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Purpose: The public fear associated with the novel coronavirus (SARS-CoV-2) pandemic
has triggered recently a significant proliferation of supplements touted as potential cures
against bacteria and viruses. Colloidal silver has particularly benefited from this rush given
its empirically and scientifically documented anti-bacterial and anti-viral actions. The lack of
standards in the unregulated supplements industry remains a major roadblock in evaluating
the quality and consistency of marketed products or assessing the accuracy of the informa-
tion provided by manufacturers. This study is the first scientifically rigorous attempt to
evaluate commercial silver colloidal products offered for sale on the internet.

Methods: Fourteen of the most popular colloidal silver products purchased from Amazon
(www.amazon.com) were evaluated using state-of-the-art analytical techniques widely
accepted as gold standards for investigating the properties (size, shape) and the dispersion
of silver nanoparticles.

Results: Commercial samples were analysed using UV-Vis, FE-SEM and AAS techniques.
In general, the Ag concentration was very close to those claimed by the manufacturer. The
colorless product shows no absorbance in the UV-Vis analysis. The FESEM and STEM
images confirmed the conclusions of the UV-Vis analysis.

Conclusion: The results of this evaluation show clearly that 70% of the commercial
products evaluated contain only ionic silver. Despite the evidence showing that silver
nanoparticles are not present, eight of these products are promoted by the manufacturers as
‘colloidal silver’. Considering the extensive scientific research showing major differences
between silver ionic and silver nanoparticles in terms of mechanisms of action, efficacy and
safety, it is clear that this misrepresentation impacts the consumers and must be addressed.
This study serves as blueprint for a scientific protocol to be followed by manufacturers for
characterizing their silver supplements.

Keywords: colloidal silver, nanodispersion, bio-active, supplement, antimicrobial, UV-Vis

analysis

Introduction

The unique properties of silver have been known and exploited by humans since
antiquity. While the ‘noble’ character that gave the metal a currency status was the
most coveted, its health benefits were also highly valued. Indeed, the empirically
discovered efficacy as disinfectant for water, food, wounds, and household utensils
were put to use by many ancient societies. Due to the technological limitations at the
time, bulk forms of silver (foils, coins, wires, silverware, etc.) were primarily used in
the pre-modern era. Recent advances in manipulating the physical properties of the
metal (particle size, shape, and surface characteristics) have dramatically changed the
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situation. Nowadays dispersed silver nanoparticles offer
many novel properties and are widely used in biology and
life science applications,'’ microelectronics,® catalysis,”
bio-imaging,'® solar cells,'! ink-jet printing,'? glass and cera-

3717 ‘and spectroscopic research.''® They

mic staining,
represent also a potential game changer in medicine as they
can deliver the expected health benefits in a more effective
and economical way. Recent studies'®*° have confirmed
beyond doubt the empirically discovered antimicrobial effect
of silver. Research data showing the efficacy of silver nano-
particles against Monkeypox and Tacaribe viruses were also
reported.”'*? Against this backdrop, the rapid spread of the
novel coronavirus (SARS-CoV-2) has triggered an explosive
proliferation of colloidal silver products. Indeed, the number
of new offerings on the Amazon website increased by an
order of magnitude in just a few weeks. Considering the
significant research involved in developing a new product,
it is legitimate to ask if they are truly what the labels claim to
be. The present study is the first scientifically rigorous
attempt to evaluate commercial silver colloidal products.
The work intends primarily to determine if widely accepted
scientific knowledge and terminology (like ‘colloidal silver”)
are ignored, misinterpreted, or abusively used as marketing
tools. A second objective is to educate consumers about their
choices in the largely unregulated and scientifically ambig-
uous supplements industry.

