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We developed a long (600-year) dataset for the concentrations of 26 elements in tree rings of larch
from the Taymir Peninsula, the northernmost region in the world (ca. 72°N) where trees grow.
Tree rings corresponding to the time period from 1300 to 1900 A.D. were studied. Eleven wood
strips, each from a different larch tree, were cut into ca. 100 mg samples usually consisting of ten
consecutive tree rings (but occasionally five). Between 19 and 40 consecutive samples resulted
from each tree, yielding a total of 277 samples. The replication of each time interval ranged
from three (for periods 1300-1400 A.D. and 1600-1700 A.D.) to six (for 1450-1600 A.D.). Wood
samples were digested with concentrated HNO3 for measurement of Li, B, Na, Mg, Al, Si, P, Cl,
K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Sb, I, Ba, La, Ce, Nd,
W, Au, Pb, Bi, Th, and U using solution Inductively Coupled Plasma Mass Spectrometry (ICPMS). Fourteen elements (V, Co, As, Y, Nb, Mo, Sb, La, Ce, Nd, W, Au, Th, and U) with extremely
low concentrations were eliminated from consideration as unreliable. Here we report our
sample preparation and measurement procedure, as well as the observed concentrations in tree
rings, emphasizing considerations for developing representative and reliable denrodochemical
datasets.
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Introduction
This work investigates the multi-elemental
composition in tree rings of Dahurian larch
(Larix gmelinii) from the Siberian Arctic near
Khatanga at ca. 72°N, 102°E (Fig. 1). It has long
been recognized that the tree-ring archive can
capture changes in the chemical environment
related to atmospheric chemistry, biogeochemical
cycling and climate influences (see e.g., Baes,
McLaughlin, 1984; Hantemirov, 1991; 1992;
1996; Padilla, Anderson, 2002 and references
therein).

Seasonal and long-term tree growth of larch
at the site of this study is strongly limited by
temperature (Naurzbaev et al., 2003). Elemental
composition of tree rings has not been studied
at this location since the 1980’s (Adamenko
et al., 1985; Chetverikov, 1986), and of course
the analytical capabilities have improved
tremendously since then. Siberian Arctic tree
rings have recently been used to extensively
investigate other tree-ring variables: tree-ring
width (Vaganov et al., 1996, 1999; Hughes et
al., 1999), maximum latewood density (Briffa
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Fig. 1. Approximate location of sampling site on the Taymir Peninsula marked with a star immediately south of
theFigure
town of1.Khatanga. The city of Norilsk is to the southwest of the sampling site
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et al., 1998, 2001, 2004; Esper et al., 2010),
tracheid dimensions (Silkin, Kirdyanov, 2003;
Panyushkina et al., 2003) and stable isotopic
composition (Kirdyanov et al., 2008; Sidorova
et al., 2010). It is desirable to precisely measure
as many parameters as possible on each tree ring
and to understand controls on each parameter
to make more accurate reconstructions of past
environmental conditions (Hughes, 2002).
Solution inductively coupled plasma mass
spectrometry (ICP-MS) used in this study allows
a wide range of elements to be measured at the
same time. However the dissolution of samples
is a very laborious procedure involving many
steps, including the need to weigh samples with
high precision multiple times at different stages.
The method was applied to tree rings for the first
time in the work of Hall et al. (1990). The first
report of application of another high-sensitivity
method, solution inductively coupled plasma
atomic emission spectrometry (ICP-AES) to
tree-ring analyses in Russia was made in 1990
by R M. Hantemirov (Hantemirov, 1992). Since
then a number of studies using the solution
ICP-MS method have appeared in literature
(e.g., Yu et al., 2007; Rothpfeffer, Karltun,
2007; Kirchner et al., 2008). Solution ICP-MS
should be distinguished from laser ablation ICPMS (e.g., Monticelli et al., 2009), which is less
laborious but less precise.
We measured samples over the last 600
years, making the element series reported in this
work the longest ever developed. The dataset
presented here was obtained to investigate multielemental composition in tree rings over a long
period in a very remote site in the Siberian Arctic
to document inter-tree variability in long element
time series. This paper reports the methodology
and presents concentrations of elements in tree
rings, whereas a subsequent paper (Panyushkina
et al., in prep.) will analyze and interpret the
observed trends of the elements.

