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ABSTRACT 

'I'he objective of this study is concerned with the radioactivity in food and 

tobacco, derived mainly from '"'PO which contribute to the radiation dose 

received through diet and smolcing. 'l'his siibjcct was covered undcr four 

chapters. C11apter one deals with historical bacliground of polonium-21 0 

and its bchavior in living system. Sources of polonium-2 l 0  in f i ~ o d  and 

tobacco arc explained in the second chapter. Relevant issues such as 

separation and sneasure~nent of polonium-210 covered in subseclucnt 

chapter. Chapter four reviewed recent studies on polonium-2 10 . 

It was found that the snain source of this sadionuclide is the phosphatic 

fertili~ers that used in food and tobacco cultivation. 'I'hcse fertilizers 

contain the dccay products of IJ series of which 'lOl'o is known to be 

very important from environmental point of view. Many studies 

conducted showed that the committed effective dosc dcrivcd mainly from 
210 Po due to the consulnption of food, particularly sea food is significant; 

210 furtherlnore I'o in tobacco is Icnown to be the main cause of many 

diseases such as lung cancer. 
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Chapter one 



1.1 Kadioactivity in Nature 

Radioactivity refers to the particles which are emitted from nuclei as a result 

of nuclear instability. Because the nucleus experiences the intense conflict 

between the two strongest forces in nature, it should not be surprising that 

there are many nuclear isotopes which are unstable and emit some kind of 

radiations. The most common types of radiation are called alpha, beta, and 

gamma radiation, but there are several other varieties of radioactive decay. 

Radioactive elements are often called radioactive isotopes or radionuclides 

or just nuclides, it is a natural part of thc environment. E'resent-day Earth 

contains all the stable chemical elements from the lowest mass (11) to the 

highest (Pb and Bi). Every element with higher % than Ri is radioactive. ' 

Radionuclides are found naturally in air, water and soil. They are even found 

in us, being that we are products of our environment. Every day, we ingest 

and inhale radionuclides from air, food and water. Natural radioactivity is 

common in the rocks and soil, in water and oceans, and in the building 

materials and homes. Three very massive elements, "'Ill (14.1 billion year 

half-life), "'11 (700 million year half-life), and ""U (4.5 billion year half- 

life) decay through complex "chains" of alpha and beta decays ending at the 

stable ""b, ' 0 7 ~ b ,  and "I6pb respectively. The decay chain for "'11 is shown 

in Fig(1 . l ) .  'Ihe ratio of uranium to lead present on I:arth today gives us an 

estimate of its age (4.5 billion years). Given 1:arth's age, any much shorter 

lived radioactive nuclei present at its birth have already decayed into stable 
238 elements. One of the intermediate products of the U decay chain, 2 ' 2 1 ~  

(radon) with a half-life of 3.8 days, is responsible for higher levels of 

background radiation in many parts of the world. 'Ihis is primarily because it  

is a gas and can easily seep out of the earth into unfinished basements and 



222 then into the house. I h  is decay to *"'l'o. which represent environmental 

hazard due to emission of alpha particles with high specific a c t i ~ i t y . ~  

Fig. 1.1 .The uranium decay series. The vertical axis is atomic 
mass.2 



1.2 Polonium 

Poloniuin (PO) is a radioactive element with an atomic number of 84 and 

Inany isotopes all of which are radioactive. There arc 25 lu~own isotopes of 

poloniu111 with atomic masses ranging from 194 to 21 8 U, of which 

polonium-21 0 is the most widely available. Others of less common are Po- 
2 1 0 209 (half-life 103 years), and PO-208 (half-life 2.9 >ears). Po is a 

radioactive decay product in the natural 23%J decay series. It resembles 

tellurium and bismuth in its physical and chemical 

1.2.1 Applications 

When it is mixed or alloyed with beryllium, polonium can be a neutron 

source. Other uses include: 

a. Poloniuin has been used in devices that climinatc static charges in 

textile 1nills and other places. IIowever, beta sources arc more 

corninonly used and are less dangerous. 

b. Polonium is used on brushes that relnove accumulated dust from 

photographic films. The poloniuln in these brushes is sealed and 

controlled thus minimizing radiation hazards. 3 

1.3.1 History 

It is also called radium F, poloniu~n was discovered by Marie Curie and her 

husband Pierre Curie in 1898 and was later named after Marie's home land 

of Poland. It was Marie's hope that naming the clement after her home land 



would add notoriety to its plight. Poloniuln may be the first clement named 

to highlight a political controversy. 

This eleinent was the first one discovered by the Curies while they were 

investigating the cause of pitchblende radioactivity. 'The pitchblende (U30x), 

after removal of uranium and radium, was more radioactive than both 

radium and uranium put together. This spurred them on to find the element. 

'The electroscope showed it separating with bismuth. 

The great radioactivity of poloniurn and its ilnrnediate ncighbors to the right 

on the periodic table, and its stark contrast with lead and bismuth, is due to 

the great instability of nuclei containing 84 or more protons, especially when 

they also contain 128 neutrons, which causes them to be extremely unstable 

and rapidly emit alpha particles. Curiously, thorium-232 and uranium-338 

are in an "island of stability" which renders them stable enough to bc found 

in large quantities in nature, but heavier nuclei arc Inore and inorc affected 

by spontaneous fission.' 

1.3.2 Notable characteristics 

'Ihis radioactive substance dissolves readily in dilute acids, but is only 

slightly soluble in allcalis. It is closely related chemically to bismuth and 

tellurium. Polonium is a volatile metal with 50% being vaporized in air after 

45 hours at 328 K. Polonium has no stable isotopes and has over 50 potential 

isotopes. Poloniuin is extremely toxic and highly radioactive. Polonium has 

been found in tobacco sinol<e as a contaminant and in uranium ores. All 

elements from polonium onward are significantly radioactive.' 

