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SUMMARY

Improved biochemical techniques have resulted in a
better appreciation of the role of trace metals in
essential and non essential biological function.

Cadmium has been shown to be a non essential
toxic trace element with a biological half life of
between 20 and 30 years.

Since the time of the isolation of the metal
in the early part of fhé 19 century there was very
little appreciation of its toxic effects since
"isolated episodes_ofvacute cadmium poisoning were
very rarely encountered. |

The development of mechanized transport during
the first world war led to a major upsurce in the
use of cadmium which was found to be a valuable
element in the prevention of corrosion in the smaller
parts of internal combustion engines.

It was in 1950 however beforebFriberg in Sweden
cgave the first description of chronic cadmium poisoning
in a workfofce. Various statutory legislations have
been introduced and modified since that time with the
hope that work forces can be protected from the effects
of cadmium. The acceptabie levels vary in‘different
countries and are regarded by many overseas experts as
being too high in‘the United Kingdom.

It is necessary to be aware that cadmium has been

shown in man and animals to have an effect on a variety
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of different systems and although it was considered
‘initially to affect the pulmonary system.it is now
realised that it is the renal system which is most
likely to be affected by cadmium.

Considerable attention has been paid in the past
few years to the type of proteinuria caused by cadmium.
Some authors consider that the principle damage within
the kidneys occurs in the‘renal tubules ahd this results
in low molecular weight proteinuria,specifically
BZ microglobinuria.

There isvevidence which shows that medium to large
molecular weight proteinuria occurs and from my own
experience and in agreement with other workers in other
countries it is clear that both large and low molecular
weight proteinuria are to be found in chronic cadmium
poisoning.

However, 1f too much emphasis is placed on the
type of proteinuria found in chronic cadmium poisoning
it is 1ikély that other biochemical abnormalities which
result from cadmium can be missed. This work gives
an insight into the damaging effects which cadmium
produces in terms of altered calcium métabolism resulting
specifically in-a steady rise in the prevalence of renal
stone disease in a group of workers who were monitored
annuaily from 1975 to 1982.

The men in question were very heavily exposed to
cadmium and When-COmparéd to a referencé population it

can be seen that the mean levels of blood cadmium in the
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group were always at least five times greater than the
normal population. By careful annual follow up it was
:also possible to show that despite a complete and instant
cessation of exposure to the metal the blood cadmium
levels, like the urine cadmium levels did not immediately
return to normal but remained éonstantly elevated. At
the levels of exbosure this must indicate a very large
body burden of cadmium and what is more, despite the
large améunts being lost by excretion in the urine, a
mobilisation of cadmium must be taking place from large
deposits in bones and other sités.

In order to assess the Siénificance of the bio-
chemical parameters found in the group under study, it
was necessary to look at a variety of different groups of
workers who were involved in diffe;ent occupations within
the factory under particular study or who were involved in
different cadmium processes in a variety of different
factories. The study of these different groups has
enabled me'to examine the different biochemical parameters
across a wide spectrum of workers and has resulted in the
clear demonstration.that the workers in the principal study
group had clearly been the most seriously affected with
respect to exposure to cadmium. It has also been possible
to demonstrate that workers beyond the immediate location
of cadmium exposure appear to have a greater than normal
risk of having higher blood cadmium levels than normal

subjects and also a greater likelihood of having
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damaged cells as a potential nucleus for renal stone
formation. When such foci are present and are combined
with éltered calcium and phosphate ‘excretion- then it
should be less than surprising to discover that stone_
formation is a major effect of chronic cadmium poisoning.
Because of the random population survey which had
been undertaken by myself along with other helpers it was
possible to demonstrate that the prevalence of stone
disease in this area is 3.5%. At the initial examination
of the coppersmiths in 1975 it was immediately obvious
that the prevalence of stone disease in the group was
18.5% - a figure'wﬁich is comparable to other reports.
It is surprising therefore that there does not seem to
be any follow up by those other workers specifically to
discover whether or not the rate of stone disease remains
the same or as has.been found in the present study
steadily increases with time. In the coppersmiths group
in 1982 the prevalence of stone disease reached over
40%. Interestingly the subjects most likely to develép
stone disease were those who initially were found to have
subnormal or low normal serum inorganic phosphate values.
Apart from the clinical problems of stone disease,
the presence of an unexplained and persistent hypexr-
calciuria is highly significant to the iong term welfare
of the individual. In rather speéialized circumstances

in Japan it has been demonstrated in post menopausal
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women in whom: the effects of repeated pregancies have
already presumably reduced skeletal calcium that excess
cadmium can result in a severe osteo malacia described as
itai-itai disease. | |

Although our studies have not found such severe
skeletal effects nevertheless there is evidence that a
whole body deficiency of calcium does occur in the
workers examined as evidenced by the in vivo neutron
~activation study.- It is therefore considered essential
that in the genéral assessment of possible metabolic
abnormalities likely to be found in the examination of
a stone subject the demonstration of idiopathic hyper-
calciurié should alert the examiner to the possibility
that & cause for the hvpercalciuria coﬁld be chronic
cadmium exposure. The latter can be excluded by a
careful industrial history together with measurements of
blood and urine cadmium along with estimations of serum
calcium, inorganic phosphate and urinary protein esti-
mations.

Finally in the assessment of potential episodesrof
chronic cadmium poisoning from whatever sources it is
considered that a fundamental examination must be a
plain abdominal radiograph.

Where there is a calcified focus in the region of
either or both kidneys then a full intra venous urogram
is indicated to ascertain whether or not a renal stone

is present. When a work force is being followed on a
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long term basis and, having established the stone
prevalence at the outset of investigations,it is essential
to be aware that, as has been shown in this work, renal
stone formation is of paramount importance in the long
term supervision of subjects and coupled with chronic
hypercalciuria may result in subsequent significant
reduction in skeletal calcium. Proof of the high

renal levels of cadmium in kidneys in two of the

’cadﬁium exposed workers was obtained by analysing

their kidneys and comparing these with a survey 6f

renal cadmium content in this area. The levels in the

two individuals were a}most 6 times as high as the

normal populétion. Highly significantly one of these
individuals developed a renal carcinoma which adds

further importance to the taking of an 0ccupationalfhistory
in upper urinary trac£ disease as presented to the

practising urologist.
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CHAPTER 1

INTRODUCTION

There has, in the past 10 years, been a considerable
revival of interest in trace element metabolism. This
can be attributed to three main factors (Underwood, 1970) .

1 Imprdved analytical methods (Eaton, 1976).‘
2 The stimulus resulting from the work done on

the mechanism of action of elements such as

zinc, selenium,‘copper and cobalt in human,

animal and égricultural biological systems.

3 An increased awareness that environmental or
industrial pollution may occur as a result

of the use of trace subétances in maﬁufacturing

industries.

Biologists recognise essential and non essential
trace elements, the latter being toxic or non toxic.
Although most work on trace element metabolism has been.
in fields other than human metabolism, trace elements
are very relevant in human biology.

Fourteen elements are essential for animal life
and these include iron, iodine, copper, zinc, manganese,
cobalt, molybdenum, éelenium, chromium,Anickel, tin,
silicon, fluorine and vanadium (Masironi, Kiortyohann
and Pierce, 1977). Other elements are known to be toxic
at low levels of intake and include arsenic, lead,

cadmium and mercury.
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Most trace elements of biological significance
tend to occﬁr in the same part of the periodic table.
It is significant that calcium is placed in this part
of the ionic spectrum and, if the calcium which is
present in bone is excluded, then the element may
justifiably be considered as a trace element in its
own right (Fig. 1).

GENITO URINARY SYSTEIM.

The genito urinary system both in man and animals
requires trace elements for normal function and the
balance can be éffected by the introduction of excess
amounts of essential trace elements, the accumulation
of toxic non essential trace elements or as a result of
the unusual circumstances,created.in the application
of dialyses in the management of renal filaure (Knudson
and Persson, 1977).

'The most common trace element, apart from calcium,
found in the genitourinary system is zinc. In animals
zinc depletion results in a reduction of body weight,
skin changes and in a diminution in reproductive capacity.
In man a syndrome of zinc deficiency has been described
and is characterized by reduction in statﬁre, hypogonadism,
mental éub normality and relative infertility (Prasad
et al, 1963). |

The other trace elements of importance in genito-
urinary pathophysiology are magnesium, copper, aluminium

and cadmiumn. Of these last elements cadmium is a non
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essential toxic element. It is recognised as being
nephrotoxic and possibly carcinogenic in-prostaté.
The element is widely used in industry and its effect
~on a workforce which had been chronically exposed to
cadmium formsthe major part of this study.

Commercially used cadmium ié obtained from zinc
ores and fgom it's initial discovery in 1817 it was
almost 100 years before the metal was used in quantity.
The most importaht’factornwhich increased the demand

for cadmium was the development of mechanised
transport with the onset of World War 1. As can be
seen (Fig. 2) there has been a steady increase in
world production of thé element (Chadwick, 1976) as
it has gained wider industrial application.

The main producing countries are U S A , Belgium,
Canada, Australia, Poland, Italy, U K, Japan, Norwgy,
France, West Germany, U S S R and Mexico.

The incfeased use of cadmium is shown by the fact
that in 1976 the annual U S A output was 3.67 million
pounds (Mining Review, 1977). Of the total, 20% is
used in the nickel battery industry and 40% in
electroplating. In 1977 the output was 4.4 million
pounds in the U S A (Baker, 1978). Despite the large
local production one half of all the cadmium used in theA
U S A is imported from overseas (Streatfield, 1976), the
U S A in 1977 importing 5.0 million pounds. The soufces

included.Canada, Australia, Yugoslavia, Mexico, Belgium
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and Luxemburg.

The production of cadmium in the twenty year period
1950 - 1970 records some very interestihg facts.. 1In
the first half of the period the U S S R was a relatively
low’producér of cadmium (Fig. 3).

In the second half of the period it had become the
majorvproducer and overall the Eastern block countries
outstripvthe Western nafions in the production of the
metal (Fig. 4).

If one considers the impértance of the metal in the
aircraft industry, in electronics and in the prevention
of corrosion then it is not‘unreasonable to draw certain
conclusions about the general economy of. countries from
the cadmium production figﬁres. It is also very
interesting to note that Belgium - in the cockpit of
Europe - is the leéding producing coﬁntry within the
Western European countries (Fig.VS).

Because of the.growing use of the metal it is
realised that in the U S A thefe is a necessity to
disco&er new sources of cadmium by geologic exploration
(Mining Review,.1977; Baker, 1978). The main source
of the metal is from the refining of zinc ores. For
every ton of zinc produced there is also produced 5
pounds of cadmium as a byproduct (Streatfield, 1976)
and therefbre increased production of the metal will
occur by exploiting known or new seams of zinc ores.

Although commercially used cadmium is derived from

zinc smelting, cadmium is found in nature in the rock
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Greenockite (Fig. 6).

Cadmium is the 67th most abundant element and lies
between zinc and mercury in the periodic table both of
which are found in great quantities in the earth's crust.
The physico-chemical data are summarized in Table 1.

From this data it can be seen that cadmium has a
very low melting point and equally a very low boiling
point. This means that it can be 'fumed' at very

low or working temperatures.



Fig. .6.
A piece of greenockite ore showing the yellow cadmium
deposits in the specimen.

( Courtesy of Geology Dept. University of Glasgow ).



TABLE 1

ATOMIC NUMBER
ATOMIC WEIGHT

STABLE ISOTOPES

ELECTRONIC CONFIGURATION
DENSITY

IONIZATION ENERGY
ﬁELTING TEMP.

BOILING TEMP.
ELECTRONEGATIVITY

Cd E.D.T.A. COMPLEX

48
112

106cd 108Cd 11ocd 111cd 112Cd

113Cd 114Cd 116Cd

2, 8, 18, 2, 6, 10, 2.
8.64 g/cm’

864 XKilo joules/mol
321%

765°C

1.7 Paulings

16.6 log10 (K stats). md_3 dm3

Table 1. Major physico-chemical data of cadmium.



HISTORY OF CADMIUM.



25

CHAPTER 2

HISTORY.

The word 'Cadmium' probably derives from Cadmos a
son of a Phoenician king whose brother Europa introduced
the use of zinciferous earth at Thebes in Greece.. Pliny
in the first century A D was aware of the peculiar
earthlike substance calied 'Cadmia' a term used in -
classical terminology to describe zinc ore. In modern
times Cédmihm for comﬁercial purposes is derived from
zinc ores.

Cadmium was known to Aristotle (320 BC) who commented
upon a parﬁicular bronze with a peculiar characteristic
glossy yellow colour made without the incorporation
of tin from the melting of copper along with a peculiar
black earth at Mossynoecia. (Prodan, 1932).

References such as the above are scanty in the
literature but it is generally accepted that'in purely
chemical terms cadmium was first discovered in 1817 by
Friederich Strohmeyer of Gottingen at Salgitter in
Germany and almost simultaneously by K S L Hermann in
1818 at Schonbeck. The former isolated the métal from
zinc carbonate while investigating the yellowish‘banding
in zinc ore. |

Following its‘initial discovery little use was made
of the metal and it was 41 years later in 1858 that the
first cases of acute cadmium poisoning were reported.

This first recorded incident involved a group of domestic
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servants from a house near Brussels. ~ The servants had
unwittingly been using a cadmium powder to polish silver
and had been acutely poisoned. It was A M Thirg who
discovered that the cleaning powder used to clean the
silver contained cadmium.carbohate and noted that cadmium
sulphate ion used therapeutically could cause vomiting,
abdominal cramps’and 'dysentery' which were the symptoms
found in the unfortunate servants (sovet, 1858).

The first réference concerning the effect of cadmium
on kidneys came when, in 1867 Marne (quoted by Prodan, 1932)
recorded that cadmium, émong other effects, caused
"a diffuse inflammation of the kidneys".

The next major report’of,a group of humans being
subjected to cadmium poisoning came from the U S A in
1876 when a group of women who had purchased ammonium
bromide a£ a local chemist shop subsequently suffered
vomiting and abdominal pain. Samples sent to a professor
of chemistry in the State of Mainé confirmed the medicine
to be cadmipm bromide (Wheeler, 1876) and he commented
that 'grosé énd wicked carelessness probably lies at
the door of the French who prepared the medicine'.
The‘bottle containing the cadmium salt would appear to
have been wrongly labelled in Paris. .

Purification of the metal enabled animal studies to
be undertaken and the effects of cadmium in these early
studies were compared to those of zinc. 1In 1895 the

symptomatology of zinc and cadmium poisoning were clearly
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identified as separatelentities (Athanasiu and Langolis,
1895).

By 1896 Severi had so studied the effects of cadmium
that he likened the renal effects to those produced by
mercury and in his studies had clearly recognised tubular
lesions, casts and irreguiar granulations being produced
as a result of the administration of cadmium but
interestingly made no reference to changes in the
glomeruli. In the same year a deliberate attempt was made
to compare cadmium and zinc salts in a more specific
fashion. These latter experiments resulted in the
observation that cadmium could affect the heart rate of
experimental animals (Athanasiu and Langolsis,'1896).

In studies of the more general effects of cadmium it
was noted in 1904 (Matthews, 1904) that in fish, growth
of the embryo could be inhibited and the fish suffered
from pigment deposition when injected with cadmium. The
metal was considered by this observer to be 'as toxic
as copper'. This is the first observation of a possible
teratogenic effect of the metal.

After the turn of the century there was a series of
reports describing acute cadmium poisoning in humans but
it was much later, almost 50 years, before it was
realised that chronic cadmium poisoning was a distinct
clinical entity.

In 1920 there was a very interesting observation that

many cases of so called lead poisoning could have been
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caused by cadmium or zinc or a combination of both metals
(Stephens, 1920); The rationale of such hypothesis
was due to the finding that in so called 'lead deaths' -
lead was not found in liver but cadmium was clearly present
in large quantities; The same author referred to the
diffuse nephritis found at post mortem in the subjects
studied.

| One of the very original and important obéervations
in animals at ﬁhis time wés that cadmium induced a 'blue'
festicle in rat (Alsbercgc and SchwartZe, 1919). This
clearly is a reference to the testicular necrosis
subsequentlybobserved by Gunn and workers in 1956.

Stephens (1920) noted that cadmium was used in
soldering processes and he emphasised the volatility of
the metal when it was heated - of considerablé importance
in the present study.

Apart from the renal effects,‘animal experimental
work progressed to such an extent that it was appreéiated
that a number of trace metals interacted with each other
and this could be detected clinically because of the
effect on iron metabolism as indicated by haemolysis,
agglutination and colour changes in serum (Purdy and
Walbum, 1921). Shortly afterwards it was realised that,
in chfonic feeding experiments with toxic trace elements,
the dose of cadmium administered affected the time of
bdeath and interestingly a lohger survival time occured in
female animals compared with males given similar doses of

cadmium (Johns,Finks and Alsberg,1923). When given cadmium
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at levels as small as 1000 ppm it was found that death
océurred in 30 days in rats. This helped to emphasise
the 'trace' elemeﬁt aspect of the metal along with its
toxicity. - |

Cadmium had long been.known to have a powerful emetic
raction (Schwartze and Alsberg, 1923) but it was not until
1923 that it>was speculated that cadmium solder on food
containers could cause problems not found when tin was
used (Schiftnef and Mahler, 1943). It was 20 years
however before a food poisoning incident was directly
-attributed tb cadmium leaching off cadmium plated
utensils when in 1944 there was a classic report of an
outbreak of cadmium food poisoning which originated from
the metal leaching off the inside of a beverage container.
The authors equated the symptoms with those of
staphylodoccal enterotoxin (Lufkin'and Hodges, 1944).

Prior to 1938 all reports of cadmium poisoning had
involved only small‘groups of individuals but in that year
there was an important observation of an incident involving
15 cases of acute poisoning from which two subjects
subsequently died. The problem arose in a plant where
300 pounds weight of cadmium plated rivets were -being
heat treated (Bulmer and Rothwell, 1938). This incident
helps to highlight the relatively low temperature at
which cadmium melts. |

One interesting episode occurred in 1946 when a group
of firemen were poisonéd by irritant fumes. At first the

cause of the toxicity was not understood but eventually
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a box of bearings‘Was fbund in the debris of the building
and these were shown’to contain 96% éadmium (Shiels

and Robertson, 1946). The same authors made comparisons
with animal deaths and alluded to changes in the
aglomeruli of guinea pigé and specifically commented

upon the changes observed in the capillary tufts.

By 1941 it was observed that there were no studies
of the chronic effects of cadmium but it was noted that
anaemia, anorexia and retarded growth could be produced
in animals receiving minuscule amounts of the metal
(iilson, De Eds, and Cox, 1941). As little as 0.0062mg
per cubh:metre of air breathed by animals caused a drop
in haemoglobin in 1 - 3 months. The same authors noted
that oral cadmium produced little effect on lungs but
it was noted to céuse swelling of epithelial cells of
kidney tubﬁles and accompanying these changes casts
appeared in the rénal tubules. Most previous
histological examinations of kidney had suggested fatty
degeneration of cells as the chief histological
abnormality occurring on cadmium exposure (Prodan, 1932).

Chronic cadmium poisoning in humans was first
consideréd as a possibility in 1942 (Nicaud, Lafitte
and Gros, 1942). 1In formulating this hypothesis
Nicaud and his team observed that symptoms could be very
diverse énd appeared to affect the respiratory tract,
¢aused general toxaemia, bone problems, central
nervous systems and blood disorders (Nicaud, et al,

1942). These statements were based upon observations
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of workers who had been subjected to 12 - 16 years
exposure to the metal in a nickel-cadmium battery factory
where they were invblved in the manufacture of the
negative plates uéed in batteries. The plates were
prepared at between 370°c-420°C which resulted in cadmium
oxide fumes being produced. The discussion of the
subjects in this study included observations such as
"fhe subjeéts tended to be yellow in colour; anaemia
was frequent; intermittent dyspnoea occurs; vertigo is
a feature; and that variable paraplecia has been
observed.' Many of these observétions have subsequently
bbeen substantiated but are so subtle as to be missed by
most clinicians. |
| In 1947 comment was made that there were 200
references to cadmium intoxication iﬁ the literature but
very few if any reports on the subject of>chronic
exposure (Princi, 1947). Princi undertook a deliberate
study at three month intervals of a group of 20 workers.
His researches were mainly related to the possible
pulmOnary effects and he notea that symptoms were non
existent.and no obvious pulmonary changes were observed.
He concluded that this indicated rapid elimination of
cadmium from the system with no sustained effects. He
did however demonstrate a rise in blood and urine cadmium
values which did not appear to be related to the
duration of exposure experienced by any one individual.
By contrast Paterson considered that after inhalation

- chronic toxic effects occurred and were confined to the’
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lungs. It was noted that if an individual survived the
acute state, thén hyperplasia was found in the lung cells
i.e. in the alveolar lining cells (Paterson, 1947).

In 1947 theAsuggestion was again made (Hardy and
Skinner, 1947) that chroﬁic cadmium poisoning was a
distinét entity. This followed a study of cadmium
contaminatioﬁ in a factory in Massachusetts wﬂere it
was noted that levels of 0.1 mg/cﬁbic meter were present
in the air. The workers were involved in a tinning
process which was used to cover small bearings. The
temperature at which the process was being undertaken
was 800—8500C which is well above the melting point of
cadmium. Five men were found to have fatigue, dental
problems, gastro intestinal symptoms and on damp days
respiratory symptoms. Two of the men had a reduced
haemoglobin concentration. This latter was considered
to be particularly significant in that it was a measurable
parameter. The author quotes "some French work" which
had commented on an association between cadmium exposure
and anaemia and.observed that the feeding of cadmium
chloride to rats caused anaemia thought to be of an iron
deficiency type. |

In 1950 Friberg made the first positive statement

that chronic cadmium poisoning had occurred in a group of

battery workers. In his description he paid particular
attention to the pulmonary,haematological and renal effects
in the form of proteinuria encountered in the workers

studied.
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ARISTOTLE
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BULMER

NICAUD
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Table 2. .

320 BC.
1st Century AD
1817

1858

1867

1896
1920
1938

1942

1950

Bronze - yellow colour.
Zinciferous earth.
Isolation of cadmium.

1st case of acute
poisoning.

Renal toxicity.

Cadmium effects similar to
mercury.

Cadmium effects similar to
mercury.

First description of
group poisoning.

Chronic cadmium poisoning.

- Chronic cadmium poisoning.

Chronology of Cadmium - Important dates.
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CHAPTER 3

USES OF CADMIUM

The earliest commercial application of cadmium after
its discovery was as an artist's pigment (Schofield, 1976)
and from this early beginning it was subsequently used to
produce>red and yellow pigments and a variety of paints
and ceramic materials. Cadmium is particularly valuable
as a pigment (R;de, 1979) because of the high stability
.of the sulphide compound. There is a growing
tendency to substitute cadmium pigments with molybdenum
based colouring materials (Dickenson, 1977). Cadmium
pigments have been used to colour vulcanized rubber,
printing inks; glazes, glasses, epoxyresins and in
plastics.

The importance of corrosion as a major problem in
industry is illustrated by the fact that over 5 billion
dollars is lost annually by corrosion in cars in U S A
alone and it was in this context that cadmium made its
first major impact on industry (Kennedy, 1976). The
metal became very important in the protection of small
components particularly nuts and bolts.

In general corrosion each year destroys one fifth
of the world production of ferrous metals. To give some
indication of the extent in cost terms if is estimated
that corrosion in 1971 wasf£1,365 million in U K
(Committee Report, Depti of Industry, 1976). Cadmium
has several major advantages in this field including

the protection of steel (Murnane, 1977) and since it has
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a low co-efficient of friction along with the possibility
of giving an attractive finish it is in great demand. A
more specialised type éf aﬁti—corrosive can be undertaken
using a mixture of cadmium and tin (Coch, 1979); this
process éllows'the deposition of two metals thereby
having a greater chance of préventing corrosion.

In 1909 the first nickel cadmium batteries were
manufactured in Sweden (Technical Report, 1976). In the
1930's cadmiﬁm was first used in the form of sintered
plates in nickel cadmium batteries a use which persists
in air force satellites and aircraft where they are known
as a sintered plate‘nickel cadmium battery. (Sinterihg
is a process whereby a mass of particles having
approximétely the same composition are transfofmed into
a ridged body without reaching the melting point and
this in physical/chemical terms probably depends on surface
mobility).

Cadmium is in the negative piate,of a nickel cadmium
battery. Small nickel-cadmium batteries are to be found
in a wide variety of domestic and commercial products suchv
as calculators, tape recorders and many modern electronic
aids. (Fig. 7).

Apart from battéry manufacture cadmium in modern '
industry has{been widely used in plastics, plating, welding
and brazing operations and as a method of increasing the
tensile strength of copper wire. Cadmium is also
employed in case materials within nuclear reaCtors.

In a recent review of the industrial uses of the
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Fig. 7.
Common domestic objects where cadmium may be found and
which have in. the past caused cadmium poisoning either

during production or in the home.



TABLE 3

Electronics ' 26.3%

Industrial fasteners | 19;6%

Automotive parts ” 20.4%

Aircraft ana aerospace 12.6%

Ordinance 5.6%

Hardware e.g. keys 3.1%

Household appliances 2.3%

Ship building 2.5%

Other industrial ﬁses 7.8%

Table 3. Use of cadmium in different industries.

(Marce, 1978)
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elément (Marce, 1978) it would appear tha£ the proportion
of usage ié plating 34%, pigments 26%, stabilizers 15%,
batteries 14% and otheré (including alloys) 11%. The
proportion used in individual industries is shown in
Table 3.

The automobile industry‘which-initially gave the
greatest impetus to the use of the meﬁal still uses the
metal to prevent corrosion of sméller parts of the
vehicle. The association with cars is maintained as is
shown by the fact that recently 70 kilo nickel cadmium
batteries (Bell, 1977) have been used to power cars and
this method of propulsion could increase in future.

One econoﬁical aspect of plating processes which
is hardly noted is that recovered chemicals from a plating
procesé are valuable as they do not require to be modified
for further plating (Swalheim and McNutt, 1977). Until
the beginning of Worid War II most industrial wastes
were deposited without regard to solubility or
~.recovery (Weiner, 1976). Since cadmium is a valuable
industrial element it is considered essential to recover
the element from efflﬁents and plating processes are
controlled to allow recycling of the element (Marce, 1978).

The importance of controlling industrial cadmium
emmision or effluenté is emphasised by the growing belief
that cadmium toxicity may extend to the general population

(Kendry and Roe, 1969).



STATUTORY REGULATIONS GOVERNING USE
OF CADMIUM.
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‘CHAPTER 4.

STATUTORY REGULATIONS ON FUME POISOMNING.

The realization that cadmium could cause a problem
in an industrial situation resulted in a variety of
regulatiqns and governmental notes to guide employers
;nd employees in the use and hazards of the metal.

The 1937 Factories 2ct was specifically designed
to prevent dust or fume inhalation of toxic substances.
For practical purposes it is well nigh impossible to
exclude toxic substances from factories. The general
principle recommended is that local exhaust systems:should
be introduced\where:a fume cupboard approach cannot be
employed. 1In early guidance notes permissible.levels
of cadmium recommended in the atmosphere was 0.1 mg
per cubic metre of air. |

The National Insurance Act 1946 did not include
cadmium as a prescribed poison but in a épecial report
of thé Indﬁstrial Injuries Advisory Council in 1956
it was commented that the evidence then available
supported the existence of chronic cadmium poisoning
- as a.definite entity. iost of this report dwelt upon the
possible appearance of emphysema, anosmia and proteinuria
as the specific clinical manifestations of chronic
cadmium poisoning.

After the above report it was éommented by another

government agency that the presence of proteinuria did

NOT by itself justify the diagnosis of chronic cadmium

poisoning (Notes HMSO, 1972). Perhaps one of the most

revealing facts about control of cadmium is that under
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the Factories Act (1961) no specific regulations existed
to deal with cadmium exposure (Techniéal Data Note, 1975).
- Reports published in the form of Technical Data
notes by the Department of Employment give good practical
information on such matters as the management of work
areas affected by hazardous fumes (Téchnical Data Noté,
1974). Cadmium like other toxic substances has a
recognised Threshold Limit Value (T.L.V.) which'defines
the maximum tolerable levels in the working environment.

