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RÉSUMÉ 

On a mis au point et évalué l'extraction par solvant, la chromatographie 
aux ions et plusieurs méthodes d'analyse (dépistage) rapides quant aux 
applications du biodosage du 55Fe. La récupération des composés radio-
chimiques à l'aide de colonnes d'extraction par isopropyléther et tri-n-
amine octylique a été supérieure à 90£. La reproductibilité de celle-ci a 
été haute, le coefficient de variation étant inférieur à 5%. Les tech
niques d'analyse étudiées ont englobé le comptage direct des solides sous 
forme de cendre de l'urine et du Fe(0H)3 précipité à partir de l'urine. La 
sensibilité des méthodes d'analyse (à un débit de dose de 2-50 Bq/j dans 
l'urine produite) à été généralement limitée par le volume effectif d'urine 
qu'on a pu compter avec un compteur à scientillateur liquide. On a pu 
facilement obtenir une sensibilité recherchée d'isopropylether de référence 
et de méthodes chromatographiques à un débit de dose bien au-dessous de 
1 Bq/j dans l'urine produite. 
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Abstract 

Solvent extraction, ion chromatography and several rapid screening methods 
were developed and evaluated for 55Fe bioassay applications. Isopropyl 
ether and TNOA column extractions had radiochemical recoveries exceeding 
90%. These were very reproducible •with a coefficient of variation less 
than 5%. Screening techniques investigated included direct counting of 
ashed urine solids, and Fe(0H)3 precipitated from urine. The 
sensitivities (2-50 Bq/d urine) of the screening methods were usually 
limited by the effective urine volume that could be counted in a liquid 
scintillation counter. The reference isopropyl ether and chromatography 
methods could easily achieve sensitivities well below the 1 Bq/d urine 
output target. 
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1. INTRODUCTION 

1.1 Background 

Activated corrosion products are present in many reactor systems. These 
are formed by the irradiation of impurities in metals in in-core reactor 
sections, as well as corrosion materials of components associated with the 
moderator and heat transport systems. Activated corrosion-product 
inventories are usually not as significant as fission-product inventories 
in reactor systems. At the Bruce Nuclear Generating Station (NGS) Unit 2, 
the presence of Fe203 and Fe203.H20 in the in-core sections of the Annulus 
Gas System (AGS) has resulted in the production of high specific activity 
55Fe (Greening 1992). With activities exceeding other radionuclides by 
many orders of magnitude (Burns 1992), 55Fe is the dominant radiological 
hazard associated with the Unit 2 AGS. 

From a radiation-protection perspective, 55Fe presents some problems not 
usually associated with nuclear reactor environments. 55Fe, which decays 
by electron capture, iias only low-energy radiation emissions (X-ray and 
auger electrons mainly between 5 and 6 keV). These low-energy emissions 
make it difficult to distinguish, with conventional radiation-protection 
monitoring equipment, between the 55Fe and the ambient background, due to 
the reactor environment itself and other radionuclides that may be 
present. Therefore, additional contamination measurement and control 
programs are needed to eliminate or limit possible intakes of 55Fe. To 
demonstrate that control measures are effective, the internal dosimetry 
program must be capable of identifying and quantifying intakes. Regular 
monitoring programs are very limited in this capacity. Since 55Fe has 
only low-energy emissions, in vivo monitoring cannot be used to identify 
55Fe body burdens unless other radionuclides, characteristic of the Bruce 
NGS rust can be detected (i.e., 59Fe, 54Mn, 6 0Co). This leaves invitro 
bioassay (urine, feces, blood) as the only means to establish intakes and 
body burdens. 

Iron is not readily excreted to urine (ICRP 30 1980, ICRP 23 1975); 
therefore, any measurement technique used for bioassay requires good 
sensitivity, about 1 Bq/d urine excretion (Thind 1992), and must eliminate 
potential interferences from other radionuclides that may be present in 
the work environment but are far more transportable to urine. Tritium, 
which can have activity levels of tens of kBq/d urine output even at low 
doses, is a significant radionuclide in this respect, because of the 
relatively high probability of tritium body burden amongst CANDU1 workers. 
Fission products, 54Mn and 60Co, which are present in the Bruce NGS rust, 
can also interfere with the measurements of 55Fe. 

This report summarizes an investigation conducted for the COG (CANDU 
Owners Group) Health and Safety Program as a prelude to Bruce NGS Unit 2 
retubing, and to support radiation protection associated with AGS 
maintenance. The objective of this investigation was to: 

1. conduct a literature search on 55Fe bioassay methods and potential 
chemical separation procedures for iron, 

1CANDU: CANada Deuterium Uranium. Registered trademark. 
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2. review the methods and their suitability for 55Fe bioassay, 

3. determine the limits and methods of direct counting of urine samples 
as a possible screening technique, 

4. characterize the radiochemical methods for recovery and accuracy 
including the ability to eliminate interferences from tritium, 60Co 
and 54Mn, 

5. establish and document detailed working procedures, and 

6. report on the results. 

1.2 Literature Search 

A comprehensive review of the relevant literature was conducted; a summary 
is provided in Appendix 1. The applicability of these methods for 55Fe 
bioassay was evaluated for: 

1. matrix characteristics, 
2. detection limits, 
3. analysis time, 
4. interferences and decontamination from other radionuclides, 
5. availability of materials and supplies, and 
6. expected performance in terms of recovery, precision and bias. 

Establishing the suitability of liquid-scintillation counting (LSC) for 
making measurements was fundamental to establishing any method for 
experimental investigation, because of the higher intrinsic efficiency of 
the system (~40%) compared to other detection methods, such as X-ray 
counters (<,5%). 

Most of the surveyed literature was devoted to the analysis of 55Fe in 
blood samples for medical tracer experiments. The need to address 
potential interferences from other elements rarely existed, and the 
majority did not involve chemical separations. Where radiochemical 
separations were performed, matrices consisted of environmental samples 
such as air filters, vegetation, precipitation, and reactor effluents. No 
specific information on the analysis of iron in urine or feces was found. 

Chemical separation techniques to isolate iron included NH40H 
coprecipitations, electrodeposition, solvent extractions (isopropyl ether, 
methyl iso-butyl ketone, tri-n-octylamine (TNOA)), ion-exchange and 
extraction chromatography. The counting of 55Fe X-ray emissions was 
performed by gas-flow proportional counters, Nal (Tl) scintillation 
detectors or LSCs. 

Based on the selection criteria, two analytical methods were selected for 
testing as routine bioassay methods. The first was proposed by Mahannah 
et al. (1990), and utilized an isopropyl ether extraction for the primary 
separation. The second, described by Testa et al. (1990), used a TNOA 
extraction chromatography technique to isolate iron. 
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Generally, these methods have been applied to the analysis of 55Fe in 
liquid effluents from nuclear power plants. As such, consideration was 
given to many of the same potential interfering radionuclides of interest 
(tritium, 60Co, 5 4Mn). Furthermore, the literature indicated excellent 
decontamination factors for these potential interferences and high 
reproducible radiochemical recoveries: 82.4 ±4.9% (Mahanna 1990) and 
65 ±1% (Testa et al. 1990). The Fe analyte in the final counting matrix 
was a clear, colorless liquid, ideal for relatively high efficiency liquid 
scintillation counting. Other references used similar procedures, but 
they appeared to be more tedious, required more resources, created waste-
management concerns or used materials with hazardous potential. 

A third method was also considered (Yonezawa et al. 1985), in which a 
bathophenathroline-perchlorate solvent extraction was used to determine 
55Fe in radioactive corrosion products. This was an attractive method, 
because the extracting medium served as a cocktail that could be counted 
directly by LSC. In addition, the final matrix was suitable for the 
colorimetric determination of total iron. However, the method was 
established for the analysis of relatively small amounts of total iron (up 
to 30 ixg). Preliminary experiments with this method demonstrated it to be 
unsuitable for the analysis of larger amounts of total iron, as found in 
urine samples. 

2. EXPERIMENTAL 

2.1 General Approach 

The investigative program focussed on establishing the performance of the 
isopropyl ether and TNOA column extractions, and developing methods for 
rapid screening analysis for 55Fe. The more complete extraction 
procedures were used as bench marks to assess the performance of rapid 
methods» Interference from other radionuclides vas determined using 54Mn 
and 60Co tracers. The performance limits of the liquid scintillation (LS) 
cocktails were established to optimize the protocols used in the counting 
of the 55Fe analyte. LSC was performed using LKB Wallac2 Model 1219 and 
1220 Quantalus counters, as well as Canberra3/Packard 1900 LSCs. All 
samples were counted in 20 mL glass vials.4 

Traceable radioactive standards used in the preparation of urine samples 
were procured from the Radionuclide Metrology Laboratory at Chalk River 
Laboratories. 

2.2 Selection of Liquid Scintillation Cocktails 

For most of the designed chemical separation experiments, the final iron 
product was present in weak acid solutions. An experiment was conducted 
with several common LS cocktails to determine their efficiency and sample 

2Wallac OY, Finland. 

3Canberra Packard, USA. 

"Fisher Brand 03-337-7, Canberra Packard Model 6001085. 
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loading characteristics for H3P04 and HC104 acid/cocktail matrices. A 
third acid, HN03, was evaluated because it is known to easily Dissolve 
ashed urine residues, making it a strong candidate as a solvent for direct 
counting of urine solids. The acids' concentrations were made so that 
they slightly exceeded those needed in their respective methods. Eleven 
LS cocktails were used. 

A series of standards were prepared by adding 1 mL of water to each LS 
vial, then adding 0.5 mL of the appropriate acid. Cocktail was added in 
5-mL increments to produce a total vial volume of 15 mL. These were 
counted to establish background, then spiked with 55Fe to determine 
counting efficiencies. The experimental results are provided in Table 1. 

Of the series of cocktails, the Beckman Readysafe and ReadyGel, as well as 
the Packard InstaGel, had good detection efficiency over the broadest 
range of loading and acid concentrations. Of the three, InstaGel was 
selected for experimental use, because of its slightly better performance 
in HN03 matrices. 

2.3 Liquid Scintillation Counting 

A 55Fe quench curve was developed for each of the LS counters. A series 
of 10 quench standards were prepared by adding 83.3 Bq 55Fe to LS vials 
containing 0.3 mL concentrated H3P04. The vials were heated on low heat 
until no condensed vapor was observed on the vials' inner side. The final 
volume, about 0.3 mL, was representative of the expected matrices for the 
majority of the experiments. 

