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DETERMINATION OF PARAQUAT IN WATERS
BY ENZYMATIC INHIBITION USING
FLOW-INJECTION ANALYSIS

CARMEN LOPEZ-ERROZ, PILAR VINAS, NATALIA CAMPILLO
and MANUEL HERNANDEZ-CORDOBA”

Department of Analytical Chemistry, Faculty of Chemistry, University of Murcia, E-30071
Murcia, Spain

(Received 22 November, 1997 In final form 8 June, 1998)

A flow injection method based on the inhibition of the hydrolysis of acetylthiocholine to thiocholine
catalyzed by acetylcholinesterase is proposed for the determination of the herbicide paraquat. The
liberated thiocholine is monitored spectrophotometrically using 5.5’ -dithiobis(2-nitrobenzoic acid).
The calibration graph based on peak area is linear in the range 0.2-1.5 pg/m! with a relative standard
deviation of +4.1% The method is applied to the determination of paraquat in a commercial product
and in several water samples.
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INTRODUCTION

Enzymes are valuable analytical tools and offer sensitive and specific methods
for the quantitation of many substances!!!. The use of enzymes in flow injection
systems (FI) is widespread because they allow automation using closed or open
systems and immobilized enzymesm. Ellman reaction 13! is based on the acetyl-
cholinesterase (AChE)-catalyzed hydrolysis of acetylthiocholine (ATC) to thio-
choline, which reacts with 5,5’-dithiobis(2-nitrobenzoic acid) (DTNB) to give a
product which is measured spectrophotometrically. This reaction has been auto-
mated using FI methods!*%). The determination of enzyme inhibitors results in
very sensitive methods. Thus, some pesticides and heavy metal ions have been
determined because of their effect on the enzyme inactivation using FIl7-%].

* Corresponding author. FAX: +34-968-364148. E-mail: hcordoba@fcu.um.es
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Paraquat (1,1’-dimethyl-4 4’-bipyridinium dichloride or methyl viologen) is a
herbicide which is often used as a selective weedkiller!'?). It is toxic to man,
causing lung, heart, kidney and liver disorders, thus deserving particular atten-
tion its determination in the environment. Several analytical techniques have
been applied to the analysis of paraquat, most of which are based on liquid chro-
matography[”_m, although spectrophotometric[14], voltammetric! ') and
FIl16-171 techniques have also been proposed.

In the present study, the ability of paraquat to inhibit the catalytic effect of
AChE was studied using Ellman$ reaction and automation by FI. The method
was applied to the determination of the pesticide in several water samples of dif-
ferent origin. Other pesticides did not interfere with the method.

EXPERIMENTAL

Instrumentation

A Pye Unicam (Cambridge, UK) PU8625 UV/visible spectrophotometric detec-
tor set at a wavelength of 410 nm and a PC integration pack (Kontron, Zurich,
Switzerland) to record and integrate the peaks were used. The flow injection sys-
tem consisted of a Gilson (Worthington, OH) Minipuls HP4 peristaltic pump, an
Omnifit (Cambridge, UK) injection valve, a Hellma (Jamaica, NY) 178.012-QS
photometric flow cell, 0.5 mm i.d. PTFE tubing and various end fittings and con-
nectors (Omnifit). Thermostating of the reactor coil was carried out using a labo-
ratory-made electronic device.

Reagents

High quality water obtained using a Milli-Q system (Millipore, Milford, MA,
USA) was used throughout. All the chemicals used were obtained from Sigma
(St. Louis, MO). The 0.01 M acetylthiocholine iodide reagent was prepared in
water and the 0.01 M DTNB solution was prepared in 0.05 M phosphate buffer
(pH 7.2). Both reagent solutions were kept in dark bottles at 4°C. The stock solu-
tion of AChE from Electric Eel (500 units) was dissolved in 10 ml of 0.05 M
phosphate buffer (pH 7.2) and stored in 1-ml aliquots at —30°C. Appropriate
diluted solutions of the enzyme were prepared daily and maintained in an ice
bath while they were in use. No problems due to instability were noted through-
out the working day. A 300 pg/ml stock solution of the inhibitor paraquat (Serva,
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Heidelberg) was prepared in water and also kept at 4°C; working standard solu-
tions were prepared by dilution with water just before use.

