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1. Khatri M, Bdlo D, Gaines P, Martin J, Pd AK,
Gore R, Woskie S. Nanoparticles from photocopiers
induce oxidetive stress and upper respiratory tract
inflammation in hedlthy volunteers.
Nanotoxicology. 2012 Jun 14. [Epub ahead of print]

Abgract

Photocopiers emit large quantities of nanoparticles
(NPs); however, their toxicologicd properties have
not been studied. Here we invettigate for the first
time early human responses following a day's
exposure to NPs from photocopiers. Nine hedthy
subjects spent 6 h at abusy photocopy centreon 2.3
randomly selected days. Matched nasd lavage and
urine samples were collected before and at different
time points postexposure. Nasal lavage sampleswere
andysed for 14 cytokines, inflammatory cells and
totd protein. Urine samples were andysed for
8-hydroxydeoxyguanosine (8-OH-dG). Exposure
asessment was conducted usng a suite of
ingruments. The mean totd particle number on
exposure days was >5 times higher than background,
with dze didributions in nanoscde range (pesk
3040 nm). Following exposure, 8-OH-dG and
severd pro-inflammatory cytokines were eevated
2.10 folds compared with pre-exposure levels and
remained eevated for up to 36 h. We conclude that
NPs from photocopiers induce upper arway
inflammation and oxidative stress.

2. Tang T, Gminki R, Konczol M, Modest C,
Armbruster B, Mersch-Sundermann V.
Investigations on cytotoxic and genotoxic effects of
laser printer emissons in human epitheia A549
lung cdls usng an air/liquid exposure system.
Environ Mol Mutagen. 2012 Mar;53(2):125-35.

Abgract:

Exposure to emissions from laser printers during the
printing process is commonplace worldwide, both in
the home and workplace environment. In the present
dudy, cytotoxic and genotoxic effects of the
emission from five low to medium-throughput laser
printers were investigated with respect to the release
of ozone (O°), volatile organic compounds (VOC),
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particulate matter (PM), and submicrometer particles
(SMP) during standby and operation. Experiments
were conducted in a 1 m® emisson chamber
connected to a VitrocdlR exposure system.
Cytotoxicity was determined by the WST-1 assay
and genotoxicity by the micronucleus test in human
A549 lung cdls. The five laser printers emitted
varying but generally small amounts of O° , VOC,
and PM. VOC emissions included 13 compounds
with totad VOC concentrations ranging from 95 to
280 ug/m3 (e.g., 2-butanone, hexanal, m,p-xylene,
and o-xylene). Mean PM concentrations were below
2.4 pg/m’. SMP number concentration levels during
standby ranged from 9 to 26 particles/cm’. However,
three of the printers generated a 90 to 16 x 10° -fold
increase of SMP during the printing process
(maximum 294,460 particles/cm®). Whereas none of
the printer emissions were found to cause
cytotoxicity, emissions from two printers induced
formation of micronuclei (P < 0.001), thus providing
evidence for genotoxicity. As yet, differences in
biological activity cannot be explained on the basis
of the specific emission characteristics of the
different printers. Because laser printing technology
is widely used, studies with additional cytogenetic
the
DNA-damaging potency and to identify emission

endpoints are necessary to confirm

components responsible for genotoxicity.

3. McGarry P, Morawska L, He C, Jayaratne R, Falk
M, Tran Q, Wang H. Exposure to particles from
laser printers operating within office workplaces.

Environ Sci Technol. 2011 Aug 1;45(15):6444-52.

Abstract:

While recent research has provided valuable
information as to the composition of laser printer
particles, their formation mechanisms, and explained
why some printers are emitters while others are low
emitters, questions relating to the potential exposure
of office workers remained unanswered. In particular,
(1) what impact does the operation of laser printers
the
concentration (PNC) of an office environment over
the duration of a typical working day? (i) What is

