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The proposed protocol for training dogs to detect tripwires contained in
Annex 1 was developed and tested by the Global Training Academy during
2001 as part of the GICHD Tripwire Research Project.

Tripwire protocol

Lessons learned

It has been our experience that tripwire should be introduced to mine dogs near the
end of their training course. Untrained or young dogs that are new to mine detection
have a difficult task learning to sniff the ground to detect explosives and mines hidden
below the surface. If a trainer rushes this protocol, trying to duplicate normal tripwire
placements above the surface, young dogs have a tendency to concentrate their efforts
on searching high and not sniffing the surface. The problems encountered are
magnified when attempting to teach the dog(s) to detect deeply hidden mines.

Note: We have never used or relied upon our dogs as a primary detector of tripwires.
Dogs were taught this task in order to become a more effective and safer detector in
the minefields. A good handler can normally recognise a dog’s alert on trip wires by
his JND (Just Noticeable Difference) (see Chapter 1, Part 3).

Introduction of tripwires

1. The scent of tripwire is normally introduced around the eighth to tenth week of
training.  We use the five-hole variable to introduce scent to our dogs. This involves
placing the odour in the first hole of the five-hole placements (see picture below).

� We normally use single 8 x 8 inch cinder blocks for the five-hole placements
with the blocks spaced 4-6 feet apart so that the handler and dog can manoeuvre
around the blocks while searching.
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� The dog needs room to sit when detecting the odour.
� We start with the odour being hidden in the first hole of the placement.  The

handler will assist the dog in the beginning with a verbal cue of “Sit ”.

Note: The spacing between blocks.      Normal set up of five-hole variable.

spacing 4-6 feet
between blocks block 1

block 2

block 3

1st hole

2nd hole

Tripwire placement first hole.           Tripwire placement second hole.

Tripwire in hole (4-6 feet rolled up).     Start position on five-hole variable.
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Trainer presenting first hole for sniffing .           Dog assisted into the Sit position.

Trainer continues to move to end of leash.             Commanded  “Stay” until  rewarded.

Dog is rewarded with Cressite ball.              Dog retrieves reward when thrown.

Chaper 2. Part 3. Training dogs to detect tripwires



Mine Detection Dogs: Training, Operations and Odour Detection112

� Once the dog is indicating the presence of the wire with positive responses in
the first hole then it is moved to the second hole.

� The task is repeated until the dog has found the wire in each hole successfully.
� The wire is then randomly moved around in the five-hole placements until the

dog has mastered the five-hole variable search sequence.

2. We use the Continuous Reward System (Chapter 1, Part 3) in mine dog training.
A variable reward may be used but we do not recommend it due to the length of time
in actual searches that a dog will work to find an actual mine.

3. The introduction of tripwire odour takes only a couple of days. This is
accomplished through the positive transfer of learning, which has taken place when
introducing explosives and mine fragments as described in Chapter 1, Part 3.

4. The next step in training is to place the tripwire along the search pattern that the
dog works during detection training for mines.
� We will normally place small rolls (5-8 feet) of tripwire out on the search path

of the dog. Remember the dog has already completed the five-hole variable
introduction to tripwire odour.

Trail with tripwire laying on ground.          Placement of small roll tripwire.

� When the dog crosses the wire and the trainer sees a JND he gives the command
of “Sit”. A positive response from the dog requires a primary reward being
thrown towards the dog from the front.

� The reward is thrown slightly over his head and to the rear for a chase.

    Dog approaching tripwire location.            Dog assuming the Sit position.
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� Once the dog is responding consistently without trainer assistance where
tripwire is laid along the search path, we then stretch the wire out on the ground
usually 2-3 strands thick to increase the scent (vapour) to ensure easy detection.

� The strands of tripwire are gradually decreased (Chapter 1, Part 3; Successive
approximation and shaping), as the dogs become more proficient.

Trainer gives command STAY and moves          Dog is rewarded to the rear away from the
forward to reward the dog.          tripwire.

Three strands of tripwire laid on path.

     Close-up of the three strands
of tripwire.

Chaper 2. Part 3. Training dogs to detect tripwires
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5. The next step is to stretch the wire out, off to the side of the search path ensuring a
crosswind is available. The wind should carry the scent of tripwire across the path.
This process will teach the dog not to approach the tripwire.
� The wire is stretched out 2-4 inches above the ground for approximately 5-8

feet (1.5-2.5 metres). Again ensure the crosswind carries the scent of the wire
across the search path.

