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Abstract In the present study, silver nanoparticles were synthesized using flower broth of Tagetes

erecta as reductant by a simple and eco-friendly route. The aqueous silver ions when exposed to

flower broth were reduced and resulted in green synthesis of silver nanoparticles. The silver nano-

particles were characterized by UV–visible spectroscopy, zeta potential, Fourier transform infra-red

spectroscopy (FTIR), X-ray diffraction, Transmission electron microscopy (TEM) analysis, Energy

dispersive X-ray analysis (EDX) and selected area electron diffraction (SAED) pattern. UV–visible

spectrum of synthesized silver nanoparticles showed maximum peak at 430 nm. TEM analysis

revealed that the particles were spherical, hexagonal and irregular in shape and size ranging from

10 to 90 nm and Energy dispersive X-ray (EDX) spectrum confirmed the presence of silver metal.

Synergistic antimicrobial potential of silver nanoparticles was evaluated with various commercial

antibiotics against Gram positive (Staphylococcus aureus and Bacillus cereus), Gram negative

(Escherichia coli and Pseudomonas aeruginosa) bacteria and fungi (Candida glabrata, Candida

albicans, Cryptococcae neoformans). The antifungal activity of AgNPs with antibiotics was better

than antibiotics alone against the tested fungal strains and Gram negative bacteria, thus significa-

tion of the present study is in production of biomedical products.
ª 2014 TheAuthors. Production and hosting by Elsevier B.V. on behalf ofKing SaudUniversity. This is an

open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction

The field of nanotechnology is one of the most active areas of
research in current material science. The synthesis and charac-

terization of noble metal nanoparticles such as silver, gold and
platinum is an emerging field of research due to their impor-
tant applications in the fields of biotechnology, bioengineering,

textile engineering, water treatment, metal-based consumer
products and other areas, electronic, magnetic, optoelectron-
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Figure 1A Tagetes erecta plant.
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ics, and information storage (Rafiuddin, 2013). It has been
reported that since ancient times silver metal is known to have
antimicrobial activities (Pal et al., 2007) and silver nanoparti-

cles (AgNPs) are of particular interest due to their peculiar
properties and wide applications. Silver nanoparticles are used
to treat infections in open wounds, chronic ulcers (Parashar

et al., 2009) and in textiles, home water purification systems,
medical devices, cosmetics, electronics, and household appli-
ances (Wijnhoven et al., 2009), catalysis, biosensing, imaging,

drug delivery, nanodevice fabrication and in medicine (Lee
and El-Sayed, 2006; Nair and Laurencin, 2007; Jain et al.,
2008), treatment of brucellosis (Alizadeh et al., 2013), anti-
inflammatory (Wong et al., 2009), mosquito larvicidal

(Rawani et al., 2013), etc.
Recently, resistance to commercially available antimicro-

bial agents by pathogenic bacteria and fungi is increasing at

an alarming rate and has become a global threat. Drug resis-
tance is one of the most serious and widespread problems in
all developing countries (Stevanovic et al., 2012). Day by day

treating bacterial infection is increasingly complicated because
of the ability of the pathogens to develop resistance to avail-
able antimicrobial agents and existing antibiotics. Resistant

pathogens may spread and become broader infection control
problems within hospitals and communities as well. Resistant
bacteria like Staphylococci, Enterococci, Klebsiella pneumoniae
and Pseudomonas spp. are becoming more and more common

(Tenover, 2006). To circumvent this, novel methods or novel
strategies are required. The successful approach was the use
of natural antimicrobials, combination or synergistic therapy

and more recently use of metal nanoparticles.
Numerous methodologies are invented to synthesize noble

metal nanoparticles of particular shape and size depending

on specific requirements, because properties of metallic nano-
particles dependent on size and shape are of interest for appli-
cations ranging from catalysts and sensing to optics,

antibacterial activity and data storage (Li et al., 2010). The
surface to volume ratio of nanoparticles is inversely propor-
tional to their size. The biological effectiveness of nanoparti-
cles can increase proportionately with an increase in the

specific surface area due to the increase in their surface energy
and catalytic reactivity. Many methods have been used for the
synthesis of silver nanoparticles, like chemical and photochem-

ical reduction (Chen et al., 2001; Frattini et al., 2005) electro-
chemical techniques (Khaydarov et al., 2009) and radiolysis
methods (Henglein, 1993).

