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ABSTRACT

Mercury and selemium concentrations in organs samples from cadavers were
determinded by radiochemical neutron activation analysis. The relationship
between the elements was analysed by lincar regression. In pituitary gland samples
and one thyroid gland sample from dental staff, occupationally exposed to mercury
vapour, accumulation of Se together with Hg at an approximale 1:1 stoechiometric
ratio was found. Biological half-times of several years of the accumulated elements
were indicated. Accumulation of Sc together with Hg at an approximate §:1
stoechiometric ralio was seen also in renal conex sampies from the general popula-
tion, i.e. individuals exposed to inorganic mercury from amalgam fillings and
organic mercury from food inciuding fish. The possibility of a protective effect of
Se.against the toxicity of Hgis discussed. The amound of Se that was not associated
to Hg, which probably represents the biologically available Se, varied markedly
between organs. Decreasing concentrations of biologically available Se with
adwancing age was seen in pituitary gland sampies, but not in other organ samples.
Renal conex samples from three dentists showed low Se relative 1o Hg. It was
suggested that a comparatively large fraction of Hg was bound 1o other ligands than
Se or that the biologicall y available amount of Se had decreased. The results show
the importance of simultaneous analysis of Hg and Se when evaluating organ
conccntrations of these elements,
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Mercury (Hg) is a non-cssential heavy metal the compounds of which differ in
metabolism and toxicity. The adverse effects of exposure to elemental mercury
vapour (Hg®) have been known for centuries. Alter uptake in the lungs Hg® is
oxidised to mercuric mercury (Hg?*) in the biood and other tissucs. In the non-
oxidised form it readily passes through biclogical membranes, ¢.g. the blood brain
barrier and the placenta. The central nervous system and the kidney are considered
the critical organs at long time cxposurc 10 clemental mercury. The classical
intoxication picture, mercurialism, includes tremor, psychic symptoms, notably
erethism, and gingivitis. | Animal studies suggest that the immune sysicm alsomight
be a critical organ at exposure to inorganic mercury, especially in genctically
susceplible individuals.®

In the 1960°s organic mescury compounds, mainly methyl mercury (MeHg), were
demonstrated as widely spread environmental dangers. MeH gis highly lipid soluble
angd passes readily into all tissues. The central nervous system is considered ihe
critical organ for methyl mercury in man.'#

As a result of preparing and working with amalgam dental staff is exposed to
mercury in the form of vapour and panticlulaies.** This cxposure implies a potcnual
risk for deleterious effects, ™

Recently intercs: has focused also on the possibili ty of health effects in the gencral
popuiation due to exposure (0 inorganic mercury {rom amalgam restorations, '*'®
Amalgam fillings continuously emil ¢lemental mercury vapour which is absorbed
in the lungs, and distributed to various organs. % This mercury makes the
predominant contribution 1o exposure to inorganic mercury in the gencrai popula-
tion.®

Seclentum (Sc) is an esscntial trace clementin several species i ncluding man. Itis an
integral pan of the enzyme glutathione peroxidase in man and other mammals. It
may also have other imporant functions. At high doscs Sc becomes toxic, €.g.
through intake with food in some geographical arcas with high Se content in the
soils.” Organ concentrations of minerals and trace elements depend on age. For
differenuit organs there have been repons of increasimig Se concentrations, - but also
decreasing Se concentrations® with adwancing age in adults. Plasma Se has becn
reponted o decline markedly afler 65 years of age. ™

Experimental animal studics show that selenium compounds, both organic and
inorganic, protect against thie acute renal and intestinal necrosis induced by
subcutameously administered mercuric (Hig?*) chloride. > With oral admi nistration
the protective effect of selemile against the renal toxicity of HgCl, has been
dcmonsurated with exposures up 10 20 months.**” Conversely mercury has been
demonstaated (o protect against the growth rewanding effect of toxic doses of
selenium: in rats and chicks,*™



e

Aftercombincd administration o rodents, both clements become attached 1o cenain
high molecular weight protein fractionsina 1:1 sioechiometric ratio. ™ The jn vitro
binding of Hg 1o a single plasma protein in a 1:1 stocchiometric ratio with S¢ was
preceeded by the conversion of selenile 1o Se*, which may readily react with Hg**
o form HgSe.” Simultancous administration also causes changes in the organ
distribution of mercury. In most studics a decreased concentration in the kidney and
increased concentrations in other organs are reported.****® These changes in
distribution arc accompanied by increased retention of mercury. The effect on
distribution and retention is maximal when the elements are administercd in
equimolar doses.****4 Conversely HgCl, alters the distribution and retention of
seleniym, 40

