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Executive Summary 

 

At the request of Mr Nick Wilson, Occupational Hygienist – Transport for London, personal 
dust monitoring for respirable dust exposure was undertaken on station staff and train 
operators at various stations and within train line cabins. Selected samples from the train 
operator monitoring were subject to crystalline silica and metals analyses. All of the samples 
were collected using respirable dust cyclone heads that would collect the respirable dust 
fraction.  

Static air sampling was also undertaken to assist in the assessment of airborne dust levels in 
cases where little or no platform duties were carried out by station staff or where the station 
personnel were not comfortable wearing a personal sampler.  The Grimm portable aerosol 
spectrometer was also used within the train cabs, to assess the dust size distribution and dust 
concentration in real time. 

The selected stations where monitoring was carried out were Aldgate East, Baker Street, 
Elephant and Castle, Euston Square, Hampstead, King’s Cross, Oxford Circus, Piccadilly 
Circus, Tottenham Court Road, Vauxhall, Waterloo and Paddington.  The Train Operator dust 
exposure monitoring was carried out on the District, Piccadilly, Jubilee, Victoria, Bakerloo, 
Central, Northern, Circle lines. 

For train operators, the highest respirable dust concentration measured was of 0.68 mg/m3 for 
the Bakerloo Line, with most levels being below this value on the rest of the lines.  Whilst these 
results are not directly comparable to previous dust monitoring exercises because train 
operator duties vary, as a general indication, the respirable dust concentration exposure levels 
were overall slightly elevated to those measured previously; Victoria, District and Circle were 
found with similar results from last round of sampling (Report ref. 4RS-APO-160906-R592277-
Rev01). The lowest dust levels resulted from sampling during train operators journeys were 
found for the personal samples taken on the District and Circle Lines. The levels recorded for 
all lines were significantly less than the Workplace Concentration Exposure Limit of 4 mg/m3 
(long term 8 hour Time Weighted Average). No defined short term exposure limits exist for 
airborne dust, but typically the short-term exposure limits are estimated to be approximately 
three times the long term exposure limit i.e. 12 mg/m3 over a 15-minute period. Therefore, the 
levels measured for the Train Operators and passengers of the different lines were significantly 
below the inferred short-term workplace exposure limit. 

Selected samples taken from collectors worn by train operators were analysed for crystalline 
silica content by the Institute of Occupational Medicine (IOM). The levels found were below the 
method detection limit of 0.01 mg/filter for all of the samples analysed. Therefore, all of the 
samples were well below the Workplace Exposure Limit of 0.1 mg/m3 (long term 8-hour TWA) 
for respirable crystalline silica.  

Similar findings were recorded following metals analysis of personal samples collected from 
the train operators during selected journeys. The majority of metals were found at 
concentrations below the method limit of detection of 0.001 mg/filter. Iron levels were found to 
vary from 0.011 mg/m3, from the personal sample collected on the District line train operator, 
to 0.202 mg/m3, from the personal sample collected on the Bakerloo line train operator. 

For station staff carrying out customer assistant duties at Waterloo, Aldgate East, Hampstead, 
Kings Cross, Oxford Circus, Paddington, Piccadilly Circus and Vauxhall stations, the dust 
levels measured were below the Workplace Exposure Limit of 4 mg/m3 (long term 8 hour Time 
Weighted Average); with the highest concentration recorded at 0.64 mg/m3 for the personal 
sample collected from the gate line to Bakerloo platforms at Paddington station. Where both 
personal and static monitoring were carried out within the stations ticket halls or gate lines, the 
results showed similar concentrations between the two types of sampling.   
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3.5 The personal samples were collected on 25 mm GLA 5000 polyvinyl chloride (PVC) 
filters to allow both gravimetric analysis and then subsequent analysis for respirable 
crystalline silica (as quartz), by infrared spectroscopy, and for quantitative metals 
analysis.  

