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ABSTRACT: Stable isotope analysis (SIA; carbon, hydrogen, nitrogen, sulfur, and oxygen) of human tissues offers a
means for assessing diet among living humans. Stable isotope ratios of broad categories of food and drink food vary sys-
tematically, and stable isotope ratios in consumer tissues represent a composite of the isotopic ratios of food and
drink consumed during an individual’s life. Isotopic evidence for diet is independent of errors in informant recall, and
accrues during time periods when researchers are absent. Beyond diet reconstruction, tissue stable isotope ratios
are sensitive to excursions from homeostasis, such as starvation and rapid growth. Because of their relationship to
diet, geographic location, hydration, and nutritional status, stable isotope signatures in human tissues offer a window
into human biocultural adaptations, past and present. This article describes methods for SIA that may be usefully
applied in studies of living humans, with emphasis placed on carbon and nitrogen. Some of the ecological, physiological,
and evolutionary applications of stable isotope data among living humans are discussed. By incorporating SIA in
research, human biologists facilitate a productive dialog with bioarchaeologists, who routinely use stable isotope evi-
dence, mingling different perspectives on human biology and behavior. Am. J. Hum. Biol. 27:593–604, 2015. VC 2015

Wiley Periodicals, Inc.

An understanding of patterns of diet and nutrition
among human populations is fundamental in the work of
human biologists. A method widely used for assessing
diets in archaeology and ecology is stable isotope analysis
(SIA) of tissues, including bones and teeth, as well as tis-
sues that are shed naturally (e.g., hair, nails). SIA is based
on the principal that “you are what you eat”: isotopic signa-
tures of foods consumed are recorded in consumer tissues.
In general, there are patterned isotopic differences among
broad categories of food; for example, plants using the C3

versus the C4 pathway, animals versus plants, and terres-
trial versus aquatic animals. While SIA cannot replace the
precision of food diaries, diet recalls, or questionnaires in
recreating menus of specific food items, it improves on
accuracy and record keeping while researchers are not in
the field, and offers a time-average of dietary behaviors
over days, weeks, months, or years, as a useful complemen-
tary dietary assessment method.

Human biologists are familiar with stable isotopes
in biological systems from the doubly labeled water tech-
nique for estimating total energy expenditure, which
uses foods or drinks “spiked” with artificial abundances
of oxygen and hydrogen to calculate O2 consumption and
energy expenditure (Leonard, 2012; Schoeller, 1988,
1999). In these experimental conditions, test subjects are
provisioned with a tracer that is isotopically dissimilar to
other possible diet items, rendering it conspicuous and
easily identified against the natural isotopic backdrop of
an organism’s diet as the tracer moves through body sys-
tems and is gradually excreted. Unlike experimental
studies using spiked isotopic tracers, in archaeology and
ecology, natural abundances of stable isotopes of carbon,
nitrogen, sulfur, oxygen, and other elements in human
tissues are assessed as a means for estimating human
diet.

Widely applied to understand hominin and archaeologi-
cal human dietary ecologies, SIA has seen relatively few
and isolated applications among living humans (e.g.,
Bender et al., 2015; Ehleringer et al., 2008; Nakamura
et al., 1982; Nardoto et al., 2011; Nash et al., 2012; Neu-
berger et al., 2013; Wilkinson et al., 2007) despite advan-

tages it offers as a complement to other methods of
studying human diet and physiology. A key strength of
SIA in human biology is that tissues maintain isotopic
records of types of food consumed while researchers were
not present, records that can extend back weeks, months,
and even years preceding commencement of the research
project, depending on the tissue analyzed. Stable isotope
signatures in tissues are not subject to errors in informant
recall. SIA of soft tissues is minimally invasive: small
amounts of fingernail (e.g., one clipping), hair, excreta, or
blood may be sampled for isotopic analysis to provide
information about the environments and diets of human
subjects. Stable isotope data, in general, do not point to
individual food items, but rather, reflect consumption of
general categories of food, distinguishing, for example,
between diets comprising high versus low amounts of
animal-derived protein, or diets comprising the C4 plants
sugar and maize, versus C3 plants such as fruits and vege-
tables. Aside from offering dietary information, SIA iden-
tifies excursions from physiological homeostasis and
metabolic disorders (e.g., diabetes, osteoporosis, protein
stress; Reitsema, 2013).

The purpose of this article is to describe SIA for human
biologists as a tool for understanding dietary habits and
physiology of contemporary human populations. Primary
emphasis is placed on analytical and interpretive methods
for stable isotope ratios of two elements, carbon and nitro-
gen. Secondary emphasis is placed on sulfur, analysis of
which has become more widespread in just the past dozen
years thanks to improved analytical technologies (e.g.,
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Giesemann et al., 1994), and on oxygen, which is more
commonly applied to mineralized tissue but has seen note-
worthy application among soft tissues from living humans
(e.g., Ehleringer et al., 2008). Soft tissues are the focus of
this article, although shed or extracted deciduous or per-
manent teeth are other substrates for isotopic analysis
and may be analyzed in the same manner as are archaeo-
logical samples (Ambrose, 1990; Garvie-Lok et al., 2004;
Lee-Thorp and van der Merwe, 1987).

PRINCIPLES OF SIA

Isotopes are atoms of an element with the same number
of protons in their nuclei, but different numbers of neu-
trons (Fig. 1). Unlike radioactive isotopes, stable isotopes
do not decay over time, making them ideal tracers in bio-
logical systems. For carbon and nitrogen, the light iso-
topes are the more abundant isotopes in nature: 12C
makes up 98.9% of all carbon, and 14N makes up 99.6% of
all nitrogen in the biosphere. Two stable isotopes of the
same element have essentially the same properties, but
different masses, which are detectable through mass spec-
trometry (Hoefs, 2004). The carbon, nitrogen, sulfur, and
oxygen in human tissues are obtained chiefly or exclu-
sively from diet, and the particular isotopic signatures of
carbon and nitrogen in human tissues reflect the particu-
lar signatures of foods consumed in life.

