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H o m o g e n e i t y  of Ion Distr ibut ion in, and Macromolecu lar  Exc lus ion  f r o m  S e p h a d e x  | G-25 Beads  

The more  t igh t ly  cross- l inked d e x t r a n  (Sephadex  | 
gels appa ren t l y  exclude large molecules and  exh ib i t  
se lect ivi ty  to b o t h  p e n e t r a n t  smal l  neu t ra l  molecules 1-3 
and ions 4-10. 

The d i s t r ibu t ion  of solutes wi th in  the  hydra ted ,  or 
so lva ted  gel beads  is of considerable  theore t ica l  and prac t i -  
cal interest .  Theoret ical  analysis  of solute behaviour  is 
usual ly made  wi th  the  a s sumpt ion  of homogene i ty  os 
d i s t r ibu t ion  wi th in  the  gel phase  a, ~1 and would be much  
more  compl ica ted  otherwise.  The in t rapar t i cu la te  d is t r ibu-  
t ion  is also i m p o r t a n t  in t he  kinet ics  of t r ans fe r  processes 
to  and f rom the  gel, and hence  in ch roma tograph ic  
opera t ion  12. 

Specific ion concen t ra t ions  can be de te rmined  in very  
smal l  volumes  b y  s p e c t r o m e t r y  of t he  X - r a y  f luorescence 
exci ted by  the  e lectron b e a m  of the  scanning electron 
microscope (SEM) ~3. In  th is  way, the  concen t ra t ion  
profile of an ion across an objec t  m a y  be de t e rmined ;  
and th is  communica t ion  repor t s  p re l iminary  results  of 
radial  d i s t r ibu t ion  analyses on freeze-dried sect ions of 
Sephadex  | G-25 beads.  The behav iour  of a f luorescent  
maeromolecule  (dextran) is aIso discussed.  

Methods.  Beads  of Sephadex  | G-25 (the d ry  bead 
d iamete r  range was abou t  80-120 am) were immersed  

in 0.2 M solut ions of LiC1, NaC1, KC1, CsC1, N a B r  and  
NaI  for no t  less t h a n  24 h. Most  of the  in te rs t i t i t a l  solu- 
t ion  was t h e n  r emoved  by  cen t r i fnga t ion  a t  abou t  600 g 
for 5 rain in a t ube  closed a t  the  b o t t o m  wi th  a 40 ~tm 
mesh  nylon  ne t  14. The ad h e ren t  we t  gel beads  were then  
frozen a t  - -20 ~ in a c ryos ta t  where  t h e y  were cut  into 
10am th ick  sections.  The sect ions have  a loose t ex t u r e  and 
m u s t  be suppor t ed  dur ing  subsequen t  drying.  The frozen 
bead  mass  was therefore  f i rs t  cut  to ob ta in  a f lat  sur- 
face, to which  was s tuck  a shor t  s t r ip  of t ape  wi th  adhe-  
sive on b o t h  sides (Type 665, 3M, Minnesota ,  USA).  The 
block was then  cut  under  the  tape,  so produc ing  a frozen 
sect ion a t t a ch ed  to  t he  t ape  15. This was t h e n  dr ied at  
- -20 ~ over  silica gel for abou t  24 h before mo u n t i n g  on 
a brass  spec imen  holder  for the  SEM. To ob ta in  be t t e r  
t he rma l  and  electrical  contac t ,  t he  edges of the  t ape  and  
ad jacen t  pa r t s  of t he  specimen holder  were pa in t ed  wi th  a 
colloidal silver p repa ra t ion  (Dag | 1415, Acheson Colloiden 
NV, Scheemda,  Holland).  An Alumin ium foil was also 
t e s t ed  as a suppor t ,  using the  colloidal si lver p r epa ra t i on  
as adhesive.  Gold-pal ladium was t h e n  subl imed in vacuo 
on to  t he  freeze dr ied sect ions before examina t ion  in a 
Scanning electron microscope (Jeolco JSM-U3).  The 
X - r a y  emission a t  the  required energy  levels was mea-  
sured wi th  an energy  dispersive X - r a y  analyser  (XS-165, 
Nuclear  Diodes, Prair ie  View, Illinois, USA) and  a 
mul t i channe l  analyser  (Edax  707, Nuclear  Diodes). 

