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Medical geology

OLLE SELINUS AND ADRIAN FRANK

Mother nature is a poliuter

0 June 1991 the vaolcano Pinatsbo had an

eruption. Chver just two days the voleano eject-
ed about 10 billion tons of magma and 20 million
tons of sulphur dioxide, and the resulting zerosols
influenced the global climate for ar least three
years, This event alone introdsced 2 nullion tons
ofzing, [ milliontons of copper and 5,500 tons of
cadmium into the surface eaviromment, The mil-
linns of rons of ash pumped into the atmasphere
spread aver thousands of square kilometres, pro-
bably contaiming all the elements in the Periodic
System. In addition 1o the elements known to be
exsential ro life, such as hvdrogen, carbon, nitro-
Rem, oxyzen, sodinom, potassiom, <alcium, mag-

iguse 1+ Volcanie eruption at Krafla,
lceland 1980,

nesium, iren, copper, zing, phosphorus; sulphur
and joding, voleanoes ako redistribute those ele-
ments which under certam conditions are regar-
ded as harmiul, such as arsenie, beryllium, cadmi-
wm; mercary, lead, radon and uranium plus the
remaining elements, some of which have sll
undetermined biological effects. Similar volcanic
events have occurred every few years throughout
gealogical history (Figare 1), From the standpoint
of natural releases of metals to the environment,
it is imporzang to realize that there are on an
average 6f) valcanoes erupting on the surface of
the earth at any given tfime, The total flux of
meetals from these eruprions i signitcant, Subma-
nine volcanisim is even more significans than that
ar continental margins. [t has been conservatively
estimared thar there ane at leasr 3,000 vent ficlds
on the mid-ocean ridges.

The ]}i'dﬂt'f earth is thus the ultimare sorce of
all metals. Merals are ubiguirous in the lithos-
phere, where they are inhomogenously distribu-
ted and occur in different chemical forms, Cre
deposits are merely natural concentrarions which
are commercially exploitable, While such ano-
mialous accumulations are the focus of mineral
exploration the background concentrarions of
metals which occur in common rocks, sediments
and svils are of greater significance o the total



metal loading in the environment, Indeed, all
known elements are present at some level of
concentration ﬂn.ruuglmut the natural environ-
ment. They are present in mllll.'l’ﬂ.ls-, vegetables
and animaly, and their beneficial and harmful
effects have been present singe evolution began.
An understanding of the nature and magnitude
of these geological sources is a prerequisice for
developing approaches in sssessing the risk posed
by metals in the environment. Itis important to be
able ro distinguish berween natural and anthropo-
genic contributions to metal loadings. In addirion,
a knowledge of natural processes s fundamental
in understanding the fate of these merals which
are released as a result of human activity. Keep in
mind that Mother Nature is indeed a polluter.

Matural prerequisites for life
Gcﬂ'tugjr creates the narural prerequisites for life.
The crust of the earth has been evolving constant-
ly since the planet formed some 4.5 hillion years
ago. The crost and uppermost mantle comprise
ogid plates which meve relative to one another,
driven by the dissipation of heat from the earth's
interior. New crust is created at the boundaries of
these plates. Metals and other clements continu-
ously enter the hydrosphere, atmosphere and bio-
sphere from the lithosphere 3¢ 3 result of these
geological processes, There are many such pro-

| Meskcal grolagy |

cesses bur it is su.ffu:lenx to consider two broad
canegom:- “Those which I:mng meujs to the sur-
face from deep in the earth and secondly, those
which redistribute metals in the surficial environ-
ment.

The first process results in an imhomragenans
distribution of metals in rocks. Concentrarions of
metals can range over orders of magnitude among
different tvpes of rocks. Accordingly, concentra-
tions of clements such s nickel and chromizm are
much higher in basalts than in granites whereas

‘the reverse is tmue for lead. In sediments, the'so

called heavy metals tend to be concenteated in the
fractions with the finest grain size and the highest
comtent of organic matter. Thus, black shales tend
to be enriched in these elements (Table 1),

The second process that redistributes metals in
the surficial enviranment is weathering, Many

_w:alhcnng processes occur in a tme frame that

makﬂs them relevant in the environmental con-
text, W:_&_ath;:nn_g refers to the h:eakdw,m of rocks

and may invelve physical, chemical and binlogical

processes. Physical processes wlimately reduce

‘massive rock o particle sizes thar are readily

eroded by surface water and wind. Soils form
through the interaction of weathered rock and
wrganic material, Chemical processes change the
mineralogical form in which the metal occurs and
can mobilize merals ro dissolve in warer and as
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sich react with organisms. Biological processes
comprise activities of flora and Laona. Weathering
plays a-critical role in the rransfer of metals from
the bedrock to the other environmental compart-
RS,

Elements are both necessary

and toxic
Paracelsus {1493 — 1541 ) defined the basic law of
toxicology “All substances are poisons; there is
none which is not a poison. The nght dose diffe-
rentiztes a poison and a remedy.” This relation
between the dose and effect for any substance is
showm by the curve searting as zero (green line) in
Figure 2. Increase of the amount/concentration
ton the horisontal axis) causes increasing negative
brological effeces (on the vernical axis), which may
lead ro inhibinon of blological functions, eventu-
ally to death. Evidemly, decreasing concentra-
tinns of won-essertial elementsfsubstances are
beneficial, The situation tor essertul clements is
different. Negative biological effects increase hoth

Megative effects

visunt o Dose-effect curve
showing the relationship betwesn
concentrations and biological
eftects of essential (red) and of
noq-essential (green) alements,

for increasing and decreasing concentrations, il-
lustrazed by the red corve in Figure 2, Thar may
lead fo inhibition of life functions in hoth cases,
Thus, oo much or tou little, both are equally
harmful.

All dlements are present in nature itsell. Most
of chem are essential, e, indispensable wheels in
the Fantastic watch of life. Bor which are those
elemenes essential for humans and animals? Ma-
jor elements essential for human and animal life
are for example calcium, chlorine, magnesium,
phospherus, porassium, sodium and sulphur, Es-
sential trace clements in low concentratons for
human and animal life are for example chromi-
um, cobalt, copper, Huorine, iedine, iron, mEngE-
nese, molybdenam, selenium snd sine. However,
elements with probably ne recognized biological
role are called non-essential elements, often with
harmibul properties; e.g, cadmiom, arsenic, mer-
I:UI':H Elld itﬂf].

