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White phosphorus (WP) has been used in hand grenades, mortar and artillery shells, and aerial bombs since World
War L. Recently it has been used in combat operations in Iraq, Syria, Afghanistan, Yemen, Nagorno-Karabakh and
is used during the Palestinian-Israeli conflict in Gaza. Burns caused by WP usually result in death or disability. The
purpose of the work is to analyze and summarize the data of the scientific literature on the medical consequences and
treatment of lesions caused using ammunition with WP. Materials and methods. For the analysis, we used available
scientific publications describing the consequences of WP burns received during hostilities. The method of analysis is
descriptive. The following tasks were solved: the properties of WP as a damaging agent were studied; materials on the
medical consequences of WP lesions and methods of treatment of such lesions were summarized. Discussion of the
results. WP is highly reactive, highly toxic and ignites in air as early as 35°C. The severity of WP lesions is the result
of both the thermal and chemical effects of combustion. Fatalities among humans from WP burns have occurred
involving less than 10% of the total body surface area. Burns caused by WP heal more slowly than thermal burns. WP
penetrates deeply through the fatty subcutaneous tissue. Therefore, the burns are full-thick, necrotic. The absorbed
WP acts as a cellular poison and causes damage to the central nervous system, liver, kidneys, myocardium, and other
organs. Any WP particles trapped in the wound may re-ignite. Conclusion. At the pre-hospital stage, the first thing to
do is to wash off the wounds with cool water and remove the pieces of WP that have fallen into the skin with forceps.
The light from the UV lamp can help to visualize the small particles of WP. Cleaning exfoliated skin and removing
visible WP particles from the skin are critical methods for limiting wound severity and systemic WP absorption. It is
advisable to excise the burned area within an hour after the lesion and repeat surgical procedures until all phosphorus
particles have been removed; to control during the first 48 hours for the content of calcium and phosphorus in the
blood serum with appropriate correction. In the future, skin grafting and treatment with allogeneic mesenchymal stem
cells are advisable.
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MeanumMHCK1e NocaeAcTBUS U JIeYEHUE NOParKEHUI, BbI3BaHHbIX MPUMeEHEHUEM 60enpunacos...
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IMocrymmna 23.11.2023 r. [IpunaTa K ny6mukarymn 27.12.2023 1.