Stable isotope values are expressed not as absolute val-
ues, but as relative values, or ratios. Carbon and nitrogen
are expressed according to the equation d = (Rsample –
Rstandard)/Rstandard 3 1000). By expressing the ratio of one
isotope to another in a sample (Rsample) in relation to the
same ratio from a laboratory standard whose absolute iso-
tope value is known (Rstandard), values from all sample
types are comparable across laboratories, using the permil
symbol (&). Expressing stable isotope ratios as permil val-
ues is not analogous to expressing something as “parts per
thousand,” because stable isotope ratios are not concentra-
tions starting at zero (it is not possible for a substance to
contain fewer than zero parts per thousand of something,
but stable isotope ratios can be expressed as negative val-
ues). Rather, stable isotope values are ratios that compare
a sample to a set standard, whose value is not zero but is
rather set to zero while still containing both “light” and
“heavy” isotopes. Positive values indicate that a sample
has more of the heavy isotope than does the standard; neg-
ative values indicate a sample has fewer heavy isotopes
than the standard. Using the permil expression is a matter
of convenience: multiplying extremely small numbers by
1,000 makes it easier to communicate these values.

An element’s isotopes are transferred between sub-
strates through reactions such as evaporation of H2O
from water to air, and metabolism of dietary protein to
build tissues. Although stable isotopes do not decay, sta-
ble carbon and nitrogen isotope ratios differ between
diet and consumer tissues due to a process referred to as
“fractionation.” Fractionation occurs because bonds
incorporating lighter isotopes are weaker than bonds
incorporating heavier isotopes and break more readily
during chemical exchanges (e.g., during biosynthesis
and respiration) (Hoefs, 2004). Fractionation changes
the overall isotope signatures of an initial material
and its byproduct(s)—for example, atmospheric CO2

that is inspired versus the O2 that eventually binds to
hemoglobin—often in predictable ways. The effect of

this is referred to as a “diet-tissue space.” Different tis-
sues are associated with different diet-tissue spaces,
but applying correction factors make different tissues
comparable (Supporting Information S1). Some physio-
logical conditions affect the degree of fractionation in a
consumer’s body, and, subsequently, diet-tissue spaces.
For example, among smokers, the diffusion of oxygen
across calloused pulmonary membranes occurs more
slowly than among non-smokers, leading to more time
for fractionation to occur, and ultimately, to higher diet-
tissue d18O spaces among smokers’ tissues (Epstein and
Zeiri, 1988). Another example is starvation and wasting
forcing an organism to recycle its own endogenous tis-
sue reserves to meet maintenance and growth demands,
which essentially increases the number of times nitro-
gen is subjected to fractionating steps in the body.
Greater diet-tissue spaces and overall d15N ratios
in nutritionally stressed organisms are the result of this
(Deschner et al., 2012; Fuller et al., 2005; Hatch et al.,
2006; Hobson et al., 1993; Mekota et al., 2006;
Neuberger et al., 2013; Vogel et al., 2012).

Stable isotope values are typically reported using
bivariate plots, traditionally with carbon on the X axis
and nitrogen, sulfur, or oxygen on the Y axis (e.g., Fig. 2).
Some researchers utilize IsoSource in interpreting iso-
topic data, a program available online that estimates the
likely proportions of foods that contributed to a consum-
er’s diet, based on the isotopic signatures of suspected die-
tary items, the known diet-tissue space relationship
between foods and the consumer tissue under study, and
signatures of the consumer tissue (Codron et al., 2009;
Phillips and Gregg, 2003; see Useful Resources).

INTERPRETING STABLE ISOTOPE DATA IN
ANTHROPOLOGY

Different types of plants and animals have different
characteristic stable isotope abundances, and these varia-
tions are passed on to consumers (Schoeninger and
Moore, 1992). Some basic information about sources of
variation in stable carbon, nitrogen, sulfur, and oxygen
isotope ratios follows, along with illustrative examples of
applications in human biology.

Stable carbon isotope ratios

Broadly speaking, three classes of plants differ in their
photosynthetic strategies, producing different stable carbon
isotope ranges: C3 plants, which exhibit low d13C values

Fig. 1. Two stable isotopes of carbon are shown, 12C and 13C, hav-
ing the same numbers of electrons and protons, but different numbers
of neutrons, giving them “lighter” or “heavier” atomic masses.
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(including fruits, vegetables, and some grains such as wheat
and rice), C4 plants, which exhibit comparatively high d13C
values (including maize and sugar cane), and crassulacean
acid metabolism (CAM) plants, that exhibit intermediate
and overlapping values (including pineapple and cactus)
(Schoeninger and Moore, 1992). Marine fish, terrestrial ani-
mals, and freshwater fish typically exhibit high, intermedi-
ate, and low d13C values, respectively, owing to variations in
atmospheric and aquatic carbon sources, but with consider-
able variation across these categories (Chisholm et al., 1982).

Understanding differential patterns of access to plants
versus animals, or C3 versus C4 plants in a population,
are common applications of SIA in bioarchaeology, and, in
the last decade, they have been applied among living
humans as well. Among living Alaskan Natives under-
going the transition from subsistence-based to market-
based diets, Wilkinson et al. (2007) and Nash et al. (2012)
documented greater consumption of foods derived from
sugar and corn (both C4 plants) including livestock fod-
dered on corn, drinks sweetened with corn syrup, and
sugar, among younger individuals compared with elders.
Teenagers and young adults exhibited significantly higher
d13C values in red blood cells than elders. That younger
community members disproportionately reflect a diet shift
points to the role of young people in propelling nutrition
transitions. In the Brazilian Amazon, Nardoto et al.
(2011) used stable isotope evidence to document a succes-
sive increase in the consumption of C4-derived foods—spe-
cifically in this case, frozen chicken foddered on C4

plants—between rural, town, and city inhabitants. Their
isotopic evidence corroborates other indicators that
urban-dwellers more acutely experience the nutrition
transition from locally produced, to processed and indus-
trialized products. In both cases, d13C data provided a
time-average of dietary decisions made by community
members during weeks and months when researchers
were not present, and the d13C data generally agreed with
the other dietary assessments that were implemented.

Stable nitrogen isotope ratios

d15N values are interpreted to understand types and
amounts of animal and animal product consumption,

because with every step up the food chain, d15N values
become higher due to fractionation during nitrogen
metabolism (Steele and Daniel, 1978; O’Connell et al.,
2012). Whereas plants in a given ecosystem may have low
d15N values (�1–3&), herbivores will have higher values;
omnivores and carnivores will have the highest values
(Fig. 2). Using hair d15N variation from living humans in
Cali, Colombia, Bender et al. (2015) documented greater
animal-derived protein consumption among high socioeco-
nomic status individuals compared with low socioeco-
nomic status individuals. Interestingly, the isotopic
evidence for diet did not closely track the 24-h diet recall
evidence, which likely underscores the different time
scales represented: whereas the diet recall informs a per-
son’s diet during the previous day, stable isotope ratios in
hair represent at least a period of one week preceding col-
lection, if a 1-cm segment of hair at the scalp is analyzed
(see discussion of hair samples below), or several years, if
a whole strand is used. Bender et al. (2015) used hair
snipped from 2.5 to 5 cm below the scalp, meaning the iso-
topic record of diet began 2–5 months prior to the diet
recall, extending back through time a variable period
depending on the hairs’ lengths. Rather than a cautionary
tale of limitations of stable isotope evidence in diet assess-
ment, this case study illustrates how SIA complements
short-term evidence for diet toward a bigger picture.

