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Characterization of incidental nanoparticles (such as diesel fumes and printer emissions) is an 

important component of nanotechnology exposure assessments. 
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An important component of assessing exposure to engineered nanoparticles is characterization of 

background. Quantification of engineered nanomaterial exposure can be very challenging due to 

temporal and spatial variability of incidental nanoparticles.  In this study particle size distribution, 

particle count, and particle surface area are monitored in six locations of an indoor workplace 

environment, where incidental nanoparticles are found to be the largest contributor to the background 

aerosol. Strong temporal trends, i.e. a clear increase or decrease in background nanoparticles, are 

observed in several locations, demonstrating the importance of including time series data in an 

exposure assessment. The study concludes that the most appropriate measurement strategy is situation 

specific, and should include multiple direct-reading instruments to cover all the relevant measurands.  
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Abstract 

This study deployed a suite of direct-reading instruments in six locations inside one 

building to characterize variability of the background aerosol, including incidental 

nanoparticles (NP), over a six month period. The instrument suite consisted of a portable 

Condensation Particle Counter (CPC) and a Scanning Mobility Particle Sizer (SMPS) for 

assessing particle number concentrations and size distributions in the nano-scale range; 

an Aerodynamic Particle Sizer (APS) for assessing micron-scale particle number 

concentrations and size distributions; plus a desktop Aerosol Monitor (DustTrak DRX) 

and a Diffusion Charger (DC2000CE) for assessing total particle mass and surface area 

concentrations respectively. In terms of number concentration, NPs (<100 nm) were the 

dominant particles observed in the background aerosol, contributing up to 53% -93% of 

the total particle number concentrations. The particle size distributions were bimodal with 

maxima around 19-79 nm and 50-136 nm, respectively, depending on workplace 

locations. The average detected background particle number, surface area and total mass 

concentrations were below 7.1×10
3
 # cm

-3
, 22.9 µm

2
cm

-3
 and 33.5 µg m

-3
, respectively in 

spring samples and below 1.8×10
3
 # cm

-3
, 10.1 µm

2
cm

-3
 and 12.0 µg m

-3
, respectively in 

winter samples. A point source study using an older model laser printer as the emission 

source indicated that NPs emitted from the investigated printer were distinguishable from 

background. However, more recent low emitting printers are likely to be 

indistinguishable from background, and chemical characterization (e.g. VOCs, metals) 

would be required to help identify emission sources.   

Keywords: Nanoparticle exposure, workplace, indoor air, background characterization, 

ultrafine particles, surface area, mass, particle size distribution. 
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 2 

1.  Introduction 

An important but challenging aspect of characterizing nanoparticle (NP) exposures in the 

workplace is the necessity to quantify background or “incidental” NPs [1-3]. The term 

nanoparticle originally referred to engineered nanoparticles but is now defined as any 

particle less than 100 nm in three dimensions [4], which includes ultrafine particles 

(UFPs) that originate from multiple incidental sources in indoor environments including 

office electronic equipment, cosmetics, food and packaging, clothing and textiles, heating 

and cooking [5-8] and infiltration from outdoor sources such as combustion and vehicle 

emissions [7,9,10]. Appropriate characterization of background NPs is a critical step to 

avoid misidentification of exposure sources [11-13] but currently there is limited 

guidance for measurement and characterization of background NPs and for differentiating 

background from engineered NP exposure in the workplace [14-16]. Background NP 

concentrations may vary widely depending on the unique conditions of the workplace 

[17, 18], and thus it may be difficult or impractical to correct for background using a 

simple subtraction approach. Background correction to identify point-source 

contributions of NP becomes quite complex if the investigated source contributes 

relatively small elevations in particle counts while the background particle count is 

relatively high [18].  

