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2,4,6-triamino-1,3,5-trinitrobenzene (TATB) is an Insensitive High Explosive (IHE) that is increasingly being

TATB used as a safer alternative to traditional energetic materials. However, the high thermal stability of TATB poses
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challenges for its disposal, particularly through existing open burning methods and its ability to remain in the
environment for long period of time. Therefore, this study investigated the persistence of TATB in the envi-
ronment by conducting small-scale experiments which were designed to examine the resistance of TATB to open

burning and to assess unburnt residues. To evaluate the fate and transport of the unburnt materials in soil,
laboratory-scale soil column transport studies were conducted to gauge the movement of TATB through soil. The
results indicate that TATB exhibits a high resistance to burning, leaving unburnt materials that can persist in soil.
The study emphasizes the importance of efficient disposal methods for explosives and highlights the need for
further research to understand the environmental impact and toxicity of TATB.

1. Introduction

2,4,6-Triamino-1,3,5-trinitrobenzene (TATB), is an insensitive high
explosive (IHE) with an explosive hazard division of 1.5 making it a
suitable filling for insensitive munitions (IM) (Boddu et al., 2010) as it
reduces the intrinsic hazards and risks associated with accidental and
combat stimuli (NATO, 2018). TATB is being brought into service to
replace sensitive energetic materials such as 2,4,6-trinitrotoluene (TNT),
hexahydro-1,3,5-trinitro-1,3,5-triazine (RDX) and octahydro-1,3,5,
7-tetranitro-1,3,5,7-tetrazocine (HMX), without sacrificing perfor-
mance. One of the main risks associated with IHE use is the potential for
contamination of drinking water and further consequences on the
terrestrial environment (Persico et al., 2022). Protecting the soil envi-
ronment has become one of the biggest concerns of the last two decades,
with increasing research and legislation around the world to ensure
security of soils and decrease soil degradation (DEFRA, 2018; European
Commission, 2021; Ministry of Defence, 2021; UNCCD, 2017). More-
over, hundreds of thousands of dollars have been invested to remediate
contaminated environments following migration of explosive com-
pounds in the groundwater system (Bortone et al., 2019).

TATB is a nitroaromatic explosive with high thermal stability, with
thermal decomposition at greater than 250 °C and an autoignition
temperature of 358 °C (Dobraz, 1995; Watt et al., 2006; Yan et al.,
2020). The three amino groups have six two-sided C-H bonds, which
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exhibit a self-inhibitory effect arising from the strong intra and inter
molecular hydrogen bonds between the amino hydrogen atoms and
neighbouring oxygen atoms. Therefore, TATB arranges into a
graphite-like structure, which may contribute to its insensitivity to
shock, thermal or impact stimuli (Fig. 1) (Manaa et al., 2009). These
factors contribute to the difficulty of disposing of TATB by open burning
as complete combustion of TATB is not achievable even at high
temperatures.

The thermal properties impart a resistance to burning, resulting in
unburnt solid pieces of TATB in the environment after open burning
which could make their way into soil and water. TATB has strong n-n
stacks between the adjacent benzene rings (C. Zhang et al., 2008), which
will readily interact with humic material which is in the soil organic
matter. Zhang et al. (2009) suggest that non-hydrophobic sorption of
nitroaromatics to soil is due to the n-r interactions (Arthur et al., 2017;
D. Zhang et al., 2009). Unburned explosive may also be transported to
waste disposal facilities not equipped to manage explosive waste causing
a compliance and explosive risk.

