
Ultrafine Particles Emitted Through Routine Operation of a Hairdryer 1 

Joseph Nelson Dawson, Kristin E. DiMonte, Matthew J. Griffin, and Miriam Arak 2 

Freedman* 3 

Department of Chemistry, The Pennsylvania State University, University, PA 16802, 4 

United States 5 

 6 

Revised Submission to Environmental Science and Technology 7 

May 27, 2021 8 

  9 



 

Abstract 10 

Particulate matter is a large concern for human health. Fine and ultrafine 11 

particulate matter has been shown to negatively impact human health; such as, causing 12 

cardiopulmonary diseases. Current regulation targets the size of the particles, but 13 

composition also impacts toxicity. Indoor sources of air pollution pose unique challenges 14 

for human health due to the potential for human exposure to high concentrations in 15 

confined spaces. In this work, six hairdryers were each operated within a plexiglass 16 

chamber, and their emissions were analyzed with transmission electron microscopy and 17 

energy dispersive spectroscopy (EDS).  All hairdryers were found to emit ultrafine iron, 18 

carbon, and copper.  In addition, emissions from two hairdryers primarily contained 19 

silver nanoparticles in the ultrafine range (<100 nm). The ultrafine particle emission rates 20 

for the hairdryers that did not contain silver were measured and found to be on the same 21 

order of magnitude as ultrafine particle emissions by gas stoves and electric burners. 22 

Based on their size, these particles can either remain in the lung or enter into the 23 

bloodstream after inhalation and potentially cause long term health effects. 24 
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Synopsis 27 

Hairdryers emit ultrafine particles which can be harmful to human health.  This 28 

paper characterizes the emissions of several hairdryers. 29 



 

Introduction 30 

In 1977 the U. S. Clean Air Act was amended to reflect the growing concern of 31 

the influence of inhalable particulate matter on human health. Since then, particulate air 32 

pollution has been classified into three main categories: coarse particles (< 10 μm, PM10), 33 

fine particles (< 2.5 μm, PM2.5), and ultrafine particles (< 100 nm, PM0.1). These 34 

divisions are made to reflect the potential health impact of each size regime. Historically, 35 

the impact of outdoor air pollution on human health was the emphasis of research studies. 36 

For example, the Harvard Six Cities study outlined a direct correlation between fine 37 

particulate matter and mortality.1 Those results have been confirmed and expounded upon 38 

revealing that PM2.5 is capable of entering deep into the lungs and becomes embedded in 39 

the alveolar sacs, increasing the burden of cardiopulmonary disease, diabetes, and 40 

preterm birth.2-5  The mechanisms of toxicity include oxidative stress, mutagenicity and 41 

genotoxicity, and inflammatory response.5  In addition to the negative health effects 42 

caused by particulate matter, it is currently estimated that the aggregate social cost, the 43 

cost associated with treating diseases, of particulate matter in the United States is $330 44 

billion per year.6 In more recent years, ultrafine particulate matter has been identified as a 45 

cause for concern. Studies in rats revealed that when inhaled, these particles can enter 46 

into the bloodstream in as little as fifteen minutes.7 Upon entering the bloodstream, 47 

particles can interact with the body on a cellular level. This cellular interaction is 48 

dependent on the composition, size, and surface properties of the nanoparticle, and the 49 

dependence of toxicity on composition is complex.  Ultrafine particles have been 50 

associated with respiratory diseases, cardiovascular diseases, diabetes, cancer, and 51 



 

negative effects on the brain and central nervous system.8, 9  While the field of 52 

nanotoxicology is fairly new, the effect of metal nanoparticles, such as, gold, silver, 53 

titanium dioxide, and iron oxide have been investigated.10 Once absorbed into the 54 

bloodstream, metal nanoparticles have been shown to cause oxidative stress and 55 

mitochondrial damage.11 Even if these particles do not enter the bloodstream, they can 56 

cause irritation of the lung by depleting antioxidants in the lung lining fluid and initiating 57 

oxidative stress.12  As concern over the impact of particulate matter continues to rise, 58 

compositional information will be key to understanding the full health effects of ultrafine 59 

