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ABSTRACT EDTA 

Six samples of core segments from Tank 
101-SY were analyzed for chelators, chelator 
fragments, and several carboxylic acids by 
derivatization gas chromatography/mass 
spectrometry. The major components detected 
were ethylenediaminetetraacetic acid, nitroso-
iminodiacetic acid, nitrilotriacetic acid, citric 
acid, succinic acid, and ethylenediaminetriacetic 
acid. The chelator of highest concentration was 
ethylenediaminetetraacetic acid in all six samples 
analyzed. 

Liquid chromatography was used to 
quantitate low molecular weight acids including 
oxalic, formic, glycolic, and acetic acids, which 
are present in the waste as acid salts. From 23 to 
61% of the total organic carbon in the samples 
analyzed was accounted for by these acids. 

INTRODUCTION 

Chelating compounds, such as 
ethylenediaminetetracetic acid (EDTA), and N-(2-
hydroxyethyl)ethylenediaminetriacetic acid (HEDTA), and 
nitrilotriacetic acid (NTA), are not part of the U.S. 
Environmental Protection Agency's (EPA) list of targeted, 
hazardous chemicals; nevertheless, they are receiving 
renewed environmental interest. The structures are shown 
below. 

HEDTA 

HOOG COOH 

.COOH 

NTA 

Large quantities of EDTA and HEDTA (at least 240 
and 1500 tons, respectively) have been used in defense 
related activities at the Hanford site in southeastern 
Washington State.1 These chelators are now part of the 
complex mixed wastes found in large storage tanks at 
Hanford. Mixed waste is defined as waste containing both 
hazardous chemicals and radionuclides. The chelators 
form water-soluble complexes with most heavy metals, 
thereby enhancing the migration of heavy metals in soils. 
For example, studies at Oak Ridge National Laboratory 
demonstrated that EDTA caused the low-level migration 
of 6 0 C o from intermediate-level-liquid waste disposal pits 
and trenches.2 Another study at the Maxey Flats 
commercial low-level-waste disposal site revealed that Pu-
EDTA and ^Co-EDTA migrated.3 In addition, after 
approximately 40 years of storage under radiolysis and 
favorable conditions for chemical degradation, other 
chelator fragments may have formed with equivalent or 



greater complexing capability than the starting materials. 
Recent studies with simulated wastes indicate that chelator 
degradation is, in fact, quite vigorous. '-1 As a result, the 
presence of chelators is an important consideration when 
handling and storing mixed wastes. 

Of the 177 high-level-waste storage tanks at Hanford, 
23 tanks are being watched closely because of the 
possibility that flammable gas mixtures may be produced 
from the mixed waste contained in the storage tanks. One 
tank in particular, Tank 241-SY-101 (Tank 101-SY), has 
exhibited episodic releases of flammable gas mixtures 
since its final filling in the late 1970s. Studies of simulated 
waste mixtures (SWM) have indicated that the gas 
generation and retention are influenced by chelator 
concentration. It was postulated that the chelators form 
hydrophobic surfaces on solids in the SWM. These 
hydrophobic surfaces are more conducive to bubble 
attachment, which causes the solids to float and eventually 
form a crust.6 The presence of chelators becomes very 
important for understanding crust formation and gas 
release. In addition, among the degradation products of 
the chelators are a number of small organic acids, some of 
which may be linked to the production of flammable gases 
such as hydrogen. 

Methodologies for the analysis of chelators, chelator 
fragments, and low-molecular-weight acids (LMWA) in 
radioactive mixed hazardous wastes do not exist As a 
result, methods have been developed to analyze these 
organics in tank wastes. The chelators represent a class of 
compounds whose polarity and non-volatility preclude 
direct analysis by gas chromatography/mass spectrometry 
(GC/MS); therefore, chemical derivatization is required. 
A liquid chromatography (LC) method was developed to 
analyze LWMA. In addition, liquid chromatography/mass 
spectrometry (LCZMS)was used to confirm the 
identification of LWMA. Waste from Tank 101-SY was 
analyzed using derivatization (boron trifluoride/methanol) 
GC/MS , LC, and LC/MS. 

H. EXPERIMENTAL 

A. Waste Sample 

The waste sample represented a composite of several 
segments of actual waste obtained by core drilling the 
waste in Tank 101-SY. This material was highly 
radioactive, contained a high concentration of nitrate and 
nitrite, and the OH" concentration was 2M. A 5-g aliquot 
of the waste sample was weighed and then stirred with 10 
mL of doubly-distilled water overnight in the hot cell 
facilities. The aqueous phase was filtered through a 0.45-
\i filter. The aqueous filtrate was then passed through a 
cation exchange column (10 g, AG50W-X8 resin, N a + 

form), and rinsed using an additional 10 mL of water to 
quantitatively remove the organic material from the resin. 
The resulting sample volume was 20 mL. After surveying 

the samples for radioactivity, the levels were found to be 
reduced by a factor of 500. The aqueous solution 
containing the organics was removed from the hot cell 
facilities. 

