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a  b  s  t  r  a  c  t

Dental  amalgam  restorations  release  mercury  and  silver  which  is absorbed  and  distributed  in the body.
Animal studies  have  shown  that  both  elements  may  interfere  with  the  host  by activation  of  the  immune
system  in  genetically  susceptible  strains  at exposure  levels  relevant  to those  from  dental  amalgam
restorations.  The  aim  of this  study  was  to  test  the hypothesis  of no change  over  time  in  concentrations
of  a number  of  immune  mediators  in  serum  after  removal  of  all  dental  amalgam  restorations  in patients
with  health  complaints  attributed  to  their  amalgam  restorations  and  compare  with  a  healthy  reference
group.  Twenty  patients  previously  examined  at a specialty  unit  for  health  complaints  attributed  to dental
materials  were  included  in  a  clinical  trial  and  had  all  amalgam  restorations  replaced  with  other  dental
restorative  materials.  Serum  samples  were  collected  before  amalgam  removal  and  3 and  12  months  after
the removal  was  finished.  Twenty  blood  donors  matched  for  age  and  gender  were  used  as comparison
group.  A  fluorescent  bead-based  (Luminex)  immunoassay  kit  was  used  to  measure  cytokines,  chemokines

and  growth  factors  in  serum.  At  baseline,  the patient  group  had  slightly  higher  values  for  GM-CSF,  IL-6,
IL-2R, IFN-alpha,  IL-7,  and  IL-12p40/p70  compared  with  the  reference  group.  After  amalgam  removal
a decrease  towards  the  median  value  of the  reference  group  was  found  for GM-CSF,  IL-8,  and  IL-7.  In
conclusion,  removal  of all dental  amalgam  restorations  and  replacement  with  other  dental  restorative
materials  was  associated  with  decreased  concentrations  of Th1-type  proinflammatory  markers  in  serum.
. Introduction

Dental amalgam restorations release low levels of mercury and
ilver, which is absorbed and distributed in the body (Berglund,
990; Björkman and Lind, 1992; Björkman et al., 2007; Drasch
t al., 1995; Gay et al., 1979; Lygre et al., 1999; Nylander et al.,
987; Richardson et al., 2011; Skare and Engqvist, 1994; Vimy and
orscheider, 1985). Studies on rodents have shown that both ele-
ents may  interfere with the host by activation of the immune

ystem in genetically susceptible strains at exposure levels relevant
o those from dental amalgam restorations (Hultman et al., 1994,

998; Pollard et al., 2001). In addition, in vitro exposure of human
eripheral blood mononuclear cells to low concentrations of

� The study was  a part of a project approved by the Regional Committee for Medical
esearch Ethics in Western Norway (REK III, 24.01) registered at ClinicalTrials.gov
NCT00346944).
∗ Corresponding author. Tel.: +47 55586495; fax: +47 55589862.

E-mail address: Lars.Bjorkman@uni.no (L. Björkman).
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© 2012 Elsevier Ireland Ltd. All rights reserved.

mercury has shown effects on the release of a number of cytokines
(Gardner et al., 2009; Hemdan et al., 2007).

In humans, it is well documented that corrosion products
released from dental amalgam restorations may cause intraoral
contact lesions (oral lichenoid lesions) in sensitive individuals.
Removal of amalgam restorations in contact with the lesion is
usually followed by improvement or complete healing (Issa et al.,
2004). A study on patients with oral lichenoid lesions in contact
with amalgam restorations showed that the concentration of both
interleukin (IL)-6 and IL-8 (CXCL8) in saliva was reduced after
removal of all amalgam restorations (Pezelj-Ribaric et al., 2008).
Thus, there is support for a local release of immune mediators in
individuals sensitive to amalgam restorations.

