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THE R E F E R E N C E  SYSTEM AND ITS INFLUENCE ON THE ACCURACY 
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The  to ta l  m a s s  of cytological  s t r u c t u r e s  can  be de t e rmined  f rom m e a s u r e m e n t s  of the  absorp t ion  
of sof t  X - r a y s  in t h in  t i ssue  sec t ions  accord ing  to a m e t h o d  repor ted  by  ENGSTRbM AND LINDSTROM 1,2. 
I n  th i s  m e t h o d  a m ic ro r ad i og ram of a th in  biological s ample  and  of a reference sys t em,  cons is t ing  
of a s tep  wedge  of ni trocel lulose foils, is recorded on a f ine-grained pho tog raph ic  emuls ion  us ing  
c o n t i n u o u s  X- rad i a t i on  (genera ted  a t  30oo vol t s  and  fil tered t h r o u g h  9 p a tumin ium) .  I n  th i s  way  
i t  is possible  to  de t e rm i ne  t h e  to t a l  m a s s  of s t r u c t u r e s  wi th  a reas  as smal l  as 5/~2. The  s y s t e m a t i c  
er ror  does n o t  exceed 4- 5 ~/o. The  reference s y s t e m  was  in t roduced  because  of t h e  non- l inear  re la t ion-  
sh ip  be tween  t he  i n t ens i t y  of the  X- rad i a t i on  and  t he  dens i ty  of t he  recorded image  (except for 
ve ry  smal l  intensi t ies)  and  because  of t he  difficulties encoun te red  in ca lcula t ing  an  exac t  compos i te  

m a s s  abso rp t ion  coefficient. T he  m a s s  abso rp t ion  coefficient of the  reference sys t em,  ( ~  , m u s t  
\ ~ ]CNOreI 

have  t he  s a m e  w a v e l e n g t h  dependence  as t h a t  of t he  t issue,  ( ~ )  hydrogen .  CNOp" Nei the r  is corrected for 

E q u a t i o n  i o a  in t he  pape r  b y  ENGSTR6M AND LINDSTRbM 2 gives t he  m a s s  per  un i t  a rea  of 
a cytological  s t r u c t u r e ;  

# 

m a k H r e f  (~)CNOref 

m_._~a kHp is t he  m a s s  of the  cytological  s t ruc tu re ,  k/~ref" \ (~-~e/CnOref t he  corrected mass  absorp t ion  coefficient 

c o,ogic   of t he  reference sys t em,  kHp" CONp 

reference s y s t e m  wi th  the  s ame  absorp t ion  as t he  cytological  s t r uc tu r e  u n d e r  inves t iga t ion .  Th i s  
las t  weight  is g iven b y  mref ~ u'w,  where  u is t he  foil equ iva l en t  of the  cytological  s t ruc tu re ,  as 
d e t e r m i n e d  b y  compar ing  t he  p h o t o m e t e r  deflect ion for t he  s t r uc tu r e  wi th  t he  cal ibra t ion curve  
of t he  s tep  wedge  (see Fig. 13 in t he  paper  by  ENGSTROM AND LINDSTRbM~), and  w is t he  weight  
per  un i t  a rea  of one foil. 

T h e  errors  in t he  different  fac tors  of th i s  equa t i on  have  recen t ly  been  de t e rmined  by  LINDSTROM 3. 
/ # \  

I t  was  found  t h a t  t he  m a x i m u m  error in t he  ra t io  kHref'k~]CONrei could be fixed a t  4- 5~/o . F r o m  

a series of dup l i ca tes  t h e  coefficient of va r i a t ion  in u was  de t e rmined  for an  average  biological t i ssue  
(nerve  cells). I t  was  4- 23 %.  In  t he  s ame  w a y  t he  coefficient of var ia t ion  in w was  de t e rmined  
(4- I i ~o). These  va lues  can  be combined  accord ing  to  t he  fo rmula  for re la t ive  errors of a p roduc t ;  
4- ~/5 ~ + 23 ~ + i I  2 = 4- 2 6 % .  W h e n  pe r fo rming  relat ive m e a s u r e m e n t s  t h e  error  will be less, for 
i n s t ance  4- I2 °/o w h e n  de t e rmi n i ng  t he  ra t io  be tween  t he  masses  in t he  different  b a n d s  in s t r i a ted  
musc les  f rom Chironomus. All t he  figures refer to errors  in a single de te rmina t ion .  F r o m  t h e  above  
i t  is clear  t h a t  t h e  error  due  to  t he  coefficient of va r i a t ion  in u is m o s t  i m p o r t a n t .  Th i s  depends  
on t h e  repea ted  pho tog raph i c  process,  t he  p h o t o m e t r y ,  t he  error in t he  cal ibra t ion curve,  and  cer ta in  
o the r  fac tors  (see LINDSTRbM~). 

