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Onemli Noktalar / Highlights

Makale Bilgisi

Derleme Bazi kirletici maddeler (6r. VX) ¢ok diisiik konsantrasyonlarda éliimciil olabileceginden kapsamli ve
Basvuru: 14.09.2023 etkili bir dekontaminasyon onemlidir. Kirliligin neredeyse %100'iiniin dekontaminasyon ile arindirilmasi
Diizeltme: 04.01.2024 gerekir, %70- %80'lik dekontaminasyon seviyeleri yeterli degildir. Fiziksel, kimyasal ve mekanik olmak
Kabul: 15.01.2024 tizere ii¢ tiir dekontaminasyon teknigi vardir. Bu nedenle sorumlu bir KBRN dekontaminasyonu igin her
Keywords kont'amin'atvyona ozel bir dekontaminasyon zorunludur. Bu ¢alisma IgBRN swilarimin - hazirlanma
CBRN tekniklerinin ve miidahale yontemlerinin karsilatiriimali olarak incelendigi ilk ¢alismadur.
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Abstract

Chemical, Biological, Radiological, and Nuclear (CBRN) pollutants endanger people's health, environment and cause safety risks for
population and property. In the chlorine gas attack that took place in Irag in 2007, 16 people lost their lives and more than 100 people
were injured. In 2013, it was determined that more than 100 people suffered from shortness of breath as a result of explosives emitting
odor and smoke from airplanes in Hama province of Syria. Decontamination, a crucial step in CBRN events, eliminates the effects of
chemical, biological, radioactive, and nuclear substances acting on people, vehicles, materials, buildings, and areas or reducing them to
a level that does not pose a health threat. Thus, decontamination plays a vital role in the defense against CBRN Warfare agents. With
decontaminants, the wounded exposed to war agents are cleaned from these agents, which is accomplished by physical removal or
chemical inactivation of the warfare agent. Once contamination is recognized, it is estimated that 90% of decontamination will occur
within one minute by applying skin decontamination and removing clothing. Decontaminants used for skin and instrument
decontamination generally consist of commercially available products made from alcohol, iodine, sodium chloride derivatives. When
using these decontaminants, they should be dissolved at the specified concentrations, used following the instructions for use, applied to
the body in appropriate amounts, and applied to the places specified for the body. This article aims to outline the general rules for
decontamination solutions and techniques used in CBRN incidents

Ozet

Kimyasal, Biyolojik, Radyolojik ve Niikleer (KBRN) kirleticiler insanlarin saglhgini, cevreyi tehlikeye atmakta, niifus ve miilk icin giivenlik
risklerine neden olmaktadir. Irak'ta 2007 yilinda meydana gelen klor gazi saldirisinda 16 kigi hayatim kaybetmis, 100'den fazla kisi de
yaralanmistir. 2013 yilinda Suriye'nin Hama ilinde u¢aklardan atilan patlayicilarin koku ve duman yaymasi sonucu 100'den fazla kisinin
nefes darligi ¢ektigi tespit edilmistir. KBRN olaylarinda ¢ok onemli bir adim olan dekontaminasyon, insanlar, araglar, malzemeler, binalar
ve alanlar iizerinde etkili olan kimyasal, biyolojik, radyoaktif ve niikleer maddelerin etkilerini ortadan kaldirir veya saghk tehdidi
olusturmayacak diizeye indirir. Bu nedenle, dekontaminasyon KBRN Savas ajanlarina karsi savunmada hayati bir rol oynamaktadir.
Dekontaminantlar ile savas ajanlarina maruz kalan yaralilar bu ajanlardan temizlenir, bu da savag ajamimin ¢ogunlukla fiziksel olarak
uzaklagtirilmasi veya kimyasal olarak inaktive edilmesi ile gerceklestirilir. Kontaminasyon fark edildiginde, cilt dekontaminasyonu
uygulayarak ve giysileri ¢ikararak dekontaminasyonun %90'min bir dakika i¢inde gerceklesecegi tahmin edilmektedir. Cilt ve alet
dekontaminasyonu icin kullanilan dekontaminantlar genellikle alkol, iyot, sodyum kloriir tiirevlerinden iiretilen ve ticari olarak satilan
tirtinlerden olusmaktadir. Bu dekontaminantlar kullamlirken belirtilen konsantrasyonlarda ¢oziilmeli, kullamm talimatlarina uyularak
kullamlmal, viicuda uygun miktarlarda uygulanmali ve viicut igin belirtilen yerlere uygulanmalidir. Bu makale, KBRN olaylarinda
kullanilan dekontaminasyon soliisyonlart ve tekniklerine iligkin genel kurallar: ana hatlariyla belirlemeyi amaglamaktadir.
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1. INTRODUCTION
Disasters cause economic and social losses,
interrupt social life and develop suddenly [1].
According to their formation, disasters can be
divided into "natural disasters™ without a human
factor and "human-caused disasters” caused
entirely by human influence. Chemical,
biological, radiological, and nuclear disasters,
known as CBRN, fall

disasters. As a result of exposure to chemical

into human-caused

weapons, the toxic agent can enter the human
body through different systems. While aerosol,
vapor, and gas forms of chemical weapons are
mainly inhaled from the respiratory system and
included in the circulatory system, liquid, and
solid forms are absorbed through the skin and
taken into the body [2]. The eyes can also be the
entry point of toxic agents in this context.
Exposure can also occur with oral intake of
foods and liquids contaminated by chemical
weapons [3]. Nerve agents inhibit the enzyme
block

conduction, causing respiratory paralysis and

Acetylcholinesterase  and nerve
death. Caustic agents cause skin, eye and
respiratory lesions and irreversible damage of
cell reactions. Physiological effects of blood
poisoning agents include irritation of the nose
and throat, chest tightness, choking sensation,
coughing, increased respiration, difficulty
breathing, redness and tearing of the eyes,
headache, nausea and vomiting. The skin,
which is the largest organ of the body and has
the largest surface area in contact with the
external environment, is one of the main targets
of chemical warfare agents that can damage the
skin or penetrate the skin and cause systemic

poisoning [4]. Infection of skin with chemical
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warfare agent is a significant problem for
military and civilian populations during
modern-day wars or terrorist attacks [5-7]. For
example, chemical warfare agents can cause
muscle paralysis, increased heart rate,
hypertension, anxiety, respiratory depression
and coma [8,9]. Therefore, the CBRN agent in
contact with the skin must be removed as soon
toxicity [10,11].

Moreover, effective decontamination increases

as possible to reduce

the time interval for treatment.

When the

decontamination is

literature s
divided
categories: physical, chemical and mechanical.

examined,
into  three
Burying chemical agents underground in times
is classified as mechanical
While

decontamination methods include procedures

of war etc.

decontamination. physical
such as washing and evaporation, reaction with
chemicals and hydrolysis procedures fall into
the category of chemical decontamination [11].
Sodium hypochlorite and calcium hypochlorite
were the first decontaminants used against
Decontamination

chemical warfare agents.

solution (DS2) is another solution that is
isopropyl
(GB), 3,3
dimethyl-2-butyl methyl phosphonofluoridate.
This

systems and techniques to reduce the toxic

effective against sulfur mustard

methylphosphonofluoridate

review focuses on decontamination

effects of CBRN agents, which pose a great risk

to humanity, on humans, animals, and items.

2.DECONTAMINATION

The decontamination process at a CBRN scene
ensures that the agent is removed from the

environment, that victims or survivors do not
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contaminate the environment, that first aid
providers are contaminated and that the number
of contaminated people is limited (Figure 1).
[12]. This work is carried out by physical
removal or chemical inactivation [13]. Rapid
decontamination is vital in cases exposed to
liquid nerve agents or sulfur mustard, which are
rapidly absorbed through the skin as they cause
cellular damage to the skin within a few minutes
that

of exposure [14]. It is estimated

approximately 80% of the decontamination can

Entry

k A

occur only by removing the clothing, as the
yarns that make up the clothing fabric can
capture and hold the chemical agent in liquid
and vapor form [15]. Therefore, removing
jewelry and watches, and clothing outside the
treatment area reduces the risk of evaporation of
contamination from these items. However, care
should be taken to ensure that previously
uncontaminated skin parts are not contaminated

while removing the clothes.
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Figure 1: CBRN decontamination area.

