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What is the Objective of 
the Agent Fate Program?

Objectives:
•

 
Measure and understand the agent/substrate interactions

•
 

Develop predictive algorithm module

•
 

Support all capability areas: 
detection, protection, decontamination

•
 

Augments operational and mission area analysis tools 
Joint Effects Model (JEM) 
Joint Operational Effects Federation (JOEF)

•
 

Direct feed to Low Level Toxicology DTO (CB.51)

Improve model predictions of agent persistence 

Payoffs:
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Providing Relevant Products
 To The Warfighter
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Environmental Fate of Chemical Agents
Purpose & Goal –

 

To enhance predictive tools with high-fidelity data, quantifying 
the fate of chemical agents within operationally significant climates and surfaces.

Wind Tunnel Testing

ModelingAgent/Substrate 
Interactions

Outdoor Testing
Measures evaporation 
of agent from surface 
at realistic climactic 
conditions.  Main data 
input stream for 
predictive models

Uses combinations of 
vapor sampling & 
gravimetric analysis

Agent/Substrate 
interactions are critical 
component to 
determinations of fate.  

Studies use  highest fidelity 
methods including NMR, 
SPME, vapor resurgence, 
extractions quantitative 
imaging and fundamental 
property measurements

Annulus pix

Validates model 
developed with wind 
tunnels data

Provides “ground 
truth”

 

of behavior in 
environment

Improves hazard  
prediction tool 
accuracy

Transitions 
information to 
warfighter in a 
usable format

CHEMRAT

International Partners:  CZ, POL, NLD, UK, and SGP
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Design of Experiments Minimizes 
the Number of Experiments
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HD on Concrete CCD Experiments

•

 

Created central composite 
design (CCD) experimental 
test matrix 

•

 

Developed surface 
evaporation assessment tool

•

 

Incorporated 26,115 new 
data elements into 
evaporation database

•

 

About 10,000 experiments for full 
factorial approach –

 

infeasible!
•

 

Now, about 1500 experiments with 
CCD approach

•

 

24 agent/substrate 
combinations

•

 

3 levels for each parameter 
(temp., drop size, wind 
speed, humidity)
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VX
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Imaging Systems Display
 Agent / Substrate Interactions 

HD on high-silica Sand

Imaging techniques quantify agent penetration into porous media 

Asphalt –

 

4 days Concrete –

 

4 hours

HD on ConcreteVX on Sand

HD on Concrete
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Displacement of GD by Rainfall:  
Sand vs. Montmorillonite Clay

Montmorillonite Clay
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• Substantially greater GD Displacement-Peaks from Clay than Sand

• Substantially greater Total amount of GD displaced (~30x) from Clay

 

than Sand

• Clay soil material retained displaceable-GD appreciably longer than Sand
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NMR Results: Degradation of HD

•

 

Limestone:

 

No reaction in 19 months
•

 

Asphalt:

 

No reaction in 13 months
•

 

Sand:

 

No reaction in 12 months
•

 

Mortars:

 

Half-lives of weeks to years.
•

 

Concrete:

 

Half-lives of weeks to years.

The initial degradation products on concrete were toxic sulfonium 
ions.  These degraded to non-toxic products over a period of 

months to years.

Decomposition was faster on wet substrates 
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Interaction of VX with the 
Components of Concrete

Purpose:
To Determine which of the Components of Concrete is Primarily Responsible for the 
Hydrolytic Decomposition of VX

Conclusions:  
•

 

The active component is the Mortar, Portland Cement
•

 

The active chemical component is Calcium Oxide
•

 

Calcium Carbonate is ineffective in decomposing VX
•

 

Surface Calcium Oxide is converted to Calcium Carbonate during aging
Summary:  
•

 

The experiments identify the important concrete ingredient in the decomposition of 
VX to be the Calcium Oxide in the Portland Cement

•

 

Concrete is an example of a porous, reactive substrate of interest
•

 

Further experiments continue to aid in our understanding of secondary vaporization

New Old
pH 12 8
VX reacts faster reacts slower
Mustard reacts faster reacts slower
Mustard forms vinyl no vinyl
Ca Species oxide carbonate

CaO + CO2

 

= CaCO3
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VX on Concrete Monoliths

•

 

Initial reaction in the first monolayer of 
VX, followed by a slower, secondary 
reaction

•

 

If the VX is diluted in hexane it reacts 
faster

•

 

Smaller droplets react faster

•

 

VX degrades faster on more basic 
(newer) concrete

O

P
O S

N +

EMPA

O

P
O OH HS

NH2O or OH−

VX
OH− (not H2O)

O

P
HO S

N

EA-2192

+   EtOH
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Range of Wind Tunnel 
Sizes Used in Agent Fate

65-cm Multiple Droplets

5-cm design enables 
multiplexing of tunnels in 

chemical fume hoods 5-cm Single/Multiple Droplet
10-cm Multiple Droplets



13

5 x 5-cm Wind Tunnel 
Operational Arrangement

Control 
System 

Computer

Agent/Substrate Sample

Variable Tube 
Sampler (VTS) x2 

HYFED
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Concentration vs Time
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Preliminary Persistence Estimates
 HD on Concrete / Sand Vapor Hazard

Preliminary comparisons of evaporation from operationally relevant substrates 
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Agent Fate Product

As of Sept 2007
•

 
364 datasheets

•
 

Agents
-

 
HD, GD, VX 

•
 

Substrates
-

 
Asphalt

-
 

Concrete
-

 
Glass

-
 

UK Sand
-

 
Stainless Steel
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VX Contact Hazard Estimates

Ungloved, 2-Hand Touch
Percutaneous

 

Liquid Contact Hazard
(Severe ED50

 

Effects)
Based on  VX data on an Impermeable Surface from Agent Fate DTO 

Surface 
Temperature (oC)

Full 
Transfer

Partial 
Transfer*

35 2770 1520
42 1470 740
50 990 570

Time (min)
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* Partial Transfer = 50% transfer from surface to hand,
25% transfer through skin

1 g/m2

 

deposition
90% agent purity (900 mg/m2

 

agent deposition)
Mono-dispersed 6-uL drops (~ 2.3mm spherical drop diameter)
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From Data to Operational Utility
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Summary

•
 

Environmental Fate of Chemical Agents DTO CB.42 
successfully completed in 2006 ECBC-TR-532

•
 

CWA evaporation and reaction kinetics data 
delivered to modelers to improve hazard prediction 
estimates

•
 

Updated AFMAN 10-2602; TTP’s; VLSTRACK; 
CHEMRAT

•
 

Data being processed to deliver secondary 
evaporation model to JEM 3rd quarter FY08 under 
TTA IS12

•
 

Future work:  Thickened Agents on operational 
substrates
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•

 

The source term is defined as follows:
–

 

(a) amount of agent deposited on the surface
–

 

-

 

(b) amount of agent evaporated
–

 

-

 

(c) amount of agent that ‘irreversibly’

 

binds to substrate
–

 

-

 

(d) amount of agent that reacts with the substrate
–

 

+ (e) amount of agent that diffuses back to the surface

(a) Initial Deposition
vapor flux

(b) Surface Evaporation,
Agent Absorption

vapor flux

(c) Substrate Adsorption vapor flux

(d) Substrate Reaction

vapor diffusion

(e) Agent Diffusion

What is the source term?
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Need to Determine Scope of Agent/  
Substrate Interactions     

Royal Saudi Air Base

Dhahran

Torrispsamments

 

Plain 
soil type represents 3 
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Agent Fate Database
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Agent Fate Database
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