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This thesis presents an approach to develop 

innovative methods for decontamination and surface 

protection applicable to naval nuclear ships and 

potentially, personnel, replacing antiquated techniques. 

To accomplish this goal, two products manufactured by 

CBI Polymers, LLC., DeconGelTM 1101 (1101) and a shampoo, 

DeconGelTM “prototype” (prototype), were tested.  

The prototype was specially developed for personal 

decontamination. In vitro studies with dry shaved 

pigskin, analogous to human skin, showed similar 

decontamination efficiencies for both 1101 and prototype 

gels. After two applications, uptake of Cs with 1101 was 

43.2%, while the prototype removed 49.7% of 

contamination.   

Decontamination parameters for Cs-137 with 1101 gel 

were measured for four different solid surfaces of 



	  

	  

common naval paints. Decontamination efficiency for 

these surfaces ranged from 81.9% to 99.8% after three 

applications of the gel. Paint surfaces that exhibited 

the most stability and highest decontamination 

efficiencies were composed of insoluble silicon alkyd 

resins followed by slightly less stable copolymer 

epoxies and finally, an unstable safflower alkyd.  

Uptake of Cs-137 by 1101 was affected by changes in 

the gel binding capacity when competing homogeneously 

spread and dried impurities common on naval surfaces 

altered it. One impurity, sodium chloride representing 

seawater, showed 95.6% uptake of Cs-137 by one 

application of 1101 gel in the presence of 8.6E-4 g/cm2 

NaCl, but decreased to 80.7% when the surface 

concentration increased to 8.6E-2 g/cm2 NaCl.  Another 

impurity ferric chloride representing rust, showed 99% 

uptake of Cs-137 by one application of 1101 gel in the 

presence of 1.2E-2 g/cm2 FeCl3, but decreased to 62.7% 

when the surface concentration increased to 0.15 g/cm2 

FeCl3.  

DeconGelTM 1101 was 99.1% efficient at removing 

contamination from a wet surface, and 99.4% effective at 

protecting surfaces from contamination suspended in 

water; both simulating wet spill conditions. DeconGelTM 

1101 is an inexpensive, versatile and easy to use 

product.  Results reported in this thesis can be used 

for development of improved decontamination procedures. 
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Evaluating the Surface Protection and Decontamination 
Efficiency of DeconGelTM 1101 toward Cs-137 Spilled on 
Biological, Salt-Covered, Rusty, Wet and Solid Painted 

Surfaces 
 

1. INTRODUCTION 

 The techniques and materials used onboard operating 

U.S. Nuclear Naval Vessels for radiological 

decontamination have changed very little over the past 

60 years.  The U.S. Navy has placed more emphasis on 

training and supervision than innovation in this area.  

In the last decade, however, there have been major 

advances in decontamination technology, spurred by a 

renewal of interest in civilian nuclear power and the 

threat of nuclear terrorism.  Such innovations in 

decontamination materials could be extremely useful to 

operating navy vessels. DeconGelTM 1101, developed by CBI 

Polymers LLC., could very well be the product needed to 

meet the challenging current and future needs of the 

U.S. Navy, partially defined below.   

DeconGelTM 1101 has consistently higher 

decontamination efficiencies, is more cost effective, 

creates less radioactive material volume, is safer to 

store once used, and requires less training than 

established military decontamination methods. 

The current approach used for emergency cleanup of 

spilled radioactive contamination involves the use of 

reinforced paper absorbents that can have very low 

decontamination efficiencies.  The absorbents are laid 

over a contaminated area and hand wiped/collapsed from 

the lowest to highest contamination level.  This method 

relies on inefficient capillary action and friction to 
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remove contamination from surfaces, and often leads to 

the impaction of contamination within the surface 

material.  In addition, the absorbents can also rip or 

wear out over rough or porous materials (e.g. deck 

plates or non-skid) rendering them useless [1].  

The large number of absorbents and anti-

contamination clothing used for even the smallest of 

radioactive spill cleanups or nuclear maintenance can 

take up a considerable volume of space, which is already 

at a premium on many ships and submarines. Tracking, 

storing and transferring such bulky and numerous 

radioactive items is a time consuming task with the 

potential for serious mishaps.   

The decontamination gear is typically disposed of 

after one use, which is an expensive practice. DeconGelTM 

1101 costs $40 per liter, and it has pricing tiers for 

larger amounts.  It covers 25 to 100ft2 per gallon 

depending on the amount of contamination needing removal 

and nature of the substrate; thicker films are required 

to form peelable films on porous substrates.  To 

summarize, the use of DeconGelTM reduces waste production 

and cost because it can be applied to, and removed from, 

a large area by a single person [2]. 

Currently, radioactive material produced from 

nuclear maintenance and spill cleanup is kept in double 

polyethylene bags, tape j-sealed enclosures.  These bags 

can degrade over time, or rip/tear open causing a 

radioactive material spill.  

To address these issues, it was a great interest to 

investigate the DeconGelTM 1101, which, reportedly has up 



3	  

	  

to 100% removal efficiency [2].  While the established 

absorbent process can be difficult to apply on vertical, 

rough, or porous surfaces, the application of gelatinous 

product is not limited in such situations. The fixed 

contamination, created from impaction, is extremely 

difficult to remove without using time consuming 

chemical or mechanical stripping methods, but gels are 

capable of penetrating deeper into the microporous 

materials. Depending on the material hydrophobicity, 

roughness and porosity, high decontamination yields can 

be achieved. A peel-off gel removes both surface and 

fixed contamination in one or few applications, so 

multiple cleanup methods will be no longer necessary 

[2]. While drying, the gel prevents contamination from 

spreading or going airborne, which reduces anti-

contamination clothing, spill boundary and breathing 

protection requirements.  These facts make the gel safer 

to use during cleanup of spill areas, and storage by 

eliminating the possibility of contamination spread 

while decontaminating, and additional contamination as a 

result of a torn polyethylene bag.  

U.S. Navy ships have a limited amount of personnel 

to combat radioactive material spills. The use of 

absorbents, handling of loose surface contamination, and 

bagging contamination requires heavy supervision by 

experts, or technical expertise of all nuclear trained 

personnel.  This option requires months of qualification 

training, hundreds of man-hours and a rigorous continued 

training program.  
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DeconGelTM 1101 is easy to apply and remove, and it 

is safe to handle.  According to Dr. Edgington, Chief 

Scientist of CBI Polymers and Head of DeconGelTM Research, 

DeconGelTM 1101, once dry, forms a peelable film that 

“locks in contamination like a zip-lock bag”.  The use 

of this gel could be taught in indoctrination training, 

saving the U.S. Navy time and money in more exhaustive 

training requirements. Since DeconGelTM 1101 is less 

labor intensive than other cleanup methods, time in the 

contaminated area and the number of personnel needed 

will be both minimized.  This will reduce the overall 

radiation exposure to personnel, and lowers the chance 

of personal contamination.   

Under rare circumstances, the skin of personnel can 

become radioactively contaminated.  The process of skin 

decontamination must be handled carefully to ensure the 

contamination does not enter the body, where it can 

cause more serious damage.  Skin contamination must also 

be removed as quickly as possible to prevent a high 

external radiation dose.  A fast-acting substance based 

on the formula used in DeconGelTM 1101 could potentially 

be used to assist in the personnel decontamination 

process, and minimize radioactive waste if rinse water 

is no longer necessary [1,3].  

This report provides evidence of the preferential 

uptake, total capacity and use of DeconGelTM on 

radioactively contaminated surfaces coated with paints 

often used on U.S. Nuclear Naval Vessels.  Furthermore, 

it provides data concerning the use of DeconGelTM 1101 on 

radioactively contaminated wet surfaces, (used to 
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simulate a liquid contamination spill), and on 

radioactively contaminated pigskin, (used to simulate 

human skin).  An experiment was also performed to test 

DeconGelTM 1101 film as a barrier to radioactive 

contamination, which could be placed in high-risk areas  

(e.g. a bilge above which nuclear valve maintenance is 

being performed).  Testing of DeconGelTM, and materials 

like it, are essential to unlocking the full potential 

of such innovations in decontamination technology. 
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2. BACKGROUND 

 This section provides the necessary information on 

the underlying principles used to address the objectives 

of this project.  The information in this section 

specifically applies to naval nuclear vessels, though 

the principles can also be applied to commercial, 

medical, and research facilities.  Subjects covered 

include where contamination comes from, descriptions the 

surfaces commonly exposed to contamination, the effects 

of contamination on a surface, how to remove 

contamination from a surface and some background on 

DeconGelTM 1101. 

 

2.1 Contamination Found On U.S. Nuclear Naval Vessels 

 Like any nuclear reactor system, nuclear naval 

vessels produce many types of radioactive elements.  

This occurs as a result of fission or activation.  Most 

radioactive elements stay confined within the primary 

system, but component failure and maintenance provide a 

mechanism for these radioactive elements to enter 

uncontrolled areas.  In this report, radioactive 

elements outside the primary system will be referred to 

as “contamination”, and radioactive elements in an 

uncontrolled area are referred to as a “spill”. 

 

2.1.1 Activation Products 

 Metallic impurities in colloidal, ionic and 

insoluble oxide forms represent the source for nearly 

all activation products found throughout the primary 
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system.  Primary component and piping corrosion, in 

addition to contaminated charging water, are the major 

contributors of these impurities.  The impurities flow 

through the thermal neutron flux of the reactor (while 

suspended in the coolant) as soluble or insoluble 

species and become activated before being deposited on 

piping and components.  Once activated, the corrosion 

products are known as crud, and can be highly mobile in 

a pressurized water reactor system (PWR).  The very 

complex transport within a PWR system 

(deposition/dissolution) is believed to be determined by 

pH and hydrogen concentration of the primary coolant. 

 Activated corrosion products increase radiation 

levels throughout the primary system.  If activated by 

neutron absorption, an atom can decay by releasing 

charged particles and electromagnetic energy waves 

(photons). Common examples of neutron activation 

products are shown in Table 1. Resin beds and activated 

charcoal chemically and mechanically filter out most 

radioactive impurities produced in a primary system, but 

some find their way to “crud traps” in low flow areas.  

The traps occur in piping bends, valves, heat 

exchangers, pumps etc. - places where component failure 

and maintenance are most likely to occur.  This 

significantly increases the chance radioactive nuclides 

will be able to exit the primary system and contaminate 

equipment, uncontrolled surfaces or personnel.  Of 

these, Co-60 is the primary nuclide of concern for the 

Navy due to its relatively long half-life, and high-

energy decay gammas.  Co-60 is produced by the thermal 
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neutron irradiation Co-59, present in primary coolant as 

a corrosion/wear product from reactor plant material 

alloys [3,4]. 

Table 1. Selected ANS Standard Radionuclide 
Concentrations in Reactor Coolants-Activation Products 
(uCi/kg) [4]. 

Nuclide PWR (3400 MWt with U-tube Steam Generators) 
H-3 1,000 
N-16 60,000 
Na-24 47 
Cr-51 3.1 
Mn-54 1.6 
Fe-55 1.2 
Fe-59 0.3 
Co-58 4.6 
Co-60 0.53 
Zn-65 0.51 
Ag-110m 1.3 
W-187 2.5 
 

2.1.2 Fission Products  

Although the gold standard for naval dose, 

contamination, and shielding calculations has always 

been Cobalt 60, fission products cannot be ignored. 

Fission products are radioactive, and have atomic 

numbers that range from 30 (72Zn) to 64 (158 Gd).  Common 

fission products (Table 2) are common due to their high 

probability creation from the fission of U-235 and Pu-

239 found in nuclear reactors [1].  

Fission products are usually kept within the fuel 

cell due to a protective layer called cladding.  It is 

unlikely, but plausible, that these products could enter 

the primary coolant via fissionable material impregnated 

in the cladding, or from a defect in the fuel cell.  
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Fission products can recoil approximately 10 microns, 

which means any fission that occurs within 10 microns of 

the outer cladding surfaces can result in fission 

products being sent into the coolant.  According to the 

other scenario, should fission products be present in 

the coolant due to a fuel cell defect, the magnitude and 

composition of the release are directly related to the 

size of the defect and number of cells affected [4]. 

Table 2. Selected ANS Standard Radionuclide 
Concentrations In Reactor Coolants-Fission Products 
(uCi/kg) [4]. 
PWR (3400 MWt PWR with U-tube Steam Generators) 
Nuclide Reactor Water Secondary Coolant 
I-131 45 0.0018 
I-132 210 0.0031 
I-133 140 0.0048 
I-134 340 0.0024 
I-135 260 0.0066 
Rb-89 190   
Cs-134 7.1   
Cs-136 0.87   
Cs(Ba)-137 9.4   
Sr-89 0.14   
Sr(Y)-90 0.012   
Sr-91 0.96   
Y-91 0.0052   
Zr(Nb)-95 0.39   
Mo(Tc)-99 6.4   
Ru(Rh)-103 7.5   
Ru(Rh)-106 90   
Te-132 1.7   
Ba(La)-140 25   
Ce-141 0.15   
Ce-144 4   
Np-239 2.2   
 

Like activation products, resin beds and activated 

charcoal chemically and mechanically filter out most 

fission products in a primary system, but some find 
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their way to, and settle in, low flow areas.  Again, 

failure and maintenance on the low flow area components 

provide a mechanism for the release of fission products 

to uncontrolled areas. 

 

2.2 Objects and Pathways of Contamination 

 Countless surface types exist on U.S. Navy ships, 

but the four most commonly contaminated are metal, 

painted, liquid and human.  Deciding what materials to 

use around primary systems, and understanding how they 

interact with their surroundings and contamination are 

vital to radiation safety.  Metal surfaces have been 

exhaustively tested and are therefore not the focus of 

this report. 

 

2.2.1 Solid Painted Surfaces  

There are many variations of oil-based paint 

compositions, but this report concerns paints containing 

insoluble silicon resin, copolymer epoxies and soluble 

safflower alkyds.  Each of these paint types shows 

varying stability when in contact with acidic or basic 

solutions. 

Silicon based resins are very stable and structure 

cage-like oligosiloxanes that can be condensed to form 

highly cross-linked, insoluble polysiloxane networks. 

These networks make for a highly resistant, nonporous 

surface.  When combined with the alkyd resin, the 

resulting compound reacts with oxygen in air, causing 

the oils to crosslink and harden.  Such surfaces have 

very low porosity and are not deformed by solubilizing 
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compounds; therefore the surface can be easily 

decontaminated using basic decontamination techniques.  

Figure 1 shows silicone resin with the general formula 

RnSiXmOy where X is a functional group (H, OH, Cl or OR), 

and R is a nonreactive substituent e.g. methyl or phenyl 

[5,6]. 