Decontamination is usually carried out in the
warm zone after the evacuation of the wounded
from the hot zone [16]. This process can be
broadly categorized as "wet" and "dry." Wet or
water-based decontamination relies on water-
based solutions to wash potentially
contaminated areas of hair and skin. The main
advantage of wet decontamination is that it is
readily available, cheap, effective and water is
ubiquitous in developed and developing
countries [17]. If water-insoluble chemicals are
present, soap products such as body wash or
baby shampoo can be added to the water.

Pouring these products onto a soft sponge and
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rubbing gently on the skin can facilitate the

removal of the agent. A comprehensive

decontamination system should have the
following features [18,19]:

e Should not be abrasive

¢ It should not damage soft objects such

as paint and coating,

e Itshould be easy to prepare and apply,

e The decontamination formulation
should not be disrupted when used
together with a surfactant,

e It should have low toxicity,
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e |t should have little harmful effect on

the environment.

Providing pre-hospital care for a CBRN event is
essential for the protection of health. Prevention
can be achieved by having decontamination
liquids in homes or pharmacies. Commercial
products are available for skin decontamination,
but simple decontamination can be done using
the "rinse-wash-rinse" technique with plenty of
soap and water. In case of eye exposure, the
eyes should be washed thoroughly with plenty

of water or 0.9% saline solution (NaCl) [15].

3. METHODS TO REMOVE CHEMICAL
WARFARE AGENTS

Decontamination is the cleaning process carried
out to prevent a wounded person contaminated
with a CBRN agent from infecting other
wounded and the personnel who intervene with
him/her. In general, decontamination is divided

into 3: mechanical, physical and chemical.
3.1. Mechanical

The most easily applicable method for
decontaminating any object or substance is to
remove or cover the contaminated surface.
Digging into the soil with a wooden stick or

wood can help remove the agent.
3.2. Physical

Physical removal, the cheapest and easiest
method for CBRN agents, includes some
CBRN

contaminated skin or items with water-based

procedures. Washing agent-
solutions can neutralize a significant amount of
agent, but it should be remembered that the

agent can penetrate further with water.
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4. DECONTAMINANTS USED FOR
CHEMICAL AND BIOLOGY AGENTS
4.1. Reactive Skin Decontamination Lotion
Kit

The Reactive Skin Decontamination Lotion kit
is a U.S. Food and Drug Administration (FDA)
approved product consisting of a lotion-
impregnated sponge in an easy-to-open package
[20]. RSDL, a commercial product, contains
Decon 139 and small amounts of 2,3
butanedione monoxime [21]. 2,3 butanedione
monoxime (also known as Diacetyl Monoxime)
is aweak acid with a pKa of 9.3 [22]. The RSDL
kit has been developed to remove or neutralize
chemical warfare agents and T-2 toxins from
the skin. Chemical neutralization takes place by
a reaction mechanism known as nucleophilic
substitution. The use of the kit includes wiping
the skin area exposed to the chemical warfare
The

lotion and various

agent with an impregnated sponge.
reactions between the
chemical warfare agents have been extensively
studied in vitro and in vivo. It was shown that
the obtained reaction products used in
operational situations had been received [23].
The shelf life of a ready-to-use kit is five years
from the date of manufacture when stored under
recommended storage conditions. The Kit
should be stored in its original container
between 15°C and 30°C in a cool, well-
ventilated area, away from incompatible
materials and food, and protected from direct
sunlight. Burning may occur if it comes into
contact with strong oxidizing chemicals (e.g.,
dry chlorine products), so opened packages

should not be thrown into places where strong
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oxidizing substances are present. In case of
exposure to a chemical warfare agent, the
product starts to show its effectiveness within 2
minutes from opening the package. The first use
of RSDL in the field was made by Canadian
troops during the First Gulf War in 1991, and in
the following years, the United States (U.S.)
army applied to the Food and Drug
Administration of the United States to
incorporate this product. In 2002, the U.S. Food
and Drug Administration granted a use permit
for RSDL [23].

The volume of the RSDL kit contained in the 42
mL green pack is sufficient to decontaminate
the forearms, hands, neck, and face. It removes
or neutralizes RSDL, sarin (GB), tabun (GA),
soman [24], cyclosarin (GF), VX, VR, Mustard,
and T-2 toxins from the skin. In some animal in
vivo studies, RSDL is more effective against
chemical warfare agents than other
decontamination methods [10,25]. However,
reactive decontaminants can damage the skin if
used in large quantities and not removed
quickly. Furthermore, RSDL is known to cause
eye irritation, and therefore eye contact should
be avoided [25]. the direct

application of RSDL to open wounds has been

In addition,

shown to impair wound strength and reduce the
collagen content in the early stages of wound
healing [26,27].

4.2. Decontamination Solution 2 (DS2)

In addition to the negative effects caused by
hypochlorite solutions, the need to find more
effective decontaminants has led researchers to
methods for the

investigate alternative

decontamination of chemical warfare agents. In
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1960, a solution called DS2

(Decontamination Solution 2), which did not

new

lose its activity even if stored for a long time and
could be used between -26 °C and 52 °C, was
developed for use in neutralizing chemical
warfare agents [28]. DS2 is an anhydrous
solution and contains 70% diethylenetriamine,
28% ethylene glycol monomethyl ether and 2%
sodium hydroxide [29]. Although DS2 is a
highly effective solution for decontaminating
organophosphates and does not cause corrosion
on most metal surfaces, it does damage
materials made of plastic, rubber and leather.
More importantly, it has a caustic effect on

human skin [29].

4.3. Surfactant-Based Decontaminants for
Chemical Warfare Agents

Surfactant-based decontamination solutions

contain sodium dichloroisocyanurate and
dichloroisocyanuric acids [30]. The solution is
prepared with a mixture of approximately 1-
15% hydrated dichloroisocyanuric acid salt and
1-9% lithium hypochlorite. In addition, it
contains 1-10% propylene glycol co-solvent
and 1-15% surfactant. The surfactant dissolves
when it interacts with water and forms foam
when in contact with air. With this solution, G
agents, caustic agents and V agents are

neutralized [30].
4.4, Water Based Decontamination

In water-based decontamination solutions of

chemical warfare agents, 90 g
25 ¢

benzyltriethylammonium chloride, 185 g 2-

benzyltrimethylammonium  chloride,

amino-2-methyl-1-propanol are mixed with 20

g water. Finally, the pH of the resulting solution
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is adjusted to 10.6 by adding approximately
20% water [31].

4.5. Chlorine and Chlorine Compounds

Chlorine and chlorine-containing compounds
have highly oxidizing properties and show
similar chemical reactions despite their
different structures. The most important sources
of chlorine are chlorine gas and hypochlorites
[32]. A hypochlorite solution consists of
household bleach, which is approximately
5.25% sodium hypochlorite (NaCl). Household
bleach should contain 5.25% (50.000 ppm)
sodium hypochlorite (NaOCl) [32]. 0.5%
sodium hypochlorite solution is used for skin
decontamination. To prepare a 0.5% solution, 1
part of bleach is mixed with 9 parts of water, but
this solution may be contraindicated for use in
different parts of the body, especially the eyes
[33]. In the case of chemical warfare, it is
recommended to use a newly prepared, diluted,
alkaline 0.5%

decontamination [34-36]. The 0.5% prepared

hypochlorite  solution for
solution has been proven to be effective in
oxidizing the mustard agent and organic
[34, 36]. The

and chlorine

phosphorus  compounds

effectiveness of  chlorine
compounds is the inhibition of the intracellular
enzymatic reactions, denaturation of proteins,
inactivation of nucleic acids, and killing

microorganisms [37].