However, in most of the methods hazardous chemicals and
lowmaterial conversions and high energy requirements are used
for the preparation of nanoparticles (Sathyavathi et al., 2010;
Bar et al., 2009; Venkatesham et al., 2014). So, there is a need

to develop high-yield, low cost, non-toxic and environmentally
friendly procedures. In such a situation, biological approach
appears to be very appropriate. Natural material like plants,

bacteria, fungi, yeast, are used for synthesis of silver nanoparti-
cles (Rangnekar et al., 2007; Ahmad et al., 2013; Sumana et al.,
2013; Kotakadi et al., 2014; Vidhu and Philip, 2014).

Tagetes erecta (Marigold) is an ornamental plant belonging
to the family Asteraceae. Flowers of this plant are used in gar-
lands for social and religious purposes in most of the countries.

It is native to Mexico and widely distributed in South East
Asia including Bangladesh and India. The flowers are bright
yellow, brownish-yellow or orange. Different parts of this
plant including flower is used in folk medicine. In has been
used for skin complaints, wounds and burns, conjunctivitis
and poor eyesight, menstrual irregularities, varicose veins,
hemorrhoids, duodenal ulcers, etc (Wichtl, 1994;

Krishnamurthy et al., 2012). The flowers are especially
employed to cure eye diseases, colds, conjunctivitis, coughs,
ulcer, bleeding piles and to purify blood (Kirtikar and Basu,

1994; Manjunath, 1969; Ghani, 2003). Repellent and biocide
activities of essential oils of T. erecta against mosquito species
have been reported (Singer, 1987; Wells et al., 1992). Antimi-

crobial activity of gold nanoparticles of flower extract is
reported by Krishnamurthy et al. (2012).

In the present work, an attempt has been made to synthe-
size silver nanoparticles using aqueous flower extract of T.

erecta (Fig. 1A). The characterization was done using several
spectral analyses. The synthesized silver nanoparticles were
evaluated for their synergistic antimicrobial activity.

2. Materials and method

2.1. Chemicals

Fresh flowers of T. erecta were purchased from the local mar-

ket of Rajkot Gujarat, India. All the chemicals were obtained
from Hi Media Laboratories and Sisco Research Laboratories
Pvt. Limited, Mumbai, India. Ultra purified water was used

for experiment.

2.2. Preparation of the extract for synthesis of silver
nanoparticles

Fresh flowers were thoroughly washed with tap water, followed
by double distilled water and cut into small pieces. 5 g of cut
flowers was boiled for 10 min in 100 ml ultra pure water and fil-

tered through Whatmann No. 1 filter paper. The filtered T.
erecta extract was used for the synthesis of silver nanoparticles.

2.3. Preparation of crude extract

The dried powder of the marigold flower was extracted by cold
percolation method. The powder was first defatted with hex-
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ane and then extracted in acetone as described earlier (Parekh

and Chanda, 2007).

2.4. Synthesis of silver nanoparticles

Aqueous solution (1 mM) of silver nitrate (AgNO3) was pre-
pared and used for the synthesis of silver nanoparticles. 6 ml
of extract was added to 40 ml of 1 mM AgNO3 solution for

the reduction of Ag+ ions. The synthesis of silver nanoparti-
cles was carried out at room temperature (25 �C ± 2 �C) for
Flower 
extract AgNO3 0 min 2min 4 m

Figure 2A Color change in the r
24 h in dark. The silver nanoparticle solution thus obtained
was purified by repeated centrifugation at 10,000 rpm for
10 min followed by redispersion of the pellet of silver nanopar-

ticles into acetone. After air drying of the purified silver parti-
cles they were stored at 4 �C for further analysis.

2.5. Standardization

For efficient synthesis of silver nanoparticles, effect of boiling
time and effect of extract amount to be added to 1 Mm AgNO3

solution were varied and the best one was selected. The forma-
tion of AgNPs was monitored as a function of time of reaction
on a spectrophotometer by taking O.D. at 440 nm at an inter-

val of 2 min.

