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Abstract Appropriate reference values of hair trace
element content are required for correct interpretation
of biomonitoring data. The primary objective of the
current study was to estimate the reference values of
selected essential trace elements in hair of adult Russian
population. Involved in current investigation were 7256
occupationally non-exposed adults aged from 20 to
60 years and living in the European part of Russia.
Occipital hair essential metal and metalloid (Co, Cr,
Cu, Fe, Mn, Se, V, Zn) content was estimated using
inductively coupled plasma mass spectrometry. The ref-
erence ranges were calculated in accordance with the
International Union of Pure and Applied Chemistry
(IUPAC) recommendations. Women were characterized
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by 55, 18, 58, and 7 % higher values of hair Co, Cu, Mn,
and Zn content as compared to the values observed in
men. At the same time, hair Cr, Fe, Se, and V concen-
tration in men significantly exceeded the respective
female values by 65, 13, 20, and 56 %. Consequently,
the reference ranges of essential hair trace elements
content should be separately calculated for both men
and women. The obtained reference ranges for hair Co,
Cr, Cu, Fe, Mn, Se, V, and Zn in men were 0.11-0.67,
0.007-0.045, 10.4-22.6, 11.1-40.5, 0.24-1.05, 0.089—
0.480, 0.014-0.083, and 125.7-262.8 ug/g, respective-
ly. The respective values estimated for women were
0.06-0.40, 0.011-0.085, 12.1-44.5, 8.9-25.6, 0.32—
2.05, 0.094-0.504, 0.010-0.056, and 140.0-315.1 pg/
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g. The reference ranges for hair Co (0.07-0.50), Cr
(0.009-0.073), Cu (11.8-29.2), Fe (9.6-31.5), Mn
(0.29-1.76), Se (0.093-0.482), V (0.011-0.069), and
Zn (134.7-301.9) content (ng/g) in the general cohort
were also calculated.

Keywords Hair- Reference values - Coverage interval -
Trace elements - Metals

Introduction

Essential trace elements play a significant role in cellular
functioning and are indispensable for life (Fraga 2005).
Cobalt, copper, iron, manganese, and zinc are cofactors
for multiple enzymatic systems (Underwood 1977). One
of the key roles of chromium (Anderson 2000) and
vanadium (Mukherjee et al. 2004) in the living organism
is modulation of insulin signaling and regulation of
carbohydrate homeostasis. Due to involvement in nu-
merous metabolic pathways, clinical signs of trace ele-
ment deficiency are diverse (Mertz 1981). The use of
refined diets has resulted in an increased risk of trace
element deficiency. In particular, it has been shown that
consumption of refined sugar and white flour results in
chromium deficiency (Tuormaa 2000). Despite being
essential, a number of trace elements may also exert
toxic properties (Goldhaber 2003). In particular, exces-
sive dietary intake or occupational exposure to several
essential metals and metalloids may result in metal
toxicity through induction of oxidative stress and in-
flammation (Valko et al. 2005). Consequently, effective
health management requires adequate assessment of
trace elements status (Goldhaber 2003).

Hair has been widely used for chemical analysis for a
long time (Kosanovic and Jokanovic 2011). The main
advantages of the use of hair as a sample for trace
element analysis are (i) simplicity and non-
invasiveness of sampling, (ii) high mineralization of
the sample, and (iii) irreversible incorporation of trace
elements into hair matrix (Chojnacka et al. 2010).
Consequently, hair may be used as a more stable indi-
cator of trace element status in comparison with blood
and urine, where the level of metals is rather low and
strictly regulated by homeostatic mechanisms (Razagui
and Ghribi 2005). Hair analysis may also reflect envi-
ronmental exposure of human beings to certain metals
(Bencko 1995), being a potential tool in biomonitoring
and environmental risk assessment (Tamburo et al.
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2011). The most common methods used for analysis of
inorganic chemicals in human biosamples include atom-
ic absorption spectrometry, neutron activation analysis,
and inductively coupled plasma optical emission spec-
trophotometry and mass spectrometry (Esteban and
Castafio 2009). In addition, inductively coupled plasma
mass spectrometry (ICP-MS) is supposed to be the best
technique for multielement analysis of human hair (Bass
et al. 2001).

