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a b s t r a c t
Knowledge of the copper cycle in the plant–soil–water system is needed in order to better constrain proper
plant micronutrient nutrition, control pollution, and determine sustainable soil management practices. Here,
we report the Cu isotopic compositions of different components (seeds, germinated seeds, leaves, and stems)
of the dicot, lentil (Lens culinaris), and of two monocots, Virginia wild rye (Elymus virginicus) and hairy-leaved
sedge (Carex hirsutella). According to our data, the isotopic compositions of these plants are systematically
enriched in the lighter isotope of Cu ( 63Cu) in comparison to the soil in which they grow. Furthermore,
different components within the plants themselves are isotopically fractionated. The shoots (stems, leaves
and seeds) are systematically lighter than the germinated seeds of the plants and the Cu isotopic compositions
of individual leaves correlate with their heights on the plant. These results are similar to what has been
observed for Zn isotopes, which are assumed to be transported through plants by means of diffusion and
kinetic fractionation across cell membranes. Because of this similarity, we suggest that the same transport
mechanisms are also responsible for the observed isotopic fractionation of Cu. As a side-note, the Cu isotopic
variations measured in plants are similar in magnitude to the differences previously measured in various soils,
and therefore should not be neglected while interpreting the isotopic composition of soils.
© 2011 Elsevier B.V. All rights reserved.

