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Abstract  
Remote Explosives Scent Tracing (REST) is the concept of bringing the mine field to 
Mine Detection Dogs or Rats, instead of vice versa. This is done by collecting air or 
dust from minefields, and taking these samples to a laboratory environment, where 
they are subsequently analysed by the detection animals. 
 
REST has previously proven to be very fast and cost effective, but one of the issues 
facing the method is that there is yet no reliable tool for sampling dust. In earlier 
sampling units, air has been collected in filters. However, the concentration of scents 
related to mines has been seen to be a million times higher in dust particles than in 
air sampled from above the ground. The aim of this project was to evaluate and 
improve a dust sampling prototype constructed in the beginning of 2010. The project 
was initiated in cooperation with the GICHD (Geneva International Centre for 
Humanitarian demining), and carried out in cooperation with APOPO (Anti-
Personnel Landmines Detection Product Development). 
 
During this project, information was gathered on the samplers that have previously 
been used for REST. A new prototype was made in Trondheim in cooperation with 
NTNU (Norwegian University of Science and Technology). With this new sampler 
prototype, tests were made in a laboratory environment at NTNU as well as at 
APOPO‟s test mine field in Morogoro, Tanzania. Several obstacles were faced, such as 
difficulties to test and evaluate the sampler during the rainy season, insufficient air 
supply for the prototype, and issues with the laboratory equipment in Morogoro. Due 
to this, the number of tests performed and the number of repetitions of each test was 
not as high as would have been desired. 
 
The results of the information gathering and the tests are presented in this report, 
and the knowledge and experience gained resulted in several suggestions for 
improvements for the sampler prototype. A suggestion for a grid design that would 
cover the entire mouth piece, with a built-in distance to the suction inlet, in order to 
avoid both clogging of the grid and that too much dust is sucked in if the mouth piece 
touches the ground and a fully adjustable sampling unit. Several other 
recommendations are given that would reduce cross contamination risks and 
improve ergonomics and other aspects of the sampler prototype.  
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1 Introduction and background 
This report accounts for the Bachelor Degree Project carried out in 2010 in order to 
achieve the Bachelor of Science degree for the Development Assistance Engineer 
Programme at the University of Skövde. The objective of the project was to evaluate 
and improve a sampler prototype made to collect dust for Remote Explosive Scent 
Tracing (REST). For this purpose, research as well as field and laboratory tests were 
carried out in Morogoro, Tanzania and in Trondheim, Norway. The project was 
initiated in cooperation with GICHD (Geneva International Centre for Humanitarian 
Demining) and NPA (Norwegian People‟s Aid), and performed with help from 
APOPO (Anti-Personnel Landmines Detection Product Development), as well as from 
personnel at the Norwegian University of Science and Technology (NTNU) and the 
Swedish Defence Research Agency (FOI). Individual experts in the areas of dog 
training, animal learning behaviour, and other related areas, have also been 
consulted. An introduction to the cooperation organisations is given in Appendix A. 

1.1 Aim, objectives and requirements 
In this report, the term „the current (sampler) prototype‟ refers to the prototype 
developed by Dr. Engineer Morten Kjeldsen at NTNU and presented at the REST 
workshop in Morogoro in March, 2010. The term „the new (sampler) prototype‟ refers 
to the prototype constructed by the authors together with personnel at the NTNU in 
Trondheim in April, 2010. 
 
The aim of this project was to evaluate the current REST sampler prototype, and give 
improvement suggestions in order to approach a sampler that could work 
operationally. Requirements for an operational sampler are that it can collect dust of 
the appropriate size for explosives detection, and that it poses no safety risks for the 
handlers. For the REST system to be competitive enough to be used operationally, 
requirements also include ability to collect dust at sufficient speed, low risk of cross 
contamination, quick change of bottles and other exchangeable parts (e.g. grids), low 
cost, easy to handle and manoeuvre, robustness, long enough working time. 
Desirable is also that the unit is easy to transport, that spare parts are available 
locally in the mine affected countries where the system will be used, and that it is easy 
and comfortable to carry. 
 
The objectives for the project was to gather information about the different sampler 
solutions used in the past; to make necessary changes to the current prototype in 
order to be able to conduct field tests; and to test the new prototype in the test field in 
Morogoro, Tanzania. With the above stated requirements and desires in mind, and 
with the results from the different tests together with knowledge about previously 
used sampling tools, suggestions were to be given on how the sampling unit could be 
improved in order to approach operational level. 

1.2 Limitations 
Remote Scent Tracing can be used in many various areas. Because of the great 
amount of different applications, limitations were necessary. This project only 
covered the sampling of explosives. Concerning the unit; the power source, the 
ejector pump, the separator and the container were not to be examined more 
thoroughly. The design of the sampler and its practical use were considered to be the 
least developed parts of the new sampling prototype and therefore most 
concentration was put into that. 
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2 Theory 

2.1 Land mines and mine clearance 

2.1.1 The land mine situation in general and globally 

Mines are munitions that are intended to be detonated by the victim itself or 
occasionally deployed by someone else nearby. They are used both on land and in 
water to protect an area from unwanted entering. Only landmines are considered in 
this report. Landmines are divided into two groups; anti-personnel mines (AP(M)) 
and anti-tank mines (AT(M)), which are designed to kill or harm either human beings 
or vehicles, as the names indicate.  International Campaign to Ban Landmines (ICBL) 
(n. d. A, B & C) states that land mines are placed in or on the ground either by hand 
or mechanically, mostly multiple at once in what will be called a minefield but even a 
single mine can be placed. In the ground the mine can stay active for years to come 
with no distinguish of who will detonate it. ICBL also states that more than 75 
countries in the world are contaminated with mines. Every year thousands of 
individuals are killed, mostly civilians, and even more are injured for life. Many of the 
victims are children as an APM is detonated by applying a pressure of approximately 
five kg or more. In addition to the obvious physical threat, one can not underestimate 
the mental affect. The suspicion, of a nearby minefield, alone is enough to paralyse an 
entire society and stop their socio-economic development. Therefore the actual 
number of mines in the ground is not the only important issue; the affect of mines is 
not in property to the quantity. 
 
There are some countries that are more exposed than others; present and past war-
zones and poor countries. Mine clearance is an expensive and time consuming 
business. Africa is partly a continent with a violent past and poor economic 
development, which makes it no surprise that many of the affected countries are 
African (Land Mine Monitor, n. d.). 
 
In contrary to most of its neighbouring states, Tanzania does not have a mine 
problem. The reason for this study to be carried out in Tanzania is the same as for the 
cooperation organization APOPO to have their headquarters located there. Tanzania 
is a politically stable country and has not been in a conflict for many years, though it 
is close to conflict countries where APOPO can conduct demining operations. 
Tanzania‟s location on the middle of Africa‟s east coast makes it perfect from a 
logistic point of view with both air ports and harbours. At the property of Sokoine 
University of Agriculture in Morogoro a test field with actual (non-fused) mines has 
been set up, for the organization to be able to practice in a safe yet authentic 
environment. The test field is the second largest in the world and the most diverse, 
e.g. contains the highest variety of mine types. (Ford, 2010)  

2.1.2 Mine clearance 

Clearing mines is one of the five pillars in Mine Action (MA) which is the combined 
work concerning demining the world. The other four are;  

 Advocacy – the formation of opinion against land mines both concerning use, 

manufacturing and clearance. 

 Mine Risk Education (MRE) – methods to teach affected communities, and the 

rest of the world, to cope with the threat and how to live their life safe. 



3 

 Stockpile destruction – the obviating of munitions in both military and civilian 

supplies. 

 Victim assistance – the medical, mental, social and economic support to those 

harmed by mines. 

All of the pillars are important to handle the complex problem caused by land mines 
according to United Nations Mine Action Service (UNMAS)(n.d.). This report 
concentrates on Land Release/area reduction which is a part of mine clearance. 
 
Clearance of mines also includes clearance of; Unexploded Ordnance (UXO) – which 
is munitions that have been prepared for use or used and failed to detonate for some 
reason, but remain active, (IMAS 04.10, 2003) and hinder humans to live their life 
safely; and cluster munitions – which contain multiple small (the size of a child‟s fist) 
submunitions in one big shell and are deployed to spread in a larger area. They are 
intended to detonate at impact, but there are always some (many) that do not explode 
although remain active and become a huge threat to the people living in the area. 
(Cluster Munition Coalition, n.d.) Forth the term mine/-s is used for both land mines, 
UXO and cluster munitions. 
 
There are several methods, or tools as they are referred to in the MA business, to 
clear mines. Some methods are widely spread and accepted and some are new and 
under different stages of progress, for example mine detection plants. The most 
common ones will be shortly presented below.  

Manual clearance 

The most accurate and widely spread 
clearance method is manual clearance. 
The ground is carefully examined with a 
metal detector. When the detector 
indicates something the ground is 
penetrated with a long spike, a so called 
prodder, with small distances on a 
straight horizontal line, in such an angle 
that the mine should not detonate if hit 
(Figure 2.1.2). When the prodder meets 
resistance from something, the object is 
exposed with awareness and if there is a 
mine it is detonated in a safe way 
(UNMAS, 2006). 

 
Figure 2.1.2 Manual demining 

 
Manual clearance is highly time consuming and expensive. Ground preparation is an 
essential part in the many times old and overgrown minefields. UNMAS (2006) 
states that despite new technology this method is still, in many cases, the most 
trusted one. 

Mechanical clearance 

There are several different designs and applications of vehicles and machines used for 
mine clearance. There are ground preparation machines adapting the ground in 
different needed ways. There are flails and tillers used for area reduction and 
clearance of the infected ground as well as mine protected vehicles (MPV) used for 
survey and other operations in dangerous areas (GICHD, 2009). 
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Due to logistic problems such as bad infrastructure, or even lack of infrastructure, 
and with a high consumption of gasoline, mechanical demining is hard to carry out in 
a large scale. Additionally; many affected countries are not suitable for that kind of 
heavy machines. The machining of the ground can also damage the ground and make 
it useless – thus the clearance will not have served its purpose of freeing land for use. 

Detection animals 

In all times different sorts of animals have been trained to be in the duty of man. 
Mine detection dogs (MDD) have been used for several years, as in many other 
businesses, as it is well known that they have an excellent olfactory system and are 
easy to train. The rat is another trainable mammal that has been successfully used for 
odour detection both for explosives, mine detection rats (MDR), but also for 
detection of bacteria like Tuberculosis (APOPO, n.d. A). Even bees have been used for 
explosives detection according to Helm in BusinessWeek (2005). 
 
MDDs and MDRs can work in the minefield were the detection animals sniff their 
way through marked paths or areas. When the animal smells something of the odour 
it has been trained on, it indicates this for its handler (APOPO, n.d. B). Detection 
animals can also be used in an indoor environment, where the animals, in the same 
way as in the minefield, smell different samples, collected from suspicious areas 
along with known negative samples to find out if there is something detectable (Ford, 
2010). 
 
Animals cannot work in all conditions, though neither can a person. Ground 
preparation before the animals can enter the area is needed. Another difficulty 
concerning animal detection is the sometimes low confidence in the animal‟s ability 
to detect the threat. 

2.2 Area reduction/Land Release 

2.2.1 Why area reduction is important 

A study from 15 different countries has showed that some 98 % of mine cleared land 
was actually mine free even before clearing (GICHD, 2008). However, even the 
suspicion of the presence of mines is enough to obstruct people from fetching water 
and firewood, cultivating the earth, and playing. Thus the mine suspected land 
prevents people from progressing out of poverty, and societies from development and 
reconstruction. Since full clearance of land is both very costly and very time 
consuming, it is essential that these resources are allocated to the areas where they 
are needed the most. The concept of Land Release is to reduce the mine suspected 
areas with methods that are faster and cheaper than actual clearance.  
 
Another benefit of reducing the suspicious area, is the safety aspect that comes from 
allowing the subsequent demining teams to work only in areas where they are likely 
to find mines. This can improve the attention of both deminers and MDDs, hence 
reducing the likelihood of mines being missed (Joynt, 2003). 
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2.2.2 Remote Explosive Scent Tracing (REST) 

One of the methods for area reduction is REST, Remote Explosive Scent Tracing. In 
this method, air or dust is sampled from mine suspected areas using either handheld 
or vehicle mounted sampling units, and subsequently brought to a central location 
for analysis.  
 
The REST concept was conceived in 1985 by the South African Government mine 
clearing company Mechem in 1985, and known as MEDDS (Mechem Explosive and 
Drug Detection System). MEDDS was originally developed to detect smuggled drugs, 
explosives and weapons, but was later refined to detect landmines. This concept has 
since been further developed by different MA organizations. The official name for the 
concept is REST, and this is the name that is used in this report (Bach & McLean, 
2003 and Fjellanger, 2003).  
 
During the 1990‟s, Mechem used REST operationally with good results, searching 
roads and along power lines in Mozambique and Angola (Bach & McLean, 2003 and 
Fjellanger, 2003). UNMAS stated in 2003 in International Mine Action Standards 
(IMAS 09.43, 2003) that REST (using vapour sampling) has ”proved to be an 
extremely fast and cost-effective way of checking suspected stretches of road or 
sectors of land for mines”. Nevertheless, it has seen limited acceptance and use in the 
international mine action community, and has seen limited operational use during 
the last two years (Bach, 2010). More research and development is still needed in 
both the sampling, and the analysis parts of REST (IMAS 09.43, 2005). The 
procedures involved in REST are described below. 

Breaching 

When sampling is to be conducted using handheld samplers, safe lanes must be 
established for the sampler operators to walk in. This can be done by driving across 
the suspected area with a mine protected vehicle (MPV). If the minimum ground 
pressure from the tyres of the MPV exceeds the maximum ground pressure from the 
sampler operator (including equipment), the vehicle tracks can be used as safe lanes 
for the operators to walk in. According to International Mine Action Standards 
(IMAS 09.43, 2005), the safe lanes provided by the vehicle tracks shall be at least 30 
cm wide. The breaching team also consists of a marker, walking at a safe distance 
behind the MPV, marking the sectors to be covered by each sample. A mapping 
system, for example GPS, is used to record the sectors. An optional way of providing 
safe lanes is to clear safe lanes through the area using for example manual deminers. 