Infants who are breastfeeding exhibit higher d15N
ratios than do their mothers. This is because breast milk
has already undergone isotopic fractionation in the moth-
er’s body, and once transferred to the infant, effectively
places that infant a trophic level higher than its mother.
Fuller et al. (2006) collected hair and fingernail samples
from mothers and infants throughout the duration of
weaning, and documented variations in isotopic ratios
that mapped onto breastfeeding behavior. As weaning
progressed, d15N values in infant tissues dropped. The
d15N data were capable of distinguishing between
formula-fed and breast-fed infants. Detecting infant
dependence on mother’s milk is thus possible using SIA.
It has become common practice in bioarchaeology to infer
weaning ages from cross-sectional d15N values in mortu-
ary populations, but questions remain regarding the
effects of pregnancy and lactation on d15N values of moth-
ers and infants. For example, a few studies of living mam-
mals have shown significantly lower d15N values among
lactating mothers compared to nonlactating females
(Koch, 1997; Kurle, 2002; Reitsema and Muir, 2015), indi-
cating the standard practice of comparing infants to adult
females in a skeletal population at large (most of whom
are presumably nonlactating) may be flawed. Additional
isotopic work among living humans will considerably
hone bioarchaeological interpretations of weaning in the
past.

Individuals who are nutritionally stressed may exhibit
relatively high d15N ratios (Fogel et al., 1989; Fuller et al.,
2005, 2006; Hatch, 2012; Hobson et al., 1993; Petzke et al.,
2010), owing to recycling of endogenous tissues that
mimics higher trophic positions. Hatch et al. (2006) and
Mekota et al. (2006) demonstrated that among individuals
suffering from anorexia and bulimia, hair d15N ratios were
elevated when patients were admitted to a treatment facil-
ity, and declined as treatment successfully progressed (and
BMI increased). Neuberger et al. (2013) demonstrated that
among known medical cases of individuals who died after
having suffered from severe undernourishment, hair d15N

Fig. 2. Bivariate plot showing stable carbon and nitrogen isotope
data from human hair, reflecting differences in dietary protein sour-
ces (modified from Petzke et al., 2005). Reproduced with permission
of the publisher.
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ratios had become higher leading up to death. This case
study demonstrated how isotopic evidence may reveal the
extent and duration of nutritional stress death, which may
have been unknown, having important implications in for-
ensic cases.

Stable sulfur isotope ratios

Stable sulfur isotope ratios (d34S) reflect both diet and
geographic place-of-residence, because d34S values in
plants vary with the isotopic values of underlying bed-
rock. d34S values also help identify fish in human diet and
geographic proximity to oceans, because marine water
d34S is higher than terrestrial d34S, which is in turn
higher than freshwater d34S (Nehlich et al., 2010, 2011;
Richards et al., 2001). Valenzuela et al. (2011) created a
sulfur “isoscape” of North America by sampling human
hair 73 cities across the United States, identifying geospa-
tial patterning in d34S ratios, with significantly lower val-
ues in Minnesota and North Dakota, radiating out to
higher values toward the West, South, and East (i.e.,
toward coasts). d34S variation in human tissues derives
from dietary amino acids; thus, even if plants and animals
exhibit systematic d34S variation across geographic space,
for a geographical pattern to emerge among human tis-
sues, humans must, in theory, be eating foods produced in
the same geographic vicinity. Therefore, it is surprising
that Valenzuela et al. (2011) identified a geospatial pat-
tern in modern North American d34S values, which tem-
pers the assumption that the typical modern North
American diet does not include significant amounts of
locally sourced foods. Geospatial patterning in d34S varia-
tion could, speculatively, permit researchers to “place”
people with a history of mobility and migration across an
isotopically varied landscape.

Stable oxygen isotope ratios

Stable oxygen isotope ratios (d18O) in consumer tissues
primarily reflect the d18O of local water sources (Longi-
nelli, 1984; Luz et al., 1984). Natural abundances of oxy-
gen isotopes vary with latitude, humidity, and proximity
to the coast (Craig, 1961), making d18O ratios useful indi-
cators of population movement or food sourcing (Bol et al.,
2007; Bowen et al., 2009, 2010; Chesson et al., 2010;
Ehleringer et al., 2008). d18O values of waters vary
depending on the extent of evaporation: when evaporation
is high, as in lochs, lakes, and dams, 16O will be preferen-
tially lost in evaporate, leaving behind waters with rela-
tively high d18O values (Darling et al., 2003). When
evaporation is low, as in aquifers, rainwater, and moving
water fed by rains, relatively less of the light isotope is
lost, and the overall d18O values of water is lower. Factors
affecting oxygen transport through the body (e.g., smok-
ing, anemia, increased metabolic rate) appear to affect tis-
sue d18O values (Epstein and Zeiri, 1988; Reitsema and
Crews, 2011; Zanconato et al., 1992). Water from fruits and
vegetables is isotopically higher than the meteoric waters
in which the foods are grown due to evapotranspiration
(Dunbar and Wilson, 1983), speculatively offering insights
into human hydration strategies. The d18O values of wine
are higher than those of water and of beverages made from
water, a principle used in one bioarchaeological analysis to
infer that King Richard III enjoyed more wine in his
diet following his coronation (Lamb et al., 2014). Water
that has been boiled is isotopically heavier due to

preferential loss of 16O in steam (Brettell et al., 2012).
Body water is derived from drinking water, water from
food, and water derived from atmospheric oxygen, and the
greater the proportional contribution of drinking water to
total body water, the more closely body water d18O values
(and thus, tissue d18O values) will represent the d18O val-
ues of drinking water. O’Grady et al. (2010) demonstrated
this principle among diabetic mice, whose physiological
condition causes them to drink more water, tissue d18O
values approached drinking water d18O values. d18O evi-
dence has been widely applied in archaeology to inform
breastfeeding and weaning, as the d18O ratios of breast-
milk are higher than those of water (e.g., Wright and
Schwarcz, 1998).

