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Summary 

 This report summarizes data on the organic vapors in the single-shell, high-level radioactive waste 
tanks at the Hanford Site. The highest reported concentration of each unambiguously identified gas and 
vapor in the single-shell tank headspaces is provided in Tables 1 through 20.  This report also indicates 
each tank in which the highest concentration was reported and the number of tank headspaces in which 
each species has been identified.  Organic vapors were sorted by chemical class and arranged according to 
their structural similarities. 
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1.0 Introduction 

 This report summarizes data on the organic vapors in the single-shell, high-level radioactive waste 
tanks at the Hanford Site.  The report was originally issued in 2000 and has been revised with new 
information including recent work on the determination of the organic compounds in 17 additional 
SUMMATM canisters from the single-shell tanks.  The vast majority of data were obtained from the Tank 
Characterization Database (TCD) (PNNL 2004), and analyses of the 17 additional SUMMATM canisters 
were obtained from the laboratory reports (Bolling 2002a, 2002b, 2003a, 2003b, 2003c, 2004).  The TCD 
contains about 41,000 results for compounds detected by gas chromatograph/mass spectrometer (GC/MS) 
organic vapor analyses.  This report summarizes the results for about 1,230 compounds, of which about 
550 were found in only one type of sample from a single tank.  Of the 1,230 compounds, 445 have 
maximum reported concentrations of less than 0.025 mg/m3.  Each single-shell tank farm and all major 
waste types are represented.  Descriptions of the sampling and analysis methods have been given 
elsewhere (Huckaby et al. 1995, Huckaby et al. 1996), and references for specific data are available in the 
TCD. 
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2.0 Description of Data 

 The extent to which different tank headspaces have been characterized varies greatly.  The majority 
of tanks have been sampled only once, and generally a single laboratory analyzed the samples, but some 
tanks have been sampled repeatedly and multiple laboratories have conducted analyses.  Two types of 
sampling devices, triple sorbent traps (TSTs) and SUMMATM canisters, were employed to ensure 
collection and recovery of organic compounds with a broad range of volatilities and to provide a 
comparison of overlapping results. 

 Analyses to identify and quantify specific organic compounds have been performed on 104 of the 109 
total tanks sampled.(a)  Samples from each of these 104 tanks were analyzed using GC/MS systems, with 
robust methods designed to maximize the number and types of species that could be detected.  
Limitations of the analytical methods, such as the inability of the methods to detect formaldehyde and 
certain other low molecular weight species, are discussed in the Data Dictionary of the Tank Waste 
Information Network System (TWINS 2004).  This summary report includes GC/MS results from over 
2,100 tank headspace samples. 

 Sampling and analysis plans specified that samples be analyzed for about 50 to 65 organic target 
compounds.  The target compounds were to be positively identified (i.e., GC retention time and mass 
spectra were matched to that of a known standard) and quantitatively measured (i.e., a multi-point 
calibration of the GC/MS was performed with known standards).  Concentrations of target compounds 
were generally required to be accurate to within 30%.  Non-target organic compounds were tentatively 
identified by comparing their observed mass spectra with those in the National Institute for Standards and 
Technology (NIST)/Wiley mass spectral library, and applying both automatic search methods and 
professional judgment to identify the best match.  Experience indicates this method for identification of 
organic compounds is fairly reliable for many compounds.  Ambiguities arose because gas chromatogram 
retention times were not always considered in assignment of chemical names.  Confidence that any given 
tentatively identified compound has been properly identified tends to go down as its concentration goes 
down and as the number of possible chemical isomers goes up.  Concentrations of tentatively identified 
compounds were estimated by comparing their instrument response to that of chromatographically 
adjacent internal standards, and generally, should be considered only accurate to a factor of 2. 

 In addition to uncertainties in the sampling and analysis methodology, changes in the ventilation rates 
of the single-shell tanks directly affect the headspace concentrations of all species.  If a given tank were 
sampled during a period when its ventilation rate was low, the measured concentrations would be higher 
than if the tank were sampled during a period of high ventilation rate.  Ventilation rates of both the pas-
sively and actively ventilated tanks may vary by a factor of about 3 due to vent-and-balance adjustments 
and meteorological conditions, and the reported concentrations should be assumed to vary accordingly. 

 
(a) In 1995, it was decided that organic vapor speciation would not be conducted on certain tanks if their total 

organic vapor concentration was below 5 mg/m3. 
(b) Single shell tanks C-104, C-105, C-106, SX-101, SX-102, SX-103, SX-104, SX-105, SX-106, SX-107, SX-108, 

SX-109, SX-110, SX-111, SX-113, and SX-115 were actively ventilated during the initial headspace sampling 
events in the 1990s.  Passive ventilation rates are discussed by Huckaby et al. 1998. 
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3.0 Procedure 

 Tank headspace gas and vapor data from the TCD and the industrial hygiene samples were compiled 
into a single data file.  Suspect results (flagged by the analyst as suspect or associated with blank 
contamination or results for target analytes that were below the detection limit) were not included in the 
report.  Similarly, the results for ambiguously identified species (e.g., species identified as “unknown,” 
“unknown C-12 alkanone,” etc.) were excluded.  Sometimes two or more compounds elute 
simultaneously from the GC/MS system, and the database therefore contains entries such as “dodecane 
and 2’-hydroxy-5’-methoxyacetophenone.”  Any compound identified only in a mixture (i.e., not reported 
in any tank except as part of a mixture) was excluded from this report, and the reported concentrations of 
all mixtures were excluded from consideration in determining the maximum concentration observed.(a) 

 Results for individual organic compounds have been divided into 18 tables according to chemical 
classification.  Individual tables are given for the alkanes; cycloalkanes; alkenes and alkadienes; alkynes; 
arenes; halogen compounds; alcohols, phenols, and ethers; aldehydes; ketones; acids; esters; nitriles; 
amines and amides; nitroso and nitro compounds; heterocycles; sulfur-containing compounds; silicon 
compounds; and miscellaneous organic compounds.  This categorization was accomplished readily 
because there are very few compounds with more than one functional group.  In the few cases where a 
compound could be included in more than one table, the compounds were included in the table of 
perceived greater toxicological interest (in only one table).  For example, the haloalkene chloroethene was 
included in the halogen-containing compound table (Table 6) and not in the alkene table (Table 3). 

