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There are two general methods for determining the radioactive content

of the body. For radionuclides that emit radiation of sufficient energy

to leave the body, a radioactivity detector placed outside the body may be

used for an vn. vivo measurement, and this topic will be discussed in

other lectures. For radionuclides that are metabolized and are in the cir-

culatory system, analytical jji vitro measurements may be made in the

excretions and other body specimens such as blood, perspiration, hair, ex-

haled air, and tissue; unmetabolized radionuclides in the lung and gastro-

intestinal tract may be measured in the feces. This lecture covers the

in vitro technique.

r
2 PURPOSE OF MEASUREMENTS

The purposes can be inferred from the title of the summer school - to

measure or calculate an internal dose, the amount taken in, and the amount

deposited. For the health of the individual, internal emitter measure-

ments are needed to establish if treatment to enhance elimination is appro-

priate, and if it is given, to determine the effectiveness of the treat-

ment. The measurement of the amount of a radionuclide is a radiochemistry

problem, and is relatively simple compared to interpreting the amount in

terms of dose, body content, and intake. Methods for these evaluations
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are also the subject of other lectures in this series. Another important

purpose for measuring radionuclide content is the study of radionuclide

metabolism, an important topic in health physics, whether the intake occur-

red by accident or is part of a planned experiment. Accidental intakes

are sufficiently rare now, so that each case should be evaluated as

thoroughly as possible to determine distribution in the body and the elimi-

nation pathways and rates.

3 COMPARISON OF METHODS

3.1 Advantages and Disadvantages

Each method, j_n vivo and jji vitro» nas its own advantages and

limitations. These should be well understood if both methods are avail-

able to the health physicist. lr^ vivo methods are limited to radionu-

ciides that emit sufficiently energetic radiation and in sufficient abun-

dance to be detected outside of the body with the needed sensitivity.

_lii vivo measurements are preferred, since they give a direct measure-

ment of the desired quantity, the radionuclide content of the body, and

can also provide information on radionuclide distribution in the body with-

out the intervening problem of relating excretion to body content. How-

ever, the radiation source (body) is large and irregular, and the size

varies greatly between individuals, so quantitative calibration is diffi-

cult. Frequently, results are obtained more quickly than by vn. vitro

methods.

Jji vitro measurements have the advantage that they are applicable

to all radionuciides, regardless of the decay scheme and the energy of the



emitted radiations. The quantity of radionuclide in f7<t sample can be mea-

sured more accurately, and many samples can be processed simultaneously.

However, the radionuclidc must be excreted in sufficient amounts, the quan-

tities of some types of samples (such as blood) are severely limited, and

a time lag exists between sample collection and analysis. The greatest

limitation is the uncertain and variable relationship between body and

organ content and amount excreted. Although such relationships have been

developed for many individuals and situations, the actual physical and

chemical form of the radionuclide and variations between individuals make

such relationship tor. J and uncertain in specific caces.

The results of excretion analysis can only give the amount of the ex-

cretable reservoir in the body. If a reservoir exists that is not being

excreted (e.g., lymph nodes), that quantity will be completely missed by

excretion analysis.

3.2 Areas of Complementary Purposes

Although some radionuclides can only be measured by _TJI vitro

methods, and some dre better measured by vn_ vivo methods, the most com-

plete and accurate picture of intake, deposition, metabolism, and dosi-

metry can be obtained if both _i£ v_i_vo, blood, and excretion measure-

ments (by all elimination routes) can be conducted. For example, if a de-

crease measured in a whole body count can be correlated with the amount

found in the excretions, then translocation to other organs is not a prob-

lem and the fractional elimination rate can be established. Both methods

should be used, when possible, in studying an intake case, although this

is not essential in routine work.



4 RADIOANALYTICAL METHOPS - GENERAL

4.1 Definition

A radiochemical analysis consists of separating all, or a known frac-

tion, cf a radionuclide from the stable and other radioactive components

of a sample and measuring the amount separated. In the analysis of some

gamma-ray P litters, and low mass or high specific activity samples of

alpha and x-ray emitters, the characteristic energies of the radiations

may permit them to be measured without complete chemical separation.

