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ABSTRACT

Serum arsenic concentrations of persons suffering from renal
failure and undergoing hemodialysis treatment (n = 85) and of
healthy controls (n = 25) were determined by hydride-generation
AAS technique after microwave digestion. The results were evaluated
by comparing the values of both groups, considering physiological
factors and individual data, as well as comorbid conditions of the
hemodialysis (HD) patients. Serum arsenic levels were diminished in
the patient group compared with controls (mean values 8.5 + 1.8 ng/
mL vs 10.6 * 1.3 ng/mL). Furthermore, additional diseases within
the hemodialysis group, particularly injuries of the central nervous
system (CNS), vascular diseases, and cancer, were correlated to occa-
sionally markedly decreased serum arsenic concentrations. It was
concluded that arsenic homeostasis is disturbed by HD treatment and
certain additional diseases. Desirable arsenic concentrations in the
body seem to be reasonable. This consideration results in the conclu-
sion that arsenic could play an essential role in human health. Thus,
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reference arsenic concentrations in different human tissues and body
fluids should be established in order to recognize not only arsenic
intoxication, but also arsenic deficiency. Perhaps arsenic deficiency
contributes to the increased death risk of HD patients, and therefore,
arsenic supplementations for patients with extremely low serum arse-
nic concentrations should be taken into account.

Index Entries: Arsenic; hemodialysis; serum; microwave diges-
tion; hydride-generation atomic absorption spectrometry; essential
trace elements.

INTRODUCTION

Biological and medical trace element research has progressed con-
stantly in recent years, yielding an enormous abundance of data (1,2). To
clear up the influence of environment and nutrition on the human body,
and for clinical diagnosis of trace element intoxication or deficiency, all
kinds of human tissues and body fluids have been analyzed. “Normal
values” have been estimated for each essential trace element. However,
it is rarely discussed whether these values are desirable or are only the
result of the element occurrence in the environment or food—which may
be the same sometimes! Nevertheless, ‘normal”’ or “reference” values,
which we define as desirable or recommended trace element concentra-
tions in certain tissues of healthy individuals, are necessary to verify
variations in elemental concentrations, resulting from physiological or
pathological changes and environmental influences. In fact, various dis-
eases, like cancer, may lead to or arise from trace element disorders. On
the other side, abnormalities in the metabolism of certain trace elements
are involved in the pathogenesis of human diseases, like Menke’s (steely
hair syndrome) and Wilson’s (hepatolenticular degeneration). However,
in most cases, it cannot be stated whether trace element imbalances are
the cause of a certain disease or vice versa.

This brings us to an important consideration in the discussion of
what an essential trace element is: If the body status of an element is
disturbed as a consequence of a disease, it seems reasonable that there
exists a need for this element in the organism in order to preserve its
health. Consequently, the deficiency of a certain element should allow to
infer that this element is essential for life. We suggest that this criterion
be added to the definition of “essentiality” (3). In the following, we will
proceed according to this consideration in order to answer the question
of a potential essentiality of the ultratrace element arsenic for humans.

Risks of Hemodialysis Treatment

One group that is very strongly affected by trace element alterations
and additionally suffering from numerous diseases is patients with
chronic renal failure, undergoing hemodialysis treatment (4-7). Hayashi
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(4) found decreased concentrations of Fe, Ni, Co, Cd, and Pb in hair of
hemodialyzed persons, whereas the levels of Se, Sn, Mo, and Cr were
increased, and only Na, K, Ca, P, and Mg values were adequate com-
pared to healthy controls. Other authors observed decreased serum
concentrations of Se (8,9), Zn, and Mg (9), and elevated Cu levels in
patients with chronic renal failure (9). Marumo et al. (5) found As, V, Al,
Zn, Mn, Cu, Mg, Ca, and Br concentrations in hair, plasma Al levels, and
As, Mn, and Cu concentrations in fingernails to be higher in hemo-
dialyzed persons compared with healthy individuals, and significantly
lowered plasma Zn values in the HD group. In addition to other factors,
for instance, comorbid conditions, like atherosclerotic heart disease, high
blood pressure, or diabetes mellitus, trace element alterations are an
important factor in the increased death rate of HD patients (10-15). Thus,
a considerable number of reports discuss the reasons for the trace ele-
ment alterations and the influence of hemodialysis treatment on the trace
element status (8,9,16~18). The possible causes of trace element disorders
of uremic patients may be failure of renal excretion as a consequence of
the kidney disease, loss of certain elements across the dialysis mem-
brane, and contamination of dialyzates with trace elements.