Hypochlorites are destroyed in light, so they
should be stored in opaque containers, closed. It
is actively used because of its rapid effects, low
cost, broad-spectrum antibacterial activity, and
toxic residues [37]. Chlorine and chlorine

compounds are also widely used in drinking
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water disinfection, swimming pool cleaning,
[38].
solutions should not be used undiluted because

household  cleaning Hypochlorite
they are toxic to the skin and may do more harm
than decontaminate [39]. For example, in one
study, rabbits exposed to sarin gas were not
affected when they were not decontaminated,
but skin irritation was observed when washed
with 5.0% bleach [40]. On the other hand,
diluted use of bleach (0.5%) is preferred since it
does not have any irritant properties for human
skin [41]. The virucidal activity of sodium
hypochlorite (NaClO) is related to the chlorine
concentration of active chlorine expressed as a
% or ppm (parts per million) [42]. It was found
that 0.63% (6300 ppm) sodium hypochlorite
the  number of

significantly  reduced

polioviruses [42].

46. Activated Aluminum Oxide-based

Decontaminant

The surface contaminated with a CBRN agent
is washed with aluminum oxide to remove the
contamination and then decontaminated [43].
The absorbent material may contain not only
activated aluminum oxide but also a mixture of
magnesium monoperoxyphthalate. It should be
noted that magnesium monoperoxyphthalate
should be in the range of 1-50%.

4.7. Oxidizing Gels

Gels with oxidizing properties are formed by
the combination of oxidizing agents and gels. In
this way, detoxification is achieved by applying
it to the area contaminated with chemical and
When

substances such as sodium alginate, pectin and

biological  agents. gel-forming

silica form a gel, they do not flow on the applied
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surface and form a colloidal structure.
Oxidizing agents dispersed in water or organic
solution can form gels when combined with
colloidal matter in the range of about 10-30%.
If the necessary substances are available, it can
be prepared in a warm area or hospital where the
CBRN agent is located and can be applied
quickly by spraying. After decontamination, gel
residues can be cleaned with water or
vacuumed. For example, a gel consisting of a
combination of 5.5% NaOCI and 13.5% fumed
silica has been found to be effective against

chemical agents.
4.8. Reactive Sorbent

It is obtained by mixing 148 g of sodium
with 38.6

diethylenetriamine for 1 hour. The resulting

methoxide solution
solution is added to carbon with a surface area
of 1800 m2/g and waited for it to dry. This
solution is effectively used to decontaminate

chemical and biological agents [44].
4.9. Alcohol and Alcohol Derivatives

Alcohol-based disinfectants have a broad-
spectrum bactericidal effect, although they are
recommended by the US Centers for Disease
Control and Prevention [45]. Alcohols act by
disrupting the 3-dimensional structure of
proteins (Enzymes), disrupting the random
ringing of polypeptide chains and the helical
[46,47]. Alcohol-based

decontaminants are the leading decontaminants

structure

that provide the fastest and most significant
reduction in microbial counts on the skin [46].

Ethyl alcohol 60%, isopropyl alcohol 50%, and
n-propyl alcohol 40% show sufficient effect in

concentrations. Although ethyl alcohol shows
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sufficient effect at 60-80% concentrations, the
concentration where it is optimally effective for
skin decontamination is 70% [37].

Proteins are denatured easily in the presence of
the
antimicrobial activity of alcohols. A much

water, so water is necessary for
stronger and longer efficacy can be achieved by
adding substances such as povidone iodine and
chlorhexidine into alcohol. It has been
determined that the antimicrobial activity in the
abdomen and groin area cleaned with the
solution obtained by mixing 2% chlorhexidine
gluconate into 70% isopropyl alcohol is more

effective against 70% isopropyl alcohol and 2%

aqueous  chlorhexidine  gluconate  [48].
Healthcare personnel should perform hand
hygiene  with  60-95%  alcohol-based

disinfectants before and after wearing gloves
[49]. On the other hand, the main disadvantage
of alcohol is that they do not have permanent
effects and can irritate the skin [50]. In addition
to the ineffectiveness of alcohol-based
disinfectants against non-enveloped viruses,
methyl alcohol is not used much in the health

sector due to its weak bactericidal effect. [51].
4.10. lodophor

lodophores are solutions containing iodine and
a solubilizing agent [52]. lodophores penetrate
the cell wall and membranes of microorganisms
and disrupt DNA synthesis, but are less
effective than other disinfectants in preventing
biofilm formation of microorganisms [53].
lodine solutions have been used for skin
decontamination for many years. However, its
use as decontamination is limited due to its poor

solubility in water, low stability, staining of
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surfaces, and odor. However, this was
significantly reduced by complexing the iodine
with a polymer [54]. Polyvidone iodide, a
compound of iodine and polyvinylpyrrolidone,
[55].

Contaminated hand and arm decontamination

is the most widely used iodophor
involves initial scrubbing with 0.7% povidone
iodine (PI) and a secondary cleaning with
10.0% Pl [56].

decontaminants effective against plant bacteria,

lodophors are moderate

enveloped viruses, fungi, and some micro-
bacteria. Its mechanism of action occurs
through the oxidation of amino acids, which
eliminates the cell's ability to synthesize protein
[54]. Free iodine oxidizes the -SH groups of
proteins and enzymes and transforms them into
disulfide (S-S) forms, thereby distorting the
structures and shapes of these substances. It is
known to be effective against bacteria, such as
broad-spectrum antibiotics and fungi and
including HIV.

importance was unknown until 1950, found its

viruses, lodine, whose
place in the current usage areas with its

molecular combination with
polyvinylpyrilidone [57,58]. 7.5% Pl solution is
used for decontamination in the surgical field
[59]. Clinical studies have shown that many
microorganisms are destroyed by rubbing using
povidone-iodine, and intra-abdominal bacterial
infection development is reduced by peritoneal
washing. In studies examining the bactericidal
and cytotoxic effects of 10% povidone-iodine
(diluted 1:10), it was found that it inhibited the
viability of Gram (-) and Gram (+) bacteria and
was not harmful to normal fibroblast cells
[60,61]. It should be noted that iodine also stains

the skin an intense yellow-brownish color,
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causes blue stains on clothing in the presence of

starch, and combines with iron and other metals.
4.11. EasyDECON™ DF200 Solution

It is found in commercially available products
that are produced to neutralize chemical and
biological warfare agents. One of them is the
EasyDECON™ DF200 solution, which can be
applied as a foam and spray. The
environmentally friendly solution has little or
no effect on the skin. The product, which is used
by the American army and fire departments, is
used by military and civilian organizations in
many other countries [62]. While preparing the
solution, three different liquids called Partl,
Part2, and Part 3 are used. In addition, it does
not stain or damage the fabric/fabric so that it
can be used on all surfaces without any
problems. It is a mixture of ordinary household
substances that neutralizes both chemical and
biological agents in less than 30 minutes and is
environmentally friendly. EastDecon 200 is
effective against G-series nerve agents, VX
nerve agents, H-series caustics, L-series
caustics, phosgene oxime and chicken pox,
anthrax, E. coli, SARS-Coronavirus, hoof and
mouth diseases. The solution absorbs the
existing contamination with its application,

chemically oxidizes, and neutralizes it [62].
4.12. Hydrogen Peroxide(H205)

Hydrogen peroxide (H20;) is used in
sterilization, disinfection and as an antiseptic
biocide. It is a colorless liquid. Although
sporicidal activity increases significantly in the
plasma phase, higher concentrations of
hydrogen peroxide (10-30%) and longer contact

times are required. Hydrogen peroxide is a
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strong oxidizing agent as it produces free
hydroxy| radicals. Free hydroxyl radicals are
known to bind to cell components such as DNA,
lipids and proteins and specifically target
sulfhydryl groups and double bonds. Generally,
20°C and 6 hours contact time is accepted for
sterilization with 7.5% hydrogen peroxide and
30 minutes contact time for disinfection under
the same conditions [63].

Louis Thenard discovered H,O; in 1818, and B.
W. Richardson first suggested its use as a
disinfectant in 1891 [64]. Today, it is widely
used, mainly since it decomposes non-toxic by-
products (e.g., oxygen and water). Few
literature studies are discussing the mechanism
of the biocidal effect of H.O2 as suggested in
general studies on the mechanisms of action of
biocides in general. H.O, acts as a reactive
oxidizing agent with biomolecules (proteins,
lipids, nucleic acids, etc.) that make up cellular
function [65]. In addition, compounds with
hydrogen peroxide are a strong oxidizing agent,
acting through the formation of hydroxyl free
radicals (OH), which cause denaturation of the

cellular component [65].

