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1 Executive summary
North Lincolnshire Council’s Air Quality Progress Report 2011 identified a possible
exceedance of nitrogen dioxide alongside the A160 in South Killingholme. For this
reason, in October 2013 North Lincolnshire Council installed an air quality monitoring
site to more accurately measure nitrogen dioxide, nitric oxide and nitrogen oxides at
this location. Nitric oxide (NO) is mainly derived from road transport emissions and
other combustion processes. Nitric oxide is not considered to be harmful to health,
however, once emitted to the atmosphere it is rapidly oxidised to nitrogen dioxide
(NO2) which can be harmful to health. NO2 can irritate the lungs and lower resistance
to respiratory infections. Continued exposure to concentrations above the
recommended air quality objectives may cause increased incidence of acute
respiratory illness in children.

The main source of NO2 is from road traffic emissions. At South Killinghome the
principle source is from vehicles using the A160 dual-carriage way, which provides
access to the Port of Immingham, local refineries and power stations. It is also the
main route to the proposed Able Marine Energy Park, a deep water quay and
manufacturing facility for the offshore wind energy industry.

To provide better access to the Port of Immingham and surrounding area, the
Highways Agency are upgrading both the A160 and A180. It is anticipated that
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construction will take approximately 16 months and should be completed by Autumn
2016.

The results of the real-time monitoring presented here indicate that air quality
objectives for NO2 have not been breached. The objectives are an annual mean not
to exceed 40 µg m-3, and an hourly mean of 200 µg m-3 not to be exceeded more
than 18 times a year. The annual mean from the South Killingholme roadside
monitor for 2014 was 28.5 µg m-3 and there have been no exceedances of the hourly
objective. The data capture rate for the monitor is over 99%.

It is recommended that the monitor remain in situ for a period of at least 12 months
to monitor the effects of the A160 upgrade and any potential increase in traffic,
particularly HGVs.
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2 Abbreviations
AQMA Air Quality Management Area.
AURN Automatic Urban and Rural Network.
DfT Department for Transport
Defra Department of the Environment, Food and Rural Affairs.
EPAQS Expert Panel on Air Quality Standards.
LAQM Local Air Quality Management.
LSO Local Site Operator.
NAQS National Air Quality Strategy.
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NO Nitric Oxide, also known as Nitrogen Oxide, and Nitrogen Monoxide
NO2 Nitrogen Dioxide.
NOx Oxides of Nitrogen.
QA/QC Quality Assurance / Quality Control.
µg m-3 Micrograms (1 millionth of a gram) per cubic metre.

3 Introduction
The concept of Local Air Quality Management was introduced under Part IV of the
Environment Act 1995. Chapter 82 of the Act placed a duty on all Local Authorities to
review and assess air quality in their area. Air Quality Objectives can be deemed as
the Governments medium term objectives. They are based on Air Quality Standards
set by the Expert Panel on Air Quality Standards and are the maximum acceptable
level of a pollutant in the air that will not present a risk to the health of the most
susceptible groups in the population. The Air Quality Objectives include a date by
which the Standards must be achieved. The length of time to achieve the Objective
for each pollutant takes into account the costs to industry, the expected rate of
improvements in available technology and the health effects on the country’s
population. The Air Quality (England) Regulations 2000 initially set Air Quality
Objectives for seven pollutants that Local Authorities were responsible for reviewing.
The most recent update of the objectives was presented in the National Air Quality
Strategy 2007. These objectives must be achieved by varying dates, the latest being
31st January 2010. The Air Quality Objectives for NO2 are listed in Table 1.
Table 1: Air quality objectives for NO2
Pollutant
Nitrogen dioxide

Air quality objective
Concentration
Measured as
200 µg m-3 not to 1-hour mean
be exceeded more
than 18 times a
year
40 µg m-3
Annual mean

Date
to
achieved by
31.12.2005

be

31.12.2005

If an objective is unlikely to be achieved in North Lincolnshire where relevant
receptors are present, then the Council must declare the affected area as an Air
Quality Management Area (AQMA). Over 215 Local Authorities have to date
declared AQMAs. This report aims to establish whether an NO2 air quality objective
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is being
g breached
d in an are
ea of North
h Lincolnsh
hire. If, afte
er consultaation, an AQMA is
declare
ed, the Council
C
is then requ
uired to undertake
u
a Furtherr Assessm
ment to
determ
mine the so
ources of the pollutan
nt and the
e level of re
equired em
mission red
duction.
This is followed by
b the deve
elopment a
and implem
mentation of
o an actioon plan setting out
measures to redu
uce concen
ntrations o
of the polluttant.