Some patients with amalgam restorations attribute health com-
plaints to their amalgam restorations. Common health complaints
in this group of patients are pain in joints and muscles, fatigue,

memory problems, and intraoral pain and discomfort (Langworth
et al., 2002; Lygre et al., 2005). Local intraoral contact lesions are
not common in this group. Experimental studies on patients with
health complaints attributed to amalgam restorations have shown

dx.doi.org/10.1016/j.toxlet.2012.03.769
http://www.sciencedirect.com/science/journal/03784274
http://www.elsevier.com/locate/toxlet
mailto:Lars.Bjorkman@uni.no
dx.doi.org/10.1016/j.toxlet.2012.03.769
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 decrease of health complaints after removal of the restorations
Melchart et al., 2008; Nerdrum et al., 2004; Sjursen et al., 2011).
owever, the cause of the improvement is not known, but may
e related to a number of factors associated with removal of the
estorations (Sjursen et al., 2011). Since mercury concentrations in
lood and urine in this group of patients are within normal limits
Langworth et al., 2002; Vamnes et al., 2004), mercury intoxication
s not probable, but it has been hypothesized that some individuals

ay  be more sensitive to mercury exposure (Anneroth et al., 1992;
trömberg et al., 1999), which could be of relevance for low level
xposure from dental amalgam restorations.

The aim of the present study was to characterize serum cytokine
evels before and after removal of all dental amalgam restorations
n patients with health complaints attributed to their amalgam
estorations using an open approach. In addition, concentrations
f immune mediators in serum were compared with a healthy ref-
rence group.

. Materials and methods

.1. Study groups

Twenty patients previously examined by dentists and physicians at the Dental
iomaterials Adverse Reaction Unit in Bergen, Norway (Vamnes et al., 2004) were

ncluded in the study (Sjursen et al., 2011). The patients were referred from dentists
nd physicians for examination of health complaints attributed to amalgam restora-
ions. At the examination, no causal relationship between amalgam exposure and
ealth complaints was  established, and thus, the patients were not recommended
emoval of amalgam restorations. No patients had signs of lichenoid contact lesions
o  amalgam restorations or other dental materials.

After information and written consent, the patients (6 men  and 14 women;
ean age at pre-treatment examination 49 years; SD 6.7) had all their amal-

am  restorations removed and replacement with other dental restorative materials
nder controlled conditions (Sjursen et al., 2011). At the pre-treatment examina-
ion, the mean number of amalgam surfaces was 23.5 (SD 10.6). The dental treatment
as  carried out by the patients’ own dentists, who  were instructed to follow written

nstructions from the Dental Biomaterials Adverse Reaction Unit regarding removal
f  amalgam restorations (Dental Biomaterials Adverse Reaction Unit, 2002). The
entists were instructed to use rubber dam, high-volume suction, water cooling
nd to remove fillings in chunks using a sharp dental bur. Only a few amalgam
estorations should be removed at each treatment session.

Serum samples were collected at the pre-treatment examination before amal-
am removal (baseline), and 3 and 12 months after the removal was finished.
amples of serum from twenty blood donors (6 men  and 14 women, mean age 54
ears, SD 6.4) matched for age and gender were retrieved from an existing biobank
nd  used as comparison group (reference group).

All serum samples were stored at −80 ◦C before analysis. No patients had med-
cation which was assessed to have influence on the serum levels of the analyzed
ytokines.

The study was  a part of a project approved by the Regional Committee for
edical Research Ethics in Western Norway (REK III, 24.01) and registered at

linicalTrials.gov (NCT00346944). Changes of serum cytokine levels were not pre-
efined as an outcome in the protocol of the main study.

.2. Analyses

Cytokines in serum were analyzed using Luminex 100 system (Luminex Corp.,
ustin, TX, USA) (Heijmans-Antonissen et al., 2006). A multiplex bead kit (Human
ytokine Twenty-Five-Plex Antibody Bead Kit - LHC0009, lot 482849A, Invitro-
en) was  used. The kit includes four panels: An “inflammatory panel” (including
M-CSF, IL-1beta, IL-1RA, IL-6, CXCL8 (IL-8), and TNF-alpha), a “Th1/Th2 panel”

including IFN-gamma, IL-2, IL-2R, IL-4, IL-5, and IL-10), a “cytokine panel” (includ-
ng IFN-alpha, IL-7, IL-12p40/p70, IL-13, IL-15, and IL-17), and a “chemokine panel”
including CCL11 (Eotaxin), CCL2 (MCP-1), MIG, CCL3 (MIP-1�), CCL4 (MIP-1�), IP-
0  (CXCL-10), and RANTES). All samples were analyzed as single samples and in the
ame assay. One single plate was used in order to minimize analytical variability
Ellington et al., 2009). The cytokine detection limit varies individually depend-
ng on kit used and analyte. Typical lower level detection limit is in the range of
-10 pg/ml. In our experiments we read a minimum of 100 beads (n ≥ 100) per ana-

