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FOREWORD
-

Remote Explosive Scent Tracing (REST) is essentially a survey methodology based

on using dogs and rats to remotely detect landmines and explosive remnants of war
(ERW). Systems similar to REST have been used in technical survey and mine clearance
operations for 20 years, and have been subject to a study conducted by the Geneva
International Centre for Humanitarian Demining (GICHD) since 2000.

At that time, REST was considered one of the most promising avenues for speeding
up demining operations and making them more cost-efficient, very much in the spirit
of the land release concept. The GICHD got involved in the REST project with the
aim of developing a fully operational system, based on a well organised research
process. It was hoped sufficient scientific evidence would enable operators to use it
with a high level of reliability.

The use of animal detectors has increased rapidly, but the research to explore and
understand the technology has not necessarily kept pace with this expansion, to the
point where one can safely say that all variables between animals and their detection
targets are fully understood. The REST project has contributed greatly to an increase
in this understanding. Although the overall objective has not been reached, the
increased knowledge gathered throughout the project has proved valuable in operations
with dogs and rats. It has also had tremendous application for research findings
outside of mine action.

The project brought together people from very different backgrounds, such as chemists,
ethologists, psychologists and dog-training specialists. They worked side by side towards
the same obijective, ie the development of an operational REST concept.

This publication provides a summary of historical perspectives and empirical results
for various research tracts explored through REST. This could not have been achieved
without the support of cooperating partners, individuals, institutions and other
supporters whoassisted the GICHD and its contractors in our endeavours to better
understand animal detection systems.

GICHD would like to thank the European Union, Germany, Japan (through the United
Nations Voluntary Trust Fund for Assistance in Mine Action), Norway, Sweden, the
United Kingdom, and the United States for their financial support to this programme.

We hope that it will be a useful resource for further developing and exploring this
fascinating detection technology.

Ambassador Stephan Husy
Director
Geneva International Centre for Humanitarian Demining s
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CHAPTER 2
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THE OLFACTORY SYSTEM AND OLFACTION: IMPLICATIONS FOR REST

FIGURE 1 | Schematic of the olfactory system [45]

1 5 N 2
Olfactory Nerve OWfactory Bulb

Mitral Cell

Olactory Tract

Cribrifarm (home ) —*-‘-!--"l -_" o a8 K‘
AN

S

Cllia in Musesa

E
¢
¢
/—'

All of the olfactory neurons that express the same type of receptor, send their axons
to a speci c complex of neurons, dendrites and axons known as a glomerulus. Current
theory [4] maintains that each glomerulus receives input from all the olfactory recept-
or neurons expressing for one speci ¢ receptor protein. A glomerulus does not receive
any inputs from any other type of olfactory receptor (coded by a different olfactory
gene). One would then expect that the number of glomeruli is directly related to the
number of olfactory genes expressed in the olfactory receptor neurons. This seems to
be relatively true. There are 1800 glomeruli in mice and 2400 glomeruli in each olfac-
tory bulb of rats [32].

The greater the number of olfactory genes, the better the ability to make ne olfactory
discriminations. This is because each glomerulus responds to one physiochemical prop-
erty of an odour. The more properties that can be coded for, the more accurate the
discrimination between molecules that may differ by only one or few properties. Rats
and mice for example can distinguish between stereoismers; these are molecules ident-
ical in structure and chemical formula, but which rotate in opposite directions. Since
each glomerulus is activated by a unique physiochemical property, and since each of
the glomeruli are activated by a different property of olfactory molecules, it is thought
that the glomerulus is the functional unit of olfaction [33].

Therefore, the ability of dogs to discriminate between odours may be correlated with
the number of glomeruli in the dogs nose. The only information on the number of
glomeruli in the dog comes from a non-reviewed report by Morrison however[61].
He states that the dog has about 5000 glomeruli, however he does not provide a
reference for these numbers, and some of his other data differs signi cantly from
published articles [59;65].

Electrophysiological recordings and imaging studies of the olfactory bulb show that
odours activate from few up to many glomeruli. Often, the number of glomeruli acti-

vated depends on the intensity of the odours. The outputs of the glomeruli are the
axons of Mitral and Tufted cells. Mitral cell axons leave each glomerulus and go
directly to the periform cortex, which is where information on the odours is processed
and converted to the perception of them.
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A problem with this approach is that explosives may or may not contain the salient
odour that the dog was trained to detect. For example weathered TNT does not contain
any DNT and there are many compositions of C4 which contain other volatiles. If
animals could be trained to detect the parent explosive, and if they would respond to
the parent explosive irrespective of the other odours in the mixture, we would have
the ideal trainer aid. However, given that other odours in the explosives are much
more salient, the dogs should not learn to detect the parent explosive.

We decided to test this with dogs undergoing a training programme for explosives
detection. Dogs were well-trained to detect C4. Then, after they responded to C4 at
high accuracy, they were presented with a wall containing many 15 cm holes. Behind
and below the holes were holders where various scentss were placed. Four different
types of stimuli were placed behind the holes: clean containers, containers with pure
RDX, containers with RDX mixed with a salient (un-nameable) substance, the salient
substance alone, and containers with all types of odours such as coffee grinds, grease,
tobacco etc. Most of the samples were either empty or contained other, non-relevant
odours.

The results were surprising. Dogs that were well-trained on C4, with all its extra-
neous plasticisers and other salient volatile odours, not only detected samples of C4
but also responded positively 60 per cent of the samples of pure RDX, without having
had any training for it, and responded to only one per cent of irrelevant odours. Even
more surprisingly, samples of RDX paired with a salient scent had 100 per cent detec-
tion! (We think that the dogs used the salient smell as a signal to investigate the hole
in the wall).

This experiment was replicated with other dogs, and the same result was obtained. It
seems that at least some of our explosives detection dogs not only are capable of ana-
lysing C4 and detecting the subtle odour of RDX, but they also responded positively

to the RDX the rst time they encounter it, provided that they had been previously
trained to detect C4.

To summarise, it was previously known that mixtures were detected con gurationally
and that the individual components were not recognised. It was also known that
animals learned salient smells that overshadowed more subtle odours. Overshadowed
odours were not learned. Now, at least with our dogs, it seems that they do analyse
the mixes and even learn to respond to subtle odours in the mixture. If others also nd
this to be true, it can have quite an influence on the future training of detector dogs.
The critical experiment, which has not yet been done, would be to determine if it is
possible to train different species of animals to detect a subtle target odour, irrespect-
ive of the mixture in which it appears.

SPECIES SPECIFICITY AND CONFIGURATIONAL PROCESSING

Although con gurational processing has been tested on rodents [48], primates [40],
humans,[28] lobsters [7] and bees[26;63], it may not be a universal truth. Some com-
mercial dog training companies and some government agencies (eg US Border Patrol)
initially train their dog to detect a bouquet of four drugs or a bouquet of four explosives.
They maintain (but do not supply data) that this facilitates training since they say that
the dog will now respond to each of the four odours originally trained in the mixture.
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The dog does not have to learn each one separately. This analytic perception of
odours is contrary to the scienti ¢ research discussed above. (These trainers explain
the dogs’ olfactory performance by evoking species differences. They say that when
humans walk into a pizza parlour they smell pizza, whereas a dog smells the separat:
ingredients).

Our group decided to investigate this more carefully. We trained dogs to detect the

odour of a mixture of three explosives. The samples were made by putting an amount
of each of the three explosives together in a sealed metal container with some rags fo
several days. No attempt was made to equalise the odour intensities of the three
explosives, although we were sure of these differences. At the end of the week, the
dogs were trained to differentiate between the rag saturated with the three odours

from clean ones, or rags that had been saturated with other odours.

Once the animals were performing well, we tested their responses to the individual
components. The rags were prepared in the same way, but only one explosive wa:s
placed in each of the tlee containers. The dogs were only tested once or twice for
their response to the component odours. We found that even on the rst trial most of
the dogs consistently responded to the individual components of the mixture they had
previouslylearned.

Since this result was very surprising and contrary to the published data, we decided
to run the experiment again with naive dogs instead of experienced dogs. Although
the training on the mixture took longer because they were new to the experimental
proc-edures, when tested on the individual components, most responded on the rst
trial to each of the three components of the mixture.

We then thought that maybe there was a problem with the speci ¢ explosives we used
so we re-did the experiment with a third group of dogs using a different mixture of
explosives. Again, we found that the dogs consistently responded to each of the in-
dividual components of the mixture. We concluded that, at least in mixtures of three,
the dogs used an analytic approach and easily recognised all of the components. W
do not know if the difference between our results and those published are due to species
or methodological differences, but given the intense arti cial selective pressure on
dogs for olfactory detection over the last couple of thousand of years, it is quite
possible that dogs do process odours differently to other species.

As a result of these data, there is more support for the notion that dogs do break down
odours into its component parts (at least in mixtures of three). It must be emphasised
that, contrary to the view of Wilson and Stevenson[83], most of the new dogs, which

had never been trained on odour detection until they encountered a mixture of three
odours, were still able to immediately identify each of the three components of the
mixture on the rst trial.

CHANGES IN THRESHOLDS AS A FUNCTION OF EXPERIENCE

Many studies on perceptual learning have shown that with experience, the threshold
of detection decreases and the subject is able to detect at much lower thresholds thal
at the initial testing [18;20]. This has also been found with olfaction. For example,
rats exposed to either amyl acetate or anderostenone (possibly a human pheromone
show a signi cant decrease in the detection threshold after exposure to the specic
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and Wilson [28] concur with Linster that adaptation could be a mechanism for
separating a target odour from the background.

