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N a t i o n a l  Oceanic and Atmospheric A d m i n i s t r a t i o n  
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2300 Washtenaw Avenue 

Ann Arbor ,  Michigan 48104 

Warren H. M i l l e r  I11 

Brown-Williamson Tobacco C o r p o r a t i o n  
1600 Hill S t r e e t  

L o u i s v i l l e ,  Kentucky 40201 

ABSTRACT 

A h igh  speed (13,000 x G) microhematocrir  c e n t r i f u g e  r a p i d l y  
( 1  min) removes p a r t i c l e s  from small (10-60 VL) volumes of sample 
s o l u t i o n  p r i o r  t o  h igh  performance l i q u i d  chromatographic  a n a l y s i s .  
The descr ibed  t e c h n i q u e ,  using g l a s s  c a p i l l a r y  t u b e s ,  e f f e c t i v e l y  
c l e a n s  up aqueous biochemical  s o l u t i o n s  and/or  c o n c e n t r a t e s  of 
envi ronmenta l  samples. Advantages of t h e  method a r e  speed ,  small 
sample s i z e ,  and moderate equipment c o s t .  

INTRODUCTION 

S m a l l  (5-10 u m ) ,  uniform packing m a t e r i a l s  and s o p h i s t i c a t z d  

packing techniques  have improved t h e  e f f i c i e n c y  and s e l e c t i v i t y  of 
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15 86 GARDNER, EADIE. AND MILLER 

h i g h  pe r fo rmance  l i q u i d  c h r o m a t o g r a p h i c  (HPLC) co lumns  ( 1 ) .  One 

p rob lem a s s o c i a t e d  w i t h  r e f i n e d  h i g h  p e r f o r m a n c e  co lumns  i s  h i g h  

back  p r e s s u r e  c a u s e d  by c l o g g i n g  of column f r i t s  o r  i n - l i n e  p r o t e c -  

t i o n  f i l t e r s .  Pa r t i c l e s  must be removed from s u s p e n s i o n  b e f o r e  

s a m p l e  i n j e c t i o n  t o  p r e v e n t  b lockage  of f r i t  p o r e s .  P a r t i c l e s  c a n  

b e  removed by f i l t r a t i o n  o r  c e n t r i f u g a t i o n .  Tne d i s a d v a n t a g e s  of 

f i l t r a t i o n  are t h e  l a r g e  ( g e n e r a l l y  >1 nL) sample  v o l u n e s  r e q u i r e d  

a n d ,  f o r  some compounds, p o t e n t i a l  c o n t a m i n a t i o n  from t h e  f i l t e r i n g  

a p p a r a t u s .  Common low-speed (1500-3000 x C )  c e n t r i f u g i n g  r e q u i r e s  

l o n g  s p i n  times ( s e v e r a l  min )  and  c a n  be  cumbersome f o r  small 

s a m p l e s .  C e n t r i f u g a l  Y i c r o f i l t e r s ”  c a n  f i l t e r  small vo lumes ,  b u t  

r e q u i r e  p l a s t i c  f i l t e r  h o l d e r s  and  low-speed c e n t r i f u g a t i o n .  

R e f r i g e r a t e d  c e n t r i f u g e s  a r e  r e q u i r e d  f o r  b i o c h e m i c a l l y  l a b i l e  cnm- 

pounds  ( e . g . ,  n u c l e o t i d e s )  ( 2 ) .  The above  i n c o n v e n i e n c e s  i n  pre- 

p a r i n g  p a r t i c l e - f r e e  c h r o m a t o g r a p h i c  samples  can  be overcome by a 

h igh- speed  c e n t r i f u g a t i o n  of small samples .  !je d e s c r i b e  a l - n i x  

c a p i l l a r y  t e c h n i q u e  t o  c l e a n  up b i o c h e m i c a l  and e n v i r o n m e n t a l  

s a m p l e s  f o r  HPLC a n a l y s e s .  

METHOD AND APPLICATIONS 

P l a i n  ( w i t h o u t  h e p a r i n )  m i c r o h e m a t o c r i t  < l a s s  c a p i l 1 a r : i  t u b e s  

( l e n g t h :  7 5  mm, i n s i d e  d i a m e t e r :  1.2 m m ;  F i s h e r  S c i e n t i f i c )  h o l d  

t h e  samples  d u r i n g  c e n t r i f u g a t i o n  ( 3 ) .  h c o n t r o l l e d  volume n€ 

s a m p l e  (10-60 uL) i s  drawn i n t o  t h e  c a p i l l a r y  tube  w i t h  s u c t i o n  

p r o v i d e d  by a 0.5-mL p l a s t i c  s y r i n g e  ( e . g . ,  i n s u l i n  s y r i n g e )  

a t t a c h e d  to t h e  t u b e  w i t h  a n  open-holed  sep tum i n  a s h o r t  (1 .5  cm) 

l e n g t h  of r u b b e r  t i l b ing  (Fig. 1 ) .  A f t e r  t h e  sample  is  drawn i n t o  
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REMOVING PARTICLES FROM HPLC SAMPLES 1587 

Septum 

- 0.5 ml syringe 

connecting tube 

FIGURE 1. 