Several elements are frequenctly involved in

I emviconmental toxicity problems, for example

Megative effesis

Death

Lancentration



arsenic, horon, chromium, copper, fluorine, mo-
lybdenum, nickel and zine, Although jr is not
possible. mqmnnﬁr the Emza:dnnd dnﬂmncrma
effects aﬁmcr.md with the trace elements in com-
man use, some clements clearly present a more
sl:ﬂmu; problem than others, for Ha:ﬂph: ]:a:[,

mﬁm}randmﬂrmmwhaehammadush?:

themselves -and h:ave rmewad H[[ﬂ'll.bﬂ'n from sci-
emists—:

Are all elements bioavailable?
Before governiments commit SCATCE TeSoureds to
clean up or protect the environment from man-
made contanination, it wonld seeme prodent 1o
derermine how much “contamination” merely
reHects the p‘rl.-mw-tmg natural Barltgrnu.m:'
Maturally securring clements can have detrimen-
tal effects on health when ingested in increasing
quantities. Merals have always exisred and will
forever exist, bur we cannot avord the fact that

human beings and anmmals are imfluenced by
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metals in the environment. Human activiries of all
kinds have redistribured merals from sites where
they are fairly harmiess to places where they affect
humans and anitmals negatively. This is especially
sﬁnmmnﬁr acid ra.mami andﬂat&nﬂu merhifizes
merals, L-..g. m:m:lr}!,amc, alum.l.mum and manga-
nese, making them easily m‘mhhleand this ena-
bling them to be taken up in the nutritional chain.
Anorher consequence of acidification is that neg-
atively c_Hirﬁéd- essential trace clements, such as
seleninm and molybdenum, become less available
10 I.'wlug-orgénis'm's:

The roral meral content i an envircmmenral
medium, e.g. soil, is an unreliable guide to hazard
identification, as different metals can have diffe-
cent and variable bivavailzbility. Common envi-
ronmental assestment assumes that the total con-
tent of a metal is bioavailable and able o be
absorbed, Evidence indicates however that many
of the metals m soil are in highly msoluble form
and are not taken ap by plants:



The hisavailahility, transport and toxiciey of
metals depends not only on the physical and
chemical forms in which the meral is present but
also on local factors in the environment [ Table 3],
For example, pH 'is an important derermining
tactar in-the hioavailability of metals in soil. The
biavailability and mobility of meeals such as
zing, lead and cadmium is greatest under acidic
conditions, while increased pH reduces bio-
availabilicy. The type of soil.such asclay and sand
content, and its physical propereies also atfecr the
migration of metals through soils. The srganisms
peesent in soils Tkewise affect meral solubiliey,
tratisport and bisavailabiling. The toxicity of meals
15 alsa dependent on certain parameters such as
chemical form, molecular, atomie and jonic spe-
cies, ligands, butfer capacity and ionic exchange
capacity, for example organic compounds of mer-
cury and lead are much more toxic than inorganic
forms, The seate of oxidation may alse affect the
degree of roxicity; chromium, for example, is
more toxic in the hexavalent than i the tnvalent
state

Elements interract with

each other
Interacrions are commen m narre and occur in
the food chain {Figure 3), They might be fairly
simple or morc intricate. Interaction may depend
o interactive paramerers as well, such as coupled
equilibriz and enzymaric interactions, sometimes
rather intricate and dithealt 1o understand,
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Not only copper

In Norway and Sweden, hazardons copper levels
have seldom been found in pasture plants, In spite
of this, copper poisoning in sheep frequenty
wecurs, Thus faulty conclusions may easily be-
drawn if only copper levels in the feed or soil are
determined and evaluated. In this case, low mo-
lybdenum levels mav resule in the CuMo ratio
being too high, with chronic copper poisoning as
a result. The increased intake of molyhdenum
causing deficiency increases the need for additio-
nal copperin the dict of sheepand cattle to prevent
occtrrence of copper deficieney,

Metal uptake by plants depends on many fac-
tors of which the bicavailability in soil s one, It is
anfluenced mainly by the geological background,
but depends on other parameters too, ez pH
{Table 3} A change of the rario berween copper,
malyhdenum and sulphur in planes will influence



the copper meeabolism in ruminants, which is
quite different from that of monogastric ammal
species, Copper uptake from food in ruminants is
comtrolled by interaction between copper, molyb-
denum and sulphur i the rumen by intncate
processes. Sulphate is reduced ro sulphide which
subsritares oxygen atoms of the negarively charged
molybdate anion and results in thiomolybdates
with high affiniry for coppee. Thus copper is
inactivated and is withdrawn from the metabo-
lism. High concentration of molybdenum in rela-
fon to copper decreases the amount of copper
available for metabolism, leading eventually o
copperdeficiency, On the other hand, low amouants
‘of molybdenum increase copper uptake and resul
in accumulation of copper. In facy, the riro
berween copper and molybidenum is decisive for
copper uptake. High molybdenum concentrazion
in the food, and consequently in the ramen, resulis
in high concentrarion of thinmolvbdates. These
compounds not only remove copper from the
metiholism, bura fraction of themare disinbured
in the whole organism where they may reace with
copper containing biomoleciiles, The hepaticcop-
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| per poolwill decrease. This phenomenon has been

used for therapeutic purposes in preventing out-
breaks of chronic copper poisommg m sheep.
Unforrunately, onge thivmolybdates are in the
body they find their way 10 essennal copper-
containing enzymes, the enzymaric activiey of
which is-inhibired, with consequences fatal 1o
rUMmNANTE,

Other examples of interactions

Plants growing in high-phosphorus soils {inchd-
ing those enriched with ferrilizers) are frequently
deficient in zing, This can he a particalar problem
hecause phosphoris is & major ingredient in fert-
lizer. Uptake of high levels of zinc by plants may
limit the extent to which plants can take up
cadmium; thus the applicarion of zinc w cadma-
ume-rich soils could Be helpful in controlling a
potentially harmful accomulation of high cadm-
um concentrations in food crops, Sulphur may
“compete with” selenium during oprake in planes,
bur experimental resules are inconsistent: apply-
ing sulphur-containing fertilizérs to low-selenivm
soils has depressed the levels of selenium in plants
even futther, but on the other hand efforts o
prevent accumularion of high selenium levels in
plants growing on selenium-rich soils by-appliying
sulphur have not worked well,

Inanimals, metabolic processes involving meg-
nesiuin, potassium, and calcium have been shown
to be interrefated, and evidence indicares thar the
same i5 troe in humans and animals, Thus a
deficiency in one element may disturb the balance
of others, Copper is essential ro the proper meta-
bolism of iron and molybdenum may alse affect
iron mietabolism by biochemical interaction wich
copper in ruminants. Mane fiber may inhibir the
ahsorption of zine in the human digestive trace
Zinc and cadmium may compete m humans as
well as in plants; hence increased zine consump-
tion may afford some protection against cadmi-
wim, - Selenium may protect:against the harmiol
effects of most mercury compounds,

Selenmam is also @ strong antagomnist (o arsenic
and vice versa, Therefore the ahsence of effecrs
fronmarsenic exposure could be due roadequare o
excessive uptake of sclenium in the organism.
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FIGURE 4
Pathways by which
trace elements enter
the body

What is Medical Geplogy?