The most interesting experiment was by Goyest al[21], who studied olfactory
adaptation in humans. First, they trained the subjects to identify all four odours used
in the experiment. They con rmed that the subjects could not identify all of them in
mixtures of three or four odours, and then allowed them to sniff a mixture of one, two
or three odours. Immediately after snif ng the mixture, they were presented with the
same mixture but with another odour added. The interval between the rst and the
second sample was only a few seconds, the time necessary to switch bottles.

They found that the ability to identify the added odour was greater following the few
seconds spent snif ng the rst bottle. This brief exposure enabled adaptation to the
original scent, which meant the additional odour became more salient. In addition,
they found that this improvement was irrespective of the number of odours in the
mixture.

There is solid evidence that adaptation to a background odour greatly improves the
ability to detect novel ones. We suggest that an intrinsic problem with REST is due
to lack of inhibition of the background smells. Given that all mines are associated with
signi cant background smells, which are usually much more salient that that of the
mine, the role of adaptation to the background is extremely important.

A freely moving dog has ample time to adapt to the local background and can therefore
more easily recognise and respond to the target odour. For a REST dog or rat however,
there is no background similar to that of the eld from which the odour was taken.
When the animal sniffs the sample, it receives both the background and sample at the
same time, meaning there is no adaptation to the background, which makes it much
more dif cult to detect the target odour. This is presently only a hypothesis, and
should be tested.

SNIFFING

A major variable that influences inhibition is snif ng, which, until recently, was consid-
ered a simple mechanism of getting odours into the nose. Recent research shows that
snif ng has a major influence on habituation, and consequently on separating the
target smell from the background.

In simple olfactory discrimination tasks, the snif ng rate does not seem to be correlated
with performance [80]. Using a preparation where rats had their heads xed and
scents brought to their noses, it was found that they showed individual differences in
snif ng strategies, which had emerged during discrimination learning. Some rats showed
brief bouts of rapid snif ng with the onset of the odour, and others showed little or
no change in sniff frequency. Nevertheless all rats performed with high accuracy,
indicating that rapid snif ng is not necessary for odour discrimination.

Surprisingly, Wessoret affound that snif ng strategies remained unchanged even when
task dif culty was increased and the performance level decreased. They suggest that
the major functional contribution of rapid snif ng is to enable the animal to acquire
the stimulus more quickly once it is available, rather than to directly influence odour
perception [73]. So, in normal laboratory olfactory discrimination tasks, rapid snif ng
does not seem to be very important.
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INTRODUCTION

Most military explosive compounds contain carbon, hydrogen, oxygen and nitrogen
atoms and the oxygen usually exists in the form of nitro groups (llMepending on
where the NG is attached, explosives can be broadly categorised as nitroaromatics
or nitroarenes (when NQ is attached to carbon, C-N@), nitramines (when NQ is
attached to nitrogen, N-NQ), and nitrate esters (when N®is attached to oxygen,
O-NO?) [1].

2,4,6-Trinitrotoluene (TNT) is one of the nitroaromatics. It is widely studied because

it is present in most kinds of landmines and other explosive devices. Military grade
TNT contains impurities such as 1,3-dinitrobenzene (DNB) and the six dinitroto-
luene (DNT) isomers, among which 2,4-DNT is the most significant (Fig. 1). These
compounds remain present for several decades after manufacture. This was evidenc-
ed by an analysis of the vapour above very old TNT (35-55 years after production)
and above TNT filled landmines [2, 3].

Analysis of soil samples collected from above buried landmines has shown that 2,4-
DNT, TNT and two of its environmental degradation products, namely 2-amino-4, 6-
dinitrotlouene (2-A-4,6-DNT) and 4-amino-2,6-dinitrotoluene (4-A-2,6-DNT) are
detected most frequently [4].

FIGURE 1 | Chemical structure of selected nitroaromatic explosive compounds.

ON NO, NO, NO:
NO, NO, NO,
2,4,6-TNT 2,4-DNT 1,3-DNB
O,N NO, O,N NH,
NH, NO,
4-A-2,6-DNT 2-A-4,6-DNT

The various nitroaromatic explosive compounds differ in chemical structure as well
as in physico-chemical properties (Table 1), which directly affects their “sorption”
and “desorption” onto and from the environmental matrix.

“Sorption” (or absorption) is the process in which the environmental matrix takes up
another substance, whereas “desorption” is the process in which a substance changes
from an absorbed state to a gaseous or liquid state and is released from the matrix.
Vapour pressure (one of the measures shown in Table 1) is the equilibrium concen-
tration of a vapour generated from a sample of the pure material (liquid or solid) in a
closed container, and exponentially increased with the temperature of the system.
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increases when the exchangeable catfoobthe clay contain Kand NH4*. They
concluded that the abundance and degree ofalkd NH4* saturation of the clay minerals
is a controlling factor for the mobility and availability of nitroaromatic compounds [7].

Therefore, depending on soil texture, mineral distribution, cation exchange capacity
and organic matter content, the sorption strength varies, as observed experimentally
[12]. Significantly sandy soil sorbs loosely and desorption is relatively easy, whereas
clayey soil sorption is relatively strong and desorption relatively difficult. The same

phenomenon has been observed with animal training; where rats and dogs identify
the target easily in sandy soils but with difficulty in clay soil.

Besides the soil texture, organic matter, mineral and water content, there are other
environmental factors affecting sorption and desorption of explosive compounds.
These are:

> soil temperature

> vegetation (presence, type and density)

> rain events (intensity, duration, and direction of water overflow)
> wind (strength and direction)

> the depth of the explosive (landmine)

The type of landmine is another crucial factor, as some landmines have completely
sealed metal casings that strongly limit the leakage of explosive vapours, whereas
others, with plastic or wooden casings, leak substantially. All of the aforementioned
factors can interact to influence the availability of detectable molecules and should be
considered in REST sampling and in animal training and testing.

CHEMICAL ANALYSIS OF REST SAMPLES
Sampling dust or soil above suspected area is the preferred method for REST samp-
ling. The dust/soil collected may need to be analysed chemically, for several reasons:

> to countercheck animal detection (ie for quality control)
> for research purposes

> to assist in best practice for animal training
Several techniques, summarised below, are available for this analysis.

lon mobility spectrometry (IMS)
“lon mobility spectrometry” (IMS) is an instrumental method of analysing explosive
compounds in a REST sample. The steps involved are:

a) Fast solvent extraction of explosive compounds from dust/soil by shaking a
certain amount (eg, 1 g) of the sample in a given volume of organic solvent
(eg, 2 mL of acetone) for a few minutes and letting it settle for few minutes

b) Transferring a measured amount (eg, 50 microlitres) of the supernatant onto
a filter (fibre trap) and letting the organic solvent evaporate
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c) Placing the filter in a thermal desorption unit so that the trapped compounds
are volatilised

d) Converting the sample vapours to ions (electrically charged molecules) at
atmospheric pressure

e) Characterising/detecting the resulting ions by their gas phase mobility under
a weak electric field

Some manufacturers of IMS for explosive detection declare detection limits in the
range of few hundred picograms. For instance, for the lonscan 400 (which APOPO
has) from Smiths Detection, the company declared a detection limit of 300 pg for
TNT. This may be achieved for standard solutions, but for soil extracts, this value can
be higher for various reasons.

This is mainly because co-extraction of other compounds interferes wiiép @bove,

by competing with TNT in the ionisation process and reducing the likelihood of
detecting TNT. Furthermore, the declared detection limit usually does not make
sense to non-analysts and it may be necessary to convert it to a more sensible figure

Take, for example, if a gramme of a REST sample and 2 mL of acetone are shaken fo
three minutes, and, after the particles settle down, 50 microlitres of the supernatant
are taken and applied to an IMS filter for thermal desorption/vapourisation, ionisation
and detection. Assume there are no compounds co-extracted that may interfere in the
ionisation process, and that all the explosive compounds in the sample are transferrec
to the solvent (100 per cent extraction efficiency). The 300 pg signal from the IMS
means we have 12 ng of TNT per gramme of REST sample, ie, the IMS gives a signal
if we have at least 12 ng of TNT per gramme of sample. Considering the extraction
efficiency, the interfering co-extractants and other factors not discussed here, the
actual detection limit may go up to 100 ng per gramme of the sample.

HIGH PERFORMANCE LIQUID CHROMATOGRAPHIC (HPLC)
(US-ENVIRONMENTAL PROTECTION, EPA, METHOD 8330)

The high performance liquid chromatographic (HPLC) method with an ultraviolet
(UV) detector is one of the oldest and first methods recommended by US EPA
(Method 8330) for the analysis of explosive compounds from soils and sediments.

As with IMS, the first step is extraction of the explosive compounds into a solvent.
Method 8330 recommends extracting 10 g of soil sample in 20 mL of acetonitrile, with
a platform shaker or cooled (<30 °C) ultrasonic bath for 18 hours. To understand the
HPLC system, imagine a stream of solvent called “carrier” pumped through a long
tube ending at a flow-through detector cell. Somewhere along the tubing there is an
injection port at which the extracted sample is introduced into the flowing stream of
the solvent. Before the flow goes into the detector cell, there is a tube packed with a
solid separation material. It facilitates separation of the extracted mixture through the
interaction of the different components, with the solvent and with the solid packing
material.

