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Chapter 1 : [Stable isotopes of carbon and nitrogen in soil ecological studies].
Together, the fully automated system is capable of bulk stable isotope analysis (BSIA) for carbon. The Costech ECS
Elemental Analyzer is sold separately through Costech. Applications: Food authenticity and safety, plant biology, soil
analysis, green chemistry compliance and vector control in public health.

Introduction Since nucleons protons and neutrons weigh approximately 1 unit on the scale used to measure
such things, the atomic weight of an atom can be treated as the same as the number of its nucleons. That the
atomic weights of many of the elements listed in tables are not neat whole numbers shows that these weights
are averages of the differing atomic weights of two or more forms. This number is the defining characteristic
of a given element, invariant for all atoms of that element. Thus if some atoms of an element have a different
atomic weight from others, the difference must lie in the number of neutrons. Atoms of the same atomic
number but different atomic weights are called isotopes. Elements can exist in both stable and unstable
radioactive forms. Most elements of biological interest including C, H, O, N, and S have two or more stable
isotopes, with the lightest of these present in much greater abundance than the others. Among stable isotopes
the most useful as biological tracers are the heavy isotopes of carbon and nitrogen. These two elements are
found in the earth, the atmosphere, and all living things. This value gives the absolute number of atoms of a
given isotope in atoms of total element: Medical tracer studies of human physiology are most often reported in
units of atom percent excess APE. This specifies the level of isotopic abundance above a given background
reading, which is considered zero. Absolute isotope ratios R are measured for sample and standard, and the
relative measure delta is calculated: To biologists the principal advantage of stable isotopes over other tracers
is that they are not radioactive. Isotopic fractionation Isotopes of the same element take part in the same
chemical reactions, but because the atoms of different isotopes are of different sizes and different atomic
weights they react at different rates. Physical processes such as evaporation discriminate against heavy
isotopes; and enzymatic discrimination and differences in kinetic characteristics and equilibria can result in
reaction products that are isotopically heavier or lighter than their precursor materials. C3 plants, those using
the Calvin-Benson photosynthetic pathway, fractionate carbon differently from C4 plants that use the
Hatch-Slack pathway. The tissues of animal grazers reflect the plants on which they feed, and this can be used
to make inferences about diet both at present and in the archaeological record. Grazing animals show 15N
enrichment relative to the plants they consume; predators show further 15N enrichment relative to their prey
species. Atmospheric N is isotopically lighter than plant tissues, and soil 15N values tend to be higher still,
suggesting that microbes discriminate against the light isotope during decomposition. Non-nitrogen-fixing
plants, which derive all their N from the soil N pool, can thus be expected to be isotopically heavier than
nitrogen-fixing plants, which derive some of their N directly from the atmosphere. Standard materials and
calibrants The five principal light elements of biological interest are measured against four widely accepted
standards: The supply of air has not yet been exhausted but stay tuned. Applications and uses of stable
isotopes I. Following the tracer yields data with which one can quantify the fate of the added fertilizer N as it
passes into various partitions: Such data leads to recommendations for fertilization that yield the greatest
benefit to food crops and the least possible pollution of drinking water by nitrate runoff. Medical researchers
use 13C as a noninvasive alternative to 14C for analyzing metabolic processes. Since soil N is often more
abundant in 15N than the atmosphere, and non-N-fixing plants must obtain all their nitrogen from the soil
while N-fixing plants have an alternative N source in the form of isotopically lighter air, it is expected that
N-fixing and non-fixing plants will differ in their 15N values. The lighter more negative delta the plant
material is found to be with respect to soil N, the better its N-fixing ability. This difference forms the basis for
the 15N natural abundance technique of estimating symbiotic N. N-fixation can also be quantified using tracer
methods, and tracer techniques are more popular for examining N-fixation in crop plants. The natural
abundance method has found an increasing number of applications by ecologists studying natural,
nonmanaged ecosystems. Photosynthesis and carbon cycling: Terrestrial plants fix atmospheric CO2 by two
