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What is SAMHE?

e SAMHE stands for Schools’ Air quality
Monitoring for Health and Education.

e SAMHE started in 2022 and is a research
project working with UK schools to
improve understanding of indoor air
quality.

e SAMHE started as a collaboration
between Imperial College London,
University of Cambridge,
SEl/University of York,

University of Surrey,
University of Leeds, and the
UK Health Security Agency




Alr quality In
schools matters

e Air quality describes how clean or
polluted the air we breathe is.

Poor air quality can affect our health and
wellbeing, and is linked with:

e Impacts for the lungs and heart

e Making asthma worse
e Headaches and drowsiness

e Reduced ability to concentrate/learn 7\ S
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The SAMHE method: working with schools

Schools received SAMHE team set Pupils complete fun SAMHE scientists analyse
and setup a activities on the co- activities (24), learning data to report on air
SAMHE monitor designed SAMHE Web about air quality and quality in UK classrooms,
App inputting important schools can download
contextual data own data
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SAMHE uses citizen science, why?

* Allows us to gather real-world data from hundreds of
classrooms

* Pupils and teachers gain knowledge and
understanding of air quality

* Pupils gain skills in interpreting graphs, analysing
data, doing experiments, writing creatively, etc.

* Pupils and staff can see the air quality in classrooms
and know what action to take to improve it

» Collaborative co-design ensured the SAMHE Web App
meets pupil and teachers' needs and that they use it!

SAMHE engagement and reach
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SAMHE: engagement to impact

The SAMHE monitors measure, and record, every minute:
e Carbon Dioxide (CO,)

Relative Humidity

Temperature

Particulate Matter (PM, 5)

Total Volatile Organic Compounds

SAMHE monitors in schools are now gathering
e Around 100,000 ‘school data days’ every year, or
e Around one billion data points on school air quality
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The SAMHE monitor

SAMHE findings
from CO,
monitoring in
schools




The impact of weather, outdoor temperature

About 95% of UK classrooms are naturally
ventilated.
Over last Autumn’s school term, there were
four distinct weather periods:
e First awarm period (shaded pink on the
graph), then
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Ventilation and the weather

Using these same weather bands, the SAMHE
CO, concentrations are:
e Lower during the warm weather period,
and
e Higher during the cold weather period,
e Levels during the medium weather
periods fall in between.

Warm
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In the cold period, SAMHE monitors
sometimes measured CO, levels higher than
the government guidelines.

Half-term
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Implication: classroom staff need training on
air quality; provide monitors and encourage
staff to use them

SAMHE daily mean CO; (ppm)

500

BN\ SCHOOLS' AIR QUALITY MONITORING 18/09 02/10 13/11 27/11 11/12 25/12

Date




BB101 specifies that CO, levels averaged
over the school day fall below 1,500 ppm
within naturally ventilated (95% of UK)
classrooms

When warm outside most classrooms can
comply with BB101

When cold outside about 20% of
classrooms fail to comply with BB101

Implications: staff training must include
supporting good ventilation practice even
on cold days
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SAMHE from
CO, datato
ventilation in
schools

(@ SAMHE
k B b\ SCHOOLS® AIR QUALITY MONITORING
1227, [\ FOR HEALTH AND EDUCATION

&d);

12




13

Translating CO, measurements into ventilation rates...

Where we are ... Where we need to be ...
dc 1 ©0);
V— = — C G in,1

de QC+2 V : volume r inflows
C, : outdoor (QC)in2 I Gl i ' s outflows
concentration —= |

Q : Ventilation rate ' Q0 out1
——
G : eople (sources)

C=CGC-¢C, Qs G \’54 Q0 our2
CO . q — .

