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Abstract

In this report an expeditious, manageable and uncomplicated advancement has been demonstrated in the field of nanopar-
ticles for sensing dithiocarbamates (DTCs) Ziram, Zineb, and Maneb pesticides in environment and juice samples using
cetyltrimethyl ammonium bromide (CTAB)-capped copper nanoparticles (CTAB-Cups) as colorimetric probe. The probe
was prepared in aqueous solvent using CTAB and hydrazine monohydrate. Localized surface plasmon resonance band of the
prepared sensor was scanned by UV-visible spectrophotometer. Further Fourier-transform infrared spectroscopy (FTIR),
scanning electron microscopy, energy-dispersive X-ray spectroscopy (EDX), zeta potential and dynamic light scattering
(DLS) techniques were employed to reveal the interaction, functionality, surface characteristics and particle size. Probe was
used competently for colorimetric sensing of Ziram, Zineb, and Maneb belonging to the DTCs group of pesticides. Sud-
den change in color from reddish wine to yellow was noted visibly and monitored on spectrophotometer, FTIR, EDX, zeta
potential and DLS. The probe indicated very susceptible and selective colorimetric detection of DTCs within the range of
97.9-489.3 ng/ml, 8.8—44.1 ng/ml and 8.4-42.4 ng/ml for Ziram, Zineb and Maneb. The designed method yielded very rapid
and organized procedure for detection of DTCs with minimal sample preparations. The method was used for the analysis
of DTCs spiked tap water, tomato extract, mango juice, and recoveries of DTCs were obtained within 95.8-108.5% with
relative standard deviation within 0.14-1.11%.
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Introduction

The distinctive optical properties of the noble metallic
nanoparticles (Au, Ag, and Cu) have made them an irre-
sistible prospect in miscellaneous applications, compris-
ing of biotechnology, electronics, optical devices, sensors,
catalyses [1] as well as in pharmaceuticals [2-5] and in
textile [6]. Due to wide applications of noble metal nano-
particles, numbers of methods have been developed to syn-
thesize NPs with variation in shape, size and topography
[7]. Currently, copper is gaining application in the fields
of medicines, optics, electronics, antimicrobial, nanofluids,
efficient catalyst in production of lubricants and conductive
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films [8—15]. However, colorimetric applications of copper
nanoparticles are rarely found. Furthermore, low cost and
easy availability of copper as compared to precious metal
Au, Ag, Pt offers it as a suitable candidate [16]. One of the
major problems in utilizing CuNPs in sensor application is
their susceptibility to oxidation when exposed to air. In this
regard various methods have been established to synthesize
CulNPs by alternating the suitable parameters and under inert
atmosphere [17, 18].

Dithiocarbamates are one of the frequently used sul-
fur-containing organic compounds [19]. They have wide
spread applications in rubber manufacture, antioxidants
[20], as antislime in paper making and also in production
of sugar [21]. In this regard the amount consumed annually
is estimated between 25,000 and 35,000 metric tons [22,
23]. Dithiocarbamates are categorized in different classes
on the basis of their carbon skeleton and properties such
as; ethylenebisdithiocarbamate (EBDTC) comprises of
mancozeb, nabam, metiram, zineb, and maneb: propylen-
ebisdithiocarbamate (PEBDTC) comprises of propineb:
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dimethyldithiocar-bamate (DMDTC) includes ziram, fer-
bam. Another category belonging to DTCs is tetramethyl-
thiuram disulfide which comprises thiram pesticide [24].