Most of the publications dealing with the clinical aspects of trace
element alterations in HD patients and the effects on human health
caused by these alterations are related to a few elements, namely Cu, Zn,
Mn, Pb, Al, Pt, Cr, Cd, and Se (19). However, important data about
others, particularly arsenic, are still missing, although some literature
data suggest that the body store of arsenic may be changed in persons
with chronic renal failure (10).

Arsenic, an Essential Trace Element?

Arsenic is primarily branded as highly toxic for humans. So far, only
allowable concentrations in drinking water, food, or soil have been
established by several agencies. However, since experiments of Anke et
al. (20), demonstrating on goats and minipigs that there exist arsenic
requirements for animals, evidence has been accumulating that arsenic
could play an essential role in life processes. Furthermore, as early as
1966 (41) and even before, effects of arsenic on the healthy appearance of
skin and hair of mice, rats, and horses were well known. It was also
discussed then that arsenic may aid hemoglobin production, promote
growth in tissue cultures, and stimulate the growth of plants. Recent
data indicate that it may be essential for the organism, and therefore a
deficiency syndrome may exist (21,22). A requirement of 50 ng of arsenic/
g of diet for animals has been proposed (23). Arsenic is also famous for its
interactions with selenium (24,25), for instance, sodium arsenite proved
to be protective against toxic levels of certain forms of inorganic selenium
(26,27). On the other hand, Obermeyer et al. reported enhanced toxicity
of relatively untoxic forms of selenium, when dispensed together with
arsenite (28).
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The beneficial properties of arsenic become even more evident when
we take a closer look at its role in biological cycles: It catalyzes glu-
tathione biosynthesis (29), is involved in the arginine, membrane phos-
pholipid, and zinc metabolism (30), and stimulates the bile excretion. So,
since arsenic undoubtedly is important for living organisms, it has be-
come a proposed essential element (3). Therefore, it seems reasonable
that a certain quantity of arsenic in the human body, supplied with daily
food intake, could be desirable, and recommended arsenic concentra-
tions in human tissues and body fluids should be established. Mertz (31)
extrapolated the requirements for animals to humans and found 25-30
pg to be a minimum daily requirement. Normal serum arsenic concentra-
tions presented in literature show a remarkable diversity between 1 ng/
mL and 20 ng/mL (1,32-34). In order to contribute to the elucidation of its
role in the human body by providing additional data about arsenic, the
serum arsenic concentrations of healthy adults and hemodialyzed pa-
tients of Styria, a federal state of Austria, were determined. The serum
arsenic concentrations were determined and compared with individual
data and physiological factors, like sex and weight, as well as comorbid
conditions, like diabetes mellitus or cardiomyopathy. Additionally, since
the biological functions of arsenic and selenium are connected very
closely, for instance, via glutathione and glutathione peroxidase (24,29)
or their antagonistic interactions, we will complete our studies in a
subsequent publication by determining serum selenium concentrations
of the same personal groups and comparing them with the results pre-
sented in this article.

MATERIALS AND METHODS

Subjects

One hundred and nine individuals participated in this study and
were divided into two main groups: group 1: 25 healthy volunteers (13
females and 12 males), and group 2: 84 patients (41 females and 43 males)
having been dialyzed between 1 and 18 yr, two or three times a week
with treatment durations of 4-7 h. No distinction was made between
hemofiltration and hemodialysis treatment.

Both groups were subdivided according to sex, weight, and smoking
habits. Furthermore, group 2 was subdivided according to accompany-
ing diseases (see Tables 1-4).

