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Foreword

The ancient Egyptians had knowledge of the dangers of antimony, copper,
crude arsenic and lead, and, in a number of cultures in the last three millennia,
minerals have been used as poisons. A more clearly defined role for the wide-
spread effects of these elements on human health and in disease states has been
identified and characterised during the last two centuries. Initially, the need for
a particular element was often discovered by observations of deficiency states in
particular locations (iodine for goitre, as an example) but as a wider interest in
comparative epidemiology developed, conditions induced by large local ex-
cesses of particular minerals were also identified and could be attributed to the
effects of this excess (arsenic in drinking water in central Europe, say). Ob-
servations relating to the effects of therapeutic interventions had also shown
that mercury and its salts, gold and silver, all used in manner that was hoped to
confer benefit, may all cause evident human toxicity.

That we need many minerals in varying amounts is clear for reasons set out
in early chapters of this book. As with vitamins, it is also clear that an excessive
intake can be harmful — and that acute and chronic toxicity may result from
exposure to excessive intake. These exposures may occur for a number of
reasons and from varied sources, many of which have been recognised in
comparatively recent times.

Occupational disease (wrist drop in painters) was recognised as a marker of
toxic exposure and helped to define the cause of the toxic effects seen. In a clear
historical example, mining of uranium-bearing ore in Schneeberg (Germany)
and Jachimov (Czechoslovakia) both for metals and the manufacture of ur-
anium dyes had been carried out for centuries and was known to be associated
with lung disease — both pulmonary fibrosis and carcinoma of the lung, al-
though this distinction was not evident to contemporary observers when the
link was published in 1879. The development of industry and of industrial
processes together with the gradual development of health care relating to those
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working in industry and better record keeping relating to workers and the local
environment (an often undervalued element in identifying causality in disease
processes) made clear that industrial development has produced well-defined
problems such as the presence of organic mercury compounds in effluvia
(Minamata Bay).

Associations of a different kind, relating to long-term exposures and to ex-
posures to levels of toxin that did not produce acute illness or evident direct
toxicity, were harder to identify. Although potentially carcinogenic actions of
minerals were often investigated after singular associations between occu-
pations and uncommon tumours had been identified, modern methods of
diagnosis and record keeping were needed to provide the means to question
potential causality between exposures and common tumours. These associ-
ations would often promote a search for pathogenetic mechanisms by
experimentation.

Epidemiological research is a valuable weapon in identifying apparently
causative factors in disease. Although causes may be defined in a number of
ways, in pragmatic terms it is clear that if the elimination of a causal factor
results in a change in disease incidence, its relevance to public health is evident.
This is what epidemiological research has sought to achieve in the field of ex-
posure to minerals examined in this book. But the epidemiological approach
has its dangers and before constructing a hypothesis, it should be remembered
that the strength of any association, consistency of results in different studies
and consistent experimental evidence are the most powerful discriminants in
examining links. Experimental work must be constructed around a hypothesis
of action that is clearly defined for it to be capable of translation between
species, say.

This book is a comprehensive survey of a major health concern (carcino-
genesis) relating to the use of minerals. It considers all those elements about
which human health concerns have been thought to exist, having defined a view
of carcinogenicity that is internationally adopted in regulatory circles and
which is clearly set out in initial chapters.

Sir Colin Berry
Emeritus Professor of Pathology,
Queen Mary’s College, London, UK


http://dx.doi.org/10.1039/9781849737197-fp007

Preface

Metals have played a decisive role in the development of human civilisations
from earliest times. They have shaped developments in engineering, science and
medicine and in the past century many Nobel Laureates were founded on re-
search using metals. Marie Curie focussed her early research on the magnetic
properties of steel but was later to perform fundamental research into the
radioactivity of metals and the properties of uranium. Paul Ehrlich made
notable contributions to the understanding of cancer and introduced the
arsenic-related therapy Salvarsan as one of the first effective cures for syphilis
and other infections prevalent at the time. Countless other memorable con-
tributions could be included, but whilst we accept the value of metals and
metalloid elements in industry and medicine, since the 1950s at least, clinicians,
environmentalists and toxicologists have become aware that few substances in
daily use or to which humans are exposed in daily life or in occupational en-
vironments and in medicine are entirely safe, and that a modicum of risk arises
through excessive exposure, abuse or accident.