Benbiit pocdop (white phosphorus, WP) rcronpsyercs B pyuHbIX I'paHaTaX, MUHOMETHBIX U apTWUIEPUIICKMX CHA-
Ppsfax, aBUalMOHHBIX 6oMbax ¢ Ilepsoit MypoBoit BoitHbL. Ero mpumeHsamm B 60eBbIX feiicTBuAX B Vpaxe, Cupun,
Adranucrane, Vemene, Haropaom Kapa6axe 1 NpUMEHSIOT B XOfle MajleCTUHO-U3PANIbCKOTO KoHuKTa B [ase.
Osxorn, Bei3biBaeMble WP, 005I9HO IPUBOASAT K CMEPTH WU K MHBAMUAHOCTH. Lenv pabomot — ananus u 06061eHne
JAHHBIX HAYYHOJN JIMTEPATYPhl IO MEAVLMHCKNM IIOC/IEACTBUAM U JIEYEHUIO TIOPa’KEHNI, BPISBAHHBIX IIPYMEHEHN-
eM 6oenpumacoB ¢ WP. Mamepuanv u memodui. [Ij1s1 aHammsa NCIO/IB30BA/IICh SOCTYIIHbIE HAyIHbIE ITYO/IMKALVIN,
OINCBIBAIONINE TIOC/IENCTBYUSA 0XKoroB WP, monydeHHble B Xofie 60€BbIX fieiicTBUIT. MeToy| aHamM3a — OMMcaTeIbHbIIl.
Peranuce crenyrouue 3afadn: n3ydaanch cBorictBa WP, Kak Imopakamolero areHta; 00600Imaniuch MaTepuais 1o
MEeUIMHCKIM IIOC/IeACTBUAM mopaxkeHust WP u MeTomaM medeHns Takux nopaxenuit. O0cysicoeHue pe3ynvmamos.
WP BBICOKO peakLMOHEeH, BBICOKOTOKCIYEH 1 BOCIUIAMEHAeTCA Ha BO3Ayxe yxxe mpy Temrepatype 35 °C. TaxecTb
nopakxeHuii WP — pesynbpraT Kak TepMUYECKOro, TaK ¥ XMMUYIECKOTO BO3/eiicTBIUA ropennsa. CMepTenbHble Caydan
cpeny nrofieit oT oxxoros WP mpoucxopmmu npu ydactum mMeHee 10 % xoxxu. Osxory, BpisBaHHble WP, sakmBaoT
MeJIeHHee TepMIIecKux 0koroB. WP rry6oko mpoHuKaeT depes XXIpPOBYIO IIOIKOXKHYIO KIeTIaTKy. [loaTomy oxxorn
IIOTTHOCTIONHbIe, HeKpoTndeckue. [Tormomennsii WP eficTByeT Kak KIeTOYHBIN A7l U BbI3bIBaeT nopaxenue IJHC,
HedeHy, MoYeK, MUOKap/ia U IPYTUX opraHoB. JIro6ble yacTuisl WP, nomnasie B paHy, MOTYT IIOBTOPHO BO3TOPAThCA.
3axmouenue. Ha forocrimtanbHOM aTalle IpeXxye Bcero Heo6xonumo cMbiTh WP mpoxiiafHoil BOZOI ¥ yAATUTD IVII-
namu Kycouku WP, monasine B Koxxy. CeT ot YD-/1aMIIbl MOXKET BU3ya/TM3UPOBaTh MenKue yacTuipl WP. Ouncrka
OTCTIOMBUIENICA KOXU U yhaneHne BUANMBIX JacTul, WP ¢ KoXXM ABIAIOTCA BaKHEMIINMI METOAMM OTpaHNMYeHNsA
TSKECTU PaH M CUCTeMHOIT abcopbim docdopa. IlenecoobpasHbl MccedeHre 060¥CKEHHOTO YYacTKa B IIePUOT, 1O
Jaca [ocjIe TIOpaXKeH!s U MMOBTOPHbIE OllepaTUBHBIE IPOLEAYPLI 1O TeX IOp, TOKa Bce YacTuIbl pocdopa He O6YAyT
yZa/IeHbl; KOHTPO/Ib B TeUeHMe MePBbIX 48 4 3a cofeprkaHyeM Kambuus u Gpocdopa B CbIBOPOTKE KPOBU C COOTBET-
CTBYIOLIIeN KOppeKIyell. B nanbHeiiieM 1ie/iecoo6pasHbl epecagKa KOXKI U JIedeHe Me3eHXMa/IbHbIMY CTBOJIOBBI-
MI KTI€TKaM.

Kniouesvie cnosa: 6enviit pocop; osxncoeu benvim ocdopom; cxema neweHus; mepmuueckue sddexmol; xumudecxkue
agppexmut.

Bubnuozpapuuecxoe onucanue: lakoma 5. Meduyurnckue nocnedcrmeus u ieuenue nopaxeHuil, 6bi36aHHbLX npume-
HeHuem boenpunacos c benvim gocopom. Becmuuk sotick PXB sawsumot. 2023;7(4):276-285. EDN:jeytov.
https://doi.org/10.35825/2587-5728-2023-7-4-276-285

