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Abstract

Background: With an increasing proportion of the population living in cities, mass transportation has been rapidly
expanding to facilitate the demand, yet there is a concern that mass transit has the potential to result in excessive
exposure to noise, and subsequently noise-induced hearing loss.

Methods: Noise dosimetry was used to measure time-integrated noise levels in a representative sample of the
Toronto Mass Transit system (subway, streetcar, and buses) both aboard moving transit vehicles and on boarding
platforms from April – August 2016. 210 measurements were conducted with multiple measurements
approximating 2 min on platforms, 4 min within a vehicle in motion, and 10 min while in a car, on a bike or on
foot. Descriptive statistics for each type of transportation, and measurement location (platform vs. vehicle) was
computed, with measurement locations compared using 1-way analysis of variance.

Results: On average, there are 1.69 million riders per day, who are serviced by 69 subway stations, and
154 streetcar or subway routes. Average noise level was greater in the subway and bus than in the streetcar
(79.8 +/− 4.0 dBA, 78.1 +/− 4.9 dBA, vs 71.5 +/−1.8 dBA, p < 0.0001). Furthermore, average noise measured on
subway platforms were higher than within vehicles (80.9 +/− 3.9 dBA vs 76.8 +/− 2.6 dBA, p < 0.0001). Peak noise
exposures on subway, bus and streetcar routes had an average of 109.8 +/− 4.9 dBA and range of 90.4–123.4 dBA,
112.3 +/− 6.0 dBA and 89.4–128.1 dBA, and 108.6 +/− 8.1 dBA and 103.5–125.2 dBA respectively. Peak noise
exposures exceeded 115 dBA on 19.9%, 85.0%, and 20.0% of measurements in the subway, bus and streetcar
respectively.

Conclusions: Although the mean average noise levels on the Toronto transit system are within the recommended
level of safe noise exposure, cumulative intermittent bursts of impulse noise (peak noise exposures) particularly on
bus routes have the potential to place individuals at risk for noise induced hearing loss.

Keywords: Noise-induced hearing loss, Noise dosimetry measurements, Mass transit, Commuting

Background
Hearing loss (HL) is one of the 3rd most prevalent health
problems in the world, with the World Health Organization
(WHO) estimating over 360 million people living with dis-
abling HL, and over 1 billion young individuals (age 12–35)
at risk of hearing loss due to recreational exposure to loud
sounds [1]. In the United States, estimates of the prevalence

of HL have ranged from 0.5–26% [2–4], garnering the at-
tention of the Center for Disease Control and Prevention
(CDC) in targeting reduction of hearing loss as a key focus
in their Health People 2020 health initiative [5].
Furthermore, we have only recently begun to fully under-

stand the impact of hearing loss, with studies demonstrat-
ing a decline in employment and productivity [6, 7], stress
[8], annoyance, sleep deprivation, and disturbance of psy-
chosocial well-being [9, 10]. It has been estimated the total
lost in productivity from HL approximates $615 billion US
dollars and that a reduction in 20% of hearing loss may

* Correspondence: vincent.lin@sunnybrook.ca
1Department of Otolaryngology-Head and Neck Surgery, University of
Toronto, Toronto, Canada
3Department of Otolaryngology-Head and Neck Surgery, Sunnybrook Health
Sciences Centre, Toronto, Canada
Full list of author information is available at the end of the article

© The Author(s). 2017 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Yao et al. Journal of Otolaryngology - Head and Neck Surgery  (2017) 46:62 
DOI 10.1186/s40463-017-0239-6

http://crossmark.crossref.org/dialog/?doi=10.1186/s40463-017-0239-6&domain=pdf
mailto:vincent.lin@sunnybrook.ca
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/


result in an economic benefit of $123 billion from loss
productivity in the United States [11].
Of individuals with disabling HL worldwide, approxi-

mately 16% is attributed to noise-induced hearing loss
(NIHL) [12]. NIHL is well known to be caused by chronic
exposure to excessive noise, making it potentially prevent-
able. After all, noise exposure is a product of the sound
pressure level weighted according to the sensitivity of hu-
man ears to different frequencies (A-weighted decibels
(dBA)) and time exposure. Several organizations have set
out to prevent noise-induced hearing loss, by establishing
recommended noise exposure limits (Table 1) [13–16].
Models based on these recommendations were then de-
rived to predict the amount of NIHL based on specific
noise-exposure levels [17]. The US Occupational Safety
and health Administration (OSHA) exposure limit repre-
sents a regulatory standard, permitting an exposure of 85
dBA for 16 h a day, however its standards are known not
to protect every worker from suffering (NIHL). Instead,
more conservative models were developed including the
US National Institute for Occupational Safety and Health
(NIOSH) and the US Environmental Protection Agency
(EPA) limits, which aim to protect 92–98% of the popula-
tion from NIHL. Their main difference lies in that NIOSH
limits were developed to protect against occupational
noise exposure over an 8-h workday, whereas the EPA
limits set to prevent NIHL from everyday noise over 24 h.
The EPA suggests that chronic exposure of 80.3 dBA for
more than 160 min per day was likely to produce hearing
loss in exposed individuals. Although this offers a guide-
line, it only accounts for chronic noise exposure at a static
intensity, and does not capture the potential traumatic
effects of impulse noise exposure [18].