particles.  60 

While much focus has been placed on outdoor air pollution, Americans spend 61 

approximately 87% of their time indoors, and daily activities like cooking and cleaning 62 

release particulate matter into the air.13 Additionally, particulate matter from outside can 63 

transfer indoors where it can dwell for long periods of time. High particle number 64 

concentrations and large particle surface areas result in an increased number of particles 65 

being absorbed into the bloodstream, or otherwise deposited onto tissues.14, 15 Many 66 

household items and activities, such as cigarette smoking, candle burning gas stove 67 

operation and heated surfaces, serve as sources of ultrafine particles.2, 15-20 Indoor sources 68 

of particulate matter generally generate much less particulate matter than 69 

outdoor/industrial sources, but because these particles are confined in small room 70 

volumes they can quickly exceed the EPA’s National Ambient Air Quality Standards 71 

(NAAQS).20, 21 Exposure to indoor pollutants such as open burning fires can be greater 72 

and cause more cognitive impairment that outdoor exposure to pollutants such as 73 

commuting on heavily-trafficked roads (Maher et al. 2021). Ultrafine particles have high 74 



 

mobility and quickly coagulate to form larger particles. The risk associated with these 75 

particles is therefore dependent on the rates of emission, aggregation, and deposition.15, 20, 76 

22 These rates determine the number and size of the particles as a function of distance 77 

from the source. A recent campaign (HOMEChem) has used a test home to investigate 78 

the gas, particle and surface chemistry in the indoor environment.23-27 These studies 79 

focused on the impacts of ventilation and addressed influence of organic aerosol particles 80 

and gas phase pollutants. 81 

Due to the ability of nanoparticles to enter into the bloodstream, size distribution 82 

information alone is not enough to fully understand their impact on human health. The 83 

emerging field of nanotoxicology attempts to elucidate the health impacts of 84 

nanoparticles based on their composition and size.10, 28, 29 Understanding the full effects 85 

of indoor air pollution lies in the composition of the ultrafine particulate matter. Recent 86 

literature has focused on household sources of silver nanoparticles. Silver nanoparticles 87 

are well known antimicrobial agents and many products seek to benefit from those 88 

properties.30, 31 Quadros and Marr identified various household antimicrobial sprays as 89 

containing silver nanoparticles.32 Further work has been done by Taylor et al. on types of 90 

hairdryers that are marketed for containing antimicrobial silver nanoparticles, as potential 91 

sources of silver nanoparticles.33 The close proximity of hairdryers to human airways 92 

during operation could allow an increase in the localized concentration of silver 93 

nanoparticles. As an antimicrobial agent, silver nanoparticles induce oxidative stress 94 

within the body. There are no guidelines established by the EPA to regulate the inhalation 95 

of silver nanoparticles, however OSHA has a set exposure limit of 0.01 mg m-3 for 96 



 

metallic silver and recent literature has highlighted the cytotoxic effects of silver 97 

nanoparticles.15, 29, 34  98 

In this paper, the ultrafine particles emitted from hairdryers are characterized, 99 

with a focus on silver nanoparticles due to their specific health effects. Hairdryers were 100 

selected based on user-specified popularity, and operated under controlled conditions so 101 

that the particles generated could be studied. The emission rate of ultrafine particles were 102 

determined and an elemental characterization of these particles was performed using 103 

TEM and EDS.  104 

Materials and Methods 105 

Hairdryers 106 

Six hairdryers were selected for investigation based on the “most popular” listing 107 

of hairdryers on Amazon.com at the time of purchase. These included five new and 108 

unused hairdryers, and one heavily used hairdryer. The following unused hairdryers were 109 

tested: Revlon 1875-watt ceramic, ion hairdryer (Model RV484), Remington Pro (Model 110 

D3190), Ovonni (Model BST-808I), Ionic Turbo (Model HTDR5577SN2), and ConAir 111 

1875 Watt (Model 247). The heavily used, approximately five-year-old hairdryer, was a 112 

Revlon 1875-watt hairdryer (Model RVDR5034). The older hairdryer was used to see if a 113 

different distribution of particles was observed after long term use.    114 



 