Phosphorus (P) is a chemical element with
the atomic (protonic) number 15. Elemental
phosphorus can exist in several allotropes,
the most common of which are white and red
solids. From the perspective of applications and
chemical literature, the most important form of
elemental phosphorus is white phosphorus (often
abbreviated as WP). In WP, phosphorus atoms
are arranged in groups of 4 as tetrahedra (see
later text). White phosphorus emits a faint glow
when exposed to oxygen - hence the name, taken
from Greek mythology, ®Pwo@dpog («Fosféros»)
meaning 'light-bearer' (Latin Lucifer), referring
to the “Morning Star”, the planet Venus. The
glow of phosphorus is caused by oxidation of the
white (but not red) phosphorus - a process now
called chemiluminescence. (By the 18th century,
it was known that in pure oxygen, phosphorus
does not glow at all. The Nobel prize in chemistry
in 1956 to sir Cyril Norman Hinshelwood (1897-
1967) and academician Nikolai Nikolayevich
Semenov (1896-1986) «for their research into the

mechanism of chemical reactions» was mainly
for the explanation of this phenomena. Semenov
investigated the matter and found that it really
was so that a mixture of phosphorus vapor and
oxygen did not react at all if the gas pressure was
too small or too great, but that at intermediate
pressures the mixture exploded'. WP is the least
stable, the most reactive, the most volatile, the
least dense and the most toxic of the allotropes.
The density of WP is 1.823 g/cm’, its melting
point is 44.1 °C. WP gradually changes to red
phosphorus. Thistransformationisaccelerated by
light and heat, and samples of WP almost always
contain some red phosphorus and accordingly
appear yellow. For this reason, WP that is aged
or otherwise impure (e.g., weapons-grade, not
lab-grade WP) is also called yellow phosphorus.
When exposed to oxygen, WP glows in the dark
with a very faint tinge of green and blue. Owing
to its pyrophoricity, white phosphorus is used as
an additive in napalm. The odor of combustion
of this form has a characteristic garlic smell,

! The Nobel Prize in Chemistry 1956. Award ceremony speech. https://www.nobelprize.org/prizes/chemistry/1956/

ceremony-speech/ (date: 10.01.2023).
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and samples are commonly coated with white
phosphorus pentoxide (empirical formula, P,0,),
which consists of P,O, tetrahedra.

WP is used «routinely» in many military
munitions to include hand grenades, mortar
rounds, artillery, and bombs. It has been involved
in many other recent conflicts. Over the past
15 years alone, it has been used in Iraq, Syria,
Afghanistan, Yemen, Azerbaijan, and Gaza.

Purpose of the work — Analysis and synthesis
of data from the scientific literature on the
medical consequences and treatment of injuries
caused using munitions with WP.

Materials and methods. For the analysis, we
used available scientific publications describing
the consequences of WP burns received during
hostilities. The method of analysis is descriptive.

The following tasks were solved: the properties
of WP as a damaging agent were studied;
materials on the medical consequences of WP
lesions and methods of treatment of such lesions
were summarized.

Phosphorus chemistry

The electron configuration of the phosphorus
atom can be represented by 1s22s2’p6°s?3p®. The
outer shell arrangement therefore resembles that
of nitrogen, with three half-filled orbitals each
capable of forming a single covalent bond and an
additional lone pair of electrons'. Depending on
the electronegativity of the elements with which
it combines, phosphorus can therefore exhibit
oxidation states of +3 or -3, just as does nitrogen.
The principal differences between nitrogen and
phosphorus are that the latter is of considerably
lower electronegativity and has larger atoms, with
outer d orbitals available. For these reasons, the
similarities between nitrogen and phosphorus
chemistry are largely formal ones, tending to
conceal the actual, wide differences. The outer d
orbitals in phosphorus permit an expansion of the
octet, which leads to the +5 state, with five actual
covalent bonds being formed in compounds, a
condition impossible for nitrogen to achieve.
The first striking difference in chemistry of
the two elements is that elemental phosphorus
exists under ordinary conditions in any of 10
modifications, or allotropic forms, all of which
are solid; the three major allotropes are white,
red, and black. Phosphorus molecules of formula
P2, structurally analogous to N2 molecules
and evidently also triply bonded, exist only at
very high temperatures. These P2 molecules do
not persist at lower temperatures—below about
1,200 °C because of the fact that three single
bonds in phosphorus, in contrast to the situation

