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Traditional methods for measuring chemical exposure have challenges in terms
of obtaining sufficient data; therefore, improved methods for better assessing
occupational exposure are needed. One possible approach to mitigate these
challenges is to use self-monitoring methods such as sensors, diaries, or
biomarkers. In the present study, a self-monitored method for measuring soot
exposure, which included real-time air monitoring, a work diary, and the
collection of urine samples, was evaluated. To validate the method, exposure
measurements during the workday and diary entries were compared with
velocities calculated from GPS tracking and the expected polycyclic aromatic
hydrocarbon (PAH) metabolite patterns in urine. The method was applied with
chimney sweeps, an occupational group at a high risk of many severe health
outcomes and for whom effective control measures for reducing exposure are
needed. In the study, 20 chimney sweeps followed a self-monitoring protocol
for 8 consecutive workdays. Personal exposure to soot was measured as black
carbon (BC) using micro-aethalometers. A diary was used to record the work
tasks performed, and urine samples were collected and analysed for PAH
metabolites. From the expected 160 full day measurements, 146 (91%) BC
measurements and 149 (93%) diaries were collected. From the expected 320
urine samples, 304 (95%) were collected. The tasks noted in the diaries
overlapped with information obtained from the GPS tracking of the chimney
sweeps, which covered 96% of the measurement time. The PAH metabolites
in urine increased during the work week. Factors believed to have positively
influenced the sample collection and task documentation were the highly
motivated participants and the continuous presence of trained occupational
hygiene professionals during the planning of the study and throughout the
measurement stage, during which they were available to inform, instruct, and
address questions. In conclusion, the self-monitored protocol used in this
study with chimney sweeps is a valuable and valid method that can be used to
collect larger numbers of samples. This is especially valuable for occupations
in which the employees are working independently and the exposure is
difficult to monitor with traditional occupational hygiene methods.
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exposure, measurement, self-monitoring, black carbon (BC), micro-aethalometer, real-
time monitoring, direct reading instrument

01 frontiersin.org


http://crossmark.crossref.org/dialog/?doi=10.3389/fepid.2024.1436812&domain=pdf&date_stamp=2020-03-12
https://doi.org/10.3389/fepid.2024.1436812
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/articles/10.3389/fepid.2024.1436812/full
https://www.frontiersin.org/articles/10.3389/fepid.2024.1436812/full
https://www.frontiersin.org/articles/10.3389/fepid.2024.1436812/full
https://www.frontiersin.org/articles/10.3389/fepid.2024.1436812/full
https://www.frontiersin.org/journals/epidemiology
https://doi.org/10.3389/fepid.2024.1436812
https://www.frontiersin.org/journals/epidemiology
https://www.frontiersin.org/

Klang et al.

1 Introduction

With traditional chemical exposure measurement methods,
there are challenges in obtaining a sufficient number of
measurements and, therefore, chemical exposure assessments are
often inadequate. The difficulty in reaching a sufficient number
of measurements is even more pronounced in industries in
which the personnel work independently at different locations, as
measurements become time-consuming and expensive.

A promising approach to obtain larger numbers of
measurements is to use self-monitored measurements (1-3).
Studies evaluating and using self-monitoring protocols for
exposure measurements are sparse but have been applied for
certain exposures, such as benzene (4), terpenes and styrene (2),
diesel exhausts (5), volatile organic compounds (VOC) (1), and
hydrogen sulphide (6). In the study in which exposure to
terpenes and styrene was measured, a comparison was made
between self-monitored measurements and measurements
performed by professionals. No significant difference in the
estimated exposure was found between the two methods,
indicating that untrained and unsupervised workers could obtain
self-monitored exposure measurements to the same satisfaction
as professionals (2).

A sufficient number of measurements or observations are
required to perform accurate exposure assessments and determine
the variability between the exposed groups, which is known to be
important in exposure assessment (7). Factors that have been
shown to affect the variability and lead to the need for larger
study groups are working outdoors, having intermittent processes,
local exhaust ventilation, mobile workers, local sources, and
manual working (compared with high levels of automation) (8).
Furthermore, repeated measurements are valuable and enable the
assessment of within-person and between-person variability (9).

