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Abstract

Applications of nanomaterials has recently been of keen interest to researchers. This fascinating drive ensued due to their
unique properties such as optical, magnetic, ease of synthesis, large surface area, and tunable surface chemistry and func-
tionalization that are remarkably different from that of the bulk material. In this work, silver nanoparticles were synthesized
and characterized using UV-Vis spectroscopy and scanning electron microscopy. The UV—Vis spectra obtained showed
absorption peak at 406 nm wavelength and scanning electron microscope reveals an image of size, 20 nm. The efficiency of
our nanomaterial was first tested using standard solutions of cobalt and lead. A bathochromic shift in the absorption wave-
length from 406 to 445 nm and from 406 to 458 nm for Cobalt(IT) and Lead(II), respectively, indicates an adsorption has taken
place. Adsorption characteristics of the nanoparticles evaluated at various incubation periods indicates a percent reduction
in cobalt(Il) from 33.13 to 53.34% and 79.9-92.92% for lead(Il) from day 1-14. This indicates high removal efficiency for
lead(II) than cobalt(Il) in the proof of concept experiment. The results obtained further reveal that metal ion removal from
complexes using silver nanoparticles is time-dependent. The effectiveness of our nanomaterial toward metal ion removal from
groundwater was tested using inductively coupled plasma optical emission spectroscopy. The results obtained reveal removal
efficiencies of 24% for cobalt and 77% for lead. It is important to note that metal ion concentrations reduced as the incubation
periods increased. This is in line with the proof of concept experiment using complex solutions of cobalt and lead. Notably,
the percent removal of cobalt was quite low compared to proof of concept experiment. These observations suggest a further
research into understanding the adsorption characteristics of metal ions to the surface of nanomaterials in aqueous media.
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Introduction et al. 2007). Frontiers of research into the adverse effects of
heavy metal pollution of water bodies has been enlarged in

Pollution of water bodies emanating from natural and  recent times due to the contaminant effects of these metals

anthropogenic sources has become a matter of concern to
mankind (Giri and Qiu 2016; Li et al. 2012; Vodela et al.
1997). Among the wide diversity of pollutants affecting
water resources, heavy metals have received considerable
attention due to their high toxicity even at low concentra-
tions (Gaur et al. 2014; Jameel et al. 2012; Marcovecchio
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on plants and animal species. Clean water is essential to
human health, but due to population growth and extended
droughts; the world is facing formidable challenges in meet-
ing rising demands for clean water (Fu and Wang 2011; Gaur
et al. 2014; Larsen et al. 2016; Savage and Diallo 2005;
Tiwari et al. 2008). Many technologies have been employed
in water treatment, and these include ion exchange, reverse
osmosis, reduction, precipitation and membrane filtrations.
The major hitch and disadvantage to these technologies ema-
nates from their operational and maintenance cost (Jadhav
et al. 2015; Mutamim et al. 2013; Weng et al. 2008). Despite
being costly, they are also related to generation of sludge.
Monteagudo and co-workers in their work reported sludge
disposal as another problem with most of these technolo-
gies (Monteagudo and Ortiz 2000; Suksabye et al. 2008).
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This makes improving water quality a difficult task in
areas where the risk of contamination is high (Pradeep and
Anshup 2009). Recently, Chouler et al. (2018) reported on
screen-printed paper microbial fuel cell biosensor for detec-
tion of toxic compounds in water. Though it has a very good
detection capability, an important aspect to consider lies on
removal efficiency. An alternative technique to microbial
fuel cell biosensors which could both detect and remove with
high efficiency is nanotechnology.