Gel beads  were also allowed to  swell in a 2% aqueous  
solut ion of f luoresceinyl  th ioca rbamoyl  d ex t r an  (Mw = 
208,000). Tile beads  were sect ioned as above excep t  t h a t  
the  frozen sect ion was cut  w i t h o u t  the  t ape  suppor t ,  
t r ans fe r red  immedia te ly  to a qua r t z  microscope slide and 
then  dried a t  - -20~  The f luorescence of the  dr ied 
sect ion was then  p h o t o g r a p h e d  under  UV-exci ta t ion .  

Resul ts  and  discussion.  The surfaces of t he  sect ions 
appeared  to  be cor ruga ted  (Figure 1, a), hav ing  a s imilar  
fold p a t t e r n  to  the  surface of a d ry  bead 16. This fold 
p a t t e r n  is mos t  p robab ly  caused by  shr inkage dur ing  
drying.  

The th ickness  of the  sect ions of t he  frozen water -  
swollen beads  was 10 p.m. There  is abou t  a f ive-fold 
decrease in volume on drying.  The dry  sect ion th ickness  
thus  will be abou t  5 am. 

I t  was of ten no t  possible to d is t inguish  an a b r u p t  edge 
at  the  c i rcumference of the  SEM image of a gel par t ic le ;  
th is  p robab ly  depended  on the  angle be tween  the  sect ion 

Fig. 1. a) Scanning electron microscope view of a dried frozen section 
originally 10 p.m thick from a bead of Sephadex | G-25 showing the 
surface fold pattern. Superimposed on the SEM image of the section 
is a line scan of the C1K rz-peak. The gel bead had been immersed 
previously in 0.2 M KC1 for about 24 h. The white scale line corres- 
ponds to 100 ~m. b) Line scan of the C1 K or-peak from another 
section of a G-25 bead pretreated as in (a). The white scale line 
corresponds to 50 [~m. 
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Fig. 2. Dried frozen section originally 10 ~xm thick of a cluster of 
Sephadex* G-25 beads which had been immersed previously in an 
aqueous fluorescent dextran solution. The fluorescent material is 
excluded from the gel particles. Note fluorescence around outer 
border of cluster. The white scale line correponds to 200 Jim. 

Fig. 3. X-ray picture of a dried frozen section originally 10 Jim thick 
of Sephadex | G-25; the beads were pretreated in 0.2 M NaI. The 
points represent counts in the IL ~-peak. The white scale line cor- 
responds to 100 barn. 

p l ane  a n d  t h e  surface of t h e  bead .  Most,  if n o t  al l  of t he  
surfaces  where  edges could n o t  be  iden t i f i ed  were, 
however ,  a l m o s t  c e r t a in ly  sect ioned.  T h e  folding p a t t e r n  
on  t h e  surface  of a bead  of Sep~adex  | G-25 exh ib i t s  
obv ious  changes  as the  obse rv ing  angle  var ies ,  due  to t he  
c u r v a t u r e  of t h e  bead .  Such  a p h e n o m e n o n  was  no t  
obse rved  on  t h e  sec t ioned  mate r i a l .  

I n d i r e c t  ev idence  t h a t  t h e  bead  surfaces were sec t ioned  
was p rov ided  b y  t h e  d i s t r i b u t i o n  of the  f luo rescen t  
dex t r an .  W h e n  we t  beads  are cen t r i fuged  some in t e r s t i t i a l  
w a t e r  r e m a i n s  in  c lus ters  of beads.  A sec t ion  of such  a 
c lus te r  is s h o w n  in F igure  2, where  i t  is e v i d e n t  t h a t  a 
t h i n  layer  of f luorescen t  m a t e r i a l  s u r r o u n d s  t h e  whole  
cluster .  Th i s  suggests  t h a t  e ach  bead  is also s u r r o u n d e d  
b y  f luorescen t  ma te r i a l ,  in  wh ich  case f luorescence should  
occur  over  b o t h  t h e  gel a n d  in t e r s t i t i a l  a reas  of t he  
p r e p a r a t i o n  if i t  cons i s ted  of whole,  u n s ec t i o n ed  gel 
par t ic les .  F luorescence  is, however ,  v e r y  la rgely  if no t  
en t i r e ly  confined,  to  t h e  i n t e r s t i t i a l  region,  as would  be 
expec t ed  f rom sect ions  an d  also f rom t h e  exclusion t h e o r y  1 