 

There is also a lack of international consensus about which measurement parameters 

(solubility, size, surface area, morphology, composition, degree of agglomeration/ 

aggregation, surface modifications or reactivity, number concentration, and/or mass) 

provide the most reliable exposure metrics [2,17,19,20]. Animal studies have indicated 
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 3 

that the toxicity of inhaled NPs or UFPs is more closely associated with particle surface 

area and particle number concentrations than with the particle mass concentration when 

comparing aerosols having different particle size distributions [21-23]. However, mass 

concentration measurements are still considered valuable and necessary in many 

situations [3]. For this reason, it has been recommended that several different exposure 

metrics should be captured (e.g., particle number concentration, surface area 

concentration, and mass concentration) which requires the use of multiple instruments 

operated simultaneously [17-20, 24-29]. If source identification is required, NPs may 

need to be sampled for off-line chemical and physical characterization using techniques 

such as inductively coupled plasma-mass spectrometry (ICP-MS), energy dispersive X-

ray fluorescence (ED-XRF), atomic force microscopy (AFM), electron microscopy (EM), 

and X-ray diffraction (XRD) [9,13,30-33].  

 

The present paper is organized into two parts: a Background Study and a Point Source 

Study. The main focus of the Background Study is the investigation of spatial and 

temporal variability of indoor background aerosols using key parameters: particle number 

concentrations, total surface area and mass concentrations, and particle number and mass 

size distributions. This study was carried out at different locations and times in a single 

federal workplace building as a preliminary characterization of incidental (background) 

nano-sized particles. The Point Source Study focuses on assessing the capacity of the 

instrument suite to measure and distinguish a known point source of NP emissions 

(compared to background) in a workplace environment. Laser printers, which are a very 

common point source of NP emissions [5,17,34-36], were used in this study to assess the 

analytical ability to discriminate these point sources from background levels in each of 
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the six investigated locations. In addition to NPs, the fine and coarse particle size ranges 

(100 nm - 20000 nm) were also monitored using both research grade instruments and 

analyzers traditionally used by occupational hygienists for characterization of aerosol 

trends. 

 

2.  Experimental 

 

2.1.  Background study 

 

2.1.1.  Study design 

 

The purpose of the background study was to obtain a preliminary set of background 

aerosol measurements that will assist in determining appropriate monitoring approaches 

to characterize background NPs as part of future occupational health and safety exposure 

assessments for work involving engineered nanomaterials. These background 

measurements are the first step in an exposure assessment program aimed at monitoring 

airborne engineered nanomaterials. The background study was performed at six locations 

on the ground floor of a single federal government building in Ottawa, Ontario, Canada. 

There was no handling or use of engineered nanomaterials during this study. 

 

The suite of instruments listed in Table 1 was set up on carts for simultaneous direct 

monitoring of the key parameters. A limitation of the background study was the 

availability of only one complete suite of instruments, due to the total combined cost of 

these instruments. Therefore the six locations could not be monitored simultaneously as it 

was necessary to move the instrument suite consecutively from one location to another. 
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 5 

Continuous monitoring was conducted for a 3-4 day period in each location, from which 

a 24 hr subset was extracted based on time stamps (midnight to midnight) to allow 

comparisons of 24 hr averages and standard deviations. The criteria for selection of the 

24 hr subsets were (1) presence of a complete data set for all instruments, and (2) 

minimal human activity during monitoring to avoid disrupting the suite of instruments. 

Apart from the single operator of the instrument suite, there were no other occupants 

present in the four investigated rooms, but human activity was not controlled in the 

corridor (20-50 passers-by during the day/2-4 at night or the receiving/delivery area (5-15 

deliveries per day/none at night). The 24 hr subsets were further divided to obtain 12 hr 

daytime averages (6:30 am - 6:30 pm) and 12 hr nighttime averages (6:30 pm - 6:30 am).  

 

Measurements were taken twice in each location: once in the winter (November 2011 to 

January 2012) and once in the spring (April to May 2012). Although the resulting 24 hr 

data sets cannot be considered representative of an entire season, sampling over a six-

month period does provide an indication of long-term variations that may need to be 

considered in a future monitoring campaign, related to changes in ventilation, infiltration, 

and heating/air conditioning associated with changes in season. 