3.2 No
orth Linco
olnshire
North L
Lincolnshirre is an are
ea of arou nd 85 000
0 hectares with a poppulation of around
167 50
00, it is loccated on the
t
southe
ern side off the Humber estuarry and occ
cupying
tracts o
of land on either
e
side
e of the Rivver Trent (F
Figure 1).

Figure 1: North Linc
colnshire a nd the surrounding area.
a
A Parliamentary Order crea
ated the ad
dministrativ
ve area of North Linccolnshire in
n March
1995 a
and on 1st April
A
1996 the new u
unitary auth
hority area of North LLincolnshirre came
into be
eing. North Lincolnshire covers a large, mainly
m
agric
cultural areea. The pa
attern of
settlem
ments in th
he area reflects this with mark
ket towns surroundeed by many small
villagess. The excception to this is the
e substantial urban area
a
of Scuunthorpe and
a the
adjoinin
ng town off Bottesford
d.
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The local economy of North Lincolnshire was built and still relies upon traditional
industries such as steel manufacturing (and related industries) and agriculture. More
recently there has been the establishment of two oil refineries and the introduction of
several gas fired power stations.

North Lincolnshire Council has declared two Air Quality Management Areas due to
continuing problems relating to PM10 (particulate matter less than 10 microns in
diameter). One is for the annual mean objective and covers a small area in Low
Santon. The other is for the daily mean objective and covers the integrated
steelworks site and east Scunthorpe. (More information on the AQMA’s can be found
at www.nlincsair.info).

3.3 South Humber Bank
Large scale regeneration of the South Humber Bank area is underway, and the
larger projects include:
Able Marine Energy Park will comprise a manufacturing facility for the
offshore wind energy industry and a deep water quay facility for turbine
components to be loaded onto vessels for transport to offshore wind farms.
C. Gen. will construct and operate a power project at North Killingholme,
which comprises of a new 470 megawatt thermal generating station and
associated development on land adjacent to the Humber Sea terminal.
National Grid River Humber gas pipeline replacement project involves a new
3.6 mile pipeline between Paull and Goxhill, which will help to deliver gas to
all parts of the UK.
The Hornsea offshore windfarm includes onshore elements within the
proposed project 2 development. These elements comprise an export cable
landfill site, an onshore cable route corridor, a high voltage alternating current
substation and an interconnection with the National Grid substation.
Whilst many of these developments only emit small volumes of pollutants, they will
all increase the volume of traffic along the A160, which is a busy dual-carriage way
that divides the village of South Killingholme, with the majority of the residential
properties to the north of the A160.
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The South Humber Bank is the largest area of undeveloped land fronting a deep
water estuary in England, with approximately 1,000 hectares of land available for
development. The local road network is reasonably lightly trafficked, but the A160
between the A180 and the Port of Immingham remain the biggest constraint to the
area’s development. With continued expansion of the area considerable growth in
traffic is expected.
The Highways Agency therefore investigated ways to improve access to the Port of
Immingham and improve traffic flow on the A160. Eight different options were looked
at with the preferred route being announced on 22nd March 2010. The part of the
scheme that will affect South Killingholme most directly involves relocating Habrough
Roundabout to the west of its current position, with new link roads provided from the
A160 to Ulceby Road, Top Road and Habrough Road.
A full Environmental Impact Assessment was required for the A160-A180
improvements, which included a section on air quality. The assessment concluded
that under the Highways Agency guidelines the scheme should not have a significant
adverse impact on local air quality.

