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TRACE ENRICHMENT ON PRE-COLUMNS 
IN HIGH PERFORMANCE LIQUID CHROMATOGRAPHY. 

THE ADSORPTION CAPACITY OF A REVERSED PHASE COLUMN 

Ulla Lund 
Danish Civil Defence, Analytical Chemical Laboratory 

2, Universitetsparken, DK-2100 Copenhagen 
Denmark 

ABSTRACT 

The use of break-through experiments in investiga- 
tions of the adsorption step in pre-column trace enrich- 
ment has been demonstrated. 

The adsorption capacity of LiChrosorb RP-8 €or phe- 
nol, 2,4-dichlorophenoxyacetic acid, ethylbenzene and 
pentachlorophenol has been determined as a function of 
the pH, ionic strength and flow-rate of the sample solu- 
tion and as a function of the concentration of test sub- 
stance in the sample. 

to show very little variation with the experimental con- 
ditions. 

The slope of the break-through curves has been found 

INTRODUCTION 

During the last five years the trace enrichment tech- 
nique has received some attention for the analysis of or- 
ganic micropollutants in water. While the first reports 
f e . g .  1 , Z )  were often limited to showing examples of the 
use of trace enrichment, a number of recent papers are 
also concerned with the efficiency of the technique. De- 
termination of the recovery of selected test substances 
using one fixed sample -7olume has been much used (3-8). 
Another approach has been to compare the peak heights 
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1 9 3 4  LUND 

produced by known quantities of test substances, loaded 
on to the column in increasing sample volumes ( 8 - 1 2 ) .  

Plots of peak height as a function of sample volume at 
fixed concentrations of test substance have also been 
used to determine the maximum permissible sample volume 
( 8 , 1 3 1  * 

The present paper is concerned mainly with the 
adsorption step of trace enrichment. The effect of a 
number of variables on the adsorption capacity of a pre- 
column is shown using break-throuqh experiments. 

MATERIALS AND METHODS - 

Chemicals 

2,4-Dichlorophenoxyacetic acid (Ega, Steinheim) was 
recrystallized from benzene. 

All other chemicals and solvents were of reagent 
grade quality and used as received. 

Apparatus 

The liquid chromatograph (see Figure 1 )  consisted 
of Waters model 6000A pumps, of which one solvent se- 
lection vdlve was used as valve l f  a Rheodyne model 7120 
injection valve (valve 2), a Waters model 4 4 0  UV-detec- 
tor (254 nm) and a Waters model 660 solvent programmer. 
Break-through curves were recorded using an Omniscribe 
model 5117-2 (Houston Instruments, Texas) recorder. 

Chromatography 

The adsorbent used was LiChrosorb RP-8, 1 0  >m par- 
ticles (Merck, Darmstadt). It was packed in stainless 
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F I G U R E  1 

Schematic of the apparatus used for the break-through 
experiments. 

steel columns ( 5 0  x 4.6 mm i.d.1 according to a pre- 
viously described procedure ( 1 4 ) .  Fittings were modi- 
fied Swagelok unions. The efficiency of the columns 
w a s  9 5 0 - 1 0 5 0  plates for phenetole (k' = 7 .0 )  measured 
with methanol/water ( 1 + 1 )  as the mobile phase. 

Procedure for Break-Through Measurements 

The configuration of the liquid chromatograph 
used in the break-through experiments is shown in 
Figure 1. 
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1936 LUND 

Immediately before each break-through experiment 
the adsorption column was cleaned by running a gradient 
from 100 's water to 1 0 0  % methanol. After cleaning, the 
gradient was reversed and when 100 % water was reached 
valve 1 was changed to a buffer of the desired pH and 
ionic strength. The adsorption column was brought into 
equilibrium with this buffer at the flow-rate to be used 
in the break-through experiment after which valve 1 was 
switched to the test solution while valve 2 was switched 
to wastc. Pump 1 and the tubing before valve 2 was 
Elushed with test solution and the break-through expe- 
riment was then started by switching valve 2 back to 
the adsorption column. 

