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Abstract  

 
This thesis has the objective to investigate the use of tree bark for monitoring heavy 

metals in the environment in urban centers and industrial regions in the UK and in the 

vicinity of gold mining regions in Brazil. In addition to producing multielement 

concentration data sets a key aspect of the research is to produce new elemental 

distribution maps for urban regions. EDXRF is the main analytical technique used for 

analysis but, in the case of Hg, ICP-MS with laser ablation was utilised. Following an 

introduction about the sources and fates of heavy metals and environmental pollution, 

subsequent chapters deal with method development (EDXRF and LA-ICP-MS) studies 

on heavy metals (particularly Hg), survey analysis (Sheffield) and map production. 

 

Chapter 1 is an overview of environmental contamination by heavy metals from human 

activities (industrial, agricultural, mining, power generation) and natural sources 

(volcanoes and fumaroles) and their impact on human health. Analytical techniques and 

the production of geochemical maps are discussed followed by the aims of research.   

 

Chapter 2 refers to the development of techniques for sampling, sample preparation and 

analysis by Energy Dispersive X-Ray Fluorescence (EDXRF). Samples from many 

locations throughout the world including diverse points across the UK were analysed. 

EDXRF was shown to be a useful new approach for multielement analysis of tree bark. 

The use of pressed pellets provided a rapid and simple method for elemental 

measurements in solid samples and avoids loss of volatile elements during acid digestion. 
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The results of survey analysis show the clear potential for apportioning elements between 

sources. 

  

Chapter 3 investigates a new method for Hg measurement using pressed pellets made 

from tree bark. Survey samples from diverse environments across Brazil and around a 

chlor-alkali plant in the UK were investigated for total and particulate Hg.  LA-ICP-MS 

provides a reliable alternative method by which to determine Hg in tree bark (pressed 

pellets) and also for identifying particulate Hg in raw bark.  High levels of Hg (6.5 μg/g) 

were found near gold smelters in Brazil. In the UK, levels up to 2.04 ug/g were found in 

the vicinity of a chlor-alkali plant.  The methodology developed to analyse pressed pellets 

and raw bark by LA-ICP-MS provided an alternative and reliable strategy for Hg 

determination and speciation.  

 

Chapter 4 presents a multielement survey of Sheffield using tree bark samples and 

EDXRF analysis. A total of 642 samples were collected from woods, parks, near 

steelworks and areas of intense traffic over an area of 88 km2. Three species of trees 

(Sycamore, Oak and Cherry) were preferentially selected and analysed for 19 elements. 

Data from West Ireland served as background concentration levels. Interesting hot spots 

of pollution were found and significant correlations between heavy metals were 

identified. Distribution maps for Al, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Ag, Cd, 

Sn, Sb, Ba, Hg and Pb analogous to those produced by the British Geological Survey 

from soils and stream sediments  were produced for Sheffield using the survey data.  The 

maps clearly show points of heavy metal pollution in the industrialised regions of 

Sheffield. A map showing Hg pollution in the Staveley area in the vicinity of a chlor-

alkali plant was also produced.  
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Chapter 5 gives the concluding remarks and general information gained from the 

research. Suggestions are made about the possible future uses and applicability of the 

developed technique and how it can be of use to city councils for air quality monitoring 

as a complementary method to conventional ones. The maps produced can be compared 

with BGS soil maps and could be more meaningful in urban areas.                         

The data and maps could also be beneficial for town planning and public health issues. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 vi



 
Declaration 
 
 
I declare that this thesis, submitted in fulfillment of the degree of Doctor of Philosophy at 

the University of Sheffield, is my own work. It has not been previously submitted for a 

degree at this or any other university. 

 

 

 

 

 

 

Elvio Luiz Schelle 

The University of Sheffield 

February 2004. 

 

 

 

 

 

 

 

 

 

 vii



Acknowledgments 

 
Many thanks to the staff and fellow students in the Centre for Analytical Sciences for 

their support, friendship and assistance during my period of study.   

A great and special thanks to my Supervisor, Professor C. W. McLeod, for all his 

encouragement and new ideas throughout my project.  

