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SENSITIVITY ENHANCEMENT BY USING AN 

DETERMINATION OF PESTICIDE MIXTURES 
HPLC FLOW-THROUGH SENSOR FOR 

M. T. TENA, M. D. LUQUE DE CASTRO, AND M. VALdRCEL 
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A B m c r  

The coupling of a liquid chromatograph to a flow-through sensor based on the use 
of a cell packed with a support to retain trantiently the eluted d y t e s  and located in 
an ordinary photometer is proposed. The performance of the arrangement has been 
tested by applyhg it to the determination of ternary mixtures of carbamate pesticides. 
The sensitivity of the method surpasses to other previously proposed as an in situ 
concentration of the monitored products at the detection point is performed. Thus, an 
enhancement of sensitivity of up to SO-times with respecto to the use of the same flow- 
cell without packed material is achieved. 

I" 

Flow-through (bio)chemical sensors are one of the simpler ways to overcome 
shortcomings from irreversible but regenerable sensors as the regeneration step can be 
easily automated [l-31. These devices consist of conventional or special flow-cells packed 

with inert (C, bonded silica gel, alumina) or active materials (ion-exchangers or 
chromogeuic ligands bonded to different inert materials) placed in an ordinary 

photometer of fluorimeter. Any of the components of a (bio)chemical reaction can be 
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retained on the packed material in a temporary manner if the analyte [4,5] or product 

[6,7l are the retained species; or permanently if the reagent [8,9] or catalyst [lo] are 
immobilized. The reaction and/or retention at the detection point are integrated in this 
way. Simultaneous determinations can also be accomplished based on small differences 

of the anlytes behaviour if a enough powerful detector is used to enlarge these 
differences. Such is the case with the determination of ternary mixtures of aromatic 

amines [4] and carbamate pesticides [ l l ]  by placing the packed flow-cell in a diode array 

spectrophotometer, or that of B, h a t e r s  by using derivative synchronous fluorescence 
[7]. One of the more interesting features of this type of (bio)sensors is the enhanced 
sensitivity as a consequence of the in situ concentration of the monitored species at the 
detection point, which allows a wide manipulation of the determination range by 

changing the concentration interval. 
The coupling of a flow-through sensor to a liquid chromatograph is proposed in 

this paper for the first time. The aim of this arrangement was to improve the features 

of the chromatographic method for separation/determination of carbamate pesticides by 

enhancing sensitivity, thus showing the usefulness of the proposed coupling. The 

pesticides selected for this purpose were carbofuran, propoxur and carbaryl, and the 
overall method is based on the retention of these carbarnates on an ultrabase C, 
chromatographic column, and derivatization of the eluted analytes based on their basic 
hydrolysis and subsequent coupling with diazotized sulphanilic acid, the products of which 

are monitored photometrically at 400 nm. This chemical system was previously used for 

the determination of these compounds by flow injection analysis (FIA) [ l l ]  and also for 

their joint and individual determination by use of an integrated flow-injection/HPLC 

system [12]. 

MATERIALS 

Reaeents 
The chromatographic system consists of a high-pressure dual piston pump 

(Knauer, mod. 64), a high-pressure rotaIy injection valve (Knauer), and an ultrabase C,, 
chromatographic column, all of which are connected through stainless steel tubing of 0.5 
mm ID. The continuous-flow, post-column denvatking system consists of two low- 
pressure peristaltic pumps (Gilson Minipuls-2 and Ismatec S-840, both with four 
channels), a Rheodyne 5041 low-pressure injection valve which acts as a switching valve, 
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and a UV-visible spectrophotometer (Pye Unicam SP6-500) furnished with Hellma flow- 
cells (mod. 178.12QS, 10 mm optical path; 178.52QS, 1.5 mm optical path; and 138 0 s .  

1 and 2 mm optical path), and connected to a recorder (Radiometer, mod. REC 80) and 
integrator (Hitachi D-2500). All tubing of the continouos flow system was of 0.7 mm ID. 
The temperature of the continuous system was controlled by a bath thermostat (Abson 

BH-I). 

Chemicals and Mate& 
Aqueous solutions containing 2 M NaOH, 2 g/l NaN02 and 2 g/l sulphanilic acid 

in 30% acetic acid were used. 
The mobile chromatographic phase was prepared from bidistilled water and 

HPLC/degree acetonitrile (ACN from Romil Chemicals) in a 7030 ratio, filtered 

through a 66 Nylon filter (0.45 ~.r pore size) and degassed with an ultrasonic bath and 

then with helium. 

Stock standard solutions containing 1 g/l of the analytes in 1,Cdioxane were 

prepared from solid samples supplied by Chem Service, and used to make more dilute 
solutions by adding bidistilled water. The stock solutions were stored at 4 "C. 

The solid support in the flow-cell was C,, bonded silica of 60-100 pm from Sep- 

Pak cartridges supplied by Waters. 