The recent approach to studying the exposome, described as
the total exposure of an individual, also establishes a demand for
an adequate number of measurements. The exposome is a
valuable concept to consider for future epidemiological studies
and is one of the driving forces towards the development of
sensors (10).

Sensors and real-time monitoring devices have become more
frequently used for exposure measurements in occupational and
environmental settings. They are often seen as being easier to
use, require fewer or no trained professionals or specific
handling, require no sample storage pre- and post-measurement,
and chemical laboratory analysis of the samples is mostly not
needed (11-13). Another valuable factor of many sensors and
real-time monitoring devices is the possibility of collecting high-
time resolution data. Traditional methods for exposure
measurements commonly generate a daily average. With high-
time resolution data, it is possible to study the variability
throughout the day or during different tasks. This information is
important for risk management and making decisions on
effective control measures to reduce exposure (11, 14).

Chimney sweeps are an occupational group that work
independently and move between locations. They partly work

outdoors, have intermittent processes, and primarily perform
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manual tasks. As they also have an excess risk of many severe
health outcomes, they are an important but difficult group to
study using traditional means. Notable health outcomes amongst
chimney sweeps are an increased risk for developing different
cancers (15), myocardial infarction (16), and cardiovascular
diseases (17). These severe health outcomes have been connected
to the exposure of workers to soot containing polycyclic aromatic
hydrocarbons (PAHs) (15). Over the last 35 years, tasks and the
use of protective equipment have changed and improved among
chimney sweeps in Sweden (18). However, more recent studies
have shown that chimney sweeps are still continuously adversely
exposed to soot today (17, 19, 20). In recent years, techniques for
reducing soot exposure, such as a new sweeping technique called
the rotating rod technique, have been developed. With this
technique, the opening of the boiler/stove is covered with a
plastic cloth that has an opening in it. A vacuum cleaner and a
telescopic rod with a sweeping brush at the end are connected to
the opening in the plastic cloth. The telescopic rod is connected
to a screwdriver, which is used to rotate the brush inside the
chimney while the telescopic rod is moving the brush up the
chimney. This technique is expected to reduce the exposure of
the chimney sweeps to soot, as most of the removed soot is
collected inside the covered boiler throughout the sweeping. In
addition, the sweep does not have to climb the roof, eliminating
the risk of falling down. However, there are also limitations with
the technique, one of them being that it cannot be used for all
chimney designs due to certain types of pipe bending. To
continue reducing occupational exposure, more preventative
measures are needed, which requires more information about the
exposure. However, an adequate method for studying the
exposure of chimney sweeps and other similar working groups
has not yet been presented.

There are methods available for assessing the exposure to PAHs
in the air and urine, and on the skin (17, 21, 22). These methods
are technically advanced and require a trained professional to
perform them and interpret the results. Furthermore, they
require chemical analysis of the samples. In addition, the trained
professional should preferably follow and observe the individuals
during the measurement to interpret the results and detect
potential deviations occurring during the measurements.

Micro-aethalometers have been previously used to measure
soot as black carbon (BC). To our knowledge, measurements of
BC have primarily been carried out in urban environments
(23, 24), sparse
conducted in occupational environments (25, 26), and not
light
BC with high-time
resolution, which makes it possible to study exposure differences

although more undertakings have been

amongst chimney sweeps. Micro-aethalometers use

transmission technology to measure
between several working tasks throughout a workday. BC has
been used as a proxy for diesel exhausts amongst farmers (25,
26). In this study, we used the method described by Stapleton
et al. (26), but as a self-monitoring device used by the
participants. In addition to measuring BC and noting work tasks
in a diary, participants collected urine samples.

The aim of this study was to evaluate a protocol for the self-

monitored measurement of exposure data for chimney sweeps,
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including measurements of BC in the air, the collection of urine
samples, and filling out a work task diary.

2 Materials and methods

The protocol for the self-monitored measurement and
collection of exposure data described in this study includes
measurements of BC in the air, the collection of urine samples,
and filling out a work task diary. For the first measurement day
for each participant, a more extensive sampling protocol was
followed. Over the following 7 days, chimney sweeps performed
the monitoring on their own. Only results contributing to the
evaluation of the protocol will be presented in this article.

