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RADIATION

AS APPLIED TO MEDICAL AND

PUBLIC HEALTH RESEARCH*

PART I

INTRODUCTION

In keeping with the interest of the Pan American Iealth Organization

in expanding its program of medical research and research training in the

Americas, a Scientific Group was convened on the 2nd and 3rd of May, 1962

to identify areas in which research related to radiation might contribute

to these purposes. The group recognized that there are two broad areas

which should come under consideration; the use of ionizing radiation to

produce biological effects, and the application of radioisotope tracer

techniques in gaining an understanding of biological functions related

to health and disease.

RATIONALE FOR PAHO RADIATION RESEARCH PROGRAM

The applications previously described provide powerful tools and

indeed, in some cases, the only tools for conducting modern investigations

in the fields of biology and medicine. Because of their wide application,

encouragement of research using these techniques conceivably could have

a generalized effect in promoting medical research on an even broader

scale. The stimulation of radiation research by the Pan American Health

*Prepared for the first meeting of the Advisory Committee on Medical Research,

18-22 June 1962. The document is divided into two parts, Part 1 setting
forth the deliberations of the Scientific Group on Research in Radiation and
Part II, starting on page lO, as the report of Dr. Frederick Stohlman, Jr.,
following his trip in Latin America, May - June 1962.
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Organization would encourage and strengthen the efforts of Latin American

investigators who have interests in this field of activity but may be

encountering some difficulty in obtaining adequate support for their study.

POSSIBLE AREAS FOR RADIATION RESEARCH

In approaching their tasks the group examined the following areas

of activity as possible broad topics which might be worthy of consideration:

a. The application of radioisotope tracer techniques in the

study of nutrition and of the mechanism for production of the

anemias observed in Latin America.

b. The application of radioisotope tracer techniques in the study

of tropical disease agent nutritional requirements and in

studies of the effects of tropical diseases on the biochemical

and physiological functions of the host.

c. The application of radioisotope tracer techniques for studying

the biology and ecology of the vectors of parasitic diseases;

and the application of ionizing radiation for sterilization

of vectors or intermediate hosts with a purpose of reducing

their population.

d. Study of possible biological effects on human population of

increased background radiation due to increased cosmic

radiation at high altitudes or to abnormally high levels of

radioactive elements in the ground (e.g. in the Monazite sand

areas of Brazil which contain comparatively high levels of

thorium).

e. Studies on the leukemogenic or carcinogenic effects of

radiation used in the therapy of various diseases.
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Each of these topics was considered in some detail by the group.

1. The application of radioisotope tracer techniques in the study

of nutrition and of the mechanism for production of the anemias

observed in Latin America.

Research in this area was deemed of great importance by the group

and it is recommended that research be considered in the following areas:

a. With reference to absorption of iron

Employment of double labelling techniques utilizing Iron-55

and Iron-59 developed by Finch and others to study the ab-

sorption of iron in diets peculiar to various countries with-

in the Hemisphere. Such studies should include the measure-

ment of the absorption of iron compounds administered with

food locally consumed and iron incorporated naturally into the

food stuffs locally eaten. This information, concerning the

absorption of iron under these conditions is important in an

understanding of the possible reasons for anemias observed in

the various Latin American countries - since there may be

peculiarities in the presence of naturally ocurring compounds

which bind iron and prevent its proper utilization although

it may occur in adequate amounts in the diet.

Measurement of iron loss through various excretion routes. An

inadequate knowledge exists on the amount of iron lost through

bleeding into the gastrointestinal tract because of parasitism

and loss of iron in the sweat in hot and humid environmentsa

Radioisotopes techniques could be used to assess losses by

both of the routes. Radioactive iron can be administered to

subjects and long term retention determined by the use of whole
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body counters to measure the amount of iron administered re-

maining in the subject. Radioisotope tracer techniques might

be used to determine the mechanism by which iron was lost from

the body - for example, estimations of radioactive iron in the

feces could be used as a gauge of loss through the gastroin-

testinal tract.

b. Endemic goiter. Endemic goiter is wide-spread in the count-

ries of Latin America, Radioactive iodine can be used to study

the physiological and biochemical changes which exist in pat-

ients with this disease, and to ascertain where there is some

defect in iodine absorption or metabolism. It may also furnish

a tool to establish whether there are genetic factors related

to the presence of this disease. Study of individuals with

endemic goiter and those with abnormally high iodine up-take

without endemic goiter may through some light on the possible

genetic implications of the disease as found in Latin America.

c. Relationship between calcium content of the diet and osteo-

porosis. The diets common in Latin America are low in calcium

content. This affords an opportunity to study the relation-

ship between calcium intake and osteoporosis using calcium-45

as an isotopic tracer. The observation that osteoporosis

apparently does not occur under conditions of low calcium intake

might be involved in some way with conservation of calcium by

the body.

