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Every year, air pollution causes the premature deaths of between 5.5 

million and 7 million people, making it more deadly than HIV, traffic 

accidents and diabetes combined. In Europe, air pollution shortens the 

average life expectancy by nearly one year. Worldwide, more than 80 

percent of people living in urban areas breathe air that exceeds 

pollution limits advised by the World Health Organization (WHO). 

 

 

http://www.theguardian.com/environment/2016/feb/12/air-pollution-deaths-india-china
http://www.theguardian.com/environment/2016/feb/12/air-pollution-deaths-india-china
http://www.who.int/mediacentre/news/releases/2014/air-pollution/en/
http://www.euro.who.int/en/health-topics/environment-and-health/air-quality/data-and-statistics
http://www.who.int/mediacentre/news/releases/2016/air-pollution-rising/en/
http://www.who.int/mediacentre/news/releases/2016/air-pollution-rising/en/
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 OFFICE POLLUTION 

 

Survey commissioned by the Building Engineering Services Association 

(BESA) reports that almost 70% of office workers believe poor air quality in 

their place of work is having a negative effect on their day-to-day productivity 

and well-being. Additionally, a third of office workers are concerned that poor 

indoor air quality could be having a negative effect on their health. Opening 

windows is the most commonly used form of ventilation with 60% of office 

workers saying it is the first thing they do if they need ‗fresh air‘. However, this 

could run the risk of further polluting the working environment by letting in 

outdoor toxins. Those surveyed, reported suffering regularly from symptoms 

commonly linked to poor indoor air quality: 

 68% of office workers experience lapses in concentration on a monthly 

or more frequent basis 

 Over two thirds (67%) of recipients reported suffering from fatigue 

while at work on a monthly or more frequent basis 

 Over half (54%) of office workers surveyed experience decreased 

productivity on a monthly or more frequent basis 

 Over a third (41%) of people experience watery or irritated eyes when 

in the office on a monthly or more frequent basis 

Almost 40% of office workers who suffer from at least one of the symptoms 

listed believes poor ventilation is the main reason for the problems they 

experience. 

Moreover, the  journal Environmental Health Perspectives found a strong link 

between air quality and cognitive function. In the paper, the researchers gathered 

24 professionals of various stripes and had them work in the same office, where 

the air quality could be altered and carefully monitored. Each of the participants 

worked in the office for six days, during which time they were exposed to 

differing levels of ventilation, carbon dioxide and the types of VOCs ubiquitous 
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in indoor environments. On each day, the subjects took tests measuring a wide 

range of cognitive abilities. One of the parameters tested was the difference 

between air quality in the average office building compared with that in a 

―green‖ building that meets standards for occupant health and energy efficiency 

set by the LEED council. The scientists found that in the green condition—

where air was better ventilated and had lower carbon dioxide and VOC 

concentrations—participants scored 61 percent higher in cognitive function 

compared with those in conventional office building conditions. When exposed 

to  ventilated air, cognitive scores jumped 100 percent. 
 

Computers, printers, copier machines and other electronic equipment are a 

common part of the home and office environments. However, human exposure 

to potentially harmful pollutants emitted from office equipment has not been 

systematically evaluated and is currently not well understood. The office 

equipment usually includes computers (desktops and notebooks), printers (laser, 

ink-jet and all-in-one machines) and photocopy machines. Those machines, 

particulary, emit volatile organic chemicals (VOCs), ozone, particulate matter 

and several semivolatile organic chemicals (SVOCs). The latter includes 

phthalate esters, brominated flame retardants, organophosphate flame retardants, 

and polycyclic aromatic hydrocarbons (PAHs). We can also spread this review 

on reporting airborne concentrations in indoor environments (offices, residences, 

schools, electronics recycling plants) where office equipment was present and 

deemed to be a significant contributor to the total pollutant burden.  

For poorly ventilated office buildings and homes with frequently operating 

printers, VOCs and ultrafine particles could be a serious health threat. An 

important area requiring further study is the formation mechanisms of 

nanoparticles emitted from laser printers. Kagi et al. (2007) and Wensing et al. 

(2008) pointed out that the ultrafine particles generated from laser printers were 

not the toner particles themselves, but rather a product of secondary formation 
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due to volatile organic compounds (VOCs) and water mists emitted during the 

printer operations. 

Thus, possible sources for nanoparticle generation in this process include: 1) 

fugitive toner powder agglomerates released directly from the printer cartridge, 

2) loose particulate coatings released from the paper, and 3) evaporated VOCs 

produced in high-temperature fuser region, emitted from the polymer coating of 

the toner powder. The material safety data sheet (MSDS) for the standard HP 

C8061X toner cartridge for the HP 4100 LaserJet Printer employed in the study 

states that the toner powder contains about 50% iron oxide and 50% copolymers 

by mass. The copolymers possibly include styrene, as well as other organic 

components and solvents. It should be noted that the concentration peak levels 

generated during power-up are much less than the peak levels generated while 

printing (Figure 1). This implies that evaporation of the toner powder on the 

paper, rather than residual toner on the fuser, is the major source of nanoparticle 

emissions. Over 10 different VOCs were detected. Among them, m, p-xylene 

had the highest concentration, approximately 160 μg/m3, and o-xylene and 
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styrene were the second highest, with concentrations of approximately 100 

μg/m3. For the samples taken over the entire testing period, including printing 

and idle time, the concentrations of all VOCs were approximately 30 times 

lower, but the concentration ratios between these VOCs remained unchanged. 

