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Executive Summary and Recommendations
1. Introduction
The FSC International Centre requested PAN UK to undertake a review of the FSC
Chemical Pesticide Policy. The Policy is a living document and this review is part of an
ongoing process. Three tasks were included in the Terms of Reference: 1) To review the
indicators and thresholds in the Policy, taking account of recent criticisms of the policy
and where appropriate propose revisions; 2) To review the implications of the Special
Cases and the prohibited pesticide list in the policy, and provide advice on non-expert
evaluation; 3) Review and update the prohibited pesticide list.
The review has focussed on pesticide active ingredients, and not on the combinations of
active ingredient(s) with other substances (co-formulants) in a pesticide product. The
impact of formulations may differ from that of the active ingredient(s) that it contains
alone.
Recommendation:
A. The FSC Chemicals Policy refers to formulations. The Policy should only apply
to active ingredients (AI). Further work could be commissioned to examine
formulated products including key AIs that make up the majority of pesticides
used in forestry.
2. Overview of FSC Policy
The mission of the FSC is to support environmentally appropriate, socially beneficial,
and economically viable management of the world’s forests. The Chemicals Policy was
approved in 2002 to facilitate the implementation of the FSC Principles and Criteria. The
Policy aims to achieve this through prohibition of the most hazardous pesticides,
minimisation of pesticide use, encouraging integrated pest management and the
development of alternatives including the use of non-chemical approaches. It is intended
that FSC certification, including the requirements of the Chemicals Policy should be
achievable by the majority of the world’s forests (Section 2.1).
The FSC Chemicals Policy involves a hazard-based approach, with indicators and
thresholds that define the intrinsic hazardous properties of chemical pesticides, both as
regards human health and the environment. A series of criteria with cut-off thresholds
are specified (Section 2.2).
The hazard-based approach is described and contrasted with the risk assessment
approach used in pesticide regulation. It is argued that the hazard based approach
enables a more precautionary policy with regards to pesticides, in line with the FSC
mission. Although the hazard triggers (thresholds) may be arbitrarily chosen and are
value based, they can be justified. A hazard-based approach to defining those pesticides
that should ideally be prohibited is straightforward and progressive (Section 2.3). The
background to the precautionary principle is briefly reviewed, since this forms the basis
of the FSC Chemicals Policy (Section 2.4). There have been a number of criticisms of
the FSC Chemicals Policy, these are summarised, with each criticism specifically
addressed (Section 2.5).
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Recommendations:
B. The FSC should clarify their objectives regarding the use of pesticides and
fertilisers in certified forests, albeit within defined criteria.
C. The FSC Policy should be renamed, since from the point of view of chemistry
both natural and synthetic compounds are chemicals. It may be better to use
the term ‘pesticides’ to cover all products based on either natural or artificial
substances.
D. The FSC should transparently acknowledge that setting thresholds depends
on a judgement that is inevitably based, in part, on the value given to the level
chosen; this is contentious and open to criticism.
E. The FSC Policy should allow for regional and specific variations based on a
justification of need. The system for derogation should be clarified and
streamlined (see recommendation K).
F. The FSC should ensure a unified approach to standards, certification and ecolabeling of forests and plantations worldwide, and should assert their preeminence in this. Mandatory requirements must be clearly stated and
enforced. FSC may develop generic indicators and/or guidance for evaluating
safe operating procedures, reducing variation between national/certification
body generic standards, and ensure that these are fully met by all certified
operators.
3. Review of indicators and thresholds
Each of the indicators and thresholds included in the FSC Chemicals Policy are
reviewed. It is noted that the presentation of these in the Policy could be improved,
however, the proposed indicators and thresholds (initially put forward by Radosevich)
are broadly considered to be acceptable and in line with the precautionary approach that
the FSC promotes. It is proposed that the indicator of Acceptable Daily Intake
supplements the Reference Dose (specific to USA); that an indicator for occupational
exposure is included; and that specific reference is made to the international agreements
that have resulted in certain pesticides being banned (Section 3.1 and 3.2).
The specific proposed revisions to the indicators and thresholds and further points for
consideration are presented in tabular form in Section 3.3.
Four case studies provide examples of the application of the indicators and thresholds –
Cypermethrin (including alpha- and zeta-); glyphosate; atrazine and terbuthylazaine
(Section 3.4).
Recommendations
G. The hazard classification developed by recognised international agencies (e.g.
the World Health Organization, International Agency for Research on Cancer,
or the European Union) should be used as far as possible. In general,
reference should be made to the thresholds based on such classification
systems, rather than limit values.
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H. Specific proposals for revisions to indicators and thresholds are included in
Section 3.3 of this report. These should be considered for inclusion in a
revised Policy. Specifically, the indicators and appropriate thresholds for
Acceptable Daily Intake (ADI), Occupational exposure should be included and
reference made to the specific lists of banned substances.
4. Review of prohibited pesticide lists included in Annex 1 of FSC Policy
Following a detailed review of pesticides used in forestry in several countries (as listed in
Annex 1 of this report), a number of chemical pesticides are proposed that exceed the
thresholds included in the FSC Policy. These are listed (Section 4.1). A number of
substances requiring further examination are identified (Section 4.2). The list of
prohibited substances in Annex 1 of the Policy is confirmed (Section 4.3).
Recommendations
I. Additional substances for consideration as prohibited are provided in Section
4. The list of substances used, and the FSC prohibited list should be kept
under review.
5. Exceptions and derogations – a decision support system for the FSC
The procedure for allowing exceptions and derogations in the FSC Policy is reviewed
(Section 5.1). It is concluded that section 4.5.3 of the Policy, dealing with the Special
Cases derogations, is not operable within the context of the hazard-based approach
adopted in the FSC policy. Instead a simplified scheme is proposed, where prohibited
substances can only be used by operators if there is a justification for need, a clear
timetable for reduction and proposals for development and deployment of alternatives.
The certification body and/or the FSC Board Pesticide sub-committee would monitor
these requirements would be monitored by t (Section 5.2).
The list of pesticides used internationally should be kept under review (Section 5.3); this
report proposes additional substances that should be included (see Section 4).
The provision of training and extension services is central to the development of
improved systems of forest management and these should be required by the FSC,
although the potential impact on smaller, resource poor operators must be taken into
account (Section 5.4).
Recommendations
J. The FSC Policy for derogation (Section 4.5.3 of the FSC Policy) based on
special cases is not operable. Detailed assessment of the specific conditions
relevant to formulation, soil type, climate or local environmental conditions is
not possible since the required information is either not publicly available (for
formulations of AI in products) or not readily available (for other conditions).
Thus it is not feasible for the FSC Board Pesticide Sub-committee to take
account of them in the way described.
K. The requirements and approach to allowing operators derogation for use of
otherwise prohibited substances should be streamlined and based on:
• Demonstration of need;
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•
•
•

Mitigation of hazard (by use of specific application methods or protective
equipment);
Timetable for reduction or elimination;
Programme for identification of alternatives.

L. The monitoring of derogation, and compliance with requirements should be
undertaken by certification bodies, using a systematic approach to collection
of information to provide the basis for overall monitoring on a national,
regional or international basis – this should be reviewed by the FSC Pesticide
sub-committee.
M. The FSC should consider the scope for pro-active consultation (dependent on
resources available), to include both certified operators and those that are
currently not certified by the FSC, to contribute towards achieving a coordinated resolution of pest and disease management issues in forestry worldwide by the least toxic methods.
N. A system of record keeping should be implemented (as is already required in
some countries) where the use of pest and disease control methods must be
recorded, including the substance used, the quantity, the location, method of
application, use of protective equipment, operator and the time/date of use.
This would enable the FSC to monitor (through annual inspection) progress in
pesticide use reduction and replacement of more hazardous substances by
less hazardous ones. The FSC Board Pesticide Sub-committee would keep this
process under review.
O. FSC Policy Criterion 6.6 requires proper equipment and training. The FSC
should support capacity development amongst all certified forest managers to
enable access to proper equipment, training and extension to contribute to
worldwide implementation of best practice. Development of generic standards
could help improve consistency of implementation internationally.
6. Conclusions
The hazard-based approach is recognised as central to the FSC Chemicals Policy. In
most cases this review has supported the approach adopted in the Policy, although a
number of proposals for change are made. The FSC is aiming for widespread uptake of
its certification scheme, based on the Principles and Criteria, Standards and Policies.
Further assessment of the priority pest and disease problems, and of the development of
a system of derogation based on need for prohibited substances, and their time-limited
use with provision for the development and deployment of alternatives is central to the
further progress of the Policy.
The FSC should actively contribute to the development of safer methods of pest and
disease control based on understanding the priorities and on the availability of
alternatives. Further research and development will be required, and the FSC should be
an active partner in this.
Recommendations
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P. The FSC should be at the forefront of promoting and supporting the research
and development of safer (alternative) methods of pest, disease and weed
management. It should work with government, commercial, research and NGO
partners able to initiate research and development to meet the priority needs
identified (e.g. through implementation of recommendation M).
Q. FSC Policy Criterion 6.6 favours non-chemical methods, however, Criterion 6.8
seeks to minimise the use of ‘biological control methods and Criterion 10.7
promotes Integrated Pest Management and ‘places primary reliance on
prevention and biological control methods’. The FSC should provide coherent
guidance and develop a policy for implementation of biological controls in
forestry.
R. FSC should consider their remit with regard to post-harvest treatment of
timber since it involves the use of some of the most hazardous substances.
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1. Introduction
Recommendation:
A. The FSC Chemicals Policy refers to formulations. The Policy should only apply
to active ingredients (AI). Further work could be commissioned to examine
formulated products including key AIs that make up the majority of pesticides
used in forestry.
1.1 Context
FSC International Center requested that PAN UK undertake a review of the FSC
Chemical Pesticides Policy, noting that PAN UK has extensive experience in the issue of
chemical pesticides and approaches to reducing their use. The FSC recognises that this
approach fits well with their aims and objectives.
In the light of the experience gained by FSC during the implementation of the Policy
since 2002, it has become clear that some specific aspects of the policy should be
reviewed.
The FSC Chemical Pesticides Policy is a living document; the present review is part of
an ongoing process initiated to ensure that the policy can best serve the mission of the
FSC. This review has in part been prompted by the criticisms of Tomkins (2004).
1.2 Terms of reference
Three tasks were included in the Terms of Reference for the review. These may be
summarised as follows:
1. To review the indicators and thresholds specified in the FSC Chemical
Pesticides Policy taking account of recent criticisms of the FSC policy and
general knowledge of the issues with the objective of confirming or proposing
revisions to the indicators and thresholds with justification. Information that is
readily available to PAN UK should be used, based on publicly accessible
sources.
2. To review the implications of the provisions for ‘Special Cases’ (paragraph
4.5.3), and the introduction to the prohibited list in Annex 1 of the policy, and
provide advice on a practicable methodology by which non experts can
quickly evaluate whether the effects of a formulation or specific situation
would or would not exceed the specified thresholds for prohibition.
3. Review and update the list of prohibited chemical pesticides listed in Annex 1
of the policy, taking account of the review of the indicators and thresholds in
sections 4.1 to 4.4 of the policy, and the advice with respect to 4.5.3
completed in the tasks identified above. This should include a consideration
of any chemicals that are likely to be used in forestry practice worldwide
(including in tree nurseries).
1.3 Scope
Very limited resources were available to complete this review, and thus this report
should be seen as the start of a process. Further work will undoubtedly be required to
keep the policy under review, specifically in relation to the indicators and thresholds, to
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advise on derogations, and to consider formulations as well as specific active
ingredients.
In practice, pesticides (herbicides, insecticides, fungicides, rodenticides) are applied as
commercial formulations of one or more active ingredient, in combination with coformulants, necessary to ensure that the active ingredient can be delivered, and have
effect on the specific target. There are often many different formulations of each active
ingredient, and in many cases the impact of each formulation may be different. Due to
the limited resources available, and in line with the FSC Chemical Pesticides Policy, this
review focuses on active ingredients and not on formulations.
It is necessary to further consider the impact of different formulations, perhaps focussing
on the limited number of active ingredient that contribute to the majority of pesticide
formulations used. For example three active ingredients (glyphosate, imazapyr and
hexazinone), account for 92% of all pesticide formulations in Virginia, USA (Grimm 2004)
and these could be the subject of further special study.
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2. Overview of FSC Policy: Chemical Pesticides in Certified Forests:
Interpretation of the FSC Principles and Criteria FSC-IP-0001 July 2002
Recommendations:
B. The FSC should clarify their objectives regarding the use of pesticides and
fertilisers in certified forests, albeit within defined criteria.
C. The FSC Policy should be renamed, since from the point of view of chemistry
both natural and synthetic compounds are chemicals. It may be better to use
the term ‘pesticides’ to cover all products based on either natural or artificial
substances.
D. The FSC should transparently acknowledge that setting thresholds depends
on a judgement that is inevitably based, in part, on the value given to the level
chosen; this is contentious and open to criticism.
E. The FSC Policy should allow for regional and specific variations based on a
justification of need. The system for derogation should be clarified and
streamlined (see recommendation K).
F. The FSC should ensure a unified approach to standards, certification and ecolabeling of forests and plantations worldwide, and should assert their preeminence in this. Mandatory requirements must be clearly stated and
enforced. FSC may develop generic indicators and/or guidance for evaluating
safe operating procedures, reducing variation between national/certification
body generic standards, and ensure that these are fully met by all certified
operators.
2.1 Purpose of FSC Chemicals Policy
The mission of the FSC is to support environmentally appropriate, socially beneficial,
and economically viable management of the world’s forests. The FSC develops,
supports and promotes international, national and provincial standards in line with this
mission.
The FSC should be leading forestry practice worldwide. Its chemicals policy should be
radical in seeking to reduce and/or minimise the use of hazardous pesticides. However,
it need not try to be ‘almost organic’, since arguably it should primarily serve to develop
and improve the majority of existing conventional forestry. It has committed itself to a
minimum standard of integrated pest management but should be more clear about its
ultimate aims in regard to the use of pesticides and fertilisers in certified forests. FSC
policy also encourages non-chemical approaches and the development of safer
alternatives.
Some forestry organisations and governments around the world may share the objective
of minimising pesticide use. However, this is by no means universal, with many countries
and regions having no such policies. Furthermore, where in place, the programmes may
not be mandatory and may have no clear objectives, targets or timetables.
2.2 Development of the FSC Chemicals Policy
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The FSC seeks to ensure good management of the forests certified as operating to FSC
standards. In doing so it is guided by ten ‘FSC Principles and Criteria for Forest
Stewardship’ (FSC 1994, revised in 2000 and 2002). Several of these provide general
guidance on the use of synthetic pesticides within managed forests. These
principles/criteria (specifically Criteria 6.6 and 10.7) were interpreted to produce
guidance, ‘Chemical Pesticides in Certified Forest: Interpretation of the FSC Principles
and Criteria’ (FSC-IP-001). A first draft of this was circulated in December 1999. In 2000,
the FSC Board approved subsequent versions as working drafts, as the basis for further
consultation. Consultations and revisions continued through 2001, with the final draft of
July 2002 being approved by the FSC Board. This document was approved as FSC’s
official international policy (‘the Policy’) in July 2002 (FSC 2002). It only deals with the
use of synthetic pesticides, and does not concern the use of biological controls and IPM
systems in forest management.
Policy and standards of the FSC have been evaluated in different studies (FERN 2004;
AU 2002). A report was commissioned by the FSC UK on the use of chemicals in UK
forestry (Jenkins and Pryor 1998). A study was carried out for the FSC US regional
center with the aim to clarify the concepts and criteria applied for deciding whether a
specific pesticide should be approved of or prohibited for use in a FSC-certified forest
(Radosevich, Lappé and Addlestone 2000).
The basis of the FSC Chemical Pesticides Policy is that certain categories of pesticides
should be prohibited in FSC-certified forests except in exceptional circumstances, and
use of all pesticides should be minimised so far as is practical. The Policy requires forest
managers to use pest control measures that have the least effect on the environment
and people, and to aim to control pests without using synthetic pesticides. To achieve
certification by the FSC, forest managers must demonstrate (amongst other
requirements) their efforts to achieve these aims, which should be clearly expressed in
planning documents and visible in the forestry system. Phased reduction is
acknowledged to be a means to achieving the goal, whilst regional standards are
recognised in governing local interpretation and may include case-by-case consideration
of the need for chemical control.
The FSC has committed itself to implementing integrated pest management as an
‘essential part of the management plan, with primary reliance on prevention and
biological control methods rather than chemical pesticides and fertilizers’ (FSC 2002, 1),
and this applies to forest plantations also (FSC 2000, 10.7). In addition to other
indicators, it is required that data should be collected to monitor ‘environmental and
social impacts of harvesting and other operations’, including the use of biological control
agents (FSC 2000, 8.2d and 6.8, respectively).
The FSC Policy for the use of pesticides in certified forests refers to ‘chemical pesticides’
and this term is used as contrasting to biological controls and natural products or ‘biopesticides’ which are based on products derived from micro-organisms, plants or from
animals (e.g. semiochemicals or pheromones). However, from the point of view of
chemistry both natural and synthetic compounds are chemicals and it may be better to
apply the term ‘synthetic pesticides’ for products based on artificial substances.
Pesticides that are derived from plants or micro-organisms often have relatively low
toxicity for non-target species, e.g. neem extract (Boeke et al 2004). Some botanical
products have moderate or high toxicity, e.g. products based on pyrethrins (pyrethrum,
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i.e. extracts of Chrysanthemums) are in WHO class II and nicotine is in WHO class Ib for
acute toxicity (Copping 2001); nicotine is genotoxic (Kovacic and Cooksy 2005).
However, most plant-based products have low persistence, e.g. pyrethrins were found to
have a half-live of less than two hours (Antonious 2004). Pyrethroids, on the other hand,
are synthetic analogues of pyrethrins, some of which are halogenated (chlorinated,
brominated or fluorinated), and they generally have greater half-lives than pyrethrins (PM
2003). Since all pesticide materials are included in the FSC Policy the general term
‘ pesticides’ should be used for the policy as a whole.
The Policy specifies a number of cut-off criteria (thresholds and indicators), by which
synthetic pesticides are judged. If a pesticide fails to meet any one of the cut-off criteria,
it is prohibited, and any pesticide that is permitted for use must pass all criteria. A study
carried out for the FSC US regional center (Radosevich et al, 2000), helped establish the
thresholds and indicators for deciding whether a specific pesticide (active ingredient or
product containing it) should be approved or prohibited. These are as follows
Indicator

Threshold
Quantitative or semi-quantitative

Acute toxicity to mammals

WHO toxicity class (active ingredients)
Acute toxicity (oral LD50 for rats)
(Acute) reference dose (RfD)

Acute toxicity to aquatic organisms

Aquatic toxicity (LC50)

Chronic toxicity to mammals

Reference dose (or the acceptable daily
intake (ADI), see below)

Persistence in soil or water

Half-life in soil or water (DT50)

Bio-magnification, bio-accumulation

Octanol-water partition coefficient (KOW) or
bio-concentration factor (BCF) or bioaccumulation factor (BAF)

Carcinogenicity

IARC carcinogen; US EPA carcinogen

Endocrine disrupting chemical (EDC)

EDC listed by the US EPA and NTP

Mutagenicity to mammals

(not specified any further)
Qualitative

Specific chemical class

Chlorinated hydrocarbon
Heavy metals: Pb, Cd, As and Hg

Dioxins (residues or emissions)

Equivalents of 2,3,7,8-TCDD

International legislation

Banned by international agreement
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2.3 Critique of the FSC policy – facts and values in pesticide use reduction
The purpose of the FSC policy, described above, is to encourage the use and/or
development of non-chemical methods for control of pests, diseases and weeds as far
as possible, and to eliminate or reduce the use of hazardous pesticides within an
economically sustainable and socially just forestry system. This review is focussed on
the objective of elimination and/or reduction in the use of hazardous pesticides through
the use of a ‘ hazard trigger’ approach for pesticide assessment. This is not to discount
the importance of the delivery of associated policies to encourage the use and/or
development of non-chemical methods of pest, disease and weed control, including
forest husbandry, biological control methods, and bio-pesticides.
Pesticides are approved for use by regulators (whether national or international)
following a recognised procedure involving:
•
•
•
•

Hazard identification
Hazard characterisation
Exposure assessment
Risk assessment

These four requirements for approval apply equally to environmental and human health
issues and are used as the basis for specific recommendations regarding risk
management. The final step of assessing risk includes both the assessment of exposure
and characterisation of hazard (Richner and Weidenhaupt 1997). While exposure
depends on the specific circumstances (and therefore is difficult to assess in many
cases), hazard is an inherent property of an agent or situation and its assessment is
generally more straightforward.
In general, regulators, the pesticide industry and many pesticide users believe that this
process is adequate to ensure an acceptable level of safety. From this point of view, it is
claimed, merely identifying and characterising a hazard is inadequate, since a hazard
alone does not necessarily translate into risk. A full evaluation must assess the potential
exposure to the hazard to assess the risk.
One of the key critiques of FSC’s pesticide policy is that it is hazard-based rather than
risk-based. However, this is an approach that is gaining increasing credibility as it is
recognised that knowledge of potential impacts of pesticides on complex ecosystems
and human health is weak. Furthermore, methods for assessing actual and potential
levels of exposure to pesticides of operators and of people, animals and plants living
close to (or within) treated areas are imperfect.
The FSC Chemicals Policy depends on identification and characterisation of relevant
hazard factors and on taking precaution to eliminate hazards. There is ongoing debate
about whether adopting a precautionary approach can be considered a scientific
approach to risk management (see section 2.4 for further comments). However, it can be
justified on the basis of the following factors:
•

It is acknowledged that the process of risk assessment and subsequent
development of strategies for risk management cannot provide a guarantee of
absolute safety – thus, how safe is acceptably safe?
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•

•

•

•

There are uncertainties concerning the scientific knowledge that underpins the
limited set of tests required for approval. These uncertainties are particularly
relevant for groups who may be more sensitive to chemical exposure (the foetus,
infants, adolescents, elderly and reproductively active individuals). They are also
relevant when considering the possible long-term toxicological consequences of
low-level exposure, and/or the impact of mixtures of chemicals.
Exposure assessment is difficult, and although worst case scenarios may be
used, estimating long-term exposure and allowing for variation in practice. It can
be particularly difficult to assess common practice and potential exposure in
developing countries.
Regulatory bodies around the world come to different conclusions over the
acceptability or unacceptability of using certain active ingredients and
formulations, whilst revised assessment of active ingredients that have been in
use for some time has often resulted in their revocation.
The level of personal protection and national standards for controlling the mixing,
application and disposal of pesticides varies widely between countries, with
workers, bystanders and the general public in developing countries often
substantially more at risk of exposure in practice than may be allowed for in the
exposure assessment.

