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About DTIC and HDIAC

The Defense Technical Information Center (DTIC) preserves, curates, and shares knowledge
from the U.S. Department of Defense’s (DoD's) annual multibillion dollar investment in science
and technology, multiplying the value and accelerating capability to the Warfighter. DTIC
amplifies this investment by collecting information and enhancing the digital search, analysis,
and collaboration tools that make information widely available to decision makers, researchers,
engineers, and scientists across the Department.

DTIC sponsors the DoD Information Analysis Centers (IACs), which provide critical, flexible, and
cutting-edge research and analysis to produce relevant and reusable scientific and technical
information for acquisition program managers, DoD laboratories, Program Executive Offices,
and Combatant Commands. The IACs are staffed by, or have access to, hundreds of scientists,
engineers, and information specialists who provide research and analysis to customers with
diverse, complex, and challenging requirements.

The Homeland Defense & Security Information Analysis Center (HDIAC) is a DoD IAC
sponsored by DTIC to provide expertise in eight technical focus areas: alternative energy;
biometrics; chemical, biological, radiological, and nuclear (CBRN) defense; critical infrastructure
protection; cultural studies; homeland defense & security; medical; and weapons of mass
destruction. HDIAC is operated by SURVICE Engineering Company under contract FA8075-21-
D-0001.

A chief service of the DoD IACs is free technical inquiry (TI) research, limited to 4 research
hours per inquiry. This Tl response report summarizes the research findings of one such inquiry
jointly conducted by HDIAC.
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Abstract

Reactive skin decontamination liquid (RSDL) is shown to decontaminate several chemical
warfare agents. The process by which RSDL neutralizes is not fully understood. A literature
search was performed to determine if any test data exist for the decontamination of nerve
agents sarin and soman and the production of hydrolysis products, such as isopropyl
methylphosphonate, pinacolyl methylphosphonate, and methyl phosphonate, or any other
reaction products identified.
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1.0 Tl Request

1.1 Inquiry

What data exist on the reaction of reactive skin decontamination lotion (RSDL) with nerve
agents sarin (GB) and soman (GD) and the formation of degradation products?

1.2 Description

RSDL has been shown to reduce toxic effects in animals dermally exposed to the nerve agents.
The most effective products for skin decontamination are the liquid forms, as they favor rinsing
and better extraction of molecules. RSDL contains methoxy polyethylene glycol (MPEG), which
imparts hydrophobic properties to the product, and active ingredient Dekon 139, which rapidly
neutralizes the vesicant chemical or the organophosphorus (OP) nerve agent. Explanation of
the degradation mechanism exerted by RSDL remains undescribed in the literature. However,
Dekon 139 has been demonstrated to have a degrading activity. An unclassified literature
review on RSDL did not specifically contain information related to mediated degradation of G
agent chemical warfare agents (CWAs) and potential byproducts IMPA, PMPA, and MPA.

2.0 Tl Response

Provide a brief description of the process and information sources used by the author to
complete the inquiry. Also provide a brief description of why this inquiry topic is important to the
U.S. Department of Defense/government.

2.1 Skin Decontamination

Rapid decontamination of the skin is the single most important action to prevent dermal
absorption of chemical contaminants in persons exposed to CWAs and toxic industrial
chemicals (TICs) because of accidental or intentional release [1]. Dermal exposure to low
volatile OP compounds (OPCs) may lead to penetration through the skin and uptake in the
blood circulation. Organophosphorus nerve agents (OPNAs) are highly toxic compounds
inhibiting cholinergic enzymes in the central and autonomic nervous systems and
neuromuscular junctions, causing severe intoxications in humans [2]. Skin decontamination of
toxic OPCs, such as pesticides and chemical warfare nerve agents, might therefore be crucial
for mitigating the systemic toxicity following dermal exposures [3].
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OPNAs can be divided into three groups—(1) G-agents (G for German), including GB,
cyclosarin, tabun, and GD, which are known as nonpersistent; (2) V-agents (V for venomous,
victory, or viscous, depending on the source), such as Venomous Agent X (VX), which are
persistent; and (3) compounds belonging to the A-series of agents, or Novichok agents [2].

Recent interest in decontamination systems, which partition contaminants away from the skin
and actively neutralize the chemical, has led to the development of several reactive
decontamination solutions. RSDL has been shown to reduce toxic effects in animals dermally
exposed to the nerve agents [3]; it may have a role in mass human exposure chemical
decontamination in both the military and civilian arenas.

Limited studies have focused on the development of solutions that could be used for
decontaminating people with the studies focused on developing solutions that could be used for
decontaminating people [4].

The following information is based on a 2016 study on decontamination of OP pesticide
Paraoxon (POX) with nanometric cerium oxide (CeO3) [5].

2.1.1 Efficacy of a Skin Decontaminant

An effective skin decontamination product is described as a decontaminant which (1) decreases
the quantity of contaminant absorbed into the skin (from the stratum corneum to the receptor
fluid) and/or (2) has an ability to degrade the contaminant present on and into the skin. The
nonabsorbed fraction (sum of the quantities of POX present on the skin surface and in the first
strip) is the fraction considered as removable from the skin. On the contrary, the absorbed
fraction (i.e., sum of the quantities from the stratum corneum to receptor fluid [RF]) is the
quantity of POX which potentially moves into the blood. Therefore, for each decontamination
experiment, the quantities of POX in the nonabsorbed fraction and the absorbed fraction have
been compared. The improvement factor of functional prognosis (FP) of each decontaminant
system have been compared and calculated as follows:

FP = Qar + Qar + Qa1

Qo+ Q3+ Qq
where:

Q2 = the amount of POX present on the skin surface immediately after the decontamination
process,
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Q2 = control samples,

Qs = the amount of POX in the skin (i.e., sum of the quantities in stratum corneum, viable
epidermis and dermis) at the end of the experiment,

Qs = control samples,
Q4 = the amount of POX resorbed (i.e., in RF) at the end of the experiment, and
Qa1 = control samples.

