
 

 

9 

Emission and Formation of Fine Particles from 
Hardcopy Devices: the Cause of Indoor 

 Air Pollution 
David D. Massey1* and Ajay Taneja1,2  

1School of Chemical Sciences, Department of Chemistry, St John’s College,  
2Department of Chemistry, Dr. B.R. Ambedkar University,  

 India 

1. Introduction 
The last few decades have seen major changes in the home and work environments. The 
economies of the Indian and other industrialized nations have shifted from manufacturing 
towards services that engage information technologies. Advances in information technology 
have increased the quantity and transformed the nature of equipment used in proximity to 
office worker due to which electronic media used for entertainment, telecommunications 
and data processing have become widespread in daily life. Typical examples are television 
sets, video recorders, hi-fi systems, and computers with their peripherals such as monitors 
and printers, scanners and copiers. Tabletop printers serve individual users in their 
workspace or home, or clusters of users in an office suite.  Scanning machines and 
photocopiers are prevalent in office environments (Newburger, 2001). In addition, the use of 
notebook computers spanning both work and non work environments is on the rise. These 
devices are predominantly made of polymeric components and materials which can contain 
not only additives, such as flame retardants and plasticizers (Wensing et al., 2005), but also 
chemical residues from production processing aids (Wensing et al., 2002).  
There is growing concern about the levels of potentially harmful pollutants that may be 
emitted from office equipment and for which either toxicological effects or potentially 
significant exposures have been described in the literature. Office equipment has been found 
to be a source of ozone, particulate matter, volatile organic compounds (VOCs) and semi 
volatile organic compounds (SVOCs). VOC, SVOC and particles can also be emitted by the 
paper processed during printing and copying (Wolkoff et al., 1993). Many studies have 
investigated the health effects of photocopier toner dust and concluded that siderosilicosis 
and sarcoidosis-like pulmonary diseases are associated with human exposure to 
photocopier toner dust (Armbruster et al., 1996). Black and Worthan (1999) have described 
the VOC/ TVOC, particle and ozone emissions of laser printers, dryprocess photocopiers 
and personal computers. Wolkoff (1999) study dealt with photocopiers and indoor air 
pollution. Later on Lee et al. (2001) characterized VOC, ozone and PM10 emissions from 
office equipment. Today discussion focuses in particular on particle release from hardcopy 
devices, printers and photocopiers and its impact on the health of office workers (Roller, 
2006). Recent advances in measurement techniques have enabled researchers to measure the 
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ultrafine particles of nanoscale range and have provided evidence that the smaller particles 
typically emitted from sources such as internal combustion engines may have more severe 
impact on the human respiratory system than the bigger particles (Newburger, 2001). 
Ozone and particulate matter have been associated with occupational symptoms such as 
eye, nose or throat irritation, headache and fatigue (Wolkoff et al., 2006). The results of He et 
al., (2007) suggested that there is potential harm to human beings because of breathed in 
toner particles. A recent study by Gatti, 2008 using in-vitro and in-vivo experiments with 5 
types of nanoparticles found chemical evidence of particulate matter in human pathological 
tissues from patients who had suffered diseases of unknown origin. It was pointed out in 
this study that inhaled and ingested nanoparticles can penetrate through the alveolar as well 
as the digestive walls to enter the blood system and subsequently be transported to any 
organ in the body. Only about 20% of nanoparticles are removed once deposited in alveolar 
regions in animal subjects after 24 hour exposure, in contrast to about 80% removal for 
particles above 500 nm (Oberdörster et al., 2005). In related work, Chalupa et al., (2004) 
found about 74% deposition of carbon ultrafine particles in asthmatic human subjects for a 2 
hour exposure. 
With possible adverse health effects, the question of the chemical characterization of the 
ultra-fine particles released by such devices is of special importance (BfR, 2008). However, 
due to the low mass of the UFPs and high volatility nature, they evaporate as soon as they 
are released; it has not yet been possible to ascertain their chemical composition (Wensing et 
al, 2008). Previous publications by Bake and Moriske, (2006) and Wensing et al., (2006) have 
shown that hardcopy devices often emit UFPs while larger particles (e.g. toner dust) could 
only be detected in low concentrations. Moreover, adverse health effects from exposure to 
nanoparticles have been found to be more closely related to particle number concentration 
than to particle mass concentration ( Oberdorster,2000). These health effects may differ 
substantially depending on the size, morphology, composition (both bulk and surface), and 
concentration of airborne particles (Oberdorster, 2005). 
Many studies of photocopier-related emission have been carried out in test chambers (Lee et 
al., 2001). Field studies on the impact of photocopiers and printers on indoor air quality are 
relatively limited. Though specific printer-emitted VOCs and PM has been studied (Kagi et 
al., 2007), no report has addressed the PM concentration in photocopier and printer centers. 
Since the size of individual particles influences the degree to which they can be inhaled and 
the effects that they can cause (Lee et al., 2001), the characteristics of such-emitted particles 
are needed to evaluate whether exposure control and reduction efforts are necessary. 
Furthermore, the main difference between the photocopier centers in India and other 
developed countries is that such centers in India are generally small and serve as both 
businesses and residences. Thus, the pollutants emitted during such processes would affect 
the indoor air quality and potentially have adverse health effects on the employees as well 
as the residents of the workplace. The objective of this study is to investigate size distributed 
particle number and mass concentration in 250 to 1000 nano meters range in some 
representative commercial photocopier and printer centers in the Northern Central India. 
The sources of these particles are also discussed in the indoor air. 