� When the handler sees the JND, he commands the dog to “Sit” and “Stay”.
Note: The use of prompt timing with the command “Sit and Reward” is most
important.

Dog detects tripwire odour.

Trainer has the dog sniff the wire.

 Trainer then rewards dog to the rear.
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Tripwire laid in the grass along path.  Dog is searching with a crosswind.

crosswind with
tripwire scent

Dog crosses path towards the wire.

Trainer approaches dog commands “Sit” and “Stay” and verbal praise.

Chaper 2. Part 3. Training dogs to detect tripwires
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� In the beginning exercises the handler or trainer approaches the dog holding
the reward in his right hand and shows the dog the tripwire and reward together.

� The dog is then verbally praised and the primary reward is thrown in back of
the dog away from the wire.

� This process takes 14-21 training days to teach the dog not to approach tripwires.
� Once the dog learns the Sit response consistently  the use of avoidance training

techniques may be used in the training (Chapter 1, Part 3).
� Avoidance training is used to ensure that the dog learns not to approach the

tripwire after his JND. This usually amounts to the use of verbal or physical
corrections.

5. The next step in training is introduced when the dog is responding with the Sit
response and not approaching the tripwire. We then proceed to place the tripwire
across the paths that the dog will cross in training.
� We also may begin to introduce fishing lines and other types of improvised

tripwires that may be encountered in a real work scenario.
� With the wire crossing the path of search with little wind or a crosswind it is

quite common for the dog(s) to reach the wire and then back up before
responding with the“Sit” response.

6. The next step in tripwire training is to introduce dangling tripwires. These wires
can be attached high from a tree reaching the ground or dangling above the ground.
� We know from our tripwire research project and field experience that dogs use

their olfactory capabilities as their primary detector.
� We have also seen them use their sense of sight, hearing and touch to assist

with detection.
� Well-trained dogs often indicate the presence of tripwires when shadows or

unexplained movement are noticed. The only drawback — if it can be called
one — is that they may respond to vines or shadows of small sticks across the
search surface.

7. In our chemical analysis of tripwires (see below) we found TNT, DNT and certain
other chemicals to be present on military-type tripwire. The Tripwire Research Project
has answered a lot of questions about the olfactory ability of the dogs to detect tripwire.
Some of the tripwires we tested had been in minefields for as long as ten years before

Trainer returns to his search position and recalls dog for reward.
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we had them analysed. It was also evident that seasoned dogs used in the study,
such as Rosa and Blanca, were much more capable of detecting tripwire than a young
dog that was in training for only 6-8 months. Explanations include:
� The older dogs had refined their sense of smell.
� They had learned to detect anomalous odours, which do not belong in the setting.
� Years of actual work experience and training improved a dog’s capability in

any task it is trained for.

Progress reports from the study are provided as Annexes 2, 3 and 4.

Chaper 2. Part 3. Training dogs to detect tripwires
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Introduction

Dogs are capable of discriminating a number of compounds constituting a complex
odour picture. The purpose of this project is to determine the compound(s) dogs learn
to use in detecting tripwires. Mine detection dogs are typically trained using tripwire
that is being used in the actual mine fields. Experience has shown us that dogs primarily
use their sense of smell in detection of tripwire but they will also use their senses of
sight and hearing in detection.

Information

1. The following MDD Tripwire Testing Protocol has been developed based upon
Texas Research Institute (TRI) analysis of sample tripwires submitted by Global
Training Academy. A copy of the TRI Laboratory Analysis Report is attached to this
testing protocol procedure.

2. The dogs used for this project were selected using the same criteria, as would
candidates for mine detection dogs. These dogs will be trained using a rubber ball or
a kong as a reward for task accomplishment.

3. Ideally, a separate dog for each odour compound should have been used in the
study, but limited funding has restricted the number of dogs. Global and TRI
determined that a mixture of the odour components of: hexanal, ethylbenzene, xylene,
decane, nonanal, undecane, and naphthalene would be used to make up the composite
odour (simulated tripwire).

4. Global will train four dogs to do the following tasks:
� Two dogs will be conditioned (trained) to detect the composite odours/

simulated tripwire by scent and respond with a Sit.
� One dog will be trained to detect mines and tripwires not using any of the data

gathered from TRI.
� One dog will be trained to detect mines only.

