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This publication was developed in the IOMC context. The contents do not necessarily reflect the views
or stated policies of individual IOMC Participating Organizations.

The Inter-Organization Programme for the Sound Management of Chemicals (IOMC) was established
in 1995 following recommendations made by the 1992 UN Conference on Environment and
Development to strengthen co-operation and increase international co-ordination in the field of
chemical safety. The participating organizations are FAO, ILO, OECD, UNEP, UNIDO, UNITAR and
WHO. The World Bank and UNDP are observers. The purpose of the IOMC is to promote co-
ordination of the policies and activities pursued by the Participating Organizations, jointly or separately,
to achieve the sound management of chemicals in relation to human health and the environment.
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One-way pesticide containerContainers that should not be reused or refilleztedhe contents
have been deployed.

Primary packaging. Packaging that is in direct contact with the pédéc

Secondary packagingPackaging that protects the primary packagingoSéary packaging does not
normally come into contact with the pesticide.

Rinsate. The contaminated rinse liquid once it has beexul tis rinse a container.



This guideline provides advice on the managemerng-way pesticide containers following the
deployment of their contents. Unless empty pesticidntainers are managed correctly, they are
hazardous to both mankind and the environment. eTiea danger that empty containers could be
reused for storing food and water, which could Iteisupesticide poisonings. Containers abandoned
in the environment can lead to pesticide pollufioisoil and groundwater. A container management
scheme can minimize these risks and is part of “lile-cycle concept” as addressed in the
International Code of Conduct on the DistributiomdaUse of Pesticidd4].

A container management scheme should ensure that:
the containers are decontaminated directly follguire use of their contents;
inappropriate use of the empty containers is prextrand

it is easy for users to return their empty contarie the scheme.

The safety of pesticide users and the public ipashmount importance when designing a container
management scheme.

Successful container management schemes around/did have been achieved only with the
engagement and support of all stakeholders in tipplg chain for pesticides. These stakeholders
include government bodies, manufacturers, usess;ilditors and suppliers, recyclers and disposers,
NGOs and trade unions. This guideline identifiew/ le@ach of these stakeholders can contribute to a
container management scheme. The guideline cosdiderole of manufacturers in the design of the
containers and the formulation of the product a agetheir responsibility for product stewardship.

The safe and environmentally sound managementrgbiowers at the end of their life is an external
cost to the marketing and use of pesticide produssssuch, the container management scheme
should bear these costs. The scheme will requieguaate funding to support all its operations and
the environmental management of the empty contsirieis the choice of the government how the
scheme should be structured and funded. Optiontudecgeneral taxation, levies on the
manufacturers and importers, deposits, or feess@ bptions are discussed in more detail in section
3.2.1.

The issue of legacy stockpiles of old containerst@minated with pesticide residues is addressed in
FAQO’s Guideline on the Disposal of bulk quantities of abte pesticides in developing countries
[2], of which a revised version is due to be puidid to avoid any duplication with this guideline.

The design of a pesticide container is importanivedl-designed container can help to:

minimize the risks of leakage during transport statage;



minimize exposure to users; and

minimize the burden on the environment at the drid@container’s life.

Likewise, a poorly designed container is hazarddusountry should therefore regulate the design of
the container as well as the pesticide formulatibeen it registers a pesticide product. The prircipa
criteria for a well-designed container are:

to contain the product and prevent its contentsagag during storage and
transport;

to protect the pesticide product from impairmeng doi the conditions under which
it is distributed and stored;

to allow the product to be transferred into its laggion system without
endangering the health of users or the environment;

to minimize the burden on the environment from itiemagement of the container,
once the contents have been deployed.

In assessing a container, the registration autesrghould consider whether it meets the critera f
storage, transportation and use. Provided it sasishese criteria, the registration authoritiesusth
then consider the criteria for minimizing the eowmental burden of the recycling or disposal of the
empty container at the end of its life.

A container can satisfy the criteria for safe sgeraransport and use when:
it complies with the UN packaging codes;

it is constructed from materials that are inergtthre impermeable to the contents,
and to which pesticides and rinsing liquids doautltere;

it is sufficiently robust to withstand the hazaodslistribution and storage;
it is liquid tight and has a resealable cap;

it is easy to handle by users;

it pours accurately and smoothly without drippimggtugging;

it can be completely emptied by avoiding featuhed trap the contents;

it is labelled appropriately;

it has an easy method to identify the amount ofigide remaining in the container,
e.g. translucent container walls; and

it is easy to rinse.

A container that can be emptied fully and easithgeid has an economic benefit to the user so that th
entire contents are available for use againsaiiget pest. An empty rinsed container also reptesen
a lower hazard to the public and environment.

Provided that the safety criteria have been satisfihe environmental burden of the recycling or
disposal of the empty container should be assedéi@iimizing the ratio of the weight of the empty
container to that of a full one will reduce the mtequantity of material to be recycled or dispbeé



at the end of the container’s life. The choicehaf materials from which the container is constricte
has a bearing on its recyclability. Ideally con&sishould be made from a single type of material.
This avoids the need for expensive processes tkbreown into its constituent components during
the recycling process. This is particularly an éssuith a container made from more than one type of
plastic.

The container label plays a vital role in commutifgainformation about the pesticide, its hazards,
safety information and its use. International ragjohs, such as tHeuropean agreement concerning
the international transport of dangerous goods lmad (ADR) [3], FAO codes and the newly
adoptedGlobally Harmonized Systems of Classification aathdlling of Chemicals (GH3}], set
out standards for the design and content of thellaBontainers should also have labels with
information about how they should be cleaned aspgatied of following their use.

As part of a country’s pesticide registration pss;ehe standard of containers allowed to enter the
market can be strictly controlled to ensure thaséhdesign and labelling requirements are met.

The most common form of packaging used for pestid the one-way container, which needs to be
managed after the deployment of its contents. Hewehere are alternative container designs that
have been developed to avoid the necessity of liegyor disposing of the empty containers,
including reusable/refillable containers and wat@uble containers.

Refillable containers have been developed for piesti applications where there is a large and

regular demand and the products are used relatoleBe to where the containers can be refilled.

Refillable containers are therefore only appropriat a very few cases. The potential advantage of
using reusable/refillable containers is that thegic the manufacturing cost of a new container and

the cost of their disposal after each deploymeher& are issues that need to be considered with
reusable containers including:

the long-term permeation of the pesticide intodbmetainer material,
the long term integrity of the container and label;

build-up of residues after repeated use and majli

separation or crystallization; and

homogeneity of the residues and the product teefiked.

Refillable containers should only be refilled witte same formulated pesticide product to avoid the
risks of cross-contamination.
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Soluble packaging is an option for pesticides #na& diluted with water before application. The
soluble sacks are put directly into the spray tahkre they dissolve and release their contentsieThe
are two main advantages:

there is no operator exposure to the contents epdlbks do not require opening;
and

there is no contaminated container to be recyctatisposed of.



The soluble container should be considered anrnategmponent of the formulation. Soluble packs
require waterproof secondary packaging to proteeimt from damage during their storage and
distribution.

Pesticide regulations should encourage innovatigmackage design that improves public safety and
reduces the burden on the environment.

Empty containers have a value in some economiethéostorage of water and food, or for recycling
into cookware and tools. The cost of a new 206 kteel drum is equivalent to one month's salary fo
a store keeper in some regions. Without adequatatpthere is the danger that pesticide container
are used for the above-mentioned purposes, thdmtgso public health issues due to contaminated
food and water supplies. Pesticide containers, kewavell cleaned, are not appropriate for the
storage of water and comestibles. The containeragement scheme should be designed with
safeguards to ensure that pesticide containensadnesed in this way. Appropriate safeguards should
include:

instructions to users to immediately clean the @it of its contents following use
and then to physically damage it to render it ublesaCleaning procedures such as
triple rinsing are discussed in section 1.5.5. Runimog or cutting containers are
appropriate means of preventing their reuse.

education and communications programmes, aimedhiaing awareness of the
dangers of using pesticide containers for stordgiad and water. Examples of
publicity materials are included in section 3.3.3.

t# $%

One-way pesticide containers should not be reusedfiled once the contents have been deployed
because of the potential for contamination. Thg eifcumstance when a container may be refilled is
if it is refilled with an identical product that ieing transferred from a damaged container.

& '% b

The waste management hierarchy sets out an orderesiedence for the selection of the most
favourable waste management option. The most peef@ptions are those that have either no impact
or minimal negative impact on the environment, whihe least preferred ones have a significant
negative impact. Many countries enshrine the hidrarin their environmental legislation. The
hierarchy has been used in this guideline in thecten of recommended solutions for containers.
The hierarchy is shown in Figure 1 below.
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Figure 1: Waste management hierarchy

The following examples, moving from most preferredleast preferred options, show how the
hierarchy functions.

Avoid / Reduce

Using fewer pesticides through adopting practiagshsas Integrated Pest Management (IPM) will
reduce the quantity of waste containers. It alsluces the release of pesticides into the envirohmen
and has economic benefits to users. Using watebokontainers avoids generating contaminated
containers.

Reuse

The use of closed-loop refillable containers allais container to be used many times before it
reaches the end of its life, when it has to be akedy or disposed of. Reusable containers are
preferred because they avoid the environmentasaddhe manufacture and disposal of several one-
way containers. Reusable closed-loop container® by limited applications, as explained in
section 1.1.1.

Recycle

Recycling is the reprocessing of the materials frahich the container was constructed into other
products. Recycling does generate some environineosés, such as energy use in reprocessing the
materials, but there is no loss of the raw mateltia preferred over the options where the matesi
destroyed or unavailable for use.