Nanotechnology is currently the solution to water and
wastewater treatment (Dasgupta et al. 2017; Ghasemzadeh
et al. 2014; Kunduru et al. 2017; Li et al. 2018; Madhura
et al. 2018; Savage and Diallo 2005; Tiwari et al. 2008;
Westerhoff et al. 2016; Zhang et al. 2016). Pradeep and co-
workers in their work reported the significant progress that
has been made to utilize the chemistry of nanomaterial in
several ways to improve water quality (Pradeep and Anshup
2009). Qu and co-workers in their research confirmed
Pradeep and Anshup’s assertion that nanotechnology holds
great potential in advancing water and wastewater treatment
(Pradeep and Anshup 2009; Qu et al. 2013; Westerhoff et al.
2016). Tremendous attention has been focused on the appli-
cation of nanostructured materials as adsorbents or cata-
lyst in the removal of toxic and harmful substances from
wastewater and air (Ding et al. 2005; Santhosh et al. 2016;
Yang et al. 2006; Zhang et al. 2016). For example, Shankar
and co-workers reported on using chitosan to remove penta-
chlorophenol pesticides from aqueous media (Shankar et al.
2020). Eltayeb and Khan (2019) designed a new and novel
nanocomposite with CNTs and applied it as a sensor toward
environmetal remediation of polutants especially lead(II)
ions. Preparation of novel wave-like zirconium tungstate
nanocomposite was used for ion-selective studies in aque-
ous media (Khan et al. 2019). This illustrates the potentials
of nanoparticle in environmental remediation of pollutants.
According to Elangovan et al. (2008), nanoparticle-based
adsorption techniques have become versatile methods for
removal of metallic pollutants from aqueous solutions. The
very small particle size nature (1-100 nm) of nanoparticles
makes them extremely versatile remediation tools (Awual
2016). Apart from their size, they can also be magnetized
and also attached onto solid matrix such as activated carbon
which allows them to be attached to heavy metals (Agar-
wal and Joshi 2010). The technique has been so effective
that even at very low concentrations, metallic ions could
be removed (Azimi et al. 2017; Kogan et al. 2006; Shim
and Gupta 2007). Agarwal and Joshi (2010) in their work
reported reactive nanoparticles appear to be useful in reme-
diating groundwater and thus may prove useful in removing
pesticides, herbicides and heavy metals in the environment
(Agarwal and Joshi 2010). Baldovi et al. used nanomaterials
to understand the origin of the photocatalytic CO, reduc-
tion which was earlier reported in aqueous media (Baldovi
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et al. 2015). The applications and removal efficiencies of
nanoparticles make it a versatile technology for the present
environmental remediations.

This work herein investigates and scout the practicability
of the use of silver nanoparticles (AgNPs) in the removal
of metal ion contaminants in groundwater samples in the
Cape Coast Metropolis, Ghana. The sequence adopted in
this work involves the synthesis and characterization of sil-
ver nanoparticles which was followed by a proof-of-concept
experiment where we tested the efficacy of our nanoparticles
using standard solutions of cobalt and lead at varied peri-
ods of incubation. Finally, we applied our nanomaterial to
groundwater where we confirmed their effective capabilities
toward metal ion contaminate removal.

Materials and methods
Study areas

Cape Coast Metropolis, a coastal town, with its scarcity of
running tap water during the dry seasons was chosen for
this research. Assin Fosu (in-land town) was chosen as a
control to compare if there could be wide difference in metal
ion concentrations between coastal and in-land town. From
the map, longitude 1° 11’ 41” W and latitude 5° 07" 20" N
defines the location of Cape Coast metropolis as shown in
Fig. 1a. Assin Fosu in the Assin North district of the Central
Region lies within longitude 1° 25’ 41" W and latitude 6° 05’
20" N of the Central Region of Ghana (Fig. 1b). All sam-
ples were taken from the main source of water (groundwa-
ter) supply which are suspected to have elevated amount of
heavy metals due to the environment these wells are found.

Materials and reagents

UV-Vis spectra were measured using a T70 UV-Vis spec-
trophotometer (PG Instrument Ltd). Varian 715-ES induc-
tively coupled plasma—optical emission spectroscopy was
used for the quantitative analysis of cobalt(I) and lead(Il)
ions. Field emission scanning electron microscope with
model number S4800 FE-SEM system (Hitachi Scientific
Equipment, Japan) equipped with an ultrahigh resolution and
low voltage 10 kV SEM inspection with advanced sample
navigation package was used to characterize the morphol-
ogy. Centrifuge (model 0257-210) from Wagtech Interna-
tional Limited, UK, was used to separate the adsorbent and
treated water. All chemicals such as AgNO,, NaBH,, HNO;,
and cobalt and lead standards for [CP-OES were purchased
from Merck (Darmstadt, Germany) and were of analytical
grade and used without any further treatment unless oth-
erwise stated. Standard solutions of lead and cobalt were
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Fig.1 Map showing the areas of study in a Cape Coast Metropolis and b Assin Fosu in the Central Region of Ghana. The study areas are indi-

cated in red color

prepared using modified procedures as stated. All solutions
were prepared using doubly distilled deionized water.