2. Materials and methods 
Air sampling was conducted at 2 photocopier centers A and B (Fig.1) in the Agra city in the 
month of June 2009. Measurements were made for eight days, four days each at each 
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sampling center. In India, most photocopiers and printer centers are located in multi-storey 
street houses. The area of each center is approximately 30 to 36 m3.  No forced ventilation 
systems used during the measurement. However, the door to the experimental rooms were 
opened and closed often by the users and the customers whenever they entered the room to 
use the equipment. In a typical street house, the ground floor is the work area and the upper 
floors are living areas. Typical interior materials used in photocopier centers include ceramic 
tile floor, painted concrete ceiling, painted concrete walls and sliding aluminum-framed 
glass doors. Usually only some metal desks and chairs, and no other furniture are present in 
the confined space of a photocopier center. Basic information of each center, including 
business hours, room dimensions, environmental conditions, types of ventilation and 
entrance, number of photocopiers, printers and number of copies made were collected. 
Table 1 lists there characteristics of the centers.  
 

 
Fig. 1. Map of Agra Showing the Sampling Centers 

Grimm 31-Channel Portable Aerosol Spectrometer model No.1.109 was selected for 
monitoring the particle mass and size distribution in the range of 250 – 1000 nm, at a flow 
rate of 1.2 L/min ± 5% constant with controller for continuous measurement during the 
sampling period. The instrument was set to collect data at 10 minute intervals and it store 
the data in data memory logger card from which data can be downloaded to computer and 
can be analysed. Particles are collected close by the analyzer from a dedicated 5 cm long 
vertical sampling head (no sampling tubes and therefore no particle loss). The instrument 
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works on dual technology i.e. the principle of scattering of light at 90° to give the real-time 
measurements and total particles can be collected on 47- mm PTFE filter paper for chemical 
analysis. Its real time measuring range is from 0.25 µm  to 32 µm or 250 nm to 32,000 nm in 
31 channel sizes, each unit is with NIST (National Institute of Standards and Technology) 
certified, monodisperse latex on the size of channels calibrated [www. GRIMM-
aerosols.com].To improve the time resolution, the range was limited to 0.25 to 1 µm or 250 to 
1000 nm in 12 channels. The sampling tube of the analyzer was positioned as close as 
possible to head height in the center of the sampling room. The GRIMM particle measuring 
system is equipped with GRIMM 1174 Software for data acquisition.  
 

