER and CBER do not take action on drug master files (DMFs) or master files (MFs)
(i.e., they do not approve or disapprove submissions to a DMF (21 CFR 314.420(a)) or
- MF). Therefore, NEPA does not apply, and no EA needs to be submitted for a master

file.

However, if an EA is required for the particular application, certain information that is

included in a master file may be needed to address the relevant environmental issue(s). In

these instances, the applicant seeking marketing approval should include the
nonconfidential information in the EA summary document, rather than provide reference
10 the master file. The master file holder may be the applicant or an independent
manufacturer who wants to limit the applicant's access to proprietary information. A
master file reference may be provided for the confidential information. although this
.information must be summarized to the extent possible and included in the EA for public
release. To expedite review of the EA, CDER and CBER prefer that copies of

~ confidential information from master files be submitted in confidential appendices 1o the
EA., whenever possible. If a letter of authorization is provided 1o reference confidential
‘information in a master file, the specific type of information that is being referenced, the
submission date, and page number where the information can be located should be stated.
References to master files should be included in a confidential appendix since such
references are considered confidential commercial information under the Freedom of
Information Act (FOLA). :

RE“A

161



|~

1.2

REFERENCES

FDA, "National Environmental Policy Act: Revié_ion of Policies and Procedures: Final
Rule," Federal Register, July 29, 1997 (62 FR 40369).

FDA, "National Environmental Policy Act; Proposed Revision of Policies and Procedures:
Proposed Rule," Federal Register, April 3, 1996 (61 FR 14922); (republished May 1,
1996 (61 FR 19476)). '

Rand, G., and S. Petrocelli, Fundamentals of Aquatic Toxicology. Hemisphere Publishing
Corporation, 1987,

Zeeman, M., and . Gilford, "Ecological Hazard Evaluation and Risk Assessment Under
EPA's Toxic Substances Control Act (TSCAY: An Introduction,” Environmental
Toxicology and Risk Assessment, ASTM STP 1179, Wayne G. Landis, Jane S. Hughes,
and Michael A. Lewis, Eds., American Society for Testing and Materials, Philadelphia:
1993, pp. 7-21.

162

RIZA



ATTACHMENT A: NO INCREASED USE

The following are types of actions that are not considered to result in increased use of an active
moiety if approved by the Agency:

. Chemistry. manufacturing and control supplements (§§ 314.70. 601.12).

® Abbreviated applicationé.

. Lower doses than previously approved for the same indication (i.e.. total dailv dose).

. Shorter duration of use than previously approved for the same indication (e.g.. number of
days).

* Exclusion of a patient population in the labeling (e.g.. by age. gender. complicating

medical conditions).

. A prodrug for which the active metabolite is an approved product in the United States and
which is intended to substitute directly® for that approved product. An active moiety
which is the active metabolite of an approved prodrug in the United States would be

considered similarly.
L New dosage forms that substitute directly for an approved product.

® Product reformulations in which the labeled amount of active moiety/biologic substance
rerpains constant.

L Packaging changes/dosage form product line extensions that substitute directly for an
approved product {(e.g., new delivery system, addition of a different vial fil] size).

* Combination drugs in which the single product substitutes directly for two approved
products that would be administered separately.

* In context of Attachments A and B, substitute directly means that the drug or biologic product {ie.. active
moiety or biclogic substance) will be used for the same indication, at the same or lower dosage levels (i.e., wotal daily
dose}, and for the same or shorter duration of use (e.g., number of days) as previously approved by the Agency for the

-same active moiety or biologic substance,
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ATTACHMENT B: INCREASED USE

The following are rvpes of actions that are considered to result in increased use of an active
moiety if approved by the Ageney:

L New molecular entities.

. A new indication for a drug that was previously approved. This includes those actions
requesting approval of off-label uses and switches from a second-line to first-line
indication.

. B 1o OTC switches.

. Higher doses than were previously approved (i.e., total daily dose).
. Longer duration of use than previously approved (e.g., number of days).
. Inclusion of a patient population in the labeling that had previously been specifically-

excluded (e.g., by age, gender, complicating medical conditions).

] New dosage forms/routes of administration that increase the amount of active .
ingredient/biologic substance used. For example. the use of the active moiety or biologic
substance for the same indication will normally increase if a switch is made from an
injectable dosage form to an oral dosage form.
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ATTACHMENT C: 40 CFR 1508.27

§ 1508.27 Significantly.

"Significantiv" as used in NEPA requires considerations of both context and intensity:

tat Contexr. This means that the significance of an action must be analvzed in several contexts
such as society as a whole (human, national), the affected region. the affecied interests. and the
locality. Significance varies with the setting of the proposed action. For instance, in the case of a
site-specific action. significance would usually depend upon the effects in the locale rather than in
the world as a whole. Both short- and long-term effects are relevant.