Why is geology imporrant for our health? We
have discussed the environment as the entire weh
of peological and hiological interactons in the
relationship between Iife and the planer earth,
Environmental problems, challenges and issaes
are widespread. Borh essential and non-essenrial
elements im hedrock er soils may under certain
circumstances become a divect theeat to human
and animal health: and may be the underlying
cause of both deficiency and toxicity. Figure 4
demionstrates the pathways by which rrace cle-
mengs enter the body,

Ax long as medical science bias existed it has
been known thatcertain humin illnesses are relar-
ed 1o geographical areas. The Greek physician
Hippocrates mentionsd such examples more than
2400 years ago. Knowledge on specific animal
diseases also onigimated long ago. Even in Chirese
medical texts of the third century BC such rela-
rionships are found. However, maost such obser-
varions were host Er!.‘uusr: thcyr were not Wrirten
down. As science grew, many of the previously
unknown relations of canses between geologyand
health evenrually began 1o be understond and o
nuew scentific field evalved: Medical Geaology.,

Medical Geology (or Geomedicine) is defined
as the science dealing with the influence of geola-
gical environmental factors on health problems in
man-and animals. This 15 a comphcated subject,
dnd interdisciplinary contributions from essen-

tially different scienrific fields are required when
these problems are to be solved,

There is a paradox in studies in Medical Geo-
by Induserialized counrries should be well suited
for such activities because of good public healch
records and detailed geological informarion, How-
ever, citizens of these countries are nowadays
rarely dependent on locally grown food and in
many cases not even on local drinking warer. In
addition, municipal drinking water is often wrea-
ted. Therefore, the most suitable areas for chis
research are in the developing countnes,

Radon, 1o0, is & consequence of gealogical
activities. Important parts-of the bedrock have
elevated uranium conrents, These include for ex-
ample alum shales'and certzin granites and peg-
miatites. Radon derived from nataral radioacrive

sources has in recent vears also been ackmow-

ledged as a public-health problem. The number of
radon-relared cases of lung cancer is increasing,
thus establishing radon as the major radiation
problem with respect to licalth inseveral coun-
tries, Building eradittons, such as the use of light
concrete hased on wranium-rich alum shale, and a
reduction in circulating air 1o improve heating
economy have i many cases aggravared the prob-
leni. More recently, incerest has focussed on ra-
don in domestic water a5 a potential radiation
protection problem. Previouws risk assessments
have tocussed on eadon emanating from the do-
mestic use of water as an addional source of



radun in indoor air, Recent studies suggest that
intake of radon-rich warer should be considered a
risk as such, capecially for crirical groups such as
infante. The radon content of water 14 coupled
directly to local geological conditons,

How dogs geology affect our heallh?

Too much selenium...

Marco Polo gave us ane of the oldest documenta-
tions of medical peology. He left Venice together
with his father and uncle in 1271 o wavel
China. In 1275 they arrived at the summer resi-
dence of Koblat Khan. Marco Pola reporeed thar
hecould only use local horses in the mountainous
areas of China because his imported European
horses died. They did notavoid poisonous plants,
and e also described the symptoms of roxiciny.
He did nor know char his N,?'i:lnﬂ.'i would be consi-
dered:as dcy.:ripti:ms of diseases of gcnn'il:dical
crigin. However, we now know that the areas he
described have high natural contenits of selenium,
and rhie symproms of the disease were those of
selenium roxicity,

Another example of selenium poisoning can be
foumd in the USAL In the San Joaguin Valley
Californda, dramage water from irngated farm-
land was until some vears ago directed into the
Kesterson Wildlife Refoge. [n 1983 strange mal-
formarions and dearhs of waldfowl were observed
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and rraced o high concenrrations of selenium in
the drainage warers and adjacent wetland soils.
This posed a cheeat o human health as well. Twa-
thirds of all bird embryos were found dead. Fish,
ingects and microorganising were also affected,
The selenium came from long-weathered seleni-
ferows pyrite in rocks of the Coast Range moun-
tains. The farming in the 5an Joaguin Valley is
infensive and Tequires irfgation, The groondwa-
ter comtains selenium, though notingreat amounts,
and for ierigation it is pumped up from aquifers
situated under a clay laver, Becawse of the imper-
meable clay horizon the irrigarion warer cannor
be transported away narurally, therefore the wa-
ter is transported sway in canals leading to the
Kesterson reservoir which is supplied with in-
creasing contents of selenium, Thus humian act-
wity, by a redistriburion of natural selenium con-
tents, has wentuaﬂ}l cavsed poisoning ofa whole
eoosystem In 1986 drai‘nag& water was diverted
away from the Kesterson ponds.

... annd too little selenium
But other diseases are caused by the lack of
selentum, A new type of disease was recorded in
the northeast aof China: ar the ]JI:‘EEI‘.II‘III‘I.E of this
century. In the winter of 1935 it became prrval::nt
in Keshan County and was lates called the Keshan
dizsease (Figure 5). It appeared ina large area from
sourthwestern o northeastern Chma, It was a
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heart-muscle disease, In the 19603 scientists sus-
pected that the disease was of geological origin and
inthe 197108 the probalde solution was found. The
disease was alwavs locared m low-selenium areas
which geographically form a fow-seleniam belr.
The use of selenm in PrEvenTion and rreatment
of the disease was a great suceess. This was how
the direct association of selenium with human
health was first identified. The Keshan disease
was obviousty caused by very low concenrrations
of seleninm i bedrock, soils and namral warers.

Oneather example in China is the Kashin-Beck
disease (KED) (Figure 5. The KBID has long been
known, Ininal semprormss of KBD are joint swell-
ing, pain, and general |liness. It affects children,
Skeletal remains indicate thar it goes back to ar
least the 1ath century. KBD was firse described by
a Russian surveyor, Kashin, Kashin and his gronp
worked in the area ease of Lake Baikal and were
assigned oo a Cossack bripade on the Urow river.
Thie Russian administrarive auchorinies were terri-
fied by crippling skeletal deformanions in rthe
Cossack villages and moved several populations
tiv other locations along the river. KBD s mainiyv
fimited 1o a southwest = noctheast bele of China
and was later found to be fairly common in China
and has been smidied for more than 40 vears, KBD
occurs almost exclosively in the farming popula-
ton, though cases are pccasionally seen in fami-
lies thar obtain their food from endemic arcas.
The size of the affected population s not known,
bt estimates are about ong o three million
China. Research and public-healkeh effors have
focused on two main cansal mechanisms. Firsr,
thie roxic effects caused by mycotoxins produced
in stored maize. Second, the role of low nateral
contents of seleniom. The probable cause of KBED
isseleninm deficiency cavsed by low nataral con-
renes of selenium in bedrock,