Resource recovery

Use of the combustible components of the contamaterials as fuel in a cement kiln or power
station is considered resource recovery. The aoetamnaterials are destroyed but the energy is
recovered and used in the process.

Destruction

High temperature incineration destroys containeus their pesticide contaminants, converting their
chemical components into less hazardous by-products



Sequestration

Landfill or permanent storage of the containers etamples of sequestration. The containers still
exist but their hazards are prevented from impgagbimblic health or the environment. Sequestration
can use up scarce land, making it unusable focalgure.

(
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The cleaning of containers has many advantagefére it should be encouraged.

The economic advantages are:

rinsing saves money. An empty container allowedrtp into the spray tank could
still contain 2 percent of its original contentsy Bnsing and adding the rinsate to
the tank, none of the pesticide is wasted,;

recycling or disposal of a properly rinsed contaigleould be less expensive. The
residual pesticide contamination will be sufficignlow (see sections 1.5.9 and
1.5.10) for it to be classified as non-hazardousteia

The environmental advantages are:

a properly rinsed container minimizes the riskscohtamination to soil, surface
water and ground water;

rinsing the container immediately after emptyingeiluces the chances of exposure
to users, the wider public and animals;

properly rinsed containers may be recycled int@ofgroducts rather than requiring
their destruction as hazardous waste.

Cleaning containers is fundamental to any managesseme for one-way containers as it reduces
the hazards associated with the subsequent precasdeisks to public health and the environment.

% & !

Cleaning should be undertaken immediately followargptying the container such that all of the
product may be used for its intended purpose agdesidual contamination is not allowed to adhere
to the internal surfaces of the container. Pesicasidues that are allowed to harden and congeal o
the surfaces of the container or its cap are mumte mifficult to remove. They often require physica
abrasion and much more rinsing liquid. Rinsing irdrately when the pesticides are still liquid is
quick and easy.

% 1

A country cannot rely on users alone to clean anata. Although the majority of users may clean
their containers because it makes economic anda@maental sense, there will be a proportion of
users that will not clean them. To persuade thasigrto clean their containers, it should be made
mandatory under pesticide regulations. The legahiien of an “empty container” should state that

it has to be properly rinsed. A container that hasbeen properly rinsed should remain classifed a
hazardous.
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The cleaning methodology to be used depends omhigsical and chemical characteristics of the
pesticide. In all cases instructions for cleaning tontainer should be included in the productllabe
and product safety data sheets. Cleaning metho@slage shown in Table 1 below.

Formulation Cleaning methodology

Emulsifiable concentrates Rinsing with water using the manual
Water soluble products triple rinsing technique, pressure rinsipng
Water soluble solids or integrated rinsing

Oil and solvent based products Rinsing with solvent

Table 1: Cleaning methodologies

It is important to note that an inappropriately estdd cleaning methodology will be at best
ineffective and at worst dangerous. For exampleespasticide formulations are water reactive and,
if the containers were triple rinsed, there cowddabviolent reaction.

The majority of one-way containers available on therket are appropriate for rinsing with water.
For the sake of clarity, this guideline focusesanater rinsing as the cleaning methodology.

It is extremely important that the effective ringiof containers takes place as soon as possilde aft
deployment of the pesticide. In most cases thi$ edgtur at the place of deployment, e.g., on the
farm. Notwithstanding how an empty container isokered, it must be properly rinsed. This

underpins all subsequent activities. The correatiice for rinsing requires the user to:

rinse the containers immediately after emptyingrthe

add the rinsate to the spray tank as part of tHeernp solution.

This allows for effective removal of pesticide dages. In addition to being good agricultural
practice, it makes good economic sense by enstinatgusers are able to use all of the pesticide. If
the rinsate cannot be added to the applicationpeagmt of the mixing tank, it may be stored for tate
use or disposal. Disposal should always be in d@ecme with FAO and WHO guidelines and
national and international laws and regulations.

There are three standard rinsing options:
triple rinsing;
pressure rinsing;

integrated pressure rinsing.
% % )

Triple rinsing is the method to use in the absesfad hocmechanical rinsing equipment. It is likely
to be the most practical option in developing ecoigs. It can be used to clean all sizes of containe
but the technique is slightly different for smafintainers that can be shaken by hand, and large
containers that are too big to shake. Examplebeofitising instructions are shown below.



(Copyrighted by Bayer CropSciences)
Figure 2: Examples of triple rinsing

* &+

empty the remaining contents into the applicatignigment or a mix tank and drain
for at least 30 seconds after the flow begins ig; dr

fill the container Y4 full with clean water;
securely re-close the cap;

shake, rotate and invert the container so thatwheer reaches all the inside
surfaces;

either add the rinsate to the application equiproetiie mix tank; or

store it for later use or disposal,
allow the container to drain for 30 seconds atterftow begins to drip;

the procedure should be repeated at least twice motil the container appears
clean.

* S+
empty remaining contents into the application em@pt or a mix tank;
fill the container ¥ full with water;
replace and tighten closures;

tip container on its side and roll it back and igorénsuring at least one complete
revolution, for 30 seconds;

10



stand the container on its end and tip it backfartth several times;
turn the container over onto its other end and tiack and forth several times;

empty the rinsate into application equipment oria tank or store rinsate for later
use or disposal. Repeat this procedure at twiceemotil the container appears
clean.

%, #

Pressure rinsing equipment uses water under peegsynically three bar) in the form of a static or
rotating spray jet and valve. The jets of watertihd internal surfaces of the container removing) an
dissolving the pesticide residues. Some pressmsng equipment includes a sharp device that
penetrates the container walls for rinsing purposiesreby offering the additional advantage of
making the container unusable for storage. Thes#&eke should be used in accordance with the
manufacturers’ instructions to avoid injury to thigerator. Examples of pressure rinsing devices are
shown in Figure 3 and Figure 4 below.

[+ /7 Lol 5 4 :

(Copyrighted by the North Dakota State UniversityCopyrighted by the University of Florida, Instituté

Agriculture and University Extension [5]) Food and Agricultural Sciences (UF/IFAS) [6] foreth
people of the State of Florida.

Figure 3: Examples of pressure rinsing devices

The procedure for pressure rinsing small containerthe
following:

put on the personal protective equipment
listed on the product label;

install pressure-rinse nozzle on hose
connected to a water supply capable of
delivering three bar of water pressure;

allow formulation to drip-drain from its
container into the sprayer's tank for at least
30 seconds;

firmly press the pressure-rinse nozzle tip
into the side or bottom of the pesticide
container until the probe is inserted and
seated, then turn on and rinse the container
for at least 30 seconds with it draining into
the sprayer's tank. During the rinsing, rock
and rotate the nozzle so that the water jets (Copyrighted by the North Dakota State University
reach all internal surfaces of the Agriculture)

container. Make sure hollow handles are Figure 4: Pressure rinsing tools
properly rinsed;
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allow the container to drip-drain for at least &2ends;

rinse the caps by placing in a bucket of water3eninutes. Screw the rinsed caps
back onto the container and add the water to treygpnk

HOTE: Use “rocking”, twisting or "wobbling™
motion 1o make sure spray hits bottom af
container; or pierce slde of container
instead of bottom. e

Container ’
Rinsar !

1-5 Gallen
" Pesticide
- Container

Sprayer Tank

=

(Copyrighted by Crop C|ence)=

(Copyrighted by the North Dakota State Universityridulture
and University Extension)

Figure 5: Pressure rinsing in action

For larger containers that are too heavy to lithvabthe spray tank, for example 200 litre drums, a
suction/rinse probe can be used with the contatarding upright. A diagram of a probe is shown in
Figure 6 below. The procedure for rinsing largetaorers is the following:

using the probe suck the contents into the spnaly. téilt the drum slightly so the
remaining contents gather in a corner at the bo#inthsuck these into spray tank;

turn on the rinsing nozzles while sucking the riasato the mixing tank. Rinse for
3 to 5 minutes;

turn the rinsing nozzles off and continue to sutk insate into the spray tank. The
drum can be tilted to enable all the rinsate tsuieked into the spray tank.

Rinsate

to the
1 Mix Tank
\: | ——— Rinse
Water
Inlet
( Safety Spray Shield
DO NOT SEAL
PROBE TO

THE CONTAINER!

(Copyrighted by the North Dakota State Universityridulture
and University Extension)

s (L=

Extended Position for
Rinse Operation

Figure 6: Suction rinse probe for large
containers
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Integrated rinsing technology incorporates the imgisprocess directly into large scale tractor-
mounted spraying equipment. Wherever possible,giated rinsing equipment should be used.
Integrated rinsing is the most efficient methodrioking containers and provides a high level of
operator safety. It is also quicker than both &ipihsing and pressure rinsing. Integrated rinsing
devices rinse by using water under pressure (dtajly three to five bar). A static nozzle with a
valve is normally built into the induction hoppef thhe sprayer. The water pressure cleans the
container until no residues are visible (typicakyguiring up to 30 seconds and 15 litres of water).
The rinsate is then automatically added to theyslgaid.

Integrated rinsing devices can be built into a etbghemical transfer system and can therefore
provide both efficient rinsing and even greaterrapm safety. This avoids spillage, which may
expose the operator to unnecessary risk.