1.3.3 Occurrence 



A very rare element in nature. poloniu~n is found in urani~lln ores at about 

100 micrograins per illetric ton. Its natural abundance is approximately 0.2% 

of radiumls.j 

In 1934 an experiment showed that when natural bismuth (I3i-209) is 

bombarded with neutrons, Bi-2 10, which is the parent of polonium, was 

created. Polonium inay now be made in inilligrain amounts using thermal 

neutron reaction on bismuth: 

210 Po can also be obtained froin aged Ra salts (0.2 rng of '"'l'o per gm OS 

Ra at equilibrium) and from aged I tn  tubes."' 

Polonium-2 10 is an alpha emitter that lias a half-life of 138.39 days. A 

lnilligram of polonium-210 emits as inany alpha particles as 5 grams of 

radium. A great deal of energy is released by its decay with a half a gram 

quicltly reaching a temperature above 750 K. A few curies (GI3qs of 

polonium-210 anit a blue glow which is caused by excitation of surrounding 

air. A single gram of polonium-210 generates 140 watts of heat energy. 

Since nearly all alpha radiation can be easily stopped by ordinary containers 

and upon hitting its surface releases its energy, I'olonium-210 has been uscd 

as a lightweight heat source to power therinoelcctric cells in artificial 

satellites. Because of its short half-life though polonium-2 10 cannot provide 

power for long-term space ~nissions and has been phased out of use in this 

application.' 



1.3.5 Precautions 

Poloniuin is a highly radioactive and toxic elernent and is dangerous to 

handle. Even milligram or lnicrogra~n amounts, handling polonium-3 10 is 

very dangerous and requires special equipment used with strict procedures. 

Direct darnage occurs froin energy absorption into tissues from alpha 

particles.3 

'I'he inaxiinuin allowable body burden for ingested polonium is only 1100 

Dq (0.03 micro curie), which is equivalent to a particle weighing only 6.8 X 

10-'' gram. Weight per weight polo~liu~n is approxilnately 2.5 X 10"  times as 

toxic as hydrocyanic acid. 'I'he maximum perlnissible concentration for 

airborne soluble polonium compounds is about 7,500 Bq/m3 (2 X 10-" 

p~i /cm') .3  

Fig. 1.2: Polonium-2 10 decay scheme 



1.4 '''PO in living system: 

Polonium is chenlically different from most of alpha-emitting elements. It 

has many of the characteristic of the rare-earth elements, is alnphoteric and 

tends to forin hydroxides and radiocolloids both in vitro and in vivo. As the 

result of the latter, poloniuln is phagocytized readily by cells of the 

reticuloendothelial system and deposits substantially in the spleen, lymph 

nodes, bone marrow and liver after parenteral administration. 4 

Major deposition also occurs in the kidneys. 'l'issue distribution is influenced 

considerably by tile route of administration. 4 

Higher concentrations of 2 ' 0 ~ o  are also found in the livers of smokers than 
2 10 nonsmokers. PO is also I<nown to be incorporated into bone tissue. where 

the continued irradiation of bone marrow nlay be a cause of leultemia, this is 

because of its precursor 2'01'b whish is a bone seeker with half-life 10' days 

in bone." 

Autoradiographic studies, have characteristically dcinonstrated the presence 

of much aggregated poloniuin both in solutions at or near neutral p11 and in 

vivo. These aggregate demonstrate the presence of radicolloids. 'I'hcy are not 

seen in vivo after oral administration of poloniuin and they become 

disorganized and gradually disappear.' 

In contrast non aggregated (semi-ionic or ionic) poloniuin is inore ~lniforrnly 

distributed to tissues and less influenced by the route of administration. 'I'he 

non-aggregated form, although less striking autoradiography can account for 

a substantial fraction of radiation dose. -I 



Poloniuin has low tendency to form specific coinplexes with bioinolecules 

than do Radiuin and other transurai~ic elements. although relatively loose 

combinations with nuinerous moieties are coi~~inon,  for examples, polonium 

combines with globin portion hclnoglobin and othcr blood collstitucnts and 

binds non-specifically to proteins. It does not exchange for calcium in bone, 

as does radium. nor does it combine with osteoid, as doe's plutoniurn. -I 



Chapter two 



2.Sources of PO-210 to food and Tobacco 

2.1 Introduction 

Prior to 1983, most of the studies which addressed huinan exposure to 

phosphate-related radioactivity focused on exposures to industry personnel 

and to people residing in homes built on reclaiined phosphate lands. Very 

little information had been developed, to evaluate the impact of phosphate 

related radioactivity on human exposures through the food chain." 

A number of studies have been completed and several are currently 

underway which address the potential of radiation exposure to natural 

members of the uranium and thorium radioactivity series through the food 

chain. Because of the nature of reclaiined soil materials and the location of 

most of the reclaimed phosphate lands, agriculture is lilcely to be a major use 

for reclai~ned phosphate lands. 6 

It has long been known that elevated levels of uraniuln occur naturally 

associated with the sediimentary phosphate deposits. Mainly because of its 

low solubility, uranium is not generally considered to be a major 

environinental hazard, but inany of the members within the uraniuln decay 

series are inore of a cause for concern. 'These would include " " ~ a  and its 
2 1 0 decay product such as PO and 2 1 0 ~ b  which tend to be elevated in 

phosphate-related materials. In general, lands containing waste clays or 

sand- phosphate "debris" tend to have the highest levels of radiation, 

followed by lands reclaiined generally with overburden and sand, next 

followed by mineralized uninined lands, and finally non mineralized lands. 6 

2.2 Ilistribution and Uptake of 1'0-210 

"'PO and 2 ' 0 ~ b  enter the huinan food chain and tobacco via one of the 

following two mechanisms: (a) plant uptake from soil andlor water, and 

(b) particle deposition onto plant surfaces.' 



2.2.1 Food chain 

2.2.1.1 Edible Crops 

The ' " ~ b  and 2 1 U ~ o  content of edible foliage and reproductive structures 

(seeds, berries, fruits, etc ...) inay be the result of either one or both of the 

above mentioned mechanisms. The dominant mechanism is considered to bc 

surface deposition of particulate matter on which '"'llb and * I 0 ~ o ,  originating 

as decay daughters of ' " ~ n  gas. are adsorbed. I'hc overwhellning source of 
110 plant 2 1 0 ~ o  is the deposition of its precursor, Pb. on plant sill-l:dc~s during 

6 rainfall events. 