 

 
Figure 1.  Silicone Resin 

Copolymer epoxies (polyepoxide) are thermosetting 

polymers formed by a reaction between polyamine 

(hardener) and epoxide (resin) in a 1:4 respective 

ratio. The strong bonds formed between the resin and 

hardener create a very stable, insoluble and low 

porosity surface that is also easily decontaminated.  A 

simplified diagram of a polyamine and epoxide is shown 

in Figure 2.  The protopolymer has two reactive epoxy 

groups, and the diamine has two reactive amino groups.  

Together the compounds form the structure shown in 

Figure 3 [7,8]. 
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Figure 2. Protopolymer and Diamine 

	  

 

 Figure 3. Thermoset Copolymer Epoxy 

	  
 Safflower alkyds are soluble in organic solvents.  

Highly acidic and basic solutions seriously damage the 

surface of these paints, thereby increasing contaminant 

sorption.  Such damage can cause an increase in porosity 

and allow contamination to penetrate deep within the 

paint surface, which is detrimental to most 

decontamination techniques. 
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2.2.2 Skin 

This surface represents personnel who work around 

radioactive nuclides and reactor primary systems. A 

diagram of human skin is shown in Figure 4.  The average 

human body has between 1.5 and 2 square meters of skin 

surface, comprising about 15% of an adult’s body weight.  

The integrity of the skin is essential to its ability to 

protect and retain fluids, and help regulate body 

temperature [10].  

Sweat glands, hair follicles, skin folds and skin 

damage all provide a mechanism to trap contamination.  

The human skin has approximately 100 sweat glands per 

square centimeter.  The number of hair follicles varies 

depending on the body part, but humans have 

approximately the same number of hair follicles as other 

mammals. Treating the skin with tepid solutions to 

prevent pores from opening or closing can minimize the 

effect of these mechanisms.  Focus should also be given 

to removing contamination from hair and skin folds, as 

well as keeping contamination away from visibly damaged 

skin.   

 

 

 

Figure 4. Human Skin 

 

Absorption of a radionuclide into the skin must 

also be considered as a mechanism to trap contamination.  
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Epidermal cells produce and accumulate karatin, a 

protein that hardens the cells into a protective scale.  

The outermost layer of the epidermis, the stratum 

corneum (SC), is made up of a 10 to 40 micrometer thick 

layer of dead cells that lack nuclei.  This layer of 

dead cells is stacked like bricks separated by a Lipid 

Lamellae layer that acts like the mortar for the 

cellular bricks.  Studies show that the inherent 

electrical charge that exists across the SC can induce 

diffusion ions through the Lipid Lamellae, deep into the 

skin (Figure 5). It is unlikely that large activated 

corrosion or fission products will be absorbed through 

the skin, but Sr-90 (mimics calcium) or Cs-137 (mimics 

potassium) are nuclides that mimic necessary body ionic 

nutrients, and are therefore more likely to be absorbed 

in this manner [9, 10, 11, 12, 28]. 

 

 

Figure 5. Schematic Diagram 

of Brick and Mortar Model 

for Stratum Corneum 

 

 

2.2.3 Liquids 

 This surface represents standing liquid that cannot 

be drained to a collection tank.  The liquid can either 

become contaminated or be the source of contamination. 

Puddles of source-contaminated water from reactor 

plant systems occur during controlled maintenance 
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evolutions and spills that transpire on naval nuclear 

vessels.  These contaminated puddles are rare 

occurrences that most often appear in primary sample 

sinks, primary valve drip trays, backflow collection 

funnels, joint wraps, glove-bags, catches, spillways and 

bilges.  

 Water and oily water puddles occur in low areas of 

ships due to condensation, system leaks and maintenance.  

These pools of water can become contaminated from the 

addition of dry or liquid radioactive material, creating 

a much larger waste volume. 

 Removal of contamination from a liquid can prevent 

the contaminant from settling on porous, hard to 

decontaminate surfaces. Furthermore, if the liquid 

damages the painted surface, removing contamination 

before the paint has time to dry will prevent the 

contaminant from being permanently trapped within the 

paint.   

 

2.3 Decontamination  

 The removal of contamination from occupied areas, 

equipment and personnel is important to maintain an 

ionizing radiation dose as low as reasonably achievable 

(ALARA).  Decontamination also reduces background 

radiation levels, radioactive material inventory, and 

the spread of contamination to uncontrolled areas, 

equipment and personnel.  Decontamination is 

accomplished in many ways, but is usually tailored to 

each specific case.  The process of decontamination 

generally begins in areas of low-level contamination and 
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moves toward areas with higher levels, in an effort to 

contain the area of contamination [1,3]. 

 Classical means of decontaminating personnel or 

industrial surfaces involve methods that come with a 

large assortment of drawbacks. For example, the 

decontamination of skin uses detergents and liquids that 

create large amounts of radioactive liquid waste.  When 

decontaminating industrial surfaces, grinding and 

sandblasting create an airborne radioactivity hazard and 

large amounts of solid waste including tools, 

containments and grinded material.  Most established 

methods increase the chance of spreading contamination 

to uncontrolled areas while trying to decontaminate a 

surface. In contrast, new and innovative decontamination 

gels limit the creation of radioactive waste to the 

minimal amount necessary for capturing the 

contamination.  

 

2.3.1 Industrial Surfaces 

 Classic mechanical or chemical processes can 

accomplish decontamination of industrial surfaces.  

These surfaces include anything that is not biological, 

e.g. metal, paint, lagging, concrete, plastic etc.  Each 

process has specific advantages and disadvantages. Table 

3 describes several decontamination methods. 
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Table 3. Industrial Surface Decontamination Techniques  
         [1] 
Method Surfaces Technique Advantage Disadvantage 
Vacuum 
Cleaning 

Dry Conventional 
Vacuum 

Avoids water 
reactions. 

Dust must be 
HEPA filtered 
on exhaust. 

Water All 
nonporous 

High-pressure 
hose. Work 
from top to 
bottom. 

Can work at a 
distance. 
About 50% 
reduction. 
Can add decon 
agents to 
water. 

Won’t work on 
oiled sur-
faces. Must 
catch drain 
water. Absorb-
ed by porous 
surfaces. 

Steam Painted 
or oiled 
nonporous 

Work from top 
to bottom.  
Can add 
detergents. 
 
 
 

About 90% 
reduction on 
paint. 

Wear water-
proof outfit. 
Spray is 
contaminated/c
an cause air-
borne hazard. 

Detergents Nonporous  Rub then wipe 
with dry rag.  
Powered brush 
is more effic-
ient. Only 
need a moist 
application. 

Dissolves 
contaminated 
industrial 
film. 

Relatively 
mild. 

Complexing 
Agents 

Nonporous
, no rust 

Use about 3% 
solution. 
Spray appli-
cation. Stand 
for 30 min & 
rinse 

Holds 
contamination 
in solution. 

Little pene-
trating power. 
Won’t work on 
weathered 
surface 

Organic 
Solvents 

Nonporous Immerse entire 
unit. Can also 
be wiped on. 

Quick 
dissolving 
action. 

Needs vent-
ilation & fire 
precautions 

Inorganic 
Acids 

Metal, 
circu-
lating 
pipes 

Dip-bath. Keep 
acid at a 
concentration 
of 1 to 2 
normal. 1hr. 
on weathered 
surfaces. Pipe 
systems, 2 to 
4 hours. 
Neutralize & 
rinse. 

Corrosive 
action on the 
metal. 

Needs 
ventilation. 
Possible 
excessive 
corrosion. 
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Table 3. Continued 
Method Method Method Method Method 
Acid 
Mixture 

Nonporous Mix 0.1 gal 
HCl and 0.2 
lb. sodium 
acetate to 1 
gal H2O. 

Can reduce 
contam. By 
90% in 1 hour 
on un-
weathered 
surfaces. 

May require 
prolonged 
treatment if 
weathered. 

Caustics 
(Lye, TSP) 

Painted Apply & leave 
until paint 
softens. Wash 
& scrape. 

Minimum 
contact with 
surfaces. 

Can cause skin 
burns. Slow 
acting. Don’t 
use on 
aluminum or 
magnesium. 

Abrasion All Wet sand 
blasting is 
most pract-
ical. Collect 
used abrasive. 

Can decont-
aminate to 
any desired 
low level. 

Penetrates 
porous 
surfaces. 
Contamination 
spread unless 
inside closed 
system. 
Abrasion 
equipment 
contaminated. 

  
 
 Most decontamination processes are ineffective on 

porous materials.  Current methods that are most 

effective on porous surfaces are those that are 

destructive to surface material and produce large 

amounts of low-level radioactive waste, such as 

sandblasting or corrosive mixtures.  These methods can 

be very time consuming due to worksite preparation 

requirements like containment setup, radiation surveys, 

ventilation setup, and trade-skill-shop coordination.  

For this reason, some companies are funding polymer 

research using nanotechnology and chelation to perform 

decontamination. 
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2.3.2 Personnel  

 Like industrial surfaces, skin can be 

decontaminated by mechanical or chemical means.  There 

are three basic types of personnel contamination: 

external, wound and internal.  This report is concerned 

only with external contamination located on the skin.  

According to U.S. Navy guidelines, a surface of the body 

is considered contaminated if it exceeds 450 picocuries 

of beta-gamma emitters, or 50 picocuries of alpha 

emitting contamination [3]. 

Removing contamination from personnel must be done 

carefully to ensure the skin is not damaged, and to 

prevent contamination from entering the body or a wound.  

Intact skin is an excellent barrier to contamination, 

and evidence of damage to the skin does not often appear 

until 24 hours after the damage occurs. The 

decontamination effort should be a balance between 

damage that can be caused by the radiation on the skin, 

and damage that can be caused during the decontamination 

process. If the skin contamination level is high enough, 

localized radiation burns can occur.  According to the 

widely accepted linear non-threshold model, any amount 

of radiation, however small, also increases the chances 

of developing cancer [3, 13]. 

 The first step to decontamination is assessing the 

patient.  If seriously injured, the focus must be on the 

injury.  Radiological issues can be attended to once the 

patient has been stabilized.  Once stable, the patient’s 

clothing and skin are analyzed with a radiation 

detection device. As a rule of thumb, 90% of personal 
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contamination will be removed with the clothing and 

another 7% will be taken care of with a shower.  This 

however is not always true, e.g. if skin is contaminated 

directly, and a shower is not warranted due to the 

location of the contamination. Experience shows that the 

removal of reactor corrosion products, chemically stable 

medical isotopes and other isotopes used for industrial 

applications can be easily accomplished with soap and 

water or waterless hand cleaner [3]. 

 The procedure chosen to remove contamination should 

be considered on a case by case basis depending on the 

location of contamination, type of contamination, 

convenience of the work area, etc.  Multiple attempts or 

processes to decontaminate must be done with caution to 

prevent skin damage. Examples of skin decontamination 

methods are shown in Table 4 [3]. 

Table 4. Skin Decontamination Techniques [3] 

Method Application 
Tape Press Use self-adhering adhesive tape to remove 

material from the skin.  Do not use strongly 
adhesive tape that could damage the skin.  Do not 
apply tape to areas with significant body hair, 
or fragile tissue. 

Soap and Water Wash 1 to 3 minutes using soap and water or 
detergent and water.  A washcloth or soft 
surgical scrub brush may be used to aid 
decontamination. 

Waterless Hand 
Cleaner 

Wash 1 to 3 minutes using waterless hand cleaner.  
Do not use on the face or areas where it can 
cause irritation. 

Bleach Wash 1 to 3 minutes with 10% dilute bleach 
Acid Wash 1 to 3 minutes with a 1% citric acid 

solution 
EDTA Wash 1 to 3 minutes with a 1% ethylene-diamine-

tetra-acetic (EDTA) acid in detergents 
Skin Sloughing Cover the contaminated area to allow removal 

through sweating or skin sloughing.  After 6 to 9 
hours remove wrapping to measure amount of 
contamination remaining. Replace wrap if 
necessary. 
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2.3.3 Liquids 

 Several decontamination methods exist for 

radioactively contaminated liquids.  Most techniques are 

impractical for U.S. Navy ships and personnel.  

Filtration involves the use of large resin beds 

that can create a significantly large volume of waste 

once the filtration is completed.  The most common use 

for this type of decontamination is the creation of 

controlled pure water, which is recycled back into 

reactor plants.  The resin must be kept wet and within a 

certain temperature range to prevent damaging the resin.  

Reverse osmosis can also be used to decontaminate liquid 

by filtration, but it requires a large energy input and 

creates large volumes of activated equipment.  These 

systems are designed for high volume radioactive liquid 

decontamination, which is beyond the scope of this 

report. 

Radioactive liquid can also be pumped to a storage 

tank or allowed to dry out.  Pumping the liquid is not 

always practical due to the small volume of liquid 

usually present outside the primary system.  Removing 

the majority of the liquid with absorbents and allowing 

the rest to dry out creates large volumes of radioactive 

material, and risks the spread of contamination.  

Letting a puddle of liquid simply dry is not always 

practical due to the location and threat of 

contamination spread. 

The final option makes use of a water-soluble gel 

for liquid decontamination.  The gel will disassociate 

in water, and the active ingredients will be 
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homogenously spread for maximum absorption capability.  

This method would limit the spread of the water due to 

its increased viscosity; therefore, it is safer than the 

simple dry out method.  Furthermore, only enough gel 

needs to be added to the liquid to form a thin surface 

film once the liquid dries, limiting the amount of 

radioactive material created. 

 

2.4 Dose Considerations 

 Absorbed dose is a measure of energy deposited in a 

medium.  It is measured in the SI unit gray [J/kg], 

energy per mass.  The deposited energy is from subatomic 

particles or electromagnetic waves that possess enough 

energy to cause ionization by removing electrons from 

atoms or molecules.  Radioactive materials, particle 

accelerators, x-ray tubes and extraterrestrial events 

are sources of ionizing radiation.  Radiation dose 

applies both to biological and nonbiological material 

[1]. 

In nonbiological materials, absorbed dose is simply 

reported as gray.  Ionizing radiation in matter can 

cause undesirable consequences such as embrittlement or 

radioactive activation, leading to equipment failure or 

increased background radiation levels.  

In biological systems, health physicists are 

concerned more about damage caused than energy absorbed.  

Different types of radiation cause different amounts of 

damage in organisms; therefore a weighting factor must 

be applied.  The radiation weighting factor is a unit-

less number unique to a type of radiation and tissue 
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that converts gray to sieverts, absorbed dose to dose 

equivalent [14]. 

Ionizing radiation can have varying affects on 

humans.  The radiation damage can cause deterministic or 

stochastic consequences.  A stochastic effect refers to 

the statistical chance of developing cancer, which goes 

up linearly with dose according to the accepted linear 

non-threshold theory.  Deterministic effects are known 

effects of radiation that occur at certain doses.  Some 

of the biological effects of ionizing radiation on 

living cells are: 

1) Cells experience DNA damage, and are able to detect 

and repair the damage. 