Particle Generation and Collection 115 

A 127.5 L Plexiglass chamber was built to house the hairdryers during operation 116 

to eliminate the influence of ambient aerosol particles (Figure 1).35 In contrast, a previous 117 

study with hairdryers was performed in open air without a chamber, where the 118 

background levels of aerosol particles are high.33 Our chamber was purged with 119 

prepurified nitrogen gas at a flow rate of 1.5 L min-1 for approximately 30 min. 120 

Afterward, a condensation particle counter (TSI 3775, Shoreview, MN) was used to 121 

verify that the concentration of particles within the chamber had reached a minimum. 122 

Each hairdryer was then operated on the lowest setting for 1 min while maintaining a 123 

constant 1.5 L min-1 flow of prepurified nitrogen. Using a cascade impactor (PIXE 124 

International Corp., Tallahassee, FL, USA) particles were collected onto 200 mesh 125 

copper TEM grids coated with a continuous carbon coating (Electron Microscopy 126 

Science, Hatfield, PA). The cutoff diameter of the impactor stage used is 250 nm.  It was 127 

assumed that the fan within the hairdryer was sufficient to maintain a well-mixed 128 

chamber and thus a mixing fan was not used. 129 

 130 

Figure 1: Schematic figure of hairdryer experimental set-up showing nitrogen input, 131 
impactor, and pump. 132 



 

Characterization of Chamber and Emission Calculations 133 

To determine the emission rates of the hairdryers, the 127.5 L Plexiglass chamber 134 

was characterized. First, the air exchange rate (AER) was determined by first filling the 135 

chamber with 2500 ppmv CO2 and then flowing clean air into the chamber at a rate of 1.5 136 

L min-1. A vacuum pump was used to match the flowrate entering the chamber by pulling 137 

on the chamber at a rate of 1.5 L min-1. The concentration of CO2 was monitored with a 138 

HOBOware Onset data logger (U12-013 logger, Telaire 7001 CO2 sensor). The rate of 139 

decay for the CO2 was determined and is the AER. Next the particle deposition rate 140 

within the chamber was determined. This was done by filling with chamber with 141 

aerosolized 200 nm polystyrene spheres latex beads (PSLs) using an atomizer (TSI 3075) 142 

and an air flow rate of 1.5 L min-1. The chamber was continually filled with these 143 

aerosolized PSLs until the concentration of particles was stable. The particle 144 

concentration was monitored and recorded using a condensation particle counter (CPC, 145 

TSI 3775). Once the concentration stabilized, the generation of aerosol was halted but a 146 

clean purge flow at a rate of 1.5 L min-1 was maintained. The rate of decay of the 147 

particles while a purge flow was maintained was then determined. Representative time 148 

traces from the air exchange and deposition rate measurements are shown in Fig. S1.  To 149 

determine the particle deposition rate, the air exchange rate was subtracted from the 150 

particle decay rate with a purge flow. Each hairdryer was operated at its lowest setting in 151 

the chamber while maintaining a purge flow of 1.5 L min-1 for 30 min, which exceeded 152 

the time required for the particle concentration to reach a maximum and steady value. 153 

Note that the hairdryers do warm up the chamber during operation, which could result in 154 



 

some particles reemitting from the walls of the chamber.  After 30 min the hairdryer was 155 

turned off while the purge flow continued for another 30 min. Particle emission rates (S) 156 

were calculated by  157 

! = !(#$%)'!"#$
()*(#&$)(          (1) 158 

where V is the volume of the chamber, Cpeak is maximum concentration of the particles 159 

before they began to decay, a is the air exchange rate, k is the particle deposition rate, and 160 

t is the time at Cpeak.32 These emission rates were determined for the particles in the 161 

ultrafine range, therefore particles greater than 100 nm in diameter were not included in 162 

the particle counts. This was done by acquiring a SMPS profile and adding together the 163 

particle counts for particles less than 100 nm.  Representative emission rate time traces 164 

and SMPS size distributions are shown in Figs. S2 and S3.  Note that the SMPS 165 

characterizes particles by their electrostatic mobility diameter rather than their geometric 166 

size.  The theory for which particles are transmitted by the SMPS in a certain size bin 167 

assumes that the particles are spherical.  The transmission of particles is independent of 168 

their composition.  169 

Particle Characterization 170 

A Tecnai G20 20 XTWIN transmission electron microscope (FEI, Hillsboro, OR) 171 

with an accelerating voltage of 200 keV was used to acquire images of particles 172 

generated by the hairdryer. This electron microscope is equipped with an EDAX Apollo 173 

