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Abstract
Objectives: This report shows the relationship between toner exposure and respiratory effects for individuals with a long-
term occupational toner-handling history, from 2004 to 2013. Material and Methods: Authors studied 752 Japanese male 
workers in toner handling workshops. A total of 673 men who participated in an annual monitoring survey were analyzed in 
this study. The following monitoring was performed in the same season each year: personal exposure measurements, biolog-
ical markers, respiratory function tests, a chest X-ray, chronic respiratory symptoms and incidences of respiratory diseases. 
To evaluate the toner exposure effect, the exposure categories suitable for each evaluation index were established. Results: 
For those with an occupational toner-handling history, the mean occupational toner-handling period was 14.36 years (stan-
dard deviation = 6.62); one participant had 35 years of exposure, which was the longest and one participant had 1 year 
of exposure which was the shortest. There were no statistically significant differences in the rate of change of respiratory 
function tests. An ANOVA conducted on blood and urine test results showed that statistically significantly differences were 
observed for a few items but all the values were very low and within the standard range. Conclusions: Authors conducted 
a 10-year ongoing study, but no obvious negative influences on health were attributed to toner exposure. In a work environ-
ment where adequate administrative controls are in place, personal toner exposure levels may be expected to be low, with 
no adverse effects on human health. Int J Occup Med Environ Health 2018;31(6):809 – 822
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Thus, authors conducted a 10-year cohort survey (2004–
2013) for  760  workers working at a  toner manufacturer 
where toner exposure was considered the highest. The 
health effects of toner exposure were analyzed consider-
ing the workers’ long-term engagement in toner work; 
i.e., including their history of toner-handling before 2004. 
The main aim of this study has been to clarify the effects of 
long-term toner exposure on respiratory health.

MATERIAL AND METHODS
Subjects
A total of 752 men working in 6  factories of a Japanese 
toner and photocopier manufacturing company were 
eligible to participate in the study; all participants were  
< 50 years old in 2004.
The following inclusion criteria were employed to evalu-
ate changes in respiratory health during the study pe-
riod of  10    years: the subjects had to participate in 
the first  (2004)  and last surveys  (2013) and partici-
pate ≥ 5 times to avoid overestimating temporary changes 
in the calculations of the year-over-year percent changes 
in the respiratory function test. After excluding  78  sub-
jects who did not participate in the survey in  2013  (fis-
cal years were used in this study) and  1  who participat-
ed < 5 times, 673 subjects were included in the final analy-
ses. The inclusion rate was 89.5% (673/752).

Exposure categories
The subjects’ occupational history and current duties re-
garding toner-handling were investigated using annual 
self-reported questionnaires. To evaluate the effects of 
toner exposure on respiratory health, 3 exposure catego-
ries were established (Figure 1):
1.	 The panel data analysis according to annual toner ex-

posure. Toner exposure in each year was assessed with 
the self-reported questionnaire, and a panel data analy-
sis according to annual toner exposure was conducted. 
The subjects were classified as the toner-handling 

INTRODUCTION
With the advancement of information technology  (IT), 
peripheral computer equipment such as copying machines 
and printers have become a commonplace at homes and 
at workplaces; the number of users and the rates of usage 
have also increased rapidly. Toner is the powdery printing 
medium used by copying machines and printers.
In 1994, an article in the “Lancet” reported a case of sid-
erosilicosis in the case of a worker in the printing indus-
try that was thought to be caused by toner exposure [1]. 
Thereafter, cases of granulomatous pneumonitis and 
bronchial asthma related to toner exposure in workers 
working at newspaper companies were reported  [2–4]. 
In 1996, carbon black, the main component of toner, was 
classified as group  2B  by the International Agency for 
Research on Cancer (IARC) [5]. Moreover, lung tumors 
related to artificial and massive inhalation exposure of 
diesel exhaust emission and others were identified in 
animal studies [6–8], and raised concerns about the car-
cinogenic risks related to the exposure to various types 
of dusts.
Although several studies had examined the effects of 
toner exposure on human health, the exposure history in 
the case reports were unclear, and no adequate evidence 
of carcinogenesis related to toner exposure in humans 
has been reported. Therefore, an epidemiological study 
among humans with known exposure status is required to 
clarify the effects of toner exposure on health.
Some studies have investigated toner exposure and its ef-
fects on health in Japanese toner and photocopier manu-
facturing companies using various methods and have re-
ported no health effects of toner exposure [9–14]. Howev-
er, some of these studies have had a cross-sectional study 
design whereas others have had other limitations such as 
a  very small sample size. Particularly, the health effects 
of toner exposure for workers with a long-term history of 
toner-handling (i.e., > 10 years) have not been evaluated 
to date.
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was conducted to evaluate the chronic effects of toner 
exposure, which were evaluated using respiratory func-
tion tests, chest radiography, self-reported chronic 
symptoms, and self-reported incidence of new-onset 
respiratory diseases.

