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How to define green adjuvants†

Bert Beck,a∗ Walter Steurbautb and Pieter Spanogheb

Abstract

The concept ‘green adjuvants’ is difficult to define. This paper formulates an answer based on two approaches. Starting
from the Organisation for Economic Cooperation and Development (OECD) definition for green chemistry, production-based
and environmental-impact-based definitions for green adjuvants are proposed. According to the production-based approach,
adjuvants are defined as green if they are manufactured using renewable raw materials as much as possible while making
efficient use of energy, preferably renewable energy. According to the environmental impact approach, adjuvants are defined
as green (1) if they have a low human and environmental impact, (2) if they do not increase active ingredient environmental
mobility and/or toxicity to humans and non-target organisms, (3) if they do not increase the exposure to these active substances
and (4) if they lower the impact of formulated pesticides by enhancing the performance of active ingredients, thus potentially
lowering the required dosage of active ingredients. Based on both approaches, a tentative definition for ‘green adjuvants’ is
given, and future research and legislation directions are set out.
c© 2012 Society of Chemical Industry

Keywords: pesticides; formulation; coformulants; inerts; adjuvants; green chemistry; environmental impact; sustainability

1 INTRODUCTION
1.1 Adjuvants
Adjuvants are added to active ingredients of pesticides to make
them more suitable and effective for application.1 The amount
of built-in adjuvants in ready-to-use pesticide formulations often
surpasses 50% of the total weight of the product.2 The functions
of specific adjuvants are very diverse, including stabilisation of
the formulation, de- and antifoaming, buffering, wetting, drift
reduction, spreading, sticking, etc.3

There are different definitions for the word ‘adjuvant.’ The two
most influential definitions are given in US and EU legislation.
US law defines adjuvants as chemicals or mixtures of chemicals
added to the tank mix by the end-users. This encompasses all
non-active ingredients, including synergists and safeners, that
are not part of a pesticide formulation.4 If these adjuvants are
included in a pesticide formulation, they are referred to as ‘other
ingredients.’ The European Union regulation 1107/2009, on the
other hand, does not include synergists and safeners in the
definition of adjuvants.5 If an adjuvant is already included in a
pesticide formulation, it is referred to as a coformulant.

Because the same chemical molecules may be used as
coformulants and as adjuvants, an adaptation of the EU definition
was chosen for this paper. To avoid viewing adjuvants and
coformulants as two completely different classes of substances, the
authors decided to use the terms ‘tank-mixed adjuvants’ and ‘built-
in adjuvants’ to refer to adjuvants and coformulants respectively.
If both tank-mixed and built-in adjuvants are intended, then they
will be simply referred to as ‘adjuvants’.

A new trend of ‘green’ or ‘sustainable’ adjuvants is now
emerging. This paper aims to produce a tentative definition for
‘green’ tank-mixed and built-in adjuvants.

1.2 The green trend
Green claims and labels are sprouting up in basically every in-
dustrial sector, ranging from seafood production to tourism.6,7

However, looking at chemical crop protection and, more specifi-
cally, at the agricultural adjuvant sector, claiming a green image
is a difficult task. Adjuvants occupy an ambiguous position owing
to their linkage with chemical pesticides. In a European survey in
2010 on perceived food-related risks, consumers indicated pesti-
cide residues as their number-one concern. Comparison with an
earlier survey from 2005 pointed out that the importance of this
concern is still on the rise.8 One of the main reasons for this concern
is that the active ingredients in pesticides are intentionally applied
onto crops to repel, destroy or control pests such as insects, fungi
and weeds. Owing to their intrinsic toxicity towards a whole range
of living organisms, active ingredients are considered by the public
to be very hazardous to humans and the environment.

Agricultural adjuvants are formulated or sprayed together
with these active ingredients, which might form the perception
among consumers that adjuvants are also harmful. On the other
hand, adjuvants increase the efficiency of pesticides by ensuring
better leaf spreading/wetting and leaf penetration, by enhancing
deposition on plants and by prolonging the protection of plants.
They can also reduce the amount of active ingredients applied.9

They can diminish drift of active ingredients and reduce off-
target movement. The combination of the negative connotation
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from pesticides and the positive environmental effects make the
distinction between green and non-green extremely tenuous.

This situation is made worse by the lack of a unified definition for
green adjuvants. Private communications with several adjuvant-
producing companies and other stakeholders resulted in a range of
different visions: some companies consider environmental safety
and low human toxicity as prerequisites for green adjuvants, others
consider the natural composition of the adjuvant compounds as
the most important factor and still others consider fast degradation
in the environment to be the key criterion.

