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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

Executive Summary

At the request of Louise Dearman, London Underground Limited, personal dust monitoring
for respirable dust exposure was undertaken on Station Staff and Train Operators at various
stations and train lines. In addition, personal monitoring was conducted in the saloon cars for
simufated passenger journeys. Selected samples from the Train Operator monitoring were
also analysed for crystalline silica and metals for particles of <2.5um. The samples were
collected using respirable dust cyclone heads and cyclone inhalable samplers worn by,
Station Staff and Train Operators during their shifis and 4-RAIL Analysts undertaking
passenger journeys.

Static air sampling was also undertaken to assist in the assessment of airbome dust levels in
cases where little or no platform dufies were camried out by Stalion Staff. The Grimm
portable aerosol spectrometer was also used within the frain cabs, to assess the dust size
distribution and dust concentration in real time.

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

For Train Operators, the highest respirable dust concentration measured was 1.81 mg/m® for
the Victoria Line, with most levels being below 0.5 mg/m®. Whilst these results are not
directly comparable to previous dust monitoring exercises because Train Cperator duties
vary, as a good general indication, the respirable dust concentration exposure levels for
Train Operators were in general similar to those measured previously. The lowest dust levels
were recorded for Train Operators working on the Circle and H&C Lines. For passengers, the
results were all below or same as 0.61 mg/m°. The levels recorded for 2ll lines were
significantly less than the Workplace Exposure Limit of 4 mg/m® (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 3 times the long term exposure limiti.e. 12
mg/m?® 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 limif.

For Station Staff on duty, the dust levels measured were all below 1.45 mg/m?®, and therefore
well below the Workplace Exposure Limit of 4 mg/m® (long term 8 hour Time Weighted
Average). Results for the static samples were also below the Workplace Exposure Limit of 4
mg/m°® (fong term 8 hour Time Weighted Average). The static samples were simiiar to those
measured previously, with static samples situated on platforms giving the highest readings.
Lower dust concentrations were recorded for personal samples taken on staff on gate fine
duties than for those on platform duties. At some stations, platform duties had not been
scheduled, however the combined resulis of personal samples on Station Staff and the static
monitoring samples indicate that the respirable dust concentrations at the stations assessed
were below the Workplace Exposure Limit of 4 mg/m® (long term 8 hour Time Weighted
Average).

Selected samples taken from collectors worn by Train Operators were analysed for
crystalline silica content by the Institute of Occupational Medicine (IOM). In all cases, the
levels found were helow the detection limit of <0.01 mgfilter, and were therefore well below
the Workplace Exposure Limit of 0.1 mg/m® (long term 8 hour Time Weighted Average).

Also, samples taken from PM2.5 collectors waorn by Train Operators were analysed for
metals. Apart from iron, the levels of metals found were below the respective detection limits
and in all cases, the resulis were well below the HSE workplace long term exposure limits,

4-Rail Services Report No. 4RS-RL-140792-R440676 Page 4 of 58



Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

1. Intreduction

1.1 At the request of Louise Dearman, London Underground Limited, personal monitoring
for respirable airborne dust exposure was to be undertaken on LUL Train Operators
whilst driving, on 4-RAIL Analysts undertaking passenger journeys and on Station
Staff conducting gate line duties, platform duties (Station Assistant Trains, SATs) and
other station duties.

1.2 Static monitoring for respirable airborne dust was also carried out at various
platforms. A minimum of one sample for each Line, coliected whilst monitoring Train
Operator exposure, was to be analysed for respirable crystalline silica and for metals
on the samples collected with the 2.5um size selective head (for comparison with the
IOM Report Ref TM/03/02). In addition to this, a Grimm laser scatter dust monitor was
to be used for one shift per line to gather data on the particle size distribution and
numbers of airborne particles within each size range.

1.3 The specific stations and locations where monitoring was requested were:

Personal
Aldgate East : -
District line platforms Static
[ i i Person
Baker Street Gate line, platform & station checks duties e slo al
Jubilee line platforms Static
i ies. : Personal
Elephant and Castle Gate line énd platform duties Q
Bakerloo line platforms. Static
Gate line and platform duties. Personal
Euston Square - - :
Circle and Hammersmith & City line platforms Static
Gate line duties Personal
Hampstead - , : -
Northern line platforms & Ticket office Static
- Gate line and platform duties. Personal
King’s Cross - : .
Metropolitan line platforms & Ticket office Static
i i P I
Oxford Circus Gate line and platform dlutles. erslona
Bakerloo, Central and Victoria lines platforms Static
. Gate line, platform & station checks duties Personal
Paddington -
Bakerloo line platforms Static
i i Personal
Piccadilly Circus G.ate line d-utles . :
Piccadilly line platforms & Ticket office Static
i i Pe I
Tottenham Court Road Gate line duties : . rs..ona
Central line piatforms & Station Supervisor Office | Static
Gate line and platform duties. Personal
Vauxhall .
Victoria line platforms Static
‘ Gate line and platform duties. Personal
Waterloo . :
Waterloo & City and Bakerloo line platforms Static
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

1.4

1.5

2.1

2.2

2.3

2.4

2.5

Train operator and simulated passenger journey monitoring was to be carried out on
the Bakerloo, Central, Circle and Hammersmith & City, District, Jubilee, Northern,
Piccadilly and Victeria lines.

Since the District, Hammersmith and City and Metropolitan Lines are in open air,
except in regions where they overlap with the Circle Line, it was considered that these
could be covered by monitoring in trains following the Circle Line. The Circle Line
represents the covered sections of the District, Hammersmith and City and
Metropolitan Lines and hence where the higher levels of airborne dust might be
found. Also as new rolling stock has been introduced on the District Line, it was
requested that this was monitored separately as well.

Technical Background

The health effects concerning inhalation exposure to dust are dependent upon the
size, shape and composition of the particles. In occupational health, general dust is
classified in terms of particle size, termed as inhalable, thoracic or respirable. The
inhalable fraction of dust is defined as particles that can be inhaled and deposited
throughout the respiratory tract, i.e. from the nasal to the alveolar region in the fungs.
Thoracic dust is the fraction of inhaled airborne material penetrating beyond the
larynx. Respirable dust is the term given to dust particles that are small enough to
penetrate the deep lung and therefore largely deposit in the alveolar region where gas
exchange takes place.

Respirable and inhalable dusts are currently assessed against the respective
Workplace Exposure Limits (WEL's) of 4 mg/m® and 10 mg/m® averaged over an 8-
hour reference period (Health and Safety Executive Document EH40/05, 2™ Edition
2011). Short-term exposure limits do not currently exist for airborne dust, but usually
the shori-term exposure limits are taken to be 3 times the long-term exposure limits.

The long-term 8 hour exposure limits are averages for an 8 hour shift. Consequently,
if during a shift the operator is only exposed to a level of dust for 6 hours, to allow
comparison with the HSE limits the 8 hour time weighted average exposure needs to
be calculated. For the example of 6 hours exposure in an 8 hour period the time
weighted average is 3/4 of the level measured for the six hour period. The values
quoted in the resulis tables are dust concentrations, therefore they are equivalent to 8
hours exposure in an 8 hour period. Actual exposure will be less than this.

Prolonged exposure to respirable quartz may result in silicosis, a progressive and
irreversible condition in which healthy lung tissue becomes replaced with areas of
fibrosis. The HSE Workplace Exposure Limit (WEL) for respirable crystalline silica
has been set at a level of 0.1 mg/m® averaged over an 8-hour reference period (HSE
Document EH40/05, 2nd Edition 2011).

Prolonged exposure to fine metal particles may also cause respiratory illnesses. The
HSE Workplace Exposure Limits (WEL) for Iron, Zing, Chromium, Copper, Nickel and
Manganese are detailed within the following table:
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Respirable Airborne Dust Monitoring At Various Lendon Underground Stations
And Train Lines

Units:.

iron salts (as Fe) mgim®

Copper dusts and mists (as Cu) 1 mg/m’
Total Chromium 0.5 mg/m®

Chromium (V1) compounds (as Cr) 0.05 mg/m’
NiCkel and its Water-so‘ub!e 01 mglm3
organic : 35 =

compounds Water insoluble : mg/m
Manganese and its inorganic compounds 0.5 mg/m’
Zinc chloride fume 1 mg/m’

3. Method

31 Respirable dust levels were measured following the guidance set out in the Health &
Safety Executive Document MDHS 14/4: General methods for sampling and
gravimetric analysis of respirable, thoracic and inhalable aerosols, and in house test
procedure 4R-E206 Issue 7.

32  Sampling pumps equipped with respirable dust cyclone heads or cyclone inhalable
samplers as appropriate were worn by the Train Operators, Station Staff and Analysts
on passenger journgys. The locations and location codes are given in the tables of
results. Examples of a cyclone (respirable) dust head and a cyclone inhalable
sampler to monitor particular matter of 2.5um are shown in Figures 9 and 10,

3.3 Respirable airborne dust monitoring was cartied out at aach of the stations for one
shift; timed to include the peak hours. Simulated passenger monitoring for respirable
dust took place for one set of journeys on each of the eight lines, with minimum
duration of 4 hrs per line.