Selénium has the characreristics of ezsential
elements. Seleniumi-sccumalating plants may cause
poisoring of plant-eating animals, whereas defi-
crency may resule in lesions leading vo death both
of humans and of animals, During the 1950z grear
ctforts were made mwm Sweden o confral muscle
degeneration and mulberry heart disease in swine
(muscle and heart lesions) causing econamic loss

tinue o White mascle disease (muscle degenera-
tion) in sheap

for the farmers. The cause of the damage was
shown 1o be selentum deficrency, often together
with deficiency of vitamin E. Selenfum is an {m-
portant cssential element and is imporrant for the
activity of the enryme glutathion-peroxidase
(GSHLFy) protecting the organism against oxida-
tive damage. Other selenium-containing enzymes
and proreing were also found in animals.
Scandinavia is poor in selenium because of the
geological condifions, and the seleninm conrent of
plants is generally low, Thercfore selemum: en-
richment of fodder has been permitted by law
since the beginmmg of the 1980s. The deficiency
symproms in swine have since then disappeared,
but signs of selenium deficiency stll appear in
cattle, sheep and horses, becanse selenmam conrent
in pastureis not satsfactory (Figure ). Animalsin
hard phyvsical traiming or hard work need in-
creased amounes of selenium and vitamin E. Half
of Sweden has been mapped forseleniom availa-
biliey by the mogse, In spite of grear regional
differences the moose seems not to suffer from
selenium deficiency, Perhaps wild animals have
adapred 10 low natural selenivm concentrations
in plamts and the deficiency s compensated by
enzymes with the same funcoion bur withoue
selenium {e.g. notselemum dependent glotachion-

peroxidases).

Widespread arsenic poisoning
When rhe first warer bubbled from wells sunk
deep 1nta the soils of Wes: Bengal i India a
generation ago, locals called i the devil's water,
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Historically the villagers have used surfage water,
but with new tobe wells tapping water from more
than 130 metres below ground they can nowgrow
three or four crops. Bt chose ralkingabour devil™s
water soon changed their minds as the waer
irrigated mice crops |4l year roond and brought
new prosperity to their villages. However, the
water contaimed high levels of arsenw and for
hundreds of thousand of villagers the improved
harvest rurned our hirter, More than 400 vilkages
have been affected across West Bengal and the
world's fargest arsenic poisoning so far has lcft
more than 600,000 people disfigured and facing
an-early death,

Studies bepearh the villages have revealed 2
series of kayers of sedimentary rocks containing
arsenic, mostly in seams of iron pyrite which
contaminated many wells, Overpumping has also
lowered the water table in many rocks. As the
water table has fallen, the arsenic-bearing sul-
phide racks dred our, and oxygen penerrared the
rocks, oxidizing the sulphur mincrals. This has
frecd the arsenic e be dissolved in the groundwa-
ter-and washed into the wells. Today more than
TO0 wells supply water that contains more than
10 g of arsenicfl, the maximum limir ser by che
WHOL Average arsenic levels are between 24 and

riuee o Examples of arsenic contamination
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70 times the WHO maximom with individual
wells up to 200 times the hmit. Arsenicin ground-
water above the WHO maximum permissible
lirnit hias béen found insix districrs in Wesr Bengal
with a population of 30 million,

Internanonal mcidents of arsenic contamina-
tion in grogndwarer and the cansequent sate of
health of people have been widely reported from
other places as well (Figure 7), The arsenic con-
raminanion incident in the well-water of Tawan
(1961 = 83} cavsed an illness called Back-foor
disease. The population of the endemic area was
ahour 100,000, Similar problems were reporied
from Antofagasta in Chile where almost 100,000
people our of a woral population of the ¢ty of
130,000 were drinking warer wirth elevared ar-
semic content berween 1259 and 1979, Chronic
arsenic poisoning is also reported in somie parts of
Region Lagunera, Mexico, The arsenic concen-
tration in groundwarer was 400 ped. Similar
incidents were reported in 1953 from Argentina.
Many other incidents are alss reporred from
many parts of the world.

Zinc and diabetes
Environmental factors may possibly coneribute to
the aetiolopy of diabetes mellirus rype 1 among

i
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children, Childhood-onget dighetes is almost ex-
clusively of the anrimmune insulin-dependent
type (fvpell, Genetic prerequisites are clearly non
sufficient causes of the disease. Studics from inci-
dence registers trom homogeneois countrics in
Scandinavia have shown a significant intra-coan-
rry geographical variability in insulin-dependent
dizberes mellitus incidence pates which cannot be
explained by aslghrsouth-north geadient only, A
case control smdy has been designed comparing
cases and conrrols astocstimates of zine, ohrained
in biogeochemical samples from areas of resi-
dence, A high concentration of zine in water was
associated with a significant decrease in risk of
disease. This could provide evidence thar a low
groundwater content of zinc 15 associated wirh

later development ot childhood-onset diabetes.

Sickness country in Australia
Some areas i Awpstralia are regarded as holy
places by the aborigines. One of these areas, the
“sickness country™ in the Kakadu region, s an
area which will make people sick if they go there,
Hence such areas are rt':gurdr\i.l l1y abor iginals as
tahoo and should nor be entered. Geochemical
researchers have found rhis area invecesting and
theretore geachemical survevs have heen con-
duscred there since 1980,

Thie bedrock m the region consists of granies
and volcanic rocks, These rock types contain
elevared amounts of cerrain elemenss. A farge pan
o the sickness country is found to coincide with
o region containing locabzed arcas with unusuglly
high natural levels of thoriom, uranmm, arsenic,
mercury, fluorine and radon in groundwater and
drinking warer. The aborigines had also used
pchre as a pigment in painning., containing ex-
tremely high contents of uraniom, lead, arsenic
and mercury. The reason why these arcas are
sacred 18 thos the serious health effects caused by
natural contents of these elements. The natural
levels of concentration in the land and water
systems thus constitare @ health hazand as recoe-
nized by local people.

