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Abstract

Epidemiological observations concerning the relationship between water hardness, concentrations of lead (Pb) in
drinking water, and cardiovascular mortality in Great Britain and Norway suggest that Pb may have been far more important
than hitherto recognized as one of the main causes of the 20t Century coronary heart disease epidemic in the United States
and Europe.

The aim of this study was a literature review of the association between Pb concentrations in the environment, in blood,
and cardiovascular diseases.

Materials and Methods. The search for relevant scientific publications was carried out in databases of evidence-based
medicine (PubMed, Cochrane Library), and specialized search systems (Google Scholar). The following search filters or
inclusion criteria were used: environmental studies on Pb sources in the environment, drinking water and food,
epidemiological studies on the association between Pb and cardiovascular pathology, on the hardness of drinking water,
published in English, full versions of articles. Preference was given to studies of high methodological quality (cohort studies
and reviews of studies of various designs), in the absence of which results of cross-sectional studies were taken into
account.

The research was obtained by searching the following keywords: drinking water AND lead; cardiovascular diseases AND
lead; mortality AND lead.

Results. It was found a correlation between blood Pb concentration and both systolic and diastolic blood pressure,
stroke, and heart attacks. The toxic effects of Pb can explain the association between water hardness and cardiovascular
mortality.
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Pesiome

KOHLIEHTPALMA CBMHLA B NUTLEBOU BOAE B EBPOIME
M CMEPTHOCTb OT CEPAEYHO-COCYAUCTbIX 3ABOJIEBAHUA

Geir Bjorklund 1*

! CoBeT No nuTaTenLHOI U 3KONOrUYECKOI MeaNLMHE (CONEM),
r. Mo n PaHa, HopBerus.

Onuaemuonoruyeckme HabnoaeHNs, kKacatowmecs B3auMOCBA3eN MeXyY KeCTKOCTbH BOAbI, KOHLEHTPaLMsMM CBMHLA B
nuTbeBom Boge (Pb) 1 CMEPTHOCTBLIO OT CepaeyHO-COCYAMCThIX 3aboneBanui B Benukobputanun u Hopeeruu, nossonstot
NpeanonoXuTb, YTO CBIMHELL, BO3MOXHO, UrpaeT ropasfo Bonee BakHY posib B Pa3BUTN 3NMAEMUM ULLIEMIYECKON GONesHN
cepaua B CLUA v EBpone 20-ro Beka, YeM 3T0 O CVX NOp npu3HaBanack.

Llenbto gaHHoro uccnegosanus 6bin 0630p NUTEPaTypbl O CBA3M COAEPXKAHMS CBUHLIA B OKPYXatoLLen Cpede W KpoBM C
CepAeYHO-COCYaNCTbIMM 3aBoneBaHNAMM.

Matepuansi u MeToabl. [Touck COOTBETCTBYIOLMX HAYYHBIX NyBnnKkaLuin npoBoauncs B 6asax AaHHbIX LoKa3aTenbHOM
MeguumHbl (PubMed, CochranelLibrary), cneunanusupoBaHHbIx nouckosbix cuctemax (GoogleScholar). Mcnonb3oBanuck
creqylowme noucKkoBble (UNLTPLI WM KPUTEPUM BKMIOYEHWS: 3KONMOTMYECKUE WCCHeNoBaHNs WCTOYHUKOB CBWHLA B
OKpYXaloLLiel cpeae, NUTLEBOM BOAE U NPOAYKTaX NUTaHWS, 3NMAEMUONOTMYECcKUE UCCnefoBaHNs B3aMMOCBSA3N NaTonorum
CBWHLA W CEpOEeYHO-COCYANCTON CUCTEMBI, KECTKOCTW MUTLEBON BOAbI, ONYONMKOBAHHbIE HA aHTMMICKOM Si3blke, MOMHbIe
Bepcun cTatenn. [MpegnouTteHue ObinO OTAAHO WCCNEdOBaHMAM BbICOKOTO METOAOMOTMYECKOTO KayecTBa (KOropTHble
nccregoBanus M 0030pbl MCCNEdOBaHWIA Pa3NMYHOro Au3aiHa), Mpu OTCYTCTBWAM KOTOPbIX YYWTbIBANWNCh pe3ynbTaThl
nonepeYHbIX UCCenoBaHni.

WccnenoBaHne 6bin0 nonyyeHo myTeM nowcka CredyloWmMX KMiYeBbIX COB: MUTbEBAs BOLA W CBUHEL; CEpAeyHo-
cocyancTble 3a60neBaHs U CBIHEL,;, CMEPTHOCTb M CBUHELL.

