Find rates in relation to depth of mine

Find rates decreased with depth (Figure 21)*, indicated by the trend line in the figure.
Note that different types of mine were laid at different depths, and different mines
were found at different rates (Figure 20). The low value at 20 cm should be
interpreted cautiously, as it is calculated only from T72 and PMN mines, both of
which had low find rates at deeper depths. Overall, the figure is best interpreted to
show that sub-surface mines were found at lower but similar rates, relative to
surface-laid mines.

Figure 21. Proportion of mines found in relation to laying depth
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Interaction between mine type and laying depth

Figure 22 provides a breakdown of the data in Figures 20 and 21. Note that different
mines were laid at different depths, with six mine types laid at 3 depths, and two laid
at 5 depths. Of the six laid at three depths, three were all relatively shallow, and three
were all relatively deep.

For the mines laid at 5 depths, one (PMN) showed a strong decline in proportion
found with depth, whereas the other (T72) showed little relationship with depth (and
was difficult to find at any depth).

For the mines laid at 3 relatively shallow depths, two (PMN2, TC6) showed a decline
from surface to subsurface, but no difference for subsurface mines; one (P3AT)
showed little relationship with depth.

For the mines laid at 3 relatively deep depths, one (TM) showed no relationship with
depth, one (P4AP) showed a decline with depth, and one (YM1) showed an increase
with depth.

* The decline in find rates with depth was significant, LRT=10.31, 1 df, N=539, P=0.001



Despite the result reported in Figure 21, in general terms, it is not appropriate to
conclude that deeper laid mines are always more difficult to find than shallow mines.
More important is the differences among mines, with the significant effect in Figure
21 being due to a small number of mines only. Clearly, deeper-laid PMN mines are
more difficult to find, and subsurface PMN2 and TC6 are more difficult to find than
when on the surface. Three mines showed little or no relationship with depth (T72,
P3AT and the leaky TM). Very deep P4AP mines were more difficult to find, but very
deep YM1 mines were easier to find.

Figure 22. Interaction between mine type and depth in relation to proportion of
mines found
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False Indications (alarms)

Typically, false indication (or false alarm, FA) rates are calculated as the percentage
of available negative stimuli identified as positive. In the current study, the “negative
stimuli” were any patch of ground that was more than 2 m from a mine. It was
therefore impossible to calculate the FA rate in the usual manner.

The FA rate was therefore calculated as the proportion of total indications that were
more than 2 m from a mine. For example, if a dog gave 10 indications in a strip, and
5 of those indications were >2 m from a mine, this dog’s FA rate would be 0.5 (50%),
because half of the indications given by the dog were false (more than 2 m from a
mine).

It was likely that at least some FAs were real for the dog, in that appropriate odour
was available at the location where the indication was given, even though no mine
was present. Soil chemistry analyses (below) support the view that some FAs were
at sites containing levels of contamination equivalent to those found above mines.



Figure 23 shows the result for one strip in April, 2003. In this example, all 4 mines
were found (indicated by a blue triangle placed over the red square), but there were
also 11 false alarms. If a 2x2 m clearance box was placed around every indication,
then 60 m? of this strip would be cleared manually. If the adjusted clearance
requirement was applied (of an expanded 4x4 m box around any indication where
nothing was found in the core 2x2 m zone), up to 192 m? would be cleared. As the
entire box is 320 m? these are extremely demanding clearance requirements,
suggesting that the dog could be a liability rather than asset in terms of mine
clearance in this system.

However, comparison of the figure with the topography of the site suggests a
different perspective on the problem. This site slopes downhill from right to left along
the long axis of the box. Most of the indications are placed along two lines, one
containing one mine near the uphill end of the line, and the other containing two
mines at the uphill end. There were obvious drainage channels produced by heavy
rainfall along those lines (see Figure 13a). The upper line of indications was along a
drainage channel that flowed originally from an adjacent box, also containing mines.
A reasonable and sensible interpretation of this figure is that most of the indications
are of contaminated sites along the drainage channels downstream of the mine or
mines. In effect, each mine was found several times, although at increasing
distances from the mine, and the true number of FAs was considerably less than was
recorded using the 2 m criterion.

Figure 23. Lines of false alarms, potentially caused by water runoff along
drainage lines with mines placed at or near the uphill end of the channel.
Drainage pattern is from right to left.
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However, large numbers of FAs were recorded during the trials, and many cannot be
attributed to contamination due to water runoff (especially for October 2002). Figure
24 shows an example where runoff and contamination are not the cause of multiple
FAs. In this example, two mines were found and one was missed, and there were
many FAs uphill of the mines. This example was a situation where the handler
pushed the dog to give an indication on almost every search line. Unfortunately,
some handlers misunderstood the nature of the trial, believing that finding every mine



was the primary objective. As a result, they sometimes worked the dog too
intensively on each line. The dog gave indications because it had few options.

Figure 24. False alarms caused by a handler working the dog too intensively on
each search line
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Figure 25 shows the proportion of indications that were FAs across the five trials. The
highest rate of FAs was in April 2003, when 83% of all indications were false; the
lowest was in October 2002, with 62%. FA rates were around 80% through all trials in
2005. These FA rates are likely to be higher than normally expected of field-search
mine-detection dogs, due to the issues described above.

Figure 25. Proportion of total indications that were false (FA) for the five trials
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Influence of weather variables on find and miss rates

Heavy rainfall prior to the trials clearly had an effect on the ability of dogs to find
mines, and also on the ability of a dog to pinpoint a mine after it had detected that the
mine was nearby (reviewed above). Assuming that the result for October 2002 (78%
find rate) is representative of find rates for individual dogs in drought conditions, then
recovery of the find rate after heavy rains is a long term process (see Figure 16), as
the find rate was 60% in late September 2003, almost 4 months after the last heavy
rain. This result confirms theoretical projections made by Webb and Phelan (2003).

Many weather variables were measured at the time that a dog crossed a mine
(reviewed in Methods). A difficulty with analysis of weather data is that weather
variables tend to be highly correlated (e.g. typically as temperature goes up, relative
humidity goes down and wind speed goes up, see Figures 16-18). Two options are
normally used to avoid the problem of correlated variables resulting in spurious
results:

e Each variable is analysed separately — the problem with this approach is that it
often requires a very large number of analyses, introducing the likelihood of
obtaining chance significant effects.

e All the variables are combined into an overall exploratory (or descriptive)
analysis, which identifies the variable(s) that contribute the most explanatory
power to the data. That (or those) variables are then analysed specifically for
significant effects.

The second approach is preferred, although it is statistically more sophisticated and
the results are not always easy to interpret. Both approaches were used here. The
results from the first analysis were consistent with the results of the second analysis,
and only the results of the second analysis are reported.

Analysis of the data using Principal Components Analysis (PCA, a descriptive
statistical procedure) indicated that the variable which contributed most explanatory
power to the data was humidity.