2.6. Characterization of the synthesized silver nanoparticles

UV–Vis spectra of synthesized nanoparticles were monitored

as a function of time of reaction on a spectrophotometer (Shi-
madzu UV-1601) in 400–700 nm range operated at a resolution
of 10 nm. The FTIR (Fourier transform infra-red spectros-

copy) was recorded in the range of 400–4000 cm�1 Nicolet
IS10 (Thermo Scientific, USA). Various modes of vibrations
were identified and assigned to determine the different func-

tional groups present in the T. erecta extract. The zeta poten-
tial measurement was performed using a Microtra (Zetatra
Instruments). The structure and composition of synthesized
silver nanoparticles was analyzed by XRD (X-ray diffraction).

The formation of Ag nanoparticles was determined by an
X’Pert Pro X-ray diffractometer (PAN analytical BV) oper-
ated at a voltage of 40 kV and a current of 30 mA with Cu

Ka radiation in h–2h configurations. The crystallite domain
size was calculated from the width of the XRD peaks, assum-
ing that they are free from non-uniform strains, using the

Scherrer formula. D = 0.94k/bCosh where D is the average
crystallite domain size perpendicular to the reflecting planes,
k is the X-ray wavelength, b is the full width at half maximum

(FWHM), and h is the diffraction angle. TEM (Transmission
electron microscopy) analysis was done to visualize the shape
as well as to measure the diameter of the bio-synthesized silver
nanoparticles. The sample was dispersed in double distilled

water. A drop of thin dispersion was placed on a ‘‘staining
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mat’’. Carbon coated copper grid was inserted into the drop

with the coated side upwards. After about 10 min, the grid
was removed and air dried. Then screened in JEOL JEM
2100 Transmission Electron Microscope.
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2.7. Antimicrobial activity

The antimicrobial activity of crude acetone extract and synthe-
sized T. erecta AgNPs with 15 commercial antibiotics and anti-
biotics alone was determined against 2 Gram positive bacteria

(Staphylococcus aureus and Bacillus cereus) and 2 Gram nega-
tive bacteria (Escherichia coli and Pseudomonas aeruginosa)
and 3 fungal (Candida albicans, Candida glabrata, Cryptococ-
cae neoformans) strains, by using agar disc diffusion method

(Rakholiya and Chanda, 2012).

3. Results

3.1. Standardization

There was a difference in the formation of AgNPs by 5 and
10 min and 15 min boiling time. Maximum AgNP formation
occurred at 10 min boiling time (Fig. 1B). Hence, 10 min boil-

ing time was finalized for the preparation of the flower extract.
On adding 6 ml of the extract, AgNP formation was consider-
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Figure 5 TEM images (A, B, C) of Ag nanoparticles in low and high

EDX spectrum showed higher percentage of silver signal.
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ably more than on addition of 3 ml but on adding 9 ml of
extract, formation of AgNPs was not very much different
(Fig. 1C). Hence, 6 ml extract was finalized for the synthesis

of AgNPs.

3.2. Characterization

On adding light yellow color flower extract to color less silver
nitrate solution, formation of AgNPs occurred and they exhib-
ited a color change to surface plasmon resonance. The inten-

sity of color was directly proportional to the formation of
AgNPs. The color change was very rapid and as soon as the
two solutions were mixed, the solution turned brown and

within 10 min, it turned to dark brown and by 2 h the solution
turned black (Fig. 2A). The UV–vis spectra recorded from the
flower extract of T. erecta reaction at different time intervals is
presented in Fig. 2B. The spectrum showed maximum absorp-

tion band at 430 nm. The absorbance steadily increased in
magnification, (D) SAED patterns of the silver nanoparticles, (E)
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intensity as a function of reaction time. Stability of AgNPs is
determined by zeta potential measurement. Zeta potential
value ±30 mv is considered as stable nano suspension. The

zeta potential of T. erecta flower AgNPs was �27.63 mV
(Fig. 3B). This suggested that the surface of the nanoparticles
was negatively charged that dispersed in the medium. FTIR

analysis was done to identify the possible bio-reducing bio-
molecules in the flower extract. Fig. 3A shows the FTIR spec-
tra of aqueous silver nanoparticles prepared from the T. erecta

flower extract. The band at 3740.10 cm�1 corresponds to
NAH amide stretching. The peak at 727.19 cm�1 corresponds
to CAH stretching strong aromatic monosubstituted benzene.
The assignment at 793.73 cm�1 corresponds to CACl stretch-

ing alkyl halides and 693.43 cm�1 corresponds to CAH
stretching strong vinyl disubstituted alkenes. X-ray diffraction
(XRD) patterns of silver nanoparticles indicate that the struc-

ture of silver nanoparticles is face-centered cubic (fcc) (Fig. 4).
In addition, the diffraction peaks at 2A values of 23.25, 15.19,
19.20, 17.93 could be attributed to (111), (200), (220), (311)

Braggs reflection respectively. The lattice constant calculated
from this pattern was 4.0865 A. The obtained value was
according to the joint committee on powder diffraction stan-

dards (JCPDS) file No. 04-0783.