Due to the complexity of links between pesticide usage, exposure and impacts, and
uncertainties about these, ‘no single parameter can be used unambiguously to define
and quantify policy issues’ (Falconer 1998), and one has to distinguish clearly between
hazard, risk and impact. Hazard assessment is considered to be ‘far more feasible than
impact assessment’ (Falconer 1998). A hazard-based approach for assessing chemicals
takes more account of the experimentally determined (and estimated) potential of a
chemical to cause adverse effects. A risk-based approach aimed primarily at prevention
of risks may in some instances tend to ignore the uncertainty of scientific results.
It is part of FSC policy to adopt a progressive approach to pesticide use reduction, and
to emphasise the relevance and importance of this for minimising risk and potential
damage. This is a pioneering - and possibly also trend-setting - position. While it largely
relies on a strong commitment from regional centres and forestry managers to comply
with FSC’s policy, actual practices are ultimately decided at the regional or local level. A
hazard-based approach such as that adopted by the FSC policy, where criteria are
clearly defined and thresholds are established for quantifiable indicators, serves both to
support decision-making and to simplify evaluation of compliance with the policy.
The intention of the current FSC policy is to set justifiable ‘ evidence-based’ thresholds
for the various hazard indicators chosen with a view to prohibiting the use of the most
hazardous substances whilst encouraging a stepwise reduction in pesticide use and the
deployment of non-chemical alternative methods. It should be acknowledged that setting
thresholds depends on a judgement that is ultimately based on the intrinsic value given
to the impact on the organism(s) or human health at risk from potential exposure – this is
contentious and open to criticism.
There is growing evidence that a higher level of biodiversity is connected with a greater
resilience of ecosystems, which is an important aspect for sustaining their functions.
Organisms from different and possibly inconspicuous species may contribute to this to a
greater extent than anticipated (Elmquist et al 2003; Engelhardt and Kadlec 2001;
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Steneck et al 2002). As long as ecosystem dynamics and the role of individual species
within the whole system are not fully understood it would appear appropriate to follow a
precautionary approach and aim at conserving species that may be potentially at risk. In
addition, it is important to note that plantations may offer a greater potential for
biodiversity than is often surmised (Cannell 1999). There is an ongoing debate whether it
is better to concentrate intensive cultivation in fewer areas which are suitable for this
purpose, and thereby to provide larger areas where natural forests can be conserved.
However, when intensive plantation management is balanced against the conservation
of natural forests it is necessary to consider various types between these extremes, such
as less intensive management of plantations or semi-natural forests. It can be expected
that these would be less prone to infestations by pest insects, provided that forest
management of intermediate or low intensity is suitable for prevailing site conditions and
adapted to these.
While maintaining forest ecosystem functions is vital to sustaining them over a long
period, management of a forest plantation is subject to economic limitations and might
show little consideration for the individuals of any species that have no direct economic
value. Thus, it is necessary for the FSC to clearly state their objective and to
acknowledge that the justification for the indicators and thresholds is, at least in part,
value based. Where decisions need to be made and available knowledge is inadequate
for making informed and justifiable decisions, these will be made on the basis of
personal (or society’s) values. The procedure of risk assessment aims to eliminate
uncertainties and has to state clearly where this is not possible. It has been pointed out
that ‘prudent decision making requires that we take account of a variety of plausible
hypotheses about the responses to our actions’ (Ludwig et al 1997). However, where
comparative risk assessment is not feasible due to limitations in resources or lacking
knowledge, decision-making may have to rely on the precautionary principle for
guidance.
Many factors are difficult to quantify (e.g. in terms of monetary value) but their existence
and significance (within ecosystems or for the individual organisms) need to be taken
into account. Wildlife, species diversity or human health each has a value of its own that
is not easily quantified but calls for consideration. To account for this it is necessary to
refer to the intrinsic value or worth of living beings and the communities they live in. A
purely human point of view may understand values to mean ‘what we care to achieve’1.
These should be clarified and made explicit so that decisions in risk management can be
made consistently.
The FSC hopes and expects their policy can meet the key objective of reducing the
hazard of pesticides by reduction and replacement. However, it is also important that the
policy is practical and widely applicable, with the potential to include a significant
proportion (possibly even a majority) of forests and plantations around the world. Thus
the FSC Policy should not be too prescriptive and should allow for regional and specific
variations. Hence the potential for derogation and evidence-based amendments to the
hazard-based definition of prohibited pesticides plays an important role as it provides
forest managers with a certain degree of flexibility in implementing the Policy at the local
level. Besides giving guidance both within the certification process and within everyday
1

Keeney RE 1999: The role of values in risk management, In: Hetson AW et al (eds) 1999: Challenges in
risk assessment and risk management, The Annals of the American Academy of Political and Social
Science, vol. 545, pp. 126-134
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practice, the FSC aims to develop a decision support framework for exceptions (so far,
these are reviewed case by case) and for emergencies (covered by regulations in some
countries). It also aims to prepare guidance for national initiatives on incorporating the
chemicals policy into regional standards; to Certification Bodies on assessing
compliance with the policy; and to regional centres on the development of ‘ Best Practice
guidelines, decision support systems and a systems approach for integrated pest (or
crop) management’ (FSC 2002, 4.5 and 6.2). Decision support systems for forest
managers would appear to offer the best way for taking into account site-specific factors
that may be rather difficult to integrate in the general policy. However, policy on a
broader level is important to provide guidance.
2.4 The precautionary principle
The precautionary principle provides a way to deal with uncertainty or lack of knowledge
regarding decisions that may impact human health or the environment (Myers 2002).
Uncertainties about current knowledge stem both from gaps in knowledge or ignorance
(which can be limited by further research) and from “ignorance of ignorance” (Scheringer
2004). The principle should be applied whenever there is a lack of knowledge
concerning the hazards or risks associated with the use of a specific chemical. Safety
factors employed in hazard characterization refer to this principle, e.g. it is applied within
the European authorisation procedure for pesticides.
The general Principles and Criteria of the FSC refer specifically to the precautionary
principle only in the context of ‘ high conservation value forests’ (FSC 2000, #9). Although
it is implicitly on the agenda the FSC might consider extending the range of situations
where this principle is explicitly adopted.
Alternative ways of dealing with uncertainty have developed analytical methods to
assess uncertainties (Moschandreas and Karuchit 2002). However, approaches based
on the precautionary principle aim to shift the debate on toxic chemicals away from
asking ‘ How much risk is acceptable?’ towards asking ‘ How much contamination can be
prevented?’ and it is argued that this approach is scientific as it ‘ embodies both common
sense and practicality’ (Smith 2001). Strict interpretation of the precautionary principle
would require that the first question regarding a pesticide should not be: ‘ Exactly how
toxic is it?’ but only: ‘ Is it really needed at all?’ (Smith, 2001). Practical risk assessments,
however, may have to include asking both these questions and provide ways for finding
the answers to them.
An area where knowledge of pesticide risks is conspicuously absent is in assessment of
possible cumulative effects resulting from exposure to mixtures of more than one
pesticide active ingredient. Evidence has been found that simply adding the expected
effects of two pesticides may be inadequate to assess overall toxicity for certain
organophosphates (Richardson et al 2001; Karanth et al 2004), triazines (Laws et al
2003; Lydy and Linck 2003; Porter et al 1999) and for pyrethroids (Soderlund et al
2002). Sensitive methods that detect low level changes have not yet been employed in
testing mixtures so far, and it has been observed that ‘toxicity studies focusing on
component-based analysis of mixtures indicated that for chemicals not sharing the same
target and mechanism, the type of combined action or interaction found when each
chemical in the mixture was present at clearly toxic effect levels did not predict the
response observed when each chemical was present at or below the lowest observed
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adverse effect level (LOAEL)’ (Galli and Marinovich 2003). Risk assessment procedures
for multiple exposures are only now being developed (Castorina et al 2003).
A study in the UK on the toxicity of pesticides in combination has found that there is
‘evidence of limited exposure of humans to multiple residues and that such exposure
occurs at low levels. It concluded that ‘ the nature and extent of combined exposure,
together with the likelihood of any adverse effects, which might result, should be
evaluated when carrying out risk assessment’ (COT 2002). Groups of substances found
to be of specific concern include the organophosphates and carbamates, certain groups
of fungicides and different chemicals that act as endocrine disrupters. The report stated:
‘Some studies (acute and sub-acute toxicity, genetic toxicity, carcinogenicity) have
addressed the combined effect of mixtures of pesticides and in a few studies clear cases
of potentiation were observed in animals exposed to levels of toxic substances showing
adverse effects of individual compounds. However, direct extrapolation of these findings
to much lower doses may not be valid’ (COT 2002).
These findings reinforce the importance of adhering to the precautionary principle where
the knowledge about specific potential hazards is currently lacking. In another study it
has been found that the toxicity of pesticides was altered and increased in some cases
after reacting with clay minerals in soil (Sorensen et al 2004). From a more basic point of
view, because of the extremely large number of chemicals, exhaustively testing all
potentially hazardous chemicals for all possible impacts is ‘ not obtainable in practice’
(Meyer 2003). Consequently great care is required when toxicological, eco-toxicological
or epidemiological data are made use of for assessing the hazards of a pesticide, and it
is thus important to take account of the possible uncertainty in the risk assessment.
2.5 Response to key points of criticism of the FSC Chemicals Policy
The FSC Board has subjected the FSC Policy to a detailed critical analysis during the
process of drafting, revision and final approval. The work of Radosevich et al (2000)
provided a detailed assessment of indicators and thresholds, and recommended specific
cut-off criteria. The Board accepted these. The issue of forest certification and the FSC
policy in particular has been the subject of widespread comment and analysis.
Following agreement of the Policy, several aspects have been specifically criticised in a
paper by Tomkins (2004) and this has been one of several factors contributing to the
commissioning of this review. The detailed critique provided by Tomkins (2004) covers
many complex topics and specifically explores the consequences of the FSC Policy as
they relate to Australian plantations. This review concentrates on eight key issues raised
by Tomkins’ paper. The issues are summarised and paraphrased below, whilst care has
been taken to retain the original meaning, the paper by Tomkins should be referred to for
the full detail. The eight issues are:
2.5.1 The FSC has taken a dominant role (hegemony) in setting criteria for forest
management standards. However, the rigid application of their criteria for chemical use
will cause its certification process to lose favour in developed countries, e.g. in Australia.
2.5.2 The FSC’s central objective of sustainability should not override practicality and
commonsense.
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2.5.3 The nutrient status of soil cannot be maintained over long periods in plantations
where timber is produced under intensive management if the FSC goal of non-chemical
methods for pest and weed control is realised together with the goal to move away from
fertilisers, The alternative would require planting larger forest areas and harvesting these
in an extensive manner. The criteria in the FSC policy do not allow an economically
acceptable basis for pesticide use in forestry.
2.5.4 Although the FSC is expected to be objective, the study by Radosevich et al has
made selective use of data, and proposed generalized criteria for pesticide acceptability
proposed by Radosevich et al (2000). The study included some pesticides that are not
used in forestry; most of the data and references used in the study are from the USA,
opinion varies and other sources may be regarded to be more authoritative.
2.5.5 The scientific basis for justifying the inclusion or exclusion of specific pesticides in
forestry that the FSC ‘rigidly applies in most instances’ is not clear.
2.5.6 In the case of persistence (half-life) the choice of a 30-day half-life as a limiting
period for acceptability is subjective, severe and highly selective. There is no intrinsic
relationship between ‘acceptability’ and soil half-life. Ninety days after application, the
level of a residual herbicide with a 30-day half-life would be only 1/8th of that applied,
which could encourage use of herbicides at the highest permitted rates to obtain longerterm weed control. Active ingredients with a lower half-life encourage use at the highest
permitted rates to obtain longer-term weed control and the range of reported values for
half-live is broad (depending on site-specific factors). As a result, the establishment of a
common cut-off level does not provide a sound basis for decisions.
2.5.7 Weed control requires ‘best practice’ in the first and second year after planting:
whilst appropriate techniques for site preparation reduce weed emergence, forest
plantations in Australia continue to benefit from herbicides at some stage during
establishment. Use of pesticides can be essential for control of insects that can be a
major problem in some years or seasons.
2.5.8 The FSC Policy could preclude plantation-based timber production in developing
countries and could create serious problems for continuing plantation management in
developed countries. The approach of the FSC is exclusive and protective of countries
with well-developed plantation industries; these may (with difficulty) be able to
accommodate some of the consequent restrictions. The study (Radosevich et al 2000)
does not provide a socially acceptable basis for these.
Each of these specific criticisms is considered below:
2.5.1 The FSC has taken a dominant role (hegemony) in setting criteria for forest
management standards. However, the rigid application of their criteria for chemical
use will cause its certification process to lose favour in developed countries, e.g. in
Australia.
For the FSC, the demands of motivated and aware consumers for improved standards in
forestry are important. Generally NGOs are significant in their ability to represent the
interests of a range of often ignored stakeholders, most importantly vulnerable and
poorly represented groups at the international level (e.g. indigenous peoples, inhabitants
in developing countries, children) or those that have no voice of their own (e.g.
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endangered species). NGO initiatives often rely on international conventions (e.g. on
human rights, biodiversity, endangered species), some of which are legally non binding.
Companies that produce or market goods with an ecological or fair trade label have
committed themselves to these standards on a voluntary basis. Consumers thus play a
vital role in demanding production systems that satisfy these defined standards – often
more far-reaching than national legislation which in many countries is either absent or
not very effective. Nevertheless, national legislation has the highest priority, where it
prohibits or controls the use of hazardous practices or substances.
A recent market survey concluded that certified forest products could provide companies
with competitive advantage and an improved image, a strong demand driver for
voluntary certification schemes (UNECE/FAO 2001). The pioneering activities of the
Forest Stewardship Council in voluntary forestry certification has resulted in the FSC
taking a leading role in the development of standards in forestry, globally, for nations and
for regions. Inevitably, a proliferation of schemes and labels causes confusion among
consumers and hence a single scheme, such as that provided by the FSC is preferable.
This should be based on clear standards that are meaningful and can be defended.
The advantages and disadvantages of voluntary certification versus those of standards
based on national or international legislation is an ongoing debate; it seems reasonable
to base forestry standards both on voluntary and regulatory instruments. The EU has
emphasized that the relationship between voluntary standards and legislation should be
made clear (EC, 2004); hence it is important that the FSC policy clearly states the
mandatory requirements, and ensure that this is fully met in all the systems they certify.
FSC’s chemicals policy specifically states that in addition to the FSC Principles &
Criteria, regional standards (in compliance with FSC Policy) and national regulations
apply. On a regional level, case-by-case decisions for phasing out individual chemicals
allow for a certain degree of flexibility in pesticide policies of the local forest managers
(FSC 2002, p. 4).
Lucier and Shepard (1997) provide an assessment of certification and regulation in
forestry practice in the US and recognize that eco-labeling will be part of the debate over
environmental performance in forest management for the foreseeable future. They note
that voluntary forest certification programs are important for eco-labeling schemes that
can create the incentive for investment in improved management systems, and can
restrict specific technologies. Public acceptance of intensive forestry depends on
reasonable environmental standards that are perceived as protective of the public’s
interests. They consider that the range of legal and voluntary forest standards have
supported remarkable improvements in forest management and environmental
protection during the past 50 years. However, they highlight the importance of
consensus over standards to achieve broad acceptance.
This reinforces the importance of the FSC in encouraging a unified approach to
standards, certification and eco-labeling. Cashore et al (2003) compared different
programmes in North America and Europe and concluded that, since 1998 there has
been a “dramatic shift” in the supply side support for the FSC, which has given the FSC
pragmatic legitimacy. Competitor certification programmes have not been able to
simultaneously minimize the costs of certification while maximizing market acceptance,
which may partly explain the higher level of supply side support for the FSC (Cashore et
al 2003). In this context the specific criteria for pesticide use are relevant since they can
contribute to sustainable forestry goals orientated towards protection of the environment
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(e.g. conservation and restoration) or human health. Furnas et al (1999) present such
selectivity as a means to compare different approaches to certification that will influence
the proportion of the marketplace that can be met by different systems of forestry.
Within the European Community, a proposal has been presented for a regulation that
provides a flexible monitoring scheme to assess ecosystem conditions (EC 2002).
Elements to be monitored are related to key priorities in the 6th Environmental Action
Programme (EC 2002a) and the Sustainable Development Strategy (EC 2001), i.e.
pollution, climate change, biodiversity, natural resources and soils. This is relevant to
considering the way in which the FSC standards and policies are framed and how they
should identify best practice.
For example, the thematic strategy for soil protection recognises the importance of
traditional practices in conserving soil as a resource, noting that abandoning these
practices has given rise to significant problems of soil loss (EC 2002b). Similarly, the
threat to sustainable development due to the longer-term effect of hazardous chemicals
in everyday use have been identified Europe (EC 2001).
On the other hand, the European Union has also approved the accession to the
International Plant Protection Convention, which aims to secure ‘ common and effective
action to prevent the spread and introduction of pests of plants and plant products, and
to provide appropriate measures for their control’ (EC 2004b). A previous report on
pesticides in forestry found the pattern of application differed considerably in forestry
from that in agriculture or horticulture as there are few successive or prophylactic
applications, and crop growth extends over several years (Buffin and Beaumont 1996).
The European Union has developed a strategy on ‘ sustainable use of pesticides’ that
aims to minimise the hazards and risks to health and environment, and to improve the
controls, regarding use of pesticides, besides encouraging low-input or pesticide-free
crop farming (EC 2002c). These supra-national initiatives broadly support the initiative of
the FSC and suggest that the pesticide policy and the aim of gradually reducing the use
of pesticides is appropriate and in line with the wider policy developments.
2.5.2

The FSC’s central objective of sustainability should not override practicality and
commonsense.

The concept of sustainability was developed within forestry several centuries ago and
was applied to other fields such as energy production and agriculture later on, while
more recently it has been extended to cover the dimension of social equity (Tremmel
2004). The pressure of economic viability in increasingly intensive production systems
supplying price driven markets has contributed to environmental problems in forestry that
the FSC aims to overcome through its policy, standards and certification.
The short-term perspective on decisions made by forest managers in pursuit of
economic return conflicts with sustainable land use that requires a longer-term
perspective. In the long run the sustainable use of resources in forestry will be
increasingly important, and thus clear policies, standards, certification and a label for
timber produced according to defined environmental objectives - aiming to ensure that
production is sustainable - have the potential to ‘provide a company with a competitive
advantage’ (UNECE/FAO 2001). This also applies to intensive forest management in
plantations where production methods that combine increased efficiency with the aim for
sustainability are important. A paper on the importance of forest certification for
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promoting sustainable forest management (SFM) and maintaining biodiversity concluded
that: ‘ An analysis of the impact of forest certification on SFM and biodiversity indicates
that the instrument is likely to have limited but positive direct impact on SFM and
biodiversity’ (Rametsteiner and Simula 2003).
A study on indicators for sustainable forest management (SFM) found that there was a
global convergence in the use of criteria and indicators (C&I) for SFM.
At the European level, indicators for SFM have been developed (MCPFE 2002). Their
use as a mechanism for defining SFM is becoming widely accepted as they allow
progress to be monitored over time (Brand 1997). The C&I used in the FSC Chemicals
Policy are very specific, aiming to serve as guidelines for forestry practices and setting
standards of social and environmental quality. Without these, intensive plantation
management might not to be sustainable over a longer period of time, at least in certain
areas.
A project on site management in tropical forest plantations has pointed out that:
‘The risk to sustainability of plantation forestry depends on the degree of alignment of
interdependent variables that include ecological capability of the site, intensity of
management, impact on soil, water and other environmental values, economic benefit
and social goals’ (Nambiar 1996b*; Nambiar and Brown 1997a+). Of these, ecological
capability is the only one tied directly to site. Nambiar and Brown (1997a)+ define the
ecological capability of a site as: 1) bounded by the inherent soil and biophysical
constraints, 2) the responsiveness of the soil to management inputs, 3) the genetic
potential of the species and their interaction with the environment of the site’ (Tiarks et al
1998).
2.5.3

The nutrient status of soil cannot be maintained over long periods in plantations
where timber is produced under intensive management if the FSC goal of nonchemical methods for pest and weed control is realised together with the goal to
move away from fertilisers, The alternative would require planting larger forest
areas and harvesting these in an extensive manner. The criteria in the FSC
policy do not allow an economically acceptable basis for pesticide use in forestry.

There is concern over the long-term nutrient status of forest soils. It is generally held that
young trees grow more rapidly during their establishment phase when weed competition
is suppressed and that the use of herbicides is the cheapest way to suppress weeds.
Such rapid early growth is considered a priority to maintain economic viability. The
financial premium earned from FSC certified timber contributes to meeting additional
costs that may have to be carried by certified production systems that exclude the use of
substances that exceed the thresholds set by the FSC Policy. (See also section 2.5.7.)
Continual export of harvested trees off-site raises concern about possible nutrient
depletion of soils and providing an argument for the use of chemical fertilizers to
*

Nambiar EK, and Brown AG, Sustained productivity of plantation forests is a continuing challenge to tree
improvement, In: Dieters MJ et al (eds), Tree improvement for sustainable tropical forestry, Proceedings QFRI-IUFRO
conference, Caloundra, Queensland, Australia 27 October - 1November 1996, 6-18, 1996b
+
Nambiar EK, and Brown AG, Towards sustained productivity of tropical plantations: science and practice, In:
Nambiar EK, and Brown AG (eds), Management of soil, water and nutrients in tropical plantation forests, 527-557,
1997a
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replenish soils. However, some studies suggest these relationships are not as
straightforward as they might seem. For example, a study focusing on how herbicide
application (with and without addition of N/P-fertilizer) during the establishment of loblolly
pine saplings on a plantation with a moderately nutrient-deficient soil affected the growth
and nutrient concentrations in soil and foliage, found that new nutrient limitations
occurred raising concerns about the long-term nutritional status of soil:
‘An increase in stand growth and a decrease in tannin synthesis were observed with
fertilization and herbicide application. This suggests that the resource demands of
loblolly pine were satisfied to a greater extent on plots that received fertilizer and
herbicide application. Since our study site was inherently deficient of available P, we
expected the observed decrease in the tannin synthesis and increase in pine growth in
response to fertilization. However, our results also demonstrated that site productivity
was closely related to the K nutrition of the planted trees. Where P demands were met
with fertilization at the time of planting, pine productivity increased. However, accelerated
pine growth was accompanied by a significant negative relationship between foliar K and
tannin concentrations. On P-deficient plots, pine growth was suppressed and foliar K
and tannin concentrations were unrelated. We also found that herbicide application
increased loblolly pine K uptake, but decreased the concentration of foliar Mg to less
than the critical level for loblolly pine. (…) Generalizations about the emergence of K and
Mg limitations with the development of intensively managed southern pine plantations
are premature. However, our results suggest that the accelerated growth of planted pine
and invading vegetation caused by early cultural treatments may create new nutrient
limitations on moderately infertile coastal plain sites. In particular, our study indicated
that the availability of K and Mg were of primary concern’ (Sword et al 1998, summary).
The authors drew attention to reports on decreases in productivity in southern forests
and second rotation stands of loblolly and slash pine.
2.5.4

Although the FSC is expected to be objective, the study by Radosevich et al
(2000) has made selective use of data, and proposed generalized criteria for
pesticide acceptability. The study included some pesticides that are not used in
forestry; most of the data and references used in the study are from the USA,
opinion varies and other sources may be regarded to be more authoritative.