Procedure

1. Using the five-hole Variable Training Protocol the composite odours will be
introduced to each dog in a control laboratory environment. The training will be video
taped randomly in the laboratory. The dogs will be required to discriminate the
composite odour applied to a sterile gauze. The composite odour gauze is placed in a
glass jar along with four similar jars with sterile gauze. The dog’s final response upon
detection of the composite odours/simulated tripwire is to Sit. Both dogs will be
required to achieve a detection rate of 95 per cent.

Annex 1

Protocol for tripwire testing
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2. The second step will be that both dogs discriminate the composite odour when
placed among controlled samples (other odour samples). The goal is to obtain 95 per
cent or higher accuracy in the laboratory.

3. The senior trainer and handler/trainer will record the following data:
� Five-hole variable placement location of composite odour each time dog searches;
� Positive and false responses by the dog;
� Negative (misses) results by the dog;
� Assisted (trainer using verbal or physical cues) responses;
� Placement of controls when used in five-hole variable.

4. The first objective is to progress from detection of the composite odour (simulated
tripwire odour) in the laboratory to determine if the dogs can detect the simulated
tripwire odour in the outdoor environment. If the dog(s) need additional training to
accomplish this task then the results will be documented as part of the Tripwire
Testing/Training Protocol Study.

5. The second objective is to determine if the dogs trained on simulated tripwire
odour can detect the presence of tripwire when placed in the outdoor environment. If
either or both dogs encounter problems with this task it is important to document
how much additional training time is required for the dogs to complete this portion
of the test objective. It is also important that the training techniques used to accomplish
this task are recorded.

6. The third objective is to determine if dogs trained in the laboratory have the
ability to detect tripwire effectively, while working in similar search patterns to those
of a mine detection dog. In this portion of the test Global will use two additional dogs:
� One dog trained on mines and tripwire without the use of simulated tripwire

odour (composite odour);
� One dog trained only to detect mines;
� Two dogs trained on simulated tripwire odour (additional dogs).

7. A controlled test site has been established with tripwires and mines. The mines
and tripwire have been randomly placed throughout the site. We wish to gather data
to aid us in determining how effective each dog would be in the minefield. We
understand that each dog has had limited training to this point. The data will provide
us needed information in developing a sound Training Tripwire Protocol — especially
since we have identified that tripwire used in a minefield in the Balkans has TNT
contamination.

Chaper 2. Part 3. Training dogs to detect tripwires



Mine Detection Dogs: Training, Operations and Odour Detection120

Global Training Academy has finished the Tripwire Research Project:
� Completed all dog training.
� Completed all research testing.
� Completed recording data and analysed the information.

1. The data gathered during training and testing indicates that mine dogs use their
sense of smell and sight to detect tripwires. In all the test and training events, we
never observed any of the six dogs used in this project to detect tripwires through
audible means.

2. We learned early in the project from test results conducted by TRI (Texas
Research Institute, Austin Inc.) using SPMR-GCMS (Gas Chromatography/Mass
Spectrometry), that there are some distinct vapours (scents) associated with tripwires.
With the assistance of TRI, Global Training Academy developed synthetic tripwire
vapour using a chemical mixture from the most common compounds associated with
the tested tripwire. In theory and on paper it looks good. The training protocol required
that two dogs be trained in the laboratory using training aids made from the headspace
extracted from the chemical compound. In the test portion of the project both dogs
were unable to detect tripwires that were hidden in the test field.

3. A Test Evaluation Field was constructed on 24 and 25 January 2001.  The test
site consisted of six 10 x 10 yards (9 x 9 metre) plots containing tripwires and mines.
� Site #1 contained two tripwires (first wire metal surface laid 9 feet long. The

second plastic coated wire 10 feet long surface laid) and a part of a PMN with 1
ounce (14 gm) of TNT (1 foot = 30 cm).

� Site #2 contained two tripwires (first wire was bare wire 2 feet long and the
second was plastic covered 6 feet long).

� Site #3 contained two tripwires (first wire was plastic coated wire 11 feet long
surface laid and the second wire was plastic coated wire 9.5 feet long surface
laid).

� Site #4 contained two tripwires and half an  ounce TNT and mine fragmentation.
(first wire was plastic coated 3 feet long, 5 inches off the surface and the second
wire was 20 feet long from a height of 6 feet angled to the surface).