BRATTG•RD AND HYD]~N 4 and  BRATT~3/~RD 5 c la im qu i t e  ano the r  accuracy  for t he  m e t h o d  
(a r a n d o m  error  of a b o u t  4- 3 .5%),  b u t  t h e y  use  f igures ob ta ined  f rom the  l i t e ra tu re  63 s w h e n  
e v a l u a t i n g  t he  error  in t he  p h o t o g r a p h i c - p h o t o m e t r i c  procedure .  These  figures refer to different  
e q u i p m e n t ,  dif ferent  p h o t o g r a p h i c  emuls ions  a n d  different  w a v e l e n g t h  regions,  and  they are therefore 
by no means representative o] the X-ray weighing procedure. This  is t he  reason  w h y  LINDSTR(JM gets  
4- 23 ~/o and  BRATTGLRD AND HYD~N a b o u t  4- 3.5 % for t he  s ame  biological  ma te r i a l  (nerve cells). 

The  figure 4- 27~ ~o is an  uppe r  l imit ,  and  cer ta in  i m p r o v e m e n t s  (direct p h o t o m e t r y  in the  micro- 
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radiogram, which ENGSTROM 9 was  the first to  u s e  for biological material) will give a smaller value. 
For  par t icular ly  suitable material  it is possible to get a still be t ter  accuracy wi th  the photographic-  
photomet r ic  procedure (see ENGSTROM AND Lf3THy10), bu t  in the au thor ' s  opinion a figure of a b o u t  
4- IO % will be the lowest obtainable.  The only permissible way of determining the error is to investigate 
a series of duplicates (or determinat ions,  equivalent  to duplicates) and to use the exact procedure for 
which the err,~r is being determinpd. Differences between materials  make  it necessary to de termine  
the error for every par t icular  invest igation if reliable figures are to be obtained. 

The foils for the reference sys tem have been made in the following way  by  ENGSTROM AND 
LINDSTROM; About  IO to 2o drops of a diluted zapon varnish solution are floated on the surface 
of distilled water  in a clean glass dish, the diameter  of which is 8~) cm. In  the bo t t om is a metal  
ring wi th  a diameter  of abou t  6 cm. When  the zapon varnish begins to wrinkle on the edges, the metal  
ring is raised out  of the water.  The zapon foil, which is suspended in the metal  ring, is then dried 
in a dust-free chamber.  A certain area of each foil is cut out  and weighed on a precision microbalance 
(with a m a x i m u m  error of :L o.oo5 rag). The weighed pa r t  of the foil and the adjacent  par ts  are 
used as reference systems. In  most  exper iments  the weight of the foil, w, has been about  o.2 mg cm -2. 

BRATTG/~RD AND HALLI~N 11 obtain an error of :~ 18-2o% for this procedure, bu t  in a series 
of duplicates LINDSTROM 3 repor ts  4- i i  %. The variat ion could be due to certain differences in the 
technique used and in the precision of the balance. "The  earlier method b"  in the paper  by  BRATTG/~.RD 
AND I"IALLI~N 11 mus t  be their  own invention, for it has never been used by ENGSTROM AND LINDSTR~M. 
]~RATTG~RD AND HALLI~N 11 describe an improved method in which, for weights less than  o. I mg cm -~, 
the error is 4- 6%,  bu t  for weights over 0.2 mg cm -~ the error is 4- lO-14 %. This is about  the same 
error as given by  LINDSTR6M ~ for the earlier method ( ±  i i  %). I t  is t rue t ha t  this early method 
is not  good for making very th in  foils. On the other  hand  these thin foils (o.I mg cm -~) are difficult 
to handle when pu t t i ng  the step wedge very close to the biological s t ructure  to be measured. 

A modification of the prepara t ion  holder has been introduced by  BRATTG~.RD AND HYDI~N 4. 
The holder is made in two p a r t s  one for the reference sys tem and the other  for the biological sample.  
Wi th  this procedure the same reference sys tem can be used in m a n y  experiments.  In  this case the 
weight  of the suppor t ing  membrane  of the sample mus t  be determined for every prepara te  with 
an inevitable new error. 

The mos t  impor t an t  improvemen t  in the reference sys tem is the interferometric determinat ion 
of the thickness of the foils (HALL~N AND INGELSTAM12). In  their  paper  the precision was given 
as a few per cent for a Young  double slit system, bu t  ]3RATTG.~RD AND HYD]~N 4 claim i %. F r o m  an 
accurate value for the specific gravi ty  of the foil, the mass  per uni t  area of one foil, w. can be determin- 
ed. The interferometric procedure is also used when checking the uni formi ty  of the foils. In  the 
original me thod  2, uni form photometr ic  values over a whole step in the wedge give the necessary 
informat ion abou t  the evenness of the foil. 

The improvements  in the determinat ion of w are of little value when relative measurements  
are used, for then  only values of u are considered. As the error in u (i.e. the error in the photographic-  
photometr ic  procedure in X-ray  microradiography) is the most  impor t an t  one, an isolated reduction 
of the error in w has  a ra ther  small influence upon the overall error in absolute measurements .  When 
an electrical detecting sys tem can be used instead of the photographic-photometr ic  procedure the  
accuracy will increase considerably, and in this case the reference sys tem will not  be necessary. 
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