Today, the importance of no-touch disinfection
(NTD)

disinfection robots, has increased rapidly in

systems, which are automatic

combating pathogenic microorganisms
colonized on the environmental surfaces of
healthcare facilities. No-touch disinfection
systems are broad-spectrum effective even
against bacterial endospores and are based on
hydrogen peroxide, which, unlike alternative
disinfectants, does not have carcinogenic
properties [64]. These systems are being which

aim to provide more effective disinfection than

37

routine cleaning methods. To obtain the gas
phase of approximately 1 micron by heating the
30% hydrogen peroxide aqueous solution after
the ambient humidity and temperature is
adjusted according to the disinfection condition
and release hydrogen peroxide vapor in the
appropriate amount of the volume of the
environment to be disinfected [66]. Portable no-
touch disinfection robots can perform
disinfection in the environment where they are
placed without human intervention after
specific parameters are entered. Therefore,
inside a building such as a house, apartment, or
hotel, H,O, solution can be used to Kill
biological microorganisms such as coronavirus.
An important point that should not be forgotten
during this process; It is closing openings such
as windows, doors, and ventilation in the

environment.

A hydrogen peroxide solution in a
concentration as small as 0.5% effectively
inactivates coronaviruses (e.g., SARS, MERS)
on inanimate surfaces within 1 minute [67].
Clinically recommended and commercially
available H.O- solutions at concentrations of
3.0% and 1.5% show the minimal virucidal

effect 15 seconds after administration [68].

Table 1: Decontaminant/disinfectant applied

against microorganisms and the concentration

to be applied.

Decontaminant Concentrat ~ Applicati ~ Microorgani
ion to be on Place  sm Affected
applied

Sodium %0.5 Skin Vegetative

Hypochlorite (5000 bacteria,
ppm) Enterococcu

S,

Staphylococ

cus, gram-
positive and

gram-
negative
bacteria —
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Alcohol
Ethyl or %70.0 Surface Gram-
isopropyl and skin positive and
alcohol gram-
negative
bacteria,
Bacillus and
Clostridium
spores
lodophores 30-50 ppm Surface Bacteria,
free iodine  and skin mycobacteri
a, viruses
Phenol and %0.4-5 Surface Bacteria,
phenol and tool fungus
compounds
Aldehyde
Formaldehyde %6-8 Surface Bacteria,
fungi,
viruses,
spores,
mycobacteri
a
Glutaraldehyde %2-3.2 Bacteria,
fungi,
viruses,
spores,
mycobacteri
a
Orthophytalalde %0.55 Skin
hyde (OPA)
Hydrogen %3.0 Tool and Bacteria,
Perokside surface viruses,
fungi

4.13. Factors Affecting Decontamination

In order for the decontamination solution to be
effective, it must have certain properties. Some
of these include the duration of the area
contaminated with the agent, contamination
intensity, size of the affected area, type of agent,
and temperature of the environment. The
preparedness of the personnel wearing A-B-C-
D level protective clothing and the roughness or
curve of the surface of the contaminated object

are also of great importance in decontamination.

5. EFFECTS OF RADIOLOGICAL AND
NUCLEAR AGENTS AND PROTECTION
TECHNIQUES

In 1945, the US dropped an atomic bomb on
Hiroshima, killing 60,000-70,000, and three
days later on Nagasaki, killing 34,000 [69].
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These two bombs are thought to have caused a
total of 340,000 deaths over five years, mostly
civilians. In 2016, a 16-year-old boy who found
the missing Iridium -192 source in Sakarya and
took it home was diagnosed with skin injury due
to radiation exposure and at least 10 relatives
affected by [70].

Radiological and nuclear threats can take the

were also radiation
form of the transportation and distribution of
radioactive material or the detonation of a
nuclear weapon [71]. In the event of a terrorist
incident, intervention can only be possible by
organizing appropriate response action plans
that have been practiced on previously
produced scenarios. For the success of pre-
developed response action plans for
radiological material emitting devices, there is a
need for health personnel who are informed
about basic radiation biology, appropriate
medical support, the ability to train post-event
medical  support, urgent referral  of
knowledgeable and experienced people to
centers for acute treatment, and long-term
follow-up. According to the basic radiation
protection  standards recommended by
International Radiological Protection [72], dose
limits for whole body irradiation are as follows
[72]:

2.5 pSv/hour

20 uSv/day

100 pSv/week

5000 uSv/year

Exceeding these values may cause various

damages in the body. Exposure to radioactive
fallout generally occurs in three ways:
inhalation, ingestion and through the skin.
Exposure up to 0.75 Sv (Sievert) is the amount

of radiation that is considered safe for everyone
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and is called the combat dose. As the exposure
dose increases, a number of clinical symptoms

begin to occur (Table 2).

Table 2. Clinical conditions that develop
depending on the radiation dose exposed [73].

REM Sievert Clinical Effects
0-25 0-250 No observable clinical effects
25-100 250-1000 Minor changes in the blood
picture
100-200 1000-2000 e fatigue and loss of appetite
e  Nauseaand vomiting within
3 hours
e  Moderate changes in the
blood picture
200-600 2000-6000 e  Vomiting in 2 hours or less
. Internal  bleeding  and
infection
e  Major change in blood
picture
e Hair loss within 2 weeks
600-1000  6000-10000 e  Vomiting within 1 hour or

less

e  With a major change in the
blood picture

. Internal  bleeding  and
infection

e (80% to 100% of deaths
occur within 2 months, and
survivors take a long time to
recover)

A radiological weapon is a device that causes

damage and severe injury and death by
spreading the radiation released due to the
halving of the radioactive material contained in
it specifically. These weapons, also called
radiation weapons, cause pollution by scattering
radioactive material around them. The primary
sources of this pollution are generally nuclear
power plants, nuclear weapons development
facilities, nuclear research centers, and wastes.
When a nuclear weapon explodes, air molecules
are pushed out from the center of the explosion
due to the high heat generated there collide and
form a blast. While the power created by the
heat and pressure that creates the blast causes
damage to the living creatures and structures in
the first moment, the blast collapses inwards
due to the rapidly falling air pressure in the blast

after a short time, resulting in a second shock
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wave. While the power created by the heat and
pressure that creates the blast causes damage to
the living things and structures in the first
moment, the blast collapses inwards due to the
rapidly falling air pressure in the blast after a
short time and a second shock wave is formed.
Human beings, items, and animals that are
slightly damaged by the first effect are
destroyed mainly by this second shock wave.
The effects of the weapon occur due to the
radiation emitted to the environment. These
effects depend on the type and quantity of the
weapon used, the height of the explosion, and
the structure of the region. When the bomb is
detonated at or near the surface, residual effects

increase in severity.

Radiological and Nuclear accidents cause
significant loss of life and property and cause
great casualties to countries. The nuclear
reactor, which houses the 9M370 cruise missile
in 2019,

resulting in 5 deaths and 3 severe injuries due to

belonging to Russia, exploded
radiation [74]. As a result of the unwitting
transport of Iridium 192 cargo packages on the
passenger plane flying between Cairo-Zurich-
in 2017,
passengers were exposed to higher doses of
than [75].

decontamination is vital to reduce the number

Bussel it was revealed that 26

radiation allowed Therefore,

of such accidents. For this purpose, the
immediate and careful removal of the outer
clothing of the wounded ensures that 90% of the
CBRN warfare

Decontamination is not only the removal of

materials are removed.
activity from people, but also the collection of

evidence about the activity to which they have



Bas, Karakurt, Savunma Bilimleri Dergisi, 20(1): 29-48 (2024)

been exposed and the provision of preliminary
data on the possible effects of radiation.