Sample Collection

Blood samples were collected by venipuncture with disposable steel
needles connected to plastic tubes (Type BL 376 C 00554501, No.
89101680, Bellco P.O., Mirandola, Italy). After coagulation at room tem-
perature, the serum was immediately separated by centrifugation at 3000
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Table 1
Serum Arsenic Levels (ng/mL) of Healthy Individuals
(Group 1) and HD Patients (Group 2), Expressed as Median
M and Lower-Upper Quartile L-U Quartile

Group No. N* M L-U quartile
I 25 10.6 9.6-11.8
I 84 9.1 7.1-10.1

N = Number of Individuals.

Table 2
Sex-Specific Serum Arsenic Concentrations (ng/mL) of Healthy
Controls (Group 1) and HD Patients (Group 2)

Males Females
Group No. N M L-U quartile N M L-U quartile
I 13 11.0 9.2-11.8 12 10.4 9.6-11.3
II 43 9.1 6.9- 9.8 41 9.0 7.6-10.1

rpm for 15 min, lyophilized, and wet-ashed by microwave dissolution as
described below.

Equipment and Reagents

Serum arsenic concentrations (ng/mL) were determined after serum
dissolution with a modified household microwave oven by hydride-
generation atomic absorption spectrometry with a model Hitachi Z-6100,
equipped with a lab-constructed hydride system and a hollow cathode
arsenic lamp from Cathodeon with recommended conditions of the man-
ufacturer (35). Highest-quality analytical reagents (Merck Suprapur)
were used throughout the whole experimentation. Working curves were
established with arsenic(Ill) standard (MerckTitrisol). All labware was
cleaned by carefully soaking with HNO; (subboiled distilled) for approx
10 h, followed by rinsing twice with HNO;, rinsing three times with
deionized H,0O, and drying on a rubber mat.

Digestion Procedure

Freeze-dried serum samples (3 mL) were mineralized by microwave
digestion as described previously (35). Quality control was carried out by
processing five samples of NIST bovine liver (1577a) SRM with the serum
analysis and simultaneously performing recovery studies by spiking five
samples with 5, 10, 20, 30, and 40 p.g arsenic(IIl). Results are listed below.

Determination of Serum Arsenic Concentrations

Digestion aliquots of 1 mL in 14 mL HCI 3% were used for arsenic
determination with the hydride technique as outlined previously (35).

Biological Trace Element Research Vol. 37, 1993



32 Mayer et al.

Table 3
Serum Arsenic Concentrations (ng/mL) in Relation to Smoking Habits
of Healthy Individuals (Group 1) and HD Patients (Group 2)

Nonsmokers Smokers
Group No. N M L-U quartile N M L-U quartile
I 13 10.4 9.9-11.6 12 10.3 9.1-11.6
I 69 9.1 7.5-10.1 15 8.1 4.3- 92
Table 4

Serum Arsenic Concentrations (ng/mL) of HD Patients
According to Additional Diseases

Additional disease or diet N M L-U quartile

Diabetes mellitus

Yes 12 8.9 8.7- 9.7

No 72 9.1 6.9-10.1
Hypertension

Yes 19 8.8 6.6- 9.6

No 65 9.1 7.0-10.1
Liver

Yes 11 9.1 6.3-10.6

No 73 9.0 7.0-10.1
Cardiomyopathy

Yes 17 9.0 7.2-10.3

No 67 9.1 6.6- 9.8
Cancer

Yes 10 7.0 3.3-12.3

No 74 9.1 7.1- 9.9
Vascular diseases

Yes 11 6.3 3.9- 9.6

No 73 9.1 7.7-10.1
CNS diseases

Yes 8 4.7 44- 5.6

No 76 9.1 7.6-10.1
Diet

Yes 61 9.0 6.6-10.0

No 23 9.1 7.4-10.0

Three determinations were performed for each sample. Reagent blanks
were processed with the samples. The detection limit of the method (3 x
standard deviation of the blank) was found at 0.02 ppb. No reduction
from the pentavalent to the trivalent state of arsenic was required prior to
the determinations, since reduction procedures (36) showed no effects on
the signal heights. Analytical results were obtained by calculating the
mean values of three blank corrected determinations of each sample. The
concentrations for NIST bovine liver were found between 43.5 and 50.3
ng/g with certified values of 47 = ng/g. Recoveries were found within a
range of 100 + 8%. These data demonstrate that the applied digestion
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and analysis methods afforded the most reproducible, precise, and reli-
able results.