This investigation was triggered by the abundance of
misleading and irrelevant claims posted on the labels of
most colloidal silver products sold online. The terms ‘glu-
ten free’, ‘certified vegan’, ‘vegan friendly’, ‘soy free’,
‘sugar free’, ‘no artificial ingredients’, “non-GMO”, and
“BPA-free”, for example, are hardly relevant for products
that according to the label contain only distilled water and
silver nanoparticles. Other claims cast doubt on the scien-
tific accuracy of the information provided. Several manu-
facturers state that their product consists of sub-nanometer
(0.8 nm) silver particles suspended in water. This contra-
dicts the prevailing view of the experts in the field who
have demonstrated that silver clusters of such size are not
stable in water. The most disturbing aspect that prompted
the present study, however, was the author’s conclusion
based on visual examination that the majority of the sam-
ples were colorless. The lack of the characteristic yellow
color caused by the plasmon absorption band was a strong
indication that they may contain in fact ionic silver and
labeled
Considering the dramatic differences in physical proper-

therefore could not be “colloidal silver”.

ties, toxicity, and mechanism of action between the two

types of silver, it is clear that identifying correctly the
nature of the samples is of critical importance for consu-
mers. To this end, UV-Vis and electron microscopy were
employed to determine if the term colloidal silver is justi-
fiably used by the manufacturers for marketing purposes.

Materials and Methods

Material
Fourteen of the most popular colloidal silver products
purchased from Amazon (www.amazon.com) were evalu-

ated using state-of-the-art analytical techniques widely
accepted as gold standards for investigating the properties
(size, shape) and the dispersion of silver nanoparticles.
Amazon was the source of the samples as it is the largest
on-line platform and it has certain standards that must be
met prior listing. The selection of the fourteen products
evaluated was done based on the number of reviews on the
website and the suppliers estimated annual sales.

Characterization Methods

UV-Vis Spectrophotometry

UV-Vis is the best method to assess the dispersion of silver
nanoparticles in liquids. When exposed to electromagnetic
radiation, each silver entity (single particle or aggregate)
absorbs at a certain wavelength that varies with its size.
Collectively, the particles give rise to the so-called “plas-
mon band”. The position of the plasmon migrates towards
higher wavelengths as the size of the particle/entity
increases. Typically, the peak is located at 380-390 nm
for 2-3 nm particles and shifts to ~400 nm for 10-12 nm
particles and respectively ~460 nm for 7080 nm particles.
These values can be slightly shifted by species absorbed
on the surface or changes in the dielectric constant of the
liquid. As a corollary of the size-wavelength correlation,
the width of the plasmon band provides also valuable
about the
A broader plasmon band indicates the presence different

information silver particles uniformity.
size silver entities while a narrow one is characteristic of
uniform particles. The UV-Vis spectrometry also provides
information regarding the particles shape. Indeed, aniso-
metric particles with large aspect ratio (rods and platelets)
display two plasmon bands corresponding to the collective

electron oscillations along the two dissimilar dimensions.

Electron Microscopy

UV-Vis spectrometry cannot determine if a given size
silver entity is a single particle or an aggregate as both
absorb at the same wavelength. It also cannot detect shape
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differences between entities having the same plasmon
band position and profile. For this reason, UV-Vis analysis
must be used in conjunction with electron microscopy to
provide a complete and accurate information about the
size, shape and dispersion of silver particles in the colloi-
dal system. In this study, both field emission scanning
electron microscopy (FESEM) and scanning transmission
electron microscopy (STEM) were used to provide such
information. The former offers sufficient resolution to
visualize particles as small as 1-2 nm while being also
able to capture images of a large number of particles for
a more reliable evaluation in regard to particles uniformity
and aggregation. STEM is not suited for bulk analysis but
provides atomic resolution allowing the visualization of
sub-nanometer silver clusters.

Atomic Absorption Spectrometry

Flame Atomic Absorption Spectrometry (AAS) was used
to determine if the silver concentration given on the labels
is correct. The method is very accurate and has a very
good sensitivity (40 ppb). The analysis was performed
only for the colorless samples for which the silver con-
centration could not be estimated based on the value of
plasmon band absorption.