' Phosphorus.
(date: 02.01.2023).
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with nitrogen, are energetically favored over
one triple bond. On cooling, the triply bonded
P2 molecules condense to form tetrahedral P4
molecules, in which each atom is joined to three
others by single bonds (Figure 1).
Whitephosphorushastwoallotropes:thealpha
form, which is stable at ordinary temperatures,
has a cubic crystal structure; the beta form,
which is stable below -78 °C, has a hexagonal
crystal structure. Because of the relatively weak
intermolecular attractions (van der Waals forces)
between the separate P, molecules, the solid
melts easily at 44.1 °C and boils at about 280 °C.
Formation of tetrahedra requires bond angles of
60° instead of the preferred 90°-109° angles, so
that white phosphorus is a relatively unstable, or
metastable, form. It changes spontaneously, but
slowly, at temperatures around 200 °C or higher,
to a polymeric form called «red phosphorus.»
This substance is amorphous when formed at
lower temperatures, but it can become crystalline,
with a melting point of about 590° C. At higher
temperatures and pressures, or with the aid of a
catalyst, at ordinary pressures and a temperature
of about 200 °C, phosphorus is converted to a
flaky black crystalline form, which somewhat
resembles graphite. This may prove to be the
most stable form of phosphorus, despite the
relative difficulty in its preparation. In both the
red and the black forms, each phosphorus atom
forms three single bonds, which are spread apart
sufficiently to be relatively strain free (Figure 2).
Consistent with the metastable condition
of the white modification, and the crowding
of its covalent bonds, this form is far more
reactive chemically than the others. It is highly
toxic, reacts vigorously with most reagents,
and inflames in air at only 35° C, so it must be
stored under water or other inert liquid. White
phosphorus dissolves readily in solvents such

Figure 1 - Tetraphosphorus molecule

https://www.britannica.com/science/phosphorus-chemical-element/Properties-and-reactions
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Figure 2 - Diverse allotropes of phosphorus. (A) Side view
of black phosphorus. (B) Side view of blue phosphorus.
(C) Gaseous form of phosphorus (named diphosphorus P 2).
(D) Unit cell of white phosphorus (P 4). (E) Side view of
violet phosphorus. (F) Side view of red phosphorus [1]

as carbon disulfide, in which it maintains the
composition P,. White phosphorus has been
used for military purposes as a source of smoke
and to fill incendiary shells and grenades.
In contrast, red phosphorus is insoluble and
relatively inert, although large quantities of the
usual commercial form can ignite spontaneously
in air and react with water to form phosphine
and phosphorus oxyacids. Red phosphorus is
used in preparing the striking surface for safety
matches. Black phosphorus is more inert and
is capable of conducting electricity. Both these
polymeric forms are insoluble and are very much
less volatile than white phosphorus.

Military use

White phosphorus (WP) has been used in
hand grenades, mortar and artillery shells, and
aerial bombs since World War 1. More data
about the military use and characteristics of
WP including the properties can be found'
WP exposures, be they dermal, inhalational,
or enteral, are associated with severe systemic
toxicity. The exact mechanisms underlying the
systemic toxic effects of phosphorus, however,
are not entirely clear [2].

Phosphorus is often cited as being a
«general protoplasmic poison.» Much of this
reputation is based on electron microscopy
observations in a 1969 study in which the earliest
morphologic changes were noted in the rough
endoplasmic reticulum, before any changes were
observed in the nucleus or mitochondria [3-5],
lipoperoxidation [6] and triglyceride secretion
[7]. On histology, one sees intracellular lipid

accumulation in multiple organs, namely, the
liver, heart, brain, and kidneys [8].

Absorbed phosphorus can cause intoxication
of many organs [9]:

- Central nervous system - delirium,
psychosis, convulsions, coma.

- Gastrointestinal tract - abdominal colic,
melena.

- Liver - hepatomegaly, jaundice.

- Kidneys - proteinuria, acute tubular
necrosis.

- Blood - thrombocytopenia,
hypoprothrombinemia.