Sampling 

Sampling refers to the operation where air or dust is sampled from the ground in the 
mine suspected area. The sampler operator typically carries a backpack with the 
power source for the sampling unit. The unit in itself is a long tube with a mouth 
piece fitted at the end. The mouth piece is during operation swept over the ground in 
a regular pattern, to ensure that the whole area within each sector is covered. Air 
and/or dust is sucked through the mouth piece and collected in a filter or other 
container (hereafter mentioned as container). This report focuses on the sampling of 
dust, see section 2.2.6. The sample operator will be walking in the safe lanes provided 
by the breaching team, and a container handler will follow approximately 2-3 meters 
behind. After covering each sector, the operator will stop and the container handler 
will change the container and mark the sample according to which sector has been 
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sampled. The roles of the sampler operator and container handler will be rotated 
frequently, to be able to rest (IMAS 09.43, 2005) and to stay concentrated and alert. 
 
Sampling can also be carried out using vehicle mounted samplers. This method is not 
as widely used as manual sampling, as manual sampling makes it easier to control 
that the whole area is covered within each sector (IMAS 09.43, 2005 and Fjellanger, 
2003). 
 

 
Figure 2.2.2 MDD Debbie at a carousel for 
presenting REST samples 

Analysis 

The samples are subsequently brought 
to a laboratory environment to be 
presented to specially trained detection 
animals (or artificial sensors). 
Suspected samples are presented 
together with known negative samples, 
for example in a carousel (Figure 2.2.2). 
The animals are trained to smell the 
samples and indicate which samples 
contain the scent of explosives. There 
are four possible outcomes of the 
analysis of a sample; 

 

 A hit – i.e. positive indication of a true positive sample 

 A miss – i.e. negative indication of a true positive sample 

 A false alarm (FA) – i.e. positive indication of a true negative sample 

 A correct rejection – i.e. negative indication of a true negative sample 
 
The samples where animals indicate the presence of explosives are termed suspect 
positive samples. Samples where no animal indicates are termed suspect negatives. 
According to International Mine Action Standards (IMAS 09.43, 1005), each animal 
used during analysis of REST samples must achieve a hit rate of at least 70 % during 
test analyses, and a maximum FA rate of 5 %. At least three animals must be used in 
REST analysis, and their cumulative achievement must be a hit rate of at least 90 %, 
preferably 100 %, whereas the FA rate should be lower than 20 % (IMAS 09.43, 
2005). 

Follow-up 

The sectors linked to suspect negative samples can be eliminated. Other available 
information about these sectors, for example survey information and the location of 
any mines found during breaching, will of course be considered. 
 
Sectors linked to suspect positive samples will have to undergo follow-up 
investigation and should be subject to mine clearance. After clearing suspect positive 
sectors, the area can be returned to the community. 

2.2.3 Why sampling? 

Before determining what equipment and method is most suitable for sampling in the 
REST concept, another question was addressed – why should sampling at all be 
chosen as an alternative to using dogs or rats directly in the field? 
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It can be argued that when using MDDs directly in the field, mines will be pinpointed 
and can be cleared immediately, facilitating immediate release of land (real time 
detection and release). With REST, the samples will require prior analysis followed 
by investigating positive sectors using metal detectors or field animals. Real time 
detection and release can thus not be achieved. Despite the time delay before release, 
REST could prove much more efficient in terms of releasing entire road networks 
because REST will typically eliminate 90-95 % of the road network (no need for 
detailed investigation with manual deminers or free running animals) while free 
running animals would have to cover the entire road network. It could be argued that 
the people that collect the samples will need to sample the entire road network. That 
said sampling has been considerably faster than the use of free running animals. It is 
true however that demining using MDD‟s has also improved its search capacity 
significantly over the past five years and there is less difference in efficiency today 
between REST and free running animals. It is, though, easier and faster too train 
sampling teams than free running animal teams (Bach, 2010). Of course, the 
detection animals have to be trained, but the amount of time required to sniff 
samples compared to the corresponding field work is significantly shorter. 
 
The speed set aside, there are still other reasons to use REST. One is that many of the 
mine affected areas in the world today are also subject to conditions that decrease the 
effectiveness of the MDDs and MDRs, such as intensive sunshine, heat, rain, dust, 
diseases, insects and snakes. 
 
Rains and wet soil will limit the possibilities of using REST. The accuracy of detection 
animals also decreases under such conditions, because the smell of TNT is 
transported down into the ground with rain (Sarholm et al, 2007). MDRs are less 
efficient when the soil and grass is wet, because they have a tendency to clean 
themselves repeatedly which distracts them from their work (Ford, 2010). 
 
Rats are less expensive to train, maintain and transport than dogs and being 
indigenous to this area, they are also less susceptible to the tropical diseases 
prevalent in sub-Saharan Africa. However, these rats are nocturnal by nature and 
sensitive to extreme heat, so their work in the field is typically limited to early 
morning hours when the temperature is cooler (Ford, 2010). 

2.2.4 Explosives and contamination 

The explosive mostly used in landmines is Trinitrotoluene/Trotyl (TNT), which is 
used pure or mixed with another explosive. TNT is a high explosive, meaning it is 
detonated by a shock-wave. It is relatively safe to handle and to cast into suitable 
shape, i.e. stable with a long storage time. These properties make it a commonly used 
military explosive (IMAS 04.10, 2003). 
 
When TNT gets in contact with something it is very contagious, therefore cleanliness 
to avoid contamination is of great importance, Karlsson (2010) at FOI proclaims. 
This cannot be emphasized enough. TNT molecules are not washed away by soap and 
water and it could take days before a contaminated surface is clean again. TNT can be 
removed by strong chemicals e.g. acetone. 
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2.2.5 Scent detection and training 

Karlsson continues saying that with time TNT 
molecules leak from the mine, and migrates to the 
surface. It is only the molecules at the soil surface (the 
top layer of the soil where molecules stay under certain 
conditions e.g. not too windy and rainy) that are 
available for odour detection by animals or scent 
tracing units (Figure 2.2.5). What can be detected at the 
surface depends both on the surrounding conditions; 
type of soil, weather, temperature, humidity; the mine; 
type and depth of it; and time from burial. The TNT and 
explosive related substances are not homogenously 
spread around the mine (Appendix B), which makes it 
rather unpredictable and hard to pinpoint the mine with machines, which are not as 
flexible as an animal. 
 
It is important to understand what is collected. It is not parts from the actual mine 
that are analysed, it is the chemical composition at the soil surface. Schoon (2010) 
proclaims the importance of knowing what the animals are trained to detect. There is 
never just one smell, but a so called bouquet of scents. Therefore the only difference 
in training from the positive and the negative samples should be the scent of the 
mine. Chemical analysis should be made to determine what scent could be traced in 
the training material. 

2.2.6 Sampling gas or particles 

In the beginning of the Remote Explosive Scent Tracing, the explosives‟ scent was 
collected in vapour form. A big disadvantage was the dilution of the gas sample. 
Large areas were covered and the small amount, if any, of explosives was quickly 
diluted (Goss, 2009). Since the start studies have been made clarifying that for 
sampling of explosives, particles are much more suitable as the concentration of 
explosives are much higher, a million times higher, in the dust particles; i.e. more 
explosives sorbs to particles than are present in the air; especially in the fine particles 
due to their bigger area (Phelan & Barnett, 2001 cited by Fjellanger, 2003). 
 
Other problems with the collection of gas were the difficulties finding an optimal air 
filter, both as the sorbing qualities must meet the desired ones and it should not 
submit odour to the sample. The presentation for the animals became another 
complexity (Goss, 2009). Additionally it is more complicated to make chemical 
analyses of air samples than dust samples in the laboratory (Beyene, 2010). 

 
Figure 2.2.5 Leakage from mine 
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3 Method 
A field study was conducted in Morogoro, Tanzania. Before the field study a lot of 
information was gathered and evaluated. Mostly about the areas covered by the 
introduction but also other areas that would increase the understanding for the 
project were studied more detailed. The visit in Morogoro started with a three-day 
workshop about the REST-system which gave a thorough introduction. After recent 
developments of the project and the unit, the task was evaluated and contemporised. 
 
To gain more understanding of MA and the chemistry of explosives; and to optimise 
the development of the unit, short visits were made to GICHD in Geneva, 
Switzerland, to Swedish Defence Research Agency (FOI) in Grindsjön, Sweden and to 
Norwegian University of Science and Technology (NTNU) in Trondheim, Norway. 
During these visits, lectures were attended, and experiments and the development of 
the new sampler prototype were made. The same prototype was taken back to 
Morogoro to be used in field tests in an authentic environment. The results were 
evaluated and compared with other known methods.  

3.1 Information gathering 
Information regarding REST and its history, and about the different solutions used 
for sampling air and/or dust, has been received from several different sources. 
Reports and articles have been read, in digital or printed versions received from 
APOPO, NPA and FOI, or available on the Internet mostly from the GICHD‟s 
webpage (http://www.gichd.org), along with books published by the GICHD. 
Scientific articles covering, among other subjects, aerodynamics of canine olfaction, 
and transportation of molecules in the ground, have also been read. The REST 
workshop in Morogoro, Tanzania, in March 2010 provided with a lot of input for the 
project, as well as the study visits to FOI in Grindsjön, Sweden, and GICHD in 
Geneva, Switzerland. Discussions, both in person and via e-mail, with people 
currently or previously involved with REST, have given valuable information. 
Mechem has also been contacted, but unfortunately without response. 

3.2 Construction of a prototype  
In cooperation with personnel at the Hydropower 
Laboratory at Norwegian University of Science and 
Technology (NTNU) in Trondheim, a new sampler 
prototype was made in April, 2010. 
 
The new prototype was based on the unit made earlier 
in 2010 by NTNU personnel, which was presented at 
the REST workshop in Morogoro in March, 2010 
(Figure 3.2). 
 
The suction in the current and the new prototype is 
created by an ejector pump. An ejector pump contains a 
smaller tube/-s inside a bigger one. When air is blown 
through the smaller tube it will due to its higher velocity 
drag the slower air from the bigger tube along with and 

 
Figure 3.2 The prototype 
presented at the REST 
workshop in March, 2010 
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thereby create suction. A big advantage with an ejector pump is that it does not 
contain any moving parts. Dust is in both prototypes separated from air in a cyclone 
separator, see section 4.1.1.   
 
The focus in developing the new prototype was;  

 to design a mouth piece more suitable for soil sampling, 

 to provide the sampler with a device for exchangeable grids, 

 to reduce the risk of cross contamination, 

 and to improve ergonomics. 

3.2.1 Mouth piece 

A simple design with a disk at the pipe entering was made. The disk was used to 
create a more effective suction (Figure 4.2 B). The angle of the disk was set to be 
parallel to the ground. The contamination issue was not forgotten, and the material, 
stainless steel, was chosen with this in mind. If more time had been available a lighter 
material had more likely been chosen. Different grids and the attaching for it were 
also considered, see 3.2.2. 

3.2.2 Grids 

During the workshop in Morogoro in March, 2010, it was deemed necessary to 
provide the next prototype with some kind of grid to prevent grass and larger objects 
from entering the mouth piece. Prior to the construction of the new prototype, 
thought was given to different solutions for grids and for how to attach them to the 
sampler. A number of different grids and solutions for easy grid change can be viewed 
in Appendix C. 
 
In Trondheim, it was decided that several types of grids should be tested during field 
tests in Morogoro. It was thus necessary to provide the new sampler prototype with a 
solution for attaching the grids which would be quick and simple to use when 
changing grids, yet not allowing for too much risk of cross contamination. Some kind 
of clip (suggestion #4, Appendix C) was decided upon, but appropriate clips were 
hard to find. Due to lack of time, an alternate solution was decided upon, using a 
metal ruler because of its elastic properties. 

3.2.3 Reducing cross contamination risks 

The previous prototype contained a plastic hose which led air and soil from the 
mouth piece to the cyclone separator. In order to reduce the risk of cross 
contamination, and since plastic is known to absorb TNT (Karlsson, 2010), the hose 
was replaced by a stainless steel pipe. In addition to this, the length from the mouth 
piece to the cyclone separator was reduced by placing the cyclone close to the ground. 
This leads to other difficulties (the cyclone has to be in a vertical position to work 
properly, this must be ensured during sampling, as well as ensuring that the 
container is far enough from the ground), but it is crucial to minimize the area where 
TNT particles can stuck. 
 
Some thought was put into solutions for cleaning the sampler unit (using reversed air 
flow, perhaps sucking/blowing a sponge drenched in acetone through the tube), but 
unfortunately there was not enough time to realise any of these ideas in this 
prototype. 
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The plastic bottle used in the previous type was replaced with a type of glass bottle 
commonly used for laboratory applications. To be able to attach the new bottle to the 
cyclone separator, a new internal thread was made in a polymer material.  

3.2.4 Improvement of ergonomics 

Initially, the new sampler prototype was made using the upper part of a crutch as a 
support for the weight. However, practical tests showed that this solution did not 
offer enough weight support, and to keep the mouth piece from touching the ground 
would be too strenuous in the long run. Instead, inspired by hand carried vegetation 
cutters and trimmers, the idea came up to attach the sampler to a hurdle, using the 
ejector pump as a balancing counterweight. Calculations were made to find the 
appropriate distance from the attaching point at the hip of the sampler operator 
(point C) to the ejector pump (point D), see Figure 3.2.4. The angle (α) was chosen to 
keep the mouth piece flat above the ground. The lengths (lA, lB) were measured 
considering the height of the authors (165 cm). However, the handle that was added 
to this prototype was made adjustable and so is the harness, and the prototype can 
thus be somewhat adjusted to the length of the operator. The weights used in the 
calculations were those of the mouth piece together with the first part of the pipe 
(mA), the cyclone separator together with the large screw nut and the glass bottle 
(mB), and the ejector pump together with the silencer and the filter (mC) (Figure 3.2.4 
and 4.2 A). The weight of the second part of the steel pipe, corresponding to the 
lengths l2 and x, was omitted from the calculations. 
 