The vial was allowed to cool to room temperature and 1 mL of distilled H20 
was added. Each vial was gently vortexed until the liquid was 
homogeneous. Fifteen millilitres of InstaGel XF was then added. 

Saturated picric acid solution was added in volumes of 0.01, 0.02, 0.04, 
0.06, 0.08, 0.10, 0.13, 0.16, and 0.20 mL, to obtain the full quench 
range. 

This quench set of 10 was counted in the LS counters, and calibration 
curves were produced. An example is shown in Figure 1. 

2.4 Solvent Extraction with Isopropyl Ether 

In the original solvent-extraction method (Mahannah et al. 1990), water 
samples were analyzed. For bioassay, with urine as the matrix, the sample 
must first undergo a pretreatment step to eliminate organic matter and 
tritium (either as HT0 or 0BT). This was done by acidifying the sample 
(500 mL) and evaporating it to near dryness, followed by wet ashing 
continuously with concentrated HN03 until a white-pale yellow residue 
remained. The residue was then redissolved in dilute HN03. 

The iron is then separated from other interfering ions by a series of 
hydroxide precipitations. Metal hydroxides have a wide range of 
solubilities. Consequently, by controlling the pH, and thus the hydroxide 
ion concentration, iron can be separated from other metal ions by 
fractional precipitation as Fe(0H)3. Generally, after centrifugation, a 
wet precipitate volume of 7-12 mL is accumulated through three 
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precipitations. It was determined, using 54Mn and 60Co tracers, that 
approximately 95% of the Mn and 8% of the Co activity is coprecipitated 
through this stage of the procedure. 

The next phase is the principal separation extraction. After evaporating 
the sample to dryness and redissolving it in an 8M HCl solution, the iron 
is then extracted into isopropyl ether as H30

+FeCl;j. This extraction has 
proven effective for the separation of Fe from Mn, Co, Cr, Ni, Cu and Zn 
(Morrison and Preiser 1957). The iron is recovered from the isopropyl 
ether by back extracting with dilute HCl. Tracer recovery data ihdiûates 
that less than 0.01% of the 60Co and less than 0.45% of the 54Mn remains 
after the extraction. 

The final stage of the method involves preparing a clear, colorless matrix 
suitable for LSC. The final product is prepared by evaporating the sample 
to near dryness in the presence of o-phosphoric acid to produce an FeP04 
solution. 

Unspiked, 500 mL urine samples were used for reference blanks. The 
general method is summarized in flow-chart form in Figure 2-, and the 
Standard Analytical Procedure (SAP) is described in Appendix 2. 

2.5 Solvent Extraction with Isopropyl Ether. Method B 

Ten 500-mL urir2 samples with 55Fe spike, 2 mL Fe 1 1 1 carrier solution and 
HNO3 were heated and ashed to a white residue. Hydrochloric acid was 
added to the cooled dry residue and the residue was broken up. Water was 
added to adjust the slurry to 8M HCl and liquification of the residue was 
completed. 

The solution was passed through a filter paper into a separatory funnel 
and the iron extracted by shaking the sample with 40 mL of isopropyl 
ether. The acid layer was disposed of and the iron was back-extracted 
with 0.1M HCl. The sample was heated with H3P04 and LS counted. 

Unspiked, 500-mL urine samples were used for reference blanks-

The SAP for this method is described in Appendix 4. 

2.6 55Fe by Extraction Chromatography 

This method was originally developed for the analysis of 55Fe in 
environmental samples and liquid effluents. To adapt this procedure to 
the analysis of urine, it was again necessary to eliminate organic matter 
and tritium interferences by complete oxidation. 

In the cited publication by Testa et al. (1990), the extraction 
chromatography step precedes an iron hydroxide precipitation. This does 
not pose a problem for liquid effluents where inorganic residues are 
minimal. However, the heavy inorganic residues of an ashed urine matrix 
cannot be effectively loaded on the specified column. Consequently, it 
was deemed necessary to reverse the order of these two purification steps. 
As such, the Fe(0H)3 precipitation was carried out as discussed in section 
2.4. The precipitation reduces the residue mass so that it can be easily 
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redissolved in the appropriate volume of dilute acid required for 
separation on the column. 

Iron is then isolated by extraction chromatography. The stationary phase 
consisted of a non-polar extractant (20% tri-n-octylamine in toluene) 
adsorbed on an inert support of Microthene-7105 (microporous polyethylene, 
50-100 mesh) and a polar aqueous solution of dilute acid as the eluant. 
After loading the 5-6 mL sample, the column is washed with 4 column 
volumes (CV) 3M HC1 to remove interfering radionuclides. This 
decontamination process can be seen to occur by using the Co, Mn, and Ni 
carriers. As the washing proceeds, a blue-green region (Co, Mn and Ni) 
forms, and is effectively washed through the column. The iron is held 
atop the column as a bright yellow band and is then completely eluted with 
5 CV of 0.1 M HN03. 

The columns prepared for the separations were characterized by measuring 
their performance elution profiles. These included the effects of 
variations in sample acid molarity (2.5M-3.5M), acid type (HC1 versus 
HNO3), and sample matrix (H20 versus urine). An s5Fe elution profile is 
shown in Figure 3. • 

In the LS cocktail section experiments, it was found that the counting 
efficiency of 55Fe by LSC was greater using dilute phosphoric acid than 
dilute perchloric acid: 34.8% versus 23.4%. Also, the use and storage of 
perchloric acid may pose a safety hazard. Because the phosphate matrix 
could be counted with a higher efficiency, Testa's method (Testa et al. 
1990) was further modified to generate a phosphate counting matrix. This 
eliminated the need to prepare perchloric acid-based quench standards. 

Unspiked, 500-mL urine samples were used for reference blanks. 

The general method is summarized in flow-chart form in Figure 4, and the 
SAP is described in Appendix 3. 

2.7 Screening and Rapid Methods 

2.7.1 Direct Counting of Ashed Urine by LSC 

A 4-L composite urine sample was evaporated to dryness and wet-ashed with 
concentrated HN03 until a white residue remained. Urine residue 
equivalents of 10 mL, 20 mL, 30 mL, 40 mL, 50 mL and 100 mL were veighed 
into glass LS vials. The residues were redissolved in dilute HN03, and LS 
cocktail was added and then counted by LSC to establish background. An 
internal spike of 55Fe was then added and the samples were recounted to 
determine the relative counting efficiencies. 

2.7.2 Direct Counting of Ashed Urine by Nal (Tl) 

Five 500-mL urine samples were evaporated to dryness and wet-ashed in 1-L 
beakers. Three of these samples contained 167 Bq 55Fe spikes and two were 
blanks. The residue was measured directly using a Canberra (1702) Nal 
detector with a thin Be window designed for counting low-energy X-rays. 

5Quantum Chemical Corp., Cincinatti, OH. 
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The detector was connected to a Canberra series 20 MCA and the system 
calibrated with an 55Fe source. 

2.7.3 Direct Counting of Iron Hydroxide Precipitate from Urine by LSC 

Experiments on the direct counting of urine solids indicated the need for 
further mass reduction, to improve counting efficiencies and bioassay 
sensitivity. It was thought that this could be accomplished by 
precipitating iron, as its hydroxide, directly from urine. This would 
also significantly reduce sample pretreatment by eliminating the need for 
ashing. 

One urine sample (300 mL) spiked with 55Fe and Fe3+ carrier (2 mg) added 
was acidified and boiled to liberate chelated iron. The iron was then 
precipitated as Fe(0H)3 by raising the pH to approximately 10 with NH40H. 
The precipitation was repeated twice, with the addition of 2 mL of Fe111 

carrier and 0.25 mL CaCl2-2H20 solution, each time. The collected 
precipitate was redissolved in acid and evaporated to dryness. The 
residue was redissolved in HCl and H3P04, and evaporated until only the 
viscous phosphate layer remained. After adding a small amount of water, 
the sample was mixed with LS cocktail and counted. 

2.7.4 Batch Extraction from Raw Urine with Microthene-TNOA 

To eliminate the time-consuming processes of wet ashing, hydroxide 
precipitations, and the packing of chromatographic columns, a simpler and 
faster batch-extraction method was attempted. Two 100-mL urine samples 
spiked with 55Fe were made approximately 3M in HCl, and then 1 mL Fe 1 1 1 

and 1 mL Ni, Mn and Co mixed carriers were added. The samples were then 
brought to a boil to disrupt any possible organic-iron complexes. Two 
grams and four grams, respectively, of Microthene impregnated with 20% 
TN0A in toluene were added to the two samples and stirred for 30 minutes. 
The resin was separated by décantation and centrifugation, and then 
collected on a paper filter supported on a funnel. The Microthene was 
washed with 3M HCl and the iron stripped with 0.1M HN03. The eluates were 
evaporated to near dryness in the presence of phosphoric acid, mixed with 
cocktail, and LS counted. 

2.7.5 Iron Hydroxide Precipitation from Urine and Solvent Extraction 

The following protocol was developed as a rapid variation of the isopropyl 
ether extraction method (section 2.1). One 500-mL urine sample containing 
an 55Fe spike and 1 mL Fe 1 1 1 carrier solution was heated to boiling with 
40 mL of concentrated HN03. The procedure was accelerated by performing a 
single precipitation of Fe(0H)3 from unashed urine, followed by a single 
isopropyl ether extraction. After back extraction into 0.1M HCl, the iron 
was converted to a phosphate complex with H3P04, LS cocktail added and LS 
counted. 

2.7.6 Iron Hydroxide Precipitation from Urine and Extraction 
Chromatography 

This method is a modified version of the extraction chromatography method 
(section 2.2). Four 500-mL urine samples were heated to boiling with 40 
mL of C.HN03. Fe(0H)3 was precipitated from unashed urine containing an 
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55Fe spike and 1 mL Fe 1 1 1 carrier solution, and then separated on 
Microthene-TNOA columns. The eluted iron was then converted to a 
ferriphosphate compound with H3P04, LS cocktail added and LS counted. 