Humidity was measured as relative humidity in the shade at breast height, and was
taken every time a dog crossed a mine. An estimate of soil water content based on
conductance was also taken each time a dog worked a strip. The soil water
measurement did not change during the period that the dog was working, and one or
a few measures were taken when the dog finished).

The PCA analysis explored how the probability of a mine being found was influenced
by weather variables at the time the dog crossed the mine in relation to trial month,
mine type and mine depth.

Using the language of PCA, the humidity and soil water content measures together
contributed 68% of the variation in the first principal component, and 24% variation in
the second principal component.

In plain language, this result means that of the weather variables, humidity and/or soil
water content gave the strongest predictive power in relation to the probability of a
mine being found for a particular month, type of mine and depth. Note that this result
does not mean that the probability varied significantly with these two factors - only



that they were a better predictor of a mine being found than temperature or wind
speed.

Using follow-up univariate analysis, humidity at breast height was significant® and soil
water content was not®. However, the effect of humidity was due primarily to month —
because humidity varied with month (Figure 18). When humidity was included in a
logistic regression analysis involving month, mine type, and depth, humidity did not
explain significantly more variance than was already explained by month — the P
value for humidity was 0.15.

In other words, the probability of a mine being detected was not significantly
influenced by the weather variable predicted by PCA to be the most likely to affect
detection success.

Overall, none of the weather variables measured at the time a dog crossed a mine
had any effect on the probability of that mine being found.

We conclude that the probability of dogs finding mines was robust with respect to the
general weather patterns experienced during these five trials. That weather variation
encompassed most of the conditions under which dogs normally work in Afghanistan.
Dogs therefore worked with similar effectiveness under all these conditions.

Find rates through the working day

Although humidity was not significantly linked to find rates in the overall analysis, it
was possible that a large drop in relative humidity through the morning could
influence find rates on a fine time scale (i.e. at short intervals through the morning).
Two approaches were taken:

1. Visually compare the relationship between find rate through the morning, and
humidity.

2. Link the data for find rate and humidity through time from all trials using
regression analysis.

The find rate was calculated for each half hour and hour period from the time at
which the dogs began work (0730 in October, 0700 in April and September, 0600 in
June and July). The widest range of humidity values was recorded in April (Figure
18), so the April graph was used for the first approach, seen in Figure 26. Humidity
declined rapidly through the work period. The find rate was initially high, and declined
rapidly to a minimum during the second hour of work. Find rate then increased
through the rest of the morning as humidity continued to decline.

> LRT=4.04, df=1,
SLRT=2.21,d



Figure 26. Proportion of mines found in April in relation to humidity and time of

day at which the search was conducted

0.8 —&— Prop fd 90
0.7 \ —l— Humidity 80
RN A
§ 0.6 \ \\ / 70 >
c S
.‘g 0.5 60 €
] \ =
o 04 50
0.3 v 40
0.2 30

7 8 9 10 11 12
Time of day (hrs)

The following interpretation of Figure 26 is necessarily speculative, and we note
further that the equivalent graphs for the other trials (not reported) did not show the
same pattern as was found in April. However, humidity was much lower at the start of
the work day in all the other trials (Figure 18).

We believe that two effects are operating here, as described in Phelan and Webb
(2003).

First, in April there was a heavy overnight dew, wetting the surface of the soil
and displacing surface odour. There is little movement of air overnight, thus
displaced odour tends to concentrate immediately above the ground. When
the sun first hits the ground (the time at which the dogs begin working), there
is a short period during which evaporation of surface moisture and overnight
accumulation of odour together provide an increased concentration of odour-
of-mine near the ground surface. The mines were therefore relatively easy for
dogs to detect in the first hour, giving the initial high detection rate.

Second, once the odour described above has dispersed, humidity begins
interacting antagonistically with detection success. Relatively high humidity
makes detection difficult, and detection improves as humidity declines. This
effect is predicted because, when sniffing, the dog rapidly alternates
exhalation and inhalation of moist air over the ground surface (the process is
portrayed in the GICHD video: The Dangerous Journey, available from
www.gichd.ch). This moist air displaces molecules of odour-of-mine attached
to surface dust into the vapour, allowing them to be inhaled. When humidity is
high, the process is less effective than when humidity is low, because the key



factor influencing release of odour molecules is the high moisture content of
the dogs’ exhaled breath.

Two effects are predicted from this theoretical perspective.

1.

During the first hour, detection success should be relatively high. Detection is
enhanced by evaporating surface moisture and displaced odour from
overnight wetting, or, if there is little overnight dew and humidity near the
surface is low, because the dogs’ detection system is using the humidity
differential effectively. Detection success should therefore be relatively high
and independent of humidity during the first hour. Technically, this means
that the regression relationship between the two should not be significant.

During the rest of the day, humidity and detection success should interact
antagonistically: detection success should be relatively poor when humidity
is high and relatively good when humidity is low. Technically, this means
that the regression relationship between the two should be negative, and
significant.

Data from all trials were lumped to explore these two relationships. To improve
sample size, humidity and find rate were calculated for half hour intervals.

During the first hour, the relationship between humidity and find rates was slightly
positive, but was not significant (as predicted, Figure 27)’.

Figure 27. Relationship between proportion of mines found and humidity

during the first hour of work in all trial months
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During the rest of the work period, the relationship between humidity and find rates
was significant and negative (as predicted, Figure 28)".

"R’=0.16, d.f. = 1,8, P=0.26
$R?=-0.11, d.f. = 1,40, P<0.03



Also as predicted, the average find rate during the first work hour was higher
(X+s.€.=0.70£0.13, N=10) than during subsequent hours (Xts.e.=0.56+0.07, N=42).
The difference was significant using a one-tailed t-test’. This effect is not due to the
dogs being fresh early in the morning, because we worked only two dogs at a time of
the four available. The dog working in the second hour was just as fresh as the dog
working in the first hour, as both were doing their first search of the day.

Although preliminary, these results provide the first empirical support linking
predictions about the relationship between odour availability and environmental
moisture (summarised in Phelan and Webb 2003) and current views about the odour
detection mechanism used by dogs. They raise the question of whether dogs should
be trained to deal with significant changes in humidity during normal work periods.

Figure 28. Relationship between proportion of mines found and humidity after
the first hour of work in all trial months
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At least two mines were required in a category for the data to be used in these
analyses. An absent point in a figure means that 1 or 0 mines were recorded in that
category in that month.

In general terms, the proportion of mines found decreased with increasing amounts
of vegetation in the vicinity of the mine (Figure 29). The decline was significant'
when the main trial variables of mine type, depth and month were ignored. However,
vegetation cover did not add significantly to the main effects when mine type, depth
and trial were retained in a multivariate logistic regression', suggesting that the
effect, while real, is fairly weak.