Methods 
Figure 1 shows the overall arrangement used, in which the sample containing the 

three pesticides (carbofuran -CBF-, propoxur -PPX- and carbaryl -CYL) was injected 
through the high-pressure valve of the chromatograph into the acetonitrile/water mobile 

phase. After separation, the eluted analytes merged with a basic stream, which 

hydrolyzed them along reactor R,. The diazotization step of HNO, with sulphanilic acid 
takes place along R,; on merging R, and R2 the dyes form along R, by coupling of the 
phenols resulting from hydrolysis of the analytes and diazotized sulphanilic acid. Finally, 
a water stream merged with R, and decreased the organic content of the stream which 

attained the flow-cell. thus favouring the retention of the reaction products on the Cu 
bonded silica packed in the cell. Reactor R, ensured a complete mixture of the merged 

stream. A selecting valve, SV, placed after R,, was switched after the data (peak area 
and peak height) of the three analytes were collected to re-establish the baseline, thus 
the system was ready for introduction of the next sample. 
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7 0 0 ~ 1  

... . 
ACN: H20 H P I V  

1 - 
I 1.5 I 30 : 70  

I -  
cc I I 

U I 
EtOH : HNOj(2M) 

L PP1 

LPP2 

Fig. 1. HPIC/post-column derivatizing system/flow-through sensor arrangement for the 
determination of carbarnate pesticides. HPP and LPP denote high and low pressure 

pmps, respectively, SA denotes sulphanilic acid, HPIV high pressure injection valve, CC 
chromatographic column, R reactor, SV selecting valve, D detector and W waste. 

p 
The aim of the optimization was to achieve maximum retention of each monitored 

product on the support packed in the flow-cell, followed by its fast elution to avoid 
overlapping with the next product which attains the flow-cell. - 

Several flow-cells of different optical path (10.0, 2.0, 1.5 and 1.0 mm) were 
assayed after packing them with the support. The 10 mm optical path cell was not useful 
as the absorbance of Cp bonded silica saturated the capacity of the detector. An optical 
path of 1.0 mm provided the best results as longer lengths gave rise to higher dispersion 
of the eluted plugs with appreciable overlapping of the reaction products of PPX and 
C IBF. 
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The packing level of the support in the flow-cell was a key variable because if the 
solid phase did not reach the optical path, product measurements were actually made on 
the solution, and when the packing top was above the light beam, the support area with 
the highest product concentration (that closest to the surface, i.e. the area on which the 
incoming flow impinged) fell outside the sensed area. The packing level was studied 
between 145 and 19.0 mm, measured from the bottong of the cell. The signal of each 
product was maximal for a level of 16.0 mm. This level must be optimized for each 

detector, whose light source must iluminate all the surface in which the concentration 
occurs, but without lost of radiation towards other zones of the cell. 

Table 1 s u d s  the ranges in which the different variables were optimized 
and the optimal values found by using the univariate method. 

The optimal values of chemical variables were very similar or identical to those 

of the FIA/HPLC system previously described [12], but other variables as flow-rate and 
mobile phase of the. chromatographic system and flow-rate of the continuous-post-column 
system were systematically optimized in order to achieve maximum retention of the 
monitored products on the flow-through sensor. This effect was favoured by increasing 
the water percentage in the stream which attains the flow-cell, which, in turn, was 
achieved by decreasing the organic percentage of the mobile phase and its flow-rate. 

The composition of the mobile phase (acetonitrile/water 3070) provided the best 
resolution in the minimum time. A decrease of the chromatographic system flow-rate 
from 2.0 ml/& to 15 ml/min resulted in an increase of the peak height between 23 
and 30%. depending on the analyte, but also increased the time of the chromatogram 
from 18 to 25 mia 

Despite the increase of dispersion, the increase of the flow-rate of the water 
sueam of the post-column system increased the signals up to a value of 13 ml/min, 
above which the baseline became more and more irreproducible. 

The increase of the injected sample volume increased the signals, but also the 
peak-witdh, so a sample volume of 700 pl (unusual in HPLC) was chosen as compromise. 

An 1:l ethanol-HNO, (ZM) solution was found in a previous work 1111 to be the 
most appropriate for eluting the product from the support. The flow-rate of this stream 

was not critical as the action of the eluent was highly efficient. 
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R3l 

R 4 9  

Table 1. OPTIMIZATION OF VARIABLES 

200 - 650 450 

Variable 1 Range estudied 1~ Optimum value 

Optical path, mm 

Packing level, mm 

NaOH, M 1 - 4  2 

1 - 4  2 

Sulphanilic acid. g/l 1 - 4  2 

Acetic acid, % 15 - 60 30 

1 - 10 1 

14 - 19 16 

Temperature, "C - ] - 4 5 - 7 5  I 65 

Flow-rate, ml/min, 10 - 2.0 1.5 

q1 P e 0.49 - 1.0 0.7 
e 0.27 - 0.54 0.4 
q 4  0.96 - 1.75 1.3 

80 - 360 160 

Rh cm I 210-410 I 210 

v,, Ccl ~ I ~ 200-700 I 700 

The passage of the mobile phase-reagents mixture through the support resulted 
iii  a continuous increase of the baseline, dipper when the percentage of the aqueous 

phase increased. There was impossible to obtain a constant baseline without a dramatic 
lost of sensitivity. 

