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Moultifunctional carboxylic acids such as oxalic acid, citric acid and ethylene-
diaminetetraacetic acid (EDTA), are often used in nuclear decontamination proce-
dures. In addition, complexing agents such as EDTA, which biodegrades slowly, may
be important in the mobilization of subsurface radiocactive wastes!. Accurate analyt-
ical procedures are a prerequisite for an understanding and modelling of decontami-
nation processes and the terrestrial migration of radionuclides.

The determination of carboxylic acids by gas chromatography (GC) is an

_ area that has received considerable attention. Formation of alkyl esters is commonly
used to improve the GC separation of carboxylic acids and this subject has been
reviewed in a recent monograph®. There is voluminous literature on the GC deter-
mination of oxalic and citric acids and several reports have described the determina-
tion of aminocarboxylic acids such as EDTA*-S. Our investigation of these or similar
techniques gave poor repeatabilities for EDTA, especially for small samples (1 ul),
and more importantly, in the presence of iron, repeatabilities for all three acids became
worse and sample recoveries were low. The interference from iron is particularly
important since large concentrations of iron can be present in radicactive waste
solutions, and depending on the redox conditions existing at a particular point in an
aquifer?, significant concentrations of iron (several ug/ml) can be found in ground-
water. This report summarizes the results of an investigation of the GC separation and
determination of oxalic and citric acids, and EDTA, in the presence of large concen-
trations (10-300 ug/ml) of iron.

EXFERIMENTAL

Reagents

The esterification reagents studied were: 149 BF; in methanol and 129/ BCl,
in methanol (Chromatographic Specialties, Brockville, Canada), Meth Elute (0.2mol/1
trimethylaniliniam hydroxide in methanol, Chromatographic Specialties), and
Methyl-8 (dimethylformamide dimethylacetal, Chromatographic Specialties).

Chromatography
Sample components were separated on giass columns (1.8 m X 3.2mm I.D.)
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which were programmed from 65 to 250° at 8°/min for 109 Silar 9CP (cyanosilicone)
on Chromosorb W AW (Chromatographic Specialties) and from 50 to 285° at 8°/min
for 3%, OV-17 (siliconc) on Chromosorb W HP (Chromatographic Specm.lhes)
Elmtswmdmdmthaﬂamemmmtmndetector.

Standard and .vample analyses

Standards and samples containing iron were placed in opaque containers and
stored in the dark. Prior to the addition of the derivatizing reagent, all samples were
treated as quickly as possible to minimize exposure to light. The following proedure
is similar to that reported previously®.

The pH of the sample was adjusted (usuzally 4.5-7) with lithium hydroxxde and
a sample aliquot was added to a 5-ml vial. The sample was dried at 125° and on
cooling, 1 ml of 14%; BF; in methanol was added. The vial was sealed with a PTFE-
silicone septum and heated at 100° for 30 min. After cooling, 0.5 ml of chloroform
and 3 ml of a buffer (phosphate, 1 mol/l, pH 7) wereadded and the mixture was agitated
for ~ 1 min. A 1-ul aliguot of the chloroform layer was injected into the gas chromato-
graph; the syringe needle was held in the injection port until the solvent peak appeared
cn the chromatogram (=s 15 sec).

RESULTS AND DISCUSSION

Derivatization

Adjustment of the sample pH increased the solubility of some of the acids in
the derivatizing solution and also prevented losses of lower-molecular-weight acids
during the drying step. Oxalic acid, citric acid and EDTA did not react with Methyl-8
but did so slowly with MecthElute. With prolonged (= 14 h) heating at 100° the reac-
tion of the free acids with MethElute was quantitative but no reaction was observed
with the alkali metal salts. Small amounts of water (0.05 ml in 1 ml of reagent) had
no effect on the derivatization. Both BCl, and BF, reagents gave gquantitative recov-
eries; the remainder of this discussion will refer to only the BF; reagent.

Chromatography

The chromatography on both OV-17 and Silar 9CP was satisfactory but the
less polar OV-17 did not separate the more volatile esters from the solvent peak.
Consequently, Silar 9CP was used for the majority of this work; a representative
chromatogram is shown in Fig. 1.