XLT 30mm2 silicon drift detector energy dispersive spectrometer (EDS) with a super 174 

ultra-thin window. This EDS detector was used to obtain point EDS spectra to quickly 175 



 

characterize particle composition. EDS maps were obtained with a FEI Talos F200X 176 

scanning/transmission electron microscope (FEI, Hillsboro, OR) with an accelerating 177 

voltage of 200 keV using the Super-X EDS windowless, quad silicone drift detector 178 

system at a current of -0.15 nA and a solid angle of 0.9 srad. ImageJ software (NIH) was 179 

used to determine the area equivalent diameters of each particle analyzed from the digital 180 

micrographs.  181 

Characterization of Composition of Hairdryer Components 182 

To determine the source of the silver nanoparticles coming from the hairdryers, 183 

their components were studied. The Revlon 1875-watt hairdryer (Model RVDR5034) 184 

was disassembled and its components isolated for analysis with inductively coupled 185 

plasma emission spectrometry (ICP-AES). Small samples were obtained from each 186 

unique component. Each sample was digested in acid and analyzed via a Perkin-Elmer 187 

Optica 5300 UV ICP-AES for silver concentration. Additionally, a duplicate hairdryer of 188 

the same model that had never been operated was analyzed in the same manner. 189 

Results and Discussion 190 

The air exchange rate for the 127.5 L Plexiglass chamber was found to be 0.754 ± 191 

0.060 h-1 and the particle deposition rate was found to be 0.234 ± 0.190 h-1. High standard 192 

deviations in particle deposition rates are common and not unexpected in this case, in part 193 

due to the fact that particle deposition rates depend on particle size.36-40 The emission rate 194 



 

of ultrafine particles was determined for four of the hairdryers. The emission rate for the 195 

Remington Pro (Model D3190) was found to be 2.60 x 1012 ± 1.47 x 1012 h-1, for the 196 

Ovonni (Model BST-808I) it was 1.64 x 1012 ± 0.07 x 1012 h-1, for the ConAir 1875 Watt 197 

(Model 247) it was 4.25 x 1012 ± 0.36 x 1012 h-1, and for the Ionic Turbo (Model 198 

HTDR5577SN2) it was 1.27 x 1012 h-1 ± 0.42 x 1012 h-1. Note that the uncertainty shown 199 

represents the variation over the measurement period.  Due to the destructive nature of 200 

the ICP-AES experiments conducted, the emission rates for the Revlon hairdryers were 201 

not determined, however since the other four hairdryers produced ultrafine particles on 202 

the same order of magnitude, we expect these hairdryers to be in the same range. The 203 

concentration of ultrafine particles generated by the hairdryers were on the same order of 204 

magnitude as ultrafine particle emissions by gas stoves and electric burners, and an order 205 

of magnitude higher than ultrafine particle emissions by candles.41  Note that the cited 206 

measurements were taken in a full scale, single-story test house with a floor area of 140 207 

m2.  Measurement of the particles generated by the gas and electric stoves were taken in 208 

the master bedroom, giving an indication of the quantity of particles that travel 209 

throughout the house.  The measurement of candle emissions was taken in the same room 210 

as the source.41  These measurement conditions and results suggest that hairdryers 211 

produce a lower concentration of particles than gas and electric stoves and a higher 212 

concentration than candles. 213 

Table 1: Hairdryer emissions rates determined by the chamber studies and compositions 214 
of particles determined by EDS for the six hairdryers in this study. 215 

Hairdryer Emission Rate 
(x1012 h-1) 

Size Distribution 
Comments Composition 

Remington Pro 
(Model D3190) 2.60 ± 1.47 N/A Iron, Carbon, Copper 

Ovonni 1.64 ± 0.07 N/A Iron, Carbon, Copper 



 