Analytical procedures

A schematic diagram of the three channel flow manifold is shown in Figure 1.
Paraquat (200 pl) was injected into channel I, through which flowed the 0.05 M
phosphate buffer (pH 7.5); channel II contained a solution prepared by mixing
1 mM DTNB and 1| mM ATC, while a solution containing the AChE enzyme
flowed through channel III. Solutions II and III were kept in an ice bath during
the measurements in order to avoid instability problems. The three solutions
merged in a 4-way connector and the resulting solution flowed through a ther-
mostated reaction coil (3 m X 0.5 mm 1.D.) at 37°C before passing into the flow
cell for the absorbance (410 nm) to be recorded. All streams were pumped at the
same flow rate by means of a peristaltic pump with a total flow rate of
1.0 ml/min. Calibration graphs were obtained by plotting the area of the negative
peaks obtained when injecting the herbicide against the paraquat concentration.

HPBud
Vi

T

Ice bath

FIGURE 1 Flow-injection manifold for the determination of paraquat. (P) peristaltic pump, total
flow-rate 1 ml/min; (V) injection valve, sample-loop 200 pl; (R) reactor coil, 3 m long and 0.5 mm
1.D.; (T) thermostat at 37°C; (D) spectrophotometer at 410 nm; (PC) personal computer; (W) waste

For the determination of the herbicide in waters, an aliquot was filtered
through a 0.2 pm nylon Millipore chromatographic filter and analyzed by the FI
method.

RESULTS AND DISCUSSION

Paraquat determination was based on inhibition of the ATC hydrolysis reaction
catalyzed by the enzyme AChE. The optimal conditions for the inhibited reaction
would also be influenced by those values adequate for the catalyzed reaction.
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Consequently, several preliminary experiments were carried out to establish the
optimal values for the chemical and FI variables for both the catalyzed and the
inhibited reactions. The catalyzed reaction was followed by measuring the
absorbance of the reaction between the ATC and DTNB in the presence of the
AChHE enzyme, whereas the inhibited reaction was followed by measuring the
area of the negative peak obtained when the paraquat was injected into the FI
system.

Optimization of the chemical variables

The chemical variables were optimized to obtain maximum signals for both the
catalyzed and the inhibited reactions, thus giving maximum sensitivity to the
chemical analytical procedure. Since the pH of the reaction strongly affected
both reactions, all the reagent solutions were prepared with different pH buffers.
Figure 2 shows that the signals from both the catalyzed reaction (dotted line) and
the inhibited reaction (solid line) increased when the acidity of the medium
decreased. Consequently, a pH value of 7.5 was selected. This pH was obtained
by using a potassium phosphate buffer, the concentration of which was varied
from 0.005 to 0.5 M and the peak area was observed to decrease with increasing
the concentration of the buffer. The 0.05 M value giving maximum signal from
the catalyzed reaction was selected. On the other hand, higher values led to very
broadening peaks.

80
o~0 O\ o8
12
- 0.6
o .3 8 8
o [ c
M g : Lt 8
i o § 3
4 a
- 02 - 1.0
o+ 00 08
4 5 [} 7 8 9 10 00 01 02 03 04 05 086
pH {phosphate], M

FIGURE 2 Influence of the pH and the phosphate buffer concentration on both the reaction inhibited
by injecting 1 pg/ml of paraquat (solid line) and the enzymatic reaction (dotted line)