� Site #5 contained two tripwires and one ounce of TNT buried in a glass jar (first
wire was 7 feet long, 3 inches off surface and the second wire was bare metal 12
feet long 6 inches high).

� Site #6 contained two tripwires (first wire was 6 feet long plastic covered and
the second wire was 13 feet long and was bare metal; both wires were surface
laid).

Annex 2

Interim study report and summary
of results, 10 July 2001
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Don G1784.  Kasey G1866.

Below is a sketch map of the test site.        
              

4.   There were three groups (two dogs per group)  used in testing for this project.

a. Group #1 dogs ran the Test Field on 11-16 April 2001. Don (German shepherd,
male) was trained on mines and tripwire.  The second dog, Kasey (Belgian Malinois,
male), trained only on mines.

b. Group #2 dogs ran the Test Field on 22-25 May 2001. These two dogs were
retired mine detection dogs Rosa (Belgian Malinois, female) and Blanca (Belgian
Malinois, female). Each dog was trained on mines and tripwire. Both of these dogs
saw service in the Balkans, Africa and GITMO (Cuba).

Chaper 2. Part 3. Training dogs to detect tripwires
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Rosa G1114.      Blanca G1571.

Shatan G1885.        Tjebs (TJ) G1887.

-              
         

c. Group #3 ran the Test Field 22 June to 9 July 2001.  TJ (German shepherd,
male) and Shatan (German shepherd, male) were both trained in the laboratory to
detect the chemical compound for tripwire. Then each dog was trained to search
straight lines similar to that of a regular mine detection dog. At no time in the
project did these dogs come in contact with actual tripwire until they were placed in
the project test field.

5. The following data is extracted from the test evaluation data for comparison.
This data along with the trainer/handler comments determine the test results.

a. Don searched all six test sites with the following results trained on mines and
tripwires):

Site Tripwire Mine Temp/ Soil moisture     Wind (mph)  Barometric
humidity

# 1 1/2 1/1 69 F    83% 15% 3-5 29.13
# 2 1/2 77 F    80% 10% 1-3 29.21
# 3 2/2 70 F    92% 10% 2-4 29.32
# 4 1/2 0/1 77 F    88%      10% 1-3  29.21
#5 2/2  0/1 74 F    68%  0  3-5               29.32
#6 2/2 72 F    50% 0 4-6 29.68
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b. Kasey (trained on mines only) searched all six test sites with the following
results:

Site Tripwire Mine Temp/ Soil moisture Wind (mph) Barometric
humidity

# 1 0/2  0/1 77F  76% 10%  2-3 29.31
# 2 0/2 70F  92% 10% 2-4 29.32
# 3 0/2 74F  77% 10%      1-3     29.21
# 4 0/2 0/1 83F  73% 15% 2 29.15
# 5 1/2 1/1 75F  49%  0 3-5     29.71
# 6 0/2 74F  72% 0 3-6  29.32

c.  Rosa searched all six test sites with the following results (trained on mines and
tripwires):

Site Tripwire   Mine   Temp/ Soil moisture  Wind (mph) Barometric
humidity

# 1 2/2     1/1          70F  50%        5% 0-1 29.46
# 2 2/2          73F  65%        0                  1-4       29.32
# 3 2/2 70F  89%        0                4-5               29.18
# 4 2/2     1/1          67F  59%        0      0-1       29.33
# 5 2/2 1/1          67F  80%        5%      3-4       29.29
# 6            2/2 70F  89%        0      4-5       29.18

Note: Rosa walked parallel to tripwire sniffing and returned to handler. Next time while searching
lanes the dog responded on the tripwire.

d.  Blanca  searched all six test sites with the following results (trained on mines and
tripwires):

Site Tripwire   Mine Temp/ Soil moisture   Wind (mph)  Barometric
humidity

# 1 1/2                  0/1 70F  69%  0 0-1  29.32
# 2 2/2 75F  53% 5% 1-4        29.45
# 3 2/2 68F  66% 5%       0-1        29.33
# 4 2/2 1/1 72F  90%  0       4-5        29.16
# 5 2/2 1/1 68F  73% 0       3-6        29.16
# 6 2/2 68F  77% 5% 3-4

Note: Slow to detect is counted as a miss.