Particular thanks to Senior Analyst, Mr. Ian Staton, for constant moral support and 

assistance in EDXRF and LA-ICP-MS experiments and help with posters, seminar 

presentations and proof-reading of this thesis.   

Also, many thanks to Dr. Renli Ma and Mr. Alan Cox for additional advice and 

discussions on  LA-ICP-MS.  

I also need to express my gratitude to Churchill Laboratories, Stoke-on-Trent, and in 

particular the Director, Mr. T. Stuart Bridge, for the provision of their EDXRF 

spectrometer to analyse hundreds of samples.  

I acknowledge the help and support of Spectro Analytical UK, Agilent Technologies and 

Cetac Technologies for provision of EDXRF, ICP-MS and Laser Ablation 

instrumentation respectively.  

Special thanks also go to Dr. Barry Rawlins from the British Geological Survey for his 

help with statistical analysis and discussions on the production of environmental maps 

using tree bark.  

I also thank the DRM/UFMT for all help and the people of Sheffield for making me 

welcome in their city providing an ideal location in which to monitor pollution. 

Finally and most importantly I thank my family for sacrificing a comfortable life in 

Brazil to support and encourage me throughout the troubled times of my project, and my 

own company Geotarget/SSTM, for sponsoring my studies. 

 viii



Contents 
 
 
 
 
Abstract_______________________________________________    iv 

Declaration_____________________________________________  vii 

Acknowledgments_______________________________________  viii 

Contents_______________________________________________    ix 

List of Tables___________________________________________   xiv 

List of Figures__________________________________________   xvi 
 
 

Chapter 1 

Environmental Pollution 

1.1 Introduction_____________________________________________________ 1 

1.2 Sources of Pollution_______________________________________________ 2 

1.3 Heavy Metal Pollution____________________________________________   5 

1.4 Vehicular Pollution_______________________________________________ 11 

1.5 Agricultural Pollution_____________________________________________ 11 

1.6 Urban and Residential Pollution____________________________________  13 

1.7 Natural Sources of Pollution________________________________________ 14 

1.8 Metals and Environmental Health___________________________________ 16 

1.9 Chemical Analysis/ Pollution Monitoring_____________________________ 22 

1.10 Types of Samples________________________________________________ 31 

1.10.1 Tree Bark Samples_____________________________________________ 34 
 
1.11 Geochemical Mapping___________________________________________  36 

1.12 Aims of Research________________________________________________ 38 

References__________________________________________________________40 

 

 ix



Chapter 2 

Multi-elemental Analysis of Tree Bark using EDXRF 

2.1 Introduction_____________________________________________________ 48 

2.2 Experimental____________________________________________________ 51 

2.2.1 Sample collection _______________________________________________  51 

2.2.2 Sample preparation_______________________________________________53 

2.2.3 Instrumentation_________________________________________________  55  

2.3.1 Method Development____________________________________________  57 

2.3.2 Analytical Performance___________________________________________ 65  

2.3.2.1 Limit of Detection______________________________________________ 65 

2.3.2.2 Accuracy and Precision__________________________________________ 67 

2.3.2.3 Hg Detection__________________________________________________ 67 

2.3 Results and Discussions ___________________________________________ 68 

2.3.1 Overview______________________________________________________  68  

2.3.2 West of Ireland__________________________________________________ 71   
2.3.3 Caledonian Canal _______________________________________________  73 

2.3.4  Sheffield _____________________________________________________   74 

2.3.5 Brazil_________________________________________________________  75 

2.3.6. Staveley ______________________________________________________  77 

2.3.7 Drax__________________________________________________________  81 

2.3.8 Darley Dale____________________________________________________  82 

2.4 Conclusions_____________________________________________________  83 

References_________________________________________________________  84 

 

Chapter 3                                     

The use of LA-ICP-MS for Mercury Measurement 
3.1 Introduction_____________________________________________________  87 

