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Executive Summary 

Dust monitoring was undertaken across 24 London Underground (LU) train station 
platforms and ticket halls. The monitoring was undertaken between October and 
November 2020. 

The results for the respirable dust fractions were compared against the previous dust 
monitoring exercise conducted in July 2019 at 12 LU train stations. The majority of the 
concentrations had decreased at the following eight stations: Euston Square, 
Hampstead, Paddington, King’s Cross, Piccadilly Circus, Oxford Circus, Tottenham 
Court Road and Vauxhall.  

A slight increase in dust levels were monitored at the following four LU train stations: 
Aldgate East, Baker Street, Elephant & Castle and Waterloo. The most significant 
increase in dust levels was observed at Elephant & Castle station Platform 2, 
southbound Northern line. 

The metal content within the inhalable dust fraction showed very low concentrations, 
Iron oxide was found present at greater concentrations compared to other metals 
analysed. This would be expected in the underground tunnel environment, as a result 
of the wheel-rail interface.  

The airborne dust concentration in the inhalable, PM10, respirable and PM2.5 decreased 
as the size fraction decreased as expected. Some exceptions were noted, potentially 
due to sampling variations or local interference.  
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1. Introduction 

1.1. At the request of Mr Nick Wilson, Occupational Hygienist – Transport for London, a 
dust monitoring programme was to be undertaken during October and November 2020 
at twenty-four selected platforms and ticket halls across London Underground (LU) 
stations. 

1.2. The scheduled dust monitoring sessions was to be undertaken in accordance with the 
scope specification document ES12102, version v3, 09.01.2020. ‘London 
Underground Network: Occupational Exposures to dust monitoring and survey.’ As 
follows: 

• To undertake monitoring in line with MDHS14/4 and HSG173, with exposure 
results being compared to those detailed within HSE document EH40, issue 4, 
Jan 2020, where applicable.  

• To establish the work shift exposures to respirable dust for train operators for 
each underground line  

• To establish the work shift exposures to respirable crystalline silica for train 
operators for each underground line  

• To establish the workshift exposures to respirable dust for station staff across 
a sample of 24 stations 

• To measure respirable dust levels at the platforms and gatelines of the sample 
group of stations 

• To replicate each static station measurement and personal samples on train 
operators in PM 2.5 and PM 10 aerodynamic diameter fraction sizes 

• To analyse 24 samples in inhalable fraction from the sample group of stations 
for their metallic content. 

• To measure in real time (can use photo optical measurement device) the dust 
levels along each line in Respirable, PM 10 and PM 2.5 fractions.  

• To produce a final report detailing the findings, broadly following the British 
occupational Hygiene Societies guidance on report writing.  

Undertake a programme of workplace sampling at London Underground Stations and 
in trains in accordance with the Health and Safety Executives (HSE) guidance on 
gravimetric sampling (MHDS 14/4).  

1.2.1   Undertake Work shift exposure monitoring for the train operators (drivers) on 
the following lines 

• Victoria 

• Piccadilly 

• Central 

• Northern 

• Jubilee 

• Bakerloo 

• Circle 

• District 
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The sampling for each line will involve at least 3 entire line runs (end to end) and will 
monitoring the following: 

• Respirable Dust 

• PM 2.5 

• PM 10 

• Respirable Crystalline Silica (to be analysed by the Institute of Occupational 
Medicine) 

1.2.2   Undertake real time monitoring of dust levels in train operators cabins. This 
work can be undertaken using photo optical equipment. The calibration test particulate 
density must be stated in the report and whether or not the results were corrected to 
take account of the high density of rail dusts. 