The growing awareness of the potential hazard of
cadmium resulted in the T L V in 1972 of 0.1 mg per
cubic metre of air being reduced to 0.05 mg per cubic
- metre in 1976. The curren£ value of the T L V for
cadmium is how 0.01 mg per cubic meﬁre.

The Commission of the E E C note that people in
industrial areas have a higher dietary intake of cadmium
than those in rural or non industrializedﬂareas,andvthe '
intake is also higher in smokers (Lauwreys, 1977). The
Commission indicates that since some epidemiological work
suggest a possible cancer/cadmium link, as well as its
other likely effects, then T L V should be such that the
daily intake should not exceed 10 - 12 ug. Cadmium
levels in the atmosphere should in the opinion of the
W H O, be continually undef review (Friberg, 1977), and
especially that proportion which is absorbed from food
(WH O, 1977)..

When comparison is made with other national
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regulating authorities it is interesting to find that in
the U S A the National Institute for Occupational Safety
recommends a T L V value of 200 ug ‘per cubic metre for

a 15 minute peribd (Cohn, 1977) with a total 10 hour level
of 40 ug per cubic metre in a 10 hour work day.

By these standards the levels allowed in U X are
high especially when it is realised that it has been
-recommended that the permitted level should be less
than 50 ug/rﬁ3 (Tsuchiya, 1976) .

It is thérefore very obvious that there has been
a steady fall in the le&els of cadmium permitted in
working atmospheres and this can be directly related
to the growing awareness éf the toxic effects of the
metal.

The ideal value for T L V would be 0 but for
practical purposes it is unlikely this Qalue will be

achieved in the working environment.



ENVIRONMENTAL ASPECTS OF CADMIUM'.‘
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CHAPTER 5.

ENVIRONMENTAL ASPECTS

General

The involvement of the general population in
cadmiumApoisoning obviodsly does not arise by direct
industrial exposure but by atmospheric pollution or
contamination of food by cadmium. Great care has to
be taken in the interpretation of atmospheric or
environmental lévels of cadmium. Studies of the
Severn Estuary have shown that the level can be as
hiéh as 5 ug/l and this could be interpreted as
‘evidence that we may well live in a cadmium polluted
society. It should be remembered however that on the
shores of the Severn is the Avonmouth Zinc Refinery
which may well add significantly “to the cadmium
content of the Severn in that area.

Most authorities do not cons%der cadmium to be
a major étmospheric hazard but one author cbnsiders
that éadmium in the atmosphere does create a possible
environmental hazard and even suggests that the metal
could be implicated in cancer problems (Godfrain et al,
1977). At present theré is little to substantiate this
concept of a general cancer link but local effects may
‘be much more ‘sionificant than has hitherto been realised.

It is quite clear that the greatest pollution of
the environment by the metal has occured since the
1930's and this may well be relevant when considering

changes in certain disease patterns. One reason
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for the rising importance of cadmium has been‘its
growing use in a’wide variety of industrial processes.
One'unnatural source of cadmium poisoning is cigarette
inhalatiQn. It is estimated that 1 x 20 pack of
cigarettes contains 30 ug. cadmium and it has been
demonstrated that at tne lighted end of a cigarette
the temperature exceeds the boiling pnint of cadmium
i.e. 767°C. Smoking has been shown to result in a
10 - 20% increase in the body burden of cadmium (Nandi
et al, 1969; Commission European Communities, 1978)
-and if 10% of the cadmium is absorbed then the rate of
accumulation is 0.5 ug/pack per year'(Lewis et al,
1972). Smoking is therefore an important factor in
the assessment of cadmium intoxication since it can

bé shown that'there are significant differences in
blood levels of cadmium between smokers and non
smokers (Wildén, 1973) and it can be shown that the

24 hour excretion of cadmium increases with age and
with smoking habits (Elinder et al, 1977). The range
quoted in 'normal' urine in this particular seriés

was 0.25 - 0.40 ug/vol. It is therefore obvious
that smoking, combined with atmospheric pollution |

in general contributes to whole body cadmium levels.
Nevertheless it is important to continually be aware
that.many industrial uses of cadmium exist and

very often such processes may not be obvious to

the caéual observer. For ekample cadmium can be

found in all sorts of unexpected combinations of
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metals and one of these is mercury amalgam (Cotter and
Cotter, 1951).

Among the less well recognised industries where
cadmium could be a potential hazard are those such as
the recovery of scrap mefal which poséibly could cause
environmental pollution by the metal and it should
be realised that cadmium is added to the atmosphere
as a result of the combustion of coal and oil (Webb,1977).

Cadmium.is in common usage in electroplating
of steel to prevent corrosion (Kazantzis, 1970) and it
has been uéed as a fungicide and nematocide. Moré recently
it has found a use as a stabilizer in the plastic
industry (Webb, 1977).

While industrial poisoning is obviously important
to small croups of workers, the vast majority of the
population probably aéquire cadmium from food (Varma and
"Katz, 1978). Involvément of man from eating |
contaminated plants of fish was first realised by
Robayashi who noted that when cadmium pollution of an
environmenf occurred, then man could be secondly
involved as a result of consuming food or fish thus
contaminated (Kobayashi, 1971). In modern society
food may be important as a cadmium source since it can
be shown that the addition of sewage sludoe to soils
increases the cadmium content of herbage (Stover, Sommers
and Silviera, 1976).

One of the most important food sources in the
world is rice. When unpolished and polished rice are

analysed with respect to trace metal content it is
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found that there is a reduction in the zinc and
coppér content in polished. rice but no difference
with respect to cadmium. Rice from Japan has the
highest level of cadmium as compared with other
countries whereas Brazil has the lowest cadmium content.
It is possible}that rice could result in 20 ug/day of
cadmium ingestion for a human who consumed this cereal
as a basic food source.

If by some industrial process’the area water
supply becomes polluted With cadmium the amount
taken in from food may rise to 600 ug/day. Such
levels have been reached in qertain areas of Japan -
where the population can on average.consume in their
staple food as much cadmium in one day as the
recommended weekly maximum of 400 - 600 ug (FAO/WHO
recommended levels). If one then studies the
population in Japan and compares this with western
civilizations it is possible to show potential
cadmium effects manifested by higher éadmium/zinc ratios
in blood as compared with equivalent populations
in Africa, U 8 A and Eur0pe - the latter three areas
having a low overéll'consumption of rice. A much
vgreater and prolonged epidemiological assessment is
required before firm conclusions can be made about
the possible role of cadmium effects on such
populations. As discussed in this work kidney
cadmium levels are found to be higher in Japan as
compared with Sweden and other countries including

our own. - (Chap. 14).
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In the United Kingdom 15 - 30 ug/day would appear
to be the average dietary intake and the normal
excretion is in the order of 2 ug/day and certainly
less than 5 ug/day. It is very unlikely therefore
that a situation such as that which produced the
claséical 'itai-itai' disease in Japan (Kobayashi, 1971)-
would be likely to occur as a result of food ingestion in
the United Kingdom.

Very little work has been undertaken to
uncover possible sources of cadmium involvement in
food chains and this is surprising when it is realized
that lead in milkkis considered to be affected by
environmental pollution and can be 80 times as high
in milk from contaminated as compared to non
contaminated areas. Efforts are now being made to
extend these observations to food chains in man and
an example of their importance is shown by the finding
that measurements of lead and cadmium in raw milk
confirmed the mean concentration of lead to be
91 ug/Kg and cadmium 6.0 ug/Kg in California (Bruhn and
Franke, 1976). Further extensions of Sﬁch observations
may well add weight to arguments for further careful
control of environméntal pollution by cadmium.

Apart from the general hazards, poisoning can
arise in such domestic circumstance as has occurred
when subjects were poisoned as a result of making
lemonade using tartaric acid or in the making of iced

tea where cadmium was shown to be leached from the
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- metal trays or containers containiﬁg the tartaric acid
mixture(érant>and Kleeﬁaﬁ, 1941){ Another potential
sou£ce in the domestic situation are culinary glazes
(Crosby, 1977) but overall in the U K in most food
substénces cadmium is at the limit of détection;

In the U K the main concentratéd food sources
of cadmium are to be found in éhell-fish, liver and
kidhey. By.contrast ih the U S A the main source is
from grains of cereals (Commission of European Community,
1978). Again thé 'unexpectedness of cadmium' is
demonstrated by the finding that when several varieties of
tea and coffee are compared then 'instant coffee' contains
the highest amount of the metal but no definite
pathological process - e.g. hypertension - has been
linked with the intake of this beyeridge (Horwitz and
Vander Linden, 1974).

Recently there has been a great interest in the
possible contamination of vegetabies grown in the
village of Shipham in South West England (Carruthers
and Smith, 1979). Examination of the preliminary |
blood analyses from these individuals living in the
village confirm an average 6f less than 9 : Nmol/1
(Tug/L) in non smokers and in smokers the corfesponding
figure is 18 Nmol/1 (2 ug/L). When compared with the
findings in the industrially exposed workers which I
have studied in Scotland, then the blood values are
quite low. I had the'opportuniﬁy of examining the
Shipham figures and the male with the highest blood

level within the group significantly worked in a factory
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which is situaﬁed within 100 yards of the boundary wall
of the Rio Tinto Zinc Smeiter - suggesting that he méy

well have been subjected to an atmospheric pollution |

and certainly NOT a polluéion from contaminated

vegetables as judged by his blood level of cadmium.
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Water pollution

Although it is easy to measure total world
production of cadmium (Table 4) not a great deal is known
about the natural geochemical cycle of the metal.

In a study of the vertical distribution of cadmium in
the Nérth Atlantic (Eaton, 1976) it was found that there
is very little variation in concentration of the metal to a
depth of over 400 metres. Surface waters however have
the highest values probably due to biological activity
and almost certainly these levels are anthropogenic
in origin.

In cbastal waters there is great concern about
possibie pollution especially by non ferrous metals
in general (Vissexr, 1976). To give some indication of the
pfoblem it has to be realized that approximately 500
tons per annum are produéed in éludges from
electroplating in the U S A (De Fillipo, 1974) and in
the U K the amounts produced in 1972, 1973 and 1974
were respectively 165, 346 and 308 tons of cadmium from
smelters.

-The sea is a source of'food'which caﬁ be contaminatéd
by sewage. The North Sea illustrates thé dangers of
possible concentration of metals and other toxic substances.
It is only 1% of all ocean volume but produces 5% of the.
world's fish for human consumption and high levels
of cadmium in polluted water.were considered to have
been a contributing factor in itai itai diseaée.

It is therefore recommended that as a general
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principle heavy metals should be combined in an
.insoluble form when sea dumping is used as a method

of disposél (Gray, 1977). In the Glasgow area many tons
of sewage per annum are dumped in the Clyde estuary

in addition to effluxes from metal treatment processes.

The effect of cadmium on shellfishrhas béen“
demonstrated in an experiment in which the addition
of as little as 0.1 ppm cadmium caused the death of
clams (venerepas decussata) in ten days (Carter, 1976).
Similar effects were seen in a. variety of other shell
fish (Leading Article, Lancet, 1976; Kazantzis, 1973).
Fish can be contaminated by trace elements around the
outfall of submarine sewage disposal (MCDermott et al,
1976f. Although it is possible to show chromium
intoxication in such situations no;evidence of a similar
effect of cadmium has been demonstrated.

It is possible in industrial plants to recover
cadmium along with other elements such as zinc or
cyanide to allow recycling of water for industrial
usace (Schrantz, 1976).

There is controversy over the sicnificance of a
variety of chemicals in domestic water supply in terms
of their possible relationship to chronic diseases
(Angino, Wixson and Smith; 1977). In hard water
areas carbonate and phosphate in the water result in
precipitation of cadmium which then is removed and thus
is made unavailable for human intake. There can be

large variations in domestic water content of the metal



TABLE 4.

1972 1973 1974
North America 5271 5294 4773

Latin America 436 435 465

Europe A 3986 4375 4559
. USSR & Sattelites 3787 3822 4170

Africa 516 438 476

Asia 3608 3748 3601
Australia 794 747 800

Table 4. Total world production of cadmium (tons)

1972 - 1974. (De Fillipo,liinerals Year

Book, 1974).
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e.g. in Boston zero per cent of samples had an
excess of cadmium as compared with Seattle with 7%
showing exXcess cadmium cohtent. It should be
remembered that there can be a high 'pick'up rate'
in the water distribution process.

One of the most interesting and often quoted
‘correlations is that of the eﬁfect of hard and soft
water on cardio Vaseula: mortality rates in matched-
populations (Allwright, Coulson and Netels, 1974).
Very little has beenvdone to elucidate the role of
cadmium . in this context.

There is cood evidence from the literature that
the presence.of a cadmiﬁm souice in an environment
will greatly increase the cadmium content of water in
that area. It has to be noted, hpwever, that the
content ef cadmium in water becomes greafly reduced
with distance from the source. Sediments which
could become important in biological systems can contain
80 ppm i.e. 20 times as much cadmium at the 500
metre sampling points. (Fig. 8). This is best
illustrated by the Japanese experience where itai
itai was first recorded and which was attributed
to a contamination of the Jintsu by zinc smelting
operations (Kitamura, 1977).. Although levels of cadmium
in water can be increased by the effluent resulting
from the extraction of zinc ores as has been found
in Japan, it should be remembered that such levels
are not found in U K at any work location.

Nevertheless a recent study has shown an enhancement of
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of upper core .sediments in Scotland in Loch Lomond
(Farmer and Baxter; 1980). Such eﬂhancementAis not due
to large deposits of cadmium in the loch but is due to
the ceneral activities of man in the area. It should
be realized that this particular watef is pumped to
several small reservoirs used for domestic

consumption.
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Smelter emissions

There are different acts involved in air
pollution legislation, but basically it is recommended
that respirabie cadmium levels in the atmosphere
should not be greater than 0.05 mg/m3;‘ for dust,
soluble»in hyd£ochloric acid, the level recémmended
shouid notvexceed 0.2 mg per cubic metre.

Cadmium contamination of the atmosphere may
be (a) geheral or (b) local related to a particular
work process and therefore confined to a small area
usually in high concentration._

Lead smelters cause an increase in cadmium
contamination of soils and in the atmosphere.

Smelters have been shown to produce cadmium in a
particulate size of less than 4.7 um. which is the
upper limit of size capable of being inhaled (Dorh,
Pierce, Phillips and Chase, 1976). Factors which
determine the outfall of cadmium from snelters are
aridity, wind velocity, thermal inversions and
geographical topography (Rosenblum, Shoutts and Candel-
aria, 1976).

In an environmental study on a test farm near a
lead smelter it was found that 88% cadmium of the metal
was in the respirable form.

Apart from lead smelters there is good evidence
that zinc works also cause atmospheric polluﬁion by
cadmium and it has been shown that large amounts of
both elements can accumulate in resistant plants in the

outfall from such smelters (Kazmierczakowa,'1975).
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Coal fired power stations produce the greatest
concentration of respirable cadmium and are obviously
more common than lead smelters. In South Wales coals -
cadmium is fortunately one of the least abundant
elements (Chatterjee and Pooley, 1977).

Urbaﬁ air has avhigh deposition of trace metals
(Davidson, 1977) and this clearly can occur from a large
variety of industrial processes e.g. it is not generally
realized that because of its low boiling point cadmium
‘is released dﬁring the resmelting of scrap metal (Varma
and Katz, 1978). Another good example of local
atmospheric pollution important in an environment such
as that of the West of Scotland is the contamination
produced during £he dismantling of old ships (Beton
et al, 1966).

Cadmium is however more likely to be significant
when local contamination occurs in a work process and
it should be realized that the element is involved in
many 'unexpectéd' processes such as the stabilization
of plastics.

Since the 'local' type of poisoning is more
likely to be severe it should always be remembered that
high exposure'to dust or fumes can result in acute
poisoning and if exposure is low and prolonged chronic
poisoning occurs. As recently as 1980 (Lucas et al,
1980) an acute death occurred in a 'local' contamination.

In the local industrial complex the problem of

dealing with fumesat atmospheric temperature is
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important and continuous extraction with regular
testing of the fume extraction plant is essential (Allen,
1977).

Although the general atmospheric leveéls are
clearly important for the individual, it should be
realized that one packet of cigarettes contains’

30 ug/cadmium and of this 70% passes into tobacco
smoke (Lewis et al, 1972) thereby greatly increasiﬁg
the total intake for the individual who smokes
cigarettes. |

Interesting work has been undertaken which has'
analyséd different atmospheres with respect to‘
cadmium content. . The general consensus is that
rural areas have, as would be expected, the least
problems but proximity to an industrial source

greatly increases atmospheric concentrations of

cadmium (Table 5).



TABLE 5.

Site Cadmium concentration
ug/m3

RURAL AIR 0.00017 - 0.043

URBAN AIR 0.002 - 0.7

CADMIUM EMISSION SOURCE 0.010 - 5.0

Table 5. The effect of a cadmium emission source
causing an even dgreater atmospheric level
in an urban as compared to a rural

atmosphere.
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Soil pollution

It is now extremely difficult to find soil areas
which are free from cadmium pollution‘even to determine
the acceptable naturally occurring mean‘levels (Kreuzer
et al, 1976). |

Natural cadmium ores contribute little to soils
(John, Van Haéhoveﬁ and Créss, 1975) and therefore
soil contémination is most likely to originate from
such processesras ore smelting, metal refining and
other induétrial uses.

Examination of soil distribution in a vertical
plane has revealed that cadmium tends to be in the top
5 cm. It is however available té plants and can be
influenced by pH e.g. an increased uptake by raddish
(raphenus salivush) is seen when the pH is reduced
‘from 7.2 to 5.9 and by potassium which reduces £he
uptake of cadmium in soy beans (Haghiri, 1976).
Fertilizers applied either in chemical or organic form
increase the cadmium availability to plants. Sewage
sludge (Anderssen, 1977) has been shown to increase
the cadmium content of plants grown on the treated
soil. (Fig. 9).

Cadmium content of sludge may vary widely e.g.‘
in Michegan 2 - 1000 ug/kg while in England and Wales
values of 601- 1500 ug/ kg are recorded (Stover, et al,
1976) . Cadmium in sludge is likely to be present
as sulphides which are easily oxidized to form

exchangeable forms of cadmium as compared to cadmium
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carbonate which is less available.

Since phosphate fertilizers contain-as much as
28 ug/kg cadmium they become a potential source of
basic food contamination with respect to cadmium
(Andersson; 1977). Calcium by contrast reduces the
cadmium content of humus and upper layer cadmium
bio-availability.

In biological terms cadmiumucontent of soils
only becomes of significant importance when man
manipulates the environment either by heating fossil
‘fuelé or by adding fertilizers to increase food
production. Igneous rocks, sandstone and limestones

contain very little cadmium. (Fig. 10).
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Plant/Animal contamination

Geographical and geochemical factors are clearly
important in determining how plants and animals are
likeiy to be contaminated by-substances such as the
trace elements.

Examination of food intake figures reveals that
there is a wide variation of the wheatflour content
of cadmium even within one country. (Pig. 11).

The wide discrepancies probably indicate a marked
difference in methods of»agriculture.‘ The uptake of
cadmium by plants héwevér is not a simple matter as the
metal differs from lead and mercury which are simply
retained by soils. Cadmiun by contrast rises
dramatically with the application of fertilizers or by
reducing the pH of soil. This is shown by the
demonstration that the cadmium uptake of plants'can
be greatly increased by certain fertilisers (Péyer et al,
1976) . In one suéh study in Germany it was shown
that of the 4 - 5 ppm cadmium found in plants 50%
originaﬁed in super phosphate fertilizers. Calcium
causes the release of cadmium from:clay soils containing
kaolinite and illite whereas potassium reduces the
release of the metal and consequently the absorption
of cadmium by such plants as soy‘bean (Héghiri, 1976) .

Apart from calcium and potassium it has beeh
shown in studies of corn plants that there is a
complex interaction between cadmium, lead and boron
uptake by corn plants which helps emphasise just

how complicated inter metal action and reaction
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becomes in biological systems (Walker, Miller and Hassett,
19775.

Plants may be further contamiﬁated by emissions from
metal smelters or as has been shown, the cadmium content
of trees is higher when they are growing next to motorways
(Mahkouska, 1977). Such contamination is unlikely
to be of major importance in human beings but when
staple food stuffs are implicated then the problem
assumes a different proportion. As already stated,
rice can be shown to have a high cadmium content in
certain areas of the world particularly Japan and
unlike zinc and copper there is no reduction of cadmium
content in polished as opposed to unpolished rice
(Masironi, et al, 1977).

Relatively little work has-been_undertaken on
the geochemical relationships between cadmium and heélth
but it is of interest that cerebro-vascular accidents
and hypertension are major problems in Japan, but by
contrast are relatively less of a probiem in Africa,

U S A, and Europe where the rice content éf diet is
much lower. This field of research clearly must be
pursued in view of the suggestion that cadmium/zinc
ratios are higher in kidneys of hvpertensive éubjects.

Since man is the ultimate concern in cadmium
contamination it should be realised that apart from
plant food intake, he may greatly increase his
intake of cadmium orally due to the consumption of
meat particularly organ meats such as liver and

kidney. It has been shown that cattle, like man,



57

demonstrate an increasing renal and hepatic content
with age but when cattle are reared in_nbn cadmium
polluted areas then the cadmium level is found to

be below the limit of detection (Kreuzer et al, 1976).



EFFECTS OF CADMIUM ON VARIOUS
BIOLOGICAL SYSTEMS.
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CHAPTER 6
EFFECTS ON BIOLOGICAL SYSTEMS
LUNGS

In chronic cadmium poisoning lung changes do
occur and in such ‘subjects who as a result of cadmium
inhalafion develop’emphysematous lungs, the blood
cadmium values are normally higher than in control
populations (Leading article, Lancet, 1973).

From experimental animal studies it has been
shown that cadmium causes an increased centrilobular
emphysema,’sub—pleural thickening aécompanied by
collagen deposition, and plasma cell infiltration
(Miller, Murthy and Sorenson, 1974). This helps to
émphasise that although lung effects are at present
thought to be less important than they were formerly
the element does have significant pulmonary effects
and these may be fatal (Lane and Campbell, 1954).

From animal work one interesting postulation
arises that after recovery from acute lung injury
the healed lesion possibly creates a local immune
reaction.

When referring to human lung changes it must
always be appreciated that smoking is a major factor
leading to accumulation of'cadmium in tissue (Lewis
et al, 1972). |

In considering cadmium and smoking it should
be realised that when a cigarette is ignited 70%
of the cadmiﬁm in the vegetable material passes into

the smoke.
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Early observations clearly indicated a profound
effect of cadmium on lungs - on occasions leading to
fatalities. More recently however the respiratory
system as a site likely to be a major target for
cadmium induced pathological changes has been
relegated to a less important place relative to the
. renal system. Chronic cadmium poisoning can however
be accompanied by respiratory effects but in
assessing such effects a full cognizance of smoking

habits is essential.
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HYPTERTENSION
u Perhaps there is more argument over the
relatibnship of cédmium to blood pressure than
any other poséiblersystemic effect of the element
(Schroeder and Brattleboro, 1964). The different
argﬁments seem to.be Eased on establishing'whether
(i) the metal acts directly on blood vessels which
it has beenAshown to do in teétes, (ii) whether it
causes‘secondary hypertensioh by ifs renal effects
-or (iii) whether it causes some other effect such as
an adrenal actioh via the renin angioténsin mechanism.
In epidemiological studies it has been shown
that there is a correlation between atmospheric’
cadmium levels and cardio vascular death rates
(Carrol, 1966; Schroeder, 1970) and that there is
a statistically significant difference in cadmium
content of kidneys (P<0.05) in hypertensive as
compared with non hypertensive subjects (Lener and
Bib;, 1971).
If an environmental cause/effect relationship
is sought it can.be shown that the level of cadmium
in domestic water where the latter is 'soft' could
be higher when delivered at the tap than in hard water
areas thereby incriminating cadmium as a facgor in
cérdiac death rates in»soft water areas (Sharrett, 1977).
The evidence for such an association, although
attractive in theory, is contradictory and since cadmium

intake from drinking water is low in. humans theré
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4

is therefére little evidence to incriminate a
significant water source of the element in human
hypertensién.

In humanvsubjécts it would be very interesting
if blood cadmium levels correlated with the blood
preésure levels but this has not been found to be
the case (Holden, 1969).

It has been shown that the mean cadmium/zinc
ratios are found to be high in kidneys in hypertensive
subjects (McKenzie and Kay, 1973; Schroeder, 1965;
Thind and Fischer, 1976), and that there is a high
liver and kidney cadmium éontent in patients who
succumb to hypertension (Glauser, Bello and Glauser,
1976). Schroeder has shown é raised cadmium in
'hypertensive kidneys' but not at a statistically
significant level (Schroeder, 1965). To explain
aprSSible mechanism of cadmium induced hypertension
Schoeder and workers speculate that cadmium may well
replace copper or iron in monoaminoxidase which is an
inhibitor of pressor agents thereby causing a pressor
effect i.e. hypertension.

In the controversy over whether blood or urine
cadmium values are more indicative of cadmium
poisoning it was found that in a group of workers
employed in makinc copper/cadmium alloys, the klood
cadmium level was more relevant as a means of
predicting hypertension than the urine values
(Piscator, 1976). A further study of the problem

(Thind and Fischer, 1976) showed that the mean
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cadmium level was higher in hypertensive éubjects

and consequently the cadmium/zinc ratios were
significantly higher. Interestingly these authors
pointed out that the reports on ‘'itai itai' disease -
thought to be a cadmium induced condition - do not
include hypertension as being one of the principle
findings.

It is therefore obvicus that the evidence
linking cadmium and hypertension in humans is
controversial (Voors, Shuman and Gallagher,

1975). The only really consistent finding in a

variety of reports is that in hypertensive subjects
there is a significant increase in the cadmium/zinc
ratio and therefore animal work has been very
extensive anq important in trying to assess the effect
of cadmium on blood pressures. It has been demonstrated
that small doses of cadmium can induce hypertension in
rats (Schroeder and Vinton, 1962) and in such aﬁimals
it has been possible to demonstrate elevated
circulatory renin activity following cadmium injection
(Perry and Erlanger, 1973). It is speculated by |
these authors that the mechanism involved may result
from altered sodium re-absorption in the kidney tubules
- a major site of cadmium deposition.

The very small amounts of cadmium (Schroeder,1964)
necessary to cause‘hypertension in rats are shown in
experiments such.as the one in which hypertension was
created in weaning rats by giving a low dosage of cadmium

e.g. 1, 2.5 or 5 ppm in drinking water. What is puzzling
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however is that hicher doses of the metal cause a
fall in blood preséure in an animal which is clearly
exhibiting the morebgeneral effects of the metal
(Perry and Erlanger, 1974).

It has also been shown that cadmium in drinking
Water_of rats céuses histologiéal chénges in
arterioles and these are characterized by proliferation
of endothelial cells, sub-intimal fibrosis and smooth
muscle hypertrophy (Kanisawa and Schroeder, 1969).

It is possible if one remembers the mechanism whereby
cadmium probably induces its gonadal effects that it
could cause hypertension not by a renai or

aldosterone mechanism) but by its ability to affect
small blood vessél structure. These vascular effects
result in a feduced survival rate in male rats. To
add further confusion to the possible mechanisms of

a hypertensive effect of‘dadmiﬁm it has been shown
that in 16 cadmium treated animals 5 déveloped
phaeochromocytomas (Perry, et al, 1967).

Hypertensive changes in animals cah be
induced by administering the metal by a vériety of
routes and interestinagly it is possible torreverse
the effects of cadmium hypertension in animals
by the uée of zinc chelate - di sodium zinc
E DT A (Schroeder and Buckman, 1967).

