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he Fourth Daughter Directive

Directive 2004/107/EC, published in 2005 | wom o
Covers PAHs, metals in PM,, & Hg vapour e T
Target (not limit) values and assessment i . EEETERL
thresholds for Ni (20 ng/m3), As (6 ng/m?3),
Cd (5 ng/m3) & B[a]P (1 ng/m3)
Measurement of deposition of these
species, Hg & of other PAHs also required

Other measurements (Hg in PM,, and
RGM) recommended

Pb (limit value: 500 ng/m3) is covered by

2008/50/EC

Expecting 2013 revision to coalesce
2004/107/EC & 2008/50/EC



Directive Requirements

Species _ _
Metal A Polycyclic Aromatic
etals ercury Hydrocarbons
Phase
Ni, As, Cd Hg — recommended at | B[a]P + 6 other PAHs
PM,, phase , )
(Pb: 2008/50/EC) background sites (BS) | at selected sites
Gaseous N/A TGM - BS
phase RGM — recommended
at BS
Deposition Total Ni, As, Cd Total Hg — BS Total B[a]P + 6 other

- BS

PAHs - BS




UK’s Delivery: multi-day filter-based
networks

Species

Phase

Metals

Mercury

Polycyclic Aromatic
Hydrocarbons

PM,, phase
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25 ‘urban and industrial’ sites
14 metals measured in PM,,
13 co-located TGM sites
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Weekly/monthly
sampling, 6 L/h
TD-AFS,

- EN15852

Weekly sampllng,ul m3/rF | Daily samplmg 30 m3/h |
Acid digestion, ICP- MS, EN14902 | Solvent extraction, GC-MS, EN15549




Normalised Emissions
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Pb at Cromwell Road, London
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= |f only all air quality relationships were this clear...
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Temporal concentration and

emission trends for B[a]P

UK median B[a]P concentration / ng m?
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Current concentrations (Metals) — 2011
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= Despite the general trend of falling concentrations there are
some monitoring stations with higher concentrations

» Metals processing and refining industries



. -3
Benzo[a]pyrene mass concentration / ng.m

Current concentrations (B[a]P) — 2010
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= Qill refineries, coke works and Northern Irish solid fuel use



he future...

= There are still some 4t DD compliance issues to be
addressed in the UK: activities already in place

= Extensive monitoring is still required to assess these
concentrations (and to calibrate modelling — emissions
Inventories alone are not good enough)

»= Revisions to Directives are forthcoming; in this context:

« What might happen to concentrations in the future?
e Could/should we use different analytical techniques?
¢ Can we add more value to the data sets produced?

e Should we perform extra Hg monitoring in urban
areas?



Regression of ambient
concentrations against

emissions — Metals

Ambient concentration / ng m
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Results

¢; s percentage
ol 2007 ambient

Metal hing m ' Mg' c;iing m concentration (%)
Cd 0.033 + 0.007 0.37 + 0.06 T78-107

Cr 0.0054 + 0.0041 4.0 £ 0.5 72-92

Cu 0.077 £ 0.026 14 + 3 6397

Ni 0.020 + 0.004 1.8 405 3461

Pb 0.16 £ 0.02 | I 0 53-93

V 0.015 = 0.005 -44+ 28 N/A

/n 0.058 = 0.014 11-=10 23]

Ambient concentration / ng m"

@
&

3.0

2.5 7
2.0 1
1.5 1
1.0

0.5
0.0

0

5

T T T T

10 15 20 25

Emissions / Mg

C; IS an indication of the concentration in the absence of emissions
(owing to re-suspension, natural emissions etc) — and shows how much

lower concentrations may go. V is an outlier

30

b, iIs an indication of the sensitivity of ambient concentration to emissions
Why does the range of b, range between 6 and 185 Mg/(hg m3)
Too much to be explained by differences in the proportion of emissions

in the PM,,, fraction

Related to balance of emissions between point and diffuse sources



Correlation of sensitivity with
diffuse sources

= Percentage of transport ke [
related emissions a surrogate 2 —
for diffuse emissions -u% 50 | {19:5';
" Almost all sites close to roads -z a 3
/ transport sources v U
-
= Therefore as % transport 2 40 1
emissions go up so does the [ ANi
sensitivity & "‘L \ i
| 5 204 |
= Metals generally emitted from = cd Zn
point source sites which = Cr e
impact on few sites ~ 0 !'L | | =
= V again somewhat of an 0.00 0.05 0.10 0.15

outlier

=  Are emissions estimates
correct for V?