The more the FP increases, the more it is improved.

2.1.2 Skin Decontamination With Liquids

The liquid formulations (RSDL and CeO2-W) were more efficient for eliminating POX on and into
the skin than powders. These formulations significantly reduced the fraction of POX quantified in
all the compartments except in the receptor fluid. RSDL was the more efficient product (FP =
127). Moreover, RSDL was able to degrade POX into p-nitrophenol (PNT) at a rate of 58% for
24 hr of experiment. The CeO.-W (FP = 93) was more efficient than CeO. in the form of powder
(FP was 10x higher). However, its degradation activity has been drastically reduced (production
of 0.09 mmol/cm? of PNT for CeO2-W vs. 0.57 mmol/cm? for CeO, raw particles).

2.1.3 In Vitro Skin Distribution of POX

POX is a lipophilic molecule as revealed by its midrange octanol/ water partition coefficient, logP
=1.95, and its molar mass (MM) is 275 g/mol. It has been demonstrated that chemicals with an
MM lower than 500 g/mol and with logP value ranging between 1 and 3 rapidly dissolve into
cutaneous lipids and permeate through the stratum corneum. Consequently, POX can be
expected to be absorbed quickly into the skin. However, POX was found to be on the skin’s
surface, and only 3.7% has been absorbed through the skin. It has already been reported that
“‘venomous agent X” or VX, which has similar physicochemical characteristics to POX (MM =
267 g/mol, and log P = 0.7), penetrated faster and earlier (lower lag time) than POX through pig
ear skin. Experimental conditions for skin penetration studies often vary, and it is difficult to
compare with other studies because all the parameters are not identical (skin nature and
thickness, skin surface, exposure time, etc.). Skin penetration studies of POX using Franz cell
diffusion are always performed under other conditions. A previous study examined the
permeation of POX through a split-thickness pig ear skin. The conditions were not the same as
ours—the thickness of the skin samples was 530 + 5 mm, the applied dose of POX was

5 mg/cm?, and the membrane area available for diffusion was 1.13 cm?. The authors used the
enzymatic method for the quantification of POX on the skin’s surface, in the skin, and in the
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receptor fluid. Still, the results were like ours. After 24 hrs of POX skin exposure, 95 + 8% was
recovered on the membrane’s surface, 0.20 + 0.20% of Q0 was quantified in the receptor fluid,
and 0.26 + 0.20% was in the skin.

2.1.4 Liquids

The most effective products for skin decontamination were the liquid forms. When liquids are
applied on the skin, they favor rinsing and better extraction of molecules. RSDL contains MPEG,
which imparts hydrophobic properties to the product. It allows displacing, retaining, and
removing POX from the skin surface. The importance of the polarity of the decontamination
product has been demonstrated with Yachau and coworkers [6]. Their study demonstrated that
corn oil and a polyglycol-based cleaner were more effective than water or a solution of soap in
water in limiting the transfer into the skin of methylene bisphenyl isocyanate, a very lipophilic
compound. Another key component of RSDL is the active ingredient Dekon 139, which rapidly
neutralizes the vesicant chemical or the OP nerve agent. Explanation of the degradation
mechanism exerted by RSDL remains undescribed in the literature. However, we demonstrated
that Dekon 139 has a degrading activity. The disadvantage associated with RSDL is that it
leaves an oily residue on the skin and can make soldiers uncomfortable while carrying out
certain military activities. However, if RSDL leaves a residue, Dekon 139 must certainly remain
on the skin’s surface and exert its effect over exposure time.

The last compound of RSDL, 2,3-butanedione monoxime (DAM), works on the intoxication by
dephosphorylating acetylcholinesterase poisoned with OP. Using a hydrophilic system for the
dispersion of CeQ; did not help the removal of hydrophobic POX from the skin surface. The use
of a thickener to avoid the sedimentation of NPs had two drawbacks—(1) after the skin
decontamination process, the NPs are conveyed in the suspension and none remained on the
skin’s surface for degrading the OP compounds, and (2) guar gum does not prevent the
accessibility to NPs for the degradation of pesticide. Moreover, the short contact between CeO;
and POX is not long enough to initiate the degradation of POX. Thus, CeO: did not play any
part in POX degradation and explain the disappearance of the degradation activity compared to
the powder form. The aqueous dispersion of CeQ; increased the absorbed quantity of POX
compared to RSDL. This may be explained by the fact that water is an absorption enhancer.
Indeed, it has been found that lipid-soluble compounds, which have a high affinity for the
stratum corneum, penetrate the skin less than hydrophilic ones [7]. In general, increased tissue
hydration increases transdermal delivery of both hydrophilic and lipophilic compounds [8]. This
mechanism is not clearly described in the literature, but water could alter the solubility of the
permeant in the stratum corneum and modify the permeation of the chemical through the skin.
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Misik et al. have demonstrated that higher permeation rates of POX were observed under wet
skin conditions rather than dry ones [9].
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