Aliquots (2 mL) of the aqueous solution were 
transferred to Teflon-sealed vials, evaporated to dryness 
using nitrogen blow-down techniques, and derivatized by 
adding 2 mL of BF3/methanol and heating to 100° C for 1 
hour. The sample was then hydrolyzed with a KH2PO4 
solution and extracted with chloroform. The chloroform 
extract was then analyzed by GC/MS. 

A 2-mL aliquot of the aqueous solution was made 
acidic to pH 2.5 and centrifuged to remove any solid 
material. The resulting solution was analyzed using LC. 

B. GC/MS Conditions 

The instrument was equipped with a HP 5980 GC and 
a HP 5988 mass spectrometer operated in the splifless 
mode. A fused silica column (DB-5, 30 m x 0.25 mm i.d., 
0.25 urn film thickness, J & W Scientific) was used. The 
oven temperature was typically programmed in the 
following manner: 50° C for 1 min, 8° C/min to 300° C, 
and hold at 300° C for 5 min. The mass spectrometer was 
tuned daily with perfluorotributylamine (PFTBA). In 
these studies, the mass spectrometer was scanned from 50-
500 amu and operated in the electron impact mode (70 
eV). The source temperature was 200° C, the injector port 
temperature was 250° C, and the interfaces Were also at 
250° C. 

Chemical ionization was carried out wim both 
methane and isobutane in both positive ion and negative 
ion chemical ionization modes. The temperature of the 
source for positive ion chemical ionization mass 
spectrometry was 200° C and 120° C for negative ion 
chemical ionization. The mass spectrometer was scanned 
from 100-600 amu in the negative ion mode and 70-500 in 
the positive ion mode. 

C. LC 

Anion exchange chromatography was performed with 
a model 510 solvent delivery pump* a model 712 WISP 
autosampler, and a model 484 variable wavelength UV 
absorption detector (Waters Associates, Milford, MA). 
The column was an Ion Pac A54A (250 mm x 4.0 mm) 
equipped with an Ion Pac AG4A guard column (50 mm x 
4.0 mm) (Dionex, Sunnyvale, CA). The chromatographic 
data were collected and processed by Maxima 820, v3.02, 
software (Dynamic Solutions, Ventura, CA) on a model 
APCIV NEC computer (NEC, Foxbourough, MA). The 
mobile phase was 1.3 mM NaHC03 and 1.4 mM NaC03 
at a flow rate of 2 mL/min. Detection was accomplished 
at 210 nm. The sample volume injected for analysis was 
10 uL. 



Ion exclusion chromatography was performed on a 
model 1090 high performance liquid chromatograph 
equipped with a diode array detector, and a data collection 
system (Hewlett-Packard, Palo Alto, CA). The column 
was an IC-PAK 50 A, 300 x 7.8 mm, 7 um, equipped with 
a guard column (Waters Associates). The mobile phase 
was 0.01 N H2SO4 at a flow rate of 0.6 mL/min. 
Detection was accomplished at 210 nm. The typical 
sample volume injection was 20 pL. 

D. LC/MS 

The thermospray analyses were performed using the 
HP 5988A LC/MS in the isocratic mode. The ion source 
was 275° C and the stem initial temperature was 100° C. 
Typical values for the tip and the vapor were 230° C and 
272° C, respectively. Filament operation was in both the 
on-and-off modes. The multiplier voltage was 
2600 V and the scan range was either 79-500 or 92-300 
amu, depending on the mixtures being analyzed. The 
injection volume was either 10 fiL or 20 pL, depending on 
the concentration of the sample. 

The instrument was tuned with polyethylene glycol 
(PEG) tuning solution to give a maximum abundance of 
ions. The mobile phase used was 0.001 N HC1. It should 
be noted that the thermospray ion source should be 
cleaned approximately once a week to remove nonvolatile 
chloride salts resulting from the use of HC1 as the mobile 
phase. Also, since HC1 possesses corrosive effects on 
metal surfaces, water was flushed through both the HPLC 
and thermospray system at the end of the day. As long as 
these cleaning and flushing procedures were followed, no 
detrimental effects of the thermospray or chromatographic 
equipment were observed. 

m . RESULTS AND DISCUSSION 

Six samples of core segments from Tank 101-SY, 
obtained during the window E core sampling, have been 
analyzed for organic constituents. Four of the samples 
were from the upper region, or convective layer, of the 
tank and two were from the lower, nonconvective layer. 

Values for total organic carbon (TOC) ranged from 
1.0-1.4%; this range is consistent with TOC data obtained 
from other sub-samples of core segment composites. 
Among the samples analyzed, the bottom of the 
nonconvective layer has the highest TOC value. The 
combined techniques of derivatization GC/MS and LC 
have accounted for 73-93% of the TOC, depending on the 
sample. Table 1 summarizes the data for LMWA, 
chelators, and chelator fragments. These component 
types constitute the majority of the carbon accounted for. 