- Myocardium - ventricular extrasystole,
myocarditis.

White phosphorous ignites in air (i.e. «in
oxygen»), and it is burning as a bright yellow
flame. Some people have described it as smelling
like garlic, which could be confused with the
chemical warfare agent sulfur mustard, which
is also described as smelling like garlic, onions,
or mustard. In the presence of oxygen white
phosphorus continues to burn until it has
completely consumed itself. Any phosphorus
particles embedded in a wound may continue to
oxidize and lead to ongoing tissue injury even
after the initial exposure has ended [10].

The burns themselves are very severe. They
are typically full-thickness, necrotic. This results
from both thermal and chemical effects of the
phosphorus burning. Tissue damage also occurs
secondary to the corrosive action of phosphoric
acids (which form during combustion), from
the heat of the chemical reaction producing
phosphorus pentoxide, and from the hygroscopic
actions of the phosphorus pentoxide itself
(Figure 3).

These burns heal much slower than typical
thermal burns. White phosphorus is highly

Figure 3 - Typically full-thickness, necrotic [11]

! Summary and Evaluation for White Phosphorus Remediation: A Literature. https://archive.org/details/DTIC_

ADA317393/page/n3/mode/2up (date: 02.01.2023).
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lipid-soluble, and this allows it to penetrate
deeply through fatty subcutaneous tissue [12]
(Figures 4, 5).

A 12 to 15% white phosphorous total
body surface area burn (TBSA) can be fatal
in experimental models [15]. However, in
humans’ fatalities from white phosphorus
burns have occurred with less than 10% TBSA
involvement [16].

All contaminated clothing needs to be
removed as soon as possible. To extinguish
the ignited white phosphorous, it needs to be
deprived of oxygen as soon as possible. This
is best done with immersion in cool water or
covering the burning area with water / saline
moistened dressings. It should be noted that
white phosphorus particles become liquid at
44 degrees Celsius. Therefore, warm, or hot
water will exacerbate the wounds by liquifying
it, causing it to run over a larger surface (and
volume) area, thereby increasing the amount
of burned tissue. Similarly, aggressive water
irrigation can splash the white phosphorous
particles to unburned tissue and rescuers only to
ignite once the particles dry out [17].

Some have stated that «extinguishing burning
phosphorous with a stream of water is dangerous
and ineffective.» [18]. However, tap water
irrigation, best performed in the field, is the only

Figure 4 - 18-year-old male with white phosphorous
burns from an artillery shell detonation. Photo A and B
are during initial care.

Photo C and D after 16 months follow up [13]

Journal of NBC Protection Corps. 2023.V.7.No 3

Figure 5 - Cavity burn lesions on the left thigh
of an Armenian soldier during the 2020
Nagorno-Karabakh war [14]

treatment consistently documented to decrease
death from white phosphorus burns, the severity
of the burn, and length of hospitalization [19].

These factors would seem to indicate there is
a role for irrigation, but perhaps after moistened
gauze was used to extinguish the burning
particles. Caution would still be needed to
decrease a splash risk to the casualty and rescuers.
There is a documented case when during wound
debridement, a white phosphorous particle
dislodged and burned a nurse’s neck [13].

Traditionally, usually 1-3% copper sulfate
(CuSO,) solution was used on the burns to help
identify small particles of embedded WP to
better facilitate removal. However, a Cochrane
Systematic Review looked at two retrospective
case series which showed no benefit to copper
sulfate use and the potential harm from copper
absorption. It is no longer recommended [12].
Copper sulfate solution is easily absorbed
through the wound and may cause intravascular
hemolysis and acute renal and cardiovascular
failure [19].

Ultraviolet light, from a UV (Wood’s) lamp
(maybe) can help to visualize small particles
(Figure 6).

Debridement of sloughed skin and removal of
obvious phosphorous particles from the skin are
crucial techniques to limit wound severity and
systemic absorption of phosphorus and should
be best performed prehospital. Nevertheless,
an excision of the burned area one hour after
exposure has not been shown to decrease
mortality, suggesting it should be done even
sooner after injury to be beneficial [21].