 

2.1.2.  Instrumentation 

 

Table 1 provides details about the portable and non-portable real-time instruments that 

were employed in this study, including a particle counter (10-300 nm), a diffusion 

charger (DC) for total particle surface area, aerosol mass monitors for total mass 

concentrations and mass size distribution, plus a scanning mobility particle sizer (SMPS) 
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 6 

combined with an aerodynamic particle sizer (APS) for assessing particle number size 

distributions from the nano to coarse aerosol size ranges.  These are all direct-reading 

instruments which monitor aerosols continuously with sampling intervals of 10 min for 

the TSI SMPS and APS, 1 min for the TSI DustTrak, 3 sec for the NanoTracer and 1 sec 

for the TSI 3786 CPC. 

 

To prepare for the present study, all instrument units were either sent to the 

manufacturers for calibration or calibrated on-site according to manufacturers’ 

recommended procedures. An instrument comparison study was also performed in the 

full-scale chamber using sodium chloride aerosol [37]  to investigate consistency 

amongst the various particle counters before initiation of monitoring. Strong correlations 

were confirmed (e.g., R
2
 ≥ 0.94 for  NanoTracer vs.TSI 3787 CPC and NanoTracer vs. 

TSI P-Trak CPC  [37]). 

 

2.1.3.  Sampling locations 

 

Table 2 provides sampling dates and descriptions of the six locations within a single 

federal government building in Ottawa, Canada.  All locations are served by a heating, 

ventilation and air-conditioning (HVAC) system with outdoor air entrained and filtered 

into a central air handling unit and delivered to each location through ventilation ducting. 

Rooms 1 and 2 (Rm1 and Rm2) are both positively pressurized laboratories with their 

own air-conditioning units as required by the analytical instruments used in these rooms. 

Rm1 has dedicated HEPA filtration of supply air, while Rm2 does not (Table 2). The 

corridor (Cor) receives air flow from laboratories under positive pressure. Direct 
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 7 

exposure to outdoor air and motor vehicle particulate sources at the receiving/delivery 

area (R/D) location is likely due to its proximity to a garage-scale shipping entrance and 

another door for occupant entry. Rm3 has negative pressure relative to the corridor and is 

thus influenced by corridor air when the door is opened and via door leakage.  

 

2.1.4. Experimental set-up 

 

Background monitoring in Rooms 1-4 was conducted with all doors closed and the 

instrumentation placed in the center of each room, and with the air sampling inlets set at a 

height of 1.15m to represent the breathing zone of a seated office worker. For the corridor 

(Cor) and receiving/delivery area (R/D) locations, the sampling inlet was placed at a 

height of 1.65m to represent the breathing zone of standing or walking occupants.   

 

2.2. Point source study 

 

2.2.1.  Study design 

 

Laser printers were selected as a “point source” of engineered nanoparticles for 

comparisons with background measurements in this study, based on previous studies 

[5,17,34-36] which  indicated that laser printers are a common source of NPs in the 

workplace. Two printer models that have been previously characterized [35] as high 

emitting printers, HP LaserJet 4200dtn and 4250dtn, were selected as emission sources in 

this study. 

 

2.2.2.  Sampling site 
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 8 

The printer emission experiment was performed in the National Research Council of 

Canada (NRC, Ottawa, Canada) full-scale stainless steel test chamber (55m
3
, internal 

dimensions: 5 × 4 × 2.75m) [38], which has a dedicated HVAC system including 

charcoal and HEPA filters. This facility controls and records complete test conditions 

including temperature, humidity, air flow rate and pressure at specified locations in and 

around the chamber. The full-scale chamber was used to ensure that the nanoparticles 

being characterized were emitted from the printer alone.  