? t=1.7, P<0.05
"L RT=10.09, df=3, P=0.18, N=527
' LRT=2.96, df=3, P=0.40, N=539



It is sensible to conclude that considerable vegetation cover (categories 3 and 4) is a
problem for these dogs, which are accustomed to working in relatively arid zones
with patchy vegetation. We note that these results were obtained despite searches of
some patches being cancelled in some months because of dense vegetation. In
other words, the proportion of mines available with vegetation cover of 4 was higher,
but the dogs did not search for some of them because the vegetation was too dense.

A breakdown of the vegetation cover data by trial month shows why the effects are
weak (Figure 30). Some decline is found in most curves, but it is small.

Figure 29. Proportion of mines found in relation to vegetation cover. The four
vegetation categories are 1: 0-25%, 2: 25-50%, 3: 50-75% and 4:75-100%.
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Figure 30. Breakdown of find rate as a function of vegetation cover for all trials.
Vegetation categories as in Figure 29.
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Neither of the vegetation variables: proportion of spiky plants (Figure 31), or
proportion of smelly plants (Figure 32), significantly influenced the probability of

mines being found whether or not month, mine type and depth were included in the
analysis.

Figure 31. Relationship between spiky vegetation and proportion of mines
found for each trial month
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Figure 32. Relationship between smelly vegetation and proportion of mines
found for each trial month
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In general, the curves in Figures 31 and 32 were flat, with small sample sizes
causing some extreme values (e.g. the proportion found of 1 for category 0 spiky
plants in July is obtained from 4 mines). Note that there were a few areas not
searched because of dense spiky vegetation in July and September. However, the
dogs searched through dense smelly vegetation without difficulty. Spiky and smelly
plants are described in the Methods.

Overall, we conclude that increasing vegetation cover had some influence on the
probability of mines being found, with the strongest effect being reduced find rates
when cover was high. The occurrence of spiky and smelly plants had no effect on the
probability of mines being found.

Search behaviour of the dogs

Video recordings were used to determine if search behaviour was linked to mines
being found or missed. Three behavioural parameters were measured:

e number of times the mine was crossed,

e search speed (measured as time on the search line immediately preceding the
line on which the mine was found; or time on the search line when the mine
was missed), and

e height of the nose above-ground (measured off the video in relative nose
length).

Details are in the Methods.

Number of times the mine was crossed

If the dog indicates on a mine, then the search for that mine is over and the dog is
withdrawn. However, if it passes over the mine, then it may have several more
opportunities to find it: i) on the return, and ii) if the handler sends it out on that line
again. During operations, handlers frequently send the dog out on a line several
times (GICHD, 2005).

For mines that were found, 43% were found when the dog first crossed the mine on
the way out, and another 20% were found on the return (Figure 33). The other 37%
were found on the second or subsequent lines.

For mines that were missed, the number of times crossed indicates the number of
times the dog worked that line. Not surprisingly, 2 (one time out and back) and 4 (two
times out and back) were the most frequent categories. More than two searches on a
line was rare.

Overall, these data indicate that if a mine was going to be found, it was most likely to
be found on the first encounter. But additional searching did result in some extra
mines being found, suggesting that the handlers were making sensible assessments
about the quality of the search.



Search speed

Search speed showed no relationship with the probability of a mine being found or
missed (Figure 34). The dogs searched at about the same speed in all of the trials
(no significant effect for month), and at about the same speed for found and missed
mines. There were no significant effects', indicating that search speed did not predict
whether mines would be found or missed. Dogs did not miss mines because they
were moving too fast.

Figure 33. Number of times a mine was crossed in relation to whether it was
found or missed
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Nose height

In Figure 35, relative nose height is an estimate of height of the nose above-ground
using the distance between the eyes and tip of the nose for the individual dog doing
the search (thus, e.g., 0.5 = half the distance between the nose tip and eyes of that
dog).

The height of the nose was similar whether or not the mine was found (Figure 35)". A
significant effect for trial can be seen in the higher bars for June through September -
the head was held about twice as far off the ground in the summer months', perhaps
because of vegetation and/or heat, or because more dust is available. In absolute
terms, the difference between April and June is 4-5 cm.

Overall, there was no suggestion of any relationship between height of nose above-
ground and find and miss rates.

21 RT=0.29, df=1, P=0.6
13 F=3.26, df=1,509, P=0.3
4 F=17.30, df=4, 509, P<0.0001



Figure 34. Search speed in relation to whether mines were found or missed
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Figure 35. Height of the nose above ground during searches for found and
missed mines. In absolute terms, the difference between April and June is 4-5 cm.
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Soil chemicals

Chemical concentrations in this section are reported using the units nanograms/gm
(= parts per billion).

In this analysis, “chemicals” refers to any analyte reported by either laboratory, which
are likely to have leaked from the mine laid directly underneath where the sample
was taken. However, there was additional contamination on the site, and the analyte
results simply report what was present in the soil, whatever its source.

The primary sample size used in this section was 489 (= no of mines for which soil
sample analysis was available).



The data returned by the two labs were difficult to deal with for the following reasons:

The two labs used slightly different procedures and returned results on slightly
different sets of chemicals (although both labs returned results on the key
chemicals of TNT and DNT). FOI (Sweden) returned results on 11 chemicals,
whereas Sandia returned results on 10. FOI returned results on some rare
aminos that Sandia did not report, gave presence/absence only for RDX, and
did not detect tetryl. Sandia returned a concentration for RDX, and detected
tetryl. Details are in Appendix 2, Table 1.

The labs returned an absolute value which estimated the quantity of a
chemical present in the soil sample. Due to differences in sensitivity and
procedure between the labs, these values were not directly comparable. There
also appeared to be differences in detection sensitivity for different chemicals.
For example, samples were assigned randomly to the labs, but FOI (Sweden)
detected TNT in 178 of 244 samples (73%) whereas Sandia (USA) detected
TNT in 99 of 248 samples (40%). On average, FOI also reported higher values
for TNT when it was found. Overall, FOI reported the following chemicals more
frequently: TNT, 24-DNT, 25-DNT, 26-a-DNT, 4,6-a-DNT, whereas Sandia
reported the following more frequently: 2,6-DNT, 4-a-DNT, 2-a-DNT, RDX,
TNB, DNB. We were unable to compensate for differences in frequency of
reporting or absolute values between the labs, so ignored those differences.
However, in order to compensate for differences in absolute values (and also
to avoid statistical bias in the data), all values >1000 were used in the
analyses as 1000.

Even for the same mine type, different chemicals could be reported as present
or absent. To give a specific example, the following scenario was possible: for
two found PMN mines, TNT was present over the first and absent over the
second, whereas DNT24 was present over the second and absent over the
first. These differences in availability may be of no consequence to the dogs,
who potentially can use either chemical to find the mine. Thus any analysis
that looks specifically at one chemical is potentially confounded in relation to
find and miss rates.

