
Vol.:(0123456789)1 3

International Journal of Environmental Science and Technology (2020) 17:1739–1752 
https://doi.org/10.1007/s13762-019-02454-9

ORIGINAL PAPER

Unmodified silver nanoparticles for dual detection of dithiocarbamate 
fungicide and rapid degradation of water pollutants

P. N. Ragam1 · B. Mathew1 

Received: 11 December 2018 / Revised: 8 May 2019 / Accepted: 24 June 2019 / Published online: 1 July 2019 
© Islamic Azad University (IAU) 2019

Abstract
Herein, for the first time, any phytochemical-based silver nanoparticle is reported as a dual sensor to detect toxic dithi-
ocarbamate fungicide (Thiram) spectrophotometrically and electrochemically. Green approach was employed for the silver 
nanoparticle synthesis utilizing the stem extract of Coscinium fenestratum via a microwave-assisted route. The characteriza-
tion of silver nanoparticles was carried out by methods such as UV–visible, Fourier transform-infrared, and X-ray diffraction 
spectroscopy, as well as transmission electron microscopy techniques. The diffraction and microscopic studies proved that the 
nanoparticles were essentially crystalline and almost spherically shaped with average size of 20.72 ± 4.25 nm. The nanopar-
ticles were found very stable for more than 6 months and hence are appropriate for remediation of several issues regarding 
environment such as detection of fungicide as well as organic dye degradation. Thus, the nanoparticles were explored for 
selective recognition of Thiram and obtained a low limit of detection of 0.18 ppm, much lower than 7 ppm, the maximal 
residue limit as per the environmental protection agency of the USA. Moreover, the nanoparticles successfully detected 
Thiram from real samples from tap, canal, and river water in the state of Kerala, India. Furthermore, the nanoparticles were 
utilized for their excellent catalytic efficiency toward the swift degradation of three water contaminant organic dyes, namely 
methylene blue, methyl orange, and naphthol green B within a couple of minutes.
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Introduction

Tetramethylthiuram disulfide or Thiram is one of the most 
renowned dithiocarbamates used worldwide in rubber pro-
cessing, as fungicide and animal repellent (Hasan 2010). It 
is a noted allergen which induces the excess release of his-
tamine in humans leading to headache, digestive problems, 
nausea, elevation of blood pressure, vomiting, and so forth 
(Rouabhi 2010). Moreover, Thiram is observed to inacti-
vate glutathione reductase enzyme which can increase oxi-
dative stress in human cells as a result of the accumulation 

of dangerous free radicals (Cereser et al. 2001). It is also 
known as a mutagen, inducing variation in chromosomes 
(Slimani et al. 2018; Paschin and Bakhitova 1985). From 
industrial wastes and agricultural fields, Thiram directly 
pollutes the environment and eventually affects aquatic 
beings, birds, and humans creating severe health impacts. 
Hence, monitoring Thiram in the environment is exceed-
ingly relevant (Rouabhi 2010). Recently, several reports 
on the recognition of Thiram utilized surface-enhanced 
Raman spectroscopy (SERS), fluorescence spectroscopy, 
colorimetry, cyclic and square wave voltammetry, and 
HPLC. However, one can see that the materials used in 
such cases employ toxic chemicals during their synthe-
sis and thus not safe in practical applications (Rohit and 
Kailasa 2014; Wang et al. 2015; Yang et al. 2014; Fei 
Chan et al. 2013; Yuan et al. 2011; Silva Junior et al. 2014; 
Filipe et al. 2014; Stathi et al. 2006). Metal nanoparticles 
(NPs) and their combinations have been used for detection 
of thiocarbamate fungicides such as Thiram and Paraquat 
(Yuan et al. 2011; Silva Junior et al. 2014; Filipe et al. 
2014; Stathi et al. 2006). In this regard, no such reports 
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are available on sensing any dithiocarbamate fungicide 
utilizing plant extract-capped “green” silver NPs. Here, 
green-synthesized silver NPs were employed for the detec-
tion of Thiram, via UV–Vis spectroscopy, as well as cyclic 
and differential pulse voltammetric techniques.

