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Development of micro-droplet hydrodynamic
voltammetric techniques based on enzyme inhibition
and its application for the toxicity assessment of
environmental water pollutants
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Environmental water pollution has gained global attention because of the hostile effects it
made toward the ecological balance and human health. There are varieties of toxicants,
including chemicals, detergents, coloring agents, heavy metals, pesticides, endocrine
disruptors, antibiotics, carcinogens, and toxins are releasing to the environmental water
through various natural and anthropogenic processes which poses serious threats to the
survival of aquatic plants and animals. Contaminated water contains a mixture of pollutants
that together create a complex toxicity which is difficult to assess using conventional
chemical analysis techniques. Most of the current monitoring levels are articulated on the
basis of single pollutants which might lead to under or over estimation of toxicities.

Therefore, it is essential to study the toxicity of these pollutants with toxicological studies.

The main objectives of this study evaluate the rightness of electrochemical
hydrodynamic rotating disk electrode (RDE) techniques for the determination of aquatic
toxicity arising from heavy metals and microcystins. We have developed electrochemical
enzyme inhibition assay for the toxicity determination of heavy metals, a representative of
inorganic poilutanté and microcystin, a toxin produced by cyanobacteria. The RDE can
effectively mix the enzyme-substrate mixture and at the same time performs as
electrochemical detection device. The rapid determination of enzymatic activity was achieved
using hydrodynamic voltammetry in a 50 pL micro-droplet with a rotating disk electrode. In
both case, p-aminophenyl phosphate (PAPP) has been used as a substrate. The
chronoamperometric response were obtained from the electrochemical oxidation of
p-aminophenol (PAP) following the enzymatic conversion of p-aminophenyl phosphate
(PAPP). Enzymatic activity over a PAPP substrate is affected by these toxicants, and this

phenomenon decreases the chronoamperometric current signal.



For the determination of heavy metal toxicity in water, we developed microalgal
bioassay on the basis of the alkaline phosphatase (ALP) enzyme inhibition of
Chlamydomonas reinhardtii. The induced ALP activity of C. reinhardtii was inhibited using
the phosphate starvation method. Five heavy metals were chosen as toxicants: Hg, Cd, Pb, Zn,
and Cu. The concentrations of Hg, Cd, Pb, Zn, and Cu in which the ALP activity was half that
of the control (ECso) were found to be 0.017, 0.021, 0.27, 1.30, and 1.36 uM, respectively.
The system was demonstrated to be capable of detecting enzymatic activity by using a small
amount of regent, and a detection limit of 5.4 x 1077 U. The results were compared with those
from a micro-scaled AGI (p-AGI) test and an electrochemical enzyme inhibition test using

purified ALP on the basis of micro-droplet hydrodynamic voltammetry.

Protein phosphatase 2A (PP2A) inhibition has been used for the determination of
microcystin-LR (MC-LR), one of the most frequent and most lethal cyanobacterial toxins and
a vital environmental pollutant due to its toxicity and persistence. It is hepatotoxins and have
been shown to be potent tumor-promoters which pose a serious threat to human health in the
form of chronic exposure through drinking water. The parameters for measurement of PP2A
inhibition by MC-LR were optimized in this study. The results were compared with other
electrochemical and colorimetric measurements. Comparison among these studies revealed
that the PP2A inhibition assay has a sensitive response to MC-LR. The ICso value was
calculated as 0.08 pg/L which is well below the World Health Organization (WHO)

provisional guideline value for total MC-LR of | pug/L in drinking water.

We have studied the effectiveness of RDE for the electrochemical determination of
enzyme activity inhibition to determine the toxicity of heavy metals and microcystin using
ALP and PP2A, respectively. Both the assays were discovered as sensitive in comparison
with other electrochemical and spectrophotometric methods in terms of ECso and ICso values.
This is due to the effective mixing of enzymes and substrates by RDE which decreases the
incubation time and reduces the nonenzymatic hydrolysis of the enzyme substrate. The
microdroplet reaction vessel reduces diffusional distance, resulting faster detection. It also
reduces the dilution of enzymatic product which results in lower detection limits. The use of
enzyme inhibition with minimum instrumentation requirements make these essays really
convenient. Thus, it can be suggested that enzyme inhibition assay using RDE is a suitable
candidate for measuring the toxicity of aquatic environmental pollutants using fewer

chemicals in a rapid manner.
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