¢; : indoor concentration

>:G : Total generation

’GS o ’ Gy __()QC)out,s
rate of CO, /' f I

A
*well-mixed room v | \
C=C(xy,z21t) Arbitrary sensor location
The assumptions underpinning the decay rate, or steady- X, Cx =C(X,t)
state, methods are not valid for operational indoor spaces.
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A more realistic space — the school classroom

The full equation governing excess CO, within a classroom, with the person-averaged generation rate at any
instant written as (G (t))y, is:

Q is the effective ventilation rate: Q = RQg, where:
Q5 = Qot({C)out — {C)in)/{C)our. is the total equivalent fresh

d 1p(t)CX(t) air ventilation rate being supplied to the indoor space, and
_— Q(t)lll(t)cx(t) + N(t)(G(t))N R = (C)out/{C)y is the removal efficiency.

dt
The ‘inputs’ vary This has no convenient solutions The ‘outputs’ vary
N Np: pupg {Caps)y: room average
number
Occupancy | | Cabs',}.(: at sensor
' | ' | Ny :adult N {GYwa Np, (G)np S SItIOR, ¢ sens: S€NSOr
number \ CO,sensor_—7 o asurement
co (G)n (G)na (GYp position, X
2 -~| CO, levels
generation [} et
rates | I| 10 C,: outdoor level
Q{Cabs)v t
t
o Q QC, i Room
Ventilation | _ A heterogeneit
rate 7
4 t
t T 1/1 — (Cabs>V - Co
Cabs,X - Co

The physics/room-mixing varies
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Derivation Seek: Daily average per-person vent rate, Q,,p

I J;2 H(N,)Q(D)/N(D) dt

(0)V/S} ereW occupany N(t) = Ny (t) & H(N,) = 1 when occupied, otherwise N(t) =1 & H(Np) = 0 T, is the occupied duration
Start dw(gtcx(t) I —— Qop® = Cpp Gpp(®) l W) = I ()
=
1 POCK(O) = (O W OGO
L =GOy 4,
vV d(C)y - () + N(@EXG(O)n Qpp Qpp(®)
Q) dt TC) |
s [2(GOwdt Q@
Gy Cx(D)dt ty pp
Oy = )y dt + Do some maths... X GO 4, (2
0) (C)y ftl —(Clv f i{ ) tfl e ’)th I (G®dt
10) 1
l Qpp(t) = NGO B ) =a,
2 % (G(O)w V/N(E) INGLE
(C)y dt = t — d(C) St P
ty 4 ¢, Qpp(®) ¢ Qpp(® v B a; fttlz(G(t))th
l t2 T b - Tocc
Cy V/N(f) a= a0, (G(t = Tocc(GIn 1 Cx(®)de =T Cx Foce =
ftZ(C)V dt 1 f (t) d(C)y ~ J’t ftl _ T
[ €Oy, ~ frz«:(t»N o 5 _af FoeelOn _ @ ToeelGly | Final
t Qpp(6) t1 Qpp(t) PP Gy U [ cpae | result
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Distributions and uncertainty of integral parameters
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Key facts:
Epp well approximated by a Gaussian/normal
M is the Mean value bias factor, 1 < M < 1.05
U isthe standard deviation
For classrooms, with no contextual
information: M = 1.05and U = 12%.

30
Detailed contextual

2 information
2 20
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3 information
g 10
S
& o = 0.048

0
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Measurement-location
parameter ¥

Depends on sensor positioning
and CO, heterogeneity.

Based on
literature:
oy =01, ;=1
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Using the new method... Findings for classrooms fromgﬁ,‘_‘

-
1

Easily made measurements of CO, ...
[with average CO, generation rate for children/adults
available from Persily & de Jonge (2017)]
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are translated to per-person ventilation rates
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The overall mean
ventilation rate for the
term was 5.3 | s'1p, falling

02 - to 3.8 Is1plin the cold
period
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Daily average per-person vent rate, Qpy, [L/S/p]
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Daily average per-person vent rate, Qpp, [L/s/p]
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Factors affecting classroom ventilation levels

We have seen how SAMHE CO, measurements vary significantly with outdoor
temperature. Therefore, we include outdoor temperature as a covariate within a
regression model, and for each of the school-wide factors:

» Schools are categorised into sub-datasets and a regression model (here third-order
polynomial) is least squares fitted to the sub-data (CO, as a function of outdoor
temperature). The squared residuals are summed across the sub-datasets.

* An equivalent polynomial regression model is constructed for the full dataset (i.e.
not sub-divided) and the squared residuals are summed.