34  The Train Operators monitoring was undertaken over three shifts on each line, again
timed to include peak hours. The cyclone inhalable sampler was used in one of the
shifts to monitor dust of 2.5 um. Apart from personal dust exposure measurements, a
Grimm laser scatter static dust monitor was also used during one of the shifts to take
a continuous air sample. This instrument measures in real time different size
particles by the physical principle of orthogonal light scattering.

35 The personal samples were collected on 25 mm glass fibre type A/E filters for
gravimetric analysis or 37 mm giass fibre type AJE filters for gravimetric analysis and
subsequent analysis for metals by Mass Spectrometry; or 25 mm GLA 5000 PVC
filters to allow both gravimetric analysis and then subsequent analysis for respirable
quariz by infrared spectroscopy.
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3.6

3.7

3.8

4.1

4.2

4.3

4.4

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.

On stations where there would be little or no duties on the platforms, static sampling
pumps connected to cyclone heads loaded with 25 mm glass fibre type A/E filters
were set up in strategic locations where possible. It should be noted that static results
are not the same as personal sampling results, although they can be indicative in
some circurnstances. '

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

Analysis

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

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.

Following gravimetric analysis of the personal 2.5 ym dust samples, samples were
submitted together with the blanks for analysis of metals.

The Grimm laser scatter meter is factory calibrated to a synthetic dust comprising
tmonodisperse 1um latex and micro Dolomit DR80 polydisperse powder (0.2 — 80

pmy).

5. Results

5.1
51.1

52

5.2.1

4-RAIL Analyst simulating passenger journeys

The respirable dust exposure levels assessed as representative for passengers
travelling on the different lines are given in Table 1. Monitoring was undertaken on
one set of journeys on each of the eight lines, between November 2014 and February
2015.

The respirable dust results obtained were from 0.04 to 0.60 mg/m®. The lines with
highest results were the Jubilee and the Bakerloo lines with levels of 0.55 mg/m® and
0.60 mg/m® respectively. The District and Circle lines presented the lowest exposure
results with a respirable dust level of 0.04 mg/m?®.

Train Operators
The monitored levels of respirable dust and of particulate matter of 2.5um that Train

Operators were exposed to during the train driving in each of the lines are given in
Tables 2t0 9.
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Bakerloo Line

The respirable dust and PM2.5 exposure levels for the Bakerloo Line Train Operators

measured on the 13", 17" and 18" of November 2014, are given in Table 2. The

respirable dust results were 0.41 and 0.51 mg/m® and the PM2.5 result was 0.26
 mg/m®.

Central Line

The respirable dust and PM2.5 exposure levels for the Central Line Train Operators
measured on the 10", 11" and 12" of November 2014, are given in Table 3. The
respirable dust obtained results were 0.23 and 0.45 mg/m® with a concentration of
0.23 mg/m?® for the PM2.5 result.

Circle and Hammersmith & City Lines

The respirable dust and PM2.5 exposure levels for the Circle and H&C Line Train
Operators measured on the 10", 11" and 12" of December 2014, are given in Table
4. The respirable dust results were 0.07 and 0.04 mg/m®. The measured level of
PM2.5 was 0.08 mg/m®.

District Line

The respirable dust and PM2.5 exposure levels for the District Line Train Operators
measured on the 27" of November 2014, 1* and 2™ of December 2014, are given in
Table 5. The measured level of PM2.5 was 0.09 mg/m®. The respirable dust results
were 0.15 and 0.28 mg/m®. This result of 0.28 mg/m® has been included for indicative
purposes only, as the dust pattern on the filters suggests that the filter has moved
within the sampling head meaning a non-even distribution of dust collection on the
surface of the filter and probably leading to a loss of dust.

Jubilee Line

The respirable dust and PM2.5 exposure levels for the Jubilee Line Train Operators
measured on the 24", 25" and 26" of November 2014, are given in Table 6. The
respirable dust results were 0.14 and 0.11 mg/m®. The measured level of PM2.5 was
0.14 mg/m®.

Northern Line

The respirable dust and PM2.5 exposure levels for the Northern Line Train Operators
measured on the 15", 16" and 17" of December 2014, are given in Table 7. The
respirable dust results were 0.40 and 0.61 mg/m®. The measured level of PM2.5 was
0.18 mg/m?®.

Piccadilly Line

The respirable dust and PM2.5 exposure levels for the Piccadilly Line Train Operators
measured on the 19", 20" and 21% of November 2014, are given in Table 8. The

respirable dust results were 0.18 and 0.60 mg/m?®. The measured level of PM2.5 was
0.17 mg/m®.

Victoria Line

The respirable dust and PM2.5 exposure levels for the Victoria Line Train Operators
measured on the 3%, 4™ and 8" of December 2014, are given in Table 9. The
respirable dust results were 0.46 and 1.81 mg/m®. The measured level of PM2.5 was
0.16 mg/m®.

4-Rail Services Report No. 4RS-RL-140792-R440676 - Page 9 of 58



Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

522

52.3

524

5.3

5.3.1

Selected respirable dust samples taken during the train operator monitoring across all
of the different Lines, together with blanks, were submitied to the Institute of
Occupational Medicine (IOM) for quartz analysis. :

The resulfs for each of the Lines are given in Table 22 and the certificates for the
analysis of quartz are included in Appendix 1. For each filter, the level of crystaliine
silica found was below or same as the detection limit of the analytical method,
0.01mgffilter. The calculated levels of airborne respirable crystalline silica where
therefore all <0.03 mg/m® when the volume of air sampled was accounted for.

The PM2.5 samples taken during the train operator monitoring across all of the
different Lines and blanks were submitted for the analysis of metals. The resulis are
given in Tables 23 to 25 and the certificates for the analysis of metals are included in
Appendix 2.

For each filter, the levels of analysed metals (apart from lron) were below the
detection limit of the analylical method i.e. < 0.004 mgffilter. The calculated levels of
2.5 pm metals (apart from lron) were all <0.008 mg/m® when the volume of air
sampled was accounted for. The iron levels detected were all below 0.05 mg/filter
and below 0.08 mg/m® when the volume of air sampled was accounted for.

The Grimm results are shown in graphs Figures 1 io 8. The graph of results for the
Central Line is given in counts per volume of air (Figure 2) whilst the graphs of results
for the rest of the lines are given in concentration/ mass per volume of air (Figures 1
and 3 to 8). The display difference between the Cenfral Line and the other lines is
due to a data logging issue which resulted in the Grimm monitor being set at counts
per volume of-air for the Central Line shift.

Several peaks can be observed on all of the graphs which match with times when
opening of cab doors or windows took place and also when changing ends of train at
the end of routes. The Grimm monitor was also disconnected during breaks and this
can be also noted in some of the graphs where there was no data for a certain time
period which correspond to the break time.

't can be deduced from the graphs that the Bakerloo, Piccadilly and Northern lines
presented higher dust concentration than the rest of the lines. The Circle and
Hammersmith & City line had the lowest concentration.

Station Staff

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 in primarily in
gate line and platform areas.

Where no platform duties were carried out static samplés were taken but these
cannot directly replace personal samples. In the following results summary, the focus
is on the personal samples where possible.

4-Rail Services Report No. 4RS-RL-140792-R440676 Page 10 of 58



Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

Aldgate East Station

The results for the monitoring at Aldgate East Station are given in Table 10. The
monitoring was carried out on the 18" of December 2014, The results for the personal
samples were 0.26, 0.38 and 0.75 mg/m?®. The results for the static samples at the
District Line platforms were between 0.53 and 0.75 mg/m®.

Baker Street Station

The results for the monitoring at Baker Street Station are given in Table 11. The
monitoring was carried out on the 19 of December 2014. The results for the personal
samples of the staff on platform/station checks/gate line duties were 0.97 and 1.45
mg/m®. The results for the static samples at the Jubilee Line platforms were between
1.02 and 1.03 mg/m®. |

Elephant and Castle Station

The results for the monitoring at Elephant and Castle Street Station are given in
Table 12. The monitoring was carried out on the 22" of December 2014. The results
for the personal samples were 0.10, 0.84 and 1.76 mg/m®. The results for the static
samples at the Bakerioo Line platforms were between 0.27 and 0.29 mg/m®,

Euston Square Station

The results for the monitoring at Euston Square Station are given in Table 13. The
monitoring was carried out on the 23 of December 2014. The resulis for the
personal samples were 0.15 and 0.23 mg/m°. The results for the static samples at the
ticket hall and at the H&C Line platforms were 0.39 mg/m®, 0.61 mg/m® and 0.71
mg/m?® respectively.

Hampstead Station

The results for the monitoring at Hampstead Station are given in Table 14. The
monitoring was carried out on the 5" January 2015. The results for the personal
samples of the staff on gate line duties were 0.32 and 0.47 mg/m®. The results for the
static samples at the Northern Line platforms and ticket office were between 0.27 and
0.93 mg/im’, :

King's Cross Station

The results for the monitoring at King's Cross Station are given in Table 15. The
monitoring was carried out on the 8™ January 2015. The results for the personal
samples of the staff on platform/gate line duties and for the static sample at the ticket
office were < 0.02 mg/m®. The results for the static samples at the Metropolitan Line
platforms were both 0.05 mg/m°.