Recently, excess noise has been highlighted as a major
environmental exposure in urban areas [19]. Above and
beyond NIHL, chronic noise exposure has been associ-
ated with hypertension, myocardial infarction, stroke,
adverse sleep patterns, and even adverse mental health
[20–24]. With more than half of the world’s population
now living in cities [25], it is important to characterize
contributors of excess noise exposure. One major source
of excess noise in urban environments is mass transit. In
New York City, a study on their mass transit system
noted the loudest exposure to be on the subway, with
average time-weighted noise levels averaging 80–90 A-
weighted decibels (dBA), and reaching peaks of 106 dBA
[26]. Several studies have assessed noise exposure in
other mass transit systems, however, few have imple-
mented noise dosimeters, which allow for the calculation
of time-weighted sound level averages [27–29].
In this study, we capture the noise exposure experi-

enced by Toronto commuters, including subway, street-
car, buses, cycling and walking in and around Toronto.
The Toronto subway system is Canada’s oldest subway
system, built in 1954 and the fourth largest in North
America with an annual ridership of 538 million [30].

Methods
Noise levels were measured in the Toronto city area
during April to August 2016 on various methods of
mass transit including subways, buses, streetcars, pri-
vate vehicle, cycling and walking. Measurements were
carried out with a type II noise dosimeter, (SL355;
Extech Instruments, Nashua, NH). Both continuous
frequency-weight averages (Leq), representing the aver-
age noise exposure level over a period of time, and
maximum peak noise exposures (Lmax) were captured.
The dosimeter was configured to the OSHA and ISO

standards, and calibration confirmed in a sound booth
with a sound level calibrator. The dosimeter captures A-
weighted sound levels between 60 and 130 dB with
peaks up to 93-133 dB. For Leq measurements, sound
pressure levels were captured every second. Research
staff (CY, AM) carried the dosimeter mic on a collared
shirt 2 in. away from the researcher’s ear to provide a
representative estimate of personal noise exposure.

Data collection
All measurements were carried out on weekdays between
7:00 am to 7:00 pm in vehicles as well as boarding plat-
forms of subways, streetcars, and buses. Platform mea-
surements had a target length of 2 min, around the time
of vehicles arriving or departing the station. Onboard
measurements were carried out over a length of 4 min,
where researchers sat approximately in the middle of each
transit vehicle. To ensure consistency, measurements on

Table 1 Recommended noise exposure thresholds

Duration WHO /EPA (dB) OSHA (dB) NIOSH 1997 (dB)

8 h 75 90 85

4 h 78 95 88

2 h 81 100 91

1 h 84 105 94

30 min 87 110 97

15 min 90 115 100

7 min 30 s 93 103

3 min 45 s 96 106

1 min 53 s 99 109

56 s 102 112

28 s 105 115

14 s 108 118

7 s 111 121

4 s 114 124
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platforms were taken roughly 8–12 in. away from the plat-
form edge near the middle of the platform.
For subway measurements, we accounted for variations

in acoustics, station ridership, ambient noise levels, above
or below ground stations by collecting in-vehicle measure-
ments along the entire subway path, and collecting 2 plat-
form measurements for each of 55 stations. This covers
the busiest platforms along the Bloor line, Yonge-
University Line, Sheppard Extension and Scarborough
light rail extension. We also collected measurements
within 5 streetcar rides, and 2 streetcar platforms along
routes throughout downtown and midtown Toronto. Re-
cordings of various midtown bus routes including 10 bus
rides, and 13 bus platforms measurements were carried
out. We included 5 measurements within a personal ve-
hicle (2009 Honda Civic), along typical commuting routes
such as the Don Valley Parkway, and Highway 401 with
the windows rolled up and radio background noise turned
off. Finally, 7 measurements while cycling and 7 while
walking were performed along downtown city core routes.
During the measurements, the type of transit vehicle,

boarding area, location of route, and surrounding envi-
ronments (aboveground or underground) as well as the
duration of measurement was captured. Any unusual
circumstances during the measurement such as the
presence of buskers or construction was noted. The data
was then captured onto an Excel file (Microsoft Corp,
Redmond, WA), and imported to SPSS Statistics (IBM
Corp, Armonk, NY) for data analyses.

Analyses
We conducted analyses by transit method, compared
and computed descriptive statistics for each system by
measurement location (in-vehicle vs. platform), and
station location (above vs. below ground). We used 1-
way analysis of variance (ANOVA) to compare statistical
differences in Leq level by transit measurement location,
and for subway noise exposures, by subway line and
station location. A post-hoc Tukey Honestly Significant
Difference (HSD) test was used to determine which
means were different. We considered statistical tests sig-
nificant for values below 0.05.