3.3. TEM analysis

The TEM image of the AgNPs is depicted in Fig. 5. The size

was in the range of 10–90 nm; the average size of the nanopar-
ticles was found to be 46.11 nm (Fig. 5A, B). The shape of the
nanoparticles was spherical, hexagonal and irregular in shape

with moderate variation in size (Fig. 5C). In order to verify the
crystalline nature of the nanoparticles the selected area elec-
tron diffraction (SAED) patterns were obtained for the sample

containing 1 mM of AgNO3, for different regions and parti-
cles, as shown in Fig. 5D. The ring like diffraction pattern
in SAED image indicates that particles are purely crystalline

in nature and could be indexed on the basis of the face cen-
tered cubic silver structure. The bright ring arise due to
reflection from (111), (200), (220), and (311) planes of fcc sil-
ver which is supported by XRD results. The results of EDX

analysis are shown in Fig. 5E. Presence of elemental silver
can be seen in the graph by EDX analysis in support of
XRD results.
Table 1 Phytochemical test of T. erecta flower powder.

Test Result

Flavanoids ++++

Tannins +++

Phlobatannins –

Triterpenes +++

Steroids –

Saponins –

Cardiac glycoside +++

Meyer’s –

Dragondroff ++++

Wagners +++

Legal’s –
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3.4. Antimicrobial activity

Out of 11 antibiotics tested, synergistic activity or increase in
fold area of antibiotics plus acetone extract was against only
one antibiotic i.e. CC10 against B. cereus. On the other hand,

antibiotics plus AgNPs showed synergistic activity with three
antibiotics, maximum being against CC10. S. aureus was inhib-
ited more than B. cereus, both with antibiotics plus acetone
extract or antibiotics plus AgNPs (Tables 2A and 2B). Increase

in fold area was more with acetone extract than with AgNPs.
Antibiotics and acetone extract showed more activity against
PB100 (1.8) followed by AMP (0.53) (Table 2B) while antibiot-

ics and AgNPs showed more activity against CC10 (0.59)
(Table 2A).

The antibacterial activity against E. coli and P. aeruginosa

was definitely better than Gram positive bacteria. In spite of
possessing much tougher cell wall, these bacteria were more
inhibited both by antibiotics plus acetone extract and antibiot-

ics plus AgNPs (Tables 2A and 2B). E. coli was inhibited by
almost 7–8 antibiotics when antibiotics plus AgNPs were used
or acetone extract with antibiotics was used, while P. aerugin-
osa was inhibited by 7 antibiotics when antibiotics plus AgNPs

were used but when acetone extract plus antibiotics was used
the activity was only against 4 antibiotics. Maximum increase
in fold area was again against CC10 (0.67) by E. coli while P.

aeruginosa did not show any activity against CC10.
The antifungal activity was done with 4 antibiotics against

3 fungal strains; antibiotics plus AgNPs showed activity with

all the 4 antibiotics against all the 3 fungal strains and maxi-
mum activity as evidenced by maximum increase in fold area
was against C. albicans against KT30 followed by C. neofor-
mans against KT39 (Table 3A). When the activity of antibiotics

plus acetone extract is evaluated, it was observed that activity
was shown only against C. albicans and maximum activity was
again with KT30 (Table 3B). Antibiotics and acetone extract

could not inhibit C. neoformans or C. glabrata.