There is speculation the increased mortality,
compared to a similarly sized thermal burn,
is secondary to absorption of phosphorus,
which can result in elevated phosphorus levels,
decreased calcium, and subsequent cardiac
rhythm abnormalities. In the study of New
Zealand white rabbits, they checked these levels
and EKGs every hour for the first twelve hours
(16] (Figure 7).
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Figure 6 - Scalp of a 18-year-old with WP burns on his
scalp. As his bandages were removed the wound began to
smoke. Photo on the right fluoresces with ultraviolet light

(Wood’s lamp) [20]

The pathophysiological explanation of the
author of this article for the hypocalcemia can
stand as follows: Phosphoric acid (H,PO,) is
the final product of the reaction of phosphorus
pentoxide P,O ~(empirical formula P,O,) with
water (H,0). The «neutralization» of plzlosphoric
acid is calcium (and probably magnesium)
«consuming». The final product - calcium (and
magnesium) salts of phosphoric acid are very
poorly (almost not) soluble in water. However, the
only source for calcium (and magnesium) is the
«free» calcium (and magnesium) in the human
plasma. Basically, the drop of calcium ions
(magnesium ions were not estimated) reflects
the amount of this ion which was necessary to
neutralize the phosphoric acid. This idea is
supported by the «parallel» levels of phosphate in
the serum. In other words, both calcemia and the
phosphatemia reflect the «<amount» of «burned»
phosphorus. Therefore, in the «Treatment plan»

Figure 7 - Standardized fatal white phosphorous
burns on New Zealand while rabbits showed significant
hypocalcemia and hyperphosphatemia as early as one-

hour post-burn. The whole figure (Figure 2 in the original
article) is taken from [16]

we added the point 7: «Use effervescent calcium
and magnesium tablets immediately after the
burns. They should be used locally and orally.»

Additionally, the phosphorus can cause liver
necrosis and direct renal damage ultimately
resulting in kidney failure. In a Chinese study
of 81 casualties from a vyellow phosphorus
explosion, where the average TBSA burn was
9%, the mean burn surface area of III degrees/
IV degrees was (7%) TBSA. Most of the patients
showed the symptoms and signs of phosphorus
poisoning, 33% had liver dysfunction, 18.5%
kidney injury, and 52% electrolyte disturbances
[22]. In a study of 87 soldiers injured by white
phosphorous from the Nagorno-Karabakh war
in 2020, between Azerbaijan and the Republic
of Artsakh, the average TBSA burned was 14%.
Head and neck burns occurred in nearly 80% of
casualties. Upper extremities and hand burns in
90% [14].

We would like to suggest a treatment plan
which is shown below. The seven points can
be considered as «First aid» the 8th point is
mandatory in the hospital.

Possible Treatment (“First aid”) Plan: An
ideal scenario is shown below. (This is an ideal
treatment plan, recognizing in conflict zones.)

Step 1: Remove all contaminated clothing.

Step 2: Submerge or immerse white
phosphorus burn in cool water (if possible).

Step 3: Remove all embedded white
phosphorus particles by pressing moistened
gauze for 3-5 minutes; (obvious particles will
need to be removed with forceps)

Step 4: Debride all sloughed skin.

Step 5: Dress all burns with cool, moistened
gauze, keep wet during transport.

Step 6: Water-Jel WJ110 (or other commercial
equivalent) could be placed on the wound
for transport, if keeping the gauze wet is not
possible. (This gel consists of 96% water and has
the same cooling effects as water, but because it is
thick, it stays on the burn and doesn’t evaporate.
Water-Jel also contains a small amount of the
natural extract Melaleuca alternifolia, better
known as Tea Tree. This has anti-bacterial
activity to help prevent infection. Water-Jel also
contains thickening agents and preservatives to
maintain the gel’s viscosity)

Step 7@ Use effervescent calcium and
magnesium tablets immediately after the burns.
They should be used locally (dissolved in water)
and perorally.