Depending on the chemical nature (polarity, charge, size, etc) of the different components
and the packing materials, individual compounds end up having different partition
ratios. As a result, compounds with a high affinity for the solvent go fast to the detector
with the flowing stream, whereas components with the highest affinity for the column
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packing stick take the longest and wash out last. The reported detection limit with
this technique is 250 ng per gramme of soil. However, EPA cautioned that the detect-
ion limit is highly dependent on the sample type (matrix dependent) and may vary
accordingly.

Although commonly used, the HPLC-UV method has the following disadvantages:
a) very long and tedious extraction procedure

b) poor selectivity of the UV detector prompting introduction of a secondary or
confirmatory HPLC column which does not solve the problem completely

c) poor sensitivity and lengthy pre-concentration steps

GAS CHROMATOGRAPHY (GC) WITH ELECTRON

CAPTURE DETECTOR (ECD) (US-EPA METHOD 8095)

As an alternative to HPLC, the US EPA introduced another recommended method
(Method 8095). It is known as gas chromatography (GC) with electron capture detec-
tor (ECD) for the analysis of explosive compounds from environmental samples.

Again, the analysis starts by extracting the explosive compounds from the soil. The
same lengthy extraction procedure is used. Unlike the HPLC, the carrier is a flowing
stream of nitrogen, hydrogen, or helium gas through a long (typically 5-30 m) capillary
tube, containing a stationary phase, usually a non-volatile liquid sorbed on the inner
walls of the tube. At the injection port, the injected liquid sample is heated to convert
it to vapour, and the vapour merges into the flowing gas.

Depending on the chemical nature of the different components in the vapourised
sample and the stationary phase of the column, these components pass through the
column at different speeds, because the difference in their interactions with the
stationary phase affects separation. Some components may be strongly sorbed in the
stationary phase. Increasing the column temperature desorbs them into the carrier
gas and subsequently the detector.

In ECD, a radioactive source such @i ionises the carrier gas, resulting in positive
ions and electrons. In turn, the migration of the electrons produces background current.
When electron capturing compounds are present in the carrier gas, some of the electrons
produced by the ionisation of the carrier gas are captured by these compounds, red-
ucing the intensity of the background current. The decrease in the background cur-
rent is proportional to the concentration of electron capturing compounds.

When analysing 1 g of soil with the GC-ECD method, an amount of around 6 ng
TNT is potentially detectable, but this value is matrix dependent and may not always
be achievable.

The GC-ECD method suffers from the following drawbacks:
a) very lengthy and tedious extraction procedure

b) poor selectivity (low specificity) towards explosive compounds. This is because
soil is a complex matrix that may contain other electron capturing compounds
(nitroaromatics, carbonyls with double bonds, alkyl halides, organometallics,
etc) that may reach the detector at the same time with the explosive compounds
and interfere with their detection.
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GC WITH NITROGEN PHOSPHORUS DETECTOR (GC-NPD)
To alleviate the problems associated with ECD, another detector called Nitrogen
Phosphorus Detector (NPD) or Thermionic Detector is sometimes used.

It is termed thermionic because a heated solid surface or bead is used as an ion sourc
Often, the thermionic source is a rubidium ceramic bead which efficiently ionises
compounds containing organic nitrogen and organic phosphorus. The resulting ions are
then collected and measured. Although the NPD also responds to other hydrocarbons,
the response to them is 100,000 times less than the response to compounds that conta
nitrogen or phosphorous. Therefore it is considered an element-specific detector.

Using standard TNT solutions, a detection limit of 0.625 pg is routinely recorded, with
APOPOQO'’s GC-NPD. When this is translated to a REST sample, at least 0.3 ng of TNT
should be present in a gramme of the sample. Considering the issue of extraction effi-
ciency and the matrix effect, the detection limit may be significantly higher than this value.

GC MASS SPECTROMETRY (GC-MS)

Recently, the trend has been to use GC with a mass spectrometric (MS) detector to
analyse samples for the presence of explosives. This technique combines the power
the high resolution separation of the components by the GC, with a very selective and
sensitive MS detection. The separated gaseous component from the GC is then transferr
ed into the MS ion source before being ionised. It then produces different fragment
ions which are mass resolved, using a filter, and detected. There are several ways C
ionising the vapourised component from the GC that affects the sensitivity of the MS.
The most widely used are the electron ionisation and the chemical ionisation methods.

Using GC-MS in the normal scanning mode (scanning in wide mass range) for the
analysis of explosive compounds in soil, does not improve sensitivity relative to other
detectors, such as NPD. The advantage, however, is the ability of GC-MS to identify
other components separated by the GC that would not be detected by other methods,
such as NPD. The detection limit with GC-MS can be improved in the Single lon
Monitoring (SIM) mode, if quantitative information about a component known to be
present in the sample, is required.

The advantage of GC-MS is most pronounced when the sample introduction is done
with Solid Phase Microextraction (SPME) or Headspace Sampler (HSS), rather than
lengthy solvent extraction and concentration steps. Here, the volatile compounds in
the sample are trapped with a SPME cartridge, that desorbs them at the GC injection
port upon heating, or an automated HSS may directly sample the headspace vapour
above the sample and transfer it to the GC injection port. The sensitivity of this system
can be fine-tuned by;

> increasing the soil sample
> adding moisture
> heating the sample

> shaking or equilibrating the sample for some time

With this set up, it is possible to identify and analyse volatile compounds emanating
from the explosive compounds, as well as from any casing material or additive in the
landmines and the soil sample.
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REST SAMPLING FOR DETECTING LANDMINES

In a system containing various phases like water, air, soil minerals, humic matter, or
a filter; any organic chemical will distribute itself so that a certain percentage of the
chemical will eventually be found in any of these phases (ie, in an equilibrium situa-
tion). Volatile chemicals will mainly reside in the air and sorb only somewhat to the
other phases. Less volatile chemicals will mainly sorb to the solid and liquid phases
that are available, and only a small fraction will remain in the air.

The signature compounds characteristic to mines (dinitroluene, trinitrotoluene, TNT,
and aminodinitrotoluene, ADNT) are less volatile. The fraction of those chemicals
that sorbs to water, soil minerals and filters depends on the properties of the chemicals,
temperature, humidity and the properties of those phases. The underlying relation-
ships are complex but fairly well understood, so that we can typically estimate which
fractions are sorbed to which phase. As an example, 1 g of dry soil will contain at least
10,000 times more 2,4-DNT than 1 litre of air that is in equilibrium with this soil. For
TNT and ADNT the situation is even more extreme. Animals only have direct access
to the few molecules that reside in the air that they sniff.

What does this mean for REST sampling? Different cases should be distinguished
between:

1) Filtering air in order to collect the airborne fraction of the signature compounds

In order to optimise this technique, the filter must be designed so that almost all

signature molecules will be scavenged from the sampled air. This is not difficult to
achieve but it has a severe drawback: if the filter is presented to the animals later,
then only a small fraction of the collected molecules will go back into the air (because
this was how the filter had to be designed for efficient sampling). Therefore, the

animals sniffing at the filter will have access to only a small fraction of the concen-
tration they would encounter in the field.

The exact line of argument is more complex than shown here: filters could principally
be optimised for a good performance in the sampling and presentation mode as
outlined in (13). However, this would:

a) be extremely tricky
b) require different designs for each signature compound

c) still not overcome the fact that air concentration above the presented samples
is always much lower than in the field.

2) Sampling the dust from the soil surface in order to collect a dust-bound fraction
of the signature compounds

A small amount of dust contains much more of the signature molecules than even
a large amount of adjacent air. Like a filter, soil generally doesn't release signature
compounds to the air (which is why soil contains much more of them then the

adjacent air in the field). However, a small amount of soil containing a high amount

of signature compounds results in a much higher air concentration of signature

molecules than a filter. A dust sample from above a mine is very similar to the air
concentration above this mine that the animals would encounter in the field.

However, in reality, dust collected into a single sample may only partly come from
an area above a mine where signature molecules are present. If this is case, the clean
dust collected above mine-free areas will scavenge some of the signature molecules
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from the “contaminated” dust during sample storage, so that the air concentration
eventually presented to the animals will actually be smaller than what it was in the
field in the vicinity of the mine.

This dilution effect also occurs in pure air sampling, so one can clearly conclude
that the sampling and presentation of dust is much more efficient than the sampling
of air. However, the concentration presented via a dust sample which has been
partly collected from mine free areas, is always smaller than the concentration in
the field in the vicinity of a mine. Therefore, REST with animals is always a less

sensitive technique than the direct operation of animals in the field.

Technically, it is feasible to collect dust with or without filters. For REST it is advis-
able to collect dust without filters because the filter material would reduce the
concentration of signature molecules. Also, animals can actively desorb the signature
compounds from soil minerals by exhaling moist air onto the soil. This allows them
to increase the available concentration in the inhaled air by about a factor 100.
This effect only works on dry soil and not on typical filter material. Therefore only
dry soil must be sampled (this will happen anyway because wet soil is too sticky
to be collected with a vacuum pump).

From the known soil sorption constants of the signature molecules, one can conclude
that collecting about 50 mg of dust per square metre of soil surface is enough to
supply the maximum possible signal to the animal. More dust will not do any harm
when collected representatively over the whole area, but neither will it bring any
improvement.

STORAGE AND PRESENTATION OF DUST REST SAMPLES

Dust must be stored in dry, cool and dark conditions, to prevent any degradation.
Dryness is especially important! Containers should be glass or metal - which are not
penetrable to scent molecules - rather than plastic.