5.1. First Responder

When faced with a patient contaminated with a
radioactive substance, the first action to be
taken is to intervene to ensure the survival of the
injured person or to prevent the situation from
getting worse, rather than the contamination
itself. It should not interfere with the medical
treatment to be applied to the injured and if
necessary, the contaminated casualty should be
admitted to the hospital. Injured persons who
are ftransferred to a health facility after a
radiological or nuclear event should be kept in
the health facility until it is determined that they
are not contaminated. Removing radioactive
substances from people and belongings is not a
simple and easy process and requires high

amounts of personnel and material resources.
5.2. Decontamination Methods

Radioactive substances cannot be neutralized
like chemicals. Instead, it is removed from the
environment. This should not be forgotten when
performing radiologic ~ decontamination.
Therefore, the difficult process is to remove the
radioactive substance from the environment
without contaminating it. While the patient is
stabilized in the emergency room, his clothes
are removed. Care should be taken to remove
clothing regularly to avoid contamination of
medical personnel and other personnel. Rather
than tearing the patient's clothing, it should be
removed or cut away from the airway and the
radiological material should be kept inside the
clothing. Priorities for skin decontamination are

cleaning wounds and holes around the face.
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the decontamination

completed successfully on clean skin. To

Finally, process is
prevent contamination from flowing into the
wound, the area around the wound is still
decontaminated with a soft sponge. In addition,
curtains should be worn at certain intervals to
prevent contaminated agent from contaminating
the environment. The wound is washed with
sterile 0.9% NaCl (saline). The purpose of the
initial washing is to try to remove
contamination as much as possible. The floor
should be sloped so that any saline or agents that
fall on the floor can be collected in a multi-bin
or in a different drain. The collected waste
should be collected in a predetermined room for
disposal. If there is bleeding after
decontamination, the wound is re-bandaged.
The skin should not be rubbed during
decontamination; rubbing the skin accelerates
the penetration of the agent into the skin

[76,77].

Before decontamination, swabs taken from the
ear, nostrils and wound sites of the wounded
may give an idea about whether there is a risk
of internal contamination. The specimens
should be stored in separate vials or sealed tubes
with identification information, where and from
which side they were taken. These samples are
a source of analysis not only for clinical
but forensic

health

facilities without such study and recording

investigations also  for

investigations.  Transportation  to
procedures may not only increase the fear of
health workers who do not have sufficient
knowledge about radiation, but may also result

in contamination of health facilities.
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To carry out the decontamination process, it is
necessary to define the various radiation zones
of the crime scene. The purpose of defining
zones is to minimize unnecessary radiation
exposure and allow the quick and efficient
recovery of the injured and preserve their
health. For this purpose, as shown in Figure 2,
the amount of radiation in and around the
incident area should be measured. The
environmental radiation exposure rate in these
zones should be below 0.1 mR/h (1 microSv/h).
When the radiation exposure level is 100
mR/hour, a medium level radiation exposure

boundary is established, and when it is 1000

mR/hour, a high-level radiation exposure
boundary is established (Figure 2). If the areas
to be zoned area in open land, inside a building
or in case of fire, cordon distances may vary
between 30 and 400 meters depending on the
scene [78]. These zones and their widths are
determined according to the dose rates in the
radiological-nuclear incident. In addition,
meteorological information on wind direction
and intensity is also needed when deciding on
the zones, their distances and the placement of
control points. The incident-specific personnel
should intervene by wearing the necessary

protective clothing.

* Incident Command

Extreme caution radiation
boundary 10,000 mR/hr

High radiation
boundary 1000 mR/hr  boundary 100mR/hr boundary <10 mR/hr

Medium radiation Low radiation

Figure 2: Radiation fields.

Substances that can cause radiological and
nuclear contamination can be in solid and
gaseous form. The most common radioactive
contaminants are alpha and beta emitters. While
substances emitting gamma rays cause damage
to the whole body, beta emitters cause burns on
the skin. There is a Geiger Miiller (GM) counter
to determine the amount of contamination and

exposure. GM is used to measure the type and
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amount of radioactive material found on the
surface and for body contamination screening
[79]. The most important way to control
radioactive contamination is to limit the spread
of the material [79]. This process controls the
entrances and exits to the hot area, wearing
ABC-level protective clothing and personnel
monitoring [76]. Removing outer clothing and

shoes and washing the hair quickly provides
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90% of the contamination. It may be necessary
to decontaminate the casualty's skin and eyes (if
there is any sign of eye contamination) after the
clothing is removed.

After the casualty's clothes and accessories are
removed, the measurement is retaken. Before
applying the clean wash and rinse technique, it
is recommended to comb and shake the hair
After

measurements are retaken from the injured

instead of cutting it washing,
people. If the level on which the dose is known
is higher than the determined limits, the
washing process is continued until the quantity
If more than 10%

reduction cannot be achieved according to the

falls below the level.
previous measurement results, the process is
continued [79]. Washing the skin by rubbing it
hard with hot water should also be avoided for
decontamination. Rubbing and cleaning can
cause radionuclide or radioactive material to
enter between the stratum corneum layers in the

skin and increase exposure[80,81].

Since radiation-induced illnesses can take hours

or days to manifest clinically, hospital
emergency department staff should have the
ability to triage victims of radiological terrorism
incidents according to urgency using traditional
medical methods and trauma criteria. Patients
should first be medically stabilized and
radiation injuries should be assessed, taking into
account clinical findings, dose exposure, type of
radionuclide and the presence or absence of
internal contamination [82]. The treatment of a
patient who has received radiation may vary
depending on the type of radiation (gamma,

neutron), the type of radionuclide (cesium,

42

plutonium, etc.), the dose received, the level of
exposure (full or partial body), the location of
exposure (internal or external), and whether
there are concurrent trauma or burn injuries.
Furthermore, in the setting of a radiological
nuclear incident or terrorist attack, it is

inevitable that individuals will have co-
morbidities such as diabetes, hypertension,
heart failure. Among them, a more vulnerable
population is pregnant women, older people,

children and young people.

5.3. QuickDECONTM Radiation

Decontamination Solution

QuickDECON™ is a radionuclide ion-specific
decontamination solution. The main technology
used is called Mass Effect™. After applying
QuickDECON™ to a

surface, radioactive substances adhered to the

radiation-affected

surface are mobilized and detached from the
QuickDECON™ solution enables

radioactive ions to mobilize, break off from the

surface.

most non-porous surfaces, and pass into the
water-based solution.

The solutions have been developed to provide
the most effective purification possible and to
be easy to wuse. It is water-based and
environmentally friendly and applied using the
spray method and wiping method. It is also used
to remove radioactive substances from human
skin. It has been accepted by The United States
Food and Drug Administration (FDA) to be
suitable for superficial use on human skin.
QuickDECON™ s used in military and civil
defense, nuclear medicine, hospitals and
laboratories, nuclear power generation plants,

nuclear waste handling facilities, civilian first
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responders, bomb disposal teams, and
homeland security [62]. Substances inactivated
by both EasyDECON™ and QuickDECON™

solutions are shown in Table 3.

Table 3: Substances purified by EasyDECON
DF200 solution and Quick DECONTM

radiation decontamination solution.