yte (CV% is often below 10), and response data from the analyses are reduced to the
edian value before further statistical analysis. The quantification was performed
sing standard curves made by 5 parameter logistics of serial diluted standards.
Anti-nuclear antibodies (ANA) were analyzed by a bead-based multiplex

mmunoassay using QUANTA PlexTM SLE Profile 8 (Inova Diagnostics Inc., CATA-
OG #: 708910, San Diego, CA, USA). The assay was performed according to the
anufacturer’s instruction and provides semi-quantitative antibody levels against
ters 211 (2012) 120– 125 121

the following auto-antigens: Ro60 (SS-A), Ro52 (SS-A), La48 (SS-B), Jo1, Sm, RNP,
Scl-70, Ribosomal P and Chromatin. The samples were read on a Luminex 100
(Luminex Corp., Austin, TX, USA) and analyzed using StarStation v.2.0 software
(Applied Cytometry Systems, Dinnington, UK).

Concentration of mercury and silver in serum samples from the patient group
and mercury in serum from the reference group was  analyzed by sector field
inductively coupled plasma–mass spectrometry (Rodushkin et al., 2004). Sample
preparation was  limited to a tenfold dilution with 2% HCl. Instrumental detection
limits have been reported to 0.00085 �g/L for mercury and 0.00093 �g/L for silver
(Rodushkin and Ödman, 2001). Actual limits of quantification (LOQ) in the analyses
were 0.1 �g/L for mercury and 0.01 �g/L for silver.

2.3. Statistical methods

Instrument readings from the Luminex 100 system below the sensitivity (based
on  detectable signal >2 SD above background) given in the method documenta-
tion  (Invitrogen Corporation, 2008) were treated as being below detection limit
of  the method and replaced by the sensitivity value divided by 2. Several vari-
ables had skewed distributions and some variables had many censored values due
to  concentrations below the detection limit. Thus, nonparametric tests were used.
Mann–Whitney U-test was used for comparisons between the treatment group and
the reference group. The Friedman test was used for comparisons of repeated mea-
surements in the treatment group (baseline, and 3 and 12 months after removal
of  amalgam). This nonparametric procedure tests the null hypothesis of no signifi-
cant differences between multiple responses over time. Significance was calculated
using the module ‘Exact Tests’ in SPSS 15.0 (SPSS Inc., Chicago, IL). All tests were
two-tailed and p-values less than 0.05 were considered significant.

3. Results

At baseline, the patient group had significantly higher values for
IL-2R, IFN-alpha, IL-7, and IL-12p40/p70 compared with the refer-
ence group (Table 1). There were minor differences between the
groups for GM-CSF and IL-6. Box-plots visualizing the distribution
of these variables are given in Fig. 1. Overall, there were no signif-
icant differences of the values from the patient group over time.
However, a minor, but statistical significant, decrease over time
towards the median value of the reference group was  found for
GM-CSF, IL-8, and IL-7 (Table 1, Fig. 1). At baseline the median con-
centration of GM-CSF was  17 pg/ml. The median value 3 months
after amalgam removal was  unchanged, but at 1 year the median
was below 15 pg/ml (p = 0.041; Friedman test). The concentration
of IL-8 decreased from a median value of 17 pg/ml at baseline to
11 pg/ml and 13 pg/ml at 3 and 12 months, respectively (p = 0.013;
Friedman test). For IL-7 the serum concentration was  49 pg/ml at
baseline. Three months after amalgam removal the median value
had decreased to 39 pg/ml, which was  unchanged 1 year after
removal (p = 0.027; Friedman test). Values for RANTES were not reli-
able due to sampling methodology, and thus, no data on RANTES
are reported. Antinuclear antibodies (ANA) were detected in one
patient. In the reference group no antinuclear antibodies were
detected.

At baseline the mean mercury concentration in serum was sim-
ilar in the patient group (1.00 �g Hg/L, SD 0.44) compared with
the reference (0.97 �g Hg/L, SD 0.47). After amalgam removal the
concentration of both mercury and silver in serum decreased sig-
nificantly (Table 2).