As a part of the global efforts to reduce the generation 
of hazardous waste, “green” methods for synthesis of NPs 
employing eco-friendly solvents and non-toxic chemicals 
with ease and least cost are demanded. Green synthesis of 
noble metal NPs employing phytochemicals has been receiv-
ing immense attention since they are eco-friendly and their 
chemical and physical properties are much dependent on 
their size and shape. These interesting properties of NPs 
have found applications in diverse fields, for example, anti-
bacterial (Sotiriou and Pratsinis 2010; Tran et al. 2013; 
Shukla 2014), anti-inflammatory (David et al. 2014; Singh 
et al. 2017; Moldovan et al. 2017), anticancer (Kajani et al. 
2014; Aryal and Bisht 2017; Ovais et al. 2017), catalytic 
(Crooks et al. 2001; Zhang et al. 2017a, b) and sensing 
activity (Kubackova et al. 2014; Aravind et al. 2018a, b; 
Sebastian et al. 2019; Makwana et al. 2017) as well as data 
storage (Wan et al. 2009; Zheng et al. 2017). In the group, 
silver NPs occupy a unique status owing to their excellent 
optical as well as electronic properties. Furthermore, AgNPs 
are widely used in biological (Vijayan et al. 2017a; Koduru 
et al. 2018; Da Silva Ferreira et al. 2017; Park et al. 2011; 
Manikandan et al. 2017; Karthik et al. 2018; Jeyaraj et al. 
2013) and environmental applications (Priyadarshini and 
Pradhan 2017; Joseph and Mathew 2015a; Veisi et al. 2018; 
Anand et al. 2017; Wu et al. 2017; Potara et al. 2011; Raja 
et al. 2017; Sebastian et al. 2018) owing to the low toxic-
ity, high stability, cost-effectiveness and ease in handling. 
Recently, several researchers focused on synthesis of NPs 
via physical and chemical methods which possess various 
shortcomings such as multiple steps, high energy require-
ment, low material conversion, complex purification, and 
occurrence of hazardous chemicals on the surface. (Joseph 
and Mathew 2015b; Rafique et al. 2016; Ocsoy et al. 2018; 
Ahmed et al. 2016). Thus, the “greener” methods deserve a 
great deal of significance in these regards.

Here, Coscinium fenestratum (C.f.) plant material was 
employed concurrently as the reducing as well as the cap-
ping agent to synthesize and stabilize silver NPs. C.f. con-
tains several alkaloids, for example, isoquinoline derivatives 
such as berberine, palmatine, tetrahydropalmatine, creba-
nine, and jatrorrhizine (Tushar et al. 2008; Deevanhxay et al. 
2009; Akowuah et al. 2014). Hence, C.f. has found to receive 
much attention from researchers for their desired applica-
tions. For example, Jacob and co-workers synthesized sil-
ver nanorods from the extract of leaves and tender stems of 
C.f. and AgNO3 by stirring overnight at room temperature, 
which showed good cytotoxic activity toward Hep-2 cells 
(Jacob et al. 2012). The synthetic method used required 

many hours, and they employed the nanoparticles only for 
the cytotoxic study.

The present work demonstrates a simple, one-pot, rapid, 
microwave production of silver NPs from mature stem 
extract of the plant C.f. and aqueous AgNO3 providing the 
desired particles (AgNP-C.f.) within a few minutes, fol-
lowing principles of green chemistry. Microwave-assisted 
synthesis of NPs becomes quite a significant method since 
it provides NPs with size uniformity and faster reaction 
(Kahrilas et al. 2013; Gawande et al. 2014; Soliveri et al. 
2016). Furthermore, owing to the speed of reaction, the 
agglomeration of NPs can be reduced. In addition, it offers 
better efficiency, high crystallinity, and better control over 
the morphology of NPs formed. Consequently, green and 
microwave-mediated preparation is a promising method for 
NPs. Advantages of the present work are finer synthesis of 
silver NPs from the plant C.f. and their exploitation for the 
rapid pollutant organic dye degradation and novel dual sens-
ing of fungicide.

The specific objectives of the current study were to: (1) 
optimize synthesis conditions like reaction time, ratios of 
AgNO3 and plant extract and power of microwave irradia-
tion; (2) characterize via spectroscopic and microscopic 
methods such as UV–Vis, FT-IR, X-Ray diffraction (XRD) 
spectroscopy and transmission electron microscopy (TEM); 
(3) evaluate sensing of dithiocarbamate fungicide Thiram 
spectrophotometrically and electrochemically; (4) establish 
applicability of sensor in real water sample analysis; (5) uti-
lize catalytic activity for the degradation of water pollutant 
organic dyes like methylene blue, methyl orange, and naph-
thol green B. The whole study has been conducted in the 
months of March–May in 2018 at Kottayam, Kerala, India.

Materials and methods

Materials

Silver nitrate (AgNO3), methylene blue, methyl orange, and 
naphthol green B of analytical grade purity were acquired 
from Merck (India). Thiram (N,N-dimethylcarbamodithio-
ate), from Sigma-Aldrich, was used as such without addi-
tional purification. The mature stem of C.f., around 1 cm 
diameter, was collected in March 2018, from an agricultural 
nursery, Ernakulam, Kerala, India. 50 g of C.f. stem was 
sliced, washed with water, dried, and stored at room tem-
perature for extract preparation.

Preparation of Coscinium fenestratum stem extract 
(C.f.)

10 g of the C.f. stem was boiled in 100 mL of distilled water 
in a round-bottomed flask fitted with a condenser and water 
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circulator using a heating mantle. A color change of the solu-
tion was observed from colorless to dark yellow indicating 
the dissolution of compounds in the plant stem into water. 
After boiling 3 h, the solution was kept to cool to room 
temperature. Then, the solution was filtered using Whatman 
No. 1 filter paper, stoppered and stored at 4 °C for synthesis.

Synthesis of silver nanoparticles using the plant 
extract

Domestic microwave oven (Sharp R-219T (W)) at an operat-
ing power of 200–800 W was used for microwave assistance. 
16.9 mg of silver nitrate was dissolved in 100 mL water to 
acquire a concentration of 1 mM. Further, 90 mL of 1 mM 
solution was mixed well with 10 mL of the plant extract in 
a beaker. The resultant solution was microwave irradiated 
for 9 min, and the reaction was supervised through UV–Vis 
spectroscopy. 3 mL of the reaction mixture after each 1 min 
microwave irradiation was taken out using micropipette and 
irradiated by UV–Vis radiation, and the resultant change in 
absorbance of the mixture is noted to follow the reaction 
progress. The formation of a strong peak at about 410 nm 
showed the production of silver nanoparticles from plant 
extract.