There are no animal data on the effect of Se treatment on the toxicity of inhaled
elemental mercury vapour. A study in mice has shown that except for increased
uptake in the lungs Se pretreaiment did not markedly change the initial distribution
of Hg. However, the retention of mercury in the whole body and several organs was
markedlyincreased. The authors concluded that. while injected selenite and mercuric
mercury interact strongly in scrum and are retained especially in the reticulo-
endothelial sy stem, elemental mercury interacts with selenium mainly afler oxida-
tion intracellularly. 2

In 1975 Kosta et al. reported an approximate 1:1 stoechiometric ratio of Hg and Se
at high concenirations in several organs from former mercury miners.** We also
found a very high correlation between high 1otal Hg and Se concent rations in four
pituitary glands from dental staff.* The main purpose of the present work was 10
further elucidate the relationship between mercury and selenium concentrations in
several tissues from individuals with varying exposure 10 mercury vapour.

MATERIAL AND METHODS

Pituitary gland, occipilal corex, renal contex, abdominal muscle as well as a few
samples from thyroid gland were collected at auwtopsy of 7 dentists and onc dental
assisiant (Table 1). The samples were collected at different pathology depanments
and at the coroner’s office in Stockholm. Pituitary gland, occipital comex, renal
cortex, and abdominal muscle samples. from individuals without known occupatio-
nal exposure 1o Hg were also collected (Table 2). All deaths had been sudden and
unecxpected. The sampling was carried out at the coroner's office in Stockholm.,

Two of the individvals with no known occupational exposure 1o Hg {(Nos. 8 and 20,
Table 2) had much (>10-fold) highcr Hg concentrations than the rest in the pituitary
gland. This suggests that occupational exposure may have occurted. They had
retired due to old age and with no data on former occupations at the time of sample
collection. Later retrieval of data from the National population and housing census
of 1980, showed that one of these cases had worked as an electrician. A major



industrial usage of mercury 15 in clecincal cquipment,' INRCREIONT a7 Ox cUPalKi
exposure is not unlikcly, For the other individual, no data on former occupatons
could be obtaincd.

According to detailed medical records, onc dentist (case No.1, Table ) had not
worked for scveral years due (o retirement and incapacitating chromic iliness.
Another dentist {(case No.2) had not worked since retirement, a total of 15 years,
according 10 information from relatives, Detailed data on the remaining cascs were
not obtaincd. However, based on the medical records and avlopsy repors we
concluded that they had not been professionally active dunng the last months befoce
death. There were no reporned signs or sympioms of mercury intoxication in
available medical records. However, one of the dentists (Case No. 2 suffered from
disturbances of peripheral nerves and was at the time of death investigated for these

problems at a neurological clinic.

Afer subsampling and dissection, analysis of total Hg and Se was carnied out in
collaboration with the Swedish Environmental Research Institute (VL) using a
radiochemical meutron activation (RNAA) method.** Detailed description and
quality control for the mercury analyses have been published earlier.' The detection
limit is 2 ug/kg for Se. The accuracy of the RNAA method (IVL) to determine Se
was cstablished by analyses of standard reference matenal (SRM) 1577a from the
National Burcau of Siandards (NBS), with a certified value of 0.71 » 0.07 mg
Se/kg dry weight. The resulis of three analyses were 0.79, 0,75 and 0.78 mg Se/kg
dry weight. A few samples (Cases Nos. 3and 7, Table 1) were analysed by RNAA
a sotopeentralen, Denmark. The detection limitis 0.2 ug/kg for Hg and 3 ug/kg for
Se.* The accuracy was Lested through simultancous analysis of NBS SRM 1577,
cenified for 16 « 2 uMg/kg and 1.1 » 0.07 mg Se/kg, which gave 16.0 and
15.8 ug Hg/kg and 1.1 and 1.1 mg Se/kg.