However, a number of limitations for using hair as a
substrate of trace element status analysis exist. In par-
ticular, hair metal content may vary due to a number of
factors like gender, age, occupation, geographical loca-
tion, climate, ethnicity, and living and dietary habits
(Gordon 1985; Christensen 1995; Aftanas et al. 2011).
In order to increase the significance of hair trace element
analysis for correct interpretation of biomonitoring data,
the appropriate reference values should be used (Hoet
et al. 2013). The most recent systematic review has
estimated that data on reference values of hair are in-
consistent (Mikulewicz et al. 2013). Earlier, using the
International Union of Pure and Applied Chemistry
(IUPAC) recommendations, we have estimated refer-
ence values of hair toxic trace elements (Al, As, Be,
Bi, Cd, Hg, Li, Ni, Pb, Sn, and Sr) content in 5908 adult
volunteers living in Central Russia (Skalny et al. 2015).
However, no study has yet calculated reference values
of essential trace elements content in hair using a large
sample. Therefore, the primary objective of this research
project was to estimate the reference values of selected
essential trace elements in the hair of adult Russian
population.

Materials and methods
Cohort characterization

A total of 7256 occupationally non-exposed adults aged
from 20 to 60 years and living in the European part of
Russia were involved in this study. Men represented
29 % of the studied cohort (n=2095), and 71 % (n=
5161) of the examinees were women. The mean age of
the men and women in the sample was 37.46+10.49 and
38.36+10.70, respectively. No significant difference
was observed between age values for the men and
women in the sample. We obtained informed consent
forms from all individual participants included in the
study. The analysis was performed in accordance with
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the principles of the Declaration of Helsinki for studies
involving humans. The protocol of investigation was
approved by the Local Ethics Committee.

The following exclusion criteria were used for the
participant selection procedure: (i) occupational in-
volvement in heavy industry, (ii) current or former
smoking status, (iii); metal implants, (iv) endocrine
disorders, (v) surgical and traumatic diseases, (vi) acute
inflammatory and infectious diseases, (vii) pregnancy
and lactation, (viii) vegetarian diet, (ix) use of synthetic
chemical hair dyes, and (ix) frequent alcohol
consumption.

Sampling and mineralization

All participants washed hair on the day of the sampling.
Occipital scalp hair was collected for analysis using
precleaned stainless steel scissors. Only proximal parts
of strands were collected in order to diminish possible
external contamination of samples. The average weight
of hair was 0.05-0.1 g. The preparation of the samples
included washing procedures and microwave digestion.
Briefly, the hair samples were washed with acetone,
rinsed thrice with deionized water (Zhao et al. 2012),
and subsequently dried on air at 60 °C. Using acetone as
an agent for washing allows removal of dirt and dust
from hair samples without removal of exogenously
bound trace elements (Morton et al. 2002). Afterwards,
0.05 g of hair samples were introduced into Teflon tubes
with concentrated HNO;. Microwave digestion was
performed for 20 min at 170-180 °C using Berghof
Speedwave 4 (Berghof Products & Instruments,
Germany) system as indicated earlier (Aydin et al.
2010). Afterwards, the obtained solutions were added
to a total volume of 15 ml with distilled deionized water.
The resulting solution was used for the subsequent
analysis.

Analysis, standard solutions, and reference materials

Hair essential trace element content (Co, Cr, Cu, Fe, Mn,
Se, V, Zn) was analyzed by means of ICP-MS with
NexION 300D (PerkinElmer Inc., Shelton, CT 06484,
USA) using Dynamic Reaction Cell (DRC) technology
for the removal of major polyatomic interferences (Pick
et al. 2010). The apparatus was also equipped with ESI
SC-2 DX4 autosampler (Elemental Scientific Inc.,
Omaha, NE 68122, USA).

The analyzer’s preparation was performed using
manufacturer’s guidelines. Standard solutions with a
final concentration of 0.5, 5, 10, and 50 pg/l of metals
prepared from Universal Data Acquisition Standards Kit
(PerkinElmer Inc., Shelton, CT 06484, USA) by dilu-
tion with distilled deionized water and acidification with
1 % HNO; were used for calibration. Yttrium-89 isotope
was used for internal online standardization. Internal
standard containing 10 pg/l yttrium was prepared from
Yttrium (Y) Pure Single-Element Standard
(PerkinElmer Inc., Shelton, CT 06484, USA) on a ma-
trix containing 8 % 1-butanol (Merck KGaA), 0.8 %
Triton X-100 (Sigma-Aldrich, Co.), 0.02 %
tetramethylammonium hydroxide (Alfa-Aesar, Ward
Hill, MA 01835 USA), and 0.02 % ethylenediaminetet-
raacetic acid (Sigma-Aldrich, Co).