Although there is considerable debate about
the effects of cadmium on blood pressure, it is

still considered that it could be very important
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in relation to human hypértension (Schroder, 1965).

The role and possible mechanisms of cadmium hypertension
are still debatable but from epidemiological evidence
and from the altered cadmium'zinc ratios coupled

with the animal work the element ciearly is important

in hyperﬁension.if only by producing hyéertension

" secondary to renal failure.
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CALCIUM

The effects of cadmium in calcium metabolism
are less dramatic ob,the short term but to a urologist
they are particularly important in chronic cadmium
poisoning.

Renal stone formation i; a feature ofvchronic
cadmium poisoning and the associated fenal tubular
acidosis is probably responsible for the hypercalciuria
(Kazantzis, et al, 1963)7andvsubsequeht skeletal
demineralization (Webb, 1977) which occurs in chronic
cadmium poisoning.

In animals cadmium can be shown to cause a
negative calciuﬁ balance (Yuhas, Miya and Schnell,
1978). Cadmium could influence calcium metablism
(1) by interference with absorption (2) via
. parathyroid meghanisms and>stsibly (3) due to the
renal effecfs. |

Calcium is absorbed in the duodeno—jﬁjenal
segment of the small bowel by an active carrier
energy dependant process and by a passive mechanism
in more distal bowel ségménts. |

With increasing ége calcium absorption
diminishes (Bullamore et al, 1970) which is interesting
as it is generélly recognised that with increasing agé
the body burden qf cadmium rises.

in the complex equation involving absorption

of calcium and cadmium the duodenum has been found
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to have a high affinity for cadmium (Ando, et al, 1977)
which with the jejunum happens to be the site of maximum
calcium absorption (Wills, 1973). In the duodenal mucosa
the calcium binding perein has as great an affinity
for cadmium as calcium. In animals with a
restricted calcium intake there is an increased calcium
binding pfotein (Ca BP) activity in duodenal mucosa
and an increased cadmium uptake (Washko and Cousins,
1976; Washko and Cousins, 1977). It is possible to
demonstrate that in vivo cadmium is preferentially
taken up by CaBP in calcium deficient animals
(Washko and Cousins, 1976) although other authors
consider cadmium to be a non competitive inhibitor
of calcium absorption (EHamilton and Smith,-1977).
Cadmium. induced renal hiﬁtological changes are

more pronounced in calcium deficient animals than normal
‘,Qith‘£hé prdkimél fubﬁies Eein§ £heVﬁost'severély | |
affected part of the kidney (Takashima, Nishino and
Itokawa, 1978).

‘ Cadmiumvpretreatment of animals is obviously
very compiex in that not only is there an altered
calcium transfer across the duodenal mucosa (Ando
et al, 1977) but there is also a reduction in

1:25 vit p, activity in these cells (Lorentzon and

3
-Larsson, 1977). As an extension of these experiments
it has been shown that rats exposed to cadmium have

renal mitochondria which have a low 1:25 Vit.D

production capability. The significance of implicating
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Vit. D in cadmium toxicology rests on the realization
that Vit. D has been shown to play a part in
mobilisation of Eoné zinc anq cadmium (Worker and
Migicousky, 1961).

It should be remembered that.thére ié a link
between phosphate and calcium absorption sites in
the villi of the small bowel (Wills, 1973) and this
may be implicated in the hypophosphataemia of cadmium
poisoning. Hypophosphataemia may be the reason why
cadmium poisonihg can induce feelings of weakness,
paraesthesia and such vague symptoms as muscle and
joint pains (Leading article, Lancet, 1971) which if
soughtcan be elicited from subjects with cadmium
poisoning.

In primary hypophosphataemia ,it has been noted that
such patients have a lowered phosphate transportation
and that the tubular defects include glycosuria,
amino aciduria, phosphaturia and Vit. D resistent
rickets (Leading article, Lancet, 1971); these
bioéhemical abnormalities are also found in chronic
cadmium poisoning. The one characteristic of primary
hypophosphataemia which is not found is the high urine
calcium output of chronic cadmium poisoning. Ultimately
osteo malacia may occur in such individuals and it is
considered that in the light of our own observations
on the biochemical and bhysical abnormalities in
coppersmiths that é Syndrome of hypophosphataemia,
normocalcaemia with elevated blood and urine cadmium
values coupled with renal failure and hypercalciuria

is as clear cut as the Fanconi syndrome.
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It is againét the«aboﬁe background of biochemical
abnormality that elevated urine calcium levels
become very significant in chronic cadmium poisoning
and with the histological changes the kidneys in
chronic cadmium poisoning have possible nucleation
sites for calciﬁm deposition which helps explain the
high prevalence of stone disease in cadmium poisoning.
In general stone formers have a higher mean
calcium excretion than non stone formers (Bulusi,
et al, 1970) and men have a higher calcium excretion
than women whether they are stone formers or not.
Stone formeré have also been found to excrete less
sodium and potassium than normal individuals and
by contrast to have a higher output of zinc in urine
(King, Mulvaney and Johnson, 1971). Normally these
findings have been regarded as being a secondary
phenomenon.associated with a high urine calcium
output, but there are many patients with 'idio-
pathic hypercalciuria' which many of the defects found
in chronic cadmium posioning where the blood or
urine cadmium levels have never been‘estimated. In
consequence many 'idiopathic hypercalciﬁria' subjects
may have been missed cases of chronic cadmium
poisoning.
| There is clearly a complex interaction between
cadmium and calcium. In addition cadmium causes
alteration in cells which both in the kidneys and
gut are involved with Vit. D metabolism. Coupled with

these effects cadmium clearly alters phosphate
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absorption and exéretioﬁ.

It has been recognised for‘séme time that the
-osteomalaéia of Renal fubular acidosis is‘associated
with hypercalciuria, hypophosphataemia and increased
faecal excretion of calcium (Richards, Chamberlin and
Wfong,‘1972). Cadmium could well have been the
missing factor in many cases of idiopéthic hypercalciuria
expecially when renal tubular acidosis is present.

The search for a cadmium source and the simple
measurement of cadmium values or the effects which

it causes on renal cells would appear to be a reasonable
investigative procedute in renal stone formers. The
present author admits that but for the intensive
investigation of a group of workers where potential
cadmium poisoning was suspected initially then the
possible link between cadmium and many of the
biochemical abnormalities in the work force could

easily have been missed. Thevleéson to be learned is
clearly that when biochemical abnormalities of the type
above are found when investigating subjects with calcium
abnormalities then the possibility of cadmium being

implicated should be constantly borne in mind.
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CARCINOMA

In 1775‘Sir Peréival Pott described the first
case of occupationally induced cancer i.e. scrotal
cancer. It was subsequently noted that there was
an abnormal rise in lung cancer rates in haematitic
workers (Leading article, Lancet 1970) and although
no single aetiologicai factor could be identified, it
was speculated that radon, silica and silicotuberculosis
were implicated.

‘Despite a considerable interest in possible
industrial sources of carcinogens there have been
remarkably few proven 'cause and effect’ ;elat;onshipsv_;
established. The problem is even mdré intriguinc when
it is remembered that possibly 80 ~ ©¢0% of all human
cancers are environmental in origin (Leading article,
British Medical Journal, 1969). Unexpected carcinogens
still occur e.g. in mineral oils (Annotation, Lancet,
1968) but relatively little work has been undertaken
to study the effects of the trace elements in
carciﬁogenesis»either as single agents or as combined
agents.

Perhaps one of the reasons why it is difficult
to clearly identify single metal carcinogens is that
cancer arising as a result of occupational exposure
to any substance may take several years before a 'cause
iand effect' is clinically established. The issue is
further complicated since such cancers can develop after

a time lapse without further contact with the carcinogen.
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This is well illusﬁratéd in asbestosis. A very good
example of fhe 'delayed' effect of a trace metal
carcinogen is illustrated by the observation that
when a nickel factory was opened in 1902 no particular
thought of a cancer link was considered. By 1924
however (Leading article, Lancet 1971) it became
apparent that there was an increase in the number

of nasopharyngeal and bronchogenic carcinomas among
the work force. In this instance it should be |
realised that a simple cause and effect between
nickel and cancer was difficult to identify since
TseVeral metgls including_cobalt; selenium(.tgllurium_
iand»akvérietf éf érecious metalé weré invoived in fhe
factory processes.

Despite the difficulties of identifying direct
cause and effect relationships in cancer,.it has been
known since 1822 that one trace metal - arsenic -
is a causal factor'in skin cancer (Gunn,'Gould and
Anderson,'1967). Other specific examples of single
metal éxposure and particular tumours are chromium
in nasopharyngeal cancer, beryliium in lung cancer.
Many metals have produced cancers in animals including
chtomium, cobalt, copper, lead, mercury, 'selenium, silver
and ﬁin. |

Interest in cadmium as a possible faétor in
carcinogenesis arises because of observations in
humans and as a result of animal experiments. There
is still considerable speculation as to whether cadmium
does or does not cause.neoplasia in human beings

(Malcolm, 1972; Fishbein, 1976) but high cadmium and
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copper body burdens are associated with many types of
cancer (Miller, Wylie and McKeown, 1976) as for example
in bronchogenic carcinoma where thevamount of cadmium
is significantly elevated in kidney, liver and blood
(Strain et al, 1972; Morgan, 1970; Morgan, Birch and
Watkins, 1971).

| A significant association has been recorded
between renal cancer and exposure to cadmium; in
a study of 64 cases a possible'synefgistic effect
of occupational exposure and smbking has been shown
(Kolonel, 1976).

Cne of the major urological interests linking
cadmium with cancer stems from the important
observations that in a group of alkali battery
workers there were 8 deaths in 70 men and of
these 5 died of cancer and 3 of these were bf cancer
of the prostate(Ca prostate) (Potts, 1965).

Aﬁ.least one grouplthinksbtpat there appears
to‘bé 5 §ofrelé£io£ béfwééﬁ:atmégéhéfié»ievelé éf‘éadﬁium
and céncer of the lung, bronchus, oral cavity,v‘
oesophagus and stomach (Hagstrom, Sprague and Lanran,
1967). The same authors noted that Ca of the
prostate in urban areas is high but failed to demonstrate
excess amounts of‘heavy metals in the study area.

Some authors agree that there is an increased risk
of a Ca prostate in cadmium exposed individuals but this
occurs only in situations where there has been a major
occupational exposure (Kolonel and Winkelstein, 1977).

A study of a group of workers in recent times has
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confirmed that in a work force of 268 cadmium-metal
battery workers and 94 cadmium-copper alloy workers
there is an increased likelihood of respiratory and
renal disease with a statistically significant increase
in nasopharyngeal cancers. There is also a greater
risk Qf lung, colonic and prostatic cancer but not

‘at a significant level (Kjellstrom, Friberg and
Rahnster, 1979).

There is some evidence of an association between
cadmium and prostatic cancer as shown by the increased
cadmium in cells in carcinoma of the prostate (Habib
et al, 1976) but great care has to be taken in
interpreting such data since the same findings can be
demonstrated in benign prostatic hyperplasia. Clearly
this observation requires a great deal more study.

Further interesting observations relatinglhuman
tissue levels of cadmium to cancer and other diseases
show for example that there is a significant variation
in tissue levels of cadmium in subjects dying of
neoplasia when compared with hypertensive and other
diseases (Morgan, 1969).

Despite these tentative observations it must be
emphasised'that some authors claim that cadmium is
unlikely to be a carcinogen in man and the cadmium
ion is unlikely to be a factor in general or in
particular tumours such as C A of the prostate (Malcolm,
1972).

It should always be remembered that although there

are conflicting views about the possible aetiological
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role of cadmium in €Ca it was only in 1950 that the
existence of chronic cadmium poisoning was first
recorded (Friberg, 1950). It is possible that time
alone will confirm or deny some of the earlier
speculationslabout the role of cadmium as a factor
in human cancer and the long biological half life
makes it unwise to be dogmatiq in assessing its role
in cancerogenisis.

If one confines ones interest specifically to
;pqutatehthen thermost imgortant qbsegvatiQQs.a;e_

that:-

-:1T.-,- In malignant prostatic disease it has been- - - ..

éhown that there is a reduction in zinc in

prostatic tissue (Habib et al, 1976) but it

is also known that the zinq contenﬁ falls in

chronic prostatitis (Hoare; Deldry and Penner;

1956) . |
2 In occupationally exposed individuals using

cadmium ih a variety of processes there is an

apparently greater risk of men developing Ca

_prostate.

The search for other possible links between
cadmium and Ca has been very limited despite the
finding of a high renal cadmium content in patients
dying of a variety of tumours (Morgan, 1969).

As with oﬁhér potential carcinogens, a
considerable amount of animal experimentation has
been undertaken. 2As a result much conflicting

evidence has become available and this helps emphasise
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the complexity of assessing the effects of one single
element and its intefactions with others. In the
experimental animal cadmium causes tissue changes
which rance from the fine structural effects in lung
where the sub pleural elastic layer is thickened
(Miller, Murthy and Sorenson, 1974) to the production
of tumours ih raté;at injection sites or at distant
sites such as the testis (Gunn, unld and Andersoh,
1967) .

Not every cell type responds to cadmium by
undergoing neoplastic change and to date it is
largely those cells of mesenchymal origin such as
subéutaneous tissues, subperiosteal = and intra
muscular cells which respond by becomina neoplastic
(Gunn, Gould and Anderson, 1967). The pleomorphic
sarcomas which result from cadmium suggest that the
' tumours arise frdm}injﬁry‘bf’Ehe'fibrbblaéts:A

Several theories exist as to why cadmium could
cause cancer in animals:- H
1 Since the element dissolves slowly in tissue

fluids cadmium may cause a mechanical effect

on tissues resulting in cancerous change (Heath

Webb, 1967). |

2 It is possible that cadmium interferes with

cellular phosphorylation which is characteristically

altered in tumour cell respiration (Morgan, 1970).

Cadmium ion could therefore initiate Ca
change by altering mitochrondrial oxidation

and phosphorylation (Jacobs, et al, 1976).
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3 It is very significant that five metal salts
ihcluding cadmium have been shown to interfere
with D N A and R N A synthesis (Hoffman and
Niyogi, 1977).

However it should be remembered that cancer
induction in animals may be species specific and
in mice experimehtal work suggests that a vériety of
metals including chromium, lead, cadmium, nickel and
titanium do not cause cancerous change (Schroeder,
Balassa and Vinton, 1964).

"By contrast in rats it is apparent that in vivo
_rpel;u}a;fphanges'(Lasn;tgki, 1951) including increase
in ceil division, hyperplasia and squamous metéplasia
with increased-basal cell growth can be induced by
cadmium (Chandler and Timms, 1976). Cadmium also
affects stroma which might be important in maintaining
cell stability.

It has been shown uéing radibisotopevtechniques
that‘cadmium can reduce the content of zinc in certain
tissues (Robini, etval, 1961) and the‘corollary to
this observation is that zinc can reduce the
carcinogenic effecﬁs of cadmium if administered as
zinc acetate (Gunn, et al1, 1961; Ferme and Carpenter,
1967; Gunn, Gould and Anderson, 1964). Apart from
zinc, magnesium may help tb pfotect against cadmium
induced cancer. AMagnesium may be very interesting
in this context since in magnesium deficient
rats the lymphocytes have an impaired 6r reduced

cellular immunity (Mease, 1974). The story
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becomes more complicated when it is realised that

cadmium induced tumours siillhave the capability of

producing androgens (Gunn, Gould and Anderson,21965).A
Early studies of the effects of cadmium on the

rat testes and prostate suggested that the toxic

effects of cadmium could have been caused by its

ability to induce zinc displacement from its normal

homeostatic pathway (Cotzias, Befg and Selloch, 1961).

Further support for this theory arose when it was

‘realised that eadmium induced injury in rats which’

is characterised by the inability of testes and

dorso-lateral prostate to teke.up zinc (Gunn, Gould

and Anderson;21961). By contrast the ventral lobe

. is not susceptible to cadmium induced changes and

significantly this lobe is not under ICSE control.

It has been suggested that the zinc in the dorsolateral

lobe of the rat prostate and in the testes is

different from that found in other organs in that

it has beenxshown,te_be under hormonai_cqntrqif,q,ﬁ_ww o

As a result of this type of study it was suggested that

zinc has a local protective effect on cadmium induced

changes. It is now universally accepted that actual

replacement within the cell at sites of zinc metabolism

is unlikely to be the'mechanism whereby cadmium causes

a reduction in cadmium carcinogenesis (Gunn, Gould and

Anderson, 1964; Ferne and Carpenier, 1967). The |

- mechanism whereby zinc exerts its protection may be

by the induction of metallothionein and not by

metalloenzyme displacement (Webb, 1971).
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. There has been criticism of the many results
obtained in animal studies because the metal has
keen injected subcutaneously or intra muscularly
(Cousins et al, 1977). By using injections the
metal bypasses the homeostatic mechanisms intrinsic
within the G I tract and secondlv the concentrations
employed are tdo'high and therefore non physiological.
Nevertheless, there is sufficient evidence
from all the above stﬁdies that cadmium can be
carcinogenic when present in high concentrations in
tissues. The problem with respect to human cancer
is whether the.slow but progressive accumulation of.

cadmium can induce cancer in certain organs.
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REPRODUCTICN
One of the most‘important findings among the
‘early experimental work with cadmium was the
observation that cadmium induced characteristic
and reproducible effects on rat testes. Ihe
eiement causes microscopic changes within a few
~ hours of injection viz:- oedema, haemorrhagic
appearances and 'blue' testicle. Microscopically
such testes show evidénce of necrosis of the
semeniferous lining'which apparently recovers
(Parizek, 1957). If rats subjected to cadmium
are observed for 12 - 18 months they characteristically
develop Leydig (interstitial)cell tumours. (I.C.T.).
These effects on testicle occur as a result
of vascular insufficiency ratherithan a direct
effect on the testicular cells. Within 3 hours
post injection there is a reduction in blood flow
and anciographic studies support the concept that
cadmium induces its effects by acting on fine
blood vessels supplving the testes (Niemi and Kormano,
1965; Gunn, Gould and Anderson,31965). Further
evidence to support a vascular effect by cadmium
is given by the observation that vaécular ligation
causes similar effects and in the long term I C T
(Gunn, Gould and Anderson,21965). With respect
to the short term effects apparently normal recovery
occurs at 14 days (Waites and Setchell, 1966).

It is thought that cadmium induces damage by
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causing alterations in the permeability of small
blood vessels to glucose (increased after cadmium
injection) résulting in an increased glucose
concentration in testes  (Harkonen and Korman, 1970).
After four hours there is a marked fall in testicular
glucose content with a corresponding rise in lactic
acid concentration.

The. vascular injury in testes is a 'cadmiumv
specific' effect on existinca endothelial cells (Gunn,
Gould and Anderson, 1966). Followiﬁg an initial
cadmium assault’on blood vessels recenerated blood
vessels do not show the same cadmium response and
this woﬁld suggest that there is a possible biochemical .
~difference in the two endothelial linings. This
intriguing problem is further complicated by the
suggestion that there are strain differences in
susceptibility to cadmium induced changes (Gunn, Gould
and Anderson,11965) as is‘evidenced by different animals

exhibiting different capabilities in their ability

‘to handle cadmium (Joknson, Sicman and Miller, 1970).

This difference between species can be demonstrated

" by the fact that there is no obvious cadmium

- damaging effect on avian as opposed to mamalian

testes (Johnson and Sigman; 1971);andisince cadmium
can be shown to attain almost equal ratios in certain
cellular sub-fragments in the t@o species it suggests
a probable different enzyme capability. Species
variability to cadmium can be confirmed by showing
that the metal is capable of causing altered androcen

synthesis in Salmonids (Sangalonc¢ and O'Halloran, 1572).
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Zinc as has been shown reduces the likelihood of
cadmium induced I C T tumours (Webb, 1972; Parizek,
5957). Zinc 1is capable of initiating the production

of Cd-MT in liver i.e. the animal is 'primed' to accept
and bind cadmium when it is subsequently exposed to

the metal and although zinc administration to negate
cadmium effects is a very attractive proposition

it ﬁas to be realised that zinc exerts its effect

by inducing the animal to produce Cd-MT and CA-MT

by itself is toxic to tissue rother than testes and .. ..

in particular the kidney (Singh and Nath, 1972;
- Nordberg,- 1971)-.

One interesting observation is that the lesions
induced by cadmium in ratbtestes resemble those
induced by giving the animal a reduced Vit. E
intake (Mason, et ai, 1964) but it does not appear to
be an anti-Vit. E agent (Kar and Das, 1960).

RPelatively little work has been undertaken to study
the effects of cadmium on reproductive tract in female
animals. This is surprising in view of the ten timeés
increase in still-births when cadmium is given to
experimental animals (Bryce-Smith, et al, 1977).
Cadmium, in female rats, is firmly bound iﬁ the liver
and kidneys during pregnancy (Webb, 1972). Injected
cadmium damages the placenta and foetus but there is
evidence that prior injected cadmium is firmly bound
in kidneys and is not mobilized to participate in

this process.
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The reproductive capacity of rats is affected
by cadmium in that rats injected with cadmium show
.a loss of éopulatory activity (Madlafousek, Hlinak and
Parizek, 1971),vfor three weeks post ipjection but
'normality' is restored after two months. Androgen
protects against the initial effects but in the higher
primates the effect of cadmium on testes is such that
it is possible to 'chemically sterilize' monkeys by
cadmium injection (Kar, 1961 ). This work suggests
that the element may be of a éreater importance in
human subfertility especially if it is remembered that
smoking causes a reduction in male fecundity and that
it is normal to advise men to reduce smoking during

treatment for subfertility.
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TRON

In a variety of studies of the‘effects of cadmium
on humans it has been recularly reported that anaemia
is a feature of the chroﬁic cadmium poisonincg. Although
there is a fall in haemoglobin levels there does not
appear té be’any ob&ious change in bone marrow
erythropoiesis. According to some authors (Berlin,
Fredericsson and Linge, 1966) this suggests either a
changé in life span of the erythrocyte or an inhibition
of haemoglobin synthesis caused by interference
.with the transport of iron. - -Parenteral iron -
relieves the anaemia.

' In studying ihe‘haéﬁéfologiéal'effeéts of cadmium
one of the most complex interactions between metals is
encountered. Involved in the complex are’iroh, copper,
cadmium and zinc. Exampies of this interaction can
be seen when cadmium is shown to replace copper and
zinc in their active metabolites and furthermore
cadmium induces a copper deficiency (Hill, et al, 1963).

In iron deficiency the body burden of cadmium is
found to be 7 times greater than normal (Ragan, 1977).
Iron deficiency is probably more pre&alent in cadmium
poisoning than has been formerly recognised and this
has been lérgely overlooked in the clinical management
of subjects with chronic cadmium poisoning.

From éxperimental animal work possible mechanisms
for the cadmium induced anaemia can be speculated. It
has been shown for instance that when cadmium is found

in duodenal mucosa there is a complex cadmium
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metallothionein (Sugawara and Sugawara, 1977) along with
increased activity of enzymes such és iso—citréte
dehydrégenase and glucose phosphate dehydrogenase.
Accompanying these enzymatic changes in duodenal mucosa .
cadmiumlcauses an increase in zinc content and a

reduced magnesium and manganese content.

Cadmium is therefore clearly capable of changing
the intestinal mucosa in such a manner that it
interferes with the absorption of other elements e.g.
cadmium has been shown to inhibit copper absorption
in rat duodenum (Davies and Campbell, 1977). It has

been_demonstrated that cadmium_acts by inhibition
ﬂéf thérbindiﬂé of.COppef‘£6}a*igw-ﬁéiééﬁiar'ﬁéigh£n -
protein in the mucosal cytosol. |

It has been shown bybauto radiographic techniques
that theré is a high excretion of cadmium by gastric and
colonic mucosa and also significantly in bile (Berlin
and Vilberg, 1963). The situation is even further

© complicated by experiments such as those which have

“'shown that the abSendé"waCbppefiinéféééeéhthe‘“y"”ﬁN e

- effectiveness of cadmium in reducing the haemoglobin

‘concentration and it also reduced thé numbers of red =~ et

blood cells (Hill et aly 1963)&59~Despite some e e e
observations that cadmium does not‘affect bone
marrow there is evidence of a marrow suppression

as evidenced by the disappearance of fat cells
accompanied by an accelerated haemoglobin synthesis
in cadmium poisoning. There is also the possibility

that cadmium causes a reduction in the life span of red
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blood cells (Prigge, Baumert and Mehle, 1977).

If'the renal effects of cadmium are considered
then it is possible'that the formation of
erythropoietin of its precursor in the kidney may
be inhibited by cadmium and the anaeﬁia could
therefore be secondary to the renal effects of cadmium
. (Greaves, 1977).
| It hés been shown in the experimental animal that
__cadmiun can reduce iron absorption (Hamilton and .
vélgefé; 19745 ahd it is poséible thét aespite.the
other potential mechanisms wheréby cadmium could induce
anaemia it is by this effect on iron absorption that
cadmium produces anaemia. ‘Cadmium probably forms a
cadmium metallothionein in the duodenal mﬁcosa
resulting in a blockage of iron absorption.

Protection against cadmium anaemia can be achieved
in the Japanese quail (Colorinix détﬁfnikejaboﬁiéé)
by giving extra ascorbic acid (Spivey Fox;v1975).
Ascorbic acid is known to promote the absorption of
iron and this facility of absorption clearly is
important in réducing'the effects of cadmium but it
should be remembered that iron by itself apparéntly’
does not prevent cadmium toxicity and is>probably
inhibited from doing so becauée of the enteropathy

induced by cadmium.
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METALLOTHIONEIN

One of the most important realisations
about cadmium is that it induces the formationv
of a complex protein - metallothionein (Cd-MT) -
in the liver and it is in this complex that'
cadmium is transported by blood and lodges in
organs suéh as the kidney. The Cd-MT complex
contains zinc and copper and the molecular weight
is 6500 (Leber and Miya, 1976). Studies of human
" CdMT confirm that it contains 4.2% cadmium, 2.6%
zinc, 0.5% Hg and 0.3% copper (Pulido, Kagi and Vallee,
1966) . The Cd-MT probably contains two cadmium
binding proteins one of which contains cadmium and
zinc and the other zinc only (Leber and Mivya, 1976).
It has been possible to separate these two forms
of C4d-MT by isoelectric focussing (MNordberg et al,
©1972).. The one which focused. at pH. 4.5 haslzinc but the
other - isoelectric peak 3.9 - contains no zinc.

Fromrhorses it has been possible to isolate
Cd-MT which is a Cadmium/zinc complex (Kagi and Vallee,
1961) in which sulphur is present as cysteine and the
molecular weight is i0,000 t 260. The complex also
contains copper (0.1%) and zinc (2.2%).

Cd—MT has been shown to contain 4 proteins
and of these 3'are cadmium binders and one is a zinc
binder (Schroeder and Nason, 1924). The cysteine and
sulphlydil groups appear to be the sites for cadmium

binding (Schroeder and Nason, 1974).
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The equine renal cortical Cd-MT contains 2.9%
cadmium and‘O.G% zinc per cram dry weicht. The cadmium
content is siqnificantiy hicher in Cd—MT than in any
known metallo enzyme (Kagi and Vallee, 1960).

} Cadmium is bound to metallothionein in the aut
and may be absorbed in this state (Valberg et al, 1977).
When the mucosa is exposed to cadmium then broadening
of the villi and pseudo stratification of the
Jgepithelium,éccompanieduby,swellingfof*theamitpghquria,
can be demonstrated. However less than 5% of mucosal
cadmium enters the blood stream (Valberg et al, 1977).
If desquamation of the gut occurs this may help to give
some protection acainst the metal. Larcge doses of
Cd-MT are capable of causing :necrosis of the mucosal
cells. In the Japanese quail it is possible to
demonstrate inflammatory cell infiltration in the
éuﬁ ﬁﬁcoéa.fblidwihg éadmium éxposure and it has.
been shown that cadmium competes with calcium at
binding sites for calcium in the mucosa (Eamilton
and Smith, 1977).