Forthe organs with 6 or more samples the relationship between Se, Hg and age was
investigated by linear regression analysis®, with Se as dependent variable, In all
analyses Hg was entered as anindependent variable then age was added to the mode!
if this resulted in a significant improvement (Partial F-test p<0.10). Examination of
residuals indicated the lincarmodels 1o be adequate. Based on previous studies it was
decided that the aliemative to the null hypothe ds of no association between Hg and
Sc is a posilive association, therefore significance tests regarding the effect of Hg
werne performed as onc-sidedtests. Significance tests regarding the effectof age were
performed as two-sided tests. Al regression analyses were performed using the SAS
statistical package for VAX/VMS.*



Mercury and selenium in organs from dental stall

The organ samples from dental stalfhad considerably highe r Hg concentrations than
those from the non-occupationally exposed cases. The pituitary glands of the dental
staff also had considerably higher Se concentrations than pi tuitary glands from non-
occupationally exposed cases. Significanly higher conceruration of Se for dental
stalf was also seen in occipital contex (Mann-Whitney lest™), although the magni-
tude of the diffcrence was less than for pituitary gland (Tables | and 2).

Regression analysis of data from pituitary gland with Se concentration as dependent
variable demonstrated a strong effect of Hg concentration. The regression coeflfi-
cient for Hg was 1.0. The intercept (the predicted Se concentration at zero Hg) was
4.6 umol Se/kg, however, this parameterestimate was not stagstically different from
zero (Figure 1 and Table 3). Addition of age resulied in a borderline significant
(Partial F-test p<(.11) improvement, which effect if included in the model would
show a negative parameter estimate. The coefficient of determination of the model
including also age was, R*=0.99,

Regression analysis of data from occipital conex samples with Se concentration as
dependent variable demonstrated an effect of Hg concentration. The regression
coefficient for Hg was 1.0, butthe confidence interval was wide. Noeffectof age was
seen. The intercept of 2.1 umo! Se/kg showed a significant fraction of Se not
associated 1o Hg (Table 3).

There were too few renal samples (Table 1) 1o make regression analysis meaning-
ful. The association of Se to Hg generally can not be assessed in single samples, but
at the extremely high concentrations of the elements in one thyroid sample (case No.
2) the stoechiometric rel ationship of approximately 1:1 should be noticed.

Mercury and seleniurn in organs from individuals without occupational
exposure to Heg

In average renal cortex showed the highest Hg concentration. Regression anal ysis
showed a strong relationship between Hg and Se. The regression coefficient for Hg
was 1.1. No effect of age was seen. The intercept of 8.5 umol Se/kg showed a
significam fraction of Se not associated to Hg (Table 3, Figure 2).

Regression analysis of data from pituitary gland samples with Se concentration as
de pendent variable demonstrated a clear effect of both Hg concentration and of age.
The regression cocfficient for Hg was 1.3. The regression coefficient for age was
negative, i.e. decreasing concentrations with advancing age. At a Hg concentration
of zero and 58 years of age (average age of cases with pituitary data) the mean Se
concentration predicied by this lincarmodel was 5.8 umol Se/kg, thus showing a sig-



Hg concentrations were excluded (see also material and methods) the point cstimate
of the effect of Hg remained essentially unchanged, but the cffect was no longer
statistically significant. The ncgative effect of age did not change and was still
statistically significant. These two cases have a good fit to the linear model Based on
the pituitary glands of the dental staff cases. Only one of these two cases had data
on Hg concentrations in other tissues, but it was notable that the mercury concen-
trations in these tissues were of about the same level as for the other non-
occupationally exposed cases.

Regression analysis demonstrated a relationship between Hg and Se in occipital
cortex. The regression coefficient for Hg was 4.6, with a wide confidence interval.
No effect of age was seen, The intercept of 1.7 umol Se/kg showed a significam
fraction of Se not associated 10 Hg (Table 3).

Abdominat muscle had the Jowest Hg concentrations among the tissues studied.
Regression analysis demonstrated an effect of Hg concentration and a borderline
significant (p<0.10) effect of age on Se concentration in this tissue. The regression
coefficient for Hg was surprisingly high, however, the confidence interval was wide
(Table 3 and Figure 3).