4.2 Separation Methods

Analytical methods for radionuclides are not basically different than

for trace amounts of stable elements. The principal difference is in the

method of detection. Radionuclides are usually - but not always - best de-

tected through their nuclear decay properties. Stable elements are

normally detected through their chemical or physical properties which are

determined by their extra-nuclear electronic structure.

The chemical and physical separation methods used for stable elements

are equally applicable to radioactive isotopes of the same elements. Ele-

ments of atomic number 84, (polonium) and above have only radioactive iso-

topas, but the separation principles are the same and are determined by

the chemical and not the nuclear properties. Applicable separation

methods are precipitation and co-precipitation, ion-exchange and other

chromatographic type methods, distillation, liquid-liquid extraction,

foam, isotope exchange, and electrochemical. A large number of separation

methods have been applied in analytical radiochemistry with considerable



success, and all of these methods have been used for the purposes under

discussion. Their success has been remarkable when one considers the rela-

tively small number of atoms that must be separated in a pure state from a

very large amount of material. An extensive discussion and reference list

on the details and principles of separation procedures is presented in

NCRP Report No. 50 (j,).

4.3 Problems and Precautions

As indicated earlier, the radiochemical analyst is faced with two

unique analytical problems - the separation of radionuclides from the mass

of stable material in the sample, so that the inert mass does not inter-

fere with detection, and separation from other radionuclides (and other

substances) that can affect the response of the detector. These consi-

derations may lead to a compromise between quantitative recovery and

purity of the separated nuclide. That is, a lower but known yield is ac-

ceptable if it results in a purer product and a more accurate result.

In considering the analytical chemistry of radioactive elements it is

useful to distinguish between two broad ranges of concentration, "trace"

and "ordinary" or macroscopic concentrations. All of the methods we will

consider for internal dosimetry will be for trace concentrations. In

trace concentrations the element usually can be detected only through its

radioactivity, or in special cases, by fluorometric or mass-spectrographic

methods. Precipitation reactions are not observed because the solubility

product of the compound cannot be exceeded, although the other methods of

separation mentioned earlier and co-precipitation with carriers can be car-

ried out. In trace concentrations, an element may exhibit anomalous be-



havior compared with ordinary concentrations. Adsorption on impurities or

on the walls of the containers, hydrolysis, and colloid formation may

occur, and the tracer can partially or wholly disappear from solution or

may no longer be in true solution. Differences between chemical behavior

at trace and ordinary concentrations also may occur due only to the effect

of concentration on reaction races and equilibria conditions. Thus, addi-

tional attention must be paid to details not important at ordinary concen-

trations.

Contamination of the sample with extraneous radionuclides during pro-

cessing must be avoided, and the blank value must be known and kept low

and constant. Reagents must be carefully checked for radioactivity.

Glassware, other laboratory equipment, and the laboratory itself, must be

kept radioactively clean. In low-level radiochemical analysis, the

analyst should recognize that frequent blank and background determina-

tions are as important as the sample analysis. In general, blank and con-

tamination problems are minimized by using the least number of reagents

and separation steps possible. In selecting reagents, it is possible to

make profitable choices. For -example, an organic base (as ethanolamine)

is less likely to contain radionucl ities„.„such as radium-226, than inor-

ganic bases (as sodium hydroxide); calcium, as a-carrier for actinide ele-

ments, is "less likely to contain thorium than is lanthanum.

The extremely low concentrations of radionuclides encountered in this

work must be considered in devising workable radiochemical procedures.

For example, a daily urinary excretion of 1 dpm of plutonium-239, which

would indicate a measurable body content, corresponds to only about 2 x



10 atoms and a concentration of 1.5 x 10" ^ in 1.5 liters. In

contrast, a very minor constituent of urine, lead, is present at a concen-

tration of about 10" M.

Difficulties due to very low concentrations can be avoided by adding

macro quantities of inactive isotopes of the same element, or of similar

elements if no stable isotope exists. The chemical separations are

greatly simplified since now the element can be expected to exhibit its

normal behavior, and the analytical problem is no longer one in ultra-

trare chemistry. For this reason, it may be advisable to add an inactive

carrier even when it is not used to measure the chemical yielJ. Attention

must also be given to assuring that the radionucl ide is in the desired

chemical and physical form and in the proper oxidation state to undergo

the expected chemical reactions.