(Copyrighted by BayerCropScience) (CopyightecBIayerCropScience)

containe
sprayer tan

water spray

pumg hoppe

(Copyrighted by Casafe: http://www.casafe.org/)
Figure 7: Integrated rinsing equipment
Closures can be rinsed by placing them in the indndopper. With triple rinsing, they are cleaned

by the shaking process. In addition, the manufacwiinstructions should be followed when using
any rinsing equipment.
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Once a container has been rinsed, it should beeots@ to ensure that all residues have been
removed and then physically punctured or cut taeent unusable. The empty containers are then
ready to be consigned to the container managernbatre.

Whatever the selected method of rinsing, the renséibuld ideally be added directly to the spray
solution. In the case where the next applicatioplaned in the near future and provided that the
pesticide formulation has not exceeded its expatedthe rinsate can be stored for this future use.
The storage containers should be labelled apprepriawhere there is no future need or the

formulation cannot be guaranteed to be within djation, the rinsate should be legally disposed of
in accordance with the FAO guidelines.

%/ "

For pesticides that are formulated in a solvenbiband are not water soluble or dispersible, the

rinsing process has to use a solvent as the rimagdjum. Solvent rinsates may not be suitable for

adding to the formulated product for applicatiamwhich case they have to be treated as pesticide
waste and be disposed of in an environmentally dooanner.

Automated equipment is available for rinsing comeas that had contained oil and solvent based
pesticides. Such equipment has been used effgctieelclean and crush the empty containers
resulting from campaigns to control Desert LocuStee process steps are:

empty container is placed inside the unit, anddihers sealed;
the drums are punctured by the solvent sprayers;

solvent is sprayed inside the drum;

solvent is extracted from the drum;

clean drum is crushed;

the solvent is reused until pesticide concentratiould up;
the contaminated solvent is disposed of as pestivglte.

Figures 8 below shows solvent washing and cruskiugpment.

(Copyrighted by FAO)

Figure 8: Automated solvent washing and crushing egpment

14
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Tests have been undertaken to demonstrate thetiedfeess of triple rinsing as described above.
Table 2 below shows the result of an experimerdetermine the quantity of an active ingredient
remaining in a container at each of the stagespletrinsing.

Active ingredient in 1 oz (28g) of liquid remainingin a 5 gallon (22.5L)
container

Rinsing stage Pesticide residue Percentage remaigin
After draining 14.2 g 100.0%

After 1st rinse 0.2g 1.4 %

After 2nd rinse 0.003 g 0.021 %

After 3rd rinse 0.00005 g 0.00035%

Table 2: Rinsing statistics

(Source: Pest Management Principles for the Wisndrearmer)

% 2 !

Countries should address the issue of waste dizstsdin of rinsed containers either as “hazardous
waste” or “non-hazardous waste”. The decision cakara significant difference to the costs and
administrative burden of the container managemeherse. In Europe, if empty containers are
classified as “hazardous waste” their transpomat# tightly controlled and subject to regulatory

charges. International transboundary movementsduMikdwise have to be subject to the procedures
of the Basel Convention [7]. Recycling and dispagaions are more costly and fewer for containers
classified as hazardous waste.

In Germany the cost differential between managingptg containers as hazardous and non-
hazardous has been estimated at €0.60 per kilogiampty container [18].

Cleaned pesticide containers are classified in niEamppean and North American countries as “non-
hazardous” waste. However there are exceptions aschpain, France and Ireland where they are
classified as “hazardous”.

The European Waste Catalo§i6] provides guidance on classification of “padkagcontaining
residues of or contaminated by dangerous substandédsere the concentration of the highly
hazardous component is less than 0.1 percentattieging is classified as “non-hazardous”. Studies
undertaken in Canada have analysed the residughrooration in triple rinsed containers from 40
different highly hazardous pesticide products. Shalies have investigated the contamination that
adheres to the container surface and has permigitethe container materials. These studies show
that the overall concentration in the containdsfaklow 0.1 percent (source CropLife Internatipnal

FAO/WHO recommend that countries should classifgpprly rinsed containers that have been
inspected as non-hazardous.

% 1

Triple rinsing and pressure rinsing, when undentaicethe standards set out in these guidelines are
able to clean containers so that the containersldhme classified as non-hazardous waste. Table 3
below shows the principal differences betweenwwegrocedures.

! European Waste Catalogue number 15 01 10*
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Features Pressure Rinsing Triple Rinsing
Number of Steps 8 17

Time Spent per Container 1-2min. 4 -9 min.
Container Types Rinsed All All

Special Equipment NeededNozzle/high None

Rinse pressure water

Table 3: Comparison of triple and pressure rinsing

Cleaning a container by triple rinsing involvesdeias many steps and takes about four times as long
as pressure rinsing. However it does not need pagial equipment. Triple rinsing is likely to beeth
preferred technique where pesticide usage is lod #mere is limited availability of special
equipment. Pressure rinsing is likely to be thefgered option in locations where there is intensive
agriculture.

) :

FAO/WHO recommend that the practice of disposap@sdticide packaging at the place of use by
burying or burning be prohibited.

, 3

Burning plastics and pesticides in an uncontrofiegl will not destroy the hazardous components
completely and may generate environmentally pensidbxic emissions. The only thermal processes
that are able to destroy plastics and pesticidedi@nsed high temperature incinerators and cement
kilns with effective emission controls. Pesticid®gucts should never be burnt at the farm or any
other place of use. Countries should apply theaargonary principle and should regulate to prevent
such burning of all primary packaging, whether nkghor not.

& 3

Burying rinsed pesticide containers at the placasgf is not an ideal solution. It potentially uses
scarce land and can be a danger to animals. Plestitainers are highly stable and do not
biodegrade, so, if buried, they will remain intaadefinitely. Burying containers is not easy be@us
the void space inside them and their low densityseahem to rise gradually to the surface of the
soil. As such, burying at the place of use is netable solution. Countries should regulate against
burial of all containers and develop a containenag@ment scheme that makes it easy for all users to
return empty containers.

. " $

Clean secondary packaging, such as pallets and ocatdboard cartons, which has not come into
direct contact with pesticides can be assumed tar@w®ntaminated. This can be disposed of as
municipal waste. Material recycling and energy xecg are the disposal routes of choice but if
neither option is available, the secondary paclggiay be disposed of as municipal waste.

* + !

For a successful container management schemaripisrtant to engage and involve all stakeholders.
These include:

16



governments and their agencies whose responsiliilisyto set up and to regulate
the legal framework for pesticide registration, timde use and disposal of waste
materials, and to determine the mechanisms forifignithe scheme;

manufacturers, importers and suppliers who areoresple for compliance with
pesticide and waste regulations, good practicerodyct and container design,
product stewardship throughout the supply chainwand, in many cases, fund and
manage the container management scheme;

users, whose responsibility it is to manage andoeséicide products in a safe, legal
and responsible way, including the return of thepgntontainers for appropriate
recycling/disposal;

NGOs, agricultural colleges and schools, extensiervices, farmer cooperatives
and associations who are well placed to raise aware of good practice in
pesticide use, and in some cases to run contaiaeagement schemes;

waste management and recycling organizations.

When a country wishes to establish a container gemant scheme, it should consult widely and
involve these stakeholders in the development efstheme. Establishing a steering committee and
stakeholder forum early in the process should peaity. Further guidance can be found in FAO’s
Code of Conduct [1] and FAO’s Country Guideline8][1

To evaluate the options for developing a containenagement scheme, the first step is to assess the
types and quantities of the pesticide containeas ithwill have to manage. The Stakeholder Forum
should be able to provide the information neceskarynaking the assessment.

The assessment should start with a review of pdetinformation that is available within existing
registration, customs records and other data da@lecsystems. Where necessary, this can be
augmented with surveys of the pesticide market. dhgective of the review is to assess the
geographic distribution, types and quantities aftamers that are supplied to users. Manufacturers,
importers, formulators, repackers and distributeils be able to provide this information. Customs
authorities will be able to provide information mmported pesticides. User associations may be able
to provide information about pesticide usage paster

Understanding the way that the supply chain fumstits important, particularly when determining

the opportunities to use it as a potential revetstribution mechanism for collecting empty
containers. An example of a supply chain is shawRigure 9 below.
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4‘ Manufacturer
Subsidiary or / Local Importers
agent Formulators Manufacture
A 4
» Distributors [«
v v
Wholesalers Cooperatives
y
Retailers
A 4 A 4
Small scale large scale
users users
Country

Figure 9: Sample supply chain

In evaluating the supply chain, it is important égplore all the potential paths that a pesticide
product could take before it arrives at a usersdme economies, it could also be necessary to
consider those pesticides that are distributedallg. In such cases, methods for their regulatiod
control should be developed.

At the end of the survey the country should attetopjuantify the various packaging materials put
onto the market as set out in Figure 10 below.

Type of container Material Quantity/kilos)
Steel
Aluminium
Total metal
High-density polyethylene
COEX
Rigid plastic PET
Polypropylene
Total rigid plastic
Polyethylene
Metallized
Paper with interior lining
Total flexible bags
Boxes Cardboard

Metal

Flexible bags

Figure 10: Template for recording annual quantitiesof packaging materials
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The distribution of pesticides in the agricultuee®r is a function of geography, in terms of larse-
throughout the country, and it is related to thassas during which they are used. In the health
sector, geography is a function of the spatial tamporal distribution of vector-borne diseases. In
assessing the needs of a container management escliters important to take into account the
periods during which the empty containers need doctllected from the users. The assessment
should provide an indication of the cyclicality apelaks in demand, the distribution of the sizes and
types of container, the quantities for each mdieaiad their geographic distribution.