1.2.3   Undertake static and personal monitoring at 12 London Underground stations  

 

The Stations will include the following group. The number of anticipated sample points 
including one personal sample per station are detailed in brackets below: 

 

Aldgate East (4) 

Baker Street (8) 

Elephant & Castle (7) 

Euston Square (5) 

Hampstead (4) 

Kings Cross (11) 

Oxford Circus (8) 

Paddington (6) 

Piccadilly Circus (6) 

Tottenham Court Road (6) 

Vauxhall (4) 

Waterloo (8) 

 

1.2.4   Undertake static and personal monitoring at an additional twelve stations from 
across the network. These will be selected by London Underground Management and 
Trade Unions for monitoring. It is anticipated all or most of these stations will be within 
the curtilage of the North and South Circular road system 

 

The quote should assume: 

• 74 Static sampling points to measure respirable, PM 2.5, PM 10 dust fractions 

• 12 Personal samples measuring respirable dust 

• 12 sample points on the deep tube (where applicable) to measure Inhalable 
dust and to analyse those for metal content (see section 3.1.5) 
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3. Method 

3.1. Airborne dust concentrations were monitored in accordance to 4-RAIL Services 
limited, UKAS accredited laboratory number 1931, in-house test procedure 4R-E206 
Method for sampling and gravimetric analysis of respirable, thoracic and inhalable 
aerosols. On site monitoring and procedures are based on guidance given in Health & 
Safety Executive Document MDHS 14/4. 

3.2. Sampling was carried out using pumps with different sampling heads to collect the 
different fractions of dust needed, as follows: 

3.2.1. PM2.5 – sampled using SKC Personal Environmental Monitor (PEM) PM2.5 
impactor heads with glass fibre filters 

3.2.2. PM10 – sampled using SKC Personal Environmental Monitor (PEM) PM2.5 
impactor heads with glass fibre filters 

3.2.3. Respirable dust – sampled using cyclone heads with polyvinyl chloride (PVC) 
filters 

3.2.4. Inhalable dust – sampled using IOM Inhalable heads with PVC filters. 

3.3. Examples of the PM2.5, PM10, IOM inhalable and respirable cyclone dust heads and air 
samplers used in this exercise are shown in Appendix 1. 

3.4. Sampling for respirable dust, PM2.5 and PM10 was undertaken at arrival ends on each 
platform and within each ticket hall/ gate line, where LU station staff were carrying out 
customer service duties. Inhalable dust sampling was to be carried out on the deepest 
tube lines at each station. 

3.5. The sampling points and location codes are given in the table of results. 

3.6. The inhalable samples were analysed for metal content by UKAS accredited 
laboratory, Institute of Occupational Medicine (IOM), accreditation no. 0374. 

 

4. Analysis 

4.1. The samples taken on site were returned to the laboratory where gravimetric analysis 
was undertaken in accordance with MDHS 14/4 & 4-RAIL Services in-house test 
procedure 4R-E206. 

4.2. Following gravimetric analysis of the inhalable dust samples, the filters were submitted 
together with the site blanks to the Institute of Occupational Medicine (IOM) for 
quantitative analysis of metals. 
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5. Results & Discussion 

The airborne respirable dust, inhalable dust, PM2.5 and PM10 results for the station 
monitoring programme are shown in Tables 3 to 26. 

The quantitative metal concentrations of the inhalable samples are given in Tables 27 
to 30. 

The respirable dust results are summarised for each of the stations monitored, listed 
below. Where data was available from previous monitoring programme carried out in 
July 2019 (Report ref. 4RS-APO-190189-R658226, issue date February 2020), a 
comparison between concentrations was carried out in order to assess trends in dust 
levels. 

 

5.1. Respirable Dust Results 

 

5.1.1. Aldgate East Station 

The monitoring carried out on the 27th October 2020 (Table 3) showed that the 
respirable dust concentrations were between 0.43 and 0.64 mg/m3, with the highest 
sample collected from the ticket hall.  

When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a slight increase in dust levels at two out of 
three of the locations monitored. The most significant increase from previous 
monitoring programme was from 0.22 mg/m3 to 0.64mg/m3, recorded for the sample 
collected from the ticket hall. 

5.1.2. Baker Street Station 

The monitoring carried out on the 28th October 2020 (Table 4) showed that the 
respirable dust concentrations were between 0.03 and 1.18 mg/m3, with the highest 
sample collected from Platform 9. 

When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a slight increase in dust levels at the majority 
of the locations monitored. The most significant increase from previous monitoring 
programme was from 0.27 mg/m3 to 0.53mg/m3, recorded for the sample collected 
from Platform 5. 