Animals should be able to get their noses close to the opening of the containers so the
their exhaled air reaches the dust (see humidity effect described above). Therefore,
the distance between the opening of the container and the dust should be less than 2 cr
for dogs and 1 cm for rats. Humidification should not be attempted manually, because
the optimal range of humidity is very narrow, and differs depending on soil texture
and original moisture content. The animal will achieve optimal humidity with its
exhaled breath.

In order to avoid misconceptions, it is necessary to note that:

> The best filter for REST of landmines must be designed completely differ-
ently to the optimal filter for sampling cargo. The requirements are different
because in cargo, dust is typically not available, and air sampling can be
focused on the contaminated air within the cargo. Also, dilution with uncon-
taminated air can be largely excluded. To the best of our knowledge, no sys-
tematic (scientifically based) optimisation of filters for cargo sampling has
taken place so far.

> The best sampling method for subsequent analysis with animals is not
necessarily the same for instruments. For example, the filter requirements of
the gas phase of sampling are different to those needed the dust phase. Ir
addition, the amount of dust in the sample doesn’t matter for animal detection,
but matters greatly in instrumental analysis.
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Several years ago, on testing the performance of filters used by MECHEM for REST
sampling, we found that they proved to be very inefficient for collecting molecules
from the air. This was not because of the material itself, but because the gauze had
such a large mesh size, that the air passed through it too quickly for the airborne
molecules to diffuse to the sorption sites. The reportedly satisfying performance of
these filters in practice probably came from the additional collection of dust particles
that occurred when the filters touched the ground during sampling.

VARIABLES THAT INFLUENCE THE AVAILABILITY

OF DETECTABLE CHEMICALS

When searching for mines, detection of explosives on the soil surface above buried
mines is one promising technique. However, there are limitations. Soil type and weather
conditions affect the amount of explosive molecules on the surface, and there may not
be enough to provide a signal to the animal. It is important to bear in mind the limit-
ations that adverse environmental conditions can put on the ability of animals to
detect the mines, including when replicating training conditions and samples.

Many factors influencing availability are interrelated, and their influence on the explo-
sive concentration on the soil surface is often non-linear, resulting in an extremely
complex situation. For example:

> On dry soil, an increase in temperature decreases the gas phase concentration
of explosives above the soil. If the soil is wet the opposite happens

> If the soil is dry and the relative humidity in the air increases from 60 to 90
per cent, then the gas phase concentrations of explosives above this soil
increase by about a factor ten or more. This is because the increasing number
of water molecules in the air help replace explosive molecules from the soil
surface. However, if it rains on dry soil, the gas phase concentration will be
reduced to zero, because the desorbed explosive molecules will directly
dissolve into the rain water rather than volatilise into the air

> On dry soils, the performance of dogs does not depend on the available gas
phase concentrations, because they are able to actively desorb explosive
molecules that are attached to the soil. Hence they “see” much higher
concentrations than an analytical instrument that only analyses the gas
phase above the soil. However, on wet soil this advantage does not exist

> While weather has a strong impact on the availability of scent on a soil surface,
there is no simple correlation. This is because the current weather plays a
role, and also the previous days’ weather, the soil type and moisture content
are important (see below)
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TEMPERATURE
The range of acceptable temperature conditions is probably rather wide and much
less of a concern than the humidity conditions.

However, although elevated temperatures generally accelerate the transport of explo-
sives to the soil surface, they also accelerate the degradation of TNT. Also, temperature
effects on the physiology of the dogs and rats are likely to be more relevant or limiting
than the direct effects on surface concentrations.

CLIMATE
Climates with long dry periods and little vegetation are the most favourable for the
operation of mine detecting animals.

In humid climates, sufficiently dry periods may be so short that the work is not cost-

effective. According to one field operator, a reliable mine search with mine detection
dogs in Bosnia is restricted to two or three months each summer. In areas with an
even more humid climate than Bosnia, the deployment of direct detection animals
does not seem advisable. Note, though, that this also depends on the soil type.

LOCATING MINES

The explosive signature molecules can show a concentration a maximum of severa
metres from the mine and even up-hill from it. A plausible explanation for this may
be that when water infiltrates soil, it does not necessarily flow straight downwards.
Depending on the pore structure of the soll, it may also flow sideways, with only a
small downward gradient. This flow could very well travel even up-hill.

When infiltration stops and evaporation starts, water transport always travels
straight upwards, as does the transport of the explosives. Therefore the explosives
will appear on the surface just above wherever they were transported underground
during the infiltration process.

Soils rich in clay show a network of cracks when they dry out. In case of a heavy rain
event, most of the water flows into these cracks, and so the explosives may be trans
ported in all kinds of directions quickly and over rather large distances. This will not
happen after a light rain however.

PREPARING TRAINING SAMPLES

Environmental conditions and the physico-chemical properties of the explosives also
come into play when preparing training samples for animals. A comprehensive discussion
of all the potential pitfalls that have to be considered when preparing training samples
is beyond the scope of this text, but we suggest the following ideas:

()  When the same amount of explosives is spiked into different soil samples of the
same weight, the resulting scent can easily differ by a factor 100 or more,
depending on the types of soil used and its moisture content. Soils with a high
clay content sorb a higher fraction of explosives than sandy soils. Therefore,
when spiked with the same amount of explosives, more scent molecules shoulc
be available from a sandy than a clayey soil. (Note that this is in contrast to the
situation in the field; where clayey soil is likely to provide favourable conditions
due to better water transport).
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Variability in the performance of even the security guards had the potential to add
variability to the dogs’ indication accuracies and hinder the progress of research. This
was because food rewards were being used in training sessions and guards were tasked
with feeding the dogs a measured amount of food each morning. If the time since the
last meal determines the efficacy of food rewards in training sessions, then adding
variability to meal times and meal sizes will add variability to reward efficacy and per-
haps then to performance measures.

5. ABA is, and REST R&D should be, conceptually systematic

A conceptually systematic body of research is one in which methods are described,
and results are discussed, in terms drawn from a conceptual framework (an accepted
terminology) that has evolved with the body of research. In order for ABA to be
conceptually systematic, effective procedures for establishing a specific behaviour
and mechanisms underlying their efficacy should be described in terms of the basic
principles of learning and behaviour involved. Such terms includspondent conditigning
operant conditionipgsitive reinforcemestablishing operatistimulus contradiscrimi-
native stimulyselective stimulus condémodl many others.

Baeret al(1968) argued that being conceptually systematic “... can have the effect of
making a body of technology into a discipline rather than a collection of tricks”
(p. 96). In addition, using an established scientific vocabulary (ie, a unified conceptual
framework) to describe various phenomena enables similarities and differences
between them to be identified.

The conceptual framework adopted in ABA has its roots in two domains:

1) basic research investigating the principles of learning, and the maintenance of
learned behaviour in animal@he Experimental Analysis of Behaviour; EAB)

2) a philosophy of psychology known as Radical Behaviourism (Skinner, 1938)

| suggest that the conceptual framework adopted by researchers conducting R&D in
REST with animals should also be guided by EAB and Radical Behaviourism. Only
a brief description of both disciplines should suffice to support my argument. Readers
interested in learning more about the EAB should refer initially to various textbooks
(eg, Catania, 1998; Mazur, 2006; Donahoe & Palmer, 1994) and those interested in
Radical Behaviourism should begin with texts written for undergraduate students of
psychology (eg, Baum, 1994, 2005; Skinner, 1974).

Radical Behaviourism assumes that all aspects of an animal’s behaviour are determined
and that behaviour is lawful. This philosophy rejects the notion of behavioural causes
residing in some non-physical realm such as the mind, and challenges the scientific
value of so-callednentalistiexplanations of behaviour which refer to thoughts, emotions,
states and drives inside the animal. Instead, three sets of factors are assumed to
determine the behaviour of an animal at any given time. These are:

1) its biological make-up, including what it has inherited from its ancestors
2) its learning history (or history of behavioural interactions with the environment)
3) the current state of the environment.
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For example, rather than attributing a dog’s false alarm tothékingthat it smelled
explosives, a Radical Behaviourist might attribute the false alarm to the absence of
rewards for correct rejections, and then conduct experiments to test that theory.

Another central concept in Radical Behaviourism is that the utility of a theory for
how Variable X affects measures of Behaviour Y should be judged according to the
degree to which that theory allows one to predict and control measures of Behaviour
Y. Therefore, theories which invoke states within the animal rate abide poorly with
this criterion, because one cannot easily predict when those states will exist in order
to predict the observable behaviour. This is a philosophy of science knowpragmatic
epistemologwpd its adoption suits any field of research that seeks real-world applications
of principles discovered.

EAB has a long history in psychology. It is a field of research that is directly relevant
to R&D into REST with animals because it has involves the study of learning in
animals, and the behaviour analyst working on REST must discover (amidst other
things) how best to train (ie, facilitate learning in) his/her animals. Although several
authors have recently brought EAB to the attention of some animal trainers (most
notably, Prior, 2004), few animal trainers appreciate just how pertinent the EAB research
literature actually is. For example, only a small proportion of those aware of EAB will
be aware of the research concerned with variables controlling how and at what speed
animals learn to discriminate between environmental cues or stimuli. Amidst other
guestions, this research has examined the factors that predict which feature of a comple»
multi-featured stimulus earns an animal’s attention and so acquires stimulus control
over some response (see Johnson, 1970, for an early review). Tesekattive stimulus
contrglvarious phenomena studied in this literature are relevant to the R&D of REST
(eg, blocking, overshadowing, masking). This is because the odour of UXOs is proba-
bly a bouquet made up of many constituent odours, and being able to control exactly
which one odour feature receives the animal’s attention would be of great benefit
when attempting to establish the appropriate performance of our animals.