main photosynthetic reaction pathways: C3 plants convert atmospheric CO2 to a phosphoglycerate compound
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with three C atoms while C4 plants convert CO2 to dicarboxylic acid, a four-C compound. Most terrestrial
plants are C3, all forest communities and most temperate zone plant communities of all kinds being dominated
by C3 plants. The native plant populations of North America and Europe are almost exclusively C3. C4 plants
are characteristically found in hot, arid environments: Some crops of immense importance are C4 plants: The
13C value is a standard method for distinguishing the C3 and C4 plant groups and is used by plant
physiologists to determine drought resistance in C3 plants, as well as to breed for improvement in this
increasingly vital characteristic. As mentioned above, the characteristic isotope-ratio "signatures" of food
species are passed on to consumers. Though there may be further fractionation during metabolic processing of
food by the consumers, the mean delta13C values of the two main groups, C3 and C4, of primary producers
can remain visible through many trophic levels to the top of the food chain. It is possible to determine the
proportion of C3 and C4 plant species in the diet of herbivores and to make inferences about the prey species
selected by carnivores. It has proven possible to determine the time of introduction of maize agriculture in the
New World, and the rate at which it was adopted, by examining the delta13C values of skeletons and
carbonized deposits in cooking pots. During the period A. D , the delta values of human collagen recovered
from skeletal material changed from This in turn can now be correlated with the great changes in population
density and levels of civilization that resulted from the abandonment of the hunter-gatherer mode of life and
the substitution of long-term agricultural settlements. Correction of carbon dates: Since carbon is strongly
fractionated by biological processes, it is not possible to date ancient carbon-bearing material by the carbon
method without taking this fractionation into account. If biological samples selectively accumulate heavy C
isotopes, this will make them appear spuriously young. It has been found that rates of 13C stable isotope
fractionation are doubled for 14C. Stable isotope analysis gives an independent measure of fractionation such
that if, for instance, a sample is 1. The path of carbon in photosynthesis. Coleman, David, and Brian Fry.
Influence of diet on the distribution of carbon isotopes in animals. De Niro, Michael J. Stable Isotopy and
Archaeology. History, Units, and Instrumentation. Stable Isotopes in Ecological Research. Springer Verlag,
New York. Those late corn dates: Isotopic fractionation as a source of error in carbon dates. The C4
carboxylic acid pathway of photosynthesis. In Reinhold L and Liwschitz Y, eds. Photosynthesis by sugarcane
leaves. A new carboxylation reaction and the pathway of sugar formation. An introduction to isotopic
measurements and terminology. Stable carbon isotopes and carbon flow in ecosystems. Carbon isotopes,
Photosynthesis, and Archaeology. American Scientist, Nov-Dec , Carbon isotopes, photosynthesis, and
archaeology. Isotopic assessment of the dietary habits of ungulates. Isotopic evidence for early maize
cultivation in New York State.
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Chapter 2 : Colorado Plateau Stable Isotope Laboratory - Isotope Analysis and Analytical Services
The main concepts and methods of stable isotope ecology and patterns of stable isotope fractionation during organic
matter decomposition are considered with special emphasis on the fractionation of isotopes in food chains and the use
of stable isotope studies of trophic relationships between soil animals in the field.

Samples that exceed the target weights may not be analyzed because large samples saturate the mass spec
detectors, producing unusable data. The SIF is not responsible for lost samples or poor data due to samples
exceeding their target weights. Organize your samples 1 Organize samples into a clean well tray; do not
intersperse empty wells between samples. Group similar sample materials together to optimize sample
analysis. Mixtures of sample material may delay your analysis. Please use our Sample List to organize your
samples, and to convey important sample information to the SIF. Do not use Parafilm or adhesive tape to
cover the open wells as the adhesive may contaminate your samples. Tape the lid securely closed using tape
on all four sides. Turn the tray over and gently shake to test if samples stay in the wells, check for a bulging
tray lids due to evaporation rings that are incorporated in the well plate design. If the capsules leak sample
material, re-encapsulate the sample in an additional tin Sn capsule. The additional tin material is OK as it acts
as a combustion catalyst. Results will be reported using the unique tray name and sample well position e.