Results
Overall, 210 measurements of noise exposure were con-
ducted. Tables 2 and 3 provide the number of measure-
ments, and average time-weighted (Leq) and peak (Lmax)
sound levels measured at each commuting modality re-
spectively. When time weighted averages are compared,
noise exposure was louder on combined measurements
of subway and buses than streetcars (79.8 +/− 4.0 dBA,
78.1 +/− 4.9 dBA vs 71.5 +/− 1.8 dBA, p < 0.0001). The
time-weighted average noise exposure was lower for
driving a personal vehicle (67.6 +/− 4.0 dBA) when com-
pared with biking (81.8 +/− 3.4 dBA, p < 0.0001) and
walking (73.9 +/− 5.4 dBA, p = 0.05). Biking also ex-
posed participants to louder time-weighted average noise
exposure than walking (p = 0.007).
Time-weighted averages on subway platforms were

louder than in-vehicle measurements (80.9 +/− 3.9 dBA
vs. 76.8 +/− 2.6 dBA, p < 0.0001). This difference was
not found on buses or streetcars (79.9 +/ 6.1 dBA vs.
76.3 +/− 2.3 dBA, p = 0.08; 72.9 +/− 0.2 dBA vs. 71.1
+/− 1.9, p = 0.23). Average time spent commuting based
on mode of transportation was obtained from the 2011
Stats Canada National Household Survey (Table 4) [31].
Based on this, average commute duration using public
transportation was 47 min and 30 s, correlating with an
EPA recommended noise exposure of approximately 85
dBA. This level of noise exposure was exceeded in 9% of
subway measurements, 12% of bus measurements, and
14% of biking measurements. None of the streetcar, per-
sonal car, or walking measurements exceeded this
threshold.
Peak noise measurements were captured on majority of

subway platforms (Fig. 1). Peak noise measurements did
not significantly differ between combined subway, street-
car or buses (data not shown). However, the mean peak
noise levels were louder in subway vehicles than subway
platforms (113.3 +/− 2.9 dBA vs. 108.6 +/− 5.3 dBA,
p < 0.0001). Whereas, mean peak noise was louder on bus
platforms than within buses (120.4 +/− 5.0 dBA vs. 103.6
+/− 7.0 dBA, p < 0.0001). Bus platforms were also found
to be on average louder than subway platforms and street-
car platforms (p < 0.0001). When personal transport was

Table 2 Average (Leq) Noise levels in dBa, by transit type and measurement location: Greater Toronto Area, April–August 2016

Combined Leq Levels Leq levels inside vehicle Leq levels On Platforms p-value*

No. Leq +/− SD (dBa) Range (dBa) No. Leq +/− SD (dBa) Range (dBa) No. Leq +/− SD (dBa) Range (dBa)

Subway 156 79.8 +/− 4.0 71.1–87.6 45 76.8 +/−2.6 73–84.4 111 80.9 +/− 3.9 71.1–87.6 <0.0001

Streetcar 10 71.5 +/− 1.8 68.5–73.9 8 71.1 +/− 1.9 68.5–73.9 2 72.9 +/− 0.2 72.8–73.1 0.23

Bus 25 78.1 +/− 4.9 68.2–87.6 12 76.3 +/− 2.3 68.2–87.6- 13 79.7 +/− 6.1 73.1–79.5 0.06

Personal Car 5 67.6 +/− 4.0 61.3–70.9

Bike 7 81.8 +/− 3.4 76.7–88.2

Walking 7 73.9 +/− 5.4 67.3–80.1

*the one-way analysis of variance by measurement location
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measured, bikers were exposed to louder peak noise than
pedestrians and drivers (123.8 +/− 5.5 dBA vs. 111.4 +/−
6.1 dBA, p = 0.02; vs. 114.9 +/− 5.5, p = 0.03). For public
transport users, the loudest sound measurement came
from a bus stop (128.1 dBA), whereas for personal trans-
port users, the loudest peak sound measurement was
while biking (135 dBA).
Referring to the EPA noise level thresholds, exposure

to peak noise level of 114 dBA for longer than 4 s, 117
dBA for longer than 2 s or 120 dBA for longer than 1 s
may place an individual at risk of NIHL. 19.9% of peak
subway measurements were greater than 114 dBA, with
at least 2 measurements greater than 120 dBA. 20% of
peak streetcar measurements were greater than 120
dBA, and occurred during vehicular rides. 85% of peak
bus platform measurements were greater than 114 dBA,
with 54% being greater than 120 dBA. None of the in ve-
hicular peak bus measurements exceeded 114 dBA. All
peak biking noise exposures exceeded 117 dBA, with
85% being greater than 120 dBA. Individuals walking
and driving a car were also exposed to peak noise levels
greater than 117 dBA (40% in cars, and 14% walking).
Subway platforms were studied in more detail, with

comparison between platform noise measurements made
between subway lines, platform locations, platform de-
signs, and year built (Table 5). Non-aggregated data can
be found as a supplementary table (Additional file 1:
Table S1). Line 2 platforms had louder peak noise expo-
sures than Line 1 platforms (111.3 +/− 2.9 dBA vs. 106.5
+/− 3.0 dBA, p < 0.0001). There were no other signifi-
cant differences between subway lines, platform location,
or platform design. Mean peak noise levels were louder
for subway platforms built between 1960 and 1969.