Much of the research into selective stimulus control has involved pigeons learning to
discriminate between visual stimuli (eg, Farthing & Hearst, 1970; Miles & Jenkins,
1973). However, research conducted with mammals and olfactory stimuli has also
been carried out (eg, Laing, Panhuber & Slotnick, 1991; Slotnick & Katz, 1974) and
the results of those studies have replicated many of the findings with pigeons. Therefore,
numerous principles of selective stimulus control seem to apply across a range of anime
species, and a REST researcher is safer to assume general principles of learning tha
he/she is to assume species-specific ones.

Although few animal trainers involved with animal-based REST are familiar with
EAB, an even smaller group of professionals know about a sub-discipline within EAB
called Animal Psychophysithis field is concerned with research into methods for
measuring the sensory abilities of various animal species (see Stebbins, 1970). As
matter of necessity, researchers in this field must be informed by findings from animal
studies of discrimination learning because they need to establish and then maintain
behaviour that is maximally sensitive to the strength of a specific stimulus.
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Scientists attempting to develop animal-based REST should be informed by research
in animal psychophysics because accurate determination of an animal’s threshold for
sensing an odour indicative of UXO should be one of the most important goals in
their R&D agenda. That is, the concepts validated and the technical jargon used in
EAB, studies of selective stimulus control, and animal psychophysics would ideally
feature in the conceptual framework adopted by scientists conducting R&D into
animal-based REST. Unfortunately, contemporary research in these areas is highly
technical and requires considerable formal education. Therefore, scientists with
expertise in animal psychophysics and EAB should, at the very least, serve on a
Scientific Advisory Committee overseeing REST R&D. (It is noteworthy that
various concepts in current use by animal trainers — such as the concepive-once
appeared in the conceptual framework of EAB but have since been removed because
their explanatory value has proven to be limited).

6. ABA is, and REST R&D should be, effective

Baer et al(1968) wrote that “if the application of behavioural techniques does not
produce large enough effects for practical value, then application has failed”. They argued
that “in evaluating whether a given application has produced enough of a behavioural
change to deserve the labeatffectiyea pertinent question can be, how much did that
behaviour need to be changed?” This is a practical question, and its answer should be
supplied by consumers of the research. In the case of animal-based REST, R&D efforts
will be judged to have been effectif the minimum perfomance requiements spe-

cified in the International Mine Action Standards (IMAS: 09.43 - Remote Explosives
Scent Tracing) have been met. The 2005 revised version of those standards specifies that:

1) each individual animal must achieve a minimum hit rate (HR) of 70 per cent
and a maximum false alarm rate (FAR) of five per cent

2) atleast three animals must be used to inspect the same set of operational samples

3) asagroup, no positive samples should be missed and no more that 20 per cent
of negative samples should be indicated

Although IMAS 09.43 describes clear criteria for judging whether R&D efforts into
animal-based REST can be deemed effective, and being effective is an important
component of those efforts being considered successful, several less obvious points
warrant mention. First, given that an operational system of REST will involve a large
number of complex procedures, the course of R&D should involve many comparisons
between procedures, and no one procedural change should be expected to achieve the
criteria for effectiveness. Instead, procedures in various domains (eg, sample collection,
sample presentation, animal training, etc) will need to be optimised by way of empi-
rical assessment, and a set of procedures (ie, a system) will evolve slowly and finally
prove to be effective.

Secondly, the efficacy of a REST system should not be judged by accuracy criteria
alone; rather, the efficiency of the system should also be considered and this requires
comparing it to alternative technologies that exist for detecting UXO. (The resources
required for any method of detection must themselves be evaluated against those
required for simply clearing areas using mechanical devices). For example, we know that
leading appropriately trained dogs to a known mine field results in their pin-pointing
mine locations, at least down to the nearest square metre. It therefore follows that
collecting the dust from a 1-frarea above the mine and presenting that dust to a trained
dog in a remote laboratory will likely result in that dog indicating the presence of
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Stravinsky's music (Porter & Neuringer, 1984), and impressionist art versus cubist/
abstract art (Watanabe, Sakamoto & Wakita, 1995).

In terms of REST, this strategy involves giving the animal more freedom to identify
the odour feature that distinguishes the set of positive samples from the set of negative
samples, and so circumvents the need to identify the particular feature of UXO odour
that should have stimulus control (the blocking strategy). However, by relinquishing
control over the feature of positive samples used by the animals, very large sets o
positive and negative samples may be necessary before stimulus control by the concey
of UXO (and not control by irrelevant odours correlating with UXO odours) develops.

In addition, a very systematic approach to presenting those stimulus sets will probably
be necessary to limit the degree to which stimulus control by irrelevant odours develops
(Miles & Jenkins, 1973).

Although some progress toward developing methods for training stimulus generalisa-
tion was made at the SRSA/NPA-GICHD facility, significantly more R&D is necessary
before specific protocols can be recommended. It is likely that the most effective and
efficient strategy will be complex and involve a blend of the principles described
above. Furthermore, the development of procedures with which to assess generalisatior
to quasi-operationsdmples (ie, those collected via an operationally-viable technique
but for which the presence/absence of UXO odour has been independently verified)
seems unavoidable, as does the repeated use of these procedures during the course
training. That said, solutions to these issues must exist and the sooner a researche
appreciates the extent to whicheneralitghould be addressed in his/her R&D, the
sooner those solutions will be discovered.

SUMMARY

This chapter has described the key characteristics of a field of psychology known as
Applied Behaviour Analysis, and argued that those characteristics are ideally suited
to being used as criteria for the animal research component in the R&D of REST. An
implication of this fit is that those conducting this R&D would benefit from using the
research methods, philosophical positions and publishing conventions that are typical
of ABA and its parent discipline, EAB. This in turn requires those conducting R&D

to become familiar with some of the ABA and EAB research literature, while looking
beyond the particular target behaviour or species of animal (eg, human, pigeon, rat,
dog) being investigated in a published study.
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As discussed in the previous chapter, if an operational system of Remote Explosive
Scent Tracing (REST) using animals existed, it would be made up of complex proce-
dures. These procedures would have been developed by rigorous and replicable
empirical research, and comparisons between them would have aimed to identify the
optimal quantity or quality of certain variables. In the chapter, it was argued that the
research methods characteristic to Applied Behaviour Analysis (ABA) are ideally
suited to developing procedures in REST in regard to preparing the animals for
detection. In this chapter, some of those research methods are illustrated in a description
of various experiments conducted at the NPA/SRSA-GICHD research facility in
Morogoro (Tanzania) between July 2006 and 2008. By providing examples of how
these methods were applied, we hope to inspire future scientists to adopt a similar
approach. We also hope to demonstrate how developing new technologies requires
research, and in doing so, dispel the common myth that conducting research is at the
expense of developing the system.

A general principle applied in all of our research and development (R&D) activity
was that the animals themselves know best which procedures assist their ability to
indicate the presence of target odours, which reduce that ability, and which are
innocuous. Our selection of procedures for assessment required considering the
opinions of dog-training experts who had succeeded in preparing dogs for odour-
detection roles, and formulating a draft plan of how an operational system that satisfied
IMAS standards would look. Most of our research involved assessing the effects of
discrete and single changes that took the entire set of procedures closer to one feasible
for operational activity. Any one procedural change would be kept in the protocol if

it was found either to improve detection accuracies or to improve the efficiency of the
system with no decrease in accuracies. Many of the experiments, however, arranged
procedures that constituted tests for whether some variable affected detection accuracy.
Such procedures were usually arranged only temporarily and not preserved in the
protocol used thereafter.

For the sake of descriptive clarity, the research that we conducted has been organised
into four categories. Each category involved numerous experiments that were not

necessarily conducted successively, but were related in terms of what was being
assessed. They are:

1) assessments of the topography of stimulus control over indication responses
2) interventions aimed at reducing false alarm rates

3) investigations of sources of variance in detection accuracies

4) assessments of the reliability of our data
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A. GENERAL METHODS

Before describing the procedures arranged in specific experiments within each cate-
gory above, we will describe various methodological details that remained constant
across the experiments.

1. Infrastructure

A research facility was purpose-built on the grounds of the Sokoine University of
Agriculture adjacent to APOPOQO’s facilities. One building served as kennels for up to 12
dogs and the other provided office space and laboratories (see Figure 1, left photograph).
The floor area of the latter building was divided into two parts using wooden barriers
and later a half-height wall; a public-access area and a restricted-access area. Th
restricted area included equipment-cleaning spaces, store rooms, two training rooms,
and half of the foyer. This area was used only by designated staff (laboratory assistants
& documenters) wearing dedicated footwear. The floors of the training rooms were
tiled and sealed, and the walls had been painted with a thick coat of chalk that could
easily be removed and replaced on a regular basis to remove any explosive compounc
(see Figure 1, right photograph). Two doors provided access to the training room; one
for the dog and its handler, and the other for laboratory assistants.