Halogens Transition Actinides
Metals
Fluorine, Lithium, Scandium, titanium,
phosphorous, beryllium, vanadium, yttrium,
sulfur, chlorine, | sodium, zirconium, niobium,
arsenicselenium, magnesium, molybdenum,
bromine, iodine, | potassium, technetium,
astatine calcium, ruthenium, rhodium,
chromium, palladium,  silver,
manganese, cadmium, hafnium,
iron, cobalt, | tantalum, tongston,
nickel, copper, | rhenium, osmium,
zinc, gallium, | iridium, platinum,
rubidium, gold, mercury,
strontium, radium, lanthanum,
indium, cesium, | cerium,
barium, praseodymium,
thallium neodymium,
samarium,
europium,
gadolinium,
terbium,
dysprosium,
holmium,  erbium,
thulium, ytterbium,
luterium, actinium,
thorium,
protactinium,
uranium, plutonium,
americium.
6. RESULTS

As in the past, CBRN warfare agents continue
to be used for deterrent purposes, harming
people, other living things, land and food, and
polluting the environment. The cleaning of this
contamination is carried out by trained

personnel using different chemicals and
equipment. While decontamination is generally
performed for chemical agent pollution, for
biological agents, removal is carried out by
disinfection. Decontamination is vital both for
the patient's life and for stopping the spread of
pollution. The cleaning process is carried out by

physically removing the agent and rendering it
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ineffective by destroying its chemical structure.
Although water is the most commonly used
liquid during this process, it exists in different
chemical solutions. When preparing these
solutions, it is crucial to know the appropriate
amounts of the necessary chemicals not to
irritate the casualty and neutralize the agent.
Apart from decontamination, methods such as
burning contaminated tools and objects, turning
the contaminated area with a strip, closing it for
use, leaving it out, and waiting for the agent to

inactivate itself are applied.
7. FUTURE STUDIES

Developments in the field of CBRN defense and
studies on solutions, decontamination kits or
CBRN

decontamination applications continue all over

decontamination powder  for
the world. The reason for conducting studies in
the field of decontamination is that existing
decontamination systems are difficult to use,
can leave waste in the environment after
decontamination, and are not applicable in all
kinds of environments and conditions, etc.
Decontamination systems to be constructed in
the future must be user-friendly, non-corrosive,
and contain stable active compounds. For this
purpose, hydrogels, nanoporous structures,
nanosized systems that allow drug release have
the potential to be used due to their promising

properties.

ACKNOWLEDGMENTS

This research did not receive any specific grant

from funding agencies in the public,

commercial, or not-for-profit sectors.



Bas, Karakurt, Savunma Bilimleri Dergisi, 20(1): 29-48 (2024)

AUTHORSHIP
STATEMENT

CONTRIBUTION

Kemal BAS: Writing- review & editing,

Writing-original draft, Investigation,

Conceptualization.

Serdar KARAKURT: Writing- review &
editing, Validation.

CONFLICTS OF INTEREST
The authors declare that they have no known

competing financial interests or personal

relationships that could have appeared to

influence the work reported in this paper.

REFERENCES

[1] N. Varol, and T. Giiltekin, "Disaster
Anthropology,” Electronic Journal of Social
Scienes, 15(59), 2016.
https://doi.org/10.17755/esosder.263244

[2] H. John, et al., "Toxicokinetic aspects of
nerve agents and vesicants,” in Handbook of
toxicology of chemical warfare agents.
Academic  press, p. 875-919. 2020
https://doi.org/10.1016/B978-0-12-819090-
6.00052-0

[3] M. Ortatatly, et al., "Evaluation of Chemical,
Biological, Nuclear and Radiological Casualties
with Regard Terrorism," Tirkiye Klinikleri
Journal of Forensic Medicine Special Topics"
1:44-52, 2015

[4] L. Sun, et al., "Poly (y-glutamic acid)-based
electrospun nanofibrous mats with
photodynamic  therapy  for  effectively
combating wound infection" Materials Science
and Engineering: C. 113:110936, 2020
https://doi.org/10.1016/j.msec.2020.110936:

[5] S. Sezigen, et al.,"Victims of chemical
terrorism, a family of four who were exposed to
sulfur mustard,” Toxicology Letters, 303, 9-15.
2019.
https://doi.org/10.1016/j.toxlet.2018.12.006

[6] S. Sezigen, and L. Kenar, "Recent sulfur
mustard attacks in Middle East and experience
of health professionals,” Toxicology Letters.
320, 52-57. 2020.
https://doi.org/10.1016/j.toxlet.2019.12.001:

44

[7] J. Wiltems, "Clinical management of
mustard gas casualties”. Annals of Medical
Militaris, 3, 1-61, 1989.

[8] D.D. Haines, and S.C. Fox, "Acute and
long-term impact of chemical weapons: lessons
from the Iran-lrag war", Forensic Sci Rev, 26,
2,97-114, 2014.

[91 H. Thiermann, F. Worek, and K. Kehe,
"Limitations and challenges in treatment of
acute chemical warfare agent poisoning"
Chemico-biological interactions, 206, 3, 435-
443, 2013.

https://doi.org/10.3109/15569527.2010.515280

[10] E.H. Braue, et al., "Efficacy studies of
Reactive Skin Decontamination Lotion, M291
Skin Decontamination Kit, 0.5% bleach, 1%
soapy water, and Skin Exposure Reduction
Paste Against Chemical Warfare Agents, Part 1:
Guinea pigs challenged with VX," Cutaneous
and Ocular Toxicology, 30, 1, 15-28, 2011
https://doi.org/10.3109/15569527.2010.515280

[11] Y.C. Yang, J.A. Baker, and J.R. Ward
"Decontamination of chemical warfare agents.
Chemical Reviews," 92,8,1729-1743, 1992
https://doi.org/10.1021/cr00016a003

[12] 1. Hahm, et al., "A multi-criteria decision-
making process for selecting decontamination
methods for radioactively contaminated metal
components,”  Nuclear Engineering and
Technology, 55, 1, 52-62, 2023.
https://doi.org/10.1016/j.net.2022.09.012:

[13] S.M. Simmons, et al., "Decontamination
and reuse of personal protective masks and
respirators in healthcare: Human-centered
investigation and implementation
considerations,” Human Factors in Healthcare.
1:100003, 2021
https://doi.org/10.1016/j.hfh.2021.100003

[14] S. Costanzi, J.-H. Machado, and M.
Mitchell, "Nerve agents: what they are, how
they work, how to counter them,” ACS
chemical neuroscience. 9,5,873-885, 2018.
https://doi.org/10.1021/acschemneuro.8b00148

[15] L. Kenar, and S. Sezigen, "Kimyasal Savas
Yaralilarinin  Tibbi YOnetimi igin Pratik
Rehber", 2017.

[16] E. McDaniel, and J. Mclsaac, "Combined
Trauma and CBRN Exposure: Adding Insult to
Injury,” ASA Monitor. 86, 3, 28-29, 2022.
https://doi.org/10.1097/01.ASM.0000823084.8
5024.4a


https://doi.org/10.1016/B978-0-12-819090-6.00052-0
https://doi.org/10.1016/B978-0-12-819090-6.00052-0
https://doi.org/10.1016/j.msec.2020.110936
https://doi.org/10.1016/j.toxlet.2019.12.001
https://doi.org/10.3109/15569527.2010.515280
https://doi.org/10.1021/cr00016a003
https://doi.org/10.1016/j.hfh.2021.100003
https://doi.org/10.1021/acschemneuro.8b00148
https://doi.org/10.1097/01.ASM.0000823084.85024.4a
https://doi.org/10.1097/01.ASM.0000823084.85024.4a

Bas, Karakurt, Savunma Bilimleri Dergisi, 20(1): 29-48 (2024)

[17] J. Brent, "Water-based solutions are the
best decontaminating fluids for dermal
corrosive exposures: a mini review," Clinical
toxicology, 51, 8, 731-736, 2013
https://doi.org/10.3109/15563650.2013.838628

[18] Y.C. Deong, and M.H. Jeong, "Convenient
method of deactivating reactive esters under
micellar and microemulsion media,” Bulletin of
the Korean Chemical Society, 21, 2, 271-273,
2000.
https://doi.org/10.5012/bkcs.2000.21.2.271

[19] S. Wellert, et al., "Decontamination of
chemical warfare agents using
perchloroethylene—Marlowet IHF—H 2 O-based
microemulsions:  wetting and  extraction
properties on realistic surfaces" Colloid and
Polymer Science, 286, 417-426, 2008.
https://doi.org/10.1007/s00396-007-1788-4

[20] L. Taysse, et al, "Skin decontamination of
mustards and organophosphates: comparative
efficiency of RSDL and Fuller's earth in
domestic swine," Human & Experimental
Toxicology, 26, 2, 135-141, 2007.
https://doi.org/10.1177/0960327107071866

[21] S., Bjarnason, et al., "Comparison of
selected skin decontaminant products and
regimens against VX in domestic swine,"
Human & Experimental Toxicology, 27, 3, 253-

261, 2008.
https://doi.org/10.1177/0960327108090269
[22] A.P. Kurtz, and T.DJ. D'Silva,

"Estimation of Dissociation Constants (pKa'S)
of Oximes from Proton Chemical Shifts in
Dimethyl Sulfoxide Solution,”. Journal of
Pharmaceutical Sciences, 76, 8, 599-610, 1987.
https://doi.org/10.1002/jps.2600760805:

[23] RSDL, "Reactive Decontamination Lotion
Kit", https://www.rsdl.com/resources/#downloa
d. (4.09.2022).