The emitted aerosol mainly consisted of carbon-based nanoparticles, likely 

generated by ion-induced homogeneous nucleation and condensation from the 

vapor-phase VOCs evaporated from copolymer toner particles rapidly heated by 

the fuser. Few iron-based or calcium-based particles were found in the printer 

emissions, suggesting that the unevaporated toner particles and paper coatings 

were not important nanoparticle sources. Several VOCs including xylene, 

styrene, and ethylbenzene have been identified as printer emissions. The 

maximum possible VOC emissions were estimated from TGA and ICP 

measurement results to be about 42.8 μg per printed page. 

 

Figure 1. Levels of pollutants during printing and resting of the machine 

 

For example,the mean office level of benzene in eight European countries was 

14.6 μg/m3 . The toxicity of benzene is dependent on its metabolism, as shown 

by its lower toxicity in the presence of toluene, an inhibitor of benzene 

metabolism. Many studies have been completed in animals and to some extent 

in humans to determine the metabolism of benzene and its toxicokinetics. Indoor 

concentrations of benzene are normally higher than those in outdoor air as a 

consequence of the entry and accumulation of benzene from outdoor sources 

and the presence of dominant benzene sources indoors. Viewed across published 

studies, indoor concentrations of benzene ranged from 0.6 to 3.4 (arithmetic 

mean 1.8) times the outdoor concentrations and are greatly influenced by those 

outdoors. This occurs in part because there are numerous indoor sources of 
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benzene and because the relatively low rates of ventilation typically used in 

residences and offices prevent the rapid dispersal of airborne contaminants. 

One of the most common pollutants in office is surely formaldehyde. Over the 

period 2004–2007, the EU‘s Joint Research Centre in Ispra, Italy monitored 

priority pollutants, including formaldehyde, in European public buildings and 

environments where children frequently stay, such as schools and kindergartens. 

Formaldehyde concentrations in offices in public buildings varied from 3 to 33 

μg/m3 . Formaldehyde concentrations were measured between 2001 and 2006 in 

office buildings in southern Finland. The occupants had complained of 

symptoms. The mean formaldehyde concentration and maximum value were 

found to be 11 and 44 μg/m3 , respectively. 

Consequently, the indoor : outdoor ratio is always far above 1. Formaldehyde 

can be qualified as a very specific indoor pollutant, which causes irritation and 

various discomforts at very small values. Formaldehyde was searched in 

combination with the following terms: allergy, asthma(tics), airway (irritation), 

bronchoconstriction, children, eye (irritation), inflammation, homes, IgE, (nasal) 

irritation, kindergartens, lung effects, lung function, offices, odour, schools, 

sensory irritation, sick-building syndrome, sensitization and trigeminal 

stimulation 

Owing to its solubility in water, formaldehyde is rapidly absorbed in the 

respiratory and gastrointestinal tracts and metabolized. More than 90% of 

inhaled formaldehyde gas is absorbed and rapidly metabolized to formate in the 

upper respiratory tract. Also, it has been shown that when formaldehyde is 

mixed with particles, more of it is retained by the respiratory tract than when it 

is inhaled alone.  Approximately 22–28% of the compound or its metabolites 

remained in the body, including the blood and skin at the site of application. 
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Since smoking is not permitted in the office buildings, resuspension of settled 

dust and particle emission from printers, photocopiers and multi-task devices are 

well-known indoor sources for larger particles (with aerodynamic diameter 

larger than 1 μm) and UFPs (ultra fine particles)respectively. Indoor activities 

could expose people to high concentrations of ultrafine particles due to the 

insufficiently fast removal of particles from the buildings where particle sources 

operate, and in turn causing a range of diases.  