Instrumentation and Sample Preparation

All analyses were performed by highly trained technical
staff in the “Center of Advanced Materials Processing” at
Clarkson University, Potsdam, NY. The UV-Vis spectra
were generated with a Perkin Elmer Lamda 35 spectro-
photometer. The samples received were diluted to 10 ppm
Ag with deionized water to match the concentration of the
most dilute sample. The UV-Vis spectra were collected in
the 300-900 nm range using deionized water as blank. The
scanning rate was in all cases 800nm/min and the spectral
bandwidth was set at 0.5 nm. The FESEM images were
obtained using a JEOL 7400 electron microscope. The
samples were prepared by depositing a drop of silver dis-
persion on a 1.0 cm diameter aluminum stub and evaporat-
ing slowly the solvent in a desiccator. The instrument was
operated at 15 keV voltage. The high-resolution scanning
transmission electron micrographs (STEM) were taken with
a JOEL 2010 microscope with a resolution of 0.6 nm and
digital imaging capabilities. The particles were supported
on a carbon-coated copper grid. The grid was set transver-
sally at the bottom of a centrifuge tube containing the
colloidal dispersion. The nanoparticles were then deposited
in a dispersed form on the grid by ultracentrifugation. The

operating voltage of the instrument was varied from 50 keV
to 200 keV, depending on the resolution desired. The con-
centration of silver in the samples was determined by
atomic absorption spectrophotometry (AAS) using
a Perkin Elmer instrument. All samples were diluted to 10
ppm with deionized water and aspired into the flame. The
emission line at 3281 angstroms was used as excitation

wavelength.

Commercial Samples Evaluated

The products analyzed are listed in Table 1 in the increasing
order of silver concentration claimed on the label. With the
exception of Kaiame Silver H20 (Naturally Sourced LLC)
and SilverSolution (My Doctor Suggests), all products are
claimed to be “colloidal silver”. The samples were evaluated
visually first to see if the specific yellow color characteristic
to dispersions of silver nanoparticles was present. The
inspection was performed before and after vigorously shak-
ing the containers for 30 seconds to check for the eventual
presence of settled particles. Based on this preliminary test,
the samples were grouped in two distinct blocks in Table 1.
The first, includes products (#1 through #10) that were
colorless and did not contain dispersed solids or a settled
deposit. The colored products (#11 through #14) are listed in
the second block. All samples were first subjected to UV-Vis
analysis. The samples with a characteristic plasmon band
were further evaluated by electron microscopy. All samples
were analyzed by atomic absorption spectrophotometry
(AAS) to determine if the silver concentration claimed on
the label is correct.

Results

Visual Evaluation

The results of the visual examination are presented in the
last three columns of Table 1. The samples in the first
block (1-10) were all colorless and clear. No settled par-
ticles were observed in any of them even after shaking the
containers vigorously for at least 30 seconds. Judged by
their turbidity, the samples in the second block were
clearly dispersions of silver nanoparticles. They were
colored from faint to dark brown, depending on the silver
nanoparticles concentration.

Atomic Absorption Spectrophotometry

The silver concentrations measured by AAS are listed in
Table 1, column 6. In general, the values are close to those
claimed by the manufacturers. There are, however, a few
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Table | List of Commercial Silver Colloidal Samples Evaluated

Sample | Product Supplier Label Ag Ag Color | Settlement | Turbidity** | Ag Nanoparticles
Name Description Claim* | Found* Presence
(ppm) (ppm) Claimed | Detected
| Sovereign Sovereign Bio-active 10 12 No No Clear Yes No
Silver Silver www. silver hydrosol
soverignsilver. 0.8nm particles
com
2 Silver American SilverSol 10 10 No No Clear Yes No
Biotics Biotech Technology
3 Silver Silver Holistics | Colloidal silver 10 13.7 No No Clear Yes No
Holistics
4 Kaiame Naturally 0.8 nm 10 24.0 No No Clear No No
Silver H20 | Sourced LLC particles
5 Bio-active Silver Doc 0.8 nm 20 21.5 No No Clear Yes No
silver particles
hydrosol
6 Argentyn Natural Bio-active 23 227 No No Clear Yes No
23 Imunogenics silver hydrosol
0.8nm particles
7 Silver Noche Inc. Best Nano 30 5.85 No No Clear Yes No
Crystalline Silver
Nano
8 Silver My Doctor Alkaline 30 26.5 No No Clear No No
Solution Suggests structured
9 Colloidal Institut Colloidal silver | 40 38.6 No No Clear Yes No
Silver Katharos
10 AS$200 Results RNA, Advanced 200 191.5 No No Clear Yes No
LLC Cellular Silver
11 Colloidal Trace Minerals | Bio-active 30 1.9 Pale Yes Clear Yes No (see
Silver silver hydrosol yellow text)
12 MesoSilver | Purest Colloids | Colloidal silver | 20 247 Yellow | No Clear Yes 10 =50 nm
WWW.purestco
loids.com
13 Colloidal Silver Wings Immune 250 321 Brown | No Clear Yes 15-50 nm
Silver WWW. support
NPSWsilver.
com
14 Coated Noble Proprietary 20,000 19,200 Dark No Clear Yes 10-12 nm
Silver Elements coating Brown
www.coatedsil
ver.com