Materials and Methods
Field sampling
In 2006, cross-sections (discs) of 11 larch
(Larix gmelinii) trees were collected from
the Taymir peninsula near Khatanga. All tree
samples were from dead trees collected at a site at
70°53′N 102°55′ E (ca. 350 m a.s.l.) on the Kotuy
River (Fig. 1). This location has a strong seasonal
climate, with the mean annual temperature of
-13°C, January temperature of -42°C (minimum)
and -20.4°C (maximum), and July temperature
of 18.3°C (max) and 7.9°C (min) based on data
from the nearest meteorological station Khatanga
(71°98′N 102°47′ E, 30 m a.s.l.) for the period
1947-2006. This area receives an average of
254 mm of precipitation annually, ca. 105 mm
of which falls in the growing-season months of
June, July and August.
Laboratory subsampling
Since 2006 the cross-sections were stored
in a wood depository (dry conditions, room
temperature) until the chemical processing. The
work proceeded in several stages, the first of which
involved surfacing each of the 11 cross-sections
with progressively finer sandpaper to increase
visibility of rings. Subsequently one wood strip
was cut out of each cross-section (Fig. 2). Ringwidth measurements and dating were performed
on each of eleven wood strips from the crosssections on the Lintab workstation (Rinntech®,
Germany) with TSAP-Win crossdating software
(Rinntech®, Germany). The chronology used
in this work is the same as in Naurzbaev and
Vaganov (2000).
The eleven wood strips were subsequently
transported to the Institute of Geochemistry
SB RAS (Irkutsk) where they were processed
in the Grade-1000 clean room according to the
following procedure. First, each surface on the
wood strips cut from the cross-sections was
cleaned with a stainless-steel scalpel. It should be
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Fig. 2. Photographs of the 11 wood strips that were analyzed in this work. The labels indicate the time range
covered by each wood strip
Figure 2.

noted that the blades on the scalpel were replaced
after cleaning a wood strip and subsequently
cutting it into pieces (see below). Contamination
of wood samples by razor blades was investigated
in the work of Sheppard and Witten (2005), who
found that laser-trimmed cores had less metal
contamination than razor-trimmed cores. Because
the razor blades were from the same batch from
a single manufacturer and the physical contact of
blades with the wood samples was similar for all
samples, any contamination was deemed to be

equal for all of the samples, and thus not affecting
the trends observed.
Ten-year or five-year pieces were cut out
from each wood strip with a scalpel under the
microscope. Five-year pieces were cut only in
cases where tree rings were wide (i.e., cumulative
ring width of the five years exceeding ca. 3 mm).
If 5-year tree rings were narrow, it was very
difficult to make an accurate cut and dry weight
of an obtained piece was markedly lower than the
desired 100 mg for the analysis. Hence, 10-year
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samples were taken in most cases. Each sample
was placed in a pre-weighed sterile polypropylene
tube. Measuring element concentrations in 5 or 10ring samples has two advantages over measuring
concentrations in single-year samples: i) reducing
the influence of any potential contamination due
to a greater sample mass, ii) removing biases that
may affect a single ring due to elemental mobility
by effectively averaging the concentrations over
5 or 10 rings.
A total of 277 samples were obtained with
the following number of samples cut from each
wood strip: 1) 23 samples with average ages 1703
to 1896 A.D., 2) 19 samples with average ages
1706-1896 A.D., 3) 20 samples with average ages
1706-1896 A.D., 4) 20 samples with average ages
1706-1896 A.D., 5) 20 samples with average ages
1706-1896 A.D., 6) 40 samples with average ages
1306-1696 A.D., 7) 30 samples with average ages
1406-1696 A.D., 8) 25 samples with average ages
1456-1696 A.D., 9) 30 samples with average ages
1306-1596 A.D., 10) 30 samples with average ages
1306-1596 A.D., 11) 20 samples with average ages
1406-1596 A.D.
Chemical preparation and analysis
The next step required digestion of the
samples following the methodology described
in Sheppard et al. (2008). Assuming that the
carbon content in the samples is ca. 50% and that
oxidation proceeds according to the reaction 4
HNO3 + C = 4 NO2 + CO2, we calculated the triple
molar excess of nitric acid. For 100 mg of wood,
the required amount of 70% HNO3 is ca. 4.5 g
(or ca. 3.2 ml). All the chemical treatment of the
samples henceforth was done at the Limnological
Institute SB RAS (Irkutsk). The required volume
of 70% nitric acid was added to each wood sample,
and they were left at room temperature for 2.5
days. After this treatment the solutions became
intensely yellow and the wood had the appearance
of an almost transparent sponge, hardly visible in