The vast use of these pesticides has raised some environ-
mental noxiousness and health antipathetic effects leading
to chronic health problems, organ toxicity, effects on central
and peripheral nervous system and thyroid functioning [21].
Due to all these, determination of these DTCs pesticides
is taken into consideration to alleviate them from expo-
sure to human beings and water contamination. Numerous
analytical techniques have been employed to determine the
pesticides such as; chromatography, flow-injection method,
spectrometry, polarography, biosensor [20, 25, 26] and
also through advanced techniques, LC-MS [27], LC-MS/
MS [28], GC-flame photometric detection [29], MS [30],
hydrophilic injection liquid chromatography (HILC) [31]
and HPLC-DAD [32]. Most commonly dithiocarbamates are
determined by CS, evolution procedure being lengthy and
a less-sensitive method. On the other hand, HPLC, GC, MS
etc. being sensitive advanced techniques, they are cost effec-
tive, time-consuming, have lengthy processing, and require
special additives. With the increasing use of dithiocarba-
mates in agriculture, there is need for the design of highly
sensitive discriminatory and speedy method for their deter-
mination. In this regard, metal nanoparticles have attracted
considerable attention as colorimetric sensors because of
their simplicity and efficiency. Noteworthy gold and silver
nanoparticles have been used in the detection of dithiocar-
bamates [33—37] with abrupt color change visible to naked
eye. To the best of our knowledge any procedure is reported
on colorimetric sensing of DTC pesticides using copper
nanoparticles.

In present work CTAB-CuNPs-based colorimetric sen-
sor for DTCs has been established due to its simple, speedy,
and subtle nature. The practical potency of the sensor was
demonstrated by sensing DTCs in environmental (water)
and juice sample (tomato vegetable and commercial mango
beverage). This scheme examines the method for sensing
of dithiocarbamates ziram, zineb and maneb and compares
with reported procedures using precious metal gold or silver
nanoparticles.

Experimental

Hydrochloric acid (HCl), copper chloride dihydrated
(CuCl,-2H,0), hydrazine monohydrate (N,H,-H,0), eth-
ylenediamine (C,HgN,), manganese sulfate (MnSO,),
zinc acetate (ZnC,H¢O,), sodium bicarbonate (NaHCO;),
potassium chloride (KCI), ammonium chloride (NH,CI),
ammonium acetate (C,H;NO,) and dimethyl sulfoxide
(C,H¢OS) were obtained from Merck, Darmstadt, Germany.
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Cetyltrimethyl ammonium bromide (C,;oH,,Br), sodium
chloride (NaCl) and sodium acetate (NaC,H,NO,) were
purchased from Scharlu, Spain. Magnesium carbonate was
obtained from Fluka, Switzerland. All the solutions used in
experimental work were prepared in distilled water. Glass-
wares were cleaned in nitric acid (HNO;) (0.1 N) (E, Merck
Germany) and then washed with double distilled water and
dried in preheated oven (110 C).

Preparation of copper nanoparticles (CuNPs)

Preparation of copper nanoparticles was accompanied by
following reported method [38] with some modifications
via wet chemical reduction method. In a typical synthetic
method 4 ml of (0.03 M) CuCl,.2H,0 solution was diluted
with 76 ml of distilled water and obtained a light bluish
colored solution. After that, 12 ml of 1% CTAB solution
was added in bluish copper salt solution. The mixture was
stirred continuously and followed by addition of hydrazine
monohydrate (64—65% reagent grade, 98%) (8 ml) to start
the reduction from Cu?* salt to Cu’. The temperature of
the reaction mixture was held at 80 °C. Color change was
observed time-to-time from light bluish to wine reddish with
number of transitional phases. Reddish color indicated the
formation of CuNPs assisted by hydrazine monohydrate
which served as reducing agent. The solution mixture was
stirred for 30 min more to assure the complete reduction and
capping of CuNPs. Temperature of the reaction mixture was
maintained up to 80 °C during stirring also. The pH of the
solution was measured and was 11.3.

Characterization

All ultraviolet—visible spectra of CuNPs samples were
monitored by 220 Hitachi double-beam spectrophotometer
(Hitachi (Pvt) Ltd, Tokyo, Japan) in range of 800-400 nm
using dual 1 cm silica cuvettes. The FTIR spectra were
recorded on Nicolet Atavar 330 (Thermo Nicolet Corpora-
tion, USA) with attenuated total reflectance accessary (smart
partner) within 4000-600 cm™!. Orion 420 A pH meter
(Orion Research Inc., Boston USA) was used to measure
the pH of the solutions. The structural features (SEM and
EDX) of the synthesized NPs with and without interaction
of pesticides were recorded on scanning electron microscope
(JEOL JSM-6490LV) at the center of Pure and Applied
Geology, University of Sindh Jamshoro. The zeta poten-
tial and dynamic light scattering (DLS) size distribution of
CTAB-CuNPs with and without addition of pesticides were
determined using Zetasizer Nano-ZS Malvern instrument
Inc, London UK at the department of Metallurgy and Mate-
rials Engineering, Mehran University of Engineering and
Technology, Jamshoro.
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Preparations of dithiocarbamate ziram, zineb
and maneb pesticides