e.  TJ (trained on synthetic tripwire only) searched all test sites with the following
results:

Site Tripwire  Mine   Temp/ Soil moisture Wind (mph)   Barometric
humidity

# 1    0/2  0/1 98F 57% 0 2-4 29.35
# 2 0/2          104F 50%         0        4-6        29.30
# 3 0/2           83F  81%         5%        3-5        29.38
#4 0/2     0/1 87F  81% 5%        2-4        29.38
#5    0/2     0/1           75F  73%         5%        0-1        29.35
#6 0/2           104F 47%         0        4-6        29.30

Chaper 2. Part 3. Training dogs to detect tripwires
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 f. Shatan (trained on synthetic tripwire only) ran all test sites with the following
results:

Site Tripwire  Mine Temp/ Soil moisture Wind (mph) Barometric
humidity

# 1 0/2 0/1           80F  86%         5%         3-6        29.37
# 2 0/2           81F  86%         5%         2-6        29.36
# 3 0/2           93F  59% 0         2-4        29.35
# 4 0/2  0/1           85F  79% 0 4-6        29.30
# 5 0/2  0/1 104F 50% 0         4-6        29.30
# 6  0/2 76F   76% 5% 0-1        29.35

6. The following statistical data is a total for each dog involved in this project. It is
interesting that the two retired dogs (Rosa, Blanca) did the best despite some adverse
factors, especially soil moisture.

Name T/W Mines Temp/humidity      Soil moisture

Don 9/12 1/3 73.6F 64.8% 7.5%
Kasey 1/12 1/3 75.5F 73.2% 7.5%
Rosa 12/12 3/3 69.9F 72% 1.6%
Blanca 11/12  2/3 70.1F 64.8% 2.5%
T.J. 0/0 N/A 91.8F 72.6% 2.5%
Shatan 0/0 N/A 86.5F 72.6% 2.5%

7. The last requirement of this project is to write a final report and recommendation.
These recommendations will be in the form of a Tripwire Training Protocol (see
Annex 1).
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1. On 23 January the test chemicals which simulated the detected odours found
on tripwire were received from TRI. The vapour from the simulated tripwire is
extracted from a sealed container by syringe. The vapour is then captured on gauze
pads. These gauze pads are used as training aids. The gauze pads are placed in large-
mouth half-pint (300 cc) jars and used in training the dog to detect the simulated
tripwire. See photos of vapour transfer procedure in preparation of training aids.

Annex 3

Interim study report and summary
of results, 27 February 2001

Preparing gauze pads for vapour collection. Vapour extraction syringe.



Mine Detection Dogs: Training, Operations and Odour Detection126

Extracting tripwire vapour. Injecting vapour into training aid jar.

2. The Tripwire Test Site was prepared on 24 and 25 January. The Test Site should
be set up six weeks prior to testing dogs.  A total of six 10m2 plots were made containing
tripwires and mines.

3. The dogs Shatan G1885 and Tjebs G1887 were placed into training using the
protocol outlined in our letter dated 20 January 2001. Training commenced on 26
January 2001. This portion of the training is being video taped daily for approximately
three minutes per dog.  All training is being documented in a ledger. At present both
dogs are on their 15th day of training. A total of 822 trials on simulated tripwire have
been conducted.

4. Don G1748 received proficiency training for detection of mines and tripwires.
This dog is being maintained for the test portion of the tripwire study.

5. Kasey G1866 received proficiency training in mine detection. This dog is being
maintained for the test portion of the tripwire study.

6. Bingo G1821 is being maintained as a back-up dog for Kasey and Don. Some
proficiency training in search pattern and detection of mines only is being conducted.

7. We expect the actual testing of all four dogs to be accomplished around 20 March
2001.
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1. On 27 October 2000, a meeting was held at Global Training Academy (Global)
with Walter Zoch from TRI/Austin, Dan Hayter, Clarke Young and Jim Parks. We
discussed the IMAS Contract # S-LMAQM-99-0144, Task Order # 00-44, Mine Detection
Dog Tripwire Study.  Portions of tripwire for various locations were provided to TRI
for analysis:
� Plastic covered tripwire from a Bosnia minefield from Sarajevo area.
� Plastic covered tripwire from a minefield in Bosnia from Mostar area.
� Painted metal tripwire from Croatia.