Pesynbtatbl. bbina obHapykeHa Koppensiuus Mexay KOHLEHTpauueid CBMHLA@ B KPOBM W CUCTONNYECKUM U
AVaCTONNYECKUM apTepuanbHbIM OABNEHUEM, WHCYNbTOM W MH(apkTom. Tokcuyeckme addpektbl Pb moryT o6bscHUTH
CBAA3b MEXAY KECTKOCTbIO BOAbI M CEPAEYHO-COCYANCTON CMEPTHOCTLIO.

Knrouesble crosa: numbsesas 800a; cauHeu, cepdeyHo-cocyducmele 3abonegaHus; cMepmHOCMe.
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Tyvingeme
EYPONAOAfbI AYbI3 CYNAFbl KOPFACbIHHbIH LUWOfbIPJIAHYbI XKOHE
XYPEK-KAH TAMBIPJIAPbI AYPYJIAPbIHAH BOJIATBIH OJ1IM-XITIM

Geir Bjorklund 5*

! TaramabIK XoHe 3KONOrUANLIK MeALMHA GolibiHwa KeHec (CONEM),
Mo xoHe PaHa K., Hopserus

CyablH KaTaHbIfbl, aybl3 CyaaFbl KOpFAcblHHbIH, KOHUeHTpauuscel (Pb) xaHe ¥nbibputaHnus meH Hopserusparbi
XYPEK-KaH Tamblpnapsbl aypynapbiHaH GonaTblH enimM apacbiHhaFbl ©3apa bainaHbicTapFa KaTbiCTbl SMMAEMUONOMUANbIK
Gakpinay KOpFacblH OCbl KyHre peiiH TaHbinFauFa Kaparanza, AKLU neH 20-wbl facbipabiH, Eyponaga xypekTiH,
NLEMUSMBIK aypybl iHOETIHIH AamMyblHAa aHaFyprbiM MaHbI3abl pen atkapagb! Aen 6omkayra MyMkiHaik bepegi.

3epTTeyAiH MaKcaTbl KopluaFaH opTajarbl KOPFachblH MEH KaH KypaMblHbIH, XYPEK-KaH Tamblipriapbl aypynapbiMeH
GaiinaHbicbl Typanbl oaebueTTepgi wony dongsl.

Martepuangap meH agictep. TuicTi FbinbiMu 6acbinbiMaapabl i30ecTipy Aonenai MeauUMHaHbIH aepektep GasackiHaa
(PubMed, CochraneLibrary), MamanpaHabipbinFaH isaey xynenepinae (GoogleScholar) xyprisingi. Keneci isgey cyarinepi
HEeMece KoCy ernwemaepi nanganaHbingbl: KopliaraH opTafarbl, aybl3 Cyaarbl XoHe asblK-Tynik eHiMAepiHaeri KopFacblH
K©3epiHiH 3KONorusAnbIK 3epTTeynepi, KOPFachlH NaTONOrMSAChI MEH XYpPeK-KaHTaMblp XyWeCiHiH e3apa 6ainaHbICbIH, aybl3
CyZbIH, aFbiMNbIH TiNHAE XapusnaHFaH KaTTbiNbIFbIH, MakKananapablH, TONbIK HYCKanapbiH aNuaeMUoOnorusrnbIK 3epTTey.
ApTHIKWbINbIK KOFapbl dficHamManblK canajarbl 3epTTeynepre (KOropTTblK 3epTTeyrnep XoHe opTypni Au3aiH
3epTTeynepiHiH Wwonynapsl) 6epingi, onap 6onmaraH xafganga KenLeHeH 3epTTeynepaiH HaTUXeNepi eckepingi.

3epTTey Keneci Heriari ce3nepai isgey apKbinbl anbiHAbl: aybl3 CY XOHE KOPFaCbiH; XYPEK-TaMblp aypynapbl XoHe
KOPFacblH; ©niM xaHe KOpFachlIH.

Hotuxenep. Kangafbl KOpFacblH KOHLEHTPAUMAChl MEH CUCTOMAnbIK XoHe AuacTonanblk apTepusnblK KbiChIM,
WHCYNbT XaHe MHAAPKT apacbiHAarbl KOppensaums aHbiKTangsl. Pb ybiTTbl @cepnepi cyablH KaTaHabIFbl MEH XYpeK-TaMbIp

eniMiHiH apacblHaarbl DainaHbICTbI TYCIHAIPE anaapb!.