Sample collection, treatment and storage

Groundwater samples were taken from 10 sampling sites.
Selected sampling sites from Cape Coast Metropolis were
Kotokuraba, Mpeasem, Amamoma, Effutu, Adisadel, OLA,
Ebubonku, Ayikoayiko and Pedu; a control sample from
Assin Fosu in the Assin North district of the Central Region
of Ghana. Nitric acid-treated 1 L polyethylene bottles were
used for sampling to prevent traces of metals leaching into
the water samples. In addition, nitric acid treatment proce-
dure was intended to preserve trace metals from microbial
activity and adsorption losses to the walls of the sample
container (Biziuk et al. 2009; Federation and Association
2005; Shugar et al. 2001; Sundaram et al. 2009). The tem-
perature and pH values for the samples recorded were 29 °C
and pH units 2.0. Samples were transported and stored in
the refrigerator at 4 °C. This is to minimize sample losses
through evaporation and any possibility of chemical conver-
sion (Federation and Association 2005).

Synthesis of silver nanoparticles (AgNPs)

AgNPs utilized in this study were synthesized using the
method proposed by Mulfinger and co-workers (Mulfin-
ger et al. 2007). The method involved the reduction of
Ag* to Ag’. In this synthetic process, 1.0 mM AgNO, was

continually added to 2.0 mM NaBH, with continuous stir-
ring for about 20 min on an ice bath. Formation of AgNPs
was observed by a change in the color of the mixture from
colorless to yellow. The UV—Vis characterization showed
the absorption peak of our nanomaterial at 406 nm. Mor-
phological characterization revealed a nanomaterial of size
20 nm which is in line with literature (Mulfinger et al.
2007). To determine the concentration of the synthesized
AgNPs, Eqgs. (1) and (2) were used which indicated the
concentration of our nanomaterial is 4.06 x 10~ mol/L.
Equation (1) gives the number of atoms per nanoparticle
which is substituted into Eq. (2) to obtain the concentra-
tion of the prepared AgNPs.
3
N = pD° Ny o
6M

N=number of atoms per nanoparticle, p =density of face
centered cubic (fcc) silver=10.5 g/cm3 (1.05%x 1072 g/nm3),
D =average diameter of nanoparticles =20 nm, M =atomic
mass of silver=108 g/mol, N, =number of atoms per
mole=6.02 x 10?* atoms/mol

N. T
C=
NVN,

@)

C=molar concentration of nanoparticle solution, N;=Total
number of silver atoms added in AgNO;=1.20x 10% atoms,
N=number of atoms per nanoparticle (determined in Eq. 2),
V=volume of the reaction solution=2x 107 L, N, =num-
ber of nanoparticles per mole.
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Treatment of standard solutions (cobalt and lead)
and groundwater samples using AgNPs

Prior to the treatment of standards with AgNPs, standard
solutions of cobalt and lead were prepared according to
APHA (American Public Health Association) method (Fed-
eration and Association 2005). Dilute concentrations of 5,
10, 15, 20 and 25 pg/mL were prepared from the standard
stock solutions. To 10 mL portions of these dilute solutions,
0.5 mL portions of AgNPs were added. The incubation