4.4 Low-level Measurements

The special problems just discussed are inherent in the measurement

of low-levels of radionuclides. "Low-levels" is defined here as amounts

that give a response in the detector that is of the same order as the back-

ground of a "low-background" detector. Low-level radioactivity measure-

ments are discussed in some detail in references {2} and (3).

4.5 High-quality Results

Because of these special analytical problems, obtaining results of

good quality over a period of time requires a laboratory dedicated to

these types of measurements, experienced and careful analysts, and consi-

derable investment in expensive equipment and its maintenance. For these



reasons, and because long counting times are needed at low-levels,

analyses are time-consuming and expensive. Methods must be carefully

checked before used on actual samples, since the latter are limited in

availability.

In the daily operation of a low-level analytical laboratory, occa-

sional samples containing large amounts of activity will be encountered

without prior knowledge. Cross-contamination then becomes a distinct pos-

sibility. This emphasizes the need for adequate blank and control determi-

nations to maintain quality results and avoid false positive results.

4.6 Detection Methods

The usual detection method is measurement of the radiations emitted.

This is appropriate, since the radioactive property produces the interest

and need to perform the analysis, and the radionuclide can be detected

with good sensitivity through this property. This is not true for other

toxic substances. All single-event radiation detection systems can be

used, and these are discussed in references (1_), {3), (£), and in

.nany textbooks. In a few cases other detection methods are more sensi-

tive, and may be used for certain nuclides and specific purposes. Sensi-

tive optical fluorescence methods for thorium and uranium are available.

The recent availability of a laser-excited uranium fluorimeter greatly sim-

plifies this analysis, since the fluorescence is measured in solution with

high sensitivity. Mass spectrometry is more sensitive than radioactivity

measurements for very long-lived nuclides - such as technetium-99 and plu-

tonium-244 (and even plutonium-239) and is more accurate than alpha spec-

trometry for determining isotopic ratios; but the expense of such measure-



ments is not warranted except for research purposes that require such

results.

5 ANALYTICAL METHODS FOR INTERNAL DOSIMETRY

5.1 Differences from Other Analytical Methods

The term bioassay has been borrowed from the biological assay field

and applied to radiochemistry performed for internal dosimetry purposes.

For those who need to establish a laboratory or analytical procedure for

bioassay purposes, it is worthwhile emphasizing that the methods used :>nd

published for other purposes such as environmental radioactivity or fis-

sion yield, may be used for internal dosimetry. The sample matrix, inter-

ferences, sensitivity requirement, and other parameters are different, and

so procedure modification will be in order although the principles are the

same. It can be generally stated that any analytical method that works

for other samples can be successfully changed *or •':.?> <r- ini^'C-l dosi-

metry. The significant difference between analysis for internal dosi-

metry and other analyses for the same nuclides is the sample matrix. The

bulk of the sample is organic, so special treatment is needed in the ini-

tial stages of the analysis. A major consideration in the case of urine

samples is that the rsdionuclide has been metabolized in the body and ex-

creted in a chemical form that does not undergo the same reactions expec-

ted of the unmetabolized nuclide. Thus, the sample cannot be duplicated

in the laboratory and the analysis tested using known amounts of the radio-

nuclide. It is also important to note that the radionuclide being sought

may be incorporated in a matrix with different chemical properties. For



example, radioiodine produced by fission in an insoluble uranium compound

will move through the body with the compound, and not be metabolized and

concentrated in the thyroid as expected.

5.2 Sensitivity Requirements

These requirements depend on the purposes of the analysis. To deter-

mine if internal doses are the order of the limits established by the

ICRP, NCRP, or governmental regulatory bodies, a metabolic model can be

•assumed and the excretion rates calculated, The models recommended by the

ICRP or other published data on metabolic behavior of elements and radio-

nuclides may be used. This topic is the subject of another lecture in

this series. The sensitivity requirements are not difficult to meet in

good low-level radiochemistry laboratories. If the data is needed for a

decision on treatment to increase elimi^tion, adequate sensitivity is not

difficult to obtain since readily measurable quantities will be elimi-

nated. If the desire is to measure and evaluate all intakes and internal

doses, then state-of-the-art sensitivity is needed. In praciice, a compro-

mise is generally made between the best available sensitivity and that

suitable to provide reasonable radiation protection. It is suggested that

the analytical laboratory be able to measure internal doses that are 1% of

the applicable limits, unless such sensitivity requires very large costs

and long analysis times. The excretion rate that corresponds to a given

dose decreases with time after intake, so that sensitivity requirements

are a function of time. Table 5.2-1 gives the author's opinion of the sen-

sitivity needed for detecting an exposure at the ICRP dose limit, the sen-

sitivity that should be available in a good analytical laboratory, and the
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best sensitivity currently available and used in bioassay laboratories for