Zn and Mn salts of dithiocarbamates pesticides were pre-
pared by reported method [39]. In a nutshell zinc salt of
dimethyldithiocarbamate (Ziram) and zinc and manganese
salts of ethylenebis dithiocarbamates (Zineb and Maneb)
were synthesized from the reaction of primary amine (eth-
ylenediamine) and secondary amine (dimethyl amine) with
carbon disulfide in alkaline medium and later reaction was
made with salts of zinc and manganese such as zinc acetate
and manganese sulfate separately to form their correspond-
ing metal complexes of Ziram, Zineb and Maneb pesticides.
The reaction temperature was maintained below 40 °C. The
solutions of pesticides so formed were kept at 4 °C when not
in use. All solutions for pesticides were prepared in dimethyl
sulfoxide (DMSO) and water.

Method development using diethyldithiocarbamate
(DEDTC)

Initially, the probe was tested on the general reagent diethyl-
dithiocarbamte (DEDTC) (belonging to the same category
of dithiocarbamate group and is highly soluble in water and
other polar solvents) to observe the potential of interaction
with the change in plasmon and color. Based on this interac-
tion, parameters such as, pH and time were optimised. Using
this general reagent, choloroform test was also carried out
to identify the type of interaction between probe and dithi-
ocarbamtes. Latter results were checked and confirmed using
DTC pesticides Ziram, Zineb and Maneb. After optimisation
of parameters the probe was applied on the pesticides Ziram,
Zineb and Maneb.

Chloroform test

A critical examination of chemical nature of dithiocarba-
mates with CTAB-stabilized copper NPs was performed
using chloroform reagent. For this study two screw-capped
sample vials were taken and in one was added 2 ml of CuNPs
and in another solution of copper (11) chloride (2 ml) con-
taining (50 ug Cu (II)) was added, followed by 1 ml borate
buffer solution pH 8 and 1 ml of DEDTC reagent in each vial
separately. Both the solutions were made to 10 ml and mixed
well. Copper (II) solution developed yellow precipitates, but
the solution of CuNPs remained clear. 2 ml chloroform each
was added to both the solutions and contents were mixed
well. The precipitates of copper (II) were dissolved and most
of the color transferred to the chloroform layer. A similar
transfer of the color to organic phase was not observed in
case of CulNPs. Same observation was also seen with Ziram,
Zineb, and Maneb.

Sensing of DTCs by CTAB-CuNP probe

To inspect the sensing potency of CTAB-CuNP as probe,
2 ml of CuNPs was taken in sample vial with 1 ml of Ziram
(0.16—0.016 mM), Zineb (0.16-0.0016 mM) or Maneb
(0.16-0.0016 mM) separately. Volume was adjusted to 10 ml
with double distilled water. The contents were agitated and
mixed well. The color change and spectra were monitored
on spectrophotometer in the range of 400-800 nm. Images
were also captured.

Analytical procedure for the determination
of Ziram, Zineb, and Maneb pesticide

DTCs pesticides were determined quantitatively at 490 nm
or better ratio of absorbance at 490:570 nm against concen-
tration. For this 2 ml CTAB-CuNPs (1.2 mM) was taken in a
10 ml flask with 1 ml of sodium tetraborate-boric acid buffer
of pH 8. The pesticides in the final concentration range of
97.8-978.5 ng/ml, 8.8—88.2 ng/ml and 8.4-84.8 ng/ml for
Ziram, Zineb or Maneb was then added and volume was
adjusted to 10 ml with distilled water. Change in color inten-
sity was seen visibly with the rise in concentration of pes-
ticides and samples were monitored on spectrophotometer
after 45 min.