Discussion
Our findings from this study confer our hypothesis that
given sufficient exposure public transportation in Toronto
may pose a risk for noise-induced hearing loss. Both the
bus and subway had louder mean Leq noise levels (79.8
+/− 4.0 dBA, 78.1 +/− 4.9 dBA) than streetcars, with sub-
way platforms being significantly louder than in-vehicle
subway noise (80.9 +/− 3.9 dBA vs 76.8 +/− 2.6 dBA). Fur-
thermore, if we extrapolate the EPA recommended noise
thresholds for an average Toronto commuter using public
transportation (47 min), we would find that 9% of subway
noise exposure and 12% of bus noise exposure exceeded
the recommended 85 dBA threshold.
Our most important finding however may be the

frequency of which peak noise levels measured in the
public transport system exceeded recommended
thresholds. Up to 20% of subway measurements had
mean peak noises greater than 114 dBA, and up to 85%
of bus platform measurements exceeded that threshold,
with 54% greater than 120 dBA. Referring back to the
EPA noise threshold guidelines, an exposure longer
than four second for a 114 dBA noise exposure, and
one second of 120 dBA may place the individual at
greater risk of NIHL. Peak noise levels were louder in
subway vehicle than platforms (Table 3), however, the
loudest mean peak (Lmax) noise was found on the bus
stop (120.4 +/− 5.0 dBA). Even if this exposure is mea-
sured in seconds, it is well known that impulse noise
exposure and repeated trauma from noise exposures at
this level may place an individual at greater risk of
NIHL [32–34]. In fact, animal models suggest that
impulse noise exposure may cause hair cell loss more
rapidly, and greater hearing threshold shifts than con-
tinuous noise exposure [33, 34].
There have only been a few studies looking at dosimetry

measurements of noise exposure from public transporta-
tion. Neitzel et al. 2009 similarly found that roughly 20%
of their subway Leq measurements exceeded the threshold
of 85 dBA, however, their mean Lmax noise measurements
ranged from 88.0–90.5 dBA, with their loudest capture
noise exposure being 102.1 dBA [26]. This is several or-
ders lower than the Lmax captured in our study of 128.1

Table 3 Peak (Lmax) Noise levels in dBa, by transit type and measurement location: Greater Toronto Area, Apr – Aug, 2016

Combined Lmax Levels Lmax levels inside vehicle Lmax levels On Platforms p-value*

No. Lmax +/− SD (dBa) Range (dBa) No. Lmax +/− SD (dBa) Range (dBa) No. Lmax +/− SD (dBa) Range (dBa)

Subway 156 109.8 +/− 4.9 90.4–123.4 45 113.3 +/− 2.9 106.2–120.3 111 108.6 +/− 5.3 90.4–123.4 <0.0001

Streetcar 10 108.6 +/− 8.1 103.5–125.2 8 109.9 +/− 8.4 103.5–125.2 2 103.5 +/− 0 103.5 0.33

Bus 25 111.7 +/− 10.3 89.4–128.1 12 103.6 +/− 7.0 89.4–114.4 13 120.4 +/− 5.0 109.1–128.1 <0.0001

Personal Car 5 114.9 +/− 5.5 109.6–122.2

Bike 7 123.8 +/− 5.5 118.6–135

Walking 7 111.4 +/− 6.1 103.5–120.2

*the one-way analysis of variance of Lmax inside vehicle compared with platform

Table 4 Average commuting times in Toronto (2011 National
Household Survey)

Mode of Transportation Average Time

TTC 23.3% 47 m, 30s

Car 70.9% 29 m, 18 s

Biking 1.2% 22 m, 48 s

Walking 4.6% 14 m, 48 s
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dBA on a bus stop and 123.4 dBA on a subway platform
(Table 3). Our measurements were closer to the measure-
ments found on the Bay Area Rapid Transit system in the
San Francisco area, with a mean Leq of 82 dBA, 22% of
measurements exceeding the threshold of 85 dBA and
majority of routes with over half their measurements with
Lmax louder than 90 dBA [27]. Measurements performed
in Chicago, also demonstrated routes along the subway
system where the noise exposure exceeded the 85 dBA
threshold, attributing it to the effects of being in an under-
ground tunnel [28]. In all these transport systems, there is
sufficient noise exposure to increase the riders’ risk to
NIHL.
Indeed, to adapt and potentially mitigate the level of

noise exposure from public transportation, the contribu-
tors to loud noise exposure deserve particular attention.
Dinno et al. 2011 used a clustered regression analysis to
identify train-specific conditions (velocity and flooring),
and rail conditions (velocity and tunnels) that may con-
tribute to levels of noise exposures [27]. They found Leq
measurements to increase linearly with average velocity
by 0.52 dBA/km/h, with the effect tapering to a linear
increase of 0.05 dBA/km/h above 53 km/h. Trains trav-
eling through tunnels also increased the Leq by 5.1 dBA,
with the type of flooring contributing a small effect to
overall mean noise measurements.