4. Discussion

The different parts of plant extracts are ecofriendly, economi-
cal and safe for the synthesis of nanoparticles. Use of flower
extract for synthesis of nanoparticles has an added advantage

of environmental friendly. Flowers are normally thrown away
into the environment, so evaluating therapeutic value of dis-
carded material is a novel idea. In the present study, an

attempt was made to synthesize silver nanoparticles from T.
erecta flower extract. For synthesis of silver nanoparticles stan-
dardization was done in respect to addition of extract amount
and boiling time for the preparation of plant extract. Optimi-

zation of these two parameters was essential as both had a pro-
found effect on the formation of silver nanoparticles. Zayed
et al. (2012) also reported effect of extract amount on AgNPs

formation.
The colorless solution turned brown indicating the nano-

particle formation of silver. The characteristic brown color

of silver provided a convenient spectroscopic signature to indi-
cate nanoparticles formation. The formation of AgNPs occurs
from few minutes to hours as reported for other plant extracts

(Chanda, 2014). UV-spectra revealed maximum absorption
peak at 430 nm and the intensity of absorption increased with
time. The increase in intensity could be due to the increasing



Table 3A Synergistic activity of AgNPs of T. erecta flower with different standard antibiotics against fungi.

Anti biotic Candida glabrata (NCIM NO 3448) Candida albicans (NCIM NO 3102) Cryptococcae neoformans (NCIM NO 3542)

Anti biotic (A)

(mm)

Anti biotic

+ AgNPs

(B) (mm)

Increase in

fold area

Anti biotic

(A) (mm)

Anti biotic

+ AgNPs(B) (mm)

Increase in

fold area

Anti biotic

(A) (mm)

Anti biotic

+ AgNPs(B) (mm)

Increase

in fold area

NS100 29 32 0.22 17 21 0.52 23.5 25 0.13

KT30 24.5 29 0.40 15 19.5 0.70 15.5 19.5 0.58

FLC10 21.5 26 0.46 20.5 21 0.05 13.5 14.7 0.19

AP100 15 17 0.28 10.5 12 0.31 12 13 0.17

NS100 – Nystatin, KT30 – Ketoconazole, FLC10 – Fluconazole, AP10 – Ampotericin.

Mean surface area of the inhibition zone was calculated for each from the mean diameter.

Increase in fold area was calculated as (B2 � A2) /A2, where A and B are the inhibition zones for Antibiotics and Antibiotics + AgNPs,

respectively.

Table 3B Synergistic activity of acetone extract of T. erecta flower with different standard antibiotics against fungi.

Anti biotic Candida glabrata (NCIM NO 3448) Candida albicans (NCIM NO 3102) Cryptococcae neoformans (NCIM NO 3542)

Antibiotic

(A) (mm)

Anti biotic

+ Acetone

extracts (B)

(mm)

Increase

in fold

area

Anti Biotic

(A) (mm)

Anti biotic

+ Acetone

extracts

(B) (mm)

Increase

in fold

area

Anti biotic

(A) (mm)

Anti biotic

+ Acetone

extracts (B)

(mm)

Increase in

fold area

NS100 29 28 0 17 26 0.53 23.5 23 0

KT30 24.5 17 0 15 24 1.56 15.5 12 0

FLC10 21.5 18 0 20.5 17 0 13.5 13 0

AP100 15 12 0 10.5 13 0.53 12 13 0.17

NS100 – Nystatin, KT30 – Ketoconazole, FLC10 – Fluconazole, AP10 – Ampotericin.

Mean surface area of the inhibition zone was calculated for each from the mean diameter.

Increase in fold area was calculated as (B2 � A2) /A2, where A and B are the inhibition zones for Antibiotics and Antibiotics + Acetone

extracts, respectively.
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number of nanoparticles formed as a result of reduction of sil-
ver ions present in the aqueous solution with the help of phy-

toconstituents present in T. erecta flower extract. Similar
results were reported by Pant et al. (2012) and Roopan et al.
(2013).

The zeta potential of T. erecta flower AgNPs was
�27.63 mv. According to Gengana et al. (2013) a zeta poten-
tial higher than 30 mV or lesser than �30 mv is indicative of

a stable system. The negative charge on the surface of the syn-
thesized AgNPs can cause strong repulsive force among parti-
cles which may prevent from aggregation. Hence, it can be
concluded that the synthesized nanoparticles are fairly stable.