a number of commonly-encountered nuclides. The values in the "best avail-

able" column are obtained by chemical separation or concentrating the

sample into a small volume. The "standard sensitivity" values are ob-

tained in routina operations with moderate sample sizes and reasonable

counting times.

5.3 Methods

An analytical method begins with an initial treatment to place the

sample in condition for chemical separation or direct counting. This may

include adjusting the acidity, treatment to change the chemical form of

the radiortuclide, addition of tracers or carriers, oxidation of organic

matter, and dissolution of solids. Not all of these steps are needed for

every analysis. After these preliminary treatments, the chemical separa-

tions are performed as needed to purify and place the separated radionu-

clide in a suitable form for measurement. Finally, the measurement is

made, the results calculated, and a decision made on the normality or ab-

normality of the radioactive content.

5.3.1 Sample Preparation

5.3.1.1 Preliminary Treatment - Preservation

Samples obtained from people - urine, feces, blood, and tissue - are,

of course, subject to deterioration soon after collection. Urine samples

decompose, principally by bacterial action that converts urea into ammonia

and carbon dioxide, the pH changes, gas evolution occurs, and odors become

prevalent. If samples are not processed immediately upon receipt they
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should be preserved by acidification to about 0.1M! with mineral acid

(preferably hydrochloric, since nitric acid oxidizes organic material), by

adding bacteriocides, or by freezing. Fecal samples should be refriger-

ated or preferably frozen. Blood should be frozen or treated with heparin

to prevent coagulation. Tissue samples are normally small (except autopsy

samples - which is a very special case) and require only refrigeration.

The problem of metabolized radionuclides should be discussed here, be-

fore chemical separations begin. It has been known for some time that ex-

creted plutonium may exist in a form (possibly complexed) that is not co-

precipitated with calcium phosphate, a common procedure for the initial

separation of plutonium from urine (5^. Acidification with nitric to

L5H[ and heating the acidified urine for 3 hours at 85°C eliminates

this behavior, and the plutonium then coprecipitates as expected. An

analogous problem has been encountered in the plutonium analysis of un-

ashed urine from individuals treated with the chelating agents EDTA and

DTPA to enhance excretion. To remove the plutonium from the chelate com-

plex, nickel ion was added (o). Since nickel forms a stronger complex

with the chelating agents than plutonium, the plutonium was available for

coprecipitation. If the urine is ashed first, the EOTA and DTPA are

destroyed and the problem does not exist.

A similar situation was observed in the urinalysis of polonium-210

produced by neutron irradiation of bismuth. Much higher polonium concen-

trations were found when the separation - spontaneous deposition on silver

- was performed on ashed urine than on unashed urine (_7). However, in

this case it is not clear whether the polonium was excreted bound to bis-
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muth in some manner or as polonium. If the former situation existed, the

low results would be expected since bismuth will not deposit on silver.

A similar problem with a different cause can occur when highly in-

soluble particles are inhaled and excreted via the GI tract in the

feces. A chemical treatment that will dissolve almost all of the inor-

ganic constituents can leave the particles undissolved and be discarded

with the small amount of silica always present. The analytical procedures

must be designed for the matrix taken in, not just for the radionuclide as

it behaves in ordinary solution.