Plants in general Inay accumulate radionuclides depending upon many 

factors such as species, tissue type (e.g., leaf vs. fruit), soil-water-plant 

relationships, soil type, and the chemical nature of the radionuclide in the 

soil. A method for describing this acculnulation in a plant is called the 

concentration ratio (CR). " 

Most soil radioactivity is concentrated in the upper 15 cm (humus layer) 

with intermediate values in the middle layer. It is possible that the acidity as 

well as the saturation condition at sites tcnd to cnhancc the solubility and 

availability of radio nuclides for plant uptake. 6 

The plantlsoil concelltration ration (CR) varies throughout several ordcrs of 

magnitude and has been found to be nonlinear. Findings indicate that the 

radio nuclides found in plant tissues were quite low compared with that in 

the soil. Extrapolation of CR deterinined using high concentrations of 

processed radio nuclides (concentration processes for power plants or other 

human uses) to the relatively low concentrations of naturally occurring radio 



nuclides is inaccurate, resulting in ~nuch higher CR values than those 
7 reported in agricultural field studies. 

Factors or ratios have been calculated for many other points in the h o d  

chain where a radionuclide may be excluded or accumulated. For example, 

the gastro-intestinal tract of humans excludes 80% or more of radionuclides. 

'I'his ratio, comparing radionuclide concentrations absorbed through the 

gastrointestinal tract to the total radionuclide concentratio~l in the food, is 

termed 'Ifl." A similar ratio has been used to describe animal accumulation 

from food stuffs, termed 'Yi??." In each case, the ratio or factor is usually 

much less than 1 ,  a value that would be equivalent to a complete transfer 

from soil to plant. Findings indicate that each transfer point in the food chain 

normally acts to reduce the radionuclide concentration in the tissue or organ 

higher in the food chain. 'l'he CR for vegctableslsoil transfer of ""l<a was 

reported as 0.0080, while the,fin for cow milklfecd was 0.0004. 

Within animals and humans. certain tissues tend to accumulate selected 

radio nuclides. I'his informatioil can help with dietary choices (e.g., avoiding 

the consumption of animal organs that accu~nulate radio nuclides) as well as 

in the calculation of dose. For example, certain animal organs do not 

accumulate "?<a or * ' O P ~  (e.g.. kidney and muscle). while other tissue may 

accumulate it (e.g., bone). 'I'hus, humans consuming cattle I ~ L I S C I C  tissue 

(beef) will be cxposed to lowered concentrations of radio nuclides than 

actually ingested by the cattle simply because the radio n~~cl ides  

accuinulated in the bone. 7 

All studies on phosphatic clays or lands disturbed during phosphate mining 

operations concluded that crops grown on phosphatic clays generally 



contained lligher concentrations of radionuclides than those grown on 

undisturbed mineral soils. However. the concentrations varied significantly 

with the type of crop and the parts harvested for food. In general, the 
210 concentrations of '%a, Pb and '"'PO werc lower in grain and fruit than in 

vegetative portions (leaves, stems. roots). For example. the ""{a content in 

the seeds of corn, sunflower, and grain sorghum was about 8 % of that found 

in the leaves and stems.7 

Vegetables grown on phosphatic clays also contained higher concentrations 

of radio nuclides than those grown on uildisturbed mineral soils. 'l'hc l o ~ ~ s t  

concentrations were found in the fruit and the highest found in the older 

leaves. The outermost leaves of cabbage, which typically are removed 

before food preparation, contained higher concentrations than cabbage 

heads. Radionuclide concentrations differed little in cabbage heads grown on 

phosphatic clays coinpared with those grown on undisturbed soil. 

Vegetables produced for their edible leaves, such as turnip and collard 

greens, had higher radionuclide concentrations than root crops, such as 
i carrots or turnip roots. 

Cattle were used in two studies to evaluate the impact of forages grown 011 

phosphatic clays on concentrations of radio nuclides in the animals and their 

products. No differences were noted for heifers receiving diets of corn silage 

or alfalfa grown on phosphatic clays coinpared with heifers fed similar feed 

produced on undisturbed land. No effects due to diet werc found in the 

offspring. Milk from cows fed corn silage grown on phosphatic clays 
216 contained froin 0.010 to 0.023 13q Ra per liter. 'I'hese values were only 

slightly above the normal range reported for milk produced in the {Jnited 

States of 0.003 to 0.0 l 0  Dequerels "?<a per liter. 7 



Steers had greater concentrations of 22011a in bone sainples than in muscle or 

kidney tissues regardless of the source of forage. -1'here were no differences 

in the bone concentrations among forage sources. This finding indicates that 

while the dietary intake of these animals was solnewhat d i k r c n t  due to the 
226 Ra concentrations in the forage, the .fm (see definition bellow) of 

steerlforage was such that most of the radionuclide was excreted and not 
2 10 absorbed. Concentrations of " " ~ a ,  Pb, and "'PO found in the muscle were 

almost three orders of magnitude lower than concentrations found in the 

bone. ' 

2.2.1.2 Marine organisms 

It is generally known that many marine organisms (plants and animals) are 

capable of concentrating within their tissues varied trace elements including 

radio nuclides, although the sea water concentrations of most of these 

elements occur at very low levels. The radio nuclidcs " " ~ b  and ""PO are 

ubiquitous components of the natural radiation environment and are thus 

found in most abiotic and biotic materials leading to direct and indirect 
226 human radiation exposures. Iia (1600 y) being ranked ainong the very 

highly radiotoxic elelncnts and largely involved in biological cycling 
? I 0  because of its siniilarity to calcium has been intensively studied. 1'0, thc 

last radioactive inelnber of is forn~ed by decay of ""1% (22.26 y) via '")13i 

(5.01 d). I-Iowever. biological processes lead to preferential accumulation of 
2 10 2 1 0 PO in living organisms and starting from the first trophic level the 1'0: 
2 10 I'b ratio becomes greater than unity. Thus from radiological point of view, 

it has been recently shown that consulners of seafood receive doses of 

natural radionuclides as high as 2 mSvIy, 75% of which attributable to 2 1 0 ~ o .  