Cobalt and capper in animals
Health disturbances in sheep and cartle are a

flaiie o Lami with elinleal signs of cobalt
deficiency, with excessive lacrimation.

resule of mineral deficiencies attributable to the
meological background., Sheep suffer: badly from
cobale deficiency in many parts of the world
{Europe; New Zealand, Australial. Becavse of the
poor health of sheep on the sland of Gotland in
the Balte Sea, numerous studies were performed
o find the reason of an illness affecting sheepand
lambs. Chemscal analysis of liver revealed a severe
cabalt deficiency. The sitnanion became even more
serions when it was detected that cobale dehoen-
cy was accompanted by copper deficiency
(Figure 81 The peological background of Gotland
is of sedimentary ongin and poor in cobalt and
orther merals. The geological background in the
east and south-east part of Sweden too, exhibits
the same conditions to somwe extent. Thus tarmers
mist take steps o prevent mineral-deficiency
diseases in.camie and sheep,

Despite the nurment-poor geslogical back-
ground both copper deficiency and copper toi-
city appedr insheepon nearby farms. For metabo-
lic reasons sheep accumulate copper in their liver,
Thee sheep are sensitive to the balance between
copper, molvbdenum and arsenic in their feed
which is critical for their wellbeing, Once heparic
copper cancentration resches a certain level, any
stress can start an irreversible biological process,
and rhe acute stage of chromic copper poisoning
and hemaolytic crisis caused by ropture of Ted
Rleod cells resulting from the oxidagive effece of a
high opiake of copper is in most cases fatal, No
doukbt El‘l-L"-E'P are extremely sensitive 10 copper

roxicity, but they are also sensitive o copper
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pinuat o Atay in lamb eaused by copper deficiency
{swayback lamb}.

deficiency (Figure 9). In face, ¢attle 2re even more
sensitive o copper deficioncy than to copper
LIXICiTy.

Fluarine and ladine, deficiency
and excess
[t was already known at the beginning of the 20ch
centary that high contenis of fluorine could cause
fluorosis. The natural concentration of fluorine in
drinking water is normally (L1 - 1 mgfl. In many
places all around the world, for example India.
China and Africa, the concentration might go as
high as 40 mgfl, which leads ro severe flucrosis,
The picture is rather complicated, however, be-
cause there are also antagonistic effects. Maolyb-
denum and selenium ¢an rduce the effects of high
conrents of flustine, Flugrine is an essennial ele-
ment with a recommended daily intake of 1,5 -
4.0 mg. Health problerms may arise from deficien-
cv fcaries) or excess (dental motling and sheletal
fluoresis). Unlike ather cssental elements for
which food is the peincipal source to the extent of
abour 0%, the principal source of Auorine is
water. Fluonine in- surface and ground warers i

derved from the following natural sources: beach-
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ing of rocks, dissolution of fluorine from valcanic
gases, springs and manne aerosols, After rhe
crupriens of the volcano Hekla an Teekind in
1693, 1766 and 1845, detailed descripiions of
flucrasis were reported and acute poisuning was
deseribed. Since Warld War 11 Hekla has had
eruptions in 1947, 1970 and 1980 and a numbcr
of analyses of flucrine have been performed. The
volcano delivered huge amounts of fluorine and
concentranons of 4300 mptke m grass have been
fommnd.

The connection betwien geolopy-water-food-
chain diseases can also clearly be shown for jo-
dine. In ancient China, Greece and Egrps, and
among the Incas, people were affecred by goitre,
but they were treated with seaweed which is rich
u doscdieve. Gioitre s seill a serious disesase in many
places all around the world. In all these places the
content of indine s very low in drinking warer
because of low concentrations of ndine in bed-
ruck. More than a billion peaple, mostly living in
the developing countries, are ar risk {n respece of
lodine Deficsency Disorders (TR, Godrre, which
15 the enlargement of the thyroid gland, is the best-
known forin of IDD. One form of DD is crenn-
ism, A crenim is phvacally and meneally rerarded
and deaf-mure, China has 425 million people wha
are at a risk in regard ro [T, They constitute
40% of the world's population in thar caregory.

The need for other major elements
The inverse relarionship berween cardiovascular
disease and warer hardness (Calcium and Magne-
sturm b in connection with gealogy was first repor-
ted in USA in 1956 and from Japan in 1957.
Observers found a close positive corvelation of
dearh rates from apopléxy with che acidiny of river
water. In Canada and USA several other smudies
o water hardness in refanion to cerebrovascular
andischaemic heart disease (IHD) were performed.
A significant inverse relationship was found be-
tween water hardness and rotal cardiovascular
muortaliry, A higher sudden-death rate in soft-
water-areas compared with hard-water areas was
also reported. For many vears the regional varia-
tions in cardiovascular discaze in Grear Britain

have also aroused considerable intercst,
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It the “WHO myocardial infarction registry net-
work™ ail cases of myocardial infarction were
registered in a standardized way i 15 WHO
countries in Europe. Highet rates of [HDY were
found in towns served by soft warer than in cowns
with hard water, Research has also heen carried
our in Sweden. Tt has shown thar water hardness
(Ca + Mz and other minor constituents) and che
sulphare and bicarbonate concentrations of the
drinking water were inversely refated to THD and
to stroke mortality. The variarion in the drinking-
Waler composition in these areas reflects the geo-
logical variation in the region.

Magnesium 15 @ major lement. the lack of
which can also give rise 1o deficiency disorders.
Magnesium deficiency ocours in raminanis, espe:
cially catele, and is manifested by acute convnl-
sions - hy pomagnesemic tetany - and occurs in i
typical form i animals which have been morned
out to graze after winter-housing | “grass teta-
ny* ). The accurrence of hypomagnesemic tétany
in grazing animals may be associated with the use
af ferrilizers, Application of potassium at high
raves reguces the availabilicy of magnesium.

Calcium and phosphorus are of particukar
significance with regard 1o deficiency disesses in
animals. Among orther functions, these two ele-
ments are important in bone mineralizanion, 1o-
gether wath viramin D and satishactory capper
supplementation. In addition to the two individual
elements, a correct ratio between the two is ex-
tremely important. Too high a tevel of phosphorus
may induce 2 secondary calcinm deficiency.

A deficiency of phosphorus is s condimion which
also iz most likely to cavse a problem under naroral
grazing condinons, It iswidespread in many coun-
tries and shows a distiner geographical disteibution
that is dependent on the phosphoruz content of the
soll, Dehclency disorders are most common in
grazng ammals during the dry season. Phosphorus
deficiency can be prevented by prowiding rock
phosphares of hone meal, The addition of phos-
phate to drinking warer has also been employed.
The topdressing of pasture with superphosphase
1% dn adequate method of correcting a phosphoms
deficiency and also has the advantage of increa-
sing the bulk and quality of the pasture.

Mapping for environmental

and medical reasons
The narural conrents of elements are of the utmost
importance for aur well betng, hoth excessive and
deficient contents. But how canwe determine the
diseribution of metals and other elements in owr
enviconment? Two techmgues from Sweden will
he deseribed for the inmovative monitoring of
metals in the environment by the use of aguatic
musses and the roors of aquaric higher plants, a
techmgue developed at the Geological Survey of
Sweden, and organ tssues of the moose (Alces
alres L), a wild ruminane vsed for monitoring by
the Natiomal Veterinary Institute in Sweden since
carly 19510,

Aguatic roots and mosses

as environmental monitors
The distriburion of merals on both a regional and
@ national scale can be compiled by geachemical
neapping based on the syseemarnic sampling and
analvais of rocks, soils, stream sediments, ke
sedimients, sorface waters and vegetation.