2) Cells experience DNA damage, and are unable to repair 

the damage causing cell death. 

3) Cells experience DNA damage, and continue to live but 

are unable to reproduce due to DNA mutation. 

4) Cells experience DNA damage, continue to live, and 

are able to reproduce despite DNA mutation; this 

sometimes leads to the development of cancer [15]. 

It is because of stochastic and deterministic 

effects that exposure to ionizing radiation must follow 

ALARA principles.  ALARA can be accomplished utilizing 

the time, distance and shielding.  If personnel minimize 

the amount of time they are in contact with radioactive 

contamination, maximize distance from the radioactive 

material, and utilize shielding between the radioactive 

material and themselves, ALARA will be maintained [14]. 
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2.5 Molecular Mechanisms of Decontamination 

Decontamination soaps and gels contain several 

major parts that work together to make a more thorough 

decontaminator than the individual parts alone. All 

decontamination soaps and gels are a combination of 

chelators, ion exchangers, surfactants, solubilizers and 

water.  

 

2.5.1 Metal Binding     

Ion exchange, in general, is a reversible chemical 

reaction wherein two chemical species exchange either 

their cations or anions. In the case of decontamination 

from metal pollutants, a light cation, like a proton, 

lithium or sodium from the solution (gel, soap or 

another delivering system) is exchanged for a positively 

charged metal ion attached to an immobile solid surface.  

Common cation exchangers used in soaps are 

polyelectrolytes; their high-molecular-weight molecules 

bear a distinct (large) number of proton exchange sites; 

hence they can be selectively used to design a gel of 

desired properties. For example, polyethylenglycol (PEG) 

is one of the most frequently used polyelectrolytes in 

shampoos and household detergents.  

Selectivity of ion-exchangers can be improved by 

adding suitable chelators. Chelation is the formation of 

metal complexes when two or more separate bindings 

between a polydentate (multiple bonded) ligand, and a 

single central atom are created.  Generally, chelating 

agents are organic molecules with functional groups 

capable of forming a binding ring with the metal within. 
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A functional group, for example, can be a phosphate or 

carboxylate anion [28, 16].   

 Besides industrial decontamination applications to 

surfaces, the metal binding properties of chelators can 

be used in many other areas, including medicine. Because 

the chelating molecule extensively envelops the metal 

ion, the metal’s catalytic properties are often 

suppressed. In “chelation therapy”, chelators are 

swallowed to detoxify the body by binding toxic metal 

into strong complexes and making them biochemically 

inert and easy to excrete. Several applications exist 

today to remove dangerous contamination such as mercury, 

arsenic, lead, etc. A example of a chelate complex 

structure is shown in Figure 6 [17].  

The chelate complexes with heavy metals are very 

strong; for example, the stability constant for the 

ferric complex with a commonly used chelator, EDTA 

(ethylene-diamine-tetra-acetatate), is 1025.1 [28].  The 

chemical equation for reacting with a ferric cation Keq = 

1025.1 is as follows:  

[Fe(H2O)6]
3+ + H4EDTA [Fe(EDTA)]

- + 6 H2O + 4 H
+   

 

 

Figure 6. EDTA Chelation Diagram  

M is the central metal atom 

(charge is omitted) coordinated 

by two atoms of nitrogen and 4 

atoms of oxygen, one from each 

carboxylic group (COO-) of the 

ethylene-diamine-tetra-acetatate 

molecule.   



26	  

	  

Chelators are much more selective components than 

ion-exchangers; however, there are many other factors 

affecting the performance of the process: pH, size of 

contaminant and cationic charge of the contaminant.  Any 

ion that fits the compound will be taken up, and the 

ones with larger cationic charges can be taken up 

preferentially.  An example of this would be trying to 

decontaminate Cesium-137 from a rusted steel pipe.  In 

this instance, iron ions would be taken up at a faster 

rate than the Cesium-137, meaning more chelator compound 

must be added to prevent gel saturation by iron.  

Decontamination when chelating agents become overwhelmed 

is still possible due to other components within a 

decontamination soap or gel. 

 

2.5.2 Surfactants and Solubilization 

In addition to the ion-exchange function, the role 

of polyelectrolytes in detergents is to serve also as 

solubilizators.  Polyelectrolytes have many polar heads, 

which are, for example, in the case of PEG, the 

alcoholic group’s OH- attached to a long hydrocarbon 

chain.  In aqueous solutions they form micelles and/or 

larger surface-active formations, chains and cross-

linked frameworks (gel, films, etc.). Additional 

surfactants can be added to achieve the desired material 

properties. For example, sodium dodecylsulfate is 

frequently used as both the cation exchanger and a 

solubilizaing surfactant. The sodium cation is attached 

to a 12-carbon chain via sulfonic group R-SO3
-, Figure 7.  
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Figure 7. Micelle Diagram 

 

Structure of the Sodium  

dodecylsulfate micelle. The 

dissociated Na cations are 

available for ion-exchange 

reactions with metal 

impurities. 

 

To decrease surface tension between the polar heads 

and hydrophobic chains in aqueous solutions, these 

molecules form micelles in aqueous solutions.  The 

micelles have hydrophobic cores and polar heads oriented 

outside and open for ion-exchange with pollutant metal 

cations. Also, the metal chelate complexes (e.g., 

Fe(III)-EDTA) are “solubilized” into the micelle (i.e. 

coordinated into body of micelle). In other words, a 

solubilizer increases the solubility of a substance.  

Metals, attached to the gel framework, are detached from 

the surface, become mobile and are removed with the 

pseudo-homogenous solution of detergent or peeled-off 

with a more dense gel.  

A surfactant acts also as a surface wetting agent 

that raises agent-surface contact by lowering liquid-

surface tension and interfacial tension between two 

liquids.  This allows the soap or gel to enter smaller 

pores and crevasses.  The added mobility and surface 

contact of the decontamination solution allows 

contamination to be exposed to more active chelators, 

which greatly increases the decontamination efficiency.  
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These compounds also allow the contamination to move 

toward and into the surface material as well, therefore 

it is important that the decontamination solution is 

fast acting, and able penetrate into microscopically 

porous materials.  Figure 8 shows a representation of 

solution-pore penetration, and how water, surfactants 

and solubilizers work together [2, 18]. Addressing 

different hydrophobicity, roughness and porosity of 

decontaminated surface, very effective decontamination 

agents can be developed.  

 
Figure 8. Detergent Usage On Porous Surface 
 
 In summation, having all three major components 

allows a decontamination soap or gel to work under many 

conditions. Chelators allow the capture of 

contamination, surfactants increase surface contact and 

allow decontamination agents to penetrate deeper into 

porous material, and solubilizers and water increase 

contamination mobility.  This makes the soap or gel 

multifunctional and a better overall product. 
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2.6 DeconGelTM 1101  

DeconGelTM 1101 is a nontoxic, low odor, and easy to 

use blue decontamination gel containing chelators, 

surfactants and solubilizers.  The gel can be applied to 

both horizontal and vertical surfaces.   It can be 

stored in any well-ventilated, cool space away from 

oxidizing agents and strong acids.  When dry, its film 

has a very high tensile strength to assist with film 

removal, and chemically locks in contaminants to prevent 

their spread once removed.  The gel contains a blue 

color component that when dry, changes to a translucent 

dull blue that is recognizable to novice users.  The 

product data sheet and material safety data sheet are 

located in Appendix C and Appendix D respectively [2]. 

CBI Polymers developed a skin decontamination 

prototype gel specifically for this research project.  

This product is essentially DeconGelTM 1101 with 

components removed that assist only in nonbiological 

surface decontamination.  This gel is clear, and has a 

lower viscosity than the original 1101 formula. The 

product material safety data sheet is located in 

Appendix D [2]. 

According to previous reports, DeconGelTM 1101 has 

had much success in past applications with a broad array 

of decontamination efforts. It advertises superior 

decontamination effectiveness with customers such as the 

Department of Energy, decommissioning and 

decontamination sites, commercial nuclear power plants, 

nuclear medicine and research laboratory environments, 

and hazardous chemical clean-up sites. 
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 A study at Oregon State University showed a greater 

than 95% contamination removal from material after one 

application. The gel encapsulated 80% or greater of 

contamination.  This study used Cs-137, Co-60, and Eu-

154 contamination on concrete (both new and old), 

painted concrete, porcelain tile (with and without 

grout), granite (with grout), and vinyl composite tile 

[19]. 

 The use of DeconGelTM 1101 at Lawrence Livermore 

National Laboratory to remove Pu-238 contamination from 

a glove-box had similar results.  In their report, the 

gel blocked 91% of alpha radiation while drying.  The 

report also showed decontamination factors of greater 

than or equal to 99% on cast steel and Lexan surfaces 

after three applications.  This decontamination method 

was completed after several other processes failed [20].

 Oak Ridge National Laboratory also used DeconGelTM. 

They reported an average decontamination efficiency of 

50% on previously treated areas, and greater than 90% on 

previously untreated areas.  In this application it is 

believed that the previous decontamination efforts, by 

different means, hampered DeconGelTM’s ability to 

penetrate porous surfaces, and in some cases provided a 

protective cover for the contamination.  A second 

application over the previously treated areas removed an 

additional 62% of alpha contamination, and 37% of beta 

contamination [21]. 

Alaron Nuclear Services performed decontamination 

efforts with DeconGelTM on stainless steel and concrete.  

Isotopes removed in this application include: Cs-137, 
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Cs- 134, Co-60, Mn-54, Fe-55, Ni-63, Ni-59, Zn-65, Zr-

95, U-238, U-234, Ag-110m, and Zn-65. Highlights of this 

operation include: 90% to 98% reduction of loose beta 

contamination on a stainless steel, and 99% reduction of 

beta contamination on a concrete floor [22]. 

 Colorado State University was able to completely 

decontaminate tritiated thymidine from a hood using 

DeconGelTM.  The surfaces of the hood included glass, 

painted metal, cement and copper. DeconGelTM was used 

after monthly attempts over a four year period failed 

using other solutions.  Comparable positive results were 

recorded at a nuclear power plant in Canada removing R1-

348 from concrete, rubber, painted and steel surfaces 

[23]. 

 

2.7 Cesium 137 

Cs-137, produced in nuclear reactors as a fission 

product, decays to Ba-137 through beta minus decay with 

a 30.07-year half-life.  Figure 9 shows the decay scheme 

for Cs-137.  

Cesium interacts chemically similarly to other 

alkaline metals (Na, K); its compounds dissociate in 

water creating monovalent cations; hence it is 

homogeneously dispersed in water, making it easy to mix, 

and distribute among sample surfaces.  Its common 

radioisotope Cs-137 is also of special biological 

significance because, as a monovalent cation, it 

chemically mimics sodium and especially potassium in the 

human body.  Cesium is assumed to disperse homogeneously 

throughout the body if ingested or absorbed [9, 26].  
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A cesium cation (Cs1+) has a lower cationic charge 

than most fission products (e.g., Sr2+, Eu3+, Zr4+), 

actinides (e.g., Pu4+, Am3+) or activation products (e.g., 

Co2+), which are preferentially bound in chemical 

complexation reactions.  These cations are also usually 

stronger attracted to the surface than cesium. Hence, it 

was of our interest to evaluate the behavior of Cs-137 

by itself, being one of the hardest nuclides to remove 

from a surface. The materials to be decontaminated were 

selected with the aim to simulate several possible 

decontamination scenarios related to Navy ships.  Cesium 

137 was selected for these experiments also due to 

availability, solubility, and high detection efficiency 

[9, 24].  

  
 
Figure 9. Radioactive Decay of Cs-137 
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3. GOALS AND OBJECTIVES 

 This section provides the necessary information on 

the research goals and objectives used to develop 

experimental procedures and techniques shown in 

subsequent sections.  Research goal I verifies previous 

studies performed on paint, while also providing 

valuable assessment of never before tested conditions.  

Research goals II – IV provide completely original 

experimentation with significant real world 

implications.  Complimentary research objectives focused 

the study on key aspects of decontamination. 

 

3.1 Research Goals 

I.   Examine DeconGelTM 1101 decontamination performance 

     with painted surfaces. 

II.  Examine DeconGelTM 1101 and DeconGelTM prototype 

     decontamination performance with skin. 

III. Examine DeconGelTM 1101 decontamination performance 

     within a liquid. 

IV.  Examine DeconGelTM 1101 film surface protection 

     capability. 

 

3.2 Research Objectives 

1. Identify most likely used paints/surfaces onboard 

U.S. Navy nuclear vessels. 

2.  Perform contamination and decontamination experiments 

on paint surfaces; in the presence and absence of 

interfering impurities, followed by radioactivity 
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assessment, and estimation of decontamination 

efficiency. 

3. Perform contamination and decontamination experiments 

on DeconGelTM 1101 film, followed by radioactivity 

assessment, and an estimation of surface protection 

ability. 

4. Perform decontamination experiments on contaminated 

liquid, followed by radioactivity assessment, and 

estimation of decontamination efficiency. 

5. Perform contamination and decontamination experiments 

on pigskin using various removal techniques, followed by 

radioactivity assessment, and estimation of 

decontamination efficiency. 

6. Visually evaluate painted surface damage and identify 

cause(s). 

7. Develop (optimize) a decontamination procedure for 

skin and other surfaces.   

8. Prepare recommendations for applications in Navy 

practice. 
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4. MATERIALS AND METHODS 

This section provides the necessary information on 

the principal materials, techniques and methods used 

during the experimentation process of this project.  

Materials used were donated or borrowed unless otherwise 

specified in the report. All procedures took place in 

rooms C118, B124 and C128 of the Radiation Center at 

Oregon State University. 

  

4.1 Surface Materials 

 The specific surface types, chosen to simulate 

contamination of common materials found on naval 

vessels, are shown in the subsections below.  Stainless 

steel is a very common material, but previous 

experiments have already proven the effectiveness of 

DeconGelTM on this surface.  The use of DeconGelTM 1101 

film as a protective surface and cesium chloride/water 

solution as a wet surface is described in Section 5. 

 

4.1.1 Paint 

Two coats of paint were applied to each painted 2” 

diameter petri dish per manufacturer’s instructions, and 

allowed to set for two weeks prior to experimentation. 

Grey, Green and Aluminum paints used in this experiment 

are products of NCP Coatings Inc. Bilge Grey paint is a 

product of Sherwin Williams, and was purchased from a 

local vendor.  On a U.S. Navy vessel, the Grey and Green 

paints are found on switchboards, lagging, installed 

equipment, bulkheads, overheads, passageways, and other 

surfaces vulnerable to corrosive environmental attack.  



36	  

	  

Aluminum paint is found on steam piping, boiler heads, 

steam generators, and other high temperature components 

up to 1200o F.  Bilge Grey paint is found in bilges, 

tanks and on piping. The product information and 

material safety data sheets, for all four paints, can be 

found in Appendix E. 