Characterization of Coscinium fenestratum silver 
nanoparticles

UV–Vis absorption studies were conducted on Shimadzu 
UV-2450 spectrophotometer, in the wavelength 200–800 nm. 
Absorption spectrum of the silver nanoparticle was acquired 
from 3 mL of its dilute aqueous solution taken in a quartz 
cuvette. PerkinElmer FT-IR with a frequency range of 
400–4000 cm−1 was utilized for functional group analysis 
of silver nanoparticles. X-ray diffraction studies of the syn-
thesized AgNPs were conducted on a PANalytical X’PERT-
PRO X-ray spectrometer with a scan rate of 1.2° per minute 
and 2θ is measured from 35° to 80°. The radiation used is 
Cu Kα (1.5418 Å) with a Ni filter. High-resolution TEM 
images were gained from a JEOL JEM-2100 microscope. 
Drop-casting method was used to prepare TEM samples 
from the silver nanoparticles. An aqueous solution of silver 
nanoparticles was concentrated by centrifugation. The nano-
particles dispersed in water were then dropped onto carbon-
coated copper TEM grids, dried, analyzed, and obtained 
TEM images in different resolutions.

Fungicide sensor study

The UV–Vis spectroscopic determination of N,N-dimethyl-
carbamodithioate (Thiram) was carried out in Shimadzu 
UV-2450 spectrophotometer working from 200 to 800 nm. The 
sensor studies were carried out with solution of AgNP-C.f. 

and Thiram at room temperature. The absorption spectrum of 
AgNP-C.f. was followed upon addition of a fixed amount of 
various concentrations (10–90 μM) of Thiram. Electrochemi-
cal sensing of Thiram was performed on Biologic SP-200 
model electrochemical workstation. A platinum electrode was 
used as the working electrode. Prior to coating with AgNP-
C.f., the platinum electrode was cleaned thoroughly with water 
and later 0.05 μM alumina was used to polish the working 
surface followed by 1 μM polishing diamond. Subsequently, 
AgNP-C.f. solution was drop cast onto the electrode surface 
and dried slowly at room temperature. The cyclic voltam-
mogram of the AgNP-C.f.-coated platinum electrode was 
obtained in pH 7 phosphate buffer solution (PBS) in the range 
of − 200 to + 1000 mV potential at 100 mV s−1 scan rate. 
Under similar settings, an interaction between Thiram and 
AgNP-C.f. was observed by addition of Thiram solution to 
the electrolyte PBS. Selectivity studies were carried out using 
100 times higher concentrations of potassium salts of the ani-
ons CO3

2−, HCO3
−, Cl−, carbonates of cations Na+, K+, Ca2+, 

and 4-chlorophenol than Thiram addition in UV–Vis as well 
as voltammetric studies.

Real water sample analysis of Thiram detection was carried 
out employing differential pulse voltammetric analysis follow-
ing similar electrochemical system as in cyclic voltammetric 
studies. Three samples were collected and analyzed to observe 
the existence of Thiram. Tap water from Mahatma Gandhi 
University, Kottayam, Kerala, local irrigation canal water from 
Kottayam, Kerala, and river water from Meenachil River, Kot-
tayam, Kerala, were taken as the samples. Solid particulates 
were removed from the samples using filtration, and Thiram 
solution was spiked to the samples for analysis.

Degradation of water pollutant organic dyes

The common water pollutant dyes, methylene blue 
(8 × 10−5 M), methyl orange (1 × 10−4 M), and naphthol green 
B (1 × 10−4 M), were used as sample dyes to study the efficacy 
of AgNP-C.f. for catalytic degradation (Joseph and Mathew 
2015a). UV–Vis spectrophotometer was employed to follow 
the reaction by monitoring the absorbance of the dye. 0.5 mL 
of freshly prepared NaBH4 (0.06 M) solution was added to 
2 mL solution of dye in a quartz cuvette. Later, 0.5 mL of 
AgNP-C.f. solution was added to the mixture in the cuvette. At 
different intervals of time, the UV–Vis spectra were observed 
at 25 °C.
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Results and discussion

Synthesis and UV–Vis spectral analysis of Coscinium 
fenestratum‑capped silver nanoparticles

1 mM aqueous solutions of silver nitrate and plant extract 
were mixed, and microwave irradiated by monitoring the 
reaction using UV–Vis spectroscopy. The progress in the 
development of NPs was clearly evident from the naked 
eye visualization of the color of the reaction mixture 
which intensified and varied from light yellow to yellow-
ish brown. Furthermore, the absorption spectrum also 
strongly supported the formation of AgNP-C.f. by display-
ing an augment in the absorption band intensity at 423 nm, 
which symbolizes the surface plasmon resonance (SPR) 
band, a well-known characteristic of silver nanoparticles 
(Fig. 1a) (Sharma et al. 2009; Bastús et al. 2015; Shrivas 
et al. 2016).