TATB has a toxicity category of 3, which means it is mildly toxic and
irritating, and does not directly cause health issues to environmental
receptors (Jorgenson et al., 1976). However, it is bright yellow in colour
and remains so after burning, and when exposed to ultraviolet light
takes on a green colour (Williams et al., 2003). Although, colour changes
of TATB have been attributed to various factors, such as humidity and
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temperature as well as light, which can change the chemical structure
and physical crystallisation of the explosive which leads to colour
changes that can vary from green to brown (Manaa et al., 2002; Tian
et al., 2017; Williams et al., 2003; Xiong et al., 2014). As the potential
toxicity associated with green/brown/yellow TATB remains unex-
plored, the presence of a pigmented contaminant on the soil surface
possesses the capacity to generate adverse public perception (Ladyman
et al., 2019), particularly given that these incidents may occur within
areas that are easily accessible by the public where disposal may happen
on training ranges, which are often also designated Sites of Special
Scientific Interest. Moreover, TATB it is likely to be used in conjunction
with fluorinated polymers such as per- and polyfluoroalkyl substances as
binders. (Yeager et al., 2010). There is evidence that PFAS is a major
contaminant and is currently used regularly in military applications
worldwide (Field et al., 2017; Hu et al., 2016). Therefore, it is essential
to understand if these combinations leave behind residues to have the
potential to contaminate the environment.

Traditionally explosives are disposed of by open burning as this is a
quick, safe, efficient, and cost-effective method but due to the high
thermal stability of TATB these methods used for burning can be inef-
fective. This can occur if the temperature of the open-burn is not high
enough nor a consistent temperature, e.g. if the centre of the flame is
400 °C and the outer area is only 200 °C, or cools down throughout the
burn. Complete thermal decomposition of TATB may not be possible at
typical open-burn temperatures resulting in unburned residue as the
ignition temperature of TATB is above 230 °C (Glascoe et al., 2010). It is
common to add other waste materials such as contaminated paper and
cardboard, and chemical accelerants or waste solvents to increase the
burn temperature and longevity of a burn. Even optimising the structure
of the material to be burned to increase oxygen flow is rarely sufficient
to produce a high enough temperature to ignite TATB (Glascoe et al.,
2010). Manufacturers may resort to disposing of large stockpiles of
TATB in combination with other High Explosives, such as HMX, to
generate higher temperatures; the issue with this is the amount of TATB
that can be disposed of at one time is limited by the availability of HMX
and safe quantities for disposal, resulting in the accumulation of TATB in
local stores waiting for disposal increasing risk to safe storage. More-
over, there is an increased hazard during open burning at higher tem-
peratures as TATB is proven to burn significantly faster and more
erratically if external conditions are not controlled (e.g. ambient tem-
perature burns) (Glascoe et al., 2010). To ensure efficient disposal of
explosives by open burning it is essential to generate a sufficiently high
temperature through optimisation of the composition and geometry of
the burn. Thus far, no research has shown the efficiency of disposal via
open burning of TATB, which can lead to improper burning rendering
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TATB a potential threat for the soil environment.

Moreover, current, and potential future applications suggest that
TATB could be used more frequently as it is safer to handle and trans-
port, therefore it will see an increase of use at larger scale manufacturing
plants and training and testing ranges (Prakash Agrawal and Dodke,
2021). However, like other energetic materials, the activities involving
TATB can lead to contamination of the environment as improper use and
disposal of hazardous materials can have severe consequences for eco-
systems potentially disrupting organisms (Persico et al., 2023). Unfor-
tunately, the toxicity of TATB is not fully understood and there is no
sufficient experimental data openly available to indicate the toxicity of
exposure to this explosive. However, TATB can be classed as a
nitro-aromatic compound which have been shown to be toxic, such 1,3,
5-tri-nitro-benzene (TNB) and 1,3-di-nitro-benzene (DNB) which have
an oral LD50 in rats of 275 mg/kg and 59 mg/kg, respectively (Dorsey
and Llados, 1995). There is well documented evidence related to the
toxicity of different explosive compounds (Clausen et al., 2004; Jenkins
et al., 2006; Walsh et al., 2005), and case studies show that the extensive
use of explosives for military training and testing have been found in
drinking water, demonstrating the importance of understanding the fate
and environmental impact of explosives (Walsh et al., 2013). In addi-
tion, there is very limited information from open publications on the
effects that TATB has on soils where it could have a long-term irre-
versible impact on the environment, which has been previously proven
for Insensitive High Explosive compositions (Persico et al., 2023;
Temple, T., Ladyman et al., 2018).

