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Detail and Survey Radioautographs' 

Wm. Ward Wainwright2, 

Radiobiology Section, Los Alamos Scientific Laboratory of the University o f  California, 

los Alamos, New Mexico 

Q
UASI-MICROSCOPIC TECHNIQUES in 

radioautography have left much to be de- 
sired in the study of the cellular distribu- 
tion of radioactive elements and labeled 

compounds (19). The introduction of nuclear track 
emulsions in radioautographic techniques ( 8 )  has 
brought with it the possibility of studying localiza- 
tion of radioactive substances at oil immersion mag- 
nification. Alpha tracks have been studied a t  high 
magnification ( 2 ,  8 )  in conjunction with soft tissue 
rections mounted on the emulsion ( 8 ,  9).  The locali- 
zation of beta emitters has been studied a t  high mag- 
nification in tissue sections and blood smears ( 5 ,  6). 
The principles of radioautographic technique have 
been reviewed recently (1 ,  4, 10, 11)  and techniques 
for special purposes have been described ( 3 ,  5, 13, 
14, 1 7 ) .  

The much used survey or contact type of radio-
graph ( 2 ,  12)  illustrated in Fig. 1 is indispensable 
for a study of the gross distribution of radioactive 
materials. This figure shows the distribution of plu- 
tonium in the tibia of a young rat. The section was 

LThis docnmcnt is based on work performed under Con-
rraet No. 740.5-enp-36 for the Atomic Energy Commission. 
'Grateful ncknowledgmcnt is made to  Mrs. Julie '&'ellnits 

md Nrs. Nor~nn Lilnter for technical assistance. 
On leave from Washington University School of Dentistry. 

cut unsoftened ( 1 5 )  at 10 p. The survey examina- 
tion, however, gives only the gross picture and does 
not reveal directly the detailed localization of this 
heavy metal. 

A detail radioautograph is equally indispensable. 
Its application to bone is seen in Fig. 2, which was 
prepared by mounting a second thin section of the 
tibia on nuclear track emulsion. The detail radio- 
autograph makes it possible to determine the locali- 
zation of plutonium with respect to cells. 

The interpretation of a detail radioautograph de- 
pends upon the determination of the point of origin 
of the emission. Although this is far  more easily 
accotnplished for alpha particle emitters, as in Fig. 2, 
much information may be obtained by examining a t  
high magnification a beta particle sensitive nuclear 
track emulsion (5 ,  7 ) .  A description of the types of 
nuclear tracks is given by Powell and Occhialini ( 1 8 ) .  

Nuclear particles leave their points of origin in the 
tissue and travel in random directions. About half 
of the particles enter the emulsion and strike silver 
grains. The series of grains in a single path, when 
developed, reveal a nuclear track (A, Fig. 2) .  The 
mean free path is determined by the type and energy 
of the emission. Thus, the track can be retraced 
towards the locus in the tissue from which it origi- 
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Section of tibia of 9-day-old Wistar mt,  16 g, injected intrnperitvneull~ at  7 days of age (approx. 10 g) with 6.9 pg plutu- 
nium as  citrnte. Ten-CI sections of unsoftened bone (Rat 13  ; spec. 133 ; embedded in nitrocellulose, R.S. Jfr see). Fig. 1 shows 
a survey rndioautograph, by contact with Enstmon ultra-speed dental X-ray fllm, exposed 31 daya. A-indicates area of the 
detafl radioautogmph. (Pl. 001494.) Fig. 2 shows a detail radioautograph, tissue section mounted on Eastman NTA plate. 
exposed 7 daya A-Alphn track (tissue end in focus) ; B-one of vesicular cartilage cells (tissue plane out of focus) ; 
C-zone of eroded cartilage cells ; D-primary spongiosa. (Plate 063 ; stained with hematoxylin eosin ; Bausch and Lomb 
Ampliplan 6, Zeiss oil immersion apochromatic 80 ; extension of camera 50 em.) Fig. 3 shows localizntion of plutonium, in 
the detail radioautograph of Fig. 2, marked by placing map tacks a t  the tissue end of each nuclear track. Note the orderu 
distribution of plutonillm as  against the apparent hnphamrd arrangement of tracks seen in Fig. 2. (PI. 001496.) 