Exce l l en t  l i n e a r i t y  b e t w een  X - r a y  emiss ion  a n d  ionic 
c o n c e n t r a t i o n s  has  been  r epo r t ed  b y  ]~XCKMAN a n d  
LEHTINEN17. Line  scans  across t h e  d i a m e t e r s  of sect ions  
i nd i ca t ed  t h a t  for all  sa l ts  s tud ied  the  ion d i s t r i b u t i o n  was 
p r o b a b l y  homogeneous  w i t h i n  the  l imi t s  of r eso lu t ion  
a t  t h e  magn i f i ca t i on  used. A t y p i ca l  resu l t  of a l ine  scan  
is shown  in F igu re  1, where  t h e  C1 Ke- l ine  of KC1 is 
super - imposed  on a n  o r d i n a r y  SEM image  of t h e  sect ion.  
A s imi la r  C1 scan  is shown  in F igure  lb .  These  profi les are 
a lmos t  c e r t a in ly  more  r e c t a n g u l a r  t h a n  is a p p a r e n t ,  
t h e  slopes a t  t h e  edges be ing  due  m a i n l y  to an  u n a v o i d -  
able  d i s p a r i t y  b e t w een  a too fas t  s c a n n i n g  speed a n d  t h e  
long t i m e  c o n s t a n t  of t h e  r a t e  m e t e r  used to  m i n i m i z e  
f l u c t u a t i o n s  in  t h e  c o u n t i n g  r a t e  a long  t h e  scan ;  local  
o v e r h e a t i n g  of t h e  spec imen  p rec luded  a n  o p t i m a l l y  low 
scann ing  speed.  

F igu re  3 is a n  X - r a y  p i c tu re  of a sec t ion  of a b e a d  
exposed to  Na I .  E a c h  p o i n t  r ep resen t s  a n  I L e  p h o t o n  
a n d  t h e  p i c tu re  was o b t a i n e d  b y  l ine scans  cover ing  
t h e  whole  sect ion.  The  SEM image  is n o t  shown  b u t  was  
well  de l inea t ed  b y  t h e  spot  d e n s i t y  contour .  

Whi l e  t h e  r e so lu t ion  of t h e  SEM us ing  t h e  seconda ry  
e lec t rons  is a b o u t  200 A, t h a t  of t h e  X - r a y  f luorescence 
is poore r  due  to i ts  la rger  gene ra t i on  volume.  T h e  l a t t e r  
is d i f f icul t  to  assess b u t  is l ike ly  to co r respond  to  a b o u t  
1 ~xm in t h e  p lane  of t h e  sect ion.  X - r a y s  were p r e s u m a b l y  
gene ra t ed  f rom t h e  whole  t h i c k n e s s  of t h e  sect ion,  s ince  a 
Si K e - p e a k  f rom t h e  m o u n t i n g  t a p e  was p r e s en t  in  t h e  
l ine scan  over  t h e  sect ion.  

T h e  h i g h  eff ic iency of t h e  ene rgy  d i s p e r s i v e  X - r a y  
ana lyse r  m a k e s  i t  possible  to  de t ec t  X - r a y  f luorescence 
exc i ted  b y  t h e  r e l a t ive ly  weak  e lec t ron  b e a m  of t h e  SE M 13. 
The  t h i n  b e r y l l i u m  e n t r a n c e  w i n d o w  abso rbs  t h e  weaker  
X-rays ,  however ,  s e t t i ng  a lower  a t o m i c  n u m b e r  detec-  
t i on  l im i t  a b o v e  Li, wh ich  t h u s  could n o t  be  de t e rmined .  
Cons iderab le  i m p r o v e m e n t  in  t h e  solid de t ec t i ng  angle  
would  be  o b t a i n e d  w i t h  a n  any l se r  p laced  nea re r  t h a n  
90 ram,  w h i c h  was t h e  f ixed d i s t ance  used  here.  

