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Foreword

W�ithin the remit of reducing world hunger FAO has been extensively involved with pests 
and pesticides management. Based on the experience gained over the past 20 years 
FAO has developed a series of tools which allow a risk-based approach to dealing with 

obsolete pesticide stocks considering the potential impact on both public health and the wider 
environment. This has led to the development and publication of the Environmental Management 
Tool Kit Series, (Annex 1). The methodologies presented in these tools have been developed to 
provide a sound technical baseline for implementation of pesticide inventory, obsolete stock site 
prioritization and safeguarding projects in developing and developed countries in many regions 
across the globe. They have a solid foundation in international regulations from the US and 
Europe and so can be considered as complying with international best practice for worker and 
environmental safety. 

Despite the implementation of projects resulting in the removal of the above ground stocks, 
pesticide legacy problems persist that affect the ground beneath the sites and the groundwater 
passing through it. In many cases the ground at these sites presents a greater risk to human 
health and the wider environment than the original pesticide stockpiles which are often sent 
for environmentally sound disposal. To assess the particular risks posed land contaminated by 
pesticide, FAO has developed a fifth tool in the EMTK series, the EMTK 5. The conclusions drawn 
from using EMTK 5 enable the development of a national contaminated land risk management 
plan and site level risk reduction strategies which together form the Environmental Management 
Plan. Development of the Environmental Management Plan is examined further under EMTK 6. 
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allow the design of the more in depth detailed site investigation that is required for a generic 
quantitative risk assessment (GQRA). 

In countries where there are many contaminated sites all three stages of risk assessment will 
be required.  In countries where there are fewer sites the REA may not be required or could be 
combined with the PRA stage.  This will reduce both the resources required and the necessity for 
repeated site visits.

Tool Q (Data analysis and generic quantitative risk assessment) details how to check 
and arrange the data collected from the Detailed Site Investigation into sets relevant to the 
conceptual site model. It also shows how to derive levels of contamination representative of the 
site in question for comparison against GAC. The tool also considers factors critical to conducting 
the generic quantitative risk assessment (GQRA) so that decisions about proceeding to detailed 
quantitative risk assessment (DQRA) or risk management can be made.

For most pesticide contaminated sites, the GQRA will be the main risk assessment of the site.  
The significant difference between the preliminary qualitative assessment and quantitative 
assessment is that the representative concentrations of contaminants are based on the 
detailed site investigation which provides much more data and data with a much higher level 
of confidence.  At the GQRA stage there should also be enough data to allow investigators to 
assess the magnitude of the hazard i.e. is there a large or small quantity of contaminated soil and 
how contaminated is the soil?  By further examination of the pathways and pollutant linkages 
between the source and receptors, assessors will be able to evaluate whether the contamination 
encountered at the site poses a significant level of risk to receptors and therefore whether some 
form of risk management will be necessary.

DQRA involves the use of specialist testing (e.g. bioavailability) and modelling to derive site 
specific assessment criteria (SSAC) to estimate the level of risk, requiring high levels of external 
support and the use of experts and expenditure.  For FAO projects the level of investigation by 
DQRA is not normally considered and will not be considered in this guideline. 

An important aspect of the FAO process is that the staged investigation system allows for the 
prioritization of sites from one to the next; only those sites determined to be of a higher priority 
will proceed to the next phase of assessment and potentially to risk management.  It is important 
to realise that:

(i) 		under most circumstances detailed site investigations cannot be carried out for every site 
and while the level of detail provided by preliminary risk assessment or the REA alone is not 
enough as a basis for decisions to be made about risk management;  

(ii) 		at the early stage of the REA, low priority sites cannot be defined as without risk, particularly 
if there has not been sufficient investigation.  It should be acknowledged that these sites 
should be investigated further at some later stage when resources become available, either 
directly through government or via some other source, perhaps before development of the 
land.  

Note on document navigation (word users): To navigate between hyperlinks � �Control click� 
will take you to the next location. To return to your original location, press the �Alt-left arrow� 
keys.