 
a = air-conditioned, b = natural ventilation open door 

Table 1. Physical Characteristics of the Photocopier Centers 

3. Result and discussion 
3.1 Experimental methods used in emission characterization 
Sampling was done to measure the ultra fine particle size distribution and mass 
concentration at an interval of 10 minutes, in two periods at the photocopier and printer 
centers A and B during the business hours and background hours. The back ground values 
were obtained inside the centers by monitoring the particles 2 hours before opening of the 
centre and 2 hours after the centers were closed. All measurements were conducted during 
eight days period in the month of June 2009. Emissions from hardcopies were measured at 
room temperature (21–30ºC), with an intermediate humidity conditions (45–60% RH). CO2 
was also recorded up to 650 PPM while sampling.  
The average mass concentration of the particles ranged from 1.86 µgm-3 to 11.71 µgm-3 at 
center A and 4.89 µgm-3 to 46.46 µgm-3 at center B as shown in table 2 A. Increase in the 
concentration of ultra fine particles in this study seems to be in consistent with the results of 
studies which suggested that PM emitted by hardcopiers are aerosolized toner powder (Lee 
et al., 2007). Table 2 A shows the particle mass concentrations measured in back ground air 
ranged from 0.87 µgm-3 to 9.10 µgm-3 at center A and 0.87 µgm-3 to 9.13 µgm-3 at center B and 
during the hardcopier making they ranged from 2.43 µgm-3 to 13.71 µgm-3 at center A and 
8.33 µgm-3 to 80.16 µgm-3 at center B which were much higher at both the sites from the 
background values. Increase in the particulate concentration at the center B was observed 
more in comparison to A. 
Table 2 B, shows the particle number concentration obtained in photocopier centers A and B.  
The table reveals that the number of particle increased when hardcopier devices began to 
make copies. During the operational mode of these hard copying machines the number 
concentration of the particulate varied in center A from 68223/Lit to 569896/Lit with an 
average of 258485/Lit, where as in the center B it varied from 82612/Lit to 2580941/Lit in 
the range of 250-1000 nm with an average of 1504133/Lit respectively. A high number 
concentration of ultra fine particles was found with a peak value of 569896/Lit particle at 
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center A and 1504133/Lit at center B particularly during business hours. The number 
concentration of particles in 250–1000 nm was significantly higher than mass concentration 
of the same range at both the centers. It was 3-7 times higher during operational hours than 
background values obtained before and after the machine was operational at both the 
centers (table 3). As the machines were nonoperational before the opening of the centers in 
morning and after the closing of the centers at night, there were significant decrease in the 
particulate numbers and mass concentrations from the working hours of the machine 
during the day. While during the working hours, the number of particulate and mass 
concentration kept on increasing during the first hour of hardcopying; however they 
decreased after a period of time as shown in Fig. 2.  
The number and mass concentrations of the particles in the sampling centers were found 
to increase significantly from background values during the sampling of 4 hrs in a definite 
trend as shown in Fig. 2. This increase with respect to background values in centers A and 
B was 27% for first hour which decreased to 23% in the second hour, 20% in the third and 
19% in the fourth hour with respect to background values. Thus settling time for the 
particles emitted from the photocopier was analyzed from the background values 
measurement. The photocopier and printers were not in use during the night hours that is 
before opening and after closing of the centers. The total particle count in a cubic 
centimeter and mass concentration in µgm-3 of air was estimated for the working hours as 
shown in Fig 2. Activity resumed from the morning by photo printing of the machines. 
Hence, the settling time of the particles could be estimated using the data from the 
background values. It can be seen that the total particle count and mass concentration 
dropped to low levels over two hours of working and then remained constant during the 
further working hours. 
Centers also have other individual sources than the hardcopiers itself for particles 
generation. Other chemical constituents, as well as mechanical processes, can also 
influence the emission behavior during operation (Wensing et al., 2006). Characterizing 
emissions from hardcopier equipment are also difficult due to the diversity of available 
equipment, the rapid evolution and turnover of product lines and the variability in 
environmental and operating conditions. Lee (2001) have pointed out earlier in his 
laboratory study about 75% of photocopier toner is transferred to the photoconductive 
drum and that which does not adhere to the drum becomes available for emission to 
indoor air. The toner particles are about 10 µm. It needs further consideration but is 
indicating (Kagi et al., 2007) in the study that fine particles were not directly generated 
from toner particles but by the secondary formation of the VOCs and the water mists 
emitted during the operation of the printers.  
Finally, the path by which the UFPs leave the printer is also an important aspect 
describing emission behavior. As an example, the maximum total concentration of 
particles (d<1μm) and the sampling points are displayed by using a printer in Fig.3 
(Wensing et al., 2008).  The results show that most particles leave the printer near the 
paper tray and at the back. Release through the fan above the toner waste bottle is 
considerably lower. Consequently, a retrofitted filter system (designing of air flow system 
in such a way that the majority of the released UFP leave the casing through a definite 
opening) may be a possible way to reduce the overall UFP emissions from the appliances. 
However, the results of this experiment are limited to the printer examined because every 
type of laser printer—even from the same manufacturer—can have different ventilation 
and air flow paths. The air flow direction will not be the same for every printer. In some 
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cases air is blown into the printer to cool the internal components (such as printed circuit 
boards). In such a case a fitted filter would only come in contact with the emitted particles 
via the backflow. 