The favoured properties of TATB that impart high stability and
insensitivity profile, also make it very difficult to efficiently dispose
using typical open burning methods. However, due to the limited
research into the environmental impacts of TATB, open burning likely
remains the preferred option for disposal due to its simplicity and cost-
effectiveness. Therefore, this research investigated the persistence of
TATB in the environment by confirming the resistance to burning by
various methods, and studied the consequences of unburnt materials
remaining in and on soil surfaces. For this work a series of current
burning methods were reproduced at small scale and the remaining
unburnt TATB materials were examined for their persistence in soil. This
was achieved by setting up laboratory scale soil columns with repro-
ducible weather conditions and controlled TATB contamination. The
main purpose was to evaluate if and how the TATB moves through the
environment.
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Fig. 1. Inter- and intramolecular bonding in TATB forming the graphite-like structure contributing to increasing its insensitivity to shock, thermal and

impact stimuli.
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2. Materials and methods
2.1. Simulated small-scale open-burning

Open burning was simulated by using steel burn trays (50 cm x 50
cm x 3 cm) laid directly on the ground in a confined hardened chamber
to simulate burning in sunken burn pits. The confinement chamber has
two access points, ensuring continual air flow, large enough for there to
be a consistent excess of oxygen while minimising the loss of residues
from inclement weather. The open burning, 10 in total (ID B1 to B10) to
ensure reliability and differentiation of results, was simulated by
stacking varying quantities of common waste materials (Table 1) used in
manufacturing and processing of TATB. Materials such as blue roll
(highly absorbent paper towel), cardboard and shredded paper, to
simulate laboratory and packaging waste, were placed in the centre of
the tray in either a flat or ‘stacked’ configuration. In the flat configu-
ration the waste was thoroughly mixed and spread across the tray with
solid pristine powder TATB (3.5 g) (acquired from an industrial partner)
spread evenly across the top. In the ‘stacked’ configuration the waste
was arranged to increase oxygen ingress by piling the shredded paper
and blue roll loosely at the bottom, with the card stacked in a pyramid
and TATB placed into the cone. The ‘stacked’ configuration was also
repeated spreading the TATB evenly on the waste. For some burnings,
kerosene was used as an accelerant by spreading evenly around the burn
pile. The waste was ignited with a safety gas lighter and allowed to burn
until completion and then left until cool.

Once cooled, the ash was collected with a sampling scoop, using filter
paper to collect as much residue as possible by sweeping into the scoop
and transferring to amber jars. Any large pieces of unburned or charred
wood were collected separately in sterile bags. The trays were swabbed
with dry cotton wool by sweeping the cotton pad over the entire plate. If
excess powder remained an additional swab was used. Finally, the steel
tray was swabbed with a damp cotton pad to remove any sticky explo-
sive residue.

2.2. Open burning sample extraction

The dry cotton wool samples and the ashes collected were extracted
using 50 mL of dimethyl sulfoxide (DMSO). The samples were sonicated
at 70 °C for 30 min. After sonication, the mixtures were left to settle, and
the supernatant was filtered using a 2 pm nylon-filter and stored at 4 °C
before analysis.

2.3. Transport studies

Following transport assessment methodologies from previous studies
(Persico et al., 2023; Temple, T., Ladyman et al., 2018) Clear Perspex®
columns (10 cm diameter x 40 cm length) with polyvinyl chloride (PVC)
(Figs. 2-3) collection funnels were fitted with stainless steel wire meshes

Table 1
Configuration of burning regime, common wastes used to accelerate the burns.
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Fig. 2. Image of soil column Set-up. PVC columns (3) were set up in triplicate
and filled with sand (4) covered watering can roses (2) attached to a dosing
pump (1) to ensure even distribution of water. Water leachate was collected in
enclosed buckets (5).