Schematic  diagram of syringe-septum d e v i c e  f o r  drawing sample 
i n t o  c a p i l l a r y  tube.  

t h e  tube ,  t h e  lower t i p  is  c l o s e d  w i t h  s e a l i n g  p u t t y  ( C r i t o s e a l ” )  

and t h e  tube i s  removed from the  septum device .  The tube i s  

c e n t r i f u g e d  ( I n t e r n a t i o n a l  ICE m i c r o c a p i l l a r y  c e n t r i f u g e ,  model MB”) 

f o r  1 min. The sample tube is  removed and s u p e r n a t a n t  i s  drawn i n t o  

a s y r i n g e  f o r  i n j e c t i o n  i n t o  the  l i q u i d  chromatograph. I f  p r e f e r r e d ,  

t h e  s u p e r n a t a n t  can be e l u t e d  from che c a p i l l a r y  tube by recon- 

n e c t i n g  the  tube to  the  syringe-septum d e v i c e  ( w i t h  t h e  plunger  

drawn),  c u t t i n g  i t  with a f i l e  above the  l i q u i d - s o l i d  i n t e r f a c e ,  

and f o r c i n g  the  s o l u t i o n  i n t o  a c o l l e c t i o n  v e s s e l .  

Using Stokes  formula f o r  s e t t l i n g  v e l o c i t y  ( 4 ) ,  we c a l c u l a t e d  

t h e  expected f a t e  of suspended p a r t i c l e s  of vary ing  d e n s i t y  and 
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1588 GARDNER, EADIE, AND M I L L E R  

d iameter  i n  water  and a c e t o n i t r i l e  d u r i n g  a 1-min c e n t r i f u g a t i o n  

a t  13,000 x G ( F i g .  2 ) .  Water and a c e t o n i t r i l e  were chosen because 

t h e y  span t h e  range of v i s c o s i t i e s  f o r  common HPLC s o l v e n t s .  

C a l c u l a t i o n s  were based on Stokes  l a w  formula ( 4 ) .  

where v - v e l o c i t y  of s e t t l i n g  (cm s-11, 

p - P s  - d e n s i t y  d i f f e r e n c e  between par t ic le  and 

s o l v e n t  ( g  c m - 3 ) ,  

C - g r a v i t a t i o n a l  a c c e l e r a t i o n  (981 c m  sec-2) ,  and 

r = r a d i u s  of par t ic le  (cm),  

n = v i s c o s i t y  of s o l v e n t  (g cm-1 s-1) .  

Particle radius (,urn) 

FIGURE 2. 

C a l c u l a t e d  d i s t r i b u t i o n  of particles in suspens ion  i n  water  
and a c e t o n i t r i l e  a f t e r  c e n t r i f u g a t i o n  i n  c a p i l l a r y  tubes  fo r  
I m i n  a t  13,000 x C. 
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REMOVING PARTICLES FROM HPLC SAMPLES 1589 

D ,  t h e  l e n g t h  of t h e  c a p i l l a r y  tube (7.5 cm), is  t h e  maximum 

s e t t l i n g  d i s t a n c e .  Time of c e n t r i f u g i n g ,  t ,  i s  60 s and 

c e n t r i f u g e  c o e f f i c i e n t ,  C, is 13,000. Then 

2 G C(P - P s ) r 2 t  D - V t -  9n 

9Dn I ( 9 )  ( 7 . 5 ) n  o r  P - Ps = 
2 G C t r2 ( 2 ) ( 9 8 1 ) ( 1 3 , 0 0 0 ) ( 6 0 ) r 2  

( 2 )  

For c a l c u l a t i o n s ,  p a r t i c l e s  were assumed t o  be s p h e r i c a l  and w a l l  

e f f e c t s  of t h e  t u b e s  were cons idered  t o  be n e g l i g i b l e .  

V i s c o s i t i e s  of a c e t o n i t r i l e  ( n  

0.0089 g cm’l s-1) were based on a tempera ture  of 25’C ( 5 ) .  

The c a l c u l a t e d  r e s u l t s  i n d i c a t e d  t h a t  p a r t i c l e s  wi th  d e n s i t i e s  

g r e a t e r  than  t h e  d e n s i t y  of t h e  s o l v e n t  (by  ca. 1 X )  and d iameters  

g r e a t e r  than  2 ym would be removed from s u s p e n s i o n  in 1 min by t h e  

h e m a t o c r i t  c e n t r i f u g e  (Fig. 2 ) .  P a r t i c l e s  l e f t  i n  suspens ion  

p a s s  through a n a l y t i c a l  f r i t s  and f i l t e r s ,  which normally have pore 

0.0035 g cm-1 s-1) and water (n  = 

d i a m e t e r s  of a t  l e a s t  2 U r n .  