5.1.3. Elephant & Castle Station 

The monitoring carried out on the 29th October 2020 (Table 5) showed that the 
respirable dust concentrations were between < 0.02 and 1.21 mg/m3, with the highest 
sample collected from Platform 2. 

When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a slight increase in dust levels at all of the 
locations monitored. The most significant increase from previous monitoring 
programme was from 0.43 mg/m3 to 1.21mg/m3, recorded for the sample collected 
from Platform 2. 

5.1.4. Euston Square Station 

The monitoring carried out on the 30th October 2020 (Table 6) showed that the 
respirable dust concentrations were between 0.02 and 0.42 mg/m3, with the highest 
sample collected from outside the station supervisor office.  
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When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a decrease in dust levels at all of the locations 
monitored. The most significant decrease from previous monitoring programme was 
from 0.56 mg/m3 to 0.07mg/m3, recorded for the sample collected from Platform 2. 

5.1.5. Hampstead Station 

The monitoring carried out on the 2nd November 2020 (Table 7) showed that the 
respirable dust concentrations were between 0.13 and 0.59 mg/m3, with the highest 
sample collected from Platform 2. 

When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a decrease in dust levels at all of the locations 
monitored. The most significant decrease from previous monitoring programme was 
from 1.09 mg/m3 to 0.46mg/m3, recorded for the sample collected from Platform 1. 

5.1.6. King’s Cross Station 

The monitoring carried out on the 30th November 2020 (Table 8) showed that the 
respirable dust concentrations were between 0.08 and 1.14 mg/m3, with the highest 
sample collected from Platform 3. It should be noted that the air sampler positioned at 
Platform 4 was found non-functional and no data could be reported. 

When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a slight decrease in dust levels at the majority 
of the locations monitored. The most significant decrease from previous monitoring 
programme was from 0.73 mg/m3 to 0.23mg/m3, recorded for the sample collected 
from Platform 2. 

5.1.7. Oxford Circus Station 

The monitoring carried out on the 4th November 2020 (Table 9) showed that the 
respirable dust concentrations were between < 0.02 and 1.14 mg/m3, with the highest 
sample collected from Platform 1. 

When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a slight decrease in dust levels at the majority 
of the locations monitored. The most significant decrease from previous monitoring 
exercise was of 1.64 mg/m3 to 0.98mg/m3, recorded for the sample collected from 
Platform 3. 

5.1.8. Paddington Station 

The monitoring carried out on the 5th November 2020 (Table 10) showed that the 
respirable dust concentrations were between 0.05 and 1.14 mg/m3, with the highest 
sample collected from Platform 4. 

When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a slight decrease in dust levels at half of the 
locations monitored. The most significant decrease from previous monitoring 
programme was from 0.48 mg/m3 to 0.05mg/m3, recorded for the sample collected 
from the District & Circle Line ticket hall. 

5.1.9. Piccadilly Circus Station 

The monitoring carried out on the 6th November 2020 (Table 11) showed that the 
respirable dust concentrations were between 0.07 and 1.69 mg/m3, with the highest 
sample collected from Platform 3. 
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When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a slight decrease in dust levels at the majority 
of the locations monitored. The most significant decrease from previous monitoring 
programme was from 1.56 mg/m3 to 0.11mg/m3, recorded for the sample collected 
from Platform 2. This result might be indicative due to the very low dust concentration 
obtained in comparison to the dust concentration on the sample from the other 
platforms. 

5.1.10. Tottenham Court Road Station 

The monitoring carried out on the 9th November 2020 (Table 12) showed that the 
respirable dust concentrations were between < 0.02 and 1.12 mg/m3, with the highest 
sample collected from the Platform 4. 

When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a slight decrease in dust levels at the majority 
of the locations monitored. The most significant decrease from previous monitoring 
programme was from 1.96 mg/m3 to 1.06mg/m3, recorded for the sample collected 
from Platform 2. 

5.1.11. Vauxhall Station 

The monitoring carried out on the 10th November 2020 (Table 13) showed that the 
respirable dust concentrations were between 0.36 and 1.12 mg/m3, with the highest 
sample collected from Platform 1. 