(Model BST-808I) 
ConAir 1875 Watt 

(Model 247) 4.25 ± 0.36 N/A Iron, Carbon, Copper 

Ionic Turbo 
(Model HTDR5577SN2) 1.27 ± 0.42 N/A Iron, Carbon, Copper 

Revlon 1875 Watt 
(Model RVDR5034) N/A Bimodal Silver, Nickel, Iron, Carbon, Copper 

Revlon 1875 Watt 
ceramic, ion hairdryer 

(Model RV 484) 
N/A Bimodal Silver, Nickel, Iron, Carbon, Copper 

 216 

Of the six hairdryers investigated all emitted particles in the ultrafine range. 217 

Emission rates, particle compositions, and distribution types for these hairdryers are 218 

tabulated in Table 1. EDS spectra were acquired with the EDAX Apollo XLT system and 219 

the spectra were used to characterize the composition of particles from each hairdryer. 220 

Each of the hairdryers emitted particles composed of iron and likely particles composed 221 

of copper and carbon. Due to the presence of copper and carbon in the grid however, the 222 

determination of these elements in the sample may be unreliable. It should be noted that 223 

the relative intensity of the EDS signals does strongly suggest that some particles were 224 

composed of carbon and/or copper because they are higher than the background level.  225 

Copper and iron are redox active and are known to cause oxidative stress in models for 226 

lung epithelial tissue.42-44  We have focused below on the silver nanoparticles found in 227 

two hairdryers due to current interest in their fate in the environment as a result of their 228 

growing use in consumer products as antimicrobial agents.  Most notably, two of the 229 

hairdryers, the Revlon 1875-watt ceramic, ion hairdryer (Model RV484) and the Revlon 230 

1875-watt hairdryer (Model RVDR5034) primarily emitted silver nanoparticles (Figure 231 

2). As a result, these hairdryers were analyzed in more detail. Of the 283 particles 232 

analyzed, 81% of particles contained silver. This result is in contrast to the work of 233 



 

Taylor et al. who used scanning electron microscopy paired with EDS. This technique 234 

was limited to particles greater than 56 nm and as a result, no silver was detected during 235 

their study.33 It should be noted that the hairdryers used in this study were not marketed 236 

as containing silver nanoparticles, while the study performed by Taylor et al. included 237 

hairdryers marketed in this manner33. Note also that because our experiments were 238 

performed under N2 gas rather than air, the particles may not be as highly oxidized as 239 

they would be in an environmental sample. 240 

 241 

Figure 2: A representative point EDS spectrum of a particle emitted by the Revlon 1875-242 
watt ceramic, ion hairdryer (Model RV484). 243 

 244 

 245 

The other four hairdryers had a primary emission of carbon containing 246 

nanoparticles, which were likely organic compounds reemitted from the heating elements 247 

within the hairdryers or otherwise combustion products from the material burning on the 248 

high temperature heating elements. We note that a representative TEM image of the 249 

hairdryer emissions of the Revlon Model RV484 is shown in Figure 3a. 92.3 % of 250 



 

imaged particles from this hairdryer were nanoparticles in the ultrafine range. The 251 

particles are highly crystalline, exhibiting lattice fringes. The high contrast in the images 252 

indicates that they are composed of atoms with high Z-numbers. The smallest particles 253 

that were observed in this analysis were approximately 1.5 nm in area equivalent 254 

diameter, and the largest particles were about 250 nm. Figure 3b shows one such large 255 

aggregate surrounded by many much smaller particles that are believed to have separated 256 

from the aggregate.45 These large particles that are outside the ultrafine range were 257 

observed to be large aggregates. We focused on the particles in the ultrafine range due to 258 

their ability to potentially cross from the lungs to the bloodstream. Larger particles and 259 

very small particles (< 10 nm) are more easily filtered and deposit in the upper airway 260 

and thus pose less of a health risk. The aggregates seen in Fig. 3b are interesting in part 261 

because these larger particles may travel deeper into the respiratory system and could 262 

subsequently break apart and cross into the bloodstream.  Of the total population of 263 

observed particles, sizes were as small as 4 nm. Unlike with the previously unused 264 