3. RESULTS AND DISCUSSION 

The radiochemical yields (Table 2) for the solvent extraction and 
extraction chromatography method were significantly better than the values 
published in their original references. Much of the improvement could be 
due to extending the pH of the NH4OH from 7 to 10 in the Fe(0H)3 

preconcentration/pretreatment steps. This is well above the pH needed to 
precipitate iron, and was done at the expense of maximizing the 
decontamination factors. A calcium carrier was used at the second and 
third precipitations, to promote precipitation. 

For the specific case of the isopropyl ether extraction, Mahannah (1990) 
did not use Fe3+ carrier, whereas in this urine procedure, 6 mg Fe3+ was 
added to the urine solution. The reversal of the precipitation step with 
the chromatography extraction, and the increase in the number of 
precipitations performed, is probably the most significant contribution to 
obtaining a 93.8% recovery, compared to a 65% yield achieved by Testa et 
al. (1990). In terms of the expected accuracy of the methods, the 
coefficient of variation in both recovery data sets was less than 5%. 

Decontamination factors were measured for both methods, with the isopropyl 
ether extraction being significantly better for 60Co. Since both cobalt 
and manganese are minor (<5%) contaminants of the Bruce NGS, rust 
decontamination factors below 100 would have been readily acceptable for 
dosimetry purposes. If LSC spectrometry is used for counting, the counts 
in the high-energy portion of spectra can be eliminated by selecting a 
narrow 55Fe LS counting window. In this case, the effective 
decontamination or interference from 60Co in 55Fe measurements approaches 
900, compared to 129 given in Table 2. 

Though the performance of the two methods was very good, they were time-
consuming, needing more than one day to complete the analysis. 
Operational health physics demands may necessitate faster turnover time, 
at the expense of recovery and decontamination factors. 

Most of the screening methods investigated used Fe(0H)3 precipitation or 
ashed urine residues as a pretreatment. These were either counted 
directly in an LSC or passed to a further 55Fe isolation step. Without 
further isolation of 55Fe after ashing or Fe(0H)3 precipitation, the 
effective amount of urine (as solids) that could be dissolved or suspended 
in an LS cocktail was in the range of 50-300 mL. This was the most 
significant factor limiting the sensitivity of the rapid methods. For 
Fe(0H)3 precipitations followed by direct counting, the limit to sample 
volumes was about 300 mL. The limit for ashed urine was about 150 mL, but 
50 mL would ensure a stable sample/cocktail mixture. The direct counting 
of ashed urine solids was also limited in sensitivity by an increase in 
background of the reagent blanks as a function of the mass of the solids. 
This is illustrated in Figure 5. 
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Fe(0H)3 precipitates were also bulky (~10 g/500 mL urine). Direct LSC of 
these precipitates was accompanied by persistent chemiluminescence, 
usually lasting for more than one day. Chemiluminescence is often present 
when counting dissolved hydroxides-based sample matrices; therefore, the 
delay in obtaining accurate counting results is prohibitive. 

The use of the Nal(Tl) detector with a detection efficiency of about 5% 
for a point source proved completely inadequate. The detection efficiency 
for the 500-mL ashed urine samples was poor. For the detector, 
approximately one detector diameter away from source material at the 
bottom of a 1000 mL beaker, activity was detected in only two of the 
spiked samples. The combined effect of geometry, self-attenuation and 
detection efficiency resulted in a measurement efficiency of only 0.03%. 
LSC efficiencies, on the other hand, had measurement efficiencies between 
20% and 40% for most samples. 

Table 3 summarizes the recovery and estimated sensitivities (± -50%) for 
all of the methods investigated. These data are presented so that the LSC 
count time resulted in a bioassay method Minimum Detectable- Activity (MDA) 
of about 1 Bq/d for the isopropyl ether and TN0A extractions. The MDA was 
computed from Equation 1. 

4.65 Sb 

MDA [Bq/d urine] = x 1400 (1) 
60 • V • e • R 

where Sb = standard deviation of the reagent blank 
= (cpniblank/T)^ 

T = count time (minutes) 
V = sample volume 
e = counting efficiency 
R = recovery 

and 60 and 1400 are conversion constants for minutes to seconds, and mL to 
day's urine output, respectively. 

When the variance in the recoveries was large for specific measurement 
processes, the MDA was estimated by including the uncertainty in R in 
Equation (1) by the method of error propagation. 

The sample volumes are those the individual methods can be expected to 
handle, and the reference backgrounds for the appropriate method blank 
were taken as 17.5 cpm,^ the nominal background in the ^ F e window for 
H2P04-based counting matrices. 

The only methods to achieve the sensitivity target of 1 Bq/d urine were 
the two reference methods and the shortened version of isopropyl ether 
extraction, which eliminated the Fe(0H)3 precipitation and the repeated 
extraction steps (Appendix 4). 

Typical backgrounds expected with the standard LSCs with low background 
option. 
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Greater sensitivity for all of the methods can be obtained by increasing 
the counting time or counting the samples in an ultra-low level LSC (~l-4 
cpm in 55Fe window). Sample volumes can be increased, except for the 
methods using the direct counting of solids (ashed urine or Fe(0H)3 

precipitates). 

4. CONCLUSIONS AND RECOMMENDATIONS 

The isopropyl ether solvent extraction and TNOA chromatography methods 
discussed in this report and described in detail in the appendices can be 
used for accurate 55Fe bioassay, free from any significant interferences. 
With a target level of 1 Bq/d excretion, they can be used for routine and 
special bioassay. The column extraction technique, while having some 
advantages in terms of simplicity and the processing of larger batches of 
samples, does require preparation of the columns, and the need to verify 
the performance of the column. The solvent extraction has many 
advantages, including the high decontamination factor and slightly higher 
recoveries and accuracies. 

All of the screening methods are unsuitable for routine bioassay 
monitoring programs. For special monitoring, where the Derived 
Investigated Level is defined as DILE = 1/10 ALI m(t), where m(t) is the 
urinary excretion fraction t days post-intake, many of the screening 
techniques can be used to qualitatively monitor the intake for several 
weeks following intake. For 55Fe, m(t) is of the order of 2 x 10"5 and 6 
x 10-6, resulting in a DILS of between 50 and 150 Bq/d excretion for class 
W and D compounds, respectively. 

With the exception of direct counting of 55Fe in ashed urine residue by 
Nal(Tl) scintillation, any of the detection methods in Table 3 can be used 
for rapid screening in emergencies. 
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Table 1: Detection efficiencies of LS cocktails 

COCKTAIL 
(15 mL volume) 

Hionic fluor 
InstaGel XF 
Ultima Gold 
Ultima Gold XR 
Universol 
Ecolite+ 
Ready Safe 
Ready Gel 
Scintiverse 
Formula 989 
Ecoscint 

PRODUCER 

Packard 
Packard 
Packard 
Packard 
ICN 
ICN 
Beckman 
Beckman 
Fisher 
Dupont 
Nat. Diag. 

COUNTING EFFICIENCIES IN ACID MATRIX (%) 
(0.5 mL acid + 1.0 mL H20) 

H3P04 

X 
34.8 
X 
X 
28.9 
26.1 
37.4 
31.2 
X 
X 
35.9 

HCL04 

23.4 
23.4 
X 
22.7 
X 
X 
19.0 
18.2 
X 
X 
X 

HN03 

X 
12.0 
X 
X 
8.3 
9.3 
8.8 
7.8 
X 
X 
X 

x = sample 2-phased 
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Table 2: 55Fe recoveries and decontamination factors for isopropyl ether and 
TNOA extractions 

RECOVERY: 
Method A 
Solvent 
Extraction 

93.4 
93.7 
92.9 
95.7 
95.4 
96.2 
95.9 
91.0 
91.1 
96.7 

Mean 94.2 
Standard 1.98 
Deviation 

DECONTAMINATION FACTORS: 

54Mn 234 
60Co 1591 

55Fe SPIKE LEVEL: 83.3 Bq 

Method B 
Solvent 
Extraction 

95.9 
91.7 
90.0 
93.2 
91.4 
90.4 
80.9 
96.1 
98.3 
97.9 

92.58 
5.11 

1288 
296 

Extraction 
Chroma t ograohv 

96.0 
96.2 
90.1 
97.1 
93.4 
92.3 
94.6 
86.8 
93.8 
97.7 • 

93.8 
3.20 

1329 
129 
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Table 3: Performance of 55Fe bioassay techniques 

Method 

SOLVENT EXTRACTION 
(isopropyl ether) 

Method A 
Method B 

TNOA COLUMN EXTRACTION 

DIRECT COUNT OF ASHED 
URINE BY LSC 

DIRECT COUNT of ASHED 
URINE BY Nal(Tl) 

Fe(0H3) PPT FROM URINE 

Direct LSC count 
+ solvent extraction 
+ extraction 
chromatography 

TNOA BATCH EXTRACTION 

Recovery 

• 

94 
93 

94 

100 

100 

47 
17 
42 

23 

(n = 
(n = 

(n = 

(n = 
(n = 
(n = 

(n = 

10) 
10) 

10) 

1) 
1) 
4) 

2) 

Volume 
(mL) 

500 
500 

500 

50 

500 

300 
500 
500 

100 

Sensitivity* 
(Bq/d) 

0.9 
0.9 

0.9 

22 - 37 

106 

6 
3 
2 

15 

*10-minute counting time 



- 17 -

162.3 177.1 196.1 
1 r 

208.6 226.3 251.9 281.8 327.2 354.3 426 

tSIE 

Figure 1: 55Fe quench curve for Canberra/Packard 1900. 
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Urine + Fef11*) Carrier 

To dryness and wet ash with 
cone. HHO3 

Redissolve in dil. HNO3 

HH4OH precipitation 

Repeat twice using Ca carrier 

Dissolve in dil. HC1 

Evaporate to dryness 

Bedissolve in 8M HC1 

Extract with isopropyl ether 

Repeat twice 

Back extract into 0.1M HC1 

Repeat 

Evaporate "10 mL and transfer 
to vial 

Add 0.3 uL cone. H3PO4 

Evaporate to "0.3 mL 

Add 1 mL H2O and 15 mL cocktail 

Dark adapt 

LS count 

Figure 2: Analytical steps for 55Fe separation by isopropyl ether 
extraction. 
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Fe-55 SAMPLE 1 
TOTAL VOLUME COLLECTED (mL) 

Fe-55 SAMPLE 2 

Figure 3: 
5 5Fe e l u t i o n p r o f i l e for TNOA-microthene chromatography column 
(14 mL) using O.lM HCl. 
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Urine + Fe Carrier 