As mentioned earlier, various organic components of 
the plant extract, such as alcohols, phenols, and aldehydes, 
reduce Ag+ to Ag (0) and thereby get oxidized by them-
selves (Ojha et al. 2017; Atarod et al. 2016; Demirbas 
et al. 2016). The reduction was followed by the conversion 
of size to the nanoscale. Moreover, the resultant AgNP-C.f. 
was stabilized and thus protected from further agglom-
eration by the act of the organic compounds, which are 
constituents of plant extract, since they can concurrently 
act as capping agents (Saratale et al. 2017; Mallikarjuna 
et al. 2014; Ahmad et al. 2015; Mahakham et al. 2017). 
Thus, the “green” approach of metal nanoparticle synthe-
sis involving plant extracts replaces the perilous chemicals 
used as reducing as well as capping agents by the safe and 
cheaper organic compounds.

Furthermore, the synthesis of AgNP-C.f. from the 
plant extract was optimized by controlling factors such 
as ratios of silver nitrate solution and plant extract, the 
power of microwave irradiation, and time of irradiation. 
The reaction was carried out in three different ratios of 
1 mM aqueous silver nitrate and plant extract such as 9:1, 
4:1, and 2:1 where the power of irradiation and time were 
kept constant. From absorption spectra, it was revealed 
that the formation of AgNP-C.f. was efficient when the 
ratio was 9:1. Similarly, the power of microwave irradia-
tion was varied as 200, 400, 600, and 800 W, where the 
ratio of silver nitrate and plant extract and time were kept 
constant and observed 600 W as the power resulting in 
efficient synthesis. Moreover, the optimum time of micro-
wave irradiation to obtain the better synthesis of nanopar-
ticle was optimized as 9 min, while ratio and power were 
constant. From these results, one can conclude that the 
formation of AgNP-C.f. was efficient when 1 mM aqueous 
solutions of silver nitrate and plant extract when mixed in 
9:1 ratio was irradiated with a microwave of power 600 W 
for 9 min. The absorption spectra illustrating the optimiza-
tion are provided in Figure S1 (Supporting Material (SM)). 
AgNP-C.f. was found to be very stable for 6 months when 
stored at 4 °C as shown by the absorption spectrum which 
displayed no observable changes in comparison with the 
freshly prepared AgNP-C.f. This indicates the lesser ten-
dency of agglomeration in the nanoparticle solution and 
thus the efficiency of phytochemicals in the role of a cap-
ping agent.

Fig. 1   (a) UV–Vis absorption spectra and photograph (inset) of (a) C. f. extract, and (b) AgNP-C.f.; (b) XRD pattern of AgNP-C. f 
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Fourier transform‑infrared (FT‑IR) spectroscopic 
study

The FT-IR spectrum provides information regarding 
the functional groups present in the plant extract such as 
hydroxyl groups, which are capable of reducing the Ag+ to 
AgNPs. The FT-IR spectrum revealed the presence of alco-
hol, ether functionalities, aromatic rings, and amines. For 
example, broad peak at 3340 cm−1 indicates the occurrence 
of –OH, –NH2, and aliphatic –CH stretching vibrations, 
which gave strong evidence for the presence of amines and 
alcohols in the plant extract, acts as capping agent during the 
formation of AgNP-C.f. Furthermore, as discussed earlier, 
aromatic components like berberine and palmatine (chief 
alkaloids) were present in plant extract and hence furnished 
aromatic C–H stretching vibration and –C=C stretching peak 
at 2940 and 1505 cm−1, respectively. Moreover, the band at 
1602 and 1326 cm−1 attributes to –N–H bending and –C–N 
stretching, respectively, giving a strong indication of amines 
in the plant extract. The presence of aromatic ethers showed 
bands at 1074 and 1026 cm−1 for –C–O stretch of –OCH3 
(Fig. 6a).

X‑ray diffraction (XRD) study

The XRD studies endow with information concerning 
the chemical identity and crystallinity of the substance. 
The prepared AgNP-C.f. exhibited four peaks in the XRD 
spectrum, one intense and three less intense. As shown 
in Fig. 1b, the XRD pattern shows diffraction peaks at 2θ 
values 38.22°, 44.41°, 64.62°, and 77.56°. In comparison 
with the JCPDS file number 04-0783, peaks obtained at 
the given 2θ values can be assigned to cubic phase, with 
the reflections from the planes (111), (200), (220), and 
(311) of the face-centered cubic lattice of silver nano-
particles (Joseph and Mathew 2015a). Scherrer equation 
endow with the crystallite size (average) of the particles as 
16.34 nm. The lattice parameter obtained from XRD data 
was 4.07 nm, which is in fine union with the JCPDS file of 
silver nanoparticles (4.08 nm). Furthermore, the X-ray dif-
fraction pattern of the synthesized AgNP-C.f. establishes 
undoubtedly the crystallinity of silver nanoparticles.