The FSC’s policy requires that a pesticide active ingredient can only be permitted for use
in certified forests provided that the thresholds for all the indicators are not exceeded. It
also requires this for the formulation applied, i.e. not only the active ingredient, but also
the wetting agent, propellants, surfactants and solvents, etc, although it is proposed that
this should not be required in a revised policy.
The clarifications proposed by Radosevich et al (2000) were intended to provide a set of
indicators and thresholds, which when taken together, provide a means for transparent
selection of a group of pesticides with extremely low environmental toxicity and potential
human health hazard. Thus, in keeping with FSC guidelines, only pesticides with limited
persistence, minimal toxicity and very limited Bio-magnification potential can be used.
Radosevich et al (2000) set thresholds based on state-of-the-art scientific knowledge
and judgement in line with the aim of the precautionary principle to meet the objective of
lowest possible hazard. The specific indicators and thresholds are considered further in
Section 3.1 of this report. Generally, this review supports the approach presented by
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Radosevich and adopted by the FSC, although some specific revisions are suggested,
whilst additional indicators are also proposed.
The study by Radosevich (2000), used to underpin the FSC’s chemical policy has
considered data presented by various sources. As it was commissioned by the FSC US
regional center many publications quoted refer to North America studies. However,
scientific articles in peer-reviewed journals in the US have to meet equivalent standards
to elsewhere and there appears to be no reason to question the validity of the data used
in the study on this basis.
Further information is presented in Section 3.1 for each of the indicators and their
associated thresholds.
It is inevitably true that the FSC policy provides specific indicators and thresholds. This is
a feature of a hazard-based approach that employs indicators to select pesticides that
meet the FSC objectives. This is appropriate in view of the uncertainty about the
potential hazard to human health and the environment of many pesticides used in
forestry, and the intention of the FSC to implement an evidence-based approach as
robustly as possible. There are several factors that will impact on hazard identification
and characterisation that need to be considered when using indicators and thresholds:
•

•

•

Toxicity of pesticide products depend both on the type and amount of active
ingredient - listed on the label as percent by weight (US EPA 2004f) - and on the
type of surfactant(s) and other co-formulants used. Hence it is preferable to
evaluate the formulated products, as required in the FSC policy, and not the
active ingredient alone. However, since the manufacturer does not disclose full
information about the content or formulation of the product, assessing the active
ingredient may practically be the only possible approach. The FSC should review
the requirement to evaluate formulations as well as active ingredient since in
many cases the relevant information is simply not publicly available.*
The method of application influences the potential exposure of non-target
species, workers (Ambridge et al 1990) and bystanders. Application may be
carried out with hand-held sprayer, tractor-mounted sprayer, aerially (which may
require a license in certain countries, e.g. in Canada (WL 2003)), in the solid form
as ground pellets or powder , as liquid applied to cut stumps and in the form of
injection capsules ( PANNA 2002).
‘Laboratory determinations of toxicity and comparisons based solely on toxicity
criteria among pesticides with differing persistency and degradation rates can be
misleading in the fieldxii’ (cited by Radosevich et al (2000)). To ensure that
evaluations of the environmental hazard of pesticides are valid, it would be
preferable to consider the site-specific conditions whenever this is possible,
however it must be recognised that in practice this will rarely be possible since
the characterization of field conditions, and the knowledge of site-specific hazard
and risk will both be problematic.

*

Most manufacturers disclose only the active ingredient in the material safety data sheets
(MSDS) for chemical products (see MSDS for various products, e.g. ILPI 2004),
xii
Pimentel, D, Ecological effects of pesticides on non-target species, US Government Printing
Office, Washington, D.C. 1972 (p. 2)
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The influence of the complexity of environmental systems on results in scientific
research may often be underestimated, and there continue to be large areas where
knowledge is lacking despite progress in research, consequently research results must
be considered alongside the potential uncertainty, where it can be identified (Scheringer
2004).
To prioritise pesticides by hazard one generally distinguishes between chemicals with a
high likelihood of hazard, those with no (or a low) hazard, and those for which the level
of harm to human health or the environment is uncertain (Hedgecott 1994). Despite the
uncertainty of hazard characterisation, due to the factors identified above, an approach
based on hazard indicators and thresholds as advocated in the FSC policy ‘ may still play
a useful role in policy development, given the absence of alternative bases for decisionmaking’ (Falconer 1998).
Further indicators might be adopted to assess the environmental hazard and/or risk of a
pesticide (Reus et al 2002; Debongnie et al 2003; Travisi et al 2004). However, the
complexity of the assessment needs to be limited if it is to remain practicable (Falconer
1998).
2.5.5

The scientific basis for justifying the inclusion or exclusion of specific pesticides in
forestry that the FSC ‘rigidly applies in most instances’ is not clear.

The FSC does not apply its criteria on a rigid basis but has established a formal
procedure of derogations, for which forest managers can apply. FSC’s Board Pesticides
Committee decides upon requests for derogations or temporary exemptions according to
the terms of reference (FSC 2002, Annex 3). As a result, permission for using an
otherwise prohibited pesticide in a certified forest can be obtained provided that the
board committee is convinced that these terms are met. The practicality of the current
procedure is further considered in Section 5 of this report and recommendations for a
new approach are made. The criteria considered by the FSC Chemicals Policy and the
majority of thresholds (where these are defined) are similar to those applied by various
international organisations or national agencies.
2.5.6

In the case of persistence (half-life) the choice of a 30-day half-life as a limiting
period for acceptability is subjective, severe and highly selective. There is no
intrinsic relationship between ‘acceptability’ and soil half-life. Ninety days after
application, the level of a residual herbicide with a 30-day half-life would be only
1/8th of that applied, which could encourage use of herbicides at the highest
permitted rates to obtain longer-term weed control. Active ingredients with a
lower half-life encourage use at the highest permitted rates to obtain longer-term
weed control and the range of reported values for half-live is broad (depending
on site-specific factors). As a result, the establishment of a common cut-off level
does not provide a sound basis for decisions.

The 30-day threshold for a pesticide to be considered as ‘ non- or weakly persistent’
(regarding the criterion of persistence) is similar to the threshold of 28 days applied in
Europe to judge whether a pesticide degrades rapidly in surface waters (OECD 2001).
Half-lives in soil are considered irrespective of actual or permitted application rates or
frequencies and the range of reported values for half-lives; however, usually an average
or median value is used for the half-life. The established thresholds are based on the
evidence of potential hazards for non-target species as reflected in current scientific
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literature, whilst also taking into consideration uncertainty regarding potential hazards.
Additionally, pesticide risk indicators offer a way for assessing potential damage in
particular circumstances, taking into account exposure and site-specific factors with the
aid of models (Sánchez-Bayo 2002). However, simpler approaches like the grouping of
pesticides by hazard (instead of on the basis of quantified risk) are likely to be more
practicable (Falconer 1998, p. 6).
A hazard-based approach to prioritising the acceptability of chemicals for use (or not)
requires that threshold values are defined for the criteria to be considered. Comparing
reported data with a threshold value inevitably has to refer to a single value. The median
value has been used to represent a broader range of values: ‘ The median is a measure
of central tendency. The median is the value halfway through the ordered data set,
below and above which there lies an equal number of data values (50 %). It is generally
a good descriptive measure of the location which works well for skewed data, or data
with outliers’2.
The review by Radosevich et al was commissioned by the US FSC regional committee,
and it largely referred to American publications; there is no reason to question the quality
of these, as the same standards apply in the US as elsewhere (i.e. data published in
peer-reviewed journals).
2.5.7

Weed control requires ‘best practice’ in the first and second year after planting:
whilst appropriate techniques for site preparation reduce weed emergence, forest
plantations in Australia continue to benefit from herbicides at some stage during
the establishment of young tree stands. Use of pesticides plays an essential role
to control insects that can present a problem in different seasons.

The extent of pesticide use in forestry varies greatly from country to country, depending
on local conditions, silvicultural management and legislation (FAO/ECE/ILO 1990).
Herbicides account for the main proportion of pesticides used in forestry. Although the
overall use of pesticides per hectare is much lower than in agriculture, the reported
figures assume that pesticides are evenly applied and this is unlikely to be the case
(Buffin and Beaumont 1996).
The use of pesticides for control of weeds or insects can have an impact on many nontarget plants and animals, as revealed by several studies cited below. Potential benefits
and impacts need to be carefully weighed against a each other. Web-based systems for
estimating the efficacy of different herbicides (assuming that there are no economically
feasible alternatives (Thomson and Willoughby 2004) and a guide for herbicide use on
nature conservation sites in the UK (English Nature 2003) have been developed for
planted forests. Similar tools might form part of a regional decision support system for
forestry managers. The UK Forestry Commission has published a guidebook for
reducing use of pesticides (FC 2004). A follow-up study 12 years after broadcast
herbicide treatment of planted spruce seedlings in British Columbia found a significantly
higher stand volume and larger number of free-growing stems on the treated areas than
on a non-treated area. However, plant species diversity was significantly lower,
especially in the herb layer and to a greater extent where hexazinone was used than
where glyphosate was used. Attention was drawn to the fact that this may reduce
2

Connecting Mathematics 2005: http://thesaurus.maths.org/mmkb/view.html, search for ‘median’
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management flexibility through the loss of commercially valuable broadleaf species
(Harper et al 1997).
Even when used carefully, herbicides have widespread and often long-lasting direct and
indirect effects on species composition and structure in the ground flora and animals
(FAO/ECE/ILO 1991). So if they are used it will be important to identify ways of reducing
their impact (Kirby 1991).
Certain species of conifers are sensitive as seedlings to herbicides, e.g. to foliar-active
herbicides such as glyphosate (Edmonds et al 2000). A study on damage caused by
herbicides to 1-5 year-old fir trees suggested prolonged effects from herbicide injury
(Harrington et al 1995, 3.3; 4). A review study (Dyck et al 1994) on potential impacts on
long-term site productivity from herbicide use and harvesting pointed out the importance
of buffer strips or zones as best management practice to reduce impact of pesticides on
aquatic ecosystems (p. 100). The study also noted that although control of herbaceous
vegetation often promotes rapid tree growth in young stands it has little influence on
growth following crown closure (except in the case of nitrogen-fixing plants). When weed
control does not result in subsequent accelerated erosion or nutrient loss, it largely
affects tree growth through changes in resource allocation to trees, rather than through a
change in total site resources or productive capacity (p. 47).
Thus it appears that herbicides and fertilisers need to be considered together, as growth
of grasses is stimulated by fertilisers and may lead to increased herbicide use (Walker
and Oswald 2000, p. 163). The mode of application also needs to be considered, for
example, broadcasting and aerial application may be less selective (Brockway et al
1998; Bird et al 1996).
Various impacts resulting from site treatments (e.g. compaction by machinery) need to
be weighed against each other and considered in view of site conditions such as climate
and soil texture (Miller et al 1996). A study on the effects of site preparation during the
reforestation of grasslands in Indonesia concluded that mechanical site preparation gave
considerably higher yield compared with pre-planting herbicide treatment and thus
recommended this practice whenever technically possible without erosion risk (Otsamo
et al 1995, pp. 275-276). However, silvicultural thinning also may lead to decreases both
in species diversity of under-story plants and small mammals (Muzika et al 2004) and
alternatives forms of treatment should be examined in view of site-specific factors.
Insects that may present a problem in certain seasons will be monitored within integrated
pest management. Their life-cycles should be studied to improve understanding of
‘ principal ecological links that regulate insect numbers’ (Edmonds et al 2000) as it may
be possible, ideally, to model the population dynamics of pest species and their natural
controls. A spruce budworm decision support system has been developed that models
potential insect damage, consequences and costs of alternative management actions in
Canadian forests managed for timber production (MacLean et al 2000).
Efficient pest management in forestry requires (1) surveying incidence of pests and
resulting damage, (2) quantifying the impacts (both absolute and monetary), (3)
investigating biological, ecological and host-tree relationships of major pest species, and
(4) communicating these findings to forest managers (Speight and Wylie 2001), e.g., in
Poland the nun moth (L. monacha) was previously controlled with pyrethroids that ‘killed
off the beneficial parasitoids and predators of a range of other pests as well as those of
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L. monacha’ (Oakwood 1994). When an infestation occurred after a series of dry
summers a combination of biological agents, pyrethroids and growth regulators was
applied, with the aim to gradually replace chemical with biological control. The concept of
' low
-impact forestry' or ' integrated forest management' is understood to go beyond that
of integrated pest management, although both share common elements: 'The focus is on
the whole forest, rather than just one element of the forest. Low-impact practitioners
strive to manage the stand and landscape to be resistant to and resilient from
disturbance. Part of encouraging such stability is to encourage a natural diversity of
species and structure' (Lansky 2002, p. 34).
It is known that soil chemical parameters are changed by forest management activities,
but the effects on productivity are less well-documented and their influence not clear as
short-term effects observed in most studies may not be indicative of long-term effects
(Grigal 2000). The answer to the question whether productivity of forest soils can be
sustained under intensive management may be ‘yes and no’, since intensive
management, indeed any management, can detrimentally impact soil quality. Intensive
management can be practiced in such a manner that soil quality be maintained and in
many cases even improved. Inherent in the concept of site specific management is the
recognition that not all soils are suitable for intensive management (Fox 2000, p. 198).
2.5.8

Full implementation of FSC criteria in plantation practice could preclude
plantation-based timber production in developing countries and could create
serious problems for continuing plantation management in developed countries.
The approach of the FSC is exclusive and protective of countries with welldeveloped plantation industries; these may (with difficulty) be able to
accommodate some of the consequent restrictions. The study (Radosevich et al
2000) does not provide a socially acceptable basis for these

A large proportion of developing countries lie within the tropical climate zone and certain
soils in the tropics may have limited reservoirs of nutrients, compared to soils in the
temperate regions. Therefore special attention needs to be paid to impacts on soil
nutrient content resulting from site treatments such as mechanical methods or the use of
herbicides. Additionally, nitrogen input via fertilisation or atmospheric deposition reduces
the amounts of protective mycorrhiza around tree roots and can cause nutrient
imbalances that may have an important impact on attacks on trees of insects, herbivores
and pathogens (Heintzenberg and Stjernquist 2002, p. 249).
A comparative risk assessment that considers potential impacts of a broad range of
alternative types of site treatment and puts the expected outcomes in proportion to each
other is likely to provide an ideal way for deciding on which treatment is the best for a
specific site, however it is not feasible to carry out a comprehensive assessment.
Criteria that preclude certain pesticides from being used provide a means of guiding
decisions. Forest managers may require the assistance of a decision-support system,
besides relying on their experience and adhering to the criteria of FSC’s policy. Signing
up to the standards of the FSC remains a voluntary matter, after all, and needs to be
based on a minimum of motivation among the certified producers to fulfill the required
standards (which draw on scientific publications). Intensive management on plantations especially in the tropics, due to a limited nutrient content in soils and shorter rotation
cycles - takes a greater toll on the natural resources than do forestry practices
elsewhere. For providing a livelihood for people in the future and also for protecting other
species from damage, the criterion of sustainable use has far-reaching implications.
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The widespread unsustainable use of forests is socially unacceptable and timber
production should become more sustainable, also from a social point of view. A study
on sustainable forestry in the tropics concluded that there are several stakeholder
perspectives that must be taken into account: those of the forest worker and manager,
those of the nation, and those of the world as a whole. In reality there are many different
divisions of interest, from those of illicit forest users, indigenous peoples, enforced
migrants and so on. The rough benchmark is that forested land should be used for the
highest social value use, i.e. the use that maximizes the broadest rate of return. The
authors note that the prospect for sustainable forest management is low in the early
stages of development, and increases as the values attached to the forest and its
services rises over time. Extended to include carbon and bio-diversity values, it is
arguable that the potential for sustainable forestry is far greater, even in the early stages
of development, than might be thought (Pearce et al 2003).
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3

Review of indicators and thresholds

Recommendations
G. The hazard classification developed by recognised international agencies (e.g.
the World Health Organization, International Agency for Research on Cancer,
or the European Union) should be used as far as possible. In general,
reference should be made to the thresholds based on such classification
systems, rather than limit values.
H. Specific proposals for revisions to indicators and thresholds are included in
Section 3.3 of this report. These should be considered for inclusion in a
revised Policy. Specifically, the indicators and appropriate thresholds for
Acceptable Daily Intake (ADI), Occupational exposure should be included and
reference made to the specific lists of banned substances.
3.1 Introduction
Section 3.2 reviews the indicators with threshold values (points 4.1 and 4.3 of the FSC
Policy). Section 3.3 reviews the indicators without threshold (points 4.2, 4.3 and 4.4 of
the FSC Policy). A summary table and proposed revisions to the indicators and
thresholds is presented in Section 3.4 – this provides an overview of the indicators and
thresholds.
The current policy of the FSC for prohibiting the use of certain pesticides in certified
forests is provided in Annex IV (FSC 2002, 4. Prohibited pesticides) and the list of
currently prohibited pesticides (FSC 2002, Annex 1) is provided in Annex II of this report.
The list of prohibited pesticides is reviewed in Section 4 of this report.
The OECD is working to develop a system for globally harmonized classification of
chemicals. This system will contain the following categories for different end-points:
acute toxicity, skin and eye irritation or corrosion, respiratory or skin sensitisation, germ
cell mutagenicity, carcinogenicity, reproductive toxicity, specific target organ systemic
toxicity (following single or repeated exposure) and extent of hazard to the aquatic
environment (OECD 2001). However, currently no such system is available. For defining
the criteria and setting thresholds a general recommendation is to use the hazard
classification developed by recognised international agencies (e.g. the World Health
Organization, International Agency for Research on Cancer, or the European Union).
The US Environmental Protection Agency bases its assessments on very extensive
research and is therefore considered to be an important authority, although it operates at
a national level.
Within the EU, chemicals are classified by different end-points in Annex 1 to the
Consolidated version of the Directive on Dangerous Substances (EC 2001a; EC
2004d). The database for the classification of chemicals of the European Chemicals
Bureau allows searching Annex I (ECB (no year)). Lists of chemicals with the current EU
hazard classification are available online (CIS 2004).
3.2 Current policy – Indicators and thresholds (section 4.3 of FSC Policy)
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The thresholds that refer to a specific indicator in section 4.3 of FSC’s Chemicals Policy
are either based on continuous values (e.g. acute toxicity, persistence or Biomagnification) or on categories of values arranged discontinuously (such as toxicity
classes, groups for carcinogenicity etc).
3.2.1 Acute toxicity to mammals
Definition: Acute toxicity to mammals (LD50)
‘The predicted dose of a substance at which one half of individuals in a treated
population would be killed’ (Stine et al 1996, p. 4), also referred to as the median lethal
dose (LD50).
The FSC Chemical Policy indicator is the acute toxicity to mammals (LD50)
FSC Chemical Policy threshold:
Acceptable pesticide (other criteria apply): Acute oral LD50 for rats > 200 mg/kg b.w.
Unacceptable pesticide (use is prohibited): Acute oral LD50 for rats
N.B. FSC’s chemical standard subsumes LD50 under ‘ chronic toxicity’ although this is an
indicator of acute toxicity. Possibly a misunderstanding has arisen because the acute
dietary toxicity (e.g., for birds) may be described with the same indicator while the
required feeding tests extend over a longer period.
The acute (i.e. short-term) toxicity of active ingredients is based on toxicity tests with
animals, usually rats that are fed varying doses of a chemical to measure oral toxicity,
and skin irritation from dermal exposure is monitored for some substances. The World
Health Organisation (WHO) and the European Community (EC) classification of acute
toxicity refers to active ingredients and the toxicity of formulated products is obtained by
considering the proportion of active ingredient(s) in the product (WHO 2003). Deducing
values for the acute toxicity of formulated products in this way was not recommended for
practice in the study on the FSC Policy (Radosevich et al 2002). If this procedure is used
to deduce the toxicity of a formulation, it must consider the highest concentration (i.e. the
lowest dilution) used in formulations to assess the potential hazard of these and to
preclude allowing the use of highly toxic pesticides by diluting them. The surfactant may
contribute to a major part to the toxicity of a pesticide (Tsui and Chu 2003); however, this
can rarely be taken into consideration, as data on the composition is very often not
available. The US Environmental Agency (EPA) categorises pesticides on the basis of
the formulations and this might give more realistic results; however, the US formulations
will not be used in all countries.
The LD50 threshold in the FSC policy is equivalent to the cut-off value for chemicals in
class Ib of the World Health Organization (WHO) classification system (‘ Highly
hazardous’) when the active ingredient tested is in liquid state (WHO 2003). Where a
chemical is consumed as a solid it will be in WHO class Ib if the LD50 is 50 mg/kg body
weight (b.w.) (WHO 2003).
Pesticides with LD50 values falling into the next toxicity class (WHO class II, ‘ Moderately
Hazardous’) are those for which an LD50 has been determined within the range of 2002000 mg/kg b.w. (liquid) or 50-500 mg/kg b.w. (solid) (WHO 2003).
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The FSC Policy applies a threshold for pesticides in the liquid state, although some
products are marketed and administered in the solid form (e.g. granular formulations of
dazomet or carbaryl, or rodent poisons such as sodium nitrate or zinc phosphide).
Strictly speaking, for pesticides applied as solids the WHO threshold value for solids
should be applied. However, the number of pesticides that are applied as solids in
forestry appears to be rather limited.
The threshold set by the FSC for acute toxicity to mammals prohibits the use of any
pesticides that are in either WHO class Ib (‘ Highly hazardous’) or in WHO class Ia
(‘ Extremely hazardous’)(‘ unacceptable’ pesticides, with an LD50 lower than the threshold
defined in section 4.1 of the FSC policy). WHO classification is available for most
pesticides so in most cases it is not necessary to apply the LD50 threshold. However, for
a small number of active ingredients the acute toxicity is not defined by the WHO so that
it would seem reasonable to maintain the LD50 threshold; e.g. fumigants are not
classified under the WHO scheme (PM 2003).
The European Union currently has a classification system based on risk symbols and the
symbols T+ (‘ Very Toxic’) and T (‘ Toxic’) correspond to WHO classes Ia and Ib (EC
2001a, Annex V, p. 10).
Separate classes of acute toxicity are being developed for bees, birds and some
terrestrial organisms, based on LD50 values and also on sub-acute dietary LC50 values
for birds (OECD 2004; Renaud 2004). It would appear to be feasible to apply the acute
toxicity thresholds also to birds until a separate classification for birds has been
implemented. Due to the fact that birds are an important non-target species in forests,
and may have a beneficial function as insect predators, the toxicity of a pesticide to bird
species could be an additional relevant indicator for acute toxicity. In view of the
precautionary principle the most sensitive species should be considered.
In the US chemicals above a certain production threshold are listed within the Toxics
Release Inventory (TIR) program (US EPA 1994, and updates); separate categories for
different hazards exist for chemicals listed within TRI. The US EPA categories for acute
toxicity are comparable to the WHO classification, and WHO classes Ib and Ia (for
solids), taken together, correspond to US EPA category I (signal wording on labels:
‘ Danger’ or, based on oral, inhalation or dermal toxicity, ‘ Poison’) (PM 2003). A revised
version of the FSC Policy might include US EPA category I as an additional threshold for
acute toxicity. The FSC might consider extending this to include also the US EPA
category II (‘Warning’) corresponding to WHO class II, to comply with the WHO
recommendation cited below. The US EPA categorises formulations and some of these
will be rated in category I if they contain the active ingredient at a relatively high
concentrate. E.g., glyphosate in injection capsules for stem application may be in EPA
category I although other formulations are in a lower category; possibly it should be
examined whether this specific method of application has a low potential of the active
ingredient being dissipated in the environment and it might be given an exemption on
this basis. This might be applied to other methods of direct stem application also where it
may be expected that the potential for dissipation into the environment is low.
The World Health Organization (WHO) has recommended some time ago that
‘ pesticides belonging to WHO Acute Toxicity class Ia or Ib, respectively, should not be
used in developing countries, and if possible pesticides of class II should also be
avoided’ (Plestina 1984). Similarly, the Food and Agriculture Organization of the United
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Nations has demanded that farmers in the tropics should abstain from using pesticides
that would require impractical and expensive protective equipment (FAO 2003, Art 3.5).
Therefore the FSC might consider extending the threshold for the acute toxicity to
include pesticides that are in WHO class II also; alternatively, the FSC might recommend
not to use any pesticides that fall into this category in developing countries. However, in
practice this could lead to considerable barriers to forestry operations within developing
country obtaining FSC certification. If the FSC is to follow these FAO recommendations it
will be important that they assist developing country forestry manager switch to safer
alternatives.
It has been pointed out that ‘ taken alone, an LD50 is toxicologically inadequate and may
be only marginally informativexviii’ (Radosevich et al 2000) and the FSC applies additional
thresholds for acute and chronic toxicity to non-target species.
3.2.2