Oxford Circus Station

The results for the monitoring at Oxford Circus Station are given in Table 16. The
monitoring was carried out on the 15" January 2015. The results for the personal
samples of the staff on platforms/gate line duties were between 0.14 to 0.50 mg/m®.
The results for the static samples at the Central, Victoria and Bakerloo Lines
platforms were between 0.31 to 0.87 mg/m”.

4-Rail Services Report No. 4RS-RL-140792-R440676 Page 11 of 568



Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines '

Paddington Station

The results for the monitoring at Paddington Station are given in Table 17. The
monitoring was carried out on the 14" January 2015. The resulis for the personal
samples were 0.25, 0.46 and 0.53 mg/m°. The results for the static samples at the
Bakerloo Line platforms were between 1.03 to 1.07 mg/m?®.

Piccadilly Circus Station

The results for the monitoring at Piccadilly Circus Station are given in Table 18. The
monitoring was carried out on the 8" January 2015. The result for the personal
sample of the staff on gate line duties was 0.16 mg/m®. The results for the static
sampies at the Piccadilly Line platforms, at the ticket office and by the travel
information centre were between 0.21 to 0.45 mg/m®.

Tottenham Court Road Station

The results for the monitoring at Tottenham Court Road Station are given in Table 19.
The monitoring was carried out on the 7" January 2015. The resulits for the personal
sampies of the staff on gate line duties were < 0.02 mg/m°. The results for the static
samples at the Northern Line platforms and SSOs were between 0.14 t0 0.52 mg/m?®.

Vauxhall Station

The results for the monitoring at Vauxhall Station are given in Table 20. The
monitoring was carried out on the 12" January 2015. The resuits for the personai
samples were between 0.04, 0.09 to 0.14 mg/m®. The resuits for the static samples at
the Victoria Line platforms were between 0.33 to 0.43 mg/m?®.

Waterloc Station

The results for the monitoring at Waterloo Station are given in Table 21. The
monitoring was carried out on the 13" January 2015. The results for the personal
samples were between 0.17, 0.32 to 0.83 mg/m°. The results for the static samples at
the W&C Line and Bakerloo Line platforms were between 0.08 to 0.69 mg/m®.
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6. Discussions and Conclusions

6.1

8.2

6.3

6.4

6.5

6.6

6.7

6.8

The levels of airbormne respirable dust for the personal samples taken on Train
Operators and on 4-RAIL analysts undertaking passenger journeys travelling on the
following lines: Bakerloo, Central, Circle and Hammersmith & City, District, Jubilee,
Northern, Piccadilly and Victoria, and were all below the Workplace exposure limit of 4
mg/m?® for respirable dust (long-term 8 hour time weighted average).

The highest gravimetric result obtained was for the sample of a train operator on the
Victoria Line and the lowest results were for the samples of the train operators on the
Circle and H&C Lines. As a passenger, the higher levels were found on the Jubilee and
the Bakerloo lines. The Grimm laser scatter data showed that the Bakerloo, Piccadilly
and Northern lines presented higher dust concentration than for the other lines. The
Gircle and Hammersmith & City line had the lowest concentration.

The levels of airborne respirable dust measured for personal samples taken on staff
carrying out platform/gate line/station check duties as part of their shifts at the following
stations: Aldgate East, Baker Street, Elephant and Casile, Euston Square, Hampstead,
King's Cross, Oxford Circus, Paddington, Piccadilly Circus, Tottenham Court Road,
Vauxhall and Waterloo were all below the Workplace exposure limit of 4 mg/im® for
respirable dust (long-term 8 hour time weighted average).

it should also be noted that the respirable dust levels reported for the station personnel,
4-RAIL. passengers and train operators are for the monitoring period in each case.
Where a shift lasts for less than 8 hours, the 8 hours time weighted average exposure
will be lower than the measured level so the results would all be further below the 4
mg/m® 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/m?® over a 15
minute period. Therefore, the levels recorded for the train operators, 4-Rail passengers
and station personnel were significantly below the short-term exposure limit.

The results of the static samples on the platforms would suggest that personal exposure
to respirable dust on the platforms would be below the Workplace exposure limit for
respirable dust of 4 mg/m?® (long term 8 hour time weighted average). The higher results
were for the Jubilee, Northern and Bakerloo platforms at Baker Street, Hampstead and
Paddington Stations respectively.

Quartz silica and metais results for the train drivers were all below the HSE Workplace
Exposure Limits. In a previous Report Ref TM/03/02 low levels of chromium, copper
and manganese were detected in addition to iron. In the current monitoring exercise
only iron was detected. A possible reason for this could be that the current dust levels
are slightly lower than previously or a greater use of regenerative hraking.

Compared to the previous monitoring exercises Q4RS-RH-060755-R148027, issued
March 2007, 4RS-CSI-080096-R188127, issued 13" October 2008, 4RS-MS-090457-
R219301R3, issued 26™ May 2010, 4RS-MS-110247-R317726, issued 6" October 2011
and 4RS-RL-120749-R373201, issued 10" May 2013) the majority of the results for the
Train Operators and Station personnel are similar and consistently lower than the
Workplace exposure limits of 4mg/m?® for respirable dust (long-term 8 hours time
weighted average).

Although not all of the duties and locations were monitored exactly the same as
performed in 2007, 2008, 2009, 2011 and 2013 those that were repeated, in similar
locations, generally gave similar results with no significant variations.
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6.9 It was observed on site that station staff generally spends around an hour or less at
platform level. The 4-RAIL analyst was instructed to spend a greater amount of time at
platform level in an attempt to gain worst case results. Hence, higher results are
normally obtained for the 4-RAIL analyst in comparison to the station staff.
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

Figure 9: Cyclone Dust Head to monitor Respirable Dust.

Rubber boot for
collection of larger
non respirable
particles
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Respirabkle Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

Appendix 1 : Laboratory certificates for crystalline Respirable Silica results.

YEOPIKING FOR & HEALTHIED FUTURE

CERTIFICATE OF ANALYSIS

ANALYSIS REQUESTED BY: Rosanna Smart CONTRACT NOQ: 41533
4-Rail Services Lid
Unit 11 PROJECT NO: 810
ronbridge Close
Great Centrai Way DATE OF I8SUE:  25.11.14
Londan
NW10 CUF

DATE SAMFLES RECEIVED: 17.11.14

DATE SAMPLES ANALYSED: 24.11.14

SAMPLES: 25mm "GLA-B0CH PVC filters

NO. OF SAMPLES!: Six

ANALYSIS REQUESTED: Respirable Crysialline Siliea (as Quartz)

METHOD: The samples were analysed using an in-house method described in 1OM instruction manual
number 2 (IM2) using & modification of the following method;

WMDRS 101t Heailth and Safety Executive (2008). "Crystaliine silica in respirabie girborne
dusts". Direct on filter analyses by infrared spectroscopy and X-ray diffraction. Methods for
the Determination of Hazardous Substances No. 101. HMSO, London.

Page Tof 2
A oIm-worldhorg Q‘?v_,_;, = 3
| i n. Ressarch Averwe North, Figearton, Bdinburgh, B4 4AR United Kngdam E “
et 0137 449 BUOD Fax. (131 448 084 | iomiom-world.org P KAs -
FOM GORSULTING LIMITED, registorud in Sectlund No. SC208576 b
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

CONTRACT NO: 41533
PROJECT NO: 810
DATE OF ISSUE: 25.11.14

RESULTS:
Sample Quartz Weight

Reference {mg)
140782/5 <0.01
140762/8 <0.01
140792113 <0.01
140792/14 <0.01
140792/B6 <0.01
140792/B15 <0.01

Qur detection limit for quartz using this method is 0.01mg.

COMMENTS:

IOM Consulting cannot accepl responsihility for samples that have been incorrectly collected or despatched
by external clients.

Any opinions and interpratations expressed herein are outside the scope of UKAS accrediiation.

8 Clark
Mineralogy Section Manager

Pagie Zof 2
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

WORRGNG FOR A SIEALTHIER FUTURE

CERTIFICATE OF ANALYSIS

ANALYSIS REQUESTED BY: Rosanna Smart CONTRACY NO: 41628
4-Raif Services Lid
Unit 11 PROJECT NO: 810
Ironbridge Close
Great Central Way DATE OF I88UE: 021214
London
NW 10 OUF

DATE 3AMPLES RECEIVED: 24.11.14

DATE SAMPLES ANALYSED: 01.12.14

SAMPLES: 25mm “GLA-5000" PVC filters

NG, OF SAMPLES: Three

ANALYSTS REQUESTED: Respirable Crystalline Silica (as Quartz)

METHOD: The samples were analysed using an in-house method described in QM instruction manual
number 2 {IM2) using 2 modification of the fallewing method; :

MDHS 101: Health and Safety Executive (2008). "Crystalline silica in respirable airborne
dusts”. Direct on filter analyses by infrared speciroscopy and X-ray diffraction. Methods for
the Determination of Hazardous Substances Ne. 181, HMSO, London.