The geochcinistry of ""PO is characterized by following its precursor ""l'b 



in the hydrological cycle but it is found out of radioactive equilibrium with 
2 1 0 Pb in the inarine environment. It is inore readily adsorbed than ' " ' ~ b  on to 

particulate matter in the surface layer of the oceans. IIowever, because of 

differing chemical properties at greater depths, poloniu~n is easily recycled. 
2 10  Pb is the only naturally occurring radioisotope of lead that is stable for 

periods longer than minutes or hours. Its presence in the marine environinent 

is related to two different sources. the insitu decay of " " ~ a  and the 

atmospheric flux from the decay of the gaseous species '?'1h. Its activity in 

the water column decreases rapidly with depth indicating its strong 

adsorption to sinking particles and its coprecipitation with the 

ferroinanganese oxyhydroxide fraction or forin insoluble lead sulphide in 
13 anoxic waters. 

2.2.2 Tobacco 

Inhalation of tobacco smoke is ranked second to food in providing '"'l'b and 
2 1 0 PO exposure to man. The two possible sources of ' " ' ~ b  and 2 1 OP0 

associated with tobacco are uptalte from soils containing these isotopes as 

daughter products of 2 2 6 ~ a  or leaf surface deposition of airborne aerosols to 

which naturally occurring 'l0pb and "'PO have become adsorbed. ' 

All soils contain radium, a radioactive element that decays into " " ~ b  and 
2 1 0 PO. In addition, phosphate ore used to inalte fertilizers used on tobacco 

fields contains these isotopes in relatively high concentrations. While 

tobacco plants can absorb " ( ' ~ b  and "O~'o through their roots, relatively little 

enters this way. 10 

Radon daughters have high electric charges that inalte thein attach to dust 

particles. These dust particles, with the radon daughters attached, stick to the 



tips or heads of the hairs of tobacco leaves called trichomes which coated 

with sticky substa~~ces which collect dust. 'l'his airborne radioactive dust 

collects on the tricl~ome tips, or heads, in concentrations of radioisotopes 

10,000 tiines that of the overall leaf. Alinost all the radioactivity of tobacco 
10 conles from this air deposition process. 'l'he tiinc clapscd between Icaf 

harvest and actual manufacture into a cigarette or cigar determines the '"'l'o 

content of the consumer product, which is a function of initial 'lOl'o 

deposition plus ""l'b decay. 9 

Radioactivity in Phosphate Fertilizer Migclt ion to  Tobdeco 
Radioacfiide dust padieles stiek t o  frichomes (leg! hairs) o f  tabacco plrnts.  

E l e e i r i ~ i l y  charged radon da~gh te rs  
(radioaeiive gas in a i r )  

+l* 

Phosphate Fatiii issr 

Fig. 2.1 : I<:idioactivity in phosphate fertilirer migmticxi to tobacco. 



'I'he radioactivity measured in tobacco varies widely depending on where 

and how it is grown. One study found that tobacco grown in India averaged 

only 0.09 pCi per gram of ""Po, whereas tobacco grown in the ilnited States 

averaged 0.516 pCi per gram. Another study of Indian tobacco, however, 

measured an average of 0.4 pCi of "'PO per cigarette, which also would be 

approxiinately a grain of tobacco. One factor in the difference between lndia 

and the United States may be the extensive use of apatite as fertilizer for 

tobacco in the United States, because it starves the plant for nitrogen, 

thereby producing more flavorful tobacco; apatite is ltnown to contain Ra, 

"'Pb, and *"Po. This would also account for increased concentration of 

these elements compared to other crops, which do not use this mineral as 

fertilizer." 

2.2.3 Health effects of tobacco smoking 

Three kinds of smoke can bc described. each differing in terms of toxicant 

concentration, size of particles, effects of temperature, and a host of other 

characteristics. Mainstream smolte (MS) is what einerges from the "mouth" 

or butt end of a puffed cigarette. Sidestrealn sinolte (SS) is what arises from 

the lit end of a cigarette, mostly between puffs. Ilnvironmental tobacco 

smolte (E'TS), smoke present in air, consists of exhaled mainstream smolte 

and sidestreain smoke. I I 

MS is a highly concentrated aerosol mixture. Sinolte particles are liquid, 

consisting of approximately 20% water by volume. '[he particles vary from 

less than 0.1 to 1.0-pin diameter. The small size and high concentration 

promote rapid coagulation, leading to decreased concentration and increased 

size of the resulting particles within less than a second. 'I'he size of particles 



also increases due to absorption of water, which is relevant for human 

smolting because of the high relative humidity of the huinai.1 respiratory 

tract. Side stream smoke particles are smaller than MS particles initially. 

IIowever, the aging of SS over a few minutes leads to an increase in particle 

size of li'1'S due to coagulation of particles and rernoval of smaller particles 

that attach to surfaces in the environment. I'article size in smoke is 

important, because it influences where within the respiratory tract a toxicant 

is deposited. Sinaller particles, in general, deposit further down into the 
I I lungs. 

'The health effects of tobacco smoking are related to direct tobacco smoking, 

as well as passive smoking5, the passive sinokcr is exposed to the same 

radioactive isotopes in the tobacco as the sinol<er. Moreover, the sidestreain 

smoke contains 50 to 70 % of the ""PO. In addition. the exposure of the 

passive sinolter to naturally occurring radon daughters is increased in a 

smoky environment. Radon daughter exposure may account for 20 to 100% 

of lung cancer in non-smolters. 'l'here has been no autopsy study of 

radioactive isotope levels in non-smokers specifically to determine the effect 

of passive smoking, although medical scientists have found that there were 

high radioactive isotope levels in non-smoking individuals who died of lung 
1 0  cancer. 

E'olonium is readily volatili~ed at the temperatures of'the burning tip of a 

cigarette or cigar (600 to 800°C) and is Icnown to bc adsorbed to submicron 

particles such as those found in smoke. Lead is not sublimated at these 

temperatures, but is a component of the resulting smolte and ash. During 



tobacco coinbustion, these insoluble, polylnerized particles arc released to be 

inhaled by the sinoltcr or other persons in the vicinity. Regardless of the 

specific mechanism, there appears to be ample opportunity for '"'l'b and 
210 Po exposure to bronchial epithelium and lung tissue during the smolting 

process. 