When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a slight decrease in dust levels at the majority 
of the locations monitored. The most significant decrease from previous monitoring 
programme was from 0.54mg/m3 to 0.36mg/m3, recorded for the sample collected from 
the ticket hall. 

5.1.12. Waterloo Station 

The monitoring carried out on the 11th November 2020 (Table 14) showed that the 
respirable dust concentrations were between 0.23 and 1.10 mg/m3, with the highest 
sample collected from Platform 3. 

When compared to the previous results obtained in July 2019, the general trend for 
respirable dust concentrations showed a slight increase in dust levels at the majority 
of the locations monitored. The most significant increase from previous monitoring 
programme was from 0.52 mg/m3 to 0.92mg/m3, recorded for the sample collected 
from Platform 5. 

5.1.13. Westminster Station 

The monitoring carried out on the 12th November 2020 (Table 15) showed that the 
respirable dust concentrations were between 0.35 and 0.91 mg/m3, with the highest 
sample collected from Platform 3. 

5.1.14. Mile End Station 

The monitoring carried out on the 13th November 2020 (Table 16) showed that the 
respirable dust concentrations were between 0.19 and 0.75 mg/m3, with the highest 
sample collected from Platform 4.  
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5.1.15. Holborn Station  

The monitoring carried out on the 16th November 2020 (Table 17) showed that the 
respirable dust concentrations were between 0.03 and 2.27 mg/m3, with the highest 
sample collected from Platform 1. 

5.1.16. Kennington Station 

The monitoring carried out on the 17th November 2020 (Table 18) showed that the 
respirable dust concentrations were between 0.19 and 1.00 mg/m3, with the highest 
sample collected from Platform 2.  

5.1.17. Highbury & Islington 

The monitoring carried out on the 18th November 2020 (Table 19) showed that the 
respirable dust concentrations were between 0.06 and 0.66 mg/m3, with the highest 
sample collected from Platform 3. 

5.1.18. Tooting Bec Station 

The monitoring carried out on the 19th November 2020 (Table 20) showed that the 
respirable dust concentrations were between 0.03 and 0.70 mg/m3, with the highest 
sample collected from Platform 1. 

5.1.19. London Bridge 

The monitoring carried out on the 20th November 2020 (Table 21) showed that the 
respirable dust concentrations were between 0.52 and 1.23 mg/m3, with the highest 
sample collected from the Platform 2. 

5.1.20. Bank Station 

The monitoring carried out on the 23rd November 2020 (Table 22) showed that the 
respirable dust concentrations were between 0.27 and 0.83 mg/m3, with the highest 
sample collected from Platform 5. 

5.1.21. Moorgate Station 

The monitoring carried out on the 24th November 2020 (Table 23) showed that the 
respirable dust concentrations were between 0.21 and 1.36 mg/m3, with the highest 
sample collected from Platform 8. 

5.1.22. Embankment Station 

The monitoring carried out on the 25th November 2020 (Table 24) showed that the 
respirable dust concentrations were between 0.45 and 0.94 mg/m3, with the highest 
sample collected from outside the station supervisor office. 

5.1.23. Canada Water Station 

The monitoring carried out on the 26th November 2020 (Table 25) showed that the 
respirable dust concentrations were between 0.33 and 1.15 mg/m3, with the highest 
sample collected from Platform 2.  

5.1.24. Colliers Wood Station 

The monitoring carried out on the 27th November 2020 (Table 26) showed that the 
respirable dust concentrations were between 0.28 and 0.88 mg/m3, with the highest 
sample collected from Platform 1. 
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5.2. Particulate Matter – PM2.5 and PM10  

The findings were assessed by comparing the various dust fractions concentrations at 
each of the stations monitored. A general particulate size distribution would be 
classified as follows: the inhalable fraction of dust to include all particulates with size 
diameters of up to 100 µm, the respirable fraction to include all particulates with an 
average aerodynamic diameter of up to 4-5 µm, PM10 to include all particulates with 
diameters of up to 10 µm and the PM2.5 to include all particulates with a diameter of up 
to 2.5 µm.  

