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Introduction

Over the past ten years, interest in the use of metal stable isotopes for the study of
human mineral metabolism has increased rapidly. Iron absorption studies reported in
the recent literature use anion exchange column chromatography as a preparative
method for mass spectrometric analysis. Our interest was to develop a more rapid and
direct isolation procedure. We compared three preparative methods: (1) hydroxide
precipitation, (2) ion exchange chromatography using membrane filters, and (3)
untreated matrix evaporated and dissolved in dilute acid. The matrices investigated
were water and digested human whole blood.

Materials and Methods

Acid washed glassware and plasticware were used for all sample preparation.
Reagents used were: J. T. Baker Ultrex II NH4OH, HCI, HNO3, and H3PO4; 'Baker
Analyzed1 absolute methanol; 'Baker Analyzed' Fe Atomic Spectral Standard; and
deionized water (Hydro Services, Rockville, MD). The ion exchange membrane filters
evaluated were the following Bio-Rex 25 mm Sample Preparation Discs (Bio-Rad
Laboratories, Richmond, CA): (a) AG 50W-X8 Cation Exchange Resin, and ( b)
AG 1-X8 Anion Exchange Resin. Isotopic ratios were measured by thermal ionization
mass spectrometry using a silica gel/phosphoric acid technique [1]. Fe isotope ratios
were determined using the Finnigan MAT THQ Thermoquad mass spectrometer in the
single filament mode with electron multiplier detection. Whole human blood was
digested in HNO3 using the CEM Microwave Digestion System Model MDS 81D.

Cation membrane filters were loaded with 1 mL water matrix (50 ug/mL Fe) or 2 mL
blood digest (15 ug/mL Fe, pH adjusted to >2). Fe was eluted with 5 and 6 mL 3 M
HCI for water and digest, respectively. Anion exchange membrane filters were loaded
with 1 mL water matrix (50 ug/mL Fe) or 2 mL digest (20 ug/mL Fe, pH adjusted to
<1) and a 0.3 M HCI solution was used for Fe elution.
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The Fe precipitation was based on the procedure described previously [2].
Concentrated NH4OH was added to bring the pH of each sample (Fe-containing
matrices of water, whole blood digest and ion exchange eluent) to 10. A red/brown
precipitate was observed after a 4-hour period. The precipitate was centrifuged at
2000 rpm for 10 minutes and the supernatant discarded. The precipitate was dried in
an oven for 15 minutes at 100°C and dissolved in 100 uL of 3% HCI.

Standard curves were prepared in water and blood digest matrices by the addition of
aliquots of a 96.44 atom% enriched 54Fe tracer solution. The tracer was allowed to
equilibrate in the matrix 1 day at room temperature. Enrichments ranged from 10 to
100% excess 54Fe. The equilibrated curves were divided into 3 treatment groups:
(1) directly precipitated. (2) cation exchange separation followed by precipitation, and
(3) directly evaporated (1.3 mL digest was evaporated using microwave heating and
low power settings over a period of 70 minutes with the remaining liquid dried in an
oven at 100°C). All precipitates were dissolved in 100 uL of 3% HCI.

Results

Total Fe recovery for the 3 isolation procedures investigated is shown in Table 1.

Table 1: Percent Recovery of Fe from Water and Whole Blood Digest using
Ion Exchange Membrane Filters and Hydroxide Precipitation

Extraction Method

cation:
ugFe
% recovery

anion:
ug Fe
% recovery

precipitation:
ug Fe
% recovery

Water

50
72

50
no adsorption

133
99 ±5

Digest

30
91

40
observed

40-130
39 ± 4

Eluent

—

—

25
55*

*(n=1)
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Reasonable Fe recoveries were observed from the water matrix using both cation
exchange and hydroxide precipitation. In the case of the digest matrix, cation
exchange resulted in a greater recovery than did precipitation. However, the low
recovery in precipitation did not affect the mass spectral analysis.

Measured fractional abundances of unspiked matrix are shown in Table 2. Nickel
contamination was observed in the THQ system and may account for the inaccurate
abundance of m/z 58 in the evaporated matrix. All untreated and treated matrices
resulted in expected natural abundances.

Table 2: Fractional Abundances of Unspiked Matrix

Mass

expected3

M S std. (± 1s)

diaest treatment:
precipitation
evaporated

54

0.0580

0.0572±0.0004

0.0592+0.0015
0.055240.0025

56

0.9172

0.9173±0.0009

0.9168+0.0018
0.9169±0.0037

57

0.0220

0.0225±0.0005

0.0213±0.0005
0.0236±0.0014

58

0.0028

0.0030±0.00005

0.0027+0.0002
0.0043±0.0011

Table 3 shows the linear regression analysis of the directly precipitated, cation
exchange followed by precipitation, and directly evaporated standard curves. The
methods of precipitation and evaporation resulted in regression lines with slopes
approximating 1 and intercepts approximating 0.

Table 3: Linear Regression Analysis of 3 Fe Isolation Procedures
(RSy.x = relative standard error of the estimate; n = number of curves)

Treatment

water standards:
precipitation + 1s
cation exchange+precipitation
evaporated

digest: standards:
precipitation ± 1s
cation exchange+precipitation
evaporated

Intercept

-2 ± 2
-11.079
-2.070

- 1 + 3
5.284

-3.169

Slope

1.10 ±0.03
1.087
0.996

1.01 ±0.06
0.991
1.082

RSy.x

0.044
0.229
0.114

0.045
0.114
0.109

n

4
1
1

4
1
1



- 3 3 - AECL-11342

Conclusions

Although recovery is better with cation exchange techniques, overall precision of
isotope dilution analysis favors use of the direct precipitation approach. In addition,
precipitation is a simple and rapid one-step method not requiring time intensive steps
by the investigator.
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