TyliiHdi ce3dep: aybi3 Cy; KOpFachIH; XypeK-mambip aypynapbl; enim.
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Introduction

Water used for irrigation may be a potential source of
lead (Pb) to the soil [1-3]. A study of water and crops
showed that the concentration of Pb, cadmium (Cd), and
other metals in sewage-contaminated water was up to 210
times higher than in shallow handpump water [4]. Since
clean water (and soil) is not easily accessible to the
population of all countries, assuring safe (uncontaminated)
water supplies is a pressing issue of great public health
importance. This is demonstrated by an animal study. Shed
skins from cobras and wall lizards collected from heavily
polluted urban areas frequently contain significantly higher
Pb levels than those of the same animals from less polluted
rural areas [5].

Drinking water can be an important source of Pb, partly
because of the possibility of much better intestinal
absorption than for much of the Pb coming from other
foods, with dietary calcium (Ca) and phosphorus (P), and
perhaps also other substances in food being important
factors that limit the intestinal absorption of Pb [6-13], while
Pb from tapwater alone or when used for reconstitution of
commercial infant foods can be much better absorbed [14,

15]. Ingestion of Pb from drinking water used to be a severe
problem in many British cities for more than two decades
into the post-World War 2 period because of the high
prevalence of houses with Pb service pipes, the low pH of
the public water supply and the resulting high levels of Pb in
water used for public consumption [16, 17].

The aim of this study was a literature review of the
association between Pb content in the environment and
blood and cardiovascular diseases.

Materials and Methods

The search for relevant scientific publications was
carried out in databases of evidence-based medicine
(PubMed, Cochrane Library), and specialized search
systems (Google Scholar). The following search filters or
inclusion criteria were used: environmental studies on Pb
sources in the environment, drinking water and food,
epidemiological studies on the association between Pb and
cardiovascular pathology, on the hardness of drinking
water, published in English, full versions of articles.
Preference was given to studies of high methodological
quality (cohort studies and reviews of studies of various
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designs), in the absence of which results of cross-sectional
studies were taken into account.

The research was obtained by searching the following
keywords: drinking water AND lead; cardiovascular
diseases AND lead; mortality AND lead.

A total of 753 literary sources were found, of which 50
articles were selected for subsequent analysis.

Results and discussion

An investigation from Ayr City in the southwest of the
coast in Scotland illustrates the great importance Pb in
drinking water can have for the total Pb burden in human
populations [18]. The local water supply was
plumbosolvent, and many dwellings in Ayr contained Pb
pipes. In 1981, treatment of the water supply to reduce its
plumbosolvency was initiated. Measurements of water and
blood Pb concentrations were made before and after the
treatment [18]. Most of the measurements carried out
before and after water treatment began were made on
water samples from the same dwellings and blood samples
from the same women. Water treatment was fund to
produce a sharp fall in water Pb concentrations and a
decrease in the median blood Pb concentration from 21 to
13 micrograms/100 ml [18]. Two women had higher than
expected blood Pb levels. Both of these women had been
removing old paint. All of the women who had Pb pipes
removed from their dwellings showed substantial decreases
in their blood Pb concentrations [18].

The relationship between Pb intake from the diet and
drinking water and the Pb concentration in the blood were
also studied [19]. A cube root relationship was found to fit
the data on blood Pb versus water Pb better than a linear
relationship [19]. Similarly, blood Pb was also found to vary
with the cube root of weekly dietary Pb intake. These cube
root equations provided a means of estimating the impact
on blood Pb concentrations of exposure to Pb from food
and water. If the cube root relationships did correctly
describe the association between these parameters, then
the curve fitted to the results for adults indicating that the
contribution to the blood Pb concentrations from sources
other than the diet and water was relatively small [19]. A
similar cube root relationship was also found between
drinking water Pb concentration and Pb concentrations in
blood from infants. However, the effect of Pb from drinking
water on Pb concentrations in blood was found to be
considerably smaller among wholly breastfed infants than
on the others [20]. The same cube-root relationship has
also been found between domestic water Pb concentrations
and blood Pb concentrations in 232 mothers at delivery
[21].

A survey of middle-aged men in 24 British towns
showed that there was substantial geographical variation in
blood Pb concentrations [22]. Cities with the highest mean
blood Pb levels had soft water supplies. It was found that
raised household tap water Pb concentrations could
considerably increase individual blood Pb. Mean blood Pb
was estimated to be 43% higher for men when the
concentration of Pb in first-draw domestic tap water was
100 micrograms/l compared with a zero level [22]. Individual
blood Pb was, however, also found t be affected by alcohol
consumption and cigarette smoking, such that on average,
these two lifestyle habits together contribute an estimated

17% to the blood concentration of Pb in middle-aged men
[22].