3.6 One of the primary aims was to obtain personal monitoring data for a shift on each 
occasion.  This was either achieved by one person wearing the monitoring pump for 
the duration of the shift or a sequence of individuals wearing the same sampling head, 
or each wearing a separate sampling head. Where separate sampling heads were 
used, each was run for sufficient time to allow the filter to make a measurable weight 
gain in order to ensure accurate results.   

3.7 On stations where there would be limited or no duties on the platforms, static sampling 
pumps connected to cyclone heads loaded with PVC filters were set up in strategic 
locations where possible, generally at the end of each platform (‘head wall’ – where 
first the train enters the platform). This procedure was also adopted if station staff were 
not comfortable wearing personal sampler. However, it should be noted that static 
results are not the same as personal sampling results, although they can be indicative 
in some circumstances.   

3.8 Sampling periods are chosen to obtain sufficient dust on the filters for reliable 
gravimetric analysis.   
 
 

4. Analysis  
 

4.1 The samples taken on site were returned to the laboratory and gravimetric analysis was 
undertaken in accordance with MDHS 14/4. 

4.2 Following gravimetric analysis of the personal respirable dust samples, selected 
personal respirable dust samples, together with blanks were submitted to the Institute 
of Occupational Medicine (IOM) for quartz analysis. 

4.3 Following gravimetric analysis of the personal respirable dust samples, these were 
submitted together with the site blanks to the Institute of Occupational Medicine (IOM)   
for quantitative analysis of metals. 

4.4 The Grimm laser scatter meter is factory calibrated to a synthetic dust comprising 
monodisperse 1µm latex and micro Dolomit DR80 polydisperse powder (0.2 – 80 µm). 
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5. Results 
 

5.1 Train Operators 

5.1.1 The monitored levels of respirable dust and of particulate matter of 2.5µm that Train 
Operators were exposed to during the train driving in each of the lines are given in 
Tables 3 to 10.   

The results from the monitoring programme showed that the levels of respirable dust 
were below the HSE workplace exposure limit (EH40/50) – 4 mg/m3 over 8-hour TWA, 
throughout all lines and during all shifts. Details for each line monitored for dust 
concentrations within a train operator cab during his/ her duty are given as follows:  

 District Line 

The respirable dust exposure levels for the District Line measured on the shifts 14th, 
15th and 16 h January 2019 showed low dust concentrations varying between less than 
0.02 and 0.05 mg/m3. Concentrations of PM2.5 given during GRIMM monitoring, were 
recorded between 1.6 and 19.3 µg/m3.   
 

 Piccadilly Line 

The respirable dust exposure levels for the Piccadilly Line measured on the shifts 17th, 
18 h and 21st January 2019 showed low dust concentrations varying between 0.30 and 
0.38 mg/m3. Concentrations of PM2.5 given during GRIMM monitoring, were recorded 
between 20.7 and 271.3 µg/m3.   

 

 Jubilee Line 

The respirable dust exposure levels for the Jubilee Line measured on the shifts 22nd, 
23rd and 24th January 2019 showed low dust concentrations varying between 0.21 and 
0.35 mg/m3. Concentrations of PM2.5 given during GRIMM monitoring, were recorded 
between 8.8 and 177 µg/m3.   
 

 Victoria Line 

The respirable dust exposure levels for the Victoria Line measured on the shifts 25th, 
28 h and 29th January 2019 showed low dust concentrations varying between 0.28 and 
0.33 mg/m3. Concentrations of PM2.5 given during GRIMM monitoring, were recorded 
between 15.9 and 337.3 µg/m3. 

 

 Bakerloo Line 

The respirable dust exposure levels for the Bakerloo Line, measured on the shifts 30th 
and 31st January 2019 and 1st February 2019, showed dust concentrations varying 
between 0.45 and 0.68 mg/m3. Concentrations of PM2.5 given during GRIMM 
monitoring, were recorded between 10.7 and 265.6 µg/m3. 