* Analysis of Variance (ANOVA) is used to assess if the residuals of the sub-divided
regression model are significantly reduced compared to that of the full dataset —
this would indicate that the school-wide factor is significant.
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Factors affecting classroom ventilation levels

When controlling for outdoor temperature, we find that classroom CO, levels are
affected by:

* Fee paying status of the school.

* Index of Multiple Deprivation.

Size of student body relative to its target.

Whether a school is primary or secondary - How about with analysis of ventilation rates?

Dataset F-statistic Pr(>F)
Fee-paying status 3.566 0.01351
IMD 3.9062 0.00848
% Free school meals 1.3017 0.2721
Rural/Urban classification 0.6525 0.5813
Education phase 3.5462 0.01389
Occupancy capacity 2.2988 0.04731
Main heating fuel 1.7058 0.1636
Ventilation type 1.5886 0.1462

20



Factors affecting classroom ventilation levels

The same statistical test using average per-person ventilation rate reveals the factors
* Fee paying status of the school,

+ Index of Multiple Deprivation,

+ Size of student body relative to its target,

Reassuringly, all the same factors still have a statistically significant effect on per-person ventilation rate.

Except education phase does not!

Dataset F-statistic Pr(>F)
Fee-paying status 3.566 0.01351
IMD 3.9062 0.00848
% Free school meals 1.3017 0.2721
Rural/Urban classification 0.6525 0.5813
Education phase (CO2 based) 3.5462 0.01389
Education phase (@), based) 0.2657 0.8502
Uccupancy capacity 2.2958 U.U4751
Main heating fuel 1.7058 0.1636
Ventilation type 1.5886 0.1462

21

SAMHE findings
from PM, .
monitoring in
schools
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@'a e AURN sites
e SAMHE schools

PM, ;. can come into classrooms
from outside o

We looked at data from selected SAMHE schools
during autumn and spring terms 2023-2024.

We know PM, ; can come into schools from

)
outdoors...
e We compared the SAMHE schools data set to @?

outdoor PM concentrations at weather
stations near schools.

Let’s begin by examining autumn term ...

(@ SAMHE
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Outdoor levels of PM, «
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SAMHE schools’ levels of PM, -

30
2 20
Ed
o WHO daily average guideline: 15 Mlg/m3
o
=10

F- Outdoor average: 7.3 Mg/m3
SAMHE school average: 3.6 Mg/m3
Nov Dec Jan

— SAMHE schools
— Outdoor
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Saharan dust blown -
to the UK 7
£20 , $
g _— Saharan dust came
[T} into SAMHE
g classrooms
g 10
B At the start of school
term settled dust is f— "
brought back up into s
the air
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— SAMHE schools
— Outdoor
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What do we know about school PM, ; levels?

e SAMHE classroom PM, s levels can be affected by outdoor events that
happen nearby and large events that affect the entire country

® |mportant to consider levels during school hours
e Implications: PM, s levels in classrooms needs routine monitoring

e At least 75% of PM, 5 in schools comes from outdoors
e Implications: we must keep working to establish cleaner ambient air

e Outdoor ‘events’ contribute significantly to long-term exposure
e Implications: vital that 2021 WHO Air Quality Guidelines get enforced

(@ SAMHE

I b SCHOOLS' AIR QUALITY MONITORING

) (EALTH
U U
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Conclusions

e Classroom ventilation rates change with outdoor temperature but also
depend on other school factors:

e Schools in less deprived areas have better ventilation than those in
more deprived areas

e Schools that were more likely to be crowded showed lower per-person
ventilation rates

e Classroom PM concentrations are closely linked to outdoor PM
concentrations, and long term exposure is significantly affected by outdoor
‘events’ of nationally high PM

e Vital that we keep monitoring and improving schools’ air quality:
e SAMHE shows that research done with schools benefits everyone

e SAMHE shows that research evidence of the need to improve school air
guality can be carried out at scale

b SCHOOLS AR GUALITY MOMITORS
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Thanks for listening!