The present review re-evaluates epidemiological and occupational health
studies, experimental studies in animals and in vitro experiments relating to the
toxicity of metal and metalloid elements for which evidence of carcinogenicity
has been presented. Human carcinogenic risk is substantiated in relation to
arsenic, beryllium, thorium, chromium, radioactive elements, probably lead,
and some nickel and cobalt compounds, and respirable silica particles, but the
carcinogenicity of iron, aluminium, titanium, tungsten, antimony, bismuth,
mercury, cis-platin, precious metals, and certain related compounds in humans
is unresolved. The toxicity and carcinogenicity of each element is specific but
correlates poorly with its position in the Periodic Table. Carcinogenicity differs
according to the valency of the ion and its ability to interact with and penetrate
membranes in target cells and to bind, denature or induce mutations by
genotoxic or epigenetic mechanisms. The influence of lifestyle, environmental
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contaminants and human factors in the interpretation of epidemiological
studies is discussed. Further studies are indicated to investigate the interaction
between xenobiotic elements and genotype as an explanation for regional
variations in population response. The relevance of experimental studies in
isolation in predicting human risk through metal exposures is questioned.
In vitro studies in mammalian cell lines and bacterial reversion tests provide
evidence that certain metals and metalloid elements are capable of inducing
mutagenic and clastogenic changes, but they provide limited information on
target organ susceptibility, inherent protective mechanisms within the intact
body or immunomodulation.

Alan B. G. Lansdown
Imperial College London


http://dx.doi.org/10.1039/9781849737197-fp009

Contents

Chapter 1 Introduction 1
1.1 Introduction 1
1.2 Metals as Nutrients 3
1.3 Diagnosis of Carcinogenicity 6
1.4 Mechanisms of Carcinogenicity as Applied to Metals
and Metalloid Elements 8
1.5 Epidemiological Evidence 9
1.6 Lifestyle Factors 10
1.7 Laboratory Models and Diagnosis 11
References 13

Part 1: Elements of Importance as Nutrients

Chapter 2 Iron 21
2.1 Introduction 21
2.2 TIron in Human Nutrition 23
2.3 Occupational Exposures and Carcinogenic
Risk in Haematite Mining 25
2.4 TIron Overload and Hereditary Haemochromatosis 28
2.5 Iron—Dextran 29
2.6 Experimental Studies 30
References 32
Chapter 3 Zinc 36
3.1 Introduction 36
3.2 Zinc in Nutrition 39

Issues in Toxicology No. 18

The Carcinogenicity of Metals: Human Risk through Occupational and Environmental Exposure
By Alan B. G. Lansdown

© Alan Lansdown 2014

Published by the Royal Society of Chemistry, www.rsc.org

X1



Xil

Chapter 4

Chapter 5

Chapter 6

33
34

3.5

Contents

Zinc in Cell Biology

Toxicity and Carcinogenicity

3.4.1 Experimental Studies in Animals

3.4.2 Human Epidemiological and Case studies
Conclusions

References

Chromium and Chromates

4.1
4.2
4.3

4.4

4.5

Introduction

Chromium as a Trace Metal

Absorption of Chromium

4.3.1 Dictary Intake

4.3.2 Dermal Absorption

4.3.3 Inhalation

Chromium and Chromates as a Cause of Cancer
4.4.1 Current Legislation

4.4.2 Clinical and Epidemiological Evidence of

Chromium-related Carcinogenicity
4.4.3 Experimental Studies
Mechanisms of Cr(vi)-induced Carcinogenicity

References

Cobalt and Nickel

5.1
52

5.3

Introduction

Cobalt

5.2.1 Nutritional Requirements and Metabolism
5.2.2 Industrial Uses and Human Exposure

5.2.3 Toxicity and Carcinogenicity

5.2.4 Conclusions on the Carcinogenicity of Cobalt
Nickel

5.3.1 Nickel as a Nutrient

5.3.2 Industrial Use and Human Exposure

5.3.4 Toxicity and Carcinogenicity

5.3.5 Conclusions on the Carcinogenicity of Nickel

References

Calcium, Strontium, Magnesium and Copper

6.1
6.2

General Introduction

Calcium

6.2.1 Human and Animal Nutrition

6.2.2  Occupational and Industrial Exposure
6.2.3 Cell Biology and Homeostatic Regulation
6.2.4 Neoplastic Modulation and Promotion

41
44
45
47
48
49

53

53
55
57
57
58
59
60
60

60
66
69
70

76

76
77
78
80
81
87
88
89
90
92
100
101

108

108
108
110
111
112
115


http://dx.doi.org/10.1039/9781849737197-fp011

Contents

Chapter 7

Chapter 8

6.3 Strontium
6.3.1 Industrial Use and Human Exposure
6.3.2 Strontium in Human Nutrition
6.3.3 Cytology and Intracellular Management
6.3.4 Carcinogenicity
6.4 Magnesium
6.4.1 Magnesium as a Nutrient
6.4.2 Industrial Uses and Human Exposure
6.4.3 Cell Biology
6.4.4 Toxicology and Carcinogenicity
6.5 Copper
6.5.1 Copper in Human Nutrition
6.5.2 Industrial Uses and Human Exposure
6.5.3 Cell Biology
6.5.4 Toxicity and Carcinogenicity
References