It is impossible to know the relationship between the absolute values reported
by the labs, and detection threshold for a dog.

Large numbers of zero values (chemical not detected) for even the most
commonly found chemicals, confound attempts to do single-chemical
analyses.

There is no straightforward analytical solution to these issues. We took two
approaches:

1) We developed a simple categorical variable assigned as “present” if any

chemical was found (at any concentration), or “absent” if no chemical was
found. Analysis of this variable was in relation to whether the dog found or
missed the mine.
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2) The most common chemicals were analysed individually, using the absolute
value returned by the lab (or 1000 if the value was >1000). Log values were
used for both analysis and reporting in order to normalise the data.

Detection frequencies in soil samples taken over mines

The detection frequency for each chemical for each trial is in Annex 3. In summary,
the most frequent chemicals detected were TNT (56.6% of samples taken over
mines), 2,4-DNT (27.4%) and RDX (17.3%), with most others <10%.

The detection frequency for each chemical over each mine is in Annex 4. The counts
in this table give the number of times each chemical was detected by the gas
chromatograph. The chemicals found do not link well to the explosives reported in
Jane’s as being used in each mine (Table 2). For example, the P4AP mine is
reported to contain tetryl, but no tetryl was reported over this mine, whereas TNT and
various DNTs were found many times.

Chemicals present or absent

Detection of chemicals in the soil was extremely variable at different times of year
(Figure 36). In October 2002, chemicals were detected over 46% of the mines. In
April 2003, detection of chemicals was extremely low at 20%, whereas for the rest of
the summer detection was high, and almost 100% in June. Note that this analysis
refers to availability of chemicals in the soil, and is independent of whether mines
were found or missed by the dogs.

Figure 36. Proportion of soil samples in which chemicals were detected, taken
from over mines for each trial.
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Figure 37 shows the proportion of mines that were found in relation to whether
chemicals were present or absent in the soil over the mine. In general, mines were
more likely to be found if chemicals were present, but the relationship varied



significantly with month">. Chemicals were found over all except one mine in June
2003, hence the zero bar for chemicals “absent”.

In October 2002, significantly more mines were found when a chemical was detected
than when no chemicals were detected'. Slightly more mines were found in July and
September and slightly less were found in April when a chemical was present, but
none of the differences in 2003 was significant. This variability between months is the
cause of the significant overall result in the paragraph above.

Figure 37. Proportion of mines found in relation to whether chemicals were
present or absent over mines for each trial.
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Overall, these results mean that in October 2002, mines were more likely to be found
if chemicals were detected in the soil, but in 2003, availability of chemicals did not
predict whether mines were found or missed. The rate at which mines were found
when no chemicals were detected in the soil was similar in all trials, at around 50%
(purple bars in Figure 37).

If more individual chemicals were available, mines were significantly more likely to be
found (Figure 38)"". However, the proportion of these soil samples in which TNT was
found was high, and increased with total number of chemicals found (1 chemical
found: 73% contained TNT, 2 chemicals found: 78% contained TNT, 3: 89%, 4:
97%, 5+:100%. Thus, although having more chemicals present appears to improve
the probability of a mine being found, we cannot exclude the alternative explanation
that the dogs are detecting TNT primarily or exclusively.

S LRT =11.99, 4 df, P = 0.017, N=488
16 X2=13.2, P=0.0003

LRT = 6.74, df=1, P = 0.0094, N = 277; note that this effect adds significant in addition to the effects of depth,
month and mine type.



Figure 38. Proportion of mines found in relation to the number of chemicals
detected in the soil over the mine.
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Soil chemicals at 1-2 m from the mine

For mines where the indication was 1-2 m from the mine, two soil samples were
taken:

e One from over the mine
e One from the indication site.

For this analysis, TNT only was used (as the most commonly found chemical). The
soil samples used were only those where both samples were analysed (both samples
of a pair were always analysed by the same lab). Seventy pairs of samples where at
least one contained TNT were available. TNT was detected in 43 of the samples from
over the mine, and 48 of the samples taken 1-2 m from the mine (i.e. at the indication
site). The statistical analysis used only those soil samples where a non-zero
concentration of TNT was reported.

The concentration of TNT was significantly higher in samples taken where the dog
gave the indication (1-2 m from the mine) than in samples taken over the mine"
(Figure 39). The effect was due to results from June, July and September. No TNT
was found in the two samples available for October and for most of the 13 samples in
April. Note that the Log scale means that the difference between the absolute values
of the means in this figure are very big (e.g. for July, the means are 808 and 36907).

'8 ANOVA, df=1, P =0.007, N=91



Figure 39. Amount of TNT detected in soil samples taken over a mine, and at an
indication site 1-2 m from the mine.
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Individual Chemicals

Details for all individual chemicals, including box and whisker plots (box plots) as
shown here for TNT and 2,4-DNT, are given in Appendix 5. A box plot displays the
spread of data, and is read as follows:

e the line in the middle of the box is the median (50" percentile) — i.e. half the
data are above it and half are below it;

e the box defines 25% and 75% of the data — i.e. half the data fall within the
box;

e the whiskers extend out to the data point distance that is about 1.5 times the
length of the box; and

(Pl

e any “0” markers are extreme outlier values.

Zero values (which more correctly should be referred to as “below the minimum
detection threshold for the Gas Chromatograph”) dominated the data for even the
most commonly found chemical (TNT), and so were excluded in the following
analyses. The analyses are therefore of the relative concentration of the chemical
over found and missed mines when the chemical was present. All analyses and
figures used data transformed to natural logarithms®.

' Transformation of data from a distribution that is strongly asymmetric, as here, to a distribution that is closer
to symmetric (= a normal distribution), is a standard statistical procedure used to improve the effectiveness of the
statistical analysis. The absolute values in the data are changed, but the distribution of values in the data is not.
Statistical tests such as regression and analysis of variance are concerned with distributions, and are not
influenced by absolute values in any way.



Chemicals over found and missed mines

Enough data were available for three chemicals to be tested using logistic
regression: TNT, 24DNT and RDX. Enormous variance in the reported values for
concentration of these chemicals combined with small sample sizes for some
categories (especially for April), made it extremely unlikely that any effect would be
significant. However, with month, mine type, and mine depth included as factors in
the analysis, TNT was significantly more abundant over found mines than over
missed mines (Figure 40a)*. At P=0.087, the higher concentration of 2,4-DNT over
found mines approached significance (Figure 40b). RDX occurred in similar
concentrations over found and missed mines (Appendix 5).

Figure 40. Concentration of analyte in soil samples taken over found and
missed mines (all data combined from all trials). Y axis = concentration in ng/gm.

a. TNT b. 2,4-DNT
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The patterns across trials for TNT (Figure 41a) and 2,4-DNT (Figure 41b) were quite
different. TNT was relatively low in April and relatively high in September. 2,4-DNT
was high in October, intermediate in April, June and July, and low in September. The
low value for TNT for April is consistent with the pattern for detection of chemicals
overall (Figure 36).

