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0n-Linelsotachophoresis. A Selective Sample Pretreatment Prior 
to Column Liquid Chromatographic Analysis 

P' J. M. Hend r ik s l ,  / H. A. Claessens 1 / T. H. M. Noij 2 / E M. Everaer t s  I / C. A. Crarners  ~ 

l~indhoven University of Technology, RO. Box 513, 5600 MB Eindhoven, The Netherlands. 
KIWA N. V. Research and Consultancy, RO. Box 1072, 3430 BB Nieuwegein, The Netherlands. 
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SUmmary 
~he analysis of compounds which are present in low 
~~ in complex sample matrices is often 
~anlPered by the lack of adequate sample pretreatment 
methods. In t-his study isotaehophoresis (ITP) is presented 
as a selective sample pretreatment technique for ionic 
Substances nrior to HPLC analysis It is shown that the 
-"  Sample treatment and the HPLC analysis step can 
easily be operated in an on-line mode, which greatly 
facilitates automation. 

IOtroduction 
l'he high-performance liquid chromatographic (HPLC) 
analysis of compounds at sub-ppb levels in aqueous 
~araples is hampered by the limited separating power and 
%tection sensitivity of'this technique. Therefore, in these 
eases, a sample pretreatment step will be necessary. To 
analyse polar pesticides in (river) water samples a 
Preconcentration factor of 1000 is not unusual. In most 
~raple pretreatment techniques the polar and interfering 
Urnic substances will also be concentrated, which may 
aUse a large background to the HPLC chromatogram of 
e target components. 

~ Urrently used sample pretreatment techniques include 
iquid-liquid extraction, solid-phase extraction, precipita- 
tion, filtration and evaporation methods. Additionally, 
electrophoresis can be used as a selective sample pretreat- 
raent technique for ionic compounds in complex matrices. 

~i ~non~ the electrophoretic techniques isotachophoresis 
"l'p) ~has good prospects as a sample pretreatment 

technique. Its advantages are the concentration effect 
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occurring, the strong self-correcting property and the 
relatively high sample capacity. However, in this work the 
concentration effect is not employed to enrich the original 
sample. 
The use of ITP to analyse environmental samples like 
river, drinking and seawater samples has been reported by 
several authors. Most of these analyses concern the 
determination of inorganic ions [1-11]. Other compounds 
analysed are fatty acids [12], derivatives of phenol [13], 
alphametrine insecticides [14], triazine and quaternary 
cationic herbicides [15, 16]. 

Several publications report the use of ITP as a preparative 
technique or as a sample pretreatment method. Open 
tubular, free flow and gel packed systems can be distin- 
guished. With open tubular systems the zones of interest 
can be removed from the separation compartment either 
by making a heart-cut [17-20], withdrawal using a micro- 
syringe [21, 22] or by applying continuous elution [23-26]. 

So far none of these methods has been used to couple ITP 
on-line with HPLC. Ofverstedt [27] reported the coupling 
of ITP with HPLC by using a gel packed ITP column and 
a discontinuous elution interface. 

Our previous research [28] demonstrated the high selec- 
tivity and separating capacity of an off-line ITP sample 
pretreatment performed in a gel packed separation 
compartment. At that time we had not succeeded in the 
on-line coupling of a gel packed ITP column with the 
HPLC equipment. 

In this work the on-line coupling of open capillary ITP as 
a sample pretreatment technique for HPLC as the 
analysis step will be discussed using a non-metal, high- 
pressure, HPLC injection valve as the interface. Moreo- 
ver the applicability of the method for the analysis of 
Bentazone, an anionic pesticide, in ethyl acetate-extract- 
ed water samples will be demonstrated. 

lsotachophoresis Theory 
The theory, instrumentation and application of 1TP is still 
the subject of continuing research. For a detailed under- 
standing the reader is referred to the literature [20, 29, 30], 
nevertheless, some principles of the technique are sum- 
marized here. 
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With ITP either anions or cations can be separated in a 
single run. For the analysis of anions the cathode 
compartment is filled with a terminating electrolyte 
solution with its anion having a lower effective mobility 
than the sample anions. The electrolyte solution in the 
anode compartment and the separation chamber (the 
"leading electrolyte") also contains an anion with an 
effective mobility higher than the sample anions�9 The 
sample is introduced at the boundary of the leading and 
the terminating electrolytes. After applying an electric 
field the compounds will migrate and the anions will be 
separated according to differences in their effective 
mobilities. Zones will appear which all have the same 
velocity after having reached the steady state. The 
concentration in such a zone is determined by the 
concentrations and mobilities of the leading electrolyte 
ions and the mobility of the particular anion. The 
equation describing this process was first derived by 
Kohlrausch in 1897 [31]. in a strong electrolyte system 
with one counter ion this equation becomes: 