period used in this work were 1 day, 3 days, 5 days, 7 days
and 14 days. All solutions were centrifuged at 3000 rpm for
10-20 min, and the supernatant portions taken for UV-Vis
analysis. Absorbance measurements for both solutions were
taken at 510 nm wavelength. Digested groundwater samples
were treated with 0.5 mL portions of AgNPs and incubated
using the same process as described for the metal standard
solutions. Quantitative determinations of metal ion concen-
trations were carried out using inductively coupled plasma-
optical emission spectrophotometer (ICP-OES). This is to
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BH, BHy e BH, BH, —
AgNO; — Ag™ + NOg _NaBH, > )
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Scheme 1 Proposed mechanism showing how the metal-ions were adsorbed to the surface of AgNPs
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Fig. 3 UV-Vis absorption spectra for 20 nm AgNPs (a) bathochromic and hypochromic shift upon adsorption of cobalt (b) and lead solution (c¢)
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determine the amounts of cobalt (Co*") and lead (Pb**)
ions removed by the nanomaterial through adsorption. The
selected ICP-OES emission wavelengths for cobalt and lead
were 238.892 and 220.353 nm, respectively.

Results and discussion

UV-Vis spectroscopy and SEM characterization
of AgNPs

Noble metal nanoparticles exhibit strong UV—-Vis absorp-
tion band which is absent in the bulk metal. The major drive
behind application of UV—Vis in this work is to identify
wavelength changes upon surface modification of the nano-
particles. The measured UV-Vis absorption spectra of our
nanoparticle fell in the range of 300-700 nm as shown in
Fig. 2, (left). The material showed distinctive surface plas-
mon absorption peak at 406 nm, which is a characteristic of
AgNPs. Morphological characterization of AgNPs (Fig. 2,
right) showed particles of small sizes (20.3 +£0.8 nm) with
spherical shapes.

Metal-ions adsorption effects on surface plasmon
band of AgNPs

After a successful synthesis and characterization of AgNPs,
a proof of concept experiment was carried out to ascer-
tain shift in the plasmon band upon surface modification.
In this experiment, 0.5 mL of AgNPs was added to about
10 mL cobalt and lead standard solutions. The shift pat-
terns observed upon interaction between silver nanoparticles
and metal ions from cobalt and lead solutions are shown
in Fig. 3. A remarkable redshift from 406 to 445 nm upon
adsorption of cobalt(II) ions onto the surface of AgNPs was
observed (Fig. 3b). Adsorption of lead(Il) ions, on the other
hand, showed an outstanding higher bathochromic shift
from 406 to 458 nm as indicated in Fig. 3c. These redshifts
as shown in Fig. 3b, ¢ demonstrate changes in the optical
properties of the nanoparticles following the adsorption of
Co** and Pb*" ions. Hypochromic shifts which were also
observed further stipulates the surface modifications of the
silver nanoparticles. A proposed mechanism was developed
showing the adsorption of metal ions to the surface of the
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Fig.4 UV-Vis spectrophotometric analysis showing AgNPs adsorption of 5 pg/mL cobalt(I) ions at 510 nm before and after addition of silver

nanoparticles. The incubation period is 1-14 days
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silver nanoparticles which change the surface morphology
of the silver nanoparticle (Scheme 1).

Our results presented herein suggest the importance
of UV-Vis spectrophotometry in tracking optical proper-
ties of nanoparticles upon surface modification. Based on
these experimental facts, UV-Vis spectrometry was used to
identifiably determine the level of reduction of metal ions
from various concentrations of metal standards. In other to
achieve this, silver nanoparticles effects before and after days
of incubation were studied using 5-25 pg/mL cobalt(IT) and
lead(II) ion solutions recorded at 510 nm wavelength using
UV-Vis spectroscopy technique. Figures 4 and 5 show the
UV-Vis spectra of 5 and 25 pg/mL cobalt(I) ion solutions,
while Figs. 6 and 7 show that of 5 and 25 pg/mL lead(II)
ion solutions before and after days of incubation. The spec-
tra obtained for all the metal ions concentrations (5-25 pg/
mL) used for this experiment before and after nanoparticle
incubation are summarized in Tables 1 and 2. As stated ear-
lier in this manuscript, the adsorption of cobalt and lead
ions to the surface of AgNPs could result in the decrease in
the absorbance intensities an indicative of cobalt and lead
ion removal (Sumesh et al. 2011; Yantasee et al. 2007).
According to Ball, the decrease in absorbance intensities

depicts a decrease in concentration which is consistent with
Beer-Lambert’s law indicating the removal of metal ion in
solution (Ball 2006).