2. The a»plications of radioisotope tracer techniques in the study of

tropical disease agent nutritional requirements and in studies of

the effects of tropical diseases on the biochemical and physiological
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functions of the host.

a. Metabolism of the parasite.

Little knowledge is available on the metabolism of the agents

which are responsible for the various tropical diseases. The

only studies which have been carried out are on a limited num-

ber of organisms and related to their metabolism of carbon-

hydrates. Lipid metabolism has been studied to only a limited

degree. Radiocarbon and radiotritium labelled compounds offer

a possible avenue of approach in elucidating the metabolism of

these agents. It is possible that some peculiarity in the meta-

bolism of the agents might be used in providing an approach to

therapy of the disease which they cause.

b. Effects of tropical diseases on the metabolic activities of the

host.

Few studies have been carried on related to the alterations in

biochemical and physiological activity of the host with tropi-

cal diseases. Radioisotope techniques which have been applied

to the study of kidney function, hemopoiesis, electrolyte meta-

bolism and balance, hemoglobin synthesis and destruction, etc.

might be important in understanding the mechanisms responsible

for the manifestations of the tropical diseases and in devising

better techniques for therapy. Research in this area could be

stimulated through collaborative efforts of those knowledgeable

in the clinical aspects of the disease and individuals versed

in modern radioisotope techniques as applied to biological and

medical studies.

3. The application of radioisotope tracer techniques for studvinr the
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biology and ecologv of the vectors of parasitic diseases; and the

apolication of ionizinr radiation for sterilization of vectors or

intermediate hosts with the purpose of reducing their population.

as To elucidate information on the biology and ecology of vectors

responsible for a limited number of the diseases found in the

hemisphere, radioisotope techniques are furnishing a powerful

tool by labelling vectors with radioactive isotopes such as

radiobobalt, The distribution, motility range and habits of

the vectorE may be determined. Opportunities also exist by

use of dilution techniques to estimate the vector density in

a given location. (See Annex I).

b. Sterilization of the male vector by irradiation.

On the basis of a similar successful technique applied to the

eradication of the screw-worm fly (Callitroga hominivorax),

an opportunity exist for studying the possibility of utilizing

irradiation of male vectors with the aim of achieving species

elimination through the mating of the sterile male with the

wild fertile female in a selected number of diseases. There

are already indications that this approach may be feasible

for certain of the vectors of Chagas' disease. (See Annex I)

c. Attenuation of parasites by irradiation to produce an immuniz-

ing agent. Preliminary work with schistosomiasis indicates

that it might be possible to reduce the pathogenicity of the

parasite and retain its antigenicity for evoking the immune

response. The ultimate hope of this line of investigation

would be the production of a vaccine.

d, Use of radiation on the intermediate host in certain parasitic
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diseases - may make it possible to induce sterility thereby

producing a reduction in the population of the intermediate

host. This would contribute to the control of the parasitic

disease involved. Work now being carried out at the NIH on

the snail which acts as an intermediate host for Schistosoma

mansoni gives some promise that such an approach would be

fruitful.

4. Studyv of possible biological effects on human po ulation of in-

creased background radiation due to increased cosmic radiation at

high altitudes or to abnormally high levela of radioactive ele-

ments in the ground (e.g. in the Monazite sand areas of Brazil

which contain comparatively high levels of thorium).

The Group felt that due to the lack of an adequate population

sample and poor vital statistics, it would be difficult to assess

the effects of increased background radiation on the incidence

of diseases which migh be radiation induced. It was recommended

therefore that research in this area be deferred.

5, Studies on the leukemorenic or carcinogenic effects of radiation

used in the therapy of various diseases.