2.1 Study group and sampling period

Twenty chimney sweeps were included in the study.
Participants were recruited through chimney sweep companies
registered with the trade organisation. All interested subjects
were informed in detail about the study and the practical aspects
of participation. This information was provided by phone or in
person. Participation was voluntary and the participants provided
written informed consent. The study has been ethically approved
by the Swedish ethical review authority (diary number 2020-
01218). As data collection was performed at work, participants’
supervisors were also informed and their consent to perform the
study during working hours was requested. Initially, companies
near the Gothenburg area were recruited, but to recruit enough
participants, the search area was extended over a larger
geographical area in Sweden.

Exposure data were collected for eight consecutive workdays
for each participant (Tuesday of week 1 to Thursday of week 2).
No measurements were obtained on Saturday or Sunday. On the
first sampling day, a trained occupational hygienist followed each
participant throughout the workday to provide instructions,
answer questions, observe, and carry out the extended sampling
protocol. Each participant received a simplified written manual
with pictures of how to handle the device for BC measurements
during the self-monitoring period. Over the following 7
measurement days, participants obtained BC measurements,
collected urine samples, and filled out a diary by themselves. At
the beginning of the self-monitoring period, the occupational
hygienist called the participant to enquire whether they had
encountered any issues or questions. During the self-monitored
measurement period, the occupational hygienist was available by
phone. On the last measurement day, the occupational hygienist
collected the measuring device, urine samples, and diary. For six
chimney sweeps, this was not achievable for practical reasons and
the chimney sweeps instead sent the material and samples
back by post.

Data were collected between 2020 and 2022, and the chimney
sweeps worked primarily with black sweeping using the traditional
and/or rotating rod techniques. Chimney sweeping usually includes
more tasks than black sweeping, such as fire safety inspections and
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ventilation control, but in this study the choice was made to only
measure during periods of black sweeping.

2.2 Micro-aethalometer measurements

BC in the air was measured using micro-aethalometers
(microAeth® model MA200 and AE51, AethLabs, San Francisco,
CA, USA). Seventeen participants used the MA200 model and
three used the AE51 model.
technique: the transmission of light at a wavelength of 880 nm is

Both models use the same

used to determine BC concentration through the change in the
particle load collected on a filter (27). The MA200 model can
also take measurements at four additional wavelengths that were
not used here. Both models have internal flow calibration, which
enables a comparison between the set flow and flow during
measurement. There is a difference in the filter design between
the two models. The MA200 model has a cartridge with filter
spots on a tape and as the particle load reaches saturation, the
device automatically advances the tape to the next spot and the
measurement proceeds. Advancement of the tape will also occur
as a new measurement is started. For the AE51 model, the filter
needs to be changed manually when saturated by taking it out
and replacing it with a new one. Furthermore, the MA200 model
includes GPS tracking. In the present study, GPS tracking was
used to calculate the worker’s speed of displacement (referred to
as velocity from here on) between different tasks to validate the
diary. This is described in later sections. The measuring range of
both models is 0-1,000 ug BC/m®> (27). Participants were
instructed to start and finish measurements at the beginning and
end of each workday and to recharge the device after each
workday. The three participants who used the AE51 model were
additionally instructed to change the filter after each workday.

Measurements were recorded every 60 s for both models. The
micro-aethalometer was placed in a small backpack with the tube
mouth placed with a clip in the breathing zone. Personal
measurements were taken throughout the workday.

As the loading on the filter spot increases, the result will
underestimate the actual BC level according to Kirchstetter and
Novakov (28), and a modified correction was performed.

2.3 Diary

Participants were instructed to fill out a diary about the work
tasks performed during the measurement days. The diary was
designed as a questionnaire with boxes to tick for each sweeping
task, including the start and finish time of the task, the type of
assignment; black sweeping, fire safety inspection/ventilation,
ventilation control/cleaning, commercial kitchen/restaurant, the
type of object; the resident building, the central boiler or
industry, the sweeping technique; traditional or rotating rod
technique, fuel, oil, wood, pellet, inside wood fireplace, and other
(with the opportunity to write freely). Information on personal
protective mask,

equipment; the respiratory protection

gloves, protective clothes, and/or the vacuum cleaner for the
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included. The
Supplementary Material.