'l'he inain health risks in tobacco pertain to diseases of the cardiovascular 

system, in particular sinolting being a inajor risk f'actor for a inyocardial 

infarction (heart attack), diseases of the respiratory tract such as Chronic 

Obstructive Pullnonary Disease (COPII) and emphysema, and cancer, 

particularly lung cancer and cancers of the larynx and tongue. 5 

A person's increased risk of contracting disease is directly proportional to 

the length of time that a person continues to smolte as well as the amount 

s11101ted. However, if someone stops smoking, then these chances steadily 

although gradually decrease as the danlage to their body is repaired. ' 

Diseases linlted to smolting tobacco cigarettes include lung cancer and other 

cancers, strolte, peripheral vascular disease, birth defects of pregnanl 

smelters' offspring, buerger's disease (thromboangiitis oblitcrans), 

impotence, chronic obstructive pulmonary disease, emphyseina and chronic 

bronchitis in particular and Inore likely to develop cataracts that may cause 

b l indne~s .~  



20-Year hag Erne Btztweet.1 Smoking and Lung Cancer  

Fig. 2.2 Thc incidence of lung cancer is higlily correlated ivitli smoking.' 

Cigar and pipe smokers tcnd to inhale less sl~loke t l~an cigarette smokcrs, so 

their risk of lung cancer is lower but is still several titlles higher than the risk 

for nons~nol<ers.~ 

Tarry particles containing "'PO and 2"'1% lodge in the smokers' lungs where 

airflow is disturbed; the concentration found whcrc bronchioles bifurcatc is 

100 tiines higher than that in the lungs overall. 'l'his gives slnokcrs much 

morc intensc cxposure than would otherwise be cncountercd. E'oioniuln-2 10. 

for instance, emits high cncrgy alpha particles which because of their largo 

mass are considered to be incapable of penetrating thc skin morc than 40 

ixicrorneters deep, but do considerable damage (cstiinated at 100 times as 

much chroinoso~ne damage as a correspondiilg amount of  other radiation) 

when a process such as smolcing causes them to be emitted within the body, 

where all their energy is absorbed by surrounding tissue. 5 



'I he benefits of srnolting cessation are immediatc: blood pressure, heart rate, 

and telnperature return to normal range; heart attack risk decreases; ability to 

smell and taste is enhanced; circulation improves.' 

2.3 Estimation of the Intake 

2.3.1 Analysis of Bioassay Data 

I?stimation of the intake could easily be made based on inherent Itnowledge 

of the situation such the amount of activity that was being handlcd, amount 

of activity missing, air sampling or other data. ilowever, this type of 

estimate usually has much uncertainty, and the use of bioassay data froln the 

exposed individual is preferred to provide an estimate of intake. 'I'he analysis 

of bioassay data to determine intakes is not usually a straightforward task.' 

'I'o determine the type and timing of samples, one 117ust consider (a) the route 

of entry, (b) the radionuclide metabolis~n in the body, (c) the radionuclide 

elnission spectrum. (d)  detection capabilities of available in vivo or in vitro 

analytical techniques, and perhaps other factors. Whcn one has one or more 

bioassay measurements, one then needs a model that predicts what fraction 

of the initial intake would have been in a sample of that type at that time 

(e.g. a whole body count 10 days after intake, a 24 hour urine sample 2. days 

after intake, etc.). 'Then, one divides the measured value by the expected 

fraction of intalte expected to get an estimate ofthe actual intake. If one has 

multiple values, one can calculate multiple estimates of intake, or a least 

squares single estimate, using the formula: 



Where I is the predicted intake, Oi is an observed valuc and E; is an expected 

(model predicted) valuc. l'his formula is surprisingly simple, but it is derived 

from a least squares analysis, and supposes that the relative variance of the 

lneasurernents is proportional to the absolute value. One should always plot 

out the observed and model predicted values to be sure that a reasonable 

estimate of intake, this formula will always yield a result, but if (for 

example) the effective half-time of activity in your subject was greatly 

different than that of the model (from which the expected fractions were 

obtained), the estilnate of intaltc ]nay not be reasonable. 

However one gets the best estimate of intake. one then ]nay a p p l ~  dosc 

conversion factors (IICFs), which are usually given as cu~nulativc dose per 

unit intalte. to obtain doses.' 

2.3.2 Dose and dose assessment 

The harlnf~ll effects of radionuclides do not corne from their chemistry 

within tissue, but from the radiation associated with radioactive decay. 

Radiation of tissue increases the risk of cancer. IIowever, the risk varies 

according to the type and energy of radiation, rcsidcncc tinle in  the selected 

tissue, and concentration of the radionuclide. Knowing thcsc factors. the 

dose or exposure to the radionuclide can be calculated. IIosc is simply the 

product of the radionuclide intake and the appropriate dosc conversion factor 

(IICF). Dose is reported in terms of Sieverts, which is ccluivalent to 1 

~ o u l e / k ~ . ~  

ITumans and their food chains are exposed to many different sources of 

radiation, all resulting from environmental sources. liumans are exposed to 

radiation from cosmic rays 10.37 (mSv/yr)J, indoor radon (2.0 mSv/jr); and 

226 Ra in the human body (0.01 mSvIyr). ' 



'I'he proposed standard for an individual in the population for whole body 

continuous exposure is 1.0 mSv/yr. Continuous exposure means that a 

person is exposed to this small ainounl of radiation every day. Note that the 

average exposure for most people due to radon is already higher than the 

proposed ~ t a n d a r d . ~  

Substantial radiation doses from '"'Po can be expected in Inany tissues of the 

body. In general, the spleen and Itidney concentrate polonium more than 

other tissues except for temporary deposition in the lung after inhalation of 

an insoluble fonn. The lymph nodes and the liver are also affected.' 