 

2.2.3.  Experimental set-up 

 

The NanoTracer and TSI SMPS systems described previously (Table 1) were employed 

for characterizing particle number concentration and particle number size distribution. 

All air sampling lines for the instruments were set at a height of 1.15 m (as in the 

background study) at a distance of 0.5 m from the printed page discharge outlet of the 

tested printer. Continuous printing for 300 pages (about 9 min duration) using a standard 

achromatic test chart RALA00.PDF [39] and single page printing (about 20 sec duration) 

were employed for particle number size distribution measurement and the point source 

study, respectively. Background levels inside the full-scale chamber were recorded for a 

period of 1 hr before and after printer emission testing. (Existing guidance for exposure 

assessment of nano-objects in the workplace[14] recommends that background 

determination measurements cover a time period of typically at least 45 min). All 

chamber experiments were performed under the following conditions: temperature 22-

24
o
C, humidity 43-45%, return air flow 35 ft

3
 min

-1
 and exhaust air flow of 17.5 ft

3
 min

-1
 

resulting in a chamber air exchange rate of 0.54 h
-1

. 
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3.  Results and discussion 

 

3.1.  Background study 

 

3.1.1.  Average background concentrations in test building 

 

Table 3 summarizes particle number, total surface area and total mass concentration 

averages for daytime (12 hr, 6:30 am – 6:30 pm), nighttime (12 hr, 6:30 pm – 6:30 am) 

and 24 hr time periods in six locations of the test building (described in Table 2). Particle 

counts were obtained using the NanoTracer (from 10 – 300 nm); surface areas were 

obtained using the DC2000CE (all particle sizes up to 10μm); and the total PM mass 

concentrations were obtained using the DustTrak DRX (all particle sizes up to 15 μm).  

 

Typical particle number concentrations (10 – 300 nm) for the ground floor of the test 

building are in the range of 2.0 – 2.4×10
3 

# cm
-3 

based on an overall average of all six 

locations (Table 3). These are comparable to reported background NP values for other 

indoor  environments (2.4 × 10
3
 # cm

-3
) [40] and office workplaces (1.5 – 7.5 × 10

3
         

# cm
-3

) [5], and are low compared to NP exposures from cooking (~5 ×10
3
 – 2 ×10

5
 # cm

-

3
), second-hand smoking (~1 ×10

4
 # cm

-3
), and average outdoor ambient background 

concentrations (8 ×10
3
 # cm

-3
) [40]. 

 

Background total surface area concentrations during the day and night in the six locations 

averaged 10.1 µm
2 

cm
-3

 and 8.6 µm
2 
cm

-3
 respectively (Table 3). Again, these values are 

low compared to outdoor ambient particle surface areas reported for an urban background 

site (50 – 70 µm
2
 cm

-3
) and an outdoor site near a freeway (100 – 150 µm

2
 cm

-3
) [41], 
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 10 

and much lower than values reported in a residential kitchen during cooking activities 

(135 – 2000 µm
2
 cm

-3
), inside an automotive engine plant (250 – 2000 µm

2
 cm

-3 
[23] and 

in a pizzeria (200 – 20000 µm
2
 cm

-3
) [6]. 

 

Background measurements of total PM mass concentrations averaged 8.5 µg m
-3

 for the 

six locations (Table 3). The corresponding PM1 and PM2.5 averages were 5.5 µg m
-3 

and 

5.6 µg m
-3

, respectively (not shown in Table 3), which were 10-20 times lower than PM1 

or PM2.5  levels reported for indoor environments with cooking sources [6, 42]. In 

summary, daytime averages exceeded nighttime averages for all metrics, notably total 

PM which decreased to 4.4 µg m
-3

 at night (Table 3).  