Page Tof 2

wwaaliam-world.org %};

Ackxsus Research Avange North, Riccarion, Edinburgh, EH14 4AP, Linited Kingdom
0131 449 8000 Fax (131 448 8084 : Liom@igm-worlc.org

B0 CAONSULTING LIVETED, reglstermd ir Soalland No., SC205570
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Respirable Airborne Dust Monitoring At Various London Underground Stations

And Train Lines

RESULTS:

Sample Quariz Weight
Reference (mg)
140702/18 <0.01
140782/1¢ <0.01

140792/B19 =0.01

Our detection Himit for guartz using this method is 0.01mg.

COMMENTSE:

CONTRACT NO: 41828
PROJECT NQ: 610
DATE OF ISSUE: 02.12.14

[OM Consulting cannot accept responsibility for samples that have been incorrectly collected or despatched

by exiernal clients.

Any opinions and interpretations expressed harein are outside the scope of UKAS accreditation.

HE]

Mineralogy Section Manager

Page 2 of 2
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines -

WORICNG FOR A SEALTHTR FUTUAE

CERTIFICATE OF ANALYSIS

AMALY SIS REQUESTED BY: Rosanna Smart CONTRAGT NO: 41711
4-Rail Services Lid
Unit 11 PROJECT NO: 610
lronbridge Close
Great Central Way DATE OF ISSUE: 021214
London
NW 10 QUF

DATE SAMPLES RECEIVED: 2V.11.14

DATE SAMPLES ANALYSED: 01.12.14

SAMPLES: 25mm "GLA-5000" PVC fitters

HO. OF SAMPLES; Three

ANALYS1S REQUESTED: Respirablé Crystaliine Siica (as Guartz)

METHOQD: The samples were analysed using an in-house methad described in KOM instruction manual
number Z {iM2) using a medification of the following method;

MDHS 101: Health and Safety Executive (2005). “Crystalline silica in respirable airborne
dusts”, Direct on filter analyses by infrared spectroscopy and X-ray diffraction. Methods for
the Determination of Hazardous Substances No, 101. HMSO, London.

Page 1 of 2
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Respirable Airborne Dust Monitoring At Various London Underground Stations

And Train Lines

RESULTS:

Sample Quariz Weight
Reference imy}
140792/25 <0.01
140792126 0.01

140782/830 <0.01

Cur detection limit for quartz using this methed is 0.01mg.

COMMENTS:

CONTRACT NO: 44711
PROJECT NO: 610
DATE OF IB8UE: 02.12.14

IOM Consulting cannot accept responsibility for samples that have been incorrectly collected or despatched

by external clients.

Any opinlong and interpretations expressad herein are oufsitle the scope of UKAS accredifation.

AUTHORISED BY:

S Clark

Minaralogy Section Manager

Page 2 of 2
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

WORIING FOR A HEALTHIER FUTURE

GERTIFICATE OF ANALYSIS

ANALYSIS REQUESTED BY: Rosanna Smart CONTRACT NG: 41857
4-Rail Services Lid
Unit 11 PROJECT NO: 810
Ironbridge Close
Great Central Way DATE OF {S5UE: 15.12.14
London
NW10 OUF

DATE SAMPLES RECEIVED; 05.12.14

DATE SAMPLES ANALYSED: 11.12.14

SAMPLES: 25mm "GLA-5000° PVC fitters

NOQ. OF SAMPLES: Six

ANALYSIS REQUESTED: Respirable Crystaliineg Silica {as Quartz)

METHOD: The sampies were analysed using an in-house method described in [OM instruction manual
humber 2 {IM2) using a modification of the following method;

MDMS 101: Health and Safety Executive (2005). “Crystalline silica in respirable airborme
dusts”, Direct on filier analyses by infrared spectroscopy and X-ray diffraction. Methods for
the Determination of Hazardous Substances No. 101, HMSO, London.

Page Tof 2
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

CONTRACT NO: 41837
PROJECT NO: 610
DATE OF ISSUE: 15.12.14

RESULTS:

Sample Guartz Weight
Reference {mg)
140782/32 <0.01
1406792/33 <0.01
140792/837 <0.01

Our detection lirnit for quartz using this method is 0.01mg.

COMMENTS:

IOM Consulting cannot accept responsibility for samples that have been incerrecily collected or despatehed
by external clients.

Any opinions and interpretations expressed herein are outside the scope of UKAS accreditation.

S Clark
idineralogy Section Mahager

Page 2 of 2
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

WRGNG FOI A SEACTHIER SRR

CERTIFICATE OF ANALYSIS

ANALYEIS REQUESTED BY: Rosanna Smart CONTRACT HO: 41841
4-Rafl Services Lid
Linit 41 PROJECT NO: 610
lronbridge Close
. Grest Cendral Way DATE OF I8SUE: 16.12.14
London
NW 10 DUF

DATE SAMPLES RECEIVED: 11.12.14

DATE SAMPLES ANALYSED: 15.12.14

SAM§LES: 25mm "GLA-5000" PVC fitlers

NQ. OF SAMPLES: Six

ANALYSIS REQUESTED: Respirable Crystaline Silica (as Quartz)

METHOD: The samples were aralysed using an in-house method desorbed in IOM instruction manual
number 2 (M2} using a modification of the following method;

MODHS 1061; Health and Safety Executive (2005), “Crystalling silica in respirable airbome
dusts”, Direct an flter analyses by infrared spaetroscopy and X-ray diffraction. Methods for
the Determminetion of Hazardous Substances No. 101, HMSO, London.

Page 10f 2

v - werkd g ;’;}‘i‘m‘f.

2o Ressichy Meanue Mok, Piccarton, Bdinturgis, 8114 AR United Mingdom
el 9731 448 BOOD an. (T3 449 8004 bz tpmérormewotld.on
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

CONTRACT NO: 41941
PROJECT NO: 610
DATE OF ISBUE: 16.12.14

RESULTS:

Sample Quartz Weight
Reference {mg)
140792/41 <0.01
140792442 <0.01
140792/B49 <0.01 _

* Results from othei’ projecis were
removed from this certificate

Our detection limit for quartz using this methodis 0.01mg.

COMMENTS:

IOM Consulting cannot accept responsibility for samples that have been incorrectly collectad or despatched
by external clients. .

Any oginions and interpretations expressed herein are outside the scope of UKAS accreditation.

AUTHORISED BY:
S Clark
Mineralogy Section Manager

Page 2 of 2
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines :

SR

CERTIFICATE OF ANALYSIS

ANALYSIS REQUESTED BY: Rosanna Smart CONTRACT NO: 42047
4-Rail Services Lid
Lt 11 PROJECT NO: 610
Ironbiridge Close
Great Central Way DATE OF ISSUE: 22.12,14
London
NWD QUF

DATE SAMPLES RECEIVED: 19,1214

DATE 84MPLES ANALYSED: 22.12.14

SAMPLES: 25mm "GLA.S000" PVC filters

KOG, OF SAMPLES: Six

ANALYSIS REQUESTED: Resplrable Crysialline Slica (as Quartz)

METHOD: The samples were analysed using an in-house methad deseribed in 10M Instruction manual
pumbar 2 {IM2) using a modification of the following method;

MDHS 101: Health and Safety Executive (Z2008). “Crysialine silica in respirable airbome
dusts”. Direct on filter analyses by infrared spectroscopy and X-ray diffraction. Methods for
the Determination of Hazardous Substances No. 101. HMSG, Londen.

Page Tof 2
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

CONTRACT NO: 42047
PROJECT NG: 610
DATE OF [SSUE: 22.12.14

REBULTS:

Sample Quattz Weight
Reference {mg)
140792/49 <0.01
140792/50 <0.01
140792/56 <0.01
140792/57 =0.01
140762/B80 <0.01
140792/B64 <0.01

Qur detection limit for quariz using this method is 0.01mg.

COMMENTS:

1OM Consulting cannot accept responsihility for samples that have been incorrectly collected or despatched
by extarnal clisnts.

Any opinions and interpretations expressed hersin are outside the scope of UKAS accreditation.