 Table 19 lists results for inorganic compounds.  The tanks having the highest total organic vapor 
concentrations are listed in Table 20 with the reported values.  Summary statistics are given in Table 21. 

 

 
(a) An exception to this rule is the m-xylene, p-xylene mixture, which is included in this report. 
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4.0 Results 

 The observations for the alkanes, cycloalkanes, alkenes and alkadienes, alkynes, arenes, halogenated 
compounds, alcohols, phenols and ethers, aldehydes, ketones, acids, esters, amines and amides, nitriles, 
nitroso and nitro compounds, heterocycles, silicon compounds, sulfur compounds, and miscellaneous 
organic compounds appear in Tables 1 to 18.  Table 19 lists the inorganic compounds. 

 The compounds are assembled in the tables beginning with the smallest molecular weight.  The next 
columns show the total number different tanks in which the compound was detected, the maximum 
observed concentration in mg/m3, the molecular weight, the maximum observed concentration in ppbv, 
and the tank from which the sample having the maximum concentration was obtained.  The sums of the 
total number of observations and the maximum concentrations appear at the bottom of each table. 

 Table 20, which is also derived from information in the TCD, lists the 10 tanks with the highest total 
concentrations of organic carbon based on three different analytical measurements.  The total nonmethane 
hydrocarbon (TNMHC) measurement was conducted by analysis of SUMMATM canister samples using 
the U.S. Environmental Protection Agency (EPA) Task Order 12 (TO-12) method.  Summations of the 
reported concentrations by GC/MS analysis of SUMMATM and TST samples are also given. 

 Finally, Table 21 provides a summary of the results.  This table provides perspective on the total 
number of different compounds in different structural categories and the number of compounds observed 
in only one tank.  The table lists the sum of the maximum concentrations of the compounds in the 
category in ppmv.  Table 21 also lists the number of compounds reported to have concentrations in excess 
of 100, 500, and 1,000 ppbv for each structural group. 
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5.0 Discussion 

 Organic compounds are ubiquitous in the headspaces of the waste tanks.  The alkanes (about 
200 compounds), cycloalkanes (about 150 compounds), and alkenes (about 170 compounds) are only 
modestly more numerous than the other compounds with organic functional groups.  There are about 
120 ketones; about 120 alcohols, phenols and ethers; and about 100 heterocycles (some of the 
heterocycles, for example the tetrahydrofurans, could be equally well listed as ethers). 

 Many semivolatile alkanes and cycloalkanes are recognized as constituents of the hydrocarbon 
diluents used in various Hanford extraction processes.  These diluents are commonly referred to as normal 
paraffinic hydrocarbon (NPH) in technical reports, but several of the commercial diluents that were 
actually employed (Vandegrift 1984) were rich in isoparaffins (e.g., 2-methyldodecane and related 
compounds) or naphthenes (e.g., alkylated cyclopentanes and cyclohexanes). 

 Virtually all of the other alkanes, alkenes, alkynes, arenes, alcohols and ethers, aldehydes, ketones, 
acids, esters, amides and amines, nitroso and nitro compounds and nitriles can be accounted for as 
products of the thermally and radiolytically induced free radical and ionic fragmentation and oxidation 
reactions of NPH, phosphate esters, and complexants.  Most of the heterocycles and miscellaneous 
compounds can also be accounted for in the same manner.  The technical bases for these conclusions are 
set forth in part in Appendix L of the Organic Solvent Topical Report (Cowley et al. 1998) and in The 
Chemistry of Flammable Gas Generation (Stock 2001) and in Vapor Chemistry (Stock 2004). 

 Few of the molecules containing halogen, silicon, or sulfur atoms can arise from the paraffinic 
hydrocarbon, phosphate esters or complexants.  Some of the analytical observations may be spurious.  
However, many of the compounds that cannot be directly related to the principal source term arise from 
other identifiable substances.  The bromine- and chlorine-containing compounds presumably arise from 
tetrabromoethane and the chlorocarbon solvents that were used in operations before 1980 (Klem 1990, 
Gerber et al. 1992).  In addition, the unusual trifluoro ketone listed in Table 6 can be traced to a substance 
listed by Klem.  However, the origins of the freons have not been definitely established.  These 
substances apparently arise from sources other than the liquid and solid wastes.  The principal silicon-
containing compounds, the bis(trimethylsilyl) derivative of 2-hydroxybenzoic acid and cyclic hexa- and 
octamethyl siloxane, presumably originate from silicone fluids that were also used in operations (Klem 
1990, Gerber et al. 1992).  The origin of N-butylbenzenesulfonamide, the most frequently observed 
sulfur- containing compound, is uncertain.  It may be produced from benzenesulfonic acid, a constituent 
of the resins (Gerber et al. 1992) used during operations. 

 In summary, a broad array of inorganic and organic vapors has been observed in the high-level waste 
single-shell tank headspaces.  These vapors and their highest reported concentrations have been tabulated 
by functional group and concentration in this report.   
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