3.	 The long-term occupational toner-handling history. 
The subjects’ long-term occupational toner-handling 
history was calculated by adding the time of occupa-
tional toner-handling during the survey period to that of 
occupational toner-handling in the past (before 2004), 
which was determined based on the questionnaire. The 
association between long-term occupational toner-
handling history and annual changes in the respiratory 
function test was evaluated.

Measurements of personal toner exposure
Annual personal toner exposure measurements were con-
ducted for subjects who had been randomly selected from 
the total subjects of the toner-handling and reference 
groups at the 6 factories.
The exposure assessments were performed using the per-
sonal respirable dust sampler, model PS–47, type Roken 
(Shibata Scientific Technology Ltd, Saitama, Japan) with 
glass fiber filters and polytetrafluoroethylene (PTFE)-bin- 
ding (type T60A20). The device had a filter with a diam-
eter of  φ25  mm and a  flow rate of  2  m/s. The subjects 
wore the data recorder of the personal dust sampler on 
the left side of their waist and the detector around their 
necks. Respirable dust trapped in the filter was measured 
with an electric balance, and the measured quantity was 
divided by the total aspirated air volume to calculate the 
respirable dust concentration. To compare the exposure 
level with the threshold limit value (TLV) defined by the 
American Conference of Governmental Industrial Hy-
gienists (ACGIH), which was based on the allowable ex-
posure averaged over a normal 8-h workday or 40-h work 
week, the  8-h time-weighted average values  (TWA  8h) 
were calculated.

group and reference (not currently engaged in toner-
handling) group. And blood tests, reflecting the acute 
effects of toner exposure, were assessed using this 
category.

2.	 The longitudinal data analysis according to toner ex-
posure. Workers who had been exposed to toner in the 
past or during the survey as “toner-exposed” and those 
who had never been exposed to toner as “never toner-
handling” were then defined. The longitudinal analysis 

Longitudinal data analysis according
to toner exposure

Toner-exposed·
N = 469 523– →
age 40 years–
height 171 cm BMI 22.9– ,
smoking status–
current or former: 325
never: 198

Never toner-handling·
N = 204 150– →
age 42 years–
height 172 cm BMI 22.8– ,
smoking status–
current or former: 95
never: 55
toner-handling period: 14.36 years–

,shortest: 1 year longest: 35 years

*

Panel data analysis according
to annual toner exposure

Toner-handling·
N = 419 280– →
age 31 years–
smoking status–
current: 73
former or never: 346

Referent·
N = 254 393– →
age 33.5 years–
smoking status–
current: 40
former or never: 214

**

Participants
(N = 752)

Analyzed subjects
(N = 673)

Participate in the first and last year surveys
Participate in the survey 5 times≥

Exclude
(N = 79)

BMI – body mass index.
Panel data analysis according to annual toner exposure; 
n: 2004 → 2013, age: median in 2004, smoking status: number in 2004.
Longitudinal data analysis according to toner exposure; 
n: 2004 → 2013, age: median in 2013, height; median in 2013, BMI; 
median in 2013, smoking status: number in 2013.
Toner-handling period: the mean occupational toner-handling period.
Analysis was performed between toner-handling and referent,  
toner-exposed and never toner-handling, age, height,  
BMI: Mann-Whitney U test, smoking status: Chi2 test.
Mann-Whitney U test * p < 0.05; ** p < 0.01.

