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Abstract 
 Photocopier is a machine generally used in most office. In making a copy, volatile organic compounds 

(VOCs) especially benzene, toluene, ethylbenzene, xylenes, and styrene (BTEXS) are released. Inhalation of these 

VOCs could cause health effects to the workers. The objective of this study was to determine the concentrations of 

BTEXS that the workers exposed in the working area and assess their health risks. The study had employed three 

different photocopy centers and monitored the concentrations of BTEXS obtained from the breathing zone of the 

workers. Samples were taken the first two weeks of the semester and throughout the semester. The results showed 

that the concentrations of BTEXS depended on the numbers of the photocopier, ventilation system and space in the 

photocopy centers. For all the centers, the highest concentrations of each compound found at the breathing zone of 

the workers were 2.26, 11.47, 1.52, 4.31 and 0.46 g.m-3, respectively. The concentrations of BTEXS were used to 

determine the health risk. For non-cancer risk assessment, the HQ less than 88.84x10-4 indicated that no health 

effect could be caused by BTEXS. For cancer risk, only benzene was assessed and the result showed its risk of less 

than 0.5 per 1,000,000 people. 
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1. Introduction 
 A Photocopier is common office equipment 

generally used to make cheap and quick copies of 

documents and other visual images. In the process of 

making a copy, the toner which contained BTEXS has 

released considerable amount of compounds that may 

affect workers’ health. In earlier studies, experiments 

on photocopier BTEXS emissions were conducted with 

the environmental test chamber and the measurements 

at the photocopy center. Leovic et al. [1], Brown [2] 

and Hsu et al. [3] reported VOCs emissions from dry-

process photocopiers in an environmental test chamber 

while Lee et al. [4] quantitatively characterized the 

emission rates of total and individual VOCs from the 

photocopiers. Lee and Hsu [5] measured BTEXS 

(benzene, toluene, ethylbenzene, xylenes and styrene) 

emissions at 12 photocopy centers in Taiwan and 

found that toluene and styrene were the most abundant 

compounds among those VOCs and BTEXS. However, 

only few studies had been done to determine the effect 

of BTEXS on human exposure [6-8] and none reported 

the risk assessment on their health.  

 Emissions from photocopier can cause several 

adverse health effects, especially when prevention 

measures are not concerned. Son et al. [9] suggested 

that VOCs present at low concentrations may not have 

acute effect but a long-term exposure could result in 

mutagenic and life-time cancer risks to people. 

Workers in the photocopy center are the high risk 

group that could be affected by VOCs, particularly 

BTEXS. In this study, three different sizes and 

characteristics (ventilation system, number of copiers) 

of the photocopy centers at Silpakorn University were 

employed as the case study. The sizes and 

characteristics of these three photocopy centers are 

similar to those normally found in the office where the 

copying is performed. Therefore, the concentrations 

found from this study may be comparable to those 

found in similar offices and the risk assessment may be 

used to evaluate their personnel health risks. 

 The objective of this study was to determine the 

concentrations of benzene, toluene, ethyl benzene, 

xylenes and styrene that the workers exposed from the 

photocopy working area and assess the risks on their 

health. 

 

2. Materials and Methods 

2.1 Sampling site and study group  

 Three photocopy centers at Silpakorn University 

Thailand (denoted as center A, B and C) were chosen 

to represent the different sizes of photocopy working 

areas. Besides, these centers were also different in their 

physical characteristics (wide-opened/push-and-pull 

door, window) as well as the activity within the 

centers, the numbers of the photocopier and ventilation 

system (electric fan, air condition). These 

characteristics were recorded and compared. The 

ventilation conditions were determined by measuring 

air velocity and air flow. The Compu Flow Thermo 

Anemometer, ALNOR, Model 8585 was used to 
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determine air movement and air change within the 

room. 

 Preliminary survey found that the orders of 

photocopy were higher during first two weeks of the 

semester than later periods during semester. Therefore, 

the study was done by taking the samples at two 

periods of time: during first two weeks of the semester 

to represent high service period and the rest of the 

semester after the first two weeks to represent normal 

service period. 