4. Discussion

The hypothesis tested in this explorative study was that con-
centrations of a number of immune markers were similar before
and after amalgam removal and that the levels were similar to
a healthy reference group. The main finding was, however, that
there were reductions of a few immune mediators in serum after
removal of amalgam restorations. After removal of the amalgam

restorations the values in the patient group were closer to the val-
ues of the healthy reference group (blood donors). Since a relatively
large number of statistical tests were done and no adjustments for
multiple comparisons of the p-values were done (Rothman, 1990),
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Table  1
Concentration of cytokines in serum. Median concentration (pg/ml) in serum from patients before amalgam removal, and 3 months and 1 year after amalgam removal
compared with data for the reference group.a

Patients Reference group

Before amalgam
removal (n = 20)

3 months after last
removal session
(n = 19)

1 year after last
removal session
(n = 20)

Significance for
change over time
(n = 19)

Blood donors
(n = 20)

Significance for the difference between
patients before amalgam removal and
reference group

Median Median Median p-Value Median p-Value

Pro-inflammatory cytokines
IL-1 beta 41 35 41 0.119 34 0.228
IL-6  26 24 25 0.597 22 0.031
IL-12  (p40/p70) 844 832 828 0.866 781 <0.001
IL-17  32 30 30 0.165 27 0.135
TNF-alpha <10 <10 <10 0.667 <10 –
IFN-alpha 30 23 26 0.497 19 0.026
IFN-gamma 81 85 86 0.755 81 0.701

Anti-inflammatory/regulatory cytokines
IL-1RA 718 487 510 0.078 464 0.248
IL-10 <5 <5 <5 0.395 <5 –
IL-13 <10 <10 11 0.995 <10 –

Immune modulatory cytokines and growth factors
GM-CSF 17 17 <15 0.041 <15 0.036
IL-2 <6 7.8  8.8 0.956 <6 –
IL-2R 377 395 377 0.538 273 0.034
IL-4 132 133 128 0.331 132 0.673
IL-5  19 18 18 0.864 18 0.591
IL-7  49 39 39 0.027 39 0.024
IL-15  47 34 42 0.387 37 0.202

Chemokines
MCP-1 (CCL2) 527 436 514 0.247 631 0.507
MIP-1�  (CCL3) 70 66 66 0.621 54 0.089
MIP-1�  (CCL4) 103 91 92 0.254 82 0.163
Eotaxin (CCL11) 170 151 174 0.543 189 0.185
IL-8  (CXCL8) 17 11 13 0.013 14 0.578
MIG  (CXCL9) 88 64 89 0.470 51 0.103

>2 SD
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IP-10  (CXCL-10) 86 82 82 

a Concentrations below detection limit (“sensitivity”; based on detectable signal 

t is not unlikely that some analyses showed statistical significant
esults due to chance. However, the results should be interpreted
n the light of similar clinical studies (Pezelj-Ribaric et al., 2008)
nd data from other relevant studies (Gardner et al., 2009, 2010;
emdan et al., 2007; Hultman et al., 1994, 1998; Pollard et al.,
001).

The finding of a decrease of IL-8 after the complete amalgam
emoval is interesting since subcytotoxic concentrations of mer-
ury chloride stimulate the release of low levels of IL-8 by oral
eratinocytes (Little et al., 2001). In addition, it has been reported
hat salivary concentration of IL-8 was reduced after removal of
malgam restorations in patients with oral lichenoid reactions
elated to their amalgam restorations and shifted towards levels
ound in healthy subjects (Pezelj-Ribaric et al., 2008). Since there is

 correlation between concentration of IL-8 in saliva and in serum in

atients with oral lichenoid reactions (Zhang et al., 2008) it seems

ikely that the reduction of IL-8 in serum was a result from the
emoval of the amalgam restorations even though the patients in

able 2
oncentration of mercury and silver in serum. Concentration in serum from patients befo

Before amalgam removal
(n = 20)

3 months after last remo
session (n = 19)

Mercury (�g/L)
Median 0.83 0.51 

Mean  (SD) 1.00 (0.44) 0.51 (0.24) 

Silver (�g/L)
Median 0.202 0.059 

Mean  (SD) 0.263 (0.230) 0.081 (0.070) 
0.207 77 0.050

 above background) are indicated as “less than” (<) in the table.

the present study displayed no signs of oral lichenoid reactions. The
level of IL-8 in the patient group was similar to the level in the ref-
erence group (Fig. 1) and comparisons with data from an amalgam
free group could be useful in this context.