It is important to reiterate that decrease in absorbance
correlates with increase in the incubation period suggesting
longer incubation period enhances removal efficiencies as
shown in Fig. 8. The absorbance values measured at 510 nm
for cobalt and lead were converted to percentages using
Eq. (3) and the values shown in Tables 3 and 4 respectively.

(4,-4,)

0

%M"* removed = x 100% 3)

where %M"* = percent of metal ion, A =absorbance before
nanoparticle addition, A; = absorbance after nanoparticle
addition.

UV-Vis measurements from Tables 1 and 2 indicated a
decrease in absorbance measurements for Co** and Pb**
solutions as the incubation periods increase an indicative of
greater adsorption of metal ion to the surface of the nano-
particles. This observation gave indication that our AgNPs
could possibly remove Co** and Pb** in an aqueous environ-
ment. The data obtained from the spectra were converted to
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Fig.5 UV-Vis spectrophotometric analysis showing AgNPs adsorption of 25 pg/mL cobalt(II) ions at 510 nm before and after addition of silver

nanoparticles. The incubation period is 1-14 days
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percentage, and this is shown in Table 3. At concentrations
of 5, 10, 15, 20 and 25 pg/mL, the percent reductions on
day 1 were 2.41, 7.16, 1.62, 13.23 and 10.53, respectively.
Days 3, 5 and 7 also showed some percent reduction, but the
highest percent reductions were observed on day 14. Co**
solution treatment on day 14 showed 53.34% for the 5 pg/
mL, 40.29% for 10 pg/mL, 33.13% for 15 pg/mL, 36.72%
for 20 pg/mL and 46.18% for 25 pg/mL. This observation
is consistent with the studies conducted by Alqudami et al.
and Alissawi et al. which confirmed that metal ion adsorp-
tion to nanoparticles is time-dependent (Alissawi et al.
2013; Alqudami et al. 2013). Critical observation of results
in Table 3 showed apart from 5 pg/mL, the removal effi-
ciencies for 10, 15, 20 and 25 pg/mL were below 50%. This
could mean a higher molar concentration for the AgNPs will
be the most preferred for concentrations higher than 5 pg/
mL than the one used whose concentration is 0.0438 ppm
(4.06 x 10~"mol/L) as determined from Eq. 2. Pb?>* complex
solutions of 5, 10, 15, 20 and 25 pg/mL when incubated
with 0.5 mL of AgNPs from days 1, 3, 5, 7 and 14 showed
a trend indicating that the absorbances reduced as the

number of days increased (Alissawi et al. 2013; Alqudami
et al. 2013). These observations as shown in Table 2 also
confirm the ability of AgNPs to remove lead. As presented
in Table 4, the maximum percent reduction was recorded
for all the concentrations on day 14. Thus 5, 10, 15, 20 and
25 pg/mL had the concentrations of Pb?* in the complex
reduced by as low as 88.56, 92.92, 84.10, 80.11 and 79.92%,
respectively, which are much higher than the percentages
of Co?* removed on the same day with the same amount
of AgNPs applied. This high level of adsorption illustrates
our nanomaterial is highly efficient and best choice for Pb**
removal (Shiri-Yekta et al. 2013). The time dependency of
nanoparticles as indicated by Alqudami et al. (2013) and
Alissawi et al. (2013) was once again proven by our system.
The time dependence of nanoparticle adsorption effects in
Pb?* solution is illustrated in Fig. 8 which illustrates AgNPs
is a potential candidate for metal ion contaminants removal
in groundwater samples.
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Fig.6 UV-Vis spectrophotometric analysis showing AgNPs adsorption of 5 pg/mL lead(II) ions at 510 nm before and after addition of silver

nanoparticles. The incubation period is 1-14 days
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Fig.7 UV-Vis spectrophotometric analysis showing AgNPs adsorption of 25 pg/mL lead(Il) ions at 510 nm before and after addition of silver