and then placed into collection containers in triplicate. Play sand (300
g), gravel (150 g) and DI water (40 mL) were mixed and added to the
bottom of the column above the meshes to minimise the loss of fine
particulate sand when filling the columns. Sand was added to the col-
umn in increments of 200 g and compacted using a tamping rod (1.2 kg)
until a height of 20 cm was achieved (Oliviera et al., 1996), this was to
ensure a homogenous mixed column. Commercial play sand was chosen
due to it being clean with low organic content. The sand (Figs. 2-4) was
air-dried for 1 week and passed through a 2 mm sieve prior to use. The
sand particle size was determined by passing 1 kg of sand through seven
sieve sizes from 2 mm to 63 pm. The average particle size was 300 p.m.,
classifying the soil as sand (Warrick, 2003) and the packing density has
been calculated (1457.86 + 45 kg/m®). Columns were saturated by
adding of distilled water (800 mL) and the quantity of water that leached
through was immediately recorded. The columns were left to settle for a
week. Solid pristine powder TATB (0.5 g) (acquired from an industrial
partner) was added to the surface of each column. Incident water was
calculated to be an equivalent volume to the average yearly rainfall in
South-West England and Wales from 1995 to 2015 (1160 mm) (Temple,
T., Ladyman et al., 2018). Water was delivered over a 4-week period

D TATB: Fuel
Ratio

Configuration of burning regime

Common waste materials

Paper Cardboard Blue Roll Wood Kerosene

® (€3] (@) (€3] (ml)
Bl 1:70 TATB and materials completely mixed over entire area of tray. 65 140 40 N/A N/A
B2 1:20 Stacked in centre using carboard to create space for oxygen ingress. TATB spread 30 35 7 N/A N/A

through depth.

B3 1:70 As B1, with kerosene added to surface as accelerant. 65 140 40 N/A 6
B4 1:20 As B2, with kerosene added to surface as accelerant. 30 35 7 N/A 6
B5 1:116 Wood added to fuel to increase duration of burn. 20 20 N/A 367 6
B6 1:44 As B5 using lower density wood. 10 10 N/A 134 6
B7 1:80 As B6. 15 15 N/A 245 6
B8 1:70 As B6. Wood as only fuel. N/A N/A N/A 252 9
B9 1:45 As B1. 47 88 23.5 N/A N/A
B10 1:45 As B2. 47 88 23.5 N/A 6
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5cm

Fig. 3. Image of 5 cm column increments labelled A-E.

(352 mL every day/hour at 40 mL min’l, 9.11 L) (Kramoer Dosing
Pump. China). The water passed through a watering can rose (HAWS.
UK) to achieve an even water distribution over the surface area of the
soil column. To prevent light on the TATB, the columns were covered in
silver foil.

2.4. Sample collection

At the end of the 4-week watering regime the columns were broken
down into 5 increments shown in Fig. 3, with their increments labelled
A-E. Each increment was removed from the column and placed on trays
for 6 days to air dry in dark conditions. Column increments B-E were
then extracted by taking sub-samples (10 g) in triplicate (Thermo Fisher
Scientific UK), using the sonication method at 70 °C for 30 min in DMSO
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(20 mL). Water leachate was collected weekly and both water and soil
samples were extracted using DMSO to detect the amount of TATB. All
the samples were filtered using a 2 pm nylon-filter and prepared for
HPLC analysis (extraction efficiency 93%). Extraction efficiency was
tested by extracting a known mass of TATB from damped play sand (10
g) in DMSO (50 mL) and sonicated at 70 °C for 30 min. After sonication,
the mixtures were left to settle, and the supernatant decanted into vials
for storage before analysis. Increment A had a large quantity of TATB
still on the surface, such that it was not feasible to extract due to the
large quantities of solvent DMSO it would require. Therefore, to quantify
the TATB on the surface a separation method was used. The equivalent
volume of DI water to the weight of each increment was added in a
separation funnel to allow the TATB to float on the water surface. The
sand and the water with TATB were separated. The water was filtered,
and the filtered solids were dried and weighed.