 

3.1.2.   Number size distribution  

 

In the present study, five of the six investigated locations displayed bimodal distributions 

in the background signal (in Rm1 background number concentrations were too low to 

reliably identify modes; see Tables 4 and 5). Figure 1 provides an example of the bimodal 

number size distribution of the background signal (Rm2), with maxima at 27 nm and 98 

nm, respectively. Bimodal size distributions were previously reported for background 

aerosol distributions in an indoor residential environment [43] with maxima at about 20 

nm and 80 nm, and in a nanomaterial production facility [44] with maxima at 15 nm and 

37 nm.  

  

Table 4 summarizes the bimodal peak locations and peak heights in the different 

locations, and shows that the bimodal maxima vary from day to night, with daytime peak 
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 11 

values being generally higher than night time peak values. Higher values during the day 

are related to increased human activity and equipment usage during working hours, 

consistent with the well-documented “personal cloud” effect [45]. Table 4 also indicates 

large spatial variability, particularly in the first peak of the bimodal background signal 

which varies by more than an order of magnitude from Rm4 (3,700 at 33 nm) to the R/D 

location (89,000 at 30 nm) during the day. The origin of the bimodal size distributions 

could be partly explained by the nucleation of new particles leading to the first peak in 

the size distribution. Ageing processes then lead to the second peak, which is the 

accumulation mode. This might be the reason for the much higher peak at 30 nm in the 

R/D area (e.g. due to vehicle emissions).  

 

Table 5 provides additional information about NP size distributions at different locations. 

Size distributions in the fine (100 – 1000 nm) and coarse (1 – 20 µm) particle ranges 

were also recorded to complete the background size spectra. Data provided include the 

daytime and night time  averages for three nano-specific ranges (10-20 nm, 20-50 nm and 

50-100 nm), two fine size ranges (100-500 nm, 500-1000 nm), and three coarse size 

ranges (1000-5000 nm, 5000-10000 nm and 10000-20000 nm). Note that the NPs (sum of 

the three nano-specific ranges) contribute 53% - 93% of the total indoor background 

particle number concentrations, while very fine (100 – 500 nm) and fine particle ranges 

(500 – 1000 nm) make smaller contributions:  5%  – 39% and 1.4% – 15%, respectively 

(Table 5). Minor numbers of coarse particles from 1000 – 5000 nm were detected in 

indoor room environments, contributing <0.05% – 0.4% and <0.05% – 1.1% for day and 

night time, respectively. Particles larger than 5000 nm were negligible (< 0.01%; Table5). 

With respect to day-to-night variations, NPs (<100 nm) contribute 61%- 89% during the 
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 12 

day and 50 %– 76 % at night, respectively. Thus it can be concluded that particles in the 

nano size range dominate the indoor background aerosol when particle number 

concentrations are used as the metric.  

 

3.1.3.  Mass size distribution 

 

Particle mass distribution data from PM1 to PM2.5, RESP (defined by TSI as PM4) and 

PM10 (monitored using TSI DustTrak DRX; listed in Table 6) complete the picture 

provided by the above particle number concentration trends. Although PM1 almost totally 

dominates the background particle mass at night (about 96%), it accounts for only about 

78% during the day (Table 6). The difference in PM1 between day and night is probably 

caused by the daytime increase in human activity/equipment usage which is accompanied 

by a larger contribution of coarser particles (22%) to the background particle mass.  

 

Due to the limitations of the direct-reading mass measurement instruments, the precise 

contribution of NPs (<100 nm) to the total background mass concentration is unknown. 

Previous work using filter-based gravimetric methods in Rm2 showed that, of the total 

particle mass (16 µg m
-3

), fine and ultrafine particles (10-560 nm) contributed 73% and 

coarse particles (1-10 µm) contributed 27% [17, 25, 46]. 

 

3.1.4.   Spatial and temporal variations 

 

The 24-hour average background particle number, surface area and mass concentrations 

vary widely amongst the six sampling locations (Table 7). The particle number 

concentration is a sensitive metric for monitoring spatial changes, exhibiting variations 
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exceeding one order of magnitude (from 2.6×10
2
 to 6.3× 10

3  
#cm

-3
). Surface area varies 

by about an order of magnitude, and mass concentrations vary by three orders of 

magnitude from location to location within the same building (Table 7). 