(b) Intensity. This refers to the severity of impact. Responsible officials must bear in mind that
more than one agency may make decisions about partial aspects of a major action. The following

should be considered in evaluating intensity:

(1} Impacts that may be both beneficial and adverse. A significant effect may exist even if the
Federal agency believes that on balance the effect will be beneficial.

(2) The degree to which the proposed action affects public health or safery.

(3) Unique characteristics of the geographic area such as proximity to historic or cultural
resources. park lands, prime fami%ands, wetlands, wild and scenic rivers, or ecologically

critical areas.

{4) The degree to which the effects on the quality of the human envircnment are likely to be
highly controversial.

(3) The degree to which the possible effects on the quality of the human environment are
highly uncertain or involve unique or unknown risks.

(6) The degree to which the action may establish a precedent for future actions with
significant effects or represents a decision in principle about a future consideration.

{7y Whether the action is related to other actions with individually insignificant but
cumulatively significant impacts. Significance exists if it is reasonable to anticipate a
cumulatively significant impact on the environment. Significance cannot be avoided by
terming an action temporary or by breaking it down into small component parts.

(81 The degree to which the action may adversely affect districts, sites. highways. structures,
or objects listed in or eligible for listing in the National Register of Historic Places or may
cause loss or destruction of significant scientific, cultural, or historical resources.

{9) The degree to which the action may adversely affect an endangered or threatened species
or its habitat that has been determined to be critical under the Endangered Species Act of

1975.

(10) Whether the action threatens a violation of Federal, State, or local law or requirements
imposed for the protection of the environment.
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ATTACHMENT D: EA FORMAT

Date

Name of Applicant/Petitioner

Address

Description of Proposed Action

a. Requested Approval

b. Need for Action

c. Locations of Use

d. Disposal Sites

Identification of Substances that are the Subject of the Proposed Action

2. Nomenclature

i Established Name (U.S. Adopted Name - USAN)

ii. Brand/Proprietary Name/Tradename

iil. Chemical Names or Genus/Species of Biologic Product {e.g., virus)
. Chemical Abstracts (CA) Index Name
. Systematic Chemical Name

Chemical Abstracts Service (CAS) Registration Number

Molecular Formula

Molecular Weight

e. Structural (graphic) Formula/Amine Acid Sequence

Environmental Issues

Mitigation Measures

Alternatives to the Proposed Action

List of Preparers

References

Appendices
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SAMPLE DATA SUMMARY TABLE

ATTACHMENT E: SAMPLE DATA SUMMARY TABLE

PHYSICAL/CHEMICAL CHARACTERIZATION

Water Solubility!

Dissociation Constant(s)

Log Octanol/Water Partition Coefficient (Log
Kow)'

Vapor Pressure or Henry's Law Constant

Sorption/Desorption (K,.)'

DEPLETION MECHANISMS

Hydrolysis

Aerobic Biodegradation

Soil Biodegradation

Photolysis

Metabolism

ENVIRONMENTAL EFFECTS*

Microbial {nhibition

Acute Toxicity

B

Chronic Toxicity

o

e e e e e

‘Depending on dissociations constant(s), water solubility and octanol/water partition coefficient may have to be
determined at pH 5 and 9, in addition to pH 7 or K may have to be determined in acidic and/or alkaline soil in addition

to neutral soil. See section IV.B.1L.a.ii for guidance.

Identify organism(s) and report results, e.g., NOEC, MIC, EC ¢, LCy, in ppm of active moiety.
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ATTACHMENT G: GLOSSARY OF TERMS

Active Moiety: The molecule or jon, excluding those appended portions of the molecule that
cause the drug to be an ester, salt (including a salt with hvdrogen or coordination bonds). or other
noncovalent derivative (such as a complex. chelate. or clathrate) of the molecule. responsible for
the physiological or pharmacological action of the drug substance (21 CFR 314.108(a). The
active moiety is the entire molecule or ion. not the "active site.”

Bioaccumulation: The process by which industrial waste. chemicals. and other substances
eradually accumulate in fiving tissue,

Bioconcentration: The process by which industrial waste. chemicals, and other substances
accumulate directly from water into and onto aquatic organisms.

Biclogical (biologic) product: Any virus, therapeutic serum. toxin, antitoxin. vaccine. blood,
blood component. derivative, allergenic product, or analogous product applicable to the
prevention, treatment, or cure of a disease or condition of human beings (section 351 of the

Public Health Service Act).

Biomass: The plant, plant part (e.g., bark, leaves, flower, seed), animal. or animal part (e.g..
skin. liver, stomach) that is collected for processing into a drug or biologic.

