
NECDF Hydrolysate 
Disposal

PMATA Briefing for:
National Research Council 

Committee On Review And Evaluation 
Of The Army Chemical Stockpile Disposal Program

26 June 2003



PMATA NRC JUN 2003

Accelerated Newport 
Hydrolysate Disposal Status

Perma-fix Conducting Biodegradability Testing to Verify Treatment 
Process

Meet All Permit Requirements
Schedule 2 Compounds Present in Effluent at Concentrations 
Below 0.1 Percent by Weight.

Demonstration Testing Completed 20 June

Parsons has agreed to a Perma-Fix recommendation to use the 
Perma-Fix process for treating hydrolysate based on testing with old 
hydrolysate.  This testing has commenced.  Shipment of the fresh
hydrolysate is on hold pending resolution of VX analytical method 
issues. 
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TENTATIVE PROCESS:

Peroxide Oxidation to Convert Thiolamine to Insoluble 
Disulfide (No Prior Ph Adjustment Used)

Oxidative destruction of Disulfides to Organic Sulfates and 
Phosphonates to Phosphates Using Fenton’s Reagent.  

Precipitated Phosphate (Ferric Phosphate) removed through 
filterpress Commingles With Other Plant Solids (e.g., waste 
activated sludge)  and Disposed in Regional Class D Landfill

The filtrate commingles with other plant flow in the Pre-
Biological Equalization Tank before being added to 
Bioreactors (Sequencing Batch Reactor) for Biological 
Treatment.

Accelerated Newport 
TSDF Treatment Process Options
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On-site storage (storage of greater than 90-days requires 
hazardous waste/environmental permitting) until subsequent 
treatment and disposal in the Dayton area facility can be 
accomplished. 

Identification, selection, and use of an off-site treatment, storage, 
and disposal facility (in a different geographic area) to replace the 
Dayton area facility. 

On-site long-term storage (greater than 90-days) with subsequent 
on-site treatment.  The on-site treatment alternatives include, but 
are not limited to, chemical and physical pre-treatment of the 
hydrolysate followed by on-site or off-site biological treatment; 
chemical and physical treatment; or super-critical water oxidation.

Accelerated Newport 
Hydrolysate Disposal Alternatives



VX  Analytical Method Issues 
at Less Than 20 ng/mL

VX Detection Above the MDL on the Saturn 2200 
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VX Caustic Neutralization
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PMATA Criteria for Release of 
Hydrolysate

Composite Sample:

• VX  MDL < 20 ng/mL 

•[VX] < MDL  (Non-Detect)

Acidified Composite Sample:
[EA2192  Salt]  <  20 µg/mL 

Note:  EA2192 was Measured to Confirm Thorough 
Mixing.  Acidification Makes the Sample Homogeneous 
for NMR Analysis.



PMATA NRC JUN 2003

HAE and SPE

• Combined Hydrolysate
• Hexane Extract
• C2 Column
• Hexane Wash
• Methylene Chloride Elution
• GC-ITMS

• Combined Hydrolysate

• Hexane Extract

• 0.1 N HCl Wash (RSH Removal)

• 1.0 N HCl Wash (VX Removal)

• Adjust to pH 11

• Hexane Extraction

• GC-ITMS

Hexane Acid Extraction Solid Phase Extraction
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CAMDS Results & NECDF Challenge

CAMDS:
HAE GC-ITMS Cleared 25 Batches of Hydrolysate for SCWO 
Testing
SPE GC-ITMS Required to Clear the One Batch Produced from VX 
Stabilized with Diisopropyl Carbodiimide (DICDI)

NECDF
Question:  Does the Stabilizer make a Difference?

In Additional Testing HAE has not Recovered VX or VX Spikes in 
DICDI-Stabilized VX Caustic Hydrolysates.   So, SPE is preferred, 
but Residual VX or Interferant Seen using the Saturn 2200 does not 
Meet Clearance Criteria:

Non Detect =  [VX] < MDL
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Varian Saturn 4D and Saturn 2200

Saturn 4D
Instrument Introduced to 
the Project in 1996 and used 
at CAMDS in 1999-2000
One Stage Isolation

2 atomic mass units 
(amu)
Intially used a 1 amu 
window

Chemical Ionization 
followed by electron impact 
in the ion trap

Saturn 2200
Introduced in 2002

Two Stage Isolation
268 +/- 10 amu
268 +/- 2 amu 

Chemical Ionization 
followed by electron impact 
in the ion trap
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SPE AND HAE MDLs



PMATA NRC JUN 2003

Saturn 2200 Calibration Data
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Saturn 4D:  Less Sensitivity?
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Saturn 2200 Calibration Curve
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Saturn 4D
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Saturn 2200: 
Greater Sensitivity and Interferants?