Until efforts, now underway in Latin America, to improve the

vital statistics and more knowledge is available on incidence of

radiation induced disease following treatment with ionizing radi-

ation of various conditions, the Group felt that this area should

not be given priority in a research program at this time. Added

to the lack of vital statistics are questions which also might be

raised about the adequacy of diagnosis being made at present. The

development of a larger group of pathologists might be expected to
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improve the situation and might take it possible to institute such

studies in the future. The Group agreed that if such studies were

contemplated in the future they could not be done restrospectively

but must be done prospectively to avoid the problems inherent with

the former type of study.

CONCLUSIONS and PECOMMFNDATIONS

The Scientific Group on Research in Radiation hoped that it might be

possible to begin a radiation research program with a few sound projects

in the first three areas of activity discussed.

In order to expedite the presentation of such projects - two actions

were taken.

1. A meeting was held on 3rd May among those directly concerned with

topics 3a and 3b. Doctors Roche and Baldwin produced the necessary infor-

mationfor presenting a cooperative research project to be carried out in

Venezuela and Canada.

2. It was arranged for Dr. F. Stohlman to travel to Venezuela, Brazil,

Chile and Peru to visit various research laboratories and discuss the

possibilities of establishing researoh programs as defined in topics 1, 2,

and 3, and possibly in 4. Dr. Stohlman's report is found in Part II (Note:

The PASB Secretariat following discussions with Dr. Stohlman after his re-

turn from Latin America, recommends early dispatch to Latin America of the

necessary consultants to produce the required research protocols for topics

I (2), (3) and (4-5), as well as II (1) and III - the latter with specific

reference to the biophysical measurements with reference to evaluating body

burdens in connection with thorium inhalation and ingestion as well as es-

tablishing standards for studying the contamination of food, water and milk

supplies in the high background radiation areas of Brazil.)
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PART II

In the countries visited, Peru, Venezuela, Brazil and Chile, there

are groups of quite able people interested in research and for the most

part quite interested in collaborative programs. They are hampered by

lack of financial, technical and human resources. In most areas there

are inadequate numbers of people trained in the clinical use of isotopes.

This is particularly true in Peru where only 4 groups have clinical iso-

tope facilities. Funds for the training of people in the use of isotopes

as well as funds for post-graduate training in established research cen-

ters are of critical importance. Recognizing the limitation of person-

nel at this time it would seem prudent to utilize the isotope training

facilities of the Estons in Sio Paulo and Barzolotta in Santiago rather

than attempt to establish new training centers in other countries, al-

though expansion of facilities at IVIC in Venezuela to include the clin-

ical handling of isotopes might be desirable. Programs should also be

developed for postgraduate fellowships in Latin America and abroad, and

for both short and long term visiting scientists.

The appreciation of radiation safety is quite variable both within

and between countries. Programs are urgently needed for the training of

health physicists, calibration of x-ray equipment, measurement of person-

nel exposures, and regulations to enforce safe handling of radiation

sources.

There are a number of research opportunities in the countries

visited. Moreover most of the people are anxious to develop the pro-

grams discussed below.

The recommended research projects are arbitrarily divided into
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three groups.

I. Studies utilizing radiation as a tool in studying patho-

physiology of disease.

(1) Manganese poisoning.

Chronic manganese poisoning is a serious clinical and

publie health problem in the Chilean manganese mines. Our knowledge

of manganese (Mn++) metabolism is limited, there being few groups

studying this problem. In part study of managnese metabolism has been

hampered by technical difficulties in the chemical determination of

~Mn++ in trace amounts. This problem has been overcome by Dr. G. Cot-

zias at Brookhaven National Laboratory using neutron activitation

analysis for measurement of Mn++ concentrations. These workers are

eminent in the field of ihn++ metabolism and if they are wtilling to

collaborate with workers in Chile, knowledge of this important prob-

lem could be appreciably advanced. Dr. D. I. Ina and P. Schuller in

Santiago are interested in this problem. Dr. Mena is well trained in

isotope technics, having spent three years at UCLA and has excellent

laboratory facilities in Santiago for tracer work. Dr. Mena will be

in the U.S. in July and will contact Dr. Cotzias at that time to dis-

cuss the problem. I would strongly recomnend PAHO support of such

research.

(2) Lead poisoning is a problem in both Peru and Chile.