 

Variations of particle number concentrations in spring sampling versus winter sampling 

are shown in Fig.2a for daytime and Fig.2b for night. Although day and night trends are 

similar, number concentrations at night are generally lower than daytime concentrations, 

especially in spring at locations R/D and Rm3. R/D is a busy location during the day 

(Fig.2a) with frequent human activities that increase infiltration of outdoor air 

(receiving/delivering from a sliding garage door, and entry and exit of personnel from a 

regular entrance door). The corresponding night time value for R/D is much lower 

(Fig.2b) when such activities are at minimum. The difference between day and night in 

this area is a good example of the influence of human activities and outdoor air 

infiltration on indoor NP background values.  

 

Figure 2 shows that particle number concentrations in spring were higher than in winter 

(Spring> Winter) for Rm3, Rm4 and R/D. However, the reverse trend (Spring ≤ Winter) 

was observed for Rm1, Rm2 and Cor (Figure 2). Researchers have reported [5, 40] that 

indoor particle number concentrations are usually directly related to outdoor particle 

number concentration, and that outdoor concentrations during winter are generally lower 

[47]. This reported seasonal trend (Spring>Winter) is most reflected by Rm3, Rm4 and 

R/D as indicated in Fig.2, suggesting that these areas are most influenced by outdoor air. 

The observation of a reverse trend (Spring ≤ Winter) for Rm1, Rm2 and Cor reflects the 

influence of environmental controls in the two positive pressure labs (Rm1 and Rm2) and 
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in the corridor area receiving the lab air (Cor). Particle number concentrations at these 

locations are more strongly influenced by the air handling systems within the building, 

and in the case of Rm1 (HEPA system in ceiling) diurnal and seasonal change is minimal.  

 

Figures 3 and 4 illustrate temporal and spatial variations in surface area and mass, 

respectively, monitored simultaneously with particle number (Fig.2) at the same six 

locations. Similar to Fig.2, surface area values are 3 – 7 times lower in winter than in 

spring for Rm3, Rm4 and R/D, with values for R/D as high as 22.9 µm
2 

cm
-3

 during the 

day and 17.2 µm
2 

cm
-3 

at night.  Figure 4 shows that spatial and seasonal variations of 

PM1 (Figs.4a and 4b) and total PM (Figs.4c and 4d) bear similarities to the trends shown 

in Fig.2 and Fig.3.  

 

These results indicate that average values and standard deviations of background NP 

concentrations in the study building are dependent upon such factors as diurnal and 

seasonal variations, proximity to building entranceways such as the receiving area and 

loading dock, the degree of environmental controls in different workplace locations (e.g. 

laboratories versus office areas), and human activities. It is important to understand these 

background characteristics in order to select an appropriate exposure assessment 

approach that will be able to distinguish releases of engineered nano-objects from 

background. As indicated in CSA (2012) guidance [15], such indoor environmental 

factors need to be considered when making background corrections in exposure 

assessments.  
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Based on observations for background number, surface area and mass (Figs. 2-4), the 

lowest and least variable values were observed in Rm1, which can be attributed to the 

greater environmental controls in this room.  The evidence of time trends observed in 

other locations (e.g. the increase from winter to spring in Rm3 and Rm4) indicates that an 

evaluation based only on mean and standard deviation is not sufficient and that time 

series data should be provided as well. Average and standard deviation values for particle 

number concentrations (e.g., Tables 3 and 7) do not provide adequate information about 

temporal trends in variability. Figure 5 provides an example of a time series over a 24 hr 

period in Rm2, a location that was characterized in Fig.2 as being one of the least-

variable locations. Despite being a positive pressure lab with environmental controls, 

Rm2 displays large diurnal variability and even successive midnight values show a three-

fold variation (from 900 to 300 # cm
-3

; Fig.5). Surface area and mass (total PM) 

monitored simultaneously in the same location also displayed large diurnal variability 

