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MICROELEMENTAL COMPOSITION
OF BLOOD AMONG ABORIGINAL
INHABITANTS OF THE ARCTIC

ABSTRACT

The level of microelement status indicators in the blood of aboriginal inhabitants of the Arctic is determined, on the basis of
which it is possible to conduct future comparisons under conditions of industrial development of territories. The study included
107 indigenous inhabitants of the North, belonging to the ethnic group of Dolgan, living in Yuryung-Khaya of the Anabar district of
Yakutia. The content of 20 microelements in the blood serum was studied.

The content of many elements, including manganese, cobalt, strontium, nickel and iron in blood is higher than reference values,
which can influence the development of diseases of the cardiovascular system, nephropathy and oncological diseases.

Keywords: trace elements, indigenous peoples of the North, Arctic.

Introduction. The stability of the
chemical composition of the body is one
of the most important and necessary con-
ditions for its normal functioning. Accord-
ingly, deviations in the content of chem-
ical elements caused by environmental,
occupational, climatogeographic factors
or diseases lead to a violation in the state
of health [6]. The Northern territories are
extremely different from the Central re-
gions of Russia by climatic, biogeochem-
ical, dietary and adaptive characteristics.

Alluvial diamond deposits are being
developed in the valley of River Ebelyah,
which is the left tributary of the Anabar
River in Yakutia. During the development
of the natural landscape structure and en-
vironmental conditions have undergone

significant changes. A special danger in
the development of the Deposit is the
contamination of the surface layer of soil
with chemical elements with toxic and ra-
dioactive properties contained in the ore.
Filtration effluents of the downstream of
the wellhead dam of the concentrator
form a clear technogenic hydrochemical
anomaly of manganese, chromium, Nick-
el, copper, lead and molybdenum [4, 9].
Toxic elements, migrating to streams
and rivers in the form of mineral particles,
accumulate in the bottom sediments and
gradually decomposing, for a long time,
fall into large watercourses, on the banks
of which are located settlements. The
local population drinks this water, uses
it for economic purposes, eats fish that

lives in this water and feeds on microor-
ganisms that inhabit these watercourses,
thereby accumulating toxic elements in
their bodies. The danger of area pollution
of the environment with toxic radioactive
elements and heavy metals is associated
with wind drift of mineral particles from
the quarry and from the dumps of off-bal-
ance ores [4, 9]. Area dispersion of min-
eral particles with toxic elements accu-
mulates in plants, primarily in the moss,
where it enters the body of animals and
birds. When consumed in food, a person
also accumulates toxic elements in his
body. Poisoning of the body as a result of
these factors, the process is hidden and
"stretched" in time, depends on the indi-
vidual characteristics of the human body



and lifestyle, eating behavior, as a result,
it is impossible to accurately determine
the cause of a disease.

In this regard, we conducted this study
in order to establish a regional baseline
indicators of the elemental status of the
body of indigenous inhabitants of the Arc-
tic, on the basis of which future research
will be conducted.

Materials and methods of research.
In the present study involved 107 native
peoples of the North, on a nationality the
Dolgans. The surveyed population lives
in isolation in the tundra on the bank
of the Anabar River, the village of Yur-
yung-Khaya. It is Anabar district of the
Republic of Sakha (Yakutia). Prior to in-
clusion in the study, written informed con-
sent was obtained from residents. The
survey was conducted in accordance
with the principles and ethical standards
established by the Helsinki Declaration.

Blood sampling from the ulnar vein is
done in the morning on an empty stom-
ach using a test tube "Vacutest". The ob-
tained blood was centrifuged with the aim
of obtaining serum for 10 minutes at 1800
R/min. Serum was separated and frozen
ependorf at a temperature of -27°C for
storage and transport. By atomic emis-
sion and mass spectrometry with ioniza-
tion in inductively coupled argon plasma
on the instrument the mass spectrometer
ICP-MS Elan 9000 (Canada) we exam-
ined the serum of blood of the next 20 mi-
croelements: phosphorus (P), scandium
(Sc), titanium (Ti), vanadium (V), chro-
mium (Cr), manganese (Mn), iron (Fe),
cobalt (Co), Nickel (Ni), copper (Cu),
zinc (Zn), arsenic (As), rubidium (Rb),
strontium (Sr), yttrium (Y), niobium (Nb),
cadmium (Cd), cesium (Cs), thallium (TI),
lead (Pb). The content of the studied
chemical elements in blood serum was
expressed in micrograms per liter (ug/l).