Fig. 1. Profile of selection of subjects and characteristics
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were 0.1 mg/dl for CRP for the TIA, 0.01 mg/dl for CRP 
for the LA, 0.004 mg/dl for CRP for the latex nephelomet-
ric immunoassay, and 17.2 ng/ml for SP-D.

Pulmonary function tests
Pulmonary function tests were performed annually with 
a  pneumotach-type spirometry measuring unit, such as 
the Microspiro  HI–701  and Microspiro  HI–801  (Chest 
Corporation, Tokyo, Japan), meeting the standards stipu-
lated by the American Thoracic Society. Since habituation 
and skill level of the subjects affect the test results, the 
test was conducted 3 times and the best result was chosen. 
The forced vital capacity (FVC), forced expiratory volume 
in  1  s  (FEV1), and forced expiratory volume percentile 
in 1 s (FEV1%) were analyzed. The personal annual change 
was calculated from the measured values for FVC, FEV1, 
and FEV1% by determining the calibration curve from the 
measured values in each subject > 10 years and consider-
ing its slope the annual change (l/year or %/year). Since 
few measuring points might cause over/underestimation of 
changes, the data of 5 subjects of the toner-handling group 
whose respiratory function was determined  <  4  times 
were excluded from the analysis; thus, data from 518 sub-
jects was included in the analysis.

Chest radiography
According to the internationally comparable standard 
method specified in the Pneumoconiosis Law [15], annual 
chest radiography examinations were conducted. The re-
sults were interpreted by 2 physicians, based on the inter-
national classification of pneumoconiosis.

Incidence of chronic respiratory symptoms 
and new-onset respiratory diseases
The self-reported subjects’ medical histories and pres-
ent respiratory illnesses and symptoms were assessed 
using the Japanese version of the American Thoracic 
Society Division of Lung Disease adult question-

The subjects were also requested to describe their work-
place, the details of their work, length of the breaks, using 
the monitoring record.

Biomarkers of the respiratory system
Serum and urine biomarkers as well as leukocyte counts 
were measured to evaluate the effects of toner exposure 
on the respiratory health of the study participants.
Leukocyte counts, C-reactive protein (CRP) (high-sensiti
ve CRP was employed from 2008 onwards), interleukin-6 
(IL-6), and interferon gamma (IFN-γ) were measured as 
representative inflammatory markers; sialylated carbohy-
drate antigen KL-6 (KL-6) and surfactant protein D (SP-D)  
were used as well-known markers of interstitial pneumo-
nia; urinary  8-hydroxy-2’-deoxyguanosine  (8-OHdG) was 
used as a  marker of oxidative stress; and immunoglobu-
lin  E  (IgE) was measured as a  marker of allergies. Leu-
kocyte counts, CRP, and 8-OHdG levels were determined 
annually whereas the other items were determined every 
other year (2004, 2006, 2008, 2011, and 2013). 
Blood samples were obtained to measure leucocyte counts 
as well as CRP, IL-6, IFN-γ, KL-6, and SP-D levels. These 
tests were performed at the Special Reference Labora-
tory, Inc. (SRL Inc. Tokyo, Japan). Urinary 8-OHdG was 
measured at the OHG Institute Co. Ltd (Fukuoka, Japan). 
Serum  CRP levels were measured using a  turbidimetric 
immunoassay (TIA) from 2004 to 2006, a latex immunoag-
glutination assay (LA) in 2007, and a latex nephelometric 
immunoassay from 2008 onwards. Serum IL-6 levels were 
measured with a  chemiluminescent enzyme immunoas-
say  (CLEIA), serum KL-6  levels with an electro-chemi-
luminescence immunoassay  (ECLIA), and serum  IFN-γ 
and  SP-D levels with an enzyme immunoassay  (EIA). 
Leukocyte counts were measured using an automated cell 
counter. Urinary  8-OHdG levels were measured using 
high-performance liquid chromatography  (HPLC), and 
the corrected values were adjusted using urine creatinine 
concentrations. The limits of detection (LOD) of SRL Inc. 
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The changes in pulmonary function test results were 
caclulated in terms of the period of  10  years. The re-
lationships between the annual changes and the longi-
tudinal data methods according to toner exposure were 
analyzed using the Mann-Whitney U  test. A  multiple 
regression analysis using the respiratory function test 
parameters (FVC, FEV1, and FEV1%) as the objective 
variables and age, height, the long-term occupational 
toner-handling history, and smoking history (indices 
known to affect occupational respiratory function) as 
the explanatory variables, was also conducted.
For the chest radiography results, the relationship between 
the incidence of pneumoconiosis in each year and the cumu-
lative exposure category using the Chi2 test were examined.
The Chi2 test was also used for analyzing the relationships 
between the prevalence of the chronic respiratory symp-
toms/new-onset respiratory diseases and the longitudinal 
data methods according to toner exposure.
All statistical analyses were conducted using SPSS 22.0J 
(IBM SPSS Inc., former SPSS Inc.). Probability values 
of 0.05 were considered to indicate statistical significance.