Fig. 2   TEM images of AgNP-C. 
f. a at inset bar 50 nm; b SAED 
pattern showing the different 
planes present; c HR-TEM 
image, and d particle size distri-
bution histogram
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Transmission electron microscopy (TEM) analysis

TEM images of nanoparticles deliver significant features 
about the average size, shape, along with morphology 
through a clear image of the particle surface. The surface 
morphology analysis of AgNP-C.f. using TEM images 
shows the almost spherical shape as evident from Fig. 2a.

Moreover, the TEM image (Fig. 2a) clearly evidences the 
existence of the organic layer present around the nanoparti-
cles supporting their role as the capping agent. The selected 
area electron diffraction (SAED) pattern of the nanoparti-
cles, displayed in Fig. 2b, has circular rings indicating the 
face-centered cubic lattice of silver nanoparticles. The rings 
from inside to outside represent the reflections from the 
planes (111), (200), (220), and (311), respectively (Joseph 
and Mathew 2015a). Lattice fringes visualized in the HR-
TEM image (Fig. 2c) evidences the crystallinity of obtained 
nanoparticles and d-spacing between particle layers in the 
planes. Furthermore, the d-spacing was found as 2.26 Å, 
suggesting that the nanoparticle growth occur predominantly 
on the (111) plane. Size allocation of AgNP-C.f. is obtained 
by analyzing the TEM images and is represented in the his-
togram (Fig. 2d). The particles are less monodisperse similar 
to many of the phytochemical-stabilized silver nanoparticles. 
Size of AgNP-C.f. was found in the region of 10–30 nm, and 
average diameter was 20.72 ± 4.25 nm.

Fungicide sensing study

Thiram is a non-systemic fungicide, also used as ectopara-
siticide and as an animal repellent to control animal attack 
to crops. It is commonly used in agriculture of apple, straw-
berry, pears, soybean, wine yards, peaches, and tea in many 
parts of the world and in India. However, its extensive use 

has lead to contamination of environmental water and thus 
marked as a noted pollutant (Yuan et al. 2011). Exposure to 
Thiram causes skin, eye irritation, and damage of the liver 
as a result of the release of carbon disulfide and hence Thi-
ram detection is significant (Sharma et al. 2003). Accord-
ingly, the phytochemical-based AgNP-C.f. was studied as the 
eco-friendly sensor for monitoring the presence of Thiram 
(Figure S3 in SM) in environment employing UV–Vis spec-
troscopy, cyclic voltammetry along with differential pulse 
voltammetry.

In UV–Vis spectroscopy, the change in absorbance 
value of SPR peak of AgNP-C.f. at 423 nm was followed 
upon addition of 10–90 μM concentrations of Thiram. The 
absorption band of AgNP-C.f. was decreased upon sequen-
tial addition of fixed amounts of Thiram which can be cred-
ited to the intermolecular H-bonding interactions among 
Thiram and the functional groups present in the capping 
organic molecules. Furthermore, the selectivity studies of 
AgNP-C.f. toward Thiram were conducted among various 
competent species possible to present in water samples such 
as Na+, K+, Ca2+, CO3

2−, HCO3
−, Cl−, and 4-chlorophe-

nol. There is a very feeble change in the absorption band of 
AgNP-C.f. upon addition of Na+, K+, Ca2+, CO3

2−, HCO3
−, 

Cl−, and 4-chlorophenol, whereas upon addition of Thiram, 
there observed reasonable changes, which indicate that the 
AgNP-C.f. is selective toward Thiram (Fig. 3).

Furthermore, the electrochemical sensing ability of 
AgNP-C.f. was investigated toward Thiram (Fig. 4). AgNP-
C.f.-coated platinum electrode was the working electrode, 
while Ag/AgCl electrode and platinum wire were used as 
the reference electrodes. The sensing ability of AgNP-C.f. 
toward Thiram was studied by adding fixed quantities of 
10–90 μM Thiram solutions in phosphate buffer solutions 
(PBS) as the electrolyte. Furthermore, the pH of the buffer 

Fig. 3   UV–Vis spectra of AgNP-C.f. upon addition of a 10–90 μM Thiram, and b fixed amounts of competitive species and Thiram
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solution and scan rate of voltammetric experiments was 
optimized to 7 and 100 mV s−1, respectively (Figure S4 
in SM). The area of voltammogram increased remarkably 
upon coating of AgNP-C.f. onto the active surface of the 
platinum electrode when compared to the bare electrode. 
Addition of 10–90 μM Thiram solutions to the electrolyte 
leads to a sequential increase in the oxidation peak of the 
voltammogram. The shape of voltammogram changed with 
the enhancement in the concentration of Thiram solution. 
Moreover, with the intention to find out the selectivity 
toward a particular analyte, the selectivity study of AgNP-
C.f. was carried out upon addition of various species such 
as Na+, K+, Ca2+, CO3

2−, HCO3
−, Cl−, and 4-chlorophe-

nol. There is a null or little change in the voltammogram of 
AgNP-C.f. in the presence of these species when compared 
to the addition of Thiram which showed notable changes. 
From these results, one can conclude that AgNP-C.f. was 
selective toward Thiram.