'Cd-MT can be induced by repeated injections
of non toxic doses of cadmium. It is of a low
molecular weicht and is filtered by the clomerulus
and re-absorbed in the proximal convoluted tubule
(Webb and Etienne, 1977). After»injéction of Cd-MT
it can be shown that 90% of the compiex is
recoverable from the renal cortex (Foulkes, 1978).

A further important aspect of giving an animal small
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doses of cadmium (Cherian, 1977) is that such pre-
exposure to cadmium results in liver cells being able
to produce CA-MT very rapidly (Daniel, Webb and Cempel,
1977) . On any subsegquent exposure cédmium bound |

to MT is ten times more toxic than cadmium which is
present in an unbound state (Webb and Etienne, 1977).

Some interesting paradoxes occur with respect
of Cd-MT e.g. by itself it can cause nephropathy (Cherian,
Goyer and Dalaquerriere-Richardson, 1976) as is
demonstrated by degenerative changes occurring in
glomeruli (Itokawa, et al, 1974) and yet the renal
excretion of cadmium does not appear fovinvolve
Cd-MT (Nomiyama and Foulkes, 1977).

In complete contradiction to the ability of
Cd-MT to cause renal damage it would appear that
Cd-MT protects against cadmium induced testicular
necrosis. Not all ‘animals exhibit the same response
to cadmium even in their own life cycles e.g. younger
animals show less accumulation of the metal
suggesting that they have some protective mechanism
(Jugo, 1977).

It is interesting to speculate how C4d-MT
affects célls. It is considered that the toxicity
is prbbably due to thé ligands to which cadmium
is firmly bound affecting enzymes and cell membranes
(Jugo, 1977) and it is possible in animals to reduce
cadmium related mortality by giving mixed ligand

chelates (Schubert and Derr, 1978).
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From the above experimentalistudies it is now
realised that zinc protection against the effects
of cadmium is not related to metallo'enéyme
substitution but due to the formation of

métallothionein which is Cd—HT (Wwebb, 1971).



EFFECT OF CADMIUM ON KIDNEY.
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CHAPTER 7.
THE EFFECTS OF CADMIUM ON KIDNEY

Early in the studies of chronic cadmium poisoning
it was realised by Friberg that renal lesions would
eventually be seen to be more important than pulmonary
changes (Bonnell, 1855).

It is interesting that when the cadmium content of
renal cortex is compared between'specimens from the
19th and 20th centuries the figures are 15.1 ug/g and
57.1 ug/g dry weight respectively showing that in the
present era there has been a much greater exposure to
cadmium than when the metal was first introduced
(Elinder, 1977). This coincides with the great increase
in use of the metal in the present century.

In studies of modern general populations it has
been shown that in Japanese subjects there is a rise
in renal cortical cadmium with age (Tschuya, Seki and
Sugita, 1976). The highest levels are present in
men between 30 - 40 years. Similar results were
obtained from an analysis of 292 autcpsies in Sweden
(Elinder et al, 1976). Other workers have confirmed
that in different populations renal cadmium is higher
in white males and cigarette smokers {(Morgan, 1976;
Hammer et al, 1973). From an éutopsy study it
was realised that cancer patients had higher and
more variable kidney cadmium levels than non
cancer subjects '~ (Hammer et al, 1973) but

the full significance of this finding is not clear
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in the context of the overall cancer causing potential
of cadmium. Apart from lodging in kidneys it has
long been recognised that cadmium causes kidney damage
as is shown in an epidemiological sﬁrvey of a group
of workers where a confirmed death rate frOm nephritis
of 15.0 (per 100) compared with the expected rate of
5.3. This occurred in a group of coppersmiths and
careful anélysis suggests that this incidencerepresents
an undiagnosed cadmium poisoning of long Standing
(Davies, 1972), but it should be remembered that in
acute deaths from cadmium,renal necrosis is an important
feature (Beton et al, 1966). It is very surprising that
very few deaths from renal failure have been attributed
to chronic cadmium poisoning but this is probably
related to the fact that it may be several years after
exposure before chronic cadmium poisoning becomes
evident and therefore the causé of the renal failure
may not be fully appreciated (Hansen, Kjellstrom and
Vesterberg, 1977).

The distribution of cadmium in the kidney reveals
a greater concentration in the cortex as compared to
the medulla (Hansen, et al, 1977). This is not
uniform throughout life and‘there is a relative
reduction in the amount of cadmium in the cortex
of kidney with age (Kjellstrom, 1971). Similar
differences exist between those who are industrially
exposed and between smokers and non smokers. ‘Two
inté}esting studies on the level of cadmium in renal

cortex have confirmed firstly that mongols have a
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higher renal cadmium content than expected,accompanied
by a higher than normal zinc content (Gross, Yeager and
Middendorf, 1976). The second of these observations
confirms a higher level in kidneys in plumbers
emphasising that those who are involved in occupations
where metals are used are at greater risk of
accumulating the metal than non metal workers (Gross,
et al, 1976).

Further interest and verification of the
above has been demonstrated by the modern technique
of measuring cadmium contenf of kidney by: in vivo
neutron activation analyses. Such studies have
revealed that in subjects who have been occupationally
exposed especially when there is impaired renal
function then there is a greater concentration of
cadmium in the renal cortex (Roels et al, 1979).

One of the interesting features of renal
accumulation of cadmium is that it becomes reduced
after the age of 50 (Webb, 1972). It is important
to realise that the biological half life has
been calculated to be 30 years indicating that the bulk
of ingested cadmiun is excreted very slowly. This
allows the metal to damage the kidneys over a prolonged
period of time.

Rpart from occupationalvexposure the effects of
cadmium can be influenced by dietary intake and
by the rate of excretion of the metal. Excretion
occurs in two phases viz: (1) a rapid excretion of

10% ingested cadmium and (2) a slow excretion (90%).
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This must obviously be a factor in the gfeater levels
found in older subjects.

‘Histological effects

Cadmium causes two main effects on the kidney.
Firstly it causes étructural damage in tubules and in
the glomeruli. Secondly it causes a wide variety
of biochemical effects which result from interference
with normal function.

Very few studies of tﬁe effects of cadmium in
human kidneys have been undeftaken and. this is hardly
surprising since the chanées produced could be related
to a number of different factors. It is obvious that
when dealin¢ with a known nephrotoxin every step should
be taken to avoid exposing human subjects to the
subétance. Therefore to understand the histological
effects produced by cadmium it is necessary to revert
to the animal model. The range of renal démage may
extend from mild tubular chances to gross glomerular
damage. Ultimately if chronic cadmium exposure continues
then nephrolithiasis will occur (Friberg, 1959) and
the main theme of this work is to demonstrate the
importance of cadmium in the context of stone disease.

It is very difficult to obtain accurate ficures
relating cortical cadmium levels to histological changes
but in an effort to quantitate the significant le&els
of cadmium in cortex the W H O task force aroup
suggest 200 ug/g wet weight as the critical con-
centration (Nomiyama, 1977; Elinder, Piscator and

Linnman, 1977) .but the ficure could easily be an
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over estimate of the amount of cadmium necessary
to cause renal damage.

Until recently most attention has been directed
towards the tubﬁlar'effects of cadmium and it is
because of this emphasis thét_the glomefular effects
have been largely overlooked. Early work suggested
that there wasno major histological differences in
animals c¢iven the metal for only 6 as compared with
12 months. It is interesting from such early work’
that glémerular changes were actually noted and in 1960
Bonnell postulated these changes could be of a secondary
type. Ee also recorded a case of fibro hyaline
change in human glomeruli in a cadmium exposed
individual. That glomerular damage can occur is
important in the assessment of proteinuria occuring
in chronic cadmium poisoning.

Several workers have now recorded and have
confirmed that changes do occur in glomeruli and in
the glomerular endothelial cells when animals are
ekposed to trace levels of éadmium. e.g. there 1is
evidence that following exposure to the metal then after
29 weeks there is definite evidence of glomerular
capsule thickening and ultimately Hyalinization and
fibrosis of the basement membrane of the‘glomeruli
(Axelsson and Piscator, 1966; .Seth et al, 1976)
with deposition of a non specific stained material
(Kanisawa and Schroeder, 1969).

Further evidence of glomerular damage is
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demonstrated using autoradiographic techniques

where it can be shown that there is very obvious
cadmium deposition in the Bowman's capsule in the
kidneys of experimental animals (Friberg, 1952). The
glomerular vasculature also is affected in that the
arterioles show proliferation of basal cells and
medial cell-thickening.

In a study of chronic exposure to cadmium the
ultra structural éhanges in rabbits have been studied
over periods of between two weeks and seven months
and both tubular and glomerular lesions can be
clearly observed (Castano, 1971). Early in the
process there was increased rough endoplasmic reticulum
in the glomerulus and tonofibrils. It is suggested
that cadmium does not cause immediate or direct
changes in the glomerulus. In these experiments clear
spaces occurred in cells and since immunoaglobulins are
glutaraldehyde soluble they may well be represented by
clear spaCes (Itokawa et al, 1974) suggesting that
cadmium glomerular chanées may repreéent an
immune reaction.

In these experimental studies amyloid deposition
in glomeruli has been demonstrated (Castano and Vigliani,
1972; Baum and Worthen, 1967) and it is suggested that
such a finding could be relevant in human amyloidosis
although there is no evidence that this hypothesis has
been properly studied (Castano, 1971).

The long biological half life of cadmium could

be important for another reason namely that chronic
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exposure is associated with an increased Beta2
galactosidase excretion suggesting damage to the
urinary tract lining epithélium (Kaéantzis, 1979).

In chronic cadmium poisoning this could be important
as a mechanism which could induce changes in the
transitional'cell‘epiﬁhelium at a lower level in the
urinary tract. To date no correlation has been
recorded between cadmium and the induction of
transitional cell carcinomas.

Interestingly it has been found that
metallothionein induces greater renal damage than
cadmium chloride (Nordbérg, Goyer and Nordberg, 1975).
Metallothionein protects testis frqm cadmium but
paradoxically does not appear to offer a similar
protection to kidney cells (Cherian et al, 1976) .
Cadmium metallothionein induces V;cuolation of
renal cells with swelling of mitochondrial granules.

Apart from the immediate effects of cadmium
on cells it is important to realize that there is
selective accumulation of cadmium in rat kidney
(Gunn and Gould, 1957). The young rat cortex
which has fewer nephrons than the adult concentrates
less cadmium than adult renal cortex. It is obvious
that the histplogical effects can easily become
progressive and if an immune response is occurring
then the process, once initiated, may well be self

perpetuating.
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Biochemical effects

The biochemical effects are well recognised and
some of these are used (i) in making thediagﬁosis
of cadmium poisoning; (1i) as a means of differentiating
the condition from other renal disease and (iii)
can potentially be used to follow the progress of the
condition.

In a series of experiments using subcutaneously
injected cadmium chlorate it was poesible to
demonstrate that creatinine clearance was reduced
but not significantly, glycosuria significantly
increased and alkaline phosphatase activity in the
cortex reduced to a highly significant degree
(Axellson and Piscator, 1966). |

| In rats it has been shown that cadmium decreases
sodium excretion, (Foulkes et al, 1974; Lener and Musil,
1971) and along with_these changes in sodium excretion
which are similar to those caused by aldosterone,
proximal tubular reabsorptioh of calcium is altered.
These effects of cadmium on sodium handlingvby the
proximal tubules could result from altered sodium
transport, changes in energy supply or alterations
in membrane permeability (Vander, 1962). The overall
result is that cadmium has been shewn to increase
sodium reabeorption ih the proximal tubule (Vander,
1962).

The greatest debate in recent years has centred
on the type of proteinuria induced in cadmium poisoning

viz: 1is it of a large molecular weight type
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i.e. glomerular proteinurié or is it tubular proteinuria.
As a practical tool in epidemiological work the
outcome of this debate is very important. This has
been well illustrated by studies of proteinuria in
Japanesé populations. In 'itai itai' disease there
is a 100%to 300%increase in Beta, microglobulin in the
urine but when using B2 microglobulin in‘epidemiological
work it should be noted that there is a pH effect in ’
that Beta2 is less stable at pH<5.6 (Shiroishi,vet al, 1977).
In one study it has been observed that there is a 50 -
100% daily variation in Béta2 outpﬁt over a ten day
period (Kjellstrom, Evrin and Rahnster, 1977).
From these observations variability of p£otein excretion
can cleérly be seen to be an important consideration
which an investigator must be very aware of in
assessing possible cases of chronic cadmium
poisoning (Keckwick, 1955).
In a study in 1955 of men exposed to cadmium the
prevalence of proteinuria was found to be 25% és
compared with 5% in a control oroup (Smith, Kench and
Lane, 1955). The urine cadmium was 0.580 ug/l as
opposed to 0.20 ug/l in controls which raises the‘
important question of the level of renal cortical
cadmium required to cause‘proteinuria. It is estimated
that if cadmium reaches 200 ug/s in kidneys then
proteinuria will occur but the proteinuria induced by

cadmium is not necessarily related to a single

exposure to cadmium in that low dosage over a prolonged
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time méy result in high levels of proteinuria. The
reason for this effect is firstly the long biological
‘half life and secondly relates to the slow excretion
of the metal. It is possible to alter the |
prevalence of proteinuria in an exposed work fbrce
despite the long biological halfvlife by improving
environmental control (Tsuchiya, 1976). |

There is evidence from animal work that the
proteinuria may be hormone dependant or dépendant
to some extent on hormone aétivity in that cadmium-
administratién is associated with a reduced
testosterone activity (Mordberg, 1975; Kinc, Clark and
Faeder, 1976) but hormonal influence on the cortical
accumulatipn of cadmium has not been demonstrated
despite the ability of the renal.cor£ex to selectively
accumulate the metal. The controlling mechanism
of cadmium accumulation is not known. -

Apart from the ability of cadmium to cause changes
in sodium and calcium absorption in the proximal tubules
the metal causes a number of different biochemical
effects on the kidneys. One of these is renal tubular
acidosis which is probably more common than previously
realized (Seedat, 1972).

Cadmium‘causes»significant changes in calcium
excretion which is very relevant in that individuals
exposed to the metal.will develop renal stone disease.
In parallel with the changes in calcium excretion
cadmium causes increased urine excretion of phosphate.

It should be remembered that the symptoms of
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phosphaturia with hypophosphataemia include myopathy
and osteomalacia with anorexia, muscle weakness and
bone tenderness (Leading article, Lancet, 1978) and
these symptoms can be found in chronic cadmium
poisoning. The observer should therefore be aware
of their potential significance when dealing with
unexplained phosphate abnormalities. Since glycosuria
also occurs in cadmium poisoning it should be
femembered’that in 'phosphate diabetes' there is
characteristically a hypophosphataemia and
hyperphoéphaturia.

Glycosuria like tubular‘proteinuria and amino
aciduria increases with increasing cadmium in the urine
(Nogawa et al, 1977). In subjects with the highest
Beta2 excretion there is usually glycosuria
‘accompanied by glomerular type proteinuria (Shiroishi
et al, 1977).

Among the rather specialized biochemical
abnormalities caused by cadmium damage to tubules,
amino aciduria is not considefed to be a good
indicator of cadmiuﬁ poisoning (Schroeder, 1967).

In cadmium exposed animalé a variety of other
biochemicai effects occur in cadmium poisoning
such as a significant increase in renal zinc and
decrease in copper and less so manganese (Seth
et al, 19706). This observation helps emphasise
the complicated inter-relationship between

trace elements. There is evidence from
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animal experimenté;that some of the effects of cadmium
‘on kidney can be prévented by other elements such as
zinc or selenium (Mason and Young, 1964) but as

yet these elements have not been shown to be of

any therapeutic vélue in the treatment of chronic
cadmium poisoning nor has ethanyl calcium disodium

(di 2EDTA) (Friberg, 1959) which has been shown to

be of some protective and even therapeutic value

in experimental modeis (Schroeder, 1967).

One other biochemical 'curiosity' arises from
the reduction which cadmium causes in alkaliné
phosphatase activity (Axellson, Dahlgren and Piscator,
1968). This is very interesting since zinc which
is the metal of this metallo enzyme accumulates in
cortex as a result of cadmium accumulation in CdMT.
The full significance of this alteréd enzyme activity
is not understood; Other enzyme abnormalities
probably exist (Castano and Vigliani, 1972) but

these have been little studied.



ESTABLISHMENT OF STONE PREVALENCE.
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CHAPTER 8.

ESTABLISHMENT OF‘STONE PREVALENCE

During 1975 it was decided to establish the prevalence
of stone disease in_a community in the West Central belt
of Scotland - namely the new town of Cumbernauld. Most
references to stone disease in any community are in
terms of "incidence" derived from studies of hospital
admissions for the disease. Normally such "incidences"
are éxpresSed as number of treated cases per 1000 or
for 10,000 inpatients. In order to establish the true
prevalence of a‘condition it is necéssary to investigate
either the total population or to examine a random
sampleof that population.
METHOD

All persons who rent a housé in Cumbernauld are
registered by the Development Corporation, and this
independent organization provided a random sample of
the>population (7000). Each individual on the random
sample was invited to complete a gquestionnaire and to
come to the health centre for completion of data,
height and weight checks, and a plain abdominal
radiograph. All x-rays were reviewed separately
by two consultants and where a disacreement existed,
a third consultant acted as arbiter. I midstream
specimen of urine was obtained and submitted to culture
by a dip slidé'technique._ The specimens were incubated
for 24 hours, and‘the bacterial content recorded
as.significant or otherwise. 'The remaining urine was

tested for haematuria, glycosuria, proteinuria, and bile.
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Blood plasma from each person was analyéed for calcium,
ptosphate, protein, alkaline phosphatase and urate
concentrations.

RESULTS

The raﬁdom sample included 3398 individuals (1650
men and 1748 women) who completed the initial evaluation.
However, 1 man and 106 women were not  examined by
x-ray. In addition to the random sample 205 male and
458 female unsolicited volunteers completed the initial
evaluation. Twenty-one volunteer women were not
examined by x-ray.

Over 90% of subjects were born in Scotland.
Information from the Development Corporation statistics
confirms that just over 90% of the town population
originates within the Strathclyde recion (91.0% of
survey) . |
Age Group Studied

Persons less than 20 years old were deliberately
excluded as‘far as possible because of our unwillingness
to x-ray people in the younger age croups. There are,
however, certain householders who are less than 20,
and seven such subjects were examined (Table 6).
Comparison of the age distribution shows that the
survey sample tends to follow the pattern for £he new
town, which does not follow the Scottish population in
general. This reflects £he general bias of the
population towards the younger age groups in ﬁew towns.

The reduced number in the older age groups is explained
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by the fact that the survey was undertaken in the
evenings, which meant that older people were‘less likely
to attend, especially in winter.

X-ray findings

'Plain abdominal film. Failure to x-ray female subjects

usually resulted from the fact that they were beyond ten
days from the start of menstruation or were pregnant.
Strenuous efforts were made to reduce this number, but
many had changed address or refused to return after

the initial attendance.

Intravenous pyelography. When it was agreed by all

three consultants that a shadow in the renal area could
possibly be a calcified renal stone, the individual was
invited to undergo intravenous pyelography with oblique
films where necessary to ascertain whether or not a stone
was present. As a result 118 cases of stone disease
wéré proven, giving a prevalence of those x-rayed of
3.58% (3.47% of the total random survey) (Table 7).

It is interesting to note that there is no obvious
difference between ﬁen (60) and women (58) in the
survey with respect to stone prevalence. In the
volunteer group the prevalence in both men and women
followed the same pattern but at a rate of 1% less

than the random survey.

In addition to the stone cases in the survey other
renal pathology was uncovered as a result of the plain
abdominal x-ray. These included two parathyroid tumors
in conjunction with abnormal biochemistry, two cases of

latent tuberculosis, one case of renal carcinoma, and one



TABLE 7.

Random Volunteers
Male Female Male Female

Right kidney 19 23 1 3
Left kidney | 34 32 5 7
Bilateral -7 3 1 -
Total 60 58 7 10
% stones total sample 3.47% 2.5%

% stones subjects x-rayed 3.58% 2.6%

Table 7. Positive stones confirmed by intravenous

pyelography in a‘raﬁdom as compared with
a volunteer population in Cumbernauld

New Town. .



105

calcified renal cyst.
DISCUSSION

In previous epidemiological studies, incidence of
upper urinary tract stone disease is usually defined
as the number of such cases seen in a hospital relative
to the toal number of admissions to the hospital (Barker
'and Doonan, 1978). The results of these studies cive
a wide variation of incidence and make it impossible to
speculate about associations between stone disease and
other conditions such as coronary heart disorders
(Ljunghail and Hedstrand, 1976) or to pick out at-risk
groups in the population,‘such as occurs in certain
occupations (Scott et al, 19576; Blecklock, 1965;

" Larsen and Phillips, 1962).

When the incidence of stone disease is taken from
the hospital statistics (Boyce, Garvey and Strawcutter,
1956), it is clearly dependent upon a number of
variable factors such as the availability and quality
of radiological services, the aggression and pursuit |
of the diagnosis by the hospital staff, and the awareness
and reference of patients from general practitioners
to the hospital. Prevalenee can only be properly
defined by specifically screening a population.

Despite the fact that a considerable amount of
time and effort have been spent on clinical problems
associated with stone disease éuch as urinary tract
infection (Chinn et al, 1976) or calcium metabolism
(Arcila et al, 1972), relatively little work has been

done to confirm the prevalence of the disease in
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different populations. This is surprising since it
would help to confirm or deny statements such as
"the incidence is rising" and would also help to allow
positive study of specialized groups (Scott, et al,
i976) that are at risk in a population. Such an
approach would help orient‘new reéearch to uncovér
scarcely recognized etiologic factors that could be
relevant in the pathophysiology of a disease
affecting a socioeconomic ¢roup of major importance
in any community. |

It has therefore been possible from the present
study to establish the true prevalence of sténe
disease in a community in the West Central belt of
Scotland. By establishing such a figure it then
becomes possible to compare any special aroup against
the general population stone pattern. Statistics
derived from hospital treated subjects refer to a
very special group in any commpnity. (Andersen,

1968) .



STUDY OF COPPERSMITHS EXPOSED
TO CADMIUM.
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CHAPTER 9.

Investigation of a workforce to assess the effects of
cadmium exposure.

In 1975 I was asked to investigate a group of
workers who had been chronically exposed to cadmium
fume over a period of at least ten yearé.

The fume had arisen from the use of brazing rods
which éontained 20% cadmium. - (Fig. 12). This is
a common industrial practice since the metal reduces
costs by replacing silver in the rods and it allows
metal solder to flow more easily. This is the eutectic
property of the solder.

The process in the factory under study involved
the soldering of small.copper tubes on to engine
housings which form the compressor units of
refrigeration plants (Fig. 13). The process is a
'production line' type and thousands of operations
were completed each year. (Fig. 14).

Measurements of the cadmium in the atmosphere
confirmed that the threshold limit values had reached
as high as four times the then acceptable upper limit
(0.05 mg/m3). It should be noted that cadmium is a
Prescribed Substanc¢e under the appropriate Industrial
Acts (1955)  and any levels in excess of T L V values
merits the cessation of the process involved.

Due to alterations in the factory layout the
coppersmiths had undertaken a variety of brazing

procedures at several different points in the factory.



Fig.

12

The brazing process showing the rod
containing 20% cadmium. The general
area of the work bench is heavily

contaminated with cadmium.



Fig.

13

Finished product - a compressor unit
for a domestic refrigerator showing
at the top two small copper tubes
which have been brazed on to the
engine housing. The actual braze

is hidden by paint.



Fig. 14 This illustrates the production line
system showing copper tubes brazed on
to the metal 1lids of the compressors.
The workman is not wearing a protective

mask.
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This meant that the factory dust must contain cadmium
by virtue of the process and the air éircﬁlation within
the factory.

There was no record within the previouslfive years
of any attempts being made by the management to clean
the factory roof - an important point as will be seen
later. Some‘of the roof dust (Fig. 15) was obtained
and analysed. The cadmium content was found to be

1.45 mg/g of dust.

Background cadmium levels

Initially it was difficﬁlt to get accurate
estimations bf the cadmium levels in the factory
but with the realization by the Management that a
problem existed then regular sampling of air and
dust was undertaken at different 'points in the
factory. Examination of the Fig. 16 reveals that
in October 1975 the levels were certainly above the
T LV (0.05 mg/m3).

In December 1975 the Management instituted a
programme of roof cleaning which involved removing
parts of the roof and general cleaning of the area
above the brazing point. This is shown by é rise
in the general atmospheric levels.

When the cleaning process was completed the
cadmium levels in the atmosphere rapidly refurned
to barely measurable levels and with the
withdrawal of the cadmium containing rods the

measurements of atmospheric levels showed that cadmium



Fig. 15 Sample of the dust from the factory
roof. This material contained 1.45

mg/g cadmium.
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remained at a level of less than 0.001 mg/cubic metre
of air.

For reasons which I cannot explain the Management
had supplied a variety of workers with personalized
monitors and from 4 sets of results (Fig. 17) it can
be seen that with the cessation of the use of the
yrdangerous rods in late Octqber 1975 the level of
cadmium recorded by these devices dropped dramatically
but rose acain in mid/late December corresponding
- with the factory cleaning programme. Further‘results
exist for personal monitor levels followina the
discarding of the rods but unfortunately the data
available does not allow an accurafe date to be
appended to the results. But in all the measurements
the values are uniformly less than 0.002 mg/cubic
metre.

When asked to investigate the possibility of
chronic cadmium poisoninc I consulted the available
statutory data and this revealed that in 1975 the
regulations seemed to ihdicate that exposure to
cadmium, the demonstration of emphysema and the
presence of proteinuria, constituted the necessary

criteria used to establish chronic cadmium poisoning.

Initial Groups Studied

Group I (27 coppersmiths) were invited in the
first instance to attend as out patients for medical
éxamination. The average time spent on the process
which involved the use of a cadmium containing solder

by these workers was 17.8 years.
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Control Group (Group II) A section of the work

force (19 men) who worked in close proximity to the
éoppersmiths were subjected to exaétly,the same
investigation as Group I. These men were sheet
metal workers who wete_not involved in the brazing
process. The average time spent in the same
industrial premises was 17.9 years.
Method |

Each indiﬁidual was interviewed and a record made
of their social, medical éndvindustrial history. The
blood pressure was recorded in the recﬁmbent position
and an X-ray of the chest (full plate) and of the
abdomen was taken. A vitalograph record was made by
two separate observers and the average of the two

observations was taken for each individual.

Biochemical estimations

Each subject had blood removed without compression
and the following estimations were made:— urea:
creatinine; sodium: Potassium: chloride: co, content:
bilirubin: alkaline and acid phosphatase: alanine and
aspartate amino transferase (ALT and AspT): inorganic
phosphate: total proteins: calcium and urate. All
of these measurements were undertaken in the routine-
laboratory, Department of Biochemistry, Royal Infirmary,
Glasgow. The trace elements measured in blood wére
cadmium, copper, zinc, magnesium and lead. The trace
element measurements were undertaken in the trace
element laboratory in the same hospital, using atomic

absorption spectrophotometry. A 24 hour sample of
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urine was collected and analysed for calcium, cadmium,
creatinine and urinary proteins. Where the latter
were elevated a quantitative measurement was undertaken.
Urine zinc and copper were also measured.

The blood and urine cadmium values were also measured
by an atomic fluorescence technigue. This technigque was
develqped and proved in the University of Strathclyde
and urine and blood from non industrially exposed
individuals were used to establish reference values.

The results from the blood and urine biochemical
investigations were compared to the reference values
of the Royal Infirmary Biochemistry Laboratory. The
blood cadmium values were compared with 98 randomly
selected patient samples coming to the laboratory

for routine analyses. Urine cadmium results were
compared to values obtained from 42 student volunteers.
The level of contaminatidn by atmospheric cadmiﬁm was
shown to be minimal at the sife where the coppersmiths
were initially examined.