Evaporate to dryness wet ash 
with cone. HNO3 

Redissolve in dil. HNO3 

NH4OH precipitation 

Repeat twice using Ca carrier 

Dissolve in dil. HCl 

Add Co, Mn, Ni carriers 

Evaporate to dryness 

Redissolve to 3M HCl 

Load on microthene-TNOA column 

Wash column with 4 CVs of 3M HCl Discard wash 

Elute with 5 CVs of 0.1M HNO3 

Evaporate "10 mL and transfer 
to vial 

Add 0.3 mL concentrated H3PO4 

Evaporate to near 
dryness ("0.3 mL) 

Add 1 mL H2O and 15 mL cocktail 

Dark adapt 

LS count 

Figure 4: Analytical steps for 5SFe separation by TNOA-microthene 
extraction chromatography. 
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Figure 5: LSC background variations in ashed urine solid reagent blanks. 
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APPENDIX 1 

SUMMARY OF RADIOCHEMICAL PROCEDURES FOR IRON 
FROM LITERATURE SEARCH 



REFERENCE 

Miller et al. 
(1969) 

Palmer and Cook 
(1971) 

Harris and Aisen 
(1975) 

Zhang and Lewis 
(1984) 

Hallberg and Brise 
(1960) 

Saukkonen and 
Uhleniuis 
(1977) 

MATRIX 

blood samples 
(1 tnL plasma) 

blood 

blood 

blood 
(40 f(L samples of 
whole, plasma, 
or diluted 
plasma) 

blood 
(5.10 mg of Fe) 

5 mil blood 
samples 

MAIN SEPARATION 

none 

none 

none 

none 

electrodeposition 

electrodeposition 

GENERAL METHODS 

direct counting: 1 mL plasma, 
4 mli hyamine, and 15 mL liquid 
scintillation cocktail 

direct counting: 2 proportional 
counters enclosing a long, 
coiled polyethylene tube 
containing sample. No 
pretreatment employed 

direct counting: blood is 
hemolyzed by agitation, treated 
with Clorox (5% HaOCI), then 
ascorbic acid to remove excess, 
mixed with cocktail 

direct counting: blood is 
treated with BTS.450 tissue 
solubilizer, agitated, then 
with H2O2, and MP scintillator 
with glacial acetic added 

1. digestion with H2SO4 and 
HCIO4 

2. redisolve in acid 
3. ppt. Fe(OH)3 with NH4OH 
4. dissolve in H2SO4 and 

electroplate 

1. wet ashing with HNO3 and 
HCIO4 

2. reduction of iron to OK 
state (II) with ascorbic 
acid 

3. electroplate 

COUNTING 

LSC: cocktail used-
POPOP/PPO in 
toluene 

proportional 
counter 

LSC: used Aquasol 
as cocktail 

LSC: claims a count 
efficiency of 
16.5-18% 

gas flow proport
ional counter using 
Be and Pt alpha 
absorbers to 
measure 55Fe and 
59Fe, respectively 

gas flow proport
ional counter 
claims counting 
efficiency of 9% 

REMARKS 

- confined to small vol. 
analysis 

- no decontamination 

- no decontamination 
- requires special 
counting apparatus 

- limited to small 
volumes 

- no decontamination 
- limited to small 
volumes 

- paper's focus is 
irrelevant 

- no decontamination 
- limited to small 
volumes 

- paper's focus is 
irrelevant 

- poor decontamination 
- doesn't consider 
interferences 

- good discussion on 
electroplating 

- low counting efficiency 
- special apparatus 
required for 
electroplating 



REFERENCE 

Kumpulainen and 
Saukkonen 
(1979) 

Graber et al. 
(1967) 

Eakins and Drown 
(1970) 

Padova 
(1974) 

Suwanik 
(1978) 

MATRIX 

5 mL blood 
samples 

whole blood or 
plasma 
(e.g., 10 mg Fe) 

10 mil blood 
(e.g., 5 rag Fe) 

water and air 
samples (+5 mg 
Fe carrier) 

10 mL blood and 
Fe carrier 
(10 mg Fe) 

MAIN SEPARATION 

electrodeposition 

coprecipitation 
(with benzene phosphinic acid) 

coprecipitation 
(iron phosphate with ethanol/ 
NH4CI) 

coprecipitation 
(iron phosphate with ethanol 
NH4CI) 

coprecipitation 
(iron hydroxide with ammonia) 

GENERAL METHODS 

1. wet ashing with HNO3 and 
HCIO4 

2. reduction of iron to OK 
state (II) with ascorbic 
acid 

3. electroplate 

1. wet ashing, dissolve in HCI 
2. ppt. with (benzene) 

phosphinic acid 
3. dry and suspend in gel 

scintillator 

1. wet ash with H2SO4 and HNO3 
2. NH4OH ppt. of Fe(OH)3 (x2) 
3. dissolve residue in H3PO4 
4. reppt. with Etoh/NH4CI 
5. suspend in gel scintillant 

1. ppt. Fe(OH)3 with NH4OH (x2) 
2. redissolve in H3PO4 and 

reppt. with ET0H/NH4CI 
3. suspend ferric phosphate in 

gel scintillator 

1. wet ashing and bleaching 
with H2SO4, HNO3 and HC104 

2. NH4OH ppt. of Fe(OH)3 (x2) 
3. dry, decolorize with an 

ascorbic-HCI(1.2N) acid 
solution 

COUNTING 

SI (Li) detector 

LSC: PBD in 
toluene cocktail 

LSC 

LSC: NE220 and 
aerogel 

LSC: POPOP/PPO 
in toluene with 
gel Triton x-100 

REMARKS 

- counting efficiency 
varies with amount 
of Fe carrier used 

- discusses the quenching 
parameter as a 
function of stable iron 

- poor decontamination 
- no sample 
pretreatment 

- chemical yield of 80* 
claimed 

- good description of 
methods 

- ascorbic decolorant 
is interesting 



REFERENCE 

Novikov 
(1986) 

Wrenn and Cohen 
(1967) 

Palmer and Beasley 
(1967) 

Persson 
(1969) 

Langford 
(1971) 

MATRIX 

not defined 

10-15 mL blood 
samples 

Blood (<10 mL) 

blood and 
biological 
samples 

blood and Fe 
carrier (7 mg Fe) 

MAIN SEPARATION 

coprecipitation 

solvent extraction (with 10% 
alamine • 336 in toluene) 

solvent extraction 10% alamine 
336 in xylene 

not indicated 

solvent extraction 10% 
alamine - 336 in xylene 

GENERAL METHODS 

precipitation scheme for the 
separation of 48y, 51Cr, 54Mn, 
58,60co and 59pe nuclides using 
variable oxidizing agents and 
acid conditions 

1. digest with HHO3 and HC104 
2. dissolve in 6M HCI and 

extract into alamine 336 
3. strip into distilled H2O 
4. BH4OH ptt. of Fe(OH)3 

5. electroplate 

1. ash and redissolve in 6M HCI 
2. extract into alamine - 336 
3. strip into 1M HC104 
4. Fe(OH)3 ppt. with HH4OH 
5. electroplate 

1. wet and dry ash 
2. separation - not defined 
3. electroplate 

1. dry ash in muffle furnace 
2. wet ash containing HNO3 

and 30% H2O2 
3. continues same as Palmer 

and Beasley (1967) 

COUNTING 

no counting 
mentioned 

2 methods mention: 
(A) Nal(TI) with 
Be window (e=6%) 
(B) anticoincidence 
window less a 
counting (e=ll%) 

(Ar-methane) gas 
flow and counter 
with AL mylar 
window 

(Ar-ethane) gas 
flow GM counter 

same as Palmer and 
Beasley (1967) 

REMARKS 

- alamine - 336 is very 
similar to TNOA 
employed in Testa (1990) 
protocol 

- detailed dosimetry 
discussion 



REFERENCE 

Beasley et al. 
(1972) 

Martin et al. 
(1988) 

Haggag et al. 
(1982) 

Elkot and Alain 
(1980) 

El-Kot 
(1990) 

Winkler et al. 
(1981) 

MATRIX 

blood and 
biological 
samples 

liquids, resins, 
smears and 
filters from 
nuclear reactors 
and 5 mg Fe 
carrier 

not defined 

not defined 

urine 

environmental 
samples: air 
filter and 

fallout samples 

MAIN SEPARATION 

solvent extraction 10% alamine 
336 in xylene 

solvent extraction (20% 
tri-iso-octylamine in xylene) 

solvent extraction 
(LA2-chloride) 

solvent extraction (compares 
Amberlite LA-2, chloride 
form, and TBP solvents) 

solvent extraction (TBP= 
tributyl phosphate) 

solvent extraction with 
isopropyl ether 

GENERAL METHODS 

references Palmer and Beasley 
protocol 

1. wat ashed with HCI and HCIO4 
and brought up in 6M HCI 

2. extracted into 20% tri-
isooctylamine (in xylene) 

3. Fe(OH)3 ppt. with NH4OH, 
filter and dry 

1. dissolve in 9M H2SO4 
2. extract into Amberlite LA-2, 

chloride form 
3. strip with 4SM H2SO4 

discussed in a previous publi
cation. Compares Amberlite 
LA-2, chloride form, and TBP as 
extractants and the effect of 
varying [acid] on efficiency 
of extraction 

experimental technique 
described in previous 
literatures 

1. ash with HNO3, HCIO4 and HF 
2. dissolve in 9M HCI and 

extract into isopropyl ether 
3. back extract into d. H2O 
4. ppt. Fe(OH)3 with NH4OH 
5. cation exchange - elute with 

0.5% oxalic acid 
6. electroplate 

COUNTING 

Xe gas a counter 

Ge detector: LLD of 
80 pCi/g (based on 
10 g sample and 5 
min count time) 

Nal (TI) for 59pe 
counting only 

no counting 
mentioned 

no counting 
discussion 

5i(Li) and gas-
filled a counter 
(e=6%) 

REMARKS 

separation method is the 
same as Palmer and Beasley 
(1967) 

- chemical recovery of 
70% using 59Fe tracer 
tNal(TI) crystal) 