The output of this assessment will be a specificafor the demands that the container management
scheme has to meet. The recommended process stegtsilish a full-scale scheme are:

undertake a feasibility study, and if it proveshbl& proceed to the next step;

undertake pilot projects in the different areastle# country with different user
groups. If this is successful, proceed to the sep;

develop a full-scale scheme.

This guideline is focused on one-way pesticide aiovers that are required to be collected from users
or delivered by users to collection points. Thersisge also likely to have packing materials from

other agricultural products such as fertilizer saakd veterinary products that require disposal or
recovery. Some agricultural techniques use plastaeting as a mulch to protect soil and plants. At
the end of the growing season, this requires dapdfiese materials require similar recycling and

disposal technologies to pesticide containers.

Economies of scale and logistical efficiencies nmagke it worthwhile providing a combined
management scheme for this other packaging antiglaaste along with the empty containers. The
combined scheme is likely to have lower costs pen¢ collected.

In determining the structure of a container managgdracheme consideration needs to be given to its
legal basis; how it is funded and incentivized; #melpracticalities of its infrastructure and |digis.

There are two models for container management sehdhat have been employed to date, the
voluntary model and the legally mandatory model.

' 4

The voluntary model is a scheme that foresees ganization to set up a scheme without the support
of a legal framework from the government. Orgarnaret that have set up voluntary schemes include
the trade associations of pesticide manufacturang, NGOs. Pesticide trade associations have
established many voluntary schemes around the wadda component of a product stewardship
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programme. NGOs have initiated pilot collection$iesoes that have then developed into fully-
fledged schemes.

Voluntary schemes can be successful, particulanigres all the suppliers within a country participate
in the trade association and contribute to the reehéHowever in some markets pesticides are also
supplied by manufacturers that do not participatethe trade associations and do not wish to
contribute to the container management schemecdltection of their containers is in effect funded
by their competitors. In the long run this is urtausable. Companies that contribute to the scheme
are disadvantaged and eventually will be forcepuibout of the scheme.

Sustainable collection schemes will only be achian the long term where there is a secure
source of funds. This can be achieved with a schbatds legally mandated.

& 5

Legally mandatory schemes are those that are esfjtirbe put in place under a country’s pesticide
regulations. Generally, as part of a pesticidesstegion and authorization for use, there is a
requirement for users to participate in the scheme.

If the country chooses the legally mandatory schemasustainable funding mechanism can be
established in the regulations. Where levies aposad on suppliers of pesticides, all are obliged t
fund the scheme. This avoids the problem of “fiders” that are common in voluntary schemes, as
discussed above.

The threat by governments to establish a legallpdatory scheme could be sufficient incentive for
suppliers to establish a voluntary scheme.

Legally mandatory schemes can specify the levelkeofice that the scheme provides to the users. A
scheme to which it is easy to return empty contaiméll tend to have a higher collection efficiency
This is certainly the case with the scheme operiat&tazil as outlined in 7.3.

b 6

Whatever the legal basis for the scheme, its operateeds to comply with all relevant national
environmental, waste and transportation laws. Iditemh, there are international frameworks that
should be taken into consideration in the desiginefscheme, including:

International Code of Conduct on the Distributioml &Jse of Pesticides; [1]
ILO Convention concerning Safety and Health in Aglture; [11]
Stockholm Convention in relation to persistent aiggollutants; [12]
Rotterdam Convention in relation to prior informamhsent; [13]

Basel Convention in relation to environmentally msdunanagement of waste and
the transboundary movement of waste; [7]

Bamako Convention in relation to the transboundaoyvement of waste in Africa
[14].
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Schemes need to be economically viable if theyt@at®e sustainable. For legally mandated schemes
governments should determine how they wish thersette be funded. The options include:

levies on suppliers;
pesticide sales tax;

general taxation.

Levies paid by suppliers are the most common fupdirechanism within existing schemes. As
discussed above, the management of containers anth of their life is an external cost directly
related to the supply and use of the product. Byitey the supplier, these external costs are bbyne
the organizations responsible for their creatiohe Tquantity of the levy is generally directly
proportional to the quantity of pesticides the dignpreleases onto the market. Suppliers can raise
prices to pass on a proportion or all of the lewyhe users. For competitive reasons, suppliers may
decide to absorb some of the levy rather thanngigrices fully.

# 7

Pesticide sales tax is paid directly by the purehas pesticides, i.e. the user. The amount that th
user pays is directly proportional to the amounpeéticide that they buy. It is similar to the leuy
suppliers in that the external costs are bornehbyotganizations and individuals responsible fer th
empty containers. Unlike the levy, the full cospa&ssed directly to the user.

8 7

A country may decide that the costs of the schemoeild be paid by the whole population. In this
case the funds would come from general taxatian, where the agriculture sector of a country is
weak and unable to bear additional costs of a ctidie scheme, funding from general taxation is a
viable solution.

Section 7 includes examples of container managersenémes in Australia, Belgium, Brazil,
Canada, Chile, France, Guatemala, Germany, Huragatyhe United States of America.

'& &

Financial incentives can be used to encourage weeamsturn empty containers. Incentive schemes
have been used for other packaging such as drittkebaand gas cylinders, where a deposit is
charged with the initial purchase. The deposiedeemable on the return of the empty container. A
similar deposit scheme for pesticide containerddccte used to encourage users to return empty
containers.

However, there are no such incentives currentlpdeperated. There are two reasons for this. First,
there is concern that the scheme would encouragellégal collection of pesticide containers by
both adults and children that do not have the kadge, skills and equipment to handle them safely.
Second, the accounting and administrative costsrofing the incentive scheme can be high.

There are other ways to encourage users to retapityecontainers. These include:
awareness raising programmes and education of aberg the hazards of empty pesticide
containers and how the scheme allows them to rewmtainers free of charge;
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retailers only issuing a new product to a usereiarn of the empty container from their
previous purchase. Operating such a scheme hanplications and would only be
suitable in cases where users are regularly apgplyia same pesticide product. It might
have the undesirable effect of encouraging usefsotd onto empty containers between
seasons.

As well as considering incentives to encourage suserreturn containers, it is more important to
avoid creating disincentives for them not to rettiream. The scheme should avoid direct charges to
users for returning containers. The locations tactvithe users may return empty containers should
be convenient and avoid additional travel.

nn

Whether the container management scheme is volumtamandatory, it is normal practice to
constitute a legal entity to administer it. In maofythe existing schemes operating around the world
the administrative body is a non-profit companybkshed and funded by the pesticide suppliers.

In exceptional circumstances where the governnisatfiundertakes the supply and distribution of
pesticides, the government should also establigfinance the administrative body.

It is the responsibility of the administrative badydevelop:
the logistical infrastructure to collect the empontainers;

the processes to treat the containers to facilgas@er handling (e.g. shredding or
baling) and to separate the materials into frasti@ecording to the intended
recycling or disposal route; and

the appropriate technologies for the sound enviemtai management of the
materials, or establish contracts with externalaonizations to undertake the
recycling and disposal.

""&

Logistics represent a significant cost to a schepagticularly in countries where the distances
between agricultural areas and the recycling asgadial operations are long. Transporting empty
containers is also not efficient due to their higflume to weight ratio.

For the scheme to be effective in attracting baoltg containers, it must be easy for the users to
return them to the scheme. Designing the apprapidtastructure for logistics is crucial. There ar
a number of options to consider, as described ihelay.

Users should be encouraged to return empty comsaine safe manner that does not risk their health
or the environment. The safe transportation ofipielsts and empty containers should be promoted
through awareness raising programmes. The prograshmdd include advice about:

not carrying pesticides or containers within thhaigke cab;
safe packing and avoiding breakages;

safe stowage; and
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transporting limited quantities.

At the time that the user returns the empty coetainthere should be a formal procedure for
inspecting the containers. Only cleaned and rircgedainers should be accepted into the container
management scheme. Containers with residual conédimin should be considered as pesticide waste
and treated accordingly. The scheme should nottrepntainers with residual contamination, as this
would encourage dumping or misuse of the contamthaontainer. Instead, the container should be
accepted but the user charged for its disposal.

Reverse distribution uses the infrastructure thatlheen established to distribute products to @sers
a mechanism to receive material back from thems Ehefficient because:

the user has a relationship with a single orgaiizafior both the supply of new
products and the return of empty containers. Wheruser returns empty containers
at the same time as purchasing new product, tihmig and transport costs are
minimized;

the vehicles that have delivered product to thaileat which would normally return

empty to the wholesaler, can be used to return erophtainers. Likewise, the
containers can flow back up the supply chain.

Reverse distribution does have some issues inthigaparticipants in the supply chain will require
additional storage to be able to hold both stodkzraducts and empty containers. Depending on the
legislative framework and the classification of tm@pty containers as waste, the members of the
supply chain may require authorization to store taadsport waste.

At some point in the reverse distribution chaire #mpty containers need to be sent to organizations
that operate pre-treatment, segregation, recydimd) disposal processes. The point in the reverse
distribution supply chain where this should happdhdepend on the specific circumstances in the
country.

9 $

As an alternative to the reverse distribution mpdescheme can establish a network of collection
centres where users are able to deliver empty @& The location, opening times and staffing of
the collection centres must be convenient to udacmnvenient locations and opening times will
discourage users from returning containers.

The collection centres may be used to undertakeegation of container materials and pre-treatment
such as baling and shredding to increase the geasd improve the efficiency of the onward
transportation. Shredding may also improve theevaluthe materials for recycling.

For large countries the network could include bloital and regional collection centres. The local
collection centres provide easy access for usenetirn containers. The scheme’s vehicles can
collect from the local collection centres and cdigsde the containers at the regional centre. The
economies of scale at the regional centre may afmwthe pre-treatment and processing to be
undertaken efficiently.