To check that there was no obvious local
contamination at the hospital site where blood was
withdrawn all of the standard procedures, needles
and syrihges were used to make a mock aspiration of
deionized water at the exact point in the clinic where
the blood was withdrawn from the individuai subjects.
When checked by this method cadmium could not be
detected in the water after it had been passed through

the system.
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Results.

In the first instance any result which was out-
with the normal range for the laboratory was recorded
as an abnormality.

There -did not appear to be any direct co-relation
between lehgth of time of exposure and the overall
number of abnormalities found in any one individual.

Using the same criteria there was no obvious
relationship between the blood cadmium values and
'total abnormalities' and equally with respect to
- urine cadmium values and all abnormalities.

However if the blood cadmium values were arranged

in units of 5 (ug/l) then evidence of a relationship
between cadmium levels and ‘'abnormalities' becomes
more obvious. A similar factor emerges for urine
abnormalities (Fig. 18).

Since cadmium intoxication is associated with
the development of proteinuria it could be expected
that a possible relationship would exist between
blood cadmium levels and the total amount of protein
in thé urine. In eleven subjects significant
proteinuria (> 20 mg/24 hours) was noted but therewas
no obvious relationship to the blood levels of cadmium
(Fig. 19).

A similar observation canvbe made when urine
cadmium levels are measured against the total protein

measured in urine (urine cadmium in ug/vol). (Fig. 20).
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Examination of those within the group with abnormal
X-rays followed by intravenous pyelography and where
appropriate examination of recent hospital records of
two subjects confirmed that 18.5% of the aroup had
evidence of urinary tract stone disease. This compared
with a prevalence of 5.4% in the sheeﬁ metal workers
and 3.5% in 3398 random subjects in the population
study (Fig. 21). (Chap. 3).

As well as there being no immediate or
obvious relationship between the blood levels of cadmium
‘and other measurements such as protein in the urine.
no obvious correlation could be made between the blood
cadmium and urine calcium levels (Fig. 22).

The first major insight into the potential
problems of the group was found by examination of the
trace element abnormalities in blood and urine
(Table 8). |

The most obvious finding was that 24 of 27
subjects had blood cadmium values greater than 8‘ug/l
which at that time was regarded as being the upper limit
of normal by the laboratory and that 26 of 27 had higher
than normal urine cadmium values. In addition 20 of
26 estimated urine zinc values were elevated and 22
of 26 subjeéts had hypercalciuria.

The problems of the group were highlighted when
a comparison is made between the coppersmiths (Group

I) and the control group of sheet metal workers
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TABLE 8

Serum Normal Range
Magnesium 0.7-1.0 m mol/L
Copper 15-25 u mol/L
Zinc 14-18.4 mol/L
Cadmium 0-8.0 ug/L
Urine
Calcium 3.0-6.0 m mol/vol
Magnesium 2.3-10~7 m mol/vol
Zinc 4.6-10.6 u mol/vol
Copper 0.8 u mol/vol
Cadmium 4 ug/vol

Table 8.

Normal Elevated Low No.

26 -
24 ~
~ 24
3 24
3 22
22 -
6 20
7 19
- 27

Initial results in 27 coppersmiths.

the serum and urine results indicate that

Both

as a whole the group were displaying a

pattern of serum results which were abnormal

with respect to cadmium - zinc and urine

results which were abnormal with respect

to cadmium, calcium, zinc and copper.

26
26
27

27

26
26‘
26
26

27
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i.e. these subjects in Group II.

In terms of 'overall' abnormalities the two
groups quite clearly present a different picture (Fig. 23)
suggesting that the coppersmiths were a rather unique
group of individuals.

Of particular interest was the difference between
the ﬁwo factory study groups in respect of the urinary
~calcium output and the percentage'with significant
proteinuria (Fig. 24).

A direct comparison was made between Groups I and
IT and a reference population ef students with respect
to blood and urine cadmium levels.

Beﬁween group comparisons (Gp I v Gp II) showed
that of all the parameters measured ﬁhe creatinine
and inorganic phosphate values were significantly
different and that both Group I and Group II subjects
were significantly different from the reference
population with respect to bleod and urine cadmium
values (Table 9).

Having established that the Group I subjects were
on the whole different from Group II subjects and had
a potenfial cadmium problem it was obvious tﬁat an
outpatient type investigation could be criticised on
several accounts. In the first instance contamination of
samples by clothing or from hair could possibly
influence results in the Group I subjects. The problem
of diet and patient preparation was then considered to
be a major possible eource of error. Therefore in the months

of April and May coppersmiths were admitted to the
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TABLE 9

Gp. No © Mean
Creatinine I 27 117.7 £ 29.7 u mol/1 p<0.05
II 19 102.7 + 14.7 n
Phosphate I 27 . 0.78 + 0.18 mmol/l =~ p<0.05
Inorganic II 19 0.93 + 0.36 "
Blood cadmium I 27 15.8 i 5.4 ug/1 p<0.05
1T 19 14.5 + 7.2 " p<0.05
Ref values 98 4.0+ 1.0 "
Urine cadmium I | 26 37.1 £ 19.2 " p<0.05
IT 15 51.2 + 18.0 " p<0. 05
Ref wvalues 42 10.5 = 4.2 "

Table 9.

Comparison of different biochemical parameters
between 3 groups - Coppersmiths (Gp I) and Sheet
Metél Workers (Gp II) V non-exposed reference
population. Those parameters indicating a
statistically significant difference are

enumerated in the tablé.



ward side room in pairs to allow intensive inpatient
investigation.

During this period they were confined to the ward
area and underwent the following regime:-

1 Diet - standard ward diet.

2 Twice daily baths with hair washinc and nail

clipping and scrubbing.

3 Daily blood cadmium levels were estimated
resulting in the mean of four samples being
available. |

4 Urine phosphate and blood calcium and phosphate
parémeters were meaéured in a fasting state.

5 Bone densitometry was undertaken.

6 24 hour urine samples were collectedunder
supervision.

7 Blood pressure was measured twice daily in a
resting state.

8 Acid load test, estimates of glycosuria and
the presence or otherwise of anosmia was
established.

24 copperémiths agreed to take part in this
exercise. 1In the first instance the results are
presented as variations of normal laboratory rancges.
In each of the following figures the number of
possible results is given in the top line of figures,
those with normal results are recorded and variations
are given as being elevated above normal or less than

the normally accepted range for the laboratory.



116

Liver function tests Since liver is a normal 'target'

organ for cadmium the alkaline phosphatase and
transaminase (SGOT and SGPT) were measured. A
bromsulphthalein test‘was undertaken in 4 out of 22
of the subjects (Fig. 25). Examination éf these tests
did not reveal any evidence of excessive liver damage
in the group.

Urea and electrolytes As a crude measurement of

overall kidney function these parameters along with
the creatinine‘values do not suggest the possibility
of renal damage (Fig. 26) to be a major problem in
the group.

Cadmium/trace element measurements (blood) The

finding of an 18.5% prevalence of stone disease
clearly merited furthef detailed studies of the
general calcium status of the individuals.

In only one subject was there any deviation
from normal with respéct to blood calcium values.
However, as had been noted in the initial investigation
the serum inorganic phosphate was again found
to be reduced in 10 of 24 subjects. This is
particularly of interest since while being investigated
in the ward the phosphate measurements were undertaken
while the subject was in’a fasting state and the effects
of diet.were therefore eliminated (Fig. 27). All
subjects were found to have elevated blood cadmium
values and normal serum magnesium levels. Despite
the fact that the men have an apparently normal diet

and are actually working with copper 8 were found to
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be below the normal rance with respect to serum
copper values. ‘In addition 20 of the 24 subjects

‘were below normal with respect to serum zinc values.

Urine analyses In the 22 subjects where results

‘'were available 9 subjects were found té havevproteinuria
‘(large molecular weight) in sionificant amounts and

10 sﬁbjects were found to have a reduced creatinine
clearance (Fig. 28).

Fifteen of 24 subjects were found to have evidence
of tubular acidosis. Renal tubular acidosis was
measured using a standard ammonium chloride-loading’
test and this confirms the significance of the serum
abnormalities already referred to above.

Urine abnormalities Renal tubular excretion of phosphate

was found to be impaired in 9 o0f<16 subjects while 19
had evidence of excessive urine calcium excretion. The
.estimation of urine phbsphate excretion and reabsorption
was by‘measuring the Tubular Maximum reabsorption of
phosphate (TmPO4).

On the last day of the tests all 24 subjects
were found to have excessive amounts of cadmium in their
urine (range 24.3»— 116.8 ugs/24 hours). (These
figures for urine cadmium levels are exceptionally high.
In discussion with the biochemists they suggested that
the methodolocy employed to measure urine cadmium
values was probably inaccurate at that time and
resulted in a proportion of 'false high' results).

In addition to excess cadmium excretion 24 were

found to be excreting excess amounts of copper and 20
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have evidence of hyperzincuria (Fig. 29).

Glycosuria Further evidence of impaired tubuiar/

glomerular function is shown by the finding of 6 subjects
with glycosuria all of whom had a normal glucose
tolerance test.

Haematological abnormalities This aspect of cadmium

poisoning is rarely referred to in the literéture but
is alluded to in most reported series of cadmium
poisoning. Six subjects out of 19 were found to have
haemoglobin values of less than 14g-% and 10

subjects had serum iron values of less than 16 ug/l
which isAthe mean value found in arrandom'study of
‘normal' population. Further investigation of this
aspect confirmed that there ié a significant correlation
between the serum iron and copper results in the group
(Fig. 30).

Anosmia Six subjects were found to have complete
anosmia and 4 had partial anoémia, in 22 subjects
tested i.e. just under 50% of shbjects have an
impairment of their sense of smell.

Bone densitometry This test failed to reveal any

abnormality in any one-individual within the group.
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COMPARISON OF DIFFERENT GROUPS EXPOSED
TO CADMIUM.
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-CHAPTER 10

Comparison of different groups exposed to cadmium.

At the time of the initial investigation of the
coppersmiths it was decided to investigate a group
of sheet metal workers who worked in close éroximity
to the céppeismiths but who were not directly
involved in the brazing process.

Subsequently a further group from the parent
factory and from a branch factory which was physically
separated from the main building by 200 yards were
examined. This latter group consisted of a mixed
group of workers who were involved in a variety of
different assembly line duties and metal working
machinery. ‘

Since the factory was situated on an industrial
estate the local interest among the general work
force allied téAthe fact that the factory medical
officer had committments in a t&fally different
company,made it possible to add .a fourth group of
workers to the cémparative study of the coppersmith
group. These workers from a completely different
company had been principally involved in a cadmium
plating process and to a limited extent in cadmium
brazing. It was therefore possible to compare

results from 5 different groups, viz:-



TABLE 10.

GROUP - BLOOD CADMIUM

MEAN MEDIAN
I 15.9 15.0
I 14.4 12.5
111 11.8 10.2
Iv ' 7.9 ’ 8.0
' - 16.4 16.4

Significant differences (Mann Whitney)

1v 3 (p<0.05) - 3v s (p<0.05)
1 v 4 (p<0.001) _ 4 v 5 (p<0.001)
2 v 4 (p<0.01)

Table 10 Blood cadmium values (meén and median

values). The comparison of the median

values is by a Mann WhitneyAtest
confirming that the coppersmiths and

sheet metal workers had blood cadmium

levels significantly different from the

two control groups.



120

Group I - Coppersmiths (27) as outpatients
Group II - Sheet metal workers (19)
Group III - Mixed group (14) from parent and

subsidiary factory
Group 1V - Mixed group (23) from a completely
separate factory using a cadmium

plating process

Group V Coppersmiths (24) as inpatient group

Statistical analyses of group results

Each of the above groups of workers were examined
as outpatients.' The exception to‘this was the
cgroup of coppersmiths who were admitted for supervision
and assessment to the ward (Gp. V subjects).

The help of a statistician was necessary to
analyse the results obtained from each croup. It was
obvious that the 'distribution' of values for each
parameter measured was asymetricél and a Mann
Whitney test was employed by the statisfician
thereby allowing comparison of median values to be
undertaken, in addition to the determination of the

- mean values.

Blood cadmium values

This has been found to be sionificantly
different in Group I, II and V subjects as compared
with those in Group III and IV. (Fig. 31).

Examination of Table 10 confirms that, in those
workers who weie involved or who worked in close

proximity to the brazing process (Gps. I & II) the
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blood cadmium values were significantly higher when
compared with tﬁe other two groups.

The finding of a significant difference between
Group II and Group IV individuals emphasises the
extent of pollution within the vicinity of the
brazing process. The latter group,involved in a
cadmium plating process,were clearly less contaminated
with thé metal than the coppersmiths and the sheet
metal workers.

The significant differenceé between Group IIT
subjects and the coppersmiths emphasises the dangers
of having been involved in the brazing process. If
'should however be emphasised that the individuals
in Gp. III were not found to have blood cadmium
values which.wére‘statistically significantly
different from Gp. II workers. This clearly
indicates a spectrum of severity of contamination.
All groups had-mean blood cadmium values at least 3
times greater than the mean values found in a non
exposed population as shown in a study by the
laboratory of 231 non exposed individuals where
vblood cadmium values were measured over ah age
range of 20 - 80 years. The mean blood cadmium
value did not in any single age group exceed 2 ug/L

(Cunningham, 1980).

Proteinuria

Once again the coppersmiths are quite different
from the other 3 groups in that 42% of the group had

large mol. wt. proteinuria in significant quantities.
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(Fig. 32) on the initial investigation and 42% had

the abnormality on inpatient investigation.

Biochemical findincs relevant to stone formation

Serum calcium

Comparison of all five groups confirms most

!

subjects had serum caicium values which fell within
the normal accepted range (2.2 - 2.6 mmol/L) as

used in the laboratory. The three high values found
on initial scréening were normal on repeat
examination. (Fig. 33).

Serum inorganic phosphate

The mean value of this parameter has been found
to be highly éignificantly different (p<0.001) in
Group V subjects i.e. fasting coppersmiths when
compared with Groups II, III and IV. (Fig. 34).

Urine calcium

The initial finding that 81.4% of the
coppersmiths had hypercalciuria was confirmed
in inpatient investigation and within this group
approximately twice as many subjects had this
abnormality és compared with any other group (Fig. 32).

This parameter was naturally of considerable
interest especially since the coppefsmiths have
been found to have such a high prevalence of stone
disease.

From the group comparisons (Table 11) it can

be seen that from both the outpatient and inpatient



Fig.

% GROUP = HYPERCALCIUEIA PROTEINURIA

100
90

32

EEiCenciunw
Protein

Urine calcium and proteinuria Gps. I - V.
The absence of significant large
molecular weight proteinuria is confirmed

in Gps. II, III and IV.



Serum calcium

305
2:94
2:8 <
2:7 < oo
o .
2.6< --06 — —o- — —
ee0 , ce °
2.5 ccecoo oo ce °o
: coco oo oce ° o2
2.4 < ©cc00e eceo oceco 06n00
eco oce ° ° o
2:3 4 oo ccoee ecoo ° : P
° oo : R
2'2< — — — — -—ror
o
215
2.0
Gp.I Gp.IL Gp.II Cp.iv Gp. Y (Fasting)

Fig. 33 Serum calcium values (m mol/litre)

Groups I - V.



‘Fig.

].94 [
184 o
17 <
164
1:54 °
144 — —_ - — —_
134 °
1-2 € © e o °
L] [
114 oo ° eoe
° ) .
104 ec e ceocecoce °
eoco eoo ° Py §
094 oo oo o000 0,0
coe ° cooe
C.84 —oeo— —— — —o— —e—
eoo cooeo °
Q74 eecc ° )
[ [ %D
0-64 ° ° °
[ [ ]
054 o @
oo
0-44
0-34
0-24
0‘]4 °
0
GpI Gp Gpi Gpiv GpV¥
34 Serum inorganic phosphate values m mol/L

Gps. I - V. The Gp. V subjects have

highly signivicantly lower values

(p<0.001).



123

studies, the coppersmiths clearly have been excreting
calcium in the urine in much higher quantities than
the two least exposed groups of workers (Gp. III &

Gp. IV).



TABLE 11

GROUP , URINE CALCIUM (m mol/vol)
MEAN MEDIAN
I 9.1 | 9.5
II 8.2 | 7.1
III , 5.7 ' - . 5.0
v | 5.3 4.9
v 7.8 - 8.3

Significant differences (Mann Whitney)

1T v 3 (p<0.01) ; 4 v 5 (p<0.01)
1 v 4 (p<0.0071)
Table 11. Comparisons of mean and median urine

calcium output values in 5 groups.
Comparison of the median values.éonfirm
significant differences between the
coppersmiths and the least exposed

workers in Gps. III and IV.
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Renal function

Serum urea

As a measure of overall renal function this
parameter did not reveal any significant differences
between the groups. (Table 12).

Serum creatinine

This particular measurement (Table 13) proved
to be interesting when comparisons between the 5
grbups were made.

Examination of median values confirmed
statistically significant differences which iﬁdicate
that the coppersmiths as a group showed a greater
tendency to have reduction in overall renal function.

Urine sodium

This parameter was assessed because df the
known reﬁal tubular effect of cadmium.

Since urine sodium excreﬁion is normally a
markedly variable phenomenon great care has to be
taken in interpreting the results for this ion.
Interestinglv on inpatient measurements the coppersmiths
values reachéd statistically significance when
compared with Gp. III subjects but not‘with Gp. IV
subjects. Gp. III subjects from examination of serum
urea, creatinine and urine sodium excretion would
appear to have the most efficient overall renal
function indicating a possible lesser degree of
renal damage. (Tablev14).

Other trace metals

Serum copper

Since the group under study worked with



TABLE 12

GROUP ' SERUM UREA (mmol/1)
MEAN MEDIAN

I 5.7 5.6

II 5.6 - 5.5

IIT 5.0 4.7

IV 6.2 6.2

\Y : 5.5 5.2

Significant differences (Mann Whitney test)

NIL

‘Table 12 Comparison of median values of serum urea
between all groups confirming the lack of

any significant differences.



TABLE 13

GROUP ~ SERUM CREATININE (mmol/1)
MEAN MEDIAN
I 117.7 117.0
II 102.7 100.0
III 87.2 90.0
Iv 103.1 ~103.0
\ 109.2 99.0

Significant differences (Mann Whitney test)

1 v 2 (p<0.05) 3 v 4 (p¢ 0.05)
1 v 3 (p<0.001) 3v S5 (p<0.05)
2 v 3 (p<0.05)

Table 13 Comparison of serum creatinine wvalues
bétween the 5 groups. No particular
group had a mean value which was a
particularly abnormally elevated with
respect to the normal accepted ranges
but the coppersmiths had a less efficient
renal handling of creatinine than
any other group including the sheet metal

workers (Gp. II).



TABLE 14

GROUP : URINE SODIUM (m mol/vol)
MEAN MEDIAN
I 191.3 178.5
II 225.1 223.0
III 159.5 148.0
v 163.7 ~ 157.0

\Y4 199.4 198.0

Significant differences (Mann Whitney test)
2 v 3 (p<0.05)

3v 5 (p<0.05)

Table 14 Cbmparison of urine sodium excretion
between Groups I - V showing that both
the coppersmiths (Gp. V) and sheet
metal workers (Gp. II) excrete
significantly more sodium than Gp. III

workers.



125

copper as well as cadmium it was considered to be
essential to measuré this particular parameter.

In only 2 compariSons could a'significant
difference be found. Surprisincly the Gp. III
individuals had higherAmedian as well as mean serum
copper values when compared witﬁ the coppersmiths.
This was‘found both on outpatient and inpatieﬁt
ﬁeasurements‘and in the latter instance the values
reached statistical significance. (Table 15).

© Serum Zinc

The close association of cadmium and zinc in
cadmium metallothionein (Cd-Mt) indicated that this
trace metal should be measured invthe assessment of
any study of cadmium toxicity.

Examination of the initial;Zinc values strongly
suggested that this particular measurement would
prove to be of great value in the assessment of work
populations who had been infensively exposed to
cadmium. However; when the coppersmitﬁs (Gp. V)
were examined as inpatients there was a statistically
highly significant differeﬁce between the zinc
values obtained at that time as compared with the
initial zinc measurements (Table 16).

Urine Copper

As with the measurements of blood copper it was
decided to examine the groups to establish whether
or not the 'occupational' aspect of handling copper

would be reflected in any measureable differences



TABLE 15

GROUP SERUM COPPER (u mol/L)

MEAN MEDIAN
I o 17.8 | 17.9
II ~ 15.7 15.5
IIT 19.2 | 18.3
IV 2 16.9 | 16.5
v | 16.3 | 16.4

Significant differences (Mann Whitney)

1 v 2 (p<0.05)

3 v 5 (p<0.05)

Table 15 Serum copper values showing that the
least exposed workers (Gp. III) have
signifiéantly higher values than the
coppersmiths in the fasting state

(Gp. V).



TABLE 16

GROUP - SERUM zINC (u mol/L)

MEAN MEDIAN
I | 15.0 - 15.1
11 13.4 13.8
I1I 11.9 - 11.2
Iv 12.0 12,0
\ 12.2 11.7

Significant differences (Mann Whithey)'

1T v 2 (p<0.05) 1 v 4 (p<0.001)

1 v 3 (p<0.001) 1 v 5 (p<0.001)

Table 16 Serum zinc values in all 5 groups
showing that the initial values found
in coppersmiths were significantly
different from every other group
inclﬁding those found on inpatient

examination of coppersmiths.
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between the five groups.

It was interesting to note that when removed
from the work situation and measured under hospital
conditions the urine copper values in' the coppersmiths
reached their highest values and were highly
significéntly different even from the initial
measurements in the groups. (Table 17).

Urine Zinc

As in the examination of blood zinc values and
because of the association between cadmium and zinc
it was considered necessary to measure this
parameter.,

The coppersmiths were found to be, as a group,
significantly different from Gp. III subjects but
surprisingly showed no statistically significant
difference when compared with the group of workers

from the separate factory. (Table 18).



TABLE 17

GROUP URINE COPPER (u mol/vol)
| MEAN MEDIAN
I 2.6 1.3
II 2.2 : 1.5
I1I 1.7 ' 1.7
v o 1.0 1.0
v ' 8.3 6.1

Significant differences (Mann Whitney test)

1Tv 4 (p<0.05) 2v5 (p<0.001)
1v 5 (p<0.001) 3v 4 (p<0.01)

2 v 4 -(p<0.001) , 3 v 5 (p<0.001)
2v4  (p<0.007) 4 v 5 (p<0.001)
Table 17 Urine copper values in 5 groups of

workers confirming that when removed
from the work situation the
coppersmiths (Gp. V) excreted an

amount of‘copper which was signficantly
greater than in thebwork situation as
sho&n by a comparison of median values

(Mann Whitney test).



TABLE 18

GROUP URINE ZINC (u mol/vol)
| MEAN MEDIAN
I 22.1 14.7
1T 14.3 11.9
IIT 8.6 7.2
IV 12.3 12.1
v 13.5 14.0

Significant differences (Mann Whitney)

1 v 3 (p<0.05) 3 v 4 (p<0.05)
2 v 3 (p<0.05) 3 v>5 (p<0.01)
Table 18 Comparison of urine zinc excretion values

in 5 groups of workers confirming that
in the least exposed workers (Gp. III)
the median value of zinc excretion was
significantly different from every other

aroup (Mann Whitney test).
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Discussion

When it is suspected that a population has been
submitted to chronic cadmium poisoning the present
emphasis is to measure the blood dadmium and the
excretion of low molecular weight protein in the
urine (Bernard et al, 1979; Momiyama et al, 1977;
Kitamura, 1979; Kjellstrom, Shiroishi and Evrin,
1977). The above practice has resulted from a
variety of studies of groups of individuals who
have been chronically exposed to cadmium in
industrial situations (Cooper, 1977; Kjellstrom,
et al, 1979). Such studies have alluded to
other different biochemical parémeters which
could be expected to be abnormal in cédmium poisoning.
An appreciation of such biochemical abnormalities can
be of considerable importance when assessing an
individual subject.

When measuring blood cadmium it has to be
appreciated that an elevated blood cadmium will
indicate exposure to the trace element but there is
considerable debate as to whether blood or urine
cadmium‘levelsiare measures of the total body
burden of cadmium (Lauwerys, Buchet and PRoels,
1976). Until recently it has been generally
accepted that blood cadmium values can be
interpreted as evidence of recent exposure and are
likely to be elevated only in the short term

(Welinder, et al, 1977).
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‘In order to find‘Supplementary eviaence of the
biochemical effects of exposure to cadmium the present
study at the outset was designed to cover as many
different biochemical parameters as possible.

Specific attention was‘paid to other associated trace
metals and also to search for effects which could
result from the known effects of the £race metal on
the renal tubule (Bernard, et al, 1978; Nomiyama

et al, 1977; ZKazantzis et al, 1963; Lauwerys et al,
1974).

Many biochemical parameters other than the blood
levels and the level of B2 microglobulin excretion
have been extensively studied but I am not aware of
between group comparisons having been made as in the
present work. The logic of looking aﬁ other trace
metals is that there is a very complicated interaction
between different metals such as exists between cadmium
and zinc (Pulido, et al, 1966; Kagi and Vallee,

1961). Even the form in which such metals are
presented to the gaStro intestinal mucosa can

determine whether or not they act with or competitively
inhibit the absorption of other metals (Hamilton and
Valberg, 1974; Washko and Cousins, 1977).

Cadmium is known to affect the absorption of
other meﬁals such as copper and iron. In addition it
can, after it has entered the biological system, affect

‘the intrinsic metabolic pathways of these two elements
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(Peﬁering, Choudhury aﬁd Stemmer, 1979).
The reactions and effects of interactions of cadmium
can be affected by the dietary status of animals
and it is now beginning to be realized that other
influences such as Vit. D  can influence cadmium and
its relatiohships to elements such as calcium
(Thawleyvet al, 1977).

The metabolism of two elements in particular have
long been recognised to be affected by cadmium viz.
zinc and calcium. These two elements are of
particular interest to urologists because both when
excreted excessively are known to be associated with
stone formation. The other major interest to
urologists is that in the experimental animal the
zinc status of an animal can determine whether or
not cadmium will induce testicular atrophy (Bremner
and Campbell, 1978).

The physico-chemical similarities between
cadmium and zinc are well recognised and in kidney
substance zinc concentration increases with
cadmium accumulation (Elinder and Piscator, 1978).
This latter pﬁenoménonvis now recogniéed to be due
to the binding of zinc within cadmium protein
complexes such as cadmium metallothionein (Cd-Mt)
within kidney cells.

Recent work indicates a similar finding with
copper within cadmium protein complexes in kidney

cells (Zelazowski and Szymanska, 1980).
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In a discussion of cadmium induced hypercalciuria,
Kazantzis (Kézanfzis, 1979) commented that although
proteinuria may be the first manifestation of damage
to the kidney by cadmium, it is the effects resulting
from prolonged hypercalciuria which are more likely
to be of clinical significance to the individual.
This clearly demands a prolonged and careful long
term supervision of patients when chronic cadmium
poisoning is suspected since the excess excretion
of calcium in urine, if prolonged, results ultimately
in the development of osteomalacia (Biainey et al,
1980; Kazantzis, 1979).

In a search of the literature for parameters
of a biochemical nature which would be easily
measured and which could be expected to be rendered
abnormal by cadmium it was noted that cadmium has
long been recogniséd to have an effect on sodium
absorption by the renal tubule (Vander, 1962).

It is reéognised that interpretation of this
particular parameter is difficult since it varies
considerably in normal subjects but it was considered
that if there were any gross effects on sodium
excretion resulting from cadmium exposure, then

these could be discovered or appreciated by between
group analysis.