Figure 7. Saturn 4D GC/ITMS Chromatograms from ECBC Hydrolysate (Alion Lot No. HXVX-03-31-
03) Prepared using Unstabilized VX. Before Additional Heating; SPE MDL Samples No. I Unspiked;
Analyzed on April 8, 2003
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Saturn 2200:  After 3 Hr. Additional Heating
Interferant?
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Saturn 2200:  Previous Sample Spiked

56.8 ppb spike
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Varian Saturn 4D vs. Saturn 2200 GC-
ITMS

Questions: 
1.  Is the Saturn 2200 more Sensitive than the 4D?

Yes 
MDLs determined for SPE and HAE do not appear to be 
significantly different
MDLs on the Saturn 4D and the Saturn 2200 are not significantly 
different
In DICDI stabilized VX Hydrolysate, HAE does not Work
In DICID Stabilized VX Hydrolysate, Additional Heating does not 
appear to reduce the “VX residual”

2.  Is an Interferant Present and Contributing to the Residual VX?
Yes
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Further Questions?

Does SPE Introduce an Interferent  and or 
Participate in Agent Formation?
Is VX Formed in the Organic Extraction Step?
Is the Lack of a Static Mixer in Lab Scale 
Reactors a Problem?
What about the DICDI Stabilized VX 
Hydrolysate?



Back Up Slides
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Thanks to Contributors
1994 thru 2003

PM Alternative Technologies and 
Approaches (PMATA)
Edgewood Chemical and Biological Center 
(ECBC)
PM Assembled Chemical Weapons 
Assessment (ACWA)
Chemical Agent Munitions Disposal System 
(CAMDS)
SAIC
ALION (formerly IITRI)
SwRI
NECDF – Parsons
Stone and Webster – Shaw Group
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Liquid Back Extraction
vs.

Solid Phase Extraction

Liquid Back Extraction Solid Phase Extraction

• MDL < 20 ppb
• Unspiked Hydrolysate 
[VX] < MDL
• No Background Correction 
Required
•Low Recovery (10-40%)
•No VX Formation in 
Extract Observed

• MDL < 20 ppb
• Unspiked Hydrolysate 
[VX] > 20 ppb
• Correction for recovery 
reduces [VX] to < 20 ppb
• Recovery (40 to 150%)
• Residual [VX] > 20 ppb 
suggestive of VX 
Formation in Extract
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Hexane-Acid-Hexane Extraction
Pre-CAMDS MDL Results

IITRI
Run 1

• Spiked at 100 ppb
• MDL = 24 ppb
• Unspiked Hydrolysate 
Triplicates all < MDL

Run 2
• Spiked at 100 ppb
• “MDL” = 14 ppb

- QC Failure-Check
Standard >25%

• Unspiked Hydrolysate 
Triplicates all < MDL

Run 3
• Spiked at 61 ppb
• MDL = 19 ppb
• Unspiked Hydrolysate 
Triplicates all < MDL
ECBC
One Run
• Spiked at 60 ppb
• MDL 25 ppb
• Unspiked Hydrolysate 
Triplicates [VX] < MDL
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Method Review Background

• Chloroform Extraction-Syringe Spike GC/ITMS 
Method was Selected from Protocols used by ECBC to 
Certify Liquid Agent Non-Detect in Decontaminated 
Liquids for Shipment to a TSDF

• During Neutralization Studies in February 1998 
Introduction of VX from a “dead leg” Resulted in Toxic 
Levels of VX in Samples Sent for Toxicology Studies.

•This Event Prompted Detailed Process and Analytical 
Method Review
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Saturn 2200 HAE Before Heating
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Saturn 4D HAE – No Stabilizer
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Saturn 4D SPE – No Stabilizer
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History of Low Level VX Analysis of 
Hydrolysate (1994 - 2000)

Scale Method Detection Limits
Laboratory Glass 
Reactor < 2 Liters

NMR 1 - 20 ppm

Bench - 2 Liters 

Mettler 
Calorimeter

HPLC-MS-MS 100 ppb

Bench
  - 114 L Reactor
  -   12 L Mettler

Chloroform 
Extraction
GC-ITMS 80-200 ppb DL

CAMDS                   
- 100 Gallon Reactor

Hexane - Acid 
Hexane and C2   Less Than 20 ppb
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Agent Formation in Methylene Chloride
Extracts when pH is Adjusted

• ECBC Reported (1996) Formation of VX in 
Methylene Chloride Extracts of VX Caustic 
Hydrolysate when the Hydrolysate pH is reduced 
below pH 11.

• Residual VX is Found in Organic Extracts after 
Hydrolysate pH is Adjusted.  Agent was Observed by 
NMR in the Extract, but not in the pH Adjusted 
Hydrolysate.
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Method Review Results

PMATA adopted criteria from 40 CFR Part 
136 Appendix B (Method Detection Limit) as a 
basis for future analytical method development
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Saturn 2200
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Saturn 4D
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Carbodiimide Stabilizers

Dicyclohexyl Carbodiimide (DCCDI)
Diisopropyl Carbodiimide (DICDI)

R’N=C=NR’

Urea R’N=C-NHR’

SR

Adduct

DCCDI DICDI