Revlon Model RV484, silver nanoparticles greater than 60 nm were observed in the 265 

emissions from the used Revlon Model RVDR5034. This result is likely due to 266 

aggregates of particles. 267 

 268 



 

Figure 3: a) Representative TEM image of a single silver nanoparticle. b) Representative 269 
TEM image of a broken silver nanoparticle aggregate. 270 

To gain a more comprehensive understanding of particles containing silver and 271 

nickel, and to subtract out background signals from the detector and grids, representative 272 

particles from the Revlon hairdryers were characterized with EDS mapping. The mapping 273 

software (ESpirit) allows for a quantitative elimination of background signal and the 274 

mapping itself allows for spatial resolution of particle composition. EDS mapping 275 

revealed that particles from the used hairdryer were primarily composed of silver with 276 

some nickel on the edges of the particles. It should be noted that while EDS provides 277 

elemental information, it does not indicate what form the element is in, and therefore the 278 

silver and nickel could be in their elemental forms or exist as oxides. A representative 279 

map of one of these particles is shown in Figure 4.  280 

 281 

Figure 4: EDS map of a representative silver nanoparticle emitted by the used Revlon 282 
1875-watt ceramic, ion hairdryer (Model RV484). 283 



 

Using the data from the point EDS spectra, size resolved histograms were 284 

generated for the silver nanoparticles. The particles had a bimodal distribution centered 285 

on the 5 nm and 25 nm bins and 0 particles out of the 229 counted were > 100 nm (Figure 286 

5a). The 5 nm bin is exceptionally high compared to the larger size bins. The large 287 

population in this bin is hypothesized to be due to loosely aggregated particles breaking 288 

free from one another upon impaction with the TEM grid (Figure 3b). This behavior has 289 

previously been observed when quartz is impacted onto SiOx/Si substrates for scanning 290 

electron microscopy.46 This hypothesis is further supported by the morphology of 291 

particles that were not aggregated, as shown in Figure 6. In this EDS map, many small 292 

(<5 nm) particles appear to be loosely aggregated to a large nickel particle. This is not to 293 

say that the <5 nm particles are created by the aggregates, but that they have been there 294 

all along, and they are easier to locate and count during a TEM session due to their 295 

proximity to a larger more visible particle. Particles <5 nm shown in the histogram 296 

maybe, at least in part, due to these aggregates. 297 



 

 298 

Figure 5: a) Histogram of particle sizes for silver-containing particles emitted by the 299 
Revlon Model RVDR5034 (new) hairdryer (median diameter = 13.8 nm). B) Histogram 300 
of particle sizes for silver-containing particles emitted by the Revlon Model RV484 301 
(used) hairdryer (median diameter = 16.9 nm). 302 

Similar results were obtained from the used hairdryer with the bimodal 303 

distribution again centered on the 5 nm and 25 nm size bins (Figure 5b). In contrast to the 304 

new hairdryer, this sample contained a significant number of particles greater than 60 nm 305 

in diameter. In this case, 5 particles out of 370 counted had diameters > 100 nm.  A 306 

representative image of one of these large aggregates is shown in Figure 6a. Again, point 307 

EDS revealed that the particles from the used hairdryer were primarily composed of 308 

silver. Interestingly, particles that were greater than 60 nm were found to be composed of 309 



 

Ni aggregated with small silver particles, as indicated by EDS mapping (Figure 6b). This 310 

kind of aggregation was not observed in the hair dryers that did not contain silver; 311 

however, some of the particles primarily composed of iron appeared to be coated in a 312 

carbon containing compound.    313 

 314 

Figure 6: a) TEM image of a large aggregate emitted by the Revlon Model RVDR5034 315 
hairdryer. b) EDS maps showing that the large aggregates emitted by the Revlon Model 316 
RVDR5034 hairdryer are nickel nanoparticles with smaller silver nanoparticles 317 
aggregated to them. 318 

To determine the origin of the silver nanoparticles generated by the Revlon Model 319 