Shah et al. 2016 studied the design of New York City
subway platforms, finding that overall, curved stations
trended louder than straight stations, with Leq noise
levels reaching significantly louder intensities at the in-
bound end of the platform than outbound (89.7 dBA vs
78.7 dBA) [35]. In our study, we found that stations built
in the 1960–69 s, when majority of the Line 2 stations
were built had louder peak noise levels, whereas the
platform design, and location did not play a significant
role. It is not known at this time why that decade re-
sulted in subway designs with more intense peak noise
exposure, as even older stations did not result in this
finding. In addition to the overall layout of the station,
there are engineering characteristics such as track curva-
ture, train and rail age, use of vibration reduction
methods, as well as environmental factors such as wall
material and station size that can contribute to noise
exposure while on a subway platform. Specific to train
induced noise exposures, engineering studies have de-
scribed three broad categories of noise: rolling noise,
representing the vibration between wheel and rail sur-
faces; impact noise, representing any discontinuity be-
tween the wheel or rail surface; and wheel squeal,
representing the friction between wheels sliding against
sharp turns [35, 36]. As it may be difficult to address
some of the noise derived from existing train paths

Fig. 1 Toronto Transit System Noise Measurements
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(curved paths), other endeavours such as the implemen-
tation of rail friction modifiers, dampers, and sound bar-
riers may be a more feasible solution [37, 38].
Although most studies have focused their attention on

subway transportation, we characterized the noise ex-
posure while using other modes of public transportation
including buses and streetcars. To our surprise, although
in-vehicle bus measurements mean Leq noise levels were
comparable to those previously reported in the New
York mass transit system (78.1 +/− 4.9 dBA vs. 75.7 +/−
3.0 dBA), peak Lmax noise exposure were significantly
more intense (120.4 +/− 5.0 dBA vs. 87.8 +/− 7.1 dBA).
[26] Certainly, factors such as the distance between the
bus stop and the bus play a role, however, with over 85%
of bus stop noise level measurements exceeding thresh-
old, more studies assessing the engineering characteris-
tics are required. Recently, the importance of noise
exposure within buses has been highlighted by a study
demonstrating higher rates of hearing impairment and
high blood pressure amongst bus drivers [39].
One of the strengths of this study, was the broad scope

of commuting modalities studied. Noise exposure while
driving with speeds up to 100 km/h had a Leq of 67.6
+/− 4.0 dBA with peak noise ranging from 109.6–122.2
dBA. Although no prior studies have reported measure-
ments of in-vehicle noise while driving a closed automo-
bile, a study comparing the difference in noise exposure
of a top-open and top-closed convertible automobile

also depicted the potential for excessive noise above a
certain speed [40]. Interestingly, when personal commut-
ing was measured, biking exposed riders to a louder
mean Leq noise level than walking or driving (81.8 +/−
3.4 dBA vs. 73.9 +/− 5.4 dBA, vs. 67.6 +/− 4.0 dBA).
This also held true for mean peak noise exposures
(Table 3). Although the sample size of this was low, and
focused around the downtown core, a study mapping
out the noise exposure of over 85 bicycling trips in
Montreal supported our finding of the potential for sig-
nificant noise exposure during morning peak traffic
hours as well [41]. In general, cyclist have shorter com-
mute times than those using public transit or personal
vehicles (Table 4), however, their exposure to louder
peak noise also suggest they may benefit from hearing
protection. Complicating this decision lies in the fact
that hearing is essential for cycling road safety. Other
strategies such as developing dedicated bike lanes in
low-traffic areas should thus be considered.
Our findings add to the body of literature demonstrat-

ing potential sources of noise exposure while commut-
ing. Criticism of these studies have revolved around the
cross-sectional design which preclude causality. One
study that has attempted to address this gap adminis-
tered an extensive self-administered questionnaire to
over 756 study participants in New York City, finding
that at least approximately 32% of participants fre-
quently experienced symptoms suggestive of a

Table 5 Comparison of Subway platform noise exposures by Line, Station Design, Year Built

Leq on platforms (DBA) Lmax on platforms (DBA) Leq levels in vehicle (DBA) Lmax levels in vehicle (DBA)

Subway Line (number of stations)