soot was also diary is presented in the

2.4 Urine samples

Urine samples were collected twice a day, in the morning (first
urination of the day) and at the end of the workday, in
polypropylene (PP) bottles. Participants were instructed to wash
their hands before collecting each sample, label the bottles with
the time and date, and store the bottles in the dark and, if
possible, in a cold place. Urine samples for each participant were
retrieved at the end of the last measurement day. Specific gravity
was measured using a manual refractometer. Collected urine was
pipetted from the PP bottles into 13-ml PP tubes in duplicate
and stored in a freezer, initially at —20°C and later at —80°C due
to a shortage of space. As described earlier, for six chimney
sweeps, the material, including urine samples, was posted. Owing
to logistics, these samples were collected into plastic PP cups,
then poured into 13-ml PP tubes and placed into transport tubes
by the participants before being sent to the laboratory where they
were treated like the other samples. All urine samples were
analysed for creatinine by the clinical chemistry laboratory at
Sahlgrenska University Hospital, Gothenburg, Sweden, and for
the PAH metabolite (1-hydroxypyrene; 1-OH-Pyr) with liquid
chromatography coupled to tandem mass spectrometry (LC-MS/
MS; QTRAP 5500, AB Sciex, Framingham, MA, USA) at the
laboratory of Occupational and Environmental Medicine at Lund
University, Sweden, according to Alhamdow et al. (17).

2.5 Validation of the protocol

Before the study, a small pilot study with one chimney sweep
was performed to evaluate the micro-aethalometers. Sweeping
tasks, which were expected to primarily contribute to the soot
exposure, were compared with times during which no sweeping
tasks were performed (non-task time) to evaluate whether
measurements with a micro-aethalometer were relevant for soot
exposure. BC levels were higher during sweeping tasks than
during non-sweeping times.

In addition in the present study, sweeping tasks were compared
with non-task times. This was carried out by comparing the daily
mean BC levels in three groups (Figure 1). The first group
represented the total daily averages, the second group represented
the daily average during times noted in the diaries as task time,
and the third group represented the daily averages during non-
task time. The groups were compared using paired Student’s
t-test. Statistical analysis was carried out using SAS software (SAS
version 9.4; SAS Institute Inc., Cary, NC, USA), and p < 0.05 was
considered statistically significant.

Furthermore, it was evaluated how many of the measured
data points that were within the instruments measure range of
0-1,000 pg BC/m”.

The chimney sweeps noted the start and finish times for each
task in their diary. From the GPS signal from the MA200
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FIGURE 1
Boxplot of daily average BC levels: all day (sweeping and non-
sweeping tasks), sweeping tasks and non-sweeping tasks,
respectively. The boxes represent the 25th, 50th and 75th
percentiles and whiskers the 15 * IQR (inter quartile range)
distance from the boxes boundaries. X indicate the arithmetic mean

instrument (n=17), we calculated how fast the instrument, and
thereby the worker, was moving. By comparing the time periods
for the tasks noted in the diary with the calculated velocity, it
could be validated how well the chimney sweeps had entered
data into the diary. A cutoff velocity of 8 km/h was set to
determine transportation by a vehicle and interpreted as periods
when a sweeping task would not be possible. This means that
time points noted as a sweeping task in the diary for which the
velocity was calculated to be 8 km/h or less were interpreted as
valid diary entries. An example of diary entries of periods of
sweeping tasks, BC levels, calculated velocity, and their overlap is
displayed in Figure 2.

No formal validation was performed for the urine levels of
1-OH-Pyr. However, an informal validation was conducted by
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FIGURE 2
BC level (dark blue), calculated velocity (light blue), and tasks according to the diary (grey) as an example of how they vary and overlap throughout a
workday

displaying the average levels of urine among the chimney sweeps
for each day against the average levels of BC (Figure 3).

3 Results
3.1 Study group and sampling period

The study included 20 chimney sweeps (13 men and 7 women)
working with primarily black sweeping during the measurement
period. The expected total number of measurement days with the
aethalometer, urine sampling, and diary were 160 (8 days for
each of the 20 participants).