Notes: *Determined by atomic absorption spectrometry, **as determined by laser beam scattering.
4 P! P! Y, Y g

exceptions for which the deviation was too large to be attrib-
uted to the accuracy of the method. Silver Crystalline Nano

from ‘“Noche” and ColloidalSilver from ‘Trace Minerals’

contained significantly less silver. The value in the first case

was 5.85 ppm versus 30ppm advertised. The second con-

tained only 11.9 ppm instead 30ppm. At the other end of the
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spectrum, Silver Wings contained 321ppm silver, 28.4%
more than the value of 250ppm stated on the label.

UV-Vis Spectrophotometry Results
The UV-Vis spectra of samples #1-10 from Table 1 are
presented in Figure 1. As expected, none of the colorless
products showed absorption features in the 300 and 900 nm
range. The UV-Vis spectra of the four products from
the second group (Table 1, samples #11-14) are presented
in Figure 2. Three samples from this group (MesoSilver,
Silver Wings, and Coated Silver) displayed well-defined
plasmon bands with absorption maxima ranging from 397
to 409 nm (see box in Figure 2). These values are typically
associated with dispersed silver particles with sizes between
10 and 20 nm. The fourth sample (Trace Colloidal Silver) has
a broad peak at 428 nm indicative for the presence of 40-50
nm particles.”> The maximum absorption value (0.14) was
much lower than that of the other three samples, in agreement
with the lower silver concentration found by AAS.

The shape of the UV-Vis graphs gives valuable informa-
tion in regard to both uniformity and silver nanoparticles

1.2 - I . , .

dispersion. The large background absorption of MesoSilver
and Trace Colloidal Silver products above 550 nm suggests
considerable particles aggregation. In the former, this does
not seem to affect dispersion stability as no particles settling
was observed. The larger size and higher Aogonm/Amax absor-
bance ratio in Trace Colloidal Silver, however, caused com-
plete settling of silver particles. Silver Wings displayed
a sharp plasmon band located at 409 nm and a shoulder at
500 nm but no background absorption. Coated Silver has the
narrowest plasmon band with no shoulder indicating the
presence of very uniform silver nanoparticles around 10
nm. Clearly, the last two samples are truly “colloidal silver”.

Electron Microscopy Analysis

The electron microscopy analysis was performed only for
samples #12—-14 since in samples #1-#10 no silver parti-
cles were detected and for Trace Silver (Sample #11) it
was not possible to obtain a representative sample for
either FESM or STEM. The FESM images of samples
#12 - #14 are shown in Figure 3 and the transmission
electron micrographs in Figure 4. The FESEM and

1 -

3 i}
z 08
8 -
5

S 0.6-
S

8 i
=

< 0.4+

Bioactive Silver | -
Holistic Silver
— ACS-200
—— Alkaline Silver
Sovereign Silver|
Silver Biotics ]
— Argentyn-23
NutriNoche Ag
Kaiame Silver

i

700 800 900

Wavelength (nm)

Figure | UV-Vis spectra of samples #1-10. Table |

International Journal of Nanomedicine 2020:15

submit your manuscript

10429

Dove


http://www.dovepress.com
http://www.dovepress.com

Kumar and Goia

Dove

T T T T T

14 Meso Silver-hmax-397 nm .
— Silver Wings-Amax-409 nm
Trace Colloidal Ag-Amax-428 nm
0.8+ Coated Silver-hmax-400 nm

0.6

0.4 -

Absorbance (a.u.)