2. The following Global personnel, Dan Hayter, Paul Brown and Clarke Young
are assigned to the project to assist with training, testing and developing a Testing
Protocol.  All the above listed personnel have over 10 years experience in the Mine
Detection Dog Program.

3. The preliminary analysis data from TRI (Annex 5) was received on 21 November
. This information indicated that all the tripwire samples were showing low levels of
TNT and DNT. It was also noted that some of the wire contained plasticizers, which
have a distinct chemical vapour of their own. The painted wires also contain a
recognisable chemical vapour.

4. Global decided to extend TRI involvement in the study by obtaining additional
tripwire, which hadn’t been exposed knowingly to explosives. Global, with the
assistance from the GICHD and from Hobby Hobson (RONCO’s EOD expert), obtained
additional tripwire which hadn’t been used in or around explosives or mines.

5. On 6 December 2000, this tripwire was transported to TRI in Austin, by Clarke
Young and given to Walter Zoch.

6. On 28 December 2000, Global obtained additional tripwire from Mozambique.
This wire was apparently unused and had been lying along a railroad line in
Mozambique where RONCO was demining. This information will be included in the
study.

7. The following dogs are being trained and used in support of this project:
� Don G1748 is being trained on mines and tripwire using Global Training

Academy’s Mine Dog Training Protocol.  The objective is to test our present
method training and compare the results with the protocol tripwire dog.

� Kasey G1866 is being trained on mines only and is to be used in the test to see
how well a dog not trained on tripwire will perform as against dogs trained on
wire and mines together.

� Bingo G1821 has received some training on mines and is a back-up dog for
Kasey and Don.

Annex 4

Interim study report,
20 January 2001
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� Shatan G1885 is currently being trained in obedience and ball retrieve. This
dog will be trained using the Protocol developed from the information from
TRI.

� Tjebs G1887 is currently being trained in obedience and ball retrieve. This dog
will be trained using the Protocol developed from the information from TRI.
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The following is a summary of the laboratory analysis report on samples of tripwire
prepared by TRI/Austin, Inc.1 in 2001.

Analytical approach

Multiple samples identified as tripwires were received at TRI/Austin. Table 1
summarises the samples received and analysed. The tripwires were analysed for
residual explosive components and other organic constituents that may be
characteristic of the wires. Analysis of wire samples was conducted by heated
headspace SPME-GCMS (Gas Chromatography/Mass Spectrometry). Each wire was
sampled by placing the entire length of wire material inside a pre-cleaned Teflon-
liner glass vial and gently heating to 50oC. The glass vial was then allowed to
temperature equilibrate for 30 minutes. A pre-conditioned Supelco Solid Phase Micro
Extraction (SPME) fiber was next inserting through the Teflon septum allowing
analytes to diffuse and collect on the SPME fibre adsorbent for 60 minutes. The SPME
fibre consisted of a pre-conditioned fibre coated with 75um of Carboxen/PDMS (Poly
DiMethyl Siloxane) sorbents. These sorbents have a high affinity for volatile
hydrocarbons. Fig. 1 presents SPME sampling device and Fig. A illustrates the
extraction and desorption procedure used for these samples.

Table 1
Sample summary

Sample description Project no, Date analysed

Tripwire #1 (Cr.) Project 1 11/16/00
Tripwire # 4 (B.) Project 1 11/16/00
Tripwire #5 (B/D) Project 1 11/16/00
Virgin non-coated wire Project 2 12/15/00
Virgin coated wire Project 2 12/15/00
Mozambique unpainted wire Project 3 1/17/01
Mozambique  painted  wire Project 3 1/17/01

After SPME sample collection, the SPME fibre is placed directly inside an OPTIC 2
Inlet, pre-cooled to 35oC, operating in the thermal desorption mode. The SPME fibre
is rapidly thermally desorbed at 250oC and the analytes cryogenically focused at 60oC
onto a high resolution capillary column. The column was interfaced to a mass selective
detector operating in the full scan acquisition mode. Identification of detected analytes
was based on comparison of unknown spectra to search results of 129,000 NBS/NIST
compound mass spectral library.

Chaper 2. Part 3. Training dogs to detect tripwires
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1. TRI/Austin, 9063 Bee Caves Rd. Austin, TX 78733, U.S., Tel: 01- 512/263-2101, Fax: 01- 512/263-2558.
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Discussion of results

Each wire sample was evaluated for the presence of residual explosive components
and other characteristic hydrocarbons. Fig. 2 shows the chemical structure of the
explosive compounds that were detected in some of the wire samples.