To make green claims in the adjuvant industry credible, it
is of vital importance to the adjuvant producers to have a
widely accepted definition for green adjuvants. Only when a
clear definition is available does it become possible for producers
to self-regulate or for governments to develop regulation and
to give benefits or to award an ecolabel (e.g. the EU Ecolabel10)
to those producers that effectively develop and market green
adjuvants.

In this perspective paper, two different views on defining green
adjuvants are discussed: a production-based approach, which
elaborates on the production requirements of adjuvants to be
called ‘green’, and an environmental impact approach, which
elaborates on risk assessment systems that evaluate the risks
that adjuvants pose towards humans and non-target organisms.
Both approaches use elements of the Organisation for Economic
Cooperation and Development (OECD) definition for sustainable
chemistry11 to determine whether or not adjuvants are green.

2 SUSTAINABLE CHEMISTRY
Environmental protection policies of various governments and
non-governmental organisations often have sustainable devel-
opment as a main goal in mind. The report of the Brundtland
commission12 promoted the wide acceptance of the following
definition of sustainable development:

Sustainable development is development that meets the needs
of the present without compromising the ability of future
generations to meet their own needs.

A way to measure the sustainability of industrial practices can
be found in the triple bottom line, also known as the three Ps:
people, planet and profit. This triple bottom line states that an
enterprise will be economically sustainable if the objectives of
environmental protection, societal benefit and market advantage
are all satisfied.13

A more specific sustainability definition, applicable to adjuvants,
is the definition of sustainable or green chemistry, a concept that
was developed by Anastas and Warner.14 The definition given here
is in the form used by the Organisation for Economic Cooperation
and Development:

Sustainable chemistry is the design, manufacture and use
of efficient, effective, safe and more environmentally benign
chemical products and processes. Within the broad framework
of sustainable development, government, academia and industry
should strive to maximise resource efficiency through activities
such as energy and non-renewable resource conservation, risk
minimisation, pollution prevention, minimisation of waste at all
stages of a product life cycle and the development of products
that are durable and can be re-used and recycled.11

Using the last definition to define green adjuvants leads to
some difficulties. It is, for example, not possible to re-use or recycle
adjuvants after they have been applied in the field. Nonetheless,
most elements of the definition can be applied to adjuvants

and have been incorporated into the two previously mentioned
approaches.

3 PRODUCTION-BASED APPROACH
The production-based approach uses two elements from the
sustainable chemistry definition of the OECD. It considers the
source of the raw materials and the energy consumption for
the production of adjuvants. The production-based approach
outlined in this paper defines green adjuvants as ‘adjuvants that are
manufactured using renewable raw materials as much as possible,
while making efficient use of energy, preferably renewable energy’.
Examples of biologically produced adjuvants are vegetable oils,
lecithins and a whole range of biosurfactants (i.e. surfactants
produced by microorganisms): hydroxylated and crosslinked fatty
acids, polysaccharide–lipid complexes, glycolipids, lipoprotein-
lipopeptides and phospholipids.15

This production-based definition raises a few questions. A first
question is whether chemical modifications to the natural structure
of renewables are allowed. For example, can fatty acids, which are
ethoxylated to make them useful in agrochemicals, be named
‘green’ surfactants, or should they be named ‘semi-synthetic’,
‘semi-organic’ or ‘semi-green’? These chemical processing steps
might change the inherent toxicity of these chemicals towards
living organisms. A second question is whether the term ‘green
adjuvants’ has to be limited to adjuvants that are produced solely
with renewable raw materials and renewable energy. For example,
vegetable oils are mixed with fossil hydrocarbon surfactants. Can
these product mixtures be seen as green or are they only partly
green? And can adjuvants that are derived from 100% non-
renewable raw materials but produced solely or partly with energy
coming from renewable resources be considered green?

A third question is what to say about adjuvants that are derived
from 100% fossil raw materials and energy but used together
with active ingredients produced from renewable sources. (For
example, piperonyl butoxide, a synthetic synergist, is used
together with the green active ingredient pyrethrum.) Can these
products also be considered green?

Only when the prerequisites for the production of green
adjuvants are set does it become possible for government and
producer consortia to encourage a trend towards renewables
in chemical production. There are several options to promote
this green technology. A report of the United Nations states
that green technologies have to be treated as infant industries,
with appropriate support, including public sector investments in
infrastructure, subsidies and access to credit. Policies aimed at
market formation include environmental regulations, minimum
production quotas, public procurement policies, subsidies and
feed-in tariffs, as well as risk-sharing policies designed to
encourage greater private sector investment.16

4 ENVIRONMENTAL IMPACT APPROACH
Adjuvants can have a twofold impact on the environment: they
can possess toxic features by themselves and they can influence
the impact of the pesticides with which they are formulated or
sprayed.