All workers in center A (1 people), B (2 people) 

and C (2 people) were subjects in this study. The 

workers in center A and B worked 8 hr.d-1 and 5 d.w-1 

while the workers in center C worked 10 hr.d-1 and 5 

d.w-1. 

 

2.2 BTEXS sampling and analysis 

 Total 120 air samples were taken from three 

photocopy centers during first two weeks of the 

semester and during the period after the first two 

weeks (November 2012 – February 2013). The air 

sample was collected by passive Carbopack B sorbent 

tubes (Sigma-Aldrich Co. LLC., St.Louis, MO, USA) 

that was attached to the workers’ breathing zone for 8 

to 10 hrs depending on their working shifts.  

 Determination of the sampling rate for passive 

Carbopack B sorbent tube was obtained from 

Environmental Research and Training Center. To 

determine the sampling rate, the canister together with 

Carbopack B tubes were placed for the same periods of 

time during sampling. The results of BTEXS 

concentration obtained from canister and Carbopack B 

tube were related. The plotted of the relationship was 

used to determine the sampling rate as followed the in 

house method of Environmental Research and Training 

Center [10]. 

 The analysis of BTEXS was performed by GC-MS 

(SHIMADZU, QP 5000, Columbia, Maryland, USA) 

equipped with Thermal Desorption Unit (MARKES 

International Ltd., Rhondda Cynon Taff, United 

Kingdom) as follow the US EPA Method TO-17 [11]. 

The Carbopack B sorbent tubes were purged by 

nitrogen gas (99.9999%) for 10 minutes to remove 

humidity and oxygen, then, desorbed to a charcoal trap 

by pure helium gas (99.9999%) at flow rate 1.3 

mL.min-1 and temperature of 300oC for 10 minutes. 

BTEXS were trapped to -30oC GC column (Agilent 

J&W GC column; 60 m length with internal diameter 

of 0.32 mm, Santa Clara, CA, USA) with liquid 

nitrogen and quantified each of the concentrations by 

external standard and their calibration curves. 

Breakthrough checking and blank analysis were also 

conducted for quality control and assurance. Detection 

limits of benzene, toluene, ethylbenzene, xylenes and 

styrene were 0.15, 0.14, 0.45, 1.88 and 0.04 µg.m-3, 

respectively.  

 The statistical analysis with paired sample t-test at 

p < 0.05 was employed to determine the differences of 

BTEXS concentrations obtained from different 

photocopy centers and to determine the differences 
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between two sampling periods: during first two weeks 

of the semester and the period after the first two weeks. 

2.3 Risk assessment 

 From the concentrations of BTEXS found in the 

breathing zone of the workers, the intake of BTEXS 

exposure (I) is determined by using Eq. (1) [12].  

Intake (mg.m-3.d-1) = (CA x IR x ET x EF x ED) /  

                                    (BW x AT)                             (1) 

where the concentration in BTEXS is expressed in 

mg.m-3, IR the inhalation rate, ET the exposure time, 

EF the exposure frequency, ED the duration of 

exposure, BW the body weight, and AT the time 

period over which exposure is averaged.  

 The risk for non-carcinogen is assessed from 

hazard quotient (HQ) which is derived from the ratio 

of the intake rate (I) to the reference dose (RfD) or  

HQ = I/RfD   (2) 

 Reference dose of BTEXS shown in Table 1 was 

retrieved from EPA's Integrated Risk Information 

System. In case of several compounds with the same 

toxic effect, Risk is calculated from Eq. (3) [13]. 

Risk = ∑HQ = I1/RfD1 +  I2/RfD2 + …..  In/RfDn   (3) 

Where I1, I2, I3,… In was intake of compound 1, 2, 

3…..n and RfD1, RfD2, ,… RfDn was reference dose of 

compound 1, 2,…..n.  

 A ratio of 1.0 or above for the hazard quotient 

indicates a toxic effect is likely while conversely a 

ratio of < 0.5 indicates a low risk. For benzene, the 

slope factor of 0.029 mg.kg-1 [13] was used to 

calculated cancer risk by multiplying intake with the 

slope factor (Risk = intake x slope factor). 