2.5. Sample analyses

Samples were analysed by HPLC (Waters-Alliance 2696, USA) using
a photodiode array detector (Waters, 996, USA). The mobile phase was
45% acetonitrile (ACN), 55% water/0.1% formic acid with a flow rate of
0.4 mL min-1. The stationary phase was a reversed phase Kinetex 2.6 pm
Phenyl-Hexyl 100 A column (100 mm x 4.6 mm) L11 column. The
column temperature was 30 °C. The injection volume was 10 pL. Peak
identification was performed by comparing the retention time and UV
profile of the compounds to TATB standards. For the standards TATB
(5.3 mg) in DMSO (20 mL) stock was diluted to six concentrations be-
tween 53 mg/L and 0.6 mg/L. The output signals were monitored at a
354 nm wavelength. The HPLC run time was 2 min and TATB peaks
appeared after 1.6 min (LOD: 0.219; LOQ:0.665).

3. Results and discussion
3.1. Detection of TATB from open burning

Open burns simulated at small scale using steel burn trays were first
visually inspected for unburnt materials followed by HPLC analysis. Due
to the low solubility of TATB in DMSO (50 mL required to solubilise 3.5
g) and the high background interference using HPLC coupled UV/VIS, it

Concentration (mg/L)

B1 B2 B3 B4

Visual Analysis— Non Detected
[7] visual Analysis - Detected

B6 B7 B8 B10

Fig. 4. Concentrations of TATB calculated using HPLC detection from the open burning and final concentrations detected. B1, B3 and B4 were detected by HPLC but

not quantifiable.
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was not possible to quantify the remaining TATB in all the burnings.
Therefore, the ‘observe or detect’ approach was coupled with HPLC
analysis to determine that even when there are no visible TATB residues
remaining, significant quantities could be detected (Fig. 4).

The results obtained from the burning experiments revealed varying
levels of detectability and quantifiability of the explosive materials
(Fig. 4). As the explosive residues were difficult to identify in the ashes
collected due to the amount of burn materials which interfered with the
results, residues collected are linked to the number of explosive residues
that were left on the witness plates recovered using cotton buds.

B2, B6, B8 and B9 had the largest quantities of explosives recovered
after the burning, where explosive residues were quantified at high
levels and ranged from 390.87 to 480.25 mg/L, and therefore were the
most inefficient open burning configurations to dispose of TATB. B2 had
a stacked configuration to increase temperature and oxygen ingress,
which was expected to increase the efficiency of the burning. High
quantities of TATB recovered showed that oxygen intake did not play a
role in the thermal degradation of TATB. Although, the same stacked
configuration was used for B4, where kerosene was added as an accel-
erant. In that case, TATB was detectable by HPLC although, concen-
tration was very low compared to the initial quantity, suggesting the
accelerant provided a more efficient burning method by increasing the
rate of combustion and the speed at which the fire spreads. B6 and B8,
showed high quantities of TATB after visual inspection, TATB presence
was confirmed by HPLC analysis which found concentrations of
respectively 453.29 and 467.52 mg/L. In both cases wood was used as
fuel (B6:134 and B8:258 gr) which appeared to slow the combustion
process likely due to it being a denser material compared to cardboard
and paper. These last two materials were used in low quantities in B6 to
try and increase the ignition velocity, although it did not improve
combustion of TATB and left the tray with high TATB concentrations.

B9 was the least efficient, even though TATB was not observed after
the burning, the highest TATB concentration was recovered (480.25
mg/L). During B9 only cardboard, paper and blue roll were utilised to
open burn the TATB, therefore it was assumed that the lightweight
material alone did not maintain temperature for long enough to enable
full TATB combustion as the flame is likely to extinguish before ignition
temperature is achieved.

B5, B7 and B10 were more efficient compared to B2, B6, B8 and B9.
As these burnings shared the same configurations, the only difference
was the addition of the accelerant kerosene. B10 was the most efficient
of the three burnings, which did not use wood as fuel unlike B5 and B7,
confirming that denser material can slow down the combustion process
by not reaching high enough temperatures to ignite TATB. Even though
B5 and B10 had varied amounts of TATB recovered, during visual in-
spection TATB was not observed confirming that a visual observation
cannot confirm whether the explosive is completely destroyed after an
open-burning.