Indoor PM2.5 mass concentration values varied between 2.6 and 31.2 μg m
-3

 in 

the 20 office buildings investigated across Europe (Szigeti et al., 2016). The 

lowest values were obtained for the Dutch offices which were the only 

unoccupied offices (meeting rooms) during the sampling campaigns. PM2.5 

mass concentration values exceeded the ambient WHO guideline of 25 μg m
-3

 

(24-h mean; WHO, 2005) in 12.5% of the cases. It must be noted that the 

particle formation more likely takes place in the outdoor environment and the 

particles penetrate into the offices through the heating, ventilating and air 

conditioning (HVAC) system and/or opened windows and doors 

PM encompasses many different chemical components and physical 

characteristics, many of which are potential contributors to adverse health 

effects. The evidence is on the PM2.5 size fraction (particles with aerodynamic 

diameter smaller than 2.5 μm) since several epidemiological and toxicological 

studies have already shown the association between the mass concentration of 

PM2.5 and certain respiratory and cardiovascular diseases or mortality (e.g., 

Brook et al., 2010; Hoek et al., 2002; Laden et al., 2000). In the past years, 

oxidative potential (OP), which is a measure of the capacity of PM to oxidize 

target molecules (e.g., physiologically relevant antioxidants), has been proposed 

as an additional or alternative exposure metric alongside PM mass concentration 

. 



 

 

Kristalna Ideja d.o.o. , Put Duilova 10a, 21000 Split, Croatia                                                                                                         

contact num : 021/772-805, 091/4777778, sales@crystal-idea.com 

 

8 

 

Emission of particles from laser printers in office environments is claimed to 

have impact on human health due to likelihood of exposure to high particle 

concentrations in such indoor environments. In one of the reasearches, particle 

emission characteristics of 110 laser printers from different manufacturers were 

analyzed, and estimations of their emission rates were made on the basis of 

measurements of total concentrations of particles emitted by the printers placed 

in a chamber, as well as particle size distributions. The emission rates in terms 

of number, surface area and mass were found to be within the ranges from 3.39 

× 108 part min
-1

 to 1.61 × 1012 part min
-1

 , 1.06 × 100 mm
2
 min

-1
 to 1.46 × 103 

mm
2
 min

-1
 and 1.32 × 10

-1
 μg min

-1
 to 1.23 × 102 μg min

-1
, respectively, while 

the median mode value of the emitted particles was found equal to 34 nm. In 

addition, the effect of laser printing emissions in terms of employees' exposure 

in offices was evaluated on the basis of the emission rates, by calculating the 

daily surface area doses (as sum of alveolar and tracheobronchial deposition 

fraction) received assuming a typical printing scenario. For severe exposure 

conditions, characterized by operating parameters falling beyond the typical 

values (i.e. smaller office, lower ventilation, printer located on the desk, closer 

to the person, higher printing frequency etc.), higher doses of pollution are 

expected, hence higher risk of various diseases. 

The particle formation in a laser printing process is likely related to the 

evaporation of VOCs (volatile organic compounds) and SVOCs (semi-volatile 

organic compounds) released during the heating and fusing of the toner on the 

paper. After the evaporation of these compounds, Morawska et al. (2009) 

hypothesized two possible particle formation processes: i) primary particle 

formation due to homogeneous nucleation of SVOC and ii) secondary particle 

formation from SVOC species, formed through a reaction between VOC and 

ozone. As reported in stated paper, the authors pointed out that such evaporation 

and nucleation processes depend on a range of factors, including fuser 
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temperature, vapor pressure of the VOCs, amount of material deposited and 

water vapor content. He et al. (2010) quantified the relationship between fuser 

roller temperature and particle formation by measuring emissions from 30 laser 

printers in a chamber, using a standardized printing sequence, as well as 

monitoring the fuser roller temperature. They found that the temperature is the 

strongest factor controlling particle formation. In addition, they also found that 

almost all the investigated printers were high emitters in terms of particle 

number (N1 × 1010 part min
-1

). . In particular, they showed that approximately 

40% of the analyzed printers emitted UFPs, and that 27% of that 40% were high 

particle emitters.Similar results were shown for German offices by Tang et al. 

(2012). In that case, the authors measured UFP concentrations before, during, 

and after the operation of laser printing in 63 offices. They found ―significant 

increase‖ of particle fractions between 0.23 and 20 μm in the offices during and 

after the printing processes: PM0.23–20, PM2.5 and PM10 concentrations 

increased in 43 out of the 62 investigated offices. 

 

Figure 1. Particle number concentration trend 
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Figure 2. Particle number distribution temporal evolution 

 

In Fig. 1 and Fig.2. an example of particle number concentration trend measured 

by the CPC 3775 for one of the laser printer tested in the chamber, as well as the 

corresponding particle number distribution evolution measured by the FMPS 

3091 are shown. This example of typical trends measured during all the tests 

performed clearly highlights: (i) the steady state concentration typical of the 

background measurement period, (ii) the concentration increase during the 

printing process up to the maximum value reached roughly at the end of the 

printing activity (about 6 × 105 part cm−3 for the laser printer under 

investigation); and (iii) the subsequent concentration decay due to the particle 

deposition and the air exchange rate of the chamber. 
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The soultion of this problem by iTherapy  technology of 

purifying and enriching the air: 
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Img 1. The decrease of cigarette smoke pollution when using iTherapy 

 

 

Img 2.  The decrease of air refresheners pollution when using iTherapy 
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Img 3. The decrease of hair spray pollution when using iTherapy 

 

 


