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After compiling procedures for the radiochemical separation of Sr, 

Pu, Th, and U from whole teeth samples and holding a meeting with the 

analytical chemistry group with respect to doing the separation on site, 

it was decided that for the time being, while BNL is developing the 

expertise, that the sample will be sent to Dr. James McEnroy's lab at 

LASL for radiochemical separation and alpha counting. If the levels 

are not high enough for alpha counting, the nickel discs containing 

electroplated Pu or U will be fission track counted and the disc w/ Th 
will 

I\ be alpha track counted. 

Another batch of two Marshall Islands teeth samples, two control teeth, 

and blanks are being embedded and sectioned. The modified procedure 

should hopefully give fiss~on track autoradiographs thbt would show the 

Pu distribution in teeth. Some teeth sections will be sent to Dr. 

Schlenker of ANL for fission track autoradiography. The results will serve 

for cross comparison. 

Detailed description of the experimental results will be reported in 

the next progress report. 
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ResL'arch Progress Repurt_l_ 

The objective o[ my research is to del~ermine the plutonium distri.bution 
in hc..miln teeth ~;amples and compare it 1.vith that founcl in animal samples. 
Figure 1 and Table 1 arc r·ictures and cilptions on alpha and beta autora
diographs of teL'th samples from beagles injected with different radionuclides. 
Onl.y if the distribution in human teeth samples correspond to that in animal 
samples can one use teeth to bone catios from animal experiments to obtain 
bone burden from human Leeth activity ctincentration for human beings. 

The experimental procedure involves fission track autoradiography on 
thin sections of embedded teeth. Fission track autoradi.ography has to be 
used instead of alph;1 i.lutoradiograpliy because the level of activity co11cen
centration in tlie teeth are of: such lo\v quantities, around 200 fCi.'gm, that 
it will take several months Lo obtain an alpha autoraciiograph. In view of 
the fact.: that: Marshall Islands soil sa111ples have slwvm trace quantities of 
uranium and thorium, it 1vas deem neccss<iry L:hat Pu/U ratios br~ obtained to 
allay doubt on the origin of the fission tracks in the autoradi.ographs. 
Attemrts will be ri:acie to obtain Pu/Th and Pu/Sr as well as Pu/gamma emitting 
radionuclides on each entirc tooth. 

llri.cfly, 1 have done a trial run fDr fission track autoradiography. 
Details of the procedure on the two teeth samples used are dC'scribed in 
Table 2. Table: 3 lists the modification'.; to be tried on the next batch of 
samtiles. Figure 2 sliows thc flow ch<.1rt for obtainin/_', the different ratios 
on the whole teeth s<.1mples that 1.;ill be subjected to the radiochemistry 
procedurl's. At the moment, I have clone qual.it<itive identification of 
garruna emit.:ting radi.onuclides and hav(~ found for possible radionuclidcs 
tltc daughtc;r products of Th-L'J2 and U-238. 

cc. 

That is all. !'or 1101-1. 
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Radioisot•>pcs in tile Tcelh c::f Dogs by \.JSS JeC'. and JS Arnold 
Arch. Oral Biol. Vul. !, pp. 215-238, 1960. 
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Table 2 

Fission Track i\uL01«1diography Proceclure used on t1vo teeth samples from t:he 

Marshall Is lands 

Description of teeth: no ID 
Tooth A was an intact incisor 
Tooth 13 was :1 moL:n· wil:h very little of the roots cittochecl 

Dehydration 

Desc Li.pl: ion 

2 to J changes in absolute 
e tha11D 1 

Comments 

To minimize outgassing when teeth 
are being irradicited and tD permit 
the polymer to infiltraLe the teeth 

Infiltration pL.icecl in unpolymerize full infiltration of teeth is more 
methyl methacrylate + difficu] t than of bone 

Embedding 

1'% (by weight) of catalyst, 
benzoyl perDxidq for 2 clays 

replacement uf above by 
methyl methacr.ylate + 

accelerator (25:1 by volume) 

The accelera:~or causes the polyrneri 
-zation of the methyl methacrylate 
through an exothermic reaction 

Curing allowed the sample to solidi·· P.ettec curing can be done by usinz 
fy in a vacuum dessicator a pres~ure chamber (e.g. 250 lb/in 
overnight and 50 C) 

Sectioning use ol: c.acborundum saw 
to remove parts of glass 
mo lei 

Ten sections ranging from 
356 urn to L816 µm in thick
ness were obtained from 
the two teeth samples wi.th 
a macrotomc 2 precision 

saw( 100 mm diameter diamond 
blade, water cooled) 

Preparation Each section was sanclwi.c.hed 
for irradiation bct\.Jeen lexan foi.ls( 250 um 

chic'', 2.85 cm (ii.amcter) & 
5 pairs from each teeth 
su.icked one after the other 
and wri!pped in pure Al foi.l 

Irradi.LJtion 
1 J 2 

JO nt/cm sec neutron flux 
for 2 hrs al the Medical 
l~csc.:n-ch Rcacto1· which has 
a thermal to fast neutron 
ratio uf about JJ. Ambient. 
Lernpc·ratun'. in the capsule 

is greater th n n 5 oO c . The 

sooq111iz 

The cured material stuck to the. 
glass mold. Such should not have 
occurecl if a mold releaser is 
used. 

Thinnest section obtained of 
encapsulated teeth had been 250 pm, 
according to the instructiou manual 

Wrapping in Al foil is supposed 
to provicle_.,~~~1act bet\.Jeen teeth 
and Lexan 

A low n /n ratio is desired l:D 
prevent &-25~ fast fission and 

2 7 24 Al (nf, J...) Na renction 
Control teeth we1:c i.rwccessiblc 
at the time. Control lexan 
was not included i.n Lhe irra-

d i. ate cJ batch th i. s ti me ( p 1 a in 



conl. 