3.2 Determination of mercury _________________________________________  95 

3.2.1 Introduction ____________________________________________________  95  

 x



3.2.2 Laser ablation inductively coupled plasma mass spectrometry______________ 96 

3.3 Experimental_____________________________________________________ 99 

3.3.1 Sample collection and preparation____________________________________ 99 

3.3.2 Instrumentation  and operating parameters_____________________________101 

3.3.3 Method Developent_______________________________________________104 

3.3.4 Analytical Performance____________________________________________112 

3.3.4.1 Limit of Detection ______________________________________________ 112 

3.3.4.2 Accuracy and Precision __________________________________________ 113 

3.3.4.3 Comparison of LA-ICP-MS and EDXRF data_________________________ 114 

3.4 Results and discussions_____________________________________________ 117 

3.4.1Brazil________________________________________________________________   117 

3.4.2 Staveley   _____________________________________________________________  119 
3.4.3 LA-ICP-MS investigation of raw tree bark_____________________________  120 

 3.5 Conclusions______________________________________________________  122 

References__________________________________________________________   124 

Chapter 4                                           

Sheffield Tree Bark Survey and 

Environmental Mapping 
 
4.1 Introduction_____________________________________________________    129 

4.1.1 Geochemical/Environmental Mapping _____________________________    136 

4.2 Expimental______________________________________________________   144 

4.2.1 Sample collection________________________________________________   144 

4.2.2 Sample preparation_______________________________________________   146 

4.2.3 EDXRF analysis_________________________________________________   146 

4.2.4 Production of Maps_______________________________________________  146 

4.3 Results and Discussion_____________________________________________  148 

4.3.1 General comments________________________________________________  151 

4.3.2 Maps of Individual elements________________________________________  157 

4.3.2.1 Aluminium____________________________________________________   158 

4.3.2.2 Antimony _____________________________________________________  160 

 xi



4.3.2.3.Arsenic______________________________________________________  162 

4.3.2.4 Barium______________________________________________________   164 

4.3.2.5 Cadmium____________________________________________________   166 

.4.3.2.6 Chromium____________________________________________________ 168 

4.3.2.7 Cobalt_______________________________________________________  170 

4.3.2.8 Copper______________________________________________________   172 

4.3.2.9 Iron_________________________________________________________  174 

4.3.2.10 Lead_______________________________________________________   176 

4.3.2.11 Manganese __________________________________________________  179 

4.3.2.12 Mercury____________________________________________________   181  

4.3.2.13 Nickel______________________________________________________  183 

4.3.2.14 Selenium ___________________________________________________   185 

4.3.2.15 Silver ______________________________________________________   187 

4.3.2.16 Tin ________________________________________________________   189 

4.3.2.17 Titanium ____________________________________________________  191 

4.3.2.18 Vanadium___________________________________________________  193 

4.3.2.19 Zinc ________________________________________________________ 195 

4.3.3 Mercury Distribution  Map for Staveley_______________________________ 197 

4.3.4 Statistical analysis________________________________________________ 198 

4.3.4.1 Univariate Analysis _____________________________________________ 198 

4.3.4.2 Histograms____________________________________________________  200   

4.3.4.3 Correlation Analysis_____________________________________________ 201 

4.3.4.5 Cluster Analysis________________________________________________  208 

4.4 Conclusions _____________________________________________________   210 

References _________________________________________________________   214 
 

 

 

 xii



Chapter 5 

Conclusions  and Recommendations ___________________________218 

 

Appendix 1: Calibration graphs for pressed pellets by EDXRF (Chapter 2)________  223                         

Appendix 2: Positions and concentrations for Staveley survey (Chapter 2)_________ 227 

Appendix 3: Elemental concentrations of tree bark for Drax survey (Chapter 2)_____ 232 

Appendix 4:  Elemental concentrations (relative) at three Industrial sites and    

                       comparison with a remote area of Scotland (Chapter 2)____________    233 

Appendix 5:  Staveley data for Hg concentrations µg/g by LA-ICP-MS 

                                                                                   (Chapter 3)__________________ 234 

Appendix 6: Hg signal-time responses for line rastering of a blank, Brazilian  

                          samples and spiked pellets (Chapter 3)________________________   235 

Appendix 7: Hg signal-time responses for samples around a chlor alkali plant  

                          (Staveley, UK) (Chapter 3)_________________________________   238 

Appendix 8: Hg transient signals for point ablation of a blank, CRMs, spike 

                           pellets and Brazilian samples (Chapter 3)______________________ 241 

Appendix 9: European chlor-alkali plants using the mercury process (July 2000) 