Torque around C: 
 
                                     (3.2.4 A) 
 
  
 

  
              

  
     (3.2.4 B) 

 
Equation 3.2.4 B with inserted values  
 
lA = 0,50 m 
lB = 0,75 m 
mA = 0,65 kg 
mB = 0,55 kg 
mC = 2,50 kg 
(α = 43°) 
 
gives x = 0,49 m 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Figure 3.2.4 Simplification of the new prototype, 
see also Figure 4.2 A 

F 
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3.3 Laboratory tests in Norway 
At the Hydropower Laboratory at NTNU tests were conducted. The aim of the tests 
was to prepare for the work in the field. In addition to this, the measurements create 
a basis for a better understanding of the fluid dynamics in the unit, and thereby 
create possibilities for improvements of the unit in the further work. Measurements 
of the pressure difference (ΔP) (Figure 3.3) between the cyclone separator outlet and 
the atmosphere pressure, i.e. 1 atmosphere (atm), was measured with and without 
mouth piece and with different grids and shown in the computer program LabView 
8.6. The flow rate (Qjet) of the ejector pump was measured with a rotameter and the 
operating pressure (Pjet) was regulated by a valve from 1-4 Bar and powered by 
compressed air at the NTNU‟s laboratory. By measuring the operating air pressure 
and flow rate, the air consumption of the ejector can be calculated (kg/s). This is 
necessary to predict expected operating time in the field for one bottle of compressed 
air which will be used to power the ejector pump.  
 

 
Figure 3.3 Measured parameters  

3.4 Field tests in Tanzania 
The prototype developed in Trondheim was brought to Morogoro, to be tested in 
authentic field conditions, both at APOPO‟s test field and close by. Multiple questions 
(Appendix D) needed to be answered to enable further development if the system will 
be used optimal and operational in the future. Results and conclusions were gained 
the entire time and therefore the procedures changed constantly. New obstacles were 
found and solved. Due to the rainy season the conditions were not best possible but 
since time were lacking the tests were to be made at this time. The field tests of this 
report will be limited to the conditions in Morogoro, Tanzania. According to APOPO 
(2009), the soil contains more than 50 % clay, closely followed by sand. 

3.4.1 Sampling 

Mechanical 

To be able to sample in the best way, or at least in a good way, the first days of tests 
were devoted do mechanical tests to get to know the sampler and learn how to 
practically use it. Tests were made uphills from the training field, so that the sampler 
would not risk being contaminated with TNT before the contaminations tests that 
followed, though the soil is of the same type as at the training field which makes it as 
authentic as it could be not being at the actual test field. 
 
First sampling was made with various heights from the ground, to see what height 
was to be preferred to collect a suitable amount of soil. This was made at three 
different heights, from really close/almost touching the ground to about 5 cm, for 30 
seconds on each height over an area estimated to be 1 m2. Approximately 5 cm was 
observed to be the maximum distance from the ground when soil could still be visible 
collected, therefore no larger distances were tested.  
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Thereafter different operating pressures, from 1-5 bar, were tested to see how that 
affected the amount of soil sampled. This was made twice. An area estimated 1 m2 
was sampled, for 30 s the first time and 1 min the second time, holding the mouth 
piece pretty close to the ground, sometimes involuntarily touching the ground. The 
pressure was regulated with a regulator at the backpack solution. The second time, 
distances were used to be able to sample close to the ground without touching it. 
 
To avoid big objects to get sucked into the sampler it was suggested to improve the 
current prototype by using a grid at the entering of the mouth piece. Therefore 
different grids with different designs (Figure 4.3) were tested at an operating 
pressure of approximately 3,5 bar (the same grids that earlier were tested in Norway). 
Sampling was made over loose soil, spots 
with grass and randomly used “dirty” spots to 
see if the grid could hinder big objects and in 
the same time still let through soil. 
 
The tests were done Tuesday 11th of May and 
Wednesday 12th of May in the afternoons 
starting at 2 p.m. As it had been raining for 
weeks before, the ground in the squares was 
prepared with a rake before the tests to get 
some lose soil to sample on (Figure 3.4.1 A). 
A report from APOPO‟s weather station at 
the times for the tests can be found in 
Appendix E. 
 
“Authentic” operating conditions were tested, 
concerning sampling speed and ground condition. A box approximately 3x3 m was 
sampled with speed in mind, e.g. the sampler was moved fast from side to side. This 
was done twice. 
 

 
Figure 3.4.1 B Grid 1 

Operating pressure was set to be 4 bar and grid nr 1 was used 
(Figure 3.4.1 B). A distance of roughly 30 meters of a road was 
sampled. The first meters were rather clear but the rest was 
covered with grass. Approximately 2 meter width was covered. 
One person had the sampler and another one carried the 
compressed air tank and in the same time estimated the length 
of the distance walked. The walking velocity was about 0,5 m/s. 
 
The tests were done Monday 17th of May and Tuesday 18th of May 
both in the morning and in the afternoon. It had not been 
raining heavily for a few days. 

 

 
Figure 3.4.1 A Ground preparation 
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As a final operating field test a dirt road outside the 
office in Morogoro was sampled. A length of 100 
steps (approximately 50 m) and a width of 2 m was 
sampled in a velocity of 0,5 m/s. (1,40-1,50 min). In 
the first test the road was sampled fully equipped 
with the sampler and air tank. The distance was 
sampled back and forth in one bottle, and then once 
again only one way. In the second test the ejector 
pump was removed and Biosens battery powered 
fan (Figure 3.4.1 C) that had been used in a previous 
prototype (see section 4.1.2) was attached to the 
sampler. The road was sampled back and forth, 
switching the battery in between. Both the batteries 
had been charged for more than 12 hours, one 
during several days.  
 
The tests were done Thursday 28th of May both 
morning and afternoon. It had been raining from 
time to time the last couple of days. 
 

 
Figure 3.4.1 C Biosens battery 
solution 

Back in Skövde, Sweden a visit to a physics laboratory at the University of Skövde was 
made. Some of the samples were studied in a stereo microscope to determine the 
particle size. Estimations were done using a hemacytometer originally intended to 
use for counting blood cells, as it has inscriptive lines within a certain area. A slide 
with a very small part of the sample was placed on top of the hemacytometer and 
studied. A “rolling test” of some soil, from box O84, was made to affirm the 
composition of the soil at the test field. 

Detection 

Samples were taken at the test field in 12 different circles prepared in the past for the 
REST project. The spots were selected due to their suitability concerning locations of 
mines inside and outside the box as well as vegetation. The grass had been cut with a 
hand tool and Gramoxone herbicide had been applied multiple times to avoid new 
grass to grow (APOPO, 2009). 
 
At the time for the tests the grass in the area had been cut the week before or the 
same week, consequently the circles were covered with dry grass. Therefore some 
cleansing of the circles was made, this was made with a branch and/or a hand cutting 
tool before the sampling. 
 
Three (3) circles with the mine PMR-2 and 9 controls, without mines, were selected 
(Appendix F), if a mine was present the circle‟s location was chosen to have the mine 
in the centre and 2,5 m radius. Molecules from the explosives are not spread 
homogenously around the mine and experiment made by APOPO (2009) has shown 
that higher concentrations were found between 1 and 2 m radius from the middle. 
Sampling was made from side to side in a 180° arc on both sides, starting at an 
estimated distance of 1 m from the centre moving forward to 2 m. The required 
sample amount was 10 g in order to be able to both conduct tests by MDRs and in the 
laboratory. When the amount of collected soil was not enough, the procedure was 
repeated until the desired amount was collected. The air tank was not carried but left 
on the ground beside as the areas covered were not too big. The sampler was moved 
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with different speeds, sometimes a fairly high speed and sometimes slower, as it was 
hard to obtain a swing with a constant speed. Keeping the mouth piece at a stable 
height from the ground was also difficult; therefore it varied from touching the 
ground to approximately 7 cm above. As some of the vegetation got stuck in the grid 
and brackets the mouth piece was brushed off from time to time, always by the same 
person. The operating pressure was set to be 4 bar. 
 
The tests were made between Tuesday 18th of May and Thursday 20th of May at 
different times in the morning and the afternoon. Several sampling tours were made 
each day. The sun had been shining for several days, and there had been no rain. 

Contamination 

As the contagion of TNT is high, it is of great interest to see if the sampler unit 
remains contaminated after sampling of positive soil. If that would be the case a 
thorough cleaning of the unit is needed in between every bottle change; otherwise 
cross contamination could make all samples taken in an operational situation useless. 
 
Therefore sampling was done of both known positive soil and known neutral soil. 
This was done indoors, from a metal tray (Figure 3.4.1 D), as the contamination issue 
was the important thing not the authenticity. Soil, from Morogoro, was taken from 
the APOPO soil library and powdered with grinded solid TNT and diluted into 
different concentrations; 300 ng TNT/g soil and 30 ng TNT/g soil. The same soil type 
but not mixed with TNT was used as neutral samples. At the entire test the regulated 
pressure was 4 bar. Grid number 1 (Figure 3.4.1 B) was used and no distances. The 
operator tried to hold the sampler close to the tray but no touching, though, this was 
difficult. 

 
Test 1: 
Sampling was made at the soil with a concentration of 30 ng/g, and then neutral soil 
was sampled. The same soil type but not spiked with any TNT. A new sample was 
made from soil with concentration 300 ng/g and once again that was followed by a 
sampling of neutral soil. This time, though, after the discovery that the soil gets stuck 
in the grid (Figure 3.4.1 E), a light cleaning of the grid was made in between by 
brushing it with the hand. 
 

 
Figure 3.4.1 D Indoor sampling 

 
Figure 3.4.1 E Blocked grid 
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Test 2: 
After the discovery of the remaining soil stuck at the sampler, the decision was taken 
to do the same test again, but with “cleaning” in between samples. The sampler was 
cleaned to start with. With cleaning means that the empty bottle that would be used 
for the 300 ng/g samples was used (because empty bottles were lacking) and air was 
sampled, in order to suck/blow remaining soil from the sampler and cyclone 
separator and collect it in the jar. During the air sampling the sampler was turn on 
and off multiple times. Before this the grid was removed, dusted off by hand and then 
reattached, and the rulers/brackets were cleared. 
 
After the cleaning the 30 ng/g soil was sampled. Cleaning was repeated and a new 
grid was attached, before the neutral soil was collected. Directly after, with no 
cleaning, the 300 ng/g soil was sampled. The grid was removed and the sampler 
cleaned. A new bottle and grid was attached and the last sample was taken on neutral 
soil.  

Ergonomics 

Every time when the sampler has been used and/or tried on, the ergonomics and user 
friendliness has been evaluated by the current operator. The ergonomic experience 
concerning the weight, the backpack solution for the air tank, the harness, the design 
of the sampler i.e. handle and length have been considered. As well as the practical 
use of the sampler, the sampling movement, turning on and off and changing the 
bottle and grid. This is a question of the individual operator subjective thoughts, and 
is not measurable. Note: the new prototype is made for a person with the height 165 
cm. 

3.4.2 MDR test 

In this paragraph, the term „field sample‟ refers to the soil samples taken with the 
new sampler prototype in the Morogoro test field. The term „test sample‟ refers to the 
field samples prepared for presentation for the rats. The term „training samples‟ 
refers to samples prepared for presentation to the rats, where the soil in the samples 
does not come from the test field but from the APOPO soil library, containing neutral 
soil from various locations around Morogoro. Target refers to a supposedly positive 
sample. 
 
The purpose of presenting the field samples to the MDRs was to see if the sampler 
prototype could collect the substances that the MDRs are trained to indicate, and to 
see if the MDRs would respond differently to field samples taken with the sampler 
prototype, than to training samples. Due to lack of time (see section 5.5), only two 
sets of tests were performed. 

Test set up 

The field samples collected from the test field in Morogoro were entered into the 
REST Information Management System (REST-IMS) database. The REST-IMS is a 
program developed specially for APOPO‟s REST program. The neutral control field 
samples were named according to the following principle: FSC for Field Sample 
Control; Box number from the box where the field sample was taken; Sequence 
number (to distinguish these samples from previous samples taken from the same 
box) – e.g. FSCO90-003 for the soil sample taken from the box O90. The target field 
samples, i.e. samples taken from a box containing a mine, were named FS for Field 



17 

Sample; Mine type; Sequence number; Identification letter (to distinguish which field 
sample was taken from which box) – e.g. FSPMR2-003a for the PMR-2 mine taken 
from box O77. Additional information was also entered into the REST-IMS database, 
such as date when the field sample was taken, location, sampling method, and name 
of the person taking the sample. 
 
After entering the samples into the database, Adee Schoon, specialist in animal 
behaviour at University of Leiden and consultant of APOPO, was via the computer 
communication program Skype consulted on how to set up the MDR test. In total, 
100 samples were to be prepared; 12 field samples were to be used (3 target field 
samples and 9 controls), together with 88 training samples were (10 target training 
samples and 78 controls).  
 

 
Figure 3.4.2 A Preparation of PMR-2 Mine Water 

When preparing samples for training of 
MDRs, soil is taken from the APOPO 
soil library. To make positive training 
samples, the soil is spiked with Mine 
Water (MW). MW is made by soaking a 
mine in water and leaving it for at least 
a couple of months (the time depending 
on type of mine) (Figure 3.4.2 A). 
APOPO has prepared MW from several 
types of mines. Since in this test, the 
field samples were taken only from 
boxes containing the PMR-2 mine, 
Schoon recommended spiking the 
target training samples only with PMR-
2 MW. 

 
The neutral training samples, as well as all the 12 field samples, were to be spiked 
with Mine Water Control (MWC). MWC is neutral water (i.e. without a mine) which 
is prepared and stored under the same conditions as the Mine Waters, and used in 
order to make all samples equally wet before presenting them to the MDRs. Schoon 
also recommended using four different soil types, from the APOPO soil library, in the 
training samples. Furthermore, she recommended using no additives (in training, 
various additives such as diesel, tobacco, traces of food items etc, can be added to the 
samples in order to teach the detection animals not to pay attention to these scents. 
However, these rats have been training without additives for a long time). The above 
listed information was entered into the REST-IMS program, and the program 
subsequently generated which four soil types were to be used, as well as the order in 
which all the samples were to be presented to the rats. Two separate lists were 
generated, since the test was to be conducted in two different runs with three MDRs 
in each run. Upon request from Schoon, a few different lists were generated until 
there were two lists where none of the field samples were present in position A1-A5. 
This is because the MDRs will come across these positions first thing, and their 
concentration tends to be lower at the first few positions. The final sample 
preparation lists can be viewed in Appendix G. 