FIGURE 1 | Left: A photograph of the research facility built in Morogoro, Tanzania. The
building containing offices and laboratories appears in the foreground and the
kennels are in the backgroundRight: A training room (aka analysis room)
containing a carousel and a hide that was used only for the first few experiments.
The visible door was used for access by a dog and its handler, while another
door was positioned where the photographer was standing.

2. Human Resources

Seventeen local people were hired as staff; six worked as dog handlers (DH), four as
laboratory assistants (LA), two as documenters and data-entry operators (DO), and
five as custodial/security staff. Two expatriates lived in Morogoro to work at the faci-
lity; one had mainly administrative duties (the project manager) whereas the other
focused on research matters (the researcher, Yolande Dunn). The activity of both
ex-patriots was directed by a scientist who was employed by GICHD (Max Jones)
and spent around one week of each month at the facility. Finally, Jones and Dunn
regularly reported their research activity to an advisory committee comprised of
seven scientists (chemists, ethologists & behaviour analysts) and two professionals
with experience training dogs for odour-detection roles.
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The DO and LAs observed the session from outside the training room and through a
one-way mirrored window. One LA judged two aspects of the dogs’ behaviour:
whether a sample had been sniffed (if the dog put its nose within 1 ¢cm of the pot and
kept its head there for at least 0.25 seconds) and whether the dog had sat immediatel
after sniffing a sample (ie, its hind quarters contacted the floor and it remained sta-
tionary for at least 1 s). Each time that a dog sniffed a sample, the LA called out the
arm number associated with that sample, and when a dog emitted the indication
response, the LA called out “kaka”. The DO noted sniffed samples on the record sheet
(Figure 3) by placing a tick in the appropriate cell, and noted indications by circling
the appropriate cell.

In all training sessions, the DH was unaware of the position of any positive samples
on the carousel but, in normal training sessions, the LAs had a copy of the record
sheet and so knew these positions. If an indication immediately followed sniffing a
positive sample, one LA would say “kaka” and then sound a clicker through a hole in
the wall to signal to the DH that praise and a small piece of sausage (or cheese) shoulc
be delivered to the dog. A dog was removed from the room after every delivery of
food. However, if an indication followed sniffing at a negative sample, “kaka” was
again spoken but different consequences then ensued and these consequences varit
across conditions (seeterventions aimed at reducing false alatreloat®slf the dog

had searched all 12 samples on the carousel without indicating, the DO would raise
one hand to signal a completed set to the LA. The LA would then require that the dog
searched between one and four more samples (varying across visits) before he/sh
threw a switch to illuminate a green lamp inside the training room.

Upon seeing this lamp lit, the DH called the dog’s name and led it out of the room
back to the holding pen. Because dogs frequently either indicated on a positive sample
before sniffing at all 12 samples in the set, or failed to sniff all samples when they
hadn’t indicated, several visits to the room were usually necessary before all sample:
were judged to have been examined. Each visit was recorded on a separate line of th
record sheet (see Figure 3) and, in most conditions, samples that had been examinel
were removed from the carousel for later visits. Removing samples after they had
been examined ensured that each sample was examined only once and so simplifie
our analysis of the data.
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FIGURE 4 | Hit rates (filled circles, solid lines) and false alarm rates (unfilled circles, dotted
lines) as a function of session number for each of five dogs. The vertical dashed
lines show the point in time at which acetone was removed from sample prepa-
ration procedures.
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After around a week of this training, we recognised that acetone was involved in the
preparation process of positive, but not of negative samples. Specifically, the beakers
used to titrate the mother solution of TNT were being wiped dry with a cloth soaked
in acetone after use. Despite all laboratory equipment being subsequently washed
with hot soapy water and left to drain and dry in the sun, there remained the possibi-
lity that traces of acetone appeared in positive samples made the next day. Consequently
our first experiment involved assessing whether stimulus control by the odour of
acetone had overshadowed stimulus control by the odour of TNT. This test involved
changing the SOPs in order to remove acetone from the cleaning process once hit
rates appeared stable; an A-B experimental design (see previous chapter). The vertica
dashed-line on Figure 4 separates sessions where acetone had been used fro
sessions where acetone had been dropped.
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FIGURE 7 | The percentage of two types of negative samples that were indicated by each
of the six dogs serving at this point in the research. Black bars indicate negative
samples that had no makings on the lids used during storage (ie, normal negatives)
whereas grey bars indicate negatives that had a circle drawn with a red marker
pen on the lid used during storage (ie, red-circle negatives).
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The second difference between positive and negative sample preparation technique:
concerned how the pots were handled. Two LAs spent most of a day preparing the
samples that were required for sessions scheduled for the next day. At the stage wher
a measured amount of water was added to the pots, negative samples were alway
made before positive samples. In addition, LAs wore a single pair of latex-rubber gloves
while preparing all the negative samples, but they changed their gloves after having
made a batch of ten positive samples and up to 60 positives were made per day. Thes
frequent glove changes were again an attempt to reduce the risk of inadvertently
contaminating with TNT the outside of sample pots, various pieces of equipment and
the laboratory area. However, it also meant that the gloves touching positive pots had
touched fewer previous pots than the gloves touching the majority of negative pots.
Consequently, we speculated that the latex odour on positive pots might have been
stronger than that on negative pots, and if this was true, the dogs may have been
indicating samples from which a stronger odour of latex rubber emanated.

To test this possibility, 15 of the 93 negative samples per session were created while
LA wearing a fresh pair of gloves held the pot. Four sessions were conducted with
these test negatives before we compared the false alarm rates on test negatives wit
the false alarm rates on normal negatives (see Figure 8). The false alarm rates on te:
and normal negatives were not significantly different from one another. Consequently,
we could again dismiss the possibility of stimulus control by a possible feature of
positives and, in so doing, claim further support for the theory that the odour of TNT
was indeed the feature of positive samples that had stimulus control.
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FIGURE 9 | Hitrates (blue circles) and false alarm rates (red triangles) for each dog in each
session of Conditions 6 through 9. Condition 6 served as a baseline condition.
In Condition 7, a proportion of the negative samples were given extra latex-
rubber odour (see Figure 8). Condition 8 was a return to Condition 6, and in
Condition 9, latex-rubber gloves were replaced with two pairs of plastic gloves.
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As well as attempting to rule out alternative topographies of stimulus control, we also
developed a protocol for generating results that, if obtained, would be consistent with
the notion that the odour of TNT was exerting stimulus control over indications. This
protocol involved presenting different strengths of the target odour (TNT in solution)
on positive samples. This was achieved by applying a set of successive titrations in orde
to produce five different concentrations of TNT dissolved in water, and then adding
10 ml of the titrated solution to 10 g of sand. The logic we applied was this: similar
hit rates on samples with different TNT odour strengths need not imply that some
odour feature other than TNT had stimulus control over indicating because all those
odour strengths may be well above the dog’s sensory threshold for TNT detection.
However, if hit rates decrease with decreasing TNT concentration, then it is unlikely
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Second, the results suggest that stimulus control by some unknown feature of
positive samples may have existed alongside control by TNT in the first three tests.
In each of these tests, hit rates were highest for the highest concentration of TNT, and
at intermediate levels at each of the four lower concentrations.

Therefore, it is possible that TNT odour controlled indications when its strength was
high, but that control switched to the unknown odour feature when its strength was
weaker. This unknown odour must have been less salient than the strongest odour of
TNT (a concentration of 16), and more salient than the weakest (concentrations of
10* & 10*), but of uniform salience across all TNT concentrations. Although this
interpretation is purely speculative, learning to indicate the presence of either of two
target odours is well within a dog’s ability (Williams & Johnston, 2002).

C. INTERVENTIONS AIMED AT REDUCING FALSE ALARM RATES

REST systems have the potential to reduce significantly and quickly an area that a
demining organisation needs to search thoroughly with more intensive and more
expensive techniques. This potential is realised when a system can be shown to hav
a high hit rate and a low false alarm rate with operational samples. The high hit rate
implies a low miss rate and a low false alarm rate means that follow-up resources are
not being wasted on areas that are free of ERW. Thus, both measures of the system’
performance accuracy are important. International Mine Action Standards for REST
(IMAS 09.43; United Nations Mine Action Service, 2005) stipulate that the false
alarm rate for an individual animal should not exceed five per cent. In addition,
reducing false alarm rates, while maintaining hit rates, increases the overall discrimi-
nation accuracy of any detection system.

Several authors have noted that unacceptably high false alarm rates are quite likely
in conventional detection tasks for animals (including REST) because there is an
asymmetry in the reinforcement contingencies arranged in those tasks (eg, Sargissor
& McLean, 2010). Specifically, although two responses are available to the animal
upon presentation of each sample (ie, sitting versus moving to the next sample) and
both are correct, depending on whether the sample was positive or negative, only one
of the correct responses is explicitly reinforced; sitting in the presence of positive
samples. Correctly rejecting negative samples by not sitting and moving past them is
not reinforced because it does not constitute a discrete unit of behaviour. Despite this
asymmetry, published guidelines for training REST and direct-detection animals
(Fjellanger, Andersen & McLean, 2002; Fjellanger, McLean, & Bach, 2003) describe
very few techniques for reducing false alarm rates, and these techniques have seldor
been empirically tested.