The pro-inflammatory chemokine IL-8 is released from several
cell types in response to an inflammatory stimulus. It acts as a
chemotactic factor attracting T-cells, basophils, and neutrophils,
but not monocytes. IL-8 is also involved in neutrophil activation
(Cammack et al., 2006). In the light of the reduction of health
complaints in the patient group after removal of their amalgam
restorations (Sjursen et al., 2011), it is interesting to note that IL-8
has been associated with pain in animal studies (Cunha et al., 1991).
It has also been reported that patients with fibromyalgia had higher
levels of IL-8 in serum than controls and it has been hypothesized
IL-8 together with IL-6 may  play a role in modulating fibromyalgia

symptoms (Wallace et al., 2001). However, the reduction found in
the present study was marginal and the finding may  be without
clinical relevance.

re amalgam removal, and 3 months and 1 year after amalgam removal.

val 1 year after last removal
session (n = 20)

Significance for change
over time (n = 19)
p-Value

0.45 >0.001
0.54 (0.31)

0.066 >0.001
0.085 (0.065)
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ig. 1. Concentration of cytokines in serum. Concentration of IL-6, IL-12p40/p70, IFN
n  the treatment group before, and 3 and 12 months after complete amalgam remo
nd  minimum values. p-Values from statistical analyses are given in Table 1.

Not only concentration of IL-8, but also GM-CSF and IL-7
ecreased after the amalgam removal towards the median value
f the reference group. Both GM-CSF and IL-7 are growth factors.
L-7 up-regulates T cell differentiation (Murray et al., 1989) and the
roduction of IL-8 (Standiford et al., 1992), while GM-CSF stimu-
ates differentiation of granulocytes, macrophages, eosinophils and
rythrocytes (Tarr, 1996).

In the patient group GM-CSF, IL-6, IFN-alpha, and IL-7 were
igher at baseline than in the reference group, but after amalgam
a, GM-CSF, IL-2R, IL-7, and IL-8 in serum in the reference group (blood donors) and
e box-plots summarize the median, upper and lower quartiles, and the maximum

removal the levels were similar to the reference group. For IL-6 and
IFN-alpha there were no significant change over time, and thus, the
significant difference between the baseline value and the value for
the reference group could likely be explained by chance. A potential
effect associated with removal of amalgam on the levels of GM-CSF

and IL-7 in serum needs to be verified in future studies.

IL-2R and IL-12p40/p70 were higher at baseline compared with
the reference group and there was  no significant change after amal-
gam removal on these markers. It could be speculated if there was
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 general activation in the patient group of IL-2R and IL-12p40/p70
ot related to amalgam exposure. In vitro experiments have shown
hat exposure of human immunocompetent cells to mercury chlo-
ide induced expression of the IL-2 receptor (Loftenius et al., 1997).
owever, since serum concentrations of IL-2R were unchanged
fter amalgam removal data from the present study do not sup-
ort an association with exposure to amalgam. The higher levels
f IL-12p40/p70 found in the patient group is interesting. IL-12
s a pro-inflammatory cytokine promoting Th1 cell differentiation
nd may  stimulate secretion of both IL-8 and GM-CSF (Trinchieri,
003). In a study on Hg-susceptible mice, it was shown that IL-12
own-regulated the autoimmune response to mercury and the pro-
uction of antinucleolar antibodies (Bagenstose et al., 1998). Thus,

t could be speculated about a protective effect from IL-12 regarding
utoimmune response in the present patient group.

Both silver and mercury are released from amalgam restora-
ions and absorbed (Björkman et al., 2007; Drasch et al., 1995;
ygre et al., 1999). It has been shown that mercury in serum corre-
ates with number of amalgam surfaces (Bergdahl et al., 2012), and
ince concentrations of both mercury and silver in serum decreased
fter amalgam removal, concentration of mercury and silver in
erum may  be useful biomarkers for exposure to amalgam. Data
n effects on the immune system in humans from these elements
n combination are limited. Recently, it was reported that human
eripheral blood mononuclear cells exposed in vitro to low con-
entrations of mercury released increased amounts of IL-1beta,
NF-alpha, IL-4, IL-17 and IFN-gamma and decreased amounts of
L1-RA and IL-10 (Gardner et al., 2009). Interestingly, the influ-
nce on the mercury mediated release of TNF-alpha from some
ackground variables was  tested and among several factors, sig-
ificant effects were found for having no exposure to amalgam
llings (Gardner et al., 2009). A complicating factor is that the

n vitro immune response, characterized by the Th1/Th2 balance, of
uman peripheral blood mononuclear cells after exposure to mer-
ury may  be depending on the type of activation used (Hemdan
t al., 2007).