5.3.1.2 Oxidation of Organic Matter

The analyst can have more confidence in the chemical form of the

radionuclide if the organic matter in the sample is destroyed prior to

analysis. For solid samples this step is of course essential. Two

general methods are available - reaction with chemical oxidizing agents in

solution (wet ashing) or with oxygen, either at elevated temperatures or

with electrically-excited oxygen at room temperature. Treatment with ex-

cited oxygen is limited to samples of a few grams. For high temperature

ashing, the sample is Cried, then ignited at about 400°C-600°C until the

organic matter is destroyed- To expedite complete oxidation or to use

lower temperatures, the samples can be partially oxidized, cooled to room

temperature, mixed and wetted with ammonium nitrate solution (or nitric

acid) and ignited again. A precaution to be observed during ignition is

to keep the temperature as low as feasible to avoid loss of volatile com-

ponents ano avoid.converting phosphates, oxides, and similar compounds to

difficultly soluble forms.
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The chemical oxidizing procedure usually used is repeated boiling and

evaporation with nitric acid. Hydrogen peroxide, sulfuric acid, or per-

chloric acid are often added to complete the oxidation. Special pre-

cautions are needed when perchloric acid is heated with organic and some

inorganic materials to avoid explosions. Concentrated hydrogen peroxide

(50% and 70%) is available and is effective in hot nitric or sulfuric acid

solutions.

Wet ashing of large samples - up to 1.4 kg of organic biological sub-

stances - has been accomplished in a few hours with hydroxyl radicals pro-

duced from hydrogen peroxide and catalytic amounts of iron (8). Fats and

oil do not react with this mixture, and must be extracted with solvents to

remove all organic matter.

5.3.1.3 Dissolution of Solids

The solid residue is dissolved to obtain a solution for analysis

after the organic matter has been destroyed. The solids then consist pri-

marily of light element compounds such as calcium and sodium ph' hates,

sulfates, and nitrates. It is of course nocessary only to dissolve the

radionuclide desired, but to be certain of this, it is best to dissolve

all, or nearly all, of the sample. Ashed urine and small tissue samples

can generally be dissolved with mineral acids. Ashed fecal samples will

not dissolve completely. Insoluble complex phosphates and sulfates of

iron, magnesium, and aluminum, from antacid medication, and small amounts

of silica remain. Boiling with strong hydrochloric acid helps to decom-

pose condensed phosphates. Substances not soluble in mineral acid can be
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dissolved by fusion with sodium carbonate or potassium or sodium pyrophos-

phate. The fused mixture is then soluble in mineral acids. Standard text-

books on analytical chemistry discuss such techniques in detail. A power-

ful and rapid dissolution method has been developed by Sill {9). The

sample is first treated with nitric and hydrofluoric acid, then fused with

potassium fluoride, heated with sulfuric acid to drive off the fluoride

ion, sodium sulfate added, and the mix dissolved by a sodium pyrosulfate

fusion. If only small amounts of silica are present, the potassium

fluoride fusion may be omitted.

5.3.2 Chemical Separations

5.3.2.1 Principles and Methods

The purpose of the sample treatments previously discussed is to place

the radionuclide in solution and in a form in which it will undergo well-

defined and well-known chemical reactions that will accomplish the needed

separations. For most radionuclides, this means placing it in ionic form.

Although methods can be devised using all separation techniques, precipi-

tation, co-precipitation, solvent extraction, and ion exchange are usually

employed, as mentioned earlier. If a radioelement has a stable isotope,

it may be added to the sample ant' conventional precipitation separations

performed. If not, an ion with similar chemical properties can be added

and co-precipitation separations performed. Examples of the latter are

numerous and familiar: barium for radium, copper for technetium (as the

sulfide), bismuth (as the phosphate) for plutonium and americium . Sol-

vent extraction and ion-exchange methods are advantageous because they can

be made very selective and specific and will function in a predictable

16



manner even when relatively few atoms are present, and do not add mass un-

necessarily to the separated radionuclide. An extensive summary of analy-

tical procedures is given in reference Q ) . Although these methods are

intended for environmental samples, they are equally valid for internal

dosimetry samples. References to detailed published analytical proce-

dures are given in Section 8, below.

5.3.2 Yield Monitors - Chemical Recovery

The chemical recovery in a radiochemical separation must obviously be

known to obtain accurate results, and not all separations are complete and

quantitative. The best method for this purpose involves adding a known

quantity of an isotope of the element sought, which can then be measured

after the separations are completed. This gives the yield directly and is

preferred if both isotopes are measured without interfering with each

other. This technique is similar to the isotope dilution method used in

mass spectrometry for many years. The added isotope may be radioactive or

stable. If stable, the term "carrier" applies, and the recovery is ob-

tained by weighing a pure compound. If a radioactive isotope is used,

some method of distinguishing the two (or more) isotopes is necessary.