Figure 2
DNT Degradation & TNT

Highest amounts of residual explosive materials (DNT and TNT) were detected in
Project 1 sample numbers 1,4, and 5 (Cr., B. and B/D).

An extremely trace amount of DNT was detected in Project 2 Virgin Non-coated wire.
In all remaining wires no explosive constituents were detected. Significant amounts
of hydrocarbons were measured in several of the coated wire samples. These
hydrocarbons are typical of compounds found in painted and polymer coated
materials. The two wire samples identified as Mozambique painted and unpainted
contained small amounts of measurable hydrocarbon material. Based on inspection
of these two wires and the low levels of hydrocarbon, are both indicative that these
samples are well weathered. Tables 2–7 provide a summary of the hydrocarbons
identified in each sample. SPME-GCMS Chromatograms have been included to
provide a visual reference of the amount of material measured in each analysis.

Figure 1
SPME sampling apparatus

2,4,6-Trinitrotoluene (TNT)
CAS No. 118-96-7
C7H5N3O6 M.W. 227.13
ERD-022S 1000 ug/mL

1.2 mL Acetonitrile

2,4-Dinitrotoluene
CAS No. 121-14-2
C7H8N2O4 M.W. 182.14
ERD-033S 1000 ug/mL

1.2 mL Acetonitrile
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Table 2
Hydrocarbons identified for tripwire # 1

Tentative identification Ret. time Molecular Cr.  tripwire
weight GCMS-SPME

2,4,6-Trinitrotoluene (TNT) 21.29 210 detected
2,4-Dinitrotoluene (DNT) 20.48 182 detected
Hexanal 11.96 98 detected
Furfural 12.65 96 detected
Ethylbenzene 13.38 106 detected
Xylene 13.87 106 detected
Decane 15.68 142 detected
Hexachloroethane 17.02 236 detected
Undecane 17.14 156 detected
Nonanal 17.22 124 detected
Naphthalene 18.21 128 detected

Figure 3
GCMS-SPME chromatogram of tripwire #1 (C)
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Figure 4
GCMS-SPME chromatogram of tripwire # 4 (B)

Table 3
Hydrocarbons identified for tripwire # 4

Tentative identification Ret. time Molecular Cr.  tripwire
weight GCMS-SPME

2,4,6-Trinitrotoluene (TNT) 21.27 210 detected
1,2-Dinitrobenzene (DNB) 20.14 168 detected
2,4-Dinitrotoluene (DNT) 20.27 182 detected
2,5-Dinitrotoluene (DNT) 20.46 182 detected
2,6-Dinitrotoluene (DNT) 20.55 182 detected
Ethylbenzene 13.39 106 detected
Xylene 13.86 106 detected
Alpha-Pinene 14.63 136 detected
Methyl pentanone 14.73 98 detected
Benzaldehyde 15.12 106 detected
Butylbenzene 17.08 134 detected
Undecane 17.13 156 detected
Nonanal 17.22 124 detected
Dimethyl styrene 17.86 132 detected
Tetrahydronaphthalene 17.98 132 detected
Naphthalene 18.22 128 detected
Tridecane 18.90 184 detected
Tetradecane 19.53 198 detected
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Figure 5
GCMS-SPME chromatogram of tripwire #5 B/D

Chaper 2. Part 3. Training dogs to detect tripwires

Table 4
Hydrocarbons identified for tripwire # 5

Tentative identification Ret. time Molecular Cr.  tripwire
weight GCMS-SPME

2,4,6-Trinitrotoluene (TNT) 21.27 210 detected
1,2-Dinitrobenzene (DNB) 20.14 168 detected
2,4-Dinitrotoluene (DNT) 20.27 182 detected
2,5-Dinitrotoluene (DNT) 20.46 182 detected
2,6-Dinitrotoluene (DNT) 20.56 182 detected
Furfural 12.65 96 detected
Hydroxymethyl pentanone 12.86 116 detected
Ethylbenzene 13.38 106 detected
Xylene 13.86 106 detected
Decane 15.66 142 detected
Acetophenone 16.84 120 detected
Butylbenzene 17.08 134 detected
Undecane 17.13 156 detected
Nonanal 17.21 124 detected
Tetramethyl benzene 17.49 134 detected
Tetrahydronaphthalene 17.98 132 detected
Dodecane 18.12 170 detected
Naphthalene 18.21 128 detected
Tetramethylbicyclo heptanone 18.40 166 detected
Tetradecane 19.53 198 detected
Lindane 21.79 290 detected
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Figure 6
GCMS-SPME chromatogram of virgin non-coated wire