The Grey paint product identification is N-6267 

(Equipment Enamel, Navy Formula 111), which meets MIL-

DTL-15090D requirements. It is a solvent-based safflower 

oil alkyd.  

The Green paint product identification is N-6237 

A/B (Epoxy Polyamide Type III Formula 150 Green), which 

meets MIL-DTL-24441C requirements. It is a solvent based 

epoxy, with Bisphenol A liquid epoxy and a combination 

of polyamide and amidoamine hardeners. 

The Aluminum paint product identification is N-6974 

(Low VOC Heat Resisting Aluminum), which meets TT-P-28H 

requirements. It is a solvent-based product containing 

aluminum paste, and a combination of silicone alkyd 

resin and silicone resin. 

The Bilge Grey paint product identification is B62-

210 (Part A), B62V211 (Part B) (Dura-Plate Ultra High 

Solids Epoxy), which meets MIL-PRF-23236, Type VII, 

Class 5 requirements.  This paint is also a solvent 

based epoxy with hardener.  

  

4.1.2 Pigskin 

 Adult pigskin super-glued into 2” diameter petri 

dishes was used to simulate human skin. Infant pigskin 

more closely resembles the properties of human skin, but 
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was not available at the time of experimentation.  

Pigskin is similar to human skin in terms of color, hair 

follicles, sweat glands and subcutaneous fat tissue.  

Experiments involving this skin took place one week 

after the pig was slaughtered for purposes other than 

this project.  Prior to experimentation, the pigskin was 

kept in a refrigerated, sealed environment to assist in 

surface integrity preservation [15].  

 It should be noted that 

adult pigskin, shown in Figure 

10, is difficult for an amateur 

to work with, so a professional 

butcher is recommended for pig 

skinning and fat removal.  The 

pigskin was obtained from a local 

slaughterhouse with equal layer 

thicknesses of skin and fat.  The 

skin samples were cut into 2.25” diameter circles using 

a metal cutting tool.  This diameter was chosen to allow 

for skin shrinkage due to dehydration, and to create a 

concave shape when glued into the petri dishes.  The 

shape allowed the pigskin to be contaminated without a 

significant portion of the contamination migrating to 

the petri dish.  The pigskin was also washed with a mild 

detergent, and dried with paper towels to remove excess 

oils and fluids prior to being placed in the petri 

dishes.  

 

 

 

Figure 10. Pigskin 
Samples 
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4.2 Experimental Setup and Procedures 

 Specific techniques and procedures were developed 

to accomplish the goals of this report.  The following 

sections provide thorough instructions to facilitate 

results that can be reliably replicated.  Some steps 

common to different experiments are generalized to 

maintain concise directions. 

 

4.2.1 Contaminated Solution Preparation 

4.2.1.1 Cesium Chloride 

A three hundred milliliter Cesium 137/water 

solution was prepared prior to experimentation.  The 

cesium was delivered in a 10ml cesium-chloride solution.  

A 500ml plastic standard solution bottle was filled with 

200ml of pure water, followed by 10ml of Cesium 137-

Chloride solution with an activity of 0.86uCi.  A 30ml 

pure water rinse of the cesium chloride solution bottle 

was poured into the plastic standard solution bottle 

followed by an additional 60ml of pure water, totaling 

300ml of Cesium 137/water standard solution.  The bottle 

was mechanically agitated and a homogenous mixture of 

2.87x10-3uCi/ml was assumed. The final pH of the solution 

was measured to be 2, as a result of the presence of 

hydrochloric acid in the original C-137 stock solution.  

This solution was also used to prepare Cs-

contaminated surfaces, containing impurities of rust 

(FeCl3) and sea salt (NaCl). The analytical electronic 

scale, Sartorius AG Gottingen with a maximum capacity of 

120g and accuracy ‡0.0005g, was used on these 

experiments.  
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4.2.1.2 Sodium Chloride Impurity  

Sodium Chloride, (NaCl), was dissolved with 5ml of 

Cs-137/water solution in four concentrations on the 

surfaces of 2” painted petri dishes.  The NaCl 

concentrations used were 0.35g/ml, 0.175g/ml, 0.035g/ml 

and 0.0035g/ml.  Once dry, the NaCl impurity produced 

surface concentrations of 1.73E-2g/cm2, 8.64E-3g/cm2, 

1.73E-3g/cm2, and 1.7E-4g/cm2.   

 

4.2.1.3 Ferric Chloride Impurity  

 Ferric Chloride, FeCl3-6H2O, was dissolved with 5ml 

of Cs-137/water solution in six concentrations on the 

surfaces of 2” painted petri dishes. The Ferric Chloride 

concentrations used were 0.6g/ml, 0.4g/ml, 0.2g/ml, 

0.1g/ml, 0.05g/ml and 0.025g/ml.  Once dry, the Ferric 

Chloride impurity produced surface concentrations of 3E-

2g/cm2, 2E-2g/cm2, 1E-2g/cm2, 5E-3g/cm2, 2E-3g/cm2 and 1E-

3g/cm2.   

 

4.2.2 Sample Contamination 

All contamination used 

during experimentation was 

taken from the Cesium 

137/water solution described 

in Section 4.2.1.  Figure 11 

shows recently contaminated 

paint and water surface 

experiments drying under the ventilation hood.  The 

cesium solution was mechanically agitated prior to each 

round of pipetting to ensure a homogeneous mixture.  

Figure 11. Contaminated 
Paint and Water Samples 
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Each sample was contaminated to approximately the same 

amount by pipetting 5ml of the cesium solution onto the 

sample surface, 1ml at a time.  Ideally this technique 

would place 1.43x10-2uCi of activity on each surface, 

which is approximately 150 times the minimum detectable 

activity (MDA) for the solid surface counting NaI 

detector.  This amount of activity yielded high enough 

count rates to mitigate counting error.  The MDA 

calculation is shown in Section 4.3. 

All sample petri dishes were placed in the negative 

ventilation hood until dry, approximately 48 hours.  

Once dry, an initial five-minute activity count was 

performed with the scintillation detector to verify the 

level of activity present on the surface material.   

 

4.2.3 Sample Decontamination 

 DeconGelTM 1101 and DeconGelTM prototype were used 

for decontaminating surfaces. DeconGelTM prototype was 

exclusively used for pigskin decontamination.  The 

removal of DeconGelTM 1101 was performed exactly the same 

for every sample surface, while three removal techniques 

were tested with DeconGelTM Prototype. 

 

4.2.3.1 DeconGelTM 1101 

 DeconGel 1101 was applied and removed per CBI’s 

instructions.  A graduated squeeze applicator was used 

to evenly distribute the gel along the petri dish sides 

and/or the various experimental surfaces.  Three 

milliliters of gel were applied to each surface for each 

round of decontamination.  After application the samples 
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were placed in the negative ventilation hood, and 

allowed to dry for 48 hours.  Figure 12 shows dry 

DeconGelTM 1101 film after removal from the petri dishes, 

and DeconGelTM 1101 drying in petri dishes under the 

ventilation hood. 

 Once dry, the DeconGelTM 1101 film was removed using 

a knife and tweezers.  A sample activity count was then 

taken using the solid surface counting scintillation 

detector.  Counts were recorded.  If activity was found, 

a second and (if necessary) third round of 

decontaminations using DeconGelTM 1101 were performed.  

No more than three decontaminations were attempted for 

any sample. 

 

  

Figure 12. Removed Dry DeconGelTM 1101 Film (left) and 
Drying DeconGelTM 1101 Experimental Applications (right) 
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4.2.3.2 DeconGelTM Prototype 

The DeconGelTM prototype was applied using the same 

method described above.  The gel removal was 

accomplished by three different methods.  These methods 

were used to simulate potential techniques for personnel 

decontamination using the prototype gel. 

First, the prototype film was removed exactly like 

the DeconGelTM 1101 film for five samples.  The samples 

and films were then counted using the scintillation 

detector, and counts were recorded.  A second 

decontamination attempt using DeconGelTM prototype was 

performed followed by a second counting.  There was no 

third decontamination attempt since it is unrealistic in 

a skin contamination scenario that another attempt would 

be made using this method. 

Second, the prototype gel for five samples was 

allowed to set on the pigskin for approximately five 

minutes.  Then an attempt was made to remove the gel 

with rinse water only.  The rinse water was collected, 

and sampled for activity analysis in the scintillation 

well detector.  Since the gel was not completely 

removed, a film developed on the surface of the pigskin 

when allowed to dry.  The film was removed, and counted 

using the surface scintillation detector.    

Third, the prototype gel for five samples was 

allowed to set on the pigskin for approximately five 

minutes. The samples were scrubbed unidirectional using 

soft bristled toothbrushes during the five minutes.  The 

samples were rinsed in an attempt to remove the gel, and 

the rinse water was collected and sampled.  Sampled 



43	  

	  

rinse water was counted using the scintillation well 

detector.  Toothbrush bristles were removed and counted 

using the detector in room C118. Since the gel was not 

completely removed during rinsing, a prototype film 

developed on the surface of the pigskin when allowed to 

dry.  The film was removed, and counted using the 

surface scintillation detector. Figure 13 shows the 

decontaminated pigskin alongside the rinse water 

samples. 

 

  
Figure 13. Decontaminated Pigskin and Rinse Samples 

 

 A standard rinse sample was also used to give a 

reference for the experiments described above.  The 

pigskin sample was contaminated as described above.  

This sample was simply rinsed twice with pure water in 

an attempt to decontaminate it.  The rinse water from 

each trial was collected, and an activity measurement 

was performed using the scintillation well detector. 

DeconGelTM prototype was applied to this sample after the 

rinsing experiment in an effort to further decontaminate 

it prior to disposal as mixed waste. 
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4.2.4 Surface Deformation 

 Painted surfaces were checked with a digital 

microscope to verify surface integrity both before and 

after contamination with cesium-chloride/water solution, 

sodium-chloride/water solution, and DeconGelTM 1101.  The 

pictures provide visual evidence of whether DeconGelTM 

1101, radiation from Cesium-137, sodium chloride, or the 

acidity of the standard solution caused the surface 

damage noted in Section 5.2.  Figure 14 shows the green 

paint samples used for the surface deformation 

experiment.  Digital microscope paint sample pictures 

are in Appendix A. 

 

  
Figure 14. Green Paint Covered With Acid (left), 
DeconGelTM 1101 (middle) and Salt Water (right) 
 

 Keyence manufactured the digital microscope used to 

show the surface condition of tested materials.  

Specifically it is a model VHX-600, serial number 

6C14712, with a VHX-S15 profile measurement unit.  To 

limit visual assessment error, the same contrast, 

lighting, sample position, and magnification settings 

were used.   
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4.3 Radioactivity Detector System 

 From the variety of gamma-ray detectors available 

at the department, the sodium iodide scintillation 

detection was selected over HPGe detectors as the best 

method for counting Cs-137 in the absence of other gamma 

emitters; hence, no overlapping peaks in gamma spectrum 

are expected.  The NaI(Tl) system has a great detection 

efficiency as it will be explained below. 

 

4.3.1 NaI(Tl) Detector and Principles of Operation 

Sodium iodide-thalium doped NaI(Tl) detectors are 

very efficient detectors for registration of  gamma 

rays. The relatively high-Z iodine atom provides a high 

attenuation coefficient for interacting with gamma 

radiation [25].   

The inclusion of thallium in the NaI(Tl) detector 

provides energy levels that are somewhat lower than the 

conduction band. The thallium impurity facilitates the 

de-excitation of electrons to the valence band.  The 

benefit of a smaller energy gap is that the excited 

electron will shed its excess energy more quickly for a 

more efficient detector response.  Second, the energy 

emitted will not be the same as that which caused the 

initial excitation; consequently, photon emission will 

not cause re-excitation [1, 25].  

When energy is deposited in the form of 

photoelectrons, Compton electrons or electron positron 

pair, the phosphor converts it into a light flash.  The 

counter can handle high counting rates due to the short 

pulse formation time.  The intensity of the light flash 
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is directly proportional to the energy deposited by the 

gamma ray in the crystal [25]. 

The photomultiplier tube (PM), an electronic device 

that amplifies weak light pulses into a large electrical 

signal, is attached to the NaI(Tl) crystal.  The PM 

entrance window contains a photocathode that releases 

electrons when struck by light photons. These electrons 

are attracted to metal elements called dynodes by an 

externally applied potential difference, which amplifies 

the electric signal.  The anode cup collects the final 

swarm of electrons, and produces a voltage pulse whose 

height is proportional to the intensity of the light 

flash at the photocathode and hence, the energy 

deposited by the gamma ray [1]. 

Since the output voltage pulse height is 

proportional to the gamma ray energy deposited, it is 

possible to use the scintillation counter for gamma ray 

spectroscopy.  An instrument called a multichannel pulse 

height analyzer sorts the amplitudes of the pulses from 

the photomultiplier tube.  A display shows the number of 

pulses at each amplitude, and the energy of the gamma 

ray is determined by the location of the photo peak [1]. 

 

4.3.2 Signal Processing Unit and Power Supply 

 Components for this part of the system include a 

high voltage power supply, preamplifier, amplifier, 

single channel analyzer, and counter timer.  Figure 15 

shows the detector system setup.  Specific settings for 

the system are as follows: positive polarity, HV=1000V, 

Preamp=0pF, Amp=0.8(Gain) 100(course gain) 



47	  

	  

2usec(timing), SCA=normal 2(lower limit) 3(upper limit), 

counter=5min.  

The high voltage was supplied by a high voltage 

power supply, model number TC 952, produced by Tennelec 

Inc.  Ortec Inc. produced the other components 

including: preamplifier (model number 113), amplifier 

(model number 570), single channel analyzer (model 

number 406A) and counter-timer (model number 996).  

Coaxial cables used to connect the detector and 

instrumentation are of a generic brand.   

 

4.3.3 Gamma-counters 

Two types of gamma-counters with NaI(Tl) 

scintillation detectors were applied in this work:  

 

a) The gamma counting detector constructed in our 

laboratory, as described above, was designed for 

petri dish counting and contained a 2-inch NaI 

scintillation detector [Harshaw Integral Line, 

20cm2x10cm NaI(Tl) crystal] attached to a signal 

processing unit, and a high voltage power supply 

(Figure 15). The constructed detector was positioned 

face up inside a shielding well constructed of lead 

bricks and plates that provided shielding from 

background radiation. Sample Petri dishes were placed 

directly on top of the detector to provide the best 

geometry for gamma detection. A plastic sleeve was 

placed around the detector to protect it from 

becoming contaminated while counting samples.   
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b) The experiments also made use of an automated Cobra 
II Packard counter with a through-hole 3-inch NaI(Tl) 

crystal detector, 2000 keV energy range and 750-

sample capacity, attached to monitor and printer 

(Figure 16).  The Cobra II Packard well detector was 

used to count runoff liquid from the skin 

decontamination experiments, Cesium 137 standards and 

water standards.  Aqueous samples were simply placed 

into the automated well counter, and a counting 

protocol was run to get activity results. 