[24] G. Clayton, and F. Clayton, "Patty’s
industrial hygiene and toxicology,” New York
(NY): John Wiley & Sons, Inc., 1994

[25] D Schwartz, M., et al.,"Reactive skin
decontamination lotion (RSDL) for the
decontamination of chemical warfare agent
(CWA) dermal exposure,” Current
pharmaceutical biotechnology, 13, 10, 1971
1979, 2012.

https://doi.org/10.2174/138920112802273191

[26] J.M. Connolly, et al., "Impairment of
wound healing by reactive skin
decontamination lotion (RSDL®) in a

45

Gottingen minipig® model,” Cutaneous and
Ocular Toxicology, 39, 2, 143-157, 2020.
https://doi.org/10.1080/15569527.2020.175118
3

[27] T.J. Walters, et al., "Effect of Reactive
Skin Decontamination Lotion on Skin Wound
Healing in Laboratory Rats". Military
Medicine, 172, 3, 318-321. 2007.
https://doi.org/10.7205/MILMED.172.3.318

[28] M.H. Kim, et al., "Continuous fed-batch
alternating aerobic and anoxic system for
biodegradation of Decontaminating Solution 2
with high nitrogen content,"” Water-Energy
Nexus, 1, 1, 47-55, 2018.
https://doi.org/10.1016/j.wen.2018.05.002

[29] B, Singh, et al.,, "Decontamination of
chemical warfare agents,” Defence science
journal, 60, 4, 428. 2010.

[30] J.G. Purdon, C.L. Chenier, and A.F.
Burczyk, "Broad spectrum decontamination
formulation and method of use,” Google
Patents, 2003.

[31] D.T. Gronce, "Chemical warfare agent
decontaminant  solution using quaternary
ammonium complexes,” Google Patents, 1998.

[32] M, Ginaydin, et al., "Sterilizasyon
Dezenfeksiyon Rehberi”, Istanbul: Arvin
Yayinevi, 41-43, 2015.

[33] E.D. Clarkson, and R.K. Gordon, "Rapid
decontamination of chemical warfare agents
from skin, in Handbook of Toxicology of
Chemical Warfare Agents, R.C. Gupta, Editor.
2020, Academic Press.

[34] L.C. Cancio, "Chemical casualty
decontamination by medical platoons in the 82d
Airborne Division," Military medicine. 158, 1,
1-5, 1993.
https://doi.org/10.1093/milmed/158.1.1

[35] US Army Medical Research Institute of
Chemical Defense, "Medical Management of
Chemical Casualties: Handbook," Virginia,
ABD, 1999.

[36] F.R. Sidell, "Nerve agents"”, in Medical
Aspects of Chemical and Biological Warfare,
B.G.R. Zajtchuk, 129-178, 1997.

[37] D.P. Menderes, and D.Y. Metin,
"Dezenfeksiyon Antisepsi Sterilizasyon
Rehberi," 27-29, 2019.

[38] A, Sani¢, "Aldehitler
Dezenfektanlar," 3.

ve Sterilizan
Sterilizasyon


https://doi.org/10.3109/15563650.2013.838628
https://doi.org/10.1007/s00396-007-1788-4
https://doi.org/10.1177/0960327108090269
https://doi.org/10.1002/jps.2600760805
https://doi.org/10.1080/15569527.2020.1751183
https://doi.org/10.1080/15569527.2020.1751183

Bas, Karakurt, Savunma Bilimleri Dergisi, 20(1): 29-48 (2024)

Dezenfeksiyon Kongre Kitabi, Samsun, 108-
119, 2003.

[39] R.J. Slaughter, et al., "The clinical
toxicology of sodium hypochlorite,” Clinical
toxicology, 57, 5, 303-311, 2019.
https://doi.org/10.1080/15563650.2018.154388
9

[40] A. Kondritzer, W. Mayer, and P. Zvirblis,
"Removal of sarin from skin and eyes," Arch.
Indust. Health, 20, 1, 50-52, 1959.

[41] F. Racioppi, et al., "Household bleaches
based on sodium hypochlorite: review of acute
toxicology and poison control center
experience," Food and chemical toxicology. 32,
9, 845-861, 1994. https://doi.org/10.1016/0278-
6915(94)90162-7

[42] 1. Orel, H. Graf, and P. Riou,
"Decontamination  efficacy of  sodium
hypochlorite  solutions  for  poliovirus,”
Biologicals, 67, 75-80, 2020.
https://doi.org/10.1016/j.biologicals.2020.07.0
07

[43] P.W. Bartram, and G.W., "Wagner,
Decontamination of Chemical Warfare Agents
Using Activated Aluminum Oxide," 1997,
Google Patents: United States of America.

[44] Brown, R.S., et al., "Decontamination of
chemical warfare agents using a reactive
sorbent," Google Patents, 2005.

[45] J.M. Boyce, and D. Pittet, "Guideline for
hand hygiene in health-care settings:
recommendations of the Healthcare Infection
Control Practices Advisory Committee and the
HICPAC/SHEA/APIC/IDSA Hand Hygiene
Task Force,” American journal of infection
control, 30, 8, S1-S46, 2002.

[46] U. Abbasoglu, "Dezenfektanlar: Siniflama
ve Amaca Uygun Kullanim Alanlar," 6.
Sterilizasyon Dezenfeksiyon Kongre Kitabi,
Antalya, 109-120, 2009.

[47] B. Girler, "Mirkoorganimalarin
Dezenfektan Maddelere Karsi Olusturdugu
Direng," Hastane Imfeksiyonlarl Dergisi, 7, 3,
137-140, 2003.

[48] D. Adams, et al., "Evaluation of a 2%
chlorhexidine gluconate in 70% isopropyl
alcohol skin disinfectant,” Journal of Hospital
Infection, 61, 4, 287-290, 2005.
https://doi.org/10.1016/j.jhin.2005.05.015

[49] H. Demirag, and S. Hintistan,
"COVID-19’un klinik yénetimi ve hemsirelik".

46

Giimiishane Universitesi Saglhk Bilimleri
Dergisi, 9, 2, 222-231, 2020.
https://doi.org/10.37989/gumussagbil.727393

[50] E.D. Kartal, "Deri Antisepsisinde Yeni
Stratejiler,” 10. Uluslararas1 Sterilizasyon
Dezenfeksiyon Kongresi. Belek/Antalya., 2017.

[51] M. Eterpi, G. McDonnell, and V. Thomas,
"Disinfection efficacy against parvoviruses
compared with reference viruses," Journal of
Hospital Infection, 73, 1, 64-70, 2009.
https://doi.org/10.1016/j.jhin.2009.05.016

[52] AF. Ozel and G. Turun, "Balik
Ciftliklerinde  Kullanilan  Dezenfektanlar,"
Il.International Hygiene Conference, Ankara,
2022.

[53] Chauret, C., "Sanitization," Encyclopedia
of Food Microbiology, Academic Press: USA.,
360-364, 2014.

[54] E. Fu, K. McCue, and D. Boesenberg,
"Chemical Disinfection of Hard Surfaces —

Household, Industrial and Institutional
Settings," Handbook for
Cleaning/Decontamination of Surfaces,
Elsevier Science, 573-592, 2007.

DOI:10.1016/B978-044451664-0/50017-6

[55] S. Arikan, "Temizlik, Dezenfeksiyon ve
Sterilizasyon," Hastane infeksiyonlar1 Dergisi
1,2, 61-68, 1997.

[56] R, Kakaiya, C.A. Aronson, and J. Julleis,
"Collecting Blood and Samples for Processing
and Compatibility Test", in Technical Manual,
J. Roback, et al., Published by American
Association of Blood Banks: ABD, 942-943,
2008.