nanoparticles. The incubation period is 1-14 days

Quantitative determination of Co?* and Pb?* ions
in groundwater samples

Since the key objective of this study was to remove Co>*
and Pb>* ions from selected groundwater/wells, there
was the need to apply a quantitative methodology to
help determine amounts of metal ions removed within
the samples. ICP-OES technique was used to deter-
mine the amounts of metal ions removed. Firstly, ten
(10) samples from our 10 sampling sites were analyzed
using ICP-OES to provide a baseline for comparison as
shown in Table 5. It is observed that Co>* ion levels in

all samples ranged between 0.133 and 0.146 ppm which
are higher than the WHO allowable value of 0.01 ppm
(Federation and Association 2005). Lead(II) ion concen-
trations obtained from the same 10 samples (Table 5) fell
within 0.012 (Ebubonku)-0.185 (Amamoma) ppm range.
Pb2* concentrations in exception of Ebubonku samples
exceeded the WHO permissible level of 0.015 ppm for
potable water (Federation and Association 2005). Logi-
cal reasons attributed to these high Co?* and Pb** ion
concentrations from the results obtained may be due to
pollution from vehicular movement within its vicinity and
leachates from nearby automobile repair shops (Ajah et al.

Table 1 Absorbance of Co(II)

- . Co(II) conc. Absorbance before Day 1 Day 3 Day 5 Day 7 Day 14
solutions at 510 nm using (ng/mL) AgNPs addition
AgNPs
5 0.1617 0.1578 0.1371 0.1281 0.1100 0.0754
10 0.2318 0.2152 0.1948 0.1812 0.1556 0.1384
15 0.2768 0.2723 0.2495 0.2327 0.2152 0.1851
20 0.3230 0.2803 0.2721 0.2678 0.2590 0.2044
25 0.4095 0.3664 0.3471 0.3135 0.2754 0.2204

Absorbance measurements reported are the average values for 3 measurements and the standard deviations
of all the spectral measurements were lower than 0.003 a.u.
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Tablg 2 Absorbance 01,6 lead(I) Pb(II) conc. Absorbance before Day 1 Day 3 Day 5 Day 7 Day 14
solutions at 510 nm using (ng/mL) AgNPs addition
AgNPs
5 0.1058 0.1003 0.0973 0.0413 0.0252 0.0121
10 0.1937 0.1462 0.1212 0.0643 0.0385 0.0137
15 0.3004 0.2112 0.2021 0.1070 0.0642 0.0477
20 0.3957 0.3045 0.2353 0.1537 0.1009 0.0787
25 0.5005 0.4047 0.3304 0.2101 0.1500 0.1005

Absorbance measurements reported are the average values for 3 measurements and the standard deviations
of all the spectral measurements were lower than 0.003 a.u

2015; Odoh et al. 2011). It is important to note that Assin
Fosu recording the highest Co?* concentration debunk
the notion that sample sites closer to the sea might have
higher concentrations. Another confirmation of the above
statement is shown in Pb>* concentrations where apart
from Amamoma, (coastal zone) the areas away from the
sea (Effutu, Mpeasem, and Assin Fosu) still exhibited
higher levels of lead meaning sea water intrusion may
have very little or no effect on detectable metal ions from
groundwater. Table 6 shows the mean values of three dif-
ferent ICP-OES analysis results of groundwater samples
after AgNPs incubation from 24 h to 14 days. The choice
of these incubation periods is to mimic the procedure
employed in the analysis of standard solutions of Co®*
and Pb>* ions presented earlier in this paper. Comparing
the results in Tables 5 and 6, it can be concluded that
the addition of AgNPs to the samples reduced the metal
ion concentrations from the samples as indicated by a
decrease in metal ion concentrations. The percent reduc-
tions of the various metals in each respective sample were
computed relative to Tables 5 and 6 using Eq. (3) and
shown in Table 7. The computation from kotokuraba sam-
ples shows a reduction percent of cobalt from 1.20, 4.16,