 

  

Figure 15. Shielded 

Detector and Signal 

Processing Unit 

Figure 16. Well Detector 

System 

 

4.3.4 Detector Calibration and Sample Counting 

 The scintillation detectors were placed in areas of 

lowest background radiation within rooms C118 and B124.  

The well detector in room B124 contained its own 
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shielding, while the detector used in room C118 was 

surrounded by a custom lead enclosure.  Cesium sources 

were used in both detectors to ensure sample placement, 

and channel analyzer windows were optimized for best 

detection efficiency. 

 Rinse sample activity, background radiation and 

well detector calibration were measured using a one 

minute per sample automatic counting protocol.  The 

results of these measurements are in Appendix B. 

 All other samples were counted using the petri dish 

surface scintillation detector.  Each sample was counted 

for 5 minutes with identical placement on top of the 

detector to maximize detector efficiency, and 

measurement accuracy.  Five minute background counts, 

using sample phantoms, were measured each day before and 

after each experimental trial to ensure no spread of 

contamination to the detector and corrected count 

calculations were accurate.  

  

4.4 Calculations 

For the both scintillation detectors the same 

calibration approach was applied. The gamma-spec station 

constructed in our laboratory was calibrated with a 

coin-type standard of Cs-137 0.5uCi (original activity); 

while the autogamma-spec was calibrated with a rod-type 

standard of Cs-137 0.232uCi (original activity).  

 

4.4.1 Detector Efficiency and MDA  

 Efficiencies for the scintillation detectors were 

calculated on January 10, 2010 (surface counter) and Feb 
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4, 2010 (well counter) in preparation for experiments.  

The purpose of calculating efficiency was to optimize 

geometry so that less contamination could be used.  

Minimum detectable activity (MDA) was also calculated to 

determine the amount of cesium necessary to complete all 

experiments.  The results of the test are shown in Table 

5 and Table 6. For the surface detector, approximately 

10.2% of decay gamma radiation causes a detectable 

signal, which leads to an approximate MDA of 3.5 Bq.  

Efficiency for the well detector was calculated to be 

36.5%.  Absolute detector efficiency, and MDA were 

calculated with the following equations:  

 

AF = Aoe
-[(ln2/360.84months)(62months)](3.7x107 Bq/mCi) 

 

εabs =  __________# of pulses recorded__________ 
       # of radiation quanta emitted by source 

 
                  ND = 4.653σNB + 2.706               [25] 

 
MDA = ND / fεT                   [25] 

 
 Where AF is activity final (current), Ao is initial 
activity, εabs is absolute detector efficiency, ND is 
minimum detectable counts, σNB is the standard deviation 
of background counts, f is radiation yield per 
disintegration and T is counting time. 
 
Table 5. NaI Detector Absolute Efficiency and MDA 

Source Init. Act. 
10Nov04(Bq) 

Activity   
10Jan10 (Bq) 

Background 
Counts 5min 

Measured 
Counts 5min 

Cs-137 18,500 16,422.8 371 504290 

Absolute Efficiency = 10.2% 

Minimum Detectable Activity = 3.5 Bq 
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Table 6. NaI Well Detector Absolute Efficiency 

Source Init. Act. 
(Bq) 

Activity   
04Feb10 (Bq) 

Background 
Counts CPM 

Measured 
Counts CCPM 

Cs-137 8584 6028 53.2 132010 

Absolute Efficiency = 36.5% 

 

 
4.4.2 Decontamination Efficiency  

Surface decontamination and protection efficiencies 

were calculated using the equations below: 

 

DF = (Ninit-Nfinal)/Ninit 

 

where Ninitial and Nfinal are the initial and final counts of 

sample, corrected for the count of background.  

 

4.4.3 Statistical Evaluation of Data 

Any measurement based on the radiation emitted 

during radioactive decay has a degree of statistical 

fluctuation due to the random nature of radioactivity.  

The measurements performed in this experiment must be 

processed to assess the precision of the quantities 

derived from the measurements.  

The counting uncertainty is calculated by combining 

the uncertainty for background and total counts to get 

net count uncertainty as shown below. 

 

σGross = sqrt(NTotal), σBkgd = sqrt(NBkgd) 

σNET = sqrt(σ
2
Gross + σ

2
Bkgd)                              [25] 
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Detection efficiency uncertainty is a combined 

uncertainty that includes all standard deviations of 

each single step of the experiment. An example of the 

total uncertainty can be expressed by equation as 

follows: 

σTotal = sqrt(σ
2
counting + σ

2
mixing + σ

2
transfer + σ

2
gel application 

            + σ2
surface prep)                             [25] 

 

However, in practice, the counting uncertainty is 

much smaller than the standard deviation of 

decontamination efficiency calculated for a set of 

multiple samples. This is because counting uncertainty 

is just one of many factors that contribute to the total 

error. All results are reported in tables with one 

standard deviation.  

 

4.5 Radiological Work Practices 

 The laboratory setup in the Radiation Center, room 

C118 was customized to the needs of this experiment.  A 

designated area within the negative ventilation hood was 

created to dry samples as required by the Oregon State 

University Laboratory Guidelines.  Samples were stored 

at least 10 feet away from the lead detector housing to 

minimize background radiation for counting procedures. 

Aluminum sample trays, conspicuously marked with 

radcon tape, were used for sample transportation 

throughout the lab, and as containments for 

contamination work.  Radioactive waste bags were 



53	  

	  

conspicuously marked with radcon tape, and placed at the 

immediate boundaries to all contamination work being 

performed.  This prevented the spread of contamination 

to uncontrolled areas while disposing of items.  

Separate waste bags were established to segregate 

radioactive biological waste from other sample waste.   

Laboratory workers were required to wear dosimetry 

on their chest, lab coats, gloves and protective eyewear 

while handling contaminated items and solutions.  A 

Geiger-Mueller detector was used periodically on 

personnel, equipment and the work area to verify there 

was no uncontrolled spread of contamination [26]. 

Background measurements used in calculations were 

from daily measurements prior to experimentation.  

Background measurements were again performed at the end 

of each day of experimentation, but only for 

verification purposes.  Detector settings are listed in 

Section 3. 

 

 

 

 

 

 

 

 

 



54	  

	  

5. RESULTS 

 This section reports the results of this study and 

discusses all findings, addressing the goals and 

objectives of this project. 

 

5.1 Surface Damage   

 A visual qualitative analysis was performed on the 

painted surfaces prior to and after experimentation to 

check for surface damage.  The results of this 

experiment were as expected and provide insight to the 

DeconGelTM painted surface decontamination efficiency 

findings.  Appendix A displays the surface pictures 

taken with a digital microscope. 

 All four paints show a small amount of pitting and 

discoloration when compared to standard pictures taken 

under the same microscope settings.  Generally, the more 

visibly damaged the surface was, the lower the 

decontamination efficiency became.  Several variables 

could have caused the surface damage: acidity of the 

standard solution, radiation dose, or DeconGelTM 

interactions.  

The most visibly damaged paint, Green Polyepoxide, 

was retested, with new painted surfaces, by separating 

out the potentially damaging variables.  Comparing the 

original final pictures to the surface damage trials, it 

is evident that the acidic solution and DeconGelTM worked 

together to create the visible damage.  It is highly 

unlikely that low gamma radiation dose from the Cesium 

137 contamination damaged the painted surfaces. Maximum 

dose rate and total dose calculations are shown below.  
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In the equations below Dr is dose rate, q is activity, EB 

is the maximum energy of the beta particles, RB is the 

range of the beta particles, φ is gamma fluence, E is 

energy of gamma, µen is the gamma linear attenuation 

coefficient and ρ is density of the material. 

Assumptions: 2π geometry, four days on the surface, beta 

ranges of 0.15cm (0.512MeV) & 0.45cm (1.174MeV), average 

beta energy of (1/3)EMax, no change in the activity due to 

long half-life, no conversion electron, mass = 1g, 

radiation weighting factor = 1, 1.43E-2 uCi of Cs-137 at 

a single point, decay gamma yield = 85.1%, and ρ = 

1g/cm3. 

 

DrMAX = 0.51EB x q(uCi) rad/hr                        [27] 
          RB

3 

 

= 5.4%(0.03rad/hr) + 94.6%(0.37rad/hr) 
 
= 0.35 rad/hr x 96 hours 
 
Beta Dose= 33.6 rad 
 
DGamma = 0.5 φ E (µen/ρ) x 85.1%                        [27] 
 
Total Dose = 33.6 rad(beta) + 4 mrad(gamma) = 33.64 rad 

This dose is not high enough to cause noticeable damage 

to the paint or skin [15]. 

 
 The retested Green Polyepoxide paint showed major 

pitting and minor discoloration damage from 5ml of 1.0 N 

HCl acid applied directly to the surface.  This created 

a pH on the surface of 0 for 24 hours, whereas during 

experimentation, pH on the surface was 2 for 24 hours 

due to acidity caused by dissolution of cesium chloride 
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in water.  The damage is noticeable on both the 50 and 

200 times magnification pictures.  The acidic variable 

of the experiments definitely affected the surface 

material porosity, thereby decreasing decontamination 

efficiency.   

 A small amount of pitting is also noticeable on the 

green paint where DeconGelTM 1101 was used.  It is likely 

that the DeconGelTM 1101 solubilizer allowed small 

amounts of paint and particulate to be removed from the 

surface by the chelating agent, which created the 

pitting.  When compared to the original experiment final 

pictures, the surface of the DeconGelTM -only sample is 

much rougher.  This is likely because the acidic 

contamination solution attacked the surface, which 

allowed DeconGelTM to remove more paint, causing the 

smoothing surface erosion. In this case, cesium 

contamination was trapped in the dissolved paint surface 

while it solidified, deeper than DeconGelTM could 

penetrate.  Chemically neutralizing acidic spills, when 

decontamination efforts will be delayed, could 

ultimately produce better decontamination results.  It 

is essential to apply DeconGelTM before a highly 

chemically reactive spill is allowed to dry to prevent 

the contamination entrapment within the paint. 

 A Green paint surface damage trial was also 

performed with sodium chloride dissolved in water to 

35,000ppm.  This test represented paint damage caused by 

seawater over a 24-hour period.  Seawater is known to be 

highly corrosive and could potentially affect painted 

naval surfaces that can become contaminated.  The test 
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shows a moderate amount of pitting damage to the surface 

that could negatively affect decontamination efforts.  

The effect of sodium chloride on DeconGelTM 1101 cesium 

uptake is explored in Section 5.7. 

 

5.2 Painted Surface Decontamination Using DeconGelTM 1101 

 Table 7 displays individual, average and total 

decontamination efficiencies for each paint sample after 

application of DeconGelTM 1101.  Figure 17 shows the 

average total decontamination efficiencies for each 

DeconGelTM 1101 application.  The results of this 

experiment were as expected due to the paint properties 

discussed in Section 2. DeconGelTM 1101 film was easily 

removed from all samples utilizing sharp tweezers and 

latex gloves.  The highest decontamination efficiency 

results were obtained using the aluminum paint 

(polysiloxane) surface followed by bilge grey paint 

(polyepoxide), green paint (polyepoxide) and the lowest, 

grey paint (safflower alkyd). 

 The aluminum paint had an average 98.8% 

decontamination efficiency, surpassing the next highest 

paint decontamination by 7%.  A third application was 

not performed due to final counts being within 

statistical background error.  The aluminum paint 

contains silicone resin and silicone alkyd resin, which 

allowed it to resist the intrusion of acidic cesium 

contamination solution.  Silicon based resins are very 

stable.  Since pitting and entrapment of the 

contamination did not occur, DeconGelTM was able to 

remove all of the Cesium-137 contamination. Due to the 
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high and consistent decontamination efficiencies, this 

paint is recommended for use around reactor primary 

systems. 

 The bilge grey and green paints are both epoxies.  

The resins used in these paints were not as stable as 

the silicone resin used in the aluminum paint, leading 

to deformation of the surface and intrusion of the 

acidic cesium solution.  The third application of 

DeconGelTM yielded decontamination efficiencies that are 

high enough to validate another application to both 

paints. Greater than 97% of total cesium contamination 

would likely be removed from both paints from one more 

application of DeconGelTM 1101.  Figure 17 shows a large 

jump between the first and second applications of 

DeconGelTM 1101 to the green paint.  This is likely due 

to first application DeconGelTM being saturated with 

paint particles loosened by the acidic solution.  Uptake 

of the vastly numerically superior paint molecules into 

the gel blocked some cesium uptake. Due to the high and 

consistent decontamination efficiencies, these paints 

are recommended for use around reactor primary systems. 

 DeconGelTM 1101 performed the poorest on the grey 

painted surfaces.  This paint is based on a safflower 

oil alkyd with no hardener.  The safflower oil makes for 

a paint that is easy to apply and dries with vibrant 

color, but it does not resist acidic solutions.  Damage 

to the grey surfaces was visible while the contamination 

solution was drying, which allowed some Cesium-137 to 

migrate into the paint.  Once dry, the paint trapped the 

cesium contamination.  This is evident by the very low 
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second and third application decontamination 

efficiencies shown in Figure 17 and Table 7.  It is not 

likely that a fourth application of DeconGelTM 1101 would 

be effective at removing the fixed contamination.  Due 

to low and inconsistent decontamination efficiencies, 

the use of this type of paint should be avoided around 

reactor primary systems.   

 

 

 
 
Figure 17. Painted Surface Average Decontamination 
           Efficiencies 
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Table 7. Painted Surface Decontamination 
Decontamination Efficiency (%) 

 Surface 
Paint Type 

Sample 
1st Application 2nd Application 3rd Application 

Grey 1 73±4 14±6 1±2 
  2 75±4 13±6 0±2 
  3 83±4 26±6 5±2 
  4 80±4 24±6 1±2 
  5 79±4 16±6 0±2 
Mean  78±4 19±6 2±2 
Green 1 78±3 49±4 6±12 
  2 78±3 44±4 33±12 
  3 81±3 56±4 30±12 
  4 83±3 52±4 29±12 
  5 86±3 48±4 34±12 
Mean  81±3 50±4 26±12 
Aluminum 1 98.1±0.4 100±21 N/A 
  2 98.8±0.4 92±21 N/A 
  3 99.1±0.4 84±21 N/A 
  4 98.9±0.4 53±21 N/A 
  5 99.0±0.4 58±21 N/A 
Mean  98.8±0.4 77±21 N/A 
Bilge Grey 1 91±1 42±4 15±3 
  2 89±1 43±4 12±3 
  3 92±1 50±4 7±3 
  4 92±1 38±4 12±3 
 5 92±1 44±4 11±3 
Mean  91±1 43±4 11±3 
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Table 7 Cont. 