Discussion

Dental staff is occupationally exposed to elemental Hg vapour. Concentradons of
Hg in tissues from derual staff cases were higher than in corresponding tiss ues from
non-occepationally exposcd cases, most promincntly soin the pituitary gland (Table
1 and 2). Even though two of the dentists (cases Nos. 1 and 2) had not been
occupationally active for several years, they stll had extremely high levelsef Hgin
someorgans. Thisimplies biological half-times for the mercury inthe order of years.
Very long biclogical half-times of mercury in the human brain have also been indi-
cated in some previous reports.® In a study on human volunteers with single
adminstration of a small dose of radicactively labelled mercury Hurshet al. reported
the biological hall-1ime of mercury accmulated; in the kidney region to be approxi-
mately 60days: in the head o be approximately 20 days and inthe other grossregions
of the bogdy (except. lungs) 1o be in between these figures.® Thus different fractions
of mercury with very large variations in biological hall-times appear to exist.

[n the non-occupati onally exposed individuals the highest concentration of mercury
was seen in the kidney. Short term animal studics with exposure to mercury vapour
have shown the hig hest concentrations (o accumulate in the kidney.***** [n human
volunteers the kidney region accumulated the highest levels of radioactive mercu-
ry.” However, in dental staff (Table 1) and mercury retired miners*? the hi ghest Hg
concentrations were not seen in the kidney.



Also the levels of Se were increased in pititary gland of dental staff, Regression
an alysis indicated that Se accumulated together with Hg at a relationship consistent
with a 1:1 swoechiometric ratio in the pituitary gland (Figure 1 and Table 3).
Accumulation of Se together with Hg was seen also in occipital conex, but here the
quantitative cstimate of the relationship was subject 10 a larger random variation
(T"able 3). The data from one thyroid gland, with extremely high concentrations of
the elements, indicated accumulation at a 1:1 stoechiometric ratio.

The results are in close agreement with those of Kosia et al.®* who reporied
accumulation of S¢ together with Hg ata 1:1 stoechiometric ratio in several organs
from five mercury miners, retired since 5-16 years, The relatonship between
concentrations of mercury in different organs was similar 10 these in samples from
dental staff in the present study, but the levels of Hg and S ¢ were higher. There were
no statements regarding health status in the deccased subjects. However, the authors
conclusion that the interaction between the elcments protected against the toxic
propenics of these seems 1o indicate that at least there were no evident signs or
symptoms that they related to Hp or Se toxicity.

Ashe el al.” exposed rabbits intermittently (5 days/week, 7 h/day) to high levels
(0.9 mg/m*) of mercury vapour for 1-12 wecks. Pathologic changes in brain tissue
were seen at organ levels from 1-2 umol Hgfkeg wet weight. Kidney tissue showed
pathologic changes at levels slightly below 100 umol Hg/kg. In the heant pathologic
changes were seen at slightly lower ergan concentrations than in the brain, and in the
liwer and Iungs at slightly higher levels than in the brain. Fukuda et al.*® exposed
rabbits (4 days/week, 6 h/day) to high levels of mercury vapour (4 mg/m?*) for 13
weeks. Tremor and clonus were scen al concentrations of 2-15 umol Hg/kg wet
weight in dif ferent parts of the brain. Selenium status was not considered in these
studies,

Thus, in several organ samples from dental stafl Hg concentrations wene in same
orderof magnitude as those where toxic effects have becn secninanimal studies. The
relationship between organ levels of mercury and toxic effects in humans is not
krmown.'

The findigs of an association between Hg and Se, with long biological half-time, in
scveral human organs aficr long 1e mm exposure 1o elemental mercury vapours is in
agreement with findings in experimental animal studies with administration of
inorganic mercury %402 The yery high tissue concentrations of Hg that were
demonsirated in sample s from human organs in the present study and that of Kosta
et al, may suggest that this Hg has a comparatively low biclogical actvity. The
association of Se to Hg may provide a mechanism of inactivation of Hg and Se. This
would be in agreement with data from animal studies where it appears that the
formation of protein-Hg-S¢ complexes or HgSe, which divens Hg from binding-
sites where its toxic effect is norm ally exened, is of imporntance for the protection
by Se against the woxicicy of Hg and vice versa, %22 However, neither in the



cases of the present study morin those of Kostaet al. can toxic effects of Hg cxposure
be excluced. Furthcrmore the high organ concentrations of Hg appear to be at least
partly due to an increased retention resulting from the association with Se.