- considers and eliminates 
interferences 

- 60Co said to be biggest 
problem 

- no sample pretreatment 
discussed 

- no 55pQ counting 

- favours LA2-CI over 
TBP 

- good matrix 
- discusses the effects of 

[urine], [H2SO4], and 
[TBP] on efficiency of 
extraction 

- same extractant as 
Mahannah (Yankee 
Method) 

- 81% chemical recovery 
claimed 



REFERENCE 

Yonezawa et al. 
(1985) 

Mahannah et al. 
(1990) 

Yankee Atomic Method 

Testa et al. 
(1990) 

Testa and Staccioli 
(1972) 

MATRIX 

radioactive 
corrosion product 

(CRUD) 

water samples 

environmental 
samples and 

liquid effluents 
(containing 
<10-20 mg Fe) 

air and fallout 
samples 

MAIN SEPARATION 

ion association solvent 
extraction 
(iron-BPT-perchlorate in 
PPO-xylene) 

solvent extraction (into 
isopropyl ether) 

extraction chromatography 
(tri-n-octylamene on microthene 
710) 

column reversed-phase partition 
chromatography 

GENERAL METHODS 

1. reduction of Fe to Ox. state 
(II) with ascorbic acid and 
Na acetate 

2. adjust pH to 4 or 5 with NH3 
3. complex with BPT, NH4CIO4, 

and ETOH 
4. extract into PPO-xylene 
5. back extract Co into EDTA 

1. acidify sample 
2. ppt. Fe(OH)3 with NHaOH(x3) 
3. redissolve in 9M HC1 
4. extract into isopropyl ether 

(x3) 
5. strip into 0.1M HCI(x2) 
6. evaporate and dissolve in 

H3PO4 

1. evaporated to near dry and 
dissolve in 3M HC1 

2. pass through microthene-TNOA 
column. Wash with 3M HC1 

3. dilute with 0.1M HHO3 
4. ppt. Fe(OH)3 with NH4CI/NH3 
5. dissolve in 3.5M HCIO4 

1. ash and bring up in 7.5M 
HNO3 

2. anion exchange (to remove U*, 
Th, and pu) 

3. absorb Fe on HDEHP-micro-
thene column, dilute with 
6M HCI 

4. evaporate 
5. electroplate 

COUNTING 

LSC: direct from 
extraction medium. 
Claims 60% counting 
E with low Fe and 
quench levels 

LSC: 

2 counting methods 
a) Ge(Li) with Be 

window (Fe(OH)3 
PPt) 

b) LSC (Fe-
phosphate) 

X-ray spec 

REMARKS 

- no sample pretreatment 
- dealt with very small 
quantities of Fe(<50 ftq) 

- does eliminate 
interferences: Co 
was biggest concern 

- discusses a DMT 
extraction to remove 
Ni as a contaminant 
(separate publication) 

- no pretreatment 
- chemical recovery of 
82+4.9% claimed 

- deals with contam
inants and claims good 
decontam factors 

- no pretreatment 
- chemical recovery 
65 ± 7% 

- article also discusses 
the removal of Ni on 
a DMT-raicrothene column 

- chemical recovery of 
95.3 ± 3.1% 

- detection limit of lpci 
with long counting 
time 



REFERENCE 

Sutton and Harvey 
(1974) 

YU and Tang 
(1982) 

Kojima and Furukawa 
(1985) 

MATRIX 

blood (10 mg Fe) 

water, soil and 
biologicals 

(+10 rag Fe 
carrier) /il of 
30 mg Fe 

air filters 
(7.3-15.8 mg Fe) 
stds. up to 
200 mg 

MAIN SEPARATION 

liquid extraction (10% DDC 
in CHCI3) and anion exchange 

solvent extraction (MIBK) 
and anion exchange 
chromatography 

solvent extraction (MIBK) 
and anion exchange 
chromoatography 

GENERAL METHODS 

1. wet ash with HNO3 and HCIO4 
2. extract into a 10% DDDC in 

CHCI3 isol'n 
3. dry and ash with HNO3 and 

H202 

4. anion exchange 
5. Fe(OH)3 ppt. with NH4OH 
6. dissolve in H3PO4 

1. ashing (wet and dry), 
dissolve 6M HCI 

2. extract into MIBK 
3. strip into H2O 
4. ppt. ?e(0H)3 with NH4OH 
5. dis and bring to 9M with 

HCI 
6. anion exchange 
7. reppt. as Fe(OH)3 
8. electroplate 

1. ash with HCI, HF, H3BO4, 
and H2O2 

2. extract into MIBK 
3. strip into H20 and bring 

to 6M in HCI 
4. anion exchange, elute, 

and evaporate 
5. dissolve in 2.5M H3PO4 

COUHTIHG 

LSC: as an iron-
phosphate is 
"Aguasol" gel 
cocktail 
£ of 45% at max 

only 59Fe counting 

LSC: used EX-H 
cocktail achieved 
counting 
efficiencies of 
23-25% (for 
7.3-15.8 mg Fe) 
Ge(Li) to detect 
-y-emmitters if 
present 

REMARKS 

- discusses effects of 
H3PO4, and Fe on 
counting efficiency 

- chem recovery 85% ± 1.5% 
- decontamination factors 
>103 for 137cs, 9"Sr, 
144ce, 106R U / 60co, 6Szn, 
U, Th 

- good details of methods 

- chem recovery 80% 
- discusses the effects of 
iron content, H3PO4 
cone, and temp, on 
counting efficiency 
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APPENDIX 2 

DETAILED PROCEDURE FOR IRON-55 IN URINE BY EXTRACTION 
WITH ISOPROPYL ETHER (PROCEDURE A) 
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IRON-55 IN URINE BY EXTRACTION WITH ISOPROPYL ETHER 

1. INTRODUCTION 

This procedure is used to determine iron-55 concentration in 
urine. 

2. SCOPE 

Iron-55 is isolated and quantitative results obtained. 

Qualitative discrimination between 55Fe and 59Fe is possible 
through liquid scintillation spectrometry. 

Concentrations of 55Fe and 59Fe in the same sample can be 
determined by dual-label analysis. 

3. SENSITIVITY 

The sensitivity of the method depends on the background of the 
liquid scintillation counter. 

In a conventional liquid scintillation counter with a background 
of about 20 cpm for the 55Fe energy region and a 10-minute 
counting time, the sensitivity is 0.9 Bq/L for a 500 mL sample. 

4. SUMMARY OF METHOD 

Addition of Fe carrier and acid wet ashing. 

Dissolving of residue and hydroxide precipitations. 

Extractions with isopropyl ether. 

Back extractions of Fe with dilute acid. 

Volume reduction and liquid scintillation counting. 

5. INTERFERENCES 

No significant interferences are present other than 59Fe. 

6. EQUIPMENT, MATERIALS AND REAGENTS 

6.1 Equipment and Materials 

Liquid scintillation counter 
pH meter 
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Analytical balance 
Funnel supports and stands 
Vortex mixer 
Pipetters, variable volume 
Pipetter tips 
Magnetic stirring hot plates and stir bars 
Water purification system 
Adjustable volume liquid dispenser 
Fumehood 
Séparatory funnels, 125 mL or 250 mL 
Centrifuge and tubes, 50 mL or larger 
Volumetric flasks, 0.1 to 2 L 
Glass beakers, 0.15 to 4 L 
Watch glasses, 100 mm 
Watch glasses, 125 mm 
Glass liquid scintillation vials 
Separatory funnel shaker (optional) 
Graduated cylinders, 0.05 L to 2 L 
Storage bottles, 1 L and 4 L 
Weighing boats 
Spatulas 
Glass stirring rods 
Wash bottles 
WHMIS labels 
Magnetic stir bar retriever 
Timer, count down 

Reagents 

Iso-propyl ether 
Fe111 carrier solution 
8 M HC1 
0.1 M HC1 
NH40H 
H3P04 

HN03 
HC1 
Calcium chloride solution 
Insta-Gel XF liquid scintillation cocktail 
pH = 11 H20/NH40H wash solution 
Distilled or deionized water 
55Fe standard solution 
pH buffer solutions 
Picric acid solution 
Blank and spiked Quality Control (QC) urines 

HAZARDS AND PRECAUTIONS 

No hazards, other than those encountered in a standard 
radiochemical laboratory, are present. 

Safety glasses, hand protection and fumehoods should be used when 
handling reagents. 
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8. SAMPLING AND SAMPLE PREPARATION 

Samples should be collected in suitable clean containers. 

Acidify samples with 5 mL HN03 per 500 mL of sample, if they are 
to be stored for more than one day, prior to analysis. 

9. PREPARATION OF APPARATUS AND REAGENTS 

9.1 Counting Equipment 

The liquid scintillation counter will be set up and calibrated 
according to the manufacturer's recommendations. 

9.2 Glassware 

Wash all glassware with laboratory soap and hot water. Rinse with 
water followed by 25% HCl solution. Rinse with tap water and 
finally with distilled water. Keep and wash glassware used for 
spiked samples and standards separate. 

9.3 Preparation of Reagents . 

9.3.1 Iron III carrier solution, 1 mg/mL in 0.1 M HCl. 

To a 1 L volumetric flask, add 4.84 g of ferric chloride 
(FeCl3.6H20) and about 800 mL distilled water. 

Add 8.25 uiL. C.HCl and swirl to dissolve. 

Dilute to the 1 L mark with distilled water, and mix. 

9.3.2 8 M HCl 

To 600 mL of distilled water in a 2 L volumetric flask, add 
1320 mL C.HCl. 

Dilute to the 2 L mark with distilled water, and mix. 

9.3.3 0.1 M HCl 

To about 1.5 L of distilled water in a 2 L volumetric flask, add 
16.5 mL C.HCl. 

Dilute to the 2 L mark with distilled water, and mix. 

9.3.4 Calcium chloride solution, 100 mg/mL Ca111 in 0.1 M HCl 

To a 1 L volumetric flask, add 366.8 g of calcium chloride 
(CaCl2.2H20) and about 500 mL distilled water. 
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Add 8.25 mL concentrated HCl and swirl to dissolve. 

Dilute to the 1 L mark with distilled water and mix. 

9.3.5 pH=ll H20/NH40H wash solution 

Adjust the pH of a 1 L - 4 L volume of distilled water to 11 with 
NH40H. 

9.3.6 55Fe standard solution 

Calculate the current activity concentration of an 55Fe standard 
solution7 (calculation section 11.2). 