W i t h  t h i c k  p r e p a r a t i o n s  is, such as here,  where  e lec t ron  
a b s o r p t i o n  occurs  p r e d o m i n a n t l y  nea r  t h e  surface of a 
m a t e r i a l  w i t h  poor  e lectr ical  a n d  t h e r m a l  conduc t iv i t y ,  
t h e  surface  m u s t  be  covered  w i t h  a c o n d u c t i n g  layer .  
Ca rbon  was used in t h e  f i rs t  t e s t s  b u t  h e a t  d i s s ipa t ion  was 
i n a d e q u a t e ;  a t  s c a n n i n g  r a t e s  suf f ic ien t ly  slow to  give 
a d e q u a t e  s t a b i l i t y  of t h e  c o u n t i n g  ra te ,  local h e a t i n g  
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was too great,  fissures appear ing  along the  scanning  line. 
There  was considerable  i m p r o v e m e n t  wi th  gold-pal ladium, 
a l though  at  t he  s lowest  scanning speeds there  was still  
evidence of local hea t ing  wi th  higher  accelerat ing volt-  
ages. Mount ing  the  sect ion Oil a lumin ium foil w i th  the  
silver adhesive  gave fu r the r  i m p r o v e m e n t  in th is  respect .  
An Ag(Le) peak  a t  3,0 keV was, however,  ev iden t  and th is  
over lapped  to some ex t en t  the  ne ighbour ing  K K e - p e a k  
at  3,3 keV;  the  C1K~-peak a t  2,6 keV was, however ,  
unaffected.  

Considerable  i m p r o v e m e n t  in the  peak  to background  
b remss t r ah lung  rat io  should be ob ta ined  if a l ighter  
e lement  such as a lumin ium or bery l l ium were used for 
covering. 

The accelerat ing vol tage was usual ly 15 kV wi th  a 
beam curren t  of 1 nA. The electron absorp t ion  was no t  
appa ren t l y  affected s ignif icant ly  by  surface irregulari t ies 
(Figure la) since the  absorbed  electron cur ren t  was 
essent ial ly  cons t an t  dur ing a line scan. 

W i t h  a resolut ion l imi t  of abou t  1 tzm, the  me tho d  can 
only give in fo rmat ion  abou t  grosset  he terogenei t ies  in 
the  gel s t ructure .  I t  is essent ial  for the  va l id i ty  of the  
m e t h o d  t h a t  ions do not  migra te  to  any  s ignif icant  ex t en t  
dur ing  p repa ra t ion  of the  samples  since tMs would pre-  
sumab ly  t end  to even out  any  heterogenei t ies .  Freez ing  
effects will be s tudied  b y  using much  lower t empera tu re .  
I t  seems unlikely t h a t  cu t t ing  will d i s tu rb  solutes signi- 
f icantly,  since th is  procedure  appears  sa t i s fac tory  for 
p roduc ing  biological samples  sui table for autoradiog-  
r a p h y  where  smal l  d i sp lacements  would be easily evident .  
A l though  the  resul ts  so far ob ta ined  can be improved  
considerably,  t h e y  do no t  suggest  the  presence of any  
major  radial  ionic heterogenei t ies .  

Li t t le  seems to be known abou t  the  microscopic  
proper t ies  of beads  of gels or ion exchange  resins, a l though  
heterogenei t ies  have  been  r epo r t ed  ~9. The gel Sephadex  | 
G-25, a l though fair ly h ighly  cross-l inked, is not  the  mos t  
ion selective of th is  series and  s tudies  on the  more  
selective gels G-15 and  G-10 are p lanned .  The use of 
f reeze-dried gel sect ions is also being ex t en d ed  to  auto-  
rad iographic  d i s t r ibu t iona l  s tudies  of radio iso tope  labelled 
nonelec t ro ly tes  ~0 

Zusammen/assung. In  gef r ie rge t rockneten  Schn i t t en  
yon  Sephadex  G-25 wurde  die Ver te i lung  einiger Alkali-  
t l a logenverb indungen  mi t  Hilfe ihrer  R6n tgens t r ah l en -  
f luoreszenz im Ras t e r -E l ek t ro n en mi k ro s k o p  un te rsuch t .  
Es  ergab sich eine ionisch homogene  radiale  Ver te i lung  
und  f luoreszierende Makromolekii le  (Dextran)  wurden  
yon  den Gelschichten ausgeschieden.  
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R e g i s t r i e r u n g  v o n  Saharas taubf i i l l en  m i t  Hilfe e iner  B u r k a r d  P o l l e n -  und  Sporenfa l l e  