[57] R.L. Berkelman, B. Holland, and R.
Anderson "Increased bactericidal activity of
dilute  preparations of povidone-iodine
solutions,” Journal of clinical microbiology, 15,
4, 635-639, 1982.
https://doi.org/10.1128/jcm.15.4.635-639.1982

[58] A. Tam, et al. "Effect of different iodine
formulations on the expression and activity of
Streptococcus mutans glucosyltransferase and
fructosyltransferase in biofilm and planktonic
environments,” Journal of Antimicrobial
Chemotherapy, 57, 5, 865-871, 2006.
https://doi.org/10.1093/jac/dkl085

[59] M. Nishimura, et al. "Comparison of the
hand disinfectant effects between super
hypochlorous water and 7.5% povidone-
iodine," Pediatric Dental Journal, 14, 1, 1-3,


https://doi.org/10.1080/15563650.2018.1543889
https://doi.org/10.1080/15563650.2018.1543889
https://doi.org/10.1016/0278-6915(94)90162-7
https://doi.org/10.1016/0278-6915(94)90162-7
https://doi.org/10.1016/j.biologicals.2020.07.007
https://doi.org/10.1016/j.biologicals.2020.07.007
https://doi.org/10.1016/j.jhin.2005.05.015
https://doi.org/10.37989/gumussagbil.727393
https://doi.org/10.1016/j.jhin.2009.05.016
https://doi.org/10.1016/B978-044451664-0%2F50017-6
https://doi.org/10.1128/jcm.15.4.635-639.1982

Bas, Karakurt, Savunma Bilimleri Dergisi, 20(1): 29-48 (2024)

2004, https://doi.org/10.1016/S0917-
2394(04)70001-4:

[60] M.N. Khan, and A.H. Nagvi. "Antiseptics,
iodine, povidone iodine and traumatic wound
cleansing," Journal of tissue viability, 16(4):6-
10, 2006. https://doi.org/10.1016/S0965-
206X(06)64002-3

[61] Rabenberg, V.S., et al. "The bactericidal
and cytotoxic effects of antimicrobial wound
cleansers," Journal of athletic training, 37, 1, 51,
2002.

[62] UTILIS. "EasyDECON™  DF200
Kimyasal ve Biyolojik Dekontaminasyon
Soliisyonu ve QuickDECON™ Radyasyon
Dekontaminasyon Soliisyonu",
http://www.utilis.com.tr/?/hizmet/214/EASYDE
CON%AE-DF200------ . (01.06.2022).

[63] Y. Woo, et al. "Determination of hydrogen
peroxide concentration in antiseptic solutions
using portable near-infrared system," Journal of
Pharmaceutical and Biomedical Analysis, 33, 5,
1049-1057, 2003.

https://doi.org/10.1016/S0731-7085(03)00420-
5:

[64] Linley, E., et al. "Use of hydrogen peroxide
as a biocide: new consideration of its
mechanisms of biocidal action,"” Journal of
Antimicrobial Chemotherapy, 67, 7, 1589-
1596, 2012. https://doi.org/10.1093/jac/dks129

[65] G.E. Mcdonnell, "Antiseptics, disinfection,
and sterilization. Types, action, and resistance,"
International Microbiology. 10:295-298, 2007.

[66] J.M. Boyce, "New approaches to
decontamination of rooms after patients are
discharged,” Infect Control Hosp Epidemiol.
30, 6, 515-7, 20009.

https://doi.org/10.1086/598999

[67] G. Kampf, et al. "Persistence of
coronaviruses on inanimate surfaces and their
inactivation with biocidal agents,” Journal of
Hospital Infection, 104, 3, 246-251, 2020.
https://doi.org/10.1016/j.jhin.2020.01.022:

[68] A.S. Bidra et al. "Comparison of in vitro
inactivation of SARS CoV-2 with hydrogen
peroxide and povidone-iodine oral antiseptic
rinses," Journal of Prosthodontics, 29, 7, 599-
603, 2020. https://doi.org/10.1111/jopr.13220

[69] Bozbiyik, A., et al. "Niikleer silahlar:
Uretimi ve etkileri". Siirekli Tip Egitimi
Dergisi, 10, 10, 386-387, 2001.

47

[70] NEWS, "Overexposure of a member,"
https://www
news.iaea.org/ErfView.aspx?mld=589eee98-
3f83-48a5-aaaa-b4e0fd4f451d (09.12.2023).

[71] R.P. Gale, and J.O. Armitage. "Are we
prepared for nuclear terrorism?" New England
Journal of Medicine, 378, 13, 1246-1254, 2018.
10.1056/NEJMsr1714289:

[72] ICRP, "Dose Coefficients for External
Exposures to  Environmental  Sources",
https://www.icrp.org/publication.asp?id=ICRP
%20Publication%20144. (15.09.2023).

[73] G. Erdem, "KBRN," in Acil Yardim ve
Afet Yoneticileri igin Hastane Oncesi Acil Tip,
Kongre Kitapevi, Ankara, 1053-1083, 20109.

[74] Nyonoksa explosion, "Database of
radiological incidents and related events--
Johnston's Archive,"

http://www.johnstonsarchive.net/nuclear/radev
ents/2019RUS1.html. (20.12.2023)

[75] VRT, "Badly packaged nuclear
consignment on plane to  Brussels",
https://www.vrt.be/vrtnws/en/2017/07/30/badly
_packaged_nuclearconsignmentonplanetobrus
sels-1-3035577/. (22.12.2022)

[76] R.E. Goans, "Medical management of
radiological  casualties,” Armed Forces
Radiobiology Research Inst Bethesda Md.
2010.

[77] S.L. Sugarman, "Decontamination”, The
Medical Aspects of Radiation Incidents, 33-38,
2017.

[78] M.D. Kaminski, S.D. Lee, and M.
Magnuson, "Wide-area decontamination in an
urban  environment  after  radiological
dispersion: A review and perspectives,"” Journal
of hazardous materials, 305, 67-86, 2016.
https://doi.org/10.1016/j.jhazmat.2015.11.014:

[79] Ince, S, "External Contamination and
Decontamination Techniques”. Nucl Med
Semin, 3:211 215, 2017.

[80] G.C. Benjamin, M. McGeary, and S.R.
McCutchen, "Assessing Medical Preparedness
to Respond to a Terrorist Nuclear Event:
Workshop Report”. Washington, DC: The
National Academies Press: Institute of
Medicine, 2009.

[81] REMM, "Guidance on Diagnosis and
Treatment for Healthcare Provider,"
https://www.remm.nlm.gov/. (05.01.2024).


https://doi.org/10.1016/S0917-2394(04)70001-4
https://doi.org/10.1016/S0917-2394(04)70001-4
https://doi.org/10.1016/S0965-206X(06)64002-3
https://doi.org/10.1016/S0965-206X(06)64002-3
http://www.utilis.com.tr/?/hizmet/214/EASYDECON%AE-DF200------
http://www.utilis.com.tr/?/hizmet/214/EASYDECON%AE-DF200------
https://doi.org/10.1086/598999
https://doi.org/10.1016/j.jhin.2020.01.022
http://www.johnstonsarchive.net/nuclear/radevents/2019RUS1.html
http://www.johnstonsarchive.net/nuclear/radevents/2019RUS1.html
https://www.vrt.be/vrtnws/en/2017/07/30/badly_packaged_nuclearconsignmentonplanetobrussels-1-3035577/
https://www.vrt.be/vrtnws/en/2017/07/30/badly_packaged_nuclearconsignmentonplanetobrussels-1-3035577/
https://www.vrt.be/vrtnws/en/2017/07/30/badly_packaged_nuclearconsignmentonplanetobrussels-1-3035577/
https://doi.org/10.1016/j.jhazmat.2015.11.014
https://www.remm.nlm.gov/

Bas, Karakurt, Savunma Bilimleri Dergisi, 20(1): 29-48 (2024)

[82] Li, C., et al., "Managing internal radiation
contamination  following an emergency:
identification of gaps and priorities,". Radiation
protection dosimetry. 171, 1, 78-84, 2016.
https://doi.org/10.1093/rpd/ncw199:

48