Therefore, a typical particle size distribution trend for the dust concentrations obtained 
from this current monitoring exercise would show at each location monitored the 
highest concentration for the inhalable fraction, followed by PM10 concentrations, then 
respirable fraction and finally PM2.5 concentration. The findings of this trend and any 
deviations are detailed below for each station and summarised in the conclusion 
section 6. 

5.2.1. Aldgate East Station 

The results for particulate matter were between 0.15 and 0.17 mg/m3 for PM2.5 and 
between 0.49 and 0.53 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 1. 

At the majority of the locations monitored, the particulate size collection trend applied. 
There was a slight deviation, where the PM10 concentration was less than the 
respirable fraction for the samples collected from the station’s ticket hall. 

5.2.2. Baker Street Station 

The results for particulate matter were between <0.02 and 1.31 mg/m3 for PM2.5 and 
between 0.05 and 1.88 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 8. 

At two locations out of six monitored, the particulate size collection trend the trend 
applied. The respirable dust fraction concentrations were found less than the 
particulate matter PM2.5 for the samples collected from the following locations: 

• Platform 7, Jubilee line eastbound 

• Platform 9, Bakerloo line northbound 

• Platform 8, Bakerloo line southbound 

There was also a slight deviation where the PM10 concentration was less than the 
respirable fraction for the samples collected from Platform 6. 

5.2.3. Elephant & Castle Station 

The results for particulate matter were between 0.03 and 1.10 mg/m3 for PM2.5 and 
between 0.04 and 0.93 mg/m3 for PM10, highest levels were recorded on the samples 
collected from Platform 1. 

For all of the locations monitored, the particulate size collection trend did not apply.  

There were slight deviations from the trend where respirable dust fraction was greater 
than the particulate matter fraction PM10 for samples collected at the following 
locations: 

• Bakerloo line Ticket hall 

• Northern Line Ticket hall 

• Platform 2, Northern line southbound 

• Platform 3, Bakerloo line northbound 
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• Platform 4 Bakerloo line northbound 

There was a significant deviation noted for the samples collected from Platform 1, 
where the concentration for the particulate matter PM10 is less than the concentrations 
for the respirable fraction and particulate matter PM2.5.  

5.2.4. Euston Square 

The results for particulate matter were between 0.09 and 0.71 mg/m3 for PM2.5 and 
between 0.14 and 0.58 mg/m3 for PM10, with highest levels being recorded on the 
samples collected from Platform 1. 

At the majority of the locations monitored, the particulate size collection trend applied. 
There was a slight deviation, where the PM10 concentration was less than the 
respirable fraction for the samples collected from Platform 2. 
 

5.2.5. Hampstead Station 

The results for particulate matter were between 0.05 and 0.7 mg/m3 for PM2.5 and 
between 0.13 and 2.05 mg/m3 for PM10, with highest levels being recorded on the 
samples collected from Platforms 1 and 2. 

The results for the particulate size collection trend applied for the particulate matter 
PM10 concentrations being highest throughout the set of samples. However, slight 
deviations were noted for the respirable dust fraction concentrations that were found 
lower than the particulate matter PM2.5 for the samples collected from Platform 1 and 
2. 

5.2.6. King’s Cross Station 

The monitoring carried out on the 3rd November 2020 (Table 7) showed that the 
concentrations for particulate matter were between 0.05 and 1.06 mg/m3 for PM2 5 and 
between 0.05 and 1.16 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platforms 1 and 4, respectively. 

At four locations out of ten monitored, the expected particulate size collection the trend 
applied. Platform 4 could not be assessed due to no result available for the respirable 
dust fraction sample.  

There was a significant deviation observed for the sample collected from Platform 1, 
where particulate matter PM2.5 concentration was considerably greater than the 
concentrations for respirable dust fraction and particulate matter PM10. 

There were slight deviations from the trend where respirable dust fraction was greater 
than the particulate matter fraction PM10 for samples collected at the following 
locations: 

• Main Ticket hall 

• Platform 5, Piccadilly line westbound 

• Platform 7, Northern line northbound 

• Platform 3, Victoria line northbound 

 

5.2.7. Oxford Circus 

The results for particulate matter were between 0.04 and 1.06 mg/m3 for PM2.5 and 
between 0.10 and 1.85 mg/m3 for PM10, with the highest levels being recorded at 
Platform 1. 
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At the majority of the locations monitored, the particulate size collection trend applied. 
There was a slight deviation, where the PM10 concentration was less than the 
respirable fraction for the samples collected from the station’s ticket hall.  

