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Abstract 
 

Steelworks particulate emissions are known to create public concern. The residents of Port Talbot are  identified 

as experiencing possibly the worst air pollution in the UK with a large area of Port Talbot designated an Air Quality 

Management Area for PM10 (particulate matter less than ten microns in diameter). The research aim was to 

investigate the effect of Blast Furnace Cast House particulate emissions upon Port Talbot air quality by 

establishing the effect of these emissions upon PM10 concentrations at various monitoring stations. This was 

supplemented by an investigation of PM10 decay with distance from source and identification of the PM10 

trajectory path across Port Talbot. Meteorological parameter (wind direction, wind speed, relative humidity, 

rainfall and temperature) influence upon PM10 concentrations was assessed and a decision tool developed for 

assigning a severity level for each Cast House emission considering risk of public exposure to elevated PM10 

concentrations. Time and date logged Cast House emission data was gathered (2013 to 2016) allowing a timeline 

of emissions to be created for plotting against meteorological and PM10 data. A range of statistical techniques 

(linear regression, correlation coefficient and polynomial regression) were used to analyse the strength of 

relationships between the variables and pollution roses to identify the PM10 trajectory. The AURN (Automatic 

Urban Rural Network) monitor was found to be most impacted by Cast House emissions - potentially contributing 

0.66µg/m3 (at 200)̊ and 0.47µg/m3 (at 210)̊ to the background concentration. The Theodore Road monitor was 

found to be the least impacted. The highest PM10 concentrations were found to impact the AURN from the south-

south-west to south-west before travelling north to north-eastwards to impact the Theodore Road monitor, 

potentially deflected by the hills to the east of the town. Very weak statistical correlations were observed 

between each meteorological parameter and PM10 making it clear that multiple meteorological variables, 

essential for understanding PM10 dispersion and transportation, are not measured at the AURN. The worst case 

conditions for each meteorological parameter were established, in terms of contributing to elevated PM10 

concentrations at times of Cast House emissions. The statistical analysis was used to order the significance of 

meteorological parameters in the decision tool.  This research contributes to the global debate on the effect of 

Blast Furnace particulate emissions upon nearby residential areas. The demonstrated effect of Cast House 

emissions upon PM10 concentrations in Port Talbot justifies further detailed study into Blast Furnace operations 

globally and contributes to the conversation concerning the need for continuously improving pollution 

abatement technology, consistent tapping performance and the allocation of resources for further research to 

reduce emissions as far as possible across the world. The research methodology may be utilised for other 

installations where date and time data is available for process emissions. Suggestions for further work include 

incorporating missing meteorological variables into the analysis and investigation of emission mass and 

additional sources of PM10, both within and outside the Steelworks boundary.  
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1. Introduction  
 

1.1 Establishing the Field 

 

Air pollution is described as the introduction of particulates, toxic and hazardous substances or biological 

organisms into the atmosphere, with around 50-70% of air pollution known to arise from industrial processes 

(DISA India 2013). Particulate emissions from Steelworks are known to create public concern (Guinot et al. 2016) 

and Port Talbot residents are identified as potentially experiencing the UK’s worst air pollution (AQEG 2011).  

 

A large area of Port Talbot is located within an Air Quality Management Area (AQMA) for PM10 (Hayes 2013). 

PM10 is defined as inhalable dust particles with a diameter measuring less than ten microns (10µm) (Schwartz et 

al. 1996). The AQMA was designated on 1st July 2000, following Neath Port Talbot County Borough Council 

(NPTCBC) recognising the possibility of exceeding the daily mean air quality objective (Hayes et al. 2013; Hodges 

and Horne 2005). The objective is to ensure the twenty-four hour average PM10 concentration does not exceed 

50µg/m3 over thirty-five times per calendar year (Welsh Government 2012). 

 

Long before the AQMA was designated, the health implications of PM10 inhalation were widely known; including 

respiratory conditions, cardiovascular disease, birth defects and premature births, premature death and lung 

cancer (Pope 1989; Pope 1996; Pope at al. 1992; Seaton et al. 1995; Sharma and Patil 2016). Consequently, 

residential area particulate pollution is an area of extensive study – particularly in relation to industrial emissions 

(Suzdalev et al 1993). A NPTCBC source apportionment study highlighted the Steelworks as a key source of high 

PM10 concentrations in Port Talbot (NPTCBC 2002).     

 

1.2 Previous Work in the Field 

 

Extensive literature has been published on particulate characterisation in the vicinity of integrated Steelworks 

globally (Hleis et al. 2013; Mohiuddin et al. 2014; Dai et al. 2015; Hleis et al. 2016). Many studies have concerned 

Port Talbot’s particulate concentrations and chemical composition of dust deposits (Passant et al., 2002; Moreno 

et al., 2004; Dall'Osto et al., 2008). In addition, research has sought to establish the impact of specific processing 

units (i.e. Blast Furnaces or Sinter Plant for example) elsewhere in the world (Pope 1989; Pope 1996; Hutchison 

et al. 2005; Mazzei and Prati 2009; Sajjadi at al. 2012) and more specifically, the processing units within Port 

Talbot’s Steelworks upon PM10 concentrations in the town (Moreno et al. 2004; Hayes and Chatterton 2009; 

Hansard at al. 2012; Hleis et al. 2013; Taiwo 2014). However, there has been very little study of the effect of 

particular emission types (e.g. Blast Furnace Cast House emissions) and no studies have used date and time 

logged emission data to assess the emission impact upon the nearby monitoring network. Hodges and Horne 

(2005) found a possible association between the reduction in particulates emitted from a Port Talbot Cast House 
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(Blast Furnace No.5) with installation of fume extraction and the reduction in PM10 concentrations measured in 

the residential area during 2003 (year after installation). However, the reduction was not sustained in 2004.  

 

1.3 Rationale 

 

There is little published research into the effect of particulate emissions from individual Steelworks processes 

upon PM10 concentrations in nearby residential areas (May 1977). However, a few internal studies have been 

conducted at the Port Talbot Steelworks concerning this subject area (Hodges 2005; Hodges and Horne 2005; 

Hodges et al. 2006). Hodges and Horne (2005) suggest further research is required concerning Port Talbot 

Steelworks emissions and breaches of the daily mean PM10 objective. They also add, research is required to 

assess impacts of ‘short term emission incidents’. Blast Furnace (BF) Cast House emissions are considered to be 

such an emission incident and this research addresses this further work suggestion. In addition, Hodges (2005) 

advocates that resources for improving Port Talbot air quality require focussing upon reducing fugitive rather 

than point source emissions. Cast House emissions are one example of many fugitive emissions which may 

emanate from integrated Steelworks.  

 

Research shows no two BF Cast Houses are identical, owing to differences in operational parameters, dimensions 

and proportions and, as a result, the amount of fume generated during casting (May 1977). For example, Boscolo 

and Padoano (2011) researched a BF in Italy, finding the Cast House generated on average 107.4t of total 

suspended particulate (TSP), which was reduced by 87.6t (based on an annual iron yield of 387000t) following 

fume extraction installation. However, there is no guarantee that BF4 or BF5’s particulate mass emission would 

be of the same order of magnitude as found by Boscolo and Padoano. Therefore, an individual study of Port 

Talbot Cast House emissions is necessary owing to these many potential differences. It should also be noted that 

this research is concerned with PM10 rather than TSP owing to the AQMA for PM10 in Port Talbot. Whilst the 

findings of the research presented here may not mirror findings of similar research on other BFs around the 

world (were such studies to occur), this research is important. A demonstrable effect of Cast House emissions 

upon PM10 concentrations in Port Talbot justifies further detailed study into BF operations globally and 

contributes to global conversations concerning the requirement for continuously improving pollution abatement 

technology.  

 

A literature review has revealed no research into the effect of specific weather conditions upon PM10 

concentration build-up and dispersion associated with Port Talbot BF Cast House emissions. Owing to the fact 

that each Cast House is different (May 1977) and Port Talbot has interesting typographical features (Hayes and 

Chatterton 2009; AQEG 2011) affecting the transportation and dispersion of PM10, this research is justified, novel 

and contributes to global literature on the subject.  
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Globally, governments and organisations have aimed to minimise public exposure to PM10 with implementation 

of legislative measures and guidelines (Barmpadimos et al. 2011), such as those currently in place in the Port 

Talbot AQMA. However, iron and steel production continues to increase with production rocketing from 800Mt 

in 2000 to 1.6Bt in 2014 (The Economist 2016). Therefore, improving BF pollution abatement and casting 

technology and operation to reduce emissions is vital in safeguarding global public health (Basu et al. 1996) as 

currently one tenth of deaths are attributed to poor air quality (World Bank 2016).  

 

 

1.4 Research Aim and Objectives 

 

The broad aim of this research was to investigate incidents of particulate (PM10) emissions from the BF4 and BF5 

Cast Houses and the effect of this particular type of emission upon Port Talbot air quality.  

 

More specifically, this research comprises of the following objectives:  

 

Objective 1 To establish the effect of Blast Furnace Cast House emissions upon measured PM10 

concentrations recorded by the Port Talbot monitoring network. 

Objective 2 To identify the extent to which the concentration of PM10 produced in a Cast House 

emission may decrease with distance and the trajectory of PM10 across Port Talbot. 

 

Objective 3 

To assess the influence of weather conditions upon measured PM10 concentrations at 

the Automatic Urban Rural Network (AURN) monitor to allow the worst possible 

conditions for each meteorological factor to be ascertained in terms of contributing to 

elevated PM10 concentrations at times of Cast House emissions. 

 

 

Objective 4 

To develop a decision tool to aid those initiating an Environmental Incident Form (EIF) 

for a Cast House emission in assigning a severity level for the emission (i.e. low, medium, 

high or very high), with consideration to the analysis undertaken to fulfil Objective 3. This 

will allow for the consideration of risk of public exposure to elevated PM10 concentrations 

and risk of breach of the daily mean PM10 objective, rather than simply using the severity 

level to denote whether the emission is small, medium or large.   

 

 

Table 1: Research Objectives 
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1.5 Contribution to Literature 

 

This research contributes to global debate on the effect of BF particulate emissions upon nearby residential areas 

and adds weight to the justification argument concerning the need for continuous improvement and investment 

in casting technology and consistent tapping performance to reduce emissions globally. The research findings 

may be contextualised outside the steel industry to other sectors (e.g. quarrying) in which particulates are 

emitted. In addition, the methodology developed may be used to assess the effect of other industrial processes, 

where date and time process emission data is available, to identify the effect upon PM10 concentrations. Further, 

this methodology can be utilised to assess road vehicle impact upon pollutant concentrations as many UK cities 

are part of the Automatic Urban Rural Network (AURN) of monitors - with data readily available for download 

(DEFRA 2017). The decision tool developed to aid Tata Steel personnel in assigning Cast House emission severity 

levels may be extrapolated for use in other BF operations around the world and contextualised for other 

Steelworks emission sources and other industries. 
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2. Port Talbot AQMA and Cast House Emissions 
 

2.1 Port Talbot AQMA and AURN 

 

Key sources impacting Port Talbot’s air quality include transport systems, construction industries and notably the 

Tata Steel operated Steelworks, all of which have a complex relationship with the area’s weather and topography 

(Hayes and Chatterton 2009; AQEG 2011). NPTCBC cite PM10 concentrations as the first of four key environmental 

issues impacting the area, amongst traffic emissions, legacy industrial nickel and nuisance dust (NPTCBC 2013).  

NPTCBC is required to monitor atmospheric pollutants associated with UK air quality objectives, with the Local 

Air Quality Management (LAQM) regime laid down by the Environment Act 1995 (Part IV). If an objective is not 

met, an Air Quality Management Area (AQMA) requires designated and an Air Quality Action Plan (AQAP) is 

developed to restore compliance (NPTCBC 2013). 

  

  

 

 

Air Quality Objective  

The objective of relevance in Port Talbot is not to exceed a PM10 concentration of 

50μg/m3
 

(daily mean) in excess of thirty-five times in any calendar year as per 

Directive 2008/50/EC and the subsequent transposition in the Air Quality 

Standards (Wales) Regulations 2010 (Welsh Government 2012). This objective has 

not been exceeded in Port Talbot since 2007, however, continued improvement is 

recognised as imperative in safeguarding public health (NPTCBC 2017). 

 

The AQMA contains an AURN monitor for air quality legislation compliance monitoring and reporting. The AURN 

measures hourly a wide range of pollutants (including PM10) and a suite of meteorological data, which is 

publically available via internet and electronic platforms (DEFRA 2017). The Port Talbot AQMA for PM10 is 

presented in Figure 1. 

 

 

 

 

 

Table 2: The Daily Mean Air Quality Objective 
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2.2 Iron Making at Port Talbot and the Blast Furnace Process 

 

Iron making in Port Talbot commenced in the 13th century, however, a Steelworks as we recognise it today has 

existed since 1902 (Tata Steel 2011). The Steelworks, which operates as part of Tata Steel Strip Products UK, is 

integrated in nature, consisting of Coke Making, Sintering, Iron Making, Steel Making, Continuous Casting and 

Rolling installations (Hleis 2013). Particulate matter emissions can be generated at various stages of iron and 

steel production (Masaitis 1998).  

Iron making at Port Talbot takes place via the BF process (Taiwo et al. 2014), the principle method worldwide 

(Proctor et al. 2000). Raw materials are charged into the top of the BF and heated air blasted into the BF via the 

tuyere system. Over ~eight hours, the raw materials are converted into molten iron and slag via a series of 

chemical reactions. The molten iron and slag is tapped through the taphole in the hearth of the BF which is 

plugged with refractory clay. A taphole drill creates an opening and releases the flow of molten iron. Following 

tapping, the taphole is resealed with clay (Ricketts 2005). Large particulate emissions can be generated during 

this process with the majority captured via fume extraction systems installed on the Cast House (Basu, Sharma 

and Dhillon 1996). However, emissions can escape to atmosphere under certain conditions.  

 

    Source: DEFRA (2002) © Crown copyright. All rights reserved. DEFRA. Licence No. GD272361 2002 

Figure 1 – The Port Talbot Air Quality Management Area (AQMA) 

            AQMA 

Scale 2cm: 1km 
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2.3 Integrated Steelworks and Blast Furnace Emission Contribution 

 

Integrated Steelworks are known to emit PM10 (Summat et al. 2006), likely at each production stage and 

potentially containing metals and metal oxides in varying concentrations (IFC 2007). Metallic particulate 

inhalation has been associated with cancer, pulmonary and cardiovascular system inflammation and organ 

damage, with research showing these effects being possible at a low atmospheric concentration (Geiger and 

Cooper 2010). Following global concern, many studies have sought to characterise particulate components of 

deposits sampled in the vicinity of integrated Steelworks (Hleis et al. 2013; Mohiuddin et al. 2014; Dai et al. 2015; 

Hleis et al. 2016). Studies have also been undertaken in Port Talbot, identifying the Steelworks as emitting a 

range of heavy metals (Passant et al., 2002; Moreno et al., 2004; Dall'Osto et al., 2008; Hleis et al. 2013). These 

studies support Hutchison et al. (2005) who found higher metal concentrations in particulate matter in samples 

taken downwind rather than upwind of the Redcar Steelworks (Northern England). These species were 

concentrated in the coarse fraction of the sample, suggesting the source(s) is fugitive in nature and a likely 

contributor to daily mean breaches. The findings of Hutchison et al. (2005) is supported by Hodges (2006) who 

found increased insoluble metal concentrations in particulate samples taken downwind of the Port Talbot BF 

area compared to upwind.  

Research has sought to establish impacts of specific processing units (i.e. BFs or Sinter Plant for example) 

elsewhere in the world (Pope 1989; Pope 1996; Hutchison et al. 2005; Mazzei and Prati 2009; Sajjadi et al. 2012) 

and also in Port Talbot (Moreno et al. 2004; Hodges 2005; Hodges and Horne 2005; Hayes and Chatterton 2009; 

Hansard et al. 2012; Hleis et al. 2013; Taiwo et al. 2014) upon PM10 concentrations in nearby residential areas. 