Sample preparation  

Field samples were collected during three days, four samples a day. Aluminium foil 
was wrapped around the field sample bottles during storage. The test and training 
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samples were prepared in the afternoon the day before the test took place, as is the 
routine for preparing train samples.  
 
When preparing test or training samples, it is important to handle all samples equally 
often and in a similar way, to avoid leaving cues for the MDRs. Disposable gloves are 
used and changed regularly to avoid cross contamination. 100 Securitainers 
(containers made of high density polyethylene, with lids made of polypropylene) were 
labelled with the sample codes and placed in a tray. Then the sample preparatory 
filled each container with approximately 2 grams of soil according to the sample 
preparation list, ending with the 12 test samples. Then, the target training samples 
were placed in their correct positions in the presentation racks before spiking. Half of 
the control training samples were spiked; each with two drops of MWC, and then the 
target training samples were spiked; each with two drops of MW. Subsequently the 
remaining control training samples and all the field test samples were spiked with 
MWC. The containers were sealed and placed in correct sequence in the presentation 
racks. Subsequently, the procedure was repeated for the second set of samples. 

MDR Analysis 

The following morning, the samples were presented to the MDRs. The test followed 
normal training procedures. APOPO has several training cages; in this test the Square 
Cage is used. The Square Cage is a small tunnel circling the walls of an approximately 
3 by 3 m room, in eye level. The MDR enters the cage in one of the corners, and runs 
along the floor of the cage. Approximately every 50 cm, there is a round hole in the 
floor of the cage. Under each of the holes, a sample holder is mounted. The lab 
assistant and the trainer changes the samples after the MDRs have passed them. 
Each lap consists of 25 samples, and one session is thus 4 laps (100 samples). The 
MDRs are trained to sniff each sample, and to indicate the scent of explosives and 
related substances by staying at the suspected sample, sniffing and scratching. If the 
sample is positive according to the Session Evaluation Sheet (Appendix H), the MDR 
is rewarded with banana pellets. The goal in the APOPO REST training is that the 
MDRs indicate for at least 5 seconds at a positive sample. APOPO has set up an 
automated cage with sensors measuring the indication time, and a computer program 
keeping track of which samples are targets or controls, in order to reduce the factor of 
human influence. However, the Square Cage used in this test is not automated. The 
trainer and the lab assistant watch the MDR and announce if the MDR indicates long 
enough above a position. These people work “blind”, i.e. they do not know in advance 
the positions of the targets. This is in order for their observations to be objective, and 
not influenced by prior knowledge. The documenter then announces whether the 
corresponding sample is a target or a control, and notes the indication on the Session 
Evaluation Sheet (Appendix H). If the MDR is especially inattentive, or something 
else is wrong (e.g. missing samples at the holders), the staff can decide to let the MDR 
run an extra lap. After finishing all 100 samples, the MDR is replaced with a new one. 
The results from the sessions are fed into the REST-IMS and presented as Execution 
Session Reports (Appendix I). 
 
In this test, two sets of samples were used, and each set was presented to three 
different MDRs. In total, six sessions (six different MDRs) were executed. The MDRs 
were Precious, Mwenda, Isabella, Tumaini, Shakira and Japhet (Figure 3.4.2 B). 
These are African Giant Pouched Rats that have been bred and trained at APOPO in 
Morogoro, Tanzania. 
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Figure 3.4.2 B MDRs Mwenda, Isabella and Tumaini together with their trainer Shafii 

3.4.3 Laboratory tests 

The detection samples i.e. the three (3) samples sampled above three (3) different 
PMR-2 mines were brought to the laboratory. First they were tested in the Ion 
Mobility Spectrometer (Ionscan), as this is a relatively cheap method, and after that 
with the set up Head space sampler (HSS) - Gas Chromatograph (GC) - Mass 
Spectrometer (MS). 
 
The purpose of the laboratory tests was to see if any explosive compounds had been 
collected by the sampler prototype. Another purpose was to look for contamination in 
the supposedly neutral samples that were taken after sampling above a mine. Due to 
the limited results from the positive samples, however, the neutral field samples were 
never tested in the laboratory. 

Ion Mobility Spectrometer 

According to the manufacturer the scan can detect TNT concentration of 300pg, 
however APOPO‟s experiment has shown that at least 10 ng TNT should be present in 
the sample for reliable detection (Beyene, 2010). This Ionscan-model can detect 
explosives and narcotics. 
 
The samples were prepared as 
follows, 2 g soil from the samples 
were mixed with 2 ml of 3 parts 
Methanol and 1 part water in a brown 
glass jar. The jar was shaken and left 
to rest for a few minutes (5-10), to let 
the sample sediment. 50 µl of the 
supernatant was poured on a small 
filter with a pipette, the filter was 
then placed in the Ionscan (Figure 
3.4.3 A) which heated the samples to 
240 °C and analyzed the samples for 
a short time and gave the results. 
This was repeated with all three 
samples. 

 
Figure 3.4.3 A Ionscan 
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Head space sampler-Gas Chromatograph-Mass Spectrometer 

All the three machines are connected to each other as well as a computer program, 
and everything is fully automated. 
 
First the samples were places in the HSS. 
About 2 grams for each sample was put 
in a transparent glass jar that was sealed 
to be air tight. This in order to retain the 
vapours in the jar when the soil is heated 
to 110°C, which is the best among the 
temperatures tested so far for extracting 
TNT (Beyene, 2010). From the HSS 1 ml 
of the vapours from each sample were 
automatically transported to the GC 
which separated the different 
compounds, which will be detected by 
the MS (Figure 3.4.3 B). 

 
Figure 3.4.3 B HSS-GC-MS 

 
The results were showed in a computer program, GC/MS Productivity Chemstation, 
and presented in different chromatograms with detailed information about the 
chemicals found obtained by using NIST (National Institute of Standards and 
Technology) library. From start to results this takes about 40-45 min.  
 
The contamination samples, sampled from a tray, were extracted using Microwave 
Assisted Extraction instead of the HSS, because the HSS with its current optimization 
stage did not provide the expected result due to incomplete optimization of the 
system. The Microwave Assisted Extraction tells what is in the soil rather than what is 
in the vapour, and is therefore in this case more reliable.  

Microwave Assisted Extraction-Gas Chromatograph-Nitrogen Phosphorus Detector 

First about 2 grams of the soil sample was mixed with a solution of water and 
methanol. 25 ml was poured in a 
microwave vessel together with a magnetic 
stirrer and placed in the microwave in 88°C 
for 20 minutes. The supernatant was 
poured into a filtration set up containing 
two filters and the filtrates are collected 
into a glass bottle (Figure 3.4.3 C). Then 
the filtrates were allowed to pass through a 
Solid Phase Extraction (SPE) cartridge 
where the explosive compounds are 
retained and the filtrate with other 
components are collected in the vessel by 
the action of a pump. The explosive 
compounds retained in the SPE are eluted 
by adding the solvent Toluene and applying 
pressure (pumping) and the eluent that contains the analytes was collected in small 
vials. After that the sample is ready for analysis by the GC. This procedure takes 
about 6 hours. 

 
Figure 3.4.3 C Extraction of TNT 
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4 Results 

4.1 Information gathering - The sampler unit historically and today 

4.1.1 The sampler unit 

From the start several different solutions and designs have been used. Along with the 
gain of more knowledge and changed settings the unit has been developed further. 

Separation 

In previous versions of the sampler, air has been collected, sometimes together with 
smaller amounts of fine particles. For this, different types of filters have been 
developed and used. These filters can only be used to collect a very limited amount of 
particles, as the particles will eventually clog the filter (IMAS 09.43, 2005). When it 
was decided to shift the focus from collecting air to collecting particles, a sampler 
prototype was made that uses a cyclone separator to separate the soil particles from 
the air. The reasons for using the cyclone separator instead of filters when collecting 
particles were many. The clogging issue has already been mentioned, another is the 
consumables (i.e. the filters) which are both a cost and an environmental issue. The 
presentation to the animals is easier with soil collected in a bottle – otherwise the 
whole length of the filter has to be presented to the animals. Also, the scent of the 
filter can be a distraction to the animals. Filters are also more difficult to analyze 
chemically than the soil collected in a bottle. A trade-off when using a cyclone 
separator is the cross contamination risks from remains inside 
the separator (APOPO, 2009). 
 
A cyclone separator (Figure 4.1.1 A) uses the centrifugal forces, 
which is depending on the velocity, to separates particles from 
the air. The dimension of the cyclone separator, as well as the 
speed, affects what particle size is separated.  
 
An alternative method that could be used for particle separation 
is particle impaction/virtual particle impaction. This method 
used to separate particles by size. By abruptly changing the 
direction and velocity of the flow, bigger particles due to their 
inertia cannot change course as quickly and can therefore be 
collected in the original direction. The smaller/lighter particles 
the higher velocity is needed. In virtual impaction a small flow is 
kept in the original direction for more efficient separation. 
(Environmental Protection Department, The, 2004)  
 
APOPO has in 2004 performed tests to find the most suitable container for storage 
and transportation of filters. These tests showed how much TNT is absorbed by/let 
through different containers (through the material in itself combined with the sealing 
of the containers.) The cost of the containers was also taken into consideration, as 
well as how suitable the containers are for transportation and for using when 
presenting the filters to the animals. The containers that were tested were containers 
that are available locally (in Tanzania). The results from these tests could also be used 
to find suitable containers for soil samples. In this case, it must be taken into 
consideration that the containers should be able to be attached to the cyclone 

 
Figure 4.1.1 A 
Cyclone separator 
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separator, preferably using a quick change coupling, for the changeover to be as quick 
and convenient as possible. The samples also have to be transported long distances, 
and stored. The soil samples should be stored in a cool, dark and dry environment 
(Karlsson, 2010).  

Power source 

To run the sampling unit, a power source is needed. The best solution for supplying 
of power probably depends on if the unit is to be handheld or vehicle mounted, as the 
weight of the power source will be an important factor for the handheld unit. In this 
report, mainly the handheld unit is considered. 
 
In the beginning of REST, diesel driven pumps were used. APOPO tried a small two-
stroke petrol engine, modified from a Husqvarna chainsaw, driving a small pump. 
Mechem used a Honda four-stroke petrol engine. Tests performed by APOPO 
suggested that the exhausts from the engine may contaminate the samples and thus 
cause problems in the analysis phase. Cost and need for transportation of fuel are 
also negative factors. For reasons of contamination risks, petrol should not be stored 
together with field samples (IMAS 09.43, 2005), which leads to transportation issues. 
Another issue is the high maintenance need when using the engine in dusty areas. 
These drawbacks, together with the noise and heat produced by the petrol engine, 
caused searching for alternative options. (Bach & McLean, 2003). 
 
Searching for a solution to these problems, APOPO tried different battery powered 
pumps – a membrane pump, and a fan pump that was initially used by the Swedish 
company Biosensor Applications Sweden AB1. APOPO initially tried the battery 
powered pumps when collecting air. In this case, there were some problems with the 
air filter clogging, causing the membrane pump to work harder and the batteries to 
run out in no time. Even without the filter clogging, the operation time of the 
batteries was perceived as short, and the charging time long (Bach & McLean, 2003 
and Cox, 2010). The increased weight when using the membrane pump (Figure 4.1.2, 
middle photo) was also a drawback for this solution. The fan pump, delivered with a 
backpack from Biosensor Applications Sweden AB (Figure 4.1.2, rightmost photo), 
was much lighter, but the power was too weak for the high resistance filters used. 
This solution was later tried together with the cyclone separator (Cox, 2010). 
 
In order to overcome the issues with noise and high maintenance, the current 
sampler prototype creates suction using an ejector pump, powered by compressed air 
from a compressed air tank. The ejector pump creates less noise than rotating 
fans/pumps, and there are no moving/rotating parts which should make the system 
more robust and reliable. Another reason for trying this solution was the availability 
– air tanks can be found all over the world. Yet another reason is the possibility to use 
the pressurized air for secondary air systems, e.g. cleaning systems and/or jet flow for 
stirring up dust from the ground (Kjeldsen, 2010). 

  

                                                   
1 Biosensor Applications Sweden AB has developed the BIOSENS system, comprised of a collection 
device for air sampling, as well as an analysis unit. Thus the BIOSENS system does not involve 
detection animals. BIOSENS is used in drug, explosives, and mine detection. 
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Mouth piece 

In the past different mouth pieces have been developed. In the first prototypes, when 
air was collected, a filter covered the opening of the mouth piece. Many different sorts 
of filters have been used and one of the biggest obstacles within the REST project has 
been the choice of filter and how to present the sample from the filter for the animals. 
After the conclusion that dust would be more appropriate to collect the mouth piece 
change. When it was found that disturbance of the surface increased the dust 
collection. A solution was made up where disturbance was created either by blowing 
an outward air flow at the ground or by including bristles 
at the mouth piece (Figure 4.1.1 B). The safety issue was 
a question within the brush solution due to the risk of 
applying pressure to the ground. To direct the air more 
concentrated different kinds of hoods have been used. To 
cover a bigger area some scent tracing devices use a 
funnel which is placed at the spot for a longer period of 
time, this is mostly used for air sampling.  

4.1.2 Handling 

There are different options for operating the unit, depending of conditions at the site, 
size of the area e.g. length of the road and time limits. As mentioned earlier, this 
report concentrates on a handheld REST-unit. 

Handheld 

The operator should be able to carry all parts of the unit by him-/herself, this 
demands the unit to be of a suitable size and weight. As most people hold more 
strength in their back and leg then in their arms, most of the unit should be carried in 
some kind of backpack solution, leaving only what is necessary for the arm/-s to 
carry. With this in mind different options have been used in the past, mostly 
depending on power source (Figure 4.1.2). Not to be forgotten that protection gear 
would be appropriate to wear and therefore adds some weight.  
 