(from 3 to 37 µm
2
cm

-3
 and from 8 to 25 µg m

-3
, respectively; not shown here). No 

occupants used the room during the monitoring process, and there were no other 

identifiable causes for the variations. Such complicated and unpredictable temporal 

variations indicate the value of collecting time series data to characterize background 

nanoparticles in exposure assessments.  
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3.2.   Point source study: Distinguishing point source emissions (printer example) 

from background 

 

Figure 6 shows the particle number size distribution of emissions during continuous 

printing by a laser printer in the full scale chamber. The recorded particle size distribution 

ranges from 40 - 280 nm (mainly within 45 – 180 nm) with modes at 79 nm and 109 nm, 

respectively. Note that Fig.6 represents only a “snapshot” of the size distribution which 

continuously changes due to particle coagulation and loss processes. Also, based on 

previous work [35], it should be noted that the printer model employed in this study is 

classified as a high emitting printer and that the magnitude of printer emissions varies 

according to make and model. Therefore these results cannot be generalized to other 

printer emissions.  

 

Figure 7 shows the time profile for emissions from printing a single page using the same 

laser printer, quantified using the NanoTracer. (It was not possible to capture the particle 

size distribution of a single print emission due to the longer response time of the SMPS 

used in this study.)  The NanoTracer data in Fig. 7 were collected in the chamber where 

the background particle count averaged 209 # cm
-3

 (compared to the much higher 

background values in the real-world example shown in Figure 5; 1000 – 2000 # cm
-3

 

during daytime).  

 

Figure 7 indicates that, inside the chamber, the peak number concentration is about 400 

times higher than the chamber background, showing clear distinguishability between the 
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 17 

tested printer emissions and background signals. Had the single-page printer emission 

experiment (Fig.7) been conducted in the non-HEPA laboratory background environment 

shown in Fig.5, the emission peak to background peak (e-peak/b-peak) ratio would be 54, 

large enough to distinguish source emissions from the background. Actually, the e-

peak/b-peak ratios are at least one to two orders of magnitude in five out of the six tested 

locations, i.e. 134×, 54×, 41×, 19×, and 16× for Rm1, Rm2, Cor, Rm3, and Rm4, 

respectively (referring to the peak values listed in Table 7). The e-peak/b-peak ratio is 

about 6× in the R/D location. Thus, even taking into account the complex temporal 

variations, it would be possible to distinguish this printer emission from the background 

at each of the six locations due to the large e-peak/b-peak ratios.  

 

4.  Conclusions  

 

This study provided information about the variability of the background aerosol that will 

assist in designing real-time measurement strategies (e.g., duration and frequency of 

monitoring, monitoring locations) for future assessments of exposure to airborne 

engineered NPs. It shows that, depending on location in the building, time series data 

may be required to characterize diurnal variations and longer-term trends (such as 

seasonal variations) in addition to shorter-term average and standard deviation values.  

 

Simultaneous monitoring of particle size, number, mass and surface area using multiple 

direct-reading instruments (e.g., SMPS, CPC, APS, DC and mass monitors) provides 

information about the full size range of background aerosols (nano- to micron-scale) and 
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is a recommended strategy for monitoring both NP background and point source 

exposures. 

 

The particle number size distribution results show that incidental NPs are a major 

contributor to the background, accounting for 53% – 93% of the total number 

concentrations. The size distributions at the tested workplaces were bimodal with the first 

mode located within the 21 – 79 nm range and second mode within the 70 –136 nm 

range, depending on location. 