Minor Trace Elements: Manganese, Vanadium,
Molybdenum, Tin

7.1 General Introduction
7.2 Manganese
7.2.1 Industrial Uses and Human Exposure
7.2.2  Mutagenicity and Carcinogenicity
7.3  Vanadium
7.3.1 Industrial Use and Human Exposure
7.3.2 Vanadium as a Nutrient
7.3.3 Cytotoxicity and Mutagenicity
7.3.4 Carcinogenicity
7.4 Molybdenum
7.4.1 Molybdenum as a Nutrient
7.4.2 Industrial Uses and Human Exposure
7.4.3 Mutagenicity and Carcinogenicity
7.5 Tin
7.5.1 Tin as a Nutrient
7.5.2 Industrial Uses and Human Exposure
7.5.3 Cytotoxicity and Carcinogenicity
References

The Metalloid Elements, Selenium and Silicon

8.1 General Introduction

8.2 Selenium
8.2.1 Industrial Uses and Human Exposure
8.2.2 Selenium in Nutrition
8.2.3 Cytological Effects and Mutagenicity

Xiil
116
117
118
118
119
121
121
122
123
125
128
129
131
131
132
133

141

141
142
143
144
145
146
147
147
148
149
150
151
152
155
156
157
158
159

165

165
166
167
168
170


http://dx.doi.org/10.1039/9781849737197-fp011

Xiv

Chapter 9

Chapter 10

Chapter 11

8.2.4 Carcinogenicity
8.2.5 Summary
8.3 Silicon
8.3.1 Silicon as a Human Nutrient
8.3.2 Silicon, Silica and Silicates in Industry
and Human Exposure
8.3.3 Cytotoxicity and Carcinogenicity
8.3.4 Silicones
References

Part 2: Xenobiotic Elements of No Nutritional Value

Aluminium and Zirconium

9.1 General Introduction
9.2 Aluminium
9.2.1 Industrial Use and Human Exposure
9.2.2 Cytotoxicity and Carcinogenicity
9.3 Zirconium
9.3.1 Industrial and Commercial Applications
and Human Exposure
9.3.2  Cytotoxicity, Mutagenicity and
Carcinogenicity
References

Cadmium and Mercury

10.1 General Introduction
10.2 Cadmium
10.2.1 Industrial Use and Human Exposures
10.2.2  Genotoxicity, Mutagenicity and
Carcinogenesis
10.3  Mercury
10.3.1 Industrial Use and Human Exposure
10.3.2 Cytotoxicity, Mutagenicity and
Carcinogenicity
References

Lead

11.1 Introduction

11.2  Occupational, Industrial and Environmental
Exposures

11.3  Absorption and Metabolism

11.4 Cytotoxicity, Mutagenicity and Carcinogenicity

Contents

171
174
175
176

178
180
185
188

199

199
199
200
202
206

207

208
211

216
216
217
218
219
225
227

229
233

242
242
244

246
247


http://dx.doi.org/10.1039/9781849737197-fp011

Contents

Chapter 12

Chapter 13

Chapter 14

Chapter 15

11.4.1 In Vitro Studies

11.4.2 Experimental Animal Studies

11.4.3 Human Case and Epidemiological Studies
11.5 Conclusions
References

Tungsten (Wolfram) and Hard Metals

12.1 Introduction

12.2  Industrial Use and Human Exposure

12.3 Toxicology and Carcinogenicity of Tungsten and
Related Compounds

12.4 Epidemiological Evidence for the Carcinogenicity
of Hard Metals

12.5 Conclusions

References

Precious Metals: Silver, Gold and Platinum-related Metals

13.1 Introduction
13.2 Silver and Gold

13.2.1 Silver

13.2.2 Gold
13.3 Platinum and Platinoid Elements

13.3.1 Cytotoxicity, Mutagenicity

and Carcinogenicity

13.3.2 Carcinogenicity and Mechanism of Action

References

Beryllium

14.1 Introduction

14.2 Industrial Uses and Human Exposure

14.3 Uptake and Metabolism

14.4  Genotoxicity, Mutagenicity and Carcinogenicity
14.4.1 Human Studies
14.4.2 Experimental Animal Studies
14.4.3 In Vitro Studies

14.5 Conclusions

References

Gallium, Indium and Thallium

15.1 Introduction
15.2 Gallium

XV

247
248
251
258
259

266

266
268

271

273
274
275

278

278
279
282
285
289

291
294
294

301

301
303
305
307
307
308
310
311
312

316

316
317


http://dx.doi.org/10.1039/9781849737197-fp011

	fig1
	fig1
	fig2
	fig2
	fig3
	fig3
	fig1
	fig1
	fig2
	fig2
	fig3
	fig3
	fig1
	fig1
	fig2
	fig2
	fig1
	fig1
	fig1
	fig1
	fig2
	fig2
	fig1
	fig1
	fig2
	fig2
	fig3
	fig3
	fig4
	fig4
	fig1
	fig1
	fig2
	fig2
	fig3
	fig3
	fig4
	fig4
	fig5
	fig5
	fig1
	fig1
	fig2
	fig2
	fig1
	fig1
	fig1
	fig1
	fig2
	fig2
	fig1
	fig1
	fig1
	fig1
	fig1
	fig1
	fig2
	fig2
	fig1
	fig1
	fig2
	fig2
	fig3
	fig3
	fig4
	fig4