Practical utility of probe in environment and juice
sample

The tap water samples were collected from laboratory (Insti-
tute of Advanced Research Studies in Chemical Sciences,
Jamshoro Pakistan). The sample was filtered and 3 ml of
tap water was spiked with 1 ml of Ziram (0.016 mM), 1 ml
of each Zineb or Maneb (0.0016 mM) separately and total
volume was made to 10 ml.

For tomato (purchased from local market of Jamshoro),
extract was collected as reported method [40] with some
modification. The tomato was soaked in distilled water,
afterwards homogenized in grinder mixer for 30 s. 10 g was
added to 25 ml of distilled water mixed well and filtered. On
the remaining residue left over the filter paper, 25 ml of dis-
tilled water was again added. Finally, total extract solution
was made to 100 ml. Then 1 ml from this extract was taken
and spiked with 1 ml of Ziram, Zineb or Maneb pesticides
separately with the total volume made up to 10 ml.

Similarly, for commercial mango drink 10 ml of mango
juice was diluted to 100 ml with distilled water. Then
1 ml from this solution was taken and added to Ziram
(0.016 Mm), Zineb (0.0016 mM) and Maneb (0.0016 mM)
(1 ml) and volume was made up to 10 ml.

Different concentrations of aforementioned samples
were taken within the calibration range of Ziram, Zineb
and Maneb and analyzed using analytical procedure. The %
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Fig.2 a UV-visible spectrum, b FTIR, ¢ SEM image and d EDX spectrum of CTAB-stabilized copper nanoparticles

recoveries were then calculated. The quantitation was made
from linear regression equation. Their recoveries were cal-
culated by following formula,

%Recovery = Amount of pesticides calculated/

Amount of pesticide added x 100
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Fig.3 Absorption spectrum
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Interference study of ions and pesticides

Selectivity of the as-prepared probe was determined in pres-
ence of different interferents including ions (Ca**, K*, AI’*,
CI, NO;™, CO32_) and pesticides (nitenpyram, imidaclo-
prid, and pyriproxyfen) on the determination of 293.6 ng/
ml of Ziram and 26.5 ng/ml of Zineb under similar work-
ing conditions and at pH 8 using borate buffer. The results
obtained were compared with the standards without the pres-
ence of interfering ions or pesticides.

Nitenpyram, imidacloprid, and pyriproxyfen were exam-
ined both separately and in mixtures with the DTCs to evalu-
ate their reciprocal action with the CuNPs and their possible
competition to the DTC-induced accumulation of CulNPs.
The tolerance limit determined was based on the maximum
concentration of interferents causing + 10% error in the
examination of DTC pesticides. Selectivity of the probe was
visualized on double-beam spectrophotometer and images
were also captured in presence and absence of pesticides
mixture in CuNPs. The chemical structures of different pes-
ticides inspected are given in Fig. 1.

Zeta potential and dynamic light scattering (DLS)
(size distribution) measurements

Zeta potential is related to the charge present on the surface
of nanoparticles, which greatly effects the stability of parti-
cles in colloidal solutions through the electrostatic interac-
tion between particles [41]. The charge and size distribution
of CTAB-CuNPs and CTAB-CuNPs interacted with DTCs
were measured using Malvern ZS-Nano analyser (Malvern

500 550 600 650 700 750 800 850

wavelength (nm)

instrument Inc., London U.K). The analysis was carried out
at the parameters of temperature of 25 °C. Refractive index
of the dispersant was 1.330, whereas material refractive
index was 0.640. Viscosity of the medium was 0.887 cps. For
analysis dilute solutions of copper nanoparticles (0.21 mM)
and pesticides Ziram, Zineb and Maneb (0.012 mM) were
selected, pH 8 was kept fixed with borate buffer. The solu-
tions were stirred and ultrasonicated for 15 min to breakup
any aggregates [42] and then 1-2 ml was transfered to the
zeta-disposable cell. All working solutions were made in
aqueous solvent. Each experiment was carried out at least
three times and their mean values were calculated. Same
experimental conditions were kept for DLS measurements
of the solutions.