Calculations 

An example of a break-through curve is shown in 
Figure 2 .  

The area shown cross-hatched in Figure 2 corre- 
sponds to the amount of test substance adsorbed by the 
column, In Ref. 15 this area is integrated and the ad- 
sorption capacity calculated therefrom. If, however, the 
break-through curve is assumed to be symmetrical this 
procedure may be simplified somewhat. For a symmetrical 
S-curve the area under the break-through curve before 
the inflection point, shown by horizontal hatching in 
Figure 2 ,  is identical to the area above the curve 
after the inflection point. This means, that the area 
corresponding to the amount adsorbed can be described 
by a rectangle, eliminating the need for integration 
of the S-shaped curve. 

then 
The equilibrium adsorption capacity, S (LLg/g) I may 
be calculated from the equation: 

(VSO - Vm' ci 
W s =  I 
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I I I I I I I I 
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FIGURE 2 

Break-through c u r v e  f o r  phenol .  
T e s t  s o l u t i o n :  Phenol  5.5 pg/ml i n  sodium phospha te  
b u f f e r  pH 8 . 0 ,  11 0 . 1 .  F low-ra te  5 .0  mljmin.  

where V50 ( m l )  is  t h e  50  P, break- through volume, Vm ( m l )  
t h e  v o i d  volume, ci (ug/ml)  t h e  c o n c e n t r a t i o n  of  t es t  
s u b s t a n c e  i n  t h e  t es t  s o l u t i o n  and W (9)  t h e  we igh t  o f  
a d s o r b e n t  i n  t h e  column. 

T h i s  e q u a t i o n  i s  s i m i l a r  t o  e q u a t i o n s  d e r i v e d  from 
s t a t i s t i c a l  ( 1 6 )  and phys ico-chemica l  ( 1  7 )  c o n s i d e r a -  

t i o n s .  
Another  quan t i t . y  of i n t e r e s t  i s  t h e  s l o p e  of  t h e  

break- through cu rve .  T h i s  may be  found from mathemat i ca l  
d e s c r i p t i o n s  o f  break- through c u r v e s  ( e . g .  1 7 )  b u t  i n  
t h e  p r e s e n t  i n v e s t i g a t i o n  a s i m p l i f i e d  measure of t h e  
slope is  used: 

t h a t  i s ,  t h e  1 0  % break- through volume i s  measured r e l a -  

t i v e  t o  t h e  50 P, break- through volume. 
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RESULTS AND DISCUSSION -___- 

LUND 

Break- through e x p e r i m e n t s  were c o n d u c t e d  o n  LiChro-  

s o r b  RP-8 f o r  some s e l e c t e d  t e s t  s u b s t a n c e s ,  v i z .  p h e n o l ,  

p e n t a c h l o r o p h c n o l ,  e t h y l b e n z e n e  a n d  2 , 4 - d i c h l o r o p h e n o x y -  

ace t ic  a c i d ,  a t  t h r e e  c o n c e n t r a t i o n  leve ls .  The e f f e c t s  

of  f l o w - r a t e ,  p H  and  i o n i c  s t r e n g t h  of t h e  tes t  s o l u t i o n  

w e r e  examined.  

S l o p e  of  Break-Through C u r v e  

The i n f l u e n c e  of f l o w - r a t e  (1 -10  ml/min)  on t h e  re- 

l a t i v e  10 % b r e a k - t h r o u g h  volume f o r  p h e n o l  w a s  examined 

and p r o v e d  t o  be n o n - s i g n i f i c a n t .  A l s o  t h e  t y p e  o f  t e s t  
s u b s t a n c e  had l i t t l e  e f f e c t  on t h e  s l o p e ,  a l t h o u g h  t h e  

r e l a t i v e  1 0  % b r e a k - t h r o u g h  volume f o r  p h e n o l  (mean: 0 . 9 2 )  
w a s  s l i g h t l y  smaller compared t o  t h e  o t h e r  compounds 