Ethical approval
This study was reviewed and approved by the Human 
Ethics Committee for Epidemiological Research at the 
University of Occupational and Environmental Health, 
Japan.

RESULTS
Personal toner exposure
The  8-h weighted mean concentration of personal dust 
exposure was calculated and compared to the acceptable 
concentration of 3 mg/m3 for an “unclassifiable non-water 
soluble or insoluble substance,” as defined by the ACGIH. 
The results by year and factory from  2004  to  2013  are 
shown in the Figure  2. Most  8-h weighted mean con-
centrations were very low and <  1/10  of the acceptable 
concentration (0.3 mg/m3).

naire  (ATS-DLD-78) [16] once yearly. Three chronic 
respiratory symptoms were evaluated: persistent cough 
(a cough that is observed > 4 times daily and that per-
sists almost daily for  >  3  months), persistent phlegm 
(phlegm that is observed > 4 times daily and that per-
sists almost daily for > 3 months), and chronic breath-
lessness (breathing that becomes difficult when walking 
on a flat road in a hurry or climbing a gentle slope). The 
morbidity rates of the respiratory diseases were calcu-
lated using the following equation and conditions: 

morbidity rate  
of respiratory  

disease

=

number of new occurrences 
during the observation period (1)
total sum of the person-years 

of all subjects in the observation 
group (toner-handling 

or reference)

Subjects who had a  respiratory disease before the study 
period were excluded from the study. Subjects who had 
a respiratory disease during the observation period were 
excluded from the subsequent analysis. If a  subject had 
a respiratory disease at any point of a particular year, the 
person-years were calculated as 0.5 person-years.

Data analyses
The biomarker levels were analyzed using the panel data 
analysis according to annual personal toner exposure. 
Each biomarker was transformed logarithmically, consid-
ering the effects of the distribution on the statistical analy-
sis, and analyzed as a dependent variable using two-way 
analysis of variance (ANOVA) with a post hoc Tukey test. 
The time-point exposure and smoking status were used as 
independent variables. As KL-6 and SP-D levels were con-
sidered indices reflecting chronic changes based on pre-
vious studies, an analysis using the cumulative exposure 
was also conducted [17–19]. As the biomarkers used in this 
study are thought to be affected little by aging, they were 
not included in the explanatory variables.
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significant differences were observed for smoking status, 
height, and body mass index (BMI) between the 2 groups.
The evaluation of the long-term occupational toner-
handling history showed that the mean occupational 
toner-handling period was  14.36  years (standard devia-
tion [SD] = 6.62 years); the longest and shortest periods 
were 35 years and 1 year, respectively.