4 South Killingholme
The village of South Killingholme is situated approximately 4 km west of the River
Humber and the Port of Immingham, and approximately 20 km east of Scunthorpe.
The village is situated alongside the A160 dual-carriage way, which as discussed
earlier is the principal route to the western entrance of the Port of Immingham. Traffic
data collected by the Department for Transport (www.dft.gov.uk) states that the
volume of traffic along the A160 through Killingholme in 2014 was 12,000 vehicles
per day, including 5,000 HGVs. There has been an air quality monitoring station at
the school in South Killingholme since 2003, which measures PM10, SO2, NO and
NO2. The roadside monitor was installed in October 2013 (Figure 2).
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Figure 2: The air quality monittor at South Killingho
olme Schoool (1) and the
t site
dside air qu
uality mon itor (2).
of the road

4.1 Mo
onitoring techniqu
ues – diffu
usion tub
bes
Monito
oring of NO
O2 concenttrations at South Killingholme is carried oout using passive
p
diffusio
on tubes which
w
are widely ussed for this purpose
e throughoout the UK
K. They
absorb
b the polluttant from th
he surroun
nding air and require
e no powerr supply, although
there is an unce
ertainty of ±20% witth the ann
nual mean. Diffusionn tubes are
e small
enerally atttached to la
amp posts
s at approx
ximately 2m
m high, often next
tubes tthat are ge
to road
ds. They arre left in place for a p
period of one
o month,, before beeing collectted and
sent offf to a labo
oratory for analysis. There is a bias with the resultts as they tend to
overesstimate the concentra
ation, espe
ecially if sittuated on busy roadss. Three diffusion
d
are therefo
ore always
s co-locate
ed next to a gas analyser; thiss enables a data
tubes a
correcttion factorr to be de
etermined. A new correction
c
factor is calculated
d every
calendar year. The
T
metho
od for de
etermining the corre
ection facttor is deta
ailed in
Append
dix A. The
ere are sev
ven diffusio
on tubes along
a
the A160
A
in Kil lingholme (Figure
3), with
h the results of the four
f
longe r term tubes in Table 2. Thesee results suggest
s
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that the
ere is still an exceed
dance from
m the two diffusion
d
tu
ubes situatted neares
st to the
rounda
about (DT2
21 and DT2
22).

Figure 3: Position off the diffussion tubes in South Killingholme
K
e.
Table 2: Coordinate
C
s and resu
ults of diffusion tube data
d
from tthe Killingh
holme
area, along with the bias corre ction facto
or that was applied. T
The units are in
-3
µg m .
Year

2014
2013
2012
2011

DT
T14
X5
515452
Y4
416107
27
30
21
19

DT
T15
X5
515279
Y4
416085
35
5
45
5
30
30
0

DT
T21
X5
514573
Y4
415901
43
3
51
1
38
8
44
4

DT
T22
X5
514827
Y4
415982
52
2
64
4
43
3
40
0

Bias correcttion factor

0.88
0.99
0.67
0.68

Diffusio
on tube da
ata was used in the
e 2011 Pro
ogress Re
eport, whicch highlighted the
potential new exceedanc
e
e of the air qualitty objectiv
ves. In O
October 20
013, in
partnerrship with the Highw
ways Agenccy, three additional
a
NO
N 2 diffusiion tubes (DT
(
24,
25 and
d 26) were
e positione
ed approxi mately 30 m to the west of tuube DT22 at grid
referen
nce X5147
782, Y4159
971. The n
new diffusiion tubes confirmed that there
e was a

9

potential exceedance of the air quality objectives. The location of all of the diffusion
tubes can be seen in Figure 3, with the results of the newer tubes shown in Table 3.
Table 3: Results from the three additional diffusion tubes. The units are in µg m-3.
Year DT24 DT25 DT26 Bias correction factor
51
53
0.88
2014 47
41
52
0.99
2013 47
Using the NO2 with distance from roads calculator (http://laqm.defra.gov.uk/toolsmonitoring-data/no2-falloff.html) it was possible to estimate what the annual mean
concentration was at the nearest receptors to the diffusions tubes DT21 and DT22
(Table 4).
Table 4: Predicted annual mean concentration using 2014 diffusion tube
results for the nearest receptors. The units for concentration are in µg m-3.
DT21 DT22
Distance from kerb

0.1 m 0.1 m

Distance from kerb to nearest receptor

20 m

20 m

Measured diffusion tube concentration

42.9

51.8

Estimated concentration at the receptor 24.7

27.1

Local Air Quality Management Technical Guidance TG(09) issued by Defra states:
In view of the limitations of diffusion tubes, Local Authorities are advised not
to rely upon diffusion tube data alone as the basis of a Detailed Assessment
or declaration of an AQMA for NO2.

