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• Most in situ chemical decontamination technologies using aqueous
decontaminants (e.g., bleach, liquid hydrogen peroxide, etc.) typically
yield high neutralization efficacies for nonporous materials.

• However, decontamination procedures generally have limited efficacy if
the contaminant migrates into a permeable surface or further into an
underlying porous sublayer.

• This work determined the permeation of two CWA surrogates – malathion
and 2- chloroethyl phenyl sulfide (2-CEPS) – into and through free
standing paint (FSP) and free-standing sealant (FSS) layers placed on top
of a porous solid phase extraction disk (SPE).

• Outcomes from permeation studies were used to design laboratory-scale
decontamination approaches of permeated chemical using a common
decontaminant (concentrated germicidal bleach)

• The results contribute to understanding on how to remediate challenging
types of permeable building materials.
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Background

Presenter
Presentation Notes
Field decontamination and cleaning practices vary widely, and there is no agreement on cleanup and remediation procedures for the wide range of chemicals and surfaces encountered.
This work determined the permeation of two CWA surrogates – malathion and 2- chloroethyl phenyl sulfide (2-CEPS) – into and through free standing paint (FSP) and free-standing sealant (FSS) layers placed on top of a porous solid phase extraction disk (SPE). The photograph on the bottom shows the free standing layer of paint readied to be placed into cell test containing SPE.
Outcomes from permeation studies were used to design laboratory-scale decontamination approaches of permeated chemical using a common decontaminant (concentrated germicidal bleach)
The results contribute to understanding on how to remediate challenging types of permeable building materials. 
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Experimental approach

Permeation testing

Decontamination                                       
of permeated chemicals

Modified decontamination                        
of permeated chemicals

 Contaminate surface
Weather chemical
 Measure chemical concentration in layers

 Contaminate surface
Weather chemical
 Apply unmodified decontaminant
 Measure chemical concentration in layers

Weather chemical
 Application of modified decontaminant         

AND/OR modified decontamination procedure
 Measure chemical concentration in layers

Questions to answer: 
• Do target chemicals permeate through common surface coatings, e.g., into underlying porous material?
• Can we decontaminate permeated chemicals? 
• Is modification of decontamination approaches warranted for porous materials?

Presenter
Presentation Notes
The aim of the study was to answer three simple questions: 
Do target chemicals permeate through common surface coatings, e.g., into underlying porous material? 
Can we decontaminate permeated chemicals? 
Is modification of decontamination approaches warranted for porous materials?

The 1st phase of the project focused on the laboratory scale permeation testing and consisted of surface contamination with neat target chemical, followed by weathering at controlled environmental conditions, and – after prescribed contact time – the measurement of chemical concentrations on the surface, in the free standing layer, and in the porous subsurface.
Phase 2 was conducted using a very similar approach, with decontamination step performed after the conclusion of weathering period, followed by the measurement of chemical concentration in individual compartments. Decontaminant was applied onto free standing layer surface and processed overnight. No mechanical removal (like brushing, scrubbing) or rinse steps were utilized. This presentation will focus on the results from the permeation and single step (or unmodified) decontamination testing. The modified decontamination testing may include the use of modified decontaminant  (e.g. with additives that aid transfer through standing layers), use of modified decontamination procedures or combination of both types of modifications. 
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Low volatility agent permeation (LVAP) cell

The use of this compartmentalized system permitted a distinct
surface sampling of the top surface of a free layer of paint or
sealant (FSP or FSS), followed by extraction of the entire layer,
and extraction of the porous media underneath (represented by
solid phase extraction, SPE disk) for assessment of the surface-
specific permeation of chemicals.

Presenter
Presentation Notes
One of main objectives of this study was to determine the chemical mass transfer through distinct layers of the permeable material with coating. It was achieved through use of a low volatility agent permeation cell, or LVAP. The LVAP is a small custom made apparatus that allows assembly of surrogate permeable material tests coupon. Note that SPE disk was not painted but a layer of dried layer (paint or sealant)  was placed on top of the SPE disk. 
The use of multiple custom designed spacers and gaskets allowed for direct contact between surface layer and porous material (SPE) underneath. The use of this compartmentalized system permitted a distinct surface sampling of the top surface of a free layer of paint or sealant (FSP or FSS), followed by extraction of the entire layer, and extraction of the porous media underneath (represented by solid phase extraction, SPE disk) for assessment of the surface-specific permeation of chemicals.
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Test design
• Two chemicals (malathion – pesticide and surrogate of VX nerve agent, 