 

Table 1 Inhalation slope factor and reference dose for 

BTEXS  

Compound Slope factor 

(mg.kg-1.d-1)-1 

Reference dose*  

(mg.kg-1.d-1) 

Benzene 

Toluene 

Ethylbenzene 

Xylenes 

Styrene 

0.029 [15]  

–– 

–– 

–– 

–– 

0.00855 [15] 

1.4 [16] 

0.286 [17] 

0.029 [19] 

0.285 [19] 

Note: Inhalation RfDs are based on the RfDi (mg.kg-1.d-1) = RfC 

(mg.m-3) x 20 m3.d-1 x 1/64.73 kg where 20 m3.d-1 is assumed adult 

inhalation rate and  64.73 kg is adult body weight [14] 

 

3. Results and Discussion 

3.1 Sampling site characteristics 

 The photocopy centers used in this study differed 

in terms of the numbers of the photocopier (Table 2) 

but similar in their activities. From the preliminary 

survey, it was found that all centers had higher 

photocopy orders during first two weeks of the 

semester than during the period after the first two 

weeks. In term of room sizes and numbers of the 

photocopier, center B had the biggest room volume (90 

m-3) while the numbers of the photocopier was the 

lowest (3 photocopier). The differences in room 

volume and number of photocopier may result in the 

concentrations of BTEXS in the centers. In evaluation 
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of these factors, center A and C could accumulate more 

BTEXS from the photocopiers than center B. 

 For ventilation, the ventilation in center C seemed 

to be better than those in center A and B because of its 

wide opened door and two exhausted fans that drive 

higher air movement within the center. This was 

consistent with the air velocity measurement in center 

C (151.2 m.min-1) that was higher than those found at 

center A and B (58.8 and 31.4 m.min-1 for center A and 

B, respectively) (Table 2).  In addition, there was no 

air confined area in center C since all air velocity 

measurements were more than 0.85 – 1.42 m.min-1.  

 

Table 2 Characteristics of photocopy centers  

 Center A Center B Center C 

Room volume (m3)  42 90 45 

Number of copiers 4 3 5 

Type of entrancea A B A 

Type of ventilationb w, f a a, d, e 

No. of exhaust fans ––c –– 2 

Average air velocity 

(m.min-1)d 

58.8 31.4 151.2 

Temperature (oC)e 28.2 28.1 27.6 

Air confined pointsf ––g 3 –– 

Working hours/week 40 40 70 
a A: wide-opened; B: push-and-pull door, b a: air conditioner on; 

w: window open; d: door open; e: exhaust fan; f: floor fan, c no 

exhaust fan, d one-time measurement, e 8-hour average, f The 

positions having air velocity less than 0.85 – 1.42 m.min-1, g no 

air confined point 

 

 For center B, the photocopier was set up in an air 

conditioned room without exhausted fan. The door was push-

and pull type but normally closed. This obstructed the air 

flow into the center. In comparison of the ventilation of center 

A and center B, the air movement in center A was better than 

center B because center A had wide opened door. 

 In conclusion, the characteristics of the photocopy center 

probably have the effects on BTEXS accumulation. As the 

ventilation resulted from air circulation from a wide opened 

door and electric/exhaust fan, the room space (volume) and 

the number of the photocopier were considered as mentioned 

above, the concentrations of BTEXS in center A may be > 

center B > center C. 

 

3.2 BTEXS concentrations in photocopy centers 

 For all photocopy centers, the concentrations of BTEXS 

obtained from the workers’ breathing zone were found to be 

in the same way. The results showed the concentrations of 

BTEXS in the order of toluene > xylenes > benzene > 

ethylbenzene > styrene (Fig. 1). This sequence was the same 

in both sampling periods: during first two weeks of the 

semester and the period after the first two weeks. The highest 

concentration of toluene among other BEXS was also 

reported in earlier studies [6, 8, 20]. However, the 

concentrations found in this study was comparable to that 

found in Sarkhosh et al. [8], although it was a  little lower to 

that reported in Lee et al. [20]. The concentration of BTEXS 

found in this study at all photocopy centers was much lower 

than permissible exposure limits suggested (Table 3) by 

OSHA and ACGIH [21]. 
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Table 3 Permissible exposure limits in (µg.m-3) 

