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ABSTRACT

Introduction. Explosives are widely used, within
the armed forces as well as civilian society, but the
health effects associated with the explosive manu-
facturing industry are not well described.

Case report. We present the case of a 48-year-old
explosive manufacturing factory operator who
developed contact dermatitis to trinitrotoluene as
the presumed causative agent and paronychia from
prolonged wet work.

Discussion. The main health effects of exposure to
organic nitrates (including those used in explosives)
are dermatitis, methaemoglobinaemia, vasodilation
and carcinogenesis.

Conclusion. It is essential for health care workers to
take a detailed occupational history in order to deter-
mine the possible contribution of work to a patient’s
health.

Introduction

Explosives are not only used by the armed forces but
also extensively in the mining and demolitions indus-
tries. A review of the literature on this subject revealed
that the spectrum of occupational diseases within the
explosive manufacturing industry is not well described.
What is known is that during World War |, workers
involved in the munitions industry developed severe
hepatotoxicity and anaemia.* In the USA, 17 000 cases
of 2,4,6-trinitrotoluene (TNT) poisoning occurred,
resulting in over 475 deaths.? Although more people
were exposed to more chemicals during World War I1,2
fewer cases of morbidity were reported; this demon-
strates that the handling conditions had improved,
resulting in far lower exposures and less overt poison-
ing.

In South Africa, the Explosives Act (Act No.15 of 2003)
governs the manufacture, distribution, storage and pre-
vention of injuries within the industry, whereas the
Hazardous Chemical Substances Regulations promul-
gated under the Occupational Health and Safety Act
(Act No. 85 of 1993) governs the safe use of regulated
chemicals. Occupational diseases are compensatable
under the Compensation for Occupational Injuries and
Diseases Act (Act N0.130 of 1993). It is therefore not
only important to investigate potential occupational dis-
eases in order to prevent further exposures but also to
ensure that the workers have access to the appropriate
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personal protective equipment, compensation and
care.

| present a case from the explosive manufacturing
industry of a chronic relapsing skin disorder as an intro-
duction to the subject.

Case report

A 48-year-old operator of 29 years standing presented
with a 4-month history of an itchy, erythematous rash
on his hands and forearms. He related the rash to
working with TNT as the rash had started after he
steam-cleaned a machine that had been used to make
a TNT-containing explosive. When he was transferred
to another production line where he was not exposed
to TNT, the problem disappeared; when transferred
back to the TNT production line, the problem re-
occurred. Even handling closed bags containing TNT
triggered the rash.

The patient also complained of swelling and dis-
colouration of the nail folds and nails of his right hand
that had been present for 3 years. He had received
antifungal medication with no relief and nail clippings
showed no fungal growth. This problem was unrelated
to any specific production line.

He had a background history of hypertension, using
one Betaretic daily, and had had a work accident in
1997 that led to the amputation of the distal phalanx of
his left index and middle fingers. Our patient was mar-
ried with one child, had four dogs and enjoyed working
in his garden.

At the time of examination, he had been removed from
TNT exposure and the dermatitis had cleared, but pho-
tographs taken while the rash was active showed vesi-
cles on an erythematous base on his forearms and
dorsal surface of his hands (Fig. 1). He was also noted
to have unrelated swollen and inflamed nail folds, with
loss of the nail cuticle and dystrophic discoloured nails
involving the right thumb, index, middle and ring fin-
gers. There were no signs of a fungal or bacterial infec-
tion. He was otherwise completely well.

Clinically he was assessed as having a resolved contact
dermatitis and chronic paronychia.

Fig. 1. Contact dermatitis on the hand and arm.
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A patch test was performed using the standard battery
of 43 international allergens. These were applied under
occlusion in Finn chambers for 48 hours. The test was
read 24 hours after removal of the chambers. A positive
reaction was seen to formaldehyde.

Despite a work history that identified some of the
chemical exposures and significant water exposure,
the patch test was not helpful. Before recommenda-
tions could be made regarding further patch testing
using his own products, a work visit was undertaken to
evaluate exposures and risk.