The recommended activity concentration is 5 to 200 Bq/mL. 
Solutions greater than 200 Bq/mL should be diluted (calculations 
section 11.3). 

9.4 Blank and Spiked Quality Control (QC) Samples 

One blank and one spiked QC urine is prepared and processed with 
each sample batch of up to 10 samples. 

9.4.1 QC urines 

9.4.1.1 Pour 500 mL of unspiked (blank) urine into a 1 L beaker labelled 
blank. Process with the samples. 

9.4.1.2 Pour 500 mL of urine into a 1 L beaker labelled spike. Add 1 to 
10 mL of the 55Fe standard solution. This mL volume is 
determined by establishing the desired counting time that will 
give at least 10 000 counts. Process the spiked urine remotely 
from samples and blank to prevent contamination. 

10. PROCEDURES 

10.1 Sample Ashing 

10.1.1 Measure 500 mL urine into a 1-L beaker on a hot plate. 

10.1.2 Add 5 mL Fe111 carrier solution, 30 mL concentrated HN03 and heat 
to boil. 

10.1.3 Reduce heat to slow boil to near dryness. 

10.1.4 Ash with concentrated HN03 to a white or pale yellow residue. 

70btain an 55Fe standard solution, supplied by a standardizing laboratory 
that participates in a measurement assurance program, through national or 
international intercomparisons. Calibrations should show satisfactory 
agreement with a recognized standards group, such as the National 
Institute of Standards and Technology (NIST). 
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10.2 Hydroxide Precipitation 

10.2.1 Add 10 mL concentrated HN03 to residue on low heat and swirl to 
dissolve. 

10.2.2 Add 40 mL distilled water and magnetically stir to complete 
dissolving. 

10.2.3 Slowly add 30 mL NH40H while stirring. 

10.2.4 Place the electrodes of a calibrated pH meter into sample at room 
temperature. 

10.2.5 Adjust the pH to 10.0 with mL additions of NH40H. 

10.2.6 Continue stirring for 10 minutes. 

10.2.7 Allow precipitate to settle in beaker at about a 30° angle. 

10.2.8 Decant supernatant into another beaker. 

10.2.9 Wash ppt into a centrifuge tube with pH = 11 wash. 

10.2.10 Centrifuge ppt for 5 minutes at about 1000 rpm. 

10.2.11 Combine supernatants in beaker and save the precipitate in 
centrifuge tube. 

10.2.12 Add 1 mL Fe 1 1 1 carrier and 0.25 mL CaCl2.2H20 solution to 
supernatant. 

10.2.13 Adjust pH to 10.0 and stir for 10 minutes. 

10.2.14 Allow to settle, decant, centrifuge, combine supernatants, and 
save precipitate as in previous steps. 

10.2.15 Add 1 mL Fe 1 1 1 carrier and 0.25 mL CaCl2.2H20 solution to 
supernatant. 

10.2.16 Adjust pH, stir, settle, decant and centrifuge as before. 

10.2.17 Combina the three precipitates and discard supernatant. 

10.3 Iso-Propyl Ether Extraction 

10.3.1 Dissolve and transfer ppt with C.HC1 to a beaker. 

10.3.2 Heat until dry and dissolve in HC1. 

10.3.3 Adjust HC1 to 8 M and total volume of 30 mL. 

10.3.4 Transfer to a separatory funnel. 
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10.3.5 Rinse beaker three times with 10 mL iso-propyl ether and combine 
rinses in separatory funnel. 

10.3.6 Cap and shake for 1.5 minutes, and allow layers to separate. 

10.3.7 Drain the bottom acid layer into a second separatory funnel. 

10.3.8 To the second separatory funnel, add 20 mL iso-propyl ether. 

10.3.9 Cap and shake for 1 minute, and allow layers to separate. 

10.3.10 Repeat with a final 20 mL iso-propyl ether extraction. 

10.3.11 Combine iso-propyl ether layers in first separatory funnel and 
discard acid layer. 

10.4 Back Extraction of Iron 

10.4.1 Add 30 mL 0.1 M HC1 to the iso-propyl ether. 

10.4.2 Shake for 1.5 minutes and allow layers to separate. 

10.4.3 Drain the bottom acid layer into a beaker. 

10.4.4 Repeat back extraction with 30 mL 0.1 M HC1 to the iso-propyl 
ether. 

10.4.5 Shake for 1 minute and allow layers to separate. 

10.4.6 Combine the acid layer with the first in the beaker. 

10.5 Matrix Conversion for Liquid Scintillation Counting 

10.5.1 Heat and evaporate dilute acid sample to about 10 mL. 

10.5.2 Transfer to a glass liquid scintillation vial. 

10.5.3 Rinse beaker with 1 mL C.HC1 and add to glass vial. 

10.5.4 Repeat beaker rinse twice with 1 mL 0.1 M HC1 each time. 

10.5.5 Add 0.3 mL concentrated H3P04. 

10.5.6 Heat to near dryness so that no condensed H20 vapor is seen on 
the vial sides. 

10.5.7 Add 1 mL H20 and gently vortex to mix. 

10.5.8 Add 15 mL Insta-Gel XF cocktail. 

10.5.9 Dark adapt for about 30 minutes and liquid scintillation count. 
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11. CALCULATIONS 

11.1 Concentration of S5Fe in Bq/L 

55 Fe = 
(R E Vs) 60 

where CR,, = net sample count rate (sample count rate minus 
blank, count rate) CRS - CRb in cpm 

R = fractional recovery 
E = counting efficiency 
Vs = sample volume in L 
60 = factor to convert dpm to Bq 

11.2 Current Acitivitv Concentration of 55Fe in Standard Solution in 
Bq/mL 

Ac = Aoc e->* 

where Ac = current
 55Fe activity in Bq/mL 

Aoc =
 55Fe activity at Reference Time (RT) 

T = time in days from RT to current time 
X = 0.693/T4 (where 1h = 997 days, the half-life of

 S5Fe) 

11.3 Dilution of an 55Fe Standard Solution in 0.3 MHCl with 20 ug/mL 
Fe Carrier 

11.3.1 Final volume to be diluted to: 

Vx Ci 
V2 = 

C2 

where V2 = final
 55Fe solution volume to be. diluted to, in mL 

Vx = original
 55Fe solution volume in mL 

Cx = original
 55Fe activity concentration in Bq/mL 

C2 = final solution
 55Fe activity concentration Bq/mL 

desired 

11.3.2 Volume of concentrated HCl in mL to add during dilution: 

VHCI = v2 " vi x 0.025 

where 0.025 = mL/mL concentrated HCl for a 0.3 M HCl solution 

11.3.3 Weight of FeCl2-4H20 in g to add and dissolve during dilution: 

WFeCl2.4H20 " V 2 - V l X 7 x l 0 - B 

where W„ _, ,„ Q = weight in g of reCl2-4H20 

7 x 10"5 = g/mL of FeCl2-4a20 for 20 ng/taL Fe solution 
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APPENDIX 3 

DETAILED PROCEDURE FOR IRON-55 IN URINE BY 
EXTRACTION CHROMATOGRAPHY 
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IR0N-S5 IN URINE BY EXTRACTION CHROMATOGRAPHY 

1. INTRODUCTION 

This procedure is used to determine 55Fe concentration in urine. 

2. SCOPE 

55Fe is isolated and quantitative results obtained. 

Qualitative discrimination between 55Fe and 59Fe is possible 
through liquid scintillation spectrometry. 

Concentrations of 55Fe and 59Fe in the sample can be determined 
by dual-label analysis. 

3. SENSITIVITY 

The sensitivity of the method depends on the background of the 
liquid scintillation counter. 

In a conventional liquid scintillation counter with a background 
of about 20 cpm for the 55Fe energy region, and a 10-minute 
counting time, the sensitivity is 0.9 Bq/L for a 500 mL sample. 

4. SUMMARY OF METHOD 

Addition of Fe carrier and acid wet washing. 

Dissolving of residue and hydroxide precipitations. 

Column extraction chromatography with TNOA. 

Column wash and Fe elution. 

Volume reduction and liquid scintillation counting. 

5. INTERFERENCES 

No significant interferences are present, except for 59Fe. 

6. EQUIPMENT, MATERIALS AND REAGENTS 

6.1 Equipment and Materials 

Liquid scintillation counter 
pH meter 
Analytical balance 
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Chromatography column supports and stands 
Vortex mixer 
Pipetters, variable volume 
Pipetter tips 
Magnetic stirring hot plates and stir bars 
Water purification system or still 
Adjustable volume liquid dispenser 
Fumehood 
Chromatography columns - 20 mL 
Centrifuge 
Centrifuge tubes 
Volumetric flasks, 0.1 L to 2 L 
Glass beakers, 0.15 L to 4 L 
Watch glasses, 100 mm and 125 mm 
Graduated cylinders, 0.05 L to 2 L 
Storage bottles, 1 L and 4 L 
Glass liquid scintillation vials 
Weighing boats 
Spatulas 
Glass stirring rods 
Wash bottles 
WHMIS labels 
Magnetic stir bar retriever 
Timer, count down 
Frits to fit chromatography columns 

Reagents 

Tri-n-octylamine 20% in toluene (TNOA 20% in toluene) 
Microthene, MN 710-20 with TNOA 20% in toluene 
3 M HC1 
0.1 M HN03 
NH40H 
H3P04 

HC1 
Fe 1 1 1 carrier solution 
Calcium chloride solution 
Insta-Gel XF liquid scintillation cocktail 
pH = 11 H20/NH40H wash solution 
Mixed carrier/indicator solution 
pH buffer solutions 
55Fe standard solution 
Distilled or deionized water 
Acetone 
Blank and spiked Quality Control (QC) urines 

HAZARDS AND PRECAUTIONS 

No hazards, other than those encountered in a standard 
radiochemical laboratory, are present. 

Safety glasses, gloves and fumehoods should be used when handling 
most reagents. 
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8. SAMPLING AND SAMPLE PREPARATION 

Samples should be collected in suitable, clean containers. 

Acidify with 5 mL concentrated HN03 per 500 mL sample, if they 
are to be stored for more than one day, prior to analysis. 

9. PREPARATION OF APPARATUS AND REAGENTS 

9.1 Counting Equipment 

The liquid scintillation counter will be set up and calibrated 
according to manufacturer's recommendations. 

9.2 Glassware 

Wash all glassware with laboratory soap and hot water. 