   
Figure 4.1.2 Different backpack/power source solutions 

Vehicle mounted  

In the very beginning vehicles was used but it was shown not to be as efficient, as it 
only covered an area directly in front of the vehicle, therefore a portable handheld 

 
Figure 4.1.1 B Filter and brushes 
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method was developed (Bach & McLean, 2003). The handheld method was used after 
a MPV has driven thru the area and created safe lines i.e. the tire tracks (see section 
2.2.2)(IMAS 09.43, 2003). To really save time and money a vehicle mounted REST 
sampling unit would be desirable for some applications. The problem is to cover an 
area around the vehicle, large enough to still be efficient.  

4.2 Construction of a prototype 

 
Figure 4.2 A The sampler prototype made in Trondheim 
1 Silencer and outwards airflow 
2 Inwards airflow (from compressed air tank) 
3 Ejector pump 
4 Filter (for protection of the ejector pump) 
5 Loop for balancing the weight when sampling 
6 Switch 
7 Adjustable handle 
8 Cyclone separator 
9 Glass sample container 
10 Mouth piece with grid holder & grid 
 

 
Figure 4.2 B Close-up of the mouthpiece and grid 
holder 

In the new sampler prototype (Figure 
4.2 A), the suction is created using an 
ejector pump (3) which is powered by 
compressed air. The compressed air 
is contained in a compressed air tank 
which is mounted to a backpack (not 
in the photo). The air flow, once the 
vault on the cylinder is opened, can 
be turned on and off on the switch 
(6) situated in proximity to the 
handle (7). Air and soil is sucked 
through the mouth piece (10) (Figure 
4.2 B), after passing the grid where 
larger objects are stopped. 

 
In the cyclone separator (8), the soil is separated from the air. The soil ends up in the 
glass bottle (9), and the air is further cleaned in the filter (4) before exiting through 
the silencer. A loop (5) is placed between the ejector pump and the handle, for 
hanging the sampler unit to a hurdle worn by the sampler operator. The loop will be 
placed on a hook at hip height of the operator. 
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4.3 Laboratory tests in Norway  
The measurements showed that the pressure difference (ΔP) between the cyclone 
separator‟s outlet and the atmosphere pressure is so low that it can be negligibly, 
both with the mouth piece and with different grids attached (Graph 4.3 A) (Figure 
4.3). Though, the decay over the cyclone separator alone is not negligibly but 
inevitable. The pressure difference increases with the increase of operating pressure 
for the ejector pump (Pjet).  
 

 
Graph 4.3 A Pressure difference (ΔP) between the cyclone separator’s outlet 
and the atmospheric pressure at different operating pressure for the ejector 

pump (Pjet ) 
*MP = Mouth piece 

 

 
Figure 4.3: Grid 1 

 
Grid 2 

 
Grid 3 

 
Grid 4 

 
The highest pressure decay aroused with grid 2 or 3 attached, that both have a bigger 
covering area than the other grids.  
 
The flow rate for the ejector pump (Qjet) was read from a rotameter at different inlet 
pressures. Knowing both those values made it possible to calculate the air 
consumption in m3/h (Equation 4.3) (Østgård, 2010) and thereafter convert it into 
kg/s. 

inletrot

inletrot

nommeas
s

gas p
p

Q
r

Q ,

,

, 1
1

100


   

(4.3) 

0

0,01

0,02

0,03

0,04

0,05

0,06

0,07

0,08

0,09

0,1

1 1,6 2,4 3,2 4

Δ
P

(B
ar

)

Operating pressure Pjet (Bar)

Without MP* With MP, no grid With MP, grid 1

With MP, grid 2 With MP, grid 3 With MP, grid 4



26 

Where Qgas is the air consumption for the ejector pump, rs is the flow rate read from 
the rotameter. Qmean,nom is full scale (100%) flow rate given by the manufacturer 
(corresponds to air at 1 atm and 20°C) and Prot, inlet is inlet pressure which is bar 
absolute = Pjet + 1 atm. 
 
The air consumption for the ejector pump (Graph 4.3 B) was increasing with 
increasing operating pressure as predicted. This is due to increased suction capacity.  
For complete results see Appendix J. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Weighing of the compressed air bottle available in Morogoro (300 bar, 6,8 l), on a 
ordinary bathrooms scale, gave the weight difference approximately 2 kg, from empty 
to filled with approximately 200 bar. A air supply of 2 kg which gives at a constant 
inlet pressure a theoretical operating time of 10-30 min depending on inlet pressure, 
with the above calculated air consumption (Graph 4.3 C). 

 
Graph 4.3 C Theoretical operating time for the sampler using the compressed air 
tank available in Morogoro 
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Graph 4.3 B Air consumption for the ejector pump at different inlet pressures 
*Arithmetic average for flow rate for measurements without mouth piece and 
with mouth piece with different grids 
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4.4 Field tests in Tanzania 

4.4.1 Sampling 

Mechanical  

Touching the ground should be avoided, since it gives a lot of soil but only from one 
small area. Distances from approximately 4 cm from the ground and higher gave 
some visible traces of soil in the bottle but not much. With increasing operating 
pressure the sampled amount of soil increased somewhat (Table 4.4.1). The test 
showed that a distance as close to the ground as possible gives the most amount of 
soil.  
 

 
Figure 4.4.1 Filter element before and after use 

Pressure 

(bar)

Amount sampled 

(g) 1 min

Amount sampled 

(g) 30 s

1 0,0464 ( - )

2 1,6181* 0,0112

3 0,1356* 0,0141

4 0,0759 0,0056

5 0,0032** 0,0149

* Touched the ground

** Ran out of air  
Table 4.4.1 Amount soil sampled at different 
operating pressure 

 
An ocular evaluation of the samples collected when using different grids (Figure 4.3) 
and no grid at all, showed that with no grid more organic material were present in the 
sample. Using a grid gave consequently less waste in the sample. Grid 3, with the 
smallest holes, gave even somewhat less waste than the other two grids tested. 
 
The road tests showed that samples can be collected both when the sampler is moved 
fast and at an overgrown area. From the dirt road about 0,5-1 gram was collected 
with the compress air as power source. With the batteries as a power source the 
amount sampled was smaller. (Keep in mind that the batteries were old and had not 
been used for a long time.) 
 
The filter element that was used to protect the ejector pump became very dirty fast 
(Figure 4.4.1). 
 
The studies in the stereo microscope showed that even if some of the fine particles 
pass the cyclone separator and continue to the filter element, some were collected in 
the bottle, as small as < 50 µm. Comparison with sieved soil of known particle size 
gave the same result. The rolling test verified the composition of more than 40-60% 
clay in the soil as the roll could be as thin as ø 1 mm (Ekman, 2010). 

Detection 

The samples from the detection test were tested by the MDRs and in the laboratory. 
The results from the detection test are presented below. During these tests 
conclusions were made that were taken into consideration in tests that followed. 
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Contamination 

The samples from the contamination test were tested in the laboratory and the results 
are presented below. 

Ergonomics 

Short summery of the most experienced problems during sampling; 

 When moving the sampler sideways to the right, the upper end of the sampler 

bangs into the compressed air tank. 

 Operator with a greater height than 165 cm experienced problem with the 

length of the sampler, the placement of the loop and handle. 

 The air tank and backpack solution perceived as heavy and awkward, even 

after a short time of sampling. 

 It is possible for the operator to handle the sampler selves, but the handling 

would be smoother being two persons. Where one is in charge of e.g. bottle 

change and marking. 

As the ergonomic results clearly are based on subjective judgements from the 
different operators, those will be presented in the Conclusion-part 5.4.1. 

4.4.2 MDR test  

The results of the MDR test are shown in Table 4.4.2, divided on each MDR. The first 
set of samples was analyzed by Precious, Mwenda and Isabella, and the second set by 
Tumaini, Shakira and Japhet. The average detection rate on the target field samples 
was 50 %, 0 % and 0 % respectively. That amounts to a total detection rate of 16,67 %. 
The FA rate on control field samples was 12,96 %. On the ordinary training samples 
presented in the same test, the detection rate of positive training samples was 45 % 
while the FA rate on control training samples was 3,85 %. 
 
 

  Field samples      Training samples 

  
PMR2a 
(MWC) 

PMR2b 
(MWC) 

PMR2c 
(MWC) 

Controls 
(MWC)   

TNT 
(MW) 

Controls 
(MWC) 

Total 
amount 1 1 1 9  10 78 
 
Precious 1 0 0 0  6 1 

Mwenda 0 0 0 1  6 0 

Isabella 1 0 0 1  3 0 

Tumaini 1 0 0 3  5 8 

Shakira 0 0 0 1  4 7 

Japhet 0 0 0 1  3 2 

         

Average 50,00% 0,00% 0,00% 12,96%  45,00% 3,85% 
 
Table 4.4.2 Results from the MDR tests. Number of indications per MDR and type of sample 
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4.4.3 Laboratory tests 

The Ionscan could not detect any traces of TNT in the field soil. Neither the HSS-GC-
MS set up could detect any TNT on the field soil. The chromatogram for the sample 
that was indicated by 3 out of 6 rats showed significant increase in the baseline in the 
retention time range where the explosive compounds are expected but no useful 
information can be extracted out of it. The chromatograms for the other samples 
were almost identical and no explosive compound was detected (Graph 4.4.3 A). 
 

 
Graph 4.4.3 A MS results of molecules presence in the field soil. The sample with indications is the 
one with the big spike. The other two are almost identical 

 
The MAE-GC-NPD analyse of the indoor contamination test showed traces of TNT in 
all the soil samples, even the neutral (Graph 4.4.3 B). In both rounds, i.e. even the 
one with light cleaning. 
 

 
 Graph 4.4.3 B NPD results of TNT presence from the contamination test. The top graph is a reference 
for where TNT should be found 

 
The GC-MS of the same indoor samples showed nothing and the Ionscan result was 
inconsistent suggesting a need for decontamination and re-calibration.  
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5 Discussion & Conclusions 

5.1 Information gathering 

5.1.1 Sampling  

One of the reasons to use REST is the conditions the animals are exposed to in the 
field – dust, heat, sunshine, insects etc. One can argue that the human sampler 
operators will be exposed to the same conditions while collecting dust. On the other 
hand, a human being can be motivated to work under these conditions by 
appreciating the outcome of a demining project, by hardship additions to the salary, 
or simply by knowing that the hard work is only to last for a limited time. 
 
In a laboratory environment, there are also fewer distractions for the animals than in 
the field. Another issue to consider is the cost and amounts of paperwork required to 
move MDDs across international borders (for example from NPA‟s Global Training 
Centre (GTC) in Bosnia to each mine affected country), compared to sending soil 
samples to a central analysis laboratory. There are, though, large initial costs for 
setting up this central analysis laboratory, and for this reason it is desirable that, 
when operational, it is used in a large scale. 
 
For REST to be competitive against demining activities such as using MDDs, it is 
necessary that the sampling can be carried out at a relatively high speed, and that 
large sectors can be covered in each sample. 

5.1.2 Mouth piece 

As a lot of studies have been done on this part of the sampler, old knowledge and 
learnings, along with new ones, should be used. The principal of the kitchen fan (were 
the effectiveness is improved by mounting a hood to the pipe as the target area is 
more focused (Hedman, 2006 cited in Meyer & Wessel, 2006)) and the new solution 
for the grid mention below. Together with a jet flow or brushes seem to be the 
optimal solution. Additional a flexible angle of the mouth piece due to the length of 
the operator would be appropriate, in that case the mouth piece disk can always be 
adjusted to be parallel with the ground.  
 
Depending on application the most optimal mouth piece must be selected. Even 
different mouth pieces due to different conditions might be needed, e.g. dry sand and 
wet clay are probably collected optimally in different ways. Therefore further testing 
is desirable. The difference might though be so little that the manufacturing of 
multiple mouth pieces is not sustainable.  

5.1.3 Handling 

It is likely that the power source of the sampler will be the heaviest part and therefore 
placed at the back of the operator. (The current air tank/back pack solution have a 
combined weight of approximately 15 kg.) With a compressed air tank, the choice 
seems to be between light weight and short operating time or heavy weight and 
longer operating time, therefore a solution, where the tank/power source is not 
carried by the operator but placed in a nearby vehicle, could be useful. As long as 
there is a functioning communication between the operator and the driver and that 
the hose between the air nozzle and the sampler is long enough and kept track of it 
could work. Another easier solution would be to have at least two operator and two 
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air tanks and a gasoline driven compressor in a nearby vehicle for fast fill-up and 
change of operator between sampling. Or the best solution might be to change power 
source and use light weight long lasting batteries or any of the other power source 
solutions that have proven to be working before. Although an air tank might be 
desirable for creating an outward jet flow, and therefore it would be handy to produce 
both the suction and the outward jet flow with the same air tank. In that case bigger 
and more comfortable air tank should be attractive and might be available due to 
consultants with divers. Clearly effort needs to be put into the power source, the 
sampler itself seems to be quite easy to handle with some small design/ergonomic 
changes, see below. 
 
Regarding vehicle mounted handling, if there is a desire to do further work on this, 
the Department of Applied Environmental Science Stockholm University conducts 
collection of nano particles from traffic for research on the relation between the 
particles and health problems. When collecting particles from the road the use a 
moving vehicle (Janson, 2010), which might give inspiration to a vehicle mounted 
REST unit. 

5.2 Construction of a prototype 
Due to our very limited time at the NTNU in Trondheim, several solutions for the 
new sampler prototype were compromises between what we really wanted to achieve, 
and what was possible with the resources at hand. For example, the whole pipe of the 
mouth piece was made of stainless steel. This was due to the need of welding. The 
longer part of it – the part above the cyclone separator which will not contaminate 
samples – could have been made in aluminium, which would decrease the weight of 
the unit. Weight is an important factor when the operator is to carry the unit and 
sweep it above the ground for long periods of time. 
 
A simple solution for attaching the glass bottle to the cyclone separator was to make 
an internal thread in the appropriate size; this was made in a polymer. This material 
is not optimal from a contamination point of view. The use of a glass bottle was in 
itself a decision based on what was available at NTNU. So was the solution for 
attaching the grid. 
 
This was however only a prototype, intended to bring to Tanzania. After making field 
tests, every part of the prototype was to be evaluated and suggestions were to be 
given as to how to improve the sampler, regarding ergonomics, contamination risks, 
etc. 

5.3 Laboratory tests in Norway 
The capacity of the sampler is not decreased when the mouth piece and grids are 
attached. Any grid with a smaller covering area than grid 2 and 3 will be fine to use.  
 