0.2 1

0 T T T T T
300 400 500 600 700 800 900

Wavelength (nm)

Figure 2 UV-Vis spectra of samples |1-14. Table |

STEM images confirmed the conclusions of the UV-Vis
analysis. MesoSilver contains numerous 10 nm particles
(responsible for the maximum absorption wavelength of
397 nm) along with larger entities up to 50 nm (Figures 3
and 4, left images). The electron micrographs also show
aggregates of various sizes, which together with the larger

150KV X400,000 WD 3.0mm

individual particles are responsible for the continuous
background absorption above 600 nm observed in the UV-
Vis spectrum (Figure 2). The particles in Silver Wings
appear to have a low level of aggregation, which explains
the lack of background absorption above 550 nm. Most
particles are around 15 nm, in agreement with the position
of the plasmon band at 409 nm. The electromicrographs
reveal, however, the presence of few larger particles
(40-50 nm), which are likely the reason for the plasmon
shoulder at ~470 nm in the UV-Vis plot. For Coated Silver
FESEM and STEM analyses reveal the presence of very
uniform particles (~12) and the absence of large particles/
aggregates. The size and uniformity are consistent with the
position, width, and symmetry of the plasmon band
recorded at 400 nm (Figure 2). It is truly remarkable that
Coated Silver displays such excellent dispersion despite
a silver concentration roughly two orders of magnitude
higher than its competitors.

Discussion
The absence of the plasmon band characteristic of dis-
persed silver nanoparticles clearly shows that 10 of the

0KV _ X400,000 WD 3.2mm

Figure 4 STEM images of samples #12-14: (left) MesoSilver, (middle) Silver Wings, (right) Coated Silver.
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14 products evaluated (~70%) contain silver in ionic form
and should not be labeled “colloidal silver”. It appears that
the large majority of manufacturers are either not aware or
are simply ignoring that stable “colloidal silver” disper-
sions should be colored even at very low silver concentra-
tion. Four manufacturers (Naturallmunogenics, Sovereign
Silver, Naturally Sourced LLC, and SilverDoc) attempt to
“solve” this conundrum by claiming that the particles in
their products are too small (0.8 nm) to absorb electro-
magnetic radiation and thus display color (Note: Based on
our data and the identical value of the particle size given
on the labels, these four companies appear to be selling the
same product under different names). This is a clever
approach considering that analytical tools capable to
visualize such small clusters are not typically used in the
supplements industry and surely not available to consu-
mers. It is, however, scientifically incorrect. Over the last 4
decades, many articles published in respected peer
reviewed journals have demonstrated both experimentally
and computationally that silver clusters containing even
few atoms absorb electromagnetic radiation. Aikens et al,**
for example, prepared Ag,*" and Ago" clusters by redu-
cing Ag’ ions with sodium borohydride (NaBH,) in the
presence of polyacrylate ions. By using the stop flow
kinetics technique, the authors have shown that these
small entities measuring approximately 0.40 and, respec-
tively, 0.6 nm absorb at 270 and 340 nm. Henglein et al,?®
and Suchov et al,® have also prepared silver clusters
containing only several atoms by pulse radiolysis and
showed that they display distinct plasmon bands at 295
and 325 nm. The slightly larger 0.8 nm silver clusters
(16-18 atoms) in the four samples above should therefore
display a plasmon band between 300 and 360 nm and