€- 
Figure 2A show a chromatogram obtained with the optimal working conditions 

for which the drift of the baseline did not hinder to propose a useful method for the 
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A1 

PPX 
CBF 

c’ PPX 

I 

Fig. 2. Comparison of the sensitivity of the proposed method (A), with that afforded by 
the use of the same flow-cell without packed material (B) and with an unpacked cell with 
an optical path ten-times longer (C). CBF denotes carbofuran, PPX propoxur, and CYL 
carbaryl. The working conditions for all the three experiments were: Concentration of 
PPX and CBF 0.5 pg/ml, concentration of CYL 0.25 pg/ml, flow-rate of the 
chromatographic system 15 ml/min, overall flow-rate of the post-colum system 3.2 

ml/min, injection volume 700 pl. 
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determination of these pesticides, whose features appear in Table 2, in which a better 

values of the features based on peak height measurements rather than in peak area can 

bc observed wider linear interval, better regression coefficient and smaller relative 

stmdard deviation. 

%nsitivity of the P roDosed - Auproach 
As shown in Fig. 2, the retention of the reaction products on the support packed 

in the flow-cell dramatically increased the sensitivity with respect to the use of the same 
cell but without support. The peak height increased 19.3, 20.0 and 50.0-times for PPX, 

CBF and CYL, respectively, by the in situ concentration of the reaction products of these 
arialytes (Fig. 2A and B). Even the sensitivity was higher for the in situ concentration 
than for a non-packed flow-cell with an optical path ten-times longer (Fig. 2A and C). 

The improvement in this case was 2.3, 2.7 and 6.7-times for PPX, CBF and CYL, 
respectively. 

E e i o n  of Pest icide M ixtures 

The performance of the proposed method was tested by applying it to the 
resolution of ternary mixtures of the analytes. Different ratios of carbofuran, propoxur 

and carbaryl mixtures were assayed. Table 3 lists the added and found concentrations of 

these carbarnates and the percent recoveries achieved both by using peak height and 

peak area measurements. The recoveries were between 87.7 and 109.7% for peak height 

measurements, while those based on area measurements provided worse values. Errors 
by excess were obtained for PPX/CBF concentration ratios upper than two owing to 

overlapping of the peaks. 

CONCLUSIONS 
The proposed method surpasses to other recent methods based on HPLC [12-141, 

arid also to that based on the use of a flow-through sensor located in a diode array 

spectrophotometer [ll] in several respects as determination limit. linear range of the 
culibration curve, precision and simplicity of the instrumental system. Thus, it must be 
concluded that the coupling of a flow-through sensor to a liquid chromatograph can 

improve the features of a method by increasing sensitivity as required through the in situ 
concentration of the analyte at the detection point. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



HPLC KOW-THROUGH SENSOR 2383 

Acknowledeements 
Direcci6n General de Investigacidn Cientifica y Tkcnica, DGICyT, is thanked for 

financial support (Grant No. PB90-0925). 

REFERENCES 

1. M. Valdrcel, M.D. Luque de Castro, Analyst, 115: 699-703 (1990) 

2. M.D. Luque de Castro, M. Valcircel, Lab. Robotics Autom. 3 (1991) 
3. bid, Trends Anal. Chem., m: 114-121 (1991) 
4. B. Femhdez-Band, F. Lharo, M.D. Luque de Castro, M. Valchcel, Anal. Chim. 

Act% =:177-185 (1990) 

5. N, Lacy, G.D. Christian, J. ruzicka, anal. Chern., @: 1482-1490 (1990) 

6. F. k o ,  M.D. Luque de Castro, M. ValcBrcel, Anal. Chim. Acta, 2x231238 

(1989) 
7. Danhua Chen, M.D. Luque de Castro, M. Valcircel, Anal. Chim. Ada, (1992) in 

press 
8. M. de la Torre, F. Fernandez-Girnez, F. JAzaro, M.D. Luque de Castro, M. 

Val&ceI, Analyst, m:81-83 (1991 
9. F. k o ,  M.D. Luque de Castro, M. Valciircel, Anal. Chim. Acta, 214: 217-227 

(1988) 

(1990) 

10. P. Linares, M.D. Luque de Castro, M. Valcircel, Anal. Chirn. Acta, m: 199-202 

11. B. Fernhdez-Band, P. Linares, M.D. Luque de Castro, M. Valdrcel, Anal. Chem., 

Q: 1672A675 (1991) 
12. M.T. Tena, P. Linares, M.D. Luque de Castro, M. Valciircel, Chromatographia, in 

press 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
4
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1