The influence of other chemical variables is shown in Figure 3 . The ATC con-
centration was varied between 1.0x10™* and 5.0x107> M in the presence of a
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0.25 U/ml AChE concentration. All solutions were prepared in 0.05 M phosphate
buffer (pH 7.5). The signals obtained from both catalyzed and inhibited reactions
rapidly increased and an ATC concentration of 10~ M was chosen as optimal.
The signals obtained with different DTNB concentrations were studied in the
1x107%- 4x1073 M range and it was observed that the inhibition by paraquat lev-
elled off at above 10~ M. An increase in temperature had a favourable effect on
the signal up to approximately 30-37°C, above which the inhibition decreased.
The reactor coil was, therefore, thermostated at 37 £ 0.1 °C. The effect of vary-
ing the enzyme concentration was studied and the signals from both the enzy-
matic and the inhibited reactions continuously increased with higher
concentrations.
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FIGURE 3 Influence of the ATC, DTNB and AChE concentrations and temperature on both the reac-
tion inhibited by injecting 1 pg/ml of paraquat (solid line) and the enzymatic reaction (dotted line)

Influence of the FI variables

Several FI manifolds were tried and the best results were obtained when the
inhibitor paraquat and the enzyme AChE were simultaneously mixed with the
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ATC and DTNB by means of a four-way connector. The influence of the reactor
coil length was studied in the 0.5-6.5 m range. Figure 4 shows that the inhibition
by paraquat increased with increasing the reactor lengths up to about 3 m, which
was selected; greater reactor lengths resulted in smaller peak areas probably due
to sample dispersion. The total flow rate was then varied between 1 and
3.5 mI/min to obtain a compromise optimal value which would lead to maximum
peak area and sensitivity as well as a reasonable sample throughput rate. Figure 4
shows that the peak area decreased continuously as the flow rate increased
because it considerably affected the reaction time. A 1 ml/min value was selected
as a compromise between a good signal, sharp Fl peaks and an adequate sam-
pling frequency. The effect of the sample loop size was examined between 30
and 350 pl and linearity was observed up to approximately 200 ul, which was the
size chosen (Figure 4). Deviation from linearity with greater injection volumes
may be attributed to increased dispersion of the sample plug!®!.
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FIGURE 4 Effect of FIA variables (reactor coil length, flow-rate and sample loop size) on the reac-
tion inhibited by injecting 1 pg/ml of paraquat

Calibration, interferences and applications

Calibration of paraquat was performed by plotting concentration against the area
of the negative peaks and linearity was obtained between 0.2 and 1.5 pg/ml. The
precision and accuracy of the method was demonstrated by repeated analyses
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and the average relative standard deviation (RSD) calculated for ten replicate
determinations of 0.26 pg/ml of paraquat was +4.1%. In separate experiments,
several other pesticides were tested for their ability to inhibit the enzyme. An
inhibition effect on the enzyme was observed for diquat and diazinon at concen-
trations of 20 pg/ml and for atrazine and malathion at concentrations above
10 pg/ml. For other type of organic compounds such as chlorpromazine and per-
phenazine, no inhibition effect could be measured below a concentration of
20 pg/ml. Since some inhibitors were dissolved in organic solvents, their effect
was investigated and it was found that up to 5% v/v methanol, ethanol and ace-
tonitrile had no influence. Interferences caused by the common ions present in
water samples were studied by injecting solutions containing paraquat
(0.5 pug/ml) and different amounts of the ions. No interferences were found for
calcium, magnesium, chloride or sulphate at [interferent]/[paraquat] ratios up to
100/1. Higher concentrations were not assayed. The tolerance limit was taken as
the concentration causing an error of no more than 4% in paraquat recovery.

The reliability of the proposed method was tested by analyzing a commercial
product containing paraquat (Gramoxone, available in the form of the dichloride
salt) and several samples of water of different origin. The results are included in
Table I. Since none of the water samples contained any paraquat, they were
spiked with the analyte at two concentrations. The concentrations found in water
samples spiked with known amounts of the herbicide (0.5 and 1.0 pg/ml) were
compared with the concentrations obtained by direct injection of standard solu-
tions at each concentration level. As can be appreciated, the recovery was essen-
tially quantitative.

TABLE I Determination of paraquat in different samples

Water sample Added (ng/ml) Found*
Tap water 0.5 0.51+0.02
10 096 £ 0.05
Bottled water 05 049+ 001
10 098 + 0.04
Spring water 05 052+0.03
1.0 1.06 + 0.06
Commercial product Labeled (g/1) Found*
Gramoxone 200 1956

* Mean + standard deviation (SD) (n =6)
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