The present aspect of this study was therefore
directed to the examination of a variety of different
biochemical parameters which could be affected by

cadmium in order to determine whether or not this
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could be useful in assessing patients with potential
chronic cadmium poisoning. These parameters could
be measured in any hospital laboratory where atomic
absorption facilities are available. By comparing
different groups of workers with a clearly different
level of exposure to the trace element it was hoped
that any major differences would be obvious and
could then be indicated in any screening or follow
up programme. Some indication of the effects of
chronic exposure can be determined by cqmparing Gp.
V subjects against all other groups. Although the
Gp. V subjects are the same as‘Gp; I, they were |
assessed approximately 9 months after the initial
investigations and the results obtained were from
inpatient studies thereby eliminating‘any
factors such as variations in diet or possible
added contamination arising from contamination
from nail or hair residues of trace metals.
From these studies it can be seen that
(1) The serum creatinine level gives an indication
that in terms of renal function then the
coppersmiths although not uniformly showing
evidence of renal failure, had less efficient
renal function than the control groups. Blood
urea is not of any great value in this context.
(2) Although serum zinc values were initially very
high (Gp. I results) these rapidly returned
to non significant levels on suspension of the

cadmium brazing process.
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(5)

(6)

(7)
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Serum copper levels are unlikely to be of major
value but since the Gp. III individuals had
statistically significantly higher values than
Gp. V Subjects it could reasonably be deduced

that cadmium has reduced the absorption of

‘copper in those who have the greatest exposure

to the latter metal. This is an important
finding in the interpretation and management of
cadmium induced anaemia.

Measurements of urine sodium excretion is of no
major interest in these subjects in practical
terms. |

Urine copper measurements indicate that when
removed from the environment where cadmium
intoxication was occurring the urine &alues

for this parameter rose quite dramatically'

and reached a high level of significance.

Taken with the serum findings it is possible

to speculate a temporary blocking effect on
copper absorption.

Urine zinc is considered to be of value in

view of its association with stone disease

and the statistically significant differences
between those who have been severely as
compared to those who have been mildly exposed
makes this metal of interest.

Urine calcium.} The coppersmiths both in the

outpatient and inpatient survey were found to
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excrete significantly higher calcium in

urine when compared with the least severely

exposed individuals.

These findings are summarized in Table 19 and
relate only to those parameters analysed in the
_5 groups under study. The table 1s based on the -
comparison of initial and later measurements in
the coppersmiths (Gp. I and Gp. V) which were
undertaken at an interval of 9 months. All of
these measurements have been assessed on an
annual basis in the coppersmiths over a period of
7 years (Chap. 11) and cognizance of these latter
findings is taken into account in the formation
of the summary table. Proteinuria is excluded
from these discussions since it has been so well

discussed by other authors.



TABLE 19.

Bloéd
Cadﬁium
Zinc
Coppér
Urea
Creatinine

Serum inorganic
phosphate

Urine
Calcium
Sodium
Copper

Zinc

Table 19.

Immediate

High
High

High

~Nil

Moderate.

High

High
Nil

Low

-

Moderate/High

Long Term
High
Low.

Low

.querate

High

Low

High
Moderate

High

Moderate/High

Suggested value of readily available

biochemical measurements other than

proeinuria in the immediate and

long term assessment of a work force

suspected of having been exposed

to cadmium.
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PROSPECTIVE STUDY OF COPPERSMITHS
1975 - 1981.
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CHAPTER 11.

Prospective study of Coppersmiths 1975 - 1981.

Because of its nephrotoxic effects urologists
should be aware of cadmium and of its importance in
renal stone formation (Kajantzié, 1970; Kjellétrom,
1977). The present prospective study was |
desiagned to assess the development of stone disease
in the coppersmiths who had been chronically exposed
to cadmium and who had been investigated initially
in 1975. |

MATERIAL AND METHODS

The twenty-seven coppersmiths were examined
initially in August 1975 and their wvarious biochemical
parameters were measured and. recorded early in
October of that particular year. The groﬁp have
undergone the same investigations in October or
withiﬁ,two months of October in every year since
1975. These men had blood removed to allow
estimations of the serum electrol?tes, creatinine,
calcium, serum inorganic phosphate and blood
cadmium levels. '~ In addition the serum zinc and
copper values were measured. A twenty-four hour
urine was collected and the calcium, cadmium, copper
and zinc contents were estimated along with the large
molecular weight protein coﬂtent. From 1978 onwards
it became possible to measure the low molecular weight
protein B2 microglobulin in urine by a radio

immunoassay technique. At the same time each year
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a chest x-ray and plain abdominal film were undertaken.
The xX-ray films reported were made by two individuals

work}pg separately and where a calcified lesion was

found in either the right or left renal areas it was
proven or excluded as a renal stone by plain
tomography and intravenous pye;ography. Blood cadmium
was measured by an atomic fluorescence technique
(Fell, Ottoway and Hussein, 1977). Urine cadmium
levels were méasured from 1975 but in that particular
year and in 1976 the methodology was unsatisfactory
and results were therefore discarded for these two
years. A population which was not known to have

been expoéed to industrial cadmium pollution was used
to establish a normal distribution pattern of the
various biochemical parameters measured in the study
(Cunningham, 1980). All‘other biochémical estimations
were completed in the routine laboratofy, Department
of Biochemistry, Royal Infirmary,Glasgow.

RESULTS

ANNUAL FOLLOW-UP OF GROUP 1 SUBJECTS

Blood Cadmium

Because of the relatively small nuﬁbers involved it
was decided on advice from the statisticians that a
group paired analysis (Wilcoxon Rank Paired Test)
should be undertaken to assess the significance or
- otherwise of these results. As can be seen (Table
20); only in 1977 énd ih 1979 did the serum cadmium
levels become significantly lower than the results

in 1975. This finding is extremely important as
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it indicates a very high degree of pollution in these
men and indicates that due to the very high level of

exposure the blood cadmium levels after six years were

not significantly different from the initial blood
cadmium levels.

Proteinuria

The coppersmiths had estimations undertaken of the large
molecular weight protein in urine each year and it can
be seen that the percentage of the group having
significant large molecular weight proteinuria in 1981
as comparéd with 1975 has more than doubled (Fig. 35).
The low molecular weight proteinuria in the group has,
since it has been measured in 1978, been regularly in
excess of 70% in all subjects where this has been
measured (Fig. 36).

Urine Zinc Values

Because of the association between cadmium and zinc

this has been regularly monitored and although initially
the group showed a tendency to have hyperzincuria

the mean urinary zinc has fallen throughout the study
and is now within thé normal range (Fig. 37).

Urine Calcium Values

These have been shown to be consistently greater than
the upper limit of normal usually accepted in our
laboratory, namely 6 mmol/volume despite atteﬁpts
to‘reduce the calcium out—put using Bendrofluazide

(Fig. 38).



TABLE 20

T

YEAR NO YEAR X SIGNIFICANCE
1975 23 15.17 1976 16.2 NS

1975 22 16.09 1977 10.6 : p<0.01
1975 25 15.88 1978  16.6 NS

1975 26 15.84 1979  12.31 p<0.05
1975 25 15.92 1980 15.54 NS

1975 19 “14.78 ©1981  13.81 NS
Table 20. Paired analysis blood cadmium values

1975 - 1981.

The blood cadmium valﬁes have been
compared using a Wilcoxon Rank Paired
Test and show that in only 2 years
(1977 and 1979) did the blood cadmium
reach a level which was siénificantly ‘
lower than in 1975. This indicates
that the blood cadmium does not

become significantly less over the

period of this study.
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The excretion of calcium per 24 hours
(mean values * 1 S.D). Bendrofluazide
5 mg/day was given with sodium
bicarbonate 3 gm/day in an attempt to

reduce the calcium loss.
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STONE DISEASE

The cdppersmiths underwent an annual X-ray. The
presence of calcified shadowrin the area of either
kidney was investigated by further X-rays, i.e.
plain tomégraphy and intravenous pyelogram.
As can be seen (Flg. 39) in 1980 and 1981 the
incidence of stone disease was just under 37% as
compared with the prevalence in a random population
survey of 3.5% in this area.

The men undérwent further X-rays in October
1982 and at that time another man had developed a
stone so that by 1982 the incidence of stone disease

had reached 40.7% within the group.

DISCUSSION

Cadmium is generally regarded as being a very toxic
metal but it is surprising that the presence of the
metal as a significant air pollutant is often
missed (Buell, 1975). It is always possible that
when other metals such as copper are used in an
industrial process (Moreton, 1977) then the toxic
effects of cadmium can easily be overlooked. This
is probably best illustrated by the fact that
following the realisation that chronic cadmium
poisoning was a distinct clinical entity (Friberg,
1950) it was tewenty-six years'later before the
first recorded case of chronic cadmium poisoning
was recorded in Australia (Meerkin, Clarke and

Oliphant, 1976).
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In order to make the diagnosis of chronic
cadmium poisoning it is necessary to have proof of
exposure to the metal and then to be able to
demonstrate the presence of excessive cadmium in
blood along with certain abnormal biochemical
parameters which result from cadmium exposure.

At the present time most emphasis has been placed
on the demonstration df elevated blood cadmium
levels and’excess excretion of certain urinary
proteins. There has been a considerable debate
as to the significance of blood cadmium values.
It is not unusual to find statements to thé effect
that blood cadmium vaiues are a representation

of recent cadmium exposure (LauWerys, Buchet and Roels,
1976) . Blood cadmium is considered to be related
to the level rather than the duration of exposure
(Welinder, et al, 1977). |

The present study has shown that on cessation
of the use of cadmium it was possible to continue
to measure very high levels of cadmium in the serum
of individuals six years after the initial
measurements had been made. It was not possible
to demonstrate a statistically sigﬁificant fall in
cadmium values after six years although in two years
during the study the levels did become significantly
lower. One possible interpretation of this finding
is that in these particular individuals, after an
initial clearing of cadmium from the.blood the vast
tissue reserves of cadmium are generally being

mobilised and transported in the blood stream prior
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to excretion.

Cadmium effects on the kidneys are particularly
important as they cause the kidney to undergo certain
histological changes resulting in the occurrence of
low molecular weight tubular type proteinuria
(Kjellstrom, et al, 1977). Sinée the earliest
description of chronic cadmium poisoning (Friberg,
1950) many authorities have regarded low molecular
weight tubular proteinuria as the hallmark of
chronic cadmium poisoning (Adams, Harrison and
Scott, 1966), whereas other workers regard larger
‘molecﬁlar weight proteinuria indicating glomelular
damage to be equally important. It is clearly
adviseable to measure both large and low moleCulér
weight proteins in urine when investigating chronic
cadmium poisoning (Itokawa, et al, 1974; Bernard
et‘al, 1976; Hansen et al, 1977). As in other
studies the present work shows that there has
been a progressive inérease in the numbers of
patients who have been excreting excessive protein
in their urine both of a large and a low molecular
weight type.

For a urologist the significance of cadmium rests
upon its renal toxic effects not only in terms of
biochemical changes, but more particularly because
the metal can be a factor in the production of renal
stone disease. Cadmium has been known to produce
renal damage (Axellsson and Piscatof, 1966) but it
has only recently been realised that»the damage may

- be due less to the cadmium and more to the complex
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metallothionein which is produced by the livef in
response to the presence of cadmium. It is in this
complex that the metal is transported to and lodged
in the kidneys. The thionein itself without the
metal is clearly capable of producing renal toxic
effects (Cherian et al, 1976) . In the first report
on thé subject (Friberg, 1950) the presence of stone
disease was found in seven of fifty—éight subjects
(12.1%) and in Adam's series (Adam et al, 1966)
it was noted that 20% of the individuals had
stone disease on iﬁitial investigation.
Speculation abdut this high stone prevalence resulted
in the theory that cadmium caused an excess excretion
of a variety of different salts (Friberg, 1959) but it
is clear that from work already published by our
group (Auchey and Scott, 1977) that the kidney
response to cadmium results in the deposition of
calcific fécci in the basement membranes of the renal
tubule. These calcific focci combined with the celi
damage and collagen deposition probably are the
initiating factors causing stone formation. I am
not aware of‘any particular prospective study designed
to assess the development or otherwise‘of urinary
tract stone disease in chronic cadmium poisoning.
Where exposure levels are high and where blood
levels of cadmium are found to be excessively high, then
it is considered from the evidence presented that
apart frbm undergoing a variety'of biochemical tests
to ascertain whether or not there is renal damage,

a plain abdominal film should be undertaken in the
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assessment of the individual patient. When indicated,
fhis should be supplemented with an intravenous
pyélogram. The comparison of the résults between
different groups and the prospective study  has

helped us to determine which biochemical parameters
are likely to be of value in assessing individual
subjects. |

The blood and urine cadmium values along with
the low molecular weight protein and large molecular
weight protein values should be estiﬁated. As |
already recorded serum inorganic phosphate should
be measured (Scott et al, 1981). Estimations of
serum copper and zinc values are of considerable
interest but the interpretation of these results
is still unclear in terms of the assessment of
chronic cadmium poisoning. It is clearly
necessary to make an initial‘assessment of the
urine calcium output.

Due to the widespread use of this non-essential
toxic metal in industry it clearly is of importance
to those found to have unexplained prbteinﬁria,
"idiopathic hypercalcuria" or non-metabolic stone
disease to be alert to the possibility of an
'occupational factor' such as cadmium, causing the

stone problem in an individual patient.



STUDIES OF DIFFERENT WORK GROUPS
in 1981 - 1982.
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CHAPTER 12

Studies of different work groups.

In 1975 advice was given to the management of the
factory in which the coppersmiths were workinag to stop
using the cadmiﬁm containing rods. This advice waé
immediately accepted and the men involved in the
brazing process were reviewed annually.

The blood cadmium values in the coppersmiths were
monitored annually and as can be seen (Fig. 40) the
blood cadmium levels have consistently been greater
than 10 ug/L. Eetween 1980 and 1982 the mean blood
cadmium levels have fallen and this is the longest
period of time over which such a sustained fall
has been observed (Table 21).

Because of a general interest by the workers who
clearly discussed the investigations with other men
from different factories, it was possible to investigate
subjects who had been involved inva variety of different
cadmiﬁm processes. As far as can be ascertained most
were involved in some type of brazing procedure but in
ohe‘factory a cadmium plating process was employed.

A 'league table' was drawn up of the different
factory groups which were ihvestigated in 1981 and 1962
on the basis of the mean blood cadmium levels (Fig. 41).
By doing‘so it was possible to compare the results
obtained in the coppersmiths in 1981 - 1982 against the
different factory groﬁps. When the blood cadmium
values for the different factories were assembled then
there is a progressive rise from workers who hadhvalues

equivalent to non exposed populatiohs (Cunningham, 1980)
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Fig. 40. Mean blood cadmium values in coppersmiths

from 1975 - 1982.



TABLE 21.

YEAR NO . X _BLOOD CADMIUM

1975 27 | 15.8 . 5.4
1976 24 15.9 5.9
1977 23 10.56 - 4.4
1978 24 16.6 6.8
1979 26 12.3 6.1
1980 25 - 15.5 - 11.3
1981 19 13.8 6.6
1982 23 10.5 4.3

Table 21 Mean blood cadmium (1975 - 1982).
This table demonstrates the mean blood cadmium
values in the coppersmiths between 1975 and
1982 and confirms that a%ter 7 years the

values were still in excess of 10 ug/L.:
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at one end of the scale to ﬁhé c0ppersmiths at the other
end (Fig. 41). Using the blood cadmium values it was
necessary to reéssign the workers of certain individual
groups. |

Group 3 subjects (Table 22) consisted of a group
of 6 men who belonged to the original Group IV
(Chap. 10, page 120). These men on original screening
had been found tb have had elevated urine calcium
values and it was decided to try to minimize their
likelihood of forming stones by administering
bendroflﬁazide 5 mg/day with potassium 600 mg. t 4 s.
This therapy was given on a continuing basis under the
supervision of the factory nurse.

It was also possible in 1981 - 82 to examine some
of the general workers frém the parent factory (Group 7
Table 22) and 5 of the oiiginal sheet metal control
group (Group 8, Table 22). With respect to the Group
3 and 8 wquers some indication of the pattern of change
in the mean blood cadmium values was possible since some
members of each of these groups had been reviewed
annually (Tables 23 and 24) . In addition to having
some insight into the pattern of blood cadmium levels
in these groups it was possible to confirm the variable
~proteinuria in both of these groups (Tables 25 and 26) .
In Group 3.subjects (Table 25) prbteinuria, both large
~and low.molecular weight has been variabie although
two subjects have constantly shown a variable degree

df significant proteinuria (large molecular weight).



TABLE 22.

X BLOOD CADMIUM

GROUP ~ FACTORY NO s.D.
1 UTIE (Shipbﬁilders) 20 2.4 1.6
2 British Leyland 5 2.6 1.2
3 Rolls Royce 4 2.8 1.6
4 Craig Nicol 34 2.9 2.1
5 Barr & Stroud 6 4.9 3.3
6 Kelvin Diesels 5 5.9 4.8
7 | Prestcold (misc.) 14 6.5 2.7
8 Group . 2
Sheet metal workers 5 7.0 1.9

9 Coppersmiths (1981) 19 13.8 6.6
10 Coppersmiths (1982) 23 10.5 4.3
Table 22 Comparison of cadmium values - 1981/82.

The' cadmium processesvwere mainly brazing

procedures. The lowest values were obtained

in men involved in ship building where

ventilation would be less of a problem.

Groups 7 - 8 and 9 were those employed in

a variety of occupations in one particular

factory.
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The mean urine calcium in Group 3 subjects has only'
within the past two years fallen to a level slightly
areater than the upper limit of normal  and
interestingly this has paralleled a 50% reduction in
the blood cadmium values (Table 23).

Examination of the blood cadmium values in the
sheet metal workers (Table 24) has shown that, like the
coppersmithé, this group, who were the original group
chosen specifically to allow comparison with the
coppersmiths, have had a mean blood cadmium value of
less than 8 ug/L in only 4 of 7 years and even in 1981
had values which were three times greater than the
mean value found in a control population of non exposed
individuals (Cﬁnningham 1980) . Proteinuria has not
become a major problem within the group but obviously
in the future could become very important because of
the generally high cadmium levels (Table 26).

When the reSults from the different factory groups
were examined in 1980 - 1981 then only Groups 1, 2, 3
and 4 had meén blood cadmium values of less than 4 ug/L.
The mean cadmium value in the Group 6 subjects
(x 5.9 ug/Lf is interesting because by téking a careful
industrial history I discovered that one of these subjects
had previously been employed as a coppersmith in the same
factory as the coppersmiths and indeed had spent most of
his working life in the latter factory. If the results
of this individual are omitted from Group 6 then it

changes the pattern of "severity" of contamination as



TABLE 23.

YEAR NO x BLOOD CADMIUM .  S.D.
1976 6 ' 5.8 1.5
1977 6 - 5.3 1.1
1978 6 : 3.7 | 0.4
1979 not
evaluated

1980 6 ‘2.6 1.3
1981 4 2.2 1.2
Table 23 Blood cadmium values (ug/L) Group 3

(formally Group IV).

This table demonstrates that after initial
estimations of blood cédmium values it took
at least 3 years before the values
approached the levels in a non exposed

random population.



TABLE 24.

YEAR

1975
1976
1977
1978
1979
1980

1981

Table 24

NO X BLOOD CADMiUM + I.S.D.

= aa/E

19 14.5 7.0
13 7.3 5.7
14  10.8 5.8

13 6.1 5.0
9 6.1 5.5
2 9.45 0.05
5 7.0 1.9

Blood cadmium values,- Group 8 (formally
Group II) subjects.

This group were the original control group
and it can be seen that it was 4 years after
initial estimations before the blood cadmium
values reached values equivalent to the
values found in the random control

population.



TABLE 25.

YEAR NO SIGNIFICANT PROTEINURIA
Large mol. Low mol.
weight ' weight

1976 6 0 , -

1977 6 0 -

1978 6 2 | 1

1979 6 4 1

1980 6 ¥ 1 0

1981 | 4 2 0

Table 25 Proteinuria - Group 3 subjects (formally

Group IV).

The variability of proteinuria in these
subjects is demonstrated. Significant
proteinuria (B2 microglobulinuria)

appeared to be variable.



TABLE 26.

YEAR NO. POSSIBLE SIGNIFICANT LOW MOL. WT.

LARGE MOL. WT. (B,)

1975 19 ’ 0 -
1976 4 - 1 -
1977 13 1 o : -
1978 11 4 3
1979 9 4 2
1980 3 ' 3 1
1981 , 4 1 1
Table 26 Group 8 (formally Group II) subjects -

proteinuria (significant).
Proteinuria within this group is variable
both with respect to large and low

molecular weight proteinuria.
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judged by mean blood cadmium levels (Fig. 42).

From these figures we can see that there is an
ascending scale with respect to mean blood cadmium
values and that the Prestcold workers in whatever
group (Groups 7, &, 9 and 10) cléarly have suffered
the greatést level of contamination from‘exposure to
cédmium. Groups 9 and 10 c¢ive the mean blood cadmium
valuesvfor'the coppersmithsrin 1981 and 1982 (Fig. 42).

Since urine cadmium (Table 27) can be an indication
of previous loading with cadmium there is clearly an
ascending progression of these values which has tended to
parallel the blood cadmium values (Fig. 43). The exception
to this is Group 6 which is’probably falsely high because
of the one individual already alluded to in respect of
blood cadmium values. If, as with the blood cadmium
values, the one individual is removed from the gioup the
mean urine cadmium value for Group 6 becomes 4.5 ug/vol.
which is very much in keeping with progression seen in
the blood cadmium levels (Fig. 44).

The values obtained for blood and urine cadmium in
the various factory workers almost exactly parallel each
other which is logical in that these parameters give an
indicatibn of the level of general contamination within
the factory complex whatever the main process.

Urine calcium in all of the subjects (Table 2é) in
Groups 1 - 7 generally fell-within the normal range
of 3 - 6 mmol/vol. The exception islGroup 3 subjects

who had been specially selected because they had
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TABLE 27.

GROUP FACTORY NO
CADMIUM

1 UIE (Shipbuilders) 18 2.3
2 British Leyland 5 1.3
3 Rolls Royce 4 2.2
4 Craig Nicol 33 1.9
5 Barr & Stroud 5 3.1
6 Kelvin Diesels 5 10.2
7 Prestcold (misc.) 12 6.04
8 Group 2

Sheet metal workers 5 7.0
9 - Coppersmiths (1981) 22 23.5
10 Coppersmiths (1982) 22 15.7

X URINE

Table 27 Urine cadmium in different factory groups.
This parameter reveals £hat the overall
pattern is apparently different from that
obtained when blood cadmium values are

tabulated.
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TABLE 28.

GROUP  FACTORY ~ NO X S.D.
1 ~ U I E (Shipbuilders) 18 4.9 3.3
2 British Leyland 5 3.4 1.5
3 Rolls Royce 4 6.9 1.8
4 Craig Nicol 34 4.2 2.0
5 Barr & Stroud 5 4.0 0.3
6 Kelvin Diesels . 5 3.7 1.9
7 Prestcold (misc.) 13 5.3 2.4
8 Group 2

Sheet metal workers 4 7.15 3.9

9 Coppersmiths (1981) 22 8.02 3.2
10 Coppersmiths (1982) 20 8.20 3.3

Table 28 Urine calcium.
The table illustrates that with the
exception of Group 3 individuals who
were specifically followed because of
high urine calcium values, that the urine
calcium excretion again gives an
indication of the severity of cadmium
exposure as seen from examination of blood

and urine cadmium wvalues.
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elevated urine calcium values of more than 6 mmol/vol.
The finding of very obvious hypercalciuria in the Group
8, 9 and 10 subjects helps to emphasize the'importénce
of measuriné urine calcium in the assessment of the

effects of cadmium in exposed workers (Fig. 45).

Proteinuria

fany authors consider that measuring low
molecular weight proteinuria (B2 microglobulin).
(Fig. 46) 1is the significant parameter to be used
as an indication of chronic cadmium poisoning.

With respect to‘the percent of each 2 groups with
both large and low molecular weight protein the
coppersmiths are quite unigque and as has alréady been
shown over the years 1978 to 1982 haveibeen increasing
the percentage of the group with low molecular weight
protein. Latterly this has meant that over 90% of
these men havé significant low molecular weight
proteinuria (Table 29).

Apart from the large proportibn of the coppersmith
group with low molecular‘weight proteinuria indicating
the severity of contamination within these subjects,'
there is a similar indication of a major problem as
shown by those with significant large molecular weight

proteinuria (Fig. 47).
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DISCUSSION

Apart from monitoring the coppersmiths on an annual
basis (Chap. 11) it was possible to examine several of
the members of other groups who were initially examined
in 1975 and 1976. Some members of at least 3 of these
groups were available for examination during 1981 and
1982 and although the numbers were small and variable, it
is considered that‘they do give some indication as to
what happens to parameters such as blood and urine
cadmium values once the men and the management become
aware of a problem and make some effort to reduce the
contamination of the atmosphefe. Two groups are
particularly interesting in this context namely the
group who were followed because at initial investigation
they had persistent hypercalciuria and the group of
sheet metal workers who had initially been used as a
control group. The latter were particularly difficult
to follow up because on the closure of the factory in
1978 these men in their search for employment, became
widely scattered and despite great efforts to monitor
them on an annual basis similar to the coppersmiths,
it was found that many had either left the area or
failed to comply with requests to attend for examination.
The pattern of changes in blood cadmium in the group,
however, is very similar to that found in the
hypercalciuria group and reveals that it takes at least
3 years before a fall in blood cadmium occurred which

would indicate a reduction in circulating cadmium.
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‘Examination of the group with high urine calcium values
who have been very carefully supervised while receiving
therapy which is known to reduce urine calcium levels
(Nassim, 1965; Jorgensen, 1972 and Coe, 1977) confirms
that in the presence of a cadmium problém it is very
difficult to reduce the excretion of urine calcium.
" This fact is of particular importance sinceAit was

this group of workers who along with the coppersﬁiths
were evaluated with respect to total body calcium values
by in vivo neutron activation analyses. As already
shown and published (Scott, et al, 1980) (Fig. 48) the
effect of the hypercalciuria is,when related to duration
of employment and therefore cadmium exposure, reflected
in a significant fall in total body calcium.

The other factory groups examined are of intereSt
because on inspection of some of the premises it was
found that the use of cadmium was minimal although in
one factory the T L V values were found to haVe been
exceeded. v those workers who tended to work in
surroundings which were less wéll enclosed i.e. in
shipbuilding, the levels of blood cadmium were the
lowest found in any one group.

Overall, the blood cadmium values if taken on a
group basis and arranged‘in an ascending scale, give a
very good indication of the pattern of abnormalities
likely to be found in other measured parameters.

Great care has to be taken in determining the

industrial history of the individuals as can be shown
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by the fact that with the small numbers examined in
Group 6 one individual who had spent most of his life
working as a coppersmith in the Prestcold factory
caused the overall results for that group to be falsely
high. By compafing the different factory groups in
1981 and 1982 the severity of the persistent
contamination within the coppersmith group is confirmed
and shows that blood cadmium levels give a very good
indication of which individuals are most likely tobhave
abnormalities of a significant nature including
proteinuria and hypercalciuria. The significance of
the latter is of particular importance since it may be
very difficult to reduce a persistent loss of calcium
even with recognised therapy and long term this may
result in depletion of skeletal calcium. This has been
demonstrated in the present study by the reduction of

whole body calcium related to duration of employment.
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Fig. 48. Whole body calcium in workers exposed

to cadmium confirming that there is a
significant correlation between a
reduced calcium and duration of

employment.



STUDY OF GENERAL WORKERS IN FACTORY
WITH CADMIUM POLLUTION PROBLEM.



CHAPTER 13.

Study of general workers in factory.

When the initial investigation of thercoppersmiths in the
Prestcold factory was undertaken it was realised that the
cadmium fume could escape into the general atmosphere
and hence contaminate other workers. Subsequent enquiry
into previous work practices confirmed that brazing had,
at different times, been undertaken in a variety.of sites
within the factory. In order ‘to assess the effects of
cadmium on the general workforce in the factory an
opportunity was given to all the workforce to volunteer
to be screened.

The general workforce was approximately 700 - 800
but as in all large factories a number of men changed
employment during the study. The study took place in

1977 - 1978.
METHOD

A form was circulated (2Zppendix I)to all members of staff
and when completed forms Weré returned to the medical
. centre. The questionnaire form wés devised to cover
such details as the duration of‘employment, smoking habits,
marital status and in particular enquiry was made with
respect to previous renal or pulmonarv prdblems.