Hleis et al. (2013) cite BFs as a notable source of PM10 which contribute to particulate concentrations in nearby 

towns and this has been found to be the case in Port Talbot (Moreno et al. 2004; Hodges and Horne 20005; Hayes 

and Chatterton 2009). Further, Taiwo et al. (2014) found 45% of PM10 mass recorded at a local monitor was 

attributed to the Port Talbot Steelworks, with the largest proportion of the 45% originating from the BFs. Mazzei 

and Prati (2009) also found a 25-30% contribution to PM10 concentrations from a BF in a nearby Italian town. 

The above studies provide justification for detailed investigation into Port Talbot BF emissions  

 

 

2.4 Blast Furnace Cast House Emissions 

 

BF particulate emissions can take different forms, most notably Cast House emissions (Douchanov 2002) which 

include graphite and iron oxide particles (IFC 2007). Emissions are predominantly generated in the initial and 

final stages – drilling and plugging the tap hole respectively (Boscolo and Padoano 2011) and arise when molten 

iron contacts the taphole and atmosphere. Factors affecting emission generation (May 1977) are presented in 

Table 3. 
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Turbulence The more turbulent the molten iron, the larger the emission is likely to be. A smoother 

and more controlled cast results in less fume to atmosphere. 

Taphole Diameter Too large a diameter results in a less controlled cast 

Clay Quality Quality clay is less likely to become eroded by molten slag and more likely to maintain 

an optimum taphole diameter 

Taphole Angle The taphole angle should be ideally 6-20 ̊ from horizontal. This creates a lower 

trajectory for the iron flow, allowing for closer fitting fume capture hoods in the trough 

area 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3 – Factors affecting whether Cast House emissions are generated (May 1977) 
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3. Literature Review 
 

3.1 Effect of Cast House Emissions 
 

There is limited literature on the subject of the effect of Cast House emissions upon ambient air quality 

surrounding a Steelworks. Despite this, it has long been recognised across the world that there exists a need to 

prevent and mitigate Cast House emissions (May 1977). For example, in 1971, the Maryland State Bureau of Air 

Quality Control reached consensus that Cast House emissions from a Steelworks in the State made a substantial 

contribution to the elevated particulate concentrations observed (State of Maryland Bureau of Air Quality 

Control 1971 [cited in May 1977]). The research presented here is novel as no published research was found to 

use date and time stamped Cast House emission data to establish the impact of emissions upon PM10 

concentrations in a nearby town, let alone in Port Talbot. The studies discussed in this chapter are those most 

relevant to the subject area of this research.  

 

In 2005, internal research conducted by Tata Steel, then Corus, (Hodges and Horne 2005) assessed the impact 

BF5 Cast House fume extraction installation (January 2003) had upon local PM10 concentrations. Firstly, it is 

notable that the NETCEN monitor (located at the old Groeswen Hospital location) was particularly impacted with 

PM10 from the direction of the BFs. The NETCEN site was located in fairly close proximity to the current locations 

of the AURN, Prince Street and Twll-yn-y-Wal Park monitors (shown in Figure 4). Hodges and Horne (2005) found 

an association between reduced particulate emissions from BF5 with the fume extraction installation and 

reduced PM10 concentrations at the NETCEN in 2003. However, the reduction in PM10 concentrations was not 

sustained in the following year. This finding is supported AQEG (2011) who suggest PM10 concentrations were 

not noticeably reduced by the fume extraction installation. However, this should have been confirmed 

statistically by Hodges and Horne and the study improved substantially the analysis was continued for a longer 

period to understand why the reduction was not sustained. It is possible that either 2003 or 2004 were unusual 

years, potentially due to the existing meteorological factors. The influence of meteorological factors is discussed 

further in Section 3.3.  

 

Boscolo and Padoano (2011) estimated PM10 generated from multiple processes at a Steelworks in Servola, Italy 

(BF iron casting included) and the impact of retrofitting dust abatement to reduce emissions. Following 

installation of a Cast House fume extraction hood, Boscolo and Padoano (2011) report a PM10 emission reduction 

of 23%. It should be acknowledged that every Cast House is different (May 1977), however, assuming the fume 

extraction installed on BF5 removed PM10 of a similar order of magnitude to Boscolo and Padoano’s BF, it is 

reasonable to expect the overall trend of ambient PM10 concentrations to decrease in the following years. 

Especially as the BF5 Cast House was identified by many sources (Welsh Environment Agency, NPTCBC and 

Corus) as an area in need of substantial improvement prior to fume extraction installation and a significant 

contributor to PM10 concentrations at the NETCEN site (Tate et al. 2003). Therefore, Hodges and Horne (2005) 

can be criticised for the short study period of their research post fume extraction installation which could have 
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impacted the reliability and validity of the results obtained. Hodges and Horne (2005) do suggest, however, 

further research is required to assess the impact of the ‘short term emission incident’, of which Cast House 

emissions are an example. This research presented here addresses this suggestion. 

 

Further internal Tata Steel research (Hodges 2005) investigated an extensive list of particulate emission sources 

at the Steelworks and their impact upon PM10 concentrations in Port Talbot. This allowed the contribution of 

each source (fugitive and point sources) to background PM10 concentrations to be established. Hodges (2005) 

found fugitive sources (e.g. Cast House Emissions) had greater offsite impact, therefore, improvement activities 

should be focussed upon fugitive emission reduction. Hodges (2005) found Cast House emissions from BF4 and 

BF5 contributed 0.024µg/m3 and 0.012µg/m3 respectively (0.036µg/m3 combined) to background PM10 

concentrations at the NETCEN site. Hodges (2005) states the modelling was undertaken using best estimates for 

process emissions but acknowledges that significant uncertainties exist, especially for the fugitive sources 

studied. However, it is not outlined what these uncertainties are and their expected impact upon the results and 

conclusions. In addition to these pre-existing uncertainties, care should be taken when relying upon Hodges’ 

estimates today as much has changed since the 2005 modelling took place. BF4 has since been rebuilt with 

improved dust capture technology. Furthermore, the BF raw material mix has likely changed with a move 

towards increased granulated coal injection for cost efficiency (Bennett and Fukushima 2003). It must also be 

noted that the analysis was conducted using a single year’s meteorological data (2000). It is questionable why 

this should be the case, especially as it was likely not the most recent year of data available. One year’s data is 

not sufficient, especially considering the differences between 2003 and 2004 as found by Hodges and Horne 

(2005) which were potentially due to weather factors. Therefore, once again, care must be taken when relying 

upon the results and conclusions of this research. The research proposed here will analyse four years 

meteorological data to fulfil the research aim and objectives. 

 

 

3.1.1 Quantifying Fugitive Emissions  

 

 

Fugitive emissions are emissions which do not pass through a chimney, vent, stack or equivalent and include 

liquid vapour, gases and solid particulate matter (US EPA 1999). As they are unconfined in nature, fugitive 

emissions are notoriously difficult to capture and quantifiably measure (Mueller et al. 2013). Mueller et al.’s 

(2013) study concerned fugitive emissions generated during material movement (fly ash) rather than Cast House 

fugitive emissions which are of concern here. Generally, material movement emissions are estimated using 

emission factors derived from sampling. By comparison, Mueller et al. utilised advanced hourly particulate 

monitoring combined with collected meteorological parameter data (including atmospheric stability - discussed 

in Section 3.3.2) for input into a dispersion model. This allowed the researchers to quantify PM10 and PM2.5 mass 

generated per volume of ash produced. The researchers also carefully considered the effects of other fugitive 

sources (e.g. road dust) in the vicinity of the fly ash process and took measures to remove their effects. The two 
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sources of emission – fly ash and road dust – were difficult to separate due to their similar chemical signatures. 

Consequently, a CCTV information and statistical relationship coupled approach was derived but it was 

acknowledged that was not an ideal method as it led to uncertainties in the emission factors. However, it allow 

for isolation of emissions likely attributable to the fly ash process. It is possible that this approach led to 

overestimation of emissions, however, this is preferable to underestimating the threat of exposure for persons 

in the vicinity of the process. This issue requires serious consideration were this methodology to be applied to 

reviewing calculations for the contribution of Cast House emissions Port Talbot background concentrations (such 

as those derived by Hodges 2005). For example, there are many processes operating in the vicinity of the BFs 

which could contribute fugitive emissions and which would be very difficult to isolate from the fugitive emission 

being studied. This point is highlighted in Chapter 6 – Evaluation and Conclusions.   

 

Despite the issues encountered, Mueller et al.’s study is successful in contributing to knowledge on a subject 

with very little pre-existing knowledge. In addition, the study can be praised for its meticulous consideration of 

meteorological factors. This level of consideration was not mirrored in the research of Boscolo and Padoano 

(2011). Towards the end of their research paper, Boscolo and Padoano (2011) make passing comments 

concerning potential effects of special and seasonal weather conditions at certain times of the year. It is possible 

that the lack of consideration of weather conditions confounded the study, as perceived air quality 

improvements may not have resulted entirely from retrofitted dust abatement but partly due to favourable 

weather conditions. For example, Hutchison et al. (2005) advocate wind direction was a key factor in explaining 

the results of their research into the effect of BF refurbishment on local air quality (northerly before 

refurbishment and south-westerly during and post refurbishment). Therefore, if meteorological factors are not 

fully examined, unsound conclusions may be drawn. This oversight is a substantial flaw in Boscolo and Padoano 

research and correcting this flaw should at least have been made as a suggestion for further work. They do, 

however, suggest that the PM10 concentration data relied upon in the study be considered in greater depth. It 

is important to note that Boscolo and Padoano’s research work does specifically relate to Cast House emission 

estimation, therefore, its value cannot be underestimated due to the lack of research on the subject.  

 

 3.1.2 Quantifying Cast House Fugitive Emissions  

 
A review of the literature reveals that technology is not currently available, and certainly not installed on BFs 

globally, to quantify particulate mass released in Cast House emissions. Researchers are generally forced to rely 

upon developing emission factors derived from sampling, time lapse photography and production data, and it is 

clear that this method has not changed significantly in the last forty years. For example, May’s research in 1977 

utilised a similar methodology to that of Hodges and Horne (2005) and Boscolo and Padoano (2011) and an 

almost identical approach to Mueller et al. (2013).  

 

Boscolo and Padoano estimated the TSP emanating from their BF of study amounted to 380t per annum, with 

approximately 270t per annum generated as fugitive emissions. Therefore, this figure is substantially 
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contributed to by Cast House emissions (Douchanov 2002). In addition, the researchers estimated TSP emissions 

attributable to Cast House emissions, using a method similar to that of Mueller et al. (2013). This study 

considered other emission sources and developed emission factors for each of those sources (Pig Iron Casting 

Machine, Coking Plant and materials storage and handling). Therefore, the issue of isolating emissions, as 

occurred during Mueller et al.’s study, is not as serious an issue here as each source is considered in detail. 

Boscolo and Padoano have clearly selected the most significant sources of fugitive emissions in the area but 

there are other sources, such as the likely nearby sintering process which is a significant source of fugitive 

emission (Taiwo et al. 2014) but not considered. Therefore, it is suggested if updated emission factors were to 

be developed for the Port Talbot Cast Houses, this should not be done in isolation.  All other significant sources 

of emission in the vicinity of the plant should be considered in parallel. Before installation of retrofitted dust 

abatement, the minimum, average and maximum Cast House fugitive emission was estimated as 66.1t, 107.4t 

and 247.9t respectively (based on annual yield of 387000t cast iron). It should be noted that these estimates 

refer to TSP rather than PM10. Following installation, the emission factors were updated and the TSP emissions 

from the process were estimated to be reduced by 87.6t per annum.  

 

The other aforementioned areas of the plant (Pig Iron Casting Machine, Coking Plant and materials storage and 

handling) also had improved equipment retrofitted and an attempt is made to consider the impact of all 

improvements combined upon PM10 concentrations in the town. However, no attempt is made to consider the 

impact of each improvement individually. The conclusions drawn regarding offsite ambient air quality impact 

are decidedly lacking with statements made as to a general downwards trend (particularly in 2008 and 2009) in 

PM10 concentrations and the number of breaches post retrofitting equipment. As discussed previously, no 

consideration is afforded to meteorological factors which could have impacted the results. However, the 

researchers do concede that the favourable trend of emission reduction in 2009 could have been partly 

attributable to a 40 day BF down period during quarter two, although the reduction was sustained in quarter 

one. Similarly to Hodges and Horne (2005), the study period post retrofitting is too short to conclude a sustained 

reduction in PM10 concentrations. However, Hodges and Horne were able to conclude the contribution of Cast 

House emissions from BF5 to ambient PM10 concentrations via a dispersion model, whereas Boscolo and 

Padoano were only able to make general observations of trends. 

 

Technological advances aimed at measuring fugitive emission particulate loading have occurred in recent years, 

although the literature has not provided examples of this technology being utilised in a Steelworks environment, 

let alone deployed on a BF Cast House. For example light scattering technology devices have been developed 

which are capable of providing real time fugitive emission concentration measurements, but not the total 

particulate mass of the emission (Matta 2011). In addition, LIDAR (light detection and ranging) technology has 

been utilised to measure fugitive emission PM10 concentration from arable farming operations (Holmen et al. 

1998) and also from unpaved roads and a blower fan (Fitz et al. (2003). However, Chambers (2004) reports that 

LIDAR technology requires development in order to be utilised as a means of extracting mass particulate 
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emission data from the measurements. Emission factors, meteorological data and production data are still 

required to ascertain the mass emission.  

 

In recent years, optical remote sensing technology has developed which allows for real-time measurement of 

fugitive emission mass particulates when coupled with an anemometer.  However, an algorithm for particulate 

matter light extinction profiles along the cross-section of the plume, emission factors and meteorological data 

are still required to quantify particulate mass (Du et al. 2011). Therefore, there is no technology or sampling 

device in existence which can, by a simple method, measure the entire mass of particulate matter, specifically 

PM10, released in a Cast House emission, let alone a device that could withstand the harsh environment of the 

BF Cast House.  
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3.2 Distance from Source and PM10 Trajectory Path 
 

3.2.1 Distance from Source  

 

It is widely agreed that fugitive PM10 is deposited a short distance from its source following atmospheric 

suspension. By contrast, finer fractions (PM1 and PM2.5) are capable of transportation over very long distances – 

possibly thousands of kilometres (WHO 2006). This view is supported by Chow et al. (1999) whose Las Vegas 

PM10 source apportionment study concluded the zone most impacted by PM10 was within 1km of the fugitive 

source. Therefore, it is likely PM10 emissions from the Steelworks are deposited in the Port Talbot residential 

areas, especially considering the typography and prevailing wind of the area (as described below) and the fact 

that an AQMA was deemed necessary in this location (NPTCBC 2013). As PM10 particles are heavier than the 

smaller fraction particles, they do not remain suspended in the atmosphere for as long – approximately minutes 

up to a couple of hours. In comparison, the smallest particles can remain suspended in the atmosphere for many 

weeks (Ohmsen 2001; East Devon District Council 2015; Dylos Corporation 2018) This has been taking into 

consideration when developing the methodology described in Chapter 4. No literature could be found to dispute 

the above findings. A literature review concerning the effect of weather conditions upon PM10 build-up and 

dispersion is discussed in Section 3.3.   

 

3.2.2 Port Talbot Typography 

 

Typographical conditions of the study area must always be considered (Sharan et al. 1996). It has been recognised 

that Port Talbot’s typography to the east (i.e. the hills) can at times alter the wind field with the wind direction 

recorded at monitoring stations not reflecting the general movement of PM10 from the Steelworks direction 

(AQEG 2011). This is presented visually in Figure 2 which presents wind flow at 5m/s through Port Talbot as 

affected by the area topography using FLOWSTAR software (provided by David Carruthers - AQEG member, 

published in AQEG 2011). In addition, Figure 3 shows the same map (with the area of interest highlighted) which 

shows the wind direction alter from south-westerly to northerly, potentially deflected by the hills. This analysis 

only presents the trajectory of wind flow at 5m/s, therefore, it is not clear what the impact would be at very high 

or very low wind speeds. AQEG’s work does, however, make it very clear that PM10 unlikely travels in straight 

lines across Port Talbot and this is without accounting for the effect of various obstacles and heat sources in the 

area as acknowledged by Hayes and Chatterton (2009). The literature review did not provide any research to 

dispute the conclusions of AQEG (2011) or Hayes and Chatterton (2009) discussed here.    
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Figure 2 – Analysis of topographic effect on wind flow across Port Talbot - provided by David Carruthers (AQEG 
member) published in (AQEG 2011). 