Statistical processing of the obtained
results was carried out with the help of
SPSS 19 application software pack-
age. A descriptive analysis of the nu-
merical characteristics of the signs (Me
(Q25-Q75) median (interquartile range
25 and 75). At comparing the differences
in the groups, nonparametric evaluation
criteria (Mann-Whitney U — test) were
used. Statistically, the significance of the
differences was considered significant at
p< 0.05.

The results and discussion. In the
study were men 35 (32.7 %) and women
— 72 (67.3 %). The age of the subjects
was from 20 to 77 years. The average
age of men was 51 (42-60) years, women
— 45.5 (34-54) years, without statistically
significant differences (p=0.094). Median

concentrations were calculated to de-
termine the content of trace elements in
blood serum.

The contents of one of the main "struc-
tural" elements of the person, and phos-
phorus (P), most Dolgan high 148,02
(124,01-171,60) mg/l, more than 3-4
times the data of residents of other re-
gions of Russia (25,08-44,91 mg/l) [2, 3],
which is probably due to traditional fish
food. Phosphorus plays a fundamental
role in many basic cellular processes,
such as bioenergy, intracellular signaling
and mineralization of bones and teeth, it
is a part of nucleic acids, cell membranes
[1].

According to our data, the content of
scandium (Sc), chromium (Cr), lead (Pb)
in the blood corresponded to the data of
literary sources.

Chromium (Cr) — is important for the
normal course of carbohydrate metab-
olism in the human body. The main role
of chromium is to reduce blood glucose
levels.

The need for chromium increases in
people as a result of various stresses, fa-
tigue, injuries, diabetes and diseases of
the cardiovascular system [6].

The content of copper (Cu), zinc (Zn),
rubidium (Rb) was above the upper limit
of reference values (Table 1).

Copper (Cu) — one of the essential
elements necessary for the normal func-
tioning and development of the body. The
source of copper is food. Being a part of
16 different metalloproteins, copper is
an essential element for the cells of the
body. It is also important in iron metabo-
lism. Copper is rapidly absorbed from the
stomach and upper intestine, deposited
in the liver and in various copper-contain-
ing cell proteins in plasma [11].

Biological functions of zinc (Zn) are
determined by the fact that it is part of
metalloenzymes, RNA and DNA poly-
merases, carboxypeptidase and alcohol-
dehydrogenase. Zinc absorption occurs
mainly in the duodenum and proximal
intestine. Especially rich in zinc, prostate,
semen, liver, kidney, retina, bone and
muscle. The concentration of zinc in red
blood cells is 10 times higher th Rubidium
(Rb) - little-known trace element, often in
the body acts as a potassium synergist.
The role of rubidium in the body is poor-
ly understood. The daily requirement of
a healthy adult in rubidium is about 1-2
mg, which exceeds the rate of consump-
tion of many other trace elements. Most
of the rubidium (about 40%) enters the
body with drinks such as drinking water,
tea and coffee. Some rubidium is found
in the liver and muscles of marine fish
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[6]. There is a study that the level of po-
tassium and rubidium was significant-
ly reduced in the blood of patients with
Alzheimer's disease compared to the
healthy group, but the content of cerebro-
spinal fluid was within normal limits [10].
Experiments on animals have shown that
the lack of rubidium causes a delay in fe-
tal development, abortion and premature
birth, a reduction in life expectancy [8].

In this study, the serum Nickel (Ni)
content was a median of 57.08 ug/l and
strontium (Sr) - 146.55 pg/l, which ex-
ceeded the norm by 2 - 3 times.

Strontium (Sr) is found in all organs
and tissues, affects the processes of
bone formation, the activity of enzymes
of catalase, carbonic anhydrase and al-
kaline phosphatase. In addition, stron-
tium ions are so close in characteristics
to calcium ions that they are included in
the exchange with it, but, having a great-
er intensity of metabolism and significant-
ly different in size, gradually disrupt the
functioning of calcium-dependent meta-
bolic processes [8].

The content of iron (Fe) in blood se-
rum was 5219.43 ug/l, which is 4-5 times
higher than the accepted standards [11].
High iron content is associated with an
increased risk of cardiovascular disease
and some cancers.

