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Section 1. Necessity of Environmental Impact Assessment
for Pharmaceuticals

1-1. Background of Environmental Impact Assessment for Chemical

Substances

Chemical substances are utilized as essential basic materials in society, taking advantage
of their excellent functionality. Accordingly, chemical substances are closely related to
people's lives.  On the other hand, chemical substances may have negative impacts on both
human health and the environment, depending on how they are handled and managed. Such
"negative functions" of chemical substances should be well recognized to ensure safety for
humans and the environment. Environmental impact assessment for chemical substances is
a measure to identify their impacts on the environment and in particular, to prevent potential

negative impacts.

1-1-1. Global Trends

Efforts are made to ensure the safety of chemical substances in many countries around
the world. In the European Union (EU), new chemical substances are examined and
regulated taking into consideration their properties and exposure risks in accordance with
"COUNCIL DIRECTIVE 67/548/EEC of 27" June, 1967, on the approximation of laws,
regulations and administrative provisions relating to the classification, packaging and
labelling of dangerous substances" (67/548/EEC). For existing chemical substances, the
Organisation for Economic Co-operation and Development (OECD) has been collecting data
for high production volume (HPV) chemicals since 1992. EU had required notification of
existing chemical substances and defined the evaluation (assessment) procedures in
accordance with the aforementiond EU directive 67/548/EEC and a subsequently established
EU regulation "COUNCIL REGULATION (EEC) No 793/93 of 23" March, 1993, on the
evaluation and control of the risks of existing substances" (793/93/EEC). In addition, the
EU launched a new evaluation system, "Registration, Evaluation. Authorisation and
Restriction of Chemicals (REACH)" in 2007 to address the delay in the control of existing
chemical substances and to encourage voluntary efforts. In the United States (US). new
chemical substances are examined and regulated in a manner similar to that in EU (although
the procedural details are not identical) under the Toxic Substances Control Act (TSCA). In
1990, the US Environmental Protection Agency started "High Production Volume (HPV)
Challenge Program" for data collection and evaluation of HPV chemicals. The HPV

Challenge Program Chemical List was prepared under this program and the latest update to
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this list published in 2005 contains about 2,800 chemicals.

Beside independent efforts by individual countries mentioned above, policy
coordination and collaboration on the examination system for chemical substances have been
pursued in international trade. Led by the OECD, the "OECD Guidelines for the Testing of
Chemicals" and Good Laboratory Practice (GLP) applicable to testing facilities have been
established to standardize toxicological testing of chemical substances, and the Minimum
Pre-marketing Set of Data (MPD) was established to harmonize the data required by the
examination systems in individual OECD countries. The basic principles for the management
of chemical substances are included in Agenda 21 adopted at the UN Conference on
Environment and Development (UNCED) (1992), as well as in "Rio Declaration on
Environment and Development". In 2002, the World Summit on Sustainable Development
(WSSD, Johannesburg Summit) adopted the basic concepts for the management of chemical
substances, including the following:

1) protection of human health and the environment

2) use of transparent science-based risk assessment procedures and science-based risk
management procedures

3) taking into account the precautionary approach

WSSD also adopted a resolution to develop the Strategic Approach to International
Chemicals Management (SAICM), which was adopted at the International Conference on
Chemicals Management in 2006 and approved by the United Nations Environment
Programme (UNEP).

Chemical substances affecting ecosystems are objects of international control and
regulation. The "International Convention on the Control of Harmful Anti-fouling Systems
on Ships (2001)" agreed to reduce or eliminate the harmful impacts on the marine
environment and human health caused by anti-fouling paints used on ships. The "Stockholm
Convention on Persistent Organic Pollutants" (2001) intends to protect human health and the
environment from persistent organic pollutants (POPs) by reducing or eliminating POPs .
including PCB, DDT and dioxins. The fact that POPs not only have impacts on human
health, but also bioaccumulate in marine organisms including mammals, causing concern

about global ecosystem disturbance, constituted the background for the latter Convention.

1-1-2. Domestic Trends

The significance of environmental impact assessment and related legislative measures is
defined in the legislative system in Japan as follows.

The Basic Environment Law, which defines the basic philosophy on environment

conservation, states that "the environment is maintained by a delicate balance of the
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ecosystem" and that "Environmental conservation shall be conducted appropriately to ensure
that the environment as the foundation of human survival can be preserved into the future"
(Article 3). The Law also defines "Basic Policies for Environmental Conservation" (Chapter
2) and states that "The formulation and implementation of the policies for environmental
conservation shall be administered comprehensively and systematically, pursuant to the basic
principles and aimed at ensuring the objectives including conservation of the living
environment for humans, proper preservation of the natural environment, and protection of
the biodiversity, such as the diversity of ecosystems and wildlife species” (Article 14).