 

Figure 3 – Analysis of topographic effect on wind flow across Port Talbot published in (AQEG 2011) – with 
area of interest highlighted. 

 

Scale 2.5cm: 1km 

Scale 2.5cm: 1km 



16 
 

3.3 Effect of Weather Conditions  
 

PM10 dispersion and transport from source to neighbouring areas and subsequent removal is heavily dependent 

upon meteorological conditions in the area (Dayan and Miller 1989; Goel and Trivedy 1998; Sharan et al. 1996). 

This view is supported by Hayes et al. (2013) who explain that in order for air quality data analysis to be 

meaningful, weather conditions must be fully considered during data interrogation. Therefore, it is essential that 

meteorological data gathered from within the vicinity of the fugitive emission source of study (BF Cast Houses) 

is used when determining the effect upon PM10 concentrations (Hayes and Chatterton 2009). Data for the 

following AURN measured weather conditions (wind direction, wind speed, temperature, humidity and rainfall) 

is compared with PM10 emissions associated with Cast House operations in Chapter 5 – Results and Discussion. 

These factors are acknowledged by Jayamurugan et al. (2013) as governing pollutant concentrations in ambient 

air.  

 

3.3.1 Effect of Specific Weather Conditions  

 

Studies have found atmospheric PM10 to be influenced by wind direction, and this is also the case in Port Talbot. 

AQEG (2011) report that PM10 concentrations are generally higher when monitors are impacted from the 

direction of the Steelworks. As previously discussed, studies show particulate concentrations to be increased in 

samples taken downwind of a Steelworks compared to upwind (Hutchison et al. 2005; Hodges et al. 2006). A 

review of the literature reveals a lack of published results of the statistical significance of the relationship 

between wind direction and PM10. However, were such results available for locations around the world, the 

significance found elsewhere would not necessarily be applicable to Port Talbot owing to differences in industrial 

landscape, typography and meteorological factors.  

 

In the wider industrial sector, research advocates for the joint influence of wind direction and speed (Ayanlade 

and Oyegbade 2016). Hayes and Chatterton (2009) suggest this is also the case in Port Talbot. Their study found 

key Steelworks PM10 sources were not in the immediate vicinity of the AURN with wind speed playing a key role. 

Therefore, suggesting re-suspended dust from stockyards or grounded stack plumes as key sources. However, 

the subsequent work of Taiwo et al. (2014) contests this, concluding the BF process as the main source. This 

suggests that key sources can be within close proximity to the monitor depending on current wind speed. In 

addition, these studies were conducted many years apart, in which time improvements have been made to 

stockyard fugitive dust management.  

The literature generally agrees that particulate concentrations build-up in the atmosphere during low wind speed 

conditions. For example, Filonchyk et al. (2016) observed negative correlations of varying significance (depending 

on the Chinese city of study) between particulate concentrations and wind speed (the lower the wind speed the 

higher the particulate concentration). Czernecki et al. (2017) supports this, also finding a negative relationship, 

albeit rather weak, between average daily wind speed and PM10. This study could have been improved by 
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utilising hourly rather than daily average wind speed data as it allows for more precise and reliable analysis to 

be undertaken (Suh and Choi 2017).  

 

Despite these findings, high PM10 concentrations associated with Cast House emissions may not be realised at 

the Port Talbot monitors during very low wind speeds. This is supported by Ohmsen (2001) who considered 

thermal effect upon plume buoyancy at a Lead Smelting Plant BF. Ohmsen found BF fugitive emission dispersion 

is controlled by thermal effects and wind mobilisation. At very low wind speeds, Cast House emissions become 

buoyant due to thermal effects. However, at higher speeds (exceeding 2m/s) emissions remain closer to ground 

level and impact local monitors. Studies have also considered high wind speed effect, which are found to 

transport pollutants into the area from afar (Giri et al. 2008). AQEG (2005) also offer support, finding similar 

occurrences in the UK, with gales contributing elevated particulates due to sea spray transportation (AQEG 

2005).  

Substantial literature exists on the combined effect of PM10 concentrations and ambient temperature upon 

mortality and respiratory health (Ren et al. 2006; Wu and Zhang 2009; Li et al. 2012; Wu et al. 2014). However, 

there is far less research into the statistical relationship between the variables and no research was found 

concerning the worst case temperature range for atmospheric PM10 build up. Therefore, the research presented 

here is novel in that regard. Li et al. (2015) found negative correlations of fair significance between particulate 

concentrations and temperature over a summer in Shijiazhuang. This is supported by Czernecki et al. (2016) who 

made a similar finding in Poznan, Poland. However, Filonchyk et al.’s (2016) findings contrast with these studies 

as either weak/very weak positive linear relationships were found in some Chinese cities and no obvious 

relationships were found in others. These studies were not carried out in the same location, therefore, it is 

unlikely that the same results would be obtained owing to geographical and meteorological differences. The 

season in which the study takes place is also significant, with seasonal effects observed by Tai et al. (2010).    

The subject literature agrees that rainfall and high relative humidity removes atmospheric pollutant particles 

(Seinfeld and Spyros, 1998; Hayes and Chatterton 2009) with studies observing a ‘washing effect’ evidenced by 

the negative correlation found i.e. the higher the rainfall/humidity level, the lower the PM10 (Shaheen et al. 2005; 

Giri et al. 2008).  In Giri et al.’s study of the Kathmandu Valley, the negative correlation observed between rainfall 

and PM10 was not significant, yet the negative correlation between humidity and PM10 was the most significant 

of all meteorological variables studied.  This study is very important in the context of this research as it explores 

the worst case humidity range for elevated PM10, which was found to be 40-60%. Between this range, particles 

gather mass, meaning they remain at ground level rather than becoming airborne. The worst case meteorological 

conditions for contributing to elevated PM10 is a research area which is severely lacking in published literature.  

The statistical relationship between rainfall and PM10 was also researched by Yoo et al. (2014) who found 

statistically significant negative correlation and therefore, a stronger relationship than observed by Giri et al. 

(2008). This was once again attributed to a washing effect, supporting Giri et al. (2008) and Shaheen et al. (2005). 
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Yoo et al. (2014) found PM10 to be suppressed most effectively of all pollutants studied (PM10, CO, NO2, SO2 and 

O3). 

 

In contrast to Giri et al.’s (2008) findings, Filonchyk et al. (2016) found a weak positive correlation between 

relative humidity and PM10 in one area of China and no relationship in the remaining study areas.  The lack of 

consensus does not make either study less valid and is likely due to the differing study locations and, therefore, 

differences in climates and weather systems. The work of Csavina et al. (2014) offers an explanation as to why 

weak relationships were observed in the previous studies. Csavina et al. (2014) advocate for the combined 

influence of factors (relative humidity and wind speed in this case) in determining PM10 concentrations, as 

individually no relationship was observed. This is validated by Pasquill (1961) who reports on the existence of 

many interdependencies in meteorological processes. Therefore, it is unlikely that consideration of just two 

variables at once will reveal significant relationships. The consideration of multiple and interdependent variables 

is outside this research scope but is suggested for further work in Chapter 6 – Evaluation and Conclusions. 

This literature review has revealed no research concerning weather condition effects upon PM10 concentrations 

associated with Cast House emissions. Considering that each Cast House is different (May 1977) and Port Talbot’s 

interesting typographical features (Hayes and Chatterton 2009; AQEG 2011) affecting PM10 transportation and 

dispersion, this research is justified, novel and contributes to the global subject literature. 

 

3.3.2 Missing Meteorological Variables 

 

The US Bureau of Land Management (1994) identifies three key variables known to affect pollutant dispersion - 

transport wind speed, mixing height and atmospheric stability as defined in Table 4. These factors are not 

measured in Port Talbot.  

 

 
Transport Wind Speed Measure of the atmosphere’s ability to horizontally move the pollutant of 

interest away from its source 

Mixing Height Vertical distance the air is able to mix through 

Atmospheric Stability The air’s tendency to vertically mix through the atmosphere 

 

Zoras et al. (2006) concur that atmospheric stability is an extremely important variable, particularly in areas with 

complicated typography, such as Port Talbot (AQEG 2011). Barmpadimos et al. (2011) add wind gusts to the list 

of significant variables, owing to the information provided on atmospheric stability and mixing which mean wind 

speed cannot provide. This research could be vastly improved if these missing variables were added to the suite 

of analysis undertaken by the Port Talbot monitoring network. This would allow their impact upon Cast House 

emission transportation and dispersion to be assessed to inform the literature. The literature review revealed no 

Table 4 – Missing Weather Condition Definitions (US Bureau of Land Management 1994) 
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research considering the impact of these variables upon Port Talbot PM10 behaviour and certainly not in relation 

to Cast House emissions. Recommendations concerning this issue are outlined in Chapter 6 – Evaluation and 

Conclusions.  

 

 

3.4 Decision Tool Development  

 

3.4.1 Decision Tools in Air Quality Management 

 

Decision tools can have many applications, for example, Ghenai and Lin (2006) suggest dispersion modelling 

outputs should be fed into decision tools. Here, a tool was used to determine required levels of decontamination 

prior to decommissioning activities. Decision tools can also be a useful component of air quality management 

with tools being used in varied applications. For example, Pantazaras et al. (2018) developed a tool for a 

University Facility Manager to balance energy consumption and indoor air quality by establishing relationships 

between many factors - CO2 set point, occupancy, cooling load and ventilation rate.  Additional applications 

include aiding city planners in balancing pedestrian wind comfort and air quality (Fan et al. 2017) and developing 

tools for urban area air pollution reduction (Frumau 2015). There is no evidence in the literature, however, of a 

tool being used to assess emission severity from industrial plants, let alone Cast Houses. Therefore, this 

application is novel and contributes to knowledge in this field.  

 

3.4.2 Pitfalls of Decision Tools 

 

It is acknowledged that decision tools tend to focus upon the problem faced rather than paying attention to 

solutions (Liu et al. 2006). Therefore, the author deems it important that the decision tool developed in this 

research is utilised by Tata Steel and other interested parties to work towards a solution. As discussed further in 

Chapter 6 – Evaluation and Conclusions, it is suggested the tool is utilised to justify environmental process 

improvements and to inform the local air quality notification system (airAware).  

There is a risk of introducing subjectivity into decision tools. When navigating a decision tool, the answers arrived 

at should be based on fact rather than individual perceptions which vary significantly with experience. 

Subjectivity introduces bias, inaccuracy and uncertainty, making it unlikely that two users would achieve the 

same results under exactly the same conditions (Redmill 2002). It is also important that tools are simple and easy 

to understand (Harding 2003) to ensure that they are used and incorporated into daily management. 
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4. Methodological Review 
  

4.1 Introduction  
 

This chapter outlines the chosen and most appropriate method for answering the research aim and objectives 

stated in Chapter 1 - Introduction. Publically available AURN PM10 and meteorological data and PM10 data from 

additional local monitors was collected from the Welsh Air Quality Forum and NPTCBC Pollution Monitoring 

websites. Currently, meteorological data is only available for the AURN monitor. Site specific Little Warren wind 

data is available however due to its coastal location. Due to this limitation, it has been necessary to extrapolate 

AURN meteorological data to other monitor locations. For example, in Chapter 5 Part 3, AURN wind date was 

used to create pollution roses for the Theodore Road monitor. This is not ideal, with Noon (2000) advocating 

that local geography can influence meteorological factors, especially wind speed. Wind speeds recorded at one 

monitor are not necessarily the same at another monitor within close proximity due to local funnelling or wind 

obstructing features. Overton (2009) supports the view that site specific data is preferable, adding that a 

monitor’s recorded data is specific to the location in which it is recorded, meaning the data only offers 

information of variations and changes in that location. This issue is discussed further in Chapter 6 – Evaluation 

and Conclusions.  

 

With the exception of the Prince Street monitor (operated by Natural Resources Wales [NRW]), the monitoring 

network is operated and maintained by NPTCBC (NPTCBC 2018). The monitor locations are presented in Figure 

4. 

 

 

Little Warren

Docks

Talbot	Road

Theodore	Road

AURN

Prince St.

Twll-yn-y-Wal Park

Dyffryn	School

Scale 2.5cm: 500m 

 

Microsoft product screen shot reprinted with permission from Microsoft Corporation. © 2017 Microsoft 

Figure 4 – Locations of Port Talbot air quality monitoring network monitors 
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The period 1st January 2013 to 31st December 2016 was selected for study in order to fulfil the research aim and 

objectives. Studies considered in the literature review (Hutchison 2005; Mazzei and Prati 2009; Filonchyk et al. 

2016; Czernecki et al. 2017) collected their own data over a relatively short time period i.e. months rather than 

years. Therefore, they were constrained by the time allowed by their sampling campaign with the risk of 

concluding findings which are potentially unrepresentative.  

By downloading data from the official AURN network and NPTCBC/NRW operated monitors, this research 

benefits from an extensive bank of data for trending over a prolonged time periods. This is similar to the 

approach of Pope (1989) and Pope (1996) who acquired data from the Utah Bureau of Air Quality. Official data 

is also preferable as it is reviewed and verified by third party experts who remove erroneous data. Zoras et al. 

(2006) adopted a similar approach to that described here, collecting hourly PM10 and meteorological data over 

two years to identify the atmospheric conditions which contribute to the highest recorded PM10 concentrations 

in Northern Greece. In addition, many years’ data was collected by Barmpadimos et al. (2011) who extensively 

studied meteorological influences upon PM10 in multiple monitoring stations. The methods of analysis 

undertaken in these example studies is discussed below.  

 

Data prior to 2013 were not analysed due to the Environmental Incident Form (EIF) reporting system being 

introduced by Tata Steel Port Talbot in late 2012. An EIF is an online reporting form utilised for recording 

environmental incidents. Between 2013 and 2016, Cast House emissions accounted for a large proportion of 

EIFs recorded. Objective 1 of this research was to investigate the effect of BF4 and BF5 Cast House emissions 

upon PM10 concentrations recorded by the monitoring network. 
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4.2 Effect of Cast House Emissions  
 

To fulfil this objective, it was first necessary to establish the wind direction bands from which each monitor is 

impacted from the BFs. The outcome of this investigation is presented in Table 5 and a visual representation is 

provided by Figures 5 and 6.  

 

Monitor Name Wind sector from which the monitor is impacted 

from the direction of the Blast Furnaces 

Little Warren 100-120 ̊

Docks 140-160 ̊

Talbot Road 170-190 ̊

Theodore Road 180-200 ̊

AURN (Margam Fire Station) 190-220 ̊

Prince Street 230-270 ̊

Twll-yn-y-Wal Park 260-290 ̊

Dyffryn School 280-300 ̊

 

 

Table 5 – Wind Sectors impacting the Port Talbot Monitors from the direction of the Blast Furnaces 

Microsoft product screen shot reprinted with permission from Microsoft Corporation. © 2017 Microsoft 

Figure 5 - Wind sectors from which the Little Warren, Talbot Road, AURN and Twll-yn-y-Wal Park monitors are 
impacted with PM10 particles from the direction of the Blast Furnaces. 
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Pivot charts were then used to compare the average PM10 concentration for each 10 wind sector for the whole 

dataset (2013- 2016) against the average PM10 concentration for each 10 wind sector at times when Cast House 

emissions were reported (via EIFs) over the same time period. Finally, the average results were compared to the 

average PM10 concentrations for each 10 wind sector at times when no Cast House emissions were reported. 

This process was repeated for all eight monitors. The literature review has informed chosen method with the 

assumption being made that if Cast House emissions reach the monitoring network, they would do so within the 

hour in which it occurred. This view is supported by research finding atmospheric PM10 remains suspended for 

only a short time – minutes up to a few hours (Ohmsen 2001; Dylos Corporation 2018). 

 

The comparison of average PM10 concentrations for each wind sector for the whole dataset against the average 

concentrations at times of Cast House emissions demonstrates the impact of the emission upon the monitor. 

The second comparison (to average PM10 concentrations at times when no Cast House emissions are recorded 

compared to the whole dataset) is used to quantify the potential contribution of Cast House emissions to the 

average background PM10 concentration at the monitor (2013-2016). This analysis is presented in Section 5.1. 