Please avoid sending multiple trays named "Tray 1" or "Project 1". We enjoy creative tray names! Place
non-enriched control samples ahead of enriched samples within the same tray. Use separate trays for different
enriched and natural abundance experiments. Please label all trays containing soil, forest litter, wood or plant
compost, humus, and earthworm castings. Most southeastern states and foreign countries have regulations
regarding soil movement to prevent the spread of agricultural pests. The SIF is responsible for proper disposal
of any imported and restricted samples that we receive. Supplies Here are a few part numbers and suppliers
that SIF uses on a regular basis. Similar products can be found through other consumables catalogs.
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Chapter 3 : Stable Isotope Ecology Laboratory | Center for Applied Isotope Studies
Carbon (SOC) and nitrogen (TN) contents were analyzed by dry combustion in a C/H/N/S-analyzer. Natural 13C
abundance was determined with an elemental analyzer coupled with an isotope ratio mass.

Samples must be dried, ground, and weighed prior to isotope analysis. We do not accept "wet" samples in our
lab, so all samples must be dried to constant weight prior to submission. On the very rare occasion, we will
accept samples that require drying, but there is an additional cost associated with this, and approval by our lab
must be given prior to submission. Large samples must be sub-sampled prior to submission. Isotope analysis
only requires milligram quantities of material, so we do not encourge sending entire plants or whole fish
unless very small for prep work here in our lab. All soils should be sieved to a consistent particle size e. We do
not automatically acid-treat soils, unless requested. Grinding can be achieved via a mortar and pestle, a
ball-mill grinder, a mixer mill, etc. The goal is to improve sample homogeneity i. After drying and grinding,
samples need to be weighed into small tin capsules prior to isotope analysis. Capsule size will depend on
sample weight. For example, 4x6-mm tin capsules are preferred when sample weights are less than 7 mg;
5x9-mm tin capsules are used for sample weights between 7 mg and 40 mg; and 9xmm tin capsules are used
for samples greater than 40 mg. Using a micro-analytical balance, the mass of a sample should be determined
to 3 decimal places on a milligram. For example, you should be able to record the mass as "2. Isotope
measurements are not affected by small weighing inaccuracies because their determination is not
weight-dependent Once the appropriate amount of sample has been placed in the tin capsule, the capsule needs
to be "crushed" into a small ball or square see figure below - you want the final sample to look like 4. This can
be accomplished by gently applying force using a pair of forceps, or by rolling the sample gently between your
thumb and index finger. At no point in time should you touch the sample or the tin capsule with your bare
hands. Powder-less latex gloves should be used if you plan on "crushing" the capsule between your fingers. I
usually use 2 pairs of forceps to handle the sample, so that I never have to touch it with my bare hands. Please
note that if a capsule containing a sample falls on the floor, it should be thrown away. Also, please be sure that
material will not leak from the capsule after it has been crushed, as the loss of material can affect both the
isotope and elemental data through incorrect mass determination and subsequent sample-to-sample
contamination. Once the tin capsule has been crushed, please re-weigh the sample to confirm and record the
final mass. Since nitrogen occurs in lower concentrations than carbon for most organic materials , the nitrogen
content becomes the limiting factor in dual-isotope measurements. The preference in our isotope lab is to
weigh out 60 micrograms of nitrogen per sample regardless of the sample type. This amount of material
usually results in a nitrogen peak of sufficient size for accurately measuring stable isotopes, but it does not
result in a peak so large that it will exhaust the chemicals too quickly. Please follow the guidelines below for
different sample types, and if you have any questions, do not hesitate to contact the lab manager for more
information. For ease of measurement, we usually ask clients to weigh out plant material between 4. For
animal material, we ask that you weigh out samples between 0.
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Chapter 4 : "The Application of Pedology, Stable Carbon Isotope Analyses and Geogra" by Kristofer Dee J
Soil Analysis We analyze all types of soils for nitrogen and carbon stable isotopes and total content. We can also
analyze soil samples for total nitrogen (TN), total phosphorus (TP) and a variety of metals and offer a variety of digestion
and extraction techniques.