EQUIPMENT FOR SIA

In the field, little specialized equipment is required to
collect samples for SIA. The chief concern in collecting
and preserving samples in the field is not that the isotopic
ratios will change over time, but rather that bacterial or
fungal growth may affect the carbon and nitrogen in the
sample. Common-sense steps can be taken to reduce this
risk, such as refrigerating, freezing (217 to – 508C), or
drying (608C) samples within approximately 10 h of collec-
tion or as soon as possible, and storing samples in clean,
dry containers. Preservation and pre-processing methods
that should be avoided include use of formalin and etha-
nol (but see Hobson et al., 1997), and preprocessing steps
involved with hormonal analyses (Barrow et al., 2008).
Although at least two exceptions are reported (Barrow
et al., 2008; Feuchtmayr and Grey, 2003), freezing is a
common and likely reliable means of preserving samples
for later analysis (see discussion in Barrow et al., 2008;
Gloutney and Hobson, 1998).

Final processing of samples requires some specialized
equipment, which is usually available in the laboratory that
will undertake the isotopic analysis. Researchers should
communicate with laboratories to learn which processing
steps the laboratory staff are willing to undertake, and how
much these steps will cost. Before analysis, samples will
need to be dried: oven-drying at no more than 608C, air-
drying (depending on the climate), storing samples in vials
or tubes with silica beads, using solar food dehydrators, and
freeze-drying are “safe” strategies. Blood, urine, and feces
must be homogenized, which thoroughly mixes the isotopic
signal of the sample. Homogenization can be accomplished
by hand in a glass, stainless steel, or ideally, non-porous
5 cm agate mortar and pestle, or in a ball/shaker mill (e.g.,
by Wig-L-Bug) or freezer mill (e.g., by Spex). Another step
requiring special equipment is weighing samples with high
precision (to the nearest 0.001 mg) into tin weigh boats
using a microbalance immediately prior to analysis by mass
spectrometry, which may be undertaken by laboratory per-
sonnel (Fig. 3; see Useful Notes).

Stable isotope facilities may be found in earth science,
ecology, chemistry and other departments in academic
institutions. There are also commercial facilities, such as
the Center for Applied Isotope Studies in Athens, Georgia,
that accept contract samples. Two pieces of equipment are
required for stable carbon and nitrogen isotopic analysis
of organic samples: an elemental analyzer and a light sta-
ble isotope mass spectrometer (Fig. 4). The elemental ana-
lyzer (EA) combusts the sample to produce a gas (carbon
is measured from CO2 and nitrogen from N2) and its
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thermal conductivity detector measures the amount of
carbon and nitrogen in a sample. A mass spectrometer
measures the ratios of different stable isotopes in the CO2

and N2 gases. Stable carbon and nitrogen data and carbon
and nitrogen content from one sample are usually pro-
duced in the same analytical run, and are frequently
billed as one analysis. Some labs analyze carbon, nitrogen
and sulfur simultaneously.

Laboratories differ widely in their pricing for bulk SIA
with prices ranging from no charge, to as much as $75 or
more per sample for d15N and d13C data. A range of $10-
$25 per sample is common.

APPLICATION

Choosing a tissue for analysis

Because the stable isotope signatures of different tissues
reflect different “snapshots” of time, the appropriate tissue
for isotopic analysis depends on the research question, and
whether a time-average of data or a precise window are
desired. Feces, urine and blood plasma provide stable iso-
tope information from the preceding days, whereas red
blood cells, muscle, hair, and nails provide information
about preceding weeks, months and/or years. Depending
on their lengths, hair and nails can record incremental
records of several years (Table 1). Collecting “short-term”
samples longitudinally (e.g., plasma every month for a
year) can lend short-term resolution to a much broader
sample collection schedule. The choice of tissue for isotopic
analysis also may be influenced by what tissues are already
under study; for example, stable isotope data can be col-
lected from blood samples already collected in the field.

Most stable isotope research in anthropology is con-
ducted using bulk tissues – for example, bulk protein in
either collagen or keratin. There is growing interest in
the analysis of individual amino acid constituents in
bulk protein, which involves specialized preparation and
analytical methods. The elution of amino acids or fatty
acids from a bulk protein requires gas or liquid chroma-
tography prior to mass spectrometry. For a more
detailed overview of compound-specific stable isotope
mass spectrometry and specifically, analysis of individ-
ual amino acids from bulk keratin, see Petzke and Fuller
(2012).

Methods for collection and preparation of different tissue
types

The following sections outline collection and prepara-
tion methods for stable carbon and nitrogen isotope analy-
sis of hair, nails and blood. In all cases, tools used for
collection and preparation should be cleaned using alco-
hol, such that cross-contamination between samples is
prevented. Typical tools for the following collection and

Fig. 3. All samples must be meted and sealed into tin capsules
prior to combustion and analysis by mass spectrometry. Special tools
are required to compress tin capsules while preventing any contami-
nation from other particulates, as the tin capsule is combusted along
with the sample to produce the gas that is ultimately analyzed. Pic-
tured here are the sample preparation plate and spatula, forceps, tin
capsules (back right and atop preparation plate), and preparation
tray (front right) from Costech. If measurements of the carbon and
nitrogen content are desired alongside the elemental isotopic ratios,
these tin capsules are also used as weigh boats, and samples are
weighed to the nearest 0.001 mg in a microbalance. Photo: D.
Chasteen.

Fig. 4. Schematic showing an elemental analyzer coupled to a stable isotope ratio mass spectrometer. Tin capsules containing samples are
combusted in the elemental analyzer, and ensuing gasses (in this case, CO2) are delivered to the mass spectrometer. The mass spectrometer
comprises the ion source, where atoms/isotopes in the gas stream are ionized, a mass analyzer, where isotopes of different atomic weights are
separated into a mass spectrum, and ion detectors, spaced appropriately to collect the separated ion beams. Analog current intensity informa-
tion from the detectors is converted to digital data and sent to the computer.
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preparation procedures include forceps, 50 ml glass
beakers or plastic centrifuge tubes, glass sample collec-
tion vials and zip-lock bags. Target weight ranges guiding
how much of a sample should be collected are given in the
following sections, but more details are provided in Sup-
porting Information S2.