uated by focusing up and down with the fine adjust- 
ment of the microsaope at  high magnification. For 
purposes of orientation the points of origin may be 
marked on an enlarged photomicrograph with map 
tacks. As marker after mark& is placed at  the be- 
ginning of the tracks the pattern of localization of 
the radioactive substance can be visualized. The 
orderly localization of plutonium in the region of the 
zone of eroded cartilage cells of the tibia1 epiphysis 
is shown in Fig. 3. 

Outlines of survey an& detail radioautographic 
techniques are given in Table 1. The necessity for 
the use of presaure to inMre intimate contact be- 
tween tissue and emulsion for setrvey radioautwaphs 
has been demonstrated by Sherwood's studies (20) 
of micmradiographic technique. Nitrocellulose see- 
tions are  mounted on nudear back pl&s @ carrying 
a flat section wet with approximateb 75 percent alco- 
hol on a section lifter to the emulsion. The water and 
alcohol render the gelatin surface sticky enough to 
hold the section securely throughout processing. The 
section is quickly covered with filter paper (What- 
man's No. 1) and the excess alcohol is taken up by 
moving a tissue roller back and forth over the plate. 
The nitrocellulose is immediately removed by repeated 
flooding with ether-alcohol. 

Selection of the emztlswn is greatly simplified by 
an understanding of the functions of the survey and 

detail radioautographs. For survey radioautograyhe 
large grain size is not objectionable. Even the short 
est tracks, such as those from an alpha particle, may 

TABLE 1 

OI'TLIXE OF RADIOAGTOOBAPHIC TECHNIQUE 

survey Detall 
n~dioautograph radioautograph 

-- - 
Contact 

Mount tissue on ~nicro- 
scope slide (stain after 
radioautographic ex- 
posure). 
Place 81m against 
tissue. 
Wrap approprintely to 

Mount: prevent scatter to next J1ocort "" 

fllm. emulnfon. 

C k l w  tietw~en glass 
slides with two 7-lb 
paper clampa. 
Wzpose in box, painted 
black inside and out 

(5). 

Alphagraph: Alpha m 
beta sensitive nvckar 

Emukrion: Paet X-fwy film. trucL etnuWon. 
Betagraph : Beta senei- 
tive nuclear track 
emukrdon. 

Eetimate exposure time ~pproximately 35 ex- 
Eqoeure: from experience with posure time of survey 

. comparable material. radioautograph. 
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radiate a distance of 20 p. Thus, the total width of 
the radioautographic inluge of a point source of alpha 
pr t i e les  may be a s  greirt as 40 C( (4) .  F o r  bcta 
cnlitkrs the images will br rrlnch wider (1, 16). 
l'helr*for'e, sinre the faste5t elnliliions have a grain bize 
yitRcient.ly srrlnll to show ':111 the detail possible by the 
r.ontact radioautographic tc~c.t~nicpe, the seleetiorr of 
.In err~lilsion irr deterrnincd 1 ) ~the ernuls~on speed de- 
sirvtl. Fas t  X-ra ,~film, offer the advantage of the 
~Iior trs t  ~osslble) qxposurtl time f o r  survey radioauto- 
I . Processimg of ttlc f.lnnl.;ions must be carried 

out according to the n~anuf;rcturers' wcornlnendations. 
I n  summary, radioautographic examination of thin 

tissue sections i i  accomplished by two complementary 
procrclures. Survey rttdlottutographs may be obtained 
by 'the 'wd1-known method of pressing the tissue, 
mountecl on a glass rnio*oscsop~ qlide, in contact with 
:L fa& X-r-ra~. enlulbion. Detail rtldioeutographs f o r  
examination :it high ~nagnification under high dry 
ant1 oil ~rnrne~.sionobjectives )nay be obtained by 
recently announced nlrthods in  which the sectiou iz 

mottntrd dtrrctly or1 a nt tc l r t r r  track emttTsion. 
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