To acquire the limit of detection of Thiram by AgNP-C.f., 
the differential pulse voltammetric (DPV) technique was uti-
lized. DPV was conducted in the same electrode system, and 
electrolytes were used as same as cyclic voltammetry. The 
DPV experiment was performed for AgNP-C.f. upon addi-
tion of fixed amounts of 10–90 μM concentrations of Thiram 
solutions to the electrolyte buffer solution. The linear incre-
ment in current was observed upon addition of 10–90 μM 
concentrations of Thiram solutions. Figure 5 shows the dif-
ferential pulse voltammogram of AgNP-C.f. with various 
concentrations of Thiram.

From the current obtained at fixed potential subsequent 
to the addition of each concentration of the fungicide, a 
correlation graph of concentration of fungicide versus the 

obtained current was plotted. We gained a linear plot with a 
regression coefficient of 0.99. Analysis of data provided the 
limit of detection as 0.731 μM or 0.18 ppm which was much 
lesser than the maximal residue limit (MRL) of Thiram, 
7 ppm allowed in fruit peels, as per the Environmental Pro-
tection Agency of United States (EPA) (Yuan et al. 2011). 
The limit of detection obtained has been compared with the 
literature reports and found that AgNP-C.f. is efficient than 
many materials employing toxic chemicals (Table 1).

Accordingly, the green-synthesized nanoparticles AgNP-
C.f. can be employed as an efficient sensor for monitoring 

Fig. 4   Cyclic voltammogram of AgNP-C.f. after addition of a 10–90 μM Thiram b fixed amounts of competitive species and Thiram

Fig. 5   Differential pulse voltammogram of AgNP-C.f. in the presence 
of 10–90 μM of Thiram; inset shows the correlation graph of concen-
tration of Thiram versus current
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the thiocarbamate fungicide, Thiram, and it might be useful 
in monitoring the fungicide in fruit peels as well as real 
sample analysis.

FT‑IR and TEM analysis of Thiram‑treated Coscinium 
fenestratum silver nanoparticles

To better understand the interaction between the fungicide 
and AgNP-C.f., FT-IR and TEM analyses of AgNP-C.f. in 
the presence of Thiram were performed (Fig. 6).

Comparison of FT-IR spectra of AgNP-C.f. in the pres-
ence and absence of Thiram revealed that the intensity of 
the vibration bands decreased in the presence of fungicide. 
The intensity of bands centered at 3340, 1602, 1326, and 
1026 cm−1 was observed to decrease particularly indicating 
the involvement of the corresponding functional groups such 
as –OH, –NH2, and –OCH3, in interaction with Thiram gen-
erating changes in UV–Vis and cyclic voltammetric spectra. 
Additional few sharp weak bands appeared in the spectra of 
AgNP-C.f. in presence of Thiram which might be due to the 
additional bond vibrations from the fungicide. The evalua-
tion of TEM images of AgNP-C.f. with and without the addi-
tion of Thiram shows clear aggregation of the nanoparticles 
upon addition of Thiram and hence the uneven distribution 
of the particles (Rohit and Kailasa 2014). These evidences 

clarify the interaction of the silver nanoparticles with the 
fungicide moiety. Moreover, the selected area electron dif-
fraction (SAED) image of AgNP-C.f. and AgNP-C.f.-Thiram 
was compared and one can observe that the latter have much 
fader spots when compared to the former. It indicates the 
decrease in crystallinity of the silver nanoparticles after 
interaction with Thiram.

Furthermore, the relevance of the sensor in real water 
sample analysis was tested using differential pulse voltam-
metric analysis in tap, canal, and river water samples. The 
sensor could detect 99% of Thiram from the water samples 
indicating its efficiency in real-time monitoring. The results 
are displayed in Table 2.

Degradation of water pollutant organic dyes

The water resources have been vastly polluted by the 
dumping of colored organic dye wastes from various indus-
tries like textile, printing, food, paint, and lot more (Singh 
et al. 2015; Ghaly et al.  2014; Jin et al. 2006). Water pol-
luted by organic dyes is reported to create several health 
issues to terrestrial and aquatic life (Davydov et al. 2001; 
Mathur et al. 2006; Rajaguru et al. 2003). Hence, research-
ers have invested a good deal of effort toward destruction 
of such toxic organic dyes by obtaining materials which 
are cheap and easy to prepare as well as fast and efficient 
in action. Methyl orange or sodium; 4-[[4-(dimethylamino)
phenyl]diazenyl]benzenesulfonate is an organic azo dye 

Table 1   Comparison of Thiram detection by AgNP-C.f. with reports

Methods Limit of detection References

CN-DTC-Ag NPs 2.8 × 10−6 M Rohit and Kailasa (2014)
C18-SPE 1.4 × 10−6 M Filipe et al. (2007)
Sodium molybdate 1.3 × 10−6 M Sharma et al. (2005)
Iron(II) and 

Cobalt(II) phthalo-
cyanines

40.0 × 10−6 M Shaidarova et al. (2001)

AgNP-C.f. 0.7 × 10−6 M This work

Fig. 6   a FT-IR spectra of AgNP-C.f. in the presence and absence of Thiram; b TEM image, and c SAED pattern of AgNP-C.f. in the presence of 
Thiram

Table 2   Real water sample analysis of Thiram by AgNP-C.f 

Samples Thiram (μM) Detected (%)