Biomarker analyses
The Table 1  shows the effects of toner exposure on bio-
marker levels using panel data analysis according to annu-
al toner exposure. Although significant differences were 
found in biomarker concentrations associated with toner 
exposure for some biomarkers, all biomarker concentra-
tions were lower in the toner-handling group than in the 
reference group.
When analyzing the interaction between toner exposure 
and smoking, a  significantly higher  SP-D concentration 
(reference, < 110 ng/ml) was found among current smok-
ers in the toner-handling group when compared to the 
reference group  (1.59 ng/ml vs.  1.52 ng/ml, respectively) 
in 2011. In 2013, the SP-D concentration showed a signifi-
cant difference between the toner-handling group and the 
reference group in the two-way  ANOVA but not in the 
multiple comparison. Among those who reported past or 
never smoking, a  significantly higher  IgE concentration 
(reference, ≤ 173 IU/ml) was found in the toner-handling 
group when compared to the reference group in both 
2011 and 2013 (2011: 99.3  IU/ml vs. 74.4  IU/ml, respec-
tively; 2013: 110.7 IU/ml vs. 72.8 IU/ml, respectively).
As  KL-6  and  SP-D levels are thought to reflect chronic 
changes of respiratory health, a longitudinal data analysis 
was conducted according to toner exposure. In both 2008  
and 2013, the KL-6 levels (reference, < 500 U/ml) among 
those who reported never smoking were significantly high-
er in the toner-exposed group when compared to the never 
toner-handling group (2008: 196.3 U/ml vs. 175.8 U/ml, re-
spectively; 2013: 223.9 U/ml vs. 201.4 U/ml, respectively).

Subject characteristics
The panel data analysis was conducted to assess the changes 
according to toner exposure in each year (Figure 1). Whereas 
in 2004, 419 and 254 subjects were in the toner-handling and 
reference groups, respectively, 280 and 292 subjects were in 
the 2 groups, respectively, in 2013, indicating that the num-
ber of toner-handling workers tended to decrease over time. 
In  2004, the median age of the subjects was significantly 
lower in the toner-handling than in the reference group, with 
a  mean difference of  2.5  years. No significant differences 
were found in the smoking status between the 2 groups.
The Figure 1 also depicts the annual changes in the longi-
tudinal data analysis according to toner exposure and par-
ticipant statistics including age, height, smoking status and 
history of toner exposure. In 2004, 469 and 204 subjects were 
in the toner-exposed and never toner-handling groups, re-
spectively, whereas they were 523 and 150 subjects, respec-
tively, in 2013. Among those with no toner exposure at base-
line,  54  subjects became engaged in toner-handling work 
during the study period. In 2013, the median age was sig-
nificantly lower in the toner-exposed group than in the never 
toner-handling group, with a mean difference of 2 years. No 

0.
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0.375

0.5

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013

Year

TW
A 

8h
 [m

g/
m

]3

customer service
toner manufacturing
toner development

The acceptable concentration of 3 mg/m3 of the “unclassifiable 
non-water soluble or insoluble substance” presented by American 
Conference of Governmental Industrial Hygienists (ACGIH) [28].

Fig. 2. Time-weighted average in 8h (TWA 8h) of personal 
exposure measurement
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Although statistically significant differences were de-
tected for a few biomarkers, all values were very low and 
within the reference ranges.

Pulmonary function tests
The annual changes in  FVC,  FEV1, and  FEV1% were 
analyzed using the longitudinal data analysis according to 
toner exposure in 518 subjects in the toner-exposed group 
and  150  subjects in the never toner-handling group and 
found no significant differences for any of the parameters 
(Table  2). As the respiratory function test is affected by 
smoking, the subjects’ smoking status was also taken into 
consideration. When the subjects were analyzed by smok-
ing status (current or former smoker vs.  never-smoker), 
no significant differences were observed.
Since the length of exposure is important for respiratory 
function, the association between a  long-term occupa-
tional toner-handling history and changes in respiratory 
function was also evaluated (Figure  3). No correlations 
were found for any of the variables, including the long-
term occupational toner-handling history. In the multiple 
regression analysis, no variables were found to affect an-
nual changes in respiratory function.

Chest radiography
The results of the chest radiography examinations were 
compared using the longitudinal data analysis according to 
toner exposure. The incidences of pneumoconiosis findings, 
fibrosis of the lung and the tumor shadow were compared 
in each year and detected no statistically significant differ-
ences between toner-exposed and never toner-handling.