Too few data were available for most chemicals to run the logistic regression.
However, a simpler comparison of chemical concentration over found versus missed
mines was run as a t-test, using data lumped for mine type, depth, and month (Table
3). In Table 3, a positive value for t indicates that the concentration was higher over
found mines, and a negative value indicates it was higher over missed mines.

% For TNT, LRT=23.84, df=1, P<0.001, N=277; for 2,4-DNT, LRT = 2.93, df=1, P = 0.087, N = 134; for RDX,
LRT=0.014,df=1,P=0.9, N = 85.












concentration of explosive chemicals over missed mines helps to explain why the
mine was missed.

The concentration of TNT and 2,4-DNT at FA sites was similar to concentrations of
each chemical at sites where a mine was found, and higher than at missed mine

sites. This result suggests that many of the FAs were actually correct indications of
contaminated sites, although no mine was present.

Figure 43. Red marks on the Kharga site in early June 2003. The mark on left is
disturbed by an ant nest. Both were indicated by the dogs, shown by the site
markers.

Figure 44. Concentration of TNT at indication sites over mines (Find, Miss, M1),
>2 m from a mine (FA) and 1-2 m from a mine that was not indicated (1-2). M1
mines are the mines that were close to the 1-2 indication sites.
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Figure 45. Concentration of 2,4-DNT at indication sites. X axis labels as in
Figure 44.
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Chapter 4.
Discussion

Factors that affect detection of mines by dogs

This study was designed to address the overall question: “why do dogs miss some
mines?”. Just asking this question is provocative. Some agencies insist that dogs do
not reliably find mines, and should therefore not be used. Other agencies argue that
dogs can find mines reliably, and it all depends on how they are trained and
deployed. Two fundamental problems with this disagreement are: i) that it involves no
agreed definition of the notion of reliability, and ii) it ignores or avoids the possibility
that the dogs might be reliable, whereas odour availability is not.

Considerable variation in systems for using dogs have been documented (GICHD,
2005b), although there have been no studies designed to test whether the different
systems differ in detection reliability. Most systems compensate for an assumed miss
rate by individual dogs by using redundancy (more than one dog searches an area).
Unfortunately, there have been no studies showing that the standard deployment
procedure - two dogs search each area - results in an improved detection rate
relative to that obtained with one dog. The decision to use only two dogs is
essentially an economic decision, and is really based on the assumption that each
dog is a reliable mine detector.

In principle, while it may be acceptable for one dog to miss a mine, it is not usually
acceptable for the dog detection system to miss a mine. When they disagree about
the reliability of dogs as mine detectors, agencies are essentially applying different
standards in relation to this distinction between the dog and the system.

The reality is that a dog missing a mine is probably one of the best predictors that the
next dog will also miss the same mine, because an important cause of the miss is
factors external to the dog. This study clearly demonstrates that the odour-
environment in which mine detection dogs work is unpredictable. After heavy spring
rains in 2003, Afghanistan dogs accustomed to working in dry desert conditions had
difficulty finding mines which they found successfully only a few months before. One
cause of that difficulty was low odour availability in April (assumed from the low
concentrations of chemicals in the soil). Thus in April, the likely problem was
detection. However, only 6 weeks later in early June, chemical concentrations in the
soil had massively increased and contamination was widespread. In early June, the
dogs were clearly having difficulty locating mines that had been detected, although it
was also likely that some mines were missed because they were not distinguishable
from the surrounding contamination. Under these conditions, interference from



handlers resulted in some mines being missed, and some mines were indicated at
distances such that follow-up clearance would likely have missed them.

Although detection rates improved through the rest of the 2003 summer, they never
returned to those achieved under the drought conditions of October 2002. Thus the
wet spring appeared to have long—term consequences, as predicted by Webb and
Phelan (2003, in Phelan and Webb, 2003).

In addition, one short-term weather-related issue was identified. In April, detection
success was initially high, then dropped considerably before increasing through the
rest of the morning. We hypothesise that this effect was due to overnight wetting of
the soil surface, evaporation when the sun first hits the ground, and a large and rapid
decline in humidity through the morning in April. Follow-up analyses using data from
all trial months confirmed a negative relationship between humidity and find rates
after the first hour, and also that find rates were higher in the first hour than in
subsequent parts of the morning. This effect was not due to dogs being fresh in the
first hour, because half the dogs used began their first search in the second hour.
The results support theoretical predictions about the interaction between moisture
and surface odour, and the detection mechanism used by dogs.

The relationship between find rates and humidity was only discovered when it was
explored on a fine time scale - humidity did not give significant effects on the general
logistic regression analysis. The reason is that the general analysis did not take time
of day into account, and high find rates were associated with both high humidity
(early in the morning) and low humidity (late in the morning).

It appears that environmental variation is a key determinant of why mines are
missed, with the main factor identified in this study being moisture, which affects
detection success on two time scales:

e in the long-term, as a result of winter precipitation and/or heavy spring rains;
and

¢ in the short-term, as a result of changes in humidity.

Other weather factors measured in this study (temperature, wind) did not exceed the
conditions at which dogs detected mines at consistent rates. No very cold conditions
were experienced, and heat likely prevented the dogs from working before it began
affecting detection success (if it was going to). The site was relatively sheltered, and
the strongest winds were measured during parts of the day when dogs would not
normally be working anyway.

Vegetation cover affected detection success, but prickly or smelly vegetation did not.
Handlers, very sensibly, would not work dogs through very prickly areas. But the
ability of dogs to find mines even when working through highly aromatic vegetation
was extraordinary. In general, we doubt that vegetation cover is a significant problem
in Afghanistan; first, because the handlers did not like working dogs in dense
vegetation, and second, because dense vegetation is encountered relatively rarely
during mine detection work.

However, this study shows that dense vegetation can reduce detection success, and
that result should be born in mind wherever dogs are used for mine detection.
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None of the dog behaviours measured in this study influenced detection success.
However, there was some influence of handler and supervisor behaviour under
certain conditions. We saw instances where dogs that were taking too long to locate
a mine were moved on. In effect, a “found” mine became a missed mine because of
handler interference, although the dog was taking considerably longer than was
normal in the handlers’ experience (due, we believe, to contamination issues). The
opposite also occurred, where dogs were encouraged to sit by the handler (tugging
on the line) because they were taking too long to pinpoint an obviously found mine.
The dog immediately sat wherever it was, and in some instances that location was
too far from the mine for it to count as “found”. Our discussions with handlers and
supervisors showed that most had little understanding of the possibility that
contamination could be carried down runoff channels. That is perhaps hardly
surprising, as they had not experienced a spring as wet as 2003 for some years.