Collection centres can be stand-alone facilitieslicl#ed to empty containers, located at sites

belonging to members of the supply chain, or lataesites belonging to organizations involved in
the recycling and disposal activities.
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The scheme will need to manage the collection otainers from the collection centres. In the case
of large-scale users of pesticides, the scheme ateyt to collect the containers directly from the
user. There are two options for managing the tramapon:

a fleet of vehicles owned and operated by the sehem

contracts with transport companies with licenseldicles and trained operators to
make collections on behalf of the scheme.

#

Pre-treatment involves the processing of contaiterisnprove either the efficiency of transport or
the recycling and disposal process. The limitinggdes for the load that a vehicle may transport are
volume and weight. When carrying empty containeeicles reach their volume limit with only a
fraction of their maximum payload. By increasing thaterials’ density with processes such as
shredding, baling and crushing, the weight thatales carry can be improved significantly.

These pre-treatment processes can be conductedixgthor mobile equipment. Fixed equipment
remains at the collection centre and processesicans that are delivered. Fixed equipment can be
scaled to manage the volumes received at the @oltecentre at continuous process rates. Mobile
pre-treatment equipment can be taken around eattfeafollection centres to process the stockpiles
in readiness for their later collection and tramspmrecycling centres.

As an alternative, mobile pre-treatment equipmemt lbe incorporated into the collection vehicles.
This is generally not a favoured option with exigtschemes due to the time it takes to shred,drale
crush containers, during which time the vehiclsteding idle.

Specific pre-treatment options are discussed itiseb.

The scheme will have to identify options for theyding and disposal of container materials. The
potential technologies are discussed in sectiofmh& scheme needs to consider each option and
determine whether to invest in and operate thentdolgy directly or to contract with organizations
that already operate the technologies.

Where the recycling or disposal options are outsige borders of the country, it is necessary to
ensure that the transboundary movement of the rakstavill be allowed under the Basel [7] and, if
applicable, Bamako Conventions [14].

Good communications are crucial to a successfukerseh Users need to be aware of their
responsibilities, the techniques for cleaning coatizs, and where to take containers when they have
been emptied and cleaned. The scheme may use #my following communications channels.

The registration regulations should stipulate tbguired information to be displayed on the label.
This should be in the local language appropriatevbere the product will be marketed. In areas
where literacy rates are low, the label should slampropriate symbols demonstrating how the
product should be used and how the container shibeldleaned. The label should show all the
necessary hazard information.
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Education programmes can be run by farmer coopesatifarmer field schools, NGOs, extension
services, agricultural colleges and schools. Tteyraise awareness of the correct use of pesticides
and the disposal of the empty containers. The pragres may be supported by training aids, posters,
plays, handbooks in the local language and wittsithtions for the illiterate. Education is an grad

part of the container management scheme, so sheufdlly funded by it. Examples of illustrations

of good practice are shown in Figure 11 and Fig2rbelow.

(Copyrighted by Casafe http://www.casafe.org)

Figure 11: Triple rinsing illustrations

(Copyrighted by FAO, Disposal of Obsolete, Banned Blnwanted Pesticide, Mozambique, project GCP/MB@A/IPN - Phase Il of the
Disposal of Obsolete Pesticide Project)

Figure 12: Examples of illustrations showing goodrad bad practice
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For improved acceptance by users, the illustratisheuld be developed for each education
programme to take into account local culture, efitynand practices.

#

In addition to the education programmes, publipityggrammes using mass media such as television,
radio, cinema and the press can also be used. ddteotsuch programmes can be high, but with a
large and dispersed user community, such campaignsraise awareness rapidly. The container
collection scheme in Brazil run by the Nationaltituge for Processing Empty Containers (inpEV)
ran the very successful television and press camp¥va-me” to communicate the need for triple
rinsing.

"& % ' %

Countries where pesticide use is relatively low nomestion whether a container management
scheme is needed.

Even with low volumes of pesticide use, the risstiie environment and to human health from
inappropriate management of empty containersestit, especially in the communities that use the
pesticides. To avoid these risks, it is necesdaay the users have a mechanism for removing the
empty containers from their community. It is thespensibility of the country to protect these
communities by establishing a container managermseheme. The economies of scale and the
options available for recycling may be fewer, bl tscheme as a minimum should ensure that
containers are collected, removed from the comnesménd disposed of in an environmentally sound
manner.

& . '

It is the duty of all users of pesticides to actpansibly when acquiring, storing and applying
pesticides. They have a duty to prevent waste,dagontamination and deal responsibly with the
waste pesticides, pesticide residues and empticjaestontainers.

To assist users, they have to be provided withktioevledge and systems to carry out their duties. It
is the responsibility of the country to ensure thadtication programmes and a container management
scheme are in place. Education and informationnaragnes are discussed in section 3.3.3.

Pesticides should only be acquired in quantities &ne likely to be needed, to avoid the poteffitial
creating obsolete stocks. The pesticides must tredstsafely and securely, away from food and
water supplies. The storage conditions must comlly the instructions on the label, particularly
with regard to ventilation, temperature and ligResticide formulations stored in inappropriate
conditions may deteriorate such that their shédf-ls shortened. Generally pesticide containers
should be stored in the following conditions:

dry;
well ventilated:;
maintained at a constant temperature;

protected from extremes of temperature;
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protected from strong light.

Unwanted pesticides and pesticide residues shaudrrbe disposed of on the farm. These wastes
should be consigned directly to a waste disposafraotor authorized to destroy them or returned to
the supplier.

It is the responsibility of farmers and other uderslean the empty containers immediately follayvin
use as detailed in section 1.4. Following cleanthg, containers should be punctured or otherwise
rendered unusable and stored safely on the famn faribeing returned to their supplier or one & th
container management schemes’ local collectiorresnt

( $

Pre-processing can improve the efficiency of ttgidtics or the recycling and disposal of the empty
containers.

(

As discussed in section 3.3.2 on logistics, redudhe volume that containers occupy will allow
vehicles to carry greater payloads. The commonnigales for volume reduction include baling,
crushing and shredding. Volume reduction shoulé tallace early in the logistics chain from user to
recycler or disposer to improve the efficiencylof tvhole scheme.

3

Baling is a process that compresses loose consaingr blocks,
which are then held in place with bands. Containdist are
suitable for baling are large plastic containerd glastic sacks.
Baling small plastic containers requires multipleantds and
cardboard or other material to hold the bale togeth

Baling only improves the density of the containerBich can

improve transport efficiency and can increase g@i@pacity for a
warehouse when space is a constraint. Baling dokassist in the
recycling or disposal processes.

(Copyrighted by CropLife International)
Figure 13: Bale of containers

Crushing is a process that also involves compaction
but relates to materials that remain deformed when
the pressure of the crusher is released. Typical
materials that may be crushed are aluminium and
steel drums.

(Copyrighted by FAO)
Figure 14: Stack of crushed 200 litres drums
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Shredding tears or cuts the containers into
small pieces. It is a technique that is

appropriate for thin materials that are readily

cut, such as plastic, cardboard and aluminium.
It is possible to shred steel, but the equipment
is extremely large and expensive, and has a
high energy demand. For steel drums, crushing
tends to be more economical.

Shredding is also a requirement if the container

material is destined to be used as an alternative

fuel in a cement kiln or power station. Solid

alternative fuels such as plastic are required to

be blown into these processes, so it i§Copyrighted by Croplife International)
necessary to reduce their particle size. Fiaure 15: Mobile shredder

Shredding is also necessary as a preliminary ségrdo plastics can be converted into new products.
In the case of high grade products, the plasticldvbiave to be segregated first to ensure that the
shredded material was clean and of a single type.

(!

Where it is the intention to reuse the containes esw material for another manufacturing process,
is important that the container meets the appropggecification. In the case of the manufacture of
high grade products such as high-density polyetteyl¢tiDPE) rope, lubricant containers, container
caps or refuse sacks, the raw material must beghesiype of plastic. If there is contaminationrfro
another type of plastic, the manufacturing procass the product could be impaired. The
segregation process can involve the removal ofidaibem containers, removing caps and separating
the containers into their respective types of ptadthis is a costly process but leads to a se¢eega
material of higher value than that of unsegregatesterials. The need and justification for
segregation will be determined by the comparatiaeket values for high grade products, low grade
products and alternative fuels.

) #

The recycling and disposal options are listed ie tirder in which they occur in the waste
management hierarchy (section 1.4). The hierardiguls only be used as one of the many
contributing factors that influence the choiceltd tvaste management option. It is important to take
awide view and consider all the environmental axtéraal costs of the processes that lead up to the
recycling / disposal as well as their own impacts.

) # %

Many of the most advanced container managementreeheecycle the collected materials into new
products. Provided that the container materials loarmproperly segregated into sufficiently pure
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components they can be readily recycled. The comusninclude all the materials identified in
Figure 10:

glass;

steel;
aluminium;
cardboard; and

various different types and grades of plastic.

High quality and high value plastic products requaure and specific raw materials, so it is very
important that the different types of plastic aepkseparate. It is possible to make some low grade
and low value products from mixed plastics.

The scheme needs to take care over the eventudlgisothat will be manufactured from the
reclaimed materials. The materials may still hageyvow concentrations of pesticide contaminants
which could potentially cause harm in some use® glhss, steel and aluminium will be made into
new products after having been melted at high teatpes. The process of melting and re-refining of
these materials is sufficient to destroy any remagimpesticide residues. These materials can be sold
directly into the secondary materials market.