Total Decontamination Efficiency (%) 
 Surface 

Paint Type 
Sample 

2nd Application 3rd Application 

Grey 1 77±4 77±5 
  2 78±4 78±5 
  3 87±4 88±5 
  4 85±4 85±5 
  5 82±4 82±5 
Mean  82±4 82±5 
Green 1 89±2 90±2 
  2 88±2 92±2 
  3 92±2 94±2 
  4 92±2 94±2 
  5 93±2 95±2 
Mean  91±2 93±2 
Aluminum 1 100.0±0.2 N/A 
  2 99.9±0.2 N/A 
  3 99.9±0.2 N/A 
  4 99.5±0.2 N/A 
  5 99.6±0.2 N/A 
Mean  99.8±0.2 N/A 
Bilge Grey 1 94.8±0.8 96.1±0.5 
  2 93.9±0.8 95.0±0.5 
  3 96.1±0.8 96.6±0.5 
  4 95.3±0.8 96.2±0.5 
 5 95.3±0.8 96.1±0.5 
Mean  95.1±0.8 96.0±0.5 
 

 

5.3 Cesium Absorption from Liquid Using DeconGelTM 1101 

 Five milliliters of Cesium 137/water solution (pH 

2) pipetted into 2” diameter plastic petri dishes was 

used to simulate a wet spill.  Table 8 displays 

decontamination efficiencies for the addition of 

DeconGelTM 1101 directly to 5ml of Cesium 137/water 

solution, and to the dry petri dish after the removal of 
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the first film. DeconGelTM 1101 is water soluble and 

dispersed evenly in the initial application.  This 

allowed the contamination within the water to be exposed 

to the total active chelating volume.  The purpose of 

the second application of gel was to decontaminate each 

petri dish to background activity level for uncontrolled 

disposal. 

The results of this experiment were as expected.  

Near 100% of activity was removed with a single 

application.  The DeconGelTM 1101 film was easily removed 

using the same technique as with all other applications.  

Similar results would be expected in larger amounts of 

contaminated liquid, but drying time would significantly 

increase since all the water must evaporate for a 

peelable film to form.  This makes DeconGelTM 1101 a 

viable tool against wet spills in unoccupied areas where 

liquid contamination is contained e.g. a ship bilge, 

drip tray, spill-way or sink. 

According to CBI Polymer’s Chief Scientist, the 

drying of DeconGelTM can be hastened using ventilation or 

heaters without compromising its decontaminating 

properties.  Normally, ventilation would be averted from 

spill areas to prevent contamination from spreading or 

going airborne.  In this case, DeconGelTM works 

immediately to trap contamination so that ventilation 

will not affect it, thereby removing the need to change 

ventilation lineups.  Heaters and dehumidifiers can also 

be employed in a spill area to decrease drying time.  

This option may not be ideal for areas that must be 

accessed frequently, but it greatly reduces the amount 
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of radioactive material and personnel exposure created 

from a spill cleanup. 

 
Table 8. DeconGelTM 1101 Absorption of Cesium 137 in 
Water 

Decontamination Efficiency (%) 
Sample 

1st Application 2nd Application Total 

1 98.9±0.3 79±10 99.8±0.1 
2 99.4±0.3 87±10 99.9±0.1 
3 99.4±0.3 75±10 99.8±0.1 
4 99.3±0.3 100±10 100.0±0.1 
5 98.8±0.3 85±10 99.8±0.1 

Mean 99.1±0.3 85±10 99.9±0.1 
 

5.4 Surface Protection Using DeconGelTM 1101 Film  

CBI has done extensive research with DeconGelTM 

applied to a material as a protective measure from 

graffiti, and other types of unwanted surface 

corruption. DeconGelTM 1101 has not been tested with 

radiological contamination in this function. Three 

milliliters of DeconGelTM 1101 were applied to 2” 

diameter petri dishes, and allowed to dry over 48 hours.  

The resulting film was used as a protective surface 

coating.  This report assumes DeconGelTM 1101 film will 

form on all most solid dry surfaces at room temperature.  

Product information for DeconGelTM 1101 is presented in 

Appendix C, and Appendix D. 

Table 9 displays DeconGelTM 1101 film protection and 

decontamination efficiencies.  Since DeconGelTM 1101 is 

water soluble, a portion of the film liquefied, and 

absorbed the Cesium 137 in the water solution placed on 

top of it.  The results of this experiment were as 

expected.  Nearly 100% of contamination was prevented 
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from reaching the petri dish surface, and the film was 

easily removed using the same technique as all other 

applications. The purpose of the second application of 

gel was to decontaminate each petri dish to background 

activity level for uncontrolled disposal. 

 

Table 9. DeconGelTM 1101 Protective Film Coating 
Protection & Decontamination Efficiency (%) 

Sample 
Film Removal 1st Application Total 

1 99.5±0.1 62±10 99.8±0.1 
2 99.3±0.1 81±10 99.9±0.1 
3 99.4±0.1 55±10 99.7±0.1 
4 99.2±0.1 65±10 99.7±0.1 
5 99.4±0.1 63±10 99.8±0.1 

Mean 99.4±0.1 65±10 99.8±0.1 
 

In this set of experiments and in Section 5.4, 

DeconGelTM was able to dissolve and then dry maintaining 

an even distribution. It is likely that if DeconGelTM 

were exposed to a far larger amount of water, similar 

results would occur as long as enough DeconGelTM is added 

so that a peelable film forms over the entire affected 

area once the water evaporates.  This makes DeconGelTM 

invaluable for high-risk contamination jobs such as ion 

exchanger media discharge, refueling, special 

radiochemistry samples and primary component repair.  In 

these cases, DeconGelTM could be applied liberally under 

each jobsite 48 hours prior to work commencing.  If an 

accident occurs, the area can be evacuated until the 

water evaporates.  Then the DeconGelTM film can be 

removed, completely decontaminating the area with 

minimal radiation exposure to workers.  This technique 
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would reduce radioactive material created during cleanup 

immensely. 

 

5.5 Pigskin Decontamination Using DeconGelTM 1101 

Table 10 displays decontamination efficiencies 

after DeconGelTM 1101 application and total 

decontamination for each pigskin sample.  This gel was 

not produced to be used on skin and is not optimized for 

fast, within one hour, decontamination attempts.  No 

visible damage occurred to the skin, and the gel was 

easily removed using the same technique as all other 

samples.   

Even though the DeconGelTM 1101 was not produced to 

decontaminate skin, it was very consistent between 

samples.  The gel showed only a four percent maximum 

deviation from the average decontamination efficiency. 

DeconGelTM 1101 performed relatively poorly using its 

standard application technique, only removing an average 

43±4% of contamination after two applications over a 48 

hour period.  In high activity skin contamination 

events, this time frame and decontamination efficiency 

would be unacceptable. As a general skin decontamination 

rule, if a technique does not remove at least 50% of 

contamination in the first attempt, a new technique 

should be tried.  A comparison of this skin 

decontamination method with other methods used in this 

report is shown in Figure 18. 

The results of this experiment were unexpectedly 

low.  This may be due to the skin being in an unhealthy 

condition; the experiments took place one week after the 
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pig was slaughtered.  The cesium may have also been 

absorbed along with water, deep into the skin as the 

skin attempted to rehydrate after a period of 

refrigeration.  It is also possible that some 

contamination migrated around the skin to the petri 

dish, where DeconGelTM was not applied.  Due to the long 

drying time and low decontamination efficiency, this 

form of the product is not recommended for skin 

decontamination. 

 

Table 10. DeconGelTM 1101 Skin Decontamination  
Decontamination Efficiency (%) 

Sample 
1st Application 2nd Application Total 

1 23±3 27±4 44±4 
2 26±3 20±4 41±4 
3 25±3 19±4 39±4 
4 30±3 27±4 49±4 
5 29±3 20±4 43±4 

Mean 27±3 23±4 43±4 
 

5.6 Pigskin Decontamination Using DeconGelTM Prototype 

Tables 11 through 13 display decontamination 

efficiencies relating to DeconGelTM prototype application 

on pigskin.  Table 11 shows data from the application of 

the prototype gel using the same procedure as that of 

DeconGelTM 1101.  Table 12 shows data from the 

application of the prototype gel using two different 

removal techniques: scrub/rinse and rinse.  A peelable 

film formed on the Table 8 samples, which was removed to 

give the “dry film removal” results.  Table 13 shows 

data from a single sample decontaminated with rinse 

water as the only decontaminating agent.  An application 
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of DeconGelTM prototype was applied to the Table 13 

sample to show the effect previous, non- DeconGelTM, 

decontamination attempts have on the efficiency of 

DeconGelTM. 

DeconGelTM prototype was produced specifically for 

these skin decontamination experiments, and only lacked 

specifically industrially beneficial components from the 

original DeconGelTM 1101.  This means that the prototype 

gel was made safer, but not optimized for use on skin.  

No visible damage occurred to the skin, and the gel was 

easily removed using the same technique as all other 

samples.   

Table 13 shows that using only water to rinse 

contamination off of skin is ineffective.  Only 16.3% of 

the Cesium-137 was removed after two thorough rinses.  

Additionally, the application of DeconGelTM prototype 

after the water rinses was approximately 13% less 

effective than if it was applied prior to rinsing.  This 

could be due to the redistribution of contamination 

during rinsing because of diffusion into the skin, or 

contamination falling into the petri dish, during 

rinsing operations, where DeconGelTM was not applied.   

This gel, like DeconGelTM 1101 was very consistent 

between samples.  The gel showed only a three percent 

maximum deviation from the average decontamination 

efficiencies.  The average decontamination efficiencies 

in the total column for Table 12 were after only one 

application, but they are two to five percent greater 

than the first application average in Table 11.  This 

could be due only to the techniques added in Table 12 to 
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remove the gel after only 5 minutes of being on the 

skin.  The addition of the surfactant, solubilizer and 

ion exchanger may have immediately pulled cesium off of 

the skin, which was quickly rinsed off.  This limited 

the ability of the cesium to migrate back into the skin 

prior to interaction with chelators. 

The films that developed, after the Table 12 

removal techniques were employed, were much thinner than 

the Table 7 applications, but comparable in capacity. 

The film from first applications in Table 11 removed an 

average 35±2% of contamination, while the much thinner 

film from Table 12 applications removed an average 30±3% 

to 34±1% of contamination.  This means that very little 

gel (a maximum of 5ml per 100cm2 for this amount of 

contamination) needs to be placed on the skin to produce 

approximately the same results as using much more gel.  

Increasing the amount of gel only would increase the 

amount of radioactive material created during personnel 

decontamination efforts. 

DeconGelTM prototype performed relatively poorly as 

a skin-decontaminating agent.  Using the standard 

DeconGelTM 1101 application and removal technique, an 

average 50±2% of contamination was removed after two 

applications over a 48 hour period.  Using the rinse and 

scrub/rinse removal techniques, only 4±1% to 15±2% of 

contamination was removed after the first five minutes, 

and only 37±1% to 40±3% over a 24 hours respectively.  In 

high activity skin contamination events, this time frame 

and decontamination efficiency would be unacceptable.  

As a general skin decontamination rule, if a technique 
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does not remove at least 50% of contamination in the 

first attempt, a new technique should be tried. Removal 

of DeconGelTM prototype was very difficult using only a 

toothbrush and/or water spray bottle.  Results could 

possibly improve dramatically if the scrubbing or 

rinsing techniques used in these experiments were 

altered to enhance gel removal after a short time 

period. 

 

Figure 18. First Application Skin Decontamination 
Efficiencies  
 

The results of these experiments were unexpectedly 

low, though DeconGelTM prototype was more effective than 

DeconGelTM 1101 under standard application conditions.  

The superior results could be due to DeconGelTM 

prototypes higher concentration of water.  The water 

within the gel may have rehydrated the skin, allowing 

more contamination trapped within the skin layers to 

diffuse out to the gel.  Still, the poor overall results 
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may be due to the skin being in an unhealthy condition; 

the experiments took place one week after the pig was 

slaughtered.  Cesium-137 may have also been absorbed 

along with water, deeper into the skin as the skin 

attempted to rehydrate after a period of refrigeration.  

It is also possible that some contamination migrated 

around the skin to the petri dish, where DeconGelTM was 

not applied. 

 
Table 11. DeconGelTM Prototype Skin Decontamination by 
          Standard Application and Removal Technique 

Decontamination Efficiency (%) 
Sample 

1st Application 2nd Application Total 

1 39±2 22±2 52±2 
2 35±2 23±2 50±2 
3 32±2 24±2 48±2 
4 37±2 23±2 51±2 
5 34±2 20±2 47±2 

Mean 35±2 22±2 50±2 
 

Table 12. DeconGelTM Prototype Skin Decontamination by 
 Scrub/Rinse (1-5) and Rinse (6-10) Techniques 

Decontamination Efficiency (%) 
Sample 

1st Technique Dry Film Removal Total 

1 18±2 30±3 42±3 
2 12±2 29±3 37±3 
3 16±2 29±3 40±3 
4 17±2 26±3 39±3 
5 14±2 35±3 44±3 

Mean 15±2 30±3 40±3 
6 5±1 34±1 37±1 
7 5±1 33±1 36±1 
8 6±1 35±1 39±1 
9 3±1 35±1 37±1 
10 3±1 33±1 35±1 

Mean 4±1 34±1 37±1 
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Table 13. Skin Decontamination by Water Rinse Only 
Decontamination Efficiency (%) 

Sample 
Rinse 1 Rinse 2 1st Application 

1 11.6±3 5.4±3 17.6±3 
Total  16.3±3 22.0±3 

 
 

5.7 Decontamination of NaCl Covered Surfaces  

 Table 14 displays DeconGelTM 1101 decontamination 

efficiencies for salty painted surfaces contaminated 

with Cesium 137.  Four concentrations of NaCl based on 

an average seawater salinity of 35,000ppm were prepared 

to simulate seawater leaking onto a painted surface and 

concentrating as it dried.  Sodium and cesium are 

competing contaminants for the DeconGelTM 1101 binding 

sites; therefore, it was of interest to see how the 

deposits of “sea-salt” affect the Cs-decontamination 

factors.  The aluminum paint, which has the highest 

decontamination factor (see Table 7), was used for this 

experiment. This surface was chosen to maximize the 

uptake of sodium and cesium into the gel.  The NaCl 

concentrations were chosen as a representation of 

seawater leaking onto a contaminated surface. 

The standard sample with zero concentration is from 

the average of aluminum type paint from Table 7, which 

was the same painted surface used for this experiment. 

No visible damage occurred to the paint, and the gel was 

easily removed using the same technique as all other 

samples.  During film removal from the x5 and x10 

samples, salt crystals were easily shaken from the film, 

and may have contributed to the lower decontamination 

factors.    



72	  

	  

The results of this experiment were as expected.  