Incidence of chronic respiratory symptoms 
and new-onset respiratory diseases
As chronic respiratory symptoms and the new-onset respi-
ratory diseases are thought to be affected by occupational 
toner-handling, a longitudinal data analysis was conducted 
according to toner exposure.
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The incidence of new-onset diseases during the study pe-
riod is shown in the Table 3. Pneumoconiosis, granuloma-
tous interstitial pneumonia, lung cancer, and bronchial 
asthma were established as the target diseases; however, 
no cases of pneumoconiosis or granulomatous interstitial 
pneumonia were observed. There was one case of lung 
cancer during the study period in the toner-exposed group 
in 2013 and none in the never toner-handling group. The 
morbidity rate of lung cancer in the toner-exposed group 
was 0.22/1000 person-years. The morbidity rate of bron-
chial asthma was slightly higher in the toner-exposed 
group than in the never toner-handling group, with a rela-
tive risk of 1.16 (95% confidence interval (CI): 0.38–3.5); 
this finding was not statistically significant. When com-
pared to the never toner-handling group, the proportion 

Subjects who participated in the survey in 2004 and 2013 
were only included; therefore, the information of the sub-
jects, who refused to participate and of those who were lost 
to follow-up due to death, was analyzed. Whereas 11 sub-
jects refused to participate, 19 were lost to follow-up due to 
retirement. Among those who refused to participate, none 
refused due to health concerns. A total of 5 deaths were 
observed during the study period  (3  and 2  in the toner-
exposed and never toner-handling groups, respectively). 
Among the deaths in the toner-exposed group, 2 were at-
tributable to gastrointestinal tumors and 1 to non-health-
related causes. These deaths likely did not occur due to 
toner exposure. Among the deaths in the never toner-han-
dling group, 1 was attributable to a blood disease and 1 to 
cardiac disease.

Table 2. Comparison of the annual change of respiratory function indices

Variables in groups
Toner-exposeda

(N = 518)
Never toner-handling

(N = 150) p
Me median rank Me median rank

Current or former smokers
FVC [l/year] –0.008 201.25 –0.008 195.84 0.69
FEV1 [l/year] –0.021 200.44 –0.023 196.36 0.77
FEV1% [%/year] –0.236 200.23 –0.235 199.22 0.94

Never smokers
FVC [l/year] –0.007 135.98 –0.011 133.74 0.85
FEV1 [l/year] –0.019 136.42 –0.020 132.16 0.71
FEV1% [%/year] –0.260 136.29 –0.253 132.6 0.75

Total
FVC [l/year] –0.007 336.86 –0.011 328.56 0.64
FEV1 [l/year] –0.020 336.87 –0.022 326.31 0.56
FEV1% [%/year] –0.245 336.13 –0.253 331.1 0.78

FVC – forced vital capacity; FEV1 – forced expiratory volume in 1 s; FEV1% – forced expiratory volume percentile in 1 s.
aToner-exposed: longitudinal data analysis according to toner exposure (Figure 1).
Current or former smoker: toner-exposed N = 306, never toner-handling N = 92.
Never smoker: toner-exposed N = 212, never toner-handling N = 58.
The annual change was calculated by determining the calibration curve from the measured values in each subject in 10 years, and its slope 
was considered the annual change (l/year or %/year).
Mann-Whitney U test was performed between toner-exposed group and never toner-handling group.
Analyzed by classifying into a group of current or former smoker and a group of never-smoker.
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DISCUSSION
Personal toner exposure
A  very low personal dust exposure level was detected in 
this study; thus, the exposure level to toner particles is also 
considered very low. The highest value measured during the 
study period was 1.989 mg/m3 in 2012; even this value was 
below the acceptable concentration of 3 mg/m3 specified by 
the ACGIH. Therefore, the work environment of the work-
places analyzed in this study may be considered appropriate-
ly controlled. In this study, the measurement started when 
the device was first worn in the office before the start of ton-
er handling. Therefore, the start value should have been the 
same as the value measured in the office. However, a very 
high value was shown immediately after the start of the 
measurements when the highest value was recorded in 2012.  
It is highly probable that this value was caused by mechani-
cal malfunction. Therefore, it is less significant to use the 
exposure level as a variable in the analyses and more reason-
able to compare the findings between the exposure groups.