This analysis is used to establish which of the eight monitors are impacted (and to what extent) by Cast House 

emissions. A monitor is deemed as impacted if PM10 concentrations at the monitor (from the direction of the 

BFs) are higher at times of Cast House emissions compared to times of no emissions and the full dataset average 

for the respective wind sector. Cast House emissions are deemed as contributing to background concentrations 

if average PM10 concentrations for the whole dataset (from the direction of the BFs) are higher than the average 

concentrations at times of no emissions.   

Microsoft product screen shot reprinted with permission from Microsoft Corporation. © 2017 Microsoft 

Figure 6 - Wind sectors from which the Docks, Theodore Road, Prince Street and Dyffryn School monitors are 
impacted with PM10 particles from the direction of the Blast Furnaces. 
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4.3 Distance from Source and PM10 Trajectory Path 

 

The AURN and Theodore Road monitors were selected for further analysis to assess the extent to which PM10 

released in Cast House emissions decreases in concentration with distance and the potential trajectory taken by 

the emission across Port Talbot. These monitors were selected because the results presented in Section 5.1 

demonstrate that the AURN is the most impacted by Cast House emissions of all the monitors, whilst the 

Theodore Road monitor is impacted the least. At a glance, it is not clear why this should be the case as both 

monitors are impacted from the BFs from approximately 190 ̊to 200 ̊and the monitors are not a great distance 

apart (approximately 700m).  

Pollution roses were plotted to depict spatially how PM10 impacts each monitor, presented in percentiles (10th 

to 99th). Pollution roses are used in many applications to highlight directions of key pollutant sources (Hodges et 

al. 2006). A comparison is made between the whole dataset (2013 to 2016) for the AURN and Theodore Road 

monitors and also between the data collected at times of Cast House emissions. The trajectory of PM10 is then 

identified and consideration given to weather conditions and other factors to consider why the AURN is impacted 

but the Theodore Road monitor is not. It must be noted that weather data is only available for the AURN monitor 

and not the Theodore road monitor. The AURN and Theodore Road monitor locations and the overlapping wind 

sector (190 ̊to 200)̊ are presented in Figure 7.  

  

 

 

 

Microsoft product screen shot reprinted with permission from Microsoft Corporation. © 2017 Microsoft 

Figure 7 – AURN and Theodore Road monitor locations and the wind sector from which both monitors are 

impacted from the Blast Furnaces (190 ̊to 200)̊ 
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4.4 Influence of Weather Conditions  
 

Weather conditions (wind direction, wind speed, temperature, relative humidity and rainfall) are considered in 

the distance from source analysis but taken further in Section 5.3 to establish their impact upon PM10 for the 

whole dataset and also their relationship with PM10 at times of Cast House emissions. The AURN was selected 

for this further analysis as it is the monitor gathering the most weather data. In addition, the daily mean PM10 

objective is set upon the AURN monitor. This research executes a very similar approach to Middleton and Dixon 

(2001) who meticulously studied hourly meteorological data from multiple UK AURN sites to allow the 

correlation with various pollution events to be established. Here, the same approach is used to establish the 

effect of AURN meteorological data upon PM10 emissions associated with Cast House operations. Middleton and 

Dixon (2001) do carry out statistical analysis upon their dataset, however, this is only to assess the frequency of 

certain weather conditions rather than taking the analysis further to establish the relationship between PM10 

and each meteorological factor as described in Section 4.4.1.  

Pivot charts are used to identify average PM10 concentrations for each isolated weather factor (e.g. temperature). 

Each weather factor has been banked, with the average PM10 concentration for each bank of data (e.g. 12.1 to 

13.0 for temperature) being established. In addition, scatter charts are used to plot the PM10 concentrations 

and meteorological conditions at play at times of Cast House emissions. 

 

4.4.1 Statistical Analysis  

 

Statistical analysis methods aim to quantifiably establish the effects of a study and whether it can be confidently 

concluded that the effect in the observed sample is representative of the whole (Townend 2002). Correlation 

(correlation coefficient and correlation matrix analysis), linear regression and polynomial regression analyses 

have been undertaken in this research, to establish the relationship between PM10 and weather conditions at 

times of Cast House emissions. This method is validated as it has been used in recent studies concerning similar 

subject matter. For example, Filonchyk et al. (2016) undertook analysis to determine if linear relationships 

existed between particulate concentrations and various weather conditions in numerous Chinese cities over 

three month period. This study period is considered to be rather short to ascertain if relationships exists and 

whether the significance of the relationship observed is truly representative of pollutant and meteorological 

conditions in the areas of study. By contrast, the research presented here uses four years’ worth of hourly data 

to ensure the statistical analysis is representative of conditions in Port Talbot. A further recent study utilising 

this method of statistical analysis to fulfil a similar research aim is that of Czernecki et al. (2017) who analysed 

the influence of atmospheric conditions upon PM10 in Poznań, Poland over a much longer period (2006–2013). 

A linear regression analysis technique was also employed by Pantazaras et al. (2018) to assess the relationship 

between the variables of interest before feeding the resulting information into a decision tool for staff utilisation 

in a very similar way to the method presented here, thereby providing validation for the method proposed. 
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Correlation matrices for the whole data set and data collected at times of Cast House emissions are created using 

R Studio® software (‘corPlot’ function). This method shows by three means the correlation between all variables 

at once. Firstly by colour, ranging from red to green in traffic light fashion which red representing the strongest 

correlation. Secondly by shape, with ellipses representing strong correlation and circles representing little to no 

correlation. Finally, the numerical values represent the r value e.g. 90 equating to an r value of 0.9 and a strong 

correlation. The perfect line of positive correlation is plotted on the matrix at 45.̊ Correlation matrices are an 

effective way of understanding relationships between many variables quickly and in a very visual way to ease 

interpretation (Carslaw 2015). 

Barmpadimos et al. (2011) remind us that relationships between PM10 and meteorological factors can in fact be 

non-linear, and this was also found to be true in this research. The 2011 study considered the effect of 

meteorological factors separately (the same approach taken as presented here) however, a generalised additive 

model (GAM) was used to analyse the non-linear relationships. A GAM was not selected as a method of analysis 

for this research as it was beyond the resources of the study. This research, however, utilises polynomial 

regression analysis to investigate the existence of non-linear relationships between the variables ranging from 

2nd order to 6th order polynomial regression as described below. Polynomial regression analysis allows for the 

analysis of the relationship between two variables in Microsoft Excel without the need for a complex model. 

GAMs are, however, an effective and flexible means of determining non-linear relationships in many applications 

(Dominici et al. 2002). However, issues such as trend overfitting (Wood 2008) and prediction error when 

considering a significant number of smoothing parameters (Reiss and Ogden 2009) can occur.  

 

The polynomial regression analysis undertaken in this research used not only the x value but also the x2 as 

independent variables. The significance of the r value shows whether a quadratic relationship exists between 

the x and y variables. By extension, a third independent variable was then added (x3) to assess if a cubic 

relationship existed between x and y. Further independent variables (x4, x5 and x6) were also added and best-fit 

curves added to the scatter plots. A review of the literature has revealed this technique is not used frequently to 

assess non-linear relationships between PM10 and meteorological factors. However, this technique has been used 

in the field of PM10 prediction models, with a 2nd order polynomial regression analysis being used by Janssen et 

al. (2008) to identify the relationship between aerosol optical depth data and PM10 in-situ measurements. This 

method of analysis provides complex equations for the y value which are useful in the development of 

mathematical models. However, it must be noted that this form of analysis is of little help in explaining the 

chemical, physical or biological mechanisms at play in a given relationship (Townend 2002). However, this 

method was very useful in ordering the meteorological factors by significance in the decision tool described in 

Section 4.5. Further advantages and pitfalls of polynomial regression analysis are discussed in Section 5.3. 
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4.4.2 Atmospheric Stability  

 

Pasquill Atmospheric Stability Class data is also examined and discussed in this research. This data is not available 

for Port Talbot, with the most local station recording this data located at the St Athan MET Office Weather Station, 

approximately 26 miles south-east of Port Talbot (51.405, -3.440). The location of the St. Athan station in relation 

to the Port Talbot Steelworks is shown in Figure 8. 

 

 

 

Six Pasquill Stability Classes (Pasquill 1961) are utilised to categorise the atmospheric turbulence, which range 

from A (most turbulent) to F (least turbulent). Pasquill’s Stability Classes and the conditions which define the 

classes are presented in Table 6.   

  

Stability Class Definition 

A Very Unstable 

B Unstable 

C Slightly Unstable 

D Neutral 

E Slightly Stable 

F Stable 

The Pasquill data for 2016 was obtained from the MET Office. It is not advisable to extrapolate the St. Athan data 

to the AURN, as highlighted by Noon (2000) and Overton (2009), owing to the significant distance between the 

monitors, differences in typographical conditions between the two locations and the different weather systems 

Contains OS data © Crown copyright and database right 2018 

Figure 8 – Location of Tata Steel Port Talbot in relation to the St. Athan Weather Station 

 

 

Table 6 – Pasquill’s Stability Classes 

St. Athan 

Mumbles 

Port Talbot 

Steelworks 

Scale 1.5cm: 10km 
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likely in existence. However, the data is useful in indicating the general atmospheric stability of the South Wales 

area during 2016, with the percentage of time in each class over the year being established.  

 

4.5 Decision Tool Development  
  

The method of decision tool development described here is similar to that of Pantazaras et al. (2018) as both 

pieces of research required the strength multiple relationships to be established before the information could 

be integrated into a decision tool. Here, the relationship between PM10 and meteorological factors at times of 

Cast House emissions is required (as described in Section 4.4) to establish the worst case (‘very high’ severity 

rating) conditions for each meteorological factor - in terms of contributing to elevated PM10 concentrations at 

times of Cast House emissions. In addition, the conditions required for ‘low’, ‘medium’, and ‘high’ severity ratings 

are also established. The outcome of this investigation was then fed into a decision tool for assigning emission 

severity. Currently, Cast House emission severity is assigned based on operational conditions and the volume of 

dust generated as perceived by the observer - which is experience dependent. The proposed decision tool will 

aid the Cast House emission observer to assign emission severity (which is required on the EIF) with consideration 

to risk of public exposure to elevated PM10 concentrations and also risk of breach of the daily mean objective at 

the AURN based on the weather conditions at the time of the emission.  

Within the decision tool,  ‘severity’ relates to the potential for a BF4 or BF5 Cast House emission to contribute to 

a particular hourly average PM10 concentration during the hour in which the emission is recorded. Particular 

weather conditions are rated as low severity when the analysis shows that the conditions contribute to PM10 

concentrations between 0-50µg/m3 at times of Cast House emissions.  This band has been select as ‘low’ severity 

because the daily mean PM10 objective limit is set at 50µg/m3. The PM10 bands assigned for the ‘medium’, ‘high’ 

and ‘very high’ severity ratings can be seen in Table 7. 

 

 

Low Severity  Medium Severity  High Severity  Very High Severity  

0-50µg/m3 51-100µg/m3 101-150µg/m3 >150µg/m3 

 

The strength of the statistical relationships between meteorological factors and PM10 concentrations at times of 

Cast House emissions (based on the outcome of the polynomial regression analysis) determines the order of 

consideration of factors in the decision tool.   

 

 

Table 7 – Decision Tool ‘Low’, ‘Medium’, ‘High’ and ‘Very High’ PM10 Bands 
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5.  Results and Discussion 
 

5.1 Effect of Cast House Emissions upon Port Talbot Air Quality  
 

Figures 9 to 16 below present, for each monitoring station, the average PM10 concentration for each ten degree 

wind direction sector when Cast House emissions are recorded compared to the average PM10 concentration 

between 2013 and 2016, also compared to times when no Cast House emissions are recorded. The wind sectors 

from which the monitors are impacted with PM10 from the direction of the BFs are highlighted by the thick black 

boarders on the figures below.  

5.1.1 AURN (Margam Fire Station) 

 

The AURN monitor is directly impacted from the BFs between approximately 190 ̊and 220.̊ As can be seen from 

Table 8 and Figure 9 below, the average PM10 concentrations for 200 ̊and 210 ̊are significantly higher at times of 

Cast House emissions being recorded compared to times when no emissions are recorded and the four year 

average PM10 concentration for 200 ̊and 210.̊ There appears to be no impact of BF Cast House emissions at the 

AURN monitor from 190 ̊and 220 ̊as the average PM10 concentration at times of Cast House emissions is lower 

than times when no emissions are recorded and the four year average (full dataset).  

 

It is possible that the difference in PM10 concentration between times when no emissions are recorded between 

2013 and 2016 and the average PM10 concentration for the full dataset could be attributed to the volume of PM10 

released during Cast House emissions – 0.66µg/m3 in the 200 ̊direction and 0.47µg/m3 in the 210 ̊direction (as 

presented in Table 8. However, it must be noted that there are other sources of PM10 within and external to the 

Steelworks boundary that may have contributed to this difference in average PM10 concentrations. The potential 

contribution found here is higher than the potential contribution to background suggested by Hodges (2005) 

which was 0.024µg/m3 and 0.012µg/m3 respectively for BF4 and BF5 (0.036µg/m3 combined) at the NETCEN site. 

The NETCEN site was located in close proximity to the current locations of the AURN, Prince Street and Twll-yn-

y-Wal Park Monitors.  

 

A possible explanation for the higher potential contribution presented here is that only wind directions from the 

direction of the BFs are considered, whereas Hodges’ suggested contribution does not distinguish by wind 

direction. As a result, Hodges considers wind directions from which the monitor is not impacted from the 

Furnaces. Therefore, the contribution presented here is more realistic. Other possible reasons for the 

discrepancy include the AURN monitor not being deployed on the exact location of the NETCEN site and 

operational conditions of the Furnaces have likely changed in the thirteen years since Hodges study. Another 

significant factor is the building of the Harbour Way peripheral distributor road on previously Tata Steel-owned 

land which likely contributed to PM10 concentrations during construction (AQEG 2011). In addition, and as a 

result of this build, a significant number of trees and foliage were removed. Research has shown that trees have 
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been knows to act as dust barriers (Malone and Donnelly 2001; Shah et al. 2002) and this could have been the 

case in Port Talbot with the removed trees acting as a barrier between the Furnaces and the town.  

 

 

10 ̊Wind 

Direction 

Sector 

Average PM10 

Concentration 

(µg/m3) [2013-

2016 Full 

Dataset] 

Average PM10 

Concentration (µg/m3) 

[at times of Cast 

House Emissions 2013-

2016] 

Average PM10 

Concentration 

(µg/m3) [at times 

when no Cast House 

Emissions recorded 

2013-2016] 

Potential contribution 

of Cast House 

Emissions to 

Background 

Concentrations 

(µg/m3) [2013-2016] 

190 ̊ 60.48 48.30 60.59 No contribution 

200 ̊ 85.04 113.34 84.38 0.66 

210 ̊ 66.71 103.97 66.24 0.47 

220 ̊ 57.76 46.28 57.91 No contribution 

 

 

 

 

Table 8 – Comparison of PM10 Concentrations for the AURN Monitor 

Figure 9 - AURN (Margam Fire Station) Monitor average PM10 v wind direction 
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5.1.2 Little Warren  

 

The Little Warren monitor is impacted from the BFs between 100 ̊and 120.̊ As can be seen from Table 9 and 

Figure 10, the average PM10 concentrations for 100 ̊ and 110 ̊ are higher at times of Cast House emissions 

(significantly higher at 110)̊ compared to times of no emissions and the full dataset. However, there appears to 

be no impact of Cast House emissions at the monitor from 120,̊ with the average PM10 concentration at times of 

emissions being lower than times when emissions are recorded and the full dataset. The potential contribution 

of Cast House emissions to background concentrations (2013-2016) is presented in Table 9.  

