
DETERMINATION OF ANIONIC DISINFECTION BY-PRODUCTS IN DRINKING WATER 

BY ZONE ELECTROPHORESIS - ISOTACHOPHORESIS ON A CHIP WITH COUPLED SEPARATION 

CHANNELS AND CONDUCTIVITY DETECTION

Bromate, chlorite and chloroacetic acids are formed as byproducts on disinfection of drinking 

water. These constituents (DBP) are of a healthcare concern and, therefore, they need to be 

currently determined in drinking water treated by chlorination or ozonization. 

The US EPA provides (EPA 816-F-01-007, National Primary Drinking Water Standards) for 

these anions maximum contaminant levels (MCL), i.e., the highest levels at which these 

contaminants can be present in drinking water. The MCL values are taken as enforceable 

standards.

This work was aimed at investigating the use of ITP-ZE on the column-coupling (CC) chip 

with integrated conductivity detection to a rapid determination of bromate, chlorite and 

chloroacetic acids in drinking water. It was focused on a search of the electrolyte system 

providing the concentration limits of detection reflecting the MCL values, and, at the same time, 

applicable to their determination in drinking water samples characterized by current anionic 

matrices. 

DETERMINATION OF THE ANIONIC DISINFECTION BY-PRODUCTS

CONCLUSIONS
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The inlets to the chip channels (C1-C3, S) are hydrodynamically 

closed by rollers of the peristaltic pumps (PP1-PP3, PPS). E1-E3 = the 

driving electrodes. BE,LE,TE = the background, leading and 

terminating electrolyte solutions, respectively; S = sample.

Electrolyte and sample management unit

Column-coupling chip with 

conductivity detection

LE, TE, BE,  = inlets for the leading, terminating and 

background electrolyte solutions, respectively; S = inlet for the 

sample solution; outlet = outlet to the waste collector.
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OPERATIONAL STEPS IN THE ITP-ZE SEPARATION

(a) starting arrangement of the solutions 
      in the chip channels

(b) ITP run 

(c) electrodriven transfer of the DBPs 
      to the ZE channel  

(d) ZE separation of the transferred DBPs 

BF = bifurcation region; C1, C2 = the ITP and ZE separation channels; D-ITP, D-ZE = 

detection sensors; TE =terminating electrolyte adapted to the composition of the S

sample (S); TE = terminating electrolyte adapted to the composition of the leading ITP

electrolyte (LE); M = zones of the matrix macroconstituents; A1-A3 = analytes; 

i = direction of the driving current.
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AIMS OF THE WORK

TABLE 1Maximum contaminant levels (MCL)

TABLE 3

FIG. 1 FIG. 2 FIG. 3

Electropherograms from the ITP-ZE separations of model samples of DBPs are shown  in Fig. 1.

Repeatabilities attained in the migrations and quantitations of the anionic DBPs were assessed from the ITP-ZE runs performed with model samples 

containing the analytes on three concentration levels. The corresponding data for the lowest concentration level are summarized in Table 3. 

Electropherograms for the concentrations of analytes taken as the limits of their determination are given in Fig. 2.

Drinking water samples, disinfected by chlorine and chlorine dioxide, were collected from a local water supply. Of the anions taken into our investigation 

only chlorite was detected with confidence in these samples. As none of the other anionic DBPs was detected we performed experiments with the samples 

appropriately spiked with these constituents. Illustrative electropherograms obtained from the ITP-ZE runs with such drinking water samples are given in Fig. 3. 

This work was supported by Merck (Darmstadt, Germany) and, in part, by a grant from the Slovak Grant Agency for Science (the project No. 1/0087/03). One of us (R.B.) thanks for a grant (153/2003/UK) awarded by the Rector of Comenius University.

This work shows potentialities of ITP-ZE on the CC chip to a rapid determination of the anionic DBPs when these are present in drinking water on low ppb concentration levels.

The ITP sample pretreatment, separating the DPBs from the matrix macroconstituents and concentrating them into a narrow pulse, in parallel, removed tens of nanomols of the macroconstituents from the separation compartment of the 

chip. This, for example, made possible to load the samples with the aid of a 9.9 ml sample channel, i.e., in the volume larger than the total volume of the separation compartment (8.8 ml). 

The ITP sample pretreatment step was effectively complemented by ZE as this separated the constituents present in the ITP pretreated sample and provided for the anionic DBPs detectabilities relevant to the MCL levels (see Table 1).  