4. Formation of particles 
The particle size distribution obtained in this study indicated the formation of fine particles 
during photocopying and printing. Many studies have suggested different mechanism of 
formation of fine and ultra fine particles (UFP) (Lee et al., 2007). 
a. Physical process of nucleation and condensation. The first possible formation 

mechanism of UFP is the nucleation/condensation of low vapor pressure substances, 
which were vaporized at high temperature and condensed at low temperature to form 
particles.  Some substances from the heated toner or paper were vaporized during the 
fusing stage, in which the fuser temperature reached around 200ºC, and their 
concentrations exceeded their saturation vapor concentration (Jang and Kamens, 2001). 
Therefore, particles may form when the saturated vapor condenses at a lower 
temperature. 

b. Oxidation of VOCs. The second possible mechanism of UFP formation during 
photocopying is the oxidation of indoor VOCs. The byproducts of corona charging 
during photocopying, such as ozone, NOx and OH-radicals, are both strong oxidants for 
the oxidations of emitted VOCs.  Many studies have demonstrated that photo-oxidation 
products of aromatic hydrocarbons can undergo various reactions to produce 
secondary organic aerosols (SOA) in the presence of O3, OH radicals, and NOx (Edney 
et al., 2001; Jang and Kamens, 2001).  The microenvironment inside the photocopier is 
very similar to a photochemical smog chamber that contains a light source and higher 
concentrations of reaction agents. Therefore, SOA formation inside photocopiers might 
be an important source of indoor UFP and FP during photocopying. Furthermore, 
many studies have confirmed that ozone may react with unsaturated VOCs (such as 
terpenes and styrene), causing secondary emission of UFP and FP in an indoor 
environment (Wolkoff and Nielsen, 2001; Fan et al., 2005). Even though UV irradiation 
is not present in indoor environment (except the spaces inside the photocopiers), SOA 
may form when ozone reacts with those unsaturated VOCs presented in photocopy 
center. 

c. Ion-induced nucleation. Ions, which are generated by corona devices during 
photocopying, may play a role in the formation of UFP and FP by ion-induced 
nucleation of organic vapors. Many works have confirmed the effect of ionizing 
radiation on aerosol formation (Ramamurthi et al., 1993).  Ion-induced nucleation is the 
gasto-particle process causing supersaturated vapors to condense on ions. During ion-
induced nucleation processes, the higher particle growth rates are observed because 
electrostatic forces would enhance the stability of electrically charged clusters (Yu and 
Turco, 2001). Ichitsubo et al., (1996) reported an experimental study of UFP generated 
from organic vapors by corona ionizers. Among the organic compounds tested 
(aromatics, alcohols, ketones and others), only aromatic compounds undergo gas-to-
particle conversion process and yield unstable clusters, which may grow into detectable 
particles (42 nm) during corona discharge. Based on the results of the above studies, 
UFP could be formed rapidly during photocopying by the ion-induced nucleation of 
emitted aromatic hydrocarbons. 
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              A. Mass concentration in µgm-3                                B. Particulate count/liter 