 

10 ̊Wind 

Direction 

Sector 

Average PM10 

Concentration 

(µg/m3) [2013-

2016 Full 

Dataset] 

Average PM10 

Concentration 

(µg/m3) [at times of 

Cast House 

Emissions 2013-

2016] 

Average PM10 

Concentration 

(µg/m3) [at times 

when no Cast House 

Emissions recorded 

2013-2016] 

Potential 

contribution of Cast 

House Emissions to 

Background 

Concentrations 

(µg/m3) [2013-2016] 

100 ̊ 41.23 53.41 41.06 0.17 

110 ̊ 54.71 95.04 54.27 0.44 

120 ̊ 56.03 34.01 56.24 No contribution 

 

 

Table 9 – Comparison of PM10 Concentrations for the Little Warren Monitor 

Figure 10 - Little Warren Monitor average PM10 v wind direction 
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5.1.3 Docks Monitor 

 

The Docks monitor is impacted from the BFs between 140 ̊and 160.̊ As can be seen from Table 10 and Figure 11 

below, the average PM10 concentrations for 140 ̊and 160 ̊are higher at times of Cast House emissions compared 

to times when no emissions are recorded and the full dataset. Unexpectedly, there is no impact of Cast House 

emissions at the Docks monitor from 150.̊ This is because the average PM10 concentration at times of emissions 

is lower than times when no emissions are recorded and the full dataset average for 150.̊ A potential reason for 

this is the number of data points collected for each 10 ̊sector i.e. the number of times an EIF is recorded for Cast 

House emissions at a time when the wind is impacting the monitor from a certain direction. An EIF was recorded 

for Cast House emissions 23 times when the wind was impacting the monitor from 150 ̊between 2013 and 2016 

compared to 6 and 12 times for 140 ̊ and 160 ̊ respectively. Therefore, it is possible that the average PM10 

concentrations for 150 ̊are more representative of general conditions at the monitor. Therefore, it is possible that 

Cast House emissions have less of an impact upon the Docks monitor than the results for 140 ̊and 160 ̊would 

lead one to believe. The potential contribution of Cast House emissions to background concentrations (2013-

2016) is presented in Table 10. 

  

10 ̊Wind 

Direction 

Sector 

Average PM10 

Concentration 

(µg/m3) [2013-

2016 Full 

Dataset] 

Average PM10 

Concentration 

(µg/m3) [at times of 

Cast House 

Emissions 2013-

2016] 

Average PM10 

Concentration 

(µg/m3) [at times 

when no Cast House 

Emissions recorded 

2013-2016] 

Potential 

contribution of Cast 

House Emissions to 

Background 

Concentrations 

(µg/m3) [2013-2016] 

140 ̊ 29.30 39.53 29.23 0.07 

150 ̊ 40.01 37.83 40.05 No contribution 

160  35.01 38.58 34.97 0.04 

 

Table 10 – Comparison of PM10 Concentrations for the Docks Monitor 
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5.1.4 Talbot Road  

 

The Talbot Road monitor is impacted from the BFs between 170 ̊and 190.̊ As can be seen from Table 11 and 

Figure 12, the average PM10 concentration for 170 ̊is higher at times of Cast House emissions compared to times 

of no emissions and the full dataset average for 170.̊ There appears to be no impact of Cast House emissions at 

the Talbot Road monitor from 180 ̊or 190 ̊as the average PM10 concentration at times of emissions is lower than 

times when no emissions and the full dataset average. The potential contribution of Cast House emissions to 

background concentrations (2013-2016) is presented in Table 11.  

 

 

 

 

 

 

Figure 11 – Docks Monitor average PM10 v wind direction 
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10 ̊Wind 

Direction 

Sector 

Average PM10 

Concentration 

(µg/m3) [2013-

2016 Full 

Dataset] 

Average PM10 

Concentration 

(µg/m3) [at times of 

Cast House 

Emissions 2013-

2016] 

Average PM10 

Concentration 

(µg/m3) [at times 

when no Cast House 

Emissions recorded 

2013-2016] 

Potential contribution 

of Cast House 

Emissions to 

Background 

Concentrations 

(µg/m3) [2013-2016] 

170 ̊ 31.94 44.05 31.87 0.07 

180 ̊ 25.39 22.97 25.42 No contribution 

190 ̊ 25.62 14.1 25.72 No contribution 

 

 

 

 

 

 

 

 

Table 11 – Comparison of PM10 Concentrations for the Talbot Road Monitor 

Figure 12 - Talbot Road Monitor average PM10 v wind direction 
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5.1.5 Theodore Road 

 

The Theodore Road monitor is impacted from the BFs between 180 ̊and 200.̊ Table 12 and Figure 13 show that 

the average PM10 concentration for 200 ̊is marginally higher at times of Cast House emissions compared to times 

of no emissions and the full dataset average. There is no impact of Cast House emissions at the Theodore Road 

monitor from 180 ̊and 190 ̊(like the Talbot Road monitor) as the average PM10 concentration at times of emissions 

is lower than times of no emissions and the full dataset average. The potential contribution of Cast House 

emissions to background concentrations (2013-2016) is presented in Table 12.  

 

10 ̊Wind 

Direction 

Sector 

Average PM10 

Concentration 

(µg/m3) [2013-

2016 Full 

Dataset] 

Average PM10 

Concentration 

(µg/m3) [at times 

of Cast House 

Emissions 2013-

2016] 

Average PM10 

Concentration (µg/m3) 

[at times when no Cast 

House Emissions 

recorded 2013-2016] 

Potential contribution 

of Cast House 

Emissions to 

Background 

Concentrations 

(µg/m3) [2013-2016] 

180 ̊ 39.01 31.49 39.09 No contribution 

190 ̊ 30.97 18.75 31.08 No contribution 

200 ̊ 26.91 27.96 26.88 0.03 

 

Table 12 – Comparison of PM10 Concentrations for the Theodore Road Monitor 

Figure 13 - Theodore Road Monitor average PM10 v wind direction 
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Of all the monitors in Port Talbot, Cast House emissions appear to have the least impact upon PM10 

concentrations at the Theodore Road monitor. Perhaps a contributing factor is distance from source. Therefore, 

in Section 5.3, the measured concentrations of PM10 at the Theodore Road monitor will be considered alongside 

the AURN monitor to assess how distance from source (amongst other factors) effects PM10 concentrations in 

the atmosphere. 

 

5.1.6 Prince Street 

 

The Prince Street monitor is impacted from the BFs between 230 ̊and 270.̊ Table 13 and Figure 14 show that the 

average PM10 concentrations for 230,̊ 240,̊ 260 ̊and 270 ̊are higher (240 very marginally and 260 significantly) at 

times of Cast House emissions compared to times of no emissions and the full data set averages. Unexpectedly, 

there is no impact of Cast House emissions at the Prince Street monitor from 250 ̊(a similar situation to the Docks 

monitor discussed above). This is because the average PM10 concentration at times of emissions is lower than 

times when no emissions are recorded and the full dataset average. This is not explained when the number of 

data points is considered for each wind direction at times of Cast House emissions as a greater number of EIFs 

were recorded at times when the wind was impacting the Prince Street monitor from 250 ̊compared to 230 ̊or 

240,̊ therefore, the unexpected result is not due to a low number of data points. A far larger number of data 

points were collected for 260 ̊and 270 ̊as the prevailing wind in Port Talbot is predominately west-south-westerly 

to westerly, as affirmed by this research. The potential contribution of Cast House emissions to background 

concentrations (2013-2016) is presented in Table 13. 

 

 

10 ̊Wind 

Direction 

Sector 

Average PM10 

Concentration 

(µg/m3) [2013-

2016 Full 

Dataset] 

Average PM10 

Concentration 

(µg/m3) [at times of 

Cast House 

Emissions 2013-

2016] 

Average PM10 

Concentration 

(µg/m3) [at times 

when no Cast House 

Emissions recorded 

2013-2016] 

Potential 

contribution of Cast 

House Emissions to 

Background 

Concentrations 

(µg/m3) [2013-2016] 

230 ̊ 36.46 38.00 36.45 0.01 

240 ̊ 47.20 47.50 47.19 0.01 

250 ̊ 76.86 63.00 77.09 No contribution 

260 ̊ 74.91 94.85 74.45 0.46 

270 ̊ 40.05 46.93 39.93 0.12 

 

 

Table 13 – Comparison of PM10 Concentrations for the Prince Street Monitor 
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The potential contribution found here is of a similar order of magnitude for the 230-̊240 ̊and 270 ̊directions as 

suggested by Hodges (2005) but higher for 260.̊ At 260,̊ the Prince Street monitor is impacted from the direction 

of the Cast House of BF4 – the furnace closest to the monitor. Potential reasons for the discrepancies between 

Hodges’ (2005) suggested contribution and those presented here are put forward in the AURN monitor 

discussion above.  

 

 

 

 

 

5.1.7 Twll-yn-y-Wal Park 

 

The Twll-yn-y-Wal Park monitor is impacted from the BFs between 260 ̊and 290.̊ Table 14 and Figure 15 show 

that the average PM10 concentrations for 260 ̊to 290 ̊are each higher at times when Cast House emissions are 

recorded compared to times when no emissions are recorded and the full dataset averages. The potential 

contribution of Cast House emissions to background concentrations (2013-2016) is presented in Table 14. 

 

 

 

Figure 14 - Prince Street Monitor average PM10 v wind direction 
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10 ̊Wind 

Direction 

Sector 

Average PM10 

Concentration 

(µg/m3) [2013-

2016 Full 

Dataset] 

Average PM10 

Concentration 

(µg/m3) [at times of 

Cast House 

Emissions 2013-

2016] 

Average PM10 

Concentration 

(µg/m3) [at times 

when no Cast House 

Emissions recorded 

2013-2016] 

Potential 

contribution of Cast 

House Emissions to 

Background 

Concentrations 

(µg/m3) [2013-2016] 

260 ̊ 29.44 31.68 29.39 0.05 

270 ̊ 32.73 38.30 32.63 0.10 

280 ̊ 36.01 39.23 35.97 0.04 

290 ̊ 30.16 31.68 30.13 0.03 

 

The potential contribution found here is of a similar order of magnitude for the 260,̊ 280 ̊and 290 ̊directions as 

suggested by Hodges (2005) but higher for 270.̊ At 270,̊ the Prince Street monitor is impacted from the direction 

of the Cast House of BF5 – the furnace closest to the monitor. Potential reasons for the discrepancies between 

Hodges’ (2005) suggested contribution and those presented here are put forward in the AURN monitor 

discussion above. 

 

 

Figure 15 - Twll-yn-y-Wal Park Monitor average PM10 v wind direction 

 

Table 14 – Comparison of PM10 Concentrations for the Twll-yn-y-Wal Park Monitor 



39 
 

5.1.8 Dyffryn School 

 

The Dyffryn School monitor is impacted from the BFs between 280 ̊and 300.̊ Table 15 and Figure 16 show that 

the average PM10 concentrations for 280 ̊to 300 ̊are all higher at times when Cast House emissions are recorded 

compared to times when no emissions are recorded and the full dataset averages (this was also the case with 

the Twll-yn-y-Wal Park monitor). The potential contribution of Cast House emissions to background 

concentrations (2013-2016) is presented in Table 15. 

 

 

10 ̊Wind 

Direction 

Sector 

Average PM10 

Concentration 

(µg/m3) [2013-

2016 Full 

Dataset] 

Average PM10 

Concentration 

(µg/m3) [at times of 

Cast House 

Emissions 2013-

2016] 

Average PM10 

Concentration 

(µg/m3) [at times 

when no Cast House 

Emissions recorded 

2013-2016] 

Potential 

contribution of Cast 

House Emissions to 

Background 

Concentrations 

(µg/m3) [2013-2016] 

280 ̊ 25.82 28.82 25.78 0.04 

290 ̊ 28.67 37.86 28.51 0.16 

300 ̊ 24.01 28.00 24.01 No contribution 

 

 

Table 15 – Comparison of PM10 Concentrations for the Dyffryn School Monitor 

Figure 16 - Dyffryn School Monitor average PM10 v wind direction 
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5.2 Influence of distance from source and Port Talbot PM10 Trajectory  
 

As demonstrated above, the AURN monitor is impacted by elevated PM10 concentrations from the direction of 

the BFs when Cast House emissions are recorded whereas  the Theodore Road monitor is not – despite the 

Furnaces being located at 190-200 ̊relative to both monitors. The AURN is located ~700m north-east of BF4 (the 

closer of the two furnaces to the site boundary). The Theodore Road monitor is approximately 725m north of 

the AURN monitor and therefore much further away from the Cast Houses. The AURN being affected by Cast 

House emissions whilst the Theodore Road monitor is not supports the finding of Chow et al. (1999) that the 

zone most impacted by PM10 is within 1km of the fugitive source of interest.  

This section investigates the extent to which the concentration of PM10 produced in a Cast House emission 

decreases with distance and the trajectory path of PM10 across Port Talbot. PM10 pollution roses have been 

plotted for the AURN and Theodore Road monitors for the full data set (top left and right in Figure 17 

respectively) and also for the AURN and Theodore Road monitors for the data collected at times of Cast House 

emissions (bottom left and right in Figure 17 respectively). The pollution roses are plotted on a map of Port Talbot 

in Figures 18, 19 and 20 below. 
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Figure 18 shows (between 2013 and 2016) the highest PM10 concentrations impact the AURN between 190-210 ̊

before travelling north to north-eastwards to impact the Theodore Road monitor between 170-200,̊ possibly 

deflected by the hills to the east of the town. Therefore, supporting the findings of AQEG (2011), presented in 

Figures 2 and 3 in Section 3.2. The observed trajectory from the BFs to the AURN monitor and on to the Theodore 

Road monitor is illustrated in Figure 19.  

 

AURN Monitor 

Theodore Road 

Monitor 

AURN Monitor 

Theodore Road 

Monitor 

Blast 

Furnaces 

Blast 

Furnaces 

Microsoft product screen shot reprinted with permission from Microsoft Corporation. © 2017 Microsoft 

Figure 18 – AURN and Theodore Road Monitor PM10 Pollution Roses (full dataset) on Port Talbot Map 

 

 

Microsoft product screen shot reprinted with permission from Microsoft Corporation. © 2017 Microsoft 

Figure 19 – AURN and Theodore Road Monitor Pollution Roses with trajectory line (full dataset) 
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Figure 20 shows the AURN monitor is impacted to a great extent from the direction of the BFs at times of Cast 

House emissions. However, presuming PM10 from Cast House emissions take a similar trajectory of that shown 

in Figure 19, there is no more impact at the Theodore road monitor at 170 ̊(from the direction of the BFs on the 

curved trajectory) than 90 ̊(from the direction of the motorway and residential areas). Therefore, it is concluded, 

potentially due to distance from source, the Theodore Road monitor is not impacted by Cast House emissions 

supporting the analysis above.  

 

 

It should be noted that both monitors are impacted a high PM10 concentration from 280 ̊– from the direction of 

the Docks, Aberafan and Sandfields residential areas and the coast. An in depth investigation revealed very high 

PM10 concentrations were impacting both monitors during one particular hour on 12th April 2016. The day’s PM10 

data was compared to the PM2.5 data and the proportion of PM10 from PM2.5 was found to be 62.9% (AURN) and 

74.6% (Theodore Road). The Theodore Road PM10 had to be compared with AURN PM2.5 data as the Theodore 

Road monitor does not record PM2.5. Particles between 2.5 and 10μg/m3 (i.e. PM10) are generally agreed to 

emanate from industrial fugitive emissions and roads and are deposited over short distances. By comparison, 

the smaller fraction (<2.5μg/m3 i.e. PM2.5) are capable of transportation over long distances – possibly thousands 

of kilometres (WHO 2006). This is supported by AQEG (2012) concluding elevated PM2.5 concentrations are often 

associated with trans-boundary pollution transportation from Central Europe. This typically occurs during the 

spring in the UK and is known to occur in Port Talbot (Welsh Government 2013). The medium-high PM10:PM2.5 

proportion here indicates influence of trans-boundary pollution on 12th April 2016, especially as both monitors 

were impacted from the coast. Figure 21 illustrates the difference in the pollution roses for both monitors with 

the 12th April 2016 data included and removed. 

Theodore Road 

Monitor 

AURN Monitor 

Blast 

Furnaces 

Microsoft product screen shot reprinted with permission from Microsoft Corporation. © 2017 Microsoft 

Figure 20 – AURN and Theodore Road Monitor Pollution Roses (data collected at times of Cast House emissions) 
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Table 16 shows PM10 concentrations and weather conditions during hours when Cast House emissions were 

recorded. It is clear hourly average PM10 concentrations are higher at the AURN (much higher in most cases) than 

at the Theodore road monitor during the same hour. Thus suggesting the conditions at the time are preferable 

for the dispersion of PM10 over the 700m distance between the monitors.   