Added Found

Tap water 10 10.03 ± 0.004 99.7 ± 0.003
Local canal water 10 10.04 ± 0.003 99.6 ± 0.002
Meenachil river water 10 10.08 ± 0.004 99.2 ± 0.003
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giving orange-red color in aqueous solution and used 
as an indicator for various analytical fields (Mittal et al. 
2007). Naphthol green B or trisodium;iron(3+);5-nitroso-
6-oxidonaphthalene-2-sulfonate is an acidic nitroso dye 
which has a strong affinity for proteins and used in dyeing 
of anodized aluminum, coating and surface coloring of 
paper, cosmetics, and drugs for external use (Gurr 1971). 
Methylene blue, also known as methylthioninium chloride, 
is a basic aniline dye useful in the diverse field of research 
such as basic science, medicine and so forth. Methylene 
blue is well known as an indicator of redox reactions as 
well as a stain that assists in the identification of bacteria 
in biology. In the medical field, it is used for the treatment 
of methemoglobinemia, and manic-depressive psychosis, 
and as a urinary antiseptic, analgesic, antipyretic, antipara-
sitic, and antimalarial (Clifton and Leikin 2003; Rafatullah 
et al. 2010).

Nanomaterials hold a majority of recent advances in the 
discovery of efficient materials for remediation of water pol-
luted by organic dyes (Perreault et al. 2015; Kumar et al. 
2014; Tan et al. 2015; Santhosh et al. 2016). Among them, 
silver nanoparticles synthesized from plants are predomi-
nantly valuable since they are synthesized obeying princi-
ples of green chemistry, and are least toxic, easy to prepare, 
fast and efficient catalysts in dye degradation (Bhakya et al. 
2015; Vijayaraghavan and Ashokkumar 2017; Bogireddy 
et al. 2016). Recently, our research group has published 
works on the production of silver and gold nanoparticles 
via phytochemical methods and the degradation of organic 
dyes (Vijayan et al. 2017b; Francis et al. 2017; Joseph and 
Mathew 2015c). Encouraged by these results, AgNP-C.f. 
was employed for the destruction of pollutant organic dyes 
such methyl orange, methylene blue, and naphthol green 
B with NaBH4 as the reducing agent (Figure S5 in SM). 
Notably, dye degradation studies showed that AgNP-C.f. 
catalyzes complete degradation of dyes much faster when 
compared to the previous results (Vijayan et al. 2017b; Fran-
cis et al. 2017; Joseph and Mathew 2015c).

The degradation of dyes was studied with and without 
the addition of the nanocatalyst, AgNP-C.f. The dyes were 
treated with NaBH4 alone and observed no change in color 
as well as the absorbance of the three dyes even after 4 h. 
From these results, one can conclude that the degradation 
using only NaBH4 is negligibly slow. Thus, AgNP-C.f. was 
employed as nanocatalyst along with NaBH4, to improve the 
degradation rate of above-mentioned dyes. The absorption 
bands of methyl orange, naphthol green B, and methylene 
blue was found to be at 464, 715, and 663 nm, respectively, 
in aqueous solutions. The degradation studies of these 
organic dyes were monitored by means of UV–Vis spectros-
copy. The absorption of dyes was fully diminished, and the 
color of the solution bleached off completely upon addition 
of nanocatalyst (AgNP-C.f.) along with NaBH4.

These studies were carried out in detail with different 
concentration of AgNP-C.f. For example, 0.01 mg/mL of 
AgNP-C.f. leads to complete degradation of methyl orange 
in 9 min, whereas for the others, naphthol green B and meth-
ylene blue, the absorption peak was completely diminished 
with 12 and 4 min, respectively (Figure S6 in SM). Fur-
thermore, control studies were performed for these dyes in 
the absence of AgNP-C.f. and found no change or a slight 
change in absorption spectra even after few hours. These 
results revealed that AgNP-C.f. acts as proficient nano-
catalyst for degradation of pollutant dyes in the presence 
of NaBH4. Additionally, the degradation study of the three 
dyes was performed in higher concentrations of AgNP-C.f. 
such as 0.03 (Figure S7 in SM) and 0.05 mg/mL (Fig. 7), 
while the quantity and concentration of the dye, as well as 
NaBH4, were kept unchanged. The concentration 0.03 mg/
ml of AgNP-C.f. effected complete degradation of methyl 
orange, naphthol green B, and methylene blue within 4, 7, 
and 2 min, respectively, while a higher concentration of 
0.05 mg/mL AgNP-C.f., degraded the first two dyes in 3 
and 4 min, respectively, and methylene blue instantaneously.

These results definitely stand out from similar reports by a 
significant decrease in reaction time and thus the AgNP-C.f. 

Fig. 7   Degradation study of a methyl orange, b naphthol green B, and c methylene blue with NaBH4 in the presence 0.05 mg/mL AgNP-C.f 



1748	 International Journal of Environmental Science and Technology (2020) 17:1739–1752

1 3

catalyst is very promising for real-time water treatment 
applications. In the process of degradation, bubbles were 
produced on the surface of the AgNP-C.f. catalyst, indicating 
the formation of hydrogen gas. The hydrogen gas generated 
plays a key role in the removal of oxygen from the reaction 
which avoids the re-oxidation of leuco methylene blue into 
colored methylene blue. Hydrogen gas also aids to remove 
the products obtained from the surface of catalyst keeping 
the surface fresh (Joseph and Mathew 2015a), which might 
increase the efficiency of the catalyst.