2-CEPS – surrogate of sulfur mustard, HD); applied onto surfaces using a 
direct liquid spike technique

• Two types of permeable surface layers (acrylic latex interior flat paint and 
water-based polyurethane sealant) prepared using ASTM methods; target 
thickness 0.051 mm (FSS) to 0.076 mm (FSP)

• SDB-XC (polystyrenedivinylbenzene copolymer) SPE disk used as a 
porous material surrogate 

• Permeation period up to 72 hours under controlled environmental 
conditions (24ºC ± 3ºC, 50 ± 5% RH, 1 air exchange per hour)

• Concentrated germicidal bleach (8.25% sodium hypochlorite) used for 
decontamination (1 application, overnight processing, no rinse)

• Additional reference and control samples to check for non-permeation 
related losses, efficacy of analytical procedures (surface application of 
chemicals, wipe sampling, extraction and instrumental analysis)
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Process 

Liquid      
spike

Weathering 
(CT=72h)

Surface wipe 
sampling 

Surface layer 
extraction

SPE extraction

Control sample 
wipe sampling 

and/or extraction

GC-MS   
analysis  Permeation testing

Decontamination
testing

Each test includes 
the following sample types:

 3 x positive control (PC)*
 3 x test sample (TC)**
 1 x procedural blank (PB)
 1 x lab blank (LB)
 3 x control spike (CS)

* For each type of material 
** Decontamination testing

Decontamination
(DT=18 h)
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Information outputs 

Surface layer wipe • Chemical amount left on the surface (paint or sealant)

Surface layer extraction • Chemical amount permeated into the (paint or sealant) layer

SPE extraction • Chemical amount permeated into the porous sublayer surrogate (SPE)

Control samples
• Precision and accuracy of chemical application

• Chemical amounts for surface layers (on/in) with no porous sublayer (no SPE)
• Chemical amounts on the surface of non-porous material (stainless steel)
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Do target chemicals permeate? 

After 3 days post-application onto paint surface (contact time, CT = 72h) ~ 20% of malathion recovered was detected 
in SPE,  ~10% in the FSP layer, and  ~70% was still on the surface; the corresponding ratios for sealant were as 
follows: ~0.1% (SPE):10%(FSS layer):90%(FSS surface).
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Malathion permeation, CT=72h
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ISL*

* ISL – initial surface loading

Scenario # 1: Permeation transfer of less volatile (more surface-persistent) chemical; malathion Vp25⁰C = 0.0024 Pa 

Paint (FSP)            Sealant (FSS)

post-spiking

CT = 72 h

Chemical is still visible
on the surface
at 72 hrs post-spiking

Vp25⁰C – vapor pressure at 25°C

Presenter
Presentation Notes
In case of malathion, the permeation transport varies between two types of surface layers used, with almost no permeation into SPE observed for polyurethane sealant and significant permeation observed for FSP (paint layer) testing. It could be due to the low resistance of paint to neat malathion observed during testing. On the lower left photograph you can see a slight paint blister. That visible change of the paint layer integrity (and porosity) could caused increased permeation transport of malathion - through paint layer – into the SPE. However, for both FSP and FSS malathion is still visible on the surface at 72 hrs post-spiking visibly, which aligns with surface fraction being a dominant one in the overall mass balance of malathion. 
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Do target chemicals permeate? (continued)

After 3 days post-application onto paint surface (contact time, CT = 72h) ~ 1 to 2 % of 2-CEPS recovered was 
detected in SPE,  ~95% in the FSP or FSS layers, and ~4% the surface; the overall chemical recovery was < 25% 
suggesting that natural attenuation (due to evaporation) was occurring in parallel to permeation

* ISL – initial surface loading

Scenario # 2: Permeation transfer of more volatile (less surface-persistent) chemical; 2-CEPS Vp25⁰C = 2.53 Pa 

Paint (FSP)            Sealant (FSS)

post-spiking

CT = 72 h

Chemical is not visibly 
present on the surface    
at 72 hrs post-spiking
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Vp25⁰C – vapor pressure at 25°C

Presenter
Presentation Notes
As a rule, gases, vapors, and low-viscosity liquids tend to permeate more readily than high-viscosity liquids. So not surprisingly we are seeing more permeation transport of more volatile and less viscous CEPS. The lower overall recoveries suggest that suggest that natural attenuation (due to evaporation) was occurring in parallel to permeation. After 72 hours post spiking chemical is not visibly present on the surface, which – again – aligns with analytical results shown on the left, with a very low fraction of total recovered 2-CEPS detected on the surface.