Drug product: A finished dosage form, for example, tablet. capsule. or solution, that contains a
drug substance, generally, but not necessarily, in association with one or more ingredients (21

CFR 314.3(b)).

Drug substance: An active ingredient that is intended to furnish pharmacological activity or
other direct effect in the diagnosis. cure. mitigation, treatment, or prevention of disease or to
affect the structure or any function of the human body, but does not include intermediates used in
the synthesis of such ingredient (21 CFR 314.3(b)).

Expected environmental concentration (EEC): The expected concentration of the active
moiety or other structurally related substance of interest that organisms would be exposed to in
the environment (e.g., surface water) after consideration of spatial or temporal concentration or
depletion factors such as dilution, degradation, sorption. bioaccumulation. This is sometimes
referred to as the predicted environmental concentration (PEC).

Expected introduction concentration (EIC) for disposal: The expected introduction
concentration of the active moiety that may enter the environment due to disposal. Depletion
mechanisms that occur prior to introduction into the environment may be considered in the
calculation as indicated in the text.
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Expected introduction concentration (EIC) for use: The expected introduction concentration.
based on fifth-year marketing estimates. of thé active moiety that can enter thé environment due
to use. Depletion mechanisms that occur prior to introduction into the environment and human
metabolism may be considered in the calculation as indicated in the text.

Half-life (t.): Time required to reduce by one-half the concentration of a material.

Lowest observed effect concentration (LOEC): The lowest concentration of a material used in
a toxicity test that has a statistically significant adverse effect on the exposed population of the
test organisms as compared with the controls, :

Master file: A submission of information to the FDA by 2 peréon who intends it to be referenced
during the review of an application. See 21 CFR 314.420 for specific information on drug master

files.

Maximum expected environmental concentration (MEEC): The expected introduction
concentration (EIC) or expected environmental concentration (EEC). whichever is greater.

Median effective concentration (EC,): The concentration of material to which organisms are
exposed that is estimated to be effective in producing some sublethal response in 50 percent of the
test organisms. The EC,, is usually expressed as a time-dependent variable (e.g.. 24 hour EC,,).

Median lethal concentration (LC,): The concentration of material to which organisms are
exposed that is estimated to be lethal to 50 percent of the test organisms. The LC,, is usually
expressed as a time-dependent variable (e.g., 24 hour LC,,).

Minimum inhibitory concentration (MIC): The lowest concentration of 2 chemical that
inhibits the visible growth of the test organisms.

New molecular entity: An active moiety (present as the unmodified base [parent] compound, or
an ester or a salt, clathrate, or other noncovalent derivative of the base [parent] compound) that
has not been previously approved or marketed as the active moiety in the United States for use in
a drug product, either as a single ingredient or as part of a combination product, or as part of a
mixture of stereoisomers.

No observed effect concentration (NOEC): The highest concentration of a material used in a
toxicity test that has no statistically significant adverse effect on the exposed population of test
organisms as compared with the controls.

Octanol/water partition coefficient (K, ): The ratio of a chemical's solubility in n-octanol and
water at equilibrium; also expressed as P. A measurement of a drug's or biologic's lipophilicity
and an indication of its ability to cross cell membranes. The logarithm of P or K, is used as an
estimate of the tendency of the chemical to bioaccumulate or adsorb to soil or sediments.
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Parts per billion (ppb): One unit of chemical (usually expressed as mass) per 1.000.000.000
(10%) units of medium (e.g., water) or organism {e.g.. tissue} in which it is contained. For water |
pg/L =1 ppb: for tissue | pg/kg =1 ng/g =1 ppb. .

Parts per million (ppm): One unit of chemical (usually expressed as mass} per 1.000.000 (10%)
units of medium (¢.g., water) or organism (e.g.. tissue) in which it is contained. For water 1 mg/L

= | ppm; for tissue | mg/kg =1 pg/g =1 ppm.

Parts per trillion (pptr): One unit of chemical (usually expressed as mass) per
1.000.000,000,000 (16'%) units of medium (e.g., water) or organism (e.g.. tissue) in which it is
contained. For water 1 ng/L. = | pptr; for tissue | ng/kg = 1 pptr.

Seil or sediment/water partition coefficient (K ). The ratio of chemical adsorbed per unit
weight of organic carbon in soil or sediment to the concentration of the chemical in solution at

equilibrium.

Toxicity: The inherent potential or capacity of a material to cause adverse effects in a living
organism.
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Supplement 4
Summary of measurement data of human
pharmaceuticals in the aquatic environment
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Supplement 5
Summary of analysis methods for human
pharmaceuticals in the environment
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Summary of ecotoxicological data for human
pharmaceuticals
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