                          (Chapter 3)______________________________________________  244 

Appendix 10: Sampled sites (Sheffield) with UTM positions, relative 

                           altitude, species of trees and trunk diameters. (Chapter 4)_________  249 

Appendix 11:  Survey data of multielement (Sheffield)   (Chapter 4) ____________   262 

 

 

 

 

 

 

 xiii



List of Tables                                                                             page 
 
 
Table 1.1: World-wide atmospheric emissions of trace metals showing the             
                  percentage derived from waste   incineration                                                 5 
Table 1.2: Heavy metal tolerance limits established for the UK                                     6 
Table 1.3: Natural and anthropogenic trace element sources (109 kg/y)                         8 
Table 1.4:  Levels of Mercury from natural sources                                                     15 
Table 1.5: Health effects associated with heavy metals (deficiency or excess)            19 
Table 1.6: Typical limits of detection for different techniques                                     24 
Table 2.1:  Multielement ICP- AES data for analysis of outer bark, inner bark and      
                    wood                                                                                                           59     
Table 2.2: Comparison of samples collected manually and by  scraper                        60                            
Table 2.3: Certified reference materials used in the calibrations.                                 61 
Table 2.4:  Targets and elements measured by EDXRF                                                64 
Table 2.5: EDXRF parameters used in this study                                                          64 
Table 2.6: Improvement of EDXRF precision by extending measurement time           65 
Table 2.7:  Conventional XRF and EDXRF Limits of Detection                                  66                            
Table 2.8: Precision data for tree bark powder pellet (Bush and branches).                  67 
Table 2.9:  Hg spike recoveries for tree bark powder pellets                                         68 
Table 2.10:  Results and statistics of multielement EDXRF analysis                            69 
Table 2.11:  Results of background samples from West Ireland.                                  72 
Table 2.12: Results from Galway city and Dublin.                                                        72 
Table 2.13:  Statistics for 35 samples collected along the Caledonian Canal                73  
Table 2.14:  Sheffield multielement statistics for 64 samples                                        74 
Table 2.15: Statistics by regions for Hg in Brazilian tree bark.                                      76 
Table 2.16: Multielement data and statistics for the Brazilian samples.                         76 
Table 2.17: Multielement data and statistics for the Staveley survey                             79 
Table 2.18: Multielement data and statistics for 23 samples from Drax                         82 
Table 2.19: Statistics and results for the Darley Dale survey.                                         82 
Table 3.1: Physico-chemical properties of Hg                                                                 87 
Table 3.2: Optimum operating parameters used for ICP-MS.                                        103 
Table 3.3: Optimum Laser Ablation operating parameters for line rastering                 104 
Table 3.4: Optimum Laser Ablation operating parameters for single point ablation     104 
Table 3.5: Calibration standards, concentrations and counts.                                         109 
Table 3.6: Raw data and limit of detection for Hg                                                          113 
Table 3.7: LA-ICP-MS precision data                                                                             113 
Table 3.8:  LA-ICP-MS precision data in tree bark pressed pellet                                  114 
Table 3.9: Comparison of LA-ICP- MS and EDXRF results for  

                   the Brazilian and Staveley samples                                                                115 

Table 3.10: Concentrations for Hg in tree bark (Brazil)                                                  117 

Table 3.11: Statistics for Brazilian samples determined by LA-ICP-MS                        118 

 

   

 

 

 xiv



                                                                                                                                      page                          

Table 3.12: Statistics of Staveley samples determined by LA-ICP-MS                       119 
Table 4.1: Atmospheric concentration data for selected elements                                132 
Table 4.2: EU atmospheric heavy metal exposure limits/assessment thresholds.        133 
Table 4.3: Principal elements in the earth’s crust including the 19  
                  used in this study                                                                                          139 
Table 4.4: Analytical values for 19 elements from 642 sites                                        151 
Table 4.5: Enrichment Factors in Sheffield using background values from  
                  West Ireland                                                                                                 156 
Table 4.6: Univariate statistics for the Sheffield data.                                                                           199 