Table 2. Particulate Mass and Number at Centers A and B  
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Table 3. Mass and Number Difference at the Two Centers 
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Fig. 2. Trends in number and mass concentration of particles in photocopier center A and B 
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To date, the information regarding the formations of UFP and FP during photocopying is 
still limited. The mechanism of UFP and FP formation is far from being well understood and 
a single process is not likely to explain all the phenomena’s. Although the formation 
mechanism remains unclear, Fig. 3 summarizes the possible mechanisms for the formation 
of UFP during photocopying, including condensation, oxidation and ion-induced 
nucleation. Corona devices, which can generate ozone, NOx, radicals and ions during 
photocopying, may be the key element of UFP formation and particle removal in photocopy 
centers. 
 

 
Fig. 3. Example of paths of UFP release from a laser printer Taken from (Wensing et al., 
2008) 

 

 
Fig. 4. Conceptual model of indoor air chemistry and particle formation and removal during 
photocopying and Printing Taken from (Lee et al., 2007) 
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Although the formation mechanism remains unclear, Fig.4 summarizes the possible 
mechanisms for the formation of UFP and FP during photocopying, including condensation, 
oxidation and ion-induced nucleation (Lee et al., 2007). Corona devices, which can generate 
ozone, NOx, radicals and ions during photocopying, may be the key element of UFP and FP 
formation and particle removal in photocopier centers. 

5. Conclusion 
The unexpected phenomenon namely declined in particle mass and number concentration 
as operation proceeded for few hours is likely attributable to the surface deposition of 
charged particles, which are charged primarily by the diffusion charging of corona devices 
equipped inside the hardcopies devices. Particle charging is a function of the ion 
concentration. Based on the monitored results in centers, particle number and mass 
concentrations increased immediately as the operations proceeded. During the first hour of 
operation, ions emitted from corona devices might not be high enough to charge particles 
indoors; therefore, the increasing trends of particles were consistent. However, after the first 
hour of operation, the ion concentrations in indoor environment might reach to a point that 
can accelerate the speed of diffusion charging and increase the deposition rates of charged 
particles to nearby surfaces. After this point, the particle removal rates were higher than the 
particle formation rates and therefore the particle number concentrations decreased, 
although hard copying process was consistently being conducted under the same 
ventilation conditions. This decrease was less in center A than in comparison to center B 
because center A was fully air-conditioned. So the doors and windows were kept close 
where as center B was naturally ventilated. 
The results of the these real room measurements are not sufficient to permit classification of 
possible health related issues with printer and photocopier generated aerosols for this 
purpose both a more detailed chemical characterization of the particles and a model for 
exposure assessment would be required. The fact that hardcopy devices are not the only 
source of fine particulate in indoor environment also needs to be accounted for. In Agra 
photocopy centers usually open at 10 am and close at 10 pm.  If the background particulate 
value is taken as the particle mass concentration in close hours then the 24 h average PM 
concentration can be calculated for each photocopy centre by assuming 12 hrs for business 
and 12 for close hours respectively. Additionally most photocopy centers in Agra open 6 
days a week and 52 weeks per year. Therefore based on the results of this study, the PM in 
the range of 250 nm to 1000 nm should be concerned in view of annual human exposure. 
Personal exposures may be significantly larger than those estimated through average 
pollutant indoor concentrations, due to proximity of users to the sources over extended 
periods of time. The magnitude of emissions, the link from emissions to personal exposure, 
the toxicological significance of the chemicals emitted, and the costs and impacts of alternate 
materials should all be considered in order to evaluate potential importance of human 
exposures and health risks. The policy for precautionary reasons for example developing 
ecolables for low emitting products can be a possible solution to it. 
Finally, it is important to put this work in the context of exposure, health implications, 
energy costs, and technology options. Considering the diversity of equipment, the rapid 
evolution and turnover of product lines, changes in manufacturing processes and variability 
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in operating conditions, the values summarized in this study represent initial estimates of 
emissions and their implications. This study also highlights the importance the need for 
evaluating long term effects of exposure to toner particles since these are yet to be fully 
understood. Further studies are recommended to measure the direct adverse effects of these 
particles to human health. 
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