 

 Central Line 

The respirable dust exposure levels for the Central line measured on the shifts 4th, 5th 
and 6th February 2019 showed low dust concentrations varying between 0.22 and 0.54 
mg/m3. Concentrations of PM2.5 given during GRIMM monitoring, were recorded 
between 7.0 and 201 µg/m3.   
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 Northern Line 

The respirable dust exposure levels for the Northern Line measured on the shifts 7th, 
8th and 11th February 2019 showed dust concentrations varying between 0.20 and 0.35 
mg/m3. Concentrations of PM2.5 given during GRIMM monitoring, were recorded 
between 3.6 and 255.2 µg/m3. 
 

 Circle Line 

The respirable dust exposure levels for the Circle Line measured on the shifts 12th, 13th 
and 14th February 2019 showed dust concentrations varying between 0.04 and 0.12 
mg/m3. Concentrations of PM2.5 given during GRIMM monitoring, were recorded 
between 9.4 and 39.0 µg/m3. 
 
 

5.1.2 The measurements for various dust size particulate matter (PM10, PM2.5 and PM1), 
have been recorded using a scatter laser (GRIMM monitor) and the results are shown 
in graphs Figures 1 to 8.  

In summary, the data collected for PM2.5 showed very low concentrations for the sub-
surface lines District and Circle Line, with maximum peaks of 19.3 and 39 µg/m3. 

The deeper tunnel lines were recorded with peaks PM2.5 concentrations between 
201.0 µg/m3 on Central line and 271.3 µg/m3 on Piccadilly line. Victoria line was noted 
the highest dust concentration than the rest of the lines at 373.3 µg/m3, during the 
monitoring shift on 29th January 2019.  

 
5.1.3 Selected respirable dust samples taken during the train operator monitoring across all 

of the different tube lines, together with site blank filters, were submitted to the Institute 
of Occupational Medicine (IOM) for quartz content analysis.  

The results for each of the Lines are given in Table 23 and the certificate for the analysis 
of quartz are included in Appendix 1.  For each filter the mass of crystalline silica found 
was below 0.01 mg/filter. The calculated levels of airborne respirable crystalline silica 
when the volume of air sampled was accounted for was less than 0.02 mg/m3. 
Therefore, all of the personal samples collected during train operators shifts were below 
0.1 mg/m3 (WEL for respirable crystalline silica, as quartz). 

 

5.1.4 The respirable fraction dust samples taken from each 3rd shift during the train operator 
monitoring across all of the eight tube lines were submitted to the Institute of 
Occupational Medicine for the analysis of various metals, along with their respective 
site blank filters. The results are given in Tables 24 to 27 and the certificate for the 
analysis of metals included within Appendix 2.  

For each sample, the levels of Nickel, Zinc, Arsenic, Copper, Chromium and 
ChromiumVI were significantly lower than the detection limit and therefore well below 
the HSE applicable Workplace Exposure Limits.   

For Manganese, all of the samples were found with concentrations below the detection 
limit of the analytical method (< 0.001 mg/m3), except for two filters - 180487/11 during 
Piccadilly shift on 21st January 2019 and 180487/29 during the Bakerloo line shift on 
the 1st February 2019 - both showed a concentration of 0.002 mg/m3.  
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Iron concentrations were the lowest for samples collected from District and Circle line 
train operators at 0.011 mg/m3 and 0.002 mg/m3. The highest iron concentration, 0.202 
mg/m3, was calculated for filter 180487/29 collected from train operator during his duty 
on Bakerloo line.  

 

5.2 Station Staff 

5.2.1 The dust levels in stations are known to be highest on the station platforms and on 
some gate line areas where the air currents carry dust from the platforms and tunnels 
past the gate line. The aim of the monitoring is to ensure that exposure is ALARP (As 
Low As Reasonably Practicable) hence the monitoring was conducted primarily within 
gate line and platform areas.  

Eight personal samples were collected on this occasion, from London Underground 
(LU) personnel carrying out mainly Customer Service Assistance (CSA) duties within 
ticket halls at Waterloo, Aldgate East, Hampstead, King’s Cross, Oxford Circus, 
Paddington, Piccadilly Circus and Vauxhall stations.  

The lowest dust exposure during this monitoring was noted during CSA duty at Vauxhall 
station ticket hall (Filter no. 180487/105), of 0.08 mg/m3. This is likely to be due to 
outside air circulating constantly through the ticket hall increasing the natural 
ventilation.  