It is important to wear gloves and to clean tools and
surfaces between samples with solvents such as acetone,
isopropyl alcohol or methanol and to use lint-free tissues
such as KimwipesVR , because introducing skin cells to a
sample – or anything else containing nitrogen and/or car-
bon – causes contamination. Also for this reason, air dus-
ters are advised during cleaning to eliminate lingering
dust, skin cells, or lint from tools and surfaces that may
contact the samples. Lining surfaces with tin foil and
replacing it periodically is a good way to reduce risk of
cross-contamination.

Hair. As hair grows, keratin protein is not resorbed or
recycled and its isotopic signatures do not change; thus,
hair forms a static longitudinal record of stable isotope
signatures. Isotopic signatures from hair have been
shown to accurately reflect diet among humans (Macko
et al., 1999; O’Connell and Hedges, 1999) and drinking
water source among humans (Ehleringer et al., 2008). Iso-
topic signatures of hair are fixed as the keratin is pro-
duced at the scalp, and newly erupting hair contains a
composite signal of the preceding 6-12 days of hair crea-
tion (Nakamura et al., 1982; Saitoh et al., 1964; Spon-
heimer et al., 2003a). Sections of hair may be subsampled
to obtain a longitudinal record of isotopic variation. 1 cm
sections represent approximately one month, and 2.5 mm
sections have been taken to estimate weekly intervals
(Mekota et al., 2006; O’Connell et al., 2001).

Hair undergoes different phases of growing and resting,
and at any given time, 10-20% of scalp hairs are not
actively growing (Mekota et al., 2006). That is, not all
hairs follow the same clock, and two hairs from the same
head do not necessarily reflect identical time periods. This
problem can be minimized by collecting and analyzing
multiple hairs from the same individual. Hairs that are
naturally shed at the same time are in the same stage of
growth.

Hairs may be tweezed or trimmed at the root, or col-
lected during brushing or combing. Grey hairs do not dif-
fer isotopically from others. In the field, hair may be
folded into tin foil or anchored in micropore tape to keep
roots and ends apart, and transferred to pre-labeled plas-
tic sample bags. Samples can be stored thus at room tem-
perature indefinitely, although refrigerating, freezing, or
storing samples in a vial with silica, or in a desiccator cab-

inet will not alter the stable isotope signatures and may
inhibit undesired bacterial or fungal activity.

Residues such as shampoos and oils must be removed
from hairs prior to analysis. This can be accomplished by
soaking in 3 ml acetone for 2 hr and drying for 1 hr in a 60-
80˚C oven to volatilize residual solvent. If sectioning of
hairs is desired for the sake of gathering longitudinal data
from strands, individual hairs should next be laid, root to
end, alongside a ruler and sectioned precisely with a razor
(Fig. 5). Hairs or hair sections can be stored in foil, folded
wax paper, or plastic sample bags (see Useful Notes).

The amount of hair to sample depends on whether hair
will be sectioned (for a longitudinal record) or analyzed as
a single strand. 6-12 hairs are advised if 1 cm sections will
be made, and as many as 20 if even smaller sections will
be made. For d18O, at least 0.150 mg is needed. For d34S,
approximately 0.900 mg is required (Petzke and Fuller,
2012). Hairs should be dried before analysis, by storing
samples in a 60˚C oven or in a desiccator cabinet.

Hair is the most commonly studied tissue for SIA in
field studies among living humans (Bender et al., 2015;
Bol et al., 2007; Bol and Pflieger, 2002; de Luca et al.,
2012; Fuller et al., 2006; Hatch et al., 2006; Mekota et al.,
2006; O’Connell and Hedges, 1999; Petzke et al., 2006;
Petzke et al., 2010; Romek et al., 2013; Valenzuela et al.,
2012; Valenzuela et al., 2011). One of the primary advan-
tages of using hair in isotopic studies is the longitudinal
record of isotopic data it contains. Within a single individ-
ual, dietary variation associated with seasons, nutrition
transitions, migration, weaning, and stress may be
assessed. An excellent review of applications of hair SIA
among humans is provided by Petzke et al. (2010).

Nails. The stable isotope signatures of fingernails are
fixed as keratin is produced in the nail bed, and do not
change as the nail grows out. Adult fingernails grow at a
rate of approximately 3.5 mm/month (Yaemsiri et al.,
2010), and the distal ends of nails contain an isotopic sig-
nal from approximately 4-6 months in the past (Runne

TABLE 1. Time frames represented by isotopic ratios in soft tissues

Sample

Time period represented

Days Weeks Months Years

Urine X
Feces X
Blood plasma X
Blood cells X
Nails X X
Hair X X X
Teeth (dentine; enamel) X

Fig. 5. For incremental sampling, hairs may be laid root to end
beside a ruler and sectioned uniformly. Here, a measuring tape and a
sample of eight hairs are secured to a glass cutting board with micro-
pore tape (pictured in background), and cut with a scalpel into 1 cm
increments. Hairs may then be placed in folded wax paper and stored
in dry conditions, or compressed immediately into tin capsules (cap-
sules pictured in background) for analysis. Photo: D. Chasteen.
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and Orfanos, 1981). Toenails grow more slowly, at around
1.7 mm/month (Yaemsiri et al., 2010). Infant nails grow
slightly faster, taking 2-3 months to grow out, which
means nail trimmings taken until 3 months of infant age
may have been synthesized in utero, offering a glimpse
into the prenatal environment (Fogel et al., 1989).

Like hair, nails do not require elaborate collection or
preparation techniques. Unlike hair, distal nail clippings
do not include a long record of incremental data and must
be collected at intervals if longitudinal data are desired.
Distal ends of nails may be trimmed with a small scissors
or nail clipper, and transferred individually to a pre-
labeled storage bag or vial. Usually one fingernail clipping
is sufficient; approximately 0.400-0.600 mg of nail tissue
is needed for analysis. Fingernail clippings may be stored
at room temperature in plastic bags for long periods of
time, although as with hair, storage in a desiccator cabi-
net or refrigerator discourages bacterial or fungal growth.

To prepare nail samples in the laboratory, visible dirt
should be washed or wiped off using water or alcohol
pads. As with hair, nails can be soaked in 3 ml acetone for
2 hr and oven-dried at 60-808C to volatilize residual sol-
vent and dry the sample. Clean nails can then be cut into
small pieces, and an amount weighed into a 1 cm square
of tin (not aluminum) foil or tin capsule for analysis, as
advised by the mass spectrometry laboratory.