Results and discussion

First, copper nanoparticles were prepared by wet chemical
reduction method, where cetyltrimethyl ammonium bromide
was used to protect the exterior of CuNPs and hydrazine
monohydrate was used as reducing agent. Color change
was from light bluish to wine reddish with intermediate
stages and revealed the formation of copper nanoparticles.
The prepared CuNPs were characterized by UV—visible
spectroscopy, FTIR, SEM, and EDX techniques. Synthe-
sis of CuNPs is one of the challenging tasks because it is
highly susceptible to oxidation and is sensitive to air and
the oxides phases are thermodynamically more stable. Cop-
per NPs indicated its characteristic UV-visible peak at
about 570 nm (Fig. 2a), presenting efficacious formation of

"
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Fig.4 a FTIR, b SEM image and ¢ EDX spectrum of Ziram-interacted CTAB-CuNPs

CTAB-stabilized CuNPs [43]. Second most important chal-
lenge is to stabilize CuNPs, because NPs agglomerate when
free, they communicate with each other and unite together,
with the formation of the clusters and extinguish the antici-
pated properties of NPs [44, 45]. To avoid this risk, a suit-
able capping agent has remarkable role and CTAB capping
agent was used owing to its amphiphilic nature having both

* @ Springer

hydrophilic and hydrophobic part [46]. A positive charge
is created at the surface of CuNPs by hydrophilic part of
CTAB, while hydrophobic part creates stearic hindrance to
avoid the coagulations and oxidation. The colloidal solution
was found to be stable maximally for 1 week. This stability
is attributed to the strong hydrophobic interaction of long
alkyl chain.
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Fig.5 a FTIR, b SEM image and ¢ EDX image of Zineb-interacted CTAB-CuNPs

FT-IR indicated C-H stretching bands observed at
2917-2849 cm™! and stretching contributed by N*-CH,4
was seen at 1556 cm™! and 1409 cm™'. Bromide showed its
presence at 750 cm™!. This showed the successful assem-
bly of capping agent CTAB on CuNPs (Fig. 2b). The struc-
tural features of CTAB-CuNPs were demonstrated by SEM,
which showed the rough surface morphology with thin rods

on it (Fig. 2c). EDX monitored the elemental compositions
of specimen under observation. Results showed the appear-
ance of signal peaks for Cu, O and C element (Fig. 2d). The
results achieved for SEM and EDX showed close similarity
as reported [47, 48].

The efficiency of sensor to interact with DTC
Ziram, Zineb, and Maneb pesticides was monitored on
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spectrophotometer in range 400-800 nm (Fig. 3). Shift in
absorbance was noted with the color change from red to
yellow and light brownish colloidal (depending upon the
concentration of pesticides added) visible to naked eye.
It is supposed that small distance between sulfur atoms
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of DTCs makes it vulnerable for the attraction of ligand
with metal elements [49]. Second, DTC has ability to
split its sulfide bond when it approaches to colloidal solu-
tion of NPs. Therefore, DTC ion is formed which assem-
bled on the surface of the nanoparticles [50]. In addition,



Journal of Nanostructure in Chemistry (2019) 9:77-93

85

25 — T

Cu Nanoparticles

)
|} CUNPs+DEDTC+CHCI3

N
{ 2}~ Cu Salt+DEDTC+CHCI3

absorbance

400 500 600 700 800
wavelength (nm)

Fig.7 Chloroform test using general reagent natrium diethyldithi-
ocarbamate to observe the type of interaction, reaction conditions as
in experimental

an electrostatic interaction is also found to be established
between hydrophilic positive head of the CTAB to the nega-
tive sulfides of DTCs [51]. The FTIR of Ziram functional-
ized on CTAB-CuNPs showed its characteristic peak of N-H
at 3200 cm~!.C—H stretching within 2918-2850 cm™~! and
C=N/NH vibratory band at 1633 cm~!. Other bands were
recorded at 14661337 cm™! contributed by N*—CH; of
CTAB. C-S of DTC showed its band at 1040 cm™! (Fig. 4a).
SEM image of Ziram interacted CuNPs showed smooth sur-
face with thinner tubule-like structures embedded over it
(Fig. 4b). While EDX showed signals for Cu, S, C, O, and
Zn. Presence of S, C and Zn is clear indication of interaction
of DTCs and CuNPs (Fig. 4c).