b;/ng m™ W’Ig'1

RJC Brown, J. Environ. Monit., 2010, 12, 665-671



The case of no (or few) local

emissions
16

0 Eskdalemuir

= Extrapolated value of 14 4 B Extrapolation

concentration in absence of

£

g
emission benchmarked = I
against Eskdalemuir (rural = 10 - . |
background site) 5 . . |
* Reasonable agreement given ~ $ .‘ .
Eskdalemuir is only an g 67 |
approximation —no local re- & 4. |
suspension e.g. of Cuand Zn 3 |
from car, road furniture wear E 2- 1
= Within factor of 2 for Ni and 0 - =
Zn and 5 for other metals Cd Cr Cu N Pb 2Zn

RJC Brown, J. Environ. Monit., 2010, 12, 665-671




Regression analysis for B[a]P

1.6

UK median B[a]P concentration / ng m”
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Intercept of
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Sensitivity
0.02 ng m31t?
Bla]P
emissions
from natural
sources,
estimated by
the NAEI as
2.88 tonnes
per year

= This would represent a contribution to UK ambient air by natural sources
of 0.06 ng m= — very close to the level predicted by this extrapolation.



Alternative analytical
methods — metals ?

= Concentrations are low and
decreasing

= Pressure on budgets Is increasing

= Should we be thinking about using
different analytical techniques?

= EN14902 for metals analysis uses
GF-AAS or ICP-MS

= Possible alternatives (if equivalence
was proven):

* LA-ICP-MS
 ED-XRF




RJC Brown, et al, J. Environ. Monit., 2009, 11, 2022-2029

LA-ICP-MS tas
1.3 -
= Advantages = -
 high throughput, cheaper .E 1'1
* no solution pre-processing T
1) .
e spatial profiling E 1.0
* low bias wrt EN14902 § %%
0.8 -
[
0.7 . . . .
o ik 0 5 10 15 20
5 - l | 1) distance from centre of filter / mm
g 'T | = Disadvantages

V, sampling bias possible

detection limits not as good

elemental fractionation on
14— ablation

U A R T P L calibration challenging
traceability to EN14902
worse nrecision than ICP-MS
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RJC Brown, et al, Int. J. Env. Anal. Chem.,
doi:10.1080/03067319.2011.592950



Deviation of XRF measurement

ED-XRF

Technigue Mean RAD (%) Mean RAAD (%)
ED-XRF —1.4 15
LA-ICP-MS +0.4 12
60%
e Cr
40% 1 * L
e A Ni
* e Cu
Il %
20% A & |
uE Zn
® [ ]
@
& L A Pb
0% s e R g
D o m Ag # O o) S
T 2.8 8 8
20% - A e~ =] c%
-— C
-40% - “
. A
-60%

Mass on filter by EN14902, mgy / ng

Advantages

high throughput,
cheaper

no solution pre-
processing

non-destructive

low bias wrt EN14902
Disadvantages

poor DLs for some
elements, especially Cd

sampling bias possible
calibration challenging
traceability to EN14902

precision not as good as
EN14902

RJC Brown, et al, Accred. Qual.
Assur., 2010, 15, 493-502



Relative expanded uncertainty

Directive compliance with u/c DQOs
Ur max(Cd) (AS) Ur max(NI) U, 1ax(PD)

IR\ 5 A Ni (XRF)
70% 4 HRE + As (XRF)
60% - i I : m Pb (XRF)
A Ni (LA)
50% 1+ o As (LA)
P 0 Pb (LA)
40% 1 - * Cd (LA)
30% {6
20% -
10% - .
5 Mim(Cd) } {As)
0 T
10 1000 100000

Mass on filter by EN 14902, mgy /ng  RICBrown, etal, Accred. Qual.
Assur., 2010, 15, 493-502



Elack Carbon (visible channel) / pg m*

Alternative methods for PAHS?

2500 -

= Successful use of thermal- benze[alpyrene /
desorption rather than liquid o
extraction methods a0

= Not as much scope for radically o
different methods i oD

= Multi-wavelength aethalometry e TERAEE
as a Cheap assessment method 0 500 1000 . 1500 2000 2500

* T—tsbu = i SR

2.5 4+~ Birmingham 9 55 |—Birmingham

S % 2.0 -

L E 1.5

Wk E 1.0 -

057 g 05 -

0 » 0.0 W—-————’f_——_

012 3 456748 2101112131415 1617 181920212223 012 2 4567 8 91011121314151617 18192021 22 23
Hour of day Hour of day



Should we be considering these
techniques?

= Alternative metals analysis technigues are not independent
and Sl traceable calibration strategies are not available

» Measurement equations are not always fully understood
= Equivalence would need to be proven in any case

= Concentrate on getting the existing reference methods right
first, and estimating uncertainties correctly!
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PAHS...