1. Introduction
Copper is a vital micronutrient in organisms, particularly plants,
most notably because Cu participates in protein synthesis, membrane
activities, and photosynthesis (Koch et al., 1997; Frausto da Silva and
Williams, 2001). However, Cu may also be toxic at high concentrations (Shioi et al., 1978; Maksymiec, 1997; Manceau et al., 2008). Cu is
often applied to soil and crops as fertilizer to ameliorate micronutrient
deﬁciencies caused by prolonged, intensive agriculture (Karamanos
et al., 2005). It is also often used as a fungicide, especially in viniculture (Epstein and Bassein, 1998). Given this widespread use and
the expansion of urban areas, pollution by Cu is an important issue
that could affect plant growth and increase the concentration of heavy
metals within the food chain.
The theory behind mass-dependent stable isotopic fractionation
was developed in two seminal papers (Bigeleisen and Mayer, 1947;
Urey, 1947). The theory speciﬁes that the fractionation between two
isotopes is proportional to their relative difference in mass. Until
recently, it was very difﬁcult to measure the small natural variations
in the stable isotopes of transition metals, and so the technique was
applied almost exclusively to light elements (e.g. H, C, N, O). With the
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advent of high precision multi collection-inductively coupled plasmamass spectrometry (MC-ICP-MS), precise measurement of “nontraditional” stable isotopes of alkali earth elements and transition
metals became possible (for reviews, see Johnson, et al., 2004).
Analyses of the ‘new’ stable isotope systems, notably those of Mg
(Young and Galy, 2004), Cr (Ellis et al., 2002; Moynier et al., 2011a), Fe
(Dauphas and Rouxel, 2006; Johnson et al., 2008), Ni (Moynier et al.,
2007; Cameron et al., 2009), Cu (Maréchal et al., 1999; Albarede,
2004), and Zn (Albarede, 2004; Cloquet et al., 2008; Moynier et al.,
2009a,b,2011b) are starting to provide novel insights into geochemical cycles and biological processes. A major preliminary conclusion of
these early studies is that biological processes play an important role
as one of the few types of processes that can fractionate transition
metal stable isotopes (Albarede, 2004; Johnson et al., 2008).
Recently, use of the Cu isotopic ratio has been shown to be a good
method to trace long-term processes in soil that are difﬁcult to
quantify by other means (e.g. analysis of element transport and
variations in redox conditions) (Bigalke et al., 2010a, b). However, the
inﬂuence of plant-induced isotopic fractionation on soil composition
has not yet been quantiﬁed, signiﬁcantly limiting the practicality of
this technique (Bigalke et al., 2010a,b). The main known processes
that can induce Cu isotopic fractionation in soils are 1) adsorption
onto mineral surfaces and organic matter (Pokrovsky et al., 2008;
Navarette et al. 2011), 2) inorganic and organic complexation to some
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ligands (Balistrieri et al., 2008; Pokrovsky et al., 2008), 3) variation in
redox conditions (Cu(II) vs. Cu(I)) (Zhu et al., 2002), and 4) biological
fractionation by plants or micro-organisms (Jouvin et al., 2008; Zhu et
al., 2010) . The ﬁrst 3 mechanisms have already been studied in detail
(see references above). However, biological fractionation caused by
plants has not yet been evaluated, except for two preliminary studies
(Jouvin et al., 2008; Zhu et al., 2010). Jouvin et al. (2008) suggest that
Cu is isotopically fractionated in wheat, such that the shoots of the
plant become enriched in light isotopes compared to the roots, while
Zhu et al. (2010) found that Elsholtzia splendens plants are enriched in
63
Cu when compared to the growth medium. Further understanding
of biological fractionation is critical to interpreting other Cu isotopic
data in soils and in the environment.
In addition, knowledge about the fractionation of stable isotopes
within the plant body can also be used to understand the transport
mechanisms of some metals (e.g. Fe, Zn, Ca, Mg) (Weiss et al., 2005;
Guelke and Von Blanckenburg, 2007; Viers et al., 2007; Black et al.,
2008; Cenki-Tok et al., 2009; von Blanckenburg et al., 2009). The
pioneer study of Weiss et al. (2005) showed that tomato (Lycopersicon
esculentum), rice (Oryza sativa) and lettuce (Lactuca sativa) plants
were enriched by ~ 0.2‰ per atomic mass unit (amu) in light isotopes
of Zn compared to their growth solution and that the shoots of the
plants were isotopically lighter than their roots by ~ 0.2‰/amu. This
general trend was subsequently conﬁrmed, and a correlation between
plant height and the magnitude of Zn isotopic fractionation suggested
that Zn is transported by the xylem and is progressively enriched in
light isotopes either by diffusion or by the complexation of heavier Zn
isotopes as they travel upward (Viers et al., 2007; Moynier et al.,
2009a,b).
The goals of the present study are to determine whether Cu stable
isotopes are fractionated during 1) uptake by plants, or 2) transport
from germinated seeds or roots to shoots/leaves/seeds in three
angiosperm plants with different growing patterns: a dicot (lentil:
Lens culinaris), a graminaceous monocot [Virginia wild rye (Elymus
virginicus)] and an another monocot [hairy-leaved sedge (Carex
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hirsutella)]. We also aim to test the 3) inﬂuence of the plant's source
of nutrients on the isotopic fractionation between the germinated seeds
and the different components (stems, leaves, seeds) of the plant and 4)
whether there is a correlation between the heights of the leaves and the
degree of isotopic fractionation, as observed for Zn isotopes (Viers et al.,
2007; Moynier et al., 2009a,b).
2. Material and methods
2.1. Samples
The lentils were cultivated in a clean chemistry laboratory at
Washington University in St Louis (WUSTL) following the same
protocol described in Moynier et al. (2009b). Around 200 seeds were
grown in large Petri dishes lined with high-purity kimwipes. No
nutrient solution was added, and the lentils were grown on their own
nutrient reserves with the addition of 18.2 MΩ water. In order to test
reproducibility, two identical experiments were conducted together
(exp. A1 and A2). After 15 days of growth, the germinated seeds
(including roots that were either not present or not visible to the
naked eye), and shoots (stems and leaves) were separated (see
Fig. 1A), dissolved and prepared for Cu isotopic measurements. The
dissolved masses of the different parts of the lentils are reported in
Table 1.
A dozen Virginia wild rye and hairy-leaved sedge plants were
harvested in a ﬁeld in St. Louis, MO in Spring, 2010 by FM. The plants
were simply cut with scissors, placed in ziploc bags and brought back
to the clean lab in WUSTL. In order to avoid any possible post-harvest
redistribution of the Cu isotopes, the different parts of the plants were
separated later that same day. All plants were taken from the same
ﬁeld over a ~1 m 2 area. A soil sample was also collected from a depth
of 10 cm near the roots of the Virginia wild rye at the time of harvest.
The soil was an alﬁsol of silt loam texture developed in loess and had a
pH as measured in 0.01 M CaCl2 of 6.42. For the Virginia wild rye, the
different parts (leaves, stems, and seeds) of 4–5 plants were separated