 

The point source study indicates some limitations of the existing direct-reading 

instrumentation. First, the response time of the SMPS is too slow to capture rapid particle 

size distribution changes in NP emissions, such as laser printer emissions when printing a 

single page. The time resolution of particle counters (e.g. CPC and NanoTracer) is 

sufficient to monitor rapid changes in total particle number concentrations (as shown in 

Fig. 7). Therefore, both types of instruments are recommended for emission monitoring 

as they provide complementary information. Second, the direct-reading instruments used 

in this study do not have the capacity to distinguish amongst different types of particles 

and therefore cannot directly identify emission sources. In this study, an older model 

laser printer emitted NPs at peak concentrations 6 to 134 times background in the studied 

locations and thus were distinguishable on the basis of number concentration. However, 

lower emissions from more recent printers are likely to be indistinguishable, requiring 

off-line chemical analysis and/or electron microscopy to characterize particle components 

as necessary to identify sources. 
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Captions for Tables and Figures 

 

Table 1.  Description of the direct-reading instruments employed in this study. 

Table 2.  Description of the background aerosol monitoring locations and sampling dates. 

All rooms have linoleum floors; occupants were prevented from entering during 

monitoring except for R/D and Cor. No room contained copiers or printers. Average 

temperature and humidity are 25.0 oC and 24.6% RH during spring and 23.2 oC and 9.6% 

RH in the winter. 

Table 3.  Average background particle number, surface area and total mass (PM15) 

concentrations for spring sampling of the six monitoring locations, using the NanoTracer, 

EcoChem DC2000CE and DustTrak, respectively. Instrument details are provided in 

Table 1. 

Table 4.  Bimodal number concentrations measured from 10.6 – 495.8 nm using TSI 

SMPS at different indoor workplaces (winter sampling). Modes could not be identified in 

Rm1 due to low number concentrations. 

Table 5.  Day/night variations in particle size distributions collected by TSI SMPS and 

APS at different workplace locations in winter (daytime = 12 hr, night time = 12 hr). The 

% values = # in a range / # in total (10 nm to 20 µm).  

Table 6.  Average particle mass distributions collected by DustTrak from the six 

monitoring locations in the spring. RESP = PM4. 

Table 7.  Room to room variations in particle number, surface area and particle mass 

concentrations measured by NanoTracer, DC2000CE and DustTrak, respectively. 

Averages are given for a 24 hr period; spring sampling. 

Figure 1.  Example of bimodal particle size distribution of the background signal 

monitored using TSI SMPS (Rm2 winter sample is shown here; see Table 4 for other 

locations). 

Figure 2.  Comparison of spatial variations of the background particle number 

concentrations using NanoTracer between spring () and winter (◯) for day (a) and 

night (b).. Error bars = 1 std dev for 12 hr. 

Figure 3.  Comparison of spatial variations of the background active surface areas using 

DC2000CE between spring () and winter (◯) for day (a) and night (b)..  

Figure 4.  Comparison of spatial variations of the background PM1 (a andb) and the total 

mass (c and d) concentrations using DustTrak between spring () and winter (◯) for day 

(a and c) and night (b and d)..  

Figure 5.  Diurnal variations of background particle number concentrations 

recorded using NanoTracer in Rm2 (spring sample; See Fig.3 for other locations and 

seasons). 
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Figure 6.  Particle size distribution of emissions from the HP LaserJet model 4200dtn 

during continuous printing recorded in the full scale chamber using TSI SMPS. 

Figure 7.  Particle number concentrations emitted from a HP LaserJet model 4200dtn 

printer for a single printing recorded in the full scale chamber using NanoTracer in fast 

scan mode (data logging every 3s). Background average is 209 # cm
-3

. 
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Table 1 
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Table 2 
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Table 3 
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Table 4 
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 Table 5 
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Table 6 
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        Table 7 
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             Fig.1   
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Fig.2   

  

Page 36 of 41Environmental Science: Processes & Impacts

E
nv

ir
on

m
en

ta
lS

ci
en

ce
:P

ro
ce

ss
es

&
Im

pa
ct

s
A

cc
ep

te
d

M
an

us
cr

ip
t



 35 

 

Fig.3   
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Fig.4 
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Fig.6 
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               Fig.7 
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