 OSHA  ACGIH 

 8-h TWA  10-h TWAa  8-h TWA  10-h TWAa 

Benzene 3.19x103  2.23x103  3.19x103  2.23x103 

Toluene 7.54x105  5.29x105  -b  - b 

Ethylbenzene 4.34x105  3.04x105  4.34x105  3.04x105 

Xylenes 4.34x105  3.04x105  4.34x105  3.04x105 

Styrene 4.26x105  2.98x105  2.13x105  1.49x105 
a Adjusted by reduction factor [22]  
b Not available 

 

 For benzene, ethylbenzene and xylenes, the range of 

these concentrations found during semester sampling 

were between 1.06-1.80, 0.91-1.33 and 1.95-2.64 µg.m-3, 

respectively. Compared to the range of these compounds 

obtained during first two weeks of the semester (1.55-

2.26, 1.42-1.69 and 2.31-4.31 µg.m-3 for benzene, 

ethylbenzene and xylenes respectively), the 

concentrations obtained during first two week of the 

semester were higher than those found during the 

period after the first two weeks more than half. For 

styrene, the concentrations obtained from all 

photocopy centers for both sampling periods were low 

and similar (Fig. 1). The toner probably composed of 

the low concentration of styrene. 

 

3.3 Comparison of BTEXS concentrations between 

two sampling periods 

BTEXS concentrations obtained from all 

photocopy centers during semester and during first two 

weeks of the semester were compared. Comparison for 

each of the compounds, the statistical analysis showed 

that the concentrations of each BTEXS obtained during 

the first two weeks of the semester were significantly 

higher than those obtained during the period after the 

first two weeks of the semester at p<0.05.  For center 

A, the BTEXS concentrations obtained during first two 

weeks of the semester were 1.2.-1.6 times higher than 

those obtained during the period after the first two 

weeks. For center B, BTEXS concentrations during 

first two weeks of semester were 1-1.6 times higher 

while it was 1.2-2.2 times higher for center C. This 

result showed that BTEXS concentrations were 

depended upon their services. At the beginning of the 

semester, the orders of photocopy were higher due to 

students’ hand out preparation. 
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3.4 Comparison of BTEXS among photocopy 

centers 

Comparison of each of the compounds by center, 

the result showed that each BTEXS concentrations 

obtained from center C were lower than those found 

from center A and center B. This was probably due to 

the ventilation and the number of the photocopiers in 

each center. As mentioned earlier that the ventilation 

of center C was the best due to the wide opened door 

that allowed freely air movement. This is consistent 

with the lowest BTEXS concentrations found in both 

sampling periods. For center B, the air conditioning 

room with usually closed door obstructed the air to 

move into the room. This resulted in poor ventilation. 

 

 
Fig. 1. Concentrations of BTEXS in photocopy 

centersNote : Center A and B were 8-h TWA, Center C were         

10-h TWA 

 

 For center A, the air was higher ventilated than it 

was in center B. This was because the door of center A 

was wide opened and should, therefore, lower the 

BTEXS concentration. However, the smaller room 

space and more numbers of photocopiers had caused 

the higher BTEXS found in center A. In conclusion, 

BTEXS obtained from center C was statistically 

different from center A and B at p<0.05. Furthermore, 

the comparison between center A and B showed no 

significantly difference at p<0.05. 

 

3.5 Health risk assessment 

 Using the BTEXS concentrations in each photocopy 

center, the intake rate of BTEXS (mg.m-3.d-1) is 

determined using Eq. (1) [12-13] where IR = 0.6 m-3.h 

[12], ET = 8 h.d-1 for Center A and B and 10 h.d-1 for 

Center C, EF = 140 d.y-1 for during semester and 20 d.y-1 

for first two weeks of the semester, ED the duration of 

exposure = 25 y [23], BW = 64.73 kg [14], and, AT = 

ED x 365 d.y-1 for non-carcinogen and 70 y x 365 d.y-1 

for carcinogen. On this basis, the intake rate of benzene, 

toluene, ethylbenzene, xylenes and styrene during the 

first two weeks of the semester were illustrated in Table 

4 and Table 5). 