Find out more:

@ www.samhe.org.uk

X @SAMHEProject

[ SAMHE schools UK

(\ AMHE

SCHOOLS® AIR QUALITY MONITORING
FOR HEALTH AND EDUCATION

[=]:

=] Email:

hello@samhe.org.uk

Use of low-cost PM sensors

Co-location of low-cost with reference sensors

» 3254 observation of co-located daily mean
concentrations

* 4reference sensors

* 20 Plantower PMS5003 sensors

» Joutdoor locations, 1indoor

» Data selection so that measurements at
outdoor sights reflect distribution of
concentrations measured indoors

Imperial College London

Manchester

Indoor

Ref: QuantAQ MODULAIR
LC: Six Plantower PMS5003
Test size: 6 x 64 days

London Marylebone:

Outdoor

Ref: Met One BAM

LC: Four Plantower PMS5003
Test size: 4 x 336 days

London Honor Oak Park:
Outdoor

Ref: Palace Fidas 200E

LC: Four Plantower PMS5003
Testsize: 4 x 336 days

~.sle of Man

University of Cambridge:
sc  Qutdoor
Ref: Palace Fidas 200E

. LC: Six Plantower PMS5003

\ Testsize: 6 x 371 days

\ United
“Kingdom

Grea\gggin
Man§gister
o I“ o
erpool
\P Sheffield

[
Birmingham ¥
o
< 2

WALES

08/04/2025
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Co-location data

20+

Cprer pgm™

Indoor
Outdoor

5 J
20

Cre ng m™

imperial College London
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Daily mean concentration of reference sensors, Cf, vs. low cost sensors C;:

Strong correlation (Spearman’s rank correlation coefficient of
approximately 0.74, with a p-value of p < 2.2x1076)

Strong correlations also seen between SAMHE measurements
and AURN measurements (Spearman’s rank correlation is
approximately 0.83, with a p-value of p < 2.2x1076)

Root mean square error = 2.45 (ug/m?3)
Mean absolute error = 1.87 (ug/m3)

Co-location data

Bland-Altman analysis:

+1.96 sd= 4.05 |

3

Bias = 0.606

= L At
= Mean

&

a - = .52
1) 1.96sd= -5.26 |
1

2
9]

-104

10 20

Mean of Cperand Cpa pg m™*

Imperial College London
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Difference between C,f and C;- vs. mean of C.orand Cp¢:

Positive bias at low concentrations, negative concentrations
higher than ~ 4 ug/m3

Mean bias = —0.61 ug/m3

Low-cost measurements on average exceed reference
measurements




Crer pgm™”

Co-location data

Linear, least-squares fit:

Cres = 0.59 Cyc +2.15 (R? = 0.58)

20

+1.96sd = 4.05

Cret = Cre pgm™

Bias = 0.606

Mean

104
-1.96sd= -526

+ Indoor
+ Outdoor

Adjusted
- Unadjusted

0 10 20 30 0 10 20 30

Crc pgm™ Mean of Cperand Cpp g m™

Bias of adjusted low-cost measurements negative at low and high concentrations ....
Adjusted low-cost measurements expected to exceed reference measurements

Imperial College London
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Implication of co-location data on SAMHE data

Apply mapping to SAMHE datasets according to this linear mapping:

Caaj = 0.59 C +2.15 (R* = 0.58)

Continuous period data School-year data
mean | standard | median | mean | standard | median
deviation deviation
Primary SAMHE datasets | 3.71 3.68 2.46 4.54 4.80 2.81
Co-located data ‘adjusted | 4.34 2.17 3.60 4.82 2.83 3.81
SAMHE datasets’

Implications for results of PM, g analysis:

Increase in mean concentration of 0.63 pg/m3 over continuous period and 0.28 pg/m3 over school year when
adjusted rather than primary datasets are considered

Exposure of adjusted SAMHE datasets = 3234 g (primary SAMHE dataset = 3014 pg)

Exposure received during events decreases from 41% to 28% when considering the adjusted dataset rather than
primary dataset

Sources of PM, 5 responsible for up to 16% of concentrations when calculated with adjusted SAMHE dataset (up
to 25% when calculated with primary SAMHE datasets)

Imperial College London
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