The Geological Survey of Sweden starred a
MOMIOTNg MapRrng programme in 1980, A new
hivgeochemical method s used which reflects the
metal concentrations in stream warer, whereby
metal concentrations are determined in aquatic
maosses and roots of aquatic higher planits. Thise
are barrier-free with respect o trace-mesal uprake
and reflece the meral concentrations in swream
water. They respond closely to chemical varia-
tiis in background levels related o differem
bedrock rypes inaddition o effecrs of pollution.
Aerial parts of many plant species, however, do
notgenerally respond to increasing metal concen-
trations in the growth medium because of phys:-
ological barmiers between the roots and the above-
groumd parts at p!anrs. In addinion, acral parts
may be contaminated by deposition of particles
from air. The biogeochemival samples repder
integrated nme-related information on the metsl
comtents in the warer for a period of some years
and also provide informarion on the time-related
bipguailable metal contents in aquanic plans,
Another great sdvantage of using hiogeochemical
samples instead of water samples is that the bo-



gecchemical samples provide invegrated informa-
ricn on the meral conrents in the water for a period
of sonwe vears. Water samples suffer from seaso-
nal and annual variations, depending on precipi-
tataon for example,

The mapping programme now covers about
60'% of the land grea of Sweden (35,000 sample
points), where ahour 75%: of the pu]_whrmn of
Sweden Bives. As an example; the cadmivm con-
tents . in southern Sweden can be shown, The
contents are enhanced in the most southerly-
counties of Sweden and along the west coast. The
larter distribution is derived manly from trans-
boundary atmospheric transport and deposition
ot anthropogemc ongm. The contents of Cdin the
southernmaost part, J'Luwtvcn are much hlghrr.
This region 18 a densely populated farming area
fram which growing crops are distribured 1o the
rest of Sweden. Samples of antumn wheat have
been taken n this region showing that samples
had an average of 73 pg Cdfkp dow. (dry weighth,
with several areas exceeding 100 pg Cdikeg dow, By
comparison, an ared in cenreal Sweden vielded on
analysis only 29 pp Cdfkg dow, on average in
anrumn wheat, In the affecred region, drinking
warer from many wells shiows an almost idenncal
distribution of high cadmium concentranons as
depicted in the biogeochemical map. For drinking
warer, the WHO has set a limir of 3 pg Cd/l. By
comparison, the wells wirthin the region wirth a
high cadmium burden have average levels of aboor
400 pg Gt

Several factors may interact with each other
and contribure o the high cadmium concentra-
rions feund in this region, for example deposition
af airborne cadmium as well as acid rain from
Eastern, Western and Ceneral Europe, Cadmium
may also eriginate from local sourtes, for exam-
ple, from phiospharte fertilizers useéd in agriculture.
Howewver, recent studies have shown chat the high
comtents of cadmiam are probably derived from
the sedimentary bedrock (sandstones with dis-
seminated Cd). Therefore we have a reason o
believee that the findings indicate a clear connec-
tion berween geology, acidification and possible
kealch effects caused by cadmium.

| ntesticat groingy

The moose (Afces alces L.}

as an environmental monitor
Aseparate chapter of this book discusses cadmi-
um, a non-gssential metal, and its negative biolo-
gical effects in humans. However, other organisms/
animals are also affected by cadmeem, Wild ani-
maks ear what 15 afforded by nature, Ammals
browsing in extensive areas and eating various
kind of plants may hecome narmral monitors for
bro-available cadmum. The animals act as sam-
ple collectors = “vacuum cleaners™ — 0 more or
less lmited nataral regions. Metals taken up by
plants, according to their bio-availability, from
the underlving geological background become
mgegrated by browsing i the animal body.

The cadmium uptzke by animals has been
studied in a grest variety of wild animals, The
moose (Alces dlees L) was found to be 3 good
maonitas of the hin-availability of cadmiam. The
moose, a large wild ruminant, is found in most
parts of Sweden. Tt is relatively stationary and
its range of seasonal migration seldom exceeds
S0= 60 ko, Bsdge is easy 1o determine which is
imporrant oo know, since cadmim accumulation
in argans {liver and especially in kidneys) 8 ape-
dependent, Chrgan dssues for invesrigation can he
abtamed through co-operation wich hunters” or-
ganizations doring regular hunting seasons in the
aurumn,

From muore than-4, 300 moose, samples of liver
and kidneys, and alse of the beft mandible for age
determinacion, were collected in the whole of
Sweden during the hunting seasons in 1981 and
1982, The cadmium burden of the moose was
calculired after amalysis by expressing it on a
standardized basisas the grerage vearly cadmiom
upitake by the moose kidney, Using this model, the
cadmivm burdens in the 25 investigated regions
were caleulated. The miap according o Figure 10
shows these burdens in 25 regions of 23 counties
of Sweden, The highest cadmium burden was
found in the southern and south-western pars of
Sweden, which is artributable to metal mohiliza-
tion by acid rain.

The meose is a good manivor for deteceing the
presence of cadmium in natere and for demon-
strating the distriburion of acdification and the
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effect of acid rain on cadmiom mobilizanon. In
addirion, changes in nature are detecrahle when
the investigation is repeated and compared the
eesults with carlicr measurements. Thes the moose
is & reliable alarm clock. Monitoring by moose is
not limited to cadmivm. By analyzing maose
organs concentrations of other essential and non-
esscntizl elements were also determined.

Two complementing methods

The biogeochemical technique and the amimal
monitoring rechnigue wsing moose as a monicor
for mapping the bicavailabilty of elements i the
environment complement each other, however,
on different levels in the food chain, The resules
abuined by using rooss of aguaric plants and
aquaric mosses and those obtained by nsing organ
rissues from the moose colleceed duting the same
period of ime appear 1o be rentarkably similar, in
spite of the higher traphic level of the latver. The
rweo metods elucidate the usefulness of the tech-
nibgues in monmtoring and detecring meral burdens
of regions on toxic levels as well as deficiency of
essenrial elemenrs: Geochemical monitoring pro-
vides a useful tme-dependent catalogue of hase-
line data showing che integrated natural and an-
thropogenic disrriburion of chemical elemients,
Such mformation conerthutes ro and facilitates
mperpretation of biological data and has predic-
tive walue i biological contexts. In addinion, the
mwose 152 reliable monttoe for derecting rapid
changes m the environment relared o basic data
collected in 1982,