RVDR5034 hairdryer, it was carefully disassembled and each of the components were 320 

separated.  All samples contained some silver, as expected due to the extended operation 321 

of the hairdryer. When the hairdryer is powered on and silver particles are generated, it is 322 

very likely that they are able to travel throughout the hairdryer and accumulate on all 323 

components.  324 

The two components with the highest weight percent silver were the solder 325 

connecting the power cord to the switches in the handle of the hairdryer with 0.029 ± 326 

0.001 wt% silver, and the metallic, foil-like cover surrounding the heating coil in the 327 

head of the hairdryer with 0.038 ± 0.002 wt% silver, marking these two components as 328 

the possible primary sources of silver nanoparticles. The heating coil cover has the largest 329 

surface area of all components and covers most of the interior of the hairdryer head, 330 



 

raising the possibility that the majority of silver particles settle on this component during 331 

operation of the hairdryer as opposed to originating here. A second Revlon 1875-watt 332 

hairdryer (Model RVDR5034) was purchased, and immediately, without any operation of 333 

the hairdryer after distribution, samples of the same components were isolated and 334 

submitted for ICP-AES analysis. Unlike the first analysis, neither the metallic cover nor 335 

the solder contained the highest concentrations of silver. This validates the theory that the 336 

cover is accumulating silver during operation. Even without operating the device there 337 

was evidence of silver, ranging from 0.003 wt% to 0.020 wt%, in many different 338 

components indicating that there may not be any one major source of silver within the 339 

hairdryer, but rather multiple smaller sources. After continual operation, much of the 340 

silver collects onto the foil-like cover. The size scale of the particles emitted by the 341 

hairdryers is alarming as the particles in this range are easily inhaled and can enter the 342 

bloodstream. While we cannot directly compare the two hairdryers, it is to be noted that 343 

despite heavy usage over a long period, the used hairdryer still produced silver 344 

nanoparticles. This result indicates that long term exposure to silver is possible.  Note 345 

also that the components found to contain silver are very common, but the emission of 346 

silver nanoparticles was only found for these two hairdryers. 347 

The emissions from six different hairdryers were analyzed. All of the hairdryers 348 

were found to emit particles in the ultrafine range. Particles in the ultrafine range are 349 

known to cause adverse health effects such as cardiovascular and pulmonary diseases.3 350 

The hairdryer ultrafine emission rates were found to be less than the ultrafine emissions 351 

of gas and electric stoves and more than measurements of ultrafine emissions from 352 

candles. Primarily, the particles measured with TEM were observed to be spherical. 353 



 

Some research suggests that knowing the shape of these nanoparticles may be beneficial 354 

for the future of toxicological studies of indoor air pollution since some shapes may more 355 

easily pass into cells than others.47 While in general, the hairdryers emitted particles 356 

composed of iron, copper, and carbon; the two Revlon hairdryers were shown to generate 357 

silver nanoparticles in the ultrafine particle range. Ultrafine silver particles have been 358 

shown to pose additional negative health effects in addition to those caused by 359 

uncategorized ultrafine particles.31 Specifically, silver nanoparticles can cause oxidative 360 

stress within cells which can lead to cellular death.15 Larger silver containing particles 361 

were found to be the result of aggregation of ultrafine particles. The Revlon 1875-watt 362 

hairdryer (Model RVDR5034) used in the study and a duplicate hairdryer were both 363 

disassembled and the components were tested for silver with ICP-AES. While no one 364 

component was the main source of silver, many components were found to contain silver. 365 

Due to their antimicrobial properties, silver nanoparticles can be harmful if they enter 366 

into the bloodstream and the particles observed in this study were small enough to pass 367 

through the blood-air barrier if inhaled. Even if such particles remain in the lungs they 368 

can cause irritation of the lung lining, which can lead to the onset of disease.  Indoor air 369 

pollution sources are potentially harmful when operated in locations with poor 370 

ventilation. Without a removal method, ultrafine particulate matter produced by indoor 371 

sources can reach high concentrations. Sources, such as hairdryers, are often operated 372 

close to human airways and thus even when ventilation is available the proximity to 373 

pollution source may result in exposure to high concentrations of particles.   374 

 375 
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