Low air consumption is desirable, but in the same time sufficient suction must be 
retained, therefore the lowest operating pressure which still gives an optimal suction 
should be found. The manufacturer of the ejector pump can assure the quality down 
to an operating pressure of 4 bar. (Østgård, 2010)  
 
The air consumption in the field was higher than the results given by the laboratory 
tests as field conditions are not in any case as clinic and stable as the controlled 
indoor laboratory. The difference from theory and practice should not be forgotten.  
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Sources of error 

Error of reading due to human error due to unfamiliarity to the laboratory 
equipment. The temperature and the humidity are higher in Tanzania than in 
Norway, giving a slightly lower density of the air, which in theory leads to a lower air 
consumption. 

5.4 Field tests in Tanzania 

5.4.1 Sampling 

Mechanical 

The operator should be given time to learn the sampler, how to use it optimal and 
common mistake that could be done and have do avoid them and why. For example if 
touching the ground when sampling, it is easy to be fooled that the apparent large 
sample comes from a big area when it actually just comes from one small spot. When 
this was learned in the test procedure, distances were used at some of the following 
tests. The ejector pump used right now is over dimensioned, and therefore if needed 
due to ergonomic and practical causes a smaller ejector pump can be used. Though 
keep in mind the conclusions from the laboratory test in Norway, air consumption 
contra suction. 
 
A grid should be used but as later test showed that the grid easily got blocked, and in 
combination that the sampler should not touch the ground. A grid that cover the 
entire mouth piece and with a distance built in, as a suggestion at the edge, would be 
more appropriate. It should be easy to change and clean. Metal mosquito nets should 
be available in all countries, relatively cheap and also easy to shape. A suggestion is to 
use a mosquito net 
slightly bigger than the 
entire mouth piece, 
make a fold at the end 
all around (Figure 5.4.1) 
to get a distance as a 
suggestion of approxi-
mately a half cm and 
then another fold to be 
able to slip/slide the 
mosquito net solution 
on to the mouth piece. It 
is easy, uncomplicated 
to maintain, cheap 
and/or disposable when 
needed. In these tests, 
though, the problem 
with the blocked grid was solved by switching the sampler off when the noise 
indicated that the suction decrease due to blocked grid. The objects blocking the grid 
fell off and the sampler was turned on again, until next time.  
 
Regarding movement it is possible to move the sampler with a desirable high speed, 
and still collect dust. Nothing said if the right size of particles is collected and if TNT 

 
Figure 5.4.1 Future grid suggestion 
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can be detected. It is important to clarify the minimum amount soil/area unit that 
must be collected to still be able to detect TNT and still not dilute the sample. 
 
Another practical problem is that it in some way seems to be easier to collect air 
because air is everywhere even if the ground is compact. On the other hand the 
operator needs to know when the molecules are present, e.g. how long time after 
rainfall and at what height from the ground the TNT molecules can be found/the 
headspace is. When particles are collected a direct visual control shows if something 
is collected at all.  
 
Even if handling the sampler do not demand a higher education in any way some 
training of the operator is essential especially concerning why sampling is to be done 
a certain way. 
 
As the filter element that protects the ejector pump from dust gets dirty so fast, which 
can be explained as fine particles falls slower than bigger ones, this means that the 
really fine particles might not got the time to end up in the bottle before they are 
sucked further into the sampler and ends up in the filter element. This, though, 
indicates that the cyclone separator used not separated the finest particles and 
therefore an optimization of the cyclone separator should be done. Thorough tests 
and measurements of the requirements for the cyclone separator are of great 
importance, and thereby an optimal dimensioning of the cyclone separator can be 
made. Luckily cooperation is already started with flow engineers in Trondheim, 
Norway. Material should be chosen wisely both concerning contamination risks and 
cleaning availability. Regardless there might even be a problem with the filter 
element clogging, leading to decreased suction, but Hagman (2010) informs that the 
filter element can be washed with soap and water, it is though desirable to dry it by 
blowing it with compressed air afterwards. A new filter element costs 17US$ + 
shipping. 

Sources of error 

Sampling of too wet soil due to lack of time and therefore sampling too soon after 
rainfall. Unfamiliarly with the sampler and lack of time gave some inconsistence in 
the sampling as new learnings were gained every time the sampler was used and 
therefore new procedures were worked out meanwhile. The manometer at the 
compressor used and the manometer at the air tank showed conflicting values, with 
the one at the air tank showing a slightly lower value. 

Detection 

As neither the MDR test nor the laboratory tests showed something consistent, 
conclusions are hard to make. It is possible to say that the sampler do not work but 
concerning the heavy rain fall for weeks before the test that might not be true either. 
The only thing certain is that more tests must be done before any conclusions can be 
made. 

Sources of error 

Sampling was made soon after the end of the rain season, which made the ground 
hardly packed by the heavy rain fall. The procedure of the sampling changed 
somewhat during the tests as new sampler behaviour was discovered.  
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Contamination 

As the contamination samples were tested in the laboratory see the conclusion below. 

Sources of error 

Touching the ground when sampling made soil clog the grid. Touching the ground 
would not be accepted in an operational situation. 

Ergonomics 

As much as possibly at the sampler should be adjustable, that means the hurdle, the 
pipe, the placement of the loop and the handle. It is important to remember the 
balance of the sampler when making it adjustable. A telescopic pipe would be 
desirable, in that case to make sure that there are no air leakages a hose can be used 
inside the sampler pipe. Regarding the handle inspiration could come from electric 
brushcutter, which uses a two hand handle for easier controlling of the sampler 
movements. 

Sources of error 

The different operators influenced each other.  

5.4.2 MDR test 

A detection rate of 45 % on positive training samples is relatively low. From 1st of 
April till 20th of May 2010 (the day before this test), the reported average hit rate for 
the six MDRs used in this test ranged from 66,6 % to 86,8 % (of approximately 290-
320 analyzed target samples). Their collective average during the same period was 
77,0 %. Furthermore, the FA rate on control training samples was higher than 
average. The FA rate in the training sessions from 1st of April till 20th of May 2010 
ranged from 1,3 % to 3,5 % (of approximately 2610-2880 analyzed control samples), 
with a collective average of 1,9 %. The MDRs thus performed less well in this test than 
in standard training. 
 
A comparison between the FA rate on the training samples (3,85 %) to the FA rate on 
the field samples (12,96 %) shows that the MDRs responded differently to the field 
samples than to the training samples during this test (p<0,05; for more information 
on the statistical test made, see Appendix K). They reacted to some difference in the 
odour of the field samples, which unfortunately means that the rest of the results are 
not valid (Schoon, 2010). 
 
Even though the hit rate on target training samples was low (45 %), the hit rate on the 
target field samples was even lower (16,67 %). However, the detection rates differ 
from the different field samples (a, b and c); the target field samples from one of the 
areas was detected by 50 % of the MDRs (comparable to the hit rate on target 
training samples in this test), whereas the target field samples from the other two 
areas were not detected by any MDR. Note that the indication of one of the target 
field samples occurred in both sets of tests – the MDRs tend to take cues from where 
previous MDRs indicated, and this is actually the reason why the test is run in two 
different sets. The chemical analysis of these samples could have given further 
guidance on how to interpret these results. Unfortunately, this analysis did not give 
much information, se sections 4.4.3 and 5.4.3. 
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The collective hit rate on all three PMR-2 field samples (16,67 %) is only slightly 
higher that the FA rate on the field control samples (12,96 %). 

Sources of error 

When collecting the field samples, it is possible that we left cues for the MDRs that 
made a difference between the field samples. The sample preparator can also have 
left cues, as he may have been less attentive due to us looking over his shoulder. 
During the test, the trainers may have felt pressured by having us controlling the 
process, which can affect how they react to the rats. 
 
In the first run, the positive field samples were not marked at the Session Evaluation 
Sheet (Appendix H). This should not affect the results – however, when we made a 
remark of this, one of the trainers told the documenter about an indication which he 
previously had not mentioned. As it turned out, this was on one of the positive field 
samples. For the last four MDRs, the positive field samples were marked. 
 
According to the MDR trainers and other personnel at APOPO, one of the main 
reasons that the MDRs did not perform well in this test, is probably that they are not 
used to the field sample smell. When field MDRs are taken to new locations for mine 
detection operations, they have to be trained on the new soil that they will work with. 
Similar should be done with REST MDRs. Because of limited time and the sampling 
equipment not working optimally, there was no possibility to pre-train the rats on the 
field soil. 
 
The rains that had fallen prior to sampling can have caused that there was no/not 
much TNT in the positive field samples. The laboratory tests showed no explosive 
compounds in the positive samples, however, as discussed in section 5.4.3, the 
equipment did not work as expected. 

5.4.3 Laboratory tests 

After analysing the positive field samples in the HSS-GC-NPD without finding any 
explosive compounds, the laboratory staff did further analyses with soil known to 
contain TNT. These analyses showed no explosive compounds either, suggesting that 
the equipment need to be optimized, calibrated and validated several times to be able 
to use the laboratory as it is tended to be, a helpful hand in the training of the rats.  
 
The results from the MAE-GC-NPD of the contamination test shows that a thorough 
cleaning of the sampler must be done between samples. Important to bear in mind 
that even a visible clean surface most likely is not clean at all. An easy, cheap and 
reliable cleaning method should be worked out to be able to put any trust into an 
operational unit. Mentioned ideas have been cleaning by an outward jet 
flow/reversing the suction by blowing away the remaining explosives molecules, 
suction of a sponge with a suitable size drenched in acetone through the pipe – which 
will clean the inside of the sampler. Drenching all sampler parts (before the sample 
bottle) in acetone, and thereby wash away all traces of explosives. In that case it is 
important to start the sampling with the same procedure so that the first sample will 
not differ from the others.  There are though a crucial method as acetone due to its 
strong scent may disturb the detection animals. As long as a reliable cleaning method 
is not present no trust could be given to the samples taken or a bigger area then 
needed must be put into further investigation every time, depending of any proof 
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could state when the TNT trace will be enough diluted not to be detectable any more 
– which is a risky business. Therefore cleaning should be a high priority.  
 
Further research on the contamination issue is needed. In this test an extremely high 
concentration (30 and 300 ng/g) of TNT was sampled, this would not be the case in a 
real mine field. The contamination in the neutral samples was expected. It was 
desirable to do the same test at the test field, but as there was no instrumentally 
detectable amount of explosive compounds to do contaminations tests on the 
sampled field samples this could not be made at the time. Therefore further tests are 
needed and also all cleaning methods thinkable should be tested. Also different 
persons rank the contamination differently; therefore scientific test results are 
attractive.  

Sources of error  

Unfamiliarity to the somewhat new laboratory equipment. The equipment is very 
sensitive and need to be used with awareness, especially due to TNT‟s high 
contagiousness.  

5.5 Obstacles  
The biggest obstacle faced was the small size of the compressed air bottle in addition 
to the amount of air consumed by the sampler – which was a losing combination. In 
the same time a bigger bottle might be too heavy to carry and if a lower operating 
pressure is used with the sampler it will not sample enough. 
 
Another obstacle was the rain, as the time (April-May) for the tests was the rainy 
season in Tanzania. Heavy rain delayed the tests for quite some time, and not all the 
desired amount of tests was performed and therefore some of the results are 
somewhat inadequate.  
 
Due to the risk of contamination and a willingness of not contaminate the sampler in 
the beginning. Mechanical tests were made first at an area close to the test field. 
Thereafter the testes moved into the test field. 
 
Due to relatively new laboratory equipment it had not yet been calibrated enough for 
this purpose. There was also some delay due to needed maintenance.  

5.6 Summary of suggestions 
The main problems met; 
*The sampler runs out of air / The air 
tank is heavy and uncomfortable 
 
 
*The grid gets blocked and the suction 
decreases / Uneven sample is collected if 
accidentally touching the ground / 
Unwanted objects are collected / The 
mouth piece get stuck in the vegetation 
 
*Operators has different height 
 

Solution, in short; 
*Use another power source/bigger air 
tank which is designed more 
ergonomically 
 
*Evaluate the new grid suggestion and 
use an outward jet flow / Train the 
operators / Dimension the cyclone 
separator 
 
 
* Make the sampler adjustable 
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5.6.1 Power source 

We do not recommend using pressurised air as a power source for a hand held 
sampler unit. In order to make the sampling time between fillings sufficiently long for 
an operational sampler, the bottle(s) might be too heavy for the operator to carry 
such a long time. One of the main reasons to use pressurised air was the reliability of 
the system. However, as we perceived it, this system, too, has its flaws. We 
recommend that a battery powered solution is reconsidered. The batteries used by 
APOPO are more than ten years old, and much development has been done on 
rechargeable batteries since, and should be available with longer lifetime and lighter 
weight. Several batteries could be used parallel connected to increase the operation 
time of the pump. 
 
Another reason for using pressurised air was the possibility to use the same air source 
to create a jet flow for stirring up dust. If this was to be done, the air supply would 
run out even more quickly. If the exhaust flow from the ejector pump was to be used 
for this, it would have to deliver to a higher pressure than atmospheric, and thus the 
effective suction that can be obtained would be reduced (Kjeldsen, 2010). Other 
solutions for creating a jet flow, for example using a fan, have been elaborated in 
earlier projects (Meyer & Wessel, 2006). 

5.6.2 Mouth piece & grid 

A combination of old and new suggestions gives the most favourable suggestion; a 
mouth piece shaped as a disk with an adjustable angle to always be parallel to the 
ground regardless of the operators height. The grid should cover the entire mouth 
piece and with a distance built in, and easy to slip/slide onto the mouth piece. It 
should be easy to change and clean, like a metal mosquito net. Together with a jet 
flow or brushes seem to be the optimal solution. The distance between the mouth 
piece and the cyclone separator should be as short as possible due to less area that 
could be contaminated. It is also desirable that the mouth piece can be moved above 
the vegetation smoothly and not have a lot of sharp edges where grass and etc. can 
get stuck. 