4.1 Impact of adjuvants
To minimise the risks posed by adjuvants, it is preferable to select
adjuvants on the basis of their impact on humans and on the
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Table 1. Examples of POCER indices for different environmental
compartments. Risk indices vary between 0 (low risk) and 1 (high risk).
A risk index equal to 1 (0 for the risk index for beneficial arthropods)
means that a toxicological reference value for that compartment has
been reached, and that the potential risk cannot be ruled out19

Components
Carbofuran

(2.00 kg ha−1)
Glyphosate

(2.88 kg ha−1)

Pesticide operator 1.00 0.49

Farm worker 1.00 0.52

Bystander 0.70 0.00

Persistence in soil 0.00 0.00

Leaching to groundwater 0.00 0.00

Aquatic organisms 0.90 0.00

Birds 0.96 0.00

Earthworms 0.00 0.00

Bees 0.35 0.00

Beneficial arthropods 0.83 0.00

Total 5.75 1.01

environment. This requires a selection tool that measures the
possible negative impact of adjuvants. Such selection tools are
already widely used for active ingredients of pesticides, and are
called pesticide risk indicators (PRIs). These PRIs combine a range
of data of the active ingredient (application rate data, physical,
chemical and toxicological data, etc.) into a single or composite
index for a comparative analysis of the risks posed by different
pesticides.17

It is preferable to select and modify an existing indicator into
an indicator that works with the parameters of adjuvants. Reus
et al.18 argued that a good indicator should have a modular
structure in order to allow indicator developers to select the
environmental effects they want to consider. Based on the most
recent review on the topic, the risk ratio technique is one of the
best chemical ranking techniques, capable of providing a realistic
and objective risk estimate.17 This technique calculates the ratio of
the predicted or measured concentration of a substance in a given
environmental compartment over an effect threshold value (e.g.
the LD50 or the LC50) of organisms living in that compartment.

The review of Labite et al.17 deemed the pesticide occupational
and environmental risk indicator (POCER) as the best indicator out
of a list of 19. As an example, this indicator is briefly discussed here.

The POCER indicator is presented here as an example of a
modular PRI that is based on the risk ratio technique. This indicator
calculates ten dimensionless risk indices ranging between 0 (low
risk) and 1 (high risk) for occupational risks for pesticide operators,
workers and bystanders, for various environmental compartments
(soil persistence, groundwater contamination) and for toxic effects
to aquatic organisms, birds, bees, soil organisms (earthworms) and
beneficial arthropods. The ten indices can be combined into one
composite index.19 Examples of POCER indices are given in Table 1
for the active ingredients carbofuran and glyphosate. A higher risk
profile of an application with carbofuran (with a composite risk
index of 5.75) is observed by comparison with an application with
glyphosate (with a composite risk index of 1.01). Furthermore, the
carbofuran risk index for operators and farm workers reaches 1,
meaning that the acceptable operator exposure level (AOEL) is
surpassed for both groups.

Starting from this multicompartment pesticide risk indicator,
a good adjuvant risk indicator can be developed. Data on
specific endpoints for adjuvants required by the European

REACH legislation can serve as the basis of such an indicator.
These endpoints encompass physicochemical, toxicological and
ecotoxicological data, similar to the data required for pesticides
by regulation 1107/2009.

The main advantage of an adjuvant risk indicator is the
estimation of the environmental risks of specific adjuvants to
designated indicator organisms. The main disadvantage of using
separate adjuvant and pesticide risk indicators is that the possible
effects of the adjuvants on the efficacy of active ingredients, their
mobility and toxicity, and exposure to these active ingredients are
not accounted for.

4.2 Impact of formulations
Adjuvants definitely have effects on the environmental impact of
formulated pesticides. They can assure a more effective application
through various mechanisms: by increasing the spreading and
sticking of active ingredients on plants, by increasing rainfastness,
by enhancing penetration into plants, etc. A more effective
application can reduce the amount of active ingredients needed
for efficient control. However, adjuvants can alter the toxicological
and environmental properties of pesticides. Cox and Surgan2

review and list possible negative effects of ‘other ingredients’
(comprising adjuvants, synergists and safeners) in pesticides.
Negative effects ranged from increased mobility to increased
toxicity to microorganisms, non-target plants, fish, amphibians
and humans to increased exposure (enhanced dermal absorption,
less effective protective clothing, reduced efficacy of washing,
increased persistence or off-target movement of pesticides).2

These effects can cause significant uncertainty in the results of the
PRIs, compromising their utility.20 This calls for a risk measurement
system that takes into account the human and environmental
impact of complete formulations.