Reference Dose

Definition: Reference Dose (RfD)
‘An estimate of the daily exposure dose that is likely to be without deleterious effect
even if continued exposure occurs over a lifetime’ (WHO 2004).
‘ An estimate (with uncertainty spanning perhaps an order of magnitude) of a daily oral
exposure to the human population (including sensitive subgroups) that is likely to be
without an appreciable risk of deleterious effects during a lifetime. It can be derived from
a NOAEL [no-observed-adverse-effect level], LOAEL [lowest OAEL], or benchmark
dose*, with uncertainty factors generally applied to reflect limitations of the data used.
Generally used in EPA' s non
-cancer health assessments’ (US EPA 2003).
The FSC Policy indicator is ‘ reference dose’ (RfD)
The FSC Policy threshold:
Acceptable pesticide (other criteria apply): RfD
Unacceptable pesticide (use is prohibited): RfD < 0.01 mg/kg day
Each of the uncertainty factors (UFs) used to estimate the RfD is generally an order of
magnitude. The RfD can be used to gauge the potential effects of a chemical at different
doses (US EPA 1993). The RfD value is a limit for individual active ingredients, the
lowest value should be used as being the most protective (further consideration of RfD,
ADI and ARfD is provided below).
3.2.3

Acceptable Daily Intake

Definition: Acceptable Daily Intake (ADI)
‘ Estimated maximum amount of an agent, expressed on a body mass basis, to which an
individual in a (sub) population may be exposed daily over its lifetime without appreciable
health risk’ (WHO 2004).

xviii

Sperling H, Non lethal parameters as indices of acute toxicity: inadequacy of the acute LD50, In:

Mehlman MA, Shapiro RE, and Blumenthal H, New concepts in safety evaluation, p. 177, Washington 1976
*

Benchmark Dose (BMD) or Concentration (BMC): A dose or concentration that produces a predetermined change in
response rate of an adverse effect (called the benchmark response or BMR) compared to background (US EPA 2003)
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‘ The ADI is commonly defined as the amount of a chemical to which a person can be
exposed on a daily basis over an extended period of time (usually a lifetime) without
suffering a deleterious effect’ (US EPA 1993). Like the RfD it is generally considered by
risk assessors to be a ‘soft’ estimate whose uncertainty can span an order of magnitude.
This means that while exposures higher than the ADI are associated with increased
probability of adverse effects, this is not a certainty. Similarly, this no absolute assurance
that exposures lower than the ADI have no associated risk.
Problems associated with ADIs and SFs (safety factors) prompted the RfD Working
Group to develop of the concepts of a reference dose (RfD) and uncertainty factors
(UFs) (see section 3.1.2). However, the ADI is generally used as an equivalent to RfD.
In the FSC policy it is not clear whether ‘ reference dose’ refers to chronic or acute
toxicity. However, as FSC use it as a measure of chronic toxicity it would be clearer to
refer to the ADI.
ADI may also be referred as ‘ tolerable daily intake’ (TDI). The WHO has established
thresholds for many pesticides (WHO 2004b).
3.2.4

Acute Reference Dose

Definition: Acute Reference Dose (ARfD or acute RfD)
‘ An estimate of a substance in food or drinking water, expressed on body weight basis,
that can be ingested over a short period of time, usually during one meal or one day,
without appreciable health risk to the consumer on the basis of all known facts at the
time of evaluation’ (WHO/FAO 1999).
The FSC Policy does not clearly state whether it refers to an acute reference dose and it
appears that it intends to use the RfD as an indicator for chronic toxicity (FSC 2002, 4.3).
It would be clearer to refer to the acceptable daily intake (ADI). An acute reference dose,
on the other hand, denotes an amount of a substance that can be absorbed during a
short time (usually within a day or meal) without presenting any known hazard to health.
This value could be used as an indicator for acute toxicity.
An ADI is established to indicate the chronic hazard that may result from the long-term
absorption of a chemical, while acute RfD characterises the potential short-term hazard.
Both indicators are based on the same toxicological data and require determining a ‘ noobserved-adverse-effect-level’ (NOAEL) according to prescribed testing procedures; it is
assumed that a short-term transgression of an ADI generally does not signify a health
risk as a safety factor is applied in addition (Solecki and Pfeil 2001). The ADI indicates
that the average daily intake should not exceed the specified amount.
The acute RfD was introduced to assess the hazard of chemicals that have a high acute
toxicity, where a transgression is normally not tolerable on a short-term basis as acute
toxic effects may occur and where daily variation in exposure may have a significant
impact (assessment of exposure is based on the average size of a single portion of a
commodity consumed, not on the average amount consumed per day as for chronic
risks) (Solecki and Pfeil 2001). An acute RfD considers studies with animals on acute
toxicity (single-dose), sub-acute (14 or 28 days in the EU) and sub-chronic toxicity (90
days), reproductive and developmental toxicity, neurotoxicity, metabolism, and (on an
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optional basis) mechanism of toxic effects and human toxicity; and in the EU, genotoxic
and carcinogenic effects are also considered (Solecki and Pfeil 2001).
Radosevich (2000) recommended that the FSC use the lowest RfD value if more than
one value had been established. This recommendation has been criticised (Tomkins
2004). However, selecting the lowest value where there is more than one threshold
value would appear to be justified in the case of toxicity to vertebrates as there are a
large number of different vertebrate species in an ecosystem and for many of these
species the toxicity of chemicals is unknown.
The US Environmental Protection Agency maintains a list of substances and a system
for tracking assessments of chemicals (US EPA 2004a; US EPA 2004b), in addition to
lists of the re-registration status of pesticides (US EPA 2004; US EPA 1998). The
establishment of RfD values continues and existing values are reevaluated (US EPA
2002).
Radosevich states that ‘The level of 0.01 mg/kg/day is selected because several
pesticides with RfDs at this level or higher have been thoroughly studied in
Environmental Impact Studies and found likely to produce no or only transient ecological
damage (in worse case, accident scenarios) at doses needed to produce herbicidal
effects in forest environments xvi. Chemicals with lower RfDs are generally indicative of
greater toxicity and hence are to be avoided’ (Radosevich et al 2000)3.
The acceptable daily intake (ADI) or toxicity reference dose (RfD) (as it is termed by the
US EPA) is based on data for various toxicological end points in addition to acute
toxicity. The World Health Organisation (WHO) lists chemicals and pesticides ‘ of health
significance’ in drinking-water4 and has established ADI values for a number of different
pesticides5. The first two steps within risk assessment are the evaluation of hazard and
of the dose-response relation6. Establishing the acceptable daily intake presents a basis
for the following third step of evaluating human exposure:
‘ Non cancer risk assessment usually involves use of the reference dose (RfD) approach.
For toxicity end points presumed to have a threshold, the EPA and other U.S.
government agencies establish an RfD for a given exposure duration (usually acute or
chronic, but sometimes intermediate). A chronic RfD is an estimate of a daily exposure
to a population that, over a 70-year life-span, is likely to have no significant deleterious
effects. An acute RfD considers a 1-day exposure only. Other federal agencies, such as
the FDA, refer to the ADI as an “Acceptable Daily Intake. To calculate the RfD, the risk
assessor first chooses the most appropriate; usually the most sensitive, effect from a
chronic or acute study. Next, the “no-observable adverse effect level”, or NOAEL, is
identified for this effect. Finally, uncertainty factors are applied to the NOAEL. Modifying
factors between 3- and 10-fold are also applied when critical studies are missing. In
general, the RfD for an acute exposure may be much higher than the RfD for a chronic
3

Radosevich S, Lappe M, and Addlestone B 2000: Use of chemical pesticides in certified forests:
clarification of FSC criteria 6.6, 6.7, and 10.7 (see p. 12); and reference xvi therein
4
WHO Regional Office for South-East Asia 2002: http://w3.whosea.org/techinfo/water.htm#2
5
World Health Organization (WHO) 2004: WHO Guidelines for drinking water-quality, Chemical fact
sheets, http://www.who.int/water_sanitation_health/dwq/gdwq3/en/
6
Rodricks JV 1992: Calculated risks: understanding the toxicity and human health risks of chemicals in our
environment, Cambridge, pp.166-169, 185-186 and pp. 193-196
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exposure, but this depends strongly on the nature of the chemical and effects under
study. (...) Over time, this 100-fold factor was split into two factors of ten each. For
pesticides, a third 10-fold factor is required to account for differences between children
and adults in exposure and susceptibility, unless the EPA can demonstrate that a
different factor is adequately protective of children’7.
The two ‘ safety factors’ or ‘ uncertainty factors’ account for animal vs. human sensitivity
and for differences in human sensitivity. It was found that, ‘ prior to 1996, risk assessment
and regulations in the United States for pesticides in food crops permitted children to be
exposed to unsafe levels of many pesticides (2)’8. Therefore an additional ten-fold factor
was introduced in the US on the basis of the Food Quality Protection Act (1996) that
must be considered when ‘ insufficient data exist to assess the special exposures and/or
vulnerabilities of infants and children (15)’. Although this factor constitutes part of a risk
assessment and is not limited to hazard assessment, it is applied under the condition
that data does not suffice to assess exposure. It appears unlikely that these standards
apply to many of the RfD values considered in the study by Radosevich et al3, as it
refers to a US government study published in1998. Opinions diverge as to how
conservative the RfD is:
‘ Each uncertainty factor is designed to account for one specific source of uncertainty, for
which either the direction of the difference or the magnitude of the difference between an
estimated value and the true value is unknown. Each factor is presumed to account for
extreme differences that might exist between estimated values and true values. Because
not all true differences are expected to be at their extremes simultaneously, reducing an
observed exposed value by a product of default uncertainty factors may lead to undue
conservatism, in the sense that the resulting acceptable exposure level is lower than is
necessary to provide the desired health protection’9.
However, in experiments of limited size there is a limit to the incidence of disease that
can be detected: ‘ In typical animal experiments, risks lower than 5-10% cannot be
statistically measured’6. It is held that for ‘ all toxic effects except carcinogenesis and
perhaps mutagenesis there is probably a threshold dose that must be exceeded before
toxicity is created’6, and the maximum dose at which ‘ no effects’ are observed is called
the no-observed (adverse) effect level (NOEL or NOEAL). There is ‘a strong possibility’
also that the threshold dose varies for individual human beings and as a consequence
the NOEL ‘ is probably not the threshold dose for a large and highly non-homogeneous
human population’6. It has been pointed out that the ADI is ‘ not a sharp dividing line
between ‘ safe’ and ‘ unsafe’ exposures’ and that it is ‘ not an ‘ absolutely safe’ intake
level’6. Although it appears likely that it will fall below the true but unknowable threshold
dose for most people there is ‘ no way to guarantee that it covers absolutely everybody’6.
The ADI is not a direct expression of risk (which is a probability), but represents a ‘ very
low risk’ intake, or dose, and it is not possible to define what ‘ very low’ means except for
a few agents (such as air pollutants that cause readily observable damage to human
health) 6.
7

Levy BS, and Wegman DH 2000: Occupational health, Philadelphia, pp. 84-85; and reference 53 therein
Landrigan PJ 1999: Risk assessment for children and other sensitive populations, In: Bailer JA et al (eds)
1999: Uncertainty in the risk assessment of environmental and occupational hazards, Annals of the New
York Academy of Sciences, vol. 895, pp. 1-9; and references 2 and 15 therein
9
Kodell RL, and Gaylor DW 1999: Combining uncertainty factors in deriving human exposure levels of
noncarcinogenic toxicants, In: Bailer et al (eds) 1999 (see reference 7 above, pp. 189-190)
8
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‘Without knowledge of the risk associated with an ADI, and no good data or even
hypothesis about the dose-risk relationship above the ADI and below the region of
observable toxicity (i.e., the zone covered by the safety factor), then it is not possible to
say much about the risk that exists when people are exposed above the ADI. Risk
assessors can make only qualitative statements to the effect that risk increases at doses
above the ADI, but in an unknown fashion; the greater the exceedance of the ADI, the
greater the potential risk - the greater the fraction of the population whose thresholds are
exceeded. Keep in mind that there is no doubt some ADIs that are excessively
protective, such that doses well above them create no risk; it is just not easy to
determine which ones those are’6.
An EPA review suggested that the current safety factors are adequately protective10,
however, concerning developmental toxicity the following has been stated:
‘ Yet another problem with the NOAEL approach is that it typically relies on analysis of
individual outcomes, rather than forming part of a risk assessment procedure that
considers the entire process of foetal development. In other words, a separate NOAEL is
computed for each adverse effect of interest (for example, death, malformation, and low
birth weight), and the minimum NOAEL is selected for regulatory purposes. This strategy
may appear to be conservative, but can actually be anticonservative in situations where
there are subtle but consistent changes in a number of outcomes’11.
In a compilation of 1,000 active ingredients (AIs) an ADI was listed for 256 of these 12 84
ADI values (1/3 of the ADI values or 8% of all AIs) were below the threshold of 0.01
mg/kg/day. In general the ADI values did not coincide with acute toxicity (WHO class).
Among 37 pesticides that were considered unacceptable in the review (listed in section
4.1), 7 were unacceptable on the basis of the ADI or RfD threshold. One of these was
unacceptable on the basis of this threshold only (methyl bromide), while for three other
AIs the RfD was below the threshold and bio-accumulation was observed additionally
(the values for the bio-concentration factor or KOW needed to be examined in literature):
diquat, dibromide, paraquat and terbuthylazine. The other three AIs were unacceptable
for two or more indicators. It does not appear likely that the current RfD threshold might
render unacceptable a considerable number of active ingredients. Generally ‘ the RfD for
an acute exposure may be much higher than the RfD for a chronic exposure, but this
depends strongly on the nature of the chemical and effects under study’7. The FSC
policy does not clearly specify whether it refers to a chronic or acute RfD. In line with the
precautionary principle, the following has been recommended for assessing individual
pesticides: ‘Where two different RfDs are known, the lowest value should be adopted as
the most protective’3.
3.2.5

Acute Aquatic Toxicity

Definition: Acute Aquatic Toxicity (LC50 or EC50)

10

US Environmental Protection Agency (EPA) 2002: A review of the reference dose and reference
concentration processes, Washington, D.C., http://www.epa.gov/IRIS/RFD_FINAL[1].pdf
11
Ryan L, and Molenberghs G 1999: Statistical methods for developmental toxicity, In: Bailer et al 1999
(see reference 7 above, p. 197)
12
Pesticide Action Network (PAN) UK 2002: Key to active ingredients hazards table
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The acute toxicity to aquatic organisms, is the concentration [in water] that kills 50% of a
population of test species after a specified time: fish (96 h LC50), crustaceans (48 h
EC50), and/or algae (72 h or 96 h LC50) (OECD 2001). It is also referred to as median
effective concentration EC50 or lethal concentration LC50 (PM 2003).
The FSC Policy indicator is acute aquatic toxicity (LC50 or EC50)
FSC Threshold:
Acceptable pesticide (other criteria apply): LC50
Unacceptable pesticide (use is prohibited): LC50 < 50 ug/l
FSC’s chemical standard subsumes LC50 under ‘ chronic toxicity’ although this is an
indicator of acute toxicity to aquatic species. Possibly misunderstanding has arisen
because the acute dietary toxicity (e.g., for birds) may be described with the same
indicator (measured as the concentration of a chemical in diet), while feeding tests are
carried out over a longer period.
According to current FSC policy pesticides that affect the survival of trout (considered a
sensitive species) at 50 ppb [parts per billion, equivalent to ug/l] or lower are considered
to have high aquatic toxicity (Radosevich et al 2000).
The categories for acute toxicity in the aquatic environment have been defined differently
elsewhere. A more stringent threshold for ‘ high toxicity’ has been set by Kamrin (1997) at
100 ug/l:
Toxicity category
Very highly toxic
Highly toxic
Moderately toxic
Slightly toxic
Not acutely toxic

LC50 (ug/l)
< 100
100 - 1000
1000 - 10,000
10,000 - 100,000
> 100,000

Using current FSC thresholds a chemical has to have a two-fold higher aquatic toxicity
than in Kamrin’s system to be regarded as having ‘ high aquatic toxicity’.
Within the ' Globally Harmonised System' of classification being developed by the OECD
the intrinsic hazard to aquatic organisms is represented by both the acute and the
chronic toxicity of a substance, the relative importance of which is determined by the
specific regulatory system in operation; the following thresholds have been established
(OECD 2001, p.74-75):
Acute I
Acute II
Acute III

LC50 (EC50)
1 < LC50 (EC50)
10 < LC50 (EC50)

Chronic I

LC50/EC50 as Acute I, and substance is not rapidly degradable
and/or the log KOW
< 500)
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Chronic II
Chronic III

LC50/EC50 as Acute II, and substance is not rapidly degradable
and/or the log KOW
< 500) unless the chronic toxicity NOECs are > 1 mg/L
LC50/EC50 as Acute III, and substance is not rapidly degradable
and/or log KOW • 4 (unless the experimentally determined BCF <
500) unless the chronic toxicity NOECs are > 1 mg/L

While the threshold in FSC’s current standard is half of that recommended by Kamrin
(1997), the GHS threshold value for the highest aquatic toxicity category is significantly
higher (1 mg/L or 1000 ug/L). Presumably the number of pesticides with a lethal effect
on 50% of test organisms at this concentration would be significantly larger, too. Due to
the generally high fish toxicity of pyrethroids (Börner 1981) this criterion will be critical for
determining whether they are acceptable; also, many organophosphates and
carbamates may prove to be unacceptable for use on the basis of acute aquatic toxicity.
If the present threshold is maintained at its comparatively low (i.e. not very stringent)
level, an additional preventive measure would be to prescribe (or recommend) extended
buffer zones along surface waters for pesticides from any of the three groups mentioned
above.
3.2.6

Persistence

Definition: Persistence
’Rate of dissipation of pesticide in soil’ (Russell 1995, p. 61); usually measured as the
time until 50% of the substance is lost: –half-life in soil (or in water): DT50, in days (d)
(PM 2003). A DT90 value indicates the time until 90% of a chemical has been degraded.
The FSC Policy indicator is persistence in water or soil (DT50)
FSC Threshold:
Acceptable pesticide (other criteria apply): DT50 < 30 d, ‘ non- or weakly persistent’
Unacceptable pesticide (use is prohibited): DT50
ersistent’
Marginally acceptable (other criteria apply): 30 d
50 < 100 d, ‘moderately persistent’
The half-life of a pesticide in surface waters has been judged to be high when above 100
days (Hedgecott 1994) and degradation is judged to be rapid when a chemical degrades
by over 70% within 28 days (OECD 2001). In the European Union no active ingredient
can be authorised when it or its metabolites (if metabolites are significant from the
toxicological, eco-toxicological or environmental point of view), after use under the
proposed conditions in the field, persist in soil for more than one year (i.e. DT90 > 1 year
and DT50 > 3 months) (OECD 2002).
The OECD threshold for persistence in water is relevant, as the FSC’s indicator
considers persistence both in water and in soil. It is known that degradation in general
proceeds more rapidly in water than in soil and the OECD will have acknowledged this in
their evaluation (OECD 2001).
In the US, criteria have been established for identifying persistent, bio-accumulative and
toxic (PBT) chemicals, and the half-life criterion for water, sediment and soil was set at
two months for a chemical to qualify as persistent (US EPA 1999). The list of PBT
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chemicals includes pendimethalin, a herbicide used in forestry (US EPA 2004c). It has
been found that availability and quality of data on variables relevant for determining
overall persistence vary and that for some information is lacking (GEF 1999).
The fact that the half-lives of a chemical in soil are often strongly dependent on the type
of soil, temperature and water content does not disqualify this data from being used. In
many cases the mean value or the median (the value which is in the middle of a set of
values arranged in order of size) is listed or may be calculated from the range of
reported values for the soil half-life. Half-lives may refer to specific soil types and
specifically to either anaerobic or aerobic degradation pathways (PM 2003). It is
necessary to employ DT50 values that are appropriate for a certain site (soil or surface
water). In soil, the mobility of a chemical has an influence on how deep it may leach
while this again depends on the adsorption to soil and the solubility in water. Other
important factors are climate and the soil water content, therefore the range of values
measured under different conditions can be very broad. It has been found that the
extractable, potentially mobile fraction of herbicides in soil decreased with time but
increased after dried soil was moistened again (Pätzold and Brümmer 2000).
FSC policy has been criticised for being too selective in the choice of criteria employed
and that others should be included, for example the adsorption of a pesticide to soil
(measured as the soil sorption coefficient Kd or, adjusted for the proportion of organic
carbon in the soil, KOC) (Tomkins 2004). The soil sorption coefficient indicates potential
for leaching into deeper layers of soil and eventually groundwater.
Additional factors may have a large influence on how fast a pesticide will leach through
soil. The risk of a pesticide leaching into groundwater has been studied in Europe ‘The
Pan-European results confirm that the predicted leaching concentration generally
increases with precipitation and irrigation and decreases with increasing organic matter
content. Because of the strong sensitivity of the leaching concentration to soil properties,
there is a strong variability of the calculated leaching concentration at relatively short
distances. Results further indicate that due to large irrigation amounts combined with
large temporal variation of rainfall in the Southern European countries, the trend in the
calculated leaching risks from North to South was less than expected. This implies that
areas of high leaching risk ("hotspots") as assessed by means of the EuroPEARL model
occur in all countries of the European Union, including the Southern European countries’
(Tiktak et al 2004). Assessing leaching potential requires assessing adsorption to soil.
Chemicals that adsorb strongly to soil can be carried off site with soil particles, and when
assessing the potential for particle-bound transport both persistence (measured as DT50,
half-life in days (d)) and soil adsorption (measured as KOC) need to be considered; it has
been estimated that this potential is high for pesticides when DT50
OC
or when DT50
OC
potential of particle-bound runoff, and all other values correspond to a medium potential
(Spikkerud 2002).
Regarding the behaviour and fate of pesticides in soil, the following has been asserted:
‘ pesticides bound to soil particles are neither degraded nor finally immobile. On the
contrary, a strong adsorption of chemicals often increases their persistence and results
in accumulation effects [i.e. accumulation in soil]. Sorbed pesticides can also be subject
to translocation by e.g. run-off, percolating water or soil cultivation. (...) It derives from
the highly generalised table [6.3 Effects of various boundary conditions on pesticides’
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behaviour in soil] that due to the specific combination of soil properties, either
accumulation and increased persistence or higher evaporation, plant uptake and
leaching may occur. Consequently, changes in the soil boundary conditions may lead to
an alteration of physical and chemical properties in soil. In this case, immobile residues
of pesticides could be re-mobilised and neither groundwater pollution nor intake into the
food-chain can be excluded’13.
The transport and mobility of chemicals in the environment is very complex and it has
been concluded that ‘ our understanding of the basic mechanisms – and in particular, the
dynamics of the partitioning of xenobiotics between all phases, including truly dissolved
organic matter, colloidal material, and particulate matter – and their relative importance
in determining the exposure of biota to xenobiotics is strictly limited’14.
Glyphosate is strongly adsorbed to most soils and can be lost to run-off adsorbed to
colloidal matter (although the proportion of the applied chemical has been estimated to
be low)15. However, it was found that in the presence of copper, formation of copperglyphosate complexes increases the desorption of glyphosate from montmorillonite and
that the desorbed amount is ‘ not negligible’16. This would account for the fact that in the
US glyphosate and its primary degradation product (AMPA) have frequently been
measured in rivers at concentrations above 0.1 ug/l17. Leaching of hexazinone from
loamy and sandy soils in France has been reported to be a potential risk to
groundwater.18
The use of soil adsorption as an indicator might better be used in assessments that also
take site-specific factors into account.
3.2.7