5.2.8. Paddington Station 

The results for particulate matter were between <0.02 and 0.52 mg/m3 for PM2.5 and 
between 0.07 and 1.54 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platforms 3 and 4. 

At the majority of the locations monitored, the particulate size collection trend applied. 
There were two slight deviations, where the PM10 concentration was less than the 
respirable fraction for the samples collected from the Bakerloo line ticket hall and 
Platform 2. 

5.2.9. Piccadilly Circus Station 

The results for particulate matter were between 0.05 and 0.67 mg/m3 for PM2.5 and 
between 0.05 and 1.64 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platforms 1 and 3. 

At two of the locations monitored, the particulate size collection trend applied.  

There were two slight deviations, where the particulate matter PM10 concentration was 
less than the respirable fraction concentration for the samples collected from the ticket 
hall and Platform 3. 

There was one slight deviation, where the respirable fraction was less than the 
particulate matter PM2 5 concentration for the samples collected from Platform 2 

5.2.10. Tottenham Court Road Station 

The results for particulate matter were between 0.03 and 0.77 mg/m3 for PM2.5 and 
between 0.07 and 1.52 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platforms 1 and 2. 

At the majority of the locations monitored, the particulate size collection trend applied. 

There was one slight deviation, where the PM10 concentration was less than the 
respirable fraction for the samples collected from Platform 4. 

5.2.11. Vauxhall Station 

The results for particulate matter were between 0.42 and 0.65 mg/m3 for PM2.5 and 
between 0.60 and 1.44 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 1. 

At all of the locations monitored, the particulate size collection trend applied. 

5.2.12. Waterloo Station 

The results for particulate matter were between 0.08 and 3.25 mg/m3 for PM2.5 and 
between 0.62 and 2.56 mg/m3 for PM10, with the highest levels were recorded on the 
samples collected from Platforms 3 and 4, respectively. 

At the majority of the locations monitored, the particulate size collection trend applied. 

There was a significant deviation noted for the samples collected from the Platform 3, 
where the dust concentration for particulate matter PM10 is less than the dust 
concentrations for respirable fraction and particulate matter PM2.5. 

  



AIRBORNE DUST MONITORING AT VARIOUS LONDON UNDERGROUND STATIONS – ES12102 

4-RAIL SERVICES REPORT NO. 4RS-APO-202073-R685426 PAGE 21 OF 81 

5.2.13. Westminster Station 

The results for particulate matter were between 0.19 and 1.49 mg/m3 for PM2.5 and 
between 0.67 and 4.12 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 2. 

At the majority of the locations monitored, the particulate size collection trend applied. 

However, there was a significant deviation noted for the samples collected from the 
Platform 2, where the dust concentration for respirable dust fraction was considerably 
lower the concentration for the particulate matter PM10 and PM2.5. 

5.2.14. Mile End Station 

The results for particulate matter were between 0.32 and 0.50 mg/m3 for PM2.5 and 
between 0.32 and 1.19 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 3. 

At the majority of the locations monitored, the particulate size collection trend applied. 

There were two slight deviations, where the respirable fraction was less than the 
particulate matter PM2.5 concentration for the samples collected from the ticket hall and 
Platform 2. 

5.2.15. Holborn Station 

The results for particulate matter were between 0.25 and 0.93 mg/m3 for PM2.5 and 
between 0.09 and 2.53 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 1. 

At the majority of the locations monitored, the particulate size collection trend applied. 

There were two slight deviations, where the PM10 concentration was less than the 
concentrations for the respirable fraction and particulate matter PM2.5 for the samples 
collected from Platform 2 and ticket hall. 

5.2.16. Kennington Station  

The results for particulate matter were between 0.18 and 1.36 mg/m3 for PM2.5 and 
between 0.45 and 1.66 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 2. 

At the majority of the locations monitored, the particulate size collection trend applied. 