CL mL I rail +] m,31 

Ci m i }roLl +lmB I 

Where C : concentration in the zone, m = effective 
mobility and L, i and B refer to the leading electrolyte ion, 
the specific ion and the counter ion respectivcly. 

As a consequence, when diluted samples are separated, a 
concentration effect will occur�9 The ITP separation 
process is schematically outlined in Figure 1. 

Basically, the zone-boundaries in ITP are sharp and show 
a strong self-correcting property. However, the width of 
the isotachophoretic boundary depends on the liquid flow, 
i.e., the electro-osmotic flow (EOF), convective distur- 
bances due to the stepwisc temperature change at the 
zone-boundary, and diffusion across the zone-boundary. 

Detection in ITP can be performed by universal or 
specific detectors. Very often UV-VIS and fluorescence 
are used as universal and spccific methods respectively. 
Also thermometric, field strength and conductivity detec- 
tors are frequently used as universal detectors. 

I�9 b + C + b + b + b + 

L- L - @  

b+ b+ 

@ T -  T -  B -  A- L - @  

b + b+ b+ b + b + 

Figure 1 
Schematic of anionic ITP separation. T = terminating amen; L = 
leading electrolyte anion; A, B = sample anions; b = counter cation; 
C = sample cation, m L > m A > m B > m T. Above: sample introduction 
at boundary between leading and terminating electrolytes. Middle: 
transition state, below: isotachophoretic (steady) state. 
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lsotachopherograms of test mixture, with AC-conductivity dete~,.~ 

PS 
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......... c I 

t 
Figure 3 D 
Schematic of ITP-HPLC equipment. PS = high voltage ~' Mr 
supply; E = electrode compartment; D = detector (conductivitY.~ 
UV); S = sample introduction; l = ITP-HPLC interface; P = put, P, 
= column; IC = ITP capillary. 

As can be concluded from the Kohlrausch equation ther 
zone length will be directly proportional to the amoUnt, a.~ 
a component in a specific sample (zone length - quanti~ 
rive information), while qualitative information can. ~ 

�9 I o 

obtained from the detector response (step height). ThlSr,1 
illustrated in Figure 2, where the isotachopherograraS 
I-d and 1 ~1 of sample are compared. 

E x p e r i m e n t a l  

The on-fine, ITP-HPLC equipment consisted of a bor0r 
made ITP-apparatus, commercial HPLC equipment and a 
non-metal interface. Figure 3 shows a schematic presents" 
tion. 
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lS~ 

~he capillary ITP experiments were performed in a 
rae-constructed apparatus, equipped with an AC- 

e~ " v 1 th 254 nm ~j,, y detector and a single wa e eng ( ), 
v detector [20]. The constant driving electric current 
r~ s delivered by a Brandenburg type 807R power supply 

randenburg, Thornton Heath, England). The detector 
Put was recorded by a potentiometric recorder, type 

)~4.1 (Kipp & Zonen, Delft, The Netherlands) and a 
~tlti!p s Computer, type P3202 (Philips, Eindhoven, The 
~'etherlands) equipped with a home-made interface 
i~ultilab-TS (noise filter: RC-time 1/15 s). Data handling 
~as With Caesar software (B-Wise Software, Geleen, The 
aether ." ' i--- lands). The operational systems we used, are hsted 
~ rable I. The inner diameters of the capillaries were 0.45 

rn and 1.0 mm and the applied electric currents were 75 
~A and 245 IxA respectively. Mowiol was added to 
sUPPress electro-osmotic flow and barium hydroxide to 
SaPPress the carbonate concentration in the electrolyte. 

l iquid C h r o m a t o g r a p h y  

! t~LC analyses were performed on equipment with a 
eCkman model 100A HPLC pump (Beckman, Palo Alto, 

~ ,  USA) and a variable wavelength Unicam PU 4225 
V detector (rise time 1 s) equipped with a 9 gl flowcell, ~ e 9550-0100 (Unicam Analytical Systems, Cambridge, 

6~). Direct sample injections were made with a Valco N- 
il' IqPLC injection valve (VICI-AG Valco Europe, 
~Chenkon, Switzerland) equipped with a 30 txl sample 
'%P- For recording and data handling the same equip- 
~aent as for isotachophoresis were used. Experimental 
%nditions are listed in Table If. 