The conceptual site model (CSM) underpins both the risk assessment and risk management 
processes. To formulate the CSM the site is described using the source-pathway-receptor approach. 
Information about the source, pathway and receptor and anything else that could be used to better 
describe the environmental conditions is added to the CSM to improve its accuracy.  The development 
of the CSM is an iterative process where information is continually added to provide the most up to date 
understanding of the site and the possible mechanisms of contaminant distribution.4,5 To begin with 
the CSM may be nothing more than a basic sketch (see Figure A3:2) of the site showing the location of 
sources and receptors and indications of any pathways that may link them (to form pollutant linkages).  
As the assessment continues, the CSM is continually built up and can become much more complex. 
Several formats including plans, cross sections or network diagrams may be needed to communicate 
the information.  The CSM may be displayed on paper or as computer models.

An underlying principle of the risk assessment process is to understand whether the �dose� of a 
pesticide that people (or animals) are receiving, or could potentially receive, from contaminated 
materials could cause damaging health effects.  �Dose� is a function of the quantity, concentration, 
time-period and toxicity of the pollutant to which a receptor is exposed.  A key objective in the 
risk assessment process is to gain an understanding of these four �dose� parameters.  This is 
usually completed by chemical analysis of media suspected to be contaminated to determine 
the type and level of contamination and to enable a comparison with relevant GAC.  The amount 
of contaminant entering a person by the ingestion, inhalation or dermal pathway will depend 
on factors such as natural degradation, dilution and sorption of the contaminant on to soil.  By 
understanding the total dose that receptors are receiving and how it is occurring and the inherent 
risks that result, steps can then be taken to manage or reduce these risks. 

Capacity building for contaminated land risk assessment
Whilst most low to middle income countries will have at least minimal experience and resources 
in general environmental and waste management, there is usually more limited capacity in 
risk assessment of contaminated sites and even less in the specific area of managing pesticide 
contamination.  Although professionals from governments will be able to make a considerable 
contribution to the management and implementation of projects, it is inevitable that some level 
of outside expertise will be necessary.  For countries where pesticide contamination is less of 
a problem, the risk management of pesticide contaminated sites will be viewed as �one off�.  In 
this event, it is clear that capacity building would be of limited benefit.  Whilst contributions to 
management and implementation of risk assessment will be necessary to complete risk assessment 
activities in the short term, expertise in the risk management of pesticide contaminated land will 
not be required over the medium and longer term.  It is therefore better that technical expertise 
in areas such as the design of investigation and risk assessment are secured through an external 
organization.  In countries where the pesticide contaminated sites are more common, the necessity 
for risk management will be ongoing.  In this situation countries will require their own resources 
in all areas of risk management including project design, risk assessment and implementation so 
that a minimal amount of external input will be required in the future.

4     American Society of Testing and Materials, 2014.	
5     UK Environment Agency, 2004.	
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FIGURE 1
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1. Government records
The primary source of information about contaminated sites are records held by either central 
government or local authorities.  Some governments implement their own process and inventory 
system for collecting information about potential contamination sites.  

FAO obsolete pesticides safeguarding projects, under which pesticide contaminated land 
and risk management normally arise, usually allow for the formation of a Project Management 
Unit (PMU) at the start of the project.  The PMU has representatives from government bodies 
and agencies involved; it is recommended that data regarding potentially contaminated sites is 
collected at this stage in addition to information regarding obsolete pesticides in general.

2. Information from Non-Governmental Organizations (NGOs)
NGOs can be important sources of information about contaminated sites. In many countries, 
NGOs have extensive contacts with individuals from government and industry who have detailed 
knowledge of contaminated sites, including pesticide contaminated areas.  It is common that the 
teams making up NGOs are former employees of private and government organizations who can 
provide a valuable resource for contaminated land risk management projects generally.

3. Publicity outreach campaign
At the start of a contaminated land project, where it is felt that Government records are inadequate 
or it is suspected that there are more sites than have been recorded, it may be necessary to 
conduct an outreach campaign.  This may involve contacting local radio and television stations 
to publicise the search for unidentified sites so that people will come forward with information.  
Other methods such as posters, billboards, mailings, newspapers or internet communications are 
also often used.  Most FAO projects will have a communications strategy as part of the project 
structure includes an outreach campaign designed for the collection of obsolete pesticides; it is 
proposed that this be extended to include the identification of potentially contaminated sites.