The certified reference material of human hair
GBWO09101 (Shanghai Institute of Nuclear
Research, Shanghai, China) was used for laborato-
ry quality control. All preparative and analytical
procedures were similar to analysis of the obtained
hair samples. We identified the highest recovery
rates for Fe, Se, V, and Zn (Table 1). The estimat-
ed recovery rates for Cr, Co, Cu, and Mg were
lower than 95 %. The values for these metals were
within the limits estimated as allowable by the
manufacturer of the reference materials.

Statistical analysis

Statistical treatment of the data was performed
using Statistica 10 software (StatSoft Inc., Tulsa,
Oklahoma, USA). The descriptive statistics of hair
essential metal content included the estimation of
the median, 5 and 95 percentile boundaries, mean
values, and respective standard deviations for each
variable. Data normality was assessed using
Shapiro-Wilk test. The distribution of the data on
the hair trace elements content was not Gaussian
and required log transformation for further analysis.
Group comparisons were performed using one-way
ANOVA with Fisher’s LSD post hoc test. The dif-
ference between the group values was considered
significant at p<0.05.

The estimation of reference values of the essential
trace element content in hair was based on the calcula-
tion of the 0.95 coverage intervals with 0.95 confidence
intervals for the upper and lower limits. The analysis
was conducted in accordance with the International
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Table 1 Comparison of the certified and the measured values of trace elements concentration in the reference material of human hair

GBW09101

Element Certified value, ng/g Lower limit, pg/g Upper limit, pg/g Obtained value, pg/g Recovery rate, % BEC, ppb LoD, ppb

Co 0.153 0.138 0.168
Cr 8.74 7.77 9.71
Cu 33.6 313 359
Fe 160 144 176
Mn 3.83 3.44 422
Se 0.59 0.55 0.63
\4 0.089 0.089 0.089
Zn 191 175 207

0.142+0.018 93 0.0021 0.0013
7.91+0.59 91 0.022 0.023
32.46+2.31 96 0.0235 0.0035
15724 98 0.11 0.08
3.50+0.35 91 0.03 0.01
0.58+0.08 98 0.026 0.013
0.087+0.01 98 0.0002 0.0003
188+7 98 0.22 0.07

The obtained values are presented as mean+standard deviation (n=72)

BEC background equivalent concentration, LoD limit of detection, ppb part per billion

Union of Pure and Applied Chemistry (IUPAC) recom-
mendations, using a multistep procedure (Poulsen et al.
1997). First, log transformation and exclusion of the
outliers were performed. Second, we estimated the up-
per and the lower limits of the coverage interval between
2.5 and 97.5 percentiles. Determination of coverage
uncertainty (&) was performed for every cohort.
Finally, the obtained data were back-transformed to the
initial units of hair metal concentration (pg/g dry
weight).

Results and discussion

The data on the hair essential trace elements content
indicate that the examined women had 55, 18, 58, and
7 % higher values of hair Co, Cu, Mg, and Zn content as
compared to the values observed in the men (Table 2).
At the same time, hair Cr, Fe, Se, and V concentration in
the men in the sample significantly exceeded the respec-
tive values in the women by 65, 13, 20, and 56 %. The
obtained data on gender differences in the hair essential
trace elements status are partially in agreement with the
existing scholarship. In particular, it has been demon-
strated that women are characterized by lower values of
hair Fe content in comparison to men (Deeming and
Weber 1978). Such a difference may be associated with
the sex-related difference in blood (serum) iron content
(Borel et al. 1991). Our study confirms the previous
research pointing out that women have higher hair Zn
content (Meng 1998). Among other elements, previous
research has found significantly higher values of hair Cu
in women in comparison with men (Bales et al. 1990).

@ Springer

Barbieri and the coauthors have also observed higher
hair Mg levels in girls in comparison to boys (Barbieri
et al. 2011). This finding was contradicted by another
study, which failed to detect significant sex-related dif-
ferences in the hair Mg content in children (Perrone
et al. 1996). Our own data contradict the results of a
previous study that failed to find sex-related differences
in hair Cr levels (Wolfsperger et al. 1994). An earlier
investigation involving northern Finns demonstrated
higher values of hair Cr content in men (Soininen et al.
2003). Stupar and the coauthors (2007) also observed
lower hair Cr levels in healthy women in comparison to
the values observed in men. The finding of higher Se
levels in men is in agreement with data on different
levels of Se intake (Fairweather-Tait et al. 2011). At
the same time, a recent study failed to reveal gender
differences in hair Se content in healthy population and
persons with non-alcoholic steatohepatitis (Pan and
Huang 2013). Our research data conform to the results
of our previous study indicating higher hair V levels in
male students in comparison to females (Zaitseva et al.
2015). The observed gender difference in Cr values is
caused by higher intake of the metal in men (Anderson
and Kozlovsky 1985). At the same time, higher hair
concentration of Mn and Co in women may result from
higher intensity of intestinal absorption (Christensen
etal. 1993; Finley etal. 1994). Hypothetically, increased
V content in men may also have dietary origin.
However, the exact mechanism is still to be estimated.
To conclude, trace elements levels in hair signifi-
cantly differ for men and for women, which necessi-
tates using gender-specific reference ranges. We pres-
ent the reference limits for hair essential trace elements
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Table 3 Coverage intervals of hair essential trace elements con-
tent in adult occupationally non-exposed Russian population cal-
culated in accordance with [IUPAC recommendations (0.95 level
of expectation in coverage interval; 0.95 level of confidence of the
coverage uncertainty)