Line 1 (26/32) 80.1 +/− 3.5 106.5 +/− 3.0 76.2 +/− 1.9 114.5 +/− 2.5

Line 2 (22/28) 82.8 +/− 2.9 111.3 +/− 2.9 75.6 +/− 1.2 112.1 +/− 2.3

Line 3 (3/5) 76.7 +/− 3.6 106.6 +/− 2.6 83.2 +/− 0.8 110.5 +/− 3.4

Line 4 (2/5) 79.9 +/− 4.3 105.0 +/− 1.5 81.2 +/− 1.0 112.1 +/− 0.7

Platform Location

Underground (41/53) 81.2 +/− 3.7 108.6 +/− 4.3

Surface (8/13) 81.2 +/− 3.9 107.8 +/− 4.4

Elevated (3/3) 76.7 +/− 3.6 106.6 +/− 2.6

Platform Design

Central (17/26) 80.0 +/− 3.7 107.0 +/− 5.5

Side (35/43) 81.4 +/− 3.6 109.0 +/− 3.3

Year Built

1990–2009 (2/5) 78.1 +/− 2.6 102.9 +/− 0.6

1980–90 (4/7) 76.4 +/− 3.1 106.4 +/− 2.2

1970–79 (6/10) 82.3 +/− 4.0 106.5 +/− 2.5

1960–69 (27/33) 82.8 +/− 2.6 111.0 +/− 2.9

1950–59 (13/13) 78.4 +/− 2.8 105.5 +/− 2.5

1943 (1/2) 84.5 105

Line 1 = Yonge – University subway line, Line 2 = Bloor – Danforth subway line, Line 3 = Scarborough extension, Line 4 = Sheppard extension
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temporary threshold shift after using the mass transit
system [42]. They also found that two-thirds of their
participants reported the use of MP3 players or stereos
with an average use of 3.1 h, and that only 14% of par-
ticipants wore hearing protection at least some of the
time while using the mass transit system. When these
factors, as well as others were added to their logistic
regression model, the only significant predictor for a
temporary threshold shift after riding was heavy transit
use (OR = 2.9), and female gender (OR = 2.7). Overall,
more studies characterizing the impact of concurrent
use of MP3 players and lengthy transit times, as well as
definitive audiometric evaluation of transit users would
continue to clarify the relationship between transit
noise exposure and hearing health.
Aside from the cross-sectional design, other limita-

tions of our study include the lack of modeling of other
potential factors that may contribute to noise exposure
for personal transportation modalities, as well as buses,
and streetcar. Although we chose the busiest routes for
streetcar and bus modalities of transportation, the
relative sample size may be relatively low and may not
represent the entire sprawling Toronto transit system.
Despite these limitations, these findings still illustrate
that the potential noise exposure for Toronto com-
muters add to the risk for the development of NIHL,
not to mention the other adverse health effects from
excessive noise.

Conclusion
Given sufficient exposure duration, noise levels associated
with mass transit within the system are intense enough to
produce NIHL in users. Furthermore, noise exposures
from personal transportation modalities in an urban city,
particularly cycling are also sufficiently intense to produce
NIHL. As the mass transit system in Toronto continues to
expand, engineering noise-control efforts should continue
to focus on materials and equipment that confer a quieter
environment. Hearing protection while using public tran-
sit should also be promoted, and further studies character-
izing the risk of developing NIHL should be pursued.

Additional file

Additional file 1: Table S1. Toronto Subway noise measurements by
station. (DOCX 20 kb)

Abbreviations
CDC: the Center for Disease Control and Prevention; dBA: A-weighted
decibels; EPA: the US Environmental Protection Agency; HL: Hearing Loss;
NIHL: Noise Induced Hearing Loss; NIOSH: US National Institute for
Occupational Safety and Health; OSHA: US Occupational Safety and Health
Administration; WHO: World Health Organization

Acknowledgements
Many thanks to Dr. Weibo Hao who also contributed to obtaining a few of
the noise measurements.

Availability of data and materials
Please contact author for data requests.

Funding
No sources of funding were sought for this study.

Authors’ contributions
CY carried out the study design, data acquisition, coordination, data
analysis and manuscript preparation. AM was involved with the data acquisition.
CY and VL conceived the study design, and were involved with the data analysis.
All authors read and approved the final manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details
1Department of Otolaryngology-Head and Neck Surgery, University of
Toronto, Toronto, Canada. 2Department of Otolaryngology-Head and Neck
Surgery, Hospital for Sick Children, Toronto, Canada. 3Department of
Otolaryngology-Head and Neck Surgery, Sunnybrook Health Sciences Centre,
Toronto, Canada. 4Sunnybrook Research Institute, Sunnybrook Health
Sciences Centre, 2075 Bayview Ave., Room M1 102, Toronto, ON M4N 3M5,
Canada.

Received: 21 April 2017 Accepted: 9 October 2017

References
1. World Health Organization. WHO global estimates on prevalence of hearing

loss. Available at: http://www.who.int/pbd/deafness/estimates/en. Last
updated: Accessed March 30, 2017.