Minor effects on the immune system were reported for a group
f individuals sensitized to mercury reflected by a reduction of
he in vitro production of TNF-alpha and IL-1 (Langworth et al.,
993). Increased levels of antinuclear antibodies (ANA) have been
eported to be associated with mercury exposure (Silva et al., 2004),
ut in the present study only one patient had detectable antinuclear
ntibodies and there were no indications of general autoimmunity
n the patient group as reflected by ANA.

An increase of CD4+ lymphocytes in workers occupationally
xposed to low doses of inorganic mercury has been reported sug-
esting an activation of the immune system (Alessio et al., 2002;
oleo et al., 2002). In the same group of workers a decrease of IL-

 in serum was found, suggesting an immunosuppressive effect
rom mercury. Interestingly, an inverse correlation between IL-8 in
erum and mercury concentration in urine was found.

Ideally, samples from both controls and cases are taken simul-
aneously in parallel sessions, stored frozen and analyzed together
n the same analysis. However, in this study the controls were

atched by gender and age and samples were retrieved from an
xisting biobank of serum from blood donors. Because samples
ere not collected simultaneously from both cases and controls

ffects from storage cannot be excluded. However, since the lev-
ls of all but a few cytokines were similar between the groups, a
ystematic general effect from storage or sampling methodology is
ess probable.

There is a considerable variation between analytical results from

ultiplex bead kits from different manufacturers. Consequently,

he absolute values of cytokine levels must be used with caution,
specially when comparing cytokine levels from other manufac-
urers (Khan et al., 2004).
ters 211 (2012) 120– 125

The clinical relevance of these findings is far from clear-cut at
this stage, but data suggest a decreased Th1 response after amalgam
removal, which may  be related to the increased level of IL-12 in the
patient group. Even though the complaint intensity may  be reduced
after amalgam removal (Sjursen et al., 2011), the complaints are
not reduced to background levels found in the general popula-
tion (Nerdrum et al., 2004). Thus, it could be hypothesized that the
reduction of complaints could be mediated via a Th1 response facil-
itated by IL-12 in interaction with co-existing morbidity (Silbergeld
et al., 2005).

The median concentration of IL-8 (CXCL8) was  reduced from
baseline to follow-up and at 3 months and 1 year. After removal
of the fillings the median values were 65% and 76% of the median
value at baseline and similar to the value in the reference group.
Since cytokines act locally in tissues, the serum levels are only a
reflection of the local production in the tissues. Although the lev-
els in serum were moderately elevated, the local levels in saliva
may be considerably elevated (Zhang et al., 2008). In the present
patient group the intensity of general health complaints was  higher
than the intensity of local orofacial complaints (Sjursen et al., 2011).
Therefore, cytokines in serum was  used as a general marker of
cytokine production in the body. The decrease of IL-8 in serum
could be a normal response to the amalgam removal without
any relation to health complaints in the patient group. Never-
theless, additional explorative studies are needed to investigate
cytokine levels in patients with and without amalgam restorations
and health complaints attributed to dental amalgam restorations
since exposure to low levels of mercury may  be a factor influ-
encing cytokine expression (Gardner et al., 2009; Hemdan et al.,
2007).

In summary, concentration of IL-2R and IL-12 was higher in the
patient group and was  not changed after the removal of amalgam
restorations. This could be a result of a chronic activation of the
immune system without relation to exposure to amalgam restora-
tions. The decrease of IL-8 after removal of amalgam restorations
towards the value in the group of blood donors may  be related to
the reduced amalgam exposure.

5. Conclusions

Data suggest that removal of amalgam restorations was  asso-
ciated with a decreased Th1-like response in a patient group with
increased levels of IL-12. Even though the health complaint inten-
sity was reduced in the patient group after amalgam removal, other
factors than a decreased Th1-like response may  be of importance
for the improvement (Sjursen et al., 2011). Nevertheless, further
studies on subjective health complaints including possible inter-
actions between low level exposure to mercury and co-existing
morbidity are warranted.
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