The completness of the form was assured as far as
possible and blood waé then withdrawn to estimate blood
cadmium, zinc, iron and copper along with the serum

inorcanic phosphate and haemoclobin value. The biochemical
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estimations undertaken were done in the same laboratory and

by the same methods as the coppersmiths.
RESULTS

AFour hundred and three individuals attended the survey and
of the remaining workforce 29 completed forms but failed
to attend the medical centre for reasons which included
awkwardness of shift workinc. Every effort was made

to accommodate as many individuals as possible.

Respiratory svmptomatoloay

As would be expected smokers gave answers suggesting more
respiratory problems (Table 30) both in male and female

subjects.

Previous renal problems

The same question was asked of the general workforce as

had been asked at the Cumbernauld Health Survey with respect
to previous renal disease (Table 31). In the answers to
every question the smokers had a much greater problem
apparently than the non smokers as judged by their responses.
This aspect of smokinc and upper urinary tract problems has
received very little attention in the literature. But what
the survey did highlight was that the subjects studied in
the factory scan had a greater chance of having had a

stone problem than that found in the normal populatioﬁ
(Table 32). The ficures obtained in the general
population survey show that a positive history of stone
disease was 1.1% as compared with 3.4% in the factory

workforce. To give further support to the argument that the
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workforce were different from the general population is the
findinc that almost twice as many in the factory gave a
positive history of having passed a stone or gravel as
compared with the findings in the general population

(Table 32). |

This apparently higher than normal prevalenéé of
previous stone disease becomes much more important when
it is remembered that at the initial study the coppersmiths
who were the most actively - involved with the cadmium rods |
had a prevalence of stone disease in the order of 18.5%
and even the sheet metal workers'who acted as an initial
control group were found to have a prevalence of stone
disease greater than the normal population. Perhaps
if the general workers had been individually x-rayed
then the prevalence of stone disease would be much
higher because asyvmptomatic stones would have been
diagnosed. It was however not practical or possible
to undertake this exercise within the time available.

As an extra check on the overall picture the 29
workers who did not attend the survey but who had completed
the questionnaire were analysed separately. This group
(Table 33) again showed that the smokers had a higher chance
of having had previous renél disease. The group also were
more likely to have -passed gravel than in the general
population and'onée again proved to have twice as many
subjects with a positive history of stone disease. The
stone formers were all male subjects.

Blood cadmium wvalues

In the analyses of the blood cadmium results the subjects



TABLE 32.

SYMPTOM FACTORY WORKERS RANDOM

. SCAN POPULATION
STONE DISEASE 3.4% 1.1%
COLIC 3.2% 3.1%
PASSAGE OF STONES/GRAVEL 2.7% 1.4%
‘Table 32. This table indicates that as judged by

previous history those who worked in the
Prestcold facﬁory were twice as likely
to have passed a stone as those subjects
in the random pOpulation survey. A
previous history of stone'disease was 3
times more likely in the factory workers

as compared with the random population.
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were divided into 4 groups - male smokers and non smokers
and similarly female smokers and non smokers.

A total of 372 blood cadmium values were available
after the initial screening. In both males and females
(Tables 34, 35) smokers tended to have higher blood
cadmium values than‘non smokers which is the normal
diét:ibution in any 'normal' population. However as can
be seen from the Tables and illustrated in Fig. 49, 50 the
population studied was not normal. The finding of mean
blood cadmium values which wére higher in non smokers
helps to emphasise that £he workers had already been
exposed to an abnofmal situation and the high ambieﬁt
atmospheric cadmium levels had clearly reversed the normal
patterns of biood cadmium levels.

In all of the male ége groups (Table 34) the mean
blood cadmium was greater than 8 ug/L in those who smoked
and greater than 5 ug/L'in non smokers. These figures
compare with a mean blood cadmium of less than 2 ug/L
in a non exposed random population. Tﬁe female workers
showed similar mean blood cadmium values which were well
above the random reference population values (Table 35).

A further indication of the abnormal circumstances
within the genéral wofkforce can be discovered when the
mean blood cadmiﬁm vélues (Tables 36, 37) are related to
the duration of eﬁployment. As can be seen in Fig. 51 the
dﬁration of employment alters the expected pattern of higher
mean cadmium levels in smokers as compared with non smokers.
After 10 years of emplojment the non smokers had higher

mean blood cadmium values than the smokers.



Table 33.

PREVIOUS HISTORY : - SMOKERS N/SMOKERS RANDOM
POPULATION
No. % No. %
STONE DISEASE 2 (2.1) 1 (1.07) 1.1%
COLIC 3 (3.2) 1 (1.07) 3.1%
PASSAGE OF STONE/GRAVEL - - 2 (2.1) 1.4%
Table 33. Factory Scan. Non attenders - results of
questionnaire.

This table again eméhasises the effect of
smoking habits on thg finding of a previous
history 6f urinary tract stone disease.
Smokers are twice as likely to have a

history of stone disease as non smokers.



Table'34.

AGE YEARS
20 - 29
30 - 39
40 - 49
50 - 59
60+

Table 34.

SMOKERS  NON _SMOKERS
No. x S.D. No. x S.D.
27 8.6 4.2 21 5.72 3.9
44 8.76 3.3 24 9.10 4.93
84 10,@0 4.6 32 7.10 4.20
78 8.30 3.9 16 7.90 3.9
12 9.4 3.5 4 12.45 2.5

Blood cadmium levels v. age (males).

The mean blood cadmium values v age in the
male factory workers showing the
comparison between smokers and non smokers

and the age distribution of blood cadmium.
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Table

AGE

20 -

30 -

40 -

50 -

Table

35.

29
39
49
59

35.

SMOKERS | NON_SMOKERS
No. b4 S.D. No. X S.D.
4 8.95 1.4 1 6.0
9 7.20 5.6 3 6.6 4.4
4 8.0 2.7 2 13.0 1.0
1 10.0 - 6 10.7 3.7

Blood cadmium levels v. age (females).

The mean blood cadmium values v. age in the
female factory workers showing the
comparison between smokers and non smokers

and the age distribution of blood cadmium.



Table 36.

YEARS

0 -5

6 - 10

11 - 15

16 - 20
21 - 25
26 - 30
30 +
Table 36.

No. X sD
26 7.7 5.1
19 5.7 2.7
25 8.0 5.5
7 9.4 2.4
6 12.7 7.2
3 7.0 2.3
3 8.5 4.6

Male non smokers. Mean blood cadmium v
duration of employment.

The highest values are obtained in those
employed for 21 - 25 years. Short
periods of employment‘can result in values
equivalent to personnél employed for more

than 25 years.



Table 37.

Table 37.

YEARS.

0 - 5

6 - 10
11 - 15
16 - 20
21 - 25
25 - 30
30 +

Male Smokers.

of employment.

56
36
66

24

19

14

X s D
9.0 4.3
8.2 4.4
7.8 3.5
10.1 6.1
11.7 4.2
10.5 5.3
8.8 3.6

Mean blood cadmium v. duration

The mean blood cadmium values vary with

duration of employment and reach a peak

value at between 21 and 25 years service.

‘Short duration of employment can result

in values which are not statistically

different from those obtained in persons

employed for a much greater duration of

time.
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From the findings of blood cadmium values related to age
and- time of employment it is clear that all normal patterns

had been destroyed in this factory.

Other Parameters

From the experience with the‘coppersmiths it was decided
to measure a variety of different parameters which were
likely to be affected by cadmium. As can be seen in both
the male and female subjécts (Tables 38, 39) there were no
obvious significant differences for any of the parameters

of interest.

Serum inorganic phosphate

This particular measurément proved to be very useful as a
~means of predicting which of the coppersmiths either had
calculus disease or subsequently cdeveloped stone disease
during the period of study (F'ig. 52). When compared with
the mean serum inorganic phosphate values in a random
population there was no obvious difference between the
values found in both male (Fig. 53) and female subjects
(Fig. 54) in the factory scan and the random populatioq.
However, in 30 éubjects with serum inorganic phosphate
values of less than 1 mmol/L the prevalence of stone
disease was 13.1% (4 of 30 subjects) Fig. 55. Although
the serum inorganiciphosphate was not found to be
substantially significantly different from the normal
population values, the higher prevalence of stone disease
associated with low serum inorganic phosphate values is

emphasised in cadmium exposed workers.
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Repeat blood cadmium values

It is considered by some authorities that the blood cadmium
is an indicator of recent exposure. When a high blood
cadmium value was found every effort was made to repeat the
measurement - usually within 3 weeks of the initial sample
‘being checked. As can be seen in male subjects when the
mean values are compared then at every age group except
that over 60 years of age the mean values had fallen but
were still very much higher than the random non exposed

population (Fig. 56).

Proteinuria

Urines from subjects in the factory scan were treated by

the same labstix analyses as in the general population
survey. This revealed that 10.66% of the factory subjects
gave a positive reaction as compared with 3.6% of the random

population survey.

Particular occupation related to cadmium levels

Apart from the groups of coppersmiths already studiéd
there were other coppersmiths who were not examined as
part of the special groups of workers. Obviously since
the factory worked a shift system and since all men in the
initial studies were not necessarily interested to
participate then 7 other éoppersmiths were still available
for study. As can be seen (Table 40) of the general
factory scan the highest mean bldod cadmium levels were
found in these highly specialised workers. The only
group among male workers who approximated to the non

exposed population were the apprentice engineers.‘ of
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the Zi different types of occupations studied 16 groups had,
among the men, mean blood cadmium values greater than.

8 ug/L which figure had been taken as the working upper
limit of normality. With respect to female subjects 5
of the 10 different océupational groups had values
greater than 8 ug/L mean blood cadmium values (Table 41).
One of the most interesting groupsvin this context were
the typists. On enquiry with the management it was.
discovered that'the bulk of these individuals worked

in the same office or area of the main building. For
several years. The extraction unit duct had passed
through the office in which these girls had been working.
Since they were nowhere near the brazing process it is
suggested that a faulty duct caused them to become
contaminated. Similarly, the receptionist and
télephonist worked in the same area of the building

as the typists.



TABLE 41.

No. ° Xug/L  SD
RECEPTIONIST 1 14 -
VIEWERS 4 12.3 1.7
TELEPHONIST 1 11.0 -
S/HAND TYPIST 1 11.0 -
CLERKESS 16 | 9.8 3.9
MACH. OPERATORS 8 7.4 2.2
INSPECTORS | 1 6.2 -
ASSEMELER 1 5.6 . -
COMPT. OPERATOR 4 4.7 5.4
T WIRE 1 2.0 -

Table 41. Factory Scan. Occupation v x Blood Cadmium (Females).
The mean blood cadmium values (ug/L) in female
emplovees within the factory. The finding of
the highest values in women who were in front
section of fhe building is related to previous
routes of exhaust ventilation through that part

of the building.
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Discussion

There are several feports in the literature of the
examination of small groups of workers involved in a variety
of different cadmium processes. These reports have ranged
from examination of work forces suspgctediof having become
contaminated to supervision of groups known to be at
risk (Scott et al, 1981; Stewart and Hughes, 1981) and
usually are directed towards estimations of the proteinuria
found in the work force: (Adams; Harrisdn and Scott, 1969;
Bernard, et al, 1979; Bonnell, 1955). The preSent
examination of 403 individuals was designed in order to
devise and evaluate a simple questionnaire type of record
along with a biochemical profile of the individuals
concerned. The aim was to achieve these ends in as short
a time as possible. Unfortunately just as the results
were being evaluéted the factory was closed because of
economic reasons. This meant that further asseésment of
some of the findings was abruptly terminated. |

An exémple of the interesting possibilities of such
an approach is now given. By general agreement between
workers representatives and management, the first 100
results of blood cadmium measurements were analyséd
for the individual in terms of the actual site within the
factory where he or she performed the bulk of his or her
daily tasks. It was possible to specify 3 particular
sites remote from the main brazing areas where the blood
cadmium values were consistently higher than 10 ug/L. The
management confirmed that at these sites there had been

brazing procedures carried out over several years
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and on inspedtion of these particulér sites there were
large overhead air vents‘which were covered in dust. It
is clear that the’workers in these areas would continue to
be contaminated by dust particles which would explain the
high levels found in workers in these particular
locations. A similar reaéon related to changes in
factory layout gives the explanation as to why females
working in offices along the east side of the building

had unexpectedly high blood cadmium levels. There was
clear evidence that the ventilation ducts from £he brazing
areas had originally passed through this area of the |
factory. | |

"From the previous medical histories obtained in the
questionnaire it is clear that stone disease in the general
work force was a greater problem than that found in the
general population study of this particular prbblem.

Apart from the obvious difference £o be expected
between smokers and non smokers there is no imﬁediate
comparable group available which would allow specific
comments to be made about the respiratory problems with
the factory workers.

Analyses of the blood biochemical parameters
confirmed that apart from the blood cadmium and serum
inorganic phosphate values no great value could be
attached to the other measurements such aslthe serum zinc
or copper values.

The blood cadmium values_clearly indicate that the

level of contamination within the factory was very general
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and resulted in mean blood cadmium levels in all age groups
which were at least twice as high as the control subjects.
The level of contamination:aIQDupset the expected
differences related to smoking habits (Wilden, 1973) and

to duration of employment. The repeat blood cadmium
values also confirmed the high Values of the general

work force.

The serum inorganic phosphate values although not
significantly reduced below those found in the normal
population did where these were estimated indicate
for this cadmium exposed group of workers thé likelihood
that the individual had had a previous positive history
of stone disease. This interesting fact coupled with the
severe effects on calcium metabolism caused by
cadmium would suggest that in the monitoring of cadmium
exposed workers the serum inorganic phosphate is worthy
of estimation as part of a factory screening programme.

As a general rule the haemoglobin should be checked
(Tsuchiya, 1976) but in the present study there were no
obvious overall reductions in this parameter as judged by
the mean haemdglobin values obtained in both the male
and'female subjects wh§ were reviewed.

If the blood cadmium is recognised as being an
indication of whole body burden as well as giving insight
into recent exposure then it is clear that the majority
of workers in the Prestcold factory did have a problem

related to chronic cadmium exposure.



STUDIES OF CADMIUM IN POST MORTEM KIDNEYS.
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CHAPTER 14

RENAL CADMIUM

It has become possible in fairly recent times to be
able to measure the cadmium content in individual organs
sﬁch as the liver and kidney by in vivo neutron activation
analyses thereby making it'possible to assess the effeéts
of cadmium exposure on work forces (Chettle et al, 1979;
Cummins et al, 1980).

There is,however, still a necessity to assess the
cadmium content of organs such as the kidney by chemical
measurements and to correlafe such measureable cadmium
with the cauée of death. It is possible by such
relatively simple methods to be able to study much larger
numbers of specimens and also to separate the cortical
and medullary cadmium levels. It is also possible with
good baseline data to be able to compare the cadmium
content between different areas of one country and also
between countries.

Thé present wofk was undertaken in order to establish
the renal cadmium content‘in the West of Scotland and to‘
establish a baseline against which other areas of the

U.K. could be measured.

METHOD

At post mortems undertaken in Glasgow Royal Infirmary
the lower pole of the left kidney was removed and stored
in a plastic bag at —ZOOC. When sufficient numbers
of specimens were obtained they were delivered to one

technician for analyses. The cortex and medulla were
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separated using plastic instruments and the zinc and
cadmium contents of the specimens were measured in the

trace metal laboratory at the Royal Infirmary. In
addition the calcium content was measured. All measurements
wefe‘expressed as ug/cram of renal substance both dry and
wet weight'measurements. Samples were stained and

prepared for light microscopy after staining with
haemotoxylin eosin and by a Masson‘stain.
Physio-pathological data.

The age and sex of:the subjects was carefully recorded
and a careful search was made to discover the cause of
death along‘with the smoking habits of the individual.

The post mortem reports were carefully studied and
categorised into 7 main groups accordincg to which disease
was most likely to have been present during the patients
life, i.e. when expesure to cadmium could have been
relevant to any disease process such as respiratory disorders.
If a subject had died from septicaemie foliowing a surgical
procedure but ~had good evidence of having had chronic
emphysema then the death, for purposes of assessment in
terms of exposure to cadmiuﬁ, would be ciassified as
pulmonary. A number of diseases such as rheumatoid
arthritis were classified as miscellaneocs‘conditions
provided it was clear that the disease pfocess had been
present for some time during the patient's 1life. What this
means is.that chronic disease processes more likely to be
affected by cadmium were beihg assessed as compared with
acute causes. of death. Thus 7 broad categories of disease

were established.
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Results

The results are expressed with respect to the wet
weigbt of cadmium in renal cortéx and medulla. When the
first 300 kidneys had been analysed it was possible to
have paired analyses fdr all 3.elements in 290 samples.
The other 10 samples are accounted for by 5 control
specimens and 5 in which results for all 3 elements were
not available (Table 42).

It was found that there were higkly significant.
differences (p<0.001) for all 3 elements when cortical

values were compared with medullarv values.

Cadmium content v. dilisease category

When the cortical cadmium values were analysed for
each of the 7 disease categories (Table 43) then no
bobvious significant differences could be found when 'normal
distribution’ analyses techniques were applied in tﬁe
analyses of the results. In both male and female subjects
the distribution of cadmium tends, as would be expected
-to be asymetrical (Fig. 53). Because-of this obvious
analytical problem éll results were analysed using '‘a Mann
Whitney test. 'This confirmed that there was a significant
difference of both medullary cadmium and zinc values
in those deaths classified as pulmonary or cancer
when compared with the values obtained in the miscellaneous
group (Table 44);

There is a significant difference of zinc content
when the pulmonary death-sﬁbjects are compared with the

miscellaneous group.
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Effect of age on cadmium content.

It is usually stated thatkwith incfeasing age the
vcadmium content of kidneys rises from a’zero value at
birth to reach e maxum value at age 50. In the series
the highest median values were found in the age group
31 - 40 (Fig. 58). This phenomenon is probably a feature
of the small numbers in this group (Table 45). Examination
of the data of the 9 subjects in the group confirmed
that>they did not appear to be grossly different from
the éeneral series although interestingly 2 of the
subjectshad hepatic disease (Table 46). Apart from this
slight variation from other reported series, the general
trend in our study is for the maximum levels to be
found around the age of 50.

After the age of 50 there is a fall in cortical
cadmium but the medullary cadmium only really starts to
fall after age 60 (Fig. 59). Statistical anal?sis
was applied (Mann Whitney test) to ascertain whether
or not thefe is any obvious variation between age groups.
The greatest differences are found When subjects over
the age of 81 are compared with those in younger age
bands (Table 47). With respect to cadmium and zinc the
‘greetest differences are found between those subjects who
are more than 50 years when compafed with those over 81
years of age. With calcium Ehere’is the same pattern
of very highly significant differences a decade earlier

i.e. over 40 years.



TABLE 47.

Both sexes Males Females

ER
5
1%

No. x No.

Cadmium (cortex) 293 17.93 155 17.87 135 18.14

Cadmium (medulla) 290 11.51 153 11.38 135, 11.79
zZinc (cortex) 293 37.68 155 35.40 135 39.35
zinc (medulla) 290 29.81 153 28.13 135 31.75

Calcium (cortex) 293 189.20 155 210.42 135 163.05

Calcium (medulla) 290 222.88 153 247.31 135 195.67

(Cortex v meculla p( 0.001 for all 3 elements)

Table 42. This table confirms the values of cadmium
(wet weight) in both:sexes and shows that
.like zinc the higher levels are found in
the renal cortex (p<0.001) as compared
‘with the medulla. The reverse occurs

with respect to calcium.



TABLE 43.

.Disease Categorv.

Pulménary

Cancer

Ischaemic heart disease
Hépatic disease

Renal disease

Cerebro vascular
accident

Miscellaneous

Table 43.

BOTH SEXES MALES
No. x cd. No. x cd.
34 20.05 22 19.22
108 17.95 56 16.73
45  16.10 30 17.13
23 21.60 12  25.70
6 15.28 1 11.00
30 19.27 17 14.09
44 16.05 17  19.03

FEMALES
No. x Cd.
12 21.56
52 19.27
15 14.06
11 17.12
5 16.14
13 25.00
27 14.18

The 7 disease categories are shown together

with the mean cadmium values (ug/g wet weight).

There is no significant difference

demonstrated for any one disease category

when normal distribution statistical

analyses techniques are applied.



50
@ 40
3]
Q2
3
7 30
IS
®) ]
=2 20
10+
] - —1
0O 5 10 15 2025 30 35 40 45 50 55 60 65 70 75 80 85
Cadmium ug/g
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TABLE 44.

ELEMENT- .

CADMIUM

ZINC

Table. 44.

SITE

MEDULLA

MEDULLA

SIGNIFICANT DIFFERENCES

(DISEASE)

PULMONARY v MISCELLANEOUS
CANCER V MISCELLANEOQOUS

PULMONARY v MISCELLANEOQOUS

The analyses of cadmium values using

a Mann Whitney test confirms that

only in the renal medulla were there

any significant differences with

respect to pulmonary and cancer

subjects when compared with those

where the pathological condition was

" described as miscellaneous.
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TABLE 45.

AGE GROUP
11 20
21 20
31 40
41 50
51 60
61 7d
71 80
81+

Table 45.

NO.

27
56
86
79

28

CORTEX
MEDIAN MEAN
1.50 1.53
5.55 5.55
27.59 26.30
14.60 16.65
18.30 20.43
16.95 20.32
15.50 16.77
8.95 10.75

 No.

26

" 56

85
79

28

MEDULLA
MEDIAN = MEAN
1.00 1.13
3.50 3.60
9.40 21.33
6.75 9.14
10.35 14.33
12.00 13.09
9.50 9.94
5.85 6.90

The age distribution of renal cortical

and medullary cadmium.

peculiar rise in the age group 31-40

Apart from the

years there is a progressive rise from

birth to age 50. Thereafter the

cortical and subsequently the

medullary levels start to fall.



TABLE 46.

Renal cortical/medullary cadmium subjects aged 31 - 40.
SEX AGE DISEASE CADMIUM ug/G
CORTEX MEDULLA
Male 31 Marfans syndrome 23.6 5.2
Male 36 Cirrhosis 45.0 70.0
Male 40  Ischaemic heart . o -
disease 27.5 11.0
Female 32  Peritonitis - 3.6 3.0
Female 33 Partial hepatectomy 3.4 2.5
Female 33 Renal failure 9.2 9.2
Female 35 C A Cervix 19.1 9.4
Female 39 = Broncho pneumonia 40.8 38.7
Female 40 Emphyvsema : 59.5 43.4

Table 46. The values (ug/G wet weight) of the renal
‘and medullary cadmium values found in subjects
aged 31-40. All 3 of the male subjects
had values above the median of the total
series and interestingly the 2 female
subjects with the highest values died

from respiratory causes.



TABLE 47.

ELEMENT SITE AGE BAND SIGNIFICANCE
Cadmium Cortex 51 - 60 XXX
61 - 70 XX
71 - 80 XX
" Medulla 51 - 60 XX
61 - 70 b:3:1
Zinc Cortex 51 - 60 XXX
61 - 70 X
71 - 80 b4
" Medulla 51 - 60 ¥
61 - 70 . Ex
Calcium Cortex‘ 41 - 50 %X
| 51 - 60 b3 314
61 - 70 | EXX
" Medulla 41 - 50 . xx
51 - 60 XX

61 - 70 XXX

Difference xxx very highly significant (p<0.001)
XX highly significant (p<0.01)
b1 significant (p<0.1)

Table 47. In this table the median values found of
all 3 elements for each age band have been

compared with the median values obtained in
age group 81 and over. The age band 51-60
proved to be the one where there was a
highly significant difference with respect

to cortical cadmium and zinc.



TABLE 48.

ELEMENT SITE " DAILY CIGARETTE CONSUMPTION
Less than 10 10-25 25+

Cadmium Cortex - *k* *

Cadmium Medulla o - TkEk * %

Zinc Medulla * - -

* 51gn1f1cant ' (p<0.1)

*% highly significant (p<0.01)

***  very highly significant (p<0.001)

Table 48. This table confirms that when smokers

are compared with non smokers then highly
significant differences are found in
cortical and medullary cadmium levels in
those who smoked 10-25 cigarettes per
day; The heavier smokers do not appear

to have such a significant difference.
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Smoking habits.

Renal cortical cadmium is known to be affected by smoking
and as far as possible efforts were made to determine the
smoking habits of the individual subjects. In 195
subjects sufficient information was-available to allow

a correlation between cadmium content and smoking habits
to be assessed. When non smokers are compared with
those who smoke any cigarettes in excess of 25 per day,
then the cadmium and zincAcontents become statistically
significantly different (Table 48). Non smokers have
significantly less cadmium than smokers but Surprisingly
it was in those subjects who smoked between .10 - 25
cigarettes where the greatest differences were found.

It is recognized that most persons will regularly
underestimate their total‘daily consumption of
cigarettes. No differences with respect to calcium
could be found in any group comparison.

Having ascertained,the smoking habits of the
individuals it was possible to group these individuals
into 4 main disease categories (Table 49). By sub
classifying those subjects dying from carcinoma of lung
and gastro intestinal cancers it was possible to consider
4 groups of at least 30 subjects. Comparison of median
values confirmed that there is a significant differenqe
(p<0.05) (Mann Whitney test) between the group of
smokers dying from ischaemic.heart disease as compared
with the non smokers dying from similar causes with

respect to cortical cadmium content.
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Comparison with other centres

3 other major series have been completed in studies
similar to the present (Table 50). The most major
difference is in the Japanese series where the overall

mean cadmium is 57.99 ug/g tissue.

DISCUSSION

At birth human beings do not have a measurable
cadmium content in kidneys but with increasing age the
cadmium content in the body in general and the kidney
in particular steadily increases.

Like other metals (Baker et al, 1977) it is possible
that the intake of cadmium can be affected because the
individual lives in close proximity to a major prqduction
site. However, very few people live in such a unique
environment and cadmium intake from dietary intake is
much more likely to account for the general levels found
in popuiation groups. In most countries something in
the order of 25 - 75 uag/day are absorbed from food
sources (Friberg et al, 1974).

Man can increase the amount of potential cadmium
in the diet by manipulating the environment. For example,
by adding fertilizers including sewage sludge to soil,
then the cadmium uptake by plants can be greatly
enhanced (Anderssen, 1977). Atmospheric pollution
is another potential source of human contamination by
cadmium. Some authors'have shown a positive correlation
betweeﬁ atmospheric cadmium levels and death rates from

hypertension (Carroll, 1966) but such observations



TABLE 50.

STUDY

Elinder et al
Miller et al.
Tsuchiya et al

Present

YEAR

1976
1976
1976

1981

NO AGE

292 50

91 6/12-93
160 40-49
155 (males)

135 (females)

CADMIUM CORTEX

22.00

16.80
203.8

17.87

18.14

ug/g
ug /g
ug/g
ug /g
ug/g

Table 50. The values obtained in the present series

compare with other western series.

Japanese values are confined to 1 age band

The

and suggest a major difference from the

series from Western countries.
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thus far have not been substantiated.

By whatever route cadmiuﬁ enters the body it
eventually is concentrated in the kidney. From studies
of such accumulations of cadmium it has been shown in the
experimental animal that there is a positive correlation
between renal cadmium levels and the development of
hypertension in such animals (Schroedef and Rattleboro,
1964). If such’a relationship is proven, it could
proﬁe to have very important implications with respect to
hypertension in humans especially among smokers. It is
recognised that rehal cadmium values are higher in men than
" in women and that smokers have higher cadmium levels than
non smokers (Hammer et ai, 1973) and that cigarette
smoking probably contributes 0.1 to 0.2 ug of cadmium per
cigarette (Ostergaard, 1977) .

Various attempts have been made to correlate the cause
of death to the renal content of cadmium. One of the most
inte:esting aspects has been attempts to relate cadmium
contents to cancer in general and to specific tumou:s‘
in particular. It has been recorded that there is a
significantly higher renal content of cadmium in the
kidney of those dying from bronchogenic carcinoma (Morgan,
1970) and similarly in renal cancer (Kolonel, 1976).