Statistical Analysis

Exploratory data analysis was used to exhibit the data graphically.
The results are presented as box and whisker plots. Precise values are
outlined numerically in tables as medians with lower and upper quar-
tiles. The distributions of serum arsenic concentrations of HD patients
and controls are examined as frequency histograms.

RESULTS AND DISCUSSION

Figures 1 and 2 show the distributions of the serum As levels for
groups 1 and 2. The numerical statistical data median, lower and upper
quartile for controls, HD patients, and subgroups are reported in Tables
1-4. The results are charted as box and whisker plots in Figs. 3 and 4.

Generally, it can be stated that the values of dialysis patients dis-
perse in a markedly larger extent than those of controls, as can be seen
from box plots 1 and 2 in Fig. 3. Table 1 reveals that the serum arsenic
concentration is decreased by a factor of 20% in the HD group compared
with healthy controls. The causes for this effect may be, as described
before, failure of renal excretion or loss of arsenic across the dialysis
membrane. Furthermore, the results indicate that not only arsenic accu-
mulation (5), but also arsenic deficiency may arise in the body of HD
patients. Within both groups, no significant sex-specific variations in
serum arsenic concentrations can be observed. Only healthy females
appear to have somewhat lower values than healthy males (Table 2 and
boxes 3-6 in Fig. 3).

The results concerning the smoking habits are somewhat contrary
(Table 3 and boxes 7-10 in Fig. 3). Serum arsenic concentrations of
healthy smokers and healthy nonsmokers are quite similar. However, all
statistical parameters indicate that among that HD group, nonsmokers
appear to have slightly higher serum arsenic concentrations than smokers.

The subclasses according to additional diseases within the HD group
demonstrate a wide range of serum arsenic concentrations (Table 4 and
Fig. 4). No significant variation can be pointed out in connection with the
comorbid conditions diabetes mellitus, hypertension, liver diseases, and
cardiomyopathy (boxes 1-8 in Fig. 4). All of them show no detectable
effects on the serum arsenic levels, which are quite comparable to those
observed for reference individuals within the HD group. Furthermore,
the values of HD patients on diet are quite comparable to the others,
indicating that no inadequate dietary intake of arsenic seems to occur
(boxes 15 and 16 in Fig. 4).

Dramatically decreased serum arsenic concentrations can be ob-
served for subjects suffering from cancer, vascular diseases, and diseases
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Fig. 1. Serum arsenic value distribu-
tion observed in control group (group 1).
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Fig. 2. Serum arsenic value distribu-
tion observed in the HD group (group 2).

of the CNS (Table 4 and boxes 9-14 in Figure 4). In spite of the relative
low number of individuals being examined, the tendency toward very
low serum arsenic concentrations is obviously and, thus, may be univer-
sally valid for these collectives of patients. The results suggest that the
arsenic body turnover could be affected by some kinds of cancer as it is
known from other elements, like selenium (38—40). The influence of

Biological Trace Element Research Vol. 37, 1993



Essential Trace Elements in Humans 35

1 Ll L B R N | 1 T T L]

12f h

ng/mL As
«©
{1 1
1]

J— 1 i 1 1

1 3 5

1 L
2 4 ©

1
9
8 10

1
7

Fig. 3. Box and whisker plots of serum
arsenic concentrations of healthy controls and
HD patients. Legends to box numbers:
l-group 1, 2-group 2, 3-males ggoup 1, 4-fe-
males group 1, 5-males group 2, 6-females
group 2, 7-nonsmokers group 1, 8-smokers
group 1, 9nonsmokers group 2, 10-smokers

group 2.
rrvr¢vrrrrrrr iy rruorurvy
16
iz T 7]
,
[
< b H H
z
|
€ 8f 7]
~ -
o]
" ﬂ
4 L[ N
* *
O-J;IAI_IJ_LIIIJ_IJ_LIII-‘