The Basic Environment Plan developed under the Basic Environment Law (the 1st plan
approved in 1994, the 2nd plan in 2000, and the 3rd plan in 2006) included "harmonious
coexistence” as one of the four long-term objectives and emphasized the concept
"Harmonious Coexistence Between Nature and Humankind" (Chapter 2 of the 1st plan) as a
major objective of the environmental policy in Japan. Control of chemical substances is
defined as one of the priority areas of the Plan and the Plan states that "appropriate assessment
and management of the environmental impacts of chemical substances should be pursued in
addition to the conventional consideration of the protection of human health" (Part 3, Chapter
1, Section 5 of the 2nd plan).

To pursue these principles and goals, regulatory actions for ecosystem conservation
have been established and implemented in various areas of environmental policy, such as
environmental assessment, natural environment protection, and marine environment
protection.

In Japan, The Chemical Substances Control Law was enacted in 1973 for the purpose of
preventing damage to human health arising from environmental pollution by chemical
substances having similar properties to PCBs (persistence, high bioaccumulation and
long-term toxicity to humans) triggered by the environmental pollution problems caused by
PCBs in the late 1960s. The law requires evaluation of certain hazardous properties of new
chemical substances before their manufacture and/or import, and regulates the
manufacture/import or use of chemical substances having similar properties to those of PCBs.
Subsequently. the law was partially amended in 1986 when measures were required for the
regulation of chemical substances that are not highly bioaccumulative, but show persistence
and long-term toxicity, following the outbreak of environmental pollution problems caused by
chemical substances such as trichloroethylene. This amendment involved introduction of
regulations against chemical substances depending on factors, such as the chemical properties.
In 2003. the law was amended again to newly introduce evaluation and regulation systems
that would take into account the adverse effects of chemical substances which may cause

damage to the flora and fauna in the human living environment and a prior evaluation system
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for new chemical substances taking into account the possibility of exposure to these
substances through environmental pollution.

Simultaneously, "The Law concerning Reporting, etc., of Releases to the Environment
of Specific Chemical Substances and Promoting Improvements in Their Management
(Pollutant Release and Transfer Register (PRTR) Law)" was enacted in 1999 to promote
voluntary improvement of the management of chemical substances by business operators to
prevent any impediments to the preservation of the environment by taking measures for the
confirmation of the release amounts, etc., of specific chemical substances in the environment
(Article 1). The Law deals with chemical substances posing the risk of injury to human
health or the risk of impeding the inhabitation or growth of animals and plants (Articel 2,
paragraph 2. clause 2(i)). Of the chemical substances to be regulated by the PRTR Law
(termed as "Class I Designated Chemical Substances" and "Class Il Designated Chemical
Substances"), some were selected on the basis of toxicity to aquatic organisms (aquatic
toxicity) as the sole evidence for their harm. Thus, the Law provides legislative measures to
promote voluntary management of release of certain chemical substances with apparent
ecotoxicity for ecosystem conservation.

Agricultural chemicals are controlled under The Agricultural Chemicals Regulation
Law (enacetd in 1948), which includes standards for withholding registration of agricultural
chemicals to prevent injuries not only to humans and livestock, but also to aquatic organisms
caused by persistence in crops or soil, and water pollution (Article 3, paragarph 1). The
standard for withholding registration to prevent injuries to aquatic organisms was amended in
2003. The previous standard based on the concept of hazard assessment ("agricultural
chemicals that have a 48-hour 50% lethal concentration (LCs) of 0.1 ppm or lower in
common carp and took 7 days or longer for disappearance of the toxicity in the common carp
under test conditions similar to those in normal use (applied exclusively to those used in rice
paddies)" was replaced by a new one involving a risk assessment approach that compares
toxicity values of an agricultural chemical in fish, crustacea and algae using the predicted

concentration of the same substance in public water areas.
1-2. Backgrounds of Environmental Impact Assessment for Pharmaceuticals