Sample prep considerations Biological materials analyzed for stable isotope content include leaves, roots, soil,
plasma and other solid and liquid substances. Before samples can be analyzed by they must be converted into
the simple gases N2 or CO2. The micro-Dumas combustion elemental analyzer used here as a front end for the
mass spectrometer requires some care in preliminary sample preparation though considerably less than
wet-chemistry techniques such as Kjeldahl-Rittenberg. Solid samples must be oven-dried 80 degrees C, 24
hours. Freeze-drying must be used if the samples contain forms of N such as ammonia that would lost in
oven-drying. Dried samples are ground to talcum powder consistency um or less using a ball mill e. Spex
Industries before being sealed into 5 x 9 mm tin capsules. Thorough sample homogenization in the grinder
stage is required, to make certain that the tiny subsample taken for analysis e. Poor precision can often be
traced to inadequate grinding that leaves fibrous matter or visible granules in the sample. Wiley mills do not
do an acceptable job of grinding for this application. Nor does that favorite of low-budget improvization, the
home coffee mill. Combustion capsule formation is critical for successful analytical runs. Please refer to the
detailed [sample encapsulation] instructions for further information. All mass spectrometers show a
confounding effect of sample size on determined isotope ratio. Samples are therefore weighed after grinding to
achieve a uniform sample size. For isotopic analysis, sample size and total element content have a major effect
on the analysis. The size of the subsample weighed out depends upon the density of the material as well as its
N and C content. An ideal soil or plant sample intended for natural abundance isotopic analysis at this lab
would contain micrograms total N and micrograms total C. It may not, of course, be possible to provide both
these ideal amounts in one sample. For best precision and accuracy a preliminary analysis for total element
content should be performed so that standards may be closely matched to samples. Another sample-size
constraint is related to the absolute amount of material that can be completely combusted in micro-Dumas
apparatus. The maximum burnable total C content is around micrograms e. In addition, for element-poor soil
samples the sheer bulk of the sample becomes significant. Soil samples of over 50 mg are very difficult to
analyze due to rapid ash buildup in the furnace. Nitrogen diffusion samples frequently fall at the lower end of
the acceptable range of total N content. There is a small-sample mode available for samples containing less
than 50 ug total N and no C. In this mode the oxygen pulse added to improve combustion, which as mentioned
earlier contains a trace N impurity, is injected between samples rather than with them. Enough oxygen for a
small sample is retained by the combustion catalyst, and this retained oxygen is of course free of the N2
impurity. Small-sample mode removes the need for baseline blanks and the variability these blanks add to the
analytical process. However, in order to use this mode of operation we must know ahead of time that a given
sample set will consist exclusively of low-N, no-C samples. Liquid samples may be analyzed either by
freeze-drying directly into a tin capsule or pipetting onto an inert absorbant substrate. Bibliography Coleman,
David, and Brian Fry. Ultramicro, Micro, and Trace Methods. Stable Isotopes in Ecological Research.
Springer Verlag, New York.
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Chapter 5 : Stable Isotope Facility
There are additional costs for other tasks required in our lab prior to isotope analysis (e.g., sieving soils, acid-treating
soils to remove inorganic carbon, lipid extraction, solvent washing, grinding samples to a fine powder, weighing
samples, etc.).

Archaeology, which is situated between the hard natural sciences and social sciences, has adapted the
techniques developed in these fields to answer both archaeological and anthropological questions that span the
globe over both time and space. The questions that are addressed within the field of Archaeology most
commonly relate to the study of diet and mobility in past populations. While most people are familiar with
isotopic analysis related to the study of radiocarbon dating or C, fewer are familiar with the analysis of other
isotopes that are present in biological material such as human or animal bone. The stable isotopes of 13C, 15N
and 18O differ from the analysis of 14C in that they do not steadily decay over time, thus there is no "half-life.