"table I Operational systems for isotachophoresis. Solvent: water. 

A a ~ n i o n  leading electrolyte terminating electrolyte 
Chloride Propionate 

I Conc. (mol 1-1) 1.10 -2 5' 10 -3 

Counter ion e-aminohexanoic 

PIt 
PaOH6itives 

8 anion Chloride HEPES 

acid Na + 
4.5 7 
Mowiol 

i Cont.(moll a) 1.10 -2 
Counter ion TRIS 

~. PH 7.5 
additives Mowiol 

5 ,  ! 0  `3 

TRIS 
8.5 
Ba(OH)z 

), 
-able 11 Experimental conditions HPLC analysis 

QOlumn 

~lUent 

150 x 4.6 mm Zorbax 5-ODS 
(Rockland Technologies Inc., PA, USA) 

Acetonitrile and (5 �9 10- 3 M) phosphate buffer 
in water, pH 3.0, 30 : 70 vlv 

0.6 ml rain-1 

3eteclion UV, 230 nm 

TTemperature Ambient 
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I T P - H P L C  Interface  

The ITP-HPLC interface consists of a PVDF (polyvinyl- 
idenefluoride) rotor and Arnite (polyetherethene-terephta- 
late) stators and is similar to that developed by Debets  
[32-35]. The pressure limit is 55 Bar, the i.d. of the valve is 
1.0 mm and the length 6.0 ram. 

C h e m i c a l s  

Pentanoic acid, hydrochloric acid, L-histidine, trishy- 
droxymethylaminomethane (TRIS), 13-alanine, barium 
hydroxide and a-aminohexanoic acid were from Merck 
(Darmstadt, Germany). Morpholino-propane-sulfonic acid 
(MOPS), morpholino-ethane-sulfonic acid (MES), N-2- 
hydroxyethylpiperazine-N'-2-ethanesulfonic acid (HEPES) 
and propionic acid (sodium salt) were from Sigma (St. 
Louis, MO, USA). Water was demineralized with a Milli- 
Q-Water Purification System (Waters Millipore, Milford, 
MA, USA). HPLC grade acetonitrile was from FSA (FSA 
laboratory supplies, Loughborough, England). 3-Isopro- 
pyl-2,1,3-benzothiadiazin-4-an-2,2-dioxide (Bentazone) 
was from Schmidt (Amsterdam, The Netherlands); poly- 
vinylalcohol (Mowiol) from Hoechst (Frankfurt, Germa- 
ny). 

Water  S a m p l e s  

Water from the river Rhine was extracted with ethyl 
acetate, yielding a concentration factor of 11300. Subse- 
quently the extract was evaporated under nitrogen and 
the residue dissolved in an equivalent volume of deminer- 
alized water. This extract was indicated as "Rhine". 1 1 
river water of the same batch was spiked with 0.3 gg 
Bentazone and was treated in the same way as the 
"Rhine" sample resulting in a final concentration of 0.3 
mg 1-7. This sample was labelled "Rhine spiked". Also 
some extra bentazone was added to a part of the "Rhine" 
sample, in order to increase the Bentazone to a final 
concentration of approximately 10 -4 M (24 mg 1-1). This 
sample will be referred to as "Rhine extra spiked". 

Results and Discussion 

Analy t i ca l  I s o t a c h o p h o r e s i s  

In order to select the optimum ITP separation conditions, 
Bentazone was analysed using operational systems "A" 
and "B". Both systems did not interfere with the LC 
analysis step, as was the case with some other applied ITP 
systems. The measured relative step heights (RSH) for 
Bentazone in relation to the terminating electrolyte are 
0.81 and 0.57 for systems "A" and "B" respectively. 

