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 EXECUTIVE SUMMARY 
 

Degradation products have been identified in the extracts of Tank 50 samples analyzed by semivolatile 
organic compound analysis (SVOA) using gas chromatography/mass spectrometry (GC/MS).  These 
materials, identified as short chain alkyl alcohols, were formed by acidification during sample preparation.  
A number of questions were raised about the formation of these and other materials reported in Tank 50 
surface samples, and this report serves to address these questions.  In summary the questions and answers 
are as follows. 
 

Q1. Is the isooctyl adipate, reported in the 3Q12 and 4Q12 samples of Tank 50, connected to the 
other organics generated by the acidification of SVOA prep? 

A1. No, the adipate plasticizer is a highly functionalized molecule. 
 
Q2. What is the source of the six carbon chain organic that is being converted to 4-methyl-3-

hexanol and/or 5-methyl-3-hexanol? 
A2. Alcohols were generated as degradation products from the action of nitrous acid (formed in 

situ) on phenol-d6 surrogate and other laboratory standards. 
 
Q3. Are the degradation products found in the sample extracts added to the SVOA prep as 

standards? How are the lab standards playing a role in the artifact formation? 
A3. Experimentation has shown that the organic impurities identified in the Tank 50 sample 

extracts were formed by the action of nitrous acid on laboratory standards.  The compounds 
were not added directly, but were formed during preparation of samples.  

 
Q4. What is the result of NMR spectra of the methylene chloride extractant?  Does it show the 

presence of hexane contamination? 
A4. Impurities are present in the methylene chloride at the low ppm level.  Hexane was not found, 

and the impurities identified do not contribute significantly to the organic mass associated with 
the Tank 50 extract. 
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1.0 Introduction 
 
The action of nitrous acid, formed by the over-acidification of the Tank 50 surface sample matrix to pH 2, 
caused the formation of degradation products in the Tank 50 sample extracts.  Acidification to pH 7 or 
less is necessary to protonate phenolate ions present in the sample to affect extraction and subsequent 
analysis of phenol by semi-volatile organic analysis (SVOA); further acidification is not required.   
 
This report serves to address artifact formation during preparation of the Tank 50 surface samples, and in 
doing so will also serve to address the following questions related to the preparation and analysis of these 
samples in recent quarters. 
 

1. Is the isooctyl adipate, reported in the 3Q12 and 4Q12 samples of Tank 50, connected to the other 
organics generated by the acidification of the SVOA prep? 

2. What is the source of the six carbon chain organic that is being converted to 4-methyl-3-hexanol 
and/or 5-methyl-3-hexanol? 

3. Are the degradation products found in the organic materials added to the SVOA prep as standards 
playing any role in the erroneous reporting? 

4. What is the result of an NMR spectrum of the methylene chloride extractant?  Does it show the 
presence of hexane contamination? 

2.0 Experimental Procedure 

2.1 Technical 

 
Tank 50 sample preparation instructions for SVOA are as follows. 
 

1. Measure 10 mL volume of sample. 
2. The customer supplied blank must have all reagents added in the same amounts as used for the 

samples. 
3. Spike with 50 µL of 2000 mg/L Phenol-d6. 
4. Mix, then measure pH. 
5. Add 5 mL saturated KH2PO4 buffer solution. 
6. Add 5M H3PO4 to lower pH (must be between 6 and 7). 
7. Extract three times with CH2Cl2. 
8. Combine CH2Cl2 layers and filter through glass wool and anhydrous Na2SO4 into clean vial. 
9. Concentrate under N2 stream at room temperature to 1 mL. 
10. Spike with 20 µL SVOA-ISS 

2.2 Quality Assurance 

 
Requirements for performing reviews of technical reports and the extent of review are established in 
manual E7 2.60.  SRNL documents the extent and type of review using the SRNL Technical Report 
Design Checklist contained in WSRC-IM-2002-00011, Rev. 2. 

3.0 Results and Discussion 
 
SVOA is performed on a quarterly basis for Tank 50 surface samples at the Savannah River Site (SRS) 
with careful monitoring of phenol, tri-n-butyl phosphate, Isopar-L, and Norpar.  
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Extraction of phenol during sample preparation requires acidification of the sample matrix to pH 7 prior 
to extraction.  Phenols are more acidic than organic alcohols, and the protonation equilibria for these 
species are shown in Equation (1) and (2) below.2  
 

             Ka  = 10-16 (pKa  = 16) 

 (1) 
Ethanol    Proton    Ethoxide ion 

 
 
 
 

  
Ka = 10-l0  (pKa = 10) 

 
(2) 
  Phenol       Proton         Phenoxide 
  

The negative charge on the phenoxide ion in Equation 2 is stabilized both by solvation and by electron 
delocalization into the aromatic ring.  Electron delocalization in phenoxide causes stabilization of the ion, 
and this makes phenol a stronger acid than either the simple alcohols, such as ethanol, or the short chain 
alkyl alcohols that have been reported, which have no such stabilization. 
 
The sample matrix contains sodium nitrite, which forms nitrous acid if the sample is acidified to pH 2 or 
lower.  Nitrous acid is a strong oxidant which reacts with organic compounds3 present in the sample or 
extract.  The samples need not be acidified below pH 7.0 for extraction of phenol.  
 