More than half the mines in this study, including some very small mines, were buried
at 15 to 25 cm, depths at which dogs are not expected to find all mines. As expected,
find rates decreased with depth, despite the high find rates for the leaky TM AT
mines (most of which were deeply laid).

The find-rate pattern in relation to depth was complex, because different mines
showed different find-rate patterns. Larger mines were found at higher rates overall,
but TC6 AT mines were found at lower rates than the other two AT mines in the
study. Analyte concentrations over TC6 mines were much lower than over other AT
mines, and TC6 mines are the most frequent mine mentioned in the missed mine
reports from clearance of the Kabul-Kandahar road in 2003 (UNMACA records show
that 22 of 31 missed mine incidents involved TC6 mines). The road was searched by
several odour-detection systems, and it is sensible to conclude that this mine is more
difficult for dogs to find than other AT mines.

With respect to small mines, the dogs had considerable difficulty with the small Type
72 mines at all depths, and this mine should also be treated as one that is difficult for
dogs to find. Most of the other AP mines showed the expected decline with depth.
However, the link between find rates and soil chemistry for the two small mines, YM1
and Type 72, gave anomalous results. Although explosive concentrations in the soil
were lowest over YM1 mines, find rates for YM1 mines (most of which were deeply
laid) increased with depth, and were considerably higher overall than for Type 72
mines.

Issues arising

Arguably, if dogs miss mines during normal working conditions, then they are not
effective mine detectors. But this superficial conclusion ignores the important reality
that dogs can and do find many mines, and are therefore a valuable member of the
demining toolbox. As well, under test conditions (as in this study), researchers
regularly find that demining techniques return disappointing results (reviewed in the
introduction). The research design used here required the dogs to search for mines
that were difficult to find, and yet returned find rates that were as good as those
found in studies of other demining techniques.



The most appropriate response to this study is to ask how these results can
contribute to improving the reliability of mine detection by dogs.

The key mechanisms for dealing with these issues are:
e to train for the most difficult conditions likely to be encountered; and

e to operate a high rate of maintenance training within the operational
environment, so that the dogs are constantly being challenged to perform well
under current conditions.

An obvious third option, of having mine detection agencies monitor soil chemistry,
environmental variability and odour availability, is unrealistic.

The first point is essentially impossible to achieve if the “most difficult conditions”
have not been defined. This study has identified odour availability and moisture as
significant issues in desert environments. While any dog operator would likely agree
with those as important issues, we predict that those operators have little
understanding of how they vary on either a long- or short-term basis, and no
understanding of how detection success varies with them. For example, it is rare for
a mine detection agency to operate any kind of weather monitoring system.

The second point requires considerable training resources, and commitment of a
significant amount of time to training on a daily or weekly basis. Establishing the
required resources in operational environments is difficult, and potentially impossible
in some situations. This study identifies the second working hour of the morning as
the time when humidity is of greatest concern. Scheduling training at that time could
affect work productivity, particularly in desert countries where work at other times of
day is frequently impossible (e.g. due to high temperatures or strong winds in the
afternoon). However, with the second point in mind, some demining programmes do
schedule significant amounts of training during each deployment cycle. Presumably
some productivity cost is involved, but the benefit is an assurance that the dogs are
maintaining their detection skills under current operational conditions.

Another option is to review the toolbox approach. For example, in the heavy clay
soils and frequent wet conditions of the Balkans, a machine is required to work the
land before dogs are used. Thus the primary role of the dogs is QA/QC after the
machine, and they never work as primary detectors as in Afghanistan and some
other places. Combining two different detection systems is likely to give a better
detection rate than using the same detection system several times.

Soil Chemistry

This study did not directly address the question of the link between availability of soil
chemicals, and odour detection by dogs, although it assumed that such a link exists.
A strong link was found in the October 2002 trial, when soil chemicals were found
over almost all of the mines found by the dogs, and over only half of the mines
missed by the dogs.

However, the link is clearly not a simple one. Find rates by the dogs were essentially
the same in April and June. In April, chemicals in the soil were at very low
concentrations, and were frequently below the detection threshold of the GC. In



June, chemicals were measured at much higher concentrations, and were found in
every soil sample. We believe that the odour environment in which the dogs were
working was very different in those two trials, due to the combined effects of very
different concentrations of chemicals over mines, and widespread contamination in
June. It is possible that the similar find rates reported at both times were coincidental.

TC6 mines were difficult to find, and lower concentrations of chemicals were found
over TC6 than for other AT mines. Lower concentrations of chemicals were found
over smaller mines, and smaller mines were more difficult to find overall. Overall
detection success improved with increasing availability of TNT and/or of all chemicals
in the soil. It appears that the assumption of a link between soil chemicals and odour
detection is justified.

Apart from the cost, at least five limitations were identified when dealing with the soil
chemistry data.

e The enormous variance in measured analyte concentrations over even the
same type of mine reduced the power of any analysis attempting to link
analyte concentrations to another variable. In effect, any possible influence of
the other variable on the issue being addressed was overwhelmed in the
statistical analyses. We addressed this issue to some extent by simplifying the
data (reducing all large values to 1000, and using natural logs of the data).

e The chemical detection threshold of the GC may not be strongly linked to
minimum odour requirements for dog detection. We dealt with this issue by
ignoring zero values in any analysis using analyte concentrations. However, it
is possible that important effects in the data were not found because they
have their strongest influence at threshold concentrations. If the minimum for
the dog is below the minimum for the GC, then any such effects would be
hidden in the zero values.

e |t has been demonstrated elsewhere that chemical concentrations in soil are
extremely variable on small spatial scales around and above a mine (reviewed
in Phelan and Webb, 2003). Our samples were taken from directly over the
mine. However, measurement limitations meant that we were not assured of
being precisely over the centre of the mine for every sample, especially for
small mines. Thus there are two sources of error due to spatial variation in the
soil chemistry data presented here: i) variability in sampling location in relation
to position of mine, and ii) variability in chemical concentrations in the vicinity
of the mine. These factors will have introduced additional variability into the
soil chemistry data.

¢ Different chemicals were found over mines of the same type at the same time.
We do not know if this variability is due to local environmental effects around
the mine, or to differences in the chemicals in the individual mines (e.g. due to
different production sources). Both factors were probably operating.

e The two labs had different detection thresholds for different chemicals.

Taken together, these issues constrain the ability of a statistical procedure to find
links between the factors being addressed, and soil chemistry. It should therefore be
assumed that any effects found are extremely robust. For example, the finding that



an indication given 1-2 m from a mine was at a site containing higher concentrations
of chemicals than over the mine itself is a robust result.

Dogs as mine detectors

Despite the missed mines in this study, results such as the high levels of chemicals
in the soil at sites of FAs, the 1-2 m result (above), and the negative link between find
rates and depth, give confidence in the effectiveness of mine detection dogs.