PRAGUE SUMMER 16 PAH=1.15 ng/m®, 62 pg/m® of BaP , Sampled Volume= 46.5 m®
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CEN TC264 WG25
— Hg In ambient air

8 co-located |
Instruments measuring |
over 60 days at 4 sites ,

Data analysed as daily
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Added value from
data sets

= Measurements of PAHs and
metals produce multivariate
data sets, i.e. multiple
species for each sampling
period at each location

* Provides a good opportunity
to use techniques such as
principal component analysis

= The outputs can be used for

* source apportionment —
helping to ensure site
numbers and locations
are appropriate

 data ratification — spotting
outliers and data worth of
further investigation

010 Concentration ng m"
_— Manth s | Cd | Cr | Cu | Fe | kn i | Ph P | ¥ | Zn | Halpl
W alsall
a6 £y "z LET] Lt LE " e 1] 15 [1e13 147 T T Bl
walsall Centre ['waFa 1,86 azd (1. 1% 17 #E 1% 1.4 el | 14) | BEF
Har (L] a4r Lk 3] dig ) i w1 L 1.4% M1 L]
Ape LE adi b 1oLi 22 L ¢ L 1.4 [1°T3 L4 (1] T
Hay 56 azl F ] W ) T4 wED “h oode | 0Tl T REZE
dan LA nis LEd 1L Eae &5 LX) LI L] 147 Ha e
sl Lt LF1 LT ] ] 18 28 (1] L LTI T L1 ] wis
fiay LEF LE1] Ln 14 4] T2 LEZ L LA TR i (X
Fen 15 [ 157 i 1T ¥ a7 LT Wil | 0%E TR B 0TE
Ot 1L5E L) L] 165 e e L 1 i 115 (] L]
e LeT i L -5 ] E 0 L A e 13 ™3 WETE
D-s o @zl = iz find ET R e oobE | EE T wE
Annwsl fwerd S92 0FF a4 1EY 3w e L 14 ReEl LIE SR SRS
Avosmnwth
a7 ran s LFi] B B s % (31] .5 i 178 i Wil
Biistol Aroamenth i3 At aze o 54 H A 5] .1 Wi 146 4 (3]
Hae .56 [T (¥ ] E6 108 (¥ (5] 4 oobE | TAE LT [T
Hpe 54T a8 &% 5 &7 e 64 Wi aoEe | AR ) #,idn
Har (RT] s e Ti 1 &5 LS W ek Ead L X i
Bin 5] L1l ] L Ly e | Lr Ly LT 0wy | EAD L H] (11
Bl i H Ak i tE o d% TR id [ H 156 W [0
LIS L 14 niF LEE E33 R &4 "R bk L L] Ak ETE Ly b
LY 5] wim 5] [} 1.} [h) Lo Te Loty 148 Y] wli
Dun an atw LEd (%] 3 T LiF i (1213 128 ¥ BT
Hiaes 185 ale TR T in 43 il HE ome | 13 iTE BEE7
Dee L8 als Wit L% L1 a1 LT s LIty (L] e8] wdi
Baswal Buard #6568 S3E L4T EE 3 %] 118 1E SRR LAF  TEE EIR
Halles
56 fan AT F ] | ¥ L] 1 L] L (2213 121 @z
Brigtol Hallsn [Hall rai LEs ate W T 1} zd wET T [ 114 i
Har #55 s L5 T i 4% (8] 5T Ll L% =5
A 1] [ L&t (K] i (%] (%] il LEo 13 L1% LLE]
Hay T AT i a3 0k ar (5] i b 113 (T ]
s a1 e itz a% 1ol 13 EE % Wi | 158 A
sl i ara 5] %4 ¥Td i L i85 ooRE | ER 1T
iy n14 LF Law a1 o zE niF L [T T T 1A
Sin o 16 1 EE 7 3 B Ei wmi | A i
L] iz LAL) B (X ] L j X BT L] LT i LAl
(1 LE aze W [} ) LT wEF .3 ooEe | afe (X ]
i a7 azz %] BT L 3 BET L LTy 123 L] Bzl
Annwal fver] ®.4T 024 993 55 1S EE O RSE B0 B8 L4 1R B4
Eriscwaorth
L da ] Lk AT L] 154 (%] i i1 T iAE Eiid iz
Ehelficld Drissworn i L adi [EF1Y 2 [t aw L M4 oaE E2d X w
Hae LEr adl 33T ] ™ AnE tzd A oonz 50 I | R
Hpe 127 i A W T o] 1,80 WA | e | zEd “E 05
Flar (R 1) axr Ak LY Lic ] Tha LR ] LB [EHS 135 e LA
Bk anl e D wa s s (%) na 003 1.28 [P L
£ B a3l 126 i ddi #84 [ ] oodd | A a0 | i