Similar FTIR peaks were also recorded for Zineb inter-
acted with CTAB-CuNPs (Fig. 5a). SEM image showed
granular topography (Fig. 5b) with the emergence of Cu,
Zn, O, S, and C analyzed by EDX technique (Fig. 5c¢).
While the FTIR of Maneb with CTAB-CuNPs indicated its
N-H stretching peak at 3163 cm™!, C—H bands were seen
at 2915-2848 cm™!, C=N/NH vibratory band at 1634 cm™!
and vibratory band of N*~CH; of CTAB was observed at

pH at 580nm CTAB-CuNPs
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1393 cm™! and a prominent peak of C-S of DTC group
was observed at 1065 cm™! (Fig. 6a). SEM images showed
rough-surfaced morphology of maneb pesticide sample
(Fig. 6b).Elemental composition determined by EDX indi-
cated presence of Cu, S, C, and O (Fig. 6¢).

Through literature survey, it was found that metallic Cu is
highly susceptible for complexation with DTCs [52]. In this
regard, chloroform reagent was used to assess the chemical
reaction of pesticides with CTAB-CuNPs. Copper (II) when
treated with DEDTC reagent indicated precipitate forma-
tion, which was extractable in chloroform, whereas CTAB-
CuNPs, when treated with DEDTC or DTC pesticides, yel-
low color developed, which did not extract in chloroform
(Fig. 7). It is pretended that chelates are formed when cop-
per chloride and pesticides are treated together. Charge of
the copper salt is neutralized by developing neutral organic
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moiety which is therefore extracted in chloroform. In case
of copper nanoparticles, no such metal chelation was seen
but charged species were formed which organized on the
nanoparticles surface via oppositely charged interaction.
Eventually colorimetric response of NPs is highly
dependent on the pH of the solution. Therefore, CuNPs with
and without diethyldithiocarbamate (DEDTCs) or DTC pes-
ticides were subjected to the buffers within pH range of 2-9
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and recorded on spectrophotometer. The CuNPs showed no
any convincing change in absorbance at pH 2—4 and 7 but
it gradually started to increase at pH range of 6 and 8-9
with maximum change in plasmon at pH 8. Similarly, pH
of DEDTC functionalized CuNPs was examined at 490 nm
and observed no any appreciable change in plasmon reso-
nance, but pH 8 was optimized for colorimetric determina-
tions (Fig. 8).
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Table 1 Results obtained from quantitative determination of DTC Ziram, Zineb, and Maneb pesticides

S. no. Pesticide Calibration range (ng/ml) LOD? (ng/ml) LOQP (ng/ml) Coefficient of Linear regression equation
determination (%)
01 Ziram 97.87-978.56 150.9 457.5 0.9891 y=0.0006x+0.4439
02 Zineb 8.82-88.25 0.7 2.1 0.9951 y=0.0084x+0.4331
03 Maneb 8.49-84.89 6.1 18.5 0.9925 y=0.0056x+0.484
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®Limit of quantitation
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Fig. 11 Interference of different ionic moieties and pesticides on
determination of DTCs

Time effect was inspected up to 3 h with intervals of 15
mints at 490 nm to investigate the duration of interaction
with maximum stability. Initially an increase in absorb-
ance was found which remained almost similar thereafter.
Spectrum indicated a suitable time of 45 min to determine
pesticides quantitatively because at this duration % error
measured was less than 5% (Fig. 9). The effects of pH and
time were repeated atleast three times (n = 3).

at ratio of 490 A/570 A. The linearity observed for Ziram,
Zineb and Maneb were with coefficient of determination (2)
0.989, 0.995 and 0.992 (Table 1).

The limit of detection and quantitation was calculated
from standard deviation of the slope of the linear regres-
sion curve (LOD=3.3 Sa/b and LOQ =10 Sa/b), where
Sa=standard deviation and b=slope of calibration curve.
The detection limit calculated for aforementioned pesticides
were 150.9 ng/ml, 0.7 ng/ml, 6.1 ng/ml and quantitation
limit calculated was 457.5 ng/ml, 2.1 ng/ml, 18.6 ng/ml for
Ziram, Zineb and Maneb pesticides, respectively.