Bio-magnification and bio-accumulation

Definition: Bio-magnification
Bio-magnification is the uptake of a substance via the food chain involving different
pathways and different trophic levels (Handley and Knight 1995). It describes the
inherent propensity of a chemical to accumulate within the food chain or web.
Definition: Bio-accumulation
Bio-accumulation is the accumulation of a substance in organisms; it can occur either by
direct uptake or through the food chain (Handley and Knight 1995). It describes the
inherent property of a chemical to accumulate within an organism.
The FSC Policy indicators are Bio-magnification and bio-accumulation (KOW or BCF (for
aquatic organisms) or BAF (for terrestrial organisms)
13

Kuhnt G 1995: Long-term fate of pesticides in soil, In: Salomons W, and Stigliani WM (eds) 1995:
Biogeodynamics of pollutants in soils and sediments, Berlin, pp. 123-133
14
Neilson AH 1994: Organic chemicals in the aquatic environment, Boca Raton, Florida (p. 78)
15
Extension Toxicology Network 1996: PIPs: Glyphosate, http://extoxnet.orst.edu/pips/glyphosa.htm
16
Morillo E, Undabeytia T, and Maqueda C 1997: Adsorption of glyphosate on the clay mineral montmorillonite, Environmental Science and Technology 31(12), 3566, http:dx.doi.org/10.1021/es970341l
17
US Geological Survey 2002: Pesticides in the environment: Glyphosate reconnaissance,
http://co.water.usgs.gov/midconherb/html/recon2002.html
18
Dousset S, Chauvin C, Durlet P, and Thevenot M 2004: Transfer of hexazinone and glyphosate through
undisturbed soil columns in soils under Christmas tree cultivation, Chemosphere 57(4), 265-272,
http://dx.doi.org/10.1016/j.chemosphere.2004.06.007
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FSC Thresholds:
Acceptable pesticide (other criteria apply): KOW
OW )
Unacceptable pesticide (use is prohibited): KOW > 1000 i.e. log(KOW) > 3
A pesticide qualifying as acceptable has to meet the requirement that it should not bioaccumulate; the tendency to bio-accumulate is indicated by the octanol-water partition
coefficient KOW (a measure of how lipophilic a chemical is) or by log(KOW), the decadic
logarithm of KOW.
The bio-concentration factor (BCF) and the bio-accumulation factor (BAF) also measure
both bio-magnification and bio-accumulation. These factors are the ratio of the
concentration of a pesticide in an organism’s tissue to the concentration in surrounding
water or in terrestrial environment, respectively (Roy and Hänninen 1995). The US EPA
has established guidelines on how to derive and apply these factors (US EPA 2003).
The FSC Policy uses these indicators alternatively as a criterion for assessing a
pesticide’s potential for bio-magnification and bio-accumulation, and the same threshold
is applied as for KOW values. This may be an inappropriate approach, however, as a
threshold based on the BCF or BAF may need to be lower:
‘ In general, the BAF and BCF values are slightly more sensitive to bio-concentration than
is the KOW, as the former values reflect actual biological measurements while the KOW
employs a differential solubility factor only’ (Radosevich et al 2000).
The log Kow values for several pesticides reported by Kamrin (one of the main sources in
the study by Radosevich et al) and values in the Pesticide Manual differ in a limited
number of cases.
The indicator for bio-accumulation and bio-magnification, Kow or P, depends on how
hydrophilic or lipophilic a chemical is. This property is considered independently from
other indicators such as persistence (and this also is considered separately). The
Globally Harmonised System (GHS), when implemented; will provide a system for
assessing the hazard of chemicals (OECD 2001)19. E.g., for chronic aquatic toxicity this
considers acute toxicity, half-life and bio-accumulation simultaneously.
The threshold for bio-accumulation or bio-magnification is applied both to Kow and the
bio-accumulation or bio-concentration factor (BAF or BCF). It is identical to that used by
the US EPA for persistent, bio-accumulative and toxic (PBT) chemicals subject to
reporting under section 313 of the Emergency Planning and Community Right-to-Know
Act of 1986 (EPCRA):
‘ As with persistence, a number of organizations and internationally negotiated
agreements have set numerical criteria for bio-accumulation, many of which have been
19

Organisation for Economic Co-operation and Development (OECD) 2001: Harmonised integrated
classification system for human health and environmental hazards of chemical substances and mixtures,
http://www.olis.oecd.org/olis/2001doc.nsf/LinkTo/env-jm-mono(2001)6
Websites of the WHO and OECD on the implementation of the GHS:
http://www.who.int/ipcs/capacity_building/ghs_statement/en/
http://www.oecd.org/document/25/0,2340,en_2649_34371_1902553_1_1_1_1,00.html
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developed through a consensus processes. Of those reviewed, the criteria used for bioaccumulation was a BAF/BCF numerical value of either 5,000 or 1,000 or, in some
cases, 500. The bio-accumulation criteria chosen by the international organizations as
criteria for chemicals that are being banned or severely restricted was 5,000. However,
for the same reasons discussed in Unit IV.B.1., EPA stated that the criteria used by the
international organisations would not be appropriate for purposes of EPCRA section
313. Therefore, EPA used a BAF/BCF numerical criterion of 1,000 for determining if a
chemical is bio-accumulative for purposes of EPCRA section 313’20.
A proportion of the large number of chemical classes represented by various active
ingredients that are used as pesticides may be considered as weak acids or bases.
Chlorophenoxy acid and triazine herbicides, for instance, are organic acids and weak
bases, respectively. Many chemical classes of pesticides (such as organochlorines,
organophosphorus esters or carbamates) are not acids or bases (although esters may
hydrolyse under strongly acidic or basic conditions this does not correspond to field
conditions, however it would have to be considered within persistence).
It is necessary for acids and bases (which dissociate in water) to indicate the pH values
and salt concentrations at which the reported data was determined: ‘ As with solubility,
Kow is a function of the presence of electrolytes and for dissociating chemicals it is a
function of pH’ (Mackay et al 1997, p. 8)21. Pesticides that dissociate are chlorophenoxy
acids in the form of the salt or free acid (but not in the form of their esters - several 2,4-D
esters are used in forestry), triazines (such as atrazine, simazine or terbuthylazine), and
glyphosate (salt or free acid).
The standard state for a pure phase, mixture or solvent in the liquid or solid state is ‘ the
state of the pure substance in the liquid or solid phase at the standard pressure’,
standard pressure being defined as 105 Pa or 1 bar22. The ‘ standard ambient
temperature’ is 25°C (Atkins PW 1998, Physical chemistry, p.20). The physiological pH
7.3 is close to the pH 7.0 of a neutral solution, which would be an ideal condition of
measurement (in water) referred to for a pesticide that dissociates. It appears that there
is no prerequisite for the pH, however. Most pesticides are formulated as a liquid mixture
of the active ingredient with a solvent. The standard state for a solute in solution is ‘ the
(hypothetical) state of solute at the standard molality m°, standard pressure p° or
standard concentration c° and exhibiting infinitely dilute solution behavior’16. For
pesticides that dissociate, the pH at standard concentration or molality (1mol/l or 1
mol/kg) can be calculated from the acid dissociation constant (Ka or pKa). In aprotic
solvents the concentration of hydrogen ion will be zero for a chemical that does not
dissociate.
A comparison by Tomkins (no year) of data for log Kow reported by Kamrin (1997) and
data reported in the Pesticide Manual (BCPC 2003) shows that the differences between
the values are limited in most cases23. Significant difference between pairs of values are
20

US Environmental Protection Agency (EPA) 1999: PBT Final Rule, Federal Register 64(209), p. 58669,
http://www.epa.gov/fedrgstr/EPA-WASTE/1999/October/Day-29/f28169.htm
21
Mackay D, Shiu WY, and Ma KC 1997: Illustrated handbook of physical-chemical properties and
environmental fate for organic chemicals, volume 5: Pesticide chemicals, Boca Raton, Florida
22
IUPAC 2004, http://www.iupac.org/general/search.php (search site for ‘standard state’)
23
Tomkins IB (no year): A comparison of log Kow values from the Tables provided with the Radosevich et
al. 2000 paper and the values from the British Crop Protection Council Pesticide Manual 13th ed. 2003
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either due to substantial variation in pH (by two or more units) or where the compounds
dissociate and/or have polar groups, e.g. for sulfuron methyl and sethoxydim17. For
carboxylic acids (such as chlorophenoxy acids) the fact that in non-polar solvents the
molecules form pairs must be taken into account24.
Temperature dependence of log Kow appears to be limited. E.g., for hexachlorobenzene
the values at 25°C and 15°C are 5.46 and 5.60, respectively, differing by less than 3%
while the corresponding Kow values differ by 38%25; however, the Kow values are two
orders of magnitude above the current threshold at both temperatures.
Acute Toxicity Exposure Ratios (TERs) can be calculated, based on LC50 or EC50
[median effective concentration], a predicted initial environmental concentration (PIEC)
for a 10m-buffer zone, a surface runoff of 0.5%, 0.3% and 0.1% for pesticides with a
high, medium and low potential for particle-bound transport, respectively. The resulting
TER values are then assigned a score A for acute aquatic risk between 0 and 4
(Spikkerud 2002). A score B for bio-accumulation can then be calculated, based on the
bio-concentration factor (BCF) (or the octanol-water partition coefficient, if BCF is not
available), on the soil half-life and the purification half-life (depuration rate from bioaccumulation studies)*. The score for acute aquatic risk and for bio-accumulation can be
integrated into a single aquatic risk indicator for active ingredients (Spikkerud 2002).
However, there data availability (e.g. for exposure) is often limited and aggregating
variables that represent many different ecological effects is problematic (Falconer 1998).
3.2.8

Carcinogenicity

Definition: Carcinogen
‘The term ' carcinogen' is used in these monographs to denote an exposure that is
capable of increasing the incidence of malignant neoplasms; the induction of benign
neoplasms may in some circumstances (see Section 9) contribute to the judgement that
the exposure is carcinogenic. The terms ' neoplasm' and ' tumour' are used
interchangeably’ (IARC 2004, Preamble, 2. Objectives and scope).
Carcinogenicity, referring to a specific agent, is the property of that agent to be
carcinogenic to an organism upon exposure (IARC 1999); while carcinogenesis is the
‘ process by which cancer develops in the body’ (Stine et al 1996). Cancer is a ‘general
term referring to many kinds of malignant growths which invade adjoining tissue and
sometimes spread to distant tissues’ (Stine et al 1996).
The FSC Policy indicator is carcinogenicity
FSC thresholds:
Acceptable pesticide (other criteria apply): if listed in no category below
Unacceptable pesticide (use is prohibited): if listed in any category below
The FSC Policy includes three thresholds for carcinogenicity:

24

Kertes and King 2004, Biotech & Bioengin 28(2), 269, http://doi.wiley.com/10.1002/bit.260280217
Finizio and Di Guardo 2001, Chemosphere 45(6-7), http://dx.doi.org/10.1016/S0045-6535(01)00105-9
*
Spikkerud E, Pesticide risk indicators developed and used by Norway, OECD survey of national pesticide
risk indicators, 2002 (http://www.oecd.org/dataoecd/20/50/1934217.pdf)
25
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(a) International Agency for Research on Cancer (IARC) within Group 1: ‘The
agent (mixture) is carcinogenic to humans’, or within Group 2A: ‘The agent
(mixture) is probably carcinogenic to humans’ (IARC 2004);
(b) US Environmental Protection Agency (EPA) defined as a chemical that is within
Group A: ‘Human carcinogen’ (US EPA 1986);
(c) US EPA defined as a chemical that can ‘reasonably be expected to be
carcinogenic to humans’ (chemicals categorised by EPA into Group B2, see
below)
In this section (point 4.3) of the FSC Policy, some errors should be noted:
• The IARC is not an institution of the USA. It is connected to the WHO.
• There is no category ‘ 1A’ within the US EPA classification, hence where the
FSC policy refers to category 1A it should refer to Group A.
• The US EPA definition relevant to (c) above is ‘It is reasonable, for practical
purposes, to regard an agent for which there is “sufficient” evidence of
carcinogenicity in animals as if it presented a carcinogenic risk to humans.
Therefore, agents for which there is “sufficient” evidence from animal studies
and for which there is “inadequate evidence” or “no data” from
epidemiological studies would usually be categorized under Group B2’ (US
EPA 1986).
Carcinogenicity is usually considered a chronic effect, although a single exposure to a
carcinogen may suffice to trigger the formation of different types of cancer (US EPA
1993). In the US, new guidelines have been developed for assessing potential
carcinogens (US EPA 2003a; US EPA 2004d). Recent listings of chemicals classified by
carcinogenicity are in the 10th Report on carcinogens (US DHHS 2002) and a TRI report
(US EPA 2001). There is a call to review atrazine and captafol for listing since IARC
found sufficient evidence of carcinogenicity in animals (US DHHS 2004). The IARC
(1999) concluded that evidence for the carcinogenicity in humans was inadequate, and
that there was sufficient evidence in experimental animals for the carcinogenicity of
atrazine.
US categories for listing carcinogens are:
- ‘Known to be a human carcinogen’ and
- ‘Reasonably anticipated to be a human carcinogen’ (US DHHS 2002).
These categories for evaluation of carcinogens are established by the National
Toxicology Program (NTP) and are mandatory by US law and therefore cannot be
modified subsequent to discussion with others (IARC 2003). The United Nations have
agreed upon and outlined classification criteria, including carcinogenicity of substances
and mixtures, and IARC have provided classifications for many chemicals (WHO/IARC
1993).
Within the EU, chemicals are classified by different end-points in Annex 1 to the
Consolidated version of the Directive on Dangerous Substances (EC 2001a; EC 2004d).
The database for the classification of chemicals of the European Chemicals Bureau
allows searching Annex I (ECB (no year)).
3.2.9

Endocrine disruption

Definition: Endocrine disrupting chemical (EDC, or ‘ Endocrine disruptor’)
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‘ An endocrine disrupter is an exogenous substance or mixture that alters function(s) of
the endocrine system and consequently causes adverse health effects in an intact
organism, or its progeny, or (sub) populations’ (EC 1999).
The FSC Policy indicator is endocrine disruption
FSC threshold:
Acceptable pesticide (other criteria apply): not classified as EDC by US NTP or EPA
Unacceptable pesticide (use is prohibited): classified as EDC by US NTP or EPA
Endocrine disruption is associated with chronic effects. The US Environmental
Protection Agency (EPA) has set up a program for screening endocrine disrupting
chemicals (US EPA 2004e). So far, substances have been listed for validating screening
methods (ICCVAM 2002). The National Toxicology Program (NTP) of the US
Department of Health and Human Services maintains listings of chemicals and
presumably these are based on the same evaluations of chemical hazards as those of
the US EPA. The NTP is ‘an interagency program whose mission is to evaluate agents
of public health concern’ (NTP 2004). Within the Toxics Release Inventory (TRI) program
of the US EPA, chemicals are listed in different hazard categories, and two of these are
' Reproductive Toxin' and ' Developmental Toxin' . A reproducti
ve toxin specifically affects
reproduction and a developmental toxin affects the development of the organism.
According to the above definition both types are endocrine disruptors. A pesticide that is
in either of these two TRI categories is unacceptable (use is prohibited) on the basis of
the FSC threshold for endocrine disrupting chemicals (EDCs).
While there is a clear classification system for carcinogens, at the present moment
classification of EDCs is still under development; however, the EU plans to monitor
EDCs (EC 2004c; EC 2003) and has established a priority listing of EDCs (EC 2000;
FoE 2001). It has been found that a large proportion of EDCs are developmental toxins,
carcinogens and/or mutagens simultaneously (Choi et al 2004). The WHO has recently
compiled an overview of current scientific knowledge about endocrine disruption (WHO
2002).
In the UK, use of the fungicide vinclozolin has been considerably restricted because of
its anti-androgenic activity (DEFRA 2004). Listings of EDCs have been provided for over
a decade (Benbrook 1996; Colborn et al 1993) and it has been pointed out that more
research needs to be carried out on this issue (Work session 1999).
3.2.10 Mutagenicity to mammals
Definition: Mutagens
‘Toxicants that interact with and produce changes in cellular DNA’ (Stine et al 1996, p.
53)
Within the body there are enzymes that can repair changes in DNA, however, if such
changes are not repaired ensuing damage can lead to mutagenicity or carcinogenicity
(Stine et al 1996, p. 53).

47/101

PAN Review of FSC Chemicals Policy

The term ‘ genotoxic’ means ‘ damaging to DNA’ (Dorlands Illustrated Medical Dictionary,
Philadelphia 1994), therefore it appears that the terms ' mutagenic' and ' genotoxic' are
used synonymously.
The FSC Policy indicator is mutagenicity to mammals
FSC threshold:
Acceptable pesticide (other criteria apply): not mutagenic to a mammalian species
Unacceptable pesticide (use is prohibited): mutagenic to any species of mammals
Mutagenicity is usually associated with chronic effects and might be considered a subcategory of carcinogenicity. A study on biomarkers (biochemical indicators) for genotoxic
exposure concluded:‘although there are many potential contributing mechanisms to
carcinogenesis, mutagenesis remains the dominant driving force behind the process’
(Grant 2001). This mechanism for carcinogenesis is referred to as "non-threshold," since
there is theoretically no level of exposure for such a chemical that does not pose a small,
but finite, probability of generating a carcinogenic response.
There appears to be no official scheme for categorising mutagens so far although the
labelling requirements in the Pesticide Manual provide an indication of mutagenicity that
could be used. The US EPA has carried out studies on mutagens in the environment but
only a few questions were answered (US EPA 1990). Although the OECD’s Globally
harmonised System for classifying chemicals has not yet been introduced it will include
classifications for mutagenicity groups chemicals into three categories: Category 1A
(‘known’), 1B (‘should be regarded as if’) and 2 (‘possibility’) (OECD 2001, p. 45).
3.3

Current policy – Indicators and thresholds (sections 4.2 and 4.4)

The indicators and thresholds in sections 4.2 and 4.4 of FSC’s Chemicals Policy refer to
chemical composition or legislation and therefore are qualitative, nonetheless they
establish a number of stringent criteria for identifying whether a pesticide is acceptable
or not for use in certified forests. The current policy regarding prohibited pesticides is
provided in Annex IV of this report and the list of currently prohibited pesticides is
provided in Annex II.
3.3.1

Chlorinated hydrocarbons

Definition: Chlorinated hydrocarbons
Compounds that consist of chlorine-substituted hydrocarbons (Manahan 1993, p. 321).
These compounds belong to the larger group of organohalide compounds which include
brominated and fluorinated hydrocarbons.
The FSC Policy indicator is ' chlorinated hydrocarbon'
Acceptable pesticide (other criteria apply): not chlorinated or exemption (below)
Unacceptable pesticide (use is prohibited): chlorinated hydrocarbon that may contain
oxygen or sulphur substituted for hydrogen; exemption: chlorinated hydrocarbon that
additionally contains nitrogen or phosphorus
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‘ Organochlorines’ is not an official term for this class of compounds (IUPAC 1997).
However, the term ‘ chlorinated hydrocarbons’ would be understood to be equivalent to
‘ organochlorines’ provided that the compounds referred to are not chlorocarbons (which
contain only carbon and chlorine). A broader definition might include compounds
containing oxygen and/or sulphur also, in addition to carbon-bonded chlorine; organic
compounds that contain nitrogen or phosphorus have been excluded from this category,
based on the fact that they ‘ generally raise different toxicological issues than do
traditional chlorinated hydrocarbons’ (Radosevich et al 2000).
FSC’s chemicals policy prescribes that organochlorines ‘ should be avoided’ generally
although some of these may not exceed the thresholds for toxicity, persistence or bioaccumulation and may therefore not be included in the list of prohibited pesticides (FSC
2002, 4.2b). This aspect might be clarified by either prohibiting organochlorines in
general, including chlorinated triazines such as atrazine, or by not considering chlorine
content and by applying the thresholds set for the other criteria used by FSC.
As a consequence of the threshold above, 2,4-D is an unacceptable pesticide and
should be prohibited, however, it is not included in Annex 1 to FSC' s polic
y; and this was
pointed out previously (Radosevich et al 2000). There is evidence that 2,4-D is
associated with unacceptable hazards to health and the environment, therefore its use
should be reduced significantly (PAN 2004).
3.3.2

Heavy metals

Definition: Heavy metals considered by the FSC Chemicals Policy
Lead (Pb), cadmium (Cd), arsenic (As) and mercury (Hg) are referred to as heavy metals
(Manahan 1993).
The FSC Policy indicator is ' heavy metal'
FSC threshold:
Acceptable pesticide (other criteria apply): contains no heavy metal listed above
Unacceptable pesticide (use is prohibited): contains any heavy metal listed above
Due to the fact that many compounds containing heavy metals are relatively toxic and
may have a high persistence this indicator may be redundant as they are likely to be
ruled out for use by these other criteria. Bio-concentration of heavy metals as ions from
the soil has been found to vary for different metals, soil conditions and (plant) species
(Weinstein 1995). Through metabolisation (e.g. in soil), heavy metals can be
transformed into organo-metallic compounds which may be less or more toxic than the
metals in the elemental form.
Although mercury-based products are banned (and not used) around the world, leadbased products and arsenicals are still in use in forestry (PAN, 2004).
3.3.3

Dioxins

Definition: Dioxins
Dibenzo-p-dioxin and chlorinated dibenzo-p-dioxins are referred to as dioxins (Manahan
1993).
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The FSC Policy indicator is ' dioxin' (contamination or emission)
Acceptable pesticide (other criteria apply): contains no dioxin contamination; no dioxins
are emitted when burned
Unacceptable pesticide (use is prohibited): contaminated with any dioxins at a level of 10
part per trillion (corresponding to10 ng/kg) or greater of tetrachlorodibenzo-p-dioxin
(TCDD) equivalent, or which produces such [an amount of] dioxin[s] when burned
Dioxin equivalents are strictly speaking equivalents of 2,3,7,8-TCDD (Eadon et al 1986).
The FSC policy does not state clearly if ' such dioxin' (FSC 200
2, p. 9) refers to any
dioxin or to the maximum level (above) for residues. Any chlorinated compound when
burnt will produce dioxins, besides other products, in amounts that depend on the
chlorine content and the conditions of combustion (Öberg and Bergström 1985). This
threshold would disqualify any chlorinated pesticide from being acceptable if a greater
concentration than the maximum residue level is emitted when it is burnt. However, it
may be difficult to examine if this is the case.
The contamination of chlorophenoxy herbicides such as 2,4-D or 2,4,5-T has been an
issue on the basis that certain dioxins are highly carcinogenic. The content of these
dioxins is accounted for by using equivalents of 2,3,7,8-TCDD (sometimes referred to as
' Seveso dioxin'. However,
)
it appears that 2,4,5-T is to be held responsible for
contamination with dioxins (Lynge 1998). This has been pointed out previously
(Radosevich et al 2000). Prior to its ban in many countries, 2,4,5-T was used in mixture
with other active ingredients. These days potential contamination of chlorophenoxy
herbicides (other than 2,4,5-T) may not be a relevant issue. The chlorophenoxy
herbicide 2,4,5-T has been widely banned, however 2,4-D is still used in forestry in the
UK and the US (PAN, 2004).
3.3.4

Pesticides banned by international agreement

Definition: Ban by international agreement
‘ A decree that prohibits something’ (Online Dictionary, http://dict.die.net/) by international
agreement
The FSC Policy indicator is ' ban by international agreement'
FSC threshold:
Acceptable pesticide (other criteria apply): not banned by any international agreement
Unacceptable pesticide (use is prohibited): banned by international agreement
There are several regulatory instruments at the international level that ban specific
pesticides. The most important are:
• Stockholm Convention on Persistent Organic Pollutants (http://www.pops.int/)
• Rotterdam Convention on Prior Informed Consent (http://www.pic.int/). Chemicals
listed under the Rotterdam Convention are not banned internationally. However,
they are banned or restricted in at least two different countries. Exporting
countries must inform importing countries of these bans/restrictions and importing
countries must subsequently give written consent to the import.