Can we decontaminate permeated chemicals?
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Decontamination of malathion using concentrated 
germicidal bleach (1 application,  DT = 18h)

Wipe Extraction SPE

χDE = 99± 1%

χDE = 45± 11%

Paint  over SPE                           
(~10% permeation to SPE)

Sealant over SPE       
(minimal permeation to SPE)

• Decontamination of malathion 
permeated (through paint layer) into 
SPE  was not effective when using one 
application of concentrated germicidal 
bleach (dwell time, DT = 18 h, no rinse)

• Total chemical mass reduction            
of < 50% (mostly from the paint 
surface), compared to 99% total 
reduction in the sealant test for which 
no appreciable permeation of malathion 
to SPE was observed 
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How about more volatile chemicals that quickly dissipate        
from the surface but do permeate into paint or sealant layers 
(and minimally to porous substrate)?

After prolonged CTs, the surface 
levels will be low (or non-detectable), 
but chemicals can be trapped in the 
paint or sealant layers.
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Decontamination of 2-CEPS using concentrated 
germicidal bleach (1 application,  DT = 18h)
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Sealant over SPE       
(permeation to FSS >> SPE)

Sealant over SPE       
(permeation to FSP >> SPE)

χDE = 97 ± 4% χDE = 96 ± 1%

• Very good overall decontamination 
efficacy; > 95% average reduction of the 
initial 2-CEPS surface loading for both 
paint and sealant tests

• Evaporation contributes significantly to the 
overall reduction of 2-CEPS. Evaporated 
amount can depend on air flow or volume 
above the surface.

Presenter
Presentation Notes
We modified the LVAP to create low air flow/higher gas concentration scenario by placement of additional Teflon gasket. The headspace volume was approximately 3 cubic cm. 



12

Permeation of volatile chemicals in the simulated confined space 
– preliminary results

• Special consideration should be given to 
decontamination conditions when the surface 
volatilization is limited (e.g. small confined 
spaces with no ventilation)
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2-CEPS recovery and permeation       
for the open and closed LVAP cell 

Wipe Extraction SPE

• Initial results for closed LVAP (tested only with 
sealant layer, FSS) suggest that for ‘no-
ventilation’ scenario, the surface evaporation 
decreases, yielding good (~ 90%) total 
recovery of 2-CEPS and ~ 6x higher surface 
concentration of chemical. 

• The sealant layer effectively absorbs the 
evaporated agent, and the relative distribution 
of the total permeated chemical (FSS:SPE) is 
similar for both closed and open LVAP systems 
(~ 95% and <2% of total recovered chemical 
was detected in FSS and SPE, respectively). 

ISL*

* ISL – initial surface loading



Conclusions

• Permeation into surface layers and porous sublayers is both chemical- and surface 
layer-type dependent

• Decontamination of chemicals permeated into porous substrate was not effective 
when using a simple liquid-based procedure (1 application of concentrated 
germicidal bleach-overnight processing-no rinse)

• Therefore, studying of different decontaminants and/or modified decontamination 
approaches is warranted for chemicals that permeate to surface layers and porous 
sublayers

• Surface levels and permeation of chemicals can be affected by environmental 
conditions, therefore decontamination approaches should be always studied in a 
realistic setting that mimics potential field conditions 
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Decontamination 
baseline 

- Unmodified 
decontaminant

- Single application

Modified 
decontaminant

Modified 
decontamination 

procedure
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Next steps
• Further investigate the efficacy of various 

decontamination approaches for neutralization 

of chemicals permeated into thin surface layers 

and porous sublayers,  using  both non-

modified (no additives) and – when warranted 

– modified (with additives, e.g. surfactants, 

solvents) decontaminants applied using various 

decontamination procedures (e.g. with and 

without decontaminant re-application step). 



Disclaimer
The U.S. Environmental Protection Agency, through its Office of Research and Development,
funded and managed this investigation through Contract No. EP-C-15-008 WAs 1-090, 2-090 and
2-092 with Jacobs. This document has been subjected to the Agency’s review and has been
approved for presentation. Note that approval does not signify that the contents necessarily reflect
the views of the Agency. Mention of trade names or commercial products, or services does not
constitute EPA approval, endorsement or recommendation for use.
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U.S. EPA PI and corresponding author: Dr. Lukas Oudejans (ORD, NHSRC)
E-mail:  Oudejans.Lukas@epa.gov
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