4.2 Monitoring techniques – gas analyser
A gas analyser was therefore located approximately 10 m north of the A160 dualcarriage way inside a purpose made enclosure (Figure 4). The analyser was situated
approximately halfway between the road and the nearest receptor. Nitrogen dioxide,
nitric oxide and nitrogen oxides (which is a combination of nitric oxide and nitrogen
dioxide) are the pollutants measured, although air quality objectives are only set for
nitrogen dioxide.
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Figure 4: The enclosure containing the gas analyser located at the side of the
A160 dual-carriage way.

A Monitor Labs NOx gas analyser was chosen for its durability, accuracy and ease of
calibration. The California Analytical Model 600 CLD Analyser utilises the principle of
chemiluminescence for analysing the NO or NOx concentration within a gaseous
sample. Planning permission (reference PA/2012/0477) was approved in 2013 with
pollution measurements being recorded from October 2013. This instrument is
calibrated every two weeks by exposing it to a calibration gas of known
concentration, and this is then ratified by our data management company RicardoAEA. Wind direction and speed used in this assessment were collected from the
Rowland Road AURN site at Scunthorpe.

5 Results
In 2014 there was a data capture rate of 99.8%, with only 20 hours of missing data
over the course of the whole year. Neither the annual or hourly means were
exceeded (Table 5).
11

Table 5: Results
R
from
m the road
dside South
h Killingholme air quaality monitor.
Air q
quality objjective
Measure
ed as
Concentration
n
mean
200 µg m-3 not
n to be 1-hour m
exce
eeded mo
ore than
18 times a yea
ar
Annual m
mean
40 µg m-3

Results
R
0 exceeda
ances, maaximum hourly
h
-3
mean
m
was 132µg
1
m
28.5 µg m-3

Combin
ning the hourly
h
NO2 concentra
ations with
h wind spe
eed and di rection in a polar
plot, th
he principle emission source can be attributed to
o vehicless using the
e A160
(Figure
e 5). The
e higher concentrat
c
tions clearly track the A1600 through South
Killingh
holme. The
e monitor is situated
d on the North
N
side of the A1160 with th
he road
running
g in an East North East dire ction. The
e higher pollutant cooncentratio
ons are
genera
ally recorde
ed when th
he wind dirrection is directly from
m the East , blowing much
m
of
the ve
ehicle emisssions tow
wards the monitor. It must be
b noted that the highest
concen
ntrations re
ecorded are well with
hin the hourly air quality objectivves.
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Figure 5: Polar plot overlaid on
nto the pos
sition of the roadsidee monitor,
highlighting both the concentra
ation and th
he direction of the poollutant sou
urce at
T units sshown in th
he key for NO2 are µ g/m3.
South Killingholme. The
When vviewing the diurnal plots
p
there
e are two spikes
s
in th
he NO2 conncentration
n which
corresp
pond to the
e morning and even ing rush hours (Figu
ure 6). Theere are also much
lower cconcentratiions record
ded at the weekends
s.

Figure 6: Diurnal plo
ot of NO2 cconcentratiion from th
he South K
Killingholme
e air
quality mo
onitor show
wing an inccrease in po
ollutants during the m
morning an
nd
afternoon rush hours
s.
There are also lo
ower polluttion conce ntrations during
d
the summer m
months (Fig
gures 7
and 8). The mossaic plot in
n figure 8 illustrates the mean pollutant concentra
ation for
hour for every
e
mon
nth and itt shows th
hat there are higheer concentrations
each h
betwee
en 7 and 9 am, as well
w as 5 an
nd 6 pm, except
e
for during
d
the summer months.
m
This iss predominantly due
e to reducced traffic
c movement during school ho
olidays,
combin
ned with a lower volume of H GVs using
g the A160
0 during thhe three summer
s
monthss. In depth
h traffic datta from the
e A160 wa
as collected
d by the H
Highways Agency.
A
Traffic monitoring
g was carried out in
n Novembe
er at 23 different
d
sittes around
d South
13

Killingholme and the A160. Whilst this traffic data cannot confirm the traffic volumes
on the A160 during the summer months, the general consensus from published
Highways Agency reports is that nearly all roads have a marked downturn in traffic
volumes over the summer period.