Table 5
Hydrocarbons identified for virgin non-coated wire

Tentative identification Ret. time Molecular Cr.  tripwire
weight GCMS-SPME

2,4,6-Trinitrotoluene (TNT) 21.27 210 not detected
1,2-Dinitrobenzene (DNB) 20.14 168 not detected
2,4-Dinitrotoluene (DNT) 20.02 182 trace
2,5-Dinitrotoluene (DNT) 20.46 182 not detected
2,6-Dinitrotoluene (DNT) 20.55 182 not detected
Propylbenzene 14.65 120 detected
Trimethylbenzene 14.77 120 detected
Ethy;methy;benzene 14.99 120 detected
Trimethylbenzene 15.23 120 detected
Octanal 15.30 110 detected
Trimethylbenzene 15.76 120 detected
Butylbenzene 16.63 134 detected
Nonanal 16.78 124 detected
Naphthalene 17.78 128 detected
Benzothiazole 18.14 135 detected
Pentadecane 19.64 212 detected
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Figure 7
GCMS-SPME chromatogram of virgin coated wire
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Table 6
Hydrocarbons identified for virgin coated wire

Tentative identification Ret. time Molecular Cr.  tripwire
weight GCMS-SPME

2,4,6-Trinitrotoluene (TNT) 21.27 210 not detected
1,2-Dinitrobenzene (DNB) 20.14 168 not detected
2,4-Dinitrotoluene (DNT) 20.02 182 not detected
2,5-Dinitrotoluene (DNT) 20.46 182 not detected
2,6-Dinitrotoluene (DNT) 20.55 182 not detected
Hexanal 11.78 98 detected
Ethylbenzene 13.07 106 detected
Xylene 13.22 106 detected
Styrene 13.64 104 detected
Heptanal 13.78 114 detected
Benzaldehyde 14.95 106 detected
Octanal 15.59 110 detected
Dichlorobenzene 15.88 146 detected
Nonanal 17.09 124 detected
Dimethylbicyclo heptanone 17.61 138 detected
Camphor 17.69 152 detected
Tetrahydronaphthalene 17.86 132 detected
Trimethylbicyclo heptanone 17.98 152 detected
Dodecane 18.02 170 detected
Naphthalene 18.10 128 detected
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Figure 8
GCMS-SPME chromatogram of Mozambique unpainted wire

Table 7
Hydrocarbons identified for Mozambique unpainted wire

Tentative identification Ret. time Molecular Cr.  tripwire
weight GCMS-SPME

2,4,6-Trinitrotoluene (TNT) 21.27 210 not detected
1,2-Dinitrobenzene (DNB) 20.14 168 not detected
2,4-Dinitrotoluene (DNT) 20.02 182 not detected
2,5-Dinitrotoluene (DNT) 20.46 182 not detected
2,6-Dinitrotoluene (DNT) 20.55 182 not detected
Hexanal 11.81 98 detected
Alpha-Pinene 14.46 136 detected
Nonanal 17.09 124 detected
Naphthalene 18.10 128 detected
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Figure 9
GCMS-SPME chromatogram of  Mozambique painted wire
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Table 8
Hydrocarbons identified for Tripwire # 1

Tentative identification Ret. time Molecular Cr.  tripwire
weight GCMS-SPME

2,4,6-Trinitrotoluene (TNT) 21.27 210 not detected
1,2-Dinitrobenzene (DNB) 20.14 168 not detected
2,4-Dinitrotoluene (DNT) 20.02 182 not detected
2,5-Dinitrotoluene (DNT) 20.46 182 not detected
2,6-Dinitrotoluene (DNT) 20.55 182 not detected
Pentanal 9.73 86 not detected
Octene 11.62 112 not detected
Hexanal 11.81 100 detected
Heptanal 13.77 114 detected
Octanal 15.59 128 detected
Nonanal 17.08 142 detected
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Figure 10
GCMS-SPME chromatogram of SPME fibre blank