The alpha-emitters, "'PO and " " ~ b ,  are highly concentrated on tobacco 

trichomcs and insoluble particles in cigarette smoke. I.cvels of ' l 0  1% were 

measured in cigarette smolte by Radford and Ilunt and in the bronchial 

epithelium of smokers and nonsmolters by 1,ittle et al. Afier inhalation, 

ciliary action causes the insoluble radioactive particles to accuinulatc at the 

bifurcation of segmental bronchi, a common site of origin of bronchogenic 

carcinomas. In a person smoking 1.5 packs of cigarettes per day, the 

radiation dose to the bronchial epithelium in areas of bifurcation is 8000 

inrem per year, the ecluivalent of the dose to the skin from 300 x-ray filn~s of 

the chest per year." 

It is a common practice to assume that the exposure received from a 

radiation source is distributed throughout a tissue. In  this way. a high level 

of exposure in a localized region, e.g. bronchial cpitheliu~n, is averaged out 

over the entire tissue mass, suggesting a low level of exposure. 

llowever. alpha particles have a range of only 40 urn in the body. A cell 

nucleus of 5 to 6 um that is traversed by a single alpha particle receives a 

dose of 1000 rems. Thus, although the total tissue dose might be considered 

negligible. cell close to an alpha source receive high doses. The ' " ' ~ o  alpha 



activity of cigarette srnolte Inay be a very effective carcinogen if a imultiple 

mutation mechanism is involved. 12 

Radford and IIunt have determined that 75% of the alpha-activity of 

cigarette smoke enters the ambient air and is unabsorbed by the smolter, 

making it available for deposit in the lungs of others. 1,ittle er crl. have 

measured levels of 2101'o in the lungs of nonsmokers that majl not be 

accounted for on the basis of natural exposure to this isotope. 

I'he detrimental effects of tobacco sinolic have been considcral.>ly 

underestilnated, ~nalting it less liltely that chelnical carcinogens alone are 

responsible for the observed incidence of tobacco-related carcinoma. Alpha 

emitters in cigarette slnolw result in appreciable radiation exposure to the 

bronchial epithelium of smokers and probably secondhalid smolters. Alpha 

radiation is a possible etiologic factor in tobacco-related carcinoma, and it 

deserves further study. 12 

210  ?I'he alpha particle dosage from Po received by smolters of two packs a 

day has been measured at 82.5 ~nillirads per day, which would total 752.5 

rads per 25 years, 150 tiincs higher than the approxiinatelq 5 reln rcccibed 

from natural background radiation over 25 years. Other esti~natcs of the 

dosage absorbed over 25 years of heavy s~nol<ing range from 165 to 1,000 

rem; all significantly higher than natural bacltground. In the case of the less 

radioactive Indian tobacco referred to above, the dosage received from 2101'o 

is about 24 inillirads a day, totaling 21 9 rads over 25 years or still about 40 

times the natural background radiation exposure. In f ~ t ,  all these numbers 

of' total body burden are misleadingly low, because the dosage rate in the 

irninediatc vicinity of the deposited "'PO in the lungs can be from 100 to 

10,000 times greater than natural background radiation. I,ung cancer is sccn 



in laboratory aniinals exposed to approximately one fifth o f  this total dosage 

of "0. 12 

Intaltes of radionuclides can occur via a number ol'routcs such as inhalation 

and ingestion. 'l'he aim of dose assessment for internal exposures is to obtain 

from monitoring data estimates of corn~llitted effective doses or coln~nitted 

equivalent doses to individual organs or tissues. Monitoring data consist of 

~neasurement data on levels of radionuclides in the whole body or in organs 

and tissues, or on their rates of excretion. or 011 their levels in 111e work 

cnvironrnent that can bc used as a basis for assessing intakes and for relevant 

dose calculations. 



Chapter three 



3 .2'0 Po Separation and Measurement 

The estimation of the hazard of the "('PO is deduced through the calculation 

of the radiation dose received due to the consumption of any material 

concentrate this radioactive element. Ilowever, this can be done by 

measuring the specific activity (radioactivity per unit mass). As "('PO is 

ltnown to be an alpha emitting radionuclide, in this chapter a brief review of 

the interaction of alpha particle with matter and the measurement technicluc 

is described. 13 

3.2 Interaction of alpha particle with matter 

In passing through matter, a-particles lose energy chiefly by interaction with 

electrons. 'I'his interaction may lead to the dissociation of iiioleculcs or to the 

excitation or ionization of atoms and molecules. The effect rnost easily 

measured and rnost often used for the detection of a- particles is ionization. 

The paths of these particles tend to be straight and in each ionization event 

an originally neutral atom of the absorbing medium is divided into one or 

more free negative electrons and a residual positive ion (ion pair). An 

average alpha particle emitted from a radionuclide makes about a million 

collisions resulting in small discrete energy transfers to electrons before 

coming to rest in the absorber. Because of the statistical nature of the energy 

loss, after passage through a certain thickness of matter, a group of s ~ ~ c h  

particles of initially uniform velocity will show a distribution of velocity 

about the mean value. Since the number of collisions is large and they are 



independe~~t processes. the range (or energy) distribution ]nay be expected to 

be approximately Gaussian in shape, and this phenomenon constitutes the 

basis of line shapes observed in alpha spectrometry. 13 

3.3 Alpha spectrometry 

Alpha spectrornetry is a powerful analytical tool for the identification and 

assay of the heavy elernents in all kinds of samplcs. 1,ilte other radiometric 

methods it  has the advantage o r  being extre~nely sensitive and specific for a 

large number of nuclides and suitable for trace analysis. 'l'hc application of 

alpha spectrometry, however, is dependent on a number of co~~ditions, the 

most important one being the preparation of a source whose thickness is 

negligible with respect to the range of the alpha particles. 1:ailurc to achieve 

this results in deterioration of the spectra due to energy degradation of the 

alpha particles in the source, which leads to excessive tailing, and loss of 

resolution. For alpha particle energies between 3 and 10 MeV. the range is 4 

mg cm-2 to 20 1ng cm-2 and the limit for good alpha spectro~netry is at a 

few pg cm-2. 'l'his means that in most cases the alpha emitting nuclides have 

to be separated f ro~n the bulk of the sample by chc~nical or physical 

processes before the actual spectrornetry measurements. 13 

'I'he recluirelnents of alpha spectrornetry can be surnmari~ed in the 

following: suitable detector (surface barrier or ion-implanted detectors are 

commonly used), electronic accessories. standard source, and a uniformly 

thin source of nearly zero mass. 'l'he latter determines the accuracy and 

precision of counting. Alpha particles call lose inost o r  part of- thcir enel-gy 