3.2 Micro-aethalometer measurements

In total, 146 micro-aethalometer measurements were collected
out of the 160 expected (91%). Of these 146 measurements, 3 were
incomplete (1 due to taking care of a child during part of the day
and 2 were due to device failure during the day). Of the 14 missing
measurements, 6 were due to device failure, 3 were because the
participant did not work with black sweeping that day, 2 were due
to sick leave or taking care of a child, and 1 was due to a vacation.
The cause of the two remaining missing measurements was unknown.

The total study measurement time with the micro-aethalometers
was 1,063 h (63,798 min), and the daily mean measurement time
was 440 min (241-598 min). Of the 63,798 min of measured BC,
8 min resulted in levels of over 1,000 ug/m’, the upper limit of the
measuring range of the micro-aethalometers.

The internal calibration of flow rate in both models showed
that the flow rate was generally kept within 5% of the set flow.
Deviation of the flow rate primarily occurred at the very
beginning of a measurement before stabilising.

Frontiers in Epidemiology

3.3 Diary

Diary entries were recorded on 149 days of the expected
160 days (93%). Of the 11 missing days, 2 were due to micro-
aethalometer failure, preventing the participant from filling out
the diary, 3 were because the participant did not work with
black sweeping that day, 2 were due to sick leave or taking care
of a child, and 1 was due to a vacation. For the 3 remaining
missing days, the cause was unknown. The total number
of sweeping tasks noted in the diaries was 1,545, which
accounted for 534 h of the measurement time with the micro-
aethalometer (Table 1).

3.4 Urine samples

There were 304 collected urine samples out of the 320 expected
(95%). Of the 304 samples, 4 were excluded due to an inability to
determine the time and date of the sample collection. Of the 16
missing urine samples, 6 were missing due to not working with
black sweeping that day, 2 were due to sick leave, 2 due to a
vacation, 2 were due to forgetfulness, and the cause was
unknown for the remaining 4.

3.5 Validation of the protocol

The mean levels of BC (ug/m®) are displayed in a boxplot
separated into three groups: daily averages for the total
measurement time, daily averages only including sweeping tasks,
and daily averages only including non-task time (Figure 1). In
total, each group includes 145 measurement days. One of the 146
measurement days has been excluded due to missing diary
entries for this measurement day. There was a significant
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FIGURE 3
Daily average BC levels in the air and 1-hydroxypyrene (1-OH-Pyr) in urine before (b) and after (a) a shift.

TABLE 1 Collected measurement time.

Total measurement time
with the aethalometer

Daily mean measurement

time with the aethalometer

Number of tasks noted in Measurement time with the

(min) (min)
63,798° 440
(1,063 h) range: 241-598

the diary aethalometer during tasks
noted in the diary (min)
1,545 32,051
(534 h)

Of the 63,798 min, 52,387 min were measured with the MA200 model and the remaining minutes with the AE51 model.

TABLE 2 Validation of the diary against the speed of displacement (velocity) calculated from the GPS coordinates®.

Measurement time with
MA200 during tasks noted

Total measurement time

with MA200°

Overlap: noted task in the
diary and velocity >8 km/h

Overlap: noted task in the
diary and velocity <8 km/h

in the diary (min)
26,289

(min)

52,387

(min)
1,090 (4.1%)

(min)
25,199 (95.9%)

*Only measurements obtained with the MA200 model are included as GPS tracking is not available with the AE51 model.

difference in the average BC levels between the task time and non-
task time groups (12.1 ug/m> 95% interval,
4.0-20.0 ug/m’, p <0.0001).

Validation of the diary was performed by looking for
overlapping periods between the noted tasks in the diaries and a

confidence

moving velocity of <8 km/h, indicating non-transportation time,
calculated with the micro-aethalometer’s GPS signal (Figure 2).
This validation could only be performed with data from the 17
participants using the MA200 model, as GPS tracking is not
available with the AE51 model. The measurement time with the
MA200 model was 52,387 min, and of these, 26,289 min were

Frontiers in Epidemiology

noted as sweeping task time in the diaries. When comparing the
time for non-transport (velocity <8 km/h) and time for tasks
noted in the diary, 25,199 min were interpreted as valid diary
entries (96%) (Table 2).