4. Preliminary Identification of a site as potentially contaminated using the Pesticide Stock 
Management System (PSMS)
The completion of an obsolete stock national inventory using FAO PSMS (FAO EMTK 1 Tools A�C)  
allows the identification of locations where there is a visual indication of contaminated soil 
either in containers or still in place.  The inventory process allows surveyors to identify locations 
where pesticides have leaked and caused contamination in and around stores. By using the 
�Contaminated Soil� inventory form assessors can record an estimated quantity of pesticides 
spilled or released to the environment, either above ground or below ground, as well as the type 
of contamination suspected including the results of any chemical testing conducted.

5. Interview of witnesses
As the events contributing to contamination may have occurred many years in the past, 
the evidence of witnesses� present at the time can be invaluable in identifying the locations 
of contamination and also in the verification of whether contamination actually occurred.  
Witnesses typically are people who have been present in the area for a long time, and may 
include workers or managers at storage or formulations sites, areas residents, local officials, 
and government employees such as inspectors or managers of health, agricultural or industrial 
development agencies.  Witnesses are invaluable in situations where there are no visual or 
olfactory signs of contamination at the surface.  This is because the absence of smell or visual 
signs of pesticide at the surface does not confirm that ground underlying a site is not affected 
by pesticides. 

It is frequently only the arrival of a team of �experts� on the ground that will encourage people 
to come forward with information about the location of potential contaminated places.  Formal 
contact with witnesses or people who know about the site usually occur when visits are made 
as part of the REA, Preliminary Site Investigation visit or Detailed Site Investigation.  Very often 
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and medium term, in the long term it can result in contaminants escaping into the environment.  
Eventually, unless built to very high standards, such stockpile facilities fail to prevent release of 
pesticides due to natural corrosion, erosion, disturbance by people, plants or animals, and lack of 
funding and institutions to maintain the stockpiles over the long term.

4. Sites where mixing or formulation has taken place on farms or in the field
Spillages can occur during the mixing of formulations for application before use, as well as during 
transfer and container washing.  

5. Pesticide application sites (diffuse contamination)
Diffuse contamination can result from repeated application of non-degradable pesticides over 
many years.  The non-biodegradable nature and low mobility of some pesticides, most notably 
organochlorines, can result in the gradual build-up of residues in excess of GAC values.  Of concern 
are countries or areas where there has historically been a poor level of education regarding best 
pesticide usage practices and the risks of over-application. In such locations, over-application 
of pesticides has often occurred. Spillages that occur during transfer and container washing 
activities in the field (see previous section) is also a concern at application sites.

Photo of a location where pesticides have been wrongly applied  
(note the discolouration in the centre of the �eld)

 A dump site of the acaricide �Dinobuton�
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Tool Q 

Data analysis and Generic Quantitative Risk Assessment (GQRA)

Background
Once the detailed site investigation has been conducted samples are then sent to the selected 
laboratory for analysis.  On receipt of the results back from the laboratory the assessor is then 
able to check that all the data has been received and to arrange it in a format relevant to the 
sampling plan.  Depending on the objectives of the investigation, the assessor will then conduct 
any statistical analysis as required for data quality purposes and, if non-targeted sampling has 
been carried out, to calculate representative levels of contamination for comparison with GAC. 

The Preliminary Risk Assessment requires development of a basic conceptual model, the 
identification of pollutant linkages and comparison of a limited number of analytical results with 
generic screening levels.  Sites that demonstrate the presence of potential pollutant linkages and 
evidence that screening levels have been exceeded then proceed to the next tier of investigation; 
the Detailed Investigation and Generic Quantitative Risk Assessment (GQRA). 

For most sites, the GQRA will be the principal risk assessment that takes place.  The significant 
difference between the Preliminary Risk Assessment and GQRA is that the representative 
concentrations of contaminants are based on the Detailed Site Investigation which provides 
much more data and hence a CSM with a much higher level of confidence.  At the GQRA there 
should also be enough data to allow investigators to assess the magnitude of the hazard i.e. is 
there a large or small quantity of contaminated soil and how contaminated is the soil.  By further 
examination of the pollutant linkages, assessors will be able to evaluate, in the context of local 
laws, whether the contamination encountered at the site poses a significant level of risk to 
receptors and therefore whether some form of risk management will be necessary.