(mean: 0 . 9 4 ) .  P h e n o l  h a s  t h e  smal les t  a b s o l u t e  b r e a k -  

t h r o u g h  volume and  t h e  d i f f e r e n c e  o b s e r v e d  i s  t h e r e f o r e  

n o t  s u r p r i s i n g ,  u s i n g  e v i d e n c e  from e l u t i o n  l i q u i . d  c h r o -  

matography.  Here it  i s  known t h a t  t h e  e f f i c i e n c y  of t h e  

s y s t e m  i n c r e a s e s  w i t h  i n c r e a s i n g  c a p a c i t y  r a t i o  i n  t h e  

b e g i n n i n g  of a chromatogram, w h i l e  t h e  e f f e c t  l eve l s  o f f  
a t  g r e a t e r  c a p a c i t y  r a t io s .  

The a g e  o f  t h e  a d s o r p t i o n  co lumn,  d e f i n e d  as  t h e  num- 

h e r  of e x p e r i m e n t s  p e r f o r m e d  on t h e  column,  p r o v e d  t o  h a v e  

t h e  l a r g e s t  e f f e c t  on t h e  r e l a t i v e  1 0  % b r e a k - t h r o u g h  vo- 
lume,  as  shown i n  F i g u r e  3. E x p e r i m e n t a l  c o n d i t i o n s  o t h e r  

t h a n  t h e  a g e  of t h e  a d s o r p t i o n  column have  n o t  b e e n  k e p t  

c o n s t a n t  i n  t h e  f i g u r e .  T h i s  p r o c e d u r e  i s  j u s t i f i e d  by 

t h e  f a c t ,  t h a t  t h e s e  c o n d i t i o n s  h a v e  v e r y  l i t t l e  i n f l u -  

e n c e  on t h e  s l o p e .  But  e v e n  t h e  e f f e c t  o f  a d s o r p t i o n  co- 
lumn a g e  i s  small ,  and  when t h e  column i s  u s e d  f o r  a li- 

m i t e d  number of e x p e r i m e n t s ,  i..:i. f i f t e e n ,  t h e  e f f e c t  i s  
n e g l i g i b l e .  
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FIGURE 3 

Influence of the age of the adsorption column, defined 
as the number of experiments performed per column, on 
the relative 1 0  % break-through volume. Points shown are 
mean values for seven columns. 

The conclusion is, that the slope of the break- 
through curve under the conditions tested is nearly 
constant as long as the adsorption columns are not used 
more than fifteen times. 

Adsorption Capacity 

The adsorption isotherms for the four test sub- 
stances at pH 8 are shown in Figure 4. 

Isotherms for phenol and ethylbenzene are linear 
in this concentration range, the isotherm for 2,4-dichlo- 
rophenoxyacetic acid is curved, while the isotherm for 
pentachlorophenol shows a marked curvature. Pentachloro- 
phenol and 2,4-dichlorophenoxyacetic acid are most pro- 
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1 2 3 4 

F I G U R E  4 

Adsorption isotherms at pH 8, i.~ 0.1.  
Substances: Ethylbenzene (EtB), Pentachlorophenol (PCP), 
2,4-Dichlorophenoxyacetic acid (2,4-D) , Phenol ( P ) .  

bably retained as ion-pairs with sodium from the buffer 
as the counter ion, since they are both fully ionized at 
this pH.  The linear isotherms mean, that the 50 % break- 
through volumes for phenol and ethylbenzene are indepen- 
dent of the concentration of test substance, while the 50 
% break-through volumes for the two substances with convex 
adsorption isotherms give decreasing 50 % break-through 
volumes with increasinq concentration of test substance. 

The flow-rate of the test solution had no effect on 
the adsorption capacity for phenol in the range of flow- 
rates examined ( 1  - 10  mljmin). Assuming the same to be 
the case for the more retained test substances the rest 
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TRACE ENRICHMENT ON PRE-COLUMNS 1941 

TABLE 1 

50 % Break-through Volumes (ml) of Phenol (P) , 2,4-Di- 
chlorophenoxyacetic acid (2 , 4-D) , Ethylbenzene (ETB) 
and Pentachlorophenol (PCP) at Concentrations of 
5 + / -  0.5 u g / m l .  Mumbers Given in Parentheses are Stan- 
dard deviations (n = 4). 