In Peru there are lead mines and foundries at Oroya ~4,000 meters

above sea level. Chronic lead poisoning is present in w5Q0% of the

foundry workers. The incidence of anemia is unknown but I am told

is appreciable. A high incidence of lead poisoning is also present

in battery plants, printing plants, etc. at sea level in both Chile
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and Peru; the total number of workers however is smaller. The combin-

ation of altitude ard lead poisoning presents a challenging problem in

clinical investigation which may lead not only to important information

on pathologenetic mechanisms in lead poisoning but also to further

understanding of the regulation of erythropoiesds. The investiga tion

of this problem would require substantial technical and professional

help from laboratories outside Peru. Dr. R. Vallenas, the Director

of the Industrial Hygiene Institute, which is responsible for the work-

ers and the hospital at Oroya, is quite interested in the problem and

we worked out a rough outline cf a project which is attached hereto.

(See Annex II)

(3) Hydatid cysts of the liver are a problem in Chile,

Uruguay, Argentina, and the south of Brazil. Early recognition and

localization of these cysts would be of obvious clinical importance.

The possibility of so doing using isotopic technics and scanning was

discussed with Dr. Maceil at Porto Alegere and Dr. Mena..in Chile. Dr.

Mena is quite interested in this problem and has done some preiiniinary

work. From this it appears that further exploratory work using phan-

toms would be desirable. In this aspect of the problem the assistance

of Dr. George Taplin of UCLA would be invaluable. Dr. IMena will see

Dr. Taplin during his visit to the U.S. and discuss this with him. At

present the group at Porto Alegre does not have the facilities for

undertaking such a study; moreover, Dr. Job, the gastroenterologist at

Porta Alegre, is at Duke University this year. However, should the

studies of Dr. Mena and Dr. Taplin show promise expansion of the study

to include other groups w7ould be warranted.
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(4) Hookworm anemia is a significant problem in many areas

of South America. More detailed study of the kinetics of erythropoiesis

both while the patient is anemic and during and after response to

specific therapy is of fundamental interest. Iron metabolism in this

disorder should also be studied. These studies should include measure-

ment of red cell production and loss with radioiron and radiochromium,

in vitro H3 thymidine studies, cell sizing, etc. Intestinal iron ab-

sorption and iron loss should also be studied using radioiron. The

latter study would be greatly facilitated by using a whole body counter.

Dr. Layrisse at IVIC, an able hematologist and investigator, has already

started some of these studies and would be interested in collaborating

on more detailed studies, particularly those in iron absorption. Dr.

Jamra in Sgo Paulo is also interested in collaborating on the problem.

He is an outstanding clinical hematologist with limited laboratory and

no isotope facilities. The Estens, however, at the Central Nuclear

Laboratory adjacent to the university hospital have excellent facilities

for isotopes and I am sure would be most cooperative. The most practical

solution to the whole body counter would be to borrow the mobile USAEC

counter for this project as well as others to be discussed below. The

assistance of Dr. E. P. Cronkite's laboratory at Brookhaven in the

studies on iron absorption and H3 thymidine tould be desirable. Should

the PAHO/ACMR concur in my opinion of the merit of this study a meeting

of collaborative workers to work out the protocol for the studies

would be necessary.

(5) In conjunction with (4) above of the importance of iron

loss through sweat as a contributory factor in iron deficiency could be

easily determined by measuring loss of radioiron with the whole body
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counter on workers in high and low humidity areas.

(6) The study of the ecology of the vector of Chagas' disease

and its possible control by irradiation sterilization is already

underway at IVIC in collaboration with Dr. Baldwin in Canada. Should

radiation sterilization of R.,prolixis prove feasible at the laboratory

level this program should be expanded to include measurement of ster-

ilizing doses of radiation for other vectors of Chagas' disease, e.g.

T. infestans. In larger field studies workers from other countries,

e.g. Peru, Brazil might very well be included. The distribution of

T. infestans in Peru where it is confined to areas adjacent to rivers

in the south of Peru, would make it an ideal place for a field study of

a restricted population. Dr. A. Herrer of the Peruvian National In-

stitute of Health indicated a willingness to cooperate in such a study

if the laboratory studies of the IVIC -- Baldwin group prove encouraging.

(7) The problem of endemic goiter throughout Latin America should

be studied and though it utilizes isotope technics it is primarily a

problem for the endocrinologist rather than radiation group.

(8) Though not related directly to radiation, the problem of

carcinogenesis in Latin America seems to offer promise. In Chile,

for example, stomach cancer comprises u50% of the malignancies in men

and only slightly less in women. A high incidence of carcinoma of the

stomach also is said to exist in Peru. Investigation of the role of

diet, ethnic origin and other factors in these circumstances might

provide valuable information on carcinogenesis.