The highest respirable dust concentrations – 0.59 mg/m3  and 0.64 mg/m3 – were noted 
for the personal samples (Filter no. 180487/84 and 180487/97) collected from LU 
station staff carrying out CSA duties within ticket halls at Oxford Circus and Paddington 
(Gate line to Bakerloo line). During monitoring, it was observed and recorded visible 
dust at these locations. 

 

5.3 Stations  

The results for the station monitoring are shown in Tables 11 - 22. 

 

Waterloo Station 

The results for the monitoring at Waterloo Station are given in Table 11. The monitoring 
was carried out on the 15th February 2019. The results for the static samples throughout 
the station, on various train line platforms and ticket office were between 0.18 to 1.32 
mg/m3, with highest concentration recorded on N/B platform of Northern Line. Jubilee 
line platforms were also noted with dust concentrations greater than 1 mg/m3. The static 
sample collected from the ticket hall/ gate line was calculated with a dust concentration 
of 0.28 mg/m3 and the personal sample with 0.20 mg/m3. 

Aldgate East Station 

The results for the dust monitoring at Aldgate East Station are given in Table 12. The 
monitoring was carried out on the 18th February 2019. The results for the static samples 
at the ticket hall, westbound and eastbound platforms were found with concentrations 
between 0.26 and 0.58 mg/m3.  
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Baker Street Station 

The results for the dust monitoring at Baker Street Station are given in Table 13. The 
monitoring was carried out on the 19th February 2019. The results for the static samples 
were found between 0.07 and 1.42 mg/m3. The highest dust concentrations recorded 
were noted on both Bakerloo Line platforms.  

 

Elephant and Castle Station 

The results for the monitoring at Elephant and Castle Street Station are given in Table 
14. The monitoring was carried out on the 20th February 2019. The results for the static 
samples were found between 0.09 and 0.69 mg/m3, with the highest recorded on the 
Northern line northbound (N/B) platform. Bakerloo line platforms recorded lower dust 
concentrations possibly due to slow train movement when entering the station, as this 
is the end of Bakerloo line on southbound (S/B). 

 

Euston Square Station 

The results for the monitoring at Euston Square Station are given in Table 15. The 
monitoring was carried out on the 21st February 2019. The results for the static samples 
were found between 0.17 and 0.39 mg/m3. The highest dust concentrations recorded 
were noted on the platforms. 

 

Hampstead Station 

The results for the monitoring at Hampstead Station are given in Table 16. The 
monitoring was carried out on the 22nd February 2019. The results for the static samples 
at the Northern Line N/B and S/B platforms showed dust concentrations of 1.06 and 
1.12 mg/m3. 

 

King’s Cross Station 

The results for the monitoring at King’s Cross Station are given in Table 17. The 
monitoring was carried out on the 25th February 2019. The results for the static samples 
throughout the station, on various train line platforms and ticket offices, were found 
between 0.11 and 1.24 mg/m3. The highest dust concentrations recorded were on the 
Piccadilly line platforms. There was no data collection possible for three static samples 
located on S/B platforms of Northern and Victoria lines, and E/B platform of Sub-
Surface lines (Metropolitan, Circle, Hammersmith and City). This was due to technical 
issues experienced with the sampling equipment. 

Oxford Circus Station 

The results for the monitoring at Oxford Circus Station are given in Table 18. The 
monitoring was carried out on the 26th February 2019. The results for the static samples 
were found between 0.78 and 1.72 mg/m3, with highest concentration recorded on 
Victoria Line S/B platform. All other platforms had dust concentrations greater than 1 
mg/m3. The static sample collected from the main ticket hall was calculated with a dust 
concentration of 0.78 mg/m3 and the personal sample with 0.59 mg/m3.  
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Paddington Station 
The results for the monitoring at Paddington Station are given in Table 19. The 
monitoring was carried out on the 27th February 2019. The results for the static samples 
at the platforms and gate lines were between 0.34 and 1.36 mg/m3. The highest dust 
concentrations recorded were on the Bakerloo Line platforms. The static sample 
collected from the ticket hall (to Bakerloo line platforms) was calculated with a dust 
concentration of 0.67 mg/m3 and the personal sample with 0.64 mg/m3. 