The exploration of isotopic identifiers of mobility, environment, and subsistence in the past also has
contemporary relevance in that it can aid in informing policies relating to heritage protection, resource
management and, sustainability and perhaps most significantly, help us to learn more about the remarkable
ability of our own species to adapt and survive in any number of environmental and cultural circumstances.
Isotope Analysis Methods In order to investigate stable isotopes from human and animal bones, a very small
sample of bone is needed for the analysis. Due to advances in accelerated mass spectrometry AMS a small
sample which can range from milligrams to 1gram of bone can be used. When archaeological bone material is
poorly preserved there may not be enough surviving biological material left for the analysis to be reliable.
However, in cases where the bones are well preserved, the isotopic signatures are considered to be
representative of the individual specimen either human or animal that is being studied. The small bone sample
is then treated through a set of chemical procedures, depending on the particular analysis in question. For
example, for analysis of carbon and nitrogen stable isotopes, the bone is washed in hydrochloric acid HCl for
an appropriate period of time until the bone sample is ready for the next chemistry steps. These processes are
carried out to extract the "pure" bone collagen from additional components that make up bone, such as lipids
and proteins. Once the collagen is extracted this is prepared and weighed for analysis in the mass
spectrometer. The mass spectrometer works by measuring the masses and relative concentrations of atoms and
molecules. These are compared using standard reference materials that are set by the International Atomic
Energy Agency in Vienna. The use of global and national NIST standards as reference material means that
isotopic results can be compared across archaeological sites. However, it is important to remember that the
isotopic values of a particular time and place must also be determined in order to understand the various local
processes environmental and cultural that are constantly at work. Isotopes and the Study of Environment
Many scientific fields utilize isotopic analysis to study past climate and environment. Archaeology is no
exception. It is important to determine the environmental setting of a particular time and place in order to gain
a better understanding of the factors that could have influenced the way a community developed. Long and
short term changes in climate can have a dramatic impact on the ways in which people may procure or
produce their food. For instance, a shift in climate from a hotter or more arid environment to one that is wetter
and milder, may have allowed people to move into a new area to make use of land resources that were
previously unsuitable for farming or herding animals. Isotopic indicators of environment are most often
investigated through the study of oxygen isotopes. Different oxygen isotope values are representative of hotter
and drier climates, versus those that were colder and wetter. In addition, nitrogen isotopes can be reflective of
climate, in that plants, animals, and humans that inhabit more arid environments can display enriched nitrogen
values when compared to those from more mild environments. This was found in the case of the Badger Hole
site, where analysis of several of the bison bones displayed significantly enriched nitrogen values, indicating
the inhabitation of an extremely arid environment. Isotopes and the Study of Diet The study of the diet of
prehistoric peoples is an essential part of understanding how past communities were able to survive and adapt
within particular environmental and social settings. The investigation of past diet or paleodiet provides clues
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as to how our ancestors made use of natural resources and even how they modified their own environments in
order to produce food. For example, one of the most widely studied aspects of human diet in North America
has been the investigation of the introduction and development of maize agriculture farming as a major form
of subsistence in the New World. Carbon and nitrogen stable isotopes are those most widely used for dietary
reconstructions. These isotopes have been used most commonly to study diets of marine versus terrestrial land
based animals and the intake of particular types of plant resources for example maize and millet. Isotopes can
be used to assess diet because a direct relationship exists between the type of food being consumed and the
corresponding isotopic "signature" found in the bone collagen of both humans and animals. For instance, when
an animal such as a cow or sheep eats a certain type of grass or plant they will exhibit an isotopic value in their
bones or teeth that is representative of that particular type of grass or plant. In addition, as humans consume
animal protein, from resources such as terrestrial animals e. Variation and adaptation in subsistence or diet can
be stimulated by developments in socio-political and economic circumstances, as well as by climate and
ecological transitions and even by individual choice. Changes in diet within a particular community can occur