50/101

PAN Review of FSC Chemicals Policy

•
•

Council Directive 91/414/EEC concerning the placing of plant protection products
on the market of the European Union
(http://europa.eu.int/scadplus/leg/en/lvb/l13002a.htm)
OSPAR Convention for the Protection of the Marine Environment of the NorthEast Atlantic (http://www.ospar.org/):
- The OSPAR List of Chemicals for Priority Action
- The OSPAR List of Substances of Possible Concern

The Stockholm and Rotterdam Conventions ban pesticides that are exceedingly
hazardous, while the OSPAR Convention aims to guide international cooperation in
environmental protection. Within the EU, the European Council Directive requires for the
authorisation of a pesticide that it meets certain health and environmental criteria.
However, not all pesticides that are not authorised (and therefore are not listed in Annex
I to the Directive) have been precluded on the basis of their hazards. Some of these
active ingredients may not have been authorised because their dossier was incomplete.
However, it is stated which active ingredients have been ‘ notified’, i.e. have been put
forward for review and a list of the current status of active ingredients is available online
(EC 2004f).
3.3.5

Occupational Exposure

Definition: Occupational Exposure
‘ Exposure to chemicals while in a workplace setting’ (WHO 2000).
The current FSC Policy for chemicals does not include occupational exposure as a
criterion although it refers both to international occupational safety and health standards
and, indirectly, to OHS laws at a national level (FSC 2000, 4.2). The occupational
exposure limit (OEL) for a pesticide and, within the EU, the acceptable operator
exposure level (AOEL) are based on toxicological data referred to by the indicator for
acute toxicity but take into consideration different routes of exposure (CEC 2001, p.10).
The FSC might consider including this indicator and apply the thresholds where these
have been specified (see list of OELs for the UK in Annex V).
FSC’s chemicals standard and FSC’s Principles and Criteria clearly provide that workers
should apply pesticides according to international occupational safety and health
standards (OSH):
‘In signatory countries, the provisions of all binding international agreements such as
CITES, ILO Conventions, ITTA, and Convention on Biological Diversity, shall be
respected’ (FSC 2000, 1.3).
‘Forest management should meet or exceed all applicable laws and/or regulations
covering health and safety of employees and their families’ (FSC 2000, 4.2).
‘If chemicals are used, proper equipment and training shall be provided to minimize
health and environmental risks’ (FSC 2000, 6.6).
‘Forest workers shall receive adequate training and supervision to ensure proper
implementation of the management plan’ (FSC 2000, 7.3).
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‘Workers should not use chemical pesticides, and work should not be carried out, which
exposes anyone to substances hazardous to health, unless the employer has assessed
the situation and has taken appropriate precautions, following existing national
regulations and codes of practice. If chemicals are used, proper information, equipment
and training shall be provided, with a policy of zero tolerance to health and
environmental risks. Workers should be well informed about any pesticides which they
use and contact’ (FSC 2002, 5.1).
Implementing a ‘ policy of zero tolerance to health and environmental risks’ may not be
easy where synthetic pesticides are used, e.g. in developing countries due to often
lacking personal protective equipment, or for smaller forest enterprises (Higman and
Nussbaum 2002). The FAO Code of Conduct on the Distribution and Use of pesticides
(FAO 2003), a voluntary standard, is the globally accepted standard for pesticide
management (PAN 2002). OSH standards at a national level are usually legally binding,
e.g. in the UK these are:
- Code of Practice for the safe Use of Pesticides on Farms and Holdings (PSD UK 1998)
- Draft Code of Practice for the Safe Use of Plant Protection Products (Defra, HSC, and
NAWAD (no year))
- Provisional Code of Practice for the use of Pesticides in Forestry (FC UK 1989)
In addition, occupational exposure limits may be established internationally or at the
national level for individual chemicals including pesticides:
- Occupational Exposure Limits in Europe, (EC (no year))
- Occupational Exposure Limits in Member States of the European Union (European
Agency for Safety and Health at Work 2004)
- Permissible Exposure Limits (PELs) in the USA (OSHA 2003)
It has been pointed out repeatedly that in developing countries the equipment for
personal protection, hygienic facilities for workers and safety training are very often
insufficient, and may lead to high exposure levels that should be monitored if
organophosphates or carbamates (nerve toxins with a high acute toxicity) are used
(Ngowi and Maeda 1998). Exposure levels are linked to prevailing methods of
application, i.e. hand-held knapsack or spraying with mist-blower. Improving the safety of
application methods remains an important issue (Friedrich 2000).
Equipment for personal protection, farmers' facilities and safety training are very often
insufficient in developing countries26. Applying pesticides with a knapsack sprayer may
lead to high levels of exposure27. Adequate protection is not available in many places
and therefore it is necessary to consider hazard to the health of workers. Occupational
exposure limits offer a means of prioritising pesticides and guiding decisions on their

26

Organisation for Economic Cooperation and Development (OECD) Development Assistance Committee
1995: Guidelines for Aid Agencies on Pest and Pesticide Management, DAC Guidelines on Aid and
Environment no. 6, Paris
27
Ramwell CT, Johnson PD, Boxall AB, and Rimmer DA 2005: Pesticide residues on the external surfaces
of field crop sprayers: occupational exposure, Annals of Occupational Hygiene [E-pub ahead of print],
http://annhyg.oupjournals.org/cgi/content/abstract/meh101v1 (abstract)
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acceptability in view of working-place conditions. These limits consider the different
routes of exposure (such as skin contact and inhalation) in addition to acute toxicity28.
The Food and Agriculture Organisation of the United Nations has made the following
recommendations:
‘ Pesticides whose handling and application require the use of personal protective
equipment that is uncomfortable, expensive or not readily available should be avoided,
especially in the case of small-scale users in tropical climates (5)’ (FAO 2002; and
reference 5 therein: FAO 1990)29,30.
‘ Pesticide formulations that fall into Class 1a or 1b of the WHO Recommended
Classification of Pesticides by Hazard and Guidelines to Classification (8) usually have
severe use restrictions in developed countries; in general they can only be used by
specially trained and certified applicators. Such pesticides should not be used by small
farmers or untrained and unprotected workers in developing countries. Exceptions may
only be granted under extenuating circumstances (...)’ (FAO 1994, Art 3.1; and reference
8 therein: WHO 1994)31,32.
‘ Although pesticide formulations in WHO Class 2 are less hazardous than those in Class
1, precautionary methods proven effective under field conditions in developing countries
are required. Therefore, pesticide formulations in WHO Class 2 should only be provided
if it can be demonstrated that users adhere to the necessary precautionary measures
(9)’ (FAO 1994, Art 3.2; and reference 9 therein: FAO 1992) 59,33.
The positions of the WHO and the OECD correspond largely to that of the FAO:
‘ Pesticides belonging to WHO Acute Toxicity class Ia or Ib, respectively, should not be
used in developing countries, and if possible pesticides of class II should also be
avoided’ (Plestina 1984) 34.
‘ Extremely and highly hazardous pesticides of the World Health Organisation (WHO)
Class Ia and Ib (11) and compounds which are highly persistent in the environment
should not be provided. Exceptions could only be considered if all three of the following
criteria are met: a) there are urgent reasons to use these pesticides; b) there are no
28

29

Food and Agriculture Organization of the United Nations (FAO) 2002: International Code of Conduct on
the Distribution and Use of Pesticides, revised version 2002
30
Food and Agriculture Organization (FAO) 1990: Guidelines for Personal Protection when Working with
Pesticides in Tropical Climates, Rome
31
Food and Agriculture Organization of the United Nations (FAO) 1994: Provisional Guidelines on Tender
Procedures for the Procurement of Pesticides, Rome
32
World Health Organisation (WHO) 1994: The WHO Recommended Classification of Pesticides by
Hazard and Guidelines to Classification 1994-1995 (or latest version), WHO/PCS/94.2, Geneva
33
Food and Agriculture Organization of the United Nations (FAO) 1992: Pesticides selection and use in
field projects, Field Programme Circular no. 8/92, Rome
34
Plestina R 1984: Prevention, diagnosis and treatment of insecticide poisoning (unpublished WHO
document WHO/VBC/84.889), Geneva (obtainable on request from Programme for the Promotion of
Chemical Safety, World Health Organization, Geneva, Switzerland; http://www.who.int/ipcs/en/
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safer alternatives; and c) their safe and controlled application can be guaranteed.
Pesticides of Class Ia, Ib and the more toxic range of Class II, are generally considered
to be unsuitable for use by small-scale farmers’ (OECD 1995; and reference 11 therein:
WHO 1992) 54,35.
The FSC’s current threshold for acute toxicity to mammals (as an LD50) prohibits the use
of any pesticides that are in either WHO class Ib (‘ Highly hazardous’) or in WHO class Ia
(‘ Extremely hazardous’). It is noted in this review that ‘ the FSC might consider extending
the threshold for acute toxicity to include pesticides that are in WHO class II also;
alternatively, the FSC might recommend not to use any pesticides that fall into this
category in developing countries’ (p. 34). A number of active ingredients used quite
frequently (such as organophosphates and pyrethroids) are in WHO class II (‘ Moderately
hazardous’) while fewer are in WHO class I. Immediate restrictions for all of these could
lead to significant barriers to developing country forestry operations achieving FSC
certification. The FSC would need to provide support to developing countries to identify
and adopt alternative pest control methods. This could be facilitiating availability of safer
products or extension programmes for integrated pest management (including biological
pest control). Careful assessment of the practicality of rigorous measures is required in
case these are considered.

35

World Health Organisation (WHO) 1992: The WHO Recommended Classification of Pesticides by
Hazard and Guidelines to Classification 1992-1993 (unpublished document, WHO/PCS/92.14), Geneva
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3.5 Summary and proposed revisions to indicators and thresholds
Current FSC
Indicator

Persistence

Reference Dose

Current FSC
threshold
Soil and water >
100 days

RfD < 0.01
mg/kg/day

PAN UK Comment

Proposed Revision

FSC threshold is identical to that proposed by
Hedgecott (1994), close to 90 days required in the EU
for authorisation (OECD 2002) and is higher than the
60 days applied by the US TRI for PBT chemicals (US
EPA 1999).

Two out of three thresholds for persistence referred
to elsewhere are slightly or significantly lower than
FSC’s current threshold. The FSC might consider
to set the threshold for persistence to mammals
lower, e.g. at 90 days in line with the requirements
within the EU, or below this value.
It would be better to refer to the ADI as an indicator
of chronic toxicity – this may be considered to be
equivalent to a (chronic) RfD. Alternatively, the
acute RfD might be used as additional indicator of
acute toxicity (or both ADI and acute RfD might be
used). The WHO has established values for the
ADI (also referred to as the tolerable daily intake)
of pesticides (WHO 2004b).

Need to distinguish between:
• Chronic and acute toxicity
The current FSC indicator for chronic toxicity is the
reference dose; this may refer to both chronic and
acute toxicity.

LD50 values are relevant for the acute toxicity to
humans.
They are set based on tests with lab animals (mostly
rodents), and the value varies according to the test
species.

Acute toxicity

LD50 < 200 mg/kg
(mammals)
LC50
(aquatic)

The current LD50 threshold corresponds to the WHO
classes Ia, and Ib (taken together).
The LD50 value depends on the absorption route ( oral
or dermal) and on the state (liquid or solid).
Formulations may have to be corrected for the
proportion of active ingredient within the WHO
classification (not within US EPA classification).
A globally harmonised system of classification will be
implemented (OECD 2001).
LC50 values are relevant to eco-toxicity (aquatic
organisms). All of the thresholds for acute toxicity
classes provided by the GHS classification are
significantly higher than the values used in the policy
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To comply with the WHO recommendation
(Plestina 1984) it would be necessary to extend the
current threshold so as to include pesticides that
are in WHO class II, at least in the developing
countries. The FSC might consider adapting the
threshold correspondingly, or might give out the
recommendation not to use any active ingredients
categorised in WHO class II in developing
countries.
The FSC might consider defining the threshold
value (LC50) for aquatic toxicity at 100 ug/l (Kamrin
1997) or above this.
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and elsewhere (Kamrin 1997).

Carcinogens,
mutagens and
EDCs

IARC Group 2A or
Group 1
Carcinogenicity

These are subsumed in one point in section 4.3 of
FSC' policy. Carcinogenicity and mutagenicity on the
one hand, and EDCs on the other, might better be
referred to separately.
The three systems overlap. The EPA reference should
be A (not 1A as in current) – i.e. ' human carcinogen.
The US EPA category for chemicals that can
‘ reasonably be expected to be carcinogenic to
The GHS classification for carcinogenicity should
be included as additional threshold once this
humans’ corresponds to US EPA Group B2 (US EPA
1986).
system has been implemented (OECD 2001).

US EPA Group
' 1A'
The IARC categories 1 and 2A or above, refer to
or ' Reasonably be known and probable carcinogens, respectively.
expected to be
carcinogenic'
Within the current EU classification for carcinogenicity
chemicals are grouped into three categories: Category
1 (‘known’), Category 2 (‘should be regarded as if’),
Category 3 (‘ possible’)(EC 2001a, p. 19).
FSC' s policy does not specify which organisations
and/or agencies should be referred for establishing
whether a chemical is mutagenic.

Mutagenicity

Mutagenic to
mammals

Reproductive
toxin

Not included as
FSC indicator

Endocrine
disrupting

If classified by US
EPA or NTP as an

Whether a substance is a suspected mutagen can be
seen from the Risk Phrase that is established within
the EU’s Directive on Dangerous Substances. The EU
Risk Phrase for mutagenicity is listed in the Pesticide
Manual. Substances in Category 1 and 2 are more
hazardous; those in Category 3 least.
The EU reproductive risk phrase is available as
above.
The US EPA (TRI) has a category ' Reproductive
toxin' .
There is no regulatory official definition of EDCs; this
is still under development. The definition of ' EDC' is
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Meanwhile, current classification within the
European Union (Directive on Dangerous
Substances, Annex I) might be referred to
additionally (EC 2001a; EC 2004d).

The GHS classification for mutagenicity should be
included as additional threshold once this system
has been implemented (OECD 2001).
Meanwhile, current classification within the
European Union (Directive on Dangerous
Substances, Annex I) might be referred to
additionally (EC 2001a; EC 2004d).
Include the European category and the US TRI
category for reproductive toxins as additional
thresholds for EDCs
The GHS classification establishes a category for
reproductive hazard and this should be included as
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chemicals
(EDCs) or
endocrine
disruptors

EDC

contentious as long as no system for classification is
established officially.

octanol-water
partition
coefficient
(KOW)KOW >1000
or log KOW > 3

The current FSC policy applies the same threshold
used for KOW to BCF & BAF thresholds. Radosovich et
al state that BCF and BAF are more sensitive and this
is not considered the FSC policy. Elsewhere it has
been stated that bio-concentration is relevant if BCF >
100 (Hansen 1995).
KOW values are commonly listed (e.g. in PM 2003),
while BCF and BAF values are not available for all
substances.

BCF
Bio-magnification (bioconcentration
and Biofactor, aquatic
accumulation
organisms) or
BAF (bioaccumulation
factor, terrestrial
organisms) may
be used
alternatively in
place of KOW.

Chemical
composition:
Heavy metals

If any of the heavy
metals mercury
(Hg), lead (Pb),
cadmium (Cd) or
arsenic (As) are
part of the
chemical
composition, this
chemical is
prohibited

Dioxins

Dioxin

Use of these heavy metal salts in forestry continues,
e.g. of methylarsonic acid (MsMA) as herbicide.
Heavy metals can be bound to organic compounds
(also if they originate from inorganic salts) through
metabolisation and this ‘ may increase or decrease the
toxicity of metals in aquatic ecosystems’ and they are
‘ particularly toxic in their chemically combined forms’
(Manahan 1993, p. 422 and p. 745); some are toxic in
elements, e.g. mercury. All types of pesticides that
contain mercury have been banned in the EU.
Dioxin equivalents refer to 2,3,7,8-TCDD.
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an additional threshold for EDCs once this system
has been implemented (OECD 2001).
Meanwhile, a list of proposed chemicals prioritised
for further assessment within the European Union
(EC 2000) might be referred to additionally (EC
2001a; EC 2004d); and possibly also listing of
EDCs by national authorities such as the German
Environment Agency.

Due to the fact that BCF and BAF values are not
widely available for all substances, the use of Kow
(log KOW) may be the most straightforward
approach for considering Bio-magnification and
bio-accumulation. Where data on the BCF or BAF
are available this can be considered also; however,
the threshold used with BCF BAF needs to be
lower that that used with KOW. It appears that a
factor ten lower is appropriate (Hansen 1995).

Any organometallic compounds formed during
metabolisation of heavy metals should be
examined for their potential of bio-accumulation
and Bio-magnification.
A separate guideline for products used for timber
treatment should be provided; meanwhile, the FSC
might consider extending its Chemicals Policy to
also include fungicides and anti-microbial agents
used in this sector where forest managers are
responsible.
This indicator might prove to be not relevant at
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(contamination
and emission)

Chemical
composition:
Chlorinated
hydrocarbons

Legislation

contamination with Any chlorinated pesticide may give off dioxin when
TCDD-equivalents burnt, and not all chlorinated pesticides are excluded
> 10 ppt
in section 4.2 of the FSC policy. Emission of dioxin
nce is not an intrinsic property of the pesticide, but
Any chemical
depends also on the combustion conditions.
which produces
Dioxin may have been a issue in the past as a
such dioxin when
contaminant during the manufacturing process of
burned is
certain chlorophenoxy herbicides, foremost that of
prohibited
2,4,5-T; however, this is banned in most countries
today. .
Chlorinated
hydrocarbons,
including those
that contain also
oxygen and/or
sulphur, are
prohibited; those
containing
nitrogen or
phosphorus are
exempted from
this
Banned by any
international
agreement or
listed under PIC

Soil adsorption

Not included

Occupational
health

Not included

Due to the fact that most chlorinated hydrocarbons
have a high persistence and often also bioaccumulate or bio-magnify this indicator might be
considered to be redundant. However, certain
chlorinated triazines that are relatively persistent
present a potential problem for groundwater in many
areas (e.g., in Europe).

Pesticides may be banned both at the international
level (Stockholm Convention on POPs) and at a
national level. In addition, regulations for authorising
pesticides for use or/ and sale exist, e.g. Council
Directive 91/414/EEC in EU. he Rotterdam
Convention lists chemicals requiring written consent
from importing countries before import.
Soil adsorption may serve as an indicator for the
mobility of a chemical in soil. However, it strongly
depends on site-specific factors such as the type of
soil or the pH of soil solution. Mobility and potential of
leaching are also linked to the solubility of a chemical
in water. .
Operator hazard is relevant to FSC and it commits
itself to international standards. Maximum and
occupational exposure limits have been established at
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closer inspection, provided no products are used
that contain no 2,4,5-T.

The recommendation of the current policy that
chlorinated hydrocarbons ' should be avoided' even
if they are not prohibited does not provide clear
guidance The FSC might consider not applying this
indicator at all, or, alternatively, extending it so as
to include any organochlorine without exemptions –
thus it could include chlorinated triazines such as
atrazine.

