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INTRODUCTION: 

The Chemical Weapons Convention allows for the collection and amlysis of samples at 
-on sites, including &militariation tkilities, to verify compliance with treaty 
obligations. The Repatory Commission to the OPCW, through its Expat Graup on 
hpection Procedures, PC-vm/Bfwp.Z ,  has determined that the T d c a l  Segaariat 
must have analytical equipment t& among other things, ailows ''icbt@ation and 
recording of the detection of chemicals relevant to the purpose of the inspection, but the 
suppression of the indication and recording ofthe detection ofchemicals and ather 
information unrelated to the purpose of the inspeaion." 

This paper descrii unfinished work at the Lawrence Livermore National Laboratory 
(LLNL) to satisfy this requirement for GC-MS instrnmentati OIL 

APPROACH: 

Over a period of years, scientists at LLNL have been developing a mass spectral data 
analysis code that could use the output of thevarionS types of instrumentsat the 
laborato~~. The result is the "M CODE," designed for IBM PC compatl'bie comIlutcrs, 
TheM Code will use the OutputhmFINNEGAN, VARIAN (SATURN), andHP, (both 
RTE and Chemstation formats). 

TheM CODE has thenbeen overlaid with a routine called- tbat limits what 
information is actually presented to the analyst on the computer screen. 

The following is a demonstration ofthe MASK code using data from sampIes coilected 
during joint experiments ofLLNL, the Edgewood Research, Develop- and 
Engineaing Center @?DE0 and the Chemical and Biological Def" Establishment 
(CBDE) at Porton Down, UK. This discussion wi l l  show the current state of tk program 
deveIopment, including what is yet to be done to make the sofkire usable for 
vedicationpwposes 



. DLcjcuSSION: 

Since the purpose of masicing data anaIysis softwan is to withhold from the hpe!ctor 
any idonnation that is WtrrIeVanttothe inspection, alirnitairrfacIlcc library 
containing only specva of CW related compounds was used. The library contained about 
70 Merent spectraand was obtaincdfiom CBDE. The first sdofdata is taken from an 
apubentwhereVXwas aposed to tbecnvironxmnt on a soil sampleat -E. 

- -  

The total ion chromatogram (TIC) of the urtracted sample is shown in Figure 1. 
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Figure 1. Total Ion Chromatogram 0fEXtraa of 
VX on Soil After Ewinnunentai Ejrposnre 

However, this screen is not shown to the inspector analyst Figure 2. shows tbe first 
-==by*- 

The M Code has numberedeachof the peaksthat are acertainpercentage above the 
baseline. This percentage is an adjustable pameter. The TIC is divided into a number 
of time inuements. The increment chosen for this discussion is 5 minutes. Th: code 
comparesthe mass spectnrm deach ofthe rmmbendpeaks Within the time imemcnt 
with tiie rcferenct h i a n d  displays ashied area for the incremnt ifthat is afit 
~ t h e s a m p I e a n d ~ ~ t o t h e ~ t h a t i s P a p e a d i e d  *The 
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DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the United 
States Government Neither the United States Government nor any agency thereof, nor 
any of their employees, make any warranty, express or impiied, or assums any legal liabili- 
ty or rrspoadbiiity for the accuracy, completenets, or usefulness of any information, appa- 
ratus, product, or process disclosed, or represents that its use wodd not infringe privately 
owned rights. Reference herein to any specific c o d a l  product, proc9s, or service by 
trade name, trademark, manufacturer, or otherwise does not necessarily constitute or 
imply its endorsement, recommendation, or favoring by the United States Government or 
any agency thereof. The views and opinions of authors e x p d  herein do not necessar- 
ily state or reflect those of the United States Government or any agency thereof. 
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Figure2. ComputerScreenasSemby 
Analyst at the BeginningdData AJAysis 
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pcification of the nquid fit ccmScicnt is also a d . . l e .  A 0.750 mtching 

that match the reference library. Figure 3 illustrates this. 
* ’ dcientwaschosen.Theinctwnent area is not shaded iftherearenopeakswithin it 

At this point the TIC ofthe relevant time hcmnent can be displayed along with the 
mass spectrum ofthe peak which gave anadequate match totbe rekmcc h i .  This 
is shown in Figure 4. 

Figure 4. Screen Display af Selected 
(Matching) Peak and its Mass Spectrum 

The matchkg reference Spectnunandidentification is then displayed as in Figure 5 
where the first peak is identiliedas VX 
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Figure 5. The F i  Selected Peak is Identified as VX 
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Figure 6. The Second Peak is 1- as Diqcio- - -  'de 

5 



.-program will then move on to the next iacnment b l ~ ~ ~ ~  . 
is another "hit" in the following increment as seen in Figure 7. 

Figure 7. Screen Display Showing "Hits" 
in consecutrv . eTimeIncrements 

Figures 8 and 9 show that the first peak in the interval is identified as bis-(2dhpmpyi- 
-1) disulphide. A degradation product of V X  The second peak does not give a 
match to the libmy and is not identified. 
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Figure 8. TIC oftbe Second hrement with the 
Mass Spectrum of the First Peak 
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Since there are no M e r  ‘‘hits” in this- no further spectral information is 
displayed. (See Figure 10.) Keep in mind that the complete TIC (Figure 1) is never seem 
bY~inspector=mt- 

Figure 10. Screen Display Showing that w )  Peaks in subseqwnt 
Time Increments Matched the Reference Library. 

A rather serious analytical problem, leading to possible hlsc negatives, arises from the 
fact that the analyst cannot view and operate on the entire TIC. This problem is 
illustrated in the next series of figures. 

Figure I 1 shows the dispiay screen from the analysis of a Iiquid sample collected &ring 
asecondcooperatnre * (US-UK) experiment at CBDE. No l i i  matches were made. Yet 
the sample was known to contain DMMP, DEMP and D W .  (It was spiked with them 
and they were identified during a “normal adysis where the MASKprogramwas not 
used.) The reqnired coeilicimt was reckbad fiom 0.750 to 0.150. CThb 
course, not bedoneduring areal kpection) Tkmaiysis s o ~ n o w f h d s t w o t i m e  
increments where matches to the reference liirary occur. (See Figme 12.) 
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Figure 11. Screen DispIay of Sample Contatntn g 

DMMP, DEMP and DlMP Showing no "Hits." 
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Figure 12. "Hits" are Obtained in Two Increments 
When the Fit C&cient is Reduced 
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. ’ Thedisplaynowshmthattherearethreesmallpeaks,nrynearthebaseline. Figure 
13 and 14 show that the first peak is identified as DMMP. (The otbertwo are DEMP 
andDIMPrespectively .I 

, 

SPEclRUt 41 
IHTENSITY= P.SPE+BJ tIlE= 3.- 

Figure 13. ThreeSmaIlPeaksareDetected 
intheFirstlnczement 

The reasonthatthesecompolmds were notoriginailydeteczed is that, since the analyst 
could not view them, no background subtractioncwldkperformed. In this case, there 
is a major background ‘‘spike” which degrades the fit coelEcient. (See Figure 15.) 



Figure 14. Identiiication dthe F i i  Small peak as DMMP 
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Figure 13. Background ''Noise" which Degrack Et ckfl%5axt 
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~ ~ l s ~ t o ~ ~ t h o s e w b b a v t c o n a i b m e d r a t & s p p p o n s ' r h i s ~  
T h i s  work was performed under the auspices of the U. S. Department 
of Energy by Lawrence Livermore National Laboratory under contract  No. 
W-7405-Eng-48. 