The situation with plastics is different. The medji
temperatures of plastic materials are relatively lo
and may be insufficient to destroy or drive out the
pesticide contamination. In this case the scheme
needs to ensure that the recycled plastic is
manufactured into products with limited potential
for human contact and are not likely to be recycled
again, for example the electrical conduit. To easur
this is the case, the scheme may wish to
manufacture appropriate products itself. The
scheme in Canada has manufactured agricultural
fence posts and railway sleepers from container
plastics. Both these products have very limited
human contact. However the market for these
products is not strong. In Brazil, the container
management scheme manufactures a wide range of
high grade products including HDPE rope,
electrical conduits, plastic paving slabs and refus
Copyrighted by CropLife International)

sacks. It also manufactures plastic wood front. .
mixed plastics utact plastic w igure 16: Shredded plastic

Mobile units that manufacture plastic wood from egregated plastic containers are used in
Argentina. They have the potential advantage ofima reduction and product manufacture close to
the first collection points.
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(Copyrighted by CroplLife International) (Copyrighted by CroplLife International
Figure 17: Fence posts Figure 18: Sewage pipes

)! # #

All the different types of plastic materials useat f
pesticide containers have a high caloric value khic
can be used as alternative fuel in the clinker petidn
process in cement kilns (co-processing). With the
increasing scarcity and high cost of fossil fuels,
thermally intensive industries, such as cement
manufacture, are seeking alternative fuels. Thekeh
production process is also effective in the desimac

of pesticide residues in the containers because it
requires a long residence time at high temperatires
an alkaline environment.

For safety reasons, all emptied pesticide container

must be cleaned and shredded prior to their defliteer

the cement plants and before their introduction the

cement kiln. The material introduction system oé th

cement kiln may need to be adapted to enable the

processing of the shredded containers. National

environmental regulations may require spec~'

operating permits, and such operation may be sub (Copyrighted by W. Schimpf, GTZ)

to regular monitoring. Figure 19: Cement kiln in the Philippines

The plastic waste can also be used as alternataldrf a steel blast furnace to reduce iron orés Th
process can also accept mixed plastics as the tatape of the furnace is sufficiently high to degtr
residual pesticide contaminations.

Despite resource recovery being lower down the evhgrarchy than recycling, for many schemes
(including the Canadian scheme, see also chaptdt i8)the preferred solution from an economic
perspective. With high oil prices, alternative fpeices have also risen, providing higher reveriaes
the scheme. When coupled with the savings for awirlg to segregate the plastics into their differen
components, resource recovery can represent actate outlet for the recovered plastics.
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Where recycling is not possible, containers wilvdnao be disposed of. There are two generic
disposal processes, destruction and sequestrasatiscussed in the waste hierarchy in 1.4 above.

Where the containers still represent a hazard duevels of contamination, destruction is preferred
over sequestration, as the hazards associatecamythiesidual pesticide contamination are removed
by the destruction process. There are several uidisin technologies that have been proven for
pesticide wastes. These include:

high temperature incineration;
base catalyzed dechlorination;
gas phase chemical reduction;

plasma arc.

These processes are described in detail in FAG@tedoming disposal guidelines and by the Global
Environment Facility’s (GEF) Scientific and TechalicAdvisory Panel (STAP) in their report on
emerging disposal technologies.

High temperature incineration is currently the muwatlely established and economical disposal
option. Incineration plants are widely distributhdoughout Europe and North America, but there are
few in other regions and none in Africa.

"1

In the case of rinsed containers that are clasgisdi& non-hazardous, sequestration is an appropriate
disposal technique. The most common form of segatést is a specially engineered containment
landfill site. A landfill site of this type is geraly designed on geologically stable substratdhai

clay layer and impermeable HDPE membranes to ptesag contamination from the landfill
escaping and contaminating soil and groundwatee Tmdfill site should be licensed by the
country’s regulatory authorities and managed iroed@nce with its site licence. Clean packaging of
all types (wood, paper, cardboard, plastic, glass steel) is appropriate for disposal in a licensed
landfill when there are no recycling or resourceokery options available.

* O !

This section includes ten examples of containerageament schemes operating throughout the world
in industrialized and developing countries. Sometl® examples were presented at the OECD
Seminar on “Pesticide Risk Reduction through Goamt&@ner Management” [1]; other examples
were received from CropLife International. The dggmon below of the ten examples is intended to
provide an overview of the schemes establishedffierent countries.
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Australia’s national container management schenmdrumMMUSTER”, is a full stewardship
programme developed by industry, the National Asgmn for Crop Production and Animal Health
(Avcare Ltd), the Veterinary Manufacturers and Dimttors Association (VMDA), the National
Farmers’ Federation (NFF) and the Australian Ld&galernment Association (ALGA). Launched in
1999, drumMUSTER is administered by an independent-profit organization, Agsafe Ltd, a
wholly-owned subsidiary of Avcare Ltd. Agsafe hastezed into 456 agreements with local
governments which undertake the collections inrthgisdictions. Agsafe Ltd also runs a collection
programme for currently registered obsolete patgmi

# 7

The drumMUSTER programme is an industry voluntariiesne. It is part of the country’s waste
management policy based on extended producer reifjidies and waste reduction at source to
minimize the amount of packaging materials goindatadfills. Under an Industry Waste Reduction
Scheme (IWRS) Memorandum of Understanding (MoUneth with programme stakeholders,
agricultural and veterinary chemical manufactuarge a levy of Australian $ 0.04 (€ 0.024) per
litre or per kilogram on most products sold in metdrnable containers to fund the drumMUSTER
programme. Thus, the programme is ultimately paidly farmers, in line with the polluter-pays
principle. However, the agreement to charge the Ieguired a special authorization from the
Australian Competition and Consumer Commission, itascould have been considered an
uncompetitive practice.

In 2003, drumMUSTER collected about 35 percent athlt containers sold (primarily 20 litres
containers), which deliver nearly 70 percent of tb&al volume of agrochemical and veterinary
chemicals sold in Australia. Between 1999 and Ap€i04, over 5 600 collections of cleaned one-
way containers (two-thirds were recyclable plagtie rest was steel drums) resulted in 4.85 million
drums being removed from farms, representing ov#0(¥ tonnes of waste diverted from landfills.
Most of the recovered material is remanufacturedanrecycled products, with a small share
reconditioned for reuse as agrochemical and vetgriohemical containers. The reported operating
cost of the programme is € 759/tonnes.

7.2 Belgium
/

Phytofar-Recover administers Belgium’'s nationalteorer management scheme. It was established
in 1997 by Phytofar, the Belgian Association of &rerotection Industry. Members are invoiced
annually to finance the container management schemgroportion to the actual volume of
packaging material they put on the market.

Phytofar-Recover handles primary packaging - packpmaterials that are in direct contact with the
product - exclusively for professional agriculturede. The annual collection period for industrial
primary cans and packages from farmers and hottigsis is from September to November, after the
end of the spraying period. Rinsed containers alleated in transparent bags provided by Phytofar-
Recover, separately for cans and for paper andboard containers. The operation is divided into
three types of pesticide users; i) farmers anddwttrists, i) spraying companies, and iii) usefs
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large barrels over 60 litres. Registered wasteectils are contracted for the collection of twoetyp
of used containers, hazardous and non-hazardoeswaste collectors are required to certify that the
collected material is incinerated at authorizedlitees with energy recovery or recycled. Phytofar-
Recover also runs a biannual collection and treatroé obsolete pesticides. It also runs a smaller
scheme in Luxembourg.

# 7

In 1993, an eco-tax on containers of agricultusdtigides was introduced at € 0.124 (BEF 5) per
packaged litre. However, an exemption was grarftadsiystem of collection and treatment of empty
containers was to be established, and the totlatimn reached the minimum of 80 percent of empty
packing of pesticide products marketed during teary This prompted Phytofar to establish a
national container management scheme. Howeveretligax was later abolished in 2003. The 1997
Agreement on Regional Cooperation Concerning tledhtion and the Management of Packaging
Waste requires the final user to hand in and thoseharge of packaging to collect and recover
packaging waste, in order to promote recycling\eaddrization of the waste.

In 2003, 483.36 tonnes of pesticide packages wellected, representing over 92 percent of the
estimated total weight of containers put on thekeiathat year. About 72.5 percent of the collected
containers were non-hazardous, and the rest hamrdbe programme cost in 2003 (not including
obsolete pesticides) was € 704 229. The cost pEgremme has declined over the years.

7.3 Brazil

In Brazil, the collection and recycling of used fi@de containers started as an industry initigtive
which was later reinforced by the introduction afiew law requiring farmers, pesticide distributors
and producers to return, collect and provide prdipal destinations (recycling and incinerationj fo
used containers. In 1993, Brazil's national pedécindustry association (ANDEF) entered into a
voluntary agreement with the Agriculture Secretafythe state of Sao Paulo and the sugarcane
planters’ cooperative to launch a pilot containeanagement scheme. Collected containers were
taken to a small plastic recycling company. In ssequent years, additional states joined hands
with ANDEF to promote triple rinsing and to estahblicollection centres in strategic locations. By th
end of 2001, there were 30 such centres in Briglanwhile, the recycling industry also grew. In
December 2001, the National Institute of Empty @orrs (inpEV), a non-profit entity dedicated to
managing the final destination process of emptytipgde packages, was established, bringing
together Brazil's pesticide industry, distributarsd farmers.