Under some circumstances detailed quantitative risk assessment will be required following a 
third stage of investigation, where site specific assessment criteria (SSAC) are formulated.  The 
complexity of DQRA and the associated investigation is such that assistance from experts will 
almost always be required.  DQRA are not be a normal requirement of FAO investigations.

Data analysis and statistics71

Data analysis
As part of the detailed site investigation, samples will have been sent to a laboratory for chemical 
analysis.  This will be conducted according to the specification given to laboratory corresponding 
to the range, type and sensitivity of analysis required.  Once the assessor receives the laboratory 
results there are some steps that should be gone through before more detailed analysis, including 
any statistical analysis, can be undertaken:

(i) 		 basic data review�checking that all the results that are expected are present and that they 
are there in the correct format;

(ii) 		 sorting of analytical data into relevant data sets according to sampling strategies and the 
conceptual site model;

(iii) 	more detailed review of data quality.

7     Chartered Institute of Environmental Health, 2008.    	
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hotspot 

FIGURE A3:2
Example sketch for a simple site conceptual site model
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ANNEX 4

Practical guidance for design of the detailed site 
investigation

Objectives

The purpose of this section is to set out a series of practical steps that assessors should go through 
during the process of designing the detailed site investigation.
Step 1: 	 Using the preliminary site investigation report and preliminary CSM, identify the data 

gaps and develop a plan for collecting site information and preparing site maps.
Step 2: 	 Using the preliminary site investigation report and preliminary CSM determine the DSI 

objectives.
Step 3: 	 Define the site boundary � the area to be investigated, notably considering:

a) source areas;
b) potential migration areas and routes away from the source area;
c) nearby receptor areas.

Step 4: 	 Develop the soil sampling strategy:
d) 	 using the CSM divide the site up into distinct zones, defining the area and depth of 

investigation, with respect to:
(iv) 	 the potential pollutant linkages/exposure scenarios identified (including 

receptor and migration areas);
(v) 	 hotspots that need to be characterised (source areas);
(vi) 	 unidentified hotspots that may need to be located;

e) 	 choose a sampling strategy appropriate for each zone using one or more of the 
above sampling methods;

f ) 	 calculate sample numbers required for each type of sampling (see the section 
regarding statistics).

Step 5: 	 Develop a groundwater investigation plan using the CSM and the above. This typically 
includes:
a) 	 construction of boreholes at the site and at least two down gradient locations, 

separated by some distance to allow determination of groundwater flow direction 
and rate;

b) 	 use of available wells at the source area, receptor areas or in between to supplement 
(or potentially replace) the boreholes;

c) 	 monitoring of piezometric data � i.e. groundwater levels � at all points for a period 
of time. This is the data upon which groundwater flow directions and rates are 
determined;

d) 	 periodic sampling of the wells and boreholes over a representative time, taking into 
account seasonal variation. This always includes at least samples at the source area 
and nearby receptor area wells used as a potable water source (due to community 
concern).  

Step 6: 	 Define the analytical strategy, (see the section regarding the analytical strategy).
Step 7: 	 Develop plans for quality control management (the QA/QC) see the section on QA/QC, 

Annex 7:
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ANNEX 5

Probabilistic sampling strategies

Simple Random Sampling (SRS)
The basic probability sample is the simple random sample. With SRS, every possible sampling 
point has an equal probability of being selected, and each sample point is selected independently 
from all other sample points. 

Systematic sampling
Systematic sampling achieves a more uniform spread of sampling points than SRS by selecting 
sample locations using a spatial grid, such as a square, herring bone, rectangle, or triangle, in two 
or three dimensions.