A protective clTect might, as proposed by Frost,” imply that the toxic effect of
mercury becomes manifest when the amount of Se* is inadequate to inactivate Hg.
A recent paper reported on two Swedish goldsmiths who developed symptoms of
mercury intoxication after being unknowingly exposed to mercury vapour duriing
recovery of gold from metal scraps of dental restorations. Afier cessationofexpasure
both slowly recovered. Imterestingly, durning the recovery period, both reported
alleviation of symptoms in connection with supplementation of S0 ug organically
bound Se daily.® This is a moderate amount of Se, but stll it is nearly iwice the
supply in an average Swedish diet,™ which is considered suboptimal in S¢.* The
possibility of a protective effect of Se aginst Hg toxicily in long term exposure in
hurnans needs funther clarification.

A linear relationship indicating that Se accumulated together with Hg was seen also
in the renal conex of non-occupationally exposed individuals (Figure 2). This
relationship was consistent with an accumulation at a 1:1 stoechiometric ratio . In
occipital conex and pituitary gland of non-occupatienally exposed individuals a
relationship between the elements was also seen, but it was less clearthan in the renal
cortex with higher mercury concentrations. A significant part or the mercury in
human organs, i.¢. brain, kidney and pituitary gl and has been shown toemanate from
amalgam fillings.****™" The other major source of mercury cxposure in the general
population is through intake of MeHg with food including fish.' In contrast to the
occupational exposure in dental stafl this exposure continued until death.

A recent study of Japanese forensic cases from the pencral populilion also showed
4 high corrclation belween inorganic Hg and sclcnium in renal conex, but no
corrclation in cercbrum., Concentritionsol mercury in differem orgins of these ciascs
were markedly higher than for the non-occupationally cxposed individuals in the
present study, probably resulting from a higherintake of methyl mercury with food
including fish in the Japancse population.®#

A correlation berween Hg and Se was seen also in abdominal muscle, but the point
estimate of the regression cocfficient for Hg suggested the possibility of a relation-
shipdifferent from that seen in the other tissues. There were two cases with high Se
concentradon in relation 1o Hg concentration. [ fihese two cases are excluded. avery
good fit to a linear model including only Hg is obtained, R*=0.81 (Figure 3). The
regression coefficient for Hg becomes 24 (95%-confidence interval [14, 33]). As
two cases were excluded this comparatively high slope coefficieru may be an arti-
fact.

Ememnninitn] semav and sdositaew aland the limeasr mincdels exnlainineg Se concentra-
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the intercept foroceipital cortex and of the slope coefficieru for Hg for pituilary gland
are approximalely the same in both groups. For the remaining (wo paramecler
estimates the random variations are large, but there is no indication of a difference
between the groups.

Both in the occupatonally exposed and in the non-occupationally exposed indivi-
duals, accumulation of selenium together with mercury was clearly scenonly in the
organs wilh the highest concentrations of Hg. There are several possible explana-
tions ¢.g.; at lower concentrations of Hg an interaction may be obscured by natural.
variations in the Se concentration; aninteraction between Hg and Sc takes place only
above a certain threshold; as only total Hg was analysed the influence of methyl
mercury may obscure a relationshi p between inorganic Hg and Se.

In animal studies the increased retention of Hg afler pretreatment with Se was not
seen when the doses of inhaled mercury vapour and injected Se were small. One
hypothetis forwarded was that at low concentrations Hg is bound to sites with low
capacity but higher alfinity than that of the proposed Se mctabalite (Se*).*