Das Niederfal len yon  Saha ras t aub  in Eu rop a  ist, 
wie bekann t ,  oft  besehr ieben  worden  1. lffber wei te  
Gebiete  yon Slid- und Mi t te leuropa  e rs t reck ten  sich 
in tens ive  Staubf/~lle in den Jah ren  19012,3 und  19023. 
Weniger  ausgeprXgte Niederg~nge yon  Saha ras t aub  
wurden  beispielsweise 1936 und  1937 in Arosa 4, Ierner 
1926 und 1930 in Barcelona  5 beobach te t .  1962 gab es 
Saharas taubfgl le  in Fre iburg  i /Breisgau, resp. in 
I-I6henkurorten des Schwarzwaldes3% an  den  gleichen 
Tagen such  in Oberi tal ien,  in der Schweiz 3b, in ~)sterreich 
und ebenso in wei ten  Gebie ten  yon  Frankre ich  his zur 
Bre tagne  6e. Auch in Eng land  wurde  1968 Saharas t aub  
fes tgeste l l t  7. Meist  wurden  derar t ige  Staubfgl le  nach  
Niederschlggen - Regen  oder  Schnee - registr ier t .  Es  gab 
d a n n  einen Schlammregen,  oder  einen brgunlich,  bezw. 
r6t l ich gefgrb ten  Schnee, resp. Schmutzf lecken  nach  dem 
Auf t rocknen  von Regen t rop fen  auf , b l a n k e n  Oberflg- 
ehen ~ 5~. 

E in  Transpor t  yon  Saha ra -S t aub  nach  Sfid- und  
Mit te leuropa,  oder  noch wet te r  nach  Norden,  se tz t  natf ir-  
l ich b e s t i m m t e  meteorologische Kons te l l a t ionen  voraus :  
In  der  Sahara  miissen S taub te i l chen  aufgewirbel t  werden.  
Mit Sf ids t r6mungen - Sciroeco und ether F6hnlage  - kann  
es dann  zu ether Bef6rderung der  S taubte i lchen  bis fiber 
die Alpen, und  such  sons t  nach  Gebie ten  yon  E u r o p a  
kommen.  Nach  Ans ich t  yon G6Tz (1936) 4, ferner  GLAWlON 
(1937, 1939) 4 ist der  T ranspor t  yon  Saharas t aub  bis 
fiber die Alpen, resp. bis nach  Mi t te leuropa  be im Vor- 
l iegen der e rw~hnten  Windverhg l tn i s se  - d .h .  be im Ein-  
s t r6men sub t rop ischer  W a r m l u f t m a s s e n  - viel leicht  
h~iufiger als das  meis t  a n g e n o m m e n  wird. Beim Fehlen  von  

Niederschl~gen - vor  allen in t ieferen Lagen - und  be im 
Ausble iben abs te igender  L u f t s t r 6 m u n g e n  w~re S taub  
dieser Ar t  in ger ingeren K o n z e n t r a t i o n e n  n ich t  nach-  
weisbar.  Die Sed imen ta t i on  derar t iger  S taub te i l chen  
ben6 t ig t  viel Zeit:  Bet mi t t l e ren  Dich ten  zwischen 2,755c 
und  2,589 5 (oder 2,43 s) und Gr6ssen zwisehen 5 und  1 vm 
wfirden bet Schwebeh6hen  von einigen h u n d e r t  Metern  
bet ruhiger  Luf t  Tage; bezw. "Wochen, oder  noch sehr  
viel 1/ingere Zei t r~ume bis zum Er re iehen  der  Erdober -  
fI/iche vergehen.  Ganz ~hnlich wie m a n c h e  Pol lenk6rner  
oder  Pi lzsporen wiirden sich die S taubpar t ike l  sehr  lange 
schwebend  erhal ten,  oder  leicht wieder  aufgewirbel t  oder  
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