# 7

In 2002, a law regulating the final destinationenfipty agrochemical containers entered into force.
By then there was sufficient experience from thkintary programme of collection and disposal of
containers begun earlier. The law requires farrtesractise triple rinsing, return empty containers
to receiving stations, and keep the vouchers oka@e delivery and invoice of product purchase.
Distributors are required to indicate on invoicdsewe the growers are to return the used containers,
construct and manage receiving stations, and inmgi¢neducational programmes for end users.
Pesticide manufacturers are required to: providesfport, recycling or disposal services for empty
packages collected at receiving stations; modifglato include information about triple rinsingdan
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returning used containers; and implement educdtjgnmogrammes for end users with distributors and
government.

As of mid-2004, inpEV, in a joint programme withsttibutors, administered 260 collection centres.
By the end of 2004, there were about 300 centrih, tive goal of eventually increasing the number
to 350 — 400. In 1994 there was just one smalltiglascycling facility. By the end of 2004, there
were nine recycling plants in Brazil. The collectiate varied from state to state: 85 percentén th
State of Bahia and 84.2 percent in Parana, to 2depein Espirito Santo and less in some other
states in May 2004. In 2003, the total collectioaswin the order of 7 800 tonnes, representing
35 percent of total packages sold. In 2004, 15t800es were collected, representing an improved
collection rate of 65 percent.

About 95 percent of what is sold can be recyclddstic, metal, etc.) and the rest is incinerated.
InpEV runs extensive awareness and education cgmgaincluding television advertisements and
posters promoting triple rinsing and taking backdisontainers to collection centres, with positive
changes in farmers’ behaviour.

7.4 Canada

’

In Canada, the most common type of agriculturaltipee container is plastic 10-litre jugs.
“Stewardshifirst”, a voluntary pesticide container management sehesnled by CropLife Canada,
a national pesticide industry association représgnnanufacturers and distributors. It administers
collection and recycling with matching funds froedéral and provincial governments. In addition,
there is a levy charged to all pesticide manufaetuat CAD 0.54 (about USD 0.36) per container put
on the market to fund the collection and recychobeme.

Users take clean empty plastic containers to ov@bQl collection sites across Canada. Five
contractors carry out the collection and shreddihgised containers, which are then sent to three
contractors for recycling. The granulated plassicrecycled into fence posts for agricultural use
highway guardrail posts or used for energy. Cropl@fanada also runs a parallel programme to
address obsolete pesticides.

# 7

Federal pesticide regulations require pesticideslgbfor both agricultural and domestic use to
include directions on container management andodap For agricultural pesticides, the labels
indicate that the container is recyclable and shda returned to a collection centre. For resiaénti
pesticides, labels instruct that the container ibpated of along with household waste. Federal and
provincial waste regulations stipulate that corgesnof some pesticides be treated as hazardous
wastes.

Canada’s container management scheme collectsigpdsds of 658 tonnes annually. In 2003, 5.4
million containers were collected, adding up to ro®® million containers since 1989. Today,
producers across Canada collect on a voluntars lzgeroximately 70 percent of all containers put
on the market. The total annual programme cosfid @ million (USD 2.9 million).
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7.5 Chile

/

’

The programme started in 2001 with four Collecti©entres (figure 20). It then grew steadily from
13 centres in 2004 up to 25 at the beginning oB2@0w covering a high percentage of the country’s
collection needs, see also table 4.

Pesticide dealers and distributors are part ofsttteeme and support it though minicentres which
serve for the collection and storage of the coetain

In 1993 the “National Association of Manufacturensd Importers of Crop Protection Products”

(AFIPA) introduced triple rinsing and establishdd
this programme in cooperation with nationgl
authorities. Since then, AFIPA has been trainirgy th
personnel at the Collection Centres to ensureata
containers collected comply with the triple rinsirng
requirements.

The collected plastic containers are shredded and
stored in jumbo polyethylene bags at each Collactjo
Centre, and are later shipped to cement factorjes,
recycling plants or landfill facilities according the
authorizations given by the Ministry of Healt
(Ministerio de Salud).

-

(Copyrighted by CropLife America)
# 7 Fiaure 2C: Collection Centre in Chile

In 1997 the triple rinsing technique became paxtfti€ial labelling requirements. This was the Isasi
for a pilot programme in 1998/1999 and the involeetof the distributors/dealers.

In June 2003, the Ministry of Health published tisanitary Regulation for the Management of
Hazardous Waste”, which stated in article 24 thigtle rinsed containers are classified as non-
hazardous waste and must be handled accordinglispasal programme approved by the Authority
which promotes AFIPA’s container management prognam

Following the establishment of the infrastructutee amount of containers retrieved has increased
consistently over the years.

Year Volume of plastic retrieved| Volume of metal retrieved
(Kg) (Kg)

2001 12,946 1,321

2002 33,034 3,776

2003 81,192 12,584

2004 86,212 13,237

2005 132,316 9,800

2006 147,655 10,512

Table 4: Examples of country’s collection results
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An essential element of the programme was traitivegfarmers (applicators) and the network of
distributors/dealers, of whom up to now nearly PO Bave been trained.

Appropriate and efficient management of crop-pridvec| 18 946
products

Applicators certified 502
Total 19 448

Table 5: Training of applicators and technicians beveen 2001-2006

The course offered by the Ministry of Agricultuigranting a Certificate for Application ,requires
know-how on the triple rinsing technique and thenagement of empty containers. Follow-up and
monitoring of the operating conditions at the aciilen centres is conducted by AFIPA and national
authorities.

According to the sanitary resolutions, the curreniority for the final destination of plastic
containers is to use them as an alternative safrigel at cement factories; all the metal contene
are recycled at steel companies’ furnaces; and all gpercentage are delivered to authorized
landfills.

7.6 France

./ 7
Adivalor, a voluntary organization that administeantainer management in France, was established
by the French pesticide industry association, [dgnides Industries de la Protection des Plantes
(UIPP). Adivalor brings together agricultural orgaations, pesticide manufacturers and retailers to
collect and dispose of used pesticide containeasianvironmentally responsible manner.

Responsibilities and costs are shared. Farmerargesl to properly rinse and store their containers
and to bring them to the 3 650 collection statiansoss France. Distributors have to inform their
customers how to dispose of their empty containans, organize and control collection (bearing
about one-third of the cost). Producers of crogegmtion products are responsible for the transport
and recovery of the containers (bearing about timl$ of the cost) in addition to providing
scientific data regarding their products. Collectehtainers are incinerated, at an average cost of
about € 480/tonne, at cement kilns and incineratants of hazardous waste management
companies with energy recovery. Adivalor also adsbéms a parallel programme addressing obsolete
pesticides, for which public authorities contribitg providing subsidies (but not for the container
management programme).

# 7

Regulations concerning crop protection product gastohibit burying or burning, mixing of
professional waste in household waste streams iartthzardous, require disposal at authorized
facilities. In France, rinsable pesticide contasn@bout 70 percent of packages marketed in France)
are classified as hazardous waste by law, but Aafiva negotiating with the French authorities for
possible revision of the classification. If progerinsed containers are to be classified as non-
hazardous, this would help lower the cost of in@tien significantly (to about € 100/tonne or less)
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A national average collection rate of 25 percentswachieved in 2003, with varying rates
(5-50 percent) among localities. Adivalor plansragse the national collection rate to 50 percent in
the coming years. The scheme collected 1 840 toohdgid plastic containers in 2003. Compared
with the 2002 total of 1 300 tonnes, this representt1 percent increase. However, the growth was
lower than expected. One possible reason is tipeddent decrease in the consumption of pesticides
in 2003. In 2002, larger plastic containers hold2agto 300 litres were collected by Adivalor foeth
first time. Previously, the scheme had only coldlcsmall plastic canisters with a maximum capacity
of 25 litres. In 2003, the cost of the containemagement programme was € 2 kg of packaging
material.

7.7 Guatemala

./ 7
Through the incineration of approximately 5 tonnek chipped/shredded plastic containers
incinerated in a cement kiln, the programme “Cditat and Disposal of Agrochemical Containers”
(“Recoleccion y Eliminacion de Envases de Agroquomsi)
was launched in March 1999.

It was CropLife Latin America that initiated theogramme,
though later on member companies from the national
Agrochemical Trade Association (AGREQUIMA) joinebet
initiative. The major challenge of this programnaaltbeen the
training of the farmers to routinely triple-rinskeet containers
and to return the rinsed containers to the cobecsites. The
crucial issue of the programme was cooperation \tita
agricultural, health and environmental authoritées well as
with the distributors and their network that all@vehe
improvement of the training and facilitated thelection of the
containers. The programme is now well known in @osttla as
“Campo Limpio” (“Clean Countryside”).

Figure 21: Example of

Campo Limpio : . . :
(Copyrighted by CropLife America) Major collection centres with the necessary equiptmand

almost 350 centres have been installed in the cptmdate.

# 7

In order to overcome the initial funding hurdles@ecial fund was established with support from the
authorities to sustain the container collectiongpgonme as well as training farmers regarding tiee us
of pesticides. The fund is based on a special itriparfor agricultural products. The willingness of
the authorities to cooperate in this programme avether key element for its success.

The authorities in Guatemala have acknowledgedclassification of triple-rinsed containers and
non-hazardous waste.

While the programme started with the collection76f tonnes in year 2000, it has now in 2008
collected already more than 60 percent of all doeta (i.e. 230 tonnes allocated of the 350 tonnes
annually sold).

37



The high price of plastic and the possibilities fircycling have led to an initiative from
AGREQUIMA to import empty containers from neighbmgr countries, e.g. El Salvador, Honduras
and Nicaragua, where the “Campo Limpio” programras heen also introduced.