AUTHORISED BY: -

Carolyn McGonagnle
Senfor Chemist

Page 2 of 2
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Respirable Airborne Dust Monitoring At Various Londen Underground Stations
And Train Lines

Appendix 2 : Laboratory certificates for 2.5 pm metal results.

g M) L Tl A E0 T
I8 Warlreaniietn oty A QBRI
R R B o e o g‘
Ll B WA R T
TEE AN, g‘
Test Cartificate
Cliori: 4-B84 Sordices Limited
Unit 14, Ipabsidge Close, Great Doniral ¥ ay, London, NWHD 0UF
Site: 140792 semplos
Nate Tasted: Q7415
Dwte Raportad: ¥ January, B515 Contificate Ne! $aMaseRGEEC1
Diate Feceived: 22 Dlecomber, 2014 Fite Ma: 34/5280EGS
Sinmpte Type: Filtor Cligsit Balt 24404

Lob sample et  O{9818D [ R C19519f (SEISEH G{gRiges

Cliont sample ref:|  140782/8 1407010 TAOFIR A0 THATHBRT 130782404
Date sampled:| Het provided | Not provided | Not provided [ Mot provided | Bot provided
Snrmple matrix (see noles poge): Filter Fitler Filtas Filtas Filter
a
rﬂ.:
& ]
. . =]
Deferminand Mothod Limite B4
Deviation & roEm
Devistioniz) [ CReview | MA |WA|WA] & | & | 4 | 4 1 & ]
Chromium ttoteh Ak mygonliler | W 0004 0 00 <0004 <0004 =004 =050
Coppar ANk my anfilter | N | 0.004 «0.004 «0.004 0004 =0.004 0004
Jesia AbBa maonfiter | W 10004 2.033 5.045 0.024 002 0.917
Manganesy ANSo mganfiter | N |0.004 004 <0.004 =0.004 <0004 =050
Mickel AdNgl my onfiter | N |0.004 <0.004 <0.0D4 DD =004 0504
Zinc Ablaly my an filler N [D004 0,004 0004 <0004 =0.004 0.0l
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

ngren IE) 25 R ) D R

T3 e LG AN TTID P ol A1 OEF T U

drbog Fk Tl tvE Eprn >

G AR GV EEP
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-
Test Cariificnte

Client: 4-HAIL Sorvices Liméted
Unit 19, Ionbiidge Close, Grant Cevtral Woay, Landon, NI 0 0UF
Bitp: 140792 samples
Dtots Tested: 07101715

Dute Reported: 7 Januvary, 2015 Certificate Mo: 14528R8SCT
Dote Received: 22 Docainber, 2014 Filz Mo: 14/5288/RG/S
Sample Type: Filter Gliznt Ref: 24404
Laly sample sof:]  G19B194 C188195 Clag45 Cigsigy 128188
Glient somple ref: 14070237 14070244 149079258 | fi0vadiBen | $40700/H44
Uaie swnpled: Not provided | Het provided | Nol provided | Not provided | Nol provided
Bammple rmotrix (swo notos pogel: Ealt&r iftor Filier Filter Filiar
&
B
Distarminand Methad Units g %
Devinlion Asseseniont
Digwistion(s) | C.Review | _ #hn  [rea] wa | 4 i 4 | i 4 | 4 | 4 |
Chroeium fiolaly Allgk mgon flkar | M| 0.004 004 =CU00 «0.004 <0004 <0404
Copper AhBL mgon filker | B | 0004] <0004 PREE] <£.004 =000 =004
lror Ahlgis mig) on filtar M o|aond 0041 <0104 0045 <0004 0,004
filanpanese ANae moonfiter | M 1000 <0004 «0.004 0,004 ] )
ke iMER mg on filter | M [00mg =004 <0004 <0004 <0004 =004
[Zinc L) iy o fitae M| 200 =0.004 .04 <0004 «f.004 A
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

HRwen LM Toa44 (R4 BT
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KD B MNLE A R
RERALS

Teat Certilicate

Cliert: 4-88IL Sarvicas Lindled
Unkt 11, honbridge Closs, Grant Dentral Way, Loadon, MG 2UF
Site: MOT9Z samples
Ratas Tested: G7/0W1E

Date Reportad: 7 January, 2055 Corlificate Nos 145 aRGSG
Date Received: 28 Deoamber, 214 File bos 145858RGS
Gample Typa: Fler Client Befi 24404

Lok somple eof:|  £198189
Clisrt sompls vef:| 14079%B68

Date samplad:] Mot provided |
Sampde matrix {see notes pagel: Filter

#

rﬂz

2l =
‘ . o g @
Determinand Method Enite e |3
Dpeistion Azsosement
Deviation(s) [ CoPeview | ™8 [1eA] Nen | i |
Shromiwm Uotal) Ablek g on biter | W |0.004 <0004
OpTer AMNek mg on fitter | N [0.004 50004
leom AblEe mgonfiller | W (0004, <0004
SMangoness Ablar mgenfiter | N |0.004 =0.004
Hlichet ANBk my o fillee | M O|0004] <000
Zirg Ablsk: mygen fiter | N | 0,004 ={. 004
Kotas

1. The iabirriony hak bestad Sk matsiabions suppisd by the sizm & sarmgled in socordeace with e cienl's aes ragpirements.
2. Ragabs 43 ria on e

Bigned for, and on bahalf of Exova (LK) L.

Prepansd k- Approved by

F Bazr J McEieny
Adiminisérater Laboratons Manager
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Respirable Airborne Dust Monitoring At Various London Underground Stations

And Train Lines

CONDITIONS OF ISSUE OF REPORTS.

THIS REPORT IS ISSUEDIN CONFIDENCE AND SHALL NOT BE REPRODUCED, EXCEPT IN FULL,
WITHOUT WRITTEN APPROVAL FROM 4-RAIL SERVICES.

FURTHER INFORMATION.

REQUESTS FOR ADDITIONAL INFORMATION ON THE SUBJECT OF THIS REPORT OR OTHER
QUERIES SHOULD BE ADDRESSED TO THE AUTHOR.

INITIAL

8™ JuLy 2016

ISSUED FOR COMMENT

REv 01

22ND SEPTEMBER 2016

REPORT UPDATED TO INCLUDE A REPEAT
OF THE DISTRICT LINE TRAIN GCAB

MONITORING,  FOLLOWING  DAMAGED
FILTER RESULTS.
Page 2 of 69
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

Executive Summary

At the request.of Louise Dearman, Occupational Hygiene Adviser - London Underground
Limited, personal dust monitoring for respirable dust exposure was undertaken on Station
Staff and Train Operators at various stations and within train line cabins. In addition, personal’
monitoring was conducted in the saloon cars for simulated passenger journeys. Selected
samples from the Train Operator monitoring were also analysed for crystalline silica and
metals for particles of <2.5um. The samples were collected using respirable dust cyclone
heads and cyclone inhalable samplers worn by, Train Operators and/or Station Staff during
their shifts and by 4-RAIL Analysts undertaking passenger journeys.

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 Station
Staff were not comfortable wearing 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 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 and
passenger dust exposure monitoring was carried out on the District, Jubilee, Piccadilly,
Victoria, Bakerloo, Central, Northern, Circle and Hammersmith & City lines.

For Train Operators, the highest respirable dust concentration measured was 0.86 mg/m? for
the Bakerloo Line, with most levels being below 0.50 mg/m?® 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 good general indication, the respirable dust concentration
exposure levels for Train Operators were in general similar to those measured previously.
The lowest dust levels were recorded for Train Operators working on the District, Circle and
Hammersmith & City Lines. For the simulated passengers journeys, the results were all
below or equivalent to 0.63 mg/m®. The levels recorded for all lines were significantly less
than the Workplace Concentration Exposure Limit of 4 mg/m® (long term 8 hour Time
Weighted Average). No defined short term exposure limits exist for airberne dust, but
typically the short-term exposure limits are estimated to be 3 times the long term exposure
limit i.e. 12 mg/m® 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.

For Station Staff on duty at Euston Square and Aldgate Stations, the dust levels measured
were 0.20 and 0.31 mg/m?, and therefore well below the Workplace Exposure Limit of 4
mg/m? (long term 8 hour Time Weighted Average). Where personal monitoring could not be
carried out on the Station Staff, static monitoring was employed. The combined results of
personal samples on Station Staff and the static monitoring from station Gate Lines samples
indicate that the respirable dust concentrations at the stations assessed were below the
Workplace Exposure Limit of 4 mg/m?® (long term 8 hour Time Weighted Average); highest
concentration recorded was at Piccadilly Circus station Gate Line (0.58 mg/m®). The static
samples were similar to those measured previously, with static samples situated on platforms
giving the highest readings. Lower dust concentrations were recorded for personal samples
taken on staff on gate line duties than for those on platform duties.

Selected samples taken from c¢ollectors worn by Train Operators were analysed for
crystalline silica content by the Institute of Occupational Medicine (IOM). In all cases, the
levels found were same as or below the detection limit of <0.01 mg/filter, and therefore well
below the Workplace Exposure Limit of 0.1 mg/m® (long term 8 hour Time Weighted
Average).
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Also, samples taken from PM2.5 collectors worn by Train Operators were analysed for
metals. Apart from iron, the levels of metals found were below the respective detection limits
and in all cases, the results were well below the HSE workplace long term exposure limits.
Iron levels are likely elevated due to wear at the wheel rail interface.
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines '

1.1

1.2

1.3

Introduction

At the request of Mrs Louise Dearman, London Underground Limited, personal
monitoring for respirable airborne dust exposure was to be undertaken on LUL Train
Operators whilst driving, on 4-RAIL Analysts undertaking passenger journeys and on
Station Staff conducting gate line duties, platform duties (Station Assistant Trains,
SATs) and other station duties. It should be noted that where personal monitoring
could not be carried out on the London Underground Station Staff, static monitoring
was conducted.

Static monitoring for respirable airborne dust was also carried out at various
platforms. A minimum of one sample for each Line, collected whilst monitoring Train -
Operator exposure, was to be analysed for respirable crystalline silica and for metals
on the samples collected with the 2.5um size selective head (for comparison with the
|OM Report Ref TM/03/02). In addition to this, a Grimm laser scatter dust monitor was
to be used for one shift per line to gather data on the particle size distribution.