The secondary metabolites like alkaloids, flavonoids, tannins
and cardiac glycoside present in the flower extract may be
responsible for stabilizing the synthesized nanoparticles

(Table 1) as also suggested by other researchers.
FTIR has become an important tool in understanding the

involvement of functional groups in relation between metal

particles and biomolecules. It is used to search the chemical
composition of the surface of the AgNPs and identify the bio-
molecules for capping and efficient stabilization of the metal
nanoparticles. There were many functional groups present

which may have been responsible for the bio-reduction of
Ag+ ions. The flavonoids present in the flower extract are
powerful reducing agent which may be suggestive for the for-

mation of silver nanoparticles by reduction of silver nitrate
(Table 1). But, the probable mechanism is unclear and needs
further investigation.
XRD analysis proved that silver nanoparticles were crystal-
line in nature. TEM analysis revealed that T. erecta flower

AgNPs were spherical, hexagonal and irregular in shape. The
shape and size of nanoparticles formed varies from plant to
plant and part used and also the phytoconstituents like alka-

loid, flavonoids, tannins and cardiac glycoside present in them
at the time of synthesis (Table 1).

AgNPs from Annona squamosa leaf extract were spherical

in shape with an average size ranging from 20 to 100 nm
(Vivek et al., 2012) while Thirunavokkarasu et al. (2013)
reported spherical nanoparticles with size ranging from 8 to
90 nm in Desmodium gangeticum. The sharp signal peak of sil-

ver strongly indicated the reduction of silver ion by T. erecta
into elemental silver. Metallic silver nanoparticles generally
show typical optical absorption peak approximately at

2.6 keV due to surface plasmon resonance. There were spectral
signals for C and Cu because of the TEM grid used. From
EDX spectrum, it was clear that T. erecta had percent yield

of 71.31% of AgNPs and synthesized nanoparticles were com-
posed of high purity AgNPs. TEM images showed that the sur-
faces of the AgNPs were surrounded by a black thin layer of
some material which might be due to the capping organic con-

stituents of flower broth as also reported by Rafiuddin (2013).
The results of the present work clearly showed that antibac-

terial activity was more when antibiotics plus AgNPs were

used than when antibiotics plus acetone extract was used, as
evidenced by increase in fold area. The AgNPs successfully
inhibited Gram negative bacteria, even better than acetone
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extract. Thakur et al. (2013) and Niraimathi et al. (2013) also
reported antibacterial activity of AgNPs. The AgNPs plus
antibiotics could successfully inhibit the fungal strains under

investigation while acetone extract plus antibiotics could not.
Antifungal activity of AgNPs with commercial antibiotics is
also reported (Kim et al., 2009; Gajbhiye et al., 2009). How-

ever, they have reported against only fungi and only with 2
antibiotics i.e. fluconazole and amphotericin B respectively.
The mechanism of inhibitory effects of silver ions on microor-

ganisms is somewhat known. Some studies have reported that
positive charge on the silver ion is significant for its antimicro-
bial activity through the electrostatic attraction between nega-
tive charge on cell membrane of microorganism and positive

charged nanoparticles (Hamouda and Baker, 2000; Dibrov
et al., 2002; Chanda, 2014).

Over all, it can be concluded that antibiotics plus AgNPs

showed more inhibitory activity than antibiotics alone and
antibiotics plus acetone extract. The inhibition was more
against pathogenic fungal strains and Gram negative bacteria.

This is very interesting because they both are very resistant
pathogenic microbial strains causing incurable infectious dis-
eases and there is always a look out for alternative novel

approach to treat them.
To date, synthesis of AgNPs with flower extracts is scanty

and synthesis of AgNPs with T. erecta flower extract is
reported for the first time. Moreover, combination or synergis-

tic effect of 15 antibiotics with AgNPs against pathogenic bac-
teria and fungi is a new finding. The reduction of silver ions
occurred due to the water-soluble phytochemicals like flavo-

noids, tannins, triterpenes, cardiac glycosides and alkaloids
present in the flower sample of T. erecta (Table 1). The results
clearly demonstrated that AgNPs synthesized by green route

can definitely compete with commercial antibiotics used for
the treatment of microbial infections and sometimes are even
better. Thus, these ecofriendly silver nanoparticles can be used

as an excellent antimicrobial agent against multi drug resistant
pathogenic microorganisms. However, more research work
especially on animal models needs to be done before they
can be used as antimicrobial agents. Finally the therapeutic

use of nanoparticles synthesized from flowers, otherwise
thrown away as useless material into environment is
noteworthy.
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