The manufacturing process to which he ascribes his
rash involves the mixing of TNT with other chemicals
such as cyclotrimethylenetrinitramine (RDX/cyclonite),
hexanitrostilbene (HNS) and beeswax in a steam-heat-
ed melting kettle to form a paste. This kettle has point
extraction in order to extract the dust and vapours gen-
erated by the heating of the TNT and other additives.
TNT, when it enters the process, is in flocculate form
and is poured into the kettle from sacks, so the gener-
ation of dust is possible despite extraction. The molten
mixture is then solidified in moulded trays overnight
forming solid slabs resembling large chocolate bars.
PVC and cotton gloves are prescribed as personal pro-
tective equipment in this area. The solidified explosives
are then transferred by tractor to a separate facility for
further processing. Rubber mallets are used to sepa-
rate the slabs into the individual moulded pieces. This
is done under an extraction hood to minimise dust
exposure generated in the pounding process. After
passing through a sieve they are manually weighed into
specially manufactured bags and packaged in accor-
dance with strict regulations. The packaging is taped
with paper taping and the boxes stamped using an
inkpad. The workers are therefore also potentially
exposed to glue and dyes.

A third process in the manufacture of explosives in
which this worker participated, involved the refinement
of the explosive cyclonite. Friction and the generation
of sparks is a constant concern in the manufacturing of
explosives. For this reason the powdered cyclonite is
first manually poured into a running stream of tap
water directed from a hose held by the worker to form
a slurry which is then piped into reactors containing
cyclohexanone. The heated mixture is distilled and
allowed to cool to produce cyclonite crystals of specif-
ic size. Our patient holds the hosepipe with his right
hand, which means that his hand is wet for approxi-
mately 4-5 hours while this production step is taking
place. Personal protective wear is used but does not
help as water constantly contaminates the inner sur-
face of the glove and soon saturates the cotton glove
appropriately used inside to reduce maceration of
occlusion.

Discussion

Clinically the patient had occupational contact dermati-
tis. The history of flaring when exposed at work and
resolution when removed from exposure supports a
diagnosis of an occupational disease. He also had
chronic paronychia, a well-recognised occupational irri-
tant contact dermatitis caused by wet work. Our
patient had been doing similar work for the last 29
years although the demand for explosives, and conse-
quently his workload, had decreased. The reason for
the sudden onset of the dermatitis is speculative. His
3-year history of chronic paronychia suggests irritant
damage to the skin barrier function, predisposing him
to sensitisation.

When exploring the explosive industry and related
occupations for occupational diseases, one is struck by

the scarcity of information. There is usually an under-
standable focus on workplace accidents and injuries as
opposed to occupational diseases.

The discussion concentrates on occupational diseases
associated with a selection of chemicals involved in
making explosives and commonly discussed in this
context.

The organic nitrates (including those used in explo-
sives) share four major toxic effects; dermal sensitisa-
tion, methaemoglobinaemia, vasodilation, and
carcinogenesis. While these effects can occur sepa-
rately or in combination, not all the nitrates cause all
four effects.?

Dermatitis

Allergic and contact dermatitis are the most common
occupational diseases seen in explosives workers.?
The most common causative agents are tetryl, TNT,
amatol, ammonium picrate, picric acid and mercury ful-
minate.? Other agents known to cause dermatitis, such
as solvents, cutting oils and degreasers also occur in
the munitions industry and should not be forgotten.

Methaemoglobinaemia

Oxidant stress on haemoglobin oxidises the iron in the
molecule from the ferrous to the ferric form resulting in
methaemoglobin. This form of haemoglobin is inca-
pable of binding oxygen. Clinical effects such as
cyanosis, malaise and headache develop when more
than 10-15% of the total haemoglobin is converted to
methaemoglobin.? Individuals with glucose-6-phos-
phate dehydrogenase deficiency and other haemoglo-
binopathies are particularly vulnerable to haemolytic
episodes.?® Chronic anaemia can develop insidiously
even without cyanosis.

Vasodilation and carcinogenesis

As a class, the organic nitrates cause dermatitis and
haematological effects but specific agents such as
nitroglycerin and dinitrotoluene cause vasodilation and
mutagenesis, respectively.? These effects will not be
discussed further in this report.

Explosive compounds

The focus is on 3 explosive compounds: 2 nitroaromat-
ics (TNT and hexanitrostilbene (HNS)), and a nitroamine
(cyclotrimethylenetrinitramine), as they are the possi-
ble causative agents for our patient’s dermatitis.

The nitroaromatics

The nitroaromatics are absorbed by all routes (inhala-
tion, ingestion and dermal exposure) and exhibit rapid
dermal penetration.

Trinitrotoluene

2,4,6-Trinitrotoluene is the most widely used military
explosive.>* TNT is a yellow, odourless, solid manufac-
tured chemical. Systemic effects can occur after inhala-
tion, dermal absorption and ingestion, and TNT
generates a bitter taste in the mouth once absorbed.?*
TNT dissolved in water increases dermal absorption.?