A) Lentils

B) Virginia Wild Rye

C) hairy-leaved sedge

Fig. 1. Sampling strategy for the different experiments: A (lentil), panel A; B (Virginia wild rye), panel B; C (hairy-leaved sedge), panel C. The Cu isotopic composition is reported in
permil δ notation with NIST 976 as the reference material.
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Table 1
Cu isotopic composition and elemental abundance (ppm) from experiments A (lentils),
B (Virginia wild rye) and C (hairy-leaved sedge), as well as a terrestrial granite. The
external reproducibility is 0.10 (2sd) for the δ65Cu and ~ 20% for the concentrations.
Sample name
GA (granite)
Ungerminated lentil seed
Lentil experiment A1
Shoots-A1
Germinated seeds A1
Lentil experiment A2
Shoots-A2
Germinated seeds A2
Soil (growth media for exp. B&C)
Virginia Wild Rye B1
Leaves B1
Stem B1
Seeds B1
Virginia Wild Rye B2
Leaves B2
Stem B2
Seeds B2
Hairy-leaved sedge C
Leaf C1
Leaf C2
Leaf C3
Leaf C4
Leaf C5
Leaf C6
Leaf C7
Seeds C1
Seeds C2
Seeds C3
Seeds C4
Seeds C5
Seeds C6
Seeds C7
Stem C

δ65Cu
(‰)

[Cu] ppm
wet matter

0.06
0.24

8.35

0.02
0.36

4.69
0.42

0.03
0.36
0.19

6.28
1.74
30.4

−0.71
−0.32
−0.75

0.77
0.65
5.60

−0.30
−0.17
−0.36

5.01
2.86
1.01

−0.14
−0.17
−0.21
−0.23
−0.28
−0.48
−0.37
−0.50
−0.58
−0.54
−0.50
−0.52
−0.48
−0.54
−0.60

5.37
2.80
4.68
4.16
3.60
6.28
5.66
4.87
4.03
5.85
6.22
9.92
10.19
8.11
3.07

Height
(cm)

7
11.5
20
26.5
33
38.5
43.5
45.5
47.5
52
54.5
57
60
63

(exp. B1, Fig. 1B). The exact same protocol was applied to another
group of 4–5 Virginia wild rye plants to test the reproducibility of the
experiment (exp. B2). For the hairy-leaved sedge, only one plant was
used. This plant was used to test a possible correlation between the
heights of the leaves and seeds and the degree of Cu isotopic
fractionation (exp. C, Fig. 1C). We sampled single leaves and clusters
of seeds at different heights (7 to 43.5 cm from the bottom of the plant
for the leaves and 45.5 to 63 cm for the seeds). We also dissolved the
remaining stem for analysis (after removal of all additional leaves and
seeds). The dissolved masses of all these samples are reported in
Table 1.
CRPG GA, a granite from Andlau, France, was also analyzed as a
geological reference material.

2.2. Chemical puriﬁcation and mass-spectrometry
Plant and soil samples were ﬁrst cleaned twice using 18.2 MΩ
water and then dissolved using a mixture of HNO3 (4 times subboiled) and Seastar© optima grade H2O2 in closed Teﬂon beakers.
They were subsequently treated with a mixture of HF/HNO3 to ensure
dissolution of siliceous plant matter. A ﬁnal treatment using aqua
regia ensured that all the samples were completely dissolved. The
geostandard was dissolved in a mixture of HF/HNO3, followed by a
treatment of 6 N HCl. The samples' Cu content was then puriﬁed
following the method described in Maréchal et al. (1999) and Moynier
et al. (2006). The column chemistry was performed twice in order to
achieve a complete separation of the Cu from the matrix. The total
yield of Cu was checked before starting the ﬁrst chemical puriﬁcations
and was found to be N95%, as previously observed in Maréchal et al.
(1999). The blank of the full procedure is b10 ng.