 

Piccadilly Circus Station 

The results for the monitoring at Piccadilly Circus Station are given in Table 20. The 
monitoring was carried out on the 28th February 2019. The results for the static samples 
were found between 0.25 to 1.42 mg/m3, with the highest result recorded for the sample 
collected from Bakerloo Line S/B platform. The lowest concentration was calculated for 
the static sample within the ticket hall (0.25 mg/m3). The personal sample collected 
from within same location was 0.21 mg/m3.  

 

Tottenham Court Road Station 

The results for the monitoring at Tottenham Court Road Station are given in Table 21. 
The monitoring was carried out on the 1st March 2019. The results for the static samples 
were between 0.05 to 1.45 mg/m3, with the highest result recorded for the sample 
collected from Central Line E/B platform. 

 

Vauxhall Station 
 
The results for the monitoring at Vauxhall Station are given in Table 22. The monitoring 
was carried out on the 4th March 2019. The results for the static samples were between 
0.06 and 0.87 mg/m3, with the highest concentration recorded on Victoria N/B platform. 
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6. Discussions and Conclusions 
 
6.1 The levels of airborne respirable dust during personal monitoring undertaken on train 

operators during their duties on the following tube lines: District, Jubilee, Piccadilly, 
Victoria, Bakerloo, Central, Northern and Circle, were all below the WEL of 4 mg/m3 for 
respirable dust (long-term 8 hour time weighted average).  
 

6.2 The respirable dust concentrations calculated following personal sampling on train 
operators during their shifts found that the highest value was for the filter-sample collected 
from the train operator on the third shift of Bakerloo Line and the lowest dust levels were 
for the filter-samples collected from the train operators on the District and Circle Lines.  

 
6.3 For the metal analysis results for the Train Operators all were below the relevant 

Workplace Exposure Limits as detailed in 2.5 of this report.  

6.4 For respirable crystalline silica results for the Train Operators, all were below the 
Workplace Exposure Limit of 0.1mg/m³. 

6.5 The data collected from the GRIMM laser scatter monitor during train operator duties 
within train cabs was analysed for various particulate matter concentrations, particular 
focus on PM2.5. Several elevated peaks were noted for Piccadilly, Bakerloo, Northern 
and Central Lines. The Victoria line recorded the highest PM2.5 concentration, whilst the 
District & Circle lines the lowest concentrations.  

 
6.6 The levels of airborne respirable dust measured for personal samples taken on staff 

carrying out Customer Service Assistance duties (to include platform/gate line/station 
checks) during their shifts at eight of the selected stations were below the workplace 
exposure limit of 4 mg/m3 for respirable dust (long-term 8 hour time weighted average).  
However, it was noted that the personal samples collected from Paddington (gate line to 
Bakerloo line) and Oxford Circus Station were recorded with the most elevated dust 
concentration when compared to the other personal samples taken in other locations. 
 
The respirable dust levels reported for the station personnel, and train operators are for 
the monitoring period in each case. Where a shift lasted for less than 8 hours, the 8-hrs 
TWA exposure will be lower than the measured level so the results would all be further 
below the 4 mg/m3 limit. No limit exists for short-term exposure, but typically, short-term 
exposure limits are taken as three times the limit for long-term exposure i.e. 12 mg/m3 
over a 15 minute period. Therefore, the levels recorded for the train operators and station 
personnel were significantly below the short-term exposure limit. 
 

6.7 All of the static samples taken at specifically selected stations, platforms and gate lines, 
also resulted in concentrations that would be below the workplace exposure limit. 
However, the static samples taken at Oxford Circus station, Victoria and Bakerloo line 
platforms, were found with significantly higher dust concentrations than all other stations.  
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Appendix 1. Laboratory certificates for crystalline Respirable Silica results. 
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