The manganese (Mn) content was
130.86 pg/l, which is much higher than
normal. According to the literature, there
are cases of acute intoxication with man-
ganese dust in the workplace. Excess
manganese leads to increased fatigue,
memory loss, depression, encephalopa-
thy, and neurological disorders [5]. Per-
haps this factor leads to mental disorders
with suicidal attempts, this problem re-
quires further study.

Microelements with a very low con-
centration in the studied sera were isolat-
ed into a separate group (table. 2).

Cobalt (Co) and cesium (Cs) were de-
tected in almost all subjects, yttrium (Y)
and cadmium (Cd) in half of the cases
and in less than 1/5 of the cases niobium
(Nb), arsenic (As), vanadium (V), thalli-
um (TI). The content of cobalt (Co) in Dol-
gans exceeded the known values many
times, which requires additional in-depth
study.

The analysis of the content of ele-
ments separately in men and women. At
comparing by gender the median of all
investigated trace elements in addition
to rubidium (Rb), significant differences
were not revealed. According to our data,
the rubidium median (Rb) in men was sig-
nificantly higher (p=0.005) and amounted
to 322.95 (286.62-372.46) pg/l than in
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Table 1

The content of trace elements in blood serum Dolgan, png /1

Trace element n Me (Q25-Q75) lé?tii?tﬁig :1/:'1;)65
. 105 13.97 (9.13-19.57)
Scandium (Sc) ) <0.001 10-40
L. . 104 153.05 (83.98-265.82)

Titanium (Ti)
2 <0.001

Chromium (Cr) 106 276.67 (246.69-324.70) 165-305

Manganese 100 130.86 (63.88-173.25) 0-10

(Mn) 5 <0.001

Tron (Fe) 98 5219.43 (3123.30-9197.05) 600-1800
5 <0.001

. . 83 57.08 (23.38-146.07)

Nickel (Ni) 3 20.001 1-28

Copper(Cu) 81 1323.60 (953.07-1902.63) 750-1300
21 <0.001

Zine (Zn) 93 1076.11 (677.48-1686.24) 543-1130
12 <0.001

L 105 299.45 (264.35-346.34)

Rubidium (Rb) > <0.001 230-270

Strontium (St) 87 146.55 (77.99-234.11) 44-64
18 <0.001
70 9.48 (3.61-23.75)

Lead (Pb) » <0.001 <25

Note. In the Tables 1 and 2 n - number of observations
Me (Q25-Q75) - median (interquartile range 25 and 75)
*AMAP Assessment 2002: Human Health in the Arctic // Arctic Monitoring and Assessment

Programme (AMAP) - Oslo, Norway, 2003

women - 292.92 (256.21-332.60) ug/l.

The subjects were divided into three
groups by age: the first group of young
people — from 20-44 years, the second
group of middle age — from 45-59 years
and the third group of elderly people over
60 years.

The phosphorus content in the age
groups in men and women did not differ
significantly, despite an increase in the
average age in both sexes.

According to the literature, serum iron
should be higher in men. In this study,
the iron content in women was higher, al-
though statistically insignificant, while in-
creasing with age. In 12 young men, the
median iron was 4.4 mg / |, the average
age of 13 subjects-5, 6 mg/ |, 8 elderly-3,
3 mg/ |, on the contrary, in 31 young wom-
en-4.8 mg/ |, in the middle group of 28
subjects-6.1 mg/l and the highest rates
of iron in the group of 7 women over 60
years — 9.9 mg / | (compared with the
same group of men p=0.049). These indi-
cators require extensive research.

Considered significantly high in men
Dolgan element rubidium (Rb) by age
groups. For all three groups in men, the

serum rubidium content was expect-
ed to be higher and amounted to 13
young-321.5 g / |, in the middle group
of 13 people - 343.2 ug /|, in 9 men over
60 years-321.6 pg/l. the rubidium content
was in women in the respective groups:
295.8 ug/l, 293.4 ug/l and 248.7 pgl/l.

In our study 26 people had an increase
in atherogenic cholesterol associated
with increased levels of iron, cobalt and
rubidium. According to the study, cardio-
vascular disease (CVD) amounted to 691
per 1000 population. It indicating a high
incidence of CVD to Dolgan. At the same
time, the lipid spectrum with a high coef-
ficient of atherogenicity was observed in
1/3 of the examined patients.

Conclusion. Thus, the study revealed
an increased content of many elements,
including manganese, strontium, cobalt
and iron in the blood, which can affect
the development of diseases of the car-
diovascular system and other diseases in
the indigenous inhabitants of the Arctic.
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