Table 4.7: Correlation table for the elements found on tree bark analysis  
(metropolitan Sheffield)                                                                                                 205     
Table 4.8: Comparison of mean heavy metal concentrations 
                   for the entire area and Attercliffe                                                                206 
Table 4.9: Associations of elements in the N/NE of Sheffield indicated by  
                   their r2 values correlation coefficients                                                         208 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 xv



List of Figures                                                                                 page 
 
Fig. 1.1: Typical scenery in industrial regions across the UK in the past century         3 
Fig. 1.2: Drax power station in Yorkshire, UK.                                                     4 
Fig. 1.3:  Simplified natural cycle of Hg in the environment                                         9 

Fig. 1.4: Global production and consumption of selected Toxic Metals                     10 
Fig. 1.5:  Rain forest burning in the North of Mato Grosso State, Brazil                    13 
Fig. 1.6: Spatial distribution of natural mercury emissions with a spatial     
               resolution 50x50 km, g/km2/y                                                                                          15 
Fig. 1.7: Environmental cycling of mercury species                                                   16 
Fig. 1.8: Environmental cycling of lead species                                                          17 
Fig. 1.9:  Estimated contamination by arsenic in groundwater in Bengal, India         22                               
Fig. 1.10: Principal samples and  techniques used for environmental analysis           23 
Fig. 1.11: Geochemical map of Ni concentrations in NE England                              37 
Fig. 2.1: Tree bark sampling sites around the world.                                                   50 
Fig. 2.2: Sampling using scraper and connecting  pan.                                                52 
Fig. 2.3: Tema Mill – A-puck, B- annulus, C- post-lining                                           53 
Fig. 2.4: Hydraulic used to produce the pressed pellets.                                              54 
Fig. 2.5: Schematic diagram of an Energy-Dispersive X-Ray Fluorescence 
              Spectrometer.                                                                                                  56 
Fig. 2.6: Adapted tree bark sampler and plastic pan used for sample collection.        57 
Fig 2.7: Cross-section of bark and wood of a Sycamore tree                                      58 
Fig. 2.8: Calibration graph for iron using a blank and four CRMs                              62 
Fig. 2.9: Calibration graph for lead using a blank and seven CRMs                            62 
Fig. 2.10: Calibration graph for nickel using a blank and seven CRMs                       63 
Fig. 2.11: Calibration graph for selenium using a blank and six CRMs                      63 
Fig. 2.12:  Sampled   sites in County Galway, West Ireland                                       71 
Fig.2.13:  Sampled sites along the Caledonian Canal, Scotland                                  73 
Fig. 2.14: Contrasting concentrations of Fe, Al, Zn, and Pb in  
                  and around Sheffield.(Ranged from 0 – 20000 µg/g)                                 75                              
Fig. 2.15:  Radial plot for Hg concentrations across Brazil                                         77    
Fig. 2.16: Chlor-alkali plant and countryside near Staveley                                         78 
Fig. 2.17:  Sampled sites around the chlor-alkali plant in Staveley, UK                      78 
Fig. 2.18: Preferential wind direction for Sheffield and Nottingham                           80 
Fig. 2.19: Cooling towers of Drax power station                                                          81 
Fig. 3.1: Spatial distribution of Hg anthropogenic emissions in 2002 with 
               resolution 50 x 50 km, g/km2/year                                                                 89 
Fig. 3.2: Distribution of chlor-alkali plants using Hg across Europe.                           89 
Fig. 3.3(a): Estimated cycle of Hg in pre-industrial times                                            90 
Fig. 3.3(b): Estimated cycle of Hg nowadays                                                               90 
Fig. 3.4: Drax power station and species of Hg from coal combustion                         91 
Fig. 3.5: Principal regions with gold mining (garimpos) in the Amazon rain forest     93 
Fig. 3.6: Informal gold mining / recovery process used in Brazil                                 94 
Fig. 3.7: Dimensions of tree bark pressed pellets                                                          99 
Fig.3.8: Sampled sites across Brazil                                                                             100 
Fig. 3.9: Laser Ablation and ICP-MS instrumentation used in this study                    101 
Fig. 3.10: Raster scans and single point ablation of tree bark pressed pellets              102 
 