The specific stations and locations where personal and static monitoring was
undertaken were:

Gat line duti. Personal
Aldgate —— :
District line platforms. Static
Jubilee, Bakerloo, Hammersmith & City, and Circle .
Baker Street lines platforms, Ticket Halls and Gate lines. Statlc
Elephant and Castle I?:;(:rloo line platforms, Ticket Halis and Gate Static
‘ Gate line duties. Personal
Euston Square Circle and Hammersmith & City line platforms, Static
Ticket Hall & Gate lines.
Hampstead Northern line platforms & Ticket Hall, Gate lines. Static

Piccadilly, Victoria, Northern, Hammersmith & City,
King’s Cross Circle and Metropolitan lines platforms &.Ticket Static
Halls, Gate lines.

Oxtord Circus gzlt(:rllicr)lg,s.()entral and Victoria lines platforms & Static
Piccadilly Circus Piccadilly line platforms & Main gate line. Static
Tottenham Court Centra_\l and Northern lines platforms & Northern Static

Road Gate line. '
Vauxhall Victoria line platforms ‘ Static
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- Waterloo Waterloo & City and Bakerloo line platforms Static

Paddington District & Circle, Bakerloo lines platforms Static

1.4 Train operator and simulated passenger journey monitoring was to be carried out on
the District, Jubilee, Piccadilly, Victoria, Bakerloo, Central, Northern and Circle and
Hammersmith & City lines.

1.5 Open sections of the District, Metropolitan and Hammersmith and City lines were
included in the respirable dust monitoring shifts, as they are representatwe to the
Train Operator's duty/ journey, hence his/her exposure.

2. Technical Background

2.1 The health effects concerning inhalation exposure to dust are dependent upon the
size, shape and composition of the particles. In occupational health, general dust is
classified in terms of particle size, termed as inhalable, thoracic or respirable. The
inhalable fraction of dust is defined as particles that can be inhaled and deposited
throughout the respiratory tract, i.e. from the nasal to the alveolar region in the lungs.
Thoracic dust is the fraction of inhaled airborne material penetrating beyond the
larynx. Respirable dust is the term given to dust particles that are small enough to
penetrate the deep lung and therefore largely deposit in the alveolar region where gas
exchange takes place.

2.2 Respirable and inhalable dusts are currently assessed against the respective
Workplace Exposure Limits (WEL's) of 4 mg/m® and 10 mg/m® averaged over an 8-
hour reference period (Health and Safety Executive Document EH40/05, 2™ Edition
2011). Short-term exposure limits do not currently exist for airborne dust, but usually
the short-term exposure limits are taken to be 3 times the long-term exposure limits.

2.3  The long-term 8 hour exposure limits are averages for an 8 hour shift. Consequently,
if during a shift the operator is only exposed to a'level of dust for 6 hours, to allow
comparison with the HSE limits the 8 hour time weighted average exposure needs to
be calculated. For the example of 6 hours exposure in an 8 hour period the time
weighted average is 3/4 of the level measured for the six hour period. The.values
quoted in the results tables are dust concentrations, therefore they are equivalent to 8
hours exposure in-an 8 hour period. Actual exposure will be less than this,

2.4 Prolonged exposure to respirable quartz may result in silicosis, a progressive and
irreversible condition in which healthy lung tissue becomes replaced with areas of
fibrosis. The HSE Workplace Exposure Limit (WEL) for respirable crystalline silica
has been set at a level of 0.1 mg/m® averaged over an 8-hour reference perlod (HSE
Document EH40/05, 2nd Edition 2011).

2.5 Prolonged exposure to fine metal particles may also cause respiratory illnesses. The
HSE Workplace Exposure Limits (WEL) for Iron, Zinc, Chromium, Copper, Nickel and
Manganese are detailed within the following table:
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Iron salts (as Fe) . 1 mg/m? ~
Copper dusts and mists (as Cu) 1 mg/m?
Total Chromium . 0.5 mg/m®
Chromium (V1) compounds (as Cr) 0.05 mg/m?
Nickel and its Water-soluble 0.1 mg/m®
co?;%?,ﬁfds Water insoluble 0.5 _ mg/m?®
'Manganese and its inorganic compounds 0.5 mg/m*

Zinc chloride fume

3.1

3.2

3.3

3.4

3.5

Method

Respirable dust levels were measured following the guidance set out in the Health &
Safety Executive Document MDHS 14/4: General methods for sampling and
gravimetric analysis of respirable, thoracic and inhalable aerosols, and in house test
procedure 4R-E206 Issue 7. '

Sampling pumps equipped with respirable dust cyclone heads or cyclone inhalable
samplers as appropriate were worn by the Train Operators, Station Staff and Analysts
on passenger journeys. The locations and location codes are given in the tables of
results. Examples of a cyclone (respirable) dust head and a cyclone inhalable
sampler to monitor particular matter of 2.5um are shown in Figures 9 and 10.

Respirable airborme dust monitoring was carried out at each of the stations for one
shift: timed to include the peak hours. Simulated passenger monitoring for respirable
dust took place for one set of journeys on each of the eight lines, with minimum
duration of 4 hrs per line, where possible.

The Train Operators monitoring was undertaken over three shifts on each line, again
timed to include peak hours. The cyclone inhalable sampler was used in one of the
shifts to monitor dust of 2.5 ym. Apart from personal dust exposure measurements, a
Grimm laser scatter static dust monitor was also used during one of the shifts to take
-a continuous air sample. This instrument measures in real time different size particles
by the physical principle of orthogonal light scattering. For this sampling programme
the particle sizes chosen for measurement were 10 ym, 2.5 ymand 1 pm.

The personal samples were collected on 25 mm glass fibre type A/E filters for
gravimetric analysis or 37 mm glass fibre type A/E filters for gravimetric analysis and
subsequent analysis for metals by Mass Spectrometry; or 26 mm GLA 5000 PVC:
filters to allow both gravimetric analysis and then subsequent analysis for respirable
quartz by infrared spectroscopy.
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3.6

3.7

3.8

4.1

4.2

4.3

4.4

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.

On stations where there would be little or no duties on the platforms, static sampling
pumps connected to cyclone heads loaded with 25 mm glass fibre type A/E filters
were set up in strategic locations where possible. 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.

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

Analysis

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

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.

Following gravimetric analysis of the'personal 2.5 ym dust samples, samples were
submitted together with the blanks for analysis of metals.

The Grimm laser scatter meter is factory calibrated to a synthetic dust comprising
monodisperse 'Ium latex and micro Dolomit DR80 polydisperse powder (0.2 — 80
um)

4-RAIL Services Report No. 4RS-APO-153196-R517226 - Rev01 Page 9 of 69



Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines '

5. Results

51

5.2

5.2.1

4-RAIL Analyst simulating passenger journeys

The respiréble dust exposure levels assessed as representative for passengers
travelling on the different lines are given in Table 1. Monitoring was undertaken on
one set of journeys on each of the eight lines, between 22 April 2016 and 3 May

- 2016.

The respirable dust results obtained were from <0.02 to 0.63 mg/m®. The lines with
highest results were the Victoria and Bakerloo lines with levels of 0.56 mg/m® and
0.63 mg/m?® respectively. The Circle and District lines presented the lowest exposure
results with respirable dust levels of <0.02 and 0.08 mg/m?®.

Train Operators

The m.onitored levels of respirable dust and of particulate matter of 2.5um that Train
Operators were exposed to during the train driving in each of the lines are given in
Tables 210 9.

«  District Ling

The respirable dust and PM2.5 exposure levels for the District Line measurad on the
227 March, 30" August and 08" September 2016, are given in Table 2. The
respirable dust results were between 0.07 and 0.08 mg/ m®. The measured level of
PM2.5 was 0.14 mg/m?.

+ Jubilee Line

The respirable dust and PM2.5 exposure levels for the Juhilee Line Train Operators
measured on the 24 25" and 28% March 20186, are given in Table 3. The respirable
dust results were between 0.05 and 0.27 mg/m?®. The measured level of PM2.5 was
0.05 mg/m?.

¢ Piccadilly Ling

The respirable dust and PM2.5 exposure levels for the Piccadilly Line Train Operators
measured on the 29, 30™ and 315t March 2016, are given in Table 4. The respirable
dust results were between 0.24 and 0.60 mg/m®. The measured level of PM2.5 was
0.60 mg/m?.

» Victoria Line

The respirable dust and PM2.5 exposure levels for the Victoria Line Train Operators
measured on the 1%, 4% and 5" April 20186, are given in Table 5. The respirable dust
results were between 0.23 and 0.57 mg/m®. The measured level of PM2.5 was 0.57
mg/m3.
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» Hakerloo Line

The respirable dust and PM2.5 exposure levels for the Bakerloo Line Train Operators
measured on the 6™, 7™ and 8% April 2016, are given in Table 6. The respirable dust
results were 0.44 and 0.86 mg/m?® and the PM2.5 result was 0.71 mg/m?.