Its use increased sharply during World War | when the
effects of anaemia, liver function dyscrasias, respirato-
ry dysfunction and possibly aplastic anaemia were first
observed.** The combination of methaemoglobin with
vasomotor changes contributes to the presentation of
classic TNT intoxication.®* Researchers analysed a
series of 21 fatalities due to TNT exposure during
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World War II: 8 people died of toxic hepatitis and 13 of
aplastic anaemia.?

Acute effects

Acute exposure to TNT results in irritation of the upper
respiratory tract and skin. Systemic effects include gas-
trointestinal symptoms such as nausea, anorexia and
epigastric pain. These symptoms may progress to
include headache, fatigue, loss of memory and
cyanosis.?

Chronic effects

Chronic effects include haematological changes, hepa-
titis, dermatitis, ocular effects and cancer.

TNT toxicity may result in both an aplastic and
haemolytic anaemia. An aplastic anaemia occurs when
TNT suppresses erythopoiesis and haemolysis deve-
lops as a result of methaemoglobin formation.?

TNT toxicity can induce hepatic necrosis and cirrho-
sis.?® The initial manifestation of the hepatis occurs
with increases in the serum transaminases and lactate
dehydrogenase.?

Dermatitis is the most common chronic effect report-
ed as a result of TNT exposure. Allergic contact der-
matitis* and an erythema-multiforme-like eruption®
were reported in two munitions workers and have
been ascribed to direct TNT exposure. In both cases,
the affected workers tested positive to a 5% concen-
tration of the allergen on patch testing. Dermatitis was
also observed on the hands of temporary workers in a
munitions filling room, where there was environmental
TNT exposure.®

Long-term systemic exposure to TNT has been associ-
ated with cataract formation.® These cataracts are pres-
ent only at the lens periphery and do not affect vision.?

TNT exposure has also been implicated in numerous
other health effects such as myalgia, dysrhythmia,
nephritis, menstrual disorders, and testicular atrophy
and dysplasia.®? These health effects decreased
sharply after World War Il because of the availability of
increased information and the improvement of working
conditions.

Toxicity studies in animals showed a reduced number
of red blood cells, reduced haemoglobin and haema-
tocrit, anaemia, testicular damage, bladder papilloma
and carcinoma, hepatomegaly and splenomegaly.**
TNT has shown positive results in the Ames assay?®
(an in vitro test for mutagenicity that measures the
occurrence of reverse mutagenesis in certain
Salmonella typhimurium strains).

Hexanitrostilbene

2,2’,4,4’,6,6’-hexanitrostilbene (HNS) is a derivative of
TNT and is a thermally stable explosive used exten-
sively in the military environment, as well as industry.®
Toxicity data for HNS is virtually non-existent, but it is
expzected to show similar effects to other nitroaromat-
ics.

The nitroamines

The nitroamines are the most recently developed class
of nitrate explosive.?

Cyclotrimethylenetrinitramine

Cyclotrimethylenetrinitramine, also known as
cyclonite, RDX, hexagon and T4, is a nitroamine wide-
ly used as an explosive in mixtures with other explo-
sives and plasticisers or desensitisers. It has also been
used as a rodenticide.?’

Reports of overexposure were widespread in the muni-
tions industry. Excessive RDX exposure within the
workplace has resulted in seizures and unconscious-
ness with lower levels of exposure leading to irritabili-
ty and insomnia.>® Troops have also become
intoxicated after either chewing a RDX-containing
explosive or using it as cooking fuel.? The American
College of Governmental Hygienists has given it a
‘skin’ designation, as skin absorption is a possible route
of entry as reported by Kaplan’ in a munitions workers’
study. RDX does not metabolise to form nitrate in the
blood.

Acute effects

Neurological symptoms predominate and include irri-
tability, restlessness, headache, dizziness, generalised
convulsions and stupor, delirium and disorientation.*’
Patients completely recover from acute RDX exposure
within days or months.

Chronic effects

Few effects of chronic human exposure have been
reported.

A 1944 study quoted in the Agency for Toxic
Substances and Disease Registry® toxicological profile
on RDX describes dermatitis in workers exposed to
RDX fumes for an unknown length of time.