 The intake of each BTEXS was then used to 

calculate the hazard quotient (HQ) by Eq. (2). Table 4 

showed that the hazard quotients of all BTEXS in both 

sampling periods were less than 1. These hazard 

quotients (between 0.07x10-4 to 88.84x10-4) suggest no 

direct detrimental effects from inhalation of BTEXS.  

However, BTEXS was the group of compounds that 

normally emitted from photocopier at the same time. As 

a result, risk of BTEXS exposure was recalculated from 

Eq. (3). Hence, the non-cancer risk of BTEXS to the 

exposed workers during semester was less than 

88.84x10-4 and was less than 17.38x10-4 for the risk they 

obtained during first two weeks of the semester. As a 

result, the non-cancer risks for BTEXS exposure in all 

centers were relatively low and posed no adverse effect 

to the workers. 
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Table 4 Non-cancer risk for BTEXS for workers in center A, B and C 

* In worst case scenario, the calculation was based on the high concentrations of each compound during first two weeks of the semester 

and exposure frequency = (140+20) = 160 d.y-1 

Compound Intake (mg.m-3.d-1)  Risk 

Period after the 

first two weeks 

First two weeks of 

the semester 

 Period after the 

first two weeks 

First two weeks of 

the semester 

Center A      

 Benzene 5.12x10-5 0.92x10-5  59.88x10-4 10.72x10-4 

 Toluene 20.5x10-5 4.66x10-5  1.46x10-4 0.33x10-4 

 Ethylbenzene 3.01x10-5 0.62x10-5  1.05x10-4 0.22x10-4 

 Xylenes 7.51x10-5 1.75x10-5  25.89x10-4 6.04x10-4 

 Styrene 1.56x10-5 0.19x10-5  0.55x10-4 0.07x10-4 

Non-cancer risk for BTEXS  88.84x10-4 17.38x10-4 

Non-cancer risk for BTEXS in worst scenario*   139.01x10-4 

Center B      

 Benzene 4.21x10-5 0.63x10-5  49.23x10-4 7.39x10-4 

 Toluene 17.63x10-5 4.14x10-5  1.26x10-4 0.30x10-4 

 Ethylbenzene 3.78x10-5 0.58x10-5  1.32x10-4 0.20x10-4 

 Xylenes 5.57x10-5 1.27x10-5  19.22x10-4 4.39x10-4 

 Styrene 1.91x10-5 0.22x10-5  0.67x10-4 0.08x10-4 

Non-cancer risk for BTEXS  71.71x10-4 12.35x10-4 

Non-cancer risk for BTEXS in worst scenario*   98.79x10-4 

Center C      

 Benzene 3.77x10-5 0.98x10-5  44.08x10-4 11.52x10-4 

 Toluene 8.25x10-5 2.55x10-5  0.59x10-4 0.18x10-4 

 Ethylbenzene 3.24x10-5 0.86x10-5  1.13x10-4 0.30x10-4 

 Xylenes 6.93x10-5 1.17x10-5  23.91x10-4 4.04x10-4 

 Styrene 2.49x10-5 0.44x10-5  0.87x10-4 0.15x10-4 

Non-cancer risk for BTEXS  70.58x10-4 16.20x10-4 

Non-cancer risk for BTEXS in worst scenario*   129.56x10-4 
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 It was noticed that the non-cancer risks for BTEXS 

exposure for each centers were similar regardless the 

differences in their exposed concentrations (Table 4). 

This was true for both of the sampling periods. This 

result suggested that the differences among the center 

characteristics (the ventilation, the room space and the 

number of the photocopier) may be sensitive to show the 

differences in the exposed concentrations but they are 

not sensitive enough to detect the differences of the risk 

due to those concentrations.  

 In addition, for the worst scenario, the risk was 

calculated in term of the high concentrations found 

during first two weeks of the semester, the ∑HQ 

became less than 139.01x10-4 and it was suggested that 

BTEXS risk still low even with elevated ambient 

concentrations.  