1 3 5 7 9 11 13 15
2 4 6 8 10 12 14 16

Fig. 4. Box and whisker plots serum
arsenic concentrations of HD patients ac-
cording to additional diseases. Legends to
box numbers:
1/2-diabetes nol/yes, 3/4-hypertension no/
yes, 5/6-liver diseases nolyes, 7/8—cardio-
myopathy no/yes, 9/10-cancer no/yes, 11/
12-vascular diseases nol/yes, 13/14-CNS-
diseases nolyes, 15/16-diet nolyes.
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vascular diseases on the arsenic status is not explainable for us. The
reduced serum arsenic concentrations in HD patients with CNS diseases
indicate that arsenic may be involved in the neural and brain metabolism,
perhaps acting as cofactor in certain enzymes. In order to verify this
hypothesis, much has to be established regarding possible neurochemi-
cal functions of arsenic. For instance, the determination of arsenic con-
centrations in different brain regions, primarily in association with neu-
rological disorders, like Parkinson’s disease, or investigations concerning
the etiology of neurological disorders relative to arsenic, may help to
confirm an essential function of arsenic in the CNS.

CONCLUSIONS

Our results suggest that for the purpose of a complete clinical diag-
nosis, the trace element status of HD patients should be established.
Additionally, we recommend examining the trace element status in the
course of preventive medical checkups. This can be achieved by analyz-
ing certain tissues or body fluids, like blood serum. Analytical techniques
meeting highest requirements, like Inductively Coupled Plasma Mass
Specrometry (ICP-MS), Graphite Furnace Atomic Absorption Spectrome-
try (GFAAS), Neutron Activation Analysis (NAA), or Hydride-Gen-
eration Atomic Absorption Spectrometry (HGAAS), are available for this
purpose. These most sophisticated automated methods offer low detec-
tion limits and present only small measurement standard deviations.
Furthermore, with the exception of HGAAS, they allow simultaneous
determinations of numerous elements. Thus, they are excellently suita-
ble to estimate even the smallest variations in body trace element concen-
trations, which already may affect human health.

Although it is well known that several physiological factors, dis-
eases, and individual habits influence the serum concentrations of sever-
al trace elements, the scientific literature is extremely poor concerning
information on variations of arsenic concentrations in the human body,
relating to these parameters. In our study, we could clearly demonstrate
that serum arsenic concentrations are reduced in HD patients and addi-
tionally correlate to several comorbid conditions, like injury of the CNS
or vascular diseases. As a consequence of the fact that certain diseases
may reduce serum arsenic concentrations, we arrive at the conclusion
that a homeostatic regulation of the arsenic body turnover seems to be
most likely. A homeostatic regulation, however, that keeps the concen-
tration of an element in the body at a constant level and being disturbed
in the described way is only conceivable for elements that are essential or
at least desirable for the proper function of the human organism. Thus,
our results suggest that a minimum requirement of arsenic for humans
can be stated.

In consequence of our study we postulate that arsenic should be
considered or may be defined to be essential for human life processes.
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Desirable normal or reference thresholds for arsenic should be estab-
lished with accurate and precise methods to determine not only arsenic
intoxication, but also arsenic deficiency. For instance, Morisi and Patriar-
ca (37) elaborated an excellent concept that allows the estimation of
reference values and the confirmation that specific biological parameters,
like trace element concentrations, are subjected to variations in ill condi-
tions. In cases where arsenic values are below previously defined recom-
mended concentrations and therefore deficiencies may exist, arsenic
supplementations should be taken into account. The required quantities
may be calculated on the basis of Mertz’s former suggestions (31).

Additionally, our results propose that arsenic deficiency could con-
tribute to the increased death risk of people undergoing a hemodialysis
treatment, and supplementation of small quantities may help to prolong
the life of patients belonging to this most endangered group of humans.
Further research work has to be done in order to investigate the influ-
ences of physiological and pathological sources on serum arsenic levels.
First, they may be of great scientific and clinical importance and, second,
they may help to outline and to understand the biological functions of
this fascinating element. Finally, these investigations may result in the
conclusive evidence that the trace element arsenic has essential impor-
tance for humans.
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