The 65Cu/ 63Cu ratio was measured by MC-ICP-MS on a ThermoFisher Neptune Plus at WUSTL. The samples were introduced by free
aspiration in 0.1 HNO3 using a Teﬂon microcentric nebulizer (uptake
rate of 100 μl/min) and a glass cyclonic spray chamber. The masses 63
and 65 were positioned on the L2 and axial collectors, respectively. Zn
isotopes (64, 66, 67 and 68) were also measured on the collectors L1,
H1, H2, H3, respectively. The intensity of 62Ni was measured on the
collector L3 in order to monitor and correct for the interference of
64
Ni. Instrumental mass fractionation was corrected by Zn doping and
standard-sample bracketing following suggestions found in Maréchal
et al. (1999) and Albarede (2004). All of the samples' intensities (after
chemical puriﬁcations) were ﬁrst checked with the MC-ICP-MS using
a small aliquot and were then compared to the intensity of a standard
of known concentration. The raw concentrations deduced are
reported in Table 1. Then the samples were diluted to match the
concentration of the standard mixture (200 ppb of Zn and Cu).
Replicate analyses of the same samples carried out during different
analytical sessions deﬁne an external reproducibility of ±0.10‰ (2sd)
for δ 65Cu (Maréchal et al., 1999; Herzog et al. 2009; Moynier et al.,
2010). The excellent reproducibility of the two different sets of lentil
experiments (A1 and A2) for two pools of shoots (δ 65Cu = 0.02 v. 0.03)
and germinated seeds (δ 65Cu = 0.36 v. 0.36) further conﬁrmed the
external reproducibility of the full procedure (dissolution, chemical
puriﬁcation and mass-spec measurements). We calculated the
elemental concentrations of Cu in our samples from the measured
intensities of 63Cu through a comparison with standard solutions, as
described in the subsequent Results section.
3. Results
Isotope ratios are expressed as parts per 1000 deviations relative
to a standard:
0
B
B
65
B
δ Cu = B
B
@

!
1
Cu
C
63
C
C u sample
C
!
−1
C × 1000
65
C
Cu
A
63
C u NIST976
65

ð1Þ

NIST 976 was used as the reference material (Maréchal et al.,
1999).
The isotopic fractionation between two components i and j is deﬁned in the same fashion as in Moynier et al. (2009b):

 

65
65
65
Δδ Cui−j = δ Cu − δ Cu
i

j

ð2Þ

The Cu isotopic compositions of the geostandard and plant
samples are reported in Table 1. The geostandard GA (δ 65Cu =
+ 0.06 ± 0.05) shows almost no fractionation and has a typical
terrestrial composition (Moynier et al., 2010). This result, together
with our previous geostandard measurements for NIST SRM 278
(δ 65Cu = 0.06), BHVO-2 (δ 65Cu = 0.10), and AGV-2 (δ 65Cu = 0.10), as
well as Archer and Vance's (2002) results for BCR-1 (δ 65Cu = 0.07 ±
0.08‰), suggests a homogeneous distribution of Cu within the silicate
crust of the Earth.
The lentil experiments A1 and A2 give similar results (Table 1):
shoots (+ 0.02 b δ 65Cu b +0.03) are lighter than the germinated seeds
(δ 65Cu = +0.36 ± 0.05) and Δδ 65Cugerminated seeds-shoots = 0.34 and
0.33. The lentil seeds before germination (δ 65Cu = + 0.24 ± 0.05)
have Cu isotopic compositions that lie in between those of the shoots
and germinated seeds, suggesting that the masses of the different Cu
isotopes present within the plant were conserved. However, since
some Cu might have been leached from the plant by the culture
medium, this mass-balance should only be taken as a ﬁrst-order
calculation.
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The Virginia wild rye and the hairy-leaved sedge samples (stem,
leaves and seeds) show systematic enrichment in light isotopes
compared to the soil sample with +0.33 b Δδ 65Cusoil-shoot b +0.94
(see Fig. 1). The Virginia wild rye experiments B1 and B2 both indicate
the same trend (although on a slightly different magnitude), with
δ 65Custem N δ 65Culeaves N δ 65Cuseeds (see Figs. 1B and 2). The seeds from
the hairy-leaved sedge (exp. C) are also isotopically lighter than
the leaves, and the stem sample is lightest of all (see Table 1, Figs. 1C
and 2).
There is a correlation between δ 65Cu and the heights (L) of 7 leaves
taken from a single hairy-leaved sedge plant. The highest leaves
become more enriched in light isotopes (Fig. 3), this trend is described
by a regression line with the equation δ 65Cu = − 0.01L − 0.07, where
L is measured in cm. On the other hand, seeds collected at different
heights all have the same Cu isotopic composition.

Fig. 3. Cu isotopic fractionation of the leaves from experiment C (hairy-leaved sedge) vs
the height of the leaves. The highest leaves are isotopically lighter than the lower ones.
This observation suggests that the isotopic fractionation is enhanced during the course
of transport of Cu within the plant.