0.4 Day 1 =
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N w
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Fig.8 A plot showing nanoparticle effect on Pb%* after 1-14 days of
incubation. Maximum reductions were achieved in the 14th day

Table 3 Percent of Co(Il) ions removed by AgNPs in different con-
centrations of Co(II) solutions

Co(II) conc.  Day 1 Day 3 Day 5 Day 7 Day 14
(ng/mL)

5 241 15.21 20.78 31.97 53.34
10 7.16 15.96 21.82 32.87 40.29
15 1.62 9.89 15.93 22.25 33.13
20 13.23 15.76 17.09 19.81 36.72
25 10.53 15.24 23.44 32.75 46.18

All values reported here on the average have standard deviations
below +0.05%

6.02, 19.16 and 20.58% on days 1, 3, 5, 7 and 14, respec-
tively. Pb>* ion percent reduction from same Kotokuraba
samples were 8.83, 24.70, 32.30, 47.66 and 48.32% on
days 1, 3, 5, 7 and 14, respectively. These results show a
pattern indicative of reduced concentrations from day 1
to day 14. Although the percent reductions were minimal,
we can say that the AgNPs were able to reduce metal
ions that were initially contained in the samples. Fur-
ther observation of Table 7 reveals that Mpeasem sam-
ples showed maximum removal efficiencies at 15.45%
and 72.55% for Co>* and Pb** ions, respectively. Assin
Fosu, the controlled sample site also showed Co2* ion
concentrations reduced from 8.14% in day 1 to 24.02% on

Table 4 Percent of Pb(I) ions removed by AgNPs in different con-
centrations of Pb(II) solutions

Pb(I) conc.  Day 1 Day 3 Day 5 Day 7 Day 14
(ng/mL)

5 5.20 8.03 60.96 76.18 88.56
10 24.45 37.43 66.80 80.12 92.92
15 29.60 32.63 64.33 78.60 84.10
20 23.05 40.54 61.16 74.50 80.11
25 19.14 33.99 58.02 70.03 79.92

All values reported here on the average have standard deviations
below +0.05%
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Table 5 Determination of the amounts of Co** and Pb** ions in
groundwater samples before treatment with AgNPs

Sample sites Co (ppm) Pb (ppm)
Kotokuraba 0.133 0.146
Mpeasem 0.137 0.168
Amamoma 0.137 0.185
Effutu 0.139 0.170
Adisadel 0.142 0.138
Ebubonku 0.138 0.012
Ayikoayiko 0.132 0.096
Pedu 0.131 0.107
OLA 0.130 0.103
Assin Fosu 0.146 0.156

Concentrations shown are the mean of 3 replicates with standard
deviations within +0.005 ppm

day 14. Pb%>* ion concentration also reduced from 1.38%
on day 1 to 50.63% on day 14. Detailed observation of
Table 7 further showed the highest Co>* and Pb** ions

percent concentration removed were 24.02% (Assin Fosu)
and 77.19% (Amamoma), respectively, on the 14th day
of incubation. It can be generally stated that AgNPs were
effective toward removal of Pb>* than Co** ions. This
observation was same in the proof of concept experiment
where the percent Pb** (Table 4) removed were higher
than Co?* (Table 3) on day 14, respectively. This could
mean there are other substances in the Co?* solution that
the nanoparticle has more affinity for and hence adsorbed
them leaving a less surface area for the target ions adsorp-
tion implying that AgNPs may work effectively as Pb>*
ion removal in aqueous media than Co**. It could also
suggest that a higher AgNPs concentration than the one
prepared might be more effective toward the removal
of the Co*" ions in solution. It is important to note that
AgNPs removal efficiencies as observed in the proof of
concept experiment were higher than those recorded for
groundwater samples. The result though not as expected is
still considerable owing to the complex nature of ground-
water analysis. We also want to reiterate that metal ion
adsorption begins immediately after AgNPs were added