Developing a PRI for formulated pesticides with built-in
adjuvants would be easier if public disclosure of all ingredients of
formulated pesticides, and their respective weight percentages,
was required by legislation. Unfortunately, this is not the case.
For example: the recent EU regulation 1107/2009, concerning the
placing of plant protection products on the market, states that
it is required that the names and amounts of active ingredients,
safeners and synergists be made public. Adjuvants do not fall into
either one of these categories, and are thus exempt from public
disclosure.

There is a way around this obstacle, however. Instead of using
an indicator that works with the technical parameters of the
active substance, such as the DT50 value, the LD50 values, the
dermal absorption factor of active ingredients, etc., it is possible to
develop an indicator that works with parameters of the pesticides
in their formulated forms. This does not require the composition
of all the ingredients of the pesticide products to be revealed.
Moreover, the required physical, chemical and toxicological data
can be obtained from governments, as most of these data are
available from tests that are obligatory for each pesticide product
placed on the market. They have been compulsory in the EU since
regulation 1107/2009 entered into force.

The European market will benefit from this indicator technique,
as this market is largely dominated by products with built-
in adjuvants.21 However, this indicator technique is not easily
applicable to the US market because the latter is dominated
by separate pesticide formulations and tank-mixed adjuvants. A
formulated pesticide risk indicator that takes tank-mixed adjuvants
into account is less straightforward to develop. Tank-mixed
adjuvants can be mixed in any concentration proportional to
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the pesticide in the tank. The indicator technique explained in
the section above can only be applied to tank-mixed adjuvants
if a registration procedure is set up, in which combinations
of pesticides and tank-mixed adjuvants are authorised in fixed
proportions.

4.3 Defining ‘green adjuvants’ according to the environmen-
tal impact approach
When all elements from the environmental impact approach are
taken into account, it is possible to construct the definition of green
adjuvants according to the environmental impact approach.

Adjuvants are green if they have a low human and environ-
mental impact, if they do not increase the environmental mobility
and/or toxicity of the active ingredients to humans and non-target
organisms, if they do not increase the exposure to these active sub-
stances and if they lower the impact of formulated pesticides by
enhancing the performance of active ingredients, thus potentially
lowering the required dosage of active ingredients.

4.4 Spray applications
A last consideration in the environmental impact approach is
the importance of the pesticide treatment as a whole. Spraying
techniques also fulfil an important role in green or sustainable
crop protection. Even if active ingredients and adjuvants with
a low environmental impact are selected, it is still possible
to lower the off-target impact of pesticides by using ‘green
spraying technology’, for example by spraying with low-drift
nozzles, by computer-based regulation of spray pressure, boom
height and driver speed, by spot spraying, based on optical
techniques to distinguish weeds from crops, etc. This leads to
an approach where the whole concept of application of crop
protection chemicals is evaluated on the basis of its environmental
impacts. Raising awareness of all the available choices in adjuvants,
active ingredients, spraying equipment and personal protective
equipment will lead to a greener way of protecting crops.

5 CONCLUSION
Using the definition of sustainable chemistry, the requirements
for sustainable or ‘green’ adjuvants are set out in this perspective
article. Two views are extensively discussed, leaving two distinct
definitions of green adjuvants, built up from two approaches:
the production-based approach and the environmental impact
approach. These two definitions can be merged into one all-
encompassing definition for a green adjuvant.

Adjuvants can be defined as green if they are manufactured
using renewable raw materials as much as possible while making
efficient use of energy, preferably renewable energy, if they have a
low human and environmental impact, if they do not increase the
environmental mobility and/or toxicity of the active ingredients
to humans and non-target organisms, if they do not increase
the exposure to these active substances and if they lower the
impact of formulated pesticides by enhancing the performance of
active ingredients, thus potentially lowering the required dosage
of active ingredients.

A great deal of research is still needed to work out the
applicability of this definition. The required percentages of
renewable raw materials and renewable energy in the production
of green adjuvants have to be set by governments, industry and/or
user groups, and the risk measurement systems for adjuvants and

pesticide products have to be worked out and incorporated
in legislation or corporate regulations. Furthermore, end-user
education about the production and environmental impact of
adjuvants can be used as a driving force. Last but not least, it
should not be forgotten that pesticide application technology can
also contribute to a green way of protecting crops.
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