II. 1esearch on radiation effects.

(1) The question as to whether single high doses of ionizing

radiation produce aplastic anemia in man as a late manifestation is moot.
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The incidence in the Japanese exposed at Hiroshima and Nagasaki and

British spondylitics raise the possibility that aplastic anemia may

result as a late effect but do not permit firm conclusions. In most

animals aplastic anemia while occurring acutely is not seen as a late

effect in animals surviving high doses of irradiation. The burro is

apparently an exception. Further work on the aplastic anemias of

burros is needed. There is considerable evidence that a lowering of

PO2 will afford a degree of protection from ionizing radiations.

Bleeding or the administration of erythropoietine also effects the

recovery of erythropoiesis (Valentine Blood 1952, Stohlman Proc.

Soc. 1955, 1961). In view of the above a most important project would

be a study of the effect of altitude on bone marrow function and the

occurrence of late aplasia in the irradiated burro and the radiosensit-

ivity and effect of altitude thereon in animals indigenous to altitude

(e.g. llamas). Dr. Rakower at the Veterinary School in Lima and Dr.

C. Reynafarje at the San Marcos Medical School are most interested in

such a project. Dr. Reynafarje is a well trained hematologist con-

versant with Fe59 turnover and Cr51 survival technics. They would,

however, need advice and assistance in establishing a radiation source

and in the qualification of some aspects of hematopoiesis. If the

PAHO ACR2 shares my view of the importance of such a project, I should

be more than happy to assist in establishing the necessary arrangements.

III. Epidemologic studies.

The relationship of genetic and somatic effects to high

natural background radiation has been the subject of wide interest for

many years. There are a number of obvious difficulties, e.g. suitable

control populations of similar éthnic origin in low background areas,



RES 1/14

accuracy of diagnosis, case follow-up, etc. In considering the pos-

sibility of initiating studies which might possibly eventuate in an

evaluation of somatic effects, it is my recommenldation that the initial

step be an extension of the physical measurements already begun by

Fr. F. X. Roserts group in Rio de Janeiro. Aerial surveys to localize

areas of high background radiation should be followed by detailed

studies of contamination of food, water and milk supplies. Evaluation

of the body burden of isotopes as well as measurement of external rad-

iation of inhabitants of these areas and of wcrkers in thorium plants

etc. should be conducted. To date the information available is pri-

marily on the external radiation dose; information on the contribution

of internally deposited radionuclides is of obvious importance and

should be obtained. Such a project could be best initiated by Fr.

F. X. Roser at the Catholic University in Brazil in collaboration with

Dr. Vi. Eisenbud of the U.S.A. Technics for measuring body burdens,

e.g. radioactivity of breath samples, whole body counting, should be

standardized. After this collaboration with scientists in other

countries, e.g. Escobar in Bolivia and Solonas in Venezuela, a hemis-

pheric study might be contemplated. In such a study the impartance

of fallout could be evaluated. The physical data together with pop-

ulation studies would permit a more objective judgment as to the wisdom

of a prospective study on somatic effects.

A study on somatic effects in La Paz where there is a high natural

background (cosmic radiation) and a substantial population ( - 350,000)

was considered. However the problem of the effects of hypoxis per se

on carcinogenesis has never been evaluated. Moreover the somatic

effects of a given dose of radiation in a hypoxic population may

- 16 -
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differ from that observed at sea level. For this reason it would not

seem prudent to initiate a program in La Paz.

A study of the incidernce of leukemia, etc. in patients receiving

high doses of therapeutic radiation was also discussed. There are

several drawbacks to such a program including uncertainty of dose in

some areas, inadequate follow-up in many areas as well as the problem

of suitable control populations. For this reason it would be my

recommendation that such a program be deferred.
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THE EFFECTS OF IONIZING RL4DIATION ON FACTORS
REGULATING THE DYNAIJICS OF RHODNIUS PROLIXUS

Summary of Cooperative Project (Venezuela-Canada)

The aim of the project is to determine, both under laboratory

and field conditions, the effects of ionizing radiation on the factors

that regulate the dynamics of Rhodnius prolxus, a blood sucking

insect, the principal vector of Chagas' disease in Venezuela. As

little is known about the biology end ecology of this important vector,

the proposed stvudy -ill attempt to elucidate this information with

special attention being paid to the reproductive behaviour of the

vector. Thus, the frequency, dluration, and reproductive effectiveness

of successive copulations, number of eggs produced and their eclosion,

will be obaerved under differently environmental conditions, varying

sex ratios, feeding frequency and insect eggs. The same observations

will be repeated after exposure to ionizing radiation.