Fingernail samples have been used in human biology to
monitor infants’ dietary dependence on breast milk dur-
ing the weaning process (Fogel et al., 1989; Fuller et al.,
2006; Millard, 2000). Fingernail data from individuals liv-
ing in rural, small town, and urban settings in Amazonas
State, Brazil, show isotopic support for a nutrition transi-
tion from subsistence diets comprising manioc flour and
fish to diets increasingly composed of sugar and corn-fed
beef (Nardoto et al., 2011). In 2000, 2003 and 2006 the
United States Geological Survey conducted open houses
during which researchers analyzed the fingernails of 1107
visitors. In general, results of these analyses illustrate
the importance of animal protein, corn and sugar in North
American foodwebs (see Useful Resources).

Blood. Blood comprises blood cells, serum and plasma
which may be isotopically analyzed individually, or in
bulk. Blood components have slightly different turnover
times and thus represent different time slices. Whereas
plasma and serum are replaced after approximately 1-2
weeks, red blood cells remain in the body for 2-3 months
(Hildebrand et al., 1996; Kurle, 2002). This means that,
from a single blood sample, two different chronological
snapshots may be obtained (Table 1).

Many researchers collect blood into EDTA tubes: these
are acceptable for isotopic analysis, and do not alter iso-
topic signatures (Wilkinson et al., 2007). Blood may be
stored frozen, or dried for SIA. If “bulk” blood is to be used
as the substrate for analysis, it may be frozen or dried on
glass fiber filter papers immediately upon collection (see
McDade, 2014 for more information on collecting dried
blood spots). It is crucial to use glass fiber filter papers, as
carbon from typical filter papers will contaminate the
d13C signal of the sample. If plasma is to be isolated,
whole blood should be collected into heparinized tubes.
Sodium heparin does not alter the isotopic signatures of
the samples (Hobson et al., 1997; Kurle, 2002). To collect
serum, test tubes containing no additives should be used,

and whole blood should be allowed to coagulate at room
temperature for 15-30 minutes. To separate the red blood
cells from either the plasma or the serum, which in the
serum tubes will be clotted and in the plasma tubes will
be unclotted, centrifuge the samples under refrigeration
at 1,000-2,000 rpm for 10 minutes. It is possible to further
divide plasma into lipid, protein and carbohydrate frac-
tions (e.g., Schoeller et al., 1986). The isotopic signatures
of each fraction offer details about dietary sources of dif-
ferent macronutrients.

After centrifugation, at least 200 ll of supernatant (either
serum or plasma) is needed for analysis, pipetted from
tubes. If a freezer and freeze dryer are readily available,
these samples should be transferred to a glass scintillation
vial, frozen (including for storage) and lyophilized. If only
an oven is available to dry samples, a pipette may be used to
distribute at least 200 ll of sample onto glass fiber filter
circles, which may be frozen for storage or dried at 508C
(Barrow et al., 2008) and then stored in a freezer. Ethanol
may be used to preserve samples if absolutely necessary, but
Barrow et al. (2008) summarize possible ill effects of utiliz-
ing ethanol. Blood cell clots can be collected from tubes with
a spatula or stir rod and either placed in a scintillation vial
for freezing and freeze drying, or wiped onto glass fiber filter
papers for oven or air drying. Entire filter circles can be
placed in storage vessels (petri dishes or small sample bags)
and dried (unsealed) in a 508C oven for 24 hours. Dried filter
circles bearing samples should be stored in airtight contain-
ers at room temperature or in a refrigerator until analysis.
Additional details on blood sample collection and prepara-
tion for SIA can be found elsewhere (Barrow et al., 2008;
Crowley, 2012; Hobson et al., 1997; Kurle, 2002).

The remaining steps should take place in the lab where
samples are to be analyzed. Use a micro spoon or micro
spatula to collect approximately 1.0-1.4 mg of plasma or
serum and 0.7-0.9 mg of red blood cells from the scintilla-
tion vial or glass fiber filter papers and transfer into tin
capsules for analysis.

Blood draws are already part of many study protocol, and
researchers may identify a wide range of applications of sta-
ble isotope data to supplement the types of data already
being obtained from blood (e.g., hormonal data). Blood sta-
ble isotope ratios reflect aspects of diet, and, as with the
other tissues described here, preserve a record of categories
of foods consumed (Nash et al., 2012; Schoeller et al., 1986;
Wilkinson et al., 2007). Blood and blood fractions have seen
a number of applications in studies of non-human animal
weaning (Habran et al., 2010; Jenkins et al., 2001; Kurle,
2002; Polischuk et al., 2001; Reitsema and Muir, 2015).
Such studies have explored mobilization of body reserves to
meet nutritional requirements during fasting, hibernation,
lactation, gestation, and infant growth using blood and
blood fractions. Borrowing from these applications, human
biologists may find use in stable isotope data as a means to
learn more about biological variations in how humans mobi-
lize endogenous and exogenous reserves to meet energetic
requirements at different stages during the lifespan (e.g.,
growth, lactation, senescence), or about interindividual and
interpopulation variation in the timing of weaning events,
without complete dependence on observation or informant
recall.

Feces. Feces comprise undigested food particles, gut
microbes, nondigestible food waste, and exfoliated epithelial
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cells. Along with urine, feces are a main means of nitrogen
efflux (Sponheimer et al., 2003b). In terms of dietary infor-
mation through SIA, feces represent both what foods are
“used” by humans (sloughed tissues), and what foods are
“unused” (undigested particles). Previous research has indi-
cated fecal stable isotope data are a reliable indicator of diet
and dietary transitions (Codron and Codron, 2009; Reit-
sema, 2012). An advantage of feces as a substrate for SIA is
that feces are synthesized quickly, offering a refined snap-
shot of diet, the length of which depends on a species
transit/retention times. Another advantage is that, unlike
proteinaceous tissues such as hair, nails, or collagen, which
are formed preferentially from dietary protein, feces are
more sensitive to intermediate amounts of animal-based
protein in the diet, and are thus less likely to over-represent
animal-based protein.