The added isotope may emit radiation of a different type, or of a differ-

ent energy if the measurement can be done by spectromet"y. Table 5.3-1

lists some radionuclide tracers for this purpose; the information is taken

principally from reference (I).
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TABLE 5.3-1

Radionuclide Tracers Suitable for Measuring Chemical Recovery

Radionuclide

90Sr

"Tc

147Pm

226Ra

226Ra

228,230,232Th

235.238JJ

2 3 7 N P

2 1 0Po

238,239pu

241Am

252Cf

Tracer Nuclide

«Sr

99mTc

149Pm

2 2 5Ra

133Ba

234Th

232.233J

2 3 9N P

209PO

236,242,244pu

243Am

249Cf

Method of
Measurement

y counting

8 or ycounting

6 or Ycounting

8 counting

y spectrometry

8 counting

a spectrometry

13 counting

a spectrometry

a spectrometry

a spectrometry

a spectrometry

Remarks

Usable when 9 0Y is
counted.
qq
qnlc counted after

Tc decays.

rJqPm counted after
Pm decays, pro-

duced by l w N d (P»
V).

Separated from 2 3 5U
decay series.

Ba and Ra almost
identical chemically.

Separated from 2 3 3U
parent.

Zl\\l produced by

,,p(J from decay of

Separated from

Produced by 209Bi

2 4 2' 2 4 4Pu also
measurable by mass
spectrometry.
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5.3.3 Radionuclide Measurement

A brief survey of the measurement techniques for a variety of nu-

clides are given in Table 5.3-2. For details on these methods, textbooks

and the original literature must be consulted. For low to medium energy

beta emitters, the current choice is the liquid scintillation coincidence

counter with high speed electronics to reduce background. Extraction

directly into organic solvents that are compatible with scintillation cock-

tails can be used for actinides, lanthanides such as promethium-147, and

other elements. Resolution is poor, but some energy discrimination is pos-

sible. Analysis for alpha emitters with alpha-emitting isotopic tracers

requires alpha spectrometry with silicon surface barrier detectors and mul-

tichannel pulse height analyzers.

The preparation of separated radionuclides for counting is the impor-

tant final step in the analysis. Liquid scintillation counting is subject

to numerous quenching and luminescent (enhancing) effects, and care is re-

quired to obtain the same counting efficiency between samples and between

sample and star:daro. Precipitates are i?pst fiItemed on a membrane or fib-

rous filter and dried for alpha, beta, or gamma counting. Uniform, small

crystals and a smooth, flat deposit of known thickness are necessary for

reproducible alpha and beta counting. Deposits suitable for alpha spec-

trometry must be thin compared to the alpha range, uniform, and of small

area (about 300 sq mm) for good results. Actinides are usually electrode-

posited for this purpose, and many procedures are available U ) . Good

progress is being made on preparing thin deposits by filtration of small

precipitates for this purpose U 0 ) . Samples for gamma counting must be

reproducible and standards of the same composition and size must be prepar-
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TABLE 5.3-2

Measurement Techniques for Typical Radionuclides

Radiation

low energy 6

medium energy (3

high energy 6

x-rays

gamma-rays

alpha particles

Typical
NucTides

3H, 1 4C

3 5S, 147Pm

90Sr, 1 3 1I

55Fe

65 7 n 60 r n/.n, no

actinides

Detector.
System

liq. scint.; int.gas

liq. scint.; ext.
beta

ext. beta; Cerenkov
radiation detector

liq. scint.; Si(Li)
spectrometry

Ge or Ge(Li) diode;
Nal scint. spect,

Si surface barrier
spect. - liq. scint.
ZnS scint. ext. gas
flow

Remarks

sample must be
colorless, pure
for good effici-
ency in liq.
scint.

anti-coincidence
shielding needed
for gas flow 8

see above for
gas flow; liq.
scint. optics
and electronics
usable for
Cerenkov

samples must be
colorless for
liq. scint.,thin
for Si(Li)

Ge resolution
and background
superior; Nal has
high efficiency

Si diodes choice
for alpha spec-
trometry, ex-
traction directly
into scint. solu-
tion possible for
liq. scint.

liq. scint. - liquid scintillation counter, coincidence type,
int. gas - internal gas counter.
ext. beta - gas flow or solid plastic scintillation counter -

sample external to counter.
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able. Solutions must be stable and the radionuclides not subject to preci-

pitation or deposition on the container walls.