Results such as different detection patterns for different mines, variability in
availability of soil chemicals through time, the complex relationship between humidity
and detection on short time scales, and the long-term effect of spring precipitation,
are issues of concern requiring careful attention by agencies that use dogs.

Clearly, dogs are faced with a complex and varying odour environment. It is therefore
essential that:

e agencies using dogs consider that complexity when deploying dogs, and

e discussions about the reliability of dogs are linked to the influence of factors
external to the dog itself.

Clearly, these issues will not be addressed by having mine detection agencies
monitor local environmental issues, or conduct studies on chemicals in the soil. The
primary mechanism available is continuous maintenance training of dogs. Such
training will ensure that the dogs are tracking local environmental conditions as
closely as possible, whatever those conditions are. This study gives the time of day
when humidity creates the biggest problem (1-2 hours after the sun hits the ground)
in a desert environment. Although it is possible that the problem is restricted to dry
environments, it is more likely that it applies in any situation where humidity is varying
strongly. For example, in a situation where there is heavy morning fog, the problem
could arise considerably later in the morning, 1-2 hours after the fog lifts.

The dogs used in this study were all experienced operational dogs which had long-
since completed their original training, although some were undergoing refresher
training at the mine dog school at the time of the study. Although originally imprinted
on TNT (and presumably therefore on the associated breakdown and contamination
products), a major component of the original training of these dogs uses mines in the
ground. All of their subsequent maintenance training uses mines, and not TNT. They
are therefore potentially capable of finding mines using any or all of the chemicals
documented here. For example, having TNT present and 2,4-DNT absent over a
PMN in one location, and 2,4-DNT present and TNT absent over a PMN in another
location, may make no difference to the dog in terms of detection capability.

The most likely influence on their detection success during the trials was their recent
operational and training experiences, and not their original training. This study
documents that odour availability varies with current environmental conditions.
Ensuring that dogs are maintaining detection reliability under current environmental
conditions might not require maintenance training every day, but it should involve
significant amounts of training conducted at least weekly. Some agencies conduct
such training, and some do not. This study has demonstrated that it is not just
desirable, but essential.
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Appendix 1.
Location and type of mines
in the Kharga test field

X = not used because mine not available

Sorted by mine Sorted by Depth
Mine Depth strip Mine Depth strip
P4 (AP) 7.5 6 P3 (AT) Surf 17
P4 (AP) 15 8 TC-6 Surf 7
P4 (AP) 15 24 PMN-2 Surf 30
P4 (AP) 15 30 PMN Surf 8
P4 (AP) 25 17 PMN-2 Surf 24
P4 (AP) 25 23 PMN Surf 10
P4 (AP)x 7.5x 11x P3 (AT) Surf 2
P4 (AP)x 7.5x 23x PMN-2 Surf 11
P4 (AP)x 7.5x 8x TC-6 Surf 28
P4 (AP)x 15x 27x TC-6 Surf 9
P4 (AP)x 25x 18x PMN-2 Surf 13
P4 (AP)x 25x 2X P3 (AT) Surf 14
P3 (AT) 7.5 4 PMN Surf 22
P3 (AT) 7.5 10 PMN Surf 23
P3 (AT) 7.5 19 P3 (AT) Surf 13
P3 (AT) 7.5 21 Type 72 Surf 30
P3 (AT) 15 5 TC-6 Surf 14
P3 (AT) 15 7 Type 72 Surf 20
P3 (AT) 15 15 Type 72 Surf 22
P3 (AT) 15 23 Type 72 Surf 29
P3 (AT) Surf 2 PMN-2 7.5 6
P3 (AT) Surf 13 P4 (AP)x 7.5x 11x
P3 (AT) Surf 14 P4 (AP)x 7.5x 23x
P3 (AT) Surf 17 P4 (AP)x 7.5x 8x
PMN 7.5 1 P3 (AT) 7.5 4
PMN 7.5 6 PMN 7.5 6
PMN 7.5 18 Type 72 7.5 26
PMN 7.5 26 P4 (AP) 7.5 6
PMN 15 5 PMN-2 7.5 11
PMN 15 8 P3 (AT) 7.5 10
PMN 15 9 ™ 7.5 12
PMN 15 9 Type 72 7.5 25
PMN 15 15 PMN 7.5 26
PMN 15 20 YM1 7.5 5
PMN 15 21 P3 (AT) 7.5 21
PMN 15 29 YM1 7.5 30
PMN 20 2 ™ 7.5 7
PMN 20 21 TC-6 7.5 15
PMN 20 22 Type 72 7.5 20
PMN 20 29 TC-6 7.5 16
PMN 25 1 PMN 7.5 18
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Appendix 2.
Soil chemistry analysis
Methodology

FOI (Sweden)

Sample Storage

The samples arrived at FOI in Styrofoam boxes with freezer packs, in order to be
kept cooled during the transport. The samples were then stored frozen, at 18 C,
until analyzed. 12 hours prior to analysis, the samples were transferred into 4 C to
thaw.

Dry Content

In order to determine the dry content (dryness) of the sample, 1- 2 grams of soil were
weighed and gently dried in an oven at 110 C for at least 18 hours. The sample was
then weighed again in order to determine the weight loss.

Extraction

One gram of soil was weighed and transferred to a plastic tube. An internal standard
(for quantitative analysis) as well as 25 ml of an aqueous buffer solution was added
to the sample tube. The sample tube was then subjected to a 20 minute long
microwave assisted treatment at 80°C, in order to desorb the explosives from the soil
particles.

The samples were then filtered and subjected to an enrichment using Solid Phase
Extraction (SPE). Subsequently, the samples were eluted on SPE-cartridges and
further enriched by Nitrogen assisted evaporation.

The enriched samples were analyzed using gas chromatography (GC) using a
nitrogen-specific detector probe (GC-NPD). Based on the detector response of the
added internal standard, the concentration of TNT and related compounds in the
sample could be calculated.

The TNT-content has been presented as nano grams of TNT per gram of dry soil
(ng/g d.s).



Verification

In order to verify that peaks detected in the GC analysis corresponded to TNT and
related compounds, the samples were re-analyzed using Liquid Chromatography-
Mass Spectrometry (LC-MS)*. In cases where the GC analysis indicated very low
concentrations of TNT and related compounds in the samples, ‘pooling’ of several
samples was performed in order to ascertain that the concentration of relevant
analytes were above the limit of detection (LOD) of the LC-MS method.

Good Laboratory Practise Statement

All samples received at the Grindsjon Research Centre, FOI, have been subjected to
identical routines regarding storage, sample work-up and extraction as well as
chemical analysis according to the internal FOI Standard Operating Procedures
(SOPs), developed in compliance with ISO 9001.

Analytes
The analytes reported by FOI are in Table 1.