The FSC might consider to extend the indicator so
as to include regulations for authorising pesticides
on the market, i.e. Council Directive 91/414/EEC
within the European Union, and bans at a national
level also.
If this indicator is added the opportunity for sitespecific conditions should also be taken into
consideration. This indicator might best be included
within a detailed decision-support system at the
local or regional level.
The FSC might consider including occupational
exposure limits as an additional indicator. Separate
thresholds have been established within the EU
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a national level and at the level of the EU for certain
pesticides. These limits consider the acute toxicity and
refer to different routes of exposure such as skin
contact and inhalation (CEC 2001, p. 10).
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(EC (no year)), in Member States of the European
Union (European Agency for Safety and Health at
Work 2004) and in the USA (OSHA 2003).
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3.6 Case studies
It was not possible in the time available to examine all substances listed in Annex 1 of
this report (pesticides used in forestry in the UK, USA and NZ) on all of the indicators
and thresholds. Thus a Case Study approach was used, examining the different
substances in detail. The relevant data (indicators and thresholds established by the
organisations or agencies provided for within the current policy) for the pesticides listed
below was compiled in the form of a profile for each of these (see Annex III). On the
basis of this data and on the basis of the thresholds established by the policy the
acceptability (or non-acceptability) of these pesticides was assessed. This was applied
to the following chemicals:
•
•
•

cypermethrin, alpha-cypermethrin, and zeta-cypermethrin
glyphosate
atrazine and terbuthylazine

3.6.1 Cypermethrin, alpha-cypermethrin, and zeta-cypermethrin
All three compounds are very highly toxic to fish species and are below the FSC policy
threshold for aquatic toxicity, and therefore unacceptable for use.
The compounds are all chlorinated and in addition to hydrogen and carbon contain only
oxygen, therefore they are unacceptable for use.
For cypermethrin and alpha-cypermethrin, accumulation in various organisms has been
reported (references to aquatic toxicity studies are provided (PANNA 2002), however, a
closer examination of the bio-concentration factors and/or KOW values determined in
these studies is required to determine whether these two compounds qualify as
acceptable under this criterion or not.
For cypermethrin, a very high persistence under anaerobic conditions is reported
(PANNA 2002; the source for this data is the California Department of Pesticide
Regulation (Pers. comm. Susan Kegley). The values for persistence reported elsewhere
are much lower (PM 2003) and further data would be required to draw a clear
conclusion.
For alpha-cypermethrin, a relatively high persistence is reported: c. 91 days in loamy soil
(PM 2003). This is below the FSC policy threshold, and this compound should be rated
as ‘ marginally acceptable’ (Radosevich et al 2000).
Zeta-cypermethrin is in WHO class Ib, therefore it is unacceptable for use. It is also rated
in category C (‘ Possible’) for carcinogenicity by US EPA, and has also been suspected
to be an EDC, however it is does not qualify as unacceptable for either of these
indicators on the basis of the current thresholds in the FSC policy.
Alpha-cypermethrin may be used in place of carbaryl (prohibited by FSC), the active
ingredient N-methyl carbamate (or carbaryl) is classified in WHO class II (‘Moderately
hazardous’) 36 and in EPA category II (‘Warning’) for acute toxicity by the oral route (US
36

World Health Organization (WHO) 2004: The WHO recommended classification of pesticides by
hazard, Geneva http://www.who.int/ipcs/publications/pesticides_hazard/en/
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EPA 2004, p. 23)37. It is a nerve toxin (reversible acetyl-cholinesterase inhibitor) and
teratogen (causing birth defects)38. EPA concluded that carbaryl is a ‘ likely human
carcinogen’ (US EPA 2004, p. 12). Both the acute and chronic reference doses in the
US are 0.01 mg/kg day (US EPA 2004, p. 14). Bio-accumulation of carbaryl has been
observed in different organisms39. EPA stated that it ‘ has concerns for adverse effects of
carbaryl on honeybees’ and it ‘ has some risk concerns for the impacts of carbaryl on
aquatic organisms’ (US EPA 2004, pp. viii-ix).
To summarise: under current FSC policy all three cypermethrin compounds are
unacceptable due to their acute aquatic toxicity and chemical class. In addition,
zeta-cypermethrin is unacceptable due to its acute toxicity.
3.6.2 Glyphosate
Glyphosate has been rated as ‘ Potential EDC’ by the German Environment Agency
(reference German EA 1999 in Annex III B), and a concentrated formulation is in
Category 1 (US EPA) for acute toxicity. However, it does not qualify as unacceptable for
either of these indicators on the basis of the current thresholds.
Reported values for persistence have a broad range (PM 2003), and the upper limit
exceeds the current threshold both under field and lab (aerobic) conditions and is below
but close to the threshold in water. Average values calculated from the upper and lower
limit are below the current threshold (with this data a median value does not differ).
Glyphosate does not qualify as unacceptable on the basis of this data.
To summarise: under current FSC policy glyphosate is acceptable.
3.6.3 Atrazine and terbuthylazine
Both atrazine and terbuthylazine are chlorinated, however, they contain nitrogen
(chemical class: triazines) and therefore they are exempted from qualifying as
unacceptable.
Atrazine is listed by the Toxics Release Inventory (TRI) as a carcinogen but is
considered unlikely to be a carcinogen by the US EPA (reference US EPA 2003 in
Annex III C) and therefore is acceptable on the basis of the current policy.
It is also reported to accumulate in various organisms, however, the reported values for
bio-concentration factors and/or KOW need to be examined to decide whether it is
unacceptable under this criterion.
The median and average values for persistence in soil are under the current threshold
(although the average value for persistence in groundwater is above the threshold).
Atrazine is not currently on the relevant lists of endocrine disruptors in current FSC
policy despite strong recent evidence of endocrine disrupting activity. However,
37

US Environmental Protection Agency (EPA) 2004: Interim Reregistration Eligibility Decision: Carbaryl,
Washington, D.C., http://www.epa.gov/oppsrrd1/REDs/carbaryl_ired.pdf
38
US OSHA 2004, Carbaryl, http://www.osha.gov/dts/chemicalsampling/data/CH_225100.html
39
PAN North America 2002, http://www.pesticideinfo.org/Index.html (search for ‘carbaryl’)
61/101

PAN Review of FSC Chemicals Policy

association of exposure to atrazine and endocrine disruption has been found elsewhere.
Atrazine is a priority-one candidate in the current screening procedure of the EU for
endocrine disrupting chemicals 40 . Atrazine has been banned in several countries.
To summarise: Under current FSC policy atrazine is marginally acceptable (NB
average value for persistence in ground water is above the threshold).
Terbuthylazine has been suspected to be an EDC by several sources, however it does
not qualify as unacceptable on the basis of the current threshold.
It has been reported to accumulate in phyto- and zooplankton, however, reported values
for bio-concentration factor and/or KOW need to be examined to decide if it is
unacceptable or not.
The reference dose established for terbuthylazine is smaller than the threshold in the
current policy by two orders of magnitude (reference US EPA 1995 in Annex III C),
therefore it is unacceptable under this criterion.
The WHO has established a tolerable daily intake (which may mean the same, in certain
instances, as the reference dose; see 3.1.4) and this is one order of magnitude smaller
than the current threshold. Therefore, terbuthylazine is unacceptable under the criterion
of chronic toxicity (or acute toxicity, if an acute reference dose is referred to).
To summarise: Terbuthylazine is unacceptable under current FSC policy.
3.7 Conclusions from Case Studies
These case studies show that it is necessary to carefully examine for each of the various
indicators whether it qualifies as acceptable on the basis of the current threshold. In
certain instances, additional data may have to be considered to make a clear decision.
From the conclusion that a chemical is considered to be ‘ marginally acceptable’ (which
means that no clear decision could be made) one may infer that this chemical has higher
priority for reducing its use than an acceptable chemical. It may also serve to increase
the awareness of specific hazards of a chemical.

40

European Commission (EC) DG Environment 2000: Towards the establishment of a priority list of
substances for further evaluation of their role in endocrine disruption – preparation of a candidate list of
substances as a basis for priority setting, final report, BKH Consulting Engineers/TNO Nutrition and
Food Research, Delft, The Netherlands (see main report, p. 23),
http://europa.eu.int/comm/environment/docum/01262_en.htm#bkh
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4

Review of prohibited pesticide lists included in Annex 1 of FSC policy

Recommendations
I. Additional substances for consideration as prohibited are provided in Section
4. The list of substances used, and the FSC prohibited list should be kept
under review.
4.1 Pesticides to be added in Annex 1 of FSC chemicals policy
The chemicals listed below are used as pesticides in forestry and qualify as
unacceptable (i.e. use is prohibited in certified forests). None of these chemicals is listed
in Annex 1 to the current chemicals policy. Assessment was based on data from
' Pesticide Manual' (PM 2003) and ' Pesticides Database' (PANNA 2002). Data have been
compiled for products used in the UK (PSD 2004), USA (PANNA 2002) and New
Zealand (NZ 2004) in a separate spreadsheet (' Forestry pestic
ides' , PAN UK 2004). The
indicator(s) for which these chemicals do not attain the currently required standard is
(are) also listed below.
The acute aquatic toxicity was assessed on the basis of data from the ' Pesticide Manual'
(PM).
For the indicator ' pe
rsistence' , the categorymarginally
'
acceptable' (30 d < DT
50 < 100 d)
was also established, besides 'acceptable' andunacceptable'
'
(Radosevich et al 2000).
Data used for assessing persistence is based on the ' Pesticide Manual' ; data are not
referenced in the ' Pesticides Database' and derive from various sources (agrochemical
industry and California Department of Pesticide Regulation; pers. comm. S. Kegley).
Persistence refers to soil where not specified otherwise and to the mean or median
value. For a few chemicals, no half-life values were available.
Bio-accumulation was examined on a qualitative basis and the corresponding studies
referred to in the source (PANNA 2002) need to be consulted for deciding if the bioconcentration factor (BCF) meets the required standard.
Chemicals rated by the US EPA as ' Developmental Toxin' within the Toxics Release
Inventory (TRI) program are endocrine disrupting chemicals (according to the definition
in 3.1.9), therefore these are unacceptable on the basis of the current policy.
A chemical that is a ' chlorinated hydrocarbon' is unacceptable when no exemption can
be given on the basis of current policy. A compound that contains no nitrogen within a
ring structure (and is therefore not a pyridine, which differ from chlorinated hydrocarbons
toxicologically) is not given an exemption in line with previous authors (Radosevich et al
2000, p.7).

amitrole
Carcinogenicity (Group B2, US EPA): unacceptable
Persistence (PM): marginally acceptable
BCF (phytoplankton)?
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chloropicrin
Acute aquatic toxicity (PM): unacceptable
Chlorinated hydrocarbon containing nitrogen but not a pyridine (PM) (no
exemption): unacceptable
chlorothalonil
Acute aquatic toxicity (PM): unacceptable
Chlorinated hydrocarbon (chlorinated aromatic) (PM): unacceptable
BCF (molluscs, phytoplankton)?
cyfluthrin
Acute aquatic toxicity (PM): unacceptable
Chlorinated hydrocarbon (PM): unacceptable
cypermethrin
Acute aquatic toxicity (PM): unacceptable
Chlorinated hydrocarbon (PM): unacceptable
BCF (aquatic plants, fish, insects, phytoplankton)?
Persistence (PM): marginally acceptable
alpha-cypermethrin
Acute aquatic toxicity (PM): unacceptable
Chlorinated hydrocarbon (PM): unacceptable
BCF (aquatic plants, fish, insects, phytoplankton)?
Persistence (PM): marginally acceptable
zeta-cypermethrin
Acute toxicity to mammals (WHO): unacceptable
Acute aquatic toxicity (PM): unacceptable
Chlorinated hydrocarbon (PM): unacceptable
2,4-D, butoxyethanol ester
Chlorinated hydrocarbon(PM): unacceptable
BCF (aquatic plants, fish)?
2,4-D, diethanolamine salt
Chlorinated hydrocarbon(PM): unacceptable
2,4-D, dimethylamine (dma) salt
Chlorinated hydrocarbon(PM): unacceptable
BCF (aquatic plants, fish)?
2,4-D, 2-ethylhexyl ester
Chlorinated hydrocarbon(PM): unacceptable
2,4-D, isopropylamine salt
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Chlorinated hydrocarbon(PM): unacceptable
2,4-D, triisopropanolamine salt
Chlorinated hydrocarbon(PM): unacceptable
2-(2,4-DP), dma salt (= dichlorprop, dma salt)
Chlorinated hydrocarbon(PM): unacceptable
Endocrine disrupting chemical (TRI Developmental toxin): unacceptable
dicamba, dma salt
Chlorinated hydrocarbon(PM): unacceptable
Endocrine disrupting chemical (TRI Developmental toxin): unacceptable
dichlobenil
Persistence (PM): unacceptable
Chlorinated hydrocarbon (PM): unacceptable
BCF (aquatic plants, fish, insects, molluscs, phytoplankton, zooplankton)?
diflubenzuron
Acute aquatic toxicity (PM): unacceptable
Chlorinated hydrocarbon (PM): unacceptable
BCF (aquatic plants, terrestrial plants, phytoplankton, zooplankton)?
diquat dibromide
Reference dose (chronic), as the acceptable daily intake (see 3.1) (WHO 2003):
unacceptable
BCF (aquatic plants, fish, zooplankton)?
diuron
Persistence (PM): unacceptable
Endocrine disrupting chemical (US EPA, TRI Developmental toxin): unacceptable
Chlorinated hydrocarbon (PM): unacceptable
BCF (molluscs, phytoplankton, zooplankton)?
esfenvalerate
Acute aquatic toxicity (PM): unacceptable
Persistence (PM): unacceptable
Chlorinated hydrocarbon (PM): unacceptable
BCF (aquatic plants, fish, molluscs, phytoplankton, zooplankton)?
haloxyfop
Chlorinated hydrocarbon (PM): unacceptable
Persistence (PM): marginally acceptable
hexazinone
Persistence (PM): unacceptable
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BCF (fish)?
hydramethylnon
Acute aquatic toxicity (PM): unacceptable
Endocrine disrupting chemical (TRI Developmental toxin, TRI Reproductive
Toxin): unacceptable
imazapyr
Persistence (PM): unacceptable
imazapyr, isopropylamine salt
Persistence (PM): unacceptable
metam sodium
Carcinogenicity (Group 2B, EPA): unacceptable
Endocrine disrupting chemical (TRI Developmental toxin): unacceptable
methylarsonic acid (monosodium methanearsenate, MSMA)
Chemical class (heavy metals): unacceptable
Persistence (PM): marginally acceptable
BCF (aquatic plants, crustaceans, fish, molluscs, phytoplankton, zooplankton)?
methylbromide
reference dose (US EPA 1993): unacceptable
naled
Acute aquatic toxicity (PM): unacceptable
Endocrine disrupting chemical (TRI Developmental toxin): unacceptable
paraquat
Reference dose (US EPA 1993): unacceptable
BCF (aquatic plants, fish, phytoplankton)?
pendimethalin
Persistence (PM): unacceptable
The log Kow of pendimethalin is 5.2, above the threshold, although it is a root-contact
herbicide and thus has no systemic activity, bio-magnification is likely to be small,
however, the potential for bio-accumulation of a pesticide is assessed independently of
persistence. Persistent chemicals may be transferred to plants, to ground water and
surface waters where they can be absorbed by other organisms. The US EPA rates
Pendimethalin as a persistent, bio-accumulative and toxic (PBT) chemical41.

41

US Environmental Protection Agency (EPA) 2004: Toxics Release Inventory (TRI) Program, TRI PBT
chemical list, http://www.epa.gov/tri/chemical/pbt_chem_list.htm
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sodium cyanide
Acute toxicity to mammals (WHO): unacceptable
Acute aquatic toxicity (PANNA 2002): unacceptable
BCF (fish)?
tebufenozide
Persistence (PM): unacceptable
terbumeton
Persistence (PM): unacceptable
Reference dose (US EPA 1993): unacceptable
terbuthylazine
Reference dose (US EPA, Reregistration Eligibility Decision, p. 13, 1995):
unacceptable
Persistence (PM): marginally acceptable
Chlorinated triazine: exemption
BCF (phytoplankton, zooplankton)?
terbutryn
Reference dose (US EPA 1993): unacceptable
Persistence (PM): marginally acceptable
BCF (aquatic plants, insects, phytoplankton)?
zinc phosphide
Acute toxicity to mammals (PM): unacceptable
Reference dose (US EPA, Reregistration Eligibility Decision, 1998):
unacceptable
4.2 Pesticides which require further examination regarding their
acceptability for use
The following chemicals qualify as ' marginally acceptable' on the basis of the
current policy. In the next step, the BCF values reported in the studies on bioaccumulation referred to in the ' Pesticides Database' (PANNA 2002) should be
examined more closely in view of the current threshold. This may be too high for
bioconcentration or bio-accumulation factors (see 3.1.7) and may need to be set
at a lower value. It is necessary to refer to appropriate soil half-life values, if
these are to be applied within a site-specific decision support system, as large
differences may occur depending on soil type.
atrazine;
Persistence (in soil and water) (PM): marginally acceptable
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Chlorinated triazine: exemption
Carcinogenicity: agent proposed by the NTP to be reviewed for possible listing in
the 2004-2005 report on carcinogens, 12th edition, on the basis of sufficient
evidence in animals (US DHSS 2004)
BCF (amphibians, annelids, aquatic plants, fish, insects, molluscs,
phytoplankton, zooplankton)?
glyphosate acid
Persistence PM): marginally acceptable
BCF (aquatic plants, fish)?
glyphosate, isopropylamine salt
Persistence PM): marginally acceptable
BCF ( fish)?
metsulfuron-methyl
Persistence: marginally acceptable
BCF (phytoplankton)?
triclopyr, butoxyethyl ester
Persistence (PM): marginally acceptable
Chlorinated pyridine: exemption
triclopyr, triethylamine salt
Persistence (PM): marginally acceptable!
4.3 Pesticides currently prohibited by FSC' s chemicals policy
Several of the pesticides listed in the annex 1 to the FSC chemicals policy are
categorised by the US EPA as ' Persistent Bioaccumulative and toxic' (PBT) chemicals
(US EPA 1999), and some of them highly toxic or extremely persistent. The use of none
of these chemicals can be justified, except in very limited cases that need to be clearly
defined (e.g., for vector control in malaria infested areas).
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5

Exceptions and derogations - a decision support system for the FSC

Recommendations
J. The FSC Policy for derogation (Section 4.5.3 of the FSC Policy) based on
special cases is not operable. Detailed assessment of the specific conditions
relevant to formulation, soil type, climate or local environmental conditions is
not possible since the required information is either not publicly available (for
formulations of AI in products) or not readily available (for other conditions).
Thus it is not feasible for the FSC Board Pesticide Sub-committee to take
account of them in the way described.
K. The requirements and approach to allowing operators derogation for use of
otherwise prohibited substances should be streamlined and based on:
• Demonstration of need;
• Mitigation of hazard (by use of specific application methods or protective
equipment);
• Timetable for reduction or elimination;
• Programme for identification of alternatives.
L. The monitoring of derogation, and compliance with requirements should be
undertaken by certification bodies, using a systematic approach to collection
of information to provide the basis for overall monitoring on a national,
regional or international basis – this should be reviewed by the FSC Pesticide
sub-committee.
M. The FSC should consider the scope for pro-active consultation (dependent on
resources available), to include both certified operators and those that are
currently not certified by the FSC, to contribute towards achieving a coordinated resolution of pest and disease management issues in forestry worldwide by the least toxic methods.
N. A system of record keeping should be implemented (as is already required in
some countries) where the use of pest and disease control methods must be
recorded, including the substance used, the quantity, the location, method of
application, use of protective equipment, operator and the time/date of use.
This would enable the FSC to monitor (through annual inspection) progress in
pesticide use reduction and replacement of more hazardous substances by
less hazardous ones. The FSC Board Pesticide Sub-committee would keep this
process under review.
O. FSC Policy Criterion 6.6 requires proper equipment and training. The FSC
should support capacity development amongst all certified forest managers to
enable access to proper equipment, training and extension to contribute to
worldwide implementation of best practice. Development of generic standards
could help improve consistency of implementation internationally.
5.1 Context
The FSC has requested that the consultants review the implications of both paragraph
4.5.3 “Special Cases”, and the introduction to the prohibited list at Annex 1, referring to
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other chemicals. Arising from this review, the FSC is seeking advice on whether there is
a practicable methodology for non-expert evaluation of the effects of formulation etc., as
to whether a pesticide, in a specific formulation/situation, would or would not exceed the
specified thresholds for prohibition (Task 2).
Section 4.5 of the FSC Chemicals Policy describes the way in which Temporary
Exceptions (derogations) are administered. These are defined as case-specific
exceptions (4.5.1); emergencies (4.5.2); and manufacturing processes (4.5.4), as well as
the special cases (4.5.3).
The exceptions (derogations) are considered by a sub-committee of the FSC Board (the
Board Pesticides Committee), under the Terms of Reference at Annex 3 of the FSC
policy. These are listed in Annex 4 of the FSC Policy. Exceptions (derogations) were
considered during the development of the FSC derogation policy. Since June 2002, a
formal derogation procedure has been in place, and three derogations have been
approved (brodifacoum, simazine, fuoroacetate), for Zimbabwe and Australia using the
special cases procedure (4.5.3).
5.2 Special cases – Section 4.5.3
In this section, the FSC policy acknowledges that the toxicity and persistence are
influenced by the formulation, surfactants, method of application, and by soil type,
climate. Thus, a pesticide active ingredient on the FSC prohibited list may be
demonstrated not to exceed the thresholds, and thus could be acceptable for a
temporary exception or derogation if used in a specific formulation or under specific
circumstances (soil type, climate, method of application etc.).
The hazard-based approach inherent to the FSC approach to pesticide use reduction is
implemented through a consideration of the pesticide active ingredient only. The
manufacturer does not reveal the formulation of the active ingredient, i.e. the other
ingredients in the pesticide product that is applied is not readily available. Furthermore,
the specific situation (soil type, climate, application method) under which the pesticide
product is used varies widely throughout the world.
The purpose of section 4.5.3 is to allow these factors to be taken into account in a risk
assessment that seeks to reveal whether or not a specific active ingredient (that exceeds
one or more of the hazard indicators), when used in a formulation under specific
circumstances, exceeds the defined thresholds. The FSC Policy intends that this
procedure be implemented by a non-expert group (the Board Pesticide Committee) to
enable use of otherwise prohibited substances.
We believe that this procedure is not operable in the way described in the FSC Policy for
the following reasons:
• The formulation of a pesticide product is not revealed by the manufacturer,
except for the specification of the percentage inclusion of the active ingredient in
the product – thus it is not possible to judge the consequence of the formulation
on whether the specific indicator thresholds are or are not exceeded.
• A single central committee (the FSC Board Pesticide Committee) cannot readily
or reliably verify the application method to be used.
• A single central committee cannot readily verify the local conditions of soil type
and climate under which the formulated product may be used.
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•

The level of expertise required on a single committee to credibly complete a risk
assessment would require significant resources and would be hard to maintain.