P 2,4-D ETB 
PH a u 0 . 0 1  1 1  ( 0 . 1 )  20 

l! 0 . 1  11  ( 0 . 3 )  50 
pH 6 u 0 . 0 1  30 

1-I 0 . 1  6 0  
pH 4 1-1 0 . 0 1  11 ( 0 . 5 )  6 0  

p 0 . 1  12 ( 0 . 3 )  a 0  

0 . 3 )  3 1 0  
0 . 3 )  3 3 0  

1 )  
2) 
1 )  300  
31 3 3 0  

PC P 
1 0 )  1 2 0  (41 
6 )  1 9 0  ( 1 1  

380 (48 
570 ( 6 0  

2)  >5000 
8) 

of the experiments were conducted at a fixed flow-rate 
of 5 ml/min. 

The effects of pH and buffer concentration of the 
test solution are seen in Tabel 1 .  

It is evident, that for phenol which is unionized at 
the pH-values in question and €or ethylbenzene which is 
non-ionic, no measurable effect of p A  on the break-through 
volumes is found. The buffer concentration has a small 
influence, which is only measurable for ethylbenzene, in 
that "salting out" is observed as the buffer concentra- 
tion increases. 

For pentachlorophenol and 2,4-dichlorophenoxyace- 
tic acid, which have pKa-values of 5 .3  and 2.9, respec- 
tively, the break-through volumes increase as the de- 
gree of ionization decreases. For these compounds the 
buffer concentration has a larger influence on the break- 
through volumes, supporting the theory that the compounds 
in the ionized state are adsorbed as ion-pairs with the 
buffer cations. This is further supported by the fact 
that for 2,4-dichlorophenoxyacetic acid the influence 
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of the buffer concentration decreases with decreasing 
pH-value.  

Fiqure 4 shows, that the adsorption isotherms for 
pentachlorophcnol and 2,4-dichlorophenoxyacetic acid are 
more or less curved at pH 8. Decreasing the pH-value im- 
proved the linearity of the adsorption isotherms for 
these two compounds. As an example the isotherms for 
2,4-dichlorophcnoxyacetic acid at pH 4 ,  6, and 8 are 
shown in Figure 5. 

The isotherms are slightly convex at pII 6 and 8, 
but at pH 4, where the substance is no longer fully 
ionized, the isotherm is linear. Pentachlorophenol 

0 1 2 3 4 5 c i  pg/ml 

F I G U R E  5 

Adsorption isotherms for 2,4-Dichlorophenoxyacetic 
acid at three pH-values. 
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TRACE ENRICHMENT ON PRE-COLUMNS 1943 

gave isotherms that at pH 6 were still curved, but 
less so than at pH 8. These findings agree well 
with experience from bonded-phase chromatography 
where many compounds have the best chromatographic 
properties at pH-values where the compounds are un- 
ionized ( 1  8 )  . 

CONCLUSION -- 

The results found show, that the adsorption iso- 
therms for the unionized and non-ionic test substances 
are linear and that the linearity of the isotherms for 
the ionized, anionic substances improves as the degree 
of ionization decreases. Trace enrichment of solutes in 
the unionized state is to be preferred, because the ad- 
sorption capacity of LiChrosorb RP-8 is largest for un- 
ionized s o l u t e s  and because the degree of loading of 
the adsorption column is more easily controlled when 
the concentration of test substance has little influence 
on the break-through volume. In the range of buffer con- 
centrations used very little "salting out effect" is ob- 
served. 

The slope of the break-through curves show very 
little variation under the conditions tested. Loading 
of the adsorption columns up to 8 0 - 9 0  % of their ad- 
sorption capacities can therefore be used with very 
little risk of loss of the test substance in the efflu- 
ent. 
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