the solution. The closed tubes with the samples
were then placed in an oven for 3 hours at 70°C.
At the end of each hour, the tubes were taken out
from the oven and placed into the ultrasonic bath
for 15 minutes. It should be pointed out that the
dissolution appeared to be nearly complete after
the first 1 hour in the oven. The tubes were then
cooled to room temperature and the lids on them
were slightly opened to release excess pressure
from the gases that accumulated during the
oxidation reaction. The tubes were then weighed
in order to determine the loss of mass (as gas
emitted). The loss of mass of the reactive solution
was in most cases no more than 4%. Subsequently,
1 ml aliquots of the solutions were placed in 2-ml
polypropylene tubes and were centrifuged for 10
min at 10000 g. An aliquot of 120 µl was placed
into other pre-weighed 2-ml sample tube, into
which 1.8 ml of deionized water was then added,
and the total mass of solution was determined. A
solution of internal standard, indium, [In]=193
ppb, of 100 µl volume was added to the solutions.
The total coefficient of dilution after all steps
amounted to ca. 500.
The concentrations of Li, B, Na, Mg, Al, Si,
P, Cl, K, Ca, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As,
Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Sb, I, Ba, La,
Ce, Nd, W, Au, Pb, Bi, Th, and U were measured
on an Agilent 7500 quadrupole inductively
coupled plasma mass spectrometer (ICP-MS)
with the inert sample inlet system consisting of
polypropylene spray chamber, polypropylene
microflow concentric spray nebulizer (180 µl/min)
and a platinum injector. A special configuration
of the ICP-MS needed to measure Hg was not
available, and therefore this element was not
measured.
The element Se was also measured, but the
observed concentrations did not significantly
exceed the background values (the concentration
in blank samples), and therefore the measured
values are not reported. In order to calibrate the
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mass spectrometer, we used a multi-element
standard solution “2A Standard” (concentrations
in the standard were the following: [Ag], [Al],
[As], [Ba], [Be], [Ca], [Cd], [Co], [Cr], [Cs], [Cu],
[Fe], [Ga], [K], [Li], [Mg], [Mn], [Na], [Ni], [Pb],
[Rb], [Se], [Sr], [Tl], [U], [V], and [Zn]= 10.08 ppb,
[In]= 10.07 ppb, [Th]= 10.11 ppb). Additionally a
standard of Lake Baikal water was used (for Na,
Mg, Si, S, Cl, K, Ca), referred hereafter as the
control sample (Suturin et al., 2003). All other
elements were calibrated using the algorithm of
semi-quantitative analysis based on empirically
selected sensitivity factors. The measurements
were run in series as follows: control sample, 12
samples, control sample. Thorough rinsing of the
whole system (3 min) was performed before and
after each control sample. Rinsing was not done
between the samples because of the similarity of
composition of the samples from adjacent wood
pieces. Short rinsing of the autosampler needle
(20 seconds) was done after each measurement.
Metals having concentrations in excess of 0.1
ppb in solutions (or 0.05 ppm referenced to the
initial starting mass of dry wood sample) were
measured with the uncertainty of no more than
30% (Na, Mg, Al, K, Ca, Mn, Fe, Ni, Cu, Zn,
Rb, Sr, Pb, Bi), which is typical for this method.
The manufacturer of the ICP-MS instrument
specifies that the uncertainty for the other
elements (B, Si, P, S, Cl, Ti, V, Co, As, Br, Zr,
Nb, Mo Rh, Pd, Ag, Cd, Sn, I, Hf, W, Au) may
in some instances exceed 30%. All element
concentrations are reported in units of ppb (µg
per kg of dry wood).
Results and Discussion
A total of 11 wood strips from different
trees were analyzed to obtain the 600-year
elemental concentration record. The mean
values and the range of concentrations for each
element during the time interval 1300-1900 A.D.
are given in Table 1. The concentration trends

are shown in Fig. 3. Number of replicate trees
corresponding to each year varied from three to
six, i.e. each datapoint in Fig. 3 is an average of
at least three values obtained independently for
different trees. The large variability of values
among different trees could be an indication
that the microenvironmental effects on growth
of specific trees (or differences in tree behavior
more generally) may influence the level of
element concentrations in tree rings to a greater
extent than the broad changes in environmental
conditions in the region. However, additional
analyses are necessary to check contributing
of possible flaws in our sample protocol to the
discrepancies in concentration series among
trees. In order to establish the nature and
magnitude of variability of trace elements
circumferentially and perhaps longitudinally in
tree rings, a study such as that done for isotopes
by Leavitt and Long (1984), is needed for
microelements in tree rings.
Since the present paper is methodological,
the discussion of the observed concentration
trends, as well as of the sapwood- hardwood
effect, age effect, etc. is outside the realm of this
paper and will be addressed in a subsequent paper
(Panyushkina et al., in prep.). The latter paper
will also report statistical techniques helpful in
interpreting the results presented here.
Conclusions
The longest published record of elements in
tree rings (600 years) was obtained for the time
period of 1300 to 1900 A.D. The set of the elements
that was measured (40) is substantially greater
than any previously reported. Our sample set is
represented by eleven trees, which allowed good
replication of each time interval between 1300 and
1900 A.D. (by 3-6 trees). We found that time series
for most elements generally do not correlate well
from tree to tree because of different individual
physiological responses to environmental factors
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Table 1. Means and ranges (11 trees) of concentrations (ppm or mg per kg of dry wood) of elements in tree rings
of larch from the Taymir Peninsula collected in 2006. Time interval is 1300-1900 A.D
Element