As NaCl concentration exceeds that of seawater, as it is 

likely to do when dripping onto a ship surface over 

time, decontamination efficiency goes down.  This 

relationship is shown in Figure 19.  Both sodium (Na+) 

and cesium (Cs+) share the same cationic charge, and 

compete relatively equally for uptake into active 

chelating molecules.  The number of sodium atoms present 

on the surface however, outnumbered the Cesium-137 atoms 

by approximately 10 orders of magnitude at only seawater 

concentration: Cs137 = 2.83E+11 atoms, Na23 = 1.82E+21 

atoms.  This allowed the sodium ions to saturate the 

DeconGelTM 1101, thereby blocking the uptake of cesium.  

If more gel were added to account for the high amounts 

of sodium, results would likely show more cesium uptake. 

 

 
Figure 19. Decontamination of Sodium Chloride Surfaces 
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Table 14. DeconGelTM 1101 NaCl Surface Decontamination 

Decontamination Efficiency (%) Concentration 
(g/cm2) 1st Application Standard – 1st Application 

Standard (0) 98.8±0.4 0.0±0.4 
1.73E-4 95±7 3±7 
1.73E-3 96±7 3±7 
8.64E-3 90±7 9±7 
1.73E-2 81±7 18±7 
Mean 90±7 7±7 

 

 

5.8 Decontamination of FeCl3 Covered Surfaces 

 Table 15 displays DeconGelTM 1101 decontamination 

efficiencies for simulated rusty painted surfaces 

contaminated with Cesium 137. Six concentrations of 

FeCl3, based on a maximum experimental solubility in acid 

of 0.6g/ml, were prepared to simulate rust formations on 

a painted surface.  The standard sample with zero 

concentration is from the average of aluminum type paint 

from Table 7, which was the same painted surface used 

for this experiment. No visible damage occurred to the 

paint, but the gel was very difficult to remove using 

the same technique as all other samples.  During film 

removal from the 0.02g/cm2 to 0.03g/cm2 samples, iron 

compounds were easily shaken from the film, and the film 

was very brittle.  This may have contributed to the 

lower decontamination factors, even though all visible 

gel film was removed prior to counting the sample. 

The results of this experiment were as expected.  

The decontamination efficiencies were compared to the 

average standard aluminum paint decontamination 

efficiency (0.0g/cm2).  As FeCl3 concentration increases 
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past 0.005g/cm2, decontamination efficiency drops 

dramatically as shown in Figure 20.  

Iron (Fe+3) and cesium (Cs+) both have a cationic 

charge, but iron’s cationic charge and field is much 

larger.  This means the two ions compete unequally for 

uptake into active chelating molecules.  The number of 

iron atoms present on the surface also outnumbered the 

Cesium-137 atoms by approximately 10 orders of magnitude 

at only 0.005g/cm2 concentration: Cs137 = 2.83E+11 atoms, 

Fe55 = 1.07E+21 atoms.  This allowed the iron ions to 

saturate the DeconGelTM 1101, thereby blocking the uptake 

of cesium.  If more gel were added to account for the 

high amounts of iron, results would likely show more 

cesium uptake. 

 

 
Figure 20. Decontamination of Ferric Chloride Surfaces 
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Table 15. DeconGelTM 1101 FeCl3 Surface Decontamination 
           

Decontamination Efficiency (%) Concentration 
g/cm2 1st Application Standard – 1st Application 

Standard (0) 98.8±0.4 0.0±0.4 

0.03 63±14 36±14 
0.02 84±14 15±14 
0.01 87±14 12±14 
0.005 99±14 0±14 
0.002 99±14 0±14 
0.001 98±14 1±14 
Mean 88±14 11±14 
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6. CONCLUSION 

This thesis presented an approach to develop 

innovative methods for decontamination and surface 

protection procedures applicable to surfaces found on 

U.S. Navy ships and potentially, personnel, replacing 

older, less efficient techniques. To accomplish this 

goal, two products manufactured by CBI Polymers LLC., 

DeconGelTM 1101 and DeconGelTM prototype (shampoo), were 

tested.  

DeconGelTM prototype was especially developed for 

personal decontamination. In vitro studies with dry and 

shaved pigskin, which is analogous to human skin, showed 

similar decontamination efficiencies for both the gel 

and “prototype”. Uptake of Cs with DeconGelTM 1101 was 

43.2%, while the DeconGelTM prototype removed 49.7% of 

contamination, both after two applications.  

Efficiencies could improve considerably if an improved 

gel removal process is combined with techniques used in 

this report. 

Decontamination parameters for Cs-137 with 

DeconGelTM -1101 were measured for four different solid 

surfaces, simulating the conditions at U.S. Navy ships. 

Uptake of Cs-137 by the gel is affected by changes in 

the gel binding capacity when it is altered by presence 

of salt, rust and other impurities common on surfaces. 

After a visual inspection showed post-experiment paint 

surface damage, a test was performed to determine the 

cause. Paint surface deformation was attributed to the 

acidity of cesium chloride, compounded by the removal of 

damaged paint by DeconGelTM 1101.   
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Decontamination efficiency for surfaces coated with 

commonly used naval paints ranged from 81.9% to 99.8% 

after three applications of the gel. The variation of 

efficiencies is mostly attributed to paint composition 

and stability.  Paints that resisted deformation by the 

acidic cesium chloride solution showed superior 

decontamination efficiencies.  

DeconGelTM 1101 was 99.2% efficient at removing 

contamination from a wet surface, and 99.4% effective at 

protecting surfaces from contamination suspended in 

water.  The amount of contamination removed from the 

liquid is attributed to DeconGelTM solubility in water, 

and minimal cesium deposition on the plastic surface.  

This increased the active chelating area to the entire 

volume of the gel/water mixture. DeconGelTM 1101 was also 

shown to be a very effective surface protection barrier 

against contamination suspended in liquid. 

Uptake of Cs-137 by DeconGelTM 1101 was affected by 

changes in the gel binding capacity when competing 

homogeneously spread and dried impurities common on 

naval surfaces altered it. One impurity, sodium chloride 

representing seawater, showed 95.6% uptake of Cs-137 by 

one application of 1101 gel in the presence of 8.6E-4 

g/cm2 NaCl, but decreased to 80.7% when the surface 

concentration increased to 8.6E-2 g/cm2 NaCl.  Another 

impurity ferric chloride representing rust, showed 99% 

uptake of Cs-137 by one application of 1101 gel in the 

presence of 1.2E-2 g/cm2 FeCl3, but decreased to 62.7% 

when the surface concentration increased to 0.15 g/cm2 

FeCl3.  
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The experiments in this report are not meant to 

portray DeconGelTM as the best decontamination choice for 

U.S. Naval Vessels, but they do provide proof that the 

gel will work on surface materials commonly found on 

U.S. Navy vessels.  Further experimentation should be 

performed to assess the absorption capacity of DeconGelTM 

for a given contaminant, the optimum mixture of 

contaminated water to DeconGelTM for maximum 

decontamination with minimum gel usage and the 

decontamination efficiency of fabrics.  Determining the 

ability of DeconGelTM 1101 film to contain contaminants 

under various conditions such as heat, moisture and over 

a long time period would also be highly valuable.  

Finally, more experimentation is needed for the 

DeconGelTM prototype on skin dealing with ideal chemical 

properties, and application and removal techniques. 
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Appendix A 
 

Digital Microscope Pictures 
 

 The following pictures were taken using the digital 

microscope described in Section 4 with the same 

contrast, position, and lighting.  Representative 

standard pictures of each paint sample were taken prior 

to testing at magnifications of 50 and 200 times normal. 

After testing, final pictures were taken of one 

representative paint sample per set at the same 

magnifications as the standard pictures.  Scales 

appearing on the pictures represent 250 micrometers.  

The green paint showed the most surface deformation; 

therefore trials were performed separately from 

decontamination experiments to determine the cause. 

 
Figure A.1. Bilge Grey Paint Surface Pictures 

  
Bilge Grey Standard 50x Bilge Grey Final 50x 
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Bilge Grey Standard 200x Bilge Grey Final 50x 

 
Figure A.2. Grey Paint Surface Pictures 

  
Grey Standard 50x Grey Final 50x 

  
Grey Standard 200x Grey Final 200x 

 
 
 



85	  

	  

 
Figure A.3. Aluminum Paint Surface Pictures 

  
Aluminum Standard 50x Aluminum Final 50x 

  
Aluminum Standard 200x Aluminum Final 200x 

 
Figure A.4. Green Paint Surface Pictures 

  
Green Standard 50x  Green + HCl 50x 
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Green + Gel 50x Green + NaCl 50x 

  
Green Standard 200x Green + HCl 200x 

  
Green + Gel 200x Green NaCl 200x 
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Green Final 50x Green Final 200x 
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Appendix B 
 

Raw Data Spreadsheets  

Table B1. DeconGel 1101 Paint Sample Decontamination 

Decontamination 
Attempt CC 

Surf. 
Paint 
Type 

N Bkgd 
1 

Bkgd 
2 

Bkgd 
3 

Bkgd 
4 

Initial 
CC 

Trial 
1 

Trial 
2 

Trial 
3 

Grey 1 355 341 360 372 9760 2662 2278 2254 
  2 355 341 360 372 10360 2581 2246 2247 
  3 355 341 360 372 11645 1993 1465 1389 
  4 355 341 360 372 11401 2279 1726 1703 
  5 355 341 360 372 9988 2096 1752 1748 
Mean      10630.8 2322.2 1893.4 1868.2 
Green 1 355 341 360 372 9520 2055 1042 981 
  2 355 341 360 372 9496 2080 1166 779 
  3 355 341 360 372 9598 1805 798 561 
  4 355 341 360 372 12914 2203 1067 757 
  5 355 341 360 372 12717 1780 934 618 
Mean      10849 1984.6 1001.4 739.2 
Alum. 1 355 341 360 372 9649 183 0 N/A 
  2 355 341 360 372 11953 144 12 N/A 
  3 355 341 360 372 9633 82 13 N/A 
  4 355 341 360 372 11812 125 59 N/A 
  5 355 341 360 372 12750 127 53 N/A 
Mean      11159.4 132.2 27.4 N/A 
Bilge 
Grey 1 

355 341 360 372 
10659 957 553 415 

  2 355 341 360 372 10857 1146 658 540 
  3 355 341 360 372 11205 883 442 382 
  4 355 341 360 372 10713 816 504 403 
 5 355 341 360 372 11116 929 523 430 
 Mean      10910 946.2 536 434 
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Table B2. DeconGel 1101 Water Decontamination  

Decontamination Attempt 
CC 

Sample 

Bkgd 
1 

Bkgd 
2 

Sample 
CC 

with 
Film 

DeconGel Film 
Removed Trial 2 

1 355 341 10542 118 25 
2 355 341 10767 69 9 
3 355 341 10893 67 17 
4 355 341 11061 78 0 
5 355 341 10682 125 19 

Mean   10789 91.4 14 
 

Table B3. DeconGel 1101 Film Surface Protection/Decon 

Sample 

Bkgd 
1  

Bkgd 
2 

Initial 
CC 

Post 
Film 

Removal 
CC 

Decon 
Attempt 

CC 
1 341 360 13094 69 26 
2 341 360 10718 79 15 
3 341 360 10930 67 30 
4 341 360 10723 82 29 
5 341 360 11789 71 26 

Mean   11450.8 73.6 25.2 
 
 
Table B4. DeconGel 1101 Pigskin Decontamination 

Sample 

Bkgd 
1 

Bkgd 
2 

Bkgd 
3 Initial 

CC 
Trial 
1 CC 

Trial 
2 CC 

Film 
Trial 
1 CC 

Film 
Trial 
2 CC 

1 412 415 390 13677 10479 7611 2911 2529 
2 412 415 390 12593 9309 7417 3007 1691 
3 412 415 390 13424 10126 8208 2979 1662 
4 412 415 390 10843 7559 5545 3076 1708 
5 412 415 390 12720 9059 7248 3442 1657 

Mean    12651.4 9306.4 7205.8 3080 1849.4 
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Table B5.  DeconGel Prototype Pigskin Decontamination 

Sample 

Bkgd 
1 

Bkgd 
2 

Bkgd 
3 Initial 

CC 
Trial 
1 CC 

Trial 
2 CC 

Film 
Trial 
1 CC 

Film 
Trial 
2 CC 

1 412 415 390 9796 6017 4711 3429 1010 
2 412 415 390 10229 6617 5101 3417 1372 
3 412 415 390 10004 6784 5189 3104 1255 
4 412 415 390 9832 6227 4821 3398 1396 
5 412 415 390 13888 9137 7343 4476 1593 

Mean 
   

10749.8 6956.4 5433 
3564.

8 
1325.

2 
 
 

Table B6. Scintillation Well Counter and Dilution of 
          Decontamination Rinse Water 

 
 
Table B7. DeconGel Prototype Pigskin Decontamination 
          with Rinse and Scrub 

N Bkgd 
1 

Bkgd 
2 

Initial 
CC 

Trial 
1 CC 

Rns 
CC 

TB 
1 CC 

Trial 
1.5 CC 

Film 
1.5 CC 

6 412 415 11814 9639 300 1475 6795 2622 
7 412 415 13123 11506 303 1317 8217 3013 
8 412 415 11398 9565 333 1533 6831 2547 
9 412 415 9814 8161 354 1355 6020 2002 
10 412 415 11944 10328 314 1307 6704 3478 

Mean   11618.6 9839.8 320.8 1397.4 6913.4 2732.4 
11 412 415 9945 9476 200 N/A 6240 3091 
12 412 415 9864 9404 217 N/A 6306 2787 
13 412 415 9642 9060 219 N/A 5915 2938 
14 412 415 9785 9453 252 N/A 6129 3045 
15 412 415 9663 9344 129 N/A 6263 2888 

Mean   9779.8 9347.4 203.4 N/A 6170.6 2949.8 

 
 

Sample Counts Dilution CC Sample Counts Dilution CC 

6 
25.82 

11.6 300 11 
11.82 

16.9 200 

7 
28.82 

10.5 303 12 
17.82 

12.2 217 

8 
24.82 

13.4 333 13 
16.82 

13 219 

9 
22.82 

15.5 354 14 
16.82 

15 252 

10 
28.82 

10.9 314 15 
5.82 

22.25 129 
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Table B8. Pigskin Decontamination With 2 Water Rinses 
          and 1 Gel Prototype Attempt 

Sample Bkgd 
1 

Bkgd 
2 

Initial 
CC 

Trial 
1 CC 

Trial 
2 CC 

Trial 
3 CC 

Film 
Trial 
3 CC 

1 412 390 9389 8304 7858 6476 2932 
 
 

Table B9. NaCl Surface Decontamination  
NaCl 

(g/ml) 
Bkgd 1 Bkgd 2 Initial 

CC 
Final 
CC 

Film CC 

0.35 450 443 10803 2087 8627 
0.175 450 443 11689 1216 1034 
0.035 450 443 8023 365 7643 
0.0035 450 443 10217 451 9509 

 
 

Table B10. Ferric Chloride Surface Decontamination 
FeCl3 
6H2O 

(g/ml) 

Bkgd 
1 

Bkgd 
2 

Initial 
CC 

Final 
CC 

Film CC 

0.6 450 443 9558 3565 5926 
0.4 450 443 9093 1469 7549 
0.2 450 443 9215 1242 7854 
0.1 450 443 8485 84 8341 
0.05 450 443 10271 153 10085 
0.025 450 443 8975 173 8689 
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Appendix C 

Letter From CBI: Explanation of DeconGel Operation 

Date:	  	  	  2/8/10	  
	  
To:	  	  Kyle	  Hanley	  and	  Dr.	  Alena	  Paulenova	  
	  
From:	  	  Dr.	  Garry	  Edgington	  
	  
Subject:	  	  DeconGel	  Mechanism	  
	  
To	  Whom	  It	  May	  Concern:	  
	  
DeconGel	  is	  a	  combination	  of	  materials	  commonly	  found	  in	  soaps,	  detergents,	  

hair	  gel	  and	  latex	  house	  paint.	  	  	  Although	  there	  are	  several	  DeconGel	  products,	  

they	  are	  based	  upon	  the	  same	  raw	  material	  set.	  