 

 xvi



                                                                                                                                     page                            
Fig. 3.11: Schematic of laser ablation system linked to  
                  Inductively Coupled Plasma Mass Spectrometry                                      103 
Fig. 3.12: Signal-time responses202Hg  and 13C  for line rastering  
                 of a blank powder pellet                                                                             105 
Fig. 3.13: Signal-time response 202Hg  and 13C for the raster ablation of a  
                 tree bark powder pellet                                                                               105 
Fig, 3.14: Signal time response 202Hg from the ratio of powder pellet                       106 
Fig. 3.15: Signal time response 202Hg of a row bark from Itauba, Brazil                   106 
Fig. 3.16: Sharp transient signals in the case of point ablation of a sample  
                                         from rain forest, Brazil                                                       107 
 Fig. 3.17: Sharp transient signals in the case of point ablation of  
                   a sample of a CRM                                                                                   108 
Fig. 3.18: Sharp transient signals in the case of point ablation of  
                 a sample from  near a gold  refinery in Brazil                                            108 
Fig. 3.19: Calibration graph using all 7 CRMs                                                           110 
Fig. 3.20: Calibration graph using 5 CRMs                                                                110 
Fig. 3.21: Calibration graph using a blank and 3 spiked pellets                                 111 
Fig. 3.22: Calibration graph using a blank, 3 spiked pellets  
                  and C13 internal standard                                                                           112 
Fig. 3.23: Comparison of LA-ICP-MS and EDXRF data for Hg in tree bark           116 
Fig. 3.24: Radial plot of Hg concentrations in different regions of Brazil.               119 
Fig. 3.25: Laser Ablation scans of raw tree bark, A from Staveley, UK, 
                         B from Pocone and C from Itaituba, Brazil                                       121 
Fig. 4.1: Selected area for tree bark survey across Sheffield, UK                             130                               
Fig. 4.2: Sheffield City Council Air Pollution Monitoring Sites                               134 
Fig. 4.3: Geochemical map of Cr concentrations in Northeast England                    137 
Fig. 4.4: Old geological map of Newfoundland                                                         140 
Fig. 4.5: Hg concentrations in soils across Coventry, UK                                         141 
Fig. 4.6: Spatial distribution of cadmium anthropogenic emissions in 2000  
               with resolution 50 x 50 km, g/km2/year                                                      142 
Fig. 4.7: Tree bark survey area and sampled species                                                 145 
Fig. 4.8: Triangulation method used by RockWorks software to produce maps       147 
Fig. 4.9: Variograms of As, Cr, Cd and Pb for tree bark data 
                (metropolitan Sheffield)                                                                              150 
Fig. 4.10: Preferential wind direction in Sheffield.  
                 (Source: Meteorological Office)                                                                          154 
Fig. 4.11: Aluminium concentration map and histogram  
                 for metropolitan Sheffield                                                                          159 
 
Fig. 4.12: Antimony concentration map and histogram 
                 for metropolitan Sheffield                                                                         161 
 

Fig. 4.13: Arsenic concentration map and histogram 

                 for metropolitan Sheffield                                                                         163 

Fig. 4.14: Barium concentration map and histogram 
                for metropolitan Sheffield                                                                          165                               

 xvii



                                                                                                                                 page 

Fig. 4.15: Cadmium concentration map and histogram 
                for metropolitan Sheffield                                                                         167 

Fig. 4.16: Chromium concentration map and histogram 
                 for metropolitan Sheffield                                                                        169 
 
Fig. 4.17:  Cobalt concentration map and histogram 
                  for metropolitan Sheffield                                                                        171                     

Fig. 4.18: Copper concentration map and histogram 
                  for metropolitan Sheffield                                                                        173 

Fig. 4.19: Iron concentration map and histogram 
                for metropolitan Sheffield                                                                          175 
  