2. Lin FR, Niparko JK, Ferrucci L. Hearing loss prevalence in the United States.
Arch Int Med. 2011;171:1851–3.

3. Agrawal Y, Platz EA, Niparko JK. Prevalence of hearing loss and differences
by demographic characteristics among US adult: data from the National
Health and nutrition examination survey, 1999-2004. Arch Int Med.
2008;168:1522–30.

4. Basner M, Babisch W, Davis A, Brink M, Clark C, Janssen S, Stansfeld S. Auditory
and non-auditory effects of noise on health. Lancet. 2014;383:1325–32.

5. CDC healthy people 2020. Available at: https://www.cdc.gov/nchs/
healthy_people/hp2020.htm. Last updated. Accessed: March 30th.
October 14, 2011:2017.

6. Sataloff RT. Hearing loss: economic impact. Ear Nose Throat J. 2012;91:10–2.
7. Jung D, Bhattacharyya N. Association of hearing loss with decreased

employment and income among adults in the United States. Ann Otol
Rhinol Laryngol. 2012;121:771–5.

8. Kramer SE, Kapteyn TS, Houtgast T. Occupational performance: comparing
normally-hearing and hearing impaired employees using the Amsterdam
checklist for hearing and work. Int J Audiol. 2006;45:503–12.

9. Dalton DS, Cruickshanks KJ, Klein BEK. Klein R, Wiley TL, and DM nondahl.
The impact of hearing loss on quality of life in older adults. Gerontologist.
2003;43:661–8.

10. de Hollander AEM, van KEmpem EEMM, Houthuijs DJM, van Kamp I,
Hoogenveen RT, Staatsen BAM. Environmental noise: an approach for
estimating health impacts at national and local level. Geneva.
Environmental Burden of Disease series: World Health Organization; 2004.

Yao et al. Journal of Otolaryngology - Head and Neck Surgery  (2017) 46:62 Page 7 of 8

dx.doi.org/10.1186/s40463-017-0239-6
http://www.who.int/pbd/deafness/estimates/en
https://www.cdc.gov/nchs/healthy_people/hp2020.htm
https://www.cdc.gov/nchs/healthy_people/hp2020.htm


11. Neitzel RL, Swinburn TK, Hammer MS, Eisenberg D. Economic impact of
hearing loss and reduction of noise-induced hearing loss in the United
States. J Speech Lang Hearing Res. 2017;60:182–9.

12. Nelson DI, Nelson RY, Concha-Barrientos M, Fingerhut M. The global burden
of occupational noise-induced hearing loss. Am J Ind Med. 2005;48:446–58.

13. Centers for Disease Control and Prevention. The National Institute for
Occupational Safety and Health. Noise and hearing loss prevention.
Available at: http://cdc.gov/niosh/topics/noise/stats.html Updated: October
19, 2016. Accessed: March 30, 2017.

14. US Environmental Protection Agency. Information on levels of
environmental noise requisite to protect public health and welfare with an
adequate margin of safety. Washington, DC: Environmental Protection
Agency; 1974. Report 550/9–74-004.

15. NIOSH (1998). Criteria for a recommended standard: occupational noise
exposure. Revised criteria 1998. Cincinnati, OH, National Institute for
Occupational Safety and Health. Available at: http://www.cdc.gov/niosh/
98-126.html.

16. OSHA (1981). “Occupational Noise Exposure: Hearing Conservation
Amendment.” U.S. Dept. Labor, Occupational Safety and Health
Administration, 46 Fed. Reg. 4078–4179.

17. International Organization for Standardization. Acoustics- estimation of
noise-induced hearing impairment (ISO 1999:2013) Geneva. Switerland:
International Organization for Standardization; 1990.

18. Yamamura K, Aoshima K, Hiramatsu S, Hikichi T. An investigation of the
effects of impulse noise exposure on man: impulse noise with a relatively
low peak level. Eur J Appl Physiol Occup Physiol. 1980;43(2):135–42.

19. Hammer MS, Swinburn TK, Neitzel RL. Environmental noise pollution in the
United States: developing an effective public health response. Environ
Health Perspect. 2014;122:155–9.

20. van Kempen EE, Kruize H, Boshuizen HC, Ameling CB, Staatsen BA, de
Hollander AE. The association between noise exposure and blood pressure
and ischemic heart disease: a meta-analysis. Environ Health Perspect. 2002;
110:307–17.

21. Selander J, Nilsson ME, Bluhm G, Rosenlund M, Lindqvist M, Nise G,
Pershagen G. Long-term exposure to road traffic noise and myocardial
infarction. Epidemiology. 2009;20:272–9.

22. Sorensen M, Andersen ZJ, Nordsborg RB, Jensen SS, Lillelund KG, et al. Road
traffic noise and incident myocardial infarction: a prospective cohort study.
PLoS One. 2012;7(6):e39283. https://doi.org/10.1371/journal.pone.0039283.