have on background particle number



the airborne particle exposure to office workers in
the vicinity of laser printers? (iii) What influence
does the office ventilation have upon the transport
and concentration of particles? (iv) Is there a need to
control the generation of, and/or transport of particles
arising from the operation of laser printers within an
office environment? (v) What instrumentation and
methodology is relevant for characterizing such
particles within an office location? We present
experimental evidence on printer temporal and
spatial PNC during the operation of 107 laser
printers within open plan offices of five buildings.
The 8 h time-weighted average printer particle
exposure is significantly less than the 8 h
time-weighted local background particle exposure,
but that peak printer particle exposure can be greater
than 2 orders of magnitude higher than local
background particle exposure. The particle size
range is predominantly ultrafine (<100 nm diameter).
In addition we have established that office workers
are constantly exposed to nonprinter derived particle
concentrations, with up to an order of magnitude
difference in such exposure among offices, and
propose that such exposure be controlled along with
exposure to printer derived particles. We also
propose, for the first time, that peak particle
reference values be calculated for each office area
analogous to the criteria used in Australia and
elsewhere for evaluating exposure excursion above
occupational hazardous chemical exposure standards.
A universal peak particle reference value of 2.0 x 10*

particles cm” has been proposed.

4. Wallace L, Ott W. Personal exposure to ultrafine
éparticles. J Expo Sci Environ Epidemiol. 2011

| Jan-Feb;21(1):20-30.

Abstract:

Personal exposure to ultrafine particles (UFP) can
occur while people are cooking, driving, smoking,
operating small appliances such as hair dryers, or
eating out in restaurants. These exposures can often
be higher than outdoor concentrations. For 3 years,
portable monitors were employed in homes, cars,

and restaurants. More than 300 measurement periods
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in several homes were documented, along with 25 h
of driving two cars, and 22 visits to restaurants.
Cooking on gas or electric stoves and electric toaster
ovens was a major source of UFP, with peak
100,000
particles/em’ and estimated emission rates in the

personal exposures often exceeding
neighborhood of 1012 particles/min. Other common
sources of high UFP exposures were cigarettes, a
vented gas clothes dryer, an air popcorn popper,
candles, an electric mixer, a toaster, a hair dryer, a
curling iron, and a steam iron. Relatively low indoor
UFP emissions were noted for a fireplace, several
space heaters, and a laser printer. Driving resulted in
30,000

particles/em’ in each of two cars driven on 17 trips

moderate exposures averaging about
on major highways on the East and West Coasts.
Most of the visited maintained
consistently  high of  50,000-200,000
particles/em’ for the entire length of the meal. The
indoor/outdoor ratios of size-resolved UFP were

restaurants

levels

much lower than for PM,sor PM,, suggesting that
outdoor UFP have difficulty in penetrating a home.
This in turn implies that outdoor concentrations of
UFP have only a moderate effect on personal
A

time-weighted scenario suggests that for typical

exposures if indoor sources are present.
suburban nonsmoker lifestyles, indoor sources
provide about 47% and outdoor sources about 36%
of total daily UFP exposure and in-vehicle exposures
add the remainder (17%). However, the effect of one
smoker in the home results in an overwhelming
increase in the importance of indoor sources (77% of
the total).

5. Wensing M, Schripp T, Uhde E, Salthammer T.
Ultra-fine particles release from hardcopy devices:
sources, real-room measurements and efficiency of

filter accessories. Sci Total Environ. 2008 Dec
15;407(1):418-27.

Abstract:

The release of ultra-fine particles (UFP, d < 0.1
microm) from hardcopy devices such as laser
printers into the indoor environment is currently a

topic of high concern. The general emission behavior



of a printer can be examined by conducting emission
test chamber measurements with particle-counting
devices. Chamber experiments with modified laser
printers operated without toner or paper also
revealed UFP emissions. On the basis of these results
we reasonably doubt the opinion that UFPs primarily
the Instead, the
high-temperature fuser unit is assumed to be one

originate  from toner.
source for ultra-fine particle emission. UFP release
typically follows the flow path of the cooling air
which may leave the printer casing at various points
(e.g. the paper tray). This limits the usability of the
commercial filter systems available because the
released particles could leave the printer without
passing through the filter. Chamber measurements
with various filter systems retrofitted to a laser
printer demonstrate different efficiencies of UFP
reduction. Complementary experiments were carried
out in an office room. Here the decay of the particle
concentration after a print job was about ten times
slower than in the test chamber. A toxicological
assessment of the emitted particles requires that their
chemical composition be known. Due to the low
mass of the released UFPs chemical analysis needs a
prior enrichment on a feasible media. Experiments
using electrostatic precipitation showed a flame
retardant (tri-xylyl phosphate) whose concentration
on the media was dependent on the number of pages
printed. Whether this compound was particle-bound
could not be determined.
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