However, it is difficult to identify patterns in the data with so few data points - due to there being only sixteen 

hours (2013-2016) when Cast House emissions were recorded and the wind impacted the AURN from the BFs. 

Therefore, it was necessary to undertake detailed analysis to understand the relationship between PM10 

concentrations and meteorological parameters at the AURN (Section 5.3). It was not possible to replicate this 

analysis for Theodore Road as the monitor does not record site specific weather data. This issue is discussed in 

Chapter 6 - Evaluation and Conclusions. 

 

 

Date & Time PM10 

Concentr

ation 

(µg/m3) 

[AURN] 

PM10 

Concentration 

(µg/m3) 

[Theodore 

Road] 

Wind 

Direction (N̊) 

Wind Speed 

(m/s) 

Rainfall (mm) Relative 

Humidity (%) 

Ambient 

Temperature 

(C̊) 

21/04/2013 16:00 45.2 18.7 210 3.4 0.2 91.8 9.3 

12/06/2013 07:00 186.1 19.2 200 4.2 0.2 98.6 13.7 

21/06/2013 21:00 159.1 35.2 200 4.5 0.0 83.2 13.8 

19/10/2013 16:00 52.3 22.5 200 3.4 0.0 81.1 16.7 

31/12/2013 13:00 92.7 36.9 210 4.4 0.0 74.4 9.7 

25/02/2014 12:00 204.4 34.4 200 5.2 0.0 74.3 11.0 

16/07/2014 10:00 37.0 7.4 190 3.2 0.0 90.5 18.8 

07/01/2015 13:00 83.4 28.8 200 4.7 0.0 87.5 9.9 

25/02/2015 00:00 25.6 24.5 200 2.0 0.4 94.1 8.3 

19/07/2015 04:00 59.6 30.1 190 3.9 0.2 81.0 15.7 

01/12/2015 18:00 106.2 26.1 210 4.8 0.0 85.7 13.0 

05/12/2015 11:00 
 

179.6 39.5 210 5.6 0.0 75.6 12.7 

29/01/2016 16:00 
 

95.5 26.7 210 4.4 0.2 94.8 11.1 

10/07/2016 18:00 
 

86.0 35.9 210 5.3 0.0 84.6 17.3 

06/08/2016 19:00 82.5 31.1 200 3.7 0.0 83.6 19.9 

09/09/2016 01:00 122.6 22.7 210 4.0 0.0 87.3 17.9 

 

Table 16 - Concentrations of PM10 and Weather Conditions at times of Cast House Emissions – AURN and 

Theodore Road Monitors 
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5.3 Influence of weather conditions upon PM10 concentrations in Port Talbot 
 

The AURN was chosen for in depth analysis of weather condition influence upon PM10 concentrations as it is the 

only monitor in the town measuring a range of meteorological parameters on hourly frequency. In addition, the 

daily mean PM10 objective is set solely on the AURN. Figure 22 shows a time plot of the AURN full dataset (daily 

averages) created using R Studio® Software (R Development Core Team 2008). 

 

 

 

 

It is extremely difficult to identify relationships between datasets with the data presented in this way. Therefore, 

in the following sections, the relationship between PM10 and each individual weather factor are discussed in 

turn.   

 

 

 

 

 

Figure 22 - Full Dataset Time Plot for the AURN Monitor (Daily Averages) 
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5.3.1 Influence of Wind Direction 

 

Figure 23 shows the highest average PM10 concentrations are recorded from 200-210,̊ thus supporting the 

analysis above that the AURN is impacted with elevated PM10 from the direction of the BFs and concentrations 

are higher still at times of Cast House emissions. These findings support Hutchison et al. (2005) and Hodges et 

al. (2006) who found higher particulate concentrations in samples taken downwind of a BF compared to upwind. 

 

 

The same data is presented as a scatter chart in Figure 24 with a linear regression trend line added. The output 

of the linear regression analysis is presented in Figure 25. The same analysis for wind speed, ambient 

temperature, relative humidity and rainfall is presented in Figures 27 and 28, 30 and 31, 33 and 34, and 36 and 

37 respectively.  

 

 

 

 

Figure 23 - Average PM10 Concentration v Wind Direction 
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Figure 24 – Scatter Chart with Linear Regression Trend Line (PM10 vs Wind Direction)   

 

Regression Statistics

Multiple R 0.030449776

R Square 0.000927189

Adjusted R Square -0.001343431

Standard Error 405.8319514

Observations 442

ANOVA

df SS MS F Significance F

Regression 1 67253.70261 67253.70261 0.408341694 0.523144905

Residual 440 72467812.01 164699.5727

Total 441 72535065.71

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 41928.96668 27.04686675 1550.233787 0 41875.80958 41982.12378 41875.80958 41982.12378

X Variable 1 -0.43645879 0.683016792 -0.639016193 0.523144905 -1.778839585 0.905922004 -1.778839585 0.905922004

Figure 25 – Summary Output of Linear Regression Analysis (PM10 vs Wind Direction) 
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5.3.2 Influence of Wind Speed 

 

Figure 26 shows in general (for the full dataset) PM10 increases as wind speed increases i.e. a positive linear 

relationship exists between the variables. This finding conflicts with those of Filonchyk et al. (2016) and Czernecki 

et al. (2017) who found the existence of a negative linear relationship. However, this does not appear to be the 

case for the data collected at times of Cast House emissions, with average PM10 concentrations peaking at the 

5.0-5.9m/s wind speed band. As was the case with the full dataset, Figures 27 and 28 do not support Filonchyk 

et al. (2016) and Czernecki et al. (2017) as a very weak positive linear relationship was found at times of Cast 

House emissions. As discussed further below, this finding supports Ohmsen (2001) with regards to plume 

behaviour. At higher wind speeds, it is possible the hot emission travels to within the vicinity of the monitor 

rather than directly upwards due to thermal energy induced buoyancy.  

 

 

 

 

 

Figure 26 - Average PM10 Concentration v Wind Speed 
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Figure 27 – Scatter Chart with Linear Regression Trend Line (PM10 vs Wind Speed)   

 

Figure 28 – Summary Output of Linear Regression Analysis (PM10 vs Wind Speed)   

 

Regression Statistics

Multiple R 0.067006116

R Square 0.00448982

Adjusted R Square 0.002227296

Standard Error 28.26255169

Observations 442

ANOVA

df SS MS F Significance F

Regression 1 1585.107065 1585.107065 1.984430357 0.159630704

Residual 440 351459.6044 798.7718282

Total 441 353044.7115

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 23.29276341 3.429394234 6.792092659 3.59738E-11 16.55273445 30.03279236 16.55273445 30.03279236

X Variable 1 1.20271755 0.853779489 1.408698107 0.159630704 -0.475275146 2.880710246 -0.475275146 2.880710246
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5.3.3 Influence of Temperature  

 

No obvious linear relationship is apparent from Figure 29 and this is confirmed in Figures 30 and 31. This is similar 

to the findings of Filonchyk et al. (2016) who found either no relationship or a weak/very weak positive linear 

relationship at all locations studied. This finding, however, does not support Li et al. (2015) and Czernecki et al. 

(2016) who each found negative relationships of fair significance in their study locations. 

 

 

 

 

 

 

 

Figure 29 - Average PM10 Concentration v Temperature 
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Figure 30 – Scatter Chart with Linear Regression Trend Line (PM10 vs Temperature)   

 

Figure 31 – Summary Output of Linear Regression Analysis (PM10 vs Temperature)   

 

Regression Statistics

Multiple R 0.067224566

R Square 0.004519142

Adjusted R Square 0.002256686

Standard Error 28.26213545

Observations 442

ANOVA

df SS MS F Significance F

Regression 1 1595.459303 1595.459303 1.997449387 0.158271193

Residual 440 351449.2522 798.7483004

Total 441 353044.7115

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 22.60950552 3.869113988 5.843587341 9.95442E-09 15.0052645 30.21374654 15.0052645 30.21374654

X Variable 1 0.372187499 0.263344281 1.413311497 0.158271193 -0.145381481 0.88975648 -0.145381481 0.88975648
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5.3.4 Influence of Relative Humidity 

 

Figure 32 shows average PM10 concentrations increasing as relative humidity increases until 70.1-80% is reached. 

Figure 33 and Figure 34 reveal a weak positive correlation in support of Filonchyk et al. (2016) but contrasting 

with Giri et al. (2008) who found a significant negative correlation between the two variables.  

 

 

 

 

 

 

 

Figure 32 - Average PM10 Concentration v Relative Humidity 
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Figure 33 – Scatter Chart with Linear Regression Trend Line (PM10 vs Relative Humidity)   

 

Figure 34 – Summary Output of Linear Regression Analysis (PM10 vs Relative Humidity)   

 

Regression Statistics

Multiple R 0.068055731

R Square 0.004631582

Adjusted R Square 0.002369382

Standard Error 28.2605393

Observations 442

ANOVA

df SS MS F Significance F

Regression 1 1635.155694 1635.155694 2.047378887 0.153178296

Residual 440 351409.5558 798.6580814

Total 441 353044.7115

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 18.5978069 6.52716162 2.849294683 0.004587266 5.769518488 31.42609531 5.769518488 31.42609531

X Variable 1 0.125051678 0.08739577 1.430866481 0.153178296 -0.046713357 0.296816712 -0.046713357 0.296816712
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5.3.5 Influence of Rainfall 

 

Figure 35 appears to show a negative correlation between rainfall and PM10 concentration for the whole data 

set, but less so for the data collected at times of Cast House emissions. This is supported by the following linear 

regression analysis which reveals a very weak negative correlation between the two variables. Thus supporting 

the findings of Giri et al. (2008) who also found a weak negative correlation, but contrasting with Yoo et al. (2014) 

who found a far more significant negative correlation in their study. Therefore, it is possible that PM10 released 

in a Cast House emission undergoes a washing effect from the atmosphere when the emissions coincide with 

rainfall (Shaheen et al. 2005; Giri et al. 2008; Yoo et al. 2014). 

 

 

 

 

 

 

Figure 35 - Average PM10 Concentration v Rainfall 
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Figure 36 – Scatter Chart with Linear Regression Trend Line (PM10 vs Rainfall)   

 

Figure 37 – Summary Output of Linear Regression Analysis (PM10 vs Rainfall)   

 

Regression Statistics

Multiple R 0.055018261

R Square 0.003027009

Adjusted R Square 0.000761161

Standard Error 28.28330868

Observations 442

ANOVA

df SS MS F Significance F

Regression 1 1068.669553 1068.669553 1.335927868 0.248380597

Residual 440 351976.0419 799.9455499

Total 441 353044.7115

Coefficients Standard Error t Stat P-value Lower 95% Upper 95% Lower 95.0% Upper 95.0%

Intercept 27.98129578 1.361788126 20.54746642 2.88402E-66 25.30487809 30.65771348 25.30487809 30.65771348

X Variable 1 -2.036466735 1.7619185 -1.155823459 0.248380597 -5.499288706 1.426355237 -5.499288706 1.426355237
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5.3.6 Summary and Discussion - Statistical Analysis   

 

5.3.6.1 Linear Regression 

 

Table 17 presents the linear regression analysis r values and P values for the data collected at times of Cast House 

emissions. The P values (Significance F value) are taken from the ANOVA tables in Figures 25, 28, 31, 34 and 37.  

A P value of >0.05, as can be seen in all cases below, confirms there is no significant linear correlation between 

PM10 concentrations and each meteorological factor (Townend 2002).    

 

Weather Factor Linear Regression - r Square P Value/Significance F 

Y Value - PM10   

X Value - Relative Humidity  

 

0.00463158 

 

0.153178296 

Y Value - PM10 

X Value - Temperature 

 

0.00451914 

 

0.158271193 

Y Value - PM10  

X Value - Wind Speed 

 

0.00448982 

 

0.159630704 

Y Value - PM10  

X Value - Rainfall 

 

0.00302701 

 

0.248380597 

Y Value - PM10  

X Value - Wind Direction 

 

0.00092719 

 

0.523144905 

 

 

 

5.3.6.2 Correlation  

 

Table 18 summarises the correlation coefficient analysis for the relationship between PM10 concentrations and 

each meteorological parameter for the full dataset and the data collected at times of Cast House emissions. If 

the r value is close to +1/-1, a strong correlation exists, whereas, r vales close to zero indicate no correlation 

(Townend 2002). Table 18 shows the existence of no strong correlations.   

 

 

 

Table 17 – Linear Regression Analysis Results 
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 Y – PM10 

X – Wind 

Direction 

Y – PM10 

X – Wind 

Speed 

Y – PM10 

X – Relative 

Humidity 

Y – PM10 

X - Temperature 

Y – PM10 

X - Rainfall 

Correlation 

Coefficient (r) 

Analysis - Full 

Dataset 

 

0.001638 

 

0.157024 

 

0.016611 

 

0.130026 

 

-0.017280 

Correlation 

Coefficient (r) 

Analysis - Cast 

House Emissions 

 

0.035708 

 

0.067000 

 

0.068056 

 

0.067225 

 

-0.055020 

 

The above data is presented in correlation matrices in Figures 38 and 39, created using R Studio® software (R 

Development Core Team 2008) using the ‘corPlot’ function. 

 

 

Figure 38 shows, for the full dataset, poor correlation exists between all variables. The most significant 

relationship exists between relative humidity and rainfall (r value - 0.25). However, this is not a strong 

relationship. PM10 has the strongest relationship with wind speed (r value - 0.16), however, this is still a very 

weak relationship.  

 

Table 18 – Correlation Coefficient Analysis Results 

Figure 38 – Correlation Matrix (AURN Full Dataset) 
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Figure 39 shows, for data collected at times of Cast House emissions, there is even poorer correlation between 

all variables. Once again, the most significant relationship is between relative humidity and rainfall (r value - 

0.17). It is generally accepted that rainfall and humidity are reasonably closely related, with relative humidity 

being as high as 100% during rainfall as clouds are saturated (Smart Fog 2018). However, this is not reflected in 

Figures 38 and 39. Figure 39 shows PM10 has the strongest correlation with relative humidity, wind speed and 

temperature (r values - 0.07) although these are a very weak relationships.  

Correlation and linear regression analyses can be criticised as an analysis tool because the outcome of the 

analysis can suffer from outlier distortion. In addition, casual relationships can be incorrectly inferred between 

variables (Boddy and Smith 2009). For example, care must be taken to avoid concluding a weak linear relationship 

when in fact the relationship between two variables is a clear curve (Townend 2002). This section has proved 

statistically that there is no (or at best an extremely weak) linear relationship between PM10 concentrations and 

each meteorological parameter. This result is supported by Barmpadimos et al. (2011) who found non-linear 

relationships between meteorological parameters and PM10 at multiple monitoring locations.  

 

 

 

 

Figure 39 – Correlation Matrix (Data collected at times of Cast House Emissions) 
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5.3.6.3 Non-Linear Relationship Analysis 

 

If scatter graphs (like those above) show relationships which are not linear, a straight line will not illuminate the 

relationship between variables (Townend 2002). Table 19 presents the polynomial regression analysis for data 

collected at times of Cast House emissions. 