For drinking water samples containing chloride and sulfate at very high concentrations, especially, the determination of bromate may require pre-column removal of these anions. Here, approaches as developed for ion chromatography 

(removals of chloride and sulfate by ion exchanging columns), compatible with the present procedure on the CC chip, offer a convenient solution in such instances. 
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DBP MCL (mg/l)  Anions MCL (mg/l) 

Bromate 0.01  Chloride 100 

Chlorite 1  Sulfate 200 

Haloacetic acids 0.06  Nitrate 50 
 

The haloacetic acids represent the sum of monochloro-, dichloro-, trichloro-, monobromo- 
and dibromoacetic acid. 
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Repeatability of the determination of DBPs

The data were calculated from 5 runs over 5 days.

Bromate (10ppb) Chlorite (50ppb) DClA (10ppb) TClA (10ppb) MClA (40ppb) 

tm Area tm Area tm Area tm Area tm Area 
 

[s] [mV.s] [s] [mV.s] [s] [mV.s] [s] [mV.s] [s] [mV.s] 

Mean 402.4 7.6 424.6 48.2 464.0 8.0 480.3 15.1 600.2 19.1 

SD 3.3 0.9 2.7 6.4 2.7 0.6 3.1 2.0 2.5 1.6 

RSD (%) 0.8 11.4 0.6 13.3 0.6 8.1 0.6 13.3 0.4 8.5 

 

370 470 570 670

15mV

tm [s]

BrO3

ClO2

DClA

TClA
MClA

IS
F

P

a

b,c

d,e

Electropherograms obtained from the ITP-ZE runs with tap water 
(40%) and tap water (40%) spiked with bromate (15ppb), 
chlorite (100ppb), dichloroacetate (20ppb), trichloroacetate (30ppb), 
monochloroacetate (60ppb).
p-toulenesulfonic acid (300ppb) served as an internal standard.
a = blank; b, c = tap water; d, e = spiked tap water.
BrO = bromate, ClO= chlorite, DClA = dichloroacetate, TClA = trichloroacetate, 3 2 

MClA = monochloroacetate, IS = p-toulenesulfonic acid, P = phosphate, F = fluoride.
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FUNCTIONS OF ITP AND ZE IN THE ITP-ZE COMBINATION

TABLE 2

In the ITP stage of the combination the analytes were concentrated into a narrow 

pulse migrating in front of the terminating zone and, at the same time, the matrix 

macroconstituents (sulfate, chloride and nitrate) were removed from the separation 

compartment of the chip (step b). 

The background electrolyte employed in the ZE stage of the combination 

provided the resolution of the analytes, transferred to this stage in a pulse (step c), 

and their sensitive conductivity detection (step d).

Electrolyte systems 
 

ITP ZE 
Leading ion Chloride Carrier ion Citrate 
Concentration (mmol/l) 10  Concentration (mmol/l) 4  
Counter-ion b-alanine Counter-ion Glycine 
pH 3.05 Complexing additive PEG 400 
EOF suppressor MHEC Concentration (%, V/V) 10 
Concentration (%, w/V) 0.05 pH 2.9 
Terminating ion Citrate EOF suppressor MHEC 
Concentration (mmol/l) 30 Concentration (%, w/V) 0.5 
Counter-ion b-alanine   
pH 3.4   
EOF suppressor MHEC   
Concentration (%, w/v) 0.05   
MHEC = methylhydroxyethylcellulose 
PEG = polyethyleneglycol 

Electropherograms from the ITP-ZE runs with model sample. They were 
obtained from the runs performed within 4 days. The loaded sample contained bromate 
(20ppb), chlorite (200ppb), dichloroacetate (50ppb), trichloroacetate (50ppb), 
monochloroacetate (150ppb). p-toulenesulfonic acid (300ppb) served as an internal 
standard. A black trace electropherogram was obtained from a blank ITP-ZE run.
BrO  = bromate, ClO = chlorite, DClA = dichloroacetate, TClA = trichloroacetate, 3 2

MClA = monochloroacetate, IS = p-toluenesulfonic acid.

Electropherograms from the ITP-ZE runs with a model sample 
containing the anions (with the exception of chlorite) at estimated limits 
of quantitation. The loaded sample contained bromate (5ppb), chlorite (50ppb), 
dichloroacetate (5ppb), trichloroacetate (10ppb), monochloroacetate (30ppb). 
p-toulenesulfonic acid (300ppb) served as an internal standard. A black trace 
electropherogram  was obtained from a blank ITP-ZE run.
BrO  = bromate, ClO = chlorite, DClA = dichloroacetate, TClA = trichloroacetate, 3 2

MClA = monochloroacetate, IS = p-toluenesulfonic acid.
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