1-2-1. Global Trends
1) Veterinary Drugs

An international guideline for environmental impact asseement for veterinary drugs,
"Guideline on environmental impact assessment for veterinary medicinal products"”, was

established and implemented in 2007 by The International Cooperation on Harmonisation of
4
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Technical Requirements for Registration of Veterinary Medicinal Products (VICH). The
purpose of this guideline is to harmonize methodologies and standards for evaluating the
ecotoxicity of veterinary medicinal products (environmental impacts such as migration into
the environment and toxicity to environmental organisms) in Japan, EU, and the United States.
In Japan, adoption of this guideline requires inclusion of environmental impact assessment
results in the toxicity data specified to be submitted on application for approval of veterinary
drugs by The Regulations for the Control of Drugs, etc. for Animals (Ordinance of the
Ministry of Agriculture, Fishery, and Food No. 53, May 18, 2007) (Article 26, Paragraph nh?

e Environmental impact assessment procedure for veterinary drugs
The environmental impact assessment procedure for veterinary drugs accroding to the
VICH guideline involves two phases, Phase | and Phase II, with the latter phase further

consisting of Tier A and Tier B.

(1) Phase 1

In Phase I, the concentration of the target veterinary drug (e.g.. antibiotic) upon entry
into the environment, following administation to the target animal species and discharge into
the environment, is estimated based on its usage. This concentration is designated as the
"environmental introduction concentration (EIC)" for aquatic environments and "predicted
environmental concentration (PEC)" for terrestrial ecosystems. The estimated concentration
is then compared with the level shown to have adverse effects in aquatic ecotoxicity studies
using human drugs (for EIC) or ecotoxicity studies with existing veterinary drugs in
earthworms, microbes and plants (for PEC). Here, the environmental impacts of the target
veterinary drug are assessed solely by documentary examination. involving no actual
ecotoxicity testing.

If the estimated EIC or PEC is below the threshold level described above, the
environmental impact of the target veterinary drug are concluded to be acceptable and the
assessment stops at Phase I.  Otherwise, unacceptable risk is suspected and the assessment

proceeds to Phase 1.

(2) Phase 11

Phase Il uses a two-tiered approach, Tier A and Tier B, in that order. If the
environmental impact assessment cannot be completed at Tier B. such cases cannot be
comprehensively dealt with in the VICH guideline, and should be addressed on a case-by-case
basis with the appropriate regulatory authority. Countermeasures include further testing.
changing usage of the target veterinary drug. including implementation of risk mitigation

3
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measures to avoid serious environmental risks, or decision for disapproval.

Tier A

First, the predicted environmental concentration (PEC) for the target veterinary drug is
estimated based on its usage, while the predicted no-effect concentration (PNEC) for the same
drug is calculated based on the results of environmental effects studies (i.e., short-term
toxicity studies on non-target organisms in the environment). If the PEC/PNEC is =1,
environmental fate studies (investigating non-biological degradation and soil adsorption) and
physical-chemical properties studies (investigating biological/physicochemical properties that
determine distribution and behavior in the environment) are conducted and the PEC is
recalculated using the test results for comparison with PNEC. If the PEC/PNEC is =21 even
for the recalculated PEC, the assessment proceeds to Tier B (environmental fate studies and
physical-chemical properties studies are conducted also in cases with PEC/PNEC<1).

If the n-octanol/water partition coefficient (logKow) determined in the
physical-chemical properties studies exceeds 4, evidence from metabolism/residues/excretion
data collected in the target animal (included in data conventionally attached to the approval
application). biodegradation studies (as a part of environmental fate studies) and molecular
mass should be considered to determine the potential of the substance for bioaccumulation ,
which should be further tested in Tier B.

If none of the results obtained in Tier A meets the criteria for advancing to Tier B testing,
the assessment stops at Tier A. Otherwise, the assessment proceeds to Tier B for the conduct of

additional studies recommended to assess particular environmental risk(s) suspected in Tier A.

Tier B

If PEC/PNEC is =1 in Tier A, additional environmental effects studies are conducted in
test species belonging to the same taxonomic level to that of the animals affected in Tier A, to
recalculate the PNEC. The environmental effects studies conducted in Tier B are chronic
toxicity studies involving a longer exposure period, reproduction studies (in Daphnia and
sometimes fish), and/or acute toxicity studies using more test species.

If the logKow=>4 in Tier A, an additional bioconcentration study is conducted in fish to

calculate the bioconcetration factor (BCF).