Based on concentration of Hg in the air’ and urinary excretion of Hg,*™* which is
a good indicator of ongoing exposure to Hg vapour,'™ the present exposure 10
mercury in Swedish dentistry has been shown (0 be moderate. The contribution of
occupational exposure to urinary excretion of Hg in dental siaff was approxim ate-
ly the samc as the contri bution from dental amalgam fillings, i.e. in average about
-3 ug Hg or g creatinine from both sources. Urinary excretion of mercury ranged
up to approximately 35 ug HgA or g creatinine in dental siaff and about 15 ugAl or
g creatinine in non-occupationally exposed subjects.®**" Air concentrations of
mercury and urinary mercury excretion in dental siaff was lower in public health
dentistry than in private dental care.”#"#* Considering the moderate urinary mercury
levels in dental staff the very large difference between pituitary Hg concentrations
in dental staff and non-occupationally exposed individuals is somewhat surprising.
Three dentists had about 200 tmes higher mercury concentration in the pituitary
gland than the median for non-occupatienally exposed (Tables | and 2).

The highly elevated mercury concentrations in pituitary gland samples from dental
staff might be the result of higher exposure earlier in demtistry. Two reports on
urinary Hg concentrations in dental staff from 1957™ and 1970™ did not, howewver,
indicate a markedly higher exposune previously in Swedish dentistry, These studies
we re limited and did not present an a dequate anal ytical conitrol, therefore they do not
allow a precise assessement of previous exposure.

The female dentist that was only 30 years old at death had worked in public health
dentistry and had given birth 1o two children after graduati on as a dentist. Therefore
she had only had limited duration of exposure 10 conlemporary levels in dentistry.
Still the concentration of Hg in her pititary gland was more than 10 times higher
tham the median valuc of non-occupationally exposcd.



Thus there scems 10 ¢xist factors other than the relation betwecn average icves ws
exposurc that is of imponance for the difference in mercury levels in pituitary gland
between the two groups. This large dilTerence might panly be the result of an
interaction between Hg and Se, that takes place only above a cenain threshold, and
results in long term accumulation of the clements. Possibly the exposure pattermn in
dentistry with comparatively low exposure most of the time, but with high exposure
peaks, ¢.g. when preparing amalgam or when drilling in old amalgam fillings® ™™™
may be of importance for the organ distribution and sub-cellularbinding of Hg. The
difference between the groups was not as large in occipital conex where also the
interaction betwecn the elements appearced (o be less pronounced.

Inmammals MeHg is convenied toinorganic mercury mainly in the liver, which then
is redistributed also to other organs, especially the kidney. ™ In several tissucs of
humans with high oral intake of McHg a significant fraction of the mercury has been
found to be in inorganic form. The kidncy usually contained the lughest [raction of
inorganic Hg.' Part of the me rcury associated with sclenium in the kidney probably

emanates from intake of methyl mercury *4

Mercuric mercury does not readily pass the blood brain barrier. Significant accumu-
lation of inorganic Hg emanating from intake of methyl mercury therefore requires
demethylation in the brain. Recent data from long term exposurc of monkeys (o
MeHg indicated such demethylation.™ Further anal ysis of brain issue samples from
the same animals showed a high correlation betweeninorganic Hg and Se. However,
total Hg (including McHg) did not show a relationship with Se (unpublished obser-
vation), It is not clearif a significant demethylation occurs in the human brain.® In
the present study only total Hg was analysed, thercfore organic mercury from food
may obscure a relationship between inorganic Hg and Se, especially in the brain.

A chemical association or complex [ommation involving Hg and Se might also
inactivate biologically available Se.® However, in organs studied by regression
analysis the intercept indicated a substantial amount of Se that was not associated
10 Hg, i.e. probably representing hiologically available Se. There was a significant
variation in this amount between tissues. If binding to other metals, ¢.g cadmium,™
were of imponarce it would most likely have induced variation in the data that could
not be explained by the lincar models. The very high correlation between Hg and Se
in pituitary gland of dental stafl and 10 some extent also in renal cortex of non-
occupationally exposed individuals therclore suggests that in the present material
such binding of Se 10 other clcments is less important.

For the pituitary glands non-occupationally exposed cases demonstrated decreasing
concenirations of biologically available Se with advancing age. This was also
suggesied by the dental stafl cases. The effect of advancing age on Se concentration
in different organs of adults is not well known. In the brain Se has been repornted to
increase,™ but also to decrease® with age. In renal conex it has been reported to
increase with age.2 We did not find an effect of age on biologically available Se in



these organs. However, none of the previous studies considered Hg concentrations,
therefore age ¢ [fects in these studies may be secondary to variations in Hg concen-
tration that correlated o age.