 

Independent 

Variables 

Y = PM10 

X = Wind 

Direction 

Y = PM10 

X = Humidity 

Y = PM10 

X = Rainfall 

Y = PM10 

X = Wind Speed 

Y = PM10 

X = 

Temperature 

X & X2 y = -0.0011x2 + 
0.4536x - 
6.0777 

y = -0.0112x2 + 
1.6914x - 
33.134 

y = 0.7189x2 - 
7.9044x + 
28.255 

y = 0.0105x2 + 
1.1202x + 
23.428 

y = 0.0033x2 + 
0.28x + 23.16 

R² = 0.1233 R² = 0.0179 R² = 0.0063 R² = 0.0045 R² = 0.0045 

X & X3 y = -3E-06x3 + 
0.0005x2 + 
0.1841x + 
4.0527 

y = -9E-05x3 + 
0.0071x2 + 
0.5052x - 
8.9956 

y = -0.1757x3 + 
2.949x2 - 
12.932x + 
28.375 

y = -0.3422x3 + 
4.3388x2 - 
14.717x + 
39.196 

y = 0.01x3 - 
0.4153x2 + 
5.517x + 4.5045 

R² = 0.1314 R² = 0.0182 R² = 0.0071 R² = 0.0119 R² = 0.0102 

X & X4 y = 1E-07x4 - 8E-
05x3 + 0.0206x2 
- 1.5994x + 
42.805 

y = 5E-06x4 - 
0.0014x3 + 
0.1309x2 - 
4.4665x + 
61.844 

y = -0.1275x4 + 
1.9131x3 - 
6.2052x2 - 
3.1748x + 
28.233 

y = -0.1204x4 + 
1.7483x3 - 
7.8383x2 + 
12.569x + 
20.506 

y = 0.0017x4 - 
0.085x3 + 
1.3813x2 - 
7.6962x + 
34.687 

R² = 0.2035 R² = 0.0187 R² = 0.01 R² = 0.0167 R² = 0.0171 

X & X5 y = 7E-10x5 - 5E-
07x4 + 0.0001x3 
- 0.0114x2 + 
0.282x + 14.057 

y = 3E-07x5 - 
0.0001x4 + 
0.0127x3 - 
0.7194x2 + 
19.991x - 
204.68 

y = 0.0258x5 - 
0.7477x4 + 
6.7992x3 - 
19.815x2 + 
6.2487x + 
28.148 

y = 0.0467x5 - 
1.141x4 + 
9.877x3 - 
36.63x2 + 
56.329x - 
1.0645 

y = -0.0004x5 + 
0.0283x4 - 
0.7693x3 + 
9.3256x2 - 
47.731x + 
100.04 

R² = 0.2307 R² = 0.0195 R² = 0.0106 R² = 0.0205 R² = 0.0312 

X & X6 y = -8E-12x6 + 
9E-09x5 - 4E-
06x4 + 0.0009x3 
- 0.0884x2 + 
3.4968x - 
22.664 

y = 7E-09x6 - 2E-
06x5 + 0.0003x4 
- 0.0234x3 + 
0.8751x2 - 
15.957x + 117.1 

y = -0.0339x6 + 
0.9216x5 - 
8.9623x4 + 
37.432x3 - 
63.341x2 + 
23.4x + 28.068 

y = 0.007x6 - 
0.1368x5 + 
0.7072x4 + 
0.8966x3 - 
15.033x2 + 
32.976x + 
7.2183 

y = -5E-05x6 + 
0.0038x5 - 
0.1095x4 + 
1.4472x3 - 
8.7152x2 + 
20.267x + 
13.399 

R² = 0.2565 R² = 0.0196 R² = 0.0123 R² = 0.021 R² = 0.0414 

 

Table 19 – Polynomial Regression Analysis Results 
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These equations and polynomial trend lines are presented graphically in Figures 40 – 44.  

 

 

 

 

 

Figure 40 – PM10 and Wind Direction Polynomial Trend Lines - Quadratic (independent variables - x and 

x2), Cubic (independent variables - x and x3) and Higher Order Relationships (independent variables x and 

x4, x5 or x6) 
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Figure 41 – PM10 and Relative Humidity Polynomial Trend Lines  
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Figure 42 – PM10 and Rainfall Polynomial Trend Lines  
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Figure 43 – PM10 and Wind Speed Polynomial Trend Lines  
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Figure 44 – PM10 and Temperature Polynomial Trend Lines  
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5.3.6.4 Polynomial Relationships - Discussion 

 

The existence of cubic or higher order relationships are likely the result of multiple ongoing underlying processes 

(Townend 2002). When compared to the linear regression analysis, the polynomial relationships are of greater 

significance. Despite this, even at higher order polynomial relationships (x4, x5 and x6), each meteorological factor 

has a poor statistical relationship with PM10 at times of Cast House emissions. This suggests the absence of one 

or more very significant meteorological factors/processes which are not measured at the AURN. These should 

be studied for understanding of PM10 transportation and dispersion in Port Talbot. It is likely a combination of 

interdependent processes are occurring. For example, Pasquill (1961) explains that atmospheric stability is 

dependent upon solar radiation and vertical mixing. Therefore, consideration of statistical relationships between 

just two variables will unlikely reveal significant relationships. Multiple variable consideration (via a dispersion 

model) and inclusion of missing meteorological variables (e.g. atmospheric stability) are suggested as areas for 

further work in Chapter 6. Atmospheric stability is discussed further in Section 5.3.6.5. 

Pitfalls do exist in polynomial regression analysis, as is the case with linear regression and correlation coefficient 

analysis. Frost (2015) highlights that overfitting a trend line to a dataset can become a problem, allowing the R2 

value to become misleading i.e. the trend line becomes more complicated than the dataset can support. In 

addition, if the trend line is fitted too closely, anomalies in the dataset will be tailored to rather than the line 

being reflective of the overall population. In this case, the trend line will not fit new data points added in the 

future. It is for these reasons that the polynomial regression analysis undertaken has been utilised solely to order 

the meteorological parameters’ relationship with PM10 in order of significance, rather than to create models for 

the relationship between PM10 and each meteorological parameter - especially as the observed relationships are 

very weak.   

 

5.3.6.5 Influence of Atmospheric Stability 

 

As discussed above, it is not advisable to extrapolate the St. Athan Pasquill stability data to the AURN location 

(Noon 2000; Overton 2009). However, the data gives an indication of atmospheric turbulence in the South Wales 

Area. The St. Athan data (Table 20) shows for the majority of 2016, the atmospheric stability class was D – neutral. 

Zoras et al. (2006) rate classes D-F as the worst case for atmospheric PM10 build up. However, this study was 

undertaken in Northern Greece, therefore, it is unlikely representative of South Wales. However, atmospheric 

stability is undoubtedly a key factor in PM10 transportation and dispersion (Zoras et al. 2006) which requires 

measurement on an hourly frequency to establish the effect upon PM10. Care must be taken when drawing 

conclusions based upon the St. Athan stability data as only one year’s data is available to this research.  
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Pasquill Atmospheric Stability 

Class 

Percentage of Time % (2016 

Calendar Year) 

A 

(very unstable) 

 
0.057 

 

A-B 

(very unstable/unstable) 

 
0.857 

 

B 

(unstable) 

 
2.914 

 

B-C 

(unstable/slightly unstable) 

 
2.777 

 

C 

(slightly unstable) 

 
16.819 

 

C-D 

(slightly unstable/neutral) 

 
1.954 

 

D 

(neutral) 

 
58.341 

 

E (slightly stable)  
8.341 

 

F (stable)  
7.941 

 

Total 100.00 

Table 20 - Atmospheric Stability Analysis 
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5.4 Decision Tool Development   
 

5.4.1 Introduction 

 

Tables 21 and 22 show that if high severity is assigned to a Cast House emission when recorded via an EIF, it does 

not necessarily follow that the AURN PM10 concentration recorded during that same hour is more elevated than 

if a medium/low severity was assigned. This suggests there are other factors at play (such as weather conditions) 

which contribute to PM10 concentrations when a Cast House emission is recorded rather than the perceived size 

of the emissions. Tables 21 and 22 therefore provide justification for reconsideration of the method for assigning 

severity for Cast House emissions.  

Table 21 displays the mean, minimum and maximum PM10 concentrations for low, medium and high severity 

rated Cast House emissions (2013-2016). The same information is displayed in Table 22 but only for the 200-210 ̊

wind band (from the direction of the BFs).  

 

  

 Blast Furnace No.4 Cast House Emission 

Severity Level  

Blast Furnace No.5 Cast House Emission 

Severity Level 

Low Medium High Low Medium High 

Mean PM10 

Concentration 

(µg/m3) 

 

29.0 

 

28.9 

 

29.6 

 

25.5 

 

27.4 

 

25.3 

Minimum 

PM10 

Concentration 

(µg/m3) 

 

3.9 

 

2.7 

 

2.9 

 

1.3 

 

4.3 

 

3.3 

Maximum 

PM10 

Concentration 

(µg/m3) 

 

237.0 

 

204.4 

 

162.9 

 

179.6 

 

105.5 

 

67.6 

Count of Data 

Points 

145 86 25 131 51 12 

 

 

 

 

Table 21 - Mean, Minimum and Maximum PM10 Concentrations for Low, Medium and High Severity Cast 

House Emissions 
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 Blast Furnace No.4 Cast House Emission 

Severity Level  

Blast Furnace No.5 Cast House Emission 

Severity Level 

Low Medium High Low Medium High 

Mean PM10 

Concentration 

(µg/m3) at 

200 ̊

 

119.2 

 

148.7 

 

No 

occurrences 

 

25.6 

 

83.4 

 

No 

occurrences 

Minimum 

PM10 

Concentration 

(µg/m3) at 

200 ̊

 

52.3 

 

82.5 

 

No 

occurrences 

 

25.6 

 

83.4 

 

No 

occurrences 

Maximum 

PM10 

Concentration 

(µg/m3) at 

200 ̊

 

186.1 

 

204.4 

 

No 

occurrences 

 

25.6 

 

83.4 

 

No 

occurrences 

Count of Data 

Points (200)̊ 

2 3 0 1 1 0 

Mean PM10 

Concentration 

(µg/m3) at 

210 ̊

 

103.6 

 

No 

occurrences 

 

No 

occurrences 

 

123.9 

 

45.2 

 

No 

occurrences 

Minimum 

PM10 

Concentration 

(µg/m3) at 

210 ̊

 

92.7 

 

No 

occurrences 

 

No 

occurrences 

 

86.0 

 

45.2 

 

 

No 

occurrences 

Maximum 

PM10 

Concentration 

(µg/m3) at 

210 ̊

 

122.6 

 

No 

occurrences 

 

No 

occurrences 

 

179.6 

 

45.2 

 

No 

occurrences 

Count of Data 

Points (210)̊ 

3 0 0 3 1 0 

 

 

Table 22 - Mean, Minimum and Maximum PM10 Concentrations for Low, Medium and High Severity Cast 

House Emissions (200-210 ̊Wind Band) 
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5.4.2 Low to Very High Severity Weather Conditions 

 

Table 23 shows weather conditions which contribute to particular bands of PM10 concentrations (0-50µg/m3, 51-

100µg/m3, 101-150µg/m3 and >150µg/m3) being recorded at the AURN at times of Cast House emissions. ‘Very 

high severity’ represents the worst case weather conditions which are associated with the highest PM10 

concentrations. 

 

 

 Low Severity (0-

50µg/m3) 

Medium Severity 

(51-100µg/m3) 

High Severity (101-

150µg/m3) 

Very High Severity 

(>150µg/m3) 

Wind Direction (N̊) 360 - 40 50 - 160 

270 - 350 

170 - 190 

220 - 260 

200 - 210 

Relative Humidity 

(%) 

0 - 45.3 45.4 - 58.8 58.9 - 74.2 74.3 - 100 

Rainfall (mm) >0.4 0.3 - 0.4 0 - 0.2 0 - 0.2 

Wind Speed (m/s) 0 - 1.1 

>7.3 

1.2 - 1.7 

5.7 - 6.5 

1.8 – 1.9 

6.6 - 7.2 

2.0 - 5.6 

Temperature (C̊) 0 - 2.1 

>25.0 

2.2 - 9.8 

14.4 - 25.0 

9.9 - 10.9 

13.9 - 14.3 

11 - 13.8 

 

In support of the previous analysis, Table 23 shows the worst possible wind directions at times of Cast House 

emissions are 200-210 ̊(from the direction of the BFs). Figure 45 shows the low, medium, high and very high wind 

direction conditions presented as a radar chart. 

 

 

 

 

Table 23 – Weather Conditions Contributing to Low, Medium, High and Very High PM10 Concentrations at 

the AURN Monitor 
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Table 23 shows that very low wind speeds (0-1.1m/s) are one of two best possible wind speed conditions for low 

PM10 at the time of Cast House emissions (the other being >7.3m/s). It is generally agreed that very low wind 

speeds lead to atmospheric PM10 build up. It is possible at very low wind speeds, the hot particulate Cast House 

emission does not get carried the 700m north-east to the AURN monitor and travels directly upwards. This is 

supported by Ohmsen (2001) who studied thermal effect upon plume buoyancy at a Lead Smelting Plant BF. 

Ohmsen also found at higher wind speeds (in excess of 2m/s), plumes remain closer to ground level resulting in 

increased ambient PM10 concentrations, also supporting this research. The high wind speed condition (>7.3m/s) 

contributing to low PM10 concentrations is not supported by AQEG (2005) and Giri et al. (2008) who found gales 

transporting foreign particulates into the area. However, it is generally agreed that high wind speeds aid PM10 

dispersion (Filonchyk et al. 2016; Czernecki et al. 2017) supporting this research. Table 23 shows there is a narrow 

band of ambient temperature 11-13.8C̊ which contributes to the highest PM10 concentrations at times of Cast 

House emissions. There appears to be no published literature on this topic to support or dispute this finding.  

 

Table 23 also shows that PM10 is higher at times of Cast House emissions with increased humidity, with the worst 

case condition being >74.3%. This exceeds the worst case humidity conditions identified by Giri et al. (2008) (40-

60%). It must be noted that Giri et al.’s study took place in Kathmandu Valley which experiences a very different 

climate and weather systems to Port Talbot. A potential reason for greater humidity resulting in elevated PM10 is 

that mass is gathered by the particles during humid conditions, therefore they remain at ground level rather than 

dispersing into the atmosphere (Giri et al. 2008). In addition, this finding does not support the existence of a 

washing effect for PM10 during high humidity conditions (Shaheen et al. 2005; Giri et al. 2008; Yoo et al. 2014).  

Finally, Table 23 shows that low levels of rainfall (0-0.2mm per hour) contributes to high and very high 

concentrations of PM10 being recorded when Cast House emissions occur. This is supported by Shaheen et al.  

(2005), Giri et al. (2008) and Yoo et al. (2014) who found a washing effect upon PM10 with increased rainfall.  

Figure 45 – AURN Monitor Radar Chart 
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Table 23 is presented graphically in Figures 46–50 with any outliers to the observed pattern circled in red.  

 

 

 

 

Figure 46 – Low to Very High Severity Conditions (Wind Direction)  

 

Figure 47 – Low to Very High Severity Conditions (Relative Humidity) 
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Figure 48 – Low to Very High Severity Conditions (Rainfall) 

 

Figure 49 – Low to Very High Severity Conditions (Wind Speed) 
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5.4.3 Creation of the Decision Tool  

 

The previous analysis has been used to develop a decision tool to aid those recording EIFs for Cast House 

emissions in assigning a severity rating for the emission. The polynomial regression analysis presented in Table 

19 has been used to determine the order in which weather conditions are considered in the decision tool. The 

decision tool is presented in Figure 51.  

 

 

 

 

 

 

Figure 50 – Low to Very High Severity Conditions (Temperature) 
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Figure 51 – Decision Tool Flow Chart 
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6. Evaluation and Conclusions 
  

6.1 Assumptions 
 

Many general assumptions can be made during research. For example, the assumption that participants will 

conduct themselves in an honest manner (Wargo 2015). Assumptions relating to this point and additional 

assumptions made in this research are outlined in Table 24.  

 

 

 

Assumption 1 

In the context of this research, it has been assumed that the observers of Cast House 

emissions actually did, to the best of their recollection, observe the emission when they say 

they did and were not recording fictitious emissions for another motive e.g. to justify capital 

investments in the process. It has also been assumed that each emission from the Cast 

Houses has been recorded on the EIF system. It is possible that Cast House emissions have 

occurred within the study period which do not have a corresponding EIF denoting the date 

and time of the emission e.g. as a result of production pressures or human error. 

 

 

Assumption 2 

For the majority of the analysis carried out in this research, it had to be assumed that PM10 

travels in straight lines. This is the methodology adopted by Tata Steel’s Environment 

Department when carrying out investigations into breaches of the daily mean PM10 

objective. However, this is unlikely to be the case in Port Talbot owing to deflection from the 

hills (AQEG 2011) and the obstacles in the path of the PM10 and the many heat sources on 

the Steelworks site (Hayes and Chatterton 2009). An illustration of this can be seen in Figure 

19 above which presents the likely trajectory path of PM10 taken between the AURN and 

Theodore Road monitors. This is discussed further in the following suggestions for further 

work.   