Figures 4 and 5 show the isotachopherograms for the 
"Rhine extra spiked" water sample using systems "A" 
and "B" respectively. From these isotachopherograms it is 
shown that when using system "A" Bentazone will 
migrate in a mixed zone with some of the matrix 
components. However, when system "B" is used Benta- 
zone is separated from these components. So system "B" 
is to be preferred in this particular case. 
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Figure 4 
5 ~tl "Rhine extra spiked" sample analysed by capillary ITP using 
operational system "A" (Table 1); conductivity detector (lower 
signal); UV-detector (,upper signal). L = leading ion (chloride); 11 = 
Bentazone; T-- terminating ion (propionate). 

F 

D 

>- 
o~ < 
fr 
F 
6O ~z 
g 
tlJ 
o 
z < 
F 
o3 

[1/ 
E 

17 16 15 14 13 12 11 10 

9 -  ~ l  T 

8 -  

7 t 6 -  

5 -  

L -~  

2 
UV 

4 - - 6 

3 -  } - 7  

2 -  - 8  

1-  ~ - 9  

0 ~ L_ f ' ~ * ' - - ~  10 
17 16 I5 14 13 12 t l  10 

P 

)- 
I1: 
P 

K H 

g 
z 
Q 
I- 
n 
fr 
0 
cO 
Cfl 

4 
> 
3 

TIME (MIN) 

Figure 6 
lsotaehopherogram of 5 ILl "Rhine extra spiked" sample ~p  

. . . .  PS as ~" addttlon of 0.1 gl 0.1 M pentanotc acad and 2 gl 0 01 M MO -~r 

terminating ion (HEPES). 
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Figure 5 
5 ~tl "Rhine extra spiked" sample analysed by capillary ITP using 
operational system "B" (Table I); conductivity detector (lower 
signal); UV-detector (upper signal). L = leading ion (chloride); B = 
Bentazone; T = terminating ion (HEPES). 

To improve the pre-separation of the Bentazone zo0~ 
from the other compounds pentanoic acid and M 01~ 
were tested as ITP spacers. ITP spacers are compOrteff~ 
that have selected mobilities and they migrate betWe~ 
the target compound and adjoining zones. In conseqU~ 
the localisation of the target compounds is facilitated, r ~ ~ 

measured RSH values in system "B" for these two spaCe, J~ 
were 0.49 and 0.76 respectively. Figure 6 shows !~; 
isotachopherogram for 5 ~1 of the "Rhine extra sp~k~, 
sample with addition of 0.1 I.tl 0.1 M pentanoic acid and ~ 
/_tl 0.01 M MOPS. From Figure 6 it can be concluded ~ 
the hump in the UV signal at the boundary of pentaS0~ 
acid and Bentazone that the isotachophoretic steady st~l ~ 
had not yet been reached. This can also be seen in FigttL 
7 where instead of 0.1 gl a volume of 1 gl of the pentan0L~ 
acid solution was used. Figure 6 and 7 dearly show ttta~ 
the addition of spacers may complicate the ITP pre" 
separation. 
ITP-HPLC analyses of water samples are performed vcit~ 
these spacers because, as stated above, the amou~t,c~ 
interference in the LC chromatogram can be reduced vy 
their use, Their amounts,  however,  were reduced to ~ 
minimum, concequently with an incomplete ITP sePar~ 
t ion ,  some  loss in recovery and repeatability cola N 
expected. 
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Figure 9 
Chromatograms of direct HPLC (dotted line) and ITP-HPLC 
(straight line) analysis of 30 lal "Rhine" sample. Detection UV, 
range = 0.005 AUFS. Arrows indicating Bentazone. HPLC condi- 
tions as Table 1I. 
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PLC interface, ITP operational system "B" (Table I). HPLC 
%nditions as Table II. 

0n-Line ITP-HPLC 

Using the onqine ITP-HPLC equipment the switching 
time had to be determined. This is the time needed for the 
,~entazone zone to pass from the conductivity detector 
lllto the ITP-HPLC interface. In some cases the Benta- 
ZOne zone was too small to be monitored by the ITP- 
detector. In those situations the starting point is taken at 
the conductivity value equivalent to sample zones, con- 

taining high amounts of Bentazone, which were measured 
previously. Variation of the switching time results in a 
maximum for the relative peak area (= peak area divided 
by maximum area) of the target compound (Figure 8). 
The optimum switching time appeared to be 307 seconds. 