Composite sampling
Composite sampling requires that a group of samples of equal size are taken from a site are 
mixed together.  It is a technique that can be used to roughly determine the mean concentration 
of contamination from a particular area. It is also useful for the determination of the range of 
contaminants.  Composite sampling is a technique that has very high margin of error and is hard 
to justify statistically and therefore should not be used for the calculation of risk if possible. It 
should also not be used for volatile contaminants and for mixtures of different soil types.

Multi incremental sampling19

This type of sampling is similar to composite sampling in that it is a combination of sub-samples 
of equal quantity. The concept is that the final sub-sample taken from this mixture contains 
potential contaminants in the same proportion as the overall sampling unit. 

Point sampling methods suffer from a high degree of statistical error caused by the innate 
variability of contaminated sites and the distribution of contaminants across it. The common 
situation at pesticide contamination sites is that the level of contamination varies greatly in soils 
in both source and receptor areas; a high level may be found at one spot while low levels can 
be found only 3 or 4 meters away.  The protocol for Incremental Sampling is very strict so that 
sampling error is reduced and that the assessor can be more confident in the result.  The sub-
samples that are taken are restricted to a homogenous (uniform) and defined area termed the 
�sampling unit� or �decision making unit�. Sampling units are composed of a particular layer in the 
soil profile which has the same physical consistency and where it is suspected that contaminants 
have a similar concentration. 

In order to ensure that the samples are taken from the sampling unit in an unbiased manner 
a formal sampling strategy should be implemented e.g. grid, herring bone or random pattern.  
Advantages of incremental sampling are that costs of laboratory analysis can be significantly 
reduced and that statistical methods used to ensure data quality are much simpler than those 
required by discreet/point sampling methods. The major benefit is that an IS sample gives a 
composite estimate of the true mean and that the IS sample may be used as a substitute for the 
percent 95 Upper Confidence Limit. 

Transect sampling
Transect sampling involves establishing one or more transect lines across the surface of a site.  
Samples are collected at regular intervals along the transect lines at the surface and/or at one 

19     United States Army Corp of Engineers, 2009.	
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ANNEX 6

The analytical strategy

Number and type of samples

The number and type of samples are specified by the sampling strategy. The numbers and types of 
samples are also needed to determine the type and quantity of QA/QC samples that are required 
to be taken (see the QA/QC section, Annex 7).

Analytical range

Range of pesticides for analysis
Records kept at locations of contaminated sites such as pesticide inventories can give an 
indication as to the contamination likely to be present. This is mostly obviously because what 
has been stored above ground is likely to have penetrated beneath. However, at many pesticide 
contaminated sites there is little knowledge of the major contaminants before an investigation 
commences without conducting a minimal amount of analysis. In this case samples from the site 
will have to be subjected to a screen for the contaminants of concern. Ideally, the screen should 
analyse for the widest possible range of contaminants and may require more than one analytical 
technique. Once screening has been completed the detailed investigation can be targeted at the 
quantification of pesticide identified using the appropriate technique.

The cost of analysis and the effect on the range of pesticides for analysis
The active ingredients of pesticides and other constituents of pesticide formulations include 
a very wide range of chemical groups. Because of their very different chemical and physical 
characteristics there is a corresponding large number of analytical techniques that are required 
for their analysis. The potential cost of analysis can be prohibitive and therefore can limit the 
range of pesticides for investigation. As suggested in the section above, it is recommended that 
screening of a very limited number of samples for the widest range of pesticides is carried out. 
Once the range of pesticides and the numbers of samples for analysis are understood an estimate 
of the likely cost can be made. Together with the screening values to be used, key indicator 
pesticides can then be chosen for analysis.

Analytical detection limit
Where possible, the detection limit used should be one tenth of the screening level that has 
been chosen for risk assessment of each analyte. This will assure that any pesticides present at 
concentrations of potential concern are detected. However the toxicity and/or environmental 
behaviour of some pesticides means that the screening level is sometimes lower than the 
detection limit capability of many laboratories, particularly where the protection of water 
resources is required, where screening levels may require nanogram sensitivity (10-9 g/l).  In this 
event the detection limit should be at least below the human health screening levels being used 
for risk assessment.  For example, the US EPA residential non-carcinogenic screening level in soil 
for Lindane (gamma-HCH), a common POPs pesticide is 2.3 mg/kg. The detection limit should 
therefore be 0.23 mg/kg.