5.6.3 The pipe 

The pipe should be as flexible as it could be to be easy to use by operators of different 
heights. This would also facilitate transportation of the sampler. For example an 
adjustable telescope pipe, with a hose inside for the air to prevent leakage. It will 
probably be harder to balance the sampler only using the ejector pump when the pipe 
is adjustable, therefore a solution with a removable weight could be used. The loop 
and the handle should both be moveable, and a two hand grip could simplify the 
handling of the sampler. The material should be chosen with weight in mind, for 
example aluminium.  
 
The range of the sampler is of great importance. A discussion with experienced 
operational field personnel should be held, where desired range needed to be covered 
to be competitive with other methods but yet practical and safe for the operator, 
should be decided on. Not to forget the sampling speed needed. 
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5.7 Other conclusions regarding the REST project 
The REST project has been going on for more than twenty years, and during this time 
multiple organizations and persons have been a part of the project. Lack of 
communication and documentation seem to have been one of the biggest problems. 
Persons have gained a lot of valuable knowledge and experience which in some cases 
have gone to waste within the project when that person has left the project for one 
reason or another. It is of great importance, mostly to save resources, to gather up 
lessons learned to be excused from making the same conclusions over and over again. 
If this project will survive and fructify a few persons working 100 % not 20 persons 
working 5 % are needed, or at least having one (1) person in charge that could 
coordinate the cooperation between different experts consulted. It is also of great 
importance to have a clear communication - spell out what you want to say.  
 
To reach an operational sampler, it is necessary to work interdisciplinary. An issue 
that we faced is that no one seems to know how much dust should be collected in 
each sample. The MDRs are trained on samples of approximately 2 grams, and they 
are capable to detect concentration in the range of ng. Another is how large sectors 
should be covered in each sample, and in what speed. Analytical chemists, experts in 
animal training, and people with experience of working in the mine field need to 
work together with developing engineers to establish this kind of requirements for an 
operational sampler. As another example, we encountered highly differing opinions 
on the safety risks involved when using brushes as an alternative to jet flow to disturb 
the ground when sampling dust. Safety is thus another issue where developers of the 
sampler will need help from MA experts.  
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6 Future work 

6.1 Other suggestions besides the actual sampling unit 
The sampling technique is easy to learn, but a SOP and a user manual should be 
produced, desirable in multiple languages depending on need and step-by-step 
pictures of how to use and how to fix common errors. It would be essential to work 
out a SOP, to assure that all operators sample in the same way, especially not to leave 
cues for the MDRs. To know what is collected is the key to a working operational 
REST unit. 

 
For the comfort of the sampler operator, the backpack needs to be improved if the air 
tank is to be used. The backpack currently in use is uncomfortable and difficult to put 
on and remove. If the compressed air cylinder is to be used, it could be mounted 
horizontally at the top of the backpack, which would at the same time improve the 
ergonomics, due to higher centre of mass, and deal with the problem that the ejector 
pump currently hits the cylinder when shorter people operate the sampler. 
 
In order to protect the sampler during transport, but also for convenience, a 
transportation box should be constructed. This box should have room for all parts of 
the sampler unit (except for the backpack/power source), and could also include 
spaces for extra grids, filters etc. For example, a deliverer of boxes for rifles could be 
contacted about producing a customised box for this purpose. If the sampler is to be 
used in remote areas a tool kit and a spare part kit must always be delivered with the 
sampler and included in the transportation box. 
 
Making the sample vehicle mounted may be desirable to be able to do sampling in a 
large scale, if it is possible to sample in a high speed and in the same time get a 
reliable sample. A solution has to be found for a vehicle mounted mouth piece that 
covers a big enough area.  
 
If/when an operational sampler is brought to use, there should be continuous 
evaluation and improvements made to the prototype.  

6.2 Other applications 
Even if REST does not become operational in the foreseeable future, an operational 
sampler could assist in training and testing of detection animals, as well as in 
creation and testing of training fields/test fields. The samples collected could be 
analysed with laboratory equipment. 
 
There are also a number of other applications for Remote Scent Tracing. For some, 
the sampler unit could be of a similar kind as the one developed and evaluated in this 
report – such as searching for leakage points along oil pipes buried in sand, or trying 
to find mass graves in post war zones. Other applications include searching for 
explosives or drugs in air or ship cargo. For each of these other possible applications, 
the sampler unit should be optimized. 
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Appendix A – Introduction to cooperation organizations 

Geneva International Centre for Humanitarian Demining (GICHD) 

The Geneva International Centre for Humanitarian Demining (GICHD) is an 
international mine action organisation, based in Switzerland. It was established in 
1998 as a non-profit foundation, and is financially supported by around 20 countries 
and international organisations. The GICHD works to eliminate anti-personnel mines 
as well as to reduce the humanitarian impact of landmines and other explosive 
remnants of war. The GICHD conducts applied research and develops standards, 
disseminates knowledge, and supports instruments of international law, as well as 
providing operational assistance and capacity development support. The activities of 
the GICHD are carried out in partnership with national governments, international 
and regional organisations, NGOs, research centres and commercial companies 
working in the area of mine action [1]. 
 
Web page: http://www.gichd.org 
 

Norwegian People’s Aid (NPA) 

Norwegian People‟s Aid (NPA) is a humanitarian NGO working against poverty and 
discrimination. NPA was founded in 1939 as a part of the Norwegian Labour 
Movement, and is currently working through local partners in more than 30 
countries. NPA is one of the leading organisations in humanitarian mine action, and 
has played a central role in the International Campaign to Ban Landmines [2]. NPA 
are prominent in dog breeding and training. Unfortunately, NPA withdrew from the 
REST project in April, 2010 because of lack of funding. 
 
Web page: http://npaid.org 
 

APOPO 

APOPO is a non-profit organisation, founded in Belgium but with its head quarters in 
Morogoro, Tanzania. APOPO develops and deploys detection rat technology for 
humanitarian purposes. The intention was to provide a low technology solution to the 
global land mine problem, but today the rats are also trained to detect tuberculosis 
[3]. 
 
Web pages: http://www.APOPO.org and http://www.herorat.org 
 

Swedish Defence Research Agency (FOI) 

FOI is one of the most prominent research institutes in Europe in the area of defence 
and security. FOI is financed by contracts, and is responsible to the Swedish Ministry 
of Defence. Among other things, FOI develops control and command systems for 
international peace-keeping efforts, as well as methods for the handling of dangerous 
substances [4]. 
 
Web page: http://www.foi.se/FOI/templates/startpage____96.aspx 
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Norwegian University of Science and Technology (NTNU) 

NTNU is situated in Trondheim and is Norway‟s second largest university. The 
university was founded in 1910 and has approximately 20 000 students in seven 
different faculties. NTNU has more than 100 laboratory facilities, one of which is a 
hydropower laboratory [5]. 
 
Web page: http://www.ntnu.no/english 
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Appendix B – Example of spreading of explosives around buried mines 

 

Reference 

FOI: Ek S, Berglind R, Brantlind M, Holmgren E, Kjellström A, Menning D, Sarholm 

L, Wanhatalo M & Woldegiorgis A (2007) Summary of the work in the project Land 

mine systems – Detection and Neutralisation during the years  2000-2004, FOI 



4 

Appendix C – Suggestions for the grid and how to attach it to the mouth piece 
(2010-06-04) 

 
Different suggestions for the grid 
Our idea is to have exchangeable and reusable grids. You change the grid before every new sample. Until next time you clean all 
used grids by soaking them in acetone, which will remove any TNT. Below is a list of the investigated solutions. 
 

1. Pre-perforated sheet metal 
Available with different hole sizes. 
Material: Stainless steel or aluminium 
Where to find: Can probably be found locally, though 
not in smaller towns. 
Cost: Unknown 
Pros: No seams for TNT molecules to get stuck. Different 
hole sizes can be found. Possibly long life time.  
Cons: Cost & availability yet unknown. 
 

 

2. Custom made sheet metal grid 
You get exactly what you want, and it is controlled and 
of high quality. Not available everywhere, need to find 
someone who can produce them at a reasonable cost. 
Material: Stainless steel or aluminium 
Where to find: Can probably be produced locally, or by 
buying sheet metal and hole cutting pliers. 
Cost: Higher if e.g. produced in Sweden, lower if made 
on spot from sheet metal. 
Pros: No seams for TNT molecules to get stuck. Different 
hole sizes can be made. Possibly long life time. Can be 
made magnetic, bolts can be attached to the grid (se 
section about fastening). 
Cons: Has to be manufactured. 

 

3. Grill net 
Simple solution that doesn’t have to be custom made. 
Can be found in shops (at least in Sweden).  
Material: Aluminium 
Where to find: Sweden: Biltema etc. 
Cost:  € 54/m

2
 

Pros: Made in one piece i.e. no seams, doesn’t have to 
be custom made. 
Cons: Somewhat expensive, not sure of availability in 
developing countries, only one size to the holes. Sharp 
edges. 
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4. Metal mosquito net 
Simple solution that can be found everywhere.  
Material: Aluminium 
Where to find: Local hardware shops 
Cost: € 2/m

2
 

Pros: Cheap, available everywhere, a few different sizes 
of mesh can be found. 
Cons: Seams make a risk for contamination. Sharp 
edges, might be difficult to handle. The edges will tear. 
Not so professional look. 

 

 

5. Metal net, larger holes 
Simple solution that can be found everywhere. Though 
can be difficult to handle, because of the sharp edges. 
Material: Aluminium 
Where to find: Local hardware shops 
Cost: € 2:50/m

2
 

Pros: Cheap, can be found in hardware stores 
everywhere. Different sizes. 
Cons: Seams make a risk for contamination. Sharp 
edges. Not so professional look. 

 

6. Plastic mosquito net 
Simple solution that can be found everywhere. Plastic is 
not good concerning contamination, but can be used as 
a disposable grid. 
Material: Plastic 
Where to find: Local hardware shops 
Cost: low 
Pros: Available everywhere. 
Cons: Because of contamination not suitable for re-use, 
thus in the long run larger costs economically and 
environmentally. Might be available in one hole size 
only. Requires special attaching solution. Weak, might 
get sucked in to the sampler.  

Image from: 
http://www.mancomesh.com/application.ht
ml 
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Different suggestions for the attaching of the grid 

The solution for attaching should be really easy and fast to use, even in the field. There should not be a lot of joints due to risk of 
contamination. Perhaps silicone or something similar could be used to encapsulate the screws used, or the screws/parts could 
be placed at such a distance from the inlet that the contamination risk will be minimized. It is desirable to chose a design 
solution that requires as little handling with the parts as possible, to minimize the risk of cross contamination. Below is a list of 
the investigated solutions. 
 

1. Locking flaps 
Probably the easiest solution. 2-4 (4 is probably the best) 
flaps can be attached with screws in the end. In the field; 
just flip them over the grids. Easy to adjust the tightness 
when needed by tightening the screws.  
Material: Metal 
Where to find: ? Not a complicated design, could be 
manufactured from sheet metal.  
Cost: ? 
Pros: Quick and simple. No loose parts. 
Cons: Contamination might be an issue. 

 

2. Milled tracks on the unit 
Depending on how the unit is to be manufactured, tracks 
could be milled directly on the mouthpiece. Some kind of 
barrier needed in the front. This solution would be really 
fast to use in the field. 
Material: Same as the unit 
Where to find: Manufacture with the unit 
Cost: Additional cost to manufacturing the unit. 
Pros: No external attaching devices required. 
Cons: Makes manufacturing of the mouthpiece more 
complicated. Might only be possible to use with some of 
the grid solutions. 

 

3. Pins with spring clips 
Easy and fast to use. Will be used as stops at some kind 
of screws or pins. Needs 2-4 pins, on which the grid is 
placed, and the grid will be kept in place with the spring 
clips. The spring clips could be on top of the unit (the 
opposite side to the grid) to minimize contamination. In 
this case the pins could either be free bolts, or pins 
attached to the grid. 
Material: Metal 
Where to find: Hardware stores in Sweden 
Cost: € 0:50-1/piece + cost for pins 
Pros: Simple to realise. 
Cons: Easy to lose the clips in the field, unless strings are 
attached. Necessary to make holes in the grids. 

 
 
 

 
 
Image from: 
http://www.hydab.se/html/klammor.html 

4. Clips 
The same idea as when you attach a ball point pen to 
your pocket. Can be easy and fast to use, depending on 
the choice of grid. 2-4 pieces could be fastened to the 
unit with screws and then you just slide in the grid. 
Material: Metal 
Where to find: Unknown 
Cost: Unknown 
Pros: Easy and fast to use with some types of grids. 
Cons: Would probably not work with grid of a non taut 
material e.g. the mosquito nets. 
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5. Paper clips 
Easy and fast to use. 2-4 clips could be fastened to the 
unit with screws at the end. 
Material: Metal 
Where to find: Office retailers in Sweden. 
Cost: € 0:50-1/piece 
Pros: Simple to use. 
Cons: There might be a small space between the grid and 
the unit. A lot of places for TNT molecules to get stuck.  

 
 

Image from: AB Thure Bünger, 
http://www.mattonbutiken.se/index/product
/id/682400/PAPPERSKLAMMA_BULLDOG_30
MM.html 

6. Bolts with wing nuts 
As above, slower to use but more commonly available. 
Material: Metal 
Where to find: Probably available in most hardware 
stores 
Cost: € 0,15/piece 
Pros: Easy to find and simple to use. 
Cons: It takes some time to tighten and loosen them. 
They can easily be misplaced as they will be loose. 
Necessary to make holes in (or pins on) the grids. 

 

 

 
Image from: http://www.esska-
teknik.se/esska_se_s/ vingmutter-foerzinkat-
aducergods-din-315.html 

7. Magnets 
Really easy to use if the grid is in a magnetic material. To 
avoid loose parts, the magnets could be placed in 
suitable holes, and/or glued to the unit. They might be 
placed at a distance from the inlet to reduce risk of cross 
contamination. Might be able to activate mines – this 
suggestion should not be used. 
Material: Magnet 
Where to find: Sweden: Panduro etc. Probably locally 
available in most countries. 
Cost: € 0:20/piece 
Pros: Probably the quickest solution. 
Cons: Can only be used with magnetic grids. Might be 
too week for field use. Safety risk – magnets could 
activate the mines. 