We are now disturbing the natural

circulation
The composition of the matural environment s
very important for our health, and the disteiba-
l:ion,, mebilization and interacrion of elements s a
very deficate matter. Unforrunately we are now
disturbing the narural equilibrom and circula-
tom, One ot the mose serious environmental prok-
lens is the acidificanion of soil and water. The

other is liming i industrialized countries with the-

intennon of restoring nature to the time before
acdificarion. Mot only is environment affected

mg Cd/Ke Kidney and Year
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| rigusr 10 Cadmivm burden in Sweden with the
mease as monitor. Average renal cadmium uptake
per year,

humeans. These effects of acidificarion can he of
two kinds: direct effects of inhalation of aad
particles formed by discharge of sulphur oxades
and nitrogen oxides and indirect effects of in-
creased exposure to several toxic metals. Sulphure
dioxide and nivrogen oxides are the chief canses of

bt there s alsoa pﬂ[Eﬂl’ial threat to the healch of | soil and water hﬂ_‘nnnng acidified. Sui]:l-hur Cem-



pounds are responsible for abour two-thirds of
the acidification of rain, and nitrogen compounds
for the rest, Sulphor in gaseons form, sulphur
dioxide (S0}, is mainly formed by combusrion of
ail and coal. The largest single source of nitrogen-
axide emissions is road raffic,

Airbiorne pallution can thus affect the environ-
mentboth direcrly and indirecely. Sulphurdioxide
and nirrogen-oxide gases in high concentrarions
can cawse damage ro rees and lichens, lakes and
wetlands; they can affect people's health and
carrode structural materials, such assteel. These
direct effects are often greatest in the wicinity of
the emissien sources. Sulphur dioxide and nitro-
gen oxides can, hawever, also form salphuric acid
and nitric acid which may be transported by trans-
boundary pollution. Thus soil and water can be-
come acidified far away from the sources of emis-
IO,

As menrioned éarlier, elements in bedrack are
relessed and redistributed by weathering, Aerial
deposition of sulphuric and nitnc oxides howey-
er,may influence weathering of bedrock and soils.
The concentration of merals in upper soil lavers
may change as a resule of mobilization and the
metals become more available via plants to gra-
mng ammals. Elements that are easity mobilized
are cabciam, magnesium, manganese, aluminium,
micket, wine and cadmium, and 1o a lesser exrent
mercury, lead and copper. When the buffering
capacity of the soil is insufficient, acid ram may
cause trace-clement imbalance in plants and via
plants in herbivorous animals. Certain essential
trace elements, such as seleniom and molybde-
nims, become less soluble in acidic environment
and thesr availability 1o plants decreases, Changes
in the uprake via plants may result in changed
metal concentrations as well as imbalance be-
tween metal concentrations in organ tissues, with
severe consequences for grazing animals, Liming
15 vsed againsr acidification, bar recent investiga-
rions indicare thar, by changing rhe pH, ir can
have negarive health effects in planis and wild
ruminants as the mohility of cerrain negatively
charged namrally occurring elements is alwred.

One other consequence of acdificarion is irs
effect on nurrients in soils. Phosphoras, forexam-
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ple, is an imporsant nutrient for ptants. When pH
decreazes, for example with mcreasing acidifica-
rion, the phosphares which are necessary for plants
hecome less available.

Mature can resist acidification ... to @ certain

extent
The extenr of acidification depends on the résis-
rance thar soil and warer offer toin. Insome areas,
acidification hay reached the stage where flora
and fauna dre affeceed, whereas other arcas ap-
pear to be completely uninfluenced, Naturally,
this depends on the variability of deposition of
acidic subsrances, bur this is nor the entire cxpla-
matien. Another and perhaps just @5 important
gactor is the suil's ability 1o telerate acidic deposits,

The geochemical status of the soil has a strong
influence onits buffer capacity. During its passage
thraugh the sail, rhe rainwarer is exposed toa
number of chemical processes. Amiong these pro-
cesses, there are various butfering systems that
depend on the mineral composition of the soil 4md
are of grear imporrance for the neatralization of
acidic rainwarer. Acidic rainwarter in combing-
rion with deficienr or absent newtralising capacity,
may lead ro undesirable consequences for the
coosystens. IF the soil contams lime, then a car-
bomate buffering system takes over and acidic
warer is efficiently neutralised, A crinical situation
arises when the pH value inthe ground fafls helow
4.5, which implies thar the ground’s reserve of
exchangeable, beneficial base cativns is tempo-
rarily depleted. Such situations may easily arise if
the content of easily weathersd minerals in the
ground is low., In such a siruanon, another buffe-
ring system is activated, whereby otherwise slowly
saluble aluminium compounds are dissolved, e,
aluminium is mobilized, This process 1s rapid and
effective and thus high concentrations of alumi-
nium may suddenly appear in the groundwater. In
addirion, rthe decrease in pH may lead o mobiki-
satien of other merals (eg., cadmioml Many
parts of the world are risk areas since the hedreck
is communly dominated by rocks with low con-
tents of easily weathered marerial, The relative
response of ecosystems o acidic deposition is
derermined by a combination of land cover, soil



buffering and climare. Lrealogy plays a very im-
portant role in this effect,

realth effects of acidification

Acidification can influence human health by rwo
murin pathways: a deleterious effect an drinking-
warer quality in the form of meeal contamination
and an altered intake of certain elements caused
by increased trace-element content in fish, shell-
fish, game or crops. Both of these pathways are
very clusely bound up with geologival conditions
(Figure 11).

Cadmium becomes more mobife...
Itis nor likely characid groundwater will in itself
be harmful to humans. But where the warer is
highly acidie; merals such-as aluminium and cad-
miuMm may appear ar increased Concentrations,
since they are released from the soil when rhe pH
ig below 5. Cadmium is the most mobile of the
common hexvy metals. Since it is one of the
elements 1o which peaple in the industriatized
world have already been exposed in dangerously
high concentrations, alertness is required 1o the
danger of fovels rising int the groundwater. Cadmi-
tm 15 0 element thar leaves the body very slowly.
I several cournitries; the amount of cadmivm in
soil that is available ro plants is rising. This s due

ACIDIC: DEPCSITION

i part toacidification, but in the case of farmland
MONe To-is presence in fertilizers, The fevels in
many plants, includitg farm crops, have conse-
quently increased. The uptake by plants increases
still further when the groundwater becomes ach.
dified. Ar the same time people who are already
ingesting dangeraus amounts of cadmiun, for
instance by smoking, will be at severe risk if more
cadmium gets inte the drinking warer. Acidifica-
tion of drinkimg-warer sapplies can constiture 1
risk to human health through the leaching of toxic
compounds from watersheds and sedimenes inte
groundwarer or surface water sources,

Bio-availability of cadmivm and other ele-
ments depends on several paramerers, Dreposition
of atmospheric particulate marter from highly
mdustrizlised countrics alse contribures to the
amount of cadmiom in the soil, For uprake by
plants, the mobility of the metal, which s pH-
dependent, isimporeant. At low {acid) pH, cadmi-
um s easily mobilized as a positively charged
cation. The pH decrease in soil during acidifica-
tion depends on the type and amou neafacidifying
compounds and the buffering capacity of the soil;
the pH of lakes and wetlands indicates the ex tent
ot acidification. In acidified regions the mobility
of cadmium increases, along with s uptake via
plants by plant-caring animals,

Fish ete,

GUAE 1 Indirect effects of human health by ackd deposition |



bt so do other metals

Aluminiumis a common metal in the earth’s crust.
Mormally it is tightly bound to minerals, bur
acidificarion and increased weathering make it
markedly more soluble. The alaminium Cortents
i acidified arcas have shown a renfald increase.
Aluminium i water is chiefly a problem for
kidney parients. In-dialysis, when alwminiom is
present in water, it enters the blond stream direct-
by withour first having passed the body's normal
protective barviers, which may csuse skeleton and
brain injuries. Larely it has come ta light that even
individuals who are not saffesing from kidney
trouble may be endangered by raking i alu-
minium. It has also been monced chat high Con-
tents of mobilized aluminium can cause problems
in lakes, becaunse fish may be affected by i, to the
point of death.