before reaching the detector; hence the resolution of energies can be lost 

completely. Source preparation must lead to a soul-ce of a f e ~ ,  microgran~s 

per square centimeter thicltness. Surface barrier and ion-implanted detectors 



are suitable for alpha spectrornetry because of their high resolution, good 

stability, low background, and reasonable cost. Recoil nuclidcs Inay 

contaminate and even darnage the detector and can be avoided by applying a 

negative potential to the source and a low pressure inside the vacuum 

chamber to prevent the rccoiling nuclides from reaching the detector (Sam, 

1998).'17he procedures for alpha spectrometric measure~l?ents can be 

subdivided into five steps: (a) samplil~g, (b) sainplc pretrcatn~ent, (c) 

chemical separation, (d) source preparation and (c) measurement of alpha 

spectrum. Steps (b), (c) and (d) deal with cheinical procedures and have to 

be adapted to the isotope to be ineasured and thc type of sample. 13 

3.4 Chemical Separation of *'"PO 

Polonium is a group V1 clelllent and was first isolated from pitchblende (0.1 

mg per ton) by Maric Curic in 1898. 'I'he halides arc analogous to the 

tellurium salts but show-incrcascd stability in the 1'0" oxidation state. 'fhc 

chloride salts arc volatile at temperatures greater than 150°C. 'l'he aqueous 

chemistry of polonium is complex; the common oxidation states are 1'0'' 

and PO+'. Polonium shows a strong tendency for colloid formation and 

complexation. These properties influence envirol~inental bchavior and 

separation chemistry. Spolltaneous deposition of polonium on some metals 

(eg. Ag, Cu and Ni) greatly simplifies sourcc preparation for alpha 

spectrolnetric measurements. 13 



3.5 Dissolution of samples 

Po is soluble in most inineral acids, so that trace Po will be dissolved by any 

reagent which dissolves the gross matrix. A few of the Inore common cases 

are discussed below: 

In the case of Po in irradiated 13i, the E3i Inay be dissolved in a mixture of 

IICl and l-IN@ acids (ratio between 1 :4 and 3:4). I Iydrochloric acid alone 

will not dissolve the bismuth easily. 

I-Iowever, IINO; will often interfere at a later step and must be removed. If 

the sample volume is not too large, the 11N03 can be removed by repeatedly 

adding conc. l-IC 1 and evaporating to a small volume. Alternatively, formic 

acid or forinaldehyde will reduce the IINO;. lJrea has been used for this 

purpose, but it removes only the nitrous acid. Ilowever, I3i dissolves only 

slowly in the absence of nitrous acid so that I3i metal can be readily used as 

a deposition medium. 

3.6 Spontaneous deposition 

In the case of polonium, it is very interesting to malte use o f  its tcndcncq to 

self-deposit onto silver discs as an alpha sourcc preparation method. As this 

 neth hod has proved to be efficient, care must be talten so as to avoid the co- 

deposition of ~ r + % a d  Fe" by using ascorbic acid to hold them back. 13 

3.7 Counting techniques 

Counting of ' " ' ~ o  isotopes presents special problems. All of naturally 

occurring Po isotopes decay by alpha emission with encrgics above 5 Mcv. 

(3ainma radiation is associated with a few of the isotopcs, but considel.ation 

of the alpha-gamma branching ratio and thc half-life ctcludcs gainlna 

counting in most cases. 



A reasonable amount of care should be exercised in the preparation of alpha 

counting mounts to prevent volatilization of the 2'(k'o . Since the halidcs are 

considerably Inore volatile than the nitrate or oxide, it is preferable to 

evaporate IINO; solutions. The mounts should not be flamed nor subjected 

to excessive heat. 13 

210  1'0 is usually measured by alpha-spectromctry. using either 20Xl'o or 'O?~o 

as the yield monitor. 'Ihe poloniuin sources usually arc counted for 3-10 

days depending on the activity and the time of sampling. I;igures 3.1 and 3.2 

obtained arc used to calculate the specilic activities using thc fi~llowing 

formula: 

A (Po-210) =[N (Po-210)* A (Po-208)]1 [N (Po-208)*m] 

Where: 

A (Po-210) = Activity concentration of Po-2 10 in the sample in I3clIKg. 

A (2'0-208) = added activity of the radiochemical yield tracer in I3cl. 

N (1'0-2 10) = net counts in the 1'0-2 10 R01 

N (1'0-208) = net counts in the Po-208 R01 

m = mass of sainple in Kg (wet basis). 

'l'ypical alpha spectra o f " " ~ o  are shown in figures 3. l and 3.2. 



Fig. 3.  I (1-particle spectrum of polonium-2 I0 separated fi-om fish sample 

(Pompano) with added "'90 tracer. 



Fig. 3.2 a-particle spectrlttn of poloni~tm-2 10 separated frotn I:ish satnple ( B r o n n  

Spotted (>souper) M ith added 7 0 X ~ 0  tracer. 



Chapter four 



LITERATURE REVIEW 

There are many studies on '"'PO and ' " ' ~ b  in tobacco and food. Peter 

I3ellamy and Ilunter ( 1 9 9 7 ) ' ~  have measured the accumulation of '"'f'o by 

spiny dogfish, elephant fish and red gurnard in New Zealand shelf waters. 

I'hey found that the concentrations of the natural radionuclide 2'0'l'o in the 

livers of 81 individual speciinens of three fish species are: spiny dogfish, 4.2 

-t 1 a8 Bq kgp' wet weight (mean * standard deviation, n = 48); elephant fish, 

136 * 39 13q kgp1 (n = 7); and red gurnard, 38 i l 3  l3q kg ' (n = 76). 