Correlations at single sites
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Principal Component 2 (15.5 %)
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-1.0 -0.5 0.0 0.5 1.0
Principal Component 1 (58.2 %)

Metals emitted from a variety
of sources with different
signatures

Correlation (as here at London
Cromwell Road) only partial

Principal Component 2 (4.3 %)

1.0

0.5

0.0

-1.0
-1.0 -0.5 0.0 0.5 1.0
Principal Component 1 (91.7 %)

PAH emitted from similar
process with similar signatures

Correlation (as here at
Glasgow) very strong



Correlations across all sites

= For PAHs we can also 3 45 e 3
look at the correlation q E
pattern across all sites N 5 8 g
= Comparison of sitesin =~ @ ¢ =
principal component g 1T EE T+ 7
space £ gt
= Delineates well between % 04 %2027 """"""""""""" 3!
major contributing 2 (IR = Al g
factors E ; =
* Not much detail within ~~ * ] -
the urban & rural I e o
sources 4 -2 0 2 4 6 8 10 12 14

Principal Component 1

AS Brown, RJC Brown, J. Environ. Monit., in press



Use of diagnostic PAH ratios

E =7 77~< industrial E 408
: - industria | ]
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=~ Benz[a]anthracene/(Benz[a]anthracene + Chrysene) Benzo[a]pyrene/Benzo[ghi]perylene

Diagnostic ratios are indicators of specific emissions processes
= Enables a greater separation of site characteristics
= Still only makes use of a few variables at once

AS Brown, RJC Brown, J. Environ. Monit., in press



PCA of diagnostic ratios

= PCA on diagnostic ratios, rather
than individual concentrations,
yields the best results

= Encompasses large quantity of
variability and provides good
site separation

= Has elucidated separate ‘South
Wales’ and ‘Marylebone Road’
PAH climates

Principal Component 2

* Benzo[a]anthracene / [benz[a]anthracene +
chrysene]

* Indeno[1,2,3-cd]pyrene / [indeno[1,2,3-cd]pyrene +

benzo[ghi]perylene]

Benzo[a]pyrene / benzo[ghi]perylene

Coronene / sum of PAHs

Cyclopenta[c,d]pyrene / sum of PAHs

Benzo[b]naph(2,1-d)thiophene / benzo[a]pyrene

AS Brown, RJC Brown, J. Environ. Monit., in press
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Mercury vapour

Mercury vapour is the
dominant Hg species in air

Simplest species to measure
with the most robust
traceability

Only required at background
locations — because of its
perceived role as long-range
transport global pollutant with
only ‘background’ UK
concentrations

However it is clear that some
urban concentrations are
significantly elevated: industrial
processes, crematoria,
contaminated land

Do we need more urban
monitoring?
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Additional monitoring for Hg vapour

Extra Hg measurement sites
may not be same location as
other air quality stations

We might not be aware of all
relevant sources — extensive
Initial surveys required?
Patterns of mercury vapour
relatively unknown in urban
areas

Cost-effective solutions
required especially if
monitoring is not at existing
sites
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Diffusive monitoring for Hg vapour

Existing monitoring
based on pumped
adsorption tubes

When capped at one
end, may be used as
diffusion tubes

No power required

Uses same analytical
equipment as pumped
monitoring

Useful way to assess
concentrations at many
locations

Permanent monitoring
over longer timescales
also possible




Uptake rates

= Uptake rate required prior to
deployment in the field

» Since these tubes are not
designed for diffusive monitoring
they may have different uptake
rates

= This parameter may be easily
determined in a micro-exposure
chamber

= Uses dynamic mercury vapour
generation technology to
generate atmospheres of known
concentration

= Simple and quick enough to be
done for individual tubes




Performance

= Very stable uptake rates over a
range of concentrations

= Makes technique suitable for quick
assessment of uptake rates for
iIndividual tubes

= Standard deviation of
measurements on a single tube
less than 5%

= More work required to assess
performance in the field when
exposed to wind etc
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Summary

» Fixed measurement at multiple
monitoring stations remains a key
requirement to meet legislation

= Significant future effort should focus on
Improving existing measurements, not
necessarily introducing new ones

= National networks should aim to add
value to their measurements through
novel data analysis techniques

= Cheaper, simpler techniques may
allow more widespread monitoring for
neglected pollutants such as TGM,
especially in urban areas




Dr Richard Brown
e: richard.brown@npl.co.uk, t: 020 8943 6409
Metals & PAHs Network data & reports: uk-air.defra.gov.uk
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