	  

DeconGel	  binds	  to	  hydrophobic,	  hydrophilic,	  organic,	  inorganic	  and	  particulate	  

contaminants	  that	  are	  on	  the	  surface	  or	  in	  the	  porosity	  of	  a	  surface.	  	  The	  coating	  

is	  designed	  to	  wet	  out	  the	  surface	  very	  well,	  including	  the	  interior	  of	  

microscopic	  pores.	  	  The	  ability	  to	  wet	  out	  the	  pores	  contacting	  the	  surface	  of	  the	  

inside	  of	  the	  pore,	  incorporate	  the	  contaminant,	  shrink	  upon	  drying	  and	  the	  get	  

physically	  removed	  from	  the	  interior	  of	  the	  pore,	  is	  one	  characteristic	  that	  

distinguishes	  this	  method	  of	  decontamination	  from	  other	  common	  methods.	  	  

For	  example,	  soap	  and	  water	  with	  wiping	  or	  scrubbing	  and	  the	  use	  of	  

absorbents	  are	  the	  most	  common	  methods	  of	  decontaminating	  a	  surface.	  	  

However,	  no	  physical	  mode	  of	  action	  takes	  place	  within	  the	  pore	  because	  rags	  

and	  brush	  bristles	  are	  much	  larger	  than	  the	  pore.	  The	  contaminants	  simply	  have	  

an	  inefficient	  dilution	  effect.	  	  Power	  washing,	  to	  a	  degree,	  over	  comes	  this	  

disadvantage,	  however	  it	  spreads	  the	  toxic	  material	  over	  a	  wide	  area.	  	  DeconGel	  

wets	  out	  and	  	  incorporates	  the	  contaminant	  and	  physical	  pulls	  it	  out	  of	  the	  

interior	  of	  pores.	  
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DeconGel	  incorporates	  wetting	  agents	  that	  enhance	  the	  coatings	  ability	  to	  not	  

only	  wet	  out	  the	  surface	  and	  the	  interior	  of	  porosity,	  but	  also	  to	  help	  the	  gel	  

completely	  	  coat	  the	  surface	  of	  particulates.	  	  This	  results	  in	  the	  particulate	  being	  

bound	  inside	  the	  film	  instead	  of	  it	  being	  stuck	  to	  the	  surface,	  reducing	  spread	  of	  

the	  contaminant.	  

	  

DeconGel	  includes	  chelators	  that	  work	  together.	  	  One	  of	  the	  chelators	  is	  

polymeric	  and	  although	  it	  is	  a	  weak	  chelator,	  there	  is	  a	  large	  amount	  of	  it	  

present	  in	  the	  formulation.	  	  The	  second	  chelator	  is	  a	  powerful	  chelator	  for	  heavy	  

metals	  and	  has	  additional	  functionality	  that	  associates	  with	  polymer.	  

	  

Although	  the	  decontamination	  of	  a	  surface	  is	  primarily	  a	  dilution	  mechanism,	  

the	  attraction	  of	  the	  chelator	  to	  the	  polymer,	  even	  after	  chelating	  metals,	  helps	  

keep	  the	  chelated	  metals	  associated	  with	  the	  polymer	  matrix.	  	  

	  

The	  surfactants	  work	  in	  a	  traditional	  manor	  emulsifying	  a	  variety	  of	  compounds	  

and	  dissolving	  them	  in	  the	  film.	  

	  

The	  dilution	  effect,	  is	  that	  when	  the	  chelators	  and	  surfactants	  bind	  

contaminants	  and	  convert	  them	  to	  water	  soluble	  species,	  entropy	  drives	  the	  

distribution	  towards	  uniformity	  throughout	  the	  bulk	  of	  the	  film	  which	  drives	  

the	  contaminant	  away	  from	  the	  contaminated	  surface.	  	  When	  the	  film	  dries,	  it	  

entraps	  the	  incorporated	  contaminants	  with	  only	  a	  small	  fraction	  of	  the	  

contaminants	  remaining	  at	  the	  film/surface	  interface.	  	  When	  the	  film	  is	  peeled,	  

it	  yields	  a	  decontaminated	  surface,	  with	  the	  contaminants	  bound	  within	  the	  

film.	  
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Additionally,	  the	  wetting	  agents	  and	  defoamers,	  associate	  with	  many	  surfaces.	  	  

These	  compounds	  help	  dissociate	  contaminants	  from	  the	  surface	  and	  render	  the	  

surface	  less	  attractive	  to	  many	  chelated	  or	  emulsified	  contaminants.	  

	  

As	  the	  film	  dries,	  the	  flow	  of	  water	  is	  away	  from	  the	  surface.	  	  The	  flow	  although	  

minute,	  is	  postulated	  to	  also	  contribute	  to	  the	  incorporation	  of	  fully	  chelated	  or	  

emulsified	  species.	  

	  

Thixotropic	  agents	  are	  added	  to	  the	  formula	  to	  increase	  sag	  resistance	  on	  

vertical	  surfaces	  allowing	  for	  thicker	  wet	  films	  to	  remain	  stable	  and	  dry	  in	  place	  

as	  opposed	  to	  running	  down	  the	  surface,	  leaving	  behind	  a	  film	  that	  is	  too	  thin	  to	  

peel	  after	  it	  is	  dry.	  	  The	  viscosity	  of	  a	  thixotropic	  material	  decreases	  

dramatically	  when	  shear	  is	  applied,	  such	  as	  at	  the	  tip	  of	  a	  spray	  gun.	  	  The	  

material	  then	  increases	  in	  viscosity	  when	  the	  shear	  is	  removed	  due	  to	  the	  

dynamic	  reassembly	  of	  a	  physical	  network.	  	  Thus	  when	  the	  coating	  is	  applied	  to	  

a	  wall,	  e.g.	  shear	  is	  removed,	  the	  viscosity	  increase	  results	  in	  a	  greater	  stable	  

wet	  film	  thickness.	  	  Peelability	  correlates	  directly	  with	  increasing	  film	  thickness	  

due	  to	  increasing	  strength	  of	  the	  film.	  	  It	  requires	  a	  much	  thicker	  dry	  film	  to	  peel	  

from	  a	  concrete	  surface	  than	  a	  smooth	  no-‐porous	  surface.	  

	  

Defoamers	  are	  added	  to	  reduce	  the	  amount	  of	  foam	  generated	  during	  spraying,	  

release	  foam	  from	  the	  applied	  film	  which	  increases	  film	  strength	  and	  to	  aid	  in	  

dissociating	  contaminants	  from	  various	  surfaces.	  

	  

The	  dye	  is	  a	  dye	  commonly	  found	  in	  food	  coloring.	  	  The	  amount	  of	  dye	  is	  set	  so	  

that	  the	  end-‐user	  can	  visually	  see	  the	  wet	  film	  thickness	  of	  the	  gel	  during	  

application.	  
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Best	  Regards,	  

Garry	  J.	  Edgington,	  Ph.D.	  

Chief	  Scientist	  

CBI	  Polymers	  

1946	  Young	  St.,	  Suite	  288	  

Honolulu,	  Hawaii	  96826	  
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Appendix D 
 

D.1 Product Data Sheet 
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D.2	  Material	  Safety	  Data	  Sheet	  
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D.3 Frequently Asked Questions 
 
	  
What is the shelf-life? 
2 year shelf-life if container is not opened 
 
What are ideal temperatures for application? 
Between 38 – 108 degrees F 
 
What is the approximate coverage of the gel? 
25-30 sq. ft/gal for porous concrete 50 sq. ft/gal for construction 
grade concrete 100-110 sq. ft/gal for smooth surface (tile, steel, 
glass) 
 
How is the gel applied (sprayed, painted?) 
Please first watch our informative video. We have two primary 
products. Decon Gel 1101 is best applied via trowel or brush and is 
currently commercially available. DG 1101 requires only one coat on 
most semi-porous and non-porous vertical surfaces. 
DeconGel 1120/1121 is a sprayable version of DG 1101 aIt generally 
requires one coat on non-porous surfaces such as metal, glass, and 
most plastics and paints. It may require several coats on challenging 
vertical substrates, e.g. 2-3 coats on smooth construction grade 
concrete, 3-4 coats on mortar. 
 
What type of trowel do I use for concrete, stainless steel, tile, etc? 
 

Type of Trowel or Brush Type of Surface 
Trowel - 3/32 inch notch - White Glass, stainless steel, tile, smooth 

surfaces 
Trowel - 1/8 inch notch - Red Smooth concrete 
Trowel - 3/16 inch notch - Orange Construction grade concrete 
Trowel - 3/8 inch notch - Green Porous rough concrete 

Paint Bush Complex geometries, uneven 
surfaces, and equipment 

All of these supplies are available from us. 
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What is the difference between the versions of DeconGel? 
Product Number 1101 - Gel 1120 - Spray 1121 - Spray 1102 - Gel 
Application For Radioactive or Chemical Clean-up 

Applicator Brush or 
Trowel 

Hand Held 
Sprayer 

Industrial 
Sprayer 

Brush or 
Trowel 

Appearance Blue Liquid 
Preparation Ready to use 
pH 5.0 - 7.0 
Shelf Life 24 months 
Decontaminatio
n % Up to 100% 

Density 8.35 - 8.65 lbs/gal 

Drying Time 3 - 24 hours (depending on humidity, temperature, and film 
thickness) 

Average 
Coverage 

25 to 100 
ft² per 
gallon 
 
0.61 m2 to 
2.45 m2 per 
liter 

25 to 75 ft² per gallon 
 
0.61 m2 to 1.84 m2 per liter 

25 to 100 
ft² per 
gallon 
 
0.61 m2 to 
2.45 m2 
per liter 

Cleaning of 
Pump 

Pump not 
needed 

Pump rinsed with water 
between applications 

Pump not 
needed 

Viscosity 9,000 – 
19,000 cps 

2,000 – 3,000 
cps 

3,000 – 7,000 
cps 

9,000 – 
19,000 cps 

Application Best 
For 

Floors, 
equipment, 
glove boxes, 
tools, 
porous 
surfaces, 
spills, etc. 

Vertical 
surfaces, 
difficult to 
reach areas, 
large surface 
areas including 
non-porous 
surfaces 

Vertical 
surfaces, 
difficult to 
reach areas, 
large surface 
areas 
including 
porous 
surfaces 

Floors, 
equipment, 
glove 
boxes, 
tools, 
porous 
surfaces, 
spills, etc. 

# of Coats 
Needed Per 
Application 

1 -2 2 - 4 1 - 4 1 - 2 

 
 
How long does it take for the DeconGel to cure?   
Drying time depends on a combination of the ambient humidity, 
temperature, type of substrate and applied wet film thickness. This 
can take from as little time as an hour for thin coats in a dry 
environment with plenty of airflow, to overnight or longer if thicker 
coats are applied in humid environments. Dry times exceeding 24 
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hours may be required for the film thicknesses required for good peel 
performance on bare concrete, wood and other highly porous 
substrates. Applying supplemental heat, airflow or dehumidification 
can speed up the drying time. 
 
How is DeconGel disposed of? 
In general the peeled film must be disposed of according to the 
requirements for disposal of the contaminant type and concentration 
in the film. The dried gel does not require disposal as “hazardous 
waste” and the chelating agents are present at < 1wt% in the liquid 
gel (as supplied) and < 5wt% in the dried gel and have not required 
treatment prior to disposal per the NRC Part 61 Low Level Waste 
disposal criteria. 
Use of the gel in the United States that resulted in the dried gel 
containing radioactive material and has been disposed of without any 
further treatment via: 
  Disposal as low level waste at Energy Solutions’ Clive Site 

  Incinerated as low level waste at Energy Solutions’ Bear Creek 
Facility. 

For Energy Solutions’s Clive Site, the waste package acceptance is 
based upon the DeconGel’s clean-up application and ensuring the 
generator appropriately characterizes the waste upon which DeconGel 
is applied.  Below are the main conditions for acceptance. 
  Chelating agents in the waste package shipped for disposal 

must be less than 0.1% for disposal at the LLRW embankment.  
For waste packages containing chelating agents greater than 
0.1% and less than 22% may be disposed at EnergySolutions' 
mixed waste embankment.  Waste packages with chelating 
agents exceeding 22% by weight are prohibited for disposal at 
EnergySolutions. 

  Generators must adequately characterize the waste to ensure 
any added contamination to the DeconGel does not change its 
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regulatory designation (e.g., hazardous, PCBs, 
etc.). EnergySolutions can accept waste containing RCRA 
hazardous constituents, PCBs, and other non-
radiological contaminants but the waste must be appropriately 
described in the waste profile prior to shipment. 

  Liquid waste must be described in the waste profile and 
shipped to the mixed waste facility. 

 
How stable is the gel, once it has been stripped off a surface? 
This is important as it is likely the sites receiving the waste will 
need to understand how the gel degrades over time. 
The gel is stable in a sealed container/bag. It can dissolve over time 
in the presence of water. 
 
What if I have problems removing DeconGel? 
A variety of tools can help you in removing DeconGe.l A razor blade 
to score the tough film on 3 dimensional objects like pipes makes 
peeling easy. Buddy tabs (tape as shown in the video) can help start 
the peel. A simple wooden paint stirrer available at any house paint 
store (as shown in the video) is an excellent tool for starting the peel. 
If the DeconGel is too thin to peel, apply a 2nd layer of decongel, 
allow it to dry, and then peel.	  
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Appendix E 

Paint Material Data Sheets 
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Appendix F 
	  
Scintillation	  Well	  Counter	  Data	  Printouts	  
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