Rinse with water followed by a 25£ HCl solution. 

Rinse with tap water and, finally, distilled water. 

Wash and store glassware used for spiked samples and standards 
separate. 

9.3 Preparation of Reagents 

9.3.1 TNOA 20% in Toluene 

To a 500-mL separatory funnel, add 240 mL toluene and 60 mL TNOA 
(tri-n-octylamine). Shake gently for about 10 seconds to mix. 

9.3.2 Microthene, MN 710-20 with TNOA 20% in Toluene 

To a 2-L beaker, add 300 g microthene. Slowly add the TNOA 
solution in the separatory funnel while mixing with a glass 
stirring rod. Store in a tightly sealed glass container. 

9.3.3 3M HCl 

To 1200 mL of distilled water in a 2-L volumetric flask, add 500 
mL C. HCl. Swirl and dilute to the 2-L mark with distilled 
water. 

9.3.4 0.1 M HN03 

To about 1500 mL of distilled water in a 2-L volumetric flask, 
add 12.6 mL C. HN03. Dilute to the 2-L mark with distilled water 
and mix. 
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9.3.5 Fe 1 1 1 Carrier Solution, 1 mg/mL 

To a 1-L volumetric flask, add 4.84 g ferric chloride (FeCl3.6 
H20) and about 800 mL distilled water. Add 8.25 mL concentrated 
HCl and swirl to dissolve. Dilute to the 1-L mark with distilled 
water. 

9.3.6 Calcium Chloride Solution, 100 mg/mL Ca11 

To a 1-L volumetric flask, add 366.8 g calcium chloride 
(CaCl2.2 H20) and about 500 mL distilled water. Add 8.25 mL 
concentrated HCl and swirl to dissolve. Dilute to the 1-L mark 
with distilled water and mix. 

9.3.7 Mixed Carrier Solution 

To a 1-L volumetric flask, add 3.6 g manganous chloride 
(MnCl2-4 H 20), 4.9 g cobalt nitrate (Ca(N03)2-6H20), 4.0 g 
nickelous chloride (NiCl2-6H20) and about 500 mL distilled water. 

Add 8.25 mL C.HC1 and swirl to dissolve. 

Dilute to the 1-L mark with distilled water and mix. 

9.3.8 pH = 11 H20/NH40H Wash Solution 

Adjust the pH of a 1-L- to 4-L-volume of distilled water to 11 
with NH40H while stirring. Store in a capped bottle. 

9.3.9 55Fe standard solution 

Calculate the current activity concentration of an 55Fe standard 
solution8 (calculation section 11.2). 

The recommended activity concentration is 5 to 200 Bq/mL. 
Solutions greater than 200 Bq/mL should be diluted (calculations 
section 11.3). 

9.4 Blank and Spiked Quality Control (QC) Samples 

One blank and one spiked QC urine is prepared and processed with 
each sample batch of up to 10 samples. 

9.4.1 QC urines 

9.4.1.1 Pour 500 mL of unspiked (blank) urine into a 1 L beaker labelled 
blank. Process with the samples. 

80btain an 55Fe standard solution, supplied by a standardizing laboratory 
that participates in a measurement assurance program, through national or 
international intercomparisons. Calibrations should show satisfactory 
agreement with a recognized standards group, such as the National 
Institute of Standards and Technology (NIST). 
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9.4.1.2 Pour 500 mL of urine into a 1 L beaker labelled spike. Add 1 to 
10 mL of the 55Fe standard solution. This mL volume is 
determined by establishing the desired counting time that will 
give at least 10 000 counts. Process the spiked urine remotely 
from samples and blank to prevent contamination. 

10. PROCEDURES 

10.1 Sample Ashing 

10.1.1 Measure 500 mL urine into a 1-L beaker on a hot plate. 

10.1.2 Add 2 mL Fe111 carrier solution and 30 mL C.HN03 and heat. 

10.1.3 Bring to a boil and reduce heat to slowly boil to near dryness. 

10.1.4 Wet ash with C.HN03 to a white or pale yellow residue. 

10.2 Hydroxide Precipitation 

10.2.1 Add 10 mL C.HN03 to residue on low heat and swirl to dissolve. 

10.2.2 Add 40 mL distilled water and stir to complete dissolving. 

10.2.3 If residue is not completely dissolved, heat and add 1-mL 
portions of C.HN03 until a solution is obtained. 

10.2.4 At room temperature, slowly add 30 mL NH40H while stirring. 

10.2.5 Place the electrodes of a calibrated pH meter into sample. 

10.2.6 Adjust the pH to 10.0 with 1 mL to 5 mL additions of NH40H. 

10.2.7 Remove electrodes and rinse them using pH = 11 wash solution. 

10.2.8 Continue stirring for 10 minutes. 

10.2.9 Allow precipitate to settle in a beaker at about a 30° angle. 

10.2.10 Decant supernatant into another beaker. 

10.2.11 Wash precipitate into a centrifuge tube with pH = 11 wash 
solution. 

10.2.12 Centrifuge for 5 minutes at about 1000 rpm. 

10.2.13 Combine centrifuged supernatant with supernatant in beaker and 
save the precipitate. 

10.2.14 Add 2 mL FeIXI carrier and 0.25 mL CaCl2.2H20 solution to 
supernatant. 
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10.2.15 Adjust pH to 10.0 and stir for 10 minutes. 

10.2.16 Repeat the settling, decanting, centrifuging, supernatant-
combining and saving precipitate steps. 

10.2.17 Add 2 mL Pe 1 1 1 carrier and 0.25 mL CaCl2.2H20 solution to 
supernatant. 

10.2.18 Adjust pH, stir, settle, decant and centrifuge as before. 

10.2.19 Combine precipitate and discard supernatant. 

10.3 TNOA Column Preparation 

10.3.1 To a chromatography column (about 1.4 cm inside diameter and 
10-20 cm long), add 1-2 mL microthene-TNOA 20%/toluene. 

10.3.2 Cap the column's elution end and add about 1 mL 3M HCl. 

10.3.3 Gently pack the microthene slurry using a glass rod. 

10.3.4 Continue adding microthene-TNOA and 3M HCl in 1-2 mL volumes. 

10.3.5 Pack the slurry gently after each addition. 

10.3.6 Complete additions and packing to the 13- to 14-mL mark. 

10.3.7 Secure the packing with a porous frit or glass beads. 

10.3.8 Drain excess 3M HCl to 1 mm above the frit. 

10.4 TNOA Column Extraction Chromatography 

10.4.1 Dissolve and transfer precipitate with three 5 mL aliquots of 
concentrated HCl into a 150-mL beaker. 

10.4.2 Add 0.5 mL mixed carrier/indicator solution. 

10.4.3 Slowly heat to dryness, and dissolve in 1.5 mL concentrated HCl. 

10.4.4 Add 4.25 mL distilled water to complete dissolving. Warm if 
necessary. 

10.4.5 Gently add the sample to the packed TNOA microthene column. 

10.4.6 Allow the sample to load slowly by eluting at about 1 mL/minute. 

10.4.7 Rinse the sample beaker three times with three 1-mL additions of 
3M HCl and add each to the column. 

10.4.8 When the sample has disappeared below the frit, add one 2-mL 
3M HCl beaker rinse. 

10.4.9 Wash the column with 55 mL 3M HCl in 5-10 mL additions. 
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10.4.10 Adjust the wash flow to less than 5 mL/minute. 

10.4.11 Elute the Fe from the column with 70 mL of 0.1 M HN03, into a 
150-mL beaker. 

10.5 Matrix Conversion for Liquid Scintillation Counting 

10.5.1 Heat and evaporate sample to dryness. 

10.5.2 Rinse beaker inner side with 3-5 mL acetone. 

10.5.3 Evaporate to dryness and ash organics with C HN03 and heat. 

10.5.4 Dissolve residue in 1-2 mL C HN03 and transfer to a glass liquid 
scintillation vial. 

10.5.5 Rinse beaker with five 1-mL portions of 0.1 M HN03. 

10.5.6 Add 0.3 mL C.H3P04. 

10.5.7 Heat to near dryness so that no condensed water vapor is seen on 
the vial side. 

10.5.8 Add 1 mL distilled water, and gently vortex to mix. 

10.5.9 Add 15 mL Insta-Gel XF cocktail, cap and shake. 

10.5.10 Dark-adapt for about 30 minutes and liquid scintillation count. 

11. CALCULATIONS 

11.1 Concentration of 55Fe in Bq/L 

C 55Fe = 
(R E Vs) 60 

where CRu = net sample count rate (sample count rate minus 
background count rate) CRS = CRb in cpm, 

R = fractional recovery, 
E = counting efficiency, 

Vs = sample volume in L, and 
60 = factor to convert dpm to Bq. 

11.2 Current Acitivitv Concentration of 55Fe in Standard Solution in 
Bq/mL 

Ac = Aoc e-** 



3-9 

where Ac = current
 55Fe activity in Bq/mL 

Aoc =
 55Fe activity at Reference Time 

T = time in days from RT to current time 
X = 0.693/T^ (where T% = 997 days, the half-life of

 55Fe) 

11.3 Dilution of an 55Fe Standard Solution in 0.3 MHCl with 20 ug/mL 
Fe Carrier 

11.3.1 Final volume to be diluted to: 

Vi Ci 

v2 = 
c2 

where V2 = final
 55Fe solution volume to be diluted to, in mL 

Vx = original
 55Fe solution volume in mL 

Cx = original
 55Fe activity concentration in Bq/mL 

C2 = final solution
 55Fe activity concentration Bq/mL 

desired 

11.3.2 Volume of concentrated HCl in mL to add during dilution: 

VHCI = V2 - Vx x 0.025 

where 0.025 = mL/mL concentrated HCl for a 0.3 M HCl solution 

11.3.3 Weight of FeCl2-4H20 in g to add and dissolve during dilution: 

tfFeCl2-4H20 = V 2 - V l x 7 x l 0 - 5 

where W„ _, ,„ _ = weight in g of FeCl2-4H20 

7 x 10-5 = g/mL of FeCl2-4H20 for 20 fig/mh Fe solution 
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APPENDIX 4 

RELATED PROCEDURES FOR IRON-55 IN URINE BY EXTRACTION 
VITH ISOPROPYL ETHER (PROCEDURE B) 
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IRON-55 IN URINE BY EXTRACTION WITH ISOPROPYL ETHER 

INTRODUCTION 

This procedure is used to determine iron-55 concentration in 
urine. 