Step 8: Monitor calcium, phosphorous levels,
EKG changes, hourly for the first 12-hours, and
watch for organ failure.

Here we will show an example of handling
of a victim (non-military) of the burns of the
WP [23].

BecTHuK Bovick PXbB 3awuThl. 2023. Tom 7. N2 3

S1OITANOD ANV S4VM NI SNOdVIAM TVIID0T019 ANV TVIINIHD
XVIANULDHOA N XVYHINOAG 9 INXKADO FOHIIRNIOLONT N IOHDTRNINUX

281



XNMUNYECKOE U BUOJTIOTMYECKOE OPY>XUE B BOMHAX N1 KOH®JTIMKTAX
CHEMICAL AND BIOLOGICAL WEAPONS IN WARS AND CONFLICTS

282

A. NlakoTa
J. Lakota

We report a case of a white phosphorus burn
thathasa unique mechanism of injury involving a
40-year-old woman with her 7-year-old daughter
who were collecting rocks on a beach in Tel Aviv.
Upon returning home, the daughter washed the
rocks of sand with tap water and immediately
wrapped them in a paper towel. According
to her anamnesis, the daughter presented her
mother an unusual appearing, yellow translucent
colored rock covered by a wet paper towel. As she
commenced unwrapping the paper towel, white
smoke emanated from the rock that was followed
by ignition of flames and accompanied by a severe
burning sensation in her hands. Subsequently,
she dropped the rock which contacted her right
calf and then landed on her right foot that was
covered by a sock and ignited. The patient then
proceeded to put out the flames in the bathroom
shower. Upon return to the living room, the piece
of white phosphorus had ignited the couch which
took hold, and the entire apartment was gutted
with fire. Both mother and child were safely
evacuated from the apartment with no further
injuries sustained. Upon arrival at the Emergency
Department, within 1 h of the burn injury, the
patient presented as conscious and talking with
no evidence of an inhalation injury. Assessment
revealed chemical burns from contact with
what was suspected to be white phosphorus. No
adequate first aid was administered at the time
of the injury. First aid was commenced, and the
burns underwent decontamination, irrigation
and debridement of devitalized tissue. Her
wounds were thoroughly irrigated with water
and then covered with saline soaked pads and
was subsequently admitted to our Burns Center
for further treatment. Scattered partial thickness
burns were sustained on bilateral hands to the
dorsum and palms aspects of 0.5% Total Body
Surface Area (TBSA), deep dermal burns to her
right medial calf of 1% TBSA and full thickness
burns were sustained to her right foot dorsum
aspect calculated to be 0.5% TBSA (see Figure 8).

Due to the small surface area involvement and
our department’s experience with conservative
non-surgical approach for minor burn care, the
patient’s burns were treated with mafenide acetate
(Mafenide is a sulfonamide-type medication
used as an antibiotic. Mafenide is used to treat
severe burns. It is used topically as an adjunctive
therapy for second- and third-degree burns. It is
bacteriostatic against many gram-positive and
gram-negative organisms, including Pseudomonas
aeruginosa.) on the right medial calf and
dorsum of foot and Flaminal Forte (Flaminal®
Forte is composed of hydrated alginate polymers
with a biologic enzyme system that is based on
glucose oxidase and lactoperoxidase stabilized by
guaiacol. Due to its composition, Flaminal® Forte is
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Figure 8 - White phosphorus burns on presentation to the
Emergency Department: Partial thickness burns sustained
to palmer surface of bilateral hands (A); Deep dermal to
full thickness burns sustained to right medial calf (B); Full
thickness burns sustained to dorsum of right foot (C) [23]