For evaluation of the rate of catalytic degradations, 
the degradation kinetics of the three water pollutant 
organic dyes were studied by monitoring their absorption 
peaks. The chemistry behind the dye–NaBH4 interaction 
is believed as an electron transfer, where the dyes act as 
electrophilic and the BH4

− ions act as nucleophilic centers. 
AgNP-C.f. catalyzes this reaction by providing a platform 
for BH4

− and dye to approach closer and permit the relay 
of electrons of donor BH4

− to dye which is the acceptor. 

The capping agents help to bring the donor and accep-
tor in close proximity. This offers a substitute pathway 
of lower energy of activation and makes the degradation 
kinetically viable (Joseph and Mathew 2015c). In this pro-
cess, since electron transfer occurs from BH4

− to dyes, 
the concentration of BH4

− added in the system is much 
higher in comparison with AgNP-C.f. Moreover, the con-
centration of NaBH4 remains constant while that of AgNP-
C.f. is varied, results in a pseudo-first-order reaction. The 
pseudo-first-order kinetics is represented as follows: ln[A]/
[A0] = − kt where [A] is the dye concentration at time ‘t’ 
which can be acquired from the absorbance peak of dyes, 
[A0] is the concentration of dyes at time t = 0, and k is 
the pseudo-first-order rate constant. Calibration curve of 
absorbance versus concentration is provided in the sup-
plementary material (Figure S8 in SM). Furthermore, the 
graph between ln[A] against time (t) was plotted for the 
degradation of dyes using the different concentrations of 
nanocatalyst as shown in Fig. 8.

Fig. 8   Kinetics study of dye degradation with NaBH4 in the presence of AgNP-C.f. a methyl orange, b naphthol green B, c methylene blue, and 
d comparison of degradation kinetics of three dyes at catalyst concentration = 0.03 mg/ml
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The graph was found to be linear for all dyes, which 
validates the pseudo-first-order kinetics of the degradation 
reaction. The correlation coefficients obtained were in the 
region of 0.975–0.989 (Table S1 in SM). A notable incre-
ment was observed in the reaction rate with an enhancement 
in the concentration of AgNP-C.f., which might be due to 
enhanced availability of catalyst surface area. Furthermore, 
the rate constant, k, was gained from the slope of ln[A] 
versus time (t) plot as per the rate equation: k = 1/t ln[A0]/
[A]. Table S1 in SM presented the relationship between the 
concentrations of catalyst used, the time taken for degrada-
tion and rate constants of the three dyes. Rate constant was 
highest for MB (k = 1.49, at 0.03 mg/mL) among the dyes 
and it was higher for MO (k = 0.66, at 0.03 mg/mL) than 
NGB (k = 0.27, at 0.03 mg/mL). Also, the rate constants 
increased with an increase in the concentration of AgNP-
C.f. as expected. The study confirms the utility of AgNP-
C.f. as an extremely efficient catalyst for organic pollutant 
degradation which makes them desirable in environmental 
remediation.

Conclusion

Green nanoparticles obtained via express, effortless, and 
economic method were employed for fungicide detection 
and pollutant degradation as a part of the goal toward envi-
ronmental remediation. Microwave-assisted production of 
silver nanoparticles using aqueous silver nitrate and the stem 
extract of the plant C. f. in merely water medium ensured 
minimum toxicity effects to the environment during the 
production. The chief alkaloids present in C. f. extract like 
berberine and palmatine act concurrently as the reducing 
and capping agents in the synthesis, avoiding the use of any 
toxic chemicals. AgNP-C.f. was successfully characterized 
using UV–Vis, FT-IR, XRD, and TEM analyses. UV–Vis 
spectroscopic studies primarily evidenced the formation 
of nanoparticles, while FT-IR demonstrated the existence 
of organic functional groups in the plant extract. The crys-
tallinity and face-centered cubic lattice of the NPs were 
proved by XRD, and morphology was obtained by TEM 
analysis. The nanoparticles were mostly spherical shaped, 
and average diameter was 20.72 ± 4.25 nm. The nanoparti-
cles were exploited for the detection of a fungicide Thiram, 
and degradation of common water pollutant organic dyes 
AgNP-C.f. displayed sensitivity and selectivity toward the 
dithiocarbamate fungicide, Thiram with LOD = 0.18 ppm, 
much lower than MRL (7 ppm) by the US Agency, EPA and 
were successfully detecting the fungicide in spiked water 
samples from tap, canal, and river. Furthermore, the cata-
lytic efficiency was so prominent to bring about the complete 
degradation of water pollutant acidic dye methylene blue 
instantaneously while that of methyl orange and naphthol 

green B within a couple of minutes. Thus, one can find the 
green-synthesized AgNP-C.f. as a promising candidate for 
practical applications in detection of Thiram and dye degra-
dation. Even though rapid dual sensing of dithiocarbamate 
fungicide was achieved in micro-molar levels using AgNP-
C.f., the nanoparticles can be further modified with some 
non-toxic component to achieve nanomolar-level sensing.
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