The technique  can be used i n  c o n j u n c t i o n  w i t h  microhomogenizat ion 

techniques  t o  r a p i d l y  remove p a r t i c u l a t e  m a t e r i a l s  from aqueous 

homogenates. For example, we have examined i n t e r a c e l l u l a r  f r e e  amino 

a c i d s  i n  zooplankters  (unpubl i shed  d a t a ,  Columbia N a t i o n a l  F i s h e r y  

Research Labora tory) .  A daphnid (1-4 mg w e t  wt)  was homogenized i n  
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1590 GARDNER, EADIE, AND MILLEX 

50 D L  of  a c i d i f i e d  (1 d r o p  6 normal  h y d r o c h l o r i c  a c i d  per mL 

s o l u t i o n )  e t h a n o 1 : w a t e r  (0.6:l.O V:V) w i t h  a m i c r o t i s s u e  g r i n d e r .  

The homogenate was drawn i n r o  a m i c r o h e m a t o c r i t  t u b e ,  which was 

t h e n  plugged and c e n t r i f u g e d  (1 min) .  A p o r t i o n  of t h e  supe r -  

n a t a n t  was i n j e c t e d  i n t o  a n  amino a c i d  a n a l y z e r  f o r  a n a l y s i s .  

The time r e q u i r e d  t o  homogenize,  c e n t r i f u g e ,  and i n j e c t  t h e  

sample  was abou t  2 . 5  min. We have a lso used t h e  t e c h n i q u e  t o  

remove traces of p a r t i c u l a t e  material from musse l  m a n t l e  t i s s u e  

e x t r a c t s  a f t e r  p r o t e i n  p r e c i p i t a t i o n  and t o  remove c a l c i u m  c a r b o n a t e  

c r y s t a l s  from c o n c e n t r a t e d  l a k e  water samples  p r i o r  t o  tlPLC m o l e c u l a r  

s i z e  f r a c t i o n a t i o n  of d i s s o l v e d  n a t u r a l  o r g a n i c  materials. 

DISCUSSION 

Al though  h e m a t o c r i t  c e n t r i f u g e s  have been used  i n  c l i n i c a l  

l a b o r a t o r i e s  f o r  m n y  y e a r s  ( 6 ) .  t h e i r .  c a p a b i l i t y  t o  p r o v i d e  

r a p i d  and e f f i c i e n t  c l e a n u p  of HPLC s a m p l e s  has  not t o  our know- 

l e d g e  been e x p l o i t e d .  The high-speed (11,500 rpm; 13,000 x C) 

and  h o r i z o n t a l  sample p o s i t i o n  p r o v i d e  e f f i c i e n t  and r a p i d  ( I  

m in )  c e n t r i f u g a t i o n ,  which c a n  be done i m m e d i a t e l y  p r i o r  t o  

sample  i n j e c t i o n .  In c o n t r a s t  t o  high-speed m i c r o c e n t r i f u g e s  

which r e q u i r e  p l a s t i c  t u b e s ,  h e m a t o c r i t  u n i t s  u se  c a p i l l a r y  

glass t u b e s  t h a t  can  be c l e a n e d  by p recombus t ion .  Sample 

h a n d l i n g  is  s i m p l i f i e d  b e c a u s e  s u r f a c e  t e n s i o n  and t u b e  

c o n f i g u r a t i o n  p r e v e n t  sample s p i l l a g e  and mixing of par t ic les  

w i t h  s u p e r n a t a n t  l i q u i d  a f t e r  c e n t r i f u g a t i o n .  Sample c o n t a c t  

w i t h  t r a n s f e r  g l a s s w a r e  is min ima l  because  samples  are drawn 

d i r e c t l y  i n t o  che c a p i l l a r y  t u b e s  f o r  c e n r r i f u g a t i o n .  Tne 
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REMOVING PARTICLES FROM HPLC SAMPLES 1591 

s a m p l e  s i z e  i s  c o m p a t i b l e  w i t h  i n j e c t i o n  volumes commonly used  

f o r  HPLC and  i s  p a r t i c u l a r l y  u s e f u l  when samples  are l i m i t e d  

t o  small volumes. I f  b i o c h e m i c a l  components  are u n s t a b l e  o v e r  

t h e  s h o r t  p e r i o d  r e q u i r e d  f o r  c e n t r i f u g i n g ,  t h e  head can 

e a s i l y  be removed and p l a c e d  i n  c o l d  s t o r a g e  p r i o r  t o  use.  

The c o s t  of c a p i l l a r y  h e m a t o c r i t  c e n t r i f u g e s  is  m o d e r a t e  (ca. 

$500) compared w i t h  HPLC columns and t h e  s p a c e  r e q u i r e m e n t  

( c a .  0.1 m2 of  bench s p a c e )  i s  minimal.  A l though  t h e  u n i t  

o p e r a t e s  on normal  l i n e  v o l t a g e  (115 V) , we have found  t h a t  

i t s  h i g h  power r e q u i r e m e n t  can c a u s e  i n t e r f e r e n c e  i f  the u n i t  

i s  p lugged  i n t o  t h e  same e lec t r ica l  s u p p l y  l i n e  as t h e  HPLC 

d e t e c t o r .  
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