display a yellowish color. The above studies have also
showed that silver entities containing less than 20 atoms
(two atomic shells or less) oxidize in minutes to silver ions
even in highly pure water and special containers.
Therefore, it is unlikely that the 0.8 nm silver clusters
claimed would survive in the commercial containers for
weeks or months. Our failed attempts to visualize the
“clusters” in Argentyn23 with our powerful STEM oper-
ated at its limits was a first confirmation that silver parti-
cles were not present. The irrefutable proof that the
colorless samples contained in fact ionic silver was pro-
vided by the reaction with sodium borohydride. When this
powerful reducing agent was added to the four products
claiming to contain 0.8nm clusters, the yellow coloration
characteristic to dispersed silver nanoparticles appeared
immediately. Figure 5 shows the photos of the dispersions
prior (left) and after (right) the reaction. The UV-Vis
analysis of the samples treated with sodium borohydride
revealed well-defined plasmon bands after the reductant
addition (Figure 6). It is noteworthy that the value of the
recorded maximum absorbances was in all cases around
1.0, similar to that of samples #12—14 which contained
silver nanoparticles in the same concentration (10 ppm).
Given the fact that the solutions of ionic silver are wrongly
labeled as “colloidal silver” it is fair to ask if there is
a difference in efficacy between the two or if it matters
to consumers. A large body of research has established
without a doubt that the Ag" are the species responsible
for the anti-microbial and anti-viral activity. According to

1927 gilver

the most widely accepted mechanism of action,
ions react with the thiol groups in cysteine and methionine
aminoacids. Methionine plays a central role in a variety of

cellular functions being the universal initiator of protein

SovereignSilver ' BioactiveSilver

sl s

Argentyn23 || KaiameSilver

1

It

Figure 5 Images of Sovereign Silver (sample#), Kaiame Silver (sample #4), Bio-active Silver Sol (sample#5), and Argentyn23 (sample#6) before and after the addition of

sodium borohydride.
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Figure 6 UV-Vis spectra of samples #1, #4, #5, and #6 before (left) and after (right) the addition of sodium borohydride.

synthesis. Its derivative, S-adenosylmethionine, is
involved in the critical cellular processes of methylation
and polyamine biosynthesis. Methionine is formed by the
conversion of cysteine via cystathionine, a process facili-
tated by the activity of cystathionine gamma-synthase and
cystathionine beta-lyase.”?° The reaction of silver ions
with the sulfur atom in the thiol group disrupts the con-
version of cysteine and methionine causing cell apoptosis
and bacteria inactivation.

All samples evaluated contain enough silver ions cap-
able to kill bacteria regardless if they contain silver nano-
particles or not. In the colorless products, the Ag™ ions
concentration is practically equal with the nominal con-
centration given on the label. In true “colloidal silver”,
however, the free silver ions concentration is determined
by the solubility of the metal, which is rather constant for
a given dispersion liquid. The “solubilized” atoms are
oxidized in water to Ag" ions until the later reach the
equilibrium concentration. As only a very small amount
of silver is oxidized, the concentration of silver ions estab-
lished at equilibrium is very low. Its value depends on
particle size (smaller nanoparticles “shed” more atoms
due to the higher surface energy) as well as the presence
of species in the liquid phase capable to complex silver
ions and shift the equilibrium toward the formation of
more silver ions.

Given the fact that the silver ions are the species
responsible for antimicrobial effect, it would seem that
pure ionic silver products should be more effective than
the nanoparticles as the concentration of free Ag” ion is
significantly higher for the same total silver concentration.

Surprisingly, however, existing research indicates that sil-
ver nanoparticles are more effective than silver ions. Lok
et al,*® for example, found that the bacterial activity of
silver nanoparticles manifests at nanomolar concentration
in contrast to the micromolar level recorded for silver ions
(a 1000-fold improvement). The higher efficacy of nano-

31533 and attribu-

particles was confirmed by other studies
ted to the ability of nanoparticles to kill bacteria by
physically altering the properties of the cells wall and
entering the intracellular space. This “internalization”
capacity makes the nanoparticles more effective transpor-
ters of Ag" inside the cell where the critical transcriptional

processes need to be inhibited.

Conclusion

The results of this evaluation show clearly that 10 of
14 products evaluated contain only ionic silver. Despite
the evidence showing that silver nanoparticles are not
present, eight of these products are promoted by the
manufacturers as “colloidal silver”. Considering the
extensive scientific research showing major differences
between silver ionic and silver nanoparticles in terms of
mechanisms of action, efficacy and safety, it is clear that
this misrepresentation impacts the consumers and must
be addressed. This
a scientific protocol to be followed by manufacturers

study serves as blueprint for
for characterizing their silver supplements. It provides
the analytical tools and suggests the metrics they should
adopt to ensure that consumers are given accurate

information.
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