It is intended to study the ecology of the insect, chiefly by

means of radiosotope tagging (cobalt 60 and scandium 46) -- with

special attention being paid to distribution, dispersion, movement,

longevity, mortality, population density and limiting factors. The

effects of ionizing radiation on such factors will also be obeerved.

Depending upon the results of the foregoing research, it is anti-

cipated that the effects cf sterilization by irradiation on the

biotic potential of R. prolAms populations will be determined.

The histological observations will be centralized in Dr. Baldwin's

laboratory at the AECL, Chalk River, Canada, while the ecological

studies will be performed in Venezuela. The stadies on reproductive
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biology will be carried out in both places but duplication will be

avoided except in cases where it would provide cross checking. To

assist with the latter in Venezuela, the PASB has already provided

a 500 curie cobalt 60 source.

At the Instituto Venezolano de Investigaciones Cientificas (IVIC)

work already has begun on the effects of ionizing radiation on longevity

and motility of the insect vector and on oviposition and eclosion --

as well as on the morphology of the F1 generation. Preliminary field

studies have been started with radioisotope tagged insects to determine

motility. At Chalk River the doses of radiation required to sterilize

both 5th stage and adult R. prolixus have been determined and date from

preliminary tests of the effects of sterile males on the biotic poten-

tial of laboratory populations are now available.

The funds required are for salaries to assistants involved in

the research project at IVIC, certain items of pernanent equipment

and consumable supplies required at IVIC. As the laboratory at AECL

is well equipped and staffed none of these experditures will be nec-

essary in Canada; however, in order to expedite the better exchange of

information between the two laboratories, ard to prevent unnecessary

overlapping in their investigations, two exchange visits to each other's

laboratories are planried for the principal and the co-investigator --

Juan C. Gomez N. of Venezuela and Dr. William F. Baldwin of Canada.

Other travel to, and living expenses in, the interior of Venezuela

also will be necessary. The estimated budget fobr the first year of

the program is approximately $38,000. It is anticipated tha*t two

additional years of support will be necessary at a somwhat lesser

cost per year.
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ANNFX II

STUDY ON THE KINETICS OF ERYTHROPOIESIS IN LEAD POISONING AND
THE EFFECTS CF ALTITJDE THEREON

1. A preliminary survey would be made of four groups of workers.
Initially 100 people would be included in each group.

GROUP I - Non-exposed altitude population.
GROUP II - Altitude workers exposed to high concentration af land.
GROUP III - Non-exposed workers at sea level.
GROUP rI - Workers at sea level exposed to high concentration

of land.

The initial survey would include:
A. Hematocrit and hemoglobin.

White blood count and differential.
Reticulocyte count.
Lead concentration in blood and urine.

B. To establish the similarity of the various groups, genetic
studies using known markers common in one or more ethnic
groups should be done. These are: (1) Blood grouping,
Eh type, Diego factor; (2) Hemoglobin type (i.e., Hbs,
Hba, etc.), (3) Glucose 6, phosphate dehydrogenase:;
(4) Haptoglobin; (5) Siderophilin.

C. Clinical evaluation. After the preliminary survey
five to ten workers would be selected from each group
for a more intensive study of erythropoiesis. These
studies would include:

1. Routine Hematologic Studies

A. Indices (mean corpuscular volume, mean corpuscular
hemoglobin concentration).

B. Reticulocytes.
C. W.B.C. and differential.
D. Iron stain of peripheral blood.
E. Serum iron and iron binding capacity.
F. Serum bilirubin.
G. Fecal urobilinogen.
H. Arterial 02 saturation.
I. Red Call size distribution.

2. Isotope Studies

A. Radio iron turnover (Fe59).
B. Red cell survival (Cr5l).
C. In vitro H3 thymidine uptake by bone marrow.

If it is possible in selected individuals
in vivo study with H3 thymidine.
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3. Bone larrow

A. Morphology.
B. Iron stain.
C. Electronmicroscopy.

4. Erythropoietin Assay

t