In the figure displaying the average daily BC levels and 1-OH-
Pyr levels (Figure 3), the 1-OH-Pyr levels on Monday morning
(day 5) are low, as expected, and an increase can be seen during
the week. Each measurement point contains, at the least, urine
samples from 17 participants. The reference level of 1-OH-Pyr in
urine for an unexposed population according to Jongeneelen (29)
is 460 ng/g of creatinine and is also included in Figure 3.
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4 Discussion

In this study, a protocol for the self-monitoring of soot
exposure was evaluated. The completion rate for the self-
monitoring protocol amongst the chimney sweeps for BC
measurements, diary entries, and the collection of urine samples
was very high (91%, 93%, and 95%, respectively), with few
missing observations. Two specific factors are believed to have
promoted the high response rate: the high motivation of the
study group and the efforts concerning the information and
availability of information before and during the study period.
Furthermore, the present research group has studied chimney
sweeps for many years, which has produced a well-established
network of connections within the industry, enabling effective
communication and collaboration during studies.

4.1 Study group and sampling period

Only chimney sweeps from the trade organisation were
recruited in this study; therefore, there were no participants from
companies outside the trade organisation. However, according to
the trade organisation, more than 95% of the chimney sweep
companies in Sweden are members of the trade organisation.

Owing to logistical reasons, each sampling period started on a
Tuesday and finished on a Thursday. This was not optimal. The
urine samples collected on Monday mornings are of most concern
as these should indicate a baseline for each participant after an
unexposed weekend. Owing to the half-life of PAH metabolites,
3.9-35h (30-32), exposure from Friday is not expected to
noticeably affect the levels in urine samples the following Monday
morning when compared with unexposed individuals. Figure 3
clearly shows that the levels of PAH metabolites from the Monday
morning urine samples are lower than the others and that an
increase in metabolites occurs during the week.

There were three missing urine samples for Monday morning,
one due to forgetfulness and two due to not working with black
sweeping or sick leave. For the missing sample due to
forgetfulness, exposure would still be expected that day and
therefore no baseline is available. The two later cases resulted in
an additional day without an expected exposure and the following
workday can instead be seen as a baseline for the measurement
period. The same reasoning could be applied for other causes
leading to unexposed days. Owing to the half-life time of PAH
metabolites, 2 or more consecutive days without exposure are
needed to expect similar effects as for a Monday, and no such
occasions occurred in the data. Five of the missing urine samples
occurred on Fridays during week 1 and were not expected to
affect the interpretation of the next sample. Overall, missing
samples from measurements with the micro-aethalometer, diary
entries, and urine collection generally overlapped.

The intention was to divide the sampling period into two parts:
4 days during which the chimney sweeps used the traditional
sweeping technique and 4 days during which the rotating rod
technique was used, altering the technique the participants would
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start with. However, this was not achievable as most participants
only used one of the techniques, primarily traditional sweeping.

4.2 Micro-aethalometer measurements

Overall, the use of the micro-aethalometer to measure the
chimney sweeps soot exposure worked well, as a significant
difference between BC levels during task and non-task periods
was found, according to the validated diary. This suggests that
the micro-aethalometers were suitable for measuring soot
exposure. Micro-aethalometers can, in the future, be used by the
chimney sweeps, on their own, to increase the understanding of
when they are exposed to high levels of soot so that preventive
measures can be implemented.

During the project, two different models of micro-
aethalometers (MA200 and AES51) were used. For three
individuals, the AE51 model was used instead of the MA200
model due to device failure in one case and more parallel
measurements being taken than available MA200 devices in the
two other cases. The MA200 and AE51 models use the same
measurement principle, and there is no reason to suspect a
difference in the results between these instruments. The MA200
model includes automatic tape advancement when the filter spot
is saturated. This simplifies the measurement for the participant
compared with the AE51 model, which requires manual filter
changes. When talking to the participants, 19 thought their
device was easy to use and they felt confident handling it. The
one that did not used an MA200 model and experienced device
failure at the beginning of the measurement period, which was
solved with technical support from a trained occupational hygienist.
The device failure seemed to be unrelated to the handling of the
device and the participant completed the measurement period
without any further noticeable measurement errors.