Seemingly, the most common technique is simply to ignore false alarms and hope tha
withholding rewards for emitting the indication response when the target odour was
absent will lead to a gradual decrease in the frequency of false alarms; a principle of
learning known asextinctiorfCatania, 1998). This technique is also the least invasive.
Consequently, it was the first technique that we assessed. Figure 11 shows the fals
alarm rates for three dogs over the first 50 sessions of training, during which time
false alarms were simply ignored and so earned no specific consequence. (These wel
the three dogs showing the highest false alarm rates and only the first four conditions
- 50 sessions - are shown, because no further change in false alarm rates was observi
between Session 51 and Session 129 when an experiment assessing an alternati
intervention for false alarms was conducted).
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The final source of variance in detection accuracies that we identified was a dog’s
position in the group examining the same set of samples. Figure 17 shows each dog’s
average hit rate (top panel) and average false alarm rate (bottom panel) when it was
the first, second and third dog to be trained in the group. (These data were calculated
from the same ten-week training period used in the above analyses). For all six dogs,
hit rates were lowest when the dog was the first to be trained, and for five of the six
dogs, false alarm rates were highest when it was trained first. Furthermore, hit rates
generally increased and false alarm rates generally decreased as a dog’s position in the
group moved back, although only the change in hit rates was statistically significant
on a trend test (p<.01). These results suggest that a dog’s ability to discriminate posi-
tive and negative samples increased as more dogs had examined the set of samples.

Further analyses of these data were conducted in an attempt to understand the reason
for detection accuracies increasing with position in the group. Of particular concern
was that dogs were leaving odour cues on samples they had indicated, and that these
odour cues exerted some amount of stimulus control over the indications of dogs that
later examined those samples. (Not only would this constitute an unintended stimulus-
control topography but it would also compromise our use of three dogs to examine
samples in operational activity because they would not be independent examinations).
If this was the case, then we should see dogs being trained second or third making
false alarms to the same negatives that an earlier dog false alarmed on, but no such
correlations were detected.

In addition, the detection accuracy of a dog should depend to some extent on the
detection accuracy of the dog that immediately preceded it. Therefore, the accuracy
of the dog with the intermediate accuracy in a group should be higher when it follows
the dog with the highest accuracy than when it follows the dog with the lowest accuracy.
Again, though, no such dependencies were observed. Unfortunately, the reasons for
this effect of position within the group remain unclear to us but they are clearly worth
pursuing with further research. ldeally, this effect of position would turn out to be no
more than an effect of the time of day at which training was conducted (or sample age
at training) because training time did after all co-vary with training position, and
there is reason to believe that the former was a variable controlling accuracies (see
Figure 15).

If all the sources of variance identified above are considered together, the detection
accuracy of a dog will likely be lowest in a session a) that was conducted in the morning,
b) where the dog was the first to be presented with a set of samples, ¢) where relatively
more positives occurred on the first few runs than later runs, and d) where relatively
few positives appeared at Arms #1, 2, 11 and 12 of the carousel.

E. ASSESSMENTS OF THE RELIABILITY OF OUR DATA

Numerous textbooks on ABA describe the concept of measurement (or data) reliabi-
lity along with various methods for assessing it (eg, Cooper, Heron & Heward, 1987;
Johnston & Pennypacker, 1983; Kazdin, 1982). Brieflsgliabilityrefers to the extent

to which the measurements of some aspect of behaviour remain consistent over repeated
measurements of the same subject under identical conditions. (The principle is not
unlike the principle of reliably measuring physical phenomena. For example, a surveyor
measuring a plot of land will probably prefer a metallic tape measure to one that is
made of plastic - and so likely to stretch with repeated use - because the former will
provide more reliable measurements of lineal length than the latter).
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Our second blind test was conducted once the above experiments were completed
except the one assessing effects of removing pot labels. Figure 20 shows the results
this second blind test using the same format as Figure 18. We have presented the
results of only those dogs that showed some change in hit or false alarm rates during
the test. Although this blind test had less effect on detection accuracies than Test #1
(Figure 18), two dogs (Mia & Leeroy) still showed a decrease in hit rates and another
dog (Zak) showed a clear increase in false alarm rates. We were bewildered by these
results and so spent more time observing live and video-recorded training sessions o
these dogs. This focused observation proved extremely useful because it revealed the
these dogs sat for very brief periods when indicating. Moreover, in normal training
sessions, LAs were frequently sounding the clicker after a short-duration sit and
while the dog was moving toward the DH, so, sitting briefly and then approaching
the DH seemed to have been reinforced.

Consequently, when these LAs were asked in the blind test to apply the strict definition
of an indication described in their SOPs (ie, hind quarters making contact with floor
for at least one second), several indications that would previously have been recordec
as such were disqualified because sitting was too brief. Our solution to this problem
was to give all dogs a 30-min session in which only one sample was presented on th
carousel (a positive) and they were trained to sniff that sample and then remain sitting
for longer and longer durations. By the end of this session, all dogs were sitting for
up to five seconds and until the clicker sounded. The definition of an indication in the
SOPs was changed from that point forward; dogs would now have to remain sitting
for the time that it took a LA to say a short phrase in Kiswahili — approximately three
seconds. Any episodes of sitting for shorter durations were not scored as indications
and, therefore, earned no consequences. The absence of any change in the hit or fals
alarm rates of all dogs during the third blind test immediately following this training
confirmed that we had rectified the problem. We had succeeded in improving the
reliability of our data and perhaps also in eliminating a source of variance in detection
accuracies across sessions.
FIGURE 20 | Hit rates and false alarm rates for each dog in each session of the condition
preceding the first blind test (Condition 48), during the blind test (Condition
49), and the condition following the blind test (Condition 50).
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INTRODUCTION

In any remote scent tracing application, the major challenge in training the animals is
in devising a methodology to enable them to detect new odour samples directly. Real-
life samples to be investigated come in endless variations. Training the animals should
be geared towards them responding only to samples containing the relevant odour,
but not only to the exact composition that the animal encountered in the training samples.
In other words, the animal needs to have formed a “concept” of the relevant odour.

This is difficult in a controlled laboratory environment as animals are much more
sensitive to odours than our instruments are. Even if all the instruments are in perfect
order and there are no mechanical issues, temperature, moisture, or concentration
differences, and no contamination problems, there may still be something that causes
the training odour samples to differ systematically from the ones that have been used
in tests. Small differences in base materials, production procedures or storage cannot
be detected with the best technology, but can by animals trained long enough.

Using remote scent tracing applications in the field creates even more difficulties, and
some of these are discussed elsewhere in this publication. However, there are still
advantages to using such extremely sensitive detectors: for example, at the right sen-
sitivity and specificity, it is not necessary to know what component they are using for
detection. Also, properly-trained animals are easier, versatile, and much cheaper than
the best headspace technology.

This is why remote scent tracing for landmines seemed a perfect solution for a major
humanitarian problem. Dogs have long had a proven track record as direct detectors
of mines. The rat was subsequently also considered, since they are also capable of
direct landmine detection. However the training of both rats and dogs is not easy.

The purpose of this paper is to describe the approach and results obtained from 2009
to 2010. Goldblatt gives an overview of scent perception in general, and all of the
difficulties that emerge from this for the training of animals in a remote scent tracing
setup are apparent. Fjellanger and Jones give overviews of the training of dogs up to
20009.

2. APPROACH

2.1. Starting point 2009

In the course of 2008, in the REST programme at Morogoro, Tanzania, rats and dogs
were trained on TNT spiked soil. Although the results were variable, it was clear that
both species could detect TNT. However, it also faced the following problems:

> not knowing which odour components dogs or rats use when directly
detecting landmines, except that it is probably not only TNT, since animals
trained on TNT landmines also readily detect RDX-landmines

> not knowing if these components could be collected in soil or air. In the end,
based on what was known about the TNT components leaking from land-
mines the decision was to collect soil

> no idea of the thresholds at which rats or dogs can detect these components
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Using the same set several times for different rats influenced the results too. While
only two line cage rats worked with the same set of samples, initially all six rectangular
cage rats worked with the same set. With ten positives in a series of 100 samples, il
the line cage almost all positions would be “positive” at some time. This was not the
case in the rectangular cage: eight positives were distributed over 22 positions.

Analysis of the mistakes showed that in contrast to the line cage, the rectangular cage
rats were making significantly more mistakes on positions that had been rewarded
previously that day. This could have been a result of either the rat marking such a

position, or that traces of the reward (soft banana mash in the syringe) were noticeable
at such a position. By changing the reward to dry banana pellets that did not spill and

leave tell-tale traces, using only using three rats per sample set, and cleaning the cag
in between training, these problems were overcome.

4.2. Dogs

4.2.1 Background

The dogs used for the experiments described here were initially brought in from
GTC, however they were not good enough to become MDD. They had not been
given adequate training for a long time, since the local handlers were not acquainted
with working with highly strung Malinois. A special trainer was then brought in and
the dogs were trained extensively on Kohdetection in a carousel setup.

4.2.2 Carousel procedure

A 12-arm carousel was used in a room with two doors and a one-way window (Fig. 4).
The laboratory assistant would enter through one door with the samples, prepare the
carousel, and leave. The handler and the dog would enter through the other door,
move to the starting position, the dog would be unleashed and it would search the
carousel. The handler would follow slowly, at some distance.

FIGURE 4 | Carousel being loaded with samples
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The third transfer of the training test was conducted with rats trained in the rectangular
cage. The training of these rats included different soil types and additives, so these rats
were comparable to the line cage rats in the second test. These rats seemed to respond
to the field samples, but subsequent analysis of the results revealed a number of
procedural effects that influenced these results.