7.8 Germany

./ s
PAMIRA, a voluntary used pesticide container cdimt scheme in Germany, was established in
1996 by the Crop Protection, Pest Control and EastiAssociation (IVA) following a few years of
pilot projects led by the German crop protectioduistry. In January 2003, the management of
PAMIRA was transferred from the Chemistry Businég®motion Corporation (CWFG) to the
Corporation for the Recovery of Industrial and Coenoial Plastic Packaging (RIGK), one of the
four recovery companies already involved in PARIMKXA still maintains political oversight of
PAMIRA. The industry finances the costs of PAMIRAcarding to the proportion of primary
packaging material put on the German market. TB&iblutors and retailers provide the collection
centres.

PAMIRA collects empty rinsed primary packages ug@litres in capacity. Farmers return rinsed
primary packages, free of charge, to 230 collectientres throughout Germany during a limited
period (one to four days) each year. At the calbectentres, inspectors check returned contairmers t
ensure that only properly rinsed ones enter théenstseam. If a container is deemed not sufficyentl
clean, it is not accepted for free (the farmeregittomes back once it is properly cleaned, or pays
fee for depositing the unclean container). Theystmedded and transported to reconditioning plans
to prepare the material for final disposal/thermedovery in cement kilns, or for conversion into
methanol. The plastic containers collected by PAMI&e not recycled into new products as in
Australia and Brazil.

# 7

The collection scheme of PAMIRA is fully in line thithe 1998 Germany Packaging Ordinance
(Verpackungsverordnung). As for the design of pafti containers, several EU regulations apply
including; Directive 91/414 on placing pesticideogucts on the market, Dangerous Preparation
Directive (for use of chemicals), Transport Ledisia, Packaging and Packaging Waste Directive
(package design and disposal), and Severo Il (wasthg). Most plant protection products are

classified as hazardous for transportation, whiefquires UN-approved primary packs. Thus,

packaging design must take into account all loggstaspects for all modes of transport, warehousing
application and the route of disposal of used (ended) primary packages. On the other hand,
properly rinsed and inspected used pesticide avertsiin Germany are classified non-hazardous and
are plastic packaging according to the Europeant&V&atalogue. Therefore, inspected empty
containers are not classified under transport egigurs.

In 2003, PAMIRA processed and recycled about 1t64res of packaging materials. This represents
a national average return rate of 52 percent. €ham rate varies across the country, ranging from
92 percent in Schleswig-Holstein to 13 percent minBland-Palatinate. The cost of PAMIRA in
2003 was € 1 075/tonne.
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7.9 Hungary

./ y
During the 1970s and 1980s, Hungary had higherldewé pesticide consumption than today,
generating 7 000 — 8 000 tonnes of packaging wasteially. There were routine collections and
recycling of metal and glass pesticide contain€rere was also a private enterprise which carried
out the cleaning and recovery of plastic containbtg it was shut down in the mid-1980s due to
economic problems. Hungary started again with neddfined goals and revised regulations that
clearly define the division of responsibilities. 003, CSEBER, a non-profit coordinating
organization for a national pesticide container agament scheme, was established by 20 pesticide
producers. Ninety collection centres have beerbéskeed. All pesticide manufacturers have to join
CSEBER, or to meet the regulatory requirementsctmrtainer management alone. Members are
charged collection fees of € 0.04/litre (for 2-2%el containers), € 1.00/container (for 26-60 Btre
containers), € 2.00/container (for 61-250 litre teamers) and € 3.50/container (for those over 250
litre). Collected packaging materials are transggbrby three contractors and incinerated at three
facilities with energy recovery.

# 7

The Government Decree 94/2002 on Packaging Wastefésment makes pesticide manufacturers
and importers responsible for the collection, reauseé recovery of used pesticide containers through
a designated coordinator, and sets the fees fait aeatainer recovery. The Ministerial Decree

103/2003 on Pesticide Packaging Waste requiresefarto practise triple rinsing, and hand over
clean used containers to designated collectiors.siBSSEBER is required to keep record of its

collections.

CSEBER'’s first collection in 2003 resulted in aboorte million containers (760 tonnes of
plastic/glass/metal) collected, representing 45¢mrof the pesticide packaging material put on the
Hungarian market. The 2000 Waste Management Act detdforth a target recovery rate of
50 percent of all packaging wastes by July 200% fifogramme cost in 2003 was € 720 000, most of
which was for transport and recovery.

7.10 USA

./ s
Established in 1992, Ag Container Recycling Cou({CRC), a non-profit organization funded by
CropLife America companies and seven other aféliatembers, carries out a voluntary pesticide
container collection and recycling scheme in th&édhStates.

Final users bring rinsed empty plastic containergdllection sites, where they are inspected and
accepted free of charge. Only non-refillable, HDPBEstic pesticide product containers for

agricultural use are accepted by the ACRC. Four 8G#ntractors grind the collected plastic

containers into flakes, which are shipped to appdovecyclers which produce non-consumer
products such as field drain pipes, marine piliet. The ACRC recycling scheme is funded by
member dues in proportion to the weight of plapesticide containers put on the US market, and
determined by the total ACRC budget.
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Federal pesticide regulations require labels tovigeo directions on container management and
disposal. New regulations on container design amdk kcontainment are currently under
consideration. Recycling and disposal of used gidsticontainers are impacted by federal and state
regulations that designate some pesticide conwmia&thazardous waste. State governments regulate
open burning and landfilling of wastes, also affegdisposal options.

The US container recycling scheme collects aboutillion pounds (3 175 tonnes) or about
10 million containers annually. This representsgidy 28 percent of plastic pesticide containers
used by US farmers each year (35 million). Sinc@31®ver 65 million pounds (29 484 tonnes) or
about 93 million containers have been recycled. toted annual programme cost is USD 3.9 million,
of which over 80 percent is spent on containerecoibns.

* [ 1 %

Statistics have been compiled of the collectiorigrarance of a number of schemes that are operated
around the world. The analysis compares the quyaofitcontainers put onto the market with the
guantity of empty containers that are managed bystthemes. The analysis is shown in Figure 22
below. It should be noted that the scheme opernatd®razil has the highest collection efficiency.
This scheme was one of the first to be put in plaod is supported by a strong regulatory
environment and the involvement of all stakeholdefe scheme has developed extensive
communication programmes with television and prestertising, together with education
programmes for pesticide users. The scheme isideddn more detail in section 7.3.
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Weight of pesticide
packaging shipped into

Market (kg)

Weight of Pesticide Packaging

collected (kg)

% Collected

Country 2004 2005 2004 2005 2004 2005
USA 18 000 000 18 000 000 | 3 600 000 3564 000 20.0 19.8
Canada 2 778 300 2 960 264 1 950 480 1975 616 70.0 67.0
Argentina 5 700 000 5 700 000 102 600 501 600 1.8 8.8
Bolivia 537 000 537 000 19 869 39 738 3.7 7.4
Brazil 11 706 283 15 707 000 | 10 067 403 13 665 090 86.0 87.0
Chile 100 000 130 000 20 000 26 000 20.0 20.0
Colombia 2 365 000 2 365 000 148 995 182 105 6.3 7.7
Costa Rica 650 000 650 000 144 950 200 200 22.3 30.8
Dom Republic | 140 000 140 000 36 960 40 600 26.4 29.0
Ecuador 300 000 300 000 0 24 900 0.0 8.3
El Salvador 355 000 360 000 99 400 136 800 28.0 38.0
Guatemala 350 000 350 000 120 050 177 450 34.3 50.7
Honduras 215 000 250 000 39 990 74 000 18.6 29.6
Mexico 3220 000 5 450 000 199 640 348 800 6.2 6.4
Nicaragua 350 000 350 000 0 0 0.0 0.0
Panama 315 000 315 000 22 050 31500 7.0 10.0
Paraguay 1 150 000 2 400 000 792 000 33.0
Peru 625 000 800 000 6 250 32 000 1.0 4.0
Uruguay 166 000 450 000 6 640 22 500 4.0 5.0
Venezuela 900 000 900 000 0 27 000 0.0 3.0
Australia and
New Zealand | 5 744 666 2049021 | 1070420 1106 471 39.0 54.0
Austria 350 000 350 000 245 000 245 000 70.0 70.0
Belgium 585 000 585 000 538 000 538 000 92.0 92.0
France 7 500 000 7 500 000 3200 000 3200 000 42.7 42.7
Germany 3 200 000 3 000 000 1 760 000 1 950 000 55.0 65.0
Hungary 2 763 000 2 763 000 1 263 000 1 263 000 45.7 45.7
Poland 2 000 000 2 000 000 550 000 550 000 27.5 27.5
Spain 6 672 000 6 672 000 1 072 000 1 072 000 16.1 16.1
The
Netherlands 1 271 000 1 271 000 571 950 1 143 900 45.0 90.0
Regions
N-America 20 778 300 20 960 264 | 5550 480 5539 616 26.7 26.4
LATAM 29 144 283 37154000 | 11034 797 16 322 283 37.9 43.9
Australia/NZ 2 744 666 2 049 021 1 070 420 1106 471 39.0 54.0
Europe 24 341 000 24141000 | 9199 950 9 961 900 37.8 41.3
Total 77 008 249 84304 285 | 26 855 647 32930 270 34.9 39.1
Estimate (global): | 190 000 000 32930 270 17.3

Figure 22: Performance of Container Management Schmes around the world (source

CropLife 2006)
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