To validate the comparability between the two models, side-by-
side measurements with
obtained. In the first comparison, one AE51 and two MA200s
were situated in a combustion lab at Chalmers University of
exhausts
generated in a controlled fashion were sampled. The BC

several micro-aethalometers were

Technology, Gothenburg, Sweden, where diesel
concentrations were in the range of 2-200 pg/m’, with the same
instrument setting as for the chimney sweeps. The correlations
between the instruments (%) were between 0.92 and 0.95, and
the slopes were between 0.98 and 1.08. In the other comparison
test, four AE51s and two MA200s were placed in a wood boiler
room of a single-family home for 24 h. Concentrations were in
the range of 0.1-4 pug/m’. The correlations between the six
instruments were all high (r>0.9).

Despite the variable environment and exposure that the
chimney sweeps experience, the internal flow rate calibration of
both models showed that the flow was kept within 5% of the set
flow. This suggests that both models were suitable for use in this
and similar environments.

Overall, the

measurement campaign. However, one repeated problem with

instruments performed well during the

the MA200 model involved the cartridge. For one of the chimney
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sweeps, this device failure occurred on day 4 and it was not possible
to solve the issue for the remaining measurement time. This
resulted in four lost measurement days due to this one device
failure. Increased instruction to the sweeps on how to solve the
problems during the campaign decreased the issues caused by
this malfunction.

The measurements were obtained over the whole workday,
including lunch breaks, transportation back to the workplace,
emptying the vacuum cleaner, and washing their hands back at
the workplace. Most chimney sweeps shower and change their
clothes at their workplace and measurements were completed
before these activities.

Some errors have been found in the result files from the
aethalometers. The errors occurred due to device failure or
the time change according to daylight savings time during the
sampling period, both of which led to mislabelled or missing
data in the result files. These minor errors were adjusted
manually when found.

In both the pilot study and in the present study, there was a
difference in BC levels during the task and non-task periods. In
the present study, this difference was evaluated with a statistical
These that  the

measurements are relevant for soot exposure.

test. results  suggest micro-aethalometer

4.3 Diary

The response rate of the diaries (93%) was higher than that in
similar studies using diaries (approximately 70%) (33, 34). To
validate the task entries in the diary, the velocity of movement
calculated from the GPS signal was used together with a cutoff
velocity at 8 km/h, which is unlikely to occur during sweeping
tasks. Changing the cutoff velocity to 6-10 km/h generated
negligible differences (95.2%-96.3% valid diary notes).

Some diary notes could be corrected using the combination of
calculated velocity and measured BC levels. One example was where
2 diary entries from the same participant had been noted with the
same date. These 2 diary entries could be separated by analysing
the overlap between calculated velocity, BC levels and task/non-task
periods from the diary, similar to the example in Figure 2.

Ten tasks noted in the diaries had missing start times, 14 had
missing finish times, and 5 had missing start and finish times.
These 29 tasks are included in the 1,545 tasks described in
Table 1. For the 24 tasks with only start or finish times, the task
was set to only include the given minute. This means that we
underestimated the task time and the difference in BC between
the task and non-task time displayed in Figure 1. If it was not
obvious how to correct an error noted in a diary, two
occupational hygienists discussed how to handle it.

4.4 Urine samples

The low number of missing urine samples indicates that the
participants were highly motivated to contribute to the study.
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In two separate instances, two urine sample bottles had been
labelled with the same date and approximately the same time,
which meant the samples could not be separated; the four
samples were therefore excluded from further analysis.

One concern with the urine samples was the risk of
contamination during collection. There was visible soot on the
outside of some of the bottles, which was wiped off with damp
paper before further handling. It is unclear whether the cause of
this soot was due to unclean hands while collecting the sample
or whether it occurred later when the bottles were handled.
However, contamination during the collection of urine samples
would stem from PAHs. The urine samples were analysed for
hydroxylated PAHs; a potential contamination of PAHs will not
affect the levels of hydroxylated PAHs in the sample, as the
hydroxylation of PAHs occurs in cells with the CYP450 enzyme,
which is not present in urine.