¢ Central Line

The respirable dust and PM2.5 exposure levels for the Central Line Train Operators
measured on the 11", 12" and 13" April 2018, are given in Table 7. The respirable
dust obtained results were 0.25 and 0.32 mglm3 with a concentration of 0.32 mg/m?®
for the PM2.5 result.

¢ Northern Line

The respirable dust and PM2.5 exposure levels for the Northern Line Train Operators
measured on the 14", 15" and 18" April 2016, are given in Table 8. The respirable
dust results were 0. 21 and 0.83 mg/m®. The measured level of PM2.5 was 0.63
mg/m?.

e Circle and Hammersmith & City Lines

The respirable dust and PM2.5 exposure levels for the Circle and H&C Line Train
Operators measured on the 18%, 20 and 21 April 2016, are given in Table 9. The
respirable dust resuits were 0.05 and 0.08 mg/m®. The level of PM2.5 was 0.08
mg/m?3. However, the result recorded is indicative only, due to incomplete monitoring
session.

5.2.2 Selected respirable dust samples taken during the train operator monitoring across all
of the different Lines, together with blanks, were submltted to the !nstltute of
Occupational Medicine (IOM) for quartz analysis.

The results for each of the Lines are given in Table 23 and the certificates for the
analysis of quartz are inciuded in Appendix 1. For each filter, the level of crystalline
silica found was below or same as the detection limit of the analytical method,
0.01mgffilter. The calculated levels of airborne respirable crystalline silica where
therefore all <0.02 mg/m? when the volume of air sampled was accounted for.

5.2.3 The PM2.5 samples taken during the train operator monitoring across all of the
different Lines and blanks were submitted for the analysis of metals. The results are
given in Tables 24 to 26 and the certificates for the analysis of metals are included in
Appendix 2.

For each filter, the levels of analysed metals were significantly lower than the HSE
applicable Workplace Exposure Limits. For Copper and Manganese, the
concentrations were below or same as the detection limit of the analytical method i.e
<1.0 pgffilter and < 0.30 ugffilter. Chromium and Nickel concentrations were found to
be all below 0.001 mg/m?®. The calculated levels of 2.5 um metals (apart from Iron and
Zinc) were all <0.008 mg/m?® when the volume of air sampled was accounted for.

When the volume of air sampled was accounted for, the Iron levels detected were
between 0.04 and 0.33 mg/m® and the Zinc levels detected were between 0.001 and
0.095 mg/m3.
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5.2.4 The Grimm results are shown in graphs Figures 1 to 8.

Several peaks can be observed on all of the graphs which match with times when
opening of cab doors or windows took place and also when changing ends of train at -
the end of routes. The Grimm monitor was also disconnected during breaks and this
can be also noted in some of the graphs where there was no data for a certain time
period which correspond to the break time. On one occasion, during monitoring on
Central Line, the Grimm was not switched off during lunch break; Figure 6 shows the
lower levels recorded during the Train Operator's duty while not driving the train.
Some peaks can be observed during this period; however this may coincide with the
time when the 4-RAIL personnel and Train Operator were distancing/ approaching
the train environment, i.e. walking on the platform.

it can be deduced from the graphs that the Piccadilly and Northern lines presented
higher dust concentration than the rest of the lines. The District and Hammersmith &
City and Circle lines had the lowest dust concentration due to their more frequent and
lenger open sections.

5.3  Station Staff

5.3.1 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. Two personal samples were collected on this occasion,
from personnel carrying out gate line duties at Aldgate East and Euston Square
stations.

Where no platform duties were carried out or station staff were not comfortable
wearing personal samplers, static samples were taken but these cannot directly
replace personal samples. However, they do allow for an assessment of indicative
personal exposure, ' o

5.4 Stations

Aldgate East Station

The results for the monitoring at Aldgate East Station are given in Table 10. The
monitoring was carried out on the 4 May 2016. The result for the personal sample
was 0.31 mg/m®. The results for the static samples at the ticket hall, westbound and
eastbound platforms were 0.38, 0.41 and 0.55 mg/m?® respectively.

Baker Street Station

The results for the monitoring at Baker Street Station are given in Table 11. The
monitoring was carried out on the 5% May 20186.

Only static monitoring was carried out. The results for the static samples were
between <0.02 and 1.18 mg/m®. The highest dust concentrations recorded were on
the Bakerloo and Jubilee Lines.
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Elephant and Castle Station

The results for the monitoring at Elephant and Castle Street Station are given in
Table 12. The monitoring was carried out on the 6" May 2016. Only static monitoring
was- carried out. The results for the static samples at the platforms and gate lines
were between 0.03 and 0.69 mg/m? with the highest recorded on the Northern
narthbound platform.

Euston Square Station

The results for the monitoring at Euston Square Station are given in Table 13. The
monitoring was carried out on the 9" May 2016. The results for the personal sample
was 0.20 mg/m®. The results for the static samples at the ticket hall and westbound
and eastbound platforms were 0.37 and 0.46 mg/m® respectively.

Hampstead Station

The results for the monitoring at Hampstead Station are given in Table 14. The
monitoring was carried out on the 10" May 2016. Only static monitoring was carried
out. The results for the static samples at the Northern Line platforms and ticket office
were between 0.10 and 0.84 mg/m?.

King's Cross Station

The results for the monitoring at King's Cross Station are given in Table 15. The
monitoring was carried out on the 11" May 2016. The results for the static samples
throughout the station, on various train line platforms and ticket offices, were between
0.03 and 0.62 mg/m?.

Oxford Circus Station

The results for the monitoring at Oxford Circus Station are given in Table 16. The
monitoring was carried out on the 12" May 2016. The results for the static samples
were between 0.09 and 0.69 mg/m?, with highest results recorded at Bakerloo Lme
platforms.

Archway

The resuits for the monitoring at Archway Station are given in Table 17. The
monitoring was carried out on the 13" May 2016. The results for the static samples at
the Northern Line platforms and at station gate line were between 0.22 to 0.56 mg/m?®,

Piccadilly Circus Station

The results for the monitoring at Plccadllly Circus’ Station are given in Table 18. The
monitoring was carried out on the 16% May 2016. The results for the static samples
were between 0.54 to 1.01 mg/m?®, with highest results recorded at Bakerloo Line
platforms.

Tottenham Court Road Station

The results for the monitoring at Tottenham Court Road Station are given in Table 19.
The monitoring was carried out on the 17" May 2016. The results for the static
samples at the Northern and Central Line platforms were between 0.10 to 1.30 mg/m?
with highest result recorded at Central Line Eastbound platform.
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Vauxhall Station

The results for the monitoring at Vauxhall Station are given in Table 20. The
monitoring was carried out on the 18" May 2016. The results for the static samples at
the Victoria Line platforms and by the ticket office were between 0.08 o 0.77 mg/m?.

Waterloo Station

The results for the monitoring at Waterloo Station are given in Table 21. The
monitoring was carried out on the 19" May 2016. The results for the static samples
throughout the station, on various train line platforms and ticket office were between
0.06 to 1.19 mg/m?, with highest results recorded at Bakerloo Line platforms.

Paddington Station

The results for the monitoring at Paddington Station are given in Table 22. The
monitoring was carried out on the 20" May 2016. The results for the static samples at
the platforms and gate lines were between 0.01 and 0.12 mg/m®,
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6. Discussions and Conclusions

8.1 The levels of airborne respirable dust for the personal samples taken on Train
Operators and on 4-RAIL analysts undertaking passenger journeys travelling on the
following lines: District, Jubilee, Piccadilly, Victoria Bakerloo, Central, Northern, Circle
and Hammersmith & City, were all below the Workplace exposure limit of 4 mg/m? for

- respirable dust (long-term 8 hour time weighted average).

6.2 The highest gravimetric result obtained was for the sample of a train operator on the
Bakerloo Line and the lowest results were for the samples of the train operators on the
District, H&C and Circle Lines. As a passenger, the higher levels were found on the
Bakerloo and Victoria Lines. The Grimm laser scatter data showed that the Piccadilly,
Northern and Central Lines presented higher dust concentration than for the other lines.
The District, Circle and Hammersmith & City line had the lowest concentration.

6.3 The levels. of airborne respirable dust measured for personal samples taken on staff
carrying out platform/gate line/station check duties as part of their shifts at the following
stations: Aldgate East and Euston Square were below the Workplace exposure limit of
4 mg/m® for respirable dust (long-term 8 hour time weighted average). Also, all the static
samples at specific stations (platforms and gate lines) resulted in concentrations below
the Workplace exposure limit. However, it was noted that the samples from Tottenham
Court Road station’s platforms — Central & Northern Lines, were significantly higher
(between 0.79 and 1.15 mg/m?) than the previous round of monitoring carried out in
2014 (<0.02 and 0.52 mg/m®).

6.4 1t should also be noted that the respirable dust levels reported for the station personnel,
4-RAIL passengers and train operators are for the monitoring period in each case.
Where a shift lasts for less than 8 hours, the 8 hours time weighted average exposure
will be lower than the measured level so the results would all be further below the 4
mg/m? 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/m?® over a 15
minute period. Therefore, the levels recorded for the train operators, 4-RAIL passengers
and station personnel were significantly below the short-term exposure limit.