B1, B3 and B4 were the most efficient burns, where TATB was not
visually observed during inspection but was recovered in low quantities
under the limit of quantification for the HPLC; this suggests that even
though explosive materials left after these burns were not visually
apparent, small concentrations of the explosives were recovered. B1 and
B3 used a high mass of cardboard fuel and TATB was evenly mixed in
with the materials. Carboard typically contains paper fibre and different
additives such as inks and glues which can affect the burning rate of the
materials, although, cardboard tends to burn faster compared to wood
and slower compared to paper, which can affect the efficiency of the
burning. B3 and B4 had the accelerant, which increased the efficiency of
disposal although did not completely burn the TATB. While the quan-
tified HPLC results cannot be used to determine a mass balance, it was
noted that for the two burns with a higher TATB to fuel ratio (B1 and
B3), the mass of TATB could not be quantified compared to B9 and B10
where a concentration of 4.8 mg/L was detected.

Results showed that the burnings in which the explosive was thor-
oughly mixed with the materials and the accelerants was added were the
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most efficient in disposing of TATB materials which may be due to
kerosene decreasing the time taken for the fire to ignite. Although, it is
worth noting that because of the way in which the explosives residue
was collected results might underestimate the concentration of TATB
that were found as more possibly was held in the left-over ashes
depending on how the TATB was placed within the materials during the
open burnings. These results also suggest that visual inspection alone
cannot be used as the sole source for confirming explosive residues being
left after a burning where more analyses are needed to confirm the traces
left over which can harm the environment.

It is clear from the results that none of the methods used were able to
ensure complete disposal of TATB with TATB detected by HPLC in all
burnings. These results demonstrate that current methods used to
dispose of TATB are not fit for purpose as they are leaving insensitive
explosive residues on soil.

3.2. Persistence of TATB in the environment

Following the results from the open-burning, soil columns were
contaminated with pristine explosive to investigate the persistence of
TATB (Fig. 5) following residues remaining on the soil surface following
current open-burning practices. Play sand was used to determine ex-
plosives transport in the column due to water infiltration, as it has a very
low organic content and thus has low humic content to minimise like-
lihood of degradation and sorption to the soil matrix (Doyle and
Kitchens, 1993). Moreover, to ensure that photodegradation did not
occur all the columns were covered in aluminium foil.

Following contamination of the soil columns samples were extracted
by dividing the contaminated sand in increments. Samples from column
increments B-E were extracted and analysed by HPLC. Section A of each
soil column was not extracted due to the high amount of TATB left on the
surface and the low dissolution rates in the DMSO. The largest concen-
tration of TATB is seen to be in increment B for all columns (Fig. 5),
however there is a large discrepancy in concentration between column
3, and columns 1 and 2. The large concentration of TATB in increment B
is due to TATB infiltrating the top of the soil matrix over the course of
the yearly rainfall due to its low solubility in water. The concentration of
TATB dramatically reduces in increments C, D and E with a very small
concentration detected in increment E, 0.06, 0.19 and 0.02 mg/kg
respectively in columns 1, 2 and 3. The very small concentration of
TATB in increment E indicates that there should have been some TATB
detected in the water leachate samples, which was not detected.

On average 2.8% of TATB was recovered across the three columns
from increment B to E, with the highest recovery in column 1 (18 mg in

overed)

rd

TATS (mg rec

Column sections

Column 1 Column 2 Column 3

Fig. 5. TATB Concentration in each Column Increment (excluding A) for the
three Soil Columns.
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total) and the lowest recovery in column 3 (3.28 mg in total). This
discrepancy was related to the highest TATB weight recovered in
increment A in column 3 (92-99%), where TATB remained on the sur-
face highlighting again its low transport rate. On average more than
80% was recovered in increment A, with a TATB mass that showed a low
transport from increment B (where from 20.18 mg in column 2-2.98 mg
in column 3 was recovered) to increment E (0.13 mg in column 2 to 0.01
mg in column 3). The presence of TATB left on the surface is a cause for
concern, as previous research has shown that insoluble TATB can be
degraded by sunlight, resulting in the formation of photodegraded and
more soluble components (Halasz et al., 2021). The environmental risks
associated with these components have not yet been considered.