Figure 7: Monthly trend from the Killingholme monitor for 2014. There is a
significant decrease in the pollutant concentration during the summer months.
The points signify the monthly pollutant mean; the thick red line is the trend,
whilst the shaded area signifies one standard deviation.
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Figure 8: The mosaic plot shows the mean pollutant concentration for each
hour for every month in 2014. It illustrates that there are higher concentrations
between 7 and 9 am, as well as 5 and 6 pm, except for during the summer
months.

5.1 Comparison with the South Killingholme School air quality
monitoring station
To evaluate the confidence ratio of the roadside monitor data from the South
Killingholme School air quality monitoring station was used as a comparison. This
monitor is situated 150m from the A160 and has been in operation since 2003. The
School monitor also uses a gas analyser to record NO2 concentrations and as it is
situated further from the dual-carriage way, the annual mean, as expected, is much
lower at 22.1µg m-3. A comparison of the data from this site with the data collected
from the roadside monitor confirms the robustness of the data with a Pearson
correlation coefficient of 0.83.
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6 Conclusions
The 2014 data from the roadside air quality monitor at South Killingholme
demonstrates that there is not an exceedance of the NO2 hourly or annual
concentrations. There is therefore no need to declare an Air Quality Management
Area.

It would however be prudent to continue to operate the roadside air quality monitor
for a period of at least twelve months from the completion of the A160 upgrade, to
enable the impacts of the A160 improvements and the potential increases in traffic
flows to the South Humber Bank to be assessed.

The council will also continue to screen the area with diffusion tubes alongside the
A160 dual-carriage way to monitor the air quality. The NO2 distance from roads
calculator will also continue to be used to review the predicted concentrations at the
receptors situated closest to the A160.

Appendix A: Diffusion Tube Bias Adjustment Factors
North Lincolnshire Council currently uses ESG for both supply and analysis of its
Nitrogen Dioxide Diffusion Tubes. The Bias Adjustment factor for ESG in 2014 was
0.88.

Factor from Local Co-location Studies
North Lincolnshire Council has one ongoing co-location site, as discussed in section
4.1 of this report in 2011, situated at the Scunthorpe Town urban industrial site.
Results can be seen in Table 6.
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Table 6
6: The biass correctio
on factor fo
or 2014 calculated fro
om the Scuunthorpe Town
monito
or station.
Site

Ana
alyser Annu
ual
Mean

Tube
T
Annu
ual
Means

B
Bias Adjusttment
Factorr

Scuntthorpe Tow
wn

20

22

0.88

Discus
ssion of Choice
C
of Factor
F
to U
Use
The de
ecision to use a Bias
s Adjustme
ent Factorr generated from ourr own co-llocation
study w
was reache
ed due to the comple
exity of the
e issues within
w
Northh Lincolnsh
hire. As
the AQ
QMA’s declared within North Liincolnshire
e are predo
ominantly industry re
elated it
was fe
elt that usin
ng an ave
erage of otther authority figures
s would bee unsuitab
ble. The
spread
dsheet used
d to calculate the bia
as correctio
on factor ca
an be seenn in Table 7.

Table 7
7: Spreadssheet used
d to calcula
ate the bias
s correction factor
Althoug
gh the tube
e network is spread o
over a wide area of North
N
Lincoolnshire the tubes
are situ
uated in re
elatively similar situa
ations, all at the sam
me height and mostt of the
tubes a
are situate
ed on road
dside lamp
pposts. The
e co-location work hhas been ongoing
o
since 2
2006 and has prese
ented diffe
erent adjustment fac
ctors eachh year. We
W have
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confidence within our AURN continuous monitor at this location due to its strict
calibration programme and ratification procedures carried out by Ricardo-AEA.

Any requests for information about Air Quality issues within North Lincolnshire, or
requests to obtain a copy of this Report should be made to:
Environmental Health (Commercial)
Church Square House
PO Box 42
Scunthorpe
North Lincolnshire
DN15 6XQ
Email: environmental.health@northlincs.gov.uk
On request, this report will be made available on tape, in Braille, large type, or in a
language other than English.
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