Fig. 4.20: Lead concentration map and histogram 
                 for metropolitan Sheffield                                                                         177 
 
Fig. 4.21: Proportional symbol map showing lead  
                 concentrations in Sheffield                                                                        178                               
 
Fig. 4.22: Manganese concentration map and histogram 
                 for metropolitan Sheffield                                                                         180 
                
Fig. 4.23: Mercury concentration map and histogram 
                 for metropolitan Sheffield                                                                         182 
 
Fig. 4.24: Nickel concentration map and histogram 
                 for metropolitan Sheffield                                                                         184 
 
Fig. 4.25: Selenium concentration map and histogram               
                 for metropolitan Sheffield                                                                         186 
 
Fig. 4.26: Silver concentration map and histogram 
                 for metropolitan Sheffield                                                                         188 
 
Fig. 4.27: Tin concentration map and histogram 
                 for metropolitan Sheffield                                                                         190 
 
Fig. 4.28: Titanium concentration map and histogram 
                 for metropolitan Sheffield                                                                         192 
 
Fig. 4.29: Vanadium concentration map and histogram 
                  for metropolitan Sheffield                                                                        194 
 
Fig. 4.30: Zinc concentration map and histogram 
                 for metropolitan Sheffield                                                                         196 
 

 xviii



 xix

                                                                                                                                   page 
Fig. 4.31: Hg distribution map in the vicinity  
                 
                a chlor-alkali plant in Staveley                                                                  197 
 
Fig. 4.32: Histogram (As) for tree bark data for metropolitan Sheffield                  200 
 
Fig. 4.33: Histogram (Al) for the tree bark data for metropolitan Sheffield.            201 
 
Fig. 4.34: Correlation graphs showing strong association for Cr/Ni and Fe/Co        202 
 
Fig. 4.35: Correlation plots showing strong association for Fe/Co                            203 
 
Fig. 4.36: Correlation plots showing poor association for V/Zn                                203 

Fig. 4.37: Correlation plots showing poor association for V/Zn and Mn/Ti              203 
 
Fig. 4.38: Dendrogram showing cluster analysis of Sheffield data                            209 
 
 
 

 


	1.1 Introduction_____________________________________________________ 1
	Abstract 
	Acknowledgments
	Contents
	Chapter 1
	Environmental Pollution



	1.2 Sources of Pollution_______________________________________________ 2
	1.6 Urban and Residential Pollution____________________________________  13
	1.10 Types of Samples________________________________________________ 31
	Chapter 2
	Multi-elemental Analysis of Tree Bark using EDXRF
	2.1 Introduction_____________________________________________________ 48
	2.2.3 Instrumentation_________________________________________________  55 
	2.3 Results and Discussions ___________________________________________ 68
	2.3.1 Overview______________________________________________________  68 
	2.3.2 West of Ireland__________________________________________________ 71  
	Chapter 3                                    
	The use of LA-ICP-MS for Mercury Measurement
	3.3.3 Method Developent_______________________________________________104
	3.4.2 Staveley   _____________________________________________________________  119
	Chapter 4                                          

	Sheffield Tree Bark Survey and
	4.3.2.5 Cadmium____________________________________________________   166
	4.3.2.7 Cobalt_______________________________________________________  170


	4.3.2.12 Mercury____________________________________________________   181 
	4.3.2.14 Selenium ___________________________________________________   185
	4.3.2.15 Silver ______________________________________________________   187
	4.3.2.18 Vanadium___________________________________________________  193
	4.3.4.1 Univariate Analysis _____________________________________________ 198
	References _________________________________________________________   214
	Chapter 5
	Fig. 1.4: Global production and consumption of selected Toxic Metals                     10




	Fig. 4.12: Antimony concentration map and histogram
	Fig. 4.13: Arsenic concentration map and histogram
	Fig. 4.14: Barium concentration map and histogram
	                                                                                                                                 page
	Fig. 4.15: Cadmium concentration map and histogram
	Fig. 4.16: Chromium concentration map and histogram
	Fig. 4.18: Copper concentration map and histogram
	Fig. 4.19: Iron concentration map and histogram