 For benzene, the slope factor of 0.029 mg.kg-1.d-1 

[13] was used to calculate cancer risk. The cancer risks 

from exposure to benzene during the semester for 

centers A, B, and C were 0.5, 0.4 and 0.4 per 1,000,000 

people, respectively. The benzene cancer risks for all 

photocopy centers were the same as that was 0.1 per 

1,000,000 people during first two weeks of the semester 

(Table 5). 

 In the worst case scenario, the cancer risk for 

benzene in all photocopy centers was less than 0.8 per 

1,000,000 people (0.8x10-6). This cancer risk was 

compared to the US EPA baseline value for cancer risk 

(1x10-6), the cancer risk for benzene exposure was low. 

 

 

Table 5 Benzene cancer risk for workers in center A, B and C 

Compound Intake (mg.m-3.d-1)  Risk (person per 1,000,000 people) 

Period after the 
first two weeks 

First two weeks of 
the semester 

 Period after the 
first two weeks 

First two weeks of 
the semester 

Center A      
Cancer riska 1.83x10-5 0.33 x10-5  0.5 0.1 
Cancer risk for benzene in worst scenarioa    0.8 

Center B      
Cancer riska 1.50x10-5 0.23x10-5  0.4 0.1 
Cancer risk for benzene in worst scenarioa   0.5 

Center C      
Cancer riska 1.35x10-5 0.35 x10-5  0.4 0.1 
Cancer risk for benzene in worst scenarioa   0.8 

a In worst case scenario, the calculation was based on the high concentrations of each compound during first two 
weeks of the semester and exposure frequency =(140+20)=160 d.y-1 
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4. Conclusion 
 The study was conducted in three photocopy 

centers with differences in their physical, e.g. room 

space, door type, air conditioning, natural air, etc., and 

the numbers of photocopier. Consideration of these 

factors, the accumulation of BTEXS from photocopiers 

may be higher in center A > center B > center C.  

 The results of air sampling at the breathing zone of 

the workers showed that the concentrations of BTEXS 

were in the order of toluene > xylenes > benzene > 

ethylbenzene > styrene for all the photocopy centers. 

This sequence was the same in both sampling periods: 

during first two weeks of the semester and the period 

after the first two weeks. However, the concentrations 

of each BTEXS obtained during the first two weeks of 

the semester were significantly higher than those 

obtained during the period after the first two weeks at 

p<0.05. 

 Comparison of each of the compounds by center, 

BTEXS concentrations obtained from center A>center 

B> center C with statistically difference (p<0.05) 

between center A and B but no significant difference 

(p<0.05) between center A and center C and between 

center B and center C. 

 Adopted the concentrations of BTEXS found in all 

three photocopy center, the HQ for individual BTEXS 

were between 0.07x10-4 to 88.84x10-4 suggest no direct 

detrimental effects. When the non-cancer risk for all 

BTEXS was summarized, the risk on the exposed 

workers during semester was less than 88.84x10-4 and 

less than 17.38x10-4 during first two weeks of the 

semester. The risks were still low in both sampling 

periods and suggested that BTEXS concentrations in 

those three photocopy centers had no adverse effect on 

their workers.  

For cancer risk, only benzene was assessed. The 

result showed that the cancer risks for the workers in 

these three photocopy centers were similar. During the 

semester, the cancer risk was less than 0.5 per 

1,000,000 people and less than 0.1 per 1,000,000 

people for the workers to expose to benzene during 

first two weeks of the semester.  

 Although this study had shown relatively low risk 

on non-cancer BTEXS and the cancer risk from 

benzene exposure, it was noticed that these risk could 

be higher when the exposure concentrations were 

higher. This study also showed the effects of the 

photocopier’s activities on the exposed concentrations 

by comparing the concentration found during the first 

two weeks of the semester to the concentration found 

during the period after the first two weeks. As a result, 

the mitigation measures on this situation might start 

with having local exhaust ventilation, improvement of 

work place environment and increase workers’ 

awareness of health risks. 
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