at both large and small scales, as well as rapidly or gradually over time. Unlike other avenues for paleodietary
reconstruction, which are generally based on contextual archaeological, ethnographic and historical evidence,
stable isotope analysis provides a way to directly investigate dietary composition through the analysis of the
bones themselves. Isotopes and the Study of Mobility The study of mobility and migration in the past can be
approached through a number of different archaeological methods, such as provenance studies of glass,
ceramics and metal artefacts and in some cases even through the study of ancient DNA aDNA. Humans move
for many different purposes. They may move in search of more optimal resources, for marriage, warfare,
trade, and a host of other reasons. When investigating mobility, these isotopes are used to determine if a
person or animal is "local" to a particular area by comparing the isotopic values from bone and dental enamel
of the specimen with local isotopic values that must be established for that specific geographic location. The
"local" values of a specific place are determined by studying the underlying geology of a particular place, in
the case of strontium, and through the analysis of local groundwater resources and precipitation rainfall and
snow , in the case of oxygen. Under this assumption it is taken that if an individual displays isotopic values
that are the same or within the range for the region in which they were discovered or buried then it may be
possible to suggest that they were from the area originally. In humans and animals, the isotope ratios of bone
and dental enamel reflect the geological substrates on which their dietary intake plant, animal, and water were
sourced. Strontium isotope values from human bone and teeth can be used to determine the possible place of
childhood residency for an individual when the range of local values has been comprehensively established for
a particular area. For example, some studies have investigated the dental enamel of individuals, which forms
in early childhood, and compared the isotopic values with the bone values of the same individual. When the
two results vary greatly, it can be determined that they spent a least a portion of their childhood in a
geographic location that differed from where they were buried and eventually recovered through
archaeological investigations. Further Reading Bentley, R. Strontium isotopes from the earth to the
archaeological skeleton: Journal of Archaeological Method and Theory Isotopes and human migration:
Between Biology and Culture. Stable and Radiogenic Isotopes in Biological Archaeology: Understanding
movement, pattern, and process on Earth through isotope mapping.
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Chapter 6 : Mass Spectrometry Overview | Stable Isotope Ecology Laboratory
Stable carbon isotope analyses revealed strong evidence for maize agriculture in some environments of the study area.
Î´C values as high as â€° (76% C4â€”Carbon) were observed in areas of significant soil accumulation in well drained
and moderately drained soils.

Please minimize the amount of filter in each sample. This can be accomplished by increasing material loading
and using only a portion of the filter or by cutting away the annular portion of the filter which contains no
material. The largest whole filter that can be analyzed is 25mm or equivalent i. If possible include a few test
samples. See Tips for more dimension restrictions. Large 9x10 mm tin capsules are helpful for encapsulating
bulky items, like filter disks, which must be tightly packaged to maintain a compact form in the autosampler.
The final sample diameter must be no larger than 8mm wide X 8mm tall. If samples are too large for a well
tray, organize and ship them in a 24 or well tray instead. Please do not force large samples into a well tray,
they will expand during shipping and we will not be able to extract these samples from their wells. Include
replicates to check precision, especially for complex matrices The SIF runs calibrated standards to confirm the
precision of our analyses. Client replicates are recommended to check the precision of your samples,
especially for samples that exceed our detection limits. The SIF recommends providing a few replicates per
batch e. Soil samples will require our Soil Permit prior to shipment Please label all trays containing soil, forest
litter, wood or plant compost, humus, and earthworm castings. Most southeastern states and foreign countries
have regulations regarding soil movement to prevent the spread of agricultural pests. The SIF is responsible
for proper disposal of any imported and restricted samples that we receive. Excess filter paper can be trimmed
off to reduce volume. It will fill the well of a well plate, making it hard to retrieve. Use a 48 or well plate
instead. This sample is too tall and will clog our autosampler. Reshape to dimensions no larger than 8mm wide
X 8mm tall. This may occur as you are closing your samples, or later during shipping as filter tends to expand
after being compressed. Trimming off excess filter will reduce the volume of filter paper being packaged.
Re-encapsulate samples with exposed or leaking sample material, the extra tin Sn is OK!