Two to five ml (�2–5 g) of sample uncontaminated by
extraneous substances, may be stored in a refrigerator or
freezer, but must eventually be dried. Previous fecal sta-
ble isotopic research among non-human animals has uti-
lized feces deposited at unknown times in field settings
and thus not immediately frozen and dried and still
yielded meaningful results (e.g., Codron and Codron,
2009). Samples may be desiccated by including silica
beads in the collection or storage tubes, covered by a wad
of glass wool, followed by the sample and the cap, or by
the variety of other drying means previously discussed.
After drying, feces should be homogenized in a mortar
and pestle to thoroughly mix the sample. Homogenization
reduces the problem of undigested food particles, which, if
only opportunistically removed, create unwanted inter-
sample variation when the time comes to subsample feces
for analysis. Approximately 1.0–1.5 mg of powdered sam-
ple is needed for analysis.

Few applications of fecal SIA exist among humans,
although some have been conducted among other animals
(Codron and Codron, 2009; Codron et al., 2005; Focken,
2001; Sponheimer et al., 2003b; Sponheimer et al., 2003c).
Rikimaru et al. (1985) used 15N in feces as a tracer among
Papua New Guinea highlanders to measure urea nitrogen
recovery and utilization as a strategy for coping with pro-
tein stress. Among non-human primates, fecal stable iso-
tope data have been used to show that the weaning
process among captive Trachypithecus francoisi is more
protracted than what was expected based on observation
alone (Reitsema, 2012) and to compare resource use by
Papio ursinis inhabiting different environments (Codron
et al., 2006).

Urine. Urine has the most rapid turnover of any of the
substrates for SIA discussed here, making it the most
sensitive indicator of changes in diet or physiological
status.

Urine samples should be collected into sterilized plas-
tic containers with screw-caps and frozen. Approxi-
mately 1–2 ml is sufficient for analysis. Samples should
be freeze-dried or oven-dried, homogenized, weighed,
and pressed into tin capsules for analysis (Fuller, 2003).
Approximately 1–2 mg of dried sample is recommended
for analysis.

Urinary d15N signatures from humans have shown a local
adaptation to urea metabolism among New Guinea high-
landers, reflecting chronically low-protein diets (Rikimaru
et al., 1985). Among non-human primates, d13C and d15N

signatures from urine have demonstrated that under condi-
tions of nutritional stress, either experimentally induced or
in the natural environment, urine is enriched in 15N com-
pared to under conditions of sufficient protein, reflecting
catabolism of endogenous tissues to meet nutritional
demands of the body (Deschner et al., 2012; Vogel et al.,
2012). Importantly, increased efflux of 15N in urine is poten-
tially a more sensitive and earlier detection method of pro-
tein stress than is weight loss.

Foods. Stable isotope ratios of foods fall into more or
less predictable ranges, but cannot be precisely assumed,
due to natural and anthropogenic influences on soil sta-
ble isotope ratios that are passed up the food chain (c.f.,
Szpak, 2014; Tieszen, 1991). A sense of the variation of
modern foods is given by Nardoto et al. (2006) and Scho-
eller et al. (1986). In light of the tendency for foods to
vary isotopically, researchers who will utilize stable
isotope data from human tissues can analyze availa-
ble foodstuffs to confidently establish an interpretive
baseline.

To prepare bulk foods for isotopic analysis, parts of
foods which are eaten—for example, muscle, not bone;
fruits, not stems—should be selected. Food items may be
desiccated in a food dehydrator, oven, or freeze dryer and
homogenized by grinding. If desired, protein, lipid, and
carbohydrate fractions of foods may be separated for indi-
vidual isotopic analysis: guidelines for individually ana-
lyzing these macronutrients are described by Schoeller
et al. (1986).

The amount of a food to weigh into tin capsules for anal-
ysis depends on the carbon and nitrogen content of the
food (see Supporting Information S2), and test runs are
advised. For many plants, which contain much carbon
(35–45%) but little nitrogen (1–6%), 1.0–2.0 mg of dried,
homogenized/powdered sample is a likely range. For mus-
cle which is not so nitrogen-poor, weights of 0.500–
0.700 mg may be appropriate.

MAJOR ADVANTAGES AND LIMITATIONS

A comparison of the major advantages and major limi-
tations of SIA in human biology compared to other dietary
assessment methods (WHO/FAO, 1996) is presented in
Table 2. An important advantage of SIA in comparison to
many other methods is that isotopic data are true to
amounts of types foods consumed. Whereas food fre-
quency data may record the number of meals that
included a food item instead of the amount of the food
item consumed at a meal, stable isotope ratios in tissues
derive from all incoming food, and therefore, reflect
amounts of foods consumed regardless of the timing and
spacing of meals. On the other hand, stable isotope data
reflect categories of foods, not exact food items. The
classes of foods that are “isotopically relevant” (e.g., plant
versus animal-derived protein, C3 versus C4 plants) may
not be relevant among a researcher’s research questions.
Although capable of comparing relative amounts of ani-
mal protein, C4 foods, or fish in the diets of people and
populations, SIA is not, on its own, able to inform which
animals or C4 plants were consumed, or, for example,
whether milk or meat was consumed from an animal.
Contextual information is required to know specific menu
items, and informs the nutrient profile of the diet.
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Until systematically explored under controlled or
closely monitored conditions, it is unclear whether stable
nitrogen isotope ratios in human tissues can discern
between diets comprising, for instance, 15% versus 30%
animal-derived protein. Once the amount of animal-
derived protein reaches a level adequate for tissue build-
ing, the human body preferences animal-derived protein
in tissue building; thus, after an unknown threshold is
reached, animal-derived protein isotopically swamps the
d15N signals in proteinaceous tissues.

Stable isotope data provide a useful time-average of
diet. To capture monthly, seasonal, or annual patterns in
diet using questionnaire, observational, or self-recorded
dietary assessments, an enormous and prolonged commit-
ment would be required from researchers or study partici-
pants. Stable isotope data from extended time periods can
be easily gathered using single cuttings of hair or finger-
nails during a single interview.

Because of variations in soil and plant stable isotope sig-
natures across environments and geographic space, stable
isotope data from dispersed study areas are not necessarily
directly comparable. Blind assessment and comparison of
stable isotope values of hair from people across ecological
or geographic regions is likely to yield spurious results.
This problem can be minimized by relating human stable
isotope signatures to those of local plants and animals, to
understand whether variation among populations is due to
diet, or due to dissimilar baselines. Of course, geographic
variations in stable isotope signatures can also be a boon in
studies of living humans, because it may assist the charac-
terization of mobility and migration between regions (e.g.,
Bol et al., 2007).