Care has to be taken in the interpretation of cadmium
content‘and disease however, as it has been shown ﬁhat in
neoplasia there can be a wide variation in tissue cadmium
levels iliorgan, 1969).

There has been relatively little informed study of

this problem and gbod information is therefore lacking



167

(Fishbein, 1976). By contrast there is now a greater
awareness of the effects of industrial exposure and
possible cafcinogenicveffects (Kjellstrom, et al, 1979).

The present study has enabied the level of
cadmium in kidney to be established in a sample of 300
post mortem kidneys obtained from 1 unit in the West of
Scotland. Apart from this basic and necessary data
it has been émphasised that there are éignificant
differences beﬁween the cortex and medulla with respect
to cadmium, zinc and calcium contents. In the case of
calcium this is an inverse relationship.

When compared with other studies, the wvalues
found in this area are similar to those found in other
western countries such és Sweden (Elinder, et al, 1976)
and Australia (Miller, et al, 1976). In subjects from
all three of these countries the cadmium levels are
not more than half as much as the levels found in
Japanese studies (Tsuchiya, et al, 1976). What is of
interest however is that in 1 age band - 40 - 49 - in the
Japanese series the levgls found are at ﬁhe "critical
concentration" values'(Kjellstrom, 1979).

The present study has confirmed that smoking can
be a very important factor in adding to the renal
concentration of cadmium. |

Of particular interest in the context’of cadmium
content is the finding of statistically significantly
higher levels in those dying from pulmonary or neoplastic
causes of death as compared with those in the miscellaneous
group. In an area with a recognised high death rate from

coronary heart disease the observation of significant
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differences between smokers and non smokers clearly merits

further study and consideration.



STUDIES OF RENAL CADMIUM IN VARIOUS
U.K. CENTRES AND IN 2 COPPERSMITHS.
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CHAPTER 15

Renal cadmium in post mortem kidneys and in 2 coppersmiths;

Having obtained the results of the analyses of
renal cortical cadmium in 300 subjects the study was
extended and in addition to results obtained from locél
samples, various samples in U K were analysed in the
same laboratory using the same technigques and

analytical methods. The collection of the data has
- allowed sufficient numbers to be collected as to give
a very meaningful statistical analysis of 500 samples

from the local specimens.

Method and statistical analyses.

Bll specimens were the lower pole of the left kidney
and these samples were stored at —20°C before fapid
transportation in the frozen state to the one
laboratory. Kidney digests were prepared and the
samples were anaiysed by atomic absorption spectrometry

for all 3 elements.

Statistical analyses.

This was done by submitting all the data to a
computer and analyses was undertaken usihg a Kruskal-
Wallis test. Thereafter where a further analyses was

undertaken, a Mann Whitney test was performed..



40

301

20+

Mo. of subjeclts

101

[ b———r— —

0

tf
|...|.
Q

590.

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85
Cadmium ug/g

Renal cortical cadmium (uc/g wet weight)
~in 244 male subjects - all disease

categories.



TABLE S 1.

CORTEX

MEDULLA

TABLE 51

MALES (244)
MEAN 19.3 ug/g
MEDIAN 16.9 ug/g
(242) ug/g .
MEAN 11.4 ug/g
MEDIAN 9.0 ug/g

MALES v FEMALES

CORTEX v MEDULLA

FEMALES (228)

18.9

15.0

(230)

10.2

Not significant

ug/g

ug/g

ug/g

ug/g

ug/g

p<0.001 (Mann Whitney)

CORTICAL v MEDULLARY CADMIUM

uc/g WET WEIGHT

Comparison of the median values (Mann

Whitney test) confirms that there is a

very highly significant difference

between cortical and medullary cadmium

values as expressed in ug/g wet weight

in 472 subjects.
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RESULTS

Frequency distribution of 500 samples.

In all categories including cortical and medullary
cadmium values invboth males and females there was
a very clear 'skew' with respect to results obtained
for each parameter. The results for male subjects

areshown in (Fig. 59) where 244 values are presented.

Comparison of cortical and medullary cadmium.

It is possible to demonstrate as alreédy shown
that there is a highly significant difference between
the cortical and medullary cadmium values (Table 51)
but that there is no significant difference between
the male and female subjects.

The numbers in each group were of sufficient
size to allow meaningful,statisﬁical analyses except
in each of the decades less than 40 years. It was
therefore necessary to combine all Subjects of less
than 40 years into one large group (Fig. 60).

Using a comparison of median values and by taking
the 95% limits in each group (Kruskal Wallis test)
it is poésible to demonstrate thétAthe’peak values
for cortical cadmium were in the age group 50 - S9A
and also with medullary cadmium. (Table 52).

With respect to cortical cadmium the value falls
after 59 years but the medullary value remains at the

peak level until after 69 years of age (Fig. 61).
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Fig. 60 Renal cortical cadmium values ug/g wet
‘ weight. All subjects of less than 40
years are grouped together.
Median values V age 95% -range Kruskal

Wallis p<0.001.



TABLE 52.

CORTEX - MEDULLA

AGE QQ. MEAN MEDIAN EQ. MEAN MEDIAN
40~ 10 19.13 16.00 10 13.11 6.50
40 - 49 32 17.70 16.00 31 9.77  9.00
50 - 59 67 22.54  22.10 67 12.20  10.40
60 - 69 121 21.11 17.50 123 12.63  10.40
70 - 79 164 19.04 16.45 164  10.42 °  8.45
80+ 69 12.33 10.00 68 6.96 5.40
KRUSKAL WALLIS p<0.001

TABLE 52 - CADMIUM v " AGE

463 values

The mean and median values of cadmium in
renal cortex (ug/g wet weight) to show
- that comparison of median values confirms
that there are highly significant
differences between cortex and medulla

at all ages.
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Fig; 61. Renal cortical V medullary cadmium

(ug/g wet weight). Median values V age.
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That smoking is an important factor in the

accummulation of cadmium is well’recognised.

Examination of the cortical cadmium values confirm

that those who smoked the greater number of cigarettes
per déykhad the hicghest median values with respect to
the cortical cadmium levels (Table 53). The aroup

who were classified as being 'not known' were subjects
who on admission to hospitél weré clearly so ill that
information regarding smoking habits could not be
obtained or would have been simply of academic interest?
Of the 500 subjects under review there were i30 subjects
in whom it was clear that nd effort had been made to
obtain the relevant information or if it had, then it
had not been recorded.

Apart from the obvious upwards progression in vélues
in cigarette smokers it is interesting that the pipe
and cigar smokers are not materially different from
the non smokers. In those‘subjecﬁs‘whé had given up
smoking more than 10 years prior to death the values
of cortical cadmium were almost as great as those who
smoked more than 10 cigarettes per day. This accords
with the recognised long biological half lifé of
cadmium (Fig. 62).

The low values obtained in pipe and cigar smokers
may reflect a‘lack bf inhalation of the tobacco smoke.
The pattern of the medullary cadmium content is very
similar to the cortical levels when smoking habits are
compared with cadmium levels. The major differences

are that the heaviest cigarette smokers have a lower



172

- That smoking‘is,an importantvfactor in the
éccummulation of cadmium is well recognised. |
Examination of the cortical cadmium values confirm
that those who.smbked the greater number of cigarettes
per day had the highest median values with respeét to
the‘corticéi cadmium ievels (Tabie 53). The aroup
who were classified as being 'npt known' were sﬁbjects
who on admission to hospital Weré clearly so ill that
information‘regarding smoking habits could not be |
obtained or wouid have beeh simply of academic interest.
of ﬁhe 500 éubjects under réview there‘were 130 subjects
in whom it was clear that no effoft had been made to
obtain the relevant information or if it had, then it
had not been recorded.

Apart from the obvious upwards progression in values
in cigarette smokers it is interesting that the pipe
and cigar smokers are not materially different from
the non smokers. In those subjects who had given up
smoking more than 10 years prior to death the values
of cortical cadmium were almost as great as those who
smoked more than 10 cigarettes per day. This accords
with the recogniéed long biological half.life of
cadmium (Fig. §2).

The low values obtained in pipe and cigar smokers
may reflect a lack of inhalation of the tobacco smoke.
The\pattern of the medullary cadmium content is very
similar to the cortical levels when smoking habits are
compared with cadmium levels. The major differences

are that the heaviest cigarette smokers have a lower
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Renal cortical cadmium (ug/g wet weight)
Median values V smoking habits.

In subjecﬁs N.XK. (not known) it was
impossible to obtain good information

on admission of the subject to hospital.
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Cortical cadmium values related to
disease category confirming the
significantly higher values in those
subjects who died from any variety

of cancer.

Renal cortical cadmium  (ug/g wet weight)
Median values V Disease. -

95% Kruskal Wallis p<0.05.
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Fig. 64. Cortical and medullary cadmium values
in different disease categories. Those

who died from hepatic causes had the
highest medullary cadmium content.
‘Renal cortical cadmium (ug/g wet weight)

Median values V Disease.
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Samples from other centres in U.K.

Along with the samples obtained locally it was
possible to collect kidney samples from several
different centres in the United Kingdom. The lower
pole of the left kidney was obtained and stored at
-4°C as in the case of the local samples. When a
sufficient number had been accumulated the specimens
weré transpdrted to our laboratory where they
underwent an ahalysis similar to the local specimens
(Table 55). |

The results confirm that Bristol has the highest
mean cortigal cadmium values. This could be explained
on the basis of the heavy industrialization of that
particular city but what is particularly significant
about Bristol is that it has a zinc smelter in the
area. The obvious conclusion to be drawn is that
the atmosphere in Bristol probably is slightly more
contaminated than the other areas. It is also
interesting that Sheffield with a high industrial
capacity for steel making is the only other city
with a mean cortical cadmium value of greater than
20 ug/g wet weight. By contrast Cafdiff which iies
westwards of Bristol has been found to have the
lowest valués and Aberdeen which ﬁhtil recent times
was much less industrialized than any of the other

cities, has a lower value than Glasgow.



TABLE 55.

Mean Cortical cadmium

CITY No. of
samples (ug/g wet weight)

males 244 19.3
Glasgow

females - 228 18.9
Bristol 19 24.84
Sheffield .27 21.92
Belfast 50 19.8
Aberdeen 31 17.9
Cardiff 21 16.5
Table 55. Mean cortical cadmium (ug/g wet weight)

in 6 different centres in U.K.

This confirms that Bristol has the

highest values with Cardiff'which is

the area having the lowest values.

The results indicate that the Avonmouth

Smelter could be of significance.

It is -considered that because of the

low numbers from centres other than

Glasgow that statistical analysis

would be misleading.
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During the time that the renal cadmium measurements
were being established it became possible to measure the
cadmium zinc and calcium contenfs in kidney.specimens
obtained from 2 coppersmiths.

These 2 coppersmiths were included in the group
of 27 coppersmiths studied in the initial factory scan.
They had been followed on an annual basis as part ofythe
group and although the second subject because of chronic
ill health did not attend regularly, it is possible to
correlate the biochemical findings with the kidney
samples. Because of the annual review and a kndwlédge'
of the cadmium and other parameters measured the
results in these two subjects are of considerable
interest.

Kidney samples.

In subject No. 1 the man devéloped a‘secondary
tumour depositvin his nasal sinuses. Biopsy confirmed
this to;be a secondary deposit from a renal adeno
carcinoma. An intravenous, pyelogram was undertaken
and a left renal tumour was diagnosed. A left
néphrectomy was carried out and the tumour tissue and
the 'normal' renal substance analysed in exactly the
same method as the other samples which were analysed
to obtain the values already quoted.

In subject No. 2 a post mortem study Was
undertaken following_the demise of the patient from

a bronchial carcinoma. To all intents the kidneys
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appeared to be normal.

Results of analyses.

Blood‘and urine cadmium values.

In both subjects the blood cadmium values never
reached the mean values obtained in non-exposed random
subjects and the urine cadmium values were always
greater than 4 ug/vol; which is regarded as the upper
limit of normal in non-exposed individuals (Cunningham,
1981). Prior to 1977 urine cadmium Values weré

considered to be invalid for technical reasons (Table 56).

Proteinuria.

In subject No. 1 there is a fairiy constant increase
in the totalkurineAexcretion of large molecular weight
proteinuria and from 1978 onwards an abnormally high
rate of excretion of B

2
24 hours. The ®sults in 1981 are not in keeping with

microglobulin in the urine per

the general pattern but it was in that‘period that
the subject underwent major surgery. The second
subject did not excrete such large amounts of protein
but the B2/cfeatinine ratio (B2/Ccr) was elevated
(more than 14/1in 3 of 4 years).

Examination of other measurements in these two
individuals showed that subject No. 1 had hypercalciuria
in 4 of 8 measurements (50%) as compared with 1 of 5
(20%) of measurements of urine calcium in subject No. 2.
There were no other major differences between the two

individuals.
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Renal cadmium content.

In the ﬁotal series the mean cadmium for 244 men
was 19.3 ug/g (Table 56). Both of the .coppersmiths
exceeded this figure by a substantial amount (Table 56).
Interestingly the 'abnormal' kidney substance within
the tuméur tissue the cadmium levels were very low
(3 ug/g).

Vhat is very interesting about these results is
that the individual (Subject No. 2) with the lower
blood and urine cadmium values and a less obvious
proteinuria had the highest renal cortical and
medullary levels of cadmium. It is possible that
because of a general poorér heaith record he was
not so active at work as compared with subject HNo. 1.
As a résult he probably absorbed a greater amount
of fumes because he would tend to be longer in at
the brazing process. What cannot be explained however
is why he should with a higher serum  cadmium be
found to have fewer biochemical étigmata of chronic
cadmium poisoning. Cadmium in biological systems

is clearly still a méjor enigma.



TABLE 56.

Subject lo.

Kidney
Tumour
Tumour
Subject No.

\
Kidney

TABLE 56

CORTEX
1

147

236

MEDULLA

55

The cadmium content of cortex and

médulla in the kidneys of 2 coppersmiths.

The content of the tumour tissue was

obtained in 2 separate samples of the

tumour.
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Discussion.

This further extension of the study of renal cadmium
content has confirmed that the values obtained in West
Central Scotland do not differ in any way from those
found in other western countries. The general
pattern of renal cortical éadmium reveals, as other
workers have already shown, that the content‘of
cadmium is related to two main.factors namely age
and smoking habits.

It is clear that from birth there is a steady
‘accumulation of cadmium until middle age and
thereafter a decline in cortical cadmium content.
This raises an interesting problem as to whether
the fall occurs as a result of previous exposure in
industrial activities several decades previously or
whether there is a loss of kidney'substance. It is
also possible that there is an increased urinary
excretion of cadmium but why this should be is not
at all clear. Thereare some obvious advantages in
being a pipe or cigar‘smoker as compared with a heavy
cigaretté smoker since the levels found in these
smokers were similar to those found in non smokers.
This suggests that pipe and cigar smokers do not
inhale the tobacco fuﬁe. It is also clear that
those who give up smoking still ;ontinue to have high
levels which would be expected in view of the long
biological hélf life of the metal.

The finding of significantly higher levels in

subjects dying from cancer could be very significant
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but clearly meritS‘further consideration and research
especially in view of the very high levels found in the
two coppersmiths.‘

In these tﬁo latter subjects it has been possible
to have some indication'of_the major biochemical
abnormalities over a period of years prior to the
actual measurement of the renal cortical cadmium
content. It is intéresting that valueé found in
these men are the highest found iﬁ,all the kidney
measurements and it is also very significant that
one of these men hadra renai tumour.

With respect to the various wvalues found from
different centres in U.K. it is important to realize
that it is the mean values which are being compared.
Since there is an asymetrical distribution of cadmium
in these subjects it would be very unwise to draw
any specific conclusion about such results. Indeed
no attempt has been made to apply a statistical
analyses at this stage for these very reasons.
Nevertheless, in view of the advantage of being
.able to measure cadmium in one centre the fact that
the city which has the largest zinc ore smelter
has subjects with the highest>values indicates that
there is prqbably a significant atmospheric pollution

of individuals in that area.
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CHAPTER 16

CONCLUSION

‘Chronic cadmium poisoning has only been recognised
as a distinct clinical entity since 1950. Following
the initial discovery of the element most authorities
concentrated their efforts on diagnosing acute cadmium
poisoning and‘since such patients were liable to
develop acute pulmonary distress most emphasis in the
early studies of chronic cadmium poisoning were
concentrated upon‘the development ofvemphysema as é
result of chronic exposure to cadmium. Emphysema
is a common condition and can occur from a variety of
different causes not least of which is the effect of
long term cigarette smoking. As well as causing
emphysema early workers recorded the finding of
proteinuria in chronic cadmium poisoning and this
prompted a considerable amount of experimental and
epidemiological.work designed to ascertain the type
and quality of proteinuria in chronic cadmium
poisoninc in a Variety of different 'general and
industrial environments.,

The major conclusions of these studies is
that cadmium exerts its majdr toxic effects on
kidneys rather than lungs and that both large and
low molecular weight proteiﬁuria can occur as a
result of cadmium nephrotoxicity. There are a number
of studies which have been directed to ascertaining at
what critical renal cortical level of cadmium.does
proteinuria occur in the clinical evaluation of the

subject. The general opinion at present would seem
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to indicate that at levels of 200 ug/g wet'weight,
then significant proteinuria does occur in chronic
cadmium poisoning.

Apart from the debate about the types of
proteinuria in chronic cadmium poiSoning it has to
be realized that there is a variability and delay in’
the occurrence of significant proteinuria in chronic
cadmium poisoning. There is even debate as to
whether or not the presence of proteinuria does
represent an effect of cadmium which is in any way
significant for the individual subject. Since the
proteinuria occurs as a result of tubular and glomerular
damage and since the biological half life of cadmium
is at least 20 years and since it is a little over 30
years since the condiﬁion of chronic cadmium poisoning
was first described, it would be unwise to dismiss the
presence of proteinuria as a simple casual finding in
cadmium poisdhing. The presence of proteinuria since
.it occurs as a result of renal cellular damage must
be accorded a position of sonsiderable sighificance
and should be regarded along with other»measurements
as an indicator of considerable importance.

There ‘is no doubt that if any one of the individual
subjects in the ~clinical part of this study had been
examined on their own it Would have been very easy to
miss_the‘possibility of cadmium‘exposure and its effects.
Indeed one such individual had been regularly examined
by me for several years before an explanation of his
recurrent stone problem was revealed. However added

weight and certainty of diagnosis was given by studying
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the results of this‘particular individual as part of a
group of subjects who had been heavily exposed to
cadmium while at work. It was possible to gauge to
what extent this group has been affected and to have
some indication of their whole body burden of cadmium
by (a) comparing them with other groups from within
their own factory as well as other cadmium process
workers and (b) from the prospective study of the
changes whicﬁ have or have not occurred in certain
biological parametefs of chronic cadmium poisoning.
It is clear that proteinuria is important in this
context but the blood and urine cadmium levels have
clearly isolated the 27 coppersmiths as a group With
the most severe exposure to the metal. It is not
difficult to understand why this should be since the
men were clearly inhaling cadmium fumes without
protection.

Although there is no obvious scientific reason
"why some workers should be apparently more éeverely
affected than others some insight was obﬁained which
could explain the differences in contamination levels
by careful enquiry into the working practices of the
various members of the group. One participant
classified his co-workers according to whether or not
they 'brazed' or 'burned' the cadmium rods. He also
was able to inaicate which workers were 'quick' or who
tended to 'hang over the job'. It was interesting
that the quick workers and those who brazed rather than
purned the metal were those who had the lowest blood

cadmium levels.
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By combining the expefience in the Prestcold factory
with the post mortem studies of the levels of cadmium
found in renal substance it has been possible to
demonstrate in 2 coppersmiths that the level of
cortical cadmium found in the renal substance is
well in excess of the normal levels to be expected in
this area.

Since in vivo neutron activation analyses of the
individual coppersmiths to establish kidney cadmium
le&els was not undertaken; it is important to have been
able to measure actual levels in renal substance in two
individuals. One of these subjects'developed an adeno-
carcinoma of the kidney and underwent a nephrectomy,
the other suécumbed‘to a bronchial carcinoma. In both
cases the values obtained from the renal cortical
cadmium léveis were the highest found in any subjects
and helped to confirm the accummulation of cadmium in
the kidney in exposed individuals. = It is intriguing
to realise that there is one author who has aiready
noted significantly higher levels of cédmiumrin kidneys
affected by a primary adenocaréinoma‘ Clearly cadmium
is an element widelv used in industry which is
important in terms of its nephrotoxigity."Despite
the preponderance of literature in recent times which
has concentrated on the type of proteinuria caused by
cadmium, it is the effects’of the metal on calcium
metébolism combined with its cellular -damage which
results in renal stone formation which is of greatest

‘importance to urologists. The long term effects of
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the calcium loss can result in skeletal damage and
hence before assigning a patient to the diagndsis of
"idiopathic hypercalciuria" it is essential to
ascertain whether or not he or she has been exposed
to heavy metal poisoning and in particular cadmium
in an industrial process.

In order to try to minimize the likelihood of an
individual developing stone disease it has ‘been the
. policy within_tﬁe confines of the various groups studied
to attempt to reduce urinary calcium excretion. It
has been difficult to achieve thié effect by the use
of a thiazide diuretic combined with an alkalizing
agent namely sodium bicarbonate.

Apart from the desire to minimize the chances of
stone formation it has also been realized from in vivo
neutron activation analyses of two of the study groﬁps
of workers that the continuing loss of calcium is
‘leading to an overall reduction in total bbdy calcium1
which ultimately could result in bone changes such as
osteomalacia (Fig. 48). This has alreédy been
recorded in itai itai disease and in a few isolated
instances in other factory studies. |

In order to study cadmium effects on kidneys it
was realized that it was important to establish the
levels of cadmium in kidneys in the general population.
In general terms it has been shown that the mean
cadmium levels in the west central belt of Scotland

are similar to those found in other parts of the United



Kingdom. fhis particular part of the study has
however revealed some interesting facts related to
the statistically higher levels found in subjects
dying from ischaemic heart disease and even more
intriguinglyhthe significally higher levels in those
dying from cancer.

It would appear therefore that as far as the
urologist is concerned cadmium can be a very impértant
factor in causing renal stone'disease. The stones
produced by cadmium are not-different from other
stones i.e. they tend to be calcium oxalate/phosphate
stones. An awareness that a reasonably common
industrial pollutant can cause stones is of importance.
Apart from causing stones by renal cellular damage
cadmium can cause a variety of different biochemical
abnormalities such as a reduced serum inorganic phosphate
or an elevated ﬁrine calcium. Tt has therefore to be
considered as a cause for such biochemical abnormalities.
If a cadmium source can be identified in an industrialv
situation then removal of the individual or |
of the source has obvious benefiﬁs; Failure to
recbgnisé cadmium poisoning will.ultimately result in
a persistent loss of calcium with the long term
possibility of depletion of skeletal calcium.

From studies of cgeneral post mortems it is
clear that industrial pollution is éf méjor significance
in raising kidney cadmium levels. The general
population are more likely to have a rise in

renal cadnium from smoking. What may prove



to be very significant is that the metal has an important
role to play in cancer either by its overall effect

on renai biochemistry or as a cellular poison with a
much wider effect on cells than has hitherto been
realized. With its long biologicél half life and the
complete failure to demonstrate an'essenﬁial biolocical
role for the metal, it clearly merits the title of
non-essential toxic trace element. It may well be
that by taking a careful individual historv in ail
stone cases, urologists may well uncover hitherto
undiagnosed individuals who suffer ffom chronic

cadmium poisoning.
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CADIMIUM SURVEY

PART I

NAME

- (Surname)

ADDRESS

(first names)

DATE OF INTERVIEW

DATE OF EIRTH

SEX
CIVIL STATUS

OCCUPATION

(day) - (month)

(day)__ (month)
MALE/FEMALE

SINGLE/MARRIED/WIDOWED

RACE

(vear)

(year)
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PART II - RENAL QUESTIOMNNAIRE

1
2

WS

YES

Have you ever had kidney trouble

No

Fave you ever been treated for:-

Renal colic

Ureteric colic

Kidney stones

Gravel in the urine

Fave vou ever had blood in the
urine?

Have vou ever been treated for
hich blood nressure?

Do you regularly get up at
nicht to pass urine?

Have you ever had your kidneys
X-rayed?

If so, where?

when?

Are you married

If so, for how lonc?

Do you have a family?

If so, indicate ace and sex
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PART III - RESPIRATORY QUESTIOMMAIRE

COUGH YES

1 Do you usually cough first thing in
the morning (on getting up*) in the
winter? Count a cough with first

o

smoke or on first goinc out of doors.
Exclude clearing throat or a single
cough.

2 Do you usually cough during the dav
- or at night - in the winter?
Ignore an occasional cough.

If 'NO' on both questions 1 and 2,
go to question 4.
If 'YES' to either guestion 1 or 2 -

3 Do you cough like this on most days
(or nights*) for as much-as three
months each vear?

PLEGHM

4 Do you usually bring up any phlegnm
from your chest first thing in the
morning (on getting up*) in the
winter?

Count phlegm with the first smoke
or on first going out of doors.
Exclude phlegm from the nose.
Count swallowed phlegm.

5 Do you usually »ring up any phlegm
from your chest during the day - or
at night - in the winter?

If 'NO' to both question 4 and 5
go to question 7a.
If 'VYES' to either question 4 or 5 -

6 Do you bring up phlegm like this on
‘most  days (or nights*) for as much
as three months each year?

7a In the past three years have you
had a veriod of (increased ) cough
and phlegm lasting for three weeks
or more?

If '"N0' to question 7a, go to
Juestion 8§.
If 'YES' to gquestion 7a -
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7b/c Have you had more than one such

period?
- 8 Have you ever coughed up blood?
If 'MO' to question 8, go to
question 9.
If 'YES' to guestion 8 -
8a Was this in the past vear?
BREATHLESSMESS
9a Are you troubled by shortness of
breath when hurrying on level
ground or walking up a slight hill?
' If 'YES' to question 9a -
9b Do you get short of breath walking
with other people of your own age
on level ground?
If 'YES' to question %b -
9c¢ Do you have to stop for breath when

walking at your own nace on level
ground?

NASAL CATARRH

10

11

12

Do you usually have a stuffy nose
or catarrh at the back of your nose
in the winter?

Do you have this in the summer?

If 'YES' to question 10 or 11 -

Do you have this on most days for
as much as three months each year?

HAVE YOU EVER HAD:-

13

14
15

16

An injury or operation affecting
your chest? ’

Heart trouble?
Bronchitis?

Pneumonia?

YES

NO



17
18
19
20
21

22
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Pleurisy?

Pulmonary tuberculosis?
Bronchial asthma?
Emphysema?
Bronchiectasis?

Other éhest trouble?

TOBACCO SMOKING

23a

23b

Do you smoke?
(Record 'YES' if regular smoker
up to one month ago).

Do you inhale the smoke?

Would you say you inhale the
smoke:

Slightly (S), moderately (M),
deeply (D)?

How old were you when you
started smoking regularly?

How many manufactured cigarettes
do you usually smoke per day?
(per working day)

(at weekends)

How much tobacco (oz/g) do you
usually smoke per week in
hand-rolled cigarettes?

How much pipe tobacco (oz/g) do
you usually smoke per week?

How many cigars do you usually
smoke per week - specify (L)
large, (S) small?

Have you ever smoked as much as
one cigarette a day (or one
ounce of tobacco a month) for
as long as a year?

How old were you when you started
smoking regularly?

How old were you when you last
gave up smoking?

YES
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YES NO

How many manufactured cigarettes
per day were you smoking before
you gave up? (per working day)

{at weekends)

How much tobacco (oz/g) per week
were you smoking in hand-rolled
cigarettes before vyou gave up?

How much pipe tobacco (oz/g)per
week were you smoking before
you gave up?

How many cigars per week were you
smoking before you gave up -
specify (L) large, (S) small?
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