There was a slight deviation noted, where the respirable fraction concentration was 
less than the particulate matter PM2.5 concentration for the samples collected from 
Platform 2. 

5.2.17. Highbury & Islington Station 

The results for particulate matter were between <0.02 and 2.16 mg/m3 for PM2.5 and 
between 0.45 and 1.01 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 5. 

At one of the locations monitored, the particulate size collection trend applied. 

There was a significant deviation observed for the sample collected from Platform 5, 
where particulate matter PM2.5 concentration was considerably greater than the 
concentrations for respirable dust fraction and particulate matter PM10. 
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5.2.18. Tooting Bec Station 

The results for particulate matter were between <0.02 and 0.82 mg/m3 for PM2.5 and 
between 0.51 and 1.49 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platforms 1 and 2. 

At the majority of the locations monitored, the particulate size collection trend applied. 

There was a slight deviation noted, where the respirable fraction concentration was 
less than the particulate matter PM2.5 concentration for the samples collected from 
Platform 2. 

5.2.19. London Bridge Station 

The results for particulate matter were between 0.16 and 0.67 mg/m3 for PM2.5 and 
between 0.81 and 1.59 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 2. 

At the majority of the locations monitored, the particulate size collection trend applied. 

There was a slight deviation noted, where the particulate matter PM10 concentration 
was less than the respirable dust fraction concentration for the samples collected from 
the station’s ticket hall. 

5.2.20. Bank Station 

The results for particulate matter were between 0.19 and 0.63 mg/m3 for PM2.5 and 
between 0.99 and 1.19 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from the Northern line ticket hall/ gate line and from Platform 5. 

At the majority of the locations monitored, the particulate size collection trend applied. 

There was a significant deviation observed for the sample collected from Northern line 
ticket hall, where particulate matter PM2.5 concentration was considerably greater than 
the concentrations for respirable dust fraction and particulate matter PM10. 

5.2.21. Moorgate Station 

The results for particulate matter were between 0.10 and 0.44 mg/m3 for PM2.5 and 
between 0.30 and 1.08 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from the ticket hall/ gate line and from Platform 8. 

At two of the locations monitored, the particulate size collection trend applied.  

There were deviations noted, where the respirable fraction concentration was less than 
the particulate matter PM2.5 concentrations for the samples collected from Platform 1 
and 8. 

5.2.22. Embankment Station 

The results for particulate matter were between 0.39 and 0.57 mg/m3 for PM2.5 and 
between 0.23 and 1.47 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 4. 

At the majority of the locations monitored, the particulate size collection trend applied.  

There were two deviations noted, where the particulate matter PM10 concentrations 
were less than the respirable fraction concentrations for the samples collected from 
the Platform 3 and 4. 
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5.2.23. Canada Water Station 

The results for particulate matter were between 0.11 and 0.42 mg/m3 for PM2.5 and 
between 0.23 and 1.31 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platforms 1 and 2. 

At all of the locations monitored, the particulate size collection trend applied. 

5.2.24. Colliers Wood Station 

The results for particulate matter were between < 0.02 and 0.44 mg/m3 for PM2.5 and 
between 0.32 and 0.62 mg/m3 for PM10, with the highest levels being recorded on the 
samples collected from Platform 2. 

At one of the locations monitored, the particulate size collection trend applied.  

There were two slight deviations noted, where the respirable fraction concentrations 
were less than the particulate matter PM2.5 concentrations for the samples collected 
from Platforms 1 and 2. 
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5.3. Inhalable dust fraction and metal content 

The results for the inhalable dust fraction showed concentrations varying from 0.45 
mg/m3 for the sample collected from N/B platform of Bakerloo line at Elephant and 
Castle station, to 1.78 mg/m3 for the samples collected from N/B platform of Northern 
line at Hampstead station and E/B platform of Piccadilly line at Piccadilly Circus station. 

At twelve of the locations monitored, the concentrations for the inhalable dust and 
particulate matter PM10 followed the particle size collection trend where inhalable dust 
would be greater than PM10.  

There was a significant deviation observed for the dust concentrations between the 
inhalable dust and the particulate matter PM10 (of 1.24 mg/m3), for the samples 
collected from E/B platform of Jubilee line at Westminster station. 