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Chapter 7 : Stable isotope overview
Along with other exciting developments in carbon isotope techniques, the above examples illustrate some key advances
in the use of nonradioactive carbon isotope analysis in functional soil ecological research. Over the next few years,
many of the various techniques based on nonradioactive carbon highlighted here will further improve, both in.

Tissue affected[ edit ] Isotopic oxygen is incorporated into the body primarily through ingestion at which point
it is used in the formation of, for archaeological purposes, bones and teeth. The oxygen is incorporated into the
hydroxylcarbonic apatite of bone and tooth enamel. Bone is continually remodelled throughout the lifetime of
an individual. Although the rate of turnover of isotopic oxygen in hydroxyapatite is not fully known, it is
assumed to be similar to that of collagen ; approximately 10 years. Consequently, should an individual remain
in a region for 10 years or longer, the isotopic oxygen ratios in the bone hydroxyapatite would reflect the
oxygen ratios present in that region. Teeth are not subject to continual remodelling and so their isotopic
oxygen ratios remain constant from the time of formation. The isotopic oxygen ratios, then, of teeth represent
the ratios of the region in which the individual was born and raised. Where deciduous teeth are present, it is
also possible to determine the age at which a child was weaned. Breast milk production draws upon the body
water of the mother, which has higher levels of 18O due to the preferential loss of 16O through sweat, urine,
and expired water vapour. While teeth are more resistant to chemical and physical changes over time, both are
subject to post-depositional diagenesis. As such, isotopic analysis makes use of the more resistant phosphate
groups, rather than the less abundant hydroxyl group or the more likely diagenetic carbonate groups present.
Applications[ edit ] Isotope analysis has widespread applicability in the natural sciences. These include
numerous applications in the biological , earth and environmental sciences. Archaeology [ edit ]
Reconstructing ancient diets[ edit ] Archaeological materials, such as bone, organic residues, hair, or sea
shells, can serve as substrates for isotopic analysis. Carbon , nitrogen and zinc isotope ratios are used to
investigate the diets of past people; These isotopic systems can be used with others, such as strontium or
oxygen, to answer questions about population movements and cultural interactions, such as trade. The carbon
in bone collagen is predominantly sourced from dietary protein, while the carbon found in bone mineral is
sourced from all consumed dietary carbon, included carbohydrates, lipids, and protein. It is also important for
the researcher to know the variations of isotopes within individuals, between individuals, and over time.
Characterization of artifacts involves determining the isotopic composition of possible source materials such
as metal ore bodies and comparing these data to the isotopic composition of analyzed artifacts. A wide range
of archaeological materials such as metals, glass and lead-based pigments have been sourced using isotopic
characterization. Interpretation of lead isotope data is, however, often contentious and faces numerous
instrumental and methodological challenges. Ecology [ edit ] All biologically active elements exist in a
number of different isotopic forms, of which two or more are stable. The ratio of the two isotopes may be
altered by biological and geophysical processes, and these differences can be utilized in a number of ways by
ecologists. The main elements used in isotope ecology are carbon, nitrogen, oxygen, hydrogen and sulfur.
These analyses can also be used to a certain degree in terrestrial systems. Certain isotopes can signify distinct
primary producers forming the bases of food webs and trophic level positioning. They express the proportion
of an isotope that is in a sample. The values are expressed as: Analysis is usually done using a mass
spectrometer, detecting small differences between gaseous elements. Muscle or protein fractions have become
the most common animal tissue used to examine the isotopes because they represent the assimilated nutrients
in their diet. While all three indicate information on trophic dynamics , it is common to perform analysis on at
least two of the previously mentioned 3 isotopes for better understanding of marine trophic interactions and
for stronger results. These shifts may even correlate to seasonal changes, reflecting phytoplankton abundance.