6.5 The results of the static samples on the platforms would suggest that personal exposure
to respirable dust on the platforms would be below the Workplace exposure limit for
respirable dust of 4 mg/m® (long term 8 hour time weighted average). Generally the
higher results (>1 mg/m?®) were for the Bakerloo and Central Lines platforms at Waterloo
& Baker Street, and at Tottenham Court Road station.

6.6 Quartz silica and. metals results for the frain drivers were all below the HSE applicable
Workplace Exposure Limits.

6.7 Compared to the latest monitoring exercise (4RS-RL-140792-R4406786, issued 1% May
20135) the majority of the metal analysis results for the Train Operators were similar and
consistently lower than the HSE Workplace Exposure Limits (WEL) listed in paragraph
2.5 of this report. However, iron levels were noted to be higher (between 0.04 —
indicative only —~ and 0.334 mg/m?® than the past results (between <0.004 and 0.08
mg/m?). The highest iron concentrations recorded were on Piccadilly and Bakerloo
Lines, 0.327 and 0.334 mg/m®, respectively.

6.8 Although not all of the duties and locations were monitored exactly the same as
performed in 2007, 2008, 2009, 2011, 2013 and 2014 those that were repeated, in
similar locations, generally gave similar results with no significant variations.
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

Figure 9. Cyclone Dust Head to monitor Respirable Dust.

Rubber boot for
collection of larger
non respirable
particles

Figure 10. Cyclone Inhalable Sampler to monitor PM 2.5.
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

‘Appendix 1. Laboratory certificates for crystalline Respirable Silica results.

SEHHEBNG PO A NRALTNRER FUITLIRE

CERTIFICATE OF ANALYSIS

ANALYSIS REQUESTED BY: 4-Rail Services L CONTRAGT NO: 48248
Unit 14
fronbridge Closs PROJECT NO: 810
Great Central Way _
London DATE OF ISSUE:r 03.05.15
NW1T0 DUF

DATE SAMPLES RECEIVED: 29.04.1§
DATE SAMPLES ANALYSED: 020516
SAMPLES: 25mm "GLA-EDD)" BVC filfers
| NOLOF SAMPLES: Nine
ANALYSIS REQUESTED: Respirable Crystalline Silica (as Quartz)
METHOD: The samples wera analysed using an in-house method desorlbad in 10M Instruction manual

nunther 2 {IM2) using & modification of the following method;

MDHS 101/2: Health and Safety Executive (2014). “Crystaliine sllica in respirable airborne
dusts’. Direct on fifter analyses by infrarad spectroscopy or X-ray diffraction. Methads for the
Natérmination of Mazardous Substances No. 101/2, MMSO, London,

Page 10f2

Feae
swwwinmewicon G

Hapisieras Adiays Hedepoh Svenus North, Rlocnsios, Bdinburgh, B4 AAF Untted KingraHi
Tal 151 449 8800 Faxe (131 440 8084 Ema omitioneworld.org
TESTING

KRG CURERIL TN LIBFED, raglaberand i SooBaru bha: BUOZGRENY Foon
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

CONTRAGT NO: 48240
PROJEGT NO: 610
DATE OF ISSUE!  03.05.15

RESULYS:

Sample Quartz Weight
Reference gt
4553106/33 .01
153196441 (.01

i 153186/47 <0,01
1631461852 <001
153196/B84 =<0.01
’ 153186/B73 ={),01

BRI 4.08

82010112 ) <0.01
1820 10/87 <001

Our detection fimit for quartz using this method is 0.01mg.

COMMENTS:

1OM Consiiting cannot acoept respensibility for samples that have been incorrecily collected or despatched
hy extarnal clients,

Any opinions atid inferpretations expressed harsin are cutside the scope of UKAS sceraditation.

AUTHORISED BY;

Carolyn McGonagle
Senior Chemist

Page 2 of 2

*Note: Results from other projects were included in this certificate for purposes of
non-alteration of the original analysis certificate. The results appllcable to this air
monitoring session are highlighted in the table above.
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines '

AN FUIH A FEATRIER FUTURE

CERTIFICATE OF ANALYSIS

ANALYSIS REQUESTED BY: 4-Rail Sarvices Ltd CONTRACT NO: 47910
Uniit 11
fronbridge Closs PROJECT NO: 610
Great Central Way ) )
Londan DATE OF ISBUE: 07.04.18
W10 QUF

DATE SAMPLES REGEIVED: 05.04.16:

DATE SANMPLES AN_ALYSE'D: 0B-07.04.16

SAMPLES: 25m}n YGLA-S000" PVC fillers

NOC, OF SAMPLES: Twenty four

ANALYSIS REQUESTED: Raspirablé Crystalline Sifca (as Quartz)

METHOD:  The sampies wers analysed using an in-house meitiod described in IOM Instruction manual

number 2 (IM2) using 8 modification of the following methed;

MDHS 161/2: Health and Safety Executive (2014}, "Crystaliing siica in respirable airbome
dusts”. Diract on fiter analyses by hfrared spectrascopy or X-ray diffraction, Methods for the
Determination. of Hazardous Substanéss No. 1042, HMSO, Londen. i

Page 1 of 2

oy

e

wwinmewond.ong 8

Bagldiere At Tesamveh Averas Monh, Migoarton, Edinbergh, 2H14 2AR {nited Kingdem
Tek 0181 448 BOGG P 11 449 Ga34 Erily lomilom-work] org

G CENBETRIG LISSTED, segiataroll in Soslland M. BEAGNTD
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Bobagd
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

CONTRACT NO: 47910
PROJECT NO: 610
DATE OF ISSUE:  07.04,18

RESULTS:
Sample Cuartz Weight
Reference ) {mg)
152147189 <0.01
1621477100 <0.01
152147H03 ) =0.01
1521474104 <0.01
152147/B73 <0.01
152147/B78 =0.01
162223/26 <0.0
162223/28 <0,01
182223/810 <00
18222418 =0.01
18222478 <0.01
182224110 <001
182224011 <001
162224/18 <0,0
162224/20 0.0z
182224/84 <00
182224/B7 w0
152224/B13 <0.0
15978673 <0.0
153196/ 1. =00
18319617 $.01
163196/B4 =<0.01
153196/B16 <0.01
155198/877 (-

Cur detection imit for duartz using this method is 0.01mg,

COMMENTS:

IQR% Consuliing cannot aceept responsibility for samples that have been incorrectly collected or despatched
by extarnal ¢ligats,

Any opinions and interpretations expressed hetein are outside the scope of UKAS accreditation,

AUTHORISED B‘t_

SCIark
Mineralogy Section Manager

Page 2 of 2

*Note: Results from other projects were included in this certificate for purposes of
non-alteration of the original certificate. The results applicable to this air monitoring
session are highlighted in the table above. '
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines '

VARG FUR A BEALTFR B

CERTIFICATE OF ANALYSIS

ANALYSS REQUESTED BY; 4-Rail Barvices Lid CONTRACT NO: 48003
Unit 11
fronbridge Close PROJECT NO: 610
Gireat Central Way
Londen GATE OF ISSUE: 22.04.18
NW100UF

DATE SAMPLES RECEIVED: 18.04.16

DATE SAMPLES ANALYSED; 21.0416

SAMPLES: 25mm “GLA-5000" PVC fillers

NE. OF SAMPLES: Sixteen

ANALYSIS REdUESTED: Respirabla Crystalling Sllica (as Quartz} ‘

METHOD: The samples were analysed using an in-house method described it 1OM instruction manual

number 2 (IM2) using a modification of the following method;

MDHS 161/2: Health and Safety Exscuiive (2014). *Crystaliine silica i respirable airborne
dusts”, Diract on Blter analyses by infrared speciroscopy or X-ray diffraction. Methods for the
Determination of Hazardous Substances No. 104/2. HMSO, London.

Page 10f 2

e om-worklorg %?

i A Regenrch Avehiie Moith, Rocartor, Baiabuigh, B 14 408 Unind Ringdom
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Respirable Airborne Dust Monitoring At Various London Underground Stations
And Train Lines

CONTRACT NO: 48083
PROJECT NO: 810
DATE OF 188UE:  22.04.16

RESULTS:
Sample Quartz Weight
53196-23 <{).01
33196-29 <0.01
53196-R36 <0.01 £
153198-B43 <4),01
4oty Wﬁumzﬂm [y m‘:m T m"‘é
162004-04 <{.0
162004-B <.
162008-10 =(.01
182008-12 <0,01
182008-B7 <0.01
162008-06 <001
162008-08 <0,01
162008-85 j <001
162010-06 : <0.01 -
162010-08 0.1
162010-B4 =(.01

dur-detec:ion fimit for quartz using thiz method is 0.01myg.

COMMENTS:

IOM Cansuiting cannot acoept rasponsibility for samples that have baen incorecty collected or despatshed
by sxternal clients. ’

Any-opinions and inferprétations expressed herein are qutside the stope of UKAS accreditation.

AUTHORISED 5y
S Clark
Minerafogy Section Manager

Pags 2of 2

*Note: Results from other projects were included in this certificate for purposes of
non-alteration of the original certificate. The results applicable to this air monitoring
session are highlighted in the table above.
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