Etching 

Drying 

Tracks viewi_ng 

IJ0•sc ri.ption 

neutrons were supposed 
to ClliT!l' from all direc
t iont; 

20 minuu~s etching at 
5.94N KOH+ 0.495 at 
.. 0 5°c· -() . , , 
40 minutes etching at 
5.72N KO!!:±- 0.305 at 
(,0.3°C, 
80 minutes etching at 
5.14N t 0.428 at 60.3°C 

15-20 minutes in circu
lating distilled water 

86°C oven till dry 

Comments 

The foils were totally immersed in 
3.5 1 KO!! afr.cr CM reading on the 
foils were less than l mR/hr 

a) l:racks from 20 min. a) length and width of the track 
etching are needle like, and the track density have not 
for t10 and 80 min. are been mca,; urecl 
small and big oval-shaped 
holes respectively 
b) tracks that have to be ii) though tbe .~.l foil has a high 
U or Pu fission tracks 
abound on foils in direct 
contact with the Al foil 
and on the edges of the 
[oi L . 
c) I1nagcs of the tooth 
.::md L11c embedding 1natcr·i.al 
is present 
cl) Star aggregates are 
pre~;eut though spai·se and 
can lw founJ mainly where 
the tooth is but: is also 
visible where t:he tooth 
isn'::: 
c) Needle like tracks 
from ti 0 min and 80 min 
etchings seem to be bu
ri<~d L. ',(·ctiLJns 1-1here 
tile dentine of the tooth 
WilS 

l) photl>rnicro;,,l·aphs <ind 

polaroid sllOts of tracks 
on the vi.ewi.ng screen 
we i-e raken 

sooqti.L~3 

chemical puri.ty, U contamina
tion can easily come about 
through coutact with the atmos
phere, etc. 

c) due to inadequate cDntact, images 
of the den tine, pulp, ename 1 a re 
not distinguishable 

d) aggregates could be clusters 
of Pu in the teeth or resulting 
from background U-238 conver
sion to Pu-239 



Tahle 3 

Modi.fication of the Procedure used for Fission Tr<.1ck Autor<'icliography of 
Mar~ha;: l::lancls Teet!t S;:imples 

Dehydration 

Infiltration 

Embedding and Curing 

Sectioning 

Preparation for 
Irradiation 

Irr a cl i. at i. on 

Etching 

Modification 

none 

none 

inste;:id of Solution ll from Polyscit!nce Inc. as 
accelerator, use 2,2' Azobisiso butyrontrile 
ALBN (0.5% by weight). 
The methyl mel:hacrylate plus ALBN will be exposed 
l:o uv light,overnight-1 clay. 
The 1H~1.; procedure should result in a harder polymer. 
To provide easy release of the specimen from the 
mold, a re lease agent such as s i 1 i.con grease (20'/" 
:Jy \vt.) dissolved in methyl methact·yL:ite can be 
used to coat the inside of the glass mold. 

Sections as thin as 250 .um will be attempted. 

a) If Al foil were to be used, several pieces of 
1 ex an or po J ye thy le n e ?. i ;, c ~; s:' r, u 1 cl b L' p lace d 
betweell thl'. foil and U1c "teeth sandv1ich" 

b) A new set-up without the use of Al foil is 
beint; planned 

TnstL·acl of LiH' "oibbit" pneumatic tube irradiati.011 
facility, t:1e "aluminum can" radiul set-up will 
be used· the former has a n /n ratio of :JJ 

' th fast o 
and t cm pc r a t u re is gr ea t e r i.: Im n or e qua 1 to 5 0 C 
whereas Lhe latter has a rat:io of 300 and temp. 
is greater than ot· equal to J0°c. Irradi.ation 
time has to be increased considr5ably ~ince the 
former has a neutron flux ?i 10 n2/cm sec 
whereas Lhc latter of JxlO nt/cm sec, smaller 
h y a [act o t· of J . The i r rad i a ti on ti me used 
pn'viously is too short, as observed from the Pu 
tracks, and may have to be increased 2- :X. Thus 
the 1ic1.; irradiation time may be 8-10 hrs. 

f o r Lo 11 g i r rad i. a t ion i: ~ 1 ne , gr 2 a t e r than or e qua 1 
tL) 10 hrs at the 3xl0

1 
nt/cm sec flux, Billie 

Olt:man of /,'·~L '1.1ggests lower temperature and lon
ger etching ti1nc, L1L1°C, 90 minutes. If o0°C is to 
be retained, 35 minutes etching time was recom
menclccl. 
lie also recommends partial immersion instead of 
tot a 1 i. nun e rs ion - c t ch t he s i cl e a g a ins t the tee th 
specimen only. Tl1c set-up used al /\NL is 6.25M 
K 0 l l i 11 a 1 'i () () m L p yr l! :< t ray on t: op of a ho t p la t: c 

wi.l:h tcrnperalure measured by a tllcnnornet:er. This 
should improve si.gnal to noise ratio and also 

make track cmrnting less C:Lrnfusillg. 



Rinse 

Drying 

Tracks vic\ving 

Modification 

none 

air dry or oven dry 

\.Ji l h t h c us r~ o f a 111 i c 1- o me t: e r s l i d e , t: he t rack 
lengU1 can he mr~asurecl. Hopefully, the signal 
to noise ratio would be better and good con
tact between teeth and lexan obtained so that 
a good fission track autoradiograph detailing 
Pu distribution in teeth can be acquired. 