4. Discussion
4.1. Inﬂuence of plants on the Cu isotopic budget of soils

Fig. 2. Cu isotopic composition for experiment A (lentil, panel A) and experiment B
(Virginia Wild Rye, panel B). The isotopic composition is reported in permil δ notation
with NIST 976 as the reference material. The error bars are 2sd. In exp. A, germinated
seeds and shoots are isotopically fractionated compared to the original seeds. In exp.
B, all the plant components are enriched in light isotopes of Cu when compared to the
growth medium (soil). The different parts of the plant are distinct in isotopic
composition and become isotopically lighter in the order stem-leaves-seeds.

Our measurements of the granite standard GA (δ 65Cu = 0.06‰)
support the results from Li et al. (2009) that indicate that terrestrial
granites have a nearly homogeneous Cu isotopic composition
scattered around zero (0.03 ± 0.15‰ for I-type granites and −0.03
± 0.42‰ for S-type granites). This conﬁrms that terrestrial igneous
rocks all have about the same Cu isotopic composition (δ 65Cu ~0)
(Marechal, 1998; Ben Othman et al., 2006; Moynier et al., 2010).
Sedimentary rocks, on the other hand, seem to be slightly more
fractionated in Cu isotopes. Maréchal et al. (2000) demonstrated that
Mn-nodules have a δ 65Cu = 0.31 ± 0.23‰, although the availability of
other data is still very limited. The largest isotopic fractionations
(from − 4 to + 9‰) seem to be limited either to ores and
hydrothermal systems where redox reactions or supergene recycling
are taking place, or to low temperature environments (Zhu et al.,
2000; Larson et al., 2003; Rouxel et al., 2004; Mathur et al., 2005;
Markl et al., 2006; Asael et al., 2007; Mathur et al., 2009). The general
rule is that the phases containing Cu(II) are isotopically heavier than
Cu(I)-phases. For example, Ehrlich et al. (2004) showed that during
the exchange of Cu in a water/CuS system, the heavy isotope of Cu is
preferentially enriched in the oxidized phase (aqueous Cu(II))
compared to CuS. Recently, Asael et al. (2009) showed that Cu
isotopes could be used as a strong tracer of redox conditions in rock.
Complexation of Cu with oxy-hydroxides enriched the oxides in the
heavy isotope compared to the solution (Balistrieri et al., 2008;
Pokrovsky et al., 2008).
Bigalke et al. (2010b) studied the isotopic composition of Cu in
four soil proﬁles and found isotopic variation in δ 65Cu up to 0.60‰.
The layers of soil enriched in organic materials generally have a lighter
δ 65Cu than layers made of inorganic materials. These results suggest
that isotopic fractionation of Cu occurs during soil-plant-soil transfer
and that plants should therefore be enriched in lighter isotopes of Cu.
Our new results not only support this, but also show that the Cu
isotopic fractionation induced by plants is on the same order of
magnitude as the fractionation observed in soils. Therefore, this plantinduced source of fractionation must be taken into account in order to
accurately interpret the Cu isotopic record of soils.
The lentils (exp. A) were grown from their own reserve of
nutrients in our clean laboratory, with no external addition of Cu.
Since no external materials or nutrients were added, the isotopic
fractionation between shoots and germinated seeds could have only
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happened during the mobilization of the seed reserve. This indicates
that the transport of the Cu is the key mechanism responsible for the
observed fractionation.
4.2. Transport of Cu within the plant
4.2.1. Similarity between Zn and Cu isotopic behavior
Moynier et al. (2009b) used the same experimental design (lentils
cultivated in a clean lab, with no addition of Zn) as for our experiment
A (lentils) and found a Δδ 66Zngerminated seeds-shoots = 0.34 ± 0.18, which
is the same magnitude as the Cu isotopic fractionation from our
experiment A (Δδ 65Cugerminated seeds-shoots = 0.34 and 0.33). This
correlation between the isotopic compositions of Zn and Cu in lentils
suggests that both elements are fractionated by the same mechanism.
Moynier et al. (2009b) suggested a combination of diffusion and
movement through transporters in the cell membrane to explain their
observations. The coefﬁcient of diffusion for Cu in an aqueous solution
is similar to the one for Zn (~ 5 × 10 −10 m 2/s), and since we used the
same length scale (~10 cm) and timescale (15 days) in our experiment
A as in Moynier et al. (2009b), the difference between the coefﬁcient
of diffusion of 63Cu and 65Cu ( 63D and 65D) calculates to 65D/ 63D-1 =
−2 × 10 −5 (see Moynier et al. (2009b) for details of the equations).
The transport of Cu through cell membranes is known to favor light
isotopes: living organisms are usually enriched in the light isotope of
Cu, compared to non-biological materials (Marechal, 1998; Zhu et al.,
2002). Recently, Navarrete and Borrock (2010) found that two species
of bacteria (Bacillus Subtilis and Escherichia Coli) preferentially
absorbed 63Cu during Cu uptake from the culture media. Therefore,
the enrichment in light isotopes observed in plants could be the result
of transport through cell membranes.
Experiment B (+0.33 b Δδ 65Cusoil-shoot b + 0.94) shows that the
plants are enriched in the light isotope of Cu, compared to the growing
environment (the soil). This indicates that the plant preferentially
absorbs the light isotope of Cu, most likely due to kinetic isotope
fractionation during transport from the medium to the plant. These
observations conﬁrm preliminary measurements by Zhu et al. (2010)
who found that E. splendens are enriched in light isotopes when
compared to the growing medium. They also imply that, on the short
term, the plants would deplete the soil in light isotopes and would
therefore noticeably impact the Cu isotopic composition of the soil.
The Cu isotopic fractionation is further enhanced during the translocation of the Cu within the plant, with δ 65Custem N δ 65Culeaves N
δ 65Cuseeds. The two plants B1 and B2 show the same pattern, but the
magnitude of the fractionation is different. Plant B1 is clearly
isotopically lighter than plant B2. This can be explained by a difference
in the ages of the two plants: We collected them at the same time, but
they might have been growing for a slightly different number of days.
The correlation between δ 65Cu and the height of the leaves in
experiment C probably has the same origin as the isotopic
fractionation pattern observed in experiments A and B. When you
go higher in the plant, lighter isotopes are more enriched by a
combination of diffusion and transport through cell membranes. The
absence of varying fractionations in the seeds collected at different
heights is puzzling. This could be because the range of height is much
smaller for the seeds (45.5 to 63 cm) than for the leaves (7 to
43.5 cm), so any fractionation that may have occurred would have
been too small for us to measure. The absence of further isotopic
variations between the seeds could also suggest that the mechanism
of entrance of Cu into the seeds is different than that for the leaves and
does not further fractionate Cu isotopes. The assimilation of the Cu by
the seeds could also be quantitative. More experiments focusing on
the seeds (comparisons between seeds collected from different plants,
comparison to the isotopic composition of the stem at the same height
as the seeds, etc.) would help to resolve these questions.
The slope and origin of the correlation lines between the degree of
Cu isotopic fractionation and the height of the leaves for the hairy-