SCOPE 

Iron-55 is isolated and quantitative results obtained. 

Qualitative discrimination between S5Fe and 59Fe is possible 
through liquid scintillation spectrometry. 

Concentrations of 5sFe and S9Fe in the same sample can be 
determined by dual-label analysis. 

SENSITIVITY 

The sensitivity of the method depends on the background of the 
liquid scintillation counter. 

In a conventional liquid scintillation counter with a background 
of about 20 cpm for the 55Fe energy region and a 10-minute 
counting time, 55Fe can be detected to 0.9 Bq/L for a 500 mL 
sample. 

Better detection limits can be obtained with low background 
liquid scintillation counters. 

SUMMARY OF METHOD 

Addition of Fe carrier and acid wet ashing. 

Dissolving of residue. 

Extraction with isopropyl ether. 

Back extractions of Fe with dilute acid. 

Volume reduction and liquid scintillation counting. 

INTERFERENCES 

High levels of 54Mn, color quench and 59Fe may pose interference 
problems. 
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6. ' EQUIPMENT, MATERIALS AND REAGENTS 

6.1 Equipment and Materials 

Liquid scintillation counter 

Analytical balance 
Funnel supports and stands 
Vortex mixer 
Pipetters, variable volume 
Pipetter tips 
Magnetic stirring hot plates and stir bars 
Water purification system 
Adjustable volume liquid dispenser 
Fumehood 
Separatory funnels, 125 mL or 250 mL 
Centrifuge and tubes, 50 mL or larger 
Volumetric flasks, 0.1 to 2 L 
Glass beakers, 0.15 to 4 L 
Watch glasses, 100 mm 
Watch glasses, 125 mm 
Glass liquid scintillation vials 
Separatory funnel shaker (optional) 
Graduated cylinders, 0.05 L to 2 L 
Storage bottles, 1 L and 4 L 
Weighing boats 
Spatulas 
Glass stirring rods 
Wash bottles 
WHMIS labels 
Magnetic stir bar retriever 
Timer, count down 
Funnel, 65 mm 
Filter paper, 11 cm 

6.2 Reagents 

Iso-propyl ether 
p ein carrier solution 
8 M HC1 
0.1 M HC1 
NH40H 
H3P04 

HN03 

HC1 
Insta-Gel XF liquid scintillation cocktail 
Distilled or deionized water 
55Fe standard solution 
Mixed carrier solution 
Picric acid solution 
Blank and spiked Quality Control (QC) urines 
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7. HAZARDS AND PRECAUTIONS 

No hazards, other than those encountered in a standard 
radiochemical laboratory, are present. 

Safety glasses, hand protection and fumehoods should be used when 
handling reagents. 

8. SAMPLING AND SAMPLE PREPARATION 

Samples should be collected in suitable clean containers. 

Acidify samples with 5 mL HN03 per 500 mL of sample, if they are 
to be stored for more than one day, prior to analysis. 

9. PREPARATION OF APPARATUS AND REAGENTS 

9.1 Counting Equipment 

The liquid scintillation counter will be set up and calibrated 
according to the manufacturer's recommendations. 

9.2 Glassware 

Wash all glassware with laboratory soap and hot water. Rinse 
with water followed by 25% HCl solution. Rinse with tap water 
and finally with distilled water. Keep and wash glassware used 
for spiked samples and standards separate. 

9.3 Preparation of Reagents 

9.3.1 Iron III carrier solution, 1 mg/mL in 0.1 M HCl. 

To a 1 L volumetric flask, add 4.84 g of ferric chloride 
(FeCl3.6H20) and about 800 mL distilled water. 

Add 8.25 mL C.HC1 and swirl to dissolve. 

Dilute to the 1 L mark with distilled water, and mix. 

9.3.2 8 M HCl 

To 600 mL of distilled water in a 2 L volumetric flask, add 
1320 mL C.HC1. 

Dilute to the 2 L mark with distilled water, and mix. 

9.3.3 0.1 M HCl 

To about 1.5 L of distilled water in a 2 I. volumetric flask, add 
16.5 mL C.HC1. 
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Dilute to the 2 L mark with distilled water, and mix. 

9.3.4 Mixed Carrier/Indicator Solution 

To a 1-L volumetric flask, add 3.6 g manganous chloride (MnCl2.4 
H 20), 4.9 g cobalt nitrate (Ca(N03)2.6H20), 4.0 g nickelous 
chloride (NiCl2.6H20) and about 500 mL distilled water. 

Add 8.25 mL C.HC1 and swirl to dissolve. 

Dilute to the 1-L mark with distilled water and mix. 

9.3.5 55Fe standard solution 

Calculate the current activity concentration of an 55Fe standard 
solution9 (calculation section 11.2). 

The recommended activity concentration is 5 to 200 Bq/mL. 
Solutions greater than 200 Bq/mL should be diluted (calculations 
section 11.3). 

9.4 Blank and Spiked Quality Control (QO Samples 

One blank and one spiked QC urine is prepared and processed with 
each sample batch of up to 10 samples. 

9.4.1 QC urines 

9.4.1.1 Pour 500 mL of unspiked (blank) urine into a 1 L beaker labelled 
blank. Process with the samples. 

9.4.1.2 Pour 500 mL of urine into a 1 L beaker labelled spike. Add 1 to 
10 mL of the 55Fe standard solution. This mL volume is 
determined by establishing the desired counting time that will 
give at least 10 000 counts. Process the spiked urine remotely 
from samples and blank to prevent contamination. 

10. PROCEDURES 

10.1 Sample Ashing 

10.1.1 Measure 500 mL urine into a 1-L beaker on a hot plate. 

10.1.2 Add 5 mL Fe111 carrier solution, 1 mL mixed carrier solution, 30 
mL concentrated HN03 and heat to boil. 

9Obtain an 55Fe standard solution, supplied by a standardizing laboratory 
that participates in a measurement assurance program, through national or 
international intercomparisons. Calibrations should show satisfactory 
agreement with a recognized standards group, such as the. National 
Institute of Standards and Technology (NIST). 
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10.1.3 Reduce heat to slow boil to near dryness. 

10.1.4 Ash with concentrated HN03 to a white or pale yellow residue. 

10.2 Iso-Propyl Ether Extraction 

10.2.1 Add 12 mL C.HC1 and break up residue with a glass rod. 

10.2.2 Stir the residue slurry and carefully add 16.7 mL distilled 
water, 1-2 mL at a time. 

10.2.3 Complete breaking up residue lumps with glass rod. 

10.2.4 Add 15.4 mL C.HC1 and stir. 

10.2.5 Place a folded filter paper into a funnel. 

10.2.6 Support the funnel over an uncovered separatory funnel. 

10.2.7 Pour the slurried sample into the filter paper. 

10.2.8 Allow the sample to completely pass through the paper. 

10.2.9 Rinse the beaker three times with 2.0 mL C.HC1. 

10.2.10 Add each 2.0 mL rinse to the filter paper, using it as a filter-
paper rinse. 

10.2.11 Rinse the beaker twice, each time with 20 mL iso-propyl ether. 

10.2.12 Combine each ether rinse with the sample in the separatory 
funnel. 

10.2.13 Cap and shake for 1.5 min and allow layers to separate. 

10.2.14 Discard the acid layer. 

10.3 Back Extraction of Iron 

10.3.1 Add 30 mL 0.1 M HCl to the iso-propyl ether. 

10.3.2 Shake for 1.5 minutes and allow layers to separate. 

10.3.3 Drain the bottom acid layer into a beaker. 

10.3.4 Repeat back extraction with 30 mL 0.1 M HCl to the iso-propyl 
ether. 

10.3.5 Shake for 1 minute and allow layers to separate. 

10.3.6 Combine the acid layer with the first in the beaker. 
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10.4 Matrix Conversion for Liquid Scintillation Counting 

10.4.1 Heat and evaporate dilute acid sample to about 10 mL. 

10.4.2 Transfer to a glass liquid scintillation vial. 

10.4.3 Rinse beaker with 1 mL C.HC1 and add to glass vial. 

10.4.4 Repeat beaker rinse twice with 1 mL 0.1 M HC1 each time. 

10.4.5 Add 0.3 mL concentrated H3P04. 

10.4.6 Heat to near dryness so that no condensed H20 vapor is seen on 
the vial sides. 

10.4.7 Add 1 mL H20 and gently vortex to mix, until homogeneous. 

10.4.8 Add 15 mL Insta-Gel XF cocktail. 

10.4.9 Dark adapt for about 30 minutes and liquid scintillation count. 

11. CALCULATIONS 

11.1 Concentration of 55Fe in Bq/L 

C S5Fe = 
(R E Vs) 60 

where CR^ = net sample count rate (sample count rate minus 
background count rate) CRS - CRb in cpm 

R = fractional recovery 
E = counting efficiency 
Vs = sample volume in L 
60 = factor to convert dpm to Bq 

11.2 Current Acitivitv Concentration of 55Fe in Standard Solution in 
Bq/mL 

Ac = Aoc e->* 

where Ac = current
 55Fe activity in Bq/mL 

Aoc =
 55Fe activity at Reference Time (RT) 

T = time in days from RT to current time 
X = 0.693/Tjj (where T^ = 997 days, the half-life of S5Fe) 
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Dilution of an 55Fe Standard Solution in 0.3 MHCl with 20 ug/mL 
Fe Carrier 

1 Final volume to be diluted to: 

Vi C1 

v2 

c2 
where V2 = final

 55Fe solution volume to be diluted to, in mL 
Vx = original

 55Fe solution volume in mL 
Cx = original

 55Fe activity concentration in Bq/mL 
C2 = final solution

 55Fe activity concentration Bq/mL 
desired 

2 Volume of concentrated HCl in mL to add during dilution: 

VHci = V2 - Vj x 0.025 

where 0.025 = mL/mL concentrated HCl for a 0.3 M HCl solution 

3 Weight of FeCl2-4H20 in g to add and dissolve during dilution: 

WFeCl2-4H20 " V2 - V l X 7 X 1 0 - * 

where W F e C 1 .43 0 = weight in g of FeCl2-4H20 

7 x 10-5 = g/mL of FeCl2-4H20 for 20 /tg/mL Fe solution 
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