While Pb pipes were used for drinking water supply by
the ancient Romans, and perhaps have been used in
several countries during the XIX Century, this practice did at
least not continue in other countries for such a long period
as it did in Great Britain, although Pb pipes may have
survived in many old buildings. However, Pb may still have
entered the drinking water from other sources than the
pipes themselves, viz. from solder metal (lead-tin alloys)
used for joining the pipes and from brass used in water taps
that had been alloyed with Pb to improve its technical
properties during the process of manufacture [23-28].

A study of heavy metal concentrations in the drinking
water of randomly samples households in Oslo was carried
out after Cd poisoning of drinking water had been
discovered in a new building for the Institute of Biology at
the University of Oslo. Some aquatic organisms that were
used in laboratory experiments became poisoned, and
when the researchers tried to find out what had happened,
it was found that the taps in the new building had been
plated with Cd. This alerted the public health authorities and
prompted an investigation to try to measure the prevalence
of Cd-poisoned drinking water among households in Oslo.
This study showed that Cd poisoning of drinking water was
rare, while high levels of Pb were very common, though not
equally high, as in British cities with plumbosolvent water.
One of the most important sources of the drinking water Pb
was found to be water taps made from Pb-alloyed brass
[29].

A strong inverse relationship has been found between
drinking water hardness (defined as the sum of Ca** and
Mg** concentrations in drinking water) and cardiovascular
mortality in British cities [30]. In a study of regional
variations in cardiovascular mortality in Great Britain during
1969-73 based on 253 towns, the possible contributions of
drinking water quality, climate, air pollution, blood groups,
and socioeconomic factors were evaluated [30]. A twofold
range in mortality from stroke and ischaemic heart disease
was apparent, with the highest mortality being in the west of
Scotland and the lowest in South East England [30]. A
multifactorial approach was found to identify five principal
factors that substantially explained this geographic variation
in cardiovascular mortality-namely, water hardness, rainfall,
temperature, and two social factors (percentage of manual
workers and car ownership). After adjustment for other
factors cardiovascular mortality in areas with very soft
water, around 0.25 mmol/l (CaCOs equivalent 25 mg/l), was
estimated to be 10-15% higher than that in areas with
medium-hard water, around 1.7 mmol/l (170 mg/l), while
any further increase in hardness beyond 1.7 mmol/l did not
additionally lower cardiovascular mortality [30]. Thus, a
negative relationship existed between water hardness and
cardiovascular  mortality,  although  climate  and
socioeconomic conditions also appeared to be important
influences.

Later, the association between blood Pb concentration,
blood pressure, stroke, and heart attacks in middle-aged
British men was similarly studied [31]. The relationship
between blood Pb concentration and blood pressure was
examined in a survey of 7371 men aged 40 to 59 from 24
British towns. It was found that after allowance for relevant
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confounding variables, including the city of residence and
alcohol consumption, there existed a very weak but
statistically significant positive association between blood
Pb and both systolic and diastolic blood pressure. These
cross-sectional data indicated that an estimated mean
increase of 1.45 mm Hg in systolic blood pressure occurs
for every doubling of blood Pb concentration with a 95%
confidence interval of 0.47 to 2.43 mm Hg. After six years of
follow-up, 316 of these men had major ischemic heart
disease, and 66 had a stroke. After allowance for the
confounding effects of cigarette smoking and town of
residence, there was no evidence that blood Pb is a risk
factor for these cardiovascular events. However, as the
blood Pb-blood pressure association was so weak, it was
considered unlikely that any consequent association
between Pb and cardiovascular disease could be
demonstrated from prospective epidemiological studies
[31].

In some studies, it was found that the level of lead in
bone tissue is a more accurate biomarker of its cumulative
effect than Pb concentration in the blood. So, in a sample of
868 men, a correlation between the lead content in the
patella, all-cause mortality, and cardiovascular mortality
was found. The adjusted relative risks were 2.52 (DI 95%,
1.17-5.41) and 5.63 (DI 95%, 1.73-18.3), respectively.
Approximately the same results were found when analyzing
the content of lead in the tibia [32].

A criticism that can be raised against both of these
studies, not against the statistical data that has been used,
but against their interpretation, is that it is a wholly open
question if the correlations observed between climatic
factors (rainfall and temperature) and cardiovascular
mortality in a medical sense are causal ones, or if they just
might be confounding factors that erroneously have been
interpreted as being causal because there is a strong
correlation between climate and topography and drinking
water corrosive properties, in addition to the obvious effect
of bedrock composition on the composition of drinking
water.