Selective sensing efficacy of probe was examined in pres-
ence of various ionic moieties such as Ca**, K*, AI**, CI-,
CO32_ and NO;~ at 5-100 ppm. Nevertheless, the study
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Fig. 13 Zeta potential measurement of (a) CTAB-CuNPs without adding DTCs and CTAB-CuNPs with addition of (b) Ziram (c¢) Zineb and (d)

Maneb DTc pesticides

showed the interference of ionic species with relative error
of £1.0-11.1% (Fig. 11). In addition selective assay for
DTCs were also examined in presence of pesticides (niten-
pyram, imidacloprid and pyriproxyfen). Their color change
and surface plasmon (SPR) was investigated. As mentioned
in (Fig. 12), their is no any shift in SPR at 570 nm in the
spectrum of CTAB-CuNPs and color of the solutions also
remained same (initially color change was seen but restored
to same reddish wine after 10 min) in presence of aforemen-
tioned pesticides (10 ppm) without DTCs. Results showed
no any cluster formation in presences of nitenpyram, imi-
dacloprid and pyriproxyfen (10 ppm), which confirmed that
they could not induce the aggregation of CTAB-CuNPs.
But an apparent color change and spectra was observed
with DTCs Ziram, Zineb and Maneb in presence of mixture
of pesticides as mentioned in Fig. 2. The obtained results
showed the interference of pesticides with relative error
of +2.14-7.78% (Fig. 11). The developed method showed

@ Springer

good selectivity towards DTCs over other pesticides. This
showed that proposed probe acted as selective colorimetric
sensor for DTCs over others.

The precision of probe to detect pesticides, samples were
analyzed on the same day (n=15) and with the day distances
(n=5). The % RSD calculated was within 1.2-7.6%.

The charge and size distribution was observed with
nano-zetasizer Malvern instrument. The obtained data
showed (Fig. 13a) surface of CTAB-CuNPs have a posi-
tive charge of about 32.5 mV. While that of Ziram, Zineb
and Maneb have surface charge of 30.6 mV, 35.6 mV and
26.3 mV (Fig. 13b—d). For a noticeably stable nanoparticles
suspension through electrostatic repulsion, a zetapotential
of +30 mV is obligatory as minimum [53]. DLS is one of
the most commonly used technique to determine the size of
nanoparticles. It assesses the light dispersed from laser that
passes through the colloidal solutions and then analyzed the
modulated scattered light intensity as a function of time.
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Thus nanoparticle’s hydrodynamic size can be determined
[54, 55]. The size distribution results (Fig. 14a) indicated
the average size of 72.2 nm for CTAB-CuNPs with the poly-
dispersive index of 0.233 at the measurement position of
5.50 mm. Whereas mean average size obtained for Ziram,
Zineb and Maneb were 83.1 nm, 111.3 nm and 125.2 nm
with the polydispersive index < 1 (Fig. 14b—d).

The practical application of probe was evaluated for
determination of DTC pesticides in environmental samples
(tap water) and juice sample (tomato vegetable and com-
mercial mango drink) using analytical procedure. The results
showed the recovery for Ziram was 95.8—-108.5% with RSD
(n=3) of 0.16-1.11% and % error not over then +0.29-8.56,

for Zineb recovery obtained was 100.7-106.2%, RSD (n=3)
was 0.14-0.63% and % error calculated was +0.69-6.25.
Finally results obtained for Maneb pesticides revealed recov-
ery within 96.2-108.5 with % RSD (n=3) within 0.15-0.77
and relative error was 0.90-8.56% (Table 2).

The established colorimetric procedure was compared
with flow injection flame, atomic absorption, capillary
electrophoretic, voltammetry methods and AuNPs assisted
colorimetric published methods in terms of sensitivity
and selectivity. The results indicated comparable or better
performance in terms of LOD and range of linearity than
reported procedures (Table 3).
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Table 2 Analysis of DTCs from real samples