Chelators, chelator fragments, and several carboxylic 
acids have been quantitated in the current samples using 

derivatization GC/MS. The major components detected 
were EDTA, nitrosoiminodiacetic acid (NIDA), NTA, 
citric acid (CA), succinic acid (SA), and 
ethylenediaminetriacetic acid (ED3A). The chelator of 
highest concentration was EDTA in all six samples 
analyzed. The amount of organic carbon accounted for by 
derivatization GC/MS varies from 20-52% of the TOC, 
depending on the sample. Preliminary results indicate the 
chelators and chelator fragments constitute more of the 
organic carbon in the convective than the nonconvective 
layer. 

The reproducibility of derivatization GC/MS results, 
based on duplicate analyses, is estimated to be 
approximately 10%. In addition, sub-sample variation is 
estimated to be 14-20%, depending on the component. 
Recoveries based on results from spiked SWM are 
estimated to be approximately 50-60%. There is difficulty 
in comparing simulated wastes and tank wastes; they 
behave differently under sample preparation procedures. 
The analytical results were not corrected for recoveries. 
The variability from sample to sample is both a function of 
sample heterogeneity and analytical irreproducibility. 

Liquid chromatography has been used to quantitate 
LMWA (oxalic, formic, glycolic, and acetic acids, which 
are present in the waste as acid salts). Approximately 23-
61% of the TOC is accounted for by these acids. Oxalic 
acid constitutes approximately 40% of the TOC in the 
nonconvective layer samples. The concentration of 
oxalate in the nonconvective layer is approximately 3-4 
times higher than the convective layer. The nonconvective 
layer sample from the lowest layer has the highest 
percentage of water-soluble organic carbon as LWMA. 

Previous work with 101-SY composite samples has 
identified normal paraffin hydrocarbons (NPH) as 
components of the water-insoluble portion of the 101-SY 
TOC. The NPH fraction was isolated by extracting the 
sample with methylene chloride. Analysis of the 
methylene chloride extracts by GC/MS indicated that this 
material accounts for an additional 2-3% of the TOC of 
the samples. 

The elemental compositions (accurate mass) of 25 
components in the derivatization GC/MS total ion 
chromatogram have been determined using high resolution 
mass spectrometry (HRMS). Several nitroso compounds 
have been unambiguously identified. However, the 
nitroso compounds may be formed during the 
derivatization procedure; they have not yet been found by 
methods that do not involve acidic conditions of 
derivatization or separation. 

Thermospray LC/MS was used to identify LWMA in 
waste samples. A separation technique was developed 
using acidic conditions; components identified from the 
analysis of tank waste samples included NIDA, citric, 



acetic, formic, and glycolic acids. Oxalic acid could not be 
determined by thermospray LC/MS because the second 
carboxyl group does not protonate under the separation 
conditions used and thus cannot be detected. However, 
oxalic acid could be detected using plasmaspray (similar to 
thermospray but with corona discharge for additional 
ionization) LC/MS. Other LC/MS techniques explored 
included both plasmaspray and electrospray. Both of these 
techniques have thus far only been used with standards and 
have not been used to analyze actual waste samples. 

Nitroso compounds have been identified by GC/MS 
after derivatization of the waste extracts with boron 
trifluoride. The reaction of iminodiacetic acid (IDA) 
spiked in a dried, simulated waste sample containing 
nitrate, nitrite, and hydroxide with boron 
trifluoride/methanol produces NIDA as the major product. 
These results demonstrate that IDA, if present in the 
original waste, is probably a precursor for the production 
of NIDA during the boron trifluoride/ methanol 
derivatization. Under derivatization conditions, NIDA is 
stable. A probable precursor for two other nitroso 
compounds found in the derivatization product is ED3A. 
The question remains whether nitroso compounds are 
present in die original waste. Procedures for direct 
analysis of the waste samples for nitroso compounds by 
LC/MS under basic conditions that do not involve 
derivatization will be applied in the near future. 
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TABLE 1. Carbon Accounted for by Chelators, Chelator Fragments, and Low Molecular Weight 
Acids in Tank 101-SY Window E Core Segment Samples (mg C/g sample) 

Low Molecular %TOC 
Sample a Segment # Chelator*5 Weight Acids c Accounted For 

R4258/C 4 4.7 (44%) d 3.3 (30%) 74 

R4259/C 6 3.3 (33%) 4.5 (44%) 77 

R4260/C 9 4.8 (46%) 4.4 (41%) 87 

R4261/C 11 6.4 (52%) 2.5 (23%) 75 

R4262/NC 16 2.2 (20%) 5.8 (53%) 73 

R4263/NC 17 3.6 (32%) 6.8 (61%) 93 

a Sample R4264, a nonconvective layer sample, was lost during preparation; the analysis is in progress. 
b Includes chelators, chelator fragments, nitrosated chelator material, and several carboxylic acids. 
c Low molecular weight acids include acetic, glycolic, oxalic, and formic. 
d Parentheses give percent of TOC accounted for by analyte category. 

C Convective layer 
NC Nonconvective layer 