Acute overexposure to cyclonite in various laboratory
animals resulted in CNS effects such as hyperirritabili-
ty, convulsions and seizures.” Skin absorption was not
confirmed in animal studies, as topical cyclonite did not
penetrate the clipped backs of rabbits and guinea-pigs,
though rabbits developed dermatitis with topical appli-
cation.'® Adverse hepatic, prostate and haematopoietic
effects have been observed in animals in long-term
studies.” Cyclonite was not considered to be carcino-
genic in rats and mice.” Reproductive studies have
yielded conflicting results. Fetotoxicity and develop-
mental effects were only observed in the face of
maternal toxicity.” However, pregnant rats exposed to
RDX resulted in pups with slightly lower body weights
and shorter body lengths than pups not so exposed.?
This difference did not reach statistical significance and
showed no dose-response relationship.”

Conclusion

Our patient had an occupational skin disease, with TNT
being the most likely allergen. This is supported by the
fact that the patient had a remission of symptoms
when removed from TNT exposure and a recurrence on
re-exposure. Dermatitis is a well-described effect of
TNT exposure and patch tests are planned for this
patient. Understandably, regulations are very strict
regarding removal of these products from the work-
place so on-site tests will be done by the occupational
health care team.

The management of the patient’s occupational allergic
contact dermatitis consisted of removal from exposure,
a claims submission to the Compensation
Commissioner, as well as reporting of the occupational
disease to the Department of Labour.

The management of his chronic paronychia will be
more difficult as water exposure is sentinel to the
explosive manufacturing process and cannot be avoid-
ed. Advice on how to keep wet work to a minimum,
education on personal protective equipment choice,
use and maintenance, and the use of topical products
to reduce inflammation and prevent maceration and
secondary infection will be given.

Precautionary measures such as engineering controls,
staff rotation and training and, as a last resort, person-
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al protective equipment, are advised to prevent addi-
tional cases.

This case can be viewed as a sentinel case sensitising
health care workers to the hazards of the explosive
industry and the many and varied occupations in which
exposure can occur and alerting them to possible sub-
stance exposures. It is the duty of the attending health
care worker to take an adequate and complete occupa-
tional history for all patients and to assess the possible
contribution of the work to the patient’s problem.
Although the industry is strictly regulated and access to
manufacturing plants is rightly controlled, it is neces-
sary for knowledge of these exposures and their health
effects to be available.
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ProbucTt NEwsS

PIMECROLIMUS CREAM 1% IN ATOPIC
DERMATITIS: A 6-MONTH, OPEN-LABEL
TRIAL IN PAEDIATRIC PATIENTS

Pimecrolimus, a new, non-steroid, inflammatory-
cytokine inhibitor, has been shown to prevent pro-
gression to flare in atopic dermatitis (AD) and to
improve long-term disease control when applied as a
1% cream. In this 6-month, open-label, multinational
study, 177 infants aged 3-23 months and 489 children
aged 2-17 years, with mild to severe AD, were includ-
ed. The study was designed to evaluate the efficacy
and safety of pimecrolimus cream 1% used as a first-
line treatment. Treatment consisted of an initial bid
regimen, for as long as signs and symptoms of dis-
ease persisted; this was followed by treatment as
required at the first signs and symptoms of AD.
Emollients were allowed as per the physician's normal
practice, and topical corticosteroids could be used to
treat severe flares at the discretion of the physician.
Efficacy was assessed by evaluations of pruritus, and
total-body and facial Investigators’ Global
Assessment (IGA). Results from the first return visit
(day 7) showed an improvement from baseline of =1
in total-body and facial IGA for infants (59.1% and
72.8% of patients, respectively) and children (59.3%
and 62.2%, respectively). Pruritus was absent or mild
in 67.8% and 65.4% of infants and children, respec-

tively. This level of improvement in the patient popula-
tion was maintained throughout the 6-month study.
Adverse events occurred in 75.7% of infants and
71.1% of children. Most adverse events were com-
mon childhood illnesses that would be expected in
this population (e.g. nasopharyngitis (infants 22.0%,
children 12.8%), upper respiratory tract infection
(infants 18.6%, children 11.9%) and cough (infants
8.5%, children 10.1%)). Concerning pimecrolimus's
local tolerability, application-site burning occurred in
2.3% of infants and 7.0% of children, and local pruri-
tus occurred in 0.6% infants and 1.0% children.
Application-site reactions were most frequently
reported during the first 6 weeks of treatment and
were mild to moderate in intensity. In conclusion,
pimecrolimus cream 1% was effective in the treatment
of the early signs and symptoms of AD (including pru-
ritus) in infants and children, and demonstrated a
good safety profile.

Reference available on request. Contact Thoko Nzama, 011-929-
9111
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