During these studics poor repeatabilities and recoveries (both peak height and
peak areas) were observed for EDTA esters. Table I shows that the repeatability for
EDTA improved to an acceptable level if the syringe needle was held in the injection
port after sample injection. This procedure had no effect on the good recoveries and
repeatabilities observed for citric and oxalic esters and the ratio of citric ester response
to EDTA ester response (see Table I) was a good measure of EDTA recovery. It
appears that the EDTA ester can be adsorbed onto the metal surface of the syringe
needle, possibly as a result of the availability of two nitrogen donor atoms in the
EDTA ester, and has to be desorbed by providing a longer “injection time™.

Both the OV-17 and Silar 9CP columns showed some irreversible adsorption
of EDTA esters for new columas or when the columns were held at high temperatures
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Fig. 1. Separation of methyl esters of oxalic, citric and EDTA. The concentration of cach acid in
the original sample was ar2- 103 mal/l; flame ionization detector set at 102 of maxinrum seositivity.

TABLET. : ’
EFFECT OF SAMPLING TECHNIQUE ON REPEATABILITY
Saeple (1 ul) Irfection* time (sec) Peak height ()
1 2 B 4 35
Citric 9 .562 50 560 50 574
Oxalate 9 169 168 163 169 172
EDTA 9 280 263 k) k| 320 17
EDTA 15 103 104 111 110 ) 111
Peak area ratio ’
Cittic: EDTA n~3 096 0.63 1.15 1.02 0.98
Citric: EDTA 15 0.66 0.65 0.64 0.65 064

Wumekmemdntthemmﬂemmﬁemm dubulkof
mmsmmmuwm

foranmded oilmsmgenmﬂysmall(s-w%)andthsprobbmmbe
eliminated if 5-10 ug of EDTA ester are injected at the start of each working day.
An on-column silylating reagent, Silyl-8, wasalsonsedhutth:sdxdnotptemttbe
irrevessible sdsorption.

: ngmmnaﬁbmnmmmmm:speatopukambut
not with respect to peak height; this was also observed for a series of aqueous stan-
dards, dilutions-of s desivatized standard, and a set of citric standards in the concen-
tration range of 10-100 u#g/ml. Smaller acid concentrations can be determined with
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Fig. 2. Standard curve in termis of peak area and peak beight. @, EDTA; B, citric acid; A, oxalic
gcid. - — -, Peak area against concentration; ——, peak height against concentration.

appropriate changes in the volumes of reagents used and, for higher-molecular-weight
acids, by evaporation of the chioroform extract (ref. 3 and this work).

Effect of iron

Irreproducible and low results, particularly for EDTA, were obtained when
the samples contained 10-300 uzg/ml of Fe(II) or Fe(III). Losses of ~~ 109 were often
observed for EDTA in the presence of iron after <24 h; standards containing Cu(I)
(90 ug/mi) did not exhibit similar losscs. Solutions would slowly turn a dark yellow
color, the pH of the solution would rise, and eventually a precipitate (ferric hydroxide)
would appear. The rate at which these changes occurred varied directly with the
exposure of the sampic to both light and air but showed little dependence on the iron
concentration, within the range studied (10-300 pg/ml). _

Time stadies (Table II) indicated that decomposition increases in the order
EDTA < oxalic < citric. For a mixture of the three acids, the decomposition
followed the order of the conditional stability constants of the iron complexes: citricas
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TABLER R -
DECOMPOSITION OF ACIDSINTHEPRBENCEOF IRON -
The conceatration of the acids and iron was ~2-10* mol/l. h

Time (k) &, Decomposition of individual solutions

Citric Oxalic EDTA
o ()] o o
2 47 14 6
144 3 2 9
192 60 25 10
n2 7 46 23

¢, Decomposition of mixture

o o (4] o
144 o 5 11
192 1 10 30
312 60 30 76

oxalic < EDTA. The decomposition rates shown in Table II increased when contact
with both air and light was maintained. Samples stored in the dark showed no

decomposition after 312 h.

The decomposition of these acids appears to occur by 2 cyclic photoreduction/
air oxidation of their iron complexes. In 1952 Jones and Long® described such a
process for the complex FeEDTA ™.

hv
FeEDTA~™ —> FeEDTA™*
FeEDTA-* — FeEDTA?~ + EDTA decomposition products

4 FeEDTA*~ + 2 H,0 + O, —> 4 FeEDTA™ + 40H"~

These authors reported a partial decomposition of EDTA but this was not ob-
served by Hill-Cottingham®. The present results show that this decomposition does
occur and that it can introduce a large negative analytical error. This type of decom-
position may be general for carboxylate ligands and thus could affect a wide variety
of analytical procedures.
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