 

 

Assumption 3 

This research has considered the impact of Cast House emissions upon the Port Talbot 

monitoring network in isolation. The impact of other sources of PM10 emission within the 

Steelworks boundary have been excluded from consideration but it is possible that there 

were other emissions of PM10 occurring simultaneously with Cast House emissions i.e. 

during the ~450 hours of analysed PM10 and meteorological data. In addition it is possible 

that there was an influence of transboundary particulate pollution from the coastline 

impacting the monitoring network during a proportion of the 450 hours studied. For 

example, as discussed above in Section 5.2, the AURN and Theodore Road monitors were 

likely impacted by transboundary pollution from the direction of the coast in April 2016.    

Table 24 - Assumptions 
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Assumption 4 

Further sources of fugitive PM10 exist in Port Talbot, in addition to that of Cast House 

emissions. There are also important meteorological variables missing from this research. 

This may go some way to explain why poor statistical relationships were found between 

PM10 at the time of Cast House emissions and the meteorological data. Therefore, this 

research (by the nature of the resources available) has had to assume that Cast House 

emissions are occurring, and the resulting PM10 emitted is being measured, in a vacuum. In 

reality, the Steelworks and Port Talbot town exist in a very complex coastal area with 

interesting typography, many additional industrial sites and road and rail networks, 

construction projects, trans-boundary pollution and sea spray all contributing to the 

background PM10 concentration (Welsh Government 2013). The removal of this assumption 

is suggested as an area for further work in the following section. 

 

 

6.2 Limitations and Recommendations for Further Work 

Research limitations have been described by Roberts (2004) as areas of the study the researcher has no control 

over, with examples from Wargo (2015) including sample size and time and methodological constraints. In the 

context of this research, the following limitations were encountered and recommendations to address the 

limitations are presented. 

 

6.2.1 Purpose of the Decision Tool 

 

For a decision tool to be useful it must allow the user to make a decision or fulfil a purpose. As BF iron production 

is a twenty-four hour process, it is not possible to bring a furnace off-line each time the high/very high severity 

weather conditions are in existence. This would introduce process instability which could result in other 

emissions such as bleeder valve releases (Sarna 2013). However, it is recommended that the tool is utilised for 

the following purposes.  

 

 

Recommendation 1 

 Were the high/very high severity conditions often in existence during Cast 

House emissions, justification could be made to senior management 

regarding the need for capital investment for dust capture improvements 

and allocation of research resources.  

 The output of this tool could also be used to justify improvements in BF dust 

capture technology globally.  

Table 25 – Recommendation 1 
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 It is also possible that this tool could be used by the Welsh Government, 

NPTCBC and NRW to inform the ‘airAware’ notification system. If the 

weather conditions found by this research to contribute PM10 build-up in 

the AQMA are in existence, notifications could be sent to ‘airAware’ 

recipients - Port Talbot residents with asthma, chronic obstructive 

pulmonary disorder (COPD), or heart disease (Lyons et al. 2016). 

 

In March 2018, the decision tool was presented to the Tata Steel BF area Fire and Environment Manager and an 

informal interview was conducted. The Fire and Environment Manager explained that in order for the decision 

tool to be incorporated into daily works management, it is necessary that the tool is as simple to understand as 

possible (with margin for error removed) and cannot be time consuming to use (A. Townsend, personal 

communication, 21st March 2018), concurring with Harding (2003). Upon reflection of the information provided, 

support is to be sought from the Tata Steel Central Environment function (Group Environment) in automating 

the decision tool. Group Environment have the expertise and software to automate the decision tool in such a 

way that available weather parameters can be input directly from weather forecasting websites and provide the 

output level of severity at the click of a button. This allows the tool to be extremely simple and quick to use and 

removes any chance of error, thus incorporating the builds of the Fire and Environment Manager. In its current 

form, BF operators are required to have ready access to the necessary PM10 and meteorological data. 

 

6.2.2 Data Points 

 

This research is limited to a certain extent by the relatively small number of data points i.e. there were ~450 Cast 

House emissions (2013-2016) and, therefore, only 450 hours of PM10 and meteorological data for analysis and 

incorporation into the decision tool. Analysis could not be conducted prior to 2013 as the EIF system went live 

in late 2012. In order for the decision tool to remain relevant, it requires an annual review.  

 

 

Recommendation 2 

This research should be continued into the future by updating the analysis annually 

as more recent PM10 and meteorological data becomes available. Therefore, 

increasing the number of data points and adjusting the low, medium, high and very 

high severity weather conditions with the addition of each new year’s data (once 

ratified).  

 

Table 26 – Recommendation 2 
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6.2.3 Missing Variables and Transboundary Pollution 

 

This research has identified that very important variables are missing from the analysis, for example, atmospheric 

stability, wind gust, transport wind speed and mixing height data. This data is unfortunately unavailable for the 

Port Talbot monitoring network, therefore, its impact upon Cast House PM10 transportation and dispersion 

cannot be assessed to inform the subject literature. This is troubling as a large area of Port Talbot is designated 

an AQMA and therefore an area of concern regarding public exposure to elevated PM10 concentrations. 

Therefore, it is suggested the Port Talbot monitoring network is not fit for purpose and recommendations are 

made in Table 27. A recommendation with regards to transboundary pollution is made in Table 28. 

 

 

 

Recommendation 3 

Investments should be made by NPTCBC to upgrade the network and install the 

technology to provide measured (or at least modelled) data for atmospheric stability, 

wind gust, transport wind speed and mixing height at the AURN monitoring station 

initially, followed by the other monitors in the town. This study should be repeated if 

or when the data identified above becomes available in addition to the exploration 

of this data in a dispersion model as suggested by AQEG (2011), discussed below. 

 

 

 

Recommendation 4 

Further work could also consider the impact of transboundary pollution upon PM10 

concentration and trends in Port Talbot. The influence of transboundary pollution is 

touched upon in this research (Section 5.2) but is not considered fully as it was 

beyond the research scope.  

 

6.2.4 Monitoring Location Weather Data 

 

The AURN is the only Port Talbot monitor to record a (limited) suite of weather data. Site specific meteorological 

data is preferable (Noon 2000; Overton 2009) and can allow more accurate and reliable analysis to be conducted. 

 

Recommendation 5 The Port Talbot monitoring network should be upgraded to allow a full suite of 

location specific meteorological data to be gathered at all eight monitoring stations.  

 

Table 27 – Recommendation 3 

Table 28 – Recommendation 4 

Table 29 – Recommendation 5 
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Were Recommendation 5 to be fulfilled, the analysis for Research Objectives 2, 3 and 4 (Table 1) could be 

expanded to encompass all the Port Talbot monitors. This would allow a heat map of PM10 hot spots in the AQMA 

to be created (i.e. areas of high PM10 concentrations where dispersion is inhibited) and the suitability of the 

AURN location to be assessed.  

 

 

Recommendation 6 

An investigation should be carried out (following the development of a heat map) to 

ascertain if there is sufficient coverage of PM10 monitors in Port Talbot and whether 

the AURN monitor is located in the best place to provide a representative 

measurement of the number of PM10 daily mean objective breach days recorded 

annually.  

 

The fact that the AURN was found to be most impacted is encouraging considering that this monitor is used for 

measuring the official count of breaches of the daily mean objective. 

 

6.2.5 Investigation of Emission Mass 

 

The decision tool and research in general could be improved by incorporating PM10 mass (or at least 

concentration) data measured on the Cast Houses to assess the size of the emission and volume of PM10 emitted. 

As described in Chapter 3 - Literature Review, technology is not currently available (and certainly not installed 

on BFs globally) to quantifiably measure the volume/mass of particulate released in Cast House emissions. 

Researchers are generally forced to reply upon developing emission factors derived from particulate sampling, 

time lapse photography and production data. It is clear this method and the technology available has not 

advanced significantly in the last forty years with similar approaches utilised by May (1977), Hodges and Horne 

(2005), Boscolo and Padoano (2011) and Mueller et al. (2013). Light scattering technology (Matta 2011), LIDAR 

(Holmen et al. 1998; Fitz et al. 2003) and optical remote sensing (Du et al. 2011) technologies have been 

developed however, emission factors and algorithms (along with other data) are still required to ascertain mass 

emission. Therefore, there is no technology or sampling device in existence which can, by a simple method, 

measure the entire mass and size distribution of particulate matter released in Cast House emissions, let alone 

a device that could withstand the harsh environment of the BF Cast House. 

 

 

Recommendation 7 

At this stage it is recommended that either a permanent monitor is installed, or a 

lengthy sampling campaign conduced, to measure PM10 concentrations during 

emissions and the data coupled with as much meteorological data as can be obtained 

Table 30 – Recommendation 6 

Table 31 – Recommendation 7 



81 
 

(including the missing variables discussed above) in order to derive accurate emission 

factors for each Blast Furnace Cast House. These emission factors should be 

encompassed into the risk of exposure decision tool to make for a complete and 

accurate measure of the severity of a Cast House emission at a given time. 

 

Without a way of reliably measuring emission mass, severity in terms of perceived emission size as determined 

by the observer cannot currently be considered within the decision tool. Its inclusion would introduce 

subjectivity and, therefore, uncertainty, bias and inaccuracy (Redmill 2002) making the output not replicable. A 

reason for this is perception of emission size and severity will inevitably vary with experience.  

The fulfilment of Recommendation 7 would allow a comparison of BF4 and BF5 Cast Houses to be made in terms 

of PM10 emissions. This would be an interesting piece of research to inform the literature considering that BF4 

was rebuilt during 2012/2013 with significant environmental improvements made, including improved fume 

extraction. This research could be used to support or contest the work of Hodges and Horne (2005) and Boscolo 

and Padoano (2011) who found a reduction in PM10 concentrations in the neighbouring town and emissions from 

the Cast House respectively in their BFs of study following improvements to fume extraction. However, as 

discussed in Chapter 3 - Literature Review, there are issues with the reliability and validity of the results of these 

studies owing to insufficient study period length (Hodges and Horne) and lack of meteorological factor 

consideration (Boscolo and Padoano).   

Establishing PM10 mass emitted by each BF Cast House would be particularly useful in moving forward the 

analysis undertaken on the effect of distance decay upon PM10 concentrations (Section 5.2) and develop the 

decision tool. Especially as PM10 mass emitted in a Cast House emission is not always the same, depending upon 

the cause (May 1977).  

 

6.2.6 PM10 Behaviour and Additional Sources 

As discussed in Section 6.1, research on the subject considers it unlikely that PM10 would travel in straight lines 

across Port Talbot.  

 

 

Recommendation 8 

A further suggestion for further work is to consider the impact of obstacles, heat 

sources and other relevant factors upon the dispersion of PM10 particles in the area 

surrounding the Steelworks. 

 

Table 32 – Recommendation 8 
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Consideration has been given to a potential method for carrying out this further work. In 2011, AQEG advised 

the Welsh Environment Agency that a Computational Fluid Dynamics (CFD) model would be of little benefit as 

this method is more suited to modelling over short distances (10-100m). Therefore, it is not appropriate to apply 

the technique to model PM10 dispersion from the Steelworks to observe the impact upon distant receptors in 

the town. A dispersion model has been determined as a more suitable method for establishing the general 

movement of PM10 in the area, with CFD limited to running meteorological factors individually rather than being 

able to assess the effect of interdependent variables and processes likely in existence (AQEG 2011; Pasquill 1961).   

A final recommendation is made in Table 33 below with regards to additional sources of emission.    

 

Recommendation 9 A further recommendation is made to replicate this methodology to investigate other 

emission sources both within and outside the Steelworks boundary. 

   

For example, the date and time of BOS Plant roof fugitive emissions can be extracted from the EIF system in 

exactly the same way and analysed against meteorological factors. This would allow weather conditions required 

for low to very high PM10 concentrations at times of these emissions to be established and a decision tool to be 

developed. However, care must be taken to isolate influences of other PM10 sources when expanding this 

research as identified by Mueller et al. (2013) and discussed in Chapter 3 - Literature Review. It is also 

recommended that PM10 emission sources outside the Steelworks boundary are built into the research. For 

example, Barmpadimos et al. (2011) noted the impact of traffic emissions upon observed relationships in their 

study. This could be an important factor in the Port Talbot AQMA, which is encircled by two busy roads and with 

the M4 Motorway to the east and north.  

 

 

 

 

 

 

 

 

 

Table 33 – Recommendation 9 
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6.3 Conclusions 

 

In Port Talbot, the BFs are acknowledged as a notable source of PM10 that generally contribute to elevated PM10 

concentrations in the town (Moreno et al. 2004; Hodges and Horne 20005; Hayes and Chatterton 2009). 

However, until now, there has been no published study into the effect of Port Talbot BF Cast House emissions 

using date and time logged emission data to assess the impact upon local monitoring stations. Owing to the fact 

that each Cast House is different (May 1977) and Port Talbot has interesting typographical features (Hayes and 

Chatterton 2009; AQEG 2011) affecting the transportation and dispersion of PM10, this research is justified, novel 

and contributes to the global literature on the subject. The research aim and objectives of this research have 

been met as outlined below. 

The AURN was most impacted of all of the monitors by Cast House emissions with the emissions potentially 

contributing 0.66µg/m3 (at 200)̊ and 0.47µg/m3 (at 210)̊ to the background concentration (2013-2016). The 

contribution found here is higher than that suggested by Hodges (2005).  The Theodore Road monitor was least 

impacted by Cast House emissions. The trajectory of PM10 across Port Talbot between the AURN and Theodore 

Road monitors (2013-2016) has been established, with highest concentrations impacting the AURN from the 

south-south-west to south-west (190-210)̊ before travelling north to north-eastwards to impact the Theodore 

Road monitor between 170-200,̊ possibly deflected by the hills to the east of the town, supporting the findings 

of AQEG (2011).  

Through multiple statistical techniques (linear regression, correlation coefficient and polynomial regression) very 

weak relationships were observed between each meteorological factor and PM10, supporting the work of 

Ohmsen (2001), Shaheen et al. (2005), Giri et al. (2008), Csavina et al. (2014), Yoo et al. (2014) and Filonchyk et 

al. (2016). The analysis illuminated that there are variables missing which are not measured at the AURN - 

atmospheric stability, wind gusts, transport wind speed and mixing height (US Bureau of Land Management 

1994; Zoras et al. 2006; and Barmpadimos et al. 2011). In addition, it is likely there are a combination of 

interdependent factors and processes in existence (Pasquill 1961; Csavina et al. 2014) possibly explaining why 

weak relationships were observed. However, this analysis was essential in establishing worst case conditions for 

each meteorological parameter in contributing to elevated PM10 concentrations at times of Cast House 

emissions. The analysis was also useful in ordering the significance of meteorological parameters in a decision 

tool for utilisation by Steelworks personnel in assigning a severity for Cast House emissions in terms of risk of 

public exposure to elevated PM10 and risk of breaching the daily mean objective.   

It is suggested the decision tool is used to justify Cast House dust abatement investment requirements to senior 

management and the need for allocation of resources for research if the worst case weather conditions were 

often in existence at times of emissions. It is also important in informing global discussions on the requirement 

for improved BF emission capture globally as impacts of Cast House emissions were observed in the town of Port 

Talbot. It is also recommended that this research informs the ‘airAware’ notification system. An extensive 

discussion of improvements to this research, the assumptions made and suggestions for further work can be 
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found in Sections 6.1 and 6.2. Examples of suggested improvements include incorporation of missing 

meteorological variables, installation of site specific weather data, investigation of emission mass and 

investigation of PM10 behaviour and other PM10 sources.  

This research contributes to global debate on the effect of BF particulate emissions upon nearby residential areas 

and contributes to the justification argument for continuous improvements and investment in casting technology 

and consistent tapping performance to reduce emissions as far as possible across the world. The findings of the 

proposed research may be contextualised outside the steel industry to other sectors (e.g. quarrying) in which 

particulates are emitted. Further, the methodology developed may be used to assess the effect of particulate 

emissions from other industrial processes globally where date and time data is available for process emissions. 

This methodology may also be utilised to assess the impact of road vehicles upon pollutant concentrations as 

many cities in the UK are part of the AURN of monitors - with data from the network readily available for 

download (DEFRA 2017). The decision tool may be adapted for use in other BF operations around the world or 

contextualised to other emission sources in a Steelworks or entirely different industries where air emissions are 

of concern. 
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