The general conclusion of these experiments was that training on only TNT (at 12000-
17000 ng per 2 g sample, the result of four drops of 100 ppm concentration), even
against varying background odours, does not lead to the detection of field samples
(that have only 15-40 ng per sample). Lowering the amount of TNT in combination
with the varying backgrounds to the level expected in field samples was not attempted
since the detection level at 100 ppm was too low for this to be realistic.

Based on these experiments, the conclusion is that “blocking” with TNT as a strategy
for landmine detection does not work.

5.2.2 Stage 2: training on “mine-water” bouquet (Appendix C)

Rats trained in the rectangular cage on a combination of TNT solution and MW solution
participated in a transfer of training tests where field samples as described in 3.2 were
used. We had doubts about the amount of TNT available in those samples, so we did
another transfer of training test with both line cage and rectangular cage rats on soil that
was collected directly around a PMR2 mine that had been dug up. Lastly, a number
of line cage rats were trained extensively on MW alone to see if their results stabilised.
The rats in the rectangular cage used in stage 1 were trained on a mix of TNT and
MW using an improved procedure. During the transfer of training test, it appeared
that the change in procedures had not affected their detection level of the training
samples, but it had increased their false alarm rate (FAR). These rats did not detect
the field samples.

In the transfer of training test to soil from around a mine, neither the line cage rats

nor the rectangular cage rats responded reliably to the soil collected around the mine.
This soil was found to contain between 30 and 300 ng TNT, which was more than

what was found in the dust field samples used so far, but still less than the amount
found in training samples.

Extended training on the MW solution in the line cage led to an average FAR below
five per cent, but the hit rate (HR) for the training samples did not stabilise: weekly
averages varied from below 30 per cent to occasionally over 90 per cent. This was
subject for further analysis described in 5.4 below.

At the end of the project, rats that were trained in the square cage were also added to
the project since they were working reliably on low levels of TNT against various
backgrounds. A slightly different approach was chosen here: continuing to train on TNT,
and then adding in mine-water from first a PMR-2 mine, and then a PMN mine.
Although the HR seemed good, there were major problems with the rats hitting on
the control mine-water, and review of the spiking procedures revealed systematic diff-
erences in treatment of the positives leading to the positive samples being touched
more frequently. The project ended before this could be remedied and the animals tested.
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5.3. Laboratory tests with dogs (Appendix D)

5.3.1 Stage 1. training on the odour of Kong

As described in 4.2, the dogs used for this test were first extensively trained on prog-
ressively smaller pieces of Kong against a variety of soils and background odours (set
Schoon this volume for more information on training procedures). A “transfer of
training” test was conducted as a control: we did not expect the dogs to be able to
detect field samples based on this training and the results justified this.

5.3.2 Stage 2: training on the odour of Kong and “mine-water” (MW)

In the next stage of the training, the Kong was gradually faded out and replaced with
MW, as described in 4.2. During this training when the dogs were already responding
to MW, a second “transfer of training” test was conducted. Once again, the dogs did
not indicate the field samples from the three different mine types.

5.3.3 Stage 3: training on “mine-water”

The dogs were trained for a longer period of time on only mine-water in a more oper-
ationally realistic scenario: one soil type per session and no additional additives mixed
in. These dogs were tested twice in a transfer of training test to soil collected
immediately arand a PMR2 mine that had been dug up. The first test results were
very odd since the dogs responded strongly to the control field sample soil, even over-
riding their usual response to their usual training samples. This soil sample was ana-
lysed for the presence of explosives but none was found. In a second test conducted .
week later, the dogs performed normally but did not respond to the field sample of
the soil collected around the mine.

Prolonged training on mine-water and lowering the concentration was conducted for
a period of a few weeks to prepare the dogs more realistically for a transfer of training
test. Up to the point where the concentration was dropped, the dogs were performing
well. However, when concentration dropped, so did the performance.

Two dogs seemed to be coping, so the training with a lower concentration was continued.
For the other four dogs, the concentration was increased to the former level. Howevet,
the level of detection never recovered and the FA rate gradually increased. We could
not find an explanation for this, other than perhaps the interaction between the sail

and the spiking solution led to such a variation in the target odour that it became an
unclear stimulus for the animals. An analysis of the results of the interaction between
soil and “mine-water” is given in chapter 5.4 below.

5.3.4 Stage 4: training on “mine-water” and “mine-odour” without soil interaction

In an effort to eliminate the interaction between soil and spiking solution, a drastically

different approach was used a short period before the project term expired. Instead
of directly spiking soil, the odour of mine-water and of mines themselves was “soaked”
onto different (neutral) backgrounds such as cotton wool and filter papers. This was

done by allowing this material to sit in a closed container together with either a few

drops of mine-water, or with a whole mine. The time of this “soaking” was gradually

reduced. In the beginning, the material was presented without soil, and later, it was
presented on top of soil. Controls were always also prepared and used.
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The training progressed steadily but was impeded by lack of staff for necessary cont-
inuous supervision and leadership, and it was not continued long enough to conduct
a transfer of training test.

5.4. Soil/Mine-water (MW) interaction analysis (Appendix E)

In an attempt to understand the variability of the training results obtained with both
the rats and the dogs, a number of factors were looked at critically. Besides the training
issues described above, we also reviewed the data we had collected over the year. During
the year, different soils were collected on different dates, then given a number and a
short description. These soils were subsequently used in training for both the dogs
and the rats. The amount of soil gathered varied from a lot to only a small amount.
This resulted in some soils being used more often than others. For all analyses, only
training sessions where MW was used as a target odour were selected. The data was
analysed for differences between soils with respect to detection and false alarm rates.

5.4.1 Analysis of results obtained with rats

The variation of the detection and false alarm rates fluctuated throughout the period
and differed significantly depending on soil type. The HR was not correlated with the
number of times the soil was used, indicating that experience did not lead to improve-
ment. The HR and the FAR were not correlated, indicating that rats did not respond
more readily to certain soil types than to others.

5.4.2 Analysis of results obtained with dogs

For the dogs, the variation of the detection and false alarm rates fluctuated throu-
ghout the period and differed significantly per soil type. The HR was not correlated
to the number of times a soil was used in training and the HR and FAR were not cor-
related. The dogs did not respond more to particular soils than others.

5.4.3 Comparison of rats and dogs

Since both the detection and false alarm rates fluctuated significantly between soils
for both the dogs and the rats, the question arose whether the results of the animals
were similar across soils. The data collected for the dogs and rats above, was compared
with each other for the 34 soils that both groups of animals had worked on. The HR
and FAR were compared. The correlation coefficient for the HRs was not significant;
the correlation coefficient for the FARs however was.

With respect to the HRs, the groups cannot be directly compared since pre-training
differed; as did the MW concentrations they were trained on and the amount of spiking
solution used, which could have led to a different “odour signature” for each group.
Regarding the FARs, it is impossible to find any plausible reason for this without a
full headspace analysis of the spiked and unspiked soil, other than that there may
have been a more interesting odour in the soil for each species.
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5.5 Chemistry research at APOPO

5.5.1 Comparison of soils

As discussed in Chapter 3, knowing the characteristics of the soil around the suspectec
area from which REST sample is to be collected, helps to predict the potentially
available odour molecules in those samples.

Soil samples from the eastern, western and central part of APOPQO'’s test minefield
were collected at different depths. Different soil textures, organic content, cation-
exchange capacity and other properties were analysed. These analyses were conducte
at the Soil Science Department of Sokoine University of Agriculture, and they indicated
that the proportion of clay particles increases as depth increases, reaching more thar
70 per cent at a depth of 30 cm. In contrast, the organic matter content decreases a:
the depth increases (Table 1, Appendix A). Similarly, the dryness of the soils collected
at different depth from APOPO'’s test field was evaluated and the dryness decreases
as the depth increases (Table 2, Appendix F).Therefore, one can safely assume tha
the soil at APOPO's test field is mostly clay.

5.5.2 Comparison of extraction techniques

The microwave assisted extraction of nitro-aromatic explosive compounds from soll
(developed by the Swedish Defence Research Agency, FOI) has been in use at APOPO
since 2006. However, its efficiency, especially for clayey and dry soil like that of
Morogoro, has been a point of discussion for some time.

Theory dictates that microwave activity of aqueous solutions is much less than that of
organic solvents such as methanol and ethanol [2, 3 and references therein]. Comparisot
of efficiency of 25 solvent systems for the extraction of nitro-aromatic explosive
compounds from soil (5 g soil in 10 mL solvent with a platform shaker at 150 rpm for
one hour) revealed that methanol:water mixture (1:1) was the best followed by
ethanol:water (1:1) and water:acetone (3:1). It was also observed that there was no
difference in the result obtained by using phosphate buffer or deionised water (Table
3, Appendix F). A pilot experiment was done to compare the performance of micro-
wave assisted extraction with platform shaker (for one hour) using phosphate buffer
and methanol: water (1:1) mixture. The result indicated that microwave-assisted
extraction leads to a larger amount of analyte concentration (Table 4, Appendix F).
However, the recommended extraction time with the platform shaker is 18 hours (4).
This pilot experiment used it for one hour.

A recent study at Masaryk University of the Czech Republic showed that the efficiency
of microwave assisted extraction of nitro-aromatic explosive compounds ranges betweer
28 - 65 per cent using methanol, a solvent with better microwave activity than
agueous solution (5). However, this study is far from complete, and a comprehensive
study of all extraction method is highly recommended.

5.5.3 Comparison of procedu