5.4 Quality Assurance

For an analytical laboratory to produce good results over time, a

quality assurance and control program must be implemented and maintained.

Such a program requires time and expense, but is essential. Publications

on this subject are numerous. References (11) and (J^) are good

sources of information for radiochemistry. In addition to analyzing in-

house blank, control, and spiked samples regularly, participation in inter-

comparison programs is essential. Unfortunately, such programs are not ex-

tensive for excretion analyses. A few intercomparison samples are distri-

buted by the USEPA-Las Vegas Laboratory and the International Atomic

Energy Agency in Vienna. It is important to analyze samples containing

metabolized radionuclides for the reasons previously discussed. It is

hoped that such samples are rarely encountered, but some are available

from occasional intakes. Personal contacts with Bioassay Laboratory

managers are needed to obtain such samples.

6 INTERPRETATION OF RESULTS

6.1 Reporting Units

Analytical results are usually reported per unit weight or volume of

sample. In excretion analysis, however, the information needed is the

quantity of radionuclide excreted per unit time, usually one day. The

amount of urine and feces excreted per day can only be reliably known if
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all the excretions are collected, the excretion times known, and dye

markers used to identify fecal excretion intervals. This has been done

for special studies of a small number of people, but is impractical in

regular operations. The practical alternative is to use an average excre-

tion rate, with the realization that the actual excretion may differ from

the average by a factor of two or more. ICRP Report 23 U 2 ) gives the

following data for urine and fecal excretion per day for reference man:

Urine Feces

Adult Man 1400 ml 30 g (solids); 17 g (ash)

Adult Woman 1000 ml 20 g (solids); 15 g (ash)

Reported Range 500-2900 ml 15-110 g (solids); 8-65 g (ash)

6.2 Normal Radionuclide Excretion Rates

Small amounts of some natural and man-made (from fallout) radionu-

clides are excreted by non-occupationally exposed persons. If the analyti-

cal procedures are sensitive to such quantities, these values should be

known for the general population from which the potentially exposed people

are drawn. A striking example of this situation is that of radium-226.

Most of the radium taken in each day is excreted in the feces, and the

natural occurrence of radium-226 in drinking water ranges up to about 30 -

pCi/1. The upper limit is being reduced as water supplies become modi-

fied or treated to reach the EPA standard of 5 pCi/1. Approximate excre-

tion rates for some radionuclides are given in Table 6.2-1. Many other

radionuclides could be detected in excretions, but the concentrations are

too low to have an effect on bioassay results.
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TABLE 6.2-1

Approximate Radionuclide Excretion Rates
of Non-Occupationally Exposed Persons

Excretion Rate (pCi/day)
Nuclide Urine Feces Source

3H
14C
40K

90Sr

210Po
2 2 6Ra

Th

U

Pu

*1 - ICRP-23 [reference (13)3
2 - Reference (7̂ )
3 - Calculated from ICRP-23, specific activity, other data

10-150

30

2400

0.3-1

0.01

0.01-0.1

< 0.01

0.01-0.05

< 0.01

1-10

45

300

-

3.2

0.1-30

0.5-5

0.5-3

< 0.01

3

3

3

2

1

3

2

2

2
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6.3 Information Required

The analytical result, corrected for the blank and for normal values,

needs to be interpreted in terms of internal dose. Although relating the

result to internal dose is a health physics task, frequently the chemist

is asked to assist. In addition to retention-excretion functions, informa-

tion on times of intake, mode of intake, chemical and physical form of the

nuclide, and the times of sample collection are needed. The collection or

elimination time for a urine sample is the interval between the last void-

ing not collected and the last one collected. In the absence of dye

markers, the corresponding time for a fecal sample is the time between eli-

minations. The actual elimination times are more important shortly after

intake than later.