Cormpared to the linear models bases on data from the non-occupationally exposed
individuais three samples from renal cortex of dental staff all lay below the
regression line and outside a 95%-confidence interval for predicted values, ie.
showing lower than expected Se concentrations. This may imply that a comparta-
tively large pan of the Hg in the kidney of the dental staff cases was not associated
to Se. Such Hg may be inactivated by binding to other protective cell-components,
e.g. metallothionein, or it may be associated to binding-sites where it is poténtially
harmful. In animal studics with administration of mercuric chloride in combination
with selenite large amounts of both Hg and Se accumulated in the renal tubule
cells. ®** The renal tubule is a sensitive indicator of effects of occupational exposure
to Hg vapour and effects have been demonstraied after moderate exposure. #3-#4

Altemnatively, the amount of Se that was not associated 10 Hg was lower than in
kidney samples of non-occupationally exposed individuals, implying that the
mercury might have lowered the amount of biologically available Se.* However,
due to the long exposurc free period in at least one of the demtal staff cases this
altemative would secm less likely.

As noticed above the concentration of Hg in the kidney of dental stafl was
surprisingly low, displaying only moderately increased levels compared to those of
non-occupationally exposcd subjects. In dental staff case No. 2 (Table 1), who had
not been occupationally cxposed for several years, the amount of Se accumulatedin
the kidney was also low compared (o that aceumulated in pituitary gland and thyroid
gland, Asan association between the elements is shown tooccurinthe kidney of non-
occupationally expased individuals such an association seems likely to occur also
in the kidney of occupationally exposed. A possible explanation for the relatively
low concentration of the clements in the kidney alter occupational exposure is that
the biological half-time of Hg and Se that are accumulated together might be shorter
inthe kidney than in pitwitary gland, thyriod gland and brain where extremely long
biclogical half-times hawve been indicated,

In conclusion, this study demonstrated accumulation of Se together with Hg at 2
rel ationship consistent with a 1:1 stocchiometric ratio in organs with comparative-
ly highconcentrations of mercury from dental staff and the: general population. Long
biclogical hal f-times of the accumulated elements were indicated. The results show
the imponance of simultancous analyses of both Hg and Se when organ concentra-
tions of these clements are evaluated.
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Table 1. HMarcury and selenium concent:

from denzal personnel*

Cace Sex Ahge |Fitultacy CColpita.
gland cortex
Hg Se Hg
No. years |(umol/ kg pmolskg
i M -} U ad 1.43
2 ] B2 18 22 c.42
3 M 60 28 k11 C.0a
4 M 50 1.7 g 0.1%
5 F 30 1.5 - o, 0%
[ o 6l Q.7 - 0.0%
7 ] [ 1] 2R 4.7 Q.28
a r a7 6.4 12 0.09

*) Cases Foa. 1 to 7 dentisti and casa N

Medical d:agncses of possible signif.cam
concentrations:

case 1: Earkinson's disease and diabeta:
case 4: Clomeculanephritis,

case 6; Ciabetes mellitwms,



Table 2.

individuals withour sccupational exposure To mergury

Mercury and selenium concentration in tisaue samples fron

Case 58x Age |PituiGacy Gocipital Fenal cortex ADOCminal
gland jcoctex muscle
Hg Ss g Sa Hg Se Hg Se