To determine the repeatability of the overall ITP-HPLC 
method 5BI of a 4.5 �9 10-6M (1.1 mg 1-1 ) Bentazone 
standard solution was anatysed 11 times. The relative 
standard deviation = 6.3 % using peak heights and 7 .1% 
from area measurements.  

The sample volume capacity of the present ITP-HPLC 
equipment was determined by repeated injection of 
volumes between 2.5 and 40 IA, with increments of 2.5 or 
5.0 Ixl of standard Bentazone solution. From these experi- 
ments the maximum injection volume appeared to be 
30 gl. 

The detection limit (S/N = 2) was determined by injecting 
301al Bentazone standard solution in a concentration 
range 5 .0 .10 -7 M to 3 .2 .10 -8 M and equalled 2- 10 .8  M 
(-- 4.8 ~g 1- ]). 

The "Rhine" and the "Rhine spiked" samples were 
analysed by subjecting 30 tll of each to ITP pre- t reatment  
prior to LC. As discussed above these samples were 
analysed using pentanoic acid and MOPS as ITP spacers. 
These samples were also analysed by injecting 30 Bl of 
each directly on the LC column. Figure 9 shows the 
chromatograms of both an ITP-HPLC and a direct HPLC 
analysis of the "Rhine" sample. Figure 10 shows chroma- 
tograms of the "Rhine spiked" sample. As can be seen the 
ITP pre- t reatment  step removes a very large part  of the 
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Chromatograms of direct HPLC (dotted line) and ITP-HPLC 
(straight line) analysis of 30 gl "Rhine spiked" sample. Detection 
UV, range = 0.005 AUFS. Arrows indicating Bentazone. HPLC 
conditions as Table II. 

resistance of the interface, however, should be improved 
to more practical values of about 200 bar. 

The selectivity of the ITP pre-treatment method is high as 
far as this study is concerned and it looks promising for 
other application areas too. 

From these preliminary results the repeatability of th~ 
overall ITP-HPLC method appeared to be 7.1% rsd ~0 
aqueous Bentazone standards. The repeatability for the 
Rhine samples was somewhat worse but may be irn" 
proved. 

The sample volume capacity of the current ITP -HPLc 
equipment is 30 gl; the detection limit (S/N ~ 2) for 
Bentazone equals 2- 10- ~ M (4.8 gg l- 1). 

Concentrated extracts of original and spiked wa!~ ~. 
samples of the river Rhine were analysed successfUlLY' 
The Bentazone concentrations in the initial water sam.P! es) 
were 2 .10 10 M (0.05 gg 1-1) and 2 1 �9 10- 9 M (0 50 ~g I , 
respectively. 

Further research will be directed to the improvement of 
the ITP-HPLC interface and to the improvemer~t of tN 
quantitative performance on the entire system (repea!a~ 
bility, recovery, maximum sample volume, etc.). In orde~ 
to take full advantage of the concentration properties. ~; 
ITP, its coupling with micro-HPLC will be furttI~" 
developed. 

interfering background. Moreover, from laboratory prac- 
tise it became clear that column life and reproducibility of 
chromatographic behaviour is greatly improved. 

The repeatability of the ITP-HPLC analysis of these 
samples was poor when ITP spacers were used. Obviously 
the separating capacity of the ITP system is insufficient to 
reach the steady state under the experimental conditions. 
Among other factors this mainly depended on the 
amounts of the spacers used. Using 1.0 I.tl 0.1 M pentanoic 
acid and 10 Ltl 0.01 M MOPS the measured Bentazone 
concentrations in both samples were determined. Those 
in the original "Rhine" sample ranged from 1 �9 10 -1~ M 
(0.02 t.tg 1-1) to 2 �9 10 -1~ M (0.05 gg 1-1). For the "Rhine 
spiked" sample they ranged from 1.0.10- 9 M (0.24 gg 1- 1) 
to 2.1 �9 10 -9 M (0.50 Ixg 1-1). 

As expected the amount of "background" decreased 
using spacers. 

The measured Bentazone concentrations were not veri- 
fied with an independent analytical technique but are 
calculated using a calibration plot determined from 
aqueous Bentazone standards. 

Conclusions 
In this study it is shown that ITP as a sample pre- 
treatment technique can be coupled on-line to HPLC 
equipment. The ITP-HPLC interface can be operated 
without problem in laboratory practice, especially when 
electrical shielding is taken into account. The pressure 
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