7 SPECIFICATIONS AND REQUIREMENTS OF PROPER RESULTS

Many health physics organizations do not operate their own bioassay

analytical laboratories, and must request or purchase such services. To

optimize the quality of the work a detailed agreement is needed. The agre-

ement should include as a minimum, the following items:

a. Copies of all analytical procedures.

b. A written quality assurance program.

c. Results of spiked and intercomparison samples.

d. Submission of "unknowns" - spiked and control samples, and blind
duplicates.

e. Periodic audit of results and methods, and inspection of the
laboratory.

f. Notification procedures for high results.
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The health physics group should also have available the services of a con-

sulting radioanalytical chemist, if such expertise is not available within

the group.

8 SOURCES OF INFORMATION

Detailed analytical procedures have not been discussed in th .s lec-

ture, since time and space are not available. The principles presented

should allow int2lligent choices to be made in selecting methods and tech-

niques.

8.1 Publications

A few collections of detailed laboratory procedures are available and

are widely used. Individual analytical procedures are published in scien-

tific journals and as reports. Chemical Abstracts and Atomindex should be

consulted for these. A computer-based literature search is an efficient

way to obtain the published information. Some useful references are

listed below:

Volchok, H. L. and de Planque, G., Eds., EML Procedures Manual, Environ-

mental Measurements Laboratory, U.S.D.O.E. Report HASL-3OO, 1981 (updated

annually).

National Academy of Sciences - National Research Council, Radiochemistry

of the Elements, Reports NAS-NS-3OO1 through 3060 and Radiochemical Tech-

niques, Reports NAS-NS-3101 through 3115 (1960-1974) (available from
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National Technical Information Services, U. S. Department of Commerce,

Springfield, VA.

Bodnar, L. Z. and Percival, D. R., Eds., RESL Analytical Chemistry Branch

Procedures Manual, Radiological and Environmental Sciences Laboratory,

U.S.D.O.E., Idaho Falls, ID, Report IDO-12096.

Eakins, J. D., e£ aj_, '"ds., Analytical Procedures Used by the

Bioassay Section at A.E.R.E., Harwell, U. K. Atomic Energy Research Estab-

lishment, Report AERE-AM-1O3, Harwell, England, 1968.

Kramer, G. H. Sequential Analysis of Selected Actmides in Urine, Atomic

Energy of Canada, Report AECL-6879, Chalk River, 1980.

Kramer, G. H. and Davies, J. M., Sequential Separation of Strontium-90,

Yttrium-90, Promethium-147, and Cerium-144 From Urine and Their Subsequent

Estimation, Atomic Energy of Canada, Report AECL-7227, Chalk River, 1981.

Ide, H. M., £t al_, Analysis of Uranium in Urine by Delayed Neutrons,

Health Phys., 37, 405, 1979.

Eakins, J. D. and Gomm, P. J., The Determination of Gross Alpha Activity

in Urine by Adsorption on Glass Fibre Filter Paper, Health Phys., 14,

461, 1968.

Other sources of detailed procedures are given in the bibliographies

in NCRP Reports 50 U ) and 58 (_3), and the proceedings and abstracts

of the Annual Meeting on Bioassay, Environmental, and Analytical

Chemistry. The latter are issued either as referenceable reports or infor-

mally only to the attendees. In the latter case, it is necessary to obtain
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them from the sponsor. Information on the last four meetings is given be-

low:

Year Sponsor

1982 Yankee Atomic Electric Company, Environmental Laboratory,
Framingham, MA, Dr. David McCurdy.

1981 Los Alamos Scientific Laboratory, Los Alamos, NM, Dr. James
F. Mclnroy.

1980 Radiation Protection Bureau, Department of National Health
and Welfare, Ottawa, Ontario, Mary P. Measures.

1979 Reynolds Electrical and Engineering Co., Nevada Test Site,
Mercury, NV, Robert J. Straight.

8.2 Laboratories - Public and Private Laboratories

Information on procedures can also be solicited from the individuals

who operate Bioassay or similar laboratories for radiochemical analyses.

All large DOE laboratories conduct Bioassay programs. Radiochemical

analyses for environmental and biological samples are conducted by labora-

tories operated or supported by the EPA, NRC, individual states (sometimes

at state universities), and universities themselves.

There are several commercial firms that carry out this work under con-

tract for other private firms, such as nuclear power plant operators, and

for government-sponsored projects.
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