Consequently, we suggest that an alternative approach is adopted where the
requirement for exceptions or derogations for the use of products containing otherwise
prohibited active ingredients are given on the basis of demonstrated need by a certified
operator, with a clear timetable for reduction in use, mitigation of hazard (by use of
specific application methods or protective equipment) and replacement by alternative
methods.
The FSC Pesticides Committee would consider and annually monitor the proposed
timetable for reduction, risk mitigation and replacement by less toxic (and ideally nonchemical) methods. The FSC would thus contribute towards achieving a coordinated
resolution of pest and disease management issues in forestry worldwide by the least
toxic methods. It maybe that solutions in one country or region could be transferred to
others, or that research and development is underway that needs additional support to
deliver a solution, or that training and extension are required. The FSC could contribute
to identifying resources for all of these solutions, working in partnership with other
interested parties, commercial, governmental and NGO.
This approach would transparently build up a dossier of priority pest and disease
problems in forestry that currently (in a specific country, region or situation) requires the
use of more hazardous active ingredients that are generally not permitted in FSC
certified forests.
5.3 Prohibitions – Annex 1 – adding to the prohibited list
Annex 1 of the FSC policy includes a general requirement that, in addition to the list of
prohibited active ingredients, other active ingredients (or formulations of these, as
applied) are also prohibited if they exceed the thresholds.
This implies that a constant process of review is implemented, as suggested in other
parts of the FSC Policy. This is clearly desirable, and would be based on the published
information on active ingredients that are used in forestry worldwide. This would not
include consideration of the formulation, but only the active ingredient.
Taking note of the lists of active ingredients permitted for forestry in several countries
(Annex I of this report), and the evaluation of these against the indicators and thresholds
reviewed in section 3 of this report, several additional pesticide active ingredients are
proposed for addition to the prohibited list. These have been listed in section 4, with the
full list provided in Annex II of this report.
The pesticide lists from only a few countries were available, thus the proposed additions
to the prohibited list is not fully comprehensive. Also it is important to note that some
pesticides used in forestry may have ‘ off-label approval’, and thus may not appear on the
country lists.
The process of review and revision to the permitted lists, and the implementation of the
procedure for derogations described in section 5.2 above, would demonstrate the FSC’s
commitment to a process of pesticide use reduction and replacement. It would also
enable the widest possible inclusion of forests and plantations that meet the stringent
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social, economic and environmental requirements that are the core of the FSC
standards.
5.4 Methodology for non-expert evaluation and system development
Simplified scheme
The list of indicators and thresholds in the current FSC policy should be simplified and
presented in a logical order, using a simple flow chart and taking note of the comments
and proposals in Section 3 of this report. The thresholds should be based on published
information, included in the Pesticide Action Network North America (PANNA) database
and or the Pesticide Manual (BCPC). Hazard classes should be used, rather than
specific limit values (for example WHO Class 1a and 1b).
This system could be easily communicated and would be readily understood. It is
important that it be set in the context of a clear explanation of the FSC hazard based
approach that aims for a prioritised approach to pesticide use reduction.
It should be clearly explained that the prioritisation of the hazard of pesticide active
ingredients is arbitrary and provides for time limited derogation for use of hazardous
substances, provided use is monitored and a clear plan for reduction is proposed for the
development and deployment of alternative methods.
The simplified scheme would be presented as a way forward to reduce pesticide use as
one part of the FSC standards that provide a comprehensive definition of socially,
economically and environmentally sustainable forest and plantation management.
Evaluating pest and disease management problems – defining systems
The process of hazard identification and derogation presented above could be
complemented by a proactive process of defining and evaluating the key pest and
disease management problems experienced by current FSC certified operators and by
those forest and plantation systems that are not yet included within the FSC scheme.
The FSC chemical policy and procedure has been implemented as a ‘top-down’
approach, with a hazard based approach rigorously applied, coupled with a procedure
for derogation. Forest and plantation managers around the world have inevitably
subjected this approach to criticism and have sought derogations since it has not taken
account of the specific pest and disease management problems they encounter.
It is proposed that the FSC initiate a process of inclusive consultation, both with certified
operators and with those that are currently not certified by the FSC. This would aim to
understand:
• Key pest and disease problems encountered
• Variation from year to year
• Substances used for control
• Available alternatives
• Cost of pest or disease outbreak
• Costs of different methods of control

72/101

PAN Review of FSC Chemicals Policy

This would enable the FSC to prioritise the pest and disease problems in different
countries, regions and systems of forest and plantation management. From it a positive
list of preferred methods for control of pest and disease problems could be developed.
It would also allow a proactive approach to be taken that would contribute to the
continuous improvement and development of forestry systems around the world.
Perhaps most importantly it would show that the FSC is taking a bottom-up approach to
defining desirable systems of forest and plantation management.
Monitoring use
To enable the FSC to monitor progress in pesticide use reduction, a system of record
keeping should be implemented (as is already required in some countries) where the
use of pest and disease control methods must be recorded, including the substance
used, the quantity, the location, method of application, use of protective equipment,
operator and the time/date of use.
The annual inspection of certified operators would include examination of the
completeness of records, and the progress towards the reduction in use of specified
substances for which derogations have been given on the basis of need. It would also
allow the verification of the development and deployment of alternative practices.
The FSC Board Pesticide Sub-committee would keep the outcome of this aspect of the
annual inspection under review, perhaps initiating detailed examination of a sample of
cases where the most hazardous substances continue to be used.
Training and extension
Although the hazard based approach central to the FSC policy can help identify those
substances that are least desirable, at the core of environmentally acceptable pest and
disease management is the training and extension that is necessary to support the
implementation of non-chemical and integrated pest management techniques. It is
essential that the FSC require that forest managers have adequate training, and that the
FSC contributes to the worldwide development of best practice. Already schemes for
training and extension based on a coherent definition of best practice, including selection
of the least hazardous method and the implementation of non-chemical and integrated
pest management practices have been developed in many countries. These should form
the basis for the FSC requirement.
However, although the provision of training and extension services may be relatively
easy for operators in developed economies, or in large scale commercial forestry
businesses, it is not necessarily accessible to all current and potential operators in
developing countries. This is particularly true for small-scale operators who, for many
reasons may most benefit from the market opportunities that FSC certification cab
provide. The FSC should take steps to ensure that it supports capacity development
amongst all certified forest managers to have access to training and extension. The FSC
should contribute to the definition of the resource need, and to providing support where
possible.
In many cases, it is likely that the FSC can provide the tool kit to enable forest managers
to follow a decision tree. Signposting to common information sources and the provision
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of easy to use guides (already developed in several countries around the world) would
help ensure access to the necessary information for the definition of best practice and
the implementation of improved systems.
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6. Conclusions
Recommendations
P. The FSC should be at the forefront of promoting and supporting the research
and development of safer (alternative) methods of pest, disease and weed
management. It should work with government, commercial, research and NGO
partners able to initiate research and development to meet the priority needs
identified (e.g. through implementation of recommendation M).
Q. FSC Policy Criterion 6.6 favours non-chemical methods, however, Criterion 6.8
seeks to minimise the use of ‘biological control methods and Criterion 10.7
promotes Integrated Pest Management and ‘places primary reliance on
prevention and biological control methods’. The FSC should provide coherent
guidance and develop a policy for implementation of biological controls in
forestry.
R. FSC should consider their remit with regard to post-harvest treatment of
timber since it involves the use of some of the most hazardous substances.
A hazard-based approach is central to the FSC chemicals policy, and this report has
reviewed the indicators and thresholds. In most cases the approach taken is supported,
although several proposals for change have been recommended. It should be
acknowledged that this approach is based on arbitrary thresholds aimed at excluding the
most hazardous substances. Thus, this is not a risk assessment approach, but is
intended to allow prioritisation of those substances that should be the first target for
pesticide use reduction.
The FSC is aiming for widespread uptake of its certification scheme, and although some
forestry or plantation systems may never be eligible for certification by the FSC (whether
because they rely crucially on a certain pesticide, or any other practice that is not
acceptable under the FSC standards), the intention is to contribute to the progressive
improvement of forestry and plantation practice – socially, economically and
environmentally.
This review of the chemicals policy has by definition only examined one area of the FSC
standards for forest and plantation management. Although use of hazardous chemicals
poses unique environmental and human health hazards (both to operators and
bystanders), the whole of the FSC standard is more than the sum of its parts. Thus a
close examination and criticism of any single element can lose sight of the broader
purpose of progressive improvement across a broad front.
In the case of the chemical policy, the FSC currently aims to present a hazard-based
approach to prohibition of those substances that exceed thresholds set for a wide range
of human health and environmental indicators. It then aims to provide a procedure for a
case-by-case risk assessment to allow derogations for use of these prohibited
substances. This requires expert local knowledge that is not generally available and
expert assessment that is resource intensive.
An alternative approach is proposed that allows the use of prohibited substances on the
basis of demonstrated need, accompanied by a specific and time limited reduction plan
with the development and deployment of alternatives.
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At the same time, the prohibited list of active ingredients should be kept under active
review, taking note of the national and regional active ingredients that are used and the
proposed indicators and thresholds.
The FSC should contribute to the development of safer methods of pest and disease
management, by taking steps to define what is used and why, as well as what is needed
and what alternatives are available. This would form the basis for an agreed priority list
of pests and diseases, and of those substances for which alternatives are most urgently
needed.
It is likely that in several cases, the development of alternatives might depend on further
research and development. The FSC should be at the forefront of promoting this,
working with government, commercial, research and NGO partners able to initiate
research and development to meet the priority needs. Clearly pesticides are a major
concern and their use must be reduced, justified and complemented by the development
of alternatives.
Although it is important that the FSC lays down progressive standards, it must be
recognised that not all those who would wish to participate will be able to due to
resource limitations. Responsibility should be shared to ensure that the implementation
of the FSC standards and certification scheme does not play into the hands of the larger,
resource rich and powerful stakeholders, but can be taken up by the resource poor and
smaller stakeholders, often the most relevant partners in achieving sustainable
development.
It is assumed that the FSC is engaged in a process or progressive improvement. The
intention is to prioritise practices that are less sustainable and replacing them by those
that are more sustainable. FSC should develop a policy for implementation of biological
controls in forestry.
Although the primary concern of the FSC is with forest and plantation management, the
FSC should consider their remit with regard to post-harvest treatment of timber since it
involves the use of some of the most hazardous substances.
Generally, it is important not to demonise the worst practices, since forest and plantation
managers may hide them, rather it is necessary to promote best practice and monitor
uptake through a robust process of inspection and verification.
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Annex I
Pesticides used in forestry – country lists
• United Kingdom
• New Zealand
• United States of America
see separate excel spreadsheet compiled using the following sources
Pesticides Action Network (PAN) of North America, Pesticides Database; last updated
November 5, 2002; search by commodity (cop) or site for ' forest' gave 764 records;
NZ list: Zabkiewicz JA, New Zealand pesticides list, 2004;
Pesticides Safety Directorate (PSD) UK (no year), The Pesticides Register Database,
https://secure.pesticides.gov.uk/pestreg/
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Annex II: List of prohibited pesticides in FSC Policy included as Annex 1 in the
FSC policy
ANNEX 1 of FSC Policy: Chemical pesticides prohibited under the FSC rules of voluntary forest
certification.
These chemicals are classed as “prohibited” under Criterion 6.6 of the FSC Principles and
Criteria for voluntary forest certification. Other chemicals are also prohibited if the active
ingredients, or the formulations applied, comply with the definitions and characteristics shown in
section 4. Temporary exceptions may be approved by the FSC board committee (Annex 4).
Revised lists will be published and circulated when necessary.
Licensed chemical pesticides in formulations and mixtures, which do not contain these active
ingredients, and do not exceed the thresholds in section 4, are not immediately prohibited. They
may be used, under careful controls, in accordance with the guidance included in this document,
and in accordance with FSC-endorsed Forest Stewardship Standards.
Name of chemical Reason for prohibition (cf. section 4)
• Aluminium phosphide Toxicity similar to sodium cyanide. WHO Table 7.
• aldicarb WHO Table 1, Class Ia.
• aldrin CHC
• benomyl Persistence: 6 - 12 months. Toxicity: LD50 100 mg/kg. LC50 60 - 140 microg/l.
Mutagen
• brodifacoum WHO Table 1, Class Ia. Permitted for control of rodents in Chile, when they are
vectors of Hantavirus transmission, in houses and camps.
• bromadialone WHO Table 1, Class Ia. Permitted for control of rodents in Chile, when they are
vectors of Hantavirus transmission, in houses and camps.
• carbaryl Toxicity: LD50 of 100 mg/kg in mice.
• chlordane Organochlorine. Persistence: half-life of 4 years. Toxicity: oral LD50 in rabbits
approx. 20-300 mg/kg.
• DDT CHC
• diazinon Toxicity: 0.0009 mg/kg/day. LD50 2.75 - 40.8 mg/kg.
• dicofol Persistence: 60 days. Bio-magnification: log Kow 4.28.
• dieldrin CHC
• dienochlor Organochlorine. Toxicity: LC50 of 50 microg/l in aquatic environments.
• difethialone WHO Table 1, Class Ia. Permitted for control of rodents in Chile, when they are
vectors of Hantavirus transmission, in houses and camps.
• dimethoate Toxicity: RfD 0.0002 mg/kg/day. LD50: 20 mg/kg in pheasants.
• endosulfan Organochlorine. Toxicity: LD50much less than 200 mg/kg in several mammals.
RfD 0.00005 mg/kg/day.
• endrin Organochlorine. Persistence: half-life >100 days. Toxicity: LD50 <200 mg/kg. Biomagnification high in fish.
• gamma-HCH, lindane CHC
• heptachlor Organochlorine. Persistence: half-life 250 days. Toxicity: LD50 100-220 mg/kg in
rats, 30-68 mg/kg in mice. RfD 0.005 mg/kg/day. Bio-magnification: Log Kow 5.44.
• hexachlorobenzene WHO Table 1, Class Ia.
• mancozeb Toxicity: RfD 0.003 mg/kg/day.
• methoxychlor Persistence: half-life 60 days. Toxicity: RfD 0.005 mg/kg/day. LC50 <0.020 mg/l
for trout.
• metolachlor Bio-magnification: log Kow 3.45.
• mirex Organochlorine. Persistence: half-life > 100 days. Toxicity: LD50 50-5000 mg/kg.
Carcinogen. Bio-accumulation high.
• oryzalin Persistence: Half-life 20-128 days. Toxicity: LD50 100 mg/kg in birds.
• oxydemeton-methyl, Metasystox WHO Table 2, Class Ib.
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oxyfluorfen Toxicity: RfD 0.003 mg/kg/day Log Kow 4.47. (Goal, Koltar)
paraquat Persistence: > 1000 days. Toxicity: RfD 0.0045 mg/kg/day. Log Kow 4.47.
parathion WHO Table 1, Class Ia.
pentachlorophenol WHO Table 2, Class Ib.
permethrin Toxicity: Log Kow 6.10. LC50 0.0125 mg/litre in rainbow trout. To be prohibited,
with a derogation to the end of 2003 for use with seedlings and young planted trees, when
used with minimal impacts on insects and aquatic systems. (Permasect)
quintozene Organochlorine. Persistence: 1 - 18 months. Toxicity: high. Bio-magnification: Log
Kow 4.46.
simazine Toxicity: RfD 0.005 mg/kg/day.
sodium cyanide WHO Table 2, Class Ib.
sodium fluoroacetate, 1080 WHO Table 1, Class Ia. Permitted for control of exotic mammals
in Australia and New Zealand, where they cause damage to native plants or animals.
2,4,5-T Organochlorine. Toxicity: medium to high in mammals. Often contaminated with
dioxin.
trifluralin Toxicity: RfD 0.0075 mg/kg/day. Log Kow 5.07. LC50 0.02 mg/litre. (under review, to
be clarified)
toxaphene (camphechlor) Organochlorine. Persistence: > 100 days, high. Bio-accumulation
high.
warfarin WHO Table 2, Class Ib. Permitted for use against exotic mammal pests of native
forests, including grey squirrels in UK, by approved operators with approved traps.
Pesticides containing lead (Pb), cadmium (Cd), arsenic (As), or mercury (Hg).
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Annex III Profiles of active ingredients
III A Cypermethrin, alpha-cypermethrin and zeta-cypermethrin
III B Glyphosate
III C Atrazine and terbuthylazine
See separate file: <Annex III>
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Annex IV: Current FSC Policy on pesticides as stated in FSC Policy:
Chemical pesticides in certified forests: Interpretation of the FSC principles
and criteria.
4 Prohibited pesticides:
A list of prohibited chemicals is a simple prescriptive form of regulation, and is needed for a strict
interpretation of the P&C. The FSC categories and thresholds are described here, and the current
list of prohibited chemical pesticides is in Annex 1 [see Annex II of this report]. The thresholds
and list are currently definitive, but they are subject to change, as new information and techniques
become available. The thresholds will be reviewed periodically, and may be changed, at the
discretion of the board of directors, after due consultations with stakeholders. The list of
prohibited chemicals will be revised periodically, when FSC is satisfied that other chemicals or
formulations exceed the set thresholds.
4.1 World Health Organization Type IA and IB.
All chemicals listed in
- WHO Table 1, Class IA, classified as "Extremely Hazardous"
- WHO Table 2, Class Ib, classified as "Highly Hazardous"
WHO Classifications are based on acute mammalian toxicity, measured mainly on laboratory
animals.
They aim to indicate the hazards to human health. They do not cover hazards to other life forms,
ecosystems, or the physical environment. Pesticides in these classes include the following, which
are sometimes used in forestry: aldicarb, parathion, oxydemeton-methyl, sodium cyanide and
warfarin. These and others are listed in Annex 1[see Annex II of this report].
4.2 Chlorinated hydrocarbon pesticides
a) In strict chemical terms, chlorinated hydrocarbons are compounds which contain only
carbon, hydrogen and one or more halogen. The class consist of a wide variety of
chemicals including polychlorinated biphenyls, clioquinol, trichloroethylene,
hexachlorophene, phenoxy herbicides and organochlorine insecticides such aldrin, DDT,
dicofol, chlordecone, dieldrin and lindane. They are prohibited in certified forests. Those
that are sometimes used in forestry are included in Annex 1 as CHC.
b) b) A broader definition has been proposed, in a study prepared for FSC-US by
Radosevich,
Lappé and Addlestone (2000). It follows common usage, in which chlorinated hydrocarbons are
commonly considered to be organochlorines, and many organochlorines are considered to be
chlorinated hydrocarbons. This definition includes organic molecules with hydrogen and carbon
atoms in a linear or ring carbon structure, containing carbon-bonded chlorine, which may also
contain oxygen and/or sulphur, but which do not contain phosphorus or nitrogen. Most
organochlorine pesticides which comply with this broader definition are prohibited in certified
forests, and included in Annex 1, because their risk to human health, or their high persistence,
toxicity or bio-accumulation exceed the FSC thresholds. Not all organochlorines exceed the
stated thresholds for toxicity, persistence or bio-accumulation, and they are not included in this
list of prohibited pesticides, but they should be avoided.
4.3 Pesticides that are persistent, toxic or whose derivatives remain
biologically active and accumulate in the food chain beyond their intended use
This is interpreted as a prohibition of pesticides with unacceptable impacts or risks. Many of these
chemicals are already prohibited or restricted by regulations in some countries, but the quality of
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national regulations varies widely. The following interpretation is a supplement to national
regulations, and gives the thresholds and requirements for compliance with the FSC P&C.
This category includes chemical pesticides which
• have acute or chronic toxicity to non-target organisms,
• have toxic effects, which persist in the environment, especially in the soil or water,
• accumulate in organisms, especially those at the end of the food chain, and cause
damage to non-target organisms or the environment,
• are prone to long-range atmospheric transport and deposition,
• result in adverse environmental and human health effects at locations near and far from
their source.
Radosevich et al. (2000) provide a detailed description of criteria used to identify prohibited
chemicals on the grounds of persistence (half-life), chronic and acute toxicity or Biomagnification. These are now adopted as the FSC thresholds for prohibited pesticides. These
thresholds, and the list of chemical pesticides known to meet these thresholds, will be subject to
continuous review, including the development of more detailed guidelines, and studies of the
impacts of other pesticides with characteristics that are close to meeting the agreed thresholds
(called “marginal” pesticides by Radosevich).
FSC thresholds:
Persistence: a pesticide is prohibited if it has a half-life of 100 days or more; i.e. if half of the dose
applied, under the conditions of use, persists or can reasonably be expected to persist in soil or
water in its originally used formulation or a toxicologically comparable active form for 100 days or
more.
Chronic toxicity: Pesticides are prohibited if they have
- a standard Reference Dose (RfD) of less than 0.01 mg/kg/ day, or
- an overall 50% Lethal Dose (LD50) level of up to 200 mg/kg, or
- an aquatic toxicity level of LC50 of up to 50 microg/l in aquatic environments.
Carcinogens, mutagens and endocrine disruptors: Chemicals are prohibited if
1) categorised by US IARC as a Class IIA carcinogen or higher,
2) categorised by the US Environmental Protection Agency (EPA) as Class 1A,
3) determined by the US EPA to be a chemical that can "reasonably be expected to be
carcinogenic to humans”,
4) classified by the US EPA or NTP as an endocrine disruptor
5) mutagenic to a mammalian species.
Bio-magnification The bio-accumulation of pesticides or their biologically active derivatives in the
fat or lipid of individual organisms, and their bioconcentration to higher trophic levels, is measured
by the octanol-water partition coefficient. A pesticide is prohibited if the octanol-water differential
gradient (Kow) is over 1000, or if its log Kow is greater than 3. The bio-concentration factor (BCF)
or the bio-accumulation factor (BAF) is a more sensitive measure, and may be used as an
alternative.
Heavy metals Pesticides containing lead (Pb), cadmium (Cd), Arsenic (As), or mercury (Hg) are
prohibited.
Dioxins Any pesticides contaminated with any dioxin with a tetrachlorodibenzo-p-dioxin (TCDD)
equivalence of 10 ppt or greater, or which produces such dioxin when burned, are prohibited.
Other cases: These guidelines will supplement national regulations or licences. If any country has
stricter thresholds for the use of these or other chemical pesticides, these national regulations
must be respected. No chemicals may be used unless licensed for use for forestry purpose by the

99/101

PAN Review of FSC Chemicals Policy
appropriate authorities of that country. Always, the national regulations, AND the FSC guidelines
must be followed. Any contradictions will be resolved case by case.
This section does not deal with site factors or the rate, method or frequency of application. All the
thresholds shown in this section apply to the active chemical ingredient in the pesticide, AND
ALSO to the formulation applied, including all active ingredients, wetting agents, propellants,
surfactants and solvents, etc. Any chemical pesticide, formulation or mixture which exceeds these
thresholds, through synergistic or other effects, is automatically prohibited, even if it does not
appear on any FSC list of prohibited chemical pesticides.
Annex I [see Annex II of this report]: Chemicals which are known to meet these thresholds, and
are used in forestry, are listed in Annex 1. This list will be revised by the FSC secretariat at
regular intervals, and widely circulated. This published list is definitive, until replaced by another
FSC-approved list. Revisions to the thresholds and lists will be based on consultations with
certification bodies, national initiatives, forest managers and other stakeholders and on studies of
the impacts of other pesticides with characteristics that are close to the agreed thresholds. All
interested stakeholders are requested to send information and suggestions to FSC.
4.4 Pesticides banned by international agreement.
This category includes any pesticide banned in the country concerned, under the terms of
agreements with any other country. As far as is known, the thresholds in section 4.3 already
cover all pesticides banned by international agreements, and used in forestry. If any other
internationally banned pesticides are identified, they will be added to the list. This category also
affects chemicals, which are not officially approved or licensed for forestry uses in the country, for
whatever reason. Many countries have complex rules governing whether chemicals may be used
for purposes, which are not stated on the product labels and are not explicitly licensed. Some
chemicals are effectively prohibited in forestry operations by virtue of the fact that they are not
licensed, whether or not they exceed any of the thresholds in section 4.3.
For example, European Community Directive 91/414 authorizes approval for pesticide uses.
Annex 1 of the Directive is a list of the approved chemicals. By a decision of the EC Standing
Committee on Plant Health, and in the absence of an application for approval from the
manufacturers, the sale of permethrin for forestry purposes in the EU will no longer be licensed
after July 2003.
Forest managers must inform themselves about the official status of the pesticides they use.
National initiatives should provide guidance in their standards. Certification bodies must verify
compliance.
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Annex V Pesticides with Occupational Exposure Limits

Based on EH40/2002 and supplement 2003. Definitions taken from EH40
Both MELs & OESs are concentrations of hazardous substances in the air to help protect
the health of workers.
Maximum Exposure
Occupational Exposure
Limits (MELs)*
Standards (OESs)**
Mg.m-3
mg.mg3/8hr
Acrylonitrile
0.3
37
Benomyl
10
Captafol
0.1
Captan
5
Carbofuran
0.1
Carbon Tetrachloride
13
Chlorpyifos
0.2
Cyhexatin
5
2,4-D
10
Dioathion
0.2
Diuron
10
Endosulphan
0.1
Endrin
0.1
Ethylene Dibromide
3.9
Ethylene Dichloride
21
Fenchlorphos
10
Ferbam
10
Formaldehyde
2.5
Lindane
0.1
Malathion
10
Maleic Hydrazide
1
Methomyl
2.5
Methoxychlor
10
Mevinphos
0.9
Naled
3
Paraquat Dichloride
0.08
Parathion
0.1
Pentachlorphenol
0.5
Phorate
0.05
Picloram
10
Pyrethrins
5
Rotenone
5
Sulfotep
0.1
2,4,5 - T
10
TEPP
0.05
Warfarin
0.1
NB: Sulphuric Acid no longer has a legally binding Occupational Exposure Standard - it was
3
1mg/m . It has been withdrawn in 2003 list.
* An MEL is set for substances which may cause the most serious health effects such as cancer
or occupational asthma and for which "safe" levels cannot be determined, or where safe levels
may exist but are not reasonable practicable to control.
** An OES is set at a level at which (based on current scientific knowledge) there is no indication
of risk to the health of workers exposed by inhalation day after day
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