The results for all the stations assessed, showed that the metal content concentrations 
were all generally low, below the applicable Workplace Exposure Limits (WELs) 

• Chromium – all results below 0.01 mg/m3 

• Manganese – all results were found between 0.001 and 0.009 mg/m3. The 
highest concentration was recorded for the sample collected from W/B platform 
of Piccadilly line at Holborn station. 

• Nickel – all results were found below or same as the limit of detection (0.001 
mg/m3) for the samples collected. 

• Zinc – all results were found below or same as the limit of detection (0.001 
mg/m3) for the samples collected. 

• Iron Oxide  - all results were found between 0.167 and 1.146 mg/m3. The 
highest concentration was recorded for the sample collected from N/B platform 
of Victoria line at Vauxhall station. 

• Copper  -  results were found below or same as the limit of detection (0.001 
mg/m3) for the majority of the samples collected. The sample collected from 
W/B platform of Central line at Oxford Circus station was found with a Copper 
concentration of 0.004 mg/m3. 

• Arsenic - were found below the limit of detection (0.001 mg/m3) for all of the 
samples collected. 

• Aluminium were found between 0.003 and 0.021 mg/m3. The highest 
concentration was recorded for the sample collected from W/B platform of 
Piccadilly line at Holborn station.  

Chromium VI was not undertaken in this analysis. This will be included in the planned 
assessment of the train operators, to be undertaken at a later date.   
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6. Conclusions 

6.1. All of the static samples taken had respirable and inhalable dust concentrations that 
would be below applicable Workplace Exposure Limits. 

6.2. When compared to previous round of sampling in July 2019 (Report ref. 4RS-APO-
190189-R658226, issue date February 2020): 

6.2.1. The results showed a general decrease in the respirable dust levels at some 
or all the monitoring locations at the following stations: Euston Square, 
Hampstead, Paddington, King’s Cross, Piccadilly Circus, Oxford Circus, 
Tottenham Court Road and Vauxhall.  

6.2.2. The results that showed a slight increase in dust levels at the following 
locations: Aldgate East, Baker Street, Elephant and Castle and Waterloo.  

6.3. Iron oxide was found present at greater concentrations compared to other metals 
analysed. This would be expected in the underground tunnel environment, as a result 
of the wear at the wheel rail interface. The highest iron oxide concentration was 
recorded for the sample collected from Platform 1 at Vauxhall station. 

6.4. The remaining metals analysed had very low concentrations, below or equal to the limit 
of detection of the analysing method for Manganese, Aluminium, Chromium, Nickel, 
Zinc, Copper and Arsenic. 

6.5. The results obtained from particulate matter PM2.5 samples showed concentrations 
between 0.17mg/m3 for the sample collected from Aldgate East station Platform 1 and 
3.25mg/m3 for the sample collected from Waterloo station Platform 3.  

6.6. The results obtained from particulate matter PM10 samples showed concentrations 
varying between 0.53mg/m3 for the sample collected from Aldgate East station 
Platform 1 and 4.12mg/m3 for the sample collected from Westminster station Platform 
2. 

6.7. The results of the inhalable dust concentrations followed the particle size distribution 
trend, with inhalable dust greater than PM10. There was one significant deviation 
observed, with the PM10 greater than the inhalable dust concentration for the samples 
taken from Platform 3 at Westminster station. 

6.8. The data showed a general trend of the larger fraction sizes having greater dust 
concentrations. However, multiple deviations from the expected trend were recorded. 
These deviations could be due to a number of factors, as follows: 

• Sampling variations and general outliers within a statistical data set; 

• Possible impact of different filter types required to be used within the impactor 
heads, compared to the cyclone and IOM sampling heads;  

• Possible local engineering activities the night before the sampling shift 
resulting in elevated concentrations.  

6.9. Resampling should be considered where abnormal results were present. 
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Appendix 1. Photos of type of samplers and sampling heads used in the 
monitoring programme.  

Figure 1. IOM Dust Head to monitor Inhalable Dust. 

 
 

Figure 2. Impactor Heads to monitor PM2.5 and PM10 aerodynamic diameter 
dust fraction size. 

 
  