While it is not quite certain as to why this may be, there are several hypotheses for this occurrence. These
include isotopes within dissolved inorganic carbon pools DIC may vary with temperature and location and that
growth rates of phytoplankton may affect their uptake of the isotopes. A study by Fry studied the isotopic
compositions in juvenile shrimp of south Texas grass flats. The differences between seawater sulfates and
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sulfides c. Sulfur tends to be more plentiful in less aerobic areas, such as benthic systems and marsh plants,
than the pelagic and more aerobic systems. This can be seen by analyzing the waste of organisms. Numerous
studies on marine ecosystems have shown that on average there is a 3. As water travels from septic tanks to
aquifers, the nitrogen rich water is delivered into coastal areas. Waste-water nitrate has higher concentrations
of 15N than the nitrate that is found in natural soils in near shore zones. Once the nitrogen enters the estuaries
via groundwater, it is thought that because there is more 15N entering, that there will also be more 15N in the
inorganic nitrogen pool delivered and that it is picked up more by producers taking up N. Even though 14N is
easier to take up, because there is much more 15N, there will still be higher amounts assimilated than normal.
Environmental managers have become more and more concerned about measuring anthropogenic nutrient
inputs into estuaries because excess in nutrients can lead to eutrophication and hypoxic events , eliminating
organisms from an area entirely. For example, it could be possible to identify whether a terrorist suspect had
recently been to a particular location from hair analysis. This hair analysis is a non-invasive method which is
becoming very popular in cases that DNA or other traditional means are bringing no answers. Most high
explosives contain carbon, hydrogen, nitrogen and oxygen atoms and thus comparing their relative abundances
of isotopes can reveal the existence of a common origin. Isotopic abundances are different in morphine grown
from poppies in south-east Asia versus poppies grown in south-west Asia. The same is applied to cocaine that
is derived from Bolivia and that from Colombia. Traceability Stable isotopic analysis has also been used for
tracing the geographical origin of food [22] and timber.

Page 10

DOWNLOAD PDF CARBON ISOTOPE ANALYSIS FOR SOIL
Chapter 8 : Isotope Analysis | Time Team America | PBS
Isotope analysis can be used to find the provenance of food. James Hutton Limited provides analysis of a wide range of
stable isotopes, performing both bulk and compound specific analysis of light isotopes including, Carbon, Nitrogen,
Oxygen and Hydrogen, and heavy isotopes, including Strontium, Neodymium, Samarium and Lead.

Share Stable Isotope Mixing Models for Estimating Source Proportions Stable isotope analysis can be used in
ecological studies to trace chemical movement through the environment. A common application is to use the
isotopic composition of a mixture to determine the proportions of various sources in the mixture, using
mathematical mixing models. Examples include the quantifying proportions of: C4 plant inputs to soil organic
carbon, etc. Linear mixing models are used to partition two sources with a single isotopic signature e. The user
supplies the mean, standard deviation, and number of samples from each of the source and mixture
populations for each isotopic signature. For dual isotope studies, the correlations of the two isotopes within
each population can also be specified, but are not required. Confidence intervals are truncated at 0 and 1. This
dual-isotope model takes into account isotopic element concentration differences among the sources in
determining the proportional contributions of sources to a mixture. Separate estimates are made of the
contributions of each source for total mass and each isotopic element. This software provides the distribution
of source proportions which are consistent with isotopic mass balance. The user supplies the isotopic
signatures e. The user also supplies the source increment e. Additional non-isotopic constraints can be
incorporated by extracting appropriate subsets of solutions from the IsoSource output. Additional information
on this post-processing is given in the "Additional constraints. Descriptive statistics are provided simply as a
way to characterize this entire distribution of feasible solutions. To avoid misrepresenting the results, users of
this procedure should report the distribution of feasible solutions rather than focusing on a single value such as
the mean. Download IsoSource Version 1. NOTE â€” Users running Windows 10 have experienced
difficulties in locating the data and output files to read into other applications e. This problem can be
circumvented in one of two ways: Publications describing these methods and related applications Contact: For
further information on any of these models contact Renee J.
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Correlations between Mean Annual Precipitation and the Carbon and Nitrogen Isotope Composition of Soil Organic
Matter The Î´ 13 C and Î´ 15 N values of soil organic matter were plotted against mean annual precipitation in Fig. 6.
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