Table 1. Analyte List reported by the two laboratories

Analyte Acronym Sandia FOI
1,3-Dinitrobenzene DNB X
2,3-Dinitrotoluene 2,3-DNT X
2,6-Dinitrotoluene 2,6-DNT X X
2,4-Dinitrotoluene 2,4-DNT X X
2,5-Dinitrotoluene 2,5-DNT X
3,4-Dinitrotoluene (surrogate) 3,4-DNT X X
2,4,6-Trinitrobenzene TNB X X
2,4,6-Trinitrotoluene TNT X X
Hexahydro-1,3,5-trinitro-s-triazine RDX X
4-Amino-2,6-Dinitrotoluene 4A-DNT X X
2-Amino-4,6-Dinitrotoluene 2A-DNT X X

2,4dia-6-NT X

2,6dia-4-NT X
Tetryl Tetryl X

2 Chromatographic technique similar to GC, where retention time and mass-to-charge ratio for each component
of the sample can be measured independently.



Sandia (United States)

Chemical residues of explosive related compounds in soils were analyzed using EPA Method
8095. The soil samples were received in 40 mL amber screw cap vials. The samples were
mixed by vigorously shaking each vial. A 0.8 g (= 0. 01 g) aliquot was removed from each
vial and placed into a 5 mL amber screw cap vial with care to avoid stones and organic
material. Acetonitrile (4 mL) was added by pipetting (+ 0.01 mL) to create a 4:1 solvent to
soil ratio. A surrogate (3,4-dinitrotoluene, 25 uL aliquot of 10 mg/L) was placed into each
extraction vial as a quality control check on extraction efficiency. A batch containing 20
samples was placed into a water bath cooled (10°C) ultrasonicator for 18 hours. The
samples were then syringe filtered (0.45 um nylon) and placed into an autosampler vial.

The filtered soil extracts were analyzed by gas chromatography with a one (1) uL
autoinjection into a split/splitless injector containing a single taper liner (4 mm i.d. x 78 mm
long) using a primary and a confirmation column. Primary column analyte separation used
an RTX-5 column (Restek, 0.53 um id., 15 m long, 0.1 um film thickness) with a
programmed temperature profile set for 70°C for 2 minutes, 10°C/min ramp to 200°C and
then held constant at 200°C for 7 minutes. Confirmation analyses were performed using an
RTX-225 column (Restek, 0.53 um i.d., 15 m long, 0.1 um film thickness). The temperature
profile for the RTX-225 was programmed for 100°C for 2 minutes, 10°C/min ramp to 200°C
and then held constant at 200°C for 7 minutes. The electron capture detector was operated
at 225°C for both column types with a nitrogen makeup of 60 mL/min.

For each set of samples prepared an autosampler run schedule included the following vials:
1 each: inlet passivation, 1000 pg/uL (all analytes),
3 each: blank,
1 each: continuing calibration verification (CCV),
1 each: laboratory method blank (LMB),
1 each: laboratory control standard (LCS),
1 each: matrix spike (MS),
1 each: matrix spike duplicate (MSD),
10 each: soil extract samples,
1 each: continuing calibration verification (CCV),

10 each: soil extract samples and 1 each CCV until complete.

Calibration standards of 5, 10, 25, 50, and 75, 100 pg/uL were prepared for each batch of
samples. Table 1 shows a list of the analytes quantified. Quadratic fit calibration equations
were used to quantify the peak area of the sample chromatograms. Figure 1 shows a
calibration standard using the RTX-5 column and Figure 2 shows the same standard on an
RTX-225 column.

The Laboratory Method Blank (LMB) is an acetonitrile extract of an uncontaminated
soil to evaluate the presence of naturally occurring interferents. The Laboratory
Control Spike (LCS) is an uncontaminated soil spiked with the full list of analytes at
250 ng/g to evaluate bias in the soil extraction process. Both the LMB and the LCS



used clean soil from Sandia National Laboratories. The Matrix Spike (MS) is similar
to the LCS but uses a randomly chosen sample from the suite of samples collected
for analysis from the actual site. The Matrix Spike Duplicate (MSD) is used to assess
variability of the analyte recoveries from the actual site matrix. The Continuing
Calibration Verification (CCV) is a mid point calibration (50 pg/uL) standard placed
every ten samples in the autoinjection run to monitor instrument drift.

The analytes reported by Sandia are in Table 1.

Figure 1. RTX-5 Column Chromatogram - 50 pg standard
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Figure 2. RTX-225 Column Chromatogram — 50 pg standard
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Appendix 3. Frequency of detection of
each chemical in soil samples taken over
mines for each trial

Date TNT 2,4-DNT_ 2,6-DNT  2,5-DNT  4-a-DNT_ 2-a-DNT RDX DNT4a26 DNT2a46 3,4-DNT 2,3-DNT TNB Tetryl NT24dia6 NT26dia4 DNB
Oct02 | F 28 11 3 4 2 2 4 7 7 0 2 1 0 1 2 2
3 1 0 0 1 0 1 0 0 0 0 0 0 0 0 0
Total 31 12 3 4 3 2 5 7 7 0 2 1 0 1 2 2
Apr03 | F 0 0 1 1 4 3 3 0 0 0 0 0 0 0
2 0 4 4 4 2 2 0 0 1 0 0 0 1
Total 12 2 0 5 5 8 5 5 0 0 1 0 0 0 1
Jun03 | F 35 27 17 7 3 2 12 11 15 0 0 12 7 1 0 7
35 15 7 2 0 0 2 3 7 0 0 6 0 0 0 8
Total 70 42 24 9 3 2 14 14 22 0 0 18 7 1 0 15
Jul 03 F 47 14 3 2 2 2 17 10 0 0 7 0 0 0 0
30 5 1 1 1 4 2 2 0 0 1 0 0 0 0
Total 76 19 3 3 3 21 11 12 0 0 8 0 0 0 0
Sep03 | F 54 36 16 6 13 9 29 9 11 0 3 5 0 0 1 3
34 17 1 2 6 4 8 4 4 0 0 0 0 0 0 0
Total 88 53 17 8 19 13 37 13 15 0 3 5 0 0 1 3
Overall 277 134 49 24 33 25 85 50 61 0 5 33 7 2 3 21
% Overall 51.4 24.9 9.1 4.5 6.1 4.6 15.8 9.3 11.3 0 0.9 6.1 1.299 0.4 0.6 3.9




in soil samples

Appendix 4. Counts of chemicals found

taken over each type of mine
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Appendix 5. Occurrence of each
chemical over found and missed
mines, and across trials.

Each pair of figures is the occurrence of the chemical over found and missed mines
(left) and across trials (right, lumped for found and missed). Y axis in all cases is
concentration of analyte (ng/gm, or parts per billion).
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2,4-dia-6-NT

N small. Detected in October and June over Found mines only.
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