Lead 15 also hberared by acidified searer. dn
anvient Rome lead posoning was 2 problem be-
cause of the nsage of lead in water pipes. In Grear
Britain, where it i also commonly used for warer-
pipes, 15 said thar aboar bive million people are
using drinking water in which the levels of lead are
in excess of those recommended by the European
Umion. Lead is liable to harm the nervous system,
especially in children (hyperactivity), In the long
term, the increased circulation of metals poses a
disrinct theear to health, A long rime may elapse,
tao, before the effects become apparent.

Copper is also a meral of which warer pipes are
most commonly made in many countries. When
the proundwater becomes more corrosive, the
capper s dissolved.

A decrease of pH and atkalinity in fakes and
streams can lead o an enhanced mobilization of
metals. The possible resalt is ncreased mrace-cle-
ment concentration in water planes and plankton
used as food by fish, shellfish and game. There
also evidence thata pH decrease leads ro enhanced
mercury accamulation in fish, constituting a health
threar to fish-consumers. Pregnant women and
their unborn childrén may represent a special group
at msk, The mobilization of race elements by
acidification can eesult m an increased trace-ele-
ment conceriration i coops, plants and grazing
animals thus becoming a risk o copsumers,

Pelaical peacbingy |

Among animals there is a general characteristc
thiar the contents of rubidivm in variows organs
incredase scrongly with the acidity in the ground.
This also pcowrs in plants and mushrooms, An
increassd rubidinmdpotassinm ratio characeenizes
all living levels in the strongly acidificd ccosystem
because the comesntration of potassium is fairly
constant in every tvpe of living marerial,

The highly roxic methylmesrcury is far-soluble
and hasa tendency towards bioaccumulanion in
nature, and the increased mobility is dependent
om acidification. There is evidenee thar agid rain
leads ro higher levels of methylmercury in cdible
nssizes of freshwarer fish, ln many stodies, a
correlation berween the mercary content i fish
and pH has been demonstraved. In bakes with low
pH values the mercury content in fish is generally
higher than in less acid lakes. When a lake is
actdified, changes oceur in the turnover of com-
poeunds and m the bione structore of the ecosys-
tem of the lake thar indirectly affeces the fiow and
turnover of mercury.

The moose diseasa
Human beings are the last link in the food chain,
bae it is evidenr thar earher links in the chamn are
also influenced by geochemistry. The earlier the
link, the more effects of geology, At higher levels
m the food chain, in browsing animals; the de-
pendence on genlogy [s apparent.

However, the sensitivity of ammals to deficien-
cy or taxicity varies between different species and
races. As mentioned, cartle are mose sepsitive to
capper deficiency. Another example of extreme
sensirivity has been noticed in Sweden during the
lasr decade, During the second half of the 1980z a
diseare not nbserved earfier was reporred in the
moose population in the south-west of Sweden.
The disease was called “ Alvsbarg disease™, as the
highest freqency of the disease is reporred from
the south part of Alvsborg county, The region is
strangly affected by acid ram, and fields and
pasturcs have been hmed since the 19705 To
counteract the negative effects of acidification of
lakes and wetlands, liming was intensitled during
the second half of the 19805, simultapecusly with
the purbreak of the diseass,
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The mult-faceried clinical signs and lesions in
this moose disease resulted in much speculation
concerning the cause. After more than 10 years
the disease is still limited to one geographic region
and has not spread to other counties; aparr from
a few cases reported from the whole counrry of
natural reasons-copper deficiency isalways present
in any moose popolation (see below ). However,
the theory of a possible microhiological cause
tvirush in the absence of any outbreak of epleoony
receives only very slight artention roday.

Chemical investigations of moose organs, lver
ind kidneys, collected in conmection with the
regulir moose hunt in the affected region, have
shiswn that the hepanic copper concenreation de-
ereased by 3%, and cadmivm by abour 30%
during a periad of ten vears. During the same
time, molvbdenum concentration increased be-
rween 22 and 40% in this “healthy™ moose pop-
ulation in comparison with values in 1982, which
was before the outhreak of the disease, The in-

crease of molybdenun is significant, although the
different values in 1988, 1992 and 1994 are

probably due to climaric vanations,
Underseanding of the discase is facilitared when
the mulei-facetred clinical signs and necropsy fin-
dings are compared with those of mul:.rhdénum-
canstd secondary copper deficiency in care and
to some extentin sheep. Maost of the clinical signs

and pegan lesions can be explained by the harmful
effects of deficiency in, or decreased acrivity of,
COPPEr-CONAINING CREVIES.,

Concentranon decrease of cadmiam, conce-
mitant with mcrease of molybdenum was found
in liver and kidneys in the investigations, As cad-
minm is 4 cation and moelybdate an anion, conse-
quently, this indicates according to the basic laws
of physical chemistry, a pH increase in the moose's
environment, Thus the cause of the moose disease
appears to be severc copper deficiency and molyb-
denosis. This oceurs becavse of elevared amounts
of molybdenum in the moose diet, changing the
ratio between copper and molebdenum therein. [t
is moterworthy that the occiirrenice of the disease in
the md- 19805 comcided with increased limmg
dctivities dgainst the effects of acidification in this
region.

We mus| Tisten to nature
We have now seen thar all living vrganisms,
humans and animals, are buil up of major, minor
and rrace elements, given by natre and supplied
by geology. The presence of these giftsin narure is
unevenly distribured, Occurrence of elements va-
ries locally, Somerines it is too moch, sometmes
ron lirtle, which is equally harmful, We have also
disturbed the natural crculation, However, it is
our dury and privilege to study, learn and provide
vurselves with knowledge abour natural prere-
quisites, e.g, the geological background and the
bicavailability of clemients which are essential for
healthy life, By using moniroring rechniques hike

analysing reots of agueoas plants or moose ar-

gans we have the mstruments o make use of and
display the secrets-of nature.
We just have 1o listen and nmature gives us

advice!
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