 

 
Image from: e-Magnets UK Limited, Sheffield, 
UK.  www.e-magnetsuk.com 

8. Super magnet 
Easy to attach. No need of any preparation of the unit, 
just place the grid over the inlet and fasten it with the 
magnets. On the other hand it might be hard to remove, 
and inconvenient to keep track of magnets in the field. 
Might be able to activate mines – this suggestion should 
not be used. 
Material: Magnet 
Where to find: In shops, at least in Sweden 
Cost: € 1/piece 
Pros: No need for preparation of the mouthpiece or grid. 
Possibly the solution with the least contamination risk. 
Cons: Inconvenient, magnets might get lost or stuck to 
each other. At least parts of the mouthpiece have to be 
magnetic. Might not be possible to use with the sheet 
metal grid. Safety risk – might activate the mines.  

 
Image from: 
http://catalog.miniscience.com/Catalog/Mag
nets/Neodymium_Magnets.html  

Images used with permission. When no reference is given, image is courtesy of the authors.
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Appendix D – Ideas for field tests (2010-04-22) 

 
Ideas for field tests  
Different types of grids 

 Air consumption 

 Function (what is stopped, what is let 

through?) 

Air consumption 

 By using different types of grids 

 With no grid 

 By using different methods of 

sampling 

 Using different amounts of air 

pressure 

 How long will one bottle last? 

Air pressure 

 Avoid ”tornados” 

 What pressure seems to be 

appropriate? 

 Affects the sampling time? 

 How does it affect air consumption? 

 Different with different soil types? 

Comparison with the old (pressure driven) 
sampler 

 Air consumption 

 Ergonomics 

 Particle sizes collected 

 Other differences 

Distance to the ground 

 Maximum distance when particles are 

still collected 

 Affect particle size collected? 

 Amount of soil collected per area unit 

 Ergonomics 

Method 

 Try to make an SOP for sampling 

 How to move the sampler? 

 Appropriate distance from the 

ground? 

 Time – stopping vs sweeping 

 What amount of soil do we want to 

collect per sample? 

 How large area do we want to 

cover/can we cover per sample? 

 

 What size of area can we cover per 

time unit? (Thus also per air bottle) 

Contamination/cleaning 

 Sample above mine and then above 

clean ground 

 Sample after cleaning with air 

 Sample after cleaning with acetone 

sponge 

Ergonomics 

 How long time can one person sample 

using this equipment? (Est.) 

 Input on the harness 

 Input on the handle 

 Input on the weight issue 

 Input on the movements 

Changing of grids, glass bottles 

 Time 

 Ergonomics 

 Contamination risks during changing 

process 

Different types of soil 

 What about moist soil? Will stuck? 

 Different grids for different soil types? 

 
Sample above a mine, let the rats smell the 
sample 
 
Test to contaminate different grids with TNT, 
soak in acetone and see if TNT remains 
 
What is the maximum horizontal distance 
from a mine where it can still be detected? 
(This question is hard to answer and depends 
on many factors, but is important to have in 
mind when testing sampling methods.) 
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Appendix E – Report from APOPO’s weather station 

 

 
  

Temp 

(°C) 
Out 
(%) Wind       

In 

(°C) 
In 
(%) Soil 1 Soil  

Date Time Out Hum Speed Dir Bar   Rain Temp Hum Moist. Temp 1 

 
                      

110510 1:30 PM 29,5 100 0 --- 1009,2 0 31,4 75 14 25,6 

 
2:00 PM 29,4 100 0 ENE 1008,7 0 31,8 75 14 26,1 

  2:30 PM 29,4 100 0 --- 1008 0 32,1 75 14 26,1 

120510 1:30 PM 28,1 100 0 --- 1011,1 0 29,6 75 16 25 

 
2:00 PM 26,9 100 0 --- 1010,7 0 30,1 75 16 25 

  2:30 PM 24,4 100 0,4 N 1010,9 10 29,9 74 4 25 

170510 
11:00 

AM 25,9 100 0 --- 1012,5 0 27,2 75 13 23,9 

 

11:30 
AM 25,8 100 0 --- 1012,6 0 27,9 74 14 23,9 

  
12:00 

PM 26 100 0 --- 1012,2 0 28,4 74 14 23,9 

 
2:00 PM 27,9 100 0 ENE 1009,4 0 29,8 74 15 24,4 

 
2:30 PM 28,2 100 0 ENE 1008,9 0 30,2 74 15 25 

  3:00 PM 28 100 0,9 ESE 1008,7 0 30,4 73 15 25 

180510 
10:00 

AM 26 100 0 --- 1013,3 0 24,6 77 14 22,8 

 

10:30 
AM 26,7 100 0 --- 1012,9 0 26,1 76 14 22,8 

  
11:00 

AM 26,9 100 0 --- 1012,2 0 27,1 74 15 23,3 

 
1:30 PM 28,6 100 0 --- 1008,9 0 30,3 73 16 24,4 

 
2:00 PM 28,8 100 0 --- 1008,3 0 30,5 73 16 24,4 

 
2:30 PM 29,3 100 0 --- 1007,6 0 30,8 73 16 25 

  3:00 PM 29,3 100 0 N 1007,1 0 31,2 73 16 25 

190510 
11:00 

AM 26,6 100 0 NW 1012,2 0 27,2 74 16 23,3 

  
11:30 

AM 27,3 100 0 --- 1011,4 0 28,3 74 16 23,9 

 
2:00 PM 28,6 100 0 E 1008,6 0 31,3 72 17 25 

  2:30 PM 28,6 100 0 --- 1008,4 0 31,6 72 17 25 

 
6:00 PM 26,9 100 0 --- 1008,7 0 32,1 71 17 25,6 

  6:30 PM --- --- 0 --- 1012,1 0 31,7 71 17 25,6 

200510 
10:00 

AM 24,2 100 0 --- 1014,6 0 21,6 75 15 22,8 

 

10:30 
AM 25,9 100 0 --- 1013,7 0 22,8 75 16 22,8 

 

11:00 
AM 26,6 100 0 NNE 1013,2 0 24,1 75 17 23,3 

  
11:30 

AM 27,4 100 0 ENE 1012,5 0 25,5 74 17 23,3 

280510* NA NA NA NA NA NA NA NA NA NA NA 

* No sampling at the test field 
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Appendix F – Detailed information about the sampled boxes at the test field 

 

Examples of different appearances of the circles 

 
Box T56, the one with least foliage 

 
Box N87, the one in between 

 
Box O77, the one with the most foliage 

 

 
  

Box/            

(circle)
Type

Name in                      

REST-IMS

Date (DMY)/            

Time 

Sampling              

times

The grass                    

was cut:
Comment

N87 control FSCN87-003 180510 10.30 1 + 1 the week before No need for clearing

O77 PMR-2 FSPMR2-003a 180510 14.35 3 + 2 the week before Cleared before sampling

O72 control FSCO72-003 180510 14.45 2 + 1,5 the week before Cleared before sampling

O90 control FSCO90-003 180510 15.45 2 + 2 the week before Cleared before sampling

O84 control FSCN87-003 190510 18.20 1 + 1 the week before Cleared before sampling

O83 PMR-2 FSPMR2-003b 190510 14.10 3 + 3,5 the week before Cleared before sampling

W28 control FSCW28-003 190510 18.10 1 + 1 18/5-2010 Cleared before sampling

W40 control FSCW40-003 190510 18.00 2 + 2 18/5-2010 Cleared before sampling

T56 control FSCT56-003 200510 10.00 2 + 2 19/5-2010 Cleared before sampling

T54 control FSCT54-003 200510 10.05 1 + 1 19/5-2010 Cleared before sampling

O69 PMR-2 FSPMR2-003c 200510 11.20 2 + 2 the week before Cleared before sampling

S08 control FSCS08-003 200510 11.35 2 + 1,5 18/5-2010 Cleared before sampling
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Appendix G – Sample preparation lists, MDR tests 
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Appendix H – Session Evaluation Sheets, MDR-tests 
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Appendix I – Execution Session Reports, MDR tests 
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Appendix J – Measured values from laboratory tests in Norway 

 

P (bar) 
QD read from 
the rotameter 

QD read 
from the 
rotameter. 
Adjusted 
due to 
misreading 

DP1 (bar) DP2 (bar) 

 

4 18,5 16,5 0,0786 0,0798 

 

3,2 16,7 14,7 0,0594 0,0613 

 

2,4 15 13 0,0431 0,043 

 

2 14,1 12,1 0,0336 0,0338 

 

1,6 13,5 11,5 0,0256 0,0266 

 

1 12,5 10,5 0,0171 0,0171 

 

0,5 11,5 9,5 0,0085 0,0098 

 

0 10 8 0 
 

 
   

  P = operating pressure, regulated by a valve 

  QD = flow rate for the ejector pump 
   DP1 = pressure difference between the cyclone separator's outlet and 1 atm, without mouth piece 

DP2 = pressure difference between the cyclone separator's outlet and 1 atm, without mouth piece, take 2 

      

  

P (bar) 
Pin (absolute 
bar) 

QD read 
from the 
rotameter 

QD read from the 
rotameter. 
Adjusted due to 
misreading 

DP2 with 
mouth piece 
(bar) 

No grid 4 5 18,5 16,5 0,0782 

Grid 1 4 5 18,5 16,5 0,0808 

Grid 2 4 5 18,5 16,5 0,0908 

Grid 3 4 5 18,5 16,5 0,0948 

Grid 4 4 5 18,5 16,5 0,0794 

No grid 3,2 4,2 16,8 14,8 0,0609 

Grid 1 3,2 4,2 17 15 0,0619 

Grid 2 3,2 4,2 16,8 14,8 0,0703 

Grid 3 3,2 4,2 16,7 14,7 0,0726 

Grid 4 3,2 4,2 17 15 0,0617 

No grid 2,4 3,4 15 13 0,0425 

Grid 1 2,4 3,4 15 13 0,0441 

Grid 2 2,4 3,4 15 13 0,0485 

Grid 3 2,4 3,4 15 13 0,0505 

Grid 4 2,4 3,4 15,1 13,1 0,0432 

No grid 1,6 2,6 13,5 11,5 0,0257 

Grid 1 1,6 2,6 13,5 11,5 0,0269 

Grid 2 1,6 2,6 13,3 11,3 0,0293 

Grid 3 1,6 2,6 13,3 11,3 0,0305 

Grid 4 1,6 2,6 13,5 11,5 0,0263 

No grid 1 2 12,5 10,5 0,0171 

Grid 1 1 2 12,5 10,5 0,0176 

Grid 2 1 2 12,5 10,5 0,0201 

Grid 3 1 2 12,5 10,5 0,0211 

Grid 4 1 2 12,5 10,5 0,0175 

  
 

  
 

    

No grid 4,4 5,4 19,1 17,1 0,0873 

No grid 4,8 5,8 20,2 18,2 0,0979 

No grid 5,2 6,2 21 19 0,1048 

      Full scale (100%) flow given by the manufacturer: 
l(n)/min 

m
3
/h 

((l/min)/1000x60) l/s ((l/min)/60) 

400 24 6,666666667 
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Air consumption m
3
/h 

(QD/100)x(m3/h)/(P+1)^0,5 

  1,770965838 
  1,721487729 
  1,692057571 
  1,676625182 
  1,711679337 
  1,781909089 
  1,861612205 
  1,92 
  

   

   

   

   

   

   
Air consumption m

3
/h 

(QD/100)x(m3/h)/(P)^0,5 

Air consumption 
kg/h 
(m

3
/h)*(1,19

A
xPin)) 

Air consumption 
kg/s (kg/s)/60^2 

1,770965838 10,53724674 0,002927013 

1,770965838 10,53724674 0,002927013 

1,770965838 10,53724674 0,002927013 

1,770965838 10,53724674 0,002927013 

1,770965838 10,53724674 0,002927013 

1,73319853 8,662526251 0,002406257 

1,756620131 8,779587416 0,002438774 

1,73319853 8,662526251 0,002406257 

1,721487729 8,603995668 0,002389999 

1,756620131 8,779587416 0,002438774 

1,692057571 6,846064932 0,001901685 

1,692057571 6,846064932 0,001901685 

1,692057571 6,846064932 0,001901685 

1,692057571 6,846064932 0,001901685 

1,705073398 6,89872697 0,001916313 

1,711679337 5,29593587 0,001471093 

1,711679337 5,29593587 0,001471093 

1,681911001 5,203832637 0,001445509 

1,681911001 5,203832637 0,001445509 

1,711679337 5,29593587 0,001471093 

1,781909089 4,240943631 0,00117804 

1,781909089 4,240943631 0,00117804 

1,781909089 4,240943631 0,00117804 

1,781909089 4,240943631 0,00117804 

1,781909089 4,240943631 0,00117804 

      

1,766080406 11,34883269 0,003152454 

1,81371328 12,51824906 0,003477291 

1,83134007 13,51162704 0,00375323 

 

 
A = density of air at 
just over 20°C 
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Appendix K – Non-parametric statistical testing by Adee Schoon 
 
Adee Schoon, Specialist in animal learning behaviour at Institute Biology Leiden at 
Leiden University used the Chi square test contingency table [1]. 
  
This is the data, summarized for the three MDRs: 
A B C D 

Hits/misses on 
mines 
  

Hits/misses on 
mine controls 

Hits/misses on 
training target 

Hits/misses on 
training controls 

3 7 27 18 

15 47 33 450 

   
The null hypothesis for each of the comparisons is that the MDRs do not discriminate 
anything at all. So “significant” means that the chance that you would find this 
difference just by coincidence is less than 5% (p<0.05 significance level). 
  
To test if the MDRs indicate significantly more on the training targets than on 
training controls, comparison is made between the data in columns C and D. 
Chi square value = 115.529, degrees of freedom =1, p<0.05  
Meaning they indicate significantly more on the training targets, meaning that they 
do discriminate targets from controls. 
  
To test if the MDRs detect the mines in the field, comparison is made between 
columns A and B. 
Chi square value = 0.155, degrees of freedom = 1, p=0.694 
Meaning they do not discriminate. 
  
To test if the MDRs hit on the samples from the field more than on the training 
samples, comparison is made between columns B and D: 
Chi square value = 8.825, degrees of freedom = 1, p=0.00297  
Meaning they indicate significantly more on field samples than on training samples. 
  
References: 
[1] http://www.socr.ucla.edu/htmls/SOCR_Analyses.html 
   
 

 