Biomarker analyses
The significantly higher  SP-D and  IgE concentrations 
were found in the time-point exposure analysis in the ton-
er-handling when compared to the reference group. For 
cumulative exposure, KL-6 concentration was significantly 
higher in the toner-exposed group when compared to the 
never toner-handling group. However, the difference was 
very small, and the values were within the reference range. 
As the toner-handling group did not show consistently 
higher values than the reference group in any biomarker 
throughout the study period, there seem to have been no 
health effects related to toner exposure. Previous studies 
similarly reported no effect of toner exposure on biomark-
er levels, which was consistent with our results [9,10].

Pulmonary function tests
No significant annual changes were found in the respi-
ratory function test results in the cumulative exposure 

of subjects reporting “persistent phlegm” in 2006 was sig-
nificantly high in the toner-exposed group. No significant 
differences were observed for the other chronic respira-
tory symptoms.
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Fig. 3. The relationship between the personal annual change 
of respiratory function indices and years of toner-handling 
in never smokers: a) forced vital capacity (FVC), b) forced 
expiratory volume in 1 s (FEV1) and forced expiratory volume 
percentile in 1 s (FEV1%)
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annual changes in respiratory function parameters and the 
length of exposure. This result demonstrates that, at least in 
a well-controlled work environment, respiratory function is 
not affected even when the exposure period increases.

Chest radiography
No significant differences were found among the inci-
dence of pneumoconiosis findings, fibrosis of the lung and 
the tumor shadow, and the cumulative exposure category. 
A correlation between pneumoconiosis and the accumula-
tion of dust exposure has been reported using chest radi-
ography [21,22]; however, a marked organic change is not 
thought to occur due to long-term toner exposure.

Incidence of chronic respiratory symptoms 
and new-onset respiratory diseases
When assessing the incidence of chronic respiratory symp-
toms by cumulative toner exposure, a significant difference 
was observed for “persistent phlegm” in  2006. However, 
no significant differences were observed in the other years; 

analysis. Several cross-sectional  [11,12] and longitudinal 
studies [13,14] have been published regarding the effects 
of toner exposure on respiratory function and have been 
reported that toner exposure affects respiratory function 
seems extremely low.
Respiratory function decreases with aging. The Japanese 
Respiratory Society established the prediction equa-
tions, FVC = –0.024 l/year and FEV1 = 0.028 l/year, re-
garding the indices of respiratory function for men  [20]. 
Since no values in our analyses exceeded these indices, 
toner exposure did not appear to affect respiratory func-
tion more than normal changes related to aging.
The study period of 10 years might have been insufficient to 
detect decreases in respiratory function. Therefore, the rela-
tionship between the long-term occupational toner-handling 
history and annual changes in respiratory function was ana-
lyzed. The longest reported history of occupational toner-
handling was 35 years in our study, which should be suffi-
cient to evaluate the effects of toner exposure on respiratory 
function. No significant correlations were found between 

Table 3. Comparison of the morbidity rate

Disease in group Disease onset
[n] Person-year Morbidity rate

[1000 person-year]

Pneumoconiosis
toner-exposeda 0 4 620.0 0
never toner-handling 0 1 437.0 0

Granulomatous interstitial pneumonia
toner-exposeda 0 4 620.0 0
never toner-handling 0 1 437.0 0

Lung cancer
toner-exposeda 1 4 619.5 0.22b

never toner-handling 0 1 437.0 0
Bronchial asthmac

toner-exposeda 15 4 123.5 3.64
never toner-handling 4 1 276.0 3.13

a Toner-exposed: longitudinal data analysis according to toner exposure (Figure 1).
b The morbidity rate of lung cancer in males aged 20–59 years was 0.22, disclosed by National Cancer Center Japan in 2010 [23].
c The relative risk of bronchial asthma was 1.16 (95% CI: 0.38–3.5).
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CONCLUSIONS
The  10-year longitudinal study was conducted for  673 sub-
jects  to assess the effects of toner exposure on respiratory 
health, using blood and urinary tests, respiratory function tests, 
chest radiography, as well as self-reported incidences of chron-
ic respiratory symptoms and new-onset respiratory diseases. 
These items were compared and examined using exposure 
categories that were suitable for each evaluation index. No ef-
fects of toner exposure on the respiratory health of the subjects 
were found in this study. Based on our findings, toner exposure 
likely does not affect respiratory health in the workplace when 
the work environment is appropriately controlled.
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