However, bedrock composition on the British Isles is
also strongly correlated with climate, going from the
Southeast of England to the North of Scotland, since
limestones are much more abundant in South East England
than in Scotland [33]. Most of Scotland belongs in a
geological sense to the Caledonides, which are also found
on the west side of the Scandinavian Peninsula and the
east coast of Greenland, and the bedrock composition in
Scotland is entirely dominated by silicate rocks, both
metamorphic and igneous ones. In Scotland, moreover, the
combination of climate, bedrock composition, and
topography is also favorable to vegetation types (including
mountain bogs and heather-covered terrain), giving acid
soils with high concentrations of organic matter, similarly as
on the west coast and most of the northern part of Norway.
The average contribution of surface runoff, compared to
groundwater discharge, into brooks, rivers, and lakes are
also high in much of Scotland because of the combination
of topography and climate. This, however, does not mean
that the climate today determines what type of sediments
were deposited either in what is now Norway or in what is
now Scotland more than 65 million years ago or what
happened during the Caledonian orogeny much earlier. Nor

does it mean that the bedrock composition has any effect
on climate either on the British Isles or in Norway today
except an indirect one (which, however, is quite large)
because of its effect on local topography [34].

It is thus possible that the real (casual) contribution to
cardiovascular death rates in the study of Pocock et al. from
1980 may have been much more than 10-15 % variation if
one corrects for over-correction of the data by falsely
assuming confounding factors to be causal.

A similar inverse relationship, but much weaker than in
Great Britain, between drinking water hardness and cardiac
mortality, has also been observed in other countries,
including the United States [35-38]. It has very commonly
been speculated that it might be the magnesium (Mg)
content of hard drinking water that might be the causal
factor explaining this statistical relationship since it has
been well-known for several years that Mg deficiency is
harmful to the heart. Prompted by these speculations, a
study was carried out in Norway among municipalities with
different total drinking water hardness and different Ca/Mg
ratios in the drinking water. This study has not been
published, but the main results are quoted in a survey
report for the Norwegian National Nutrition Council [39]. The
local communities that were studied were all from the same
part of Norway without any large differences in the local
climate.

Unexpectedly, no correlation between drinking water
Mg concentrations and cardiac mortality was found.
However, a statistically significant 10% difference in age-
adjusted cardiac mortality was found, comparing the
municipalities with the highest and lowest drinking water Ca
concentrations. Still, even in the municipalities with highest
Ca levels in the drinking water, the contribution from
drinking water to the total dietary Ca intake much too small,
compared to the Ca intake from other foods, that drinking
water Ca per se be the cardioprotective factor. A so-called
technical effect of drinking water Ca, e.g., on the rate of Pb
corrosion from Pb-Sn alloys used as solder metal or from
Pb-containing brass used in the water taps, was the only
possible explanation [40-43].

These data from Norway are entirely consistent with the
observations from England and Scotland, except that
drinking water Pb concentrations must have been lower in
the low-Ca communities in Norway than in the low-Ca
communities in Great Britain, and the difference in
cardiovascular death rates without correction for other
factors were also considerably less in Norway (10%
variation in Norway against variation by up to a factor of 2/1
in England and Scotland) [44].

The most important technical factor in Norway is most
likely a difference in the corrosiveness of the water, which
might depend not so much on the Ca** concentration of the
water per se as on its pH value. The British, however, are
large consumers of tea, and most of the water that is
consumed for drinking in Great Britain is boiled before it is
ingested. It is then conceivable (although this hypothesis
has not been experimentally tested) that when water from a
limestone area in the Southeast of England is boiled,
CaCOs will precipitate in the kettle during boiling, and Pb**
will be coprecipitated together with CaCOs because the
difference in ionic radius between Ca** (0.99 A) and Pb**
(1.20 A) is not so large that it would be expected entirely to
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hinder coprecipitation, and the solubility product of PbCO3
(8.0 x 10-%) is much smaller than that of CaCOs (4.5 x 109)
[45].

It is thus possible that the toxic effects of Pb may
entirely explain the observed association between water
hardness and cardiovascular mortality on the British Isles,
perhaps both on the process of atheromatous development,
on the regulation of vascular tone in the coronary vessels,
on the balance between antithrombotic and prothrombotic
signal substances released from endothelial cells and
directly on the cardiomyocytes [46, 47]. The influence of
environmental Pb can damage mitochondrial activity
leading to impaired cardiovascular function [48-50].

Conclusion

The results of large epidemiologic and experimental
studies show a relation between the low hardness of
drinking water due to deficiency of Ca and Mg
concentration, long term Pb influence, and increase of
cardiovascular mortality rates. Evaluation of chronic Pb
exposure regarding circulatory system diseases needs
further research. Also, this problem could be solved by
developing prevention programs that include the elimination
of lead from drinking water and food.
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