Results from the soil column studies proved that TATB remains on
the soil surface and only a small percentage (<4%) moved through the
top-soil layers, suggesting that the rate of transport to groundwater
would be so low as to be insignificant over time. This is due to the hy-
drophobic nature of TATB, (Yuan et al., 2020) also influenced by the
non-polar bonding within the molecule making it less likely to dissolve.
The chemical structure of TATB allows the molecule to be more
attracted by the soil matrix than water allowing the explosive to be
retained on the top-surface layer of the soil.

TATB in its original form has the potential to have minimal effect on
aquatic life if it were to leach in water (Boddu et al., 2010). However,
due to the limited literature and need to comply with environmental
legislation contamination should be managed until further research
confirms the toxicological profile of this compound and its degradation
products. Moreover, the matrix used for this experiment contained a low
amount of organic matter (0.15%) which decreased the opportunities for
degradation to occur. Therefore, TATB’s behaviour may vary as the
organic matter, pH and the microbial communities of the soil matrix
changes and may be subject to degradation and different transport
profiles; more studies are needed to confirm the behaviour on TATB in
various soils.

TATB is bright yellow in colour thus easily identified if any
contamination has occurred on the soil surface and can be removed by
taking away the top layer of soil. Removing the contamination is straight
forward, however remediating to comply with environmental legislation
and prevent further movement of TATB in the environment is still an
area of concern and requires further research. The most viable and
current option is to remove the contaminated soil and securely store
until a remediation method is available or efficient final disposal solu-
tions are identified.

It is worth highlighting that the removal of any TATB-contaminated
soil should be undertaken as early as possible as TATB is subject to
colour (from yellow to green) and chemical changes (variation of solu-
bility) when subjected to light exposure (Halasz et al., 2021).

4. Conclusions

TATB is recognised as a moderately powerful insensitive high
explosive (IHE) with exceptional thermal stability making it a suitable
choice for filling insensitive munitions that meet stringent safety re-
quirements. However, the disposal of this material poses significant
challenges. Initial research indicated that TATB does not readily burn,
even when combined with other accelerants or waste materials, or when
arranged in different configurations. Subsequent experiments conducted
as part of this study confirmed these findings.

Nevertheless, it is crucial for those involved in TATB disposal to
understand effective burning methods or optimal management strate-
gies, as leaving the material unburnt in the environment is unacceptable
from both an environmental compliance standpoint and due to potential
risks to environmental receptors. Moreover, this research also explored
the persistence of TATB in soil environments, revealing that it remains
primarily at the soil surface and is transported at a slow rate. This does
facilitate straightforward removal, however, there will be concerns from
the bright yellow colour of TATB, which has been observed to change to
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different colours when exposed to light. These colour variations and
associated changes are classified as pollutants, potentially indicating the
presence of more toxic by-products that could have implications for both
the environment and environmental receptors in terms of toxicity.

To advance this project further, future work should focus on inves-
tigating suitable and efficient disposal options or convenient solutions to
prevent the accumulation of TATB in the environment, also looking into
contamination when TATB is combined with fluorinated polymers.
Additionally, it is important to study the transport mechanisms of TATB
in soil columns that closely resemble real soil environments, rather than
just laboratory conditions. Utilising a soil type with high organic con-
tent, as suggested by Doyle and Kitchens (1993) would be beneficial to
examine TATB degradation and adsorption in a soil-compost mixture, or
the effect of different conditions such as pH. Furthermore, conducting
toxicity studies on prolonged exposure may confirm the non-toxic na-
ture of TATB and provide valuable insights into its environmental
impact. Further research could also encompass analyses on photo-
degraded TATB, as our results indicate that a significant amount of
unburnt materials can persist indefinitely in soils, raising concerns when
the explosive undergoes photodegradation.
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