SUMMARY

Questions in human biology about diet, mobility, and nutri-
tional stress may be addressed using stable carbon, nitrogen,
oxygen, and sulfur isotope data from human tissues. Particu-
larly in the last decade, SIA for human diet reconstruction
has expanded from paleoanthropological and bioarchaeologi-
cal applications, to applications among living humans. Rather
than replacing the precision obtained from observational or
questionnaire-based dietary assessments, SIA is a useful
complement to these methods, offering information about
amounts of foods consumed during times when the
researcher was absent that is free from errors in informant
recall, and serving as a time- and cost-effective method, given
the fact that isotopic data can preserve time-averaged infor-
mation about diet over weeks, months, and/or years of food
intake. Stable isotope evidence has future potential to moni-
tor nutritional stress, allocation of endogenous versus exoge-
nous protein during growth and development, and weaning
among living humans. Future application of SIA in human
biology research will expand our understanding of patterns of
modern human dietary variation. Increased application of
SIA by human biologists will become a useful middle-ground
for bioarchaeologists, as isotopic correlates of observed/self-
reported dietary behaviors and variation from living humans
can map on to skeletal samples, toward understanding
human dietary adaptation on much larger time scales.
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TABLE 2. Summary dietary assessment methods

Method Major strengths Major limitations

Stable isotope analysis � Does not rely on memory � Estimates food categories (e.g., animal/plant;
C3/C4 plant), rather than specific foods

� Estimates intake amounts � Requires laboratory analysis and fees
� Time-averaged information accumulates

while researcher is absent
� Requires knowledge of local

baseline isotopic values
� Hair and nails are minimally invasive to collect � Blood, urine, and feces require

some invasive collection
� Does not alter intake behavior
� No literacy requirement

Food record/Food diary � Does not rely on memory � High participation burden
� Easy to quantify amounts � Requires literacy
� Open-ended �May alter intake behavior

24-Hour dietary recall � Little respondent burden � Relies on memory
� No literacy requirement � Requires skilled interviewer
� Does not alter intake behavior � Difficult to estimate amounts

Food frequency questionnaire � Relatively inexpensive � Relies on memory
� Preferable method for food with

high day-to-day variability
� Requires complex calculations

to estimate frequencies
� Does not alter intake behavior � Requires literacy
� Limited flexibility for describing foods

Diet history (meal-based) � No literacy requirement � Relies on memory
� Does not alter intake behavior � Requires highly trained interviewer
� Open-ended � Difficulty to estimate amounts

Food habit questionnaire � Rapid and low cost �May rely on memory questionnaires
� Does not alter intake behavior �May require a trained interviewer
� Open-ended

Weighed food record � Does not rely on memory � High participation burden
� Estimates intake amounts �May alter intake behavior
� No literacy requirement �May require a trained interviewer

� Requires complex calculations

Modified from WHO/FAO (1996) and reprinted with permission from the World Health Organization.
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USEFUL RESOURCES

Supplies For Collecting and Preparing Soft Tissue Samples
for Isotopic Analysis

List of SIA equipment providers, with links to commer-
cial and academic laboratories:

http://isogeochem.wikispaces.com/Isotope1Suppliers
Description of tools used for weighing samples at the

University of Ottawa lab:
http://www.isotope.uottawa.ca/guides/guides-microbalance-

en.html
Costech Analytical Technologies catalog for purchasing

materials for weighing and analyzing samples (tin capsu-
les, weighing platforms, spatulas and sample trays):

http://www.costechanalytical.com/

Additional Information about SIA

A program for estimating relative contributions of “menu
items” to an individual’s overall diet based on the isotopic
values of the foods and the consumers (IsoSource):

http://www.epa.gov/wed/pages/models/stableIsotopes/
isosource/isosource.htm

For more information about interpreting stable isotope
data and a database of fingernail stable isotope data
(United States Geological Survey):

http://wwwrcamnl.wr.usgs.gov/isoig/projects/fingernails/
For a detailed overview of stable isotope research and

information about contracting samples for analysis (Colo-
rado Plateau Stable Isotope Laboratory):

http://www4.nau.edu/cpsil/13c_15n_org.htm
For instructions for separating blood components:
http://www.invitrogen.com/site/us/en/home/References/

protocols/cell-and-tissue-analysis/elisa-protocol/ELISA-
Sample-Preparation-Protocols/Plasma-and-Serum-Prepa
ration.html
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SUPPORTING INFORMATION 

Supplemental Material S2: Sample Amounts Required for Analysis 

Different mass spectrometers have different sensitivities to carbon and nitrogen, and the 

best analytical precision is achieved when an optimal range amount of an element is detected. 

Too little CO2 or N2 gas will not be detected, whereas too much will flood the machine. This 

optimal range determines how much of a sample should be weighed (and thus, collected) for 

analysis. The amount (ɥg) of sample needed for each tissue type also depends on that tissue’s 

carbon and nitrogen content (%C; %N). For substances that are nitrogen-rich (e.g., blood serum; 

%N≈10-11%), less sample is required to meet the machine’s optimal range requirement for good 

δ
15

N data. For samples that are nitrogen-poor (e.g., plants; %N≈1-3%), more sample is required 

to meet this range. %C and %N values of many sample types are widely reported in the 

literature.  

Machines differ in their optimal detection ranges, but in general, a range of 50-70 ɥg for 

nitrogen and 140-560 ɥg for carbon may yield good data (R. Culp, pers. comm., Y. Matsui, pers. 

comm.). For blood serum that is approximately 10% nitrogen, the optimal weight range of 

powdered sample to be loaded into the mass spectrometer for δ
15

N data is 500-700 ɥg, calculated 

according to the equation  

 

R=([S*E]/100) 

 

also expressed as S=([R/E]*100), where S is the unknown amount of sample that must be 

weighed (ɥg), E is the amount (%) of an element in the sample (in this case, 10[%] for nitrogen 

in serum), and R is the optimal detection range of the machine (in this example, 50-70 ɥg). 



Serum is approximately 41% carbon. Using the same equation, the optimal amount of sample to 

weigh for δ
13

C data is 341-1,365 ɥg. The overlap between the optimal carbon and the optimal 

nitrogen ranges – in the case of serum, 500-700 ɥg – is the amount that should be weighed for 

the most precise δ
15

N and δ
13

C data. For samples with very different C and N content (e.g., 

breast milk), it may be necessary to weigh different amounts for each stable isotope ratio, and 

run each sample in two fractions.  The required weight amounts for tissues in this paper are 

suggestions which can be confirmed by running test samples. In some cases, the laboratory will 

advise a different target weight range after seeing results of a test assay.   
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