2) Pharmaceuticals
The environmental impacts of phramceuticals have been extensively investigated in the
US and EU. In the US, Food and Drug Administration (FDA) has published a guidance on
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environmental impact assessment of human drugs.” This guidance requires submission of
environmental assessment reports (EAs) as a 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 reasons (see 21 CFR 25.20), unless the action qualifies for categorical exclusion.
Actions subject to categorical exclusion are (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, and (2) NDAs,
abbreviated applications, and supplements to such applications if FDA's approval of the
application leads to an increase of the use of the active moiety, but the estimated
concentration of the substance at the point of entry into the aquatic environment is below 1
part per billion (ppb). The expected introduction concentration (EIC) of an active moiety
into the aquatic environment should be calculated as follows:

EIC-Aquatic(ppb) = (AxD)/(BxC) = A/2.288x107

where
A = kg/year produced for direct use (as active moiety)

B = volume of water in liters per day entering publicly owned treatment works (assumed to be
1.214x10" liters)

C = 365 days/year

D = 10" ug/kg (conversion factor)

To perform the assessment, the maximum toxicity value is divided by the Maximum
expected environmental concentration (MEEC) (the expected introduction concentration
(EIC) or expected environmental concentration (EEC), whichever is greater) for comparison
with the uncertainty factor (UF).

In 2005, the US Environmental Protection Agency (EPA) organized the "Workshop on
Pharmaceuticals in the Environment", an international workshop to summarize environmental
impact assessment of pharmaceuticals conducted by the EPA.  Results of research continued
for 3 vears at a cost of approximately 3 million dollars was presented on a wide variety of
subjects, including assay methods and monitoring of pharmaceuticals in the environment, the
ecological fate of pharmaceuticals, assessment of the environmental risks to aquatic
organisms using fish and amphibians as test species, and environmental stewardship for

pharmaceuticals in the environment.

Table 1-2-1.  Overview of the FDA Guideline "Environmental Assessment of Human Drug
and Biologic Applications".

l Tier Description
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Preliminary | Selection of environmental compartment (aquatic, terrestrial, atmospheric) Microbial
growth inhibition test (or activated sludge respiration inhibition test) n-Octanol/water
| partition coefficient

fan—y

Acute toxicity (one animal species), UF=1000

2 Acute toxicity base set, aquatic and/or terrestrial (fish, crustacea, algae) (plant early
growth, earthworm toxicity, soil micorbial toxicity), UF=100
3 Chronic toxicity, aquatic and/or terrestrial (in cases of high acute toxicity, where a

more toxic metabolite expected to be generated, or a potential for bioaccmulation is
suspected), UF=10

4 Consult the regulatory authority

In EU, "DIRECTIVE 2001/83/EC OF THE EUROPEAN PARLIAMENT AND OF
THE COUNCIL of 6 November 2001 on the Community code relating to medicinal products
for human use" requires emvironmnetal impact asssessment of pharmaceuticals on application
for approval of their marketing. This EU directive was originally proposed as a draft in
2001 and last amended by the EU regulation EC/1901/2006, which was proposed as a final
draft for public comments in 2005 and subsequently implemented in 2007. The EU also
supported a large-scale international project, the "POSEIDON Project” (Assessment of
Technologies for the Removal of Pharmaceuticals and Personal Care Products in Sewage and
Drinking Water Facilities to Improve Indirect Potable Water Reuse). The Project conducted
a systematic survey of bioactive substances, including pharmaceuticals, in the environment
and the results were presented at POSEIDON Symposium (held in Braunschweig, 4-5
November, 2003). The EU launched another research project, the EPAPharm (Environmental
Risk Assessment of Pharmaceuticals), in 2004 to clarify the potential impacts of human and
veterinary pharmaceuticals on the environment.

The Committee for Medicinal Products for Human Use (CHMP), one of the six
committees of the European Medicines Agency (EMEA), drafted a guideline on the
environmental risk assessment of pharmaceuticals, which was published by the EMEA in

' The EMEA guideline serves as a good reference

2006, and came into effect the same year."
for establishing procedures for environmental impact assessment of pharmaceuticals for
adoption in Japan. Briefly, assessment of the potential risks to the environment according to
this guideline consists of two phases, Phase I and Phase II, the latter divided further into Tier
A and Tier B (see Table 1-2-2). In Phase I, the estimation of exposure should be based only
on the drug substance. If the predicted environmental concentration (PEC) calculated in the
surface water is below 0.01 pg/L, and no other environmental concerns are apparent, it is
assumed that the medicinal product is unlikely to represent a risk to the environment
following its prescribed usage in patients. Phase II Tier A involves more elaborate

calculation of the PEC, taking into account the logKow together with the potential for