leaved sedge (exp. C) (slope = − 0.01 and origin = −0.07) and for
the Zn in a bamboo plant (slope = − 0.01 and origin = − 0.06
(Moynier et al., 2009a,b)) were almost identical. This surprisingly
good correlation between Zn and Cu isotopes is another argument in
favor of similar transport mechanisms for these two elements within a
plant. Both Zn and Cu have been proposed to be complexed to a ligand
during transport within the xylem (Liao et al., 2000; Colangelo and
Guerino, 2006). The chelator is probably Nicotianamine, a nonproteino amino acid (Budesinsky, 1980) that is involved in the
translocation of many metals in xylem sap (Pich et al., 1994; Welch,
1995; Pich and Scholz, 1996; Trampczynska et al., 2010). Our results
suggest that both Zn and Cu share this transporter.
5. Conclusion
Cu isotopes are fractionated in both monocots and dicots 1) during
the uptake of Cu by the plant and 2) within the plant, with an
enrichment in the lighter isotope for any growth environments. In
lentils, shoots (leaves and stems) are isotopically lighter than the
germinated seeds. In monocot plants, seeds growing on the plant are
isotopically lighter than leaves, and leaves are generally lighter than
the stem, which is lighter than the soil from which the plants have
grown. Cu strongly correlates with Zn, and so we suggest that both
elements are fractionated by the same mechanisms: diffusion and
transport through cell membranes.
Furthermore, because the amount of Cu isotopic fractionation
induced by plants is of the same order of magnitude as the
fractionation observed in soils, this factor should be taken into
account in order to accurately interpret the Cu isotopic record of soils.
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