23. Sorensen M, Hvidberg M, Andersen ZJ, Nordsborg RB, Lillelund KG,
Jakobsen J, Tjonneland A, Overvad K, Raaschou-Nielsen O. Road traffic noise
and stroke: a prospective cohort study. European Heart J. 2011;32:737–44.

24. Griefahn B, Scherumer-Kohrs A, Scheumer R, et al. Physiological subjective
and behavioral responses to noise from rail and road traffic. Noise Health.
2000;3:59–71.

25. United Nations Population Fund. State of the world population 2008:
unleashing the potential of urban growth. New York, NY: United Nations
Population Fund; 2007.

26. Neitzel R, Gershon RM, Zeltser M, Canton A, Akram M. Noise levels
associated with new York City’s mass transit systems. Am J Public Health.
2009;99:1393–9.

27. Dinno A, Powell C, King MMA. Study of riders’ noise exposure on Bay Area
rapid transit trains. J Urban Health. 2011;88(1):1–13.

28. Phan LT, Jones RM. Chicago transit authority train noise exposure. J Occup
Environ Hyg 2017; 7:0. doi.https://doi.org/10.1080/15459624.2017.1285490.

29. Bhattacharya SK, Bandyopadhyay P, Kashyap SK. Calcutta metro: is it safe
from noise pollution hazards? Ind Health. 1996;34:45–50.

30. 2015 TTC Operating Statistics. Toronto Transit Commission. Available at:
https://www.ttc.ca/About_the_TTC/Operating_Statistics/2015/Section_Two.
jsp. Accessed Mar 30, 2017.

31. Statistics Canada. 2011 National Household Survey, Commuting to Work.
Ottawa, Canada. 2011. Catalogue no. 99–004-XWE.

32. Clifford RE, Rogers RA. Impulse noise: theoretical solutions to the quandary
of cochlear protection. Ann Otol Rhinol Laryngol. 2009;118(6):417–27.

33. BH H, Henderson D, Nicotera TM. Extremely rapid induction of outer hair
cell apoptosis in the chinchilla cochlea following exposure to impulse noise.
Hear Res. 2006;211(1–2):16–25.

34. Dunn DE, Davis RR, Merry CJ, Franks CJ. Hearing loss in the chinchilla from
impact and continuous noise exposure. J Acoust Soc Am. 1991;90:1979–85.

35. Shah RR, Suen JJ, Cellum IP, Spitzer JB, Lalwani AK. The influence of subway
station design on noise levels. Laryngoscope. 2017;127(5):1169–74.

36. Thompson DJ, Jones CJC. A review of the modelling of wheel/rail noise
generation. J Sound Vib. 2000;231:519–36.

37. Schulte-Werning B. Noise and vibration mitigation for rail transporation
systems. In: In: Proceedings of the 9th International Workshop on Railway
Noise. New York, NY: Springer; 2008.

38. Remington PJ. Wheel rail squeal and impact noise – what do we know –
what don’t we know – where do we go from here. J Sound Vib.
1987;116:339–53.

39. Balaji R. Rajasegaran, John NA, and US Venkatappa. Hearing impairment and
high blood pressure among bus drivers in Puducherry. J Clin Diagn Res.
2016;10(2):8–10.

40. Mikulec AA, Lukens SB, Jackson LE, Deyoung MN. Noise exposure in
convertible automobiles. J Laryngol Otol 2011; 125(2): 121–5.

41. Apparicio P, Carrier M, Gelb J, Seguin AM, Kingham S. Cyclists’ exposure to
air pollution and road traffic noise in central city neihbourhoods of
Montreal. J Transp Geogr. 2016;57:63–9.

42. Gershon RRM, Sherman MF, Magda LA, Riley HE, McAlexander TP, Neitzel R.
Mass transit ridership and self-reported hearing health in an urban
population. J Urban Health. 2013;90(2):262–75.

•  We accept pre-submission inquiries 

•  Our selector tool helps you to find the most relevant journal

•  We provide round the clock customer support 

•  Convenient online submission

•  Thorough peer review

•  Inclusion in PubMed and all major indexing services 

•  Maximum visibility for your research

Submit your manuscript at
www.biomedcentral.com/submit

Submit your next manuscript to BioMed Central 
and we will help you at every step:

Yao et al. Journal of Otolaryngology - Head and Neck Surgery  (2017) 46:62 Page 8 of 8

http://cdc.gov/niosh/topics/noise/stats.html
http://www.cdc.gov/niosh/98-126.html
http://www.cdc.gov/niosh/98-126.html
http://dx.doi.org/10.1371/journal.pone.0039283
http://dx.doi.org/10.1080/15459624.2017.1285490
https://www.ttc.ca/About_the_TTC/Operating_Statistics/2015/Section_Two.jsp
https://www.ttc.ca/About_the_TTC/Operating_Statistics/2015/Section_Two.jsp

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data collection
	Analyses

	Results
	Discussion
	Conclusion
	Additional file
	Abbreviations
	Availability of data and materials
	Funding
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