3.1 Analysis of Matrix Matched Blanks 

 
We have demonstrated that acidification to pH 1.5 of a matrix matched blank causes the same degradation 
products to form using identical preparative conditions.  In Figure 3-1, overlaid traces are shown, 
depicting four chromatograms.  The inverted black trace is a laboratory blank, showing six internal 
standards and a surrogate standard.  The blue, red, and green traces above the blank are salt solution 
simulant extracted at pH 14, 7, and 1.5, respectively. 
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 Figure 3-1.  Chromatographic Results of the Matrix Matched Blank Prepared at Varied pH Levels. 

 

 

Note that impurities form at a retention time (RT) 8.0 minutes and lower as the pH is reduced.  At pH 7, 
no such impurities are formed.  At pH 1.5 impurities form in the extract near RT 8.0 and also near RT 
10.0, with concurrent disappearance of phenol-d6 at 8.5 minutes, as well as the sixth internal standard, 
perylene-d12, at 18.7 minutes. 

3.2  Analysis of Tank 50 Material 

 
Analysis of the matrix matched blank at pH 1.5 resulted in a chromatogram virtually identical to those 
from the Tank 50 samples which were acidified to similar pH values during preparation.  Figure 3-2 
illustrates the similarity of these chromatograms. 

Figure Index 1 - Standards    
Internal Standards RT, min.    

Phenol-d6 (surrogate) 8.5    

Dichlorobenzene-d4 9.0  Figure Index 2 –Trace Index 

Naphthalene-d8    10.4  Trace Color Simulant Extract pH 
Acenaphthene-d10    12.2  Black - inverted Blank 
Phenanthrene-d10 13.8  Blue 14 
Chrysene-d12      16.8  Red 7.0 
Perylene-d12      18.7  Green 1.5 
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Figure 3-2.  Comparison of chromatograms from acid adjusted simulant analysis (bottom trace) with 
acidified Tank 50 sample (top trace).  Note: The impurity peaks at RT 10.0, 8.0, and lower are very similar. 

 

3.3 NMR Analysis of Solvents Used for Preparation of Samples 

 
Nuclear magnetic resonance (NMR) analysis results indicated that about 30 ppm of hydrocarbon or 
alkylated material is in the 99.9% pure methylene chloride and about half of this material is water.  This is 
consistent with our expectations.  The identifiable protons present were from cyclohexanone, acetone, 
dimethyl acetamide, and possibly an allyl compound.  The presence of impurities in the methylene 
chloride does not contribute significantly to the organic mass associated with the organic extract of the 
Tank 50 sample.  The components are tabulated in Table 3-1 and shown in Figure 3-3 
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Table 3-1.  Organic Constituents Associated with SVOC Sample Preparation 

Constituent Purpose Concentration 
methylene chloride Extractant 90+% 

isopropanol Surrogate Solvent 5% 
phenol-d6 Surrogate 100 mg/L 

dichlorobenzene-d4 Internal Standard 40 mg/L 
naphthalene-d8 Internal Standard 40 mg/L 

acenaphthene-d10 Internal Standard 40 mg/L 
phenanthrene-d10 Internal Standard 40 mg/L 

chrysene-d12 Internal Standard 40 mg/L 
perylene-d12 Internal Standard 40 mg/L 

 
 
 

 
Figure 3-3.  NMR Spectrum of Impurities Present in Methylene Chloride Extractant 

 
Degradation of all of these organic components is feasible.  The degradation of select internal standards 
and surrogates, specifically the nitrous acid induced decomposition of phenol-d6 and perylene-d12, 
primarily led to the formation of alcohols reported for the surface Tank 50 acidified extracts.  The level of 
alcohols generated was much lower than that of the materials destroyed.  Approximately 150 mg/L of lab 
standards were degraded, and less than 20 mg/L of alkyl alcohols were formed.   

3.4 Other Considerations 

 
Isooctyl adipate reported in earlier quarterly samples does not appear to be related to the organics 
generated by acidification of the tank waste sample.  The adipate is a more highly functionalized 
molecule, which is a known industrial plasticizer.  Adipate was identified in only two of the recent Tank 
50 quarterly samples.4, 5   
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4.0 Conclusions 
 
The source of reported alcohols formed from the acidification process was most likely the result of the 
surrogate and internal standards added to the sample extract.  These materials all have aromatic structures, 
ranging in size from phenol-d6 (C6D6O) to perylene-d12 (C20D12).  This has been shown by the 
preparation of a matrix matched blank, extracted at caustic, neutral, and acidic pH.  When the blank is 
acidified to pH 2, the resulting extract contains degradation products comparable to those found in recent 
Tank 50 extracts.  Contaminants were found in four different quarterly samples, 5, 6, 7, 8 but reported in 
only two quarterly reports before the true source of the material was uncovered.5, 6 

 
The degradation products probably are formed through the action of nitrous acid upon the surrogate or 
internal standards present in the sample extract.  Nitrous acid is a strong oxidizer and is formed when 
sodium nitrite in the sample matrix is acidified to less than pH 2.  
 

5.0 Recommendations and Path Forward  
 
The following extraction protocol, lab blanks, and peer review will be implemented for all future 
quarterly Tank 50 WAC samples. 
 
Extraction Protocol - All Tank 50 sample extractions will be performed as received (with no pH 
adjustment), and then, for the sole purpose of analyzing for phenol, re-extracted with sample pH adjusted 
to pH 7.  The “as received”, then neutralized extraction will be carried out for each sample and blank each 
quarter, and extracts will be analyzed separately. 

Lab Blanks - A matrix matched blank will be prepared and analyzed in addition to the laboratory 
extraction blank and customer supplied blank received with samples each quarter.  All will receive 
preparative chemistry identical to the samples, including neutralization, spike, and extraction. 

Peer Review – An independent technical review shall be performed on 100% of the analyses.   
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