Ho. yaars |umol/kg umol/kg umal kg umol/kg

"R 0.14 1T To50 1.0 | I.E3 1.1 = =
2 M 48 0.08 [+]-3 g.012 1.43 0.16 g.4 0.005 1,08
3 H 23 0.08 a7 0.032 1.82 1.2% 11.4 4,011 2.3
4 ] 63 0.17 05 0.051 1.58 9.24 7.3 0.024 1.28
5 M % 0.08 03 9.027 1.78 g.1% 8.2 o.008 1.03
& ~ 71 0.08 a7 0.030 2.00 .11 9.8 0.019 .1
7 | 80 - - Q.060 2.33 - - 0.024 1.77
-] ™ 71 1.88 14 0.114 1.36 3.78 12.8 0.047 2.01
5 H T4 g.08 06 0.048 2.90 0.29 8.2 9.022 1.54
10 ™ 40 0.15 07 0.033 * 2.%9 1.57 8.2 0.017 1.9
11 M &7 0.20 08 9.061 1.51 0.52 8.7 0.024 1.53
12 M 16 0.1% oa 0.037% 1.7V 4.04 12.4 2.004 1.04
13 F 30 0.38 oa 0.079 1.78 2.%59 11.9 8.027 1.66
14 ] 0 - - 0.036 1.84 - - -
15 H i3 - = 0.0%8 2.04 - - - -
18 M 78 .08 04 0.04% 1.92 - - - =
17 F 56 0.14 03 — - - - - -
18 L 6l .03 03 - - - - - -
1% H L1 9.11 0s = - - = - -
20 M 70 5.83 1l - - = - = -
21 M 71 0.05 [+]] - - - - - -
22 M 47 Q.05 05 - - - - - -
21 F 7% 0.18 03 - - - - - -
4 M 63 Q.04 a4 {.381 .57 - - -
n 24 11 21 17 1 12 12 2 12
Min 16 Q.63 03 0.012 1.4 .11 T: 5 0.004 1,05
Max E] 5.83 14 0.114 2.%7 4.04 12.8 0.0a% 2.38
Hadian 63 0.11 5. 0.050 1.99 0.89 9.7 9.320 1.53
Average 58 01 G7 0.053 1.3%2 1,35 0.0 0,018 1.5%
L1+ 20 o1 03 0.027 0.28 1.42 1.7 0.012 g.4¢C




Table 3. Results of linear regression analysis with selenium concentration
(umollkg wet weight) in different tissues as dependent variable®.

tissue n independent point 95 %- cumu-
variable estimate confidence lative
of parameter interval R?

Dental staff

pitutary 6 intercept” 4.6 [-0.1,9.2)

gland Hg 1.0 [0.8, 1.3] 0.96

occipital 7 intercept 2.1 (1.6, 2.7]

cortex Hg 1.0 [0.01,1.9) 0.57

Non-pccupationally exposed

renal cortex 12 intercept 8.5 (7.7,9.3]
Hg LI* [0.7, 1.6] 0.77

pituitary 21 intercept 3.8 (5.0,6.7]

gland Hg 1.3 (0.8.1.9] 043
age -0.05* [-0.1, -0.02] 0.65

occipital 17 intercept L.» (14, 2.1}

corex Hg 4.6 [-1.8,10.6] 0.24

abdominal 12 intercept 1.2 [0.3, 1.7]

muscle Hg 17.5¢ [-4, 39] 0.10
age 0.01 (-002.0001] 0.39

*) Model: [Se]= + P(Hg] + Page, +, | N(0)

In all analyses the concentration of Hg (umol/kg wet weight) was entered as a
dependent variable, if significant improvement (Partial F-test p<0. 10) of the model
was achieved, age was also included in the model. For the analyses where age (yr)
was included it was scaled to actual age minus average age of cases with available
samples, i.¢. §2 years for non-occupationally exposed subjects with pituitary gland
data and 56 years for non-occupationally exposed subjects with abdominal muscle
data. Significance test regarding the parameter estimate for the effect of Hg were
performed as one-sided T-tcsts and reganding the effect of age as two-sided T-tests
(footnotes a,b and ¢) .

a) p<0.001 b) p<0.01 ¢) p<0.05

+) The parameter in the model eqation, i.e. the predicted Se concentration when all
independent variables are zero.
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Figure 1. Mercury (Hg) and selentum (Se) concentrations (umol/kg wetweight) in
pituitary gland samples from dental personnel. Least squares regression line and
05%-confidence limiis for the predicted means.
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Figure 2. Mercury (Hg) and selenium (Se) concentrarions (umolikg wet weight) in
renal cortex samples from non-occupationally exposed individuals, Least squares
regression line, 95%-confidence limits for the predicted means.
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Figure 3. Mercury (Hg) and selenium (Se) concentrations (umollkg werweight) in
abdominal muscle samples from non-occupationally exposed individuals. Least
squares regression line and 95%-confidence limits for the predicted means. Dara
from nvo cases are included in the figure (x), but not in the calculation of the
regression [ine