Exposure levels of 1-OH-Pyr in urine in this study did not
differ considerably from an earlier study (17) of PAHs in urine
among chimney sweeps. In this study, the median was 0.64 pg/L
(0.004-6.4 ug/L), and in the earlier study, the median was
0.56 pug/L (0.03-7.49 pg/L) (adjusted for specific gravity in both
cases). When displaying the pattern of excretion of PAH
metabolites in urine and the BC levels in the air (Figure 3), it is
obvious that PAH levels increase during the working week,
which fits with the recommendation of sampling PAH exposure
on Thursdays or Fridays. This also clearly indicates the validity
of the self-monitoring procedure performed in the study. With
biomonitoring through urine samples, as in this study, it is
possible to analyse a large number of exposures, such as metals,
solvents, pesticides, and organic pollutants, in addition to PAHs.

4.5 Limitations

There are limitations to the protocol presented in this study.
One that
measurements, there is less control and a lack of observations

limitation is the fact during  self-monitored
compared with measurements performed by a trained professional.
On the other hand, this is not always achievable during regular
hygiene exposure measurements either. However, this affects many
different factors, such as noticing and handling possible deviations
or method failure appropriately, handling and collecting samples
the same way to compare the results, and reporting sufficiently
and correctly to enable an adequate interpretation of the results.
Examples in the present study include the following: how to place
the inlet of the micro-acthalometer tube so that it does not
become blocked by clothes; when to collect the urine samples after
a shift, as different individuals were different distances away from
the facilities where samples could be collected; and when the
sweeping task should be noted as finished—is it when you go into
the car or when you put down your tools?

Many of these challenges can and have been handled by thorough
planning, learning about the field, and providing clear instructions to
the participants and having good communication with them.
Furthermore, validating with objective measures can and has been
undertaken, e.g., GPS tracking, internal time logging by the devices,
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and assessing whether the levels are realistic. However, despite all
efforts to prevent abnormalities, some uncertainty will always
remain but it is our belief that the advantages outweigh the
limitations when considering self-monitoring with this protocol.

Another area of limitation is the extension of inclusion in our
design. Something we chose to exclude was a food diary or food
restrictions, which would have been helpful when interpreting
the results from the urine samples. This was excluded to lessen
the workload of the participants. Instead, to accommodate for
the food intake factor, published data from the general
population was used. Another limitation is that there are no
duplicate samples of BC due to our limited number of devices
and the carrying out of parallel measurements of subjects. This
would have been valuable for validation. However, as described
earlier, side-by-side tests of the devices have been performed to
validate the devices.

If possible, we would, of course, have preferred a larger study
population and approximately half of the measurement time
during each of the sweeping techniques. For the urine samples, it
would have been valuable to include the weekend and to have
started on the Monday in week one. This would have provided
more certainty for the evaluation of the results and also
potentially have been easier for the participants as it would be
the same procedure every day during their measurement period.

4.6 Generalisation

Examples of occupations and environments in which the
method could be valuable include environments where exposure
to diesel exhausts occur, such as terminals for cargo transport and
road workers, as well as environments where combustion occurs,
such as the waste industry, the coal and tar production industries,
and in foundries. Another expanding occupation in larger cities in
Sweden is bicycle couriers; this method could be used to study the
and correlate the measured

exposure to traffic exhausts

concentration levels with the modelled levels using GPS tracking.

4.7 Conclusion

The self-monitoring protocol used for the chimney sweeps in
this study performed well and is a valuable method, that makes
it possible to collect large numbers of samples. The importance
of a trained professional in the planning of the study, and who
can inform and instruct the participants and be available for
questions during the measurement period, was not evaluated, but
is probably a significant reason for the high completion rate of
this study. Another key factor in the success of self-monitoring
measurement is the inclusion of highly motivated participants;
however, this was also not evaluated in the study.

The initial analysis of the data indicated a high sample quality,
and with this self-monitoring method, using a sensor together with
a task-based diary, it is possible to collect large numbers of samples
to study exposure to particles and other exposure variables with
other independently working personnel. It is concluded that this

Frontiers in Epidemiology

10.3389/fepid.2024.1436812

self-monitoring protocol has been proven to be effective and will
be of great value in future studies in aiding the collection of
sufficient numbers of samples, especially amongst groups in
which individuals work independently.
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