expected to have an antimicrobial and continuous
debriding effect.) for the palmar wounds. Vital
signs were all within normal limits, bloods
were unremarkable and electrocardiogram
abnormalities were not observed. Throughout
the hospitalization period, blood tests were
routinely taken twice weekly. The phosphorus
level increased gradually from 2.90 mg/dL on
day 1 to 4.40 mg/dL on day 14 (normal range
2.5-4.5 mg/dL). C-reactive protein (CRP) levels
increased throughout the first 5 days and reached
122.21 mg/L, then gradually decreased to normal
parameters (normal range 0-5 mg/L). During
the admission period, occupational therapy and
physiotherapy were provided to facilitate full
range of motion to the hands and right leg. The
patient was discharged 22 days after admission
and followed up in the outpatient clinic. Pressure
garments were provided; however, hypertrophic
scars began to develop on the dorsum of her right
foot. silicone sheets were provided under the
pressure garment and the patient was educated
on the importance of adherence to burn care
therapy. The patient was again followed up
7 months post injury where digital images were
once again obtained with the consent of the
patient (see Figure 9).

Immediate surgical debridement is often
necessary and is followed by repeated operative
procedures until all phosphorous particles have
been removed. Debrided wounds should be
examined at least twice daily for new particles
or smoking areas, which would indicate the need
for re-operation. Debrided areas can be covered
in aqueous 5% mafenide acetate solution between
operative procedures to facilitate examination.
Definitive wound closure should be deferred
until adequacy of debridement is assured, at
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Figure 9 - Plates A, B and C 7 months post burn injury
from white phosphorus. Scarring seen on right medial calf ¢
hypertrophic scarring evident on right foot (B) [23]

which point split thickness skin grafts can be
applied [23].

The summary of a treatment procedure in
the hospital can be summarized as follows [24]:

1. Under general or regional anesthesia,
thoroughly irrigate the burn area with large
amounts of 0.9% NaCl solution. To facilitate
mechanical elimination of phosphorus particles,
we use a water flosser.

2. Avoid using a brush to remove the
phosphorus particles. In most instances, such
attempts might result in further embedding of
the phosphorus into the injured tissue.

3. Delicately remove the black particles by
means of a metal forceps. Not infrequently
these particles are located deep in the tissue;
identification could be made easier by locating
the origins of the slim smoking points. Larger
and more superficial particles can be visualized
by a fluorescent (i.e. ultraviolet) Wood’s lamp.

4. If the injury is extensive and deep, consider
the need for prompt excision to the fascia and
skin grafting.

5. Dress the wound with dressings soaked with
5% mafenide solution or any other antimicrobial
agent.
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6. Inspect the wound at least twice per
day. Should new particles or smoking areas
be identified, surgical removal as previously
described is mandatory.

7. After successfully eliminating the
phosphorus particles, treat the burn wound
conservatively or surgically, according to its
estimated depth.

8. During the first 48 hours after the injury,
be aware of serum electrolyte levels, with
special attention to calcium and phosphorus
levels. Replace intravenous fluids to all
patients. In addition, ECG, hemodynamic, and
cardiovascular state monitoringis recommended,
especially in patients with extensive phosphorus
burns.

Finally, we <can add the following:
according to previous data [25, 26] it is highly
recommended to the surgeon (point 7) to use
the freshly prepared («off the shelf») allogeneic
mesenchymal stem cells. The effect of this novel
therapy is astonishing.

Conclusion

At the pre-hospital stage, the first aid consists
of washing off the WP with cool water and
removing the pieces of WP that have fallen into
the skin with forceps. If possible, use effervescent
calcium perorally and for the wounds to wash. In
the hospital the cleaning of exfoliated skin and
removing visible WP particles from the skin are
critical methods for limiting wound severity and
systemic phosphorus absorption. The light from
the UV lamp can visualize small particles of WP.
It is advisable to excise the burned area within
an hour after the lesion and to repeat surgical
procedures until all phosphorus particles have
been removed; the control during the first 48
hours for the content of calcium and phosphorus
in the blood serum with appropriate correction
is mandatory. Further treatment, consisting of
skin grafting and the local treatment with «off
the shelf» allogeneic mesenchymal stem cells are
advisable.
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