Table 6 Determination of the

amounts of Co* and Pb™* ions Sample sites Days Co/ppm Pb/ppm Sample sites Days Co/ppm Pb/ppm
in groundwater samples after Kotokuraba 1 0.132 0.133 Ebubonku 1 0.134 0.105
treatment with AgNPs 3 0.128 0.110 3 0.130 0.103
5 0.125 0.099 5 0.116 0.102
7 0.108 0.076 7 0.110 0.063
14 0.106 0.075 14 0.109 0.059
Mpeasem 1 0.136 0.113 Ayikoayiko 1 0.128 0.094
3 0.126 0.097 3 0.125 0.087
0.121 0.063 0.122 0.086
0.118 0.058 0.121 0.078
14 0.116 0.046 14 0.120 0.072
Amamoma 0.132 0.168 Pedu 0.124 0.106
3 0.123 0.143 0.121 0.088
0.119 0.128 0.120 0.085
0.115 0.110 7 0.119 0.083
14 0.112 0.042 14 0.113 0.070
Effutu 0.138 0.140 OLA 0.128 0.103
0.133 0.136 3 0.127 0.080
5 0.132 0.120 5 0.123 0.073
0.130 0.079 0.119 0.071
14 0.124 0.047 14 0.114 0.061
Adisadel 0.141 0.138 Assin Fosu 1 0.134 0.153
0.131 0.137 3 0.126 0.145
0.122 0.129 5 0.122 0.116
0.117 0.093 0.113 0.078
14 0.108 0.083 14 0.111 0.077

Concentrations shown are the mean of 3 replicates with standard deviations within +0.005 ppm
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Tablg 7 P ercent removal . Sample sites Days % Co % Pb Sample sites Days % Co % Pb
efficiencies of AgNPs at various
incubation periods Kotokuraba 1 1.20 8.83 Ebubonku 1 3.42 11.66
3 4.16 24.70 3 6.19 13.46
5 6.02 32.30 5 16.43 14.43
7 19.16 47.66 7 20.81 47.37
14 20.58 48.32 14 21.06 49.59
Mpeasem 1 0.69 32.88 Ayikoayiko 1 3.07 1.61
3 797 42.56 3 4.98 8.91
5 11.64 62.58 5 7.81 9.38
7 13.56 65.40 7 8.05 18.38
14 1545 72.55 14 8.16 24.83
Amamoma 1 3.97 9.26 Pedu 1 5.05 0.36
3 11.31 22.68 3 7.78 17.06
5 13.42 31.05 5 8.61 19.99
7 16.34 40.46 7 9.29 22.21
14 18.45 77.19 14 13.91 33.93
Effutu 1 0.45 17.94 OLA 1 2.19 0.29
3 472 20.04 3 2.91 22.44
5 4.78 29.81 5 5.60 29.73
6.54 53.37 7 8.50 31.41
14 10.46 72.63 14 12.39 40.79
Adisadel 1 0.57 0.80 Assin Fosu 1 8.14 1.38
3 7.81 0.87 3 13.59 6.94
5 14.21 6.50 5 15.89 25.22
7 17.67 32.41 7 22.75 49.56
14 23.93 40.22 14 24.02 50.63

Shown in the table are the mean values of 3 replicates with standard deviations within +0.05

as shown in all experimental results. This research has
brought into limelight a new frontier into the applications
of nanoparticles in groundwater treatment.

Conclusion

Silver nanoparticle was synthesized and characterized
using UV-Vis spectrophotometer and scanning electron
microscope. The UV-Vis spectra showed the character-
istics surface plasmon absorption peak of 406 nm for the
nanoparticle. The morphology of the nanoparticle was ana-
lyzed using scanning electron microscope which showed a
mean diameter of 20 nm. The choice of silver nanoparticle
in this research was due to its ease of synthesis, inexpensive
starting materials, produces no sludge when used in water
treatment and high metal adsorption capacity as discussed
in earlier. The research presented herein showed that nano-
particles efficiencies toward metal ions removal in metal
complex standard solutions are high as compared to that of
groundwater. This observation we believe might be due to
the complex nature of underground water samples. Never-
theless, the results indicate metal ion removal in both metal

ion complex and aqueous media is time—dependent. These
observations suggest a further research into understanding
the adsorption kinetics of metal ions to the surface of nano-
materials is needed.
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