Element Men Women General cohort
(ng/g) (n=2095) (n=5161) (n=7256)
Cr 0.11-0.67 0.06-0.40 0.07-0.50
Co 0.007-0.045 0.011-0.085 0.009-0.073
Cu 10.4-22.6 12.1-44.5 11.8-29.2
Fe 11.1-40.5 8.9-25.6 9.6-31.5
Mn 0.24-1.05 0.32-2.05 0.29-1.76
Se 0.089-0.480 0.094-0.504 0.093-0.482
A% 0.014-0.083 0.010-0.056 0.011-0.069
Zn 125.7-262.8 140.0-315.1 134.7-301.9
) 0.007 0.004 0.004

0 coverage uncertainty

content in men, women, and general cohort in Table 3.
Our data are partially in agreement with the previously
reported reference ranges obtained in Sweden
(Rodushkin and Axelsson 2000), France (Goullé
et al. 2005), and Poland (Chojnacka et al. 2010)
(Table 4). At the same time, some disagreement be-
tween our and previously published values exists. In
particular, our experimental data on hair Cr and Co
content were in agreement with the respective values

in the French and Swedish studies, but were
significantly lower than those found in the subjects
living in Poland. The upper reference limit for the
hair Cu concentration was significantly lower in our
study than in the previous works. The obtained
reference intervals for hair Fe in adults generally
conform to earlier indications. However, the values
of hair Se content obtained by Rodushkin and
Axelsson (2000) and Goullé et al. (2005) were signif-
icantly higher than the ones estimated in the present
study. At the same time, our reference ranges for hair
Zn content were nearly similar to those in Chojnacka
et al. (2010), a study of Polish students. The estimated
reference values for hair Mg and V are inconsistent
with and contradict the previous data. Table 4 repre-
sents characteristics of the studied cohorts that may
have been responsible for the observed disagreement.
In particular, all studies involved persons of various
ages. Previous research has demonstrated that age
significantly affects the trace element status of an
individual (Gordon 1985). Moreover, even though all
studies were performed in continental Europe, the
geographical location of the studied cohorts was dif-
ferent. In particular, Russia, Poland, Sweden, and
France are characterized by different climatic and eco-
logical conditions. Finally, statistical treatment and
calculation of the reference ranges also varied and
may have changed the resulting reference ranges.

Table 4 Reference ranges of hair trace element content in adult population in different European countries

Reference Rodushkin and Axelsson 2000 Goull¢ et al. 2005 Chojnacka et al. 2010
Location Sweden France Poland

Method ICP-MS ICP-MS ICP-MS

Number 112 45 117

Age 1-76 n.d. 21-22

Gender M/F M/F M/F

Statistics n.d. 5-95 Percentiles 10-90 Percentiles
Cr, pug/g 0.046-0.527 0.11-0.52 0.91-1.53

Co, pg/g 0.002-0.063 0.004-0.14 0.775-0.985

Cu, ng/g 8.5-96 9.0-61.3 8.51-34.97

Fe, ng/g 4.9-23 n.d. 16.9-29.6

Mn, ug/g 0.080-2.41 0.016-0.57 0.459-1.046

Se, ug/g 0.48-1.84 0.37-1.37 n.d.

V, uglg 0.005-0.134 0.001-0.051 0.641-1.182

Zn, pg/g 68-198 129-209 140-371

ICP-MS inductively coupled plasma mass spectrometry, M males, F' females, n.d. not defined

@ Springer
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Conclusions

Generally, our data indicate gender differences in hair
trace elements content. Consequently, the use of gender-
specific reference ranges is strongly recommended in
biomonitoring and assessment studies. The present ref-
erence values obtained by ICP-MS using DRC technol-
ogy based on a large sample of examinees are generally
in agreement with the existing scholarship and may be
used for biomonitoring.
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