Mean

Minimum

Maximum

Ca

770

440

1200

K

300

220

350

Cl

270

190

360

Mg

250

150

370

Si

140

110

150

Na

42

24

75

P

32

26

39

Mn

14

6.2

20

Fe

13

8.2

62

Ba

12

8.0

15

Sr

4.2

3.4

5.2

B

3.2

2.3

5.1

Zn

3.2

2.5

4.7

Cu

2.4

0.65

8.7

Al

1.7

1.0

3.2

Bi

1.0

0.25

1.8

Ni

0.59

0.21

1.9

Rb

0.35

0.29

0.43

I

0.21

0.10

0.38

Pb

0.21

0.093

3.6

Cr

0.19

0.12

1.7

Li

0.11

0.063

0.42

Ag

0.031

0.014

0.070

Cd

0.015

0.008

0.036

Zr

0.015

0.006

0.041

Sn

0.014

0.006

0.048

and chemical uptake or perhaps because of
shortcomings in the experimental protocol. The
studied tree-ring series show no trend related to
tree age. Our subsequent paper (Panyushkina et
al., in prep.) will contain a detailed discussion of
this dendrochemical dataset based on statistical
treatment.
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Fig. 3. The average concentrations of elements in tree rings of larch from the Taymir Peninsula collected in 2006
(bars indicate standard deviations of mean values)
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Методология получения 600-летней
многоэлементной летописи
на основе годичных колец лиственницы
с полуострова Таймыр, Россия
А.М. Грачева, Е.А. Ваганова,
С.У. Левиттб, И.П. Панюшкинаб,
Е.П. Чебыкинв, В.В. Шишова, Н.А. Жученков,
А.А. Кноррег, М.К. Хьюзб, М.М. Наурзбаевг
а
Сибирский федеральный университет,
Россия 660041, Красноярск, пр. Свободный, 79
б
Лаборатория изучения годичных колец деревьев,
Университет Аризоны,
Тусон, Аризона 85721, США
в
Лимнологический институт СО РАН,
Россия 664033, Иркутск, ул. Улан-Баторская, 3
г
Институт леса им. В.Н. Сукачева СО РАН,
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Нами был получен длительный массив данных (600 лет) концентраций 26 элементов в годичных
кольцах лиственницы с полуострова Таймыр, самого северного региона в мире (около 72° с.ш.),
где возможен рост деревьев. Изучались годичные кольца, соответствующие промежутку
времени с 1300 по 1900 год н.э. Одиннадцать древесных выпилов, по одному для каждой
лиственницы, нарезались на образцы массой около 100 мг, которые, как правило, состояли из
десяти годичных колец (но в некоторых случаях из пяти). Из каждого дерева было получено от
19 до 40 последовательных образцов, что дало в общей сложности 277 образцов. Повторность
для каждого временного интервала варьировала от трех (для периодов 1300-1400 г.н.э. и
1600-1700 г.н.э.) до шести (для периода 1450-1600 г.н.э.). Древесные образцы растворяли в
концентрированной HNO3 для последующего измерения Li, B, Na, Mg, Al, Si, P, Cl, K, Ca, V,
Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Rb, Sr, Y, Zr, Nb, Mo, Ag, Cd, Sn, Sb, I, Ba, La, Ce, Nd, W, Au, Pb,
Bi, Th и U при помощи масс-спектрометрии с индуктивно связанной плазмой (ICP-MS) для
растворов. Четырнадцать элементов (V, Co, As, Y, Nb, Mo, Sb, La, Ce, Nd, W, Au, Th и U) с очень
низкими концентрациями были исключены из рассмотрения как недостоверные. В данной
статье, основной целью которой являлась отработка методики получения репрезентативных
и достоверных дендрохимических данных, приводится использованная нами процедура
пробоподготовки и измерений, а также полученные концентрации в годичных кольцах.
Ключевые слова: дендрохимия, Larix gmelinii, элементы, годичные кольца деревьев, Таймыр,
ICP-MS.