Separate measurements showed that only a negligible li-action of the '"'PO 

was supported by decay of the 'lO1'b parent ( 2 " ) ~ o / 2 ' 0 ~ b  activity ratios were 

15, 134 and 5.9 respectively for the three species), indicating that direct 

uptake of 2 ' 0 ~ o  into the liver balances losses from excretion and radioactive 
2 1 0  decay. The radiation dose from Po in the livers accounted for between 

88% and 99% of the total internal absorbed dose received by the fish 

species. Thc activity of ""PO in sea water from the study area was 0.9-2.2 

rnDq LT', yielding concentration factors for "Of'o in liver tissue in the range 

3 x lo3 to 100x10" .'I'he concentration of " " ~ ~ o  and "'1% in the diet at the 

Marshal1 Islands was deterlninated by Robinson et nl.(1994)15 . I'he average 

daily intake of these two naturally occurring radio nuclides from local and 

imported food is estimated to be 2.18 and 0.36 13~1, respectively. 1,ocal foods 

contribute 87% of the 2 ' 0 ~ o  and 47% of the ""fPb associated with the diet. 

The items contributing the majority of the activity to the diet arc derived 

from the marine environment and include parts of fish, invertebrates, 

seabirds and eggs of seabirds. 'The com~nitted effective dose from ingestion 

of 2 1 0 ~ o  and " ' ~ b  is 2 mSv/year (200 mrcmlycar). 'l'his pathway now 

contributes 83% of the natural background irradiation received by resident 

of Marshal1 Islands. Because the naturally occurring radio nuclides are 



omnipresent in terrestrial and n~arine foods at all atolls, the annual intake 

and colnputed dose can be considered as typical values for individuals with 

colnparable diets and inhabiting other islands in the pacific. 

Sam et oi. (2004)16, studied the ""1'0 and " " ~ b  levels in sedimcnts and hiota 

of the red sea in Sudan. I'hcy found that the activity range of 2101'o for biota 

was between 1.2-38.7 13cl/Kg. Activity ratios showed a great tendency to 
210 acculnulatc PO over '"'l'b in mollusca 17avites Sp. (9.97), in the rest of. 

species it was between 0.26-1.85. No location variation was observed. A 

simple method was adopted to enable thc si~nultaneous determination of 

' " ' ~ b  and '"' 1'0 without the need to wait for new ingrowths of daughter 
2 10 product. 1'0 levels showed good agreement with thosc repoi-ted in the 

7 10 literat~lre for FAO regions. I'b activity range was between 3.83- 16.30 

Bq/Kg for all samples. 
13' 1-Iassona et oi. (2004) '~  studied the CS and '"'l'o dose asscsslnent from 

marine fish from the Sudanese Red Sea coastal area. 'I'hc consumption of 

contaminated marine foodstuffs, including fish, seawecds and manufactured 

products, is ordinarily the exposure pathway of greatest importance. 'I'he 

levels of containination in the edible portions of inarine plants and aninlals 

may be Inany times higher than that in the seawater because of biological re- 

concentration processes. Among natural radio n~rclides occurring in the 

oceans, alpha emitters are considered the most important with respect to 

potential radiation exposure. 1,arge contribution to the radiation dose 

received by marine huna colnes from naturally occurring uranium series 
2 1 0 radio nuclides accumulatcd in the body. namely poloniurn '"'1'0. 1'0 is 

found to be the major contributor (90%) to the natural radiation dose coming 

from alpha- emitting radio nuclidcs. received by n~ost  marine organisms. 7 



177 7 Alonso-Hernandez et a1 (2002)'' studied CS and "Ol'o dose assessment 
177  7 from marinc food in Cienfucgos Bay (Cuba). '"'l'o and C S  concentrations 

in fish, lnolluscs and crustaceans collected in Cienfuegos I3ay wcrc 

determined and the com~nitted effective doses (Cl:I>) wcrc calculated for 

two population groups inhabiting this region. '17he highest valucs of '"'1'o 

concentrations were found in crustaceans, but signilicant acculnulation was 

also observed in fish and molluscs. 

Values of from the consumption of crustaceans and ~nolluscs arc ver? 
210 7 10 low Gorn 1'0. 'The Incan individual dose from E'o in thc seafood 

consumed varies from 39 inSv for general populations to 2802 lnSv for the 

"critical group" consuming 320 kg of fish per year. 

To know the contribution of dose by tobacco smelting, many studies 
19 conducted in this field. Kilibarada et of, studied the contamination with 

210 PO due to smoking. 'Iheir study was in Yugoslavian cigarettes and in 

tobaccos from regions of Yugoslavia where thc best tobacco is produced. 

Simultaneous ~neasurelnents were made of the content of these nuclides in 

thc urine of slnoltcrs and non-sinol<ers. 'I'hc distribution of "" I'o in smol<e. 

ash and cigarette stubs as a f~lnction of combustion tclnperature was studied. 

Values of '"'1'0 in cigarettes ranged from 0.4-O.GpCi/g. Analj.sis OS the 

distribution of '''PO have shown that about 40% is found in smol<e. 'I'hc 
2 10 urinary PO values in slnolters and non-smoltcrs are different, but therc is 

no significant statistical difference between them. 



Conclusion 

2 10 Data on Po are much less abundant and concentration fictol-s from 

literature do not seem to bc supported adecluatcly by field studies. at least in 

solme cases. A wide range of 2 1 0 ~ o  concentrations in food and tobacco can be 

observed and the reason for such ranges of values is not yet sufficiently 

understood. 

It should also be noticed that there are some other natural radionuclidcs. like 
7 1 0 Pb and 12ka .  which will also contribute to population exposure. Although 

2 10 leading to doses sigrlificantly lower than Po. they can still results in 
137 7 exposures than those due to CS. 'I'hcrefore. efforts should concentrate on 

going a f~li-ther understanding of the behavior of natirral radionuclidcs, in 
2 10 particular 1'0 in the environment as well as on lnetabolic ~nodcls 

improving the reliability of the dose factors. 
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