S. no. Analyte Sample Added (ng/ml) Found (ng/ml) % Recovery Standard devia- %Relative
tion (n=3) standard devia-
tion
1 Ziram Tap water 97.87 101.39 103.6 0.0005 0.251
146.80 147.98 100.8 0.002 0.826
293.61 294.49 100.3 0.0005 0.199
391.48 412.22 105.3 0.001 0.341
489.35 520.66 106.4 0.001 0.418
Tomato juice 97.87 101.83 104.0 0.0005 0.250
146.80 152.16 103.6 0.001 0.683
293.61 281.39 95.8 0.003 1.114
391.48 402.39 102.8 0.005 0.175
489.35 499.23 102.0 0.0005 0.165
Commercial mango drink 97.87 106.24 108.5 0.001 0.415
146.80 155.76 106.1 0.0005 0.222
293.61 315.96 107.6 0.001 0.321
391.48 396.34 101.2 0.002 0.816
489.35 523.39 106.9 0.001 0.272
2 Zineb Tap water 8.82 8.95 101.4 0.001 0.277
13.23 13.47 101.8 0.002 0.532
26.47 26.65 100.7 0.002 0.500
35.29 35.93 101.8 0.002 0.491
44.12 46.36 105.1 0.002 0.327
Tomato juice 8.82 9.17 103.9 0.0005 0.243
13.23 13.74 103.9 0.001 0.383
26.47 26.71 100.9 0.002 0.625
35.29 36.28 102.8 0.001 0.419
44.12 44.57 101.1 0.0005 0.148
Commercial mango drink 8.82 9.32 105.6 0.001 0.632
13.23 13.85 104.6 0.0005 0.213
26.47 27.63 104.4 0.001 0.461
35.29 37.47 106.2 0.0005 0.153
44.12 45.37 102.8 0.0005 0.145
3 Maneb Tap water 8.49 8.90 104.9 0.001 0.335
12.73 12.25 96.2 0.001 0.374
25.46 26.32 103.4 0.001 0.258
33.96 34.43 101.4 0.001 0.237
42.44 42.06 99.1 0.001 0.343
Tomato juice 8.49 8.86 104.4 0.001 0.447
12.73 13.42 1054 0.0005 0.210
25.46 26.22 102.9 0.001 0.493
33.96 34.36 101.2 0.001 0.518
42.44 43.28 101.9 0.002 0.555
Commercial mango drink 8.49 9.04 108.5 0.002 0.763
12.73 13.90 106.1 0.0005 0.198
25.46 27.06 107.6 0.001 0.475
33.96 35.08 101.2 0.001 0.293
42.44 44.36 106.9 0.0005 0.156
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Table 3 Comparison of present work with published work
S.no.  Technique/method Analyte  Calibration Matrix LOD (ng/ml)  References
range (ng /ml)
1 C.E method? Ziram 570-612,000 Wheat samples 570.0 [21]
Zineb 680-415,000 680.0
2 Colorimetery method using AuNPs Maneb 50-250 Environmental samples 10.6 [35]
Ziram 25-175 46.8
3 FI/FAAS® Zineb 2500-25,000 Commercial formulations  1000.0 [56]
AdSV® Maneb 5-750 Commercial formulations 2.0 [57]
Zineb 7.4
Zram 14.0
5 Colorimetric method using AgNPs Ziram 195.7-733.9 Environmental samples 149.3 [37]
Zineb 17.6-66.1 4.0
Maneb 16.9-63.6 9.1
6 Colorimetric method using CTAB-CuNPs ~ Ziram 97.87-489.35  Environmental samples 150.9 Present work
Zineb 8.82-44.12 0.7
Maneb 8.49-42.45 6.1
Capillary electrophoresis
Flow injection/flame atomic absorption spectrometry
€Adaptive stripping voltammetry
Conclusion References

The preparation of stable CuNPs was achieved without any
inert atmosphere using hydrazine monohydrate and CTAB.
This simple, rapid and cheaper probe was highly sensitive
to the dithiocarbamate pesticides with LOD 0.7-150.9 ng/
ml and % recoveries calculated for environmental samples
were in between 95.8 and 108.5% without the use of any
sophisticated instruments. CuNPs have been examined for
the analysis of Ziram, Zineb and Maneb, but the method
could be extended similarly for the determination of DTCs
like Mancozeb, Nabam, Metiram, Propineb and Ferbam.

Taking into consideration the gold and silver nanopar-
ticles, the copper nanoparticles are thought to be most
cost effective for the routine analysis of dithiocarbamate
pesticides.
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