The analytical detection limit can be described by laboratories in a number of ways:

Limit of detection (LOD)
This is the absolute physical and chemical limit that the laboratory analytical equipment is 
limited by;
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ANNEX 7

Quality control and quality assurance measures 
Quality control measures are a set of procedures designed to prevent and detect errors that can 
be introduced at various stages during the investigation.

Field quality control samples 
Errors occurring in the field during sample collection, preservation, transportation and storage 
are a common source of inaccuracy.  These may originate from a single source or a combination 
of several sources. These include: analyte carry over from sampling equipment, incomplete 
decontamination of sample equipment between samples, cross contamination between 
samples, contamination in sample containers and absorption of volatile chemicals from air during 
transportation and storage.  To test for the absence or presence of these errors field quality control 
samples are collected. 

The precise composition and frequency of quality control samples is dependent on the objective 
of the sampling strategy. 

Duplicate analysis 
These are intended to identify variability in the analytical results associated with field and 
laboratory methods and the inherent heterogeneity of the media. Two samples are taken at 
the same location employing the same collection methods but placed in separate containers 
for separate analysis. Duplicates may also be sent to an alternative laboratory to assess the 
performance of the contracted laboratory.

Split samples 
Split samples are used to identify variability between sampling handling methods or between 
laboratories.  A single sample material is homogenized in the field and placed into two separate 
sample containers to be submitted two separate labs.

Rinse blanks or equipment field blanks 
These analyses are used to assess the efficiency of equipment decontamination procedures in 
preventing cross contamination between samples.  When multiple samples are collected using 
equipment such as a shovel, trowel, auger, etc., the sampling equipment must be cleaned 
between samples to prevent cross contamination.  The rinse blank or equipment field blank is 
a sample of the rinse water used to rinse the equipment after cleaning.  The rinse blank should 
show none of the analyte, proving that the equipment was properly cleaned before or between 
samples.  The rinse blank will be analysed for the same parameters as the investigative samples.

Trip blanks
These samples are normally provided by the analytical laboratory and accompany the field 
sampling team during the sampling expedition.  They are returned to the laboratory and are 
analysed for the same suite of analysis as the main investigation.  The purpose of trip blanks is to 
determine if samples are picking up any analyte during transit.  They are relevant particularly for 
sampling involving volatile organic compounds. If the subsequent analysis shows analyte present 
(particularly VOC), this indicates possible interference during the field sampling trip.
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(ii) 		 Sample Record/Log
		  A detailed record of each sample should be taken. Each sample should be given a unique 

reference number that is easy to record and that all those handling the samples in the 
future will understand.  The record should include:
i. 	 sample unique reference;
ii. 	 sample location; 
iii. 	sampling date;
iv. 	 sample media (soil, groundwater, surface water, sediment, concentrated pesticide spill 

area, etc.).
		  Weather conditions are usually also recorded at the time of sampling, such temperature, 

whether raining or not, the presence of snow or frozen conditions, etc.  This data can be 
important in understanding the sampling results.

(iii)	 Sampling location coordinates
		  It is very important to make a detailed record of the sampling locations.  If at all possible 

during the detailed site investigation, precision GPS should be used (sub-metre-5 decimal 
places). If this is not possible a detailed sketch/drawing should be made that includes 
measurements made so that a more accurate drawing of the sampling locations can be 
made at a later date.

Project: BOREHOLE LOG SHEET Page:                     of
Site: Date:
Borehole No#: Elevation:

Location/GPS coordinates: X: Y:
Supervisor: 

Depth: (m) Lithology Water strike Sample record Illustrations/Remarks

FIGURE A7:2
Blank borehole log sheet
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ANNEX 11

Site investigation materials and equipment
General equipment

Sampling 

Wooden stakes 1m long for setting out sampling 
areas

Spray paint for marking sample points and 
making stakes visible

Measuring tapes 100 m long for setting out 
sampling grid squares

GPS receiver accurate to 5 decimal places

Stainless steel trowel
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First aid kit

Safety glasses and/or goggles  

Eye wash fluid

Hard hat
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