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Introduction
The possibility of carrying out paleoclimatological
investigations on land by studying the oxygen isotopic
composition of phosphate from mammal bones was suggested
several years ago by Longinelll (1973). Such a possibility
was based on the following premises some of which, at that
time, were conjectural:
1) the body temperature of mammals is not affected by
changing climatic conditions, being constant within each
species;
2) about 65# of the weight of mammal body is made up of
water. The isotopic composition of this water or, at least,
of all water compartments with high exchange rates, should
be equal in all specimens of the same species living in the
same area;
3) the mean isotopic composition of environmental water and
then the mean isotopic composition of local rain water,
should be one of the main variables controlling the oxygen
isotopic composition of mammal body water;
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4) the precipitation of Ca 3 (PO^) 2 of mammal bones should
take place, in specimens of the same species, under the
same physico-chemical conditions;
5) a quantitative relationship should then exist between
the oxygen isotopic composition of the phosphate of bones
and the oxygen isotopic composition of body water and,
consequently, of local rain water, whether the fractionation
between them is equilibrium or kinetic, provided the fractionation is the same in all specimens of the same species;
6) after calibration of the characteristic equation for
each species of living mammals, the isotopic measurement
of a fossil bone would allow one to calculate the mean
value of the A 1 8 O of local rain water at the time of the
bone phosphate precipitation;
To test the reliability of these hypotheses, the main
points to be checked were the following:
a) the constancy of the 0 0(HgO) in the blood of different
specimens of the same species, both in the case of aammals
reared in the laboratory under controlled conditions, and
in the case of mammals living in the same area under natural
conditions;
b) the existence of a quantitative relationship between the
0 0 of ingested water or (in the case of large mammals)
between the mean S 0 of local rain water and the 0 0 of
blood water;
c) the existence, for each mammal species, of a bone phosphate/
body water fractionation factor (U) independent of local
conditions and characteristic of each mammal species.
Results obtalnd
1) Oxygen isotopic composition of blood water
To check point a) above, groups of albino rats have
been reared in the laboratory under controlled conditions.

I
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They were supplied with dry food and with drinking water
of known and constant isotopic composition for different
periods ranging from about one week to More than six months.
In the case of a relatively short treatment (few weeks) one
MO

rat was killed and studied for the o 0 of its blood water
every 2-3 days.
The technique used for the isotopic measurement was
the same proposed by Zimmermann and Cegla (1973) and already
used by Longinelli and Padalino (1980). This method involves
the complete distillation In vacuo of blood samples of a few
milliliters. The pure water samples recovered from distillation were measured according to well established procedures
(Epstein e Mayeda,1953) equilibrating the water sample with
CO» of known isotopic composition at constant temperature
(25°C). extracting and purifying the CO0 and measuring its
1 ft 1 (\

0 / 0 ratio in a triple collector Varian 250 mass spectrometer. The same procedure was used for all the blood samples
studied since the method is relatively simple and the standard
reproducibility of the isotopic measurements (t 0.1 to 0.15
per mil, 1 6* ) is quite acceptable.
The results obtained proved that all the specimens
f 1S

supplied with the same drinking water showed the same o O
of their blood water, within the experimental error, throughout all the time of treat/ment, up to several months. However,
a change of the £ O of drinking water was immediately followed (within less than one day) by a change of the b O of blood
water. The mean o O value of the blood water of albino rats
at steady state was proportional to the S O of drinking
- equation:
0.506 x - 0.64
1)
water, according to ythe
x being the oxygen isotopic composition of drinking .water
N. and y being the oxygen isotopic composition of blood water.
Larger mammals could not be studied in the laboratory under
controlled conditions due to the difficulty of supplying
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then for long periods with very large amounts of drinking
water of known and constant isotopic composition.
Consequently, we studied blood samples from different specimens of the same species living in the same area under
the same conditions,to check w)»£her or not the results
obtained were similar to those yielded by mammals reared
in the laboratory.
The species studied are the following:
Sus scrofa; more than 60 specimens from nine different
locations in Italy and France (both the domestic varietypig- and the wild variety - wild boar-);
Bos taurus: more than 60 specimens from 15 different areas
in Italy, France and New Zealand plus a few wild animals
from New Amsterdam Island (Indian Ocean);
Ovis aries: more than 55 specimens coming from 12 different
areas in Italy, France,New Zealand and Kergueleh Islands
(S.Indian Ocean);
Equus caballus: about 25 specimens coming from 5 different
areas in Italy, France and Poland;
Dama dama (fallow-deer): 15 specimens from 3 different areas
in Italy and France;
Homo sapiens: about 70 specimens from seven different areas
in Italy, France and Switzerland.
The mean values obtained for each group of animals of
the same species and from the same area are reported graphically
in Figures 1 to 7 and clearly show that, in the case of cattle,
sheep and horses, even the specimens only partially reared
under "artificial" conditions (man made food) do not show
the existence of a relationship between 5 0(H 2 O) of their
blood and O 1 8 O of local meteoric water. This is likely due
not only to the"anomalous" isotopic composition of the water
ingested with food but also to the production of metabolic
water whose 5 1 8 O is different from the isotopic value of
metabolic water produced when the only food is grass.According
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to differences be f we »n various, "artificial*1 food used, to
their chemical compositions and to the amount of such a
food ingested daily by each specimen, the oxygen isotopic
composition of blood may vary widely. When (as in the case
of the horses coming from France and Poland, Fig.6) the
food is mainly natural grass, a fairly good correlation
seems to exist between the studied variables. In the case
of sheep, the cause which may play an important role in preventing an acceptable correlation between the studied variables is the fact that, normally, lambs are bought at the age
of a few weeks and are then moved to another area where they
are fed to obtain heavier animals to be killed for food.
When animals are reared under 10G# "natural conditions*1, as
in the case of Hew Zealand, it may easily be seen (Figs. 3
and 5) that an excellent correlation exists between the
oxygen isotopic composition of blood'and the mean oxygen
isotopic composition of local rain water. The same conclusion is valid even in the case ot humans (Fig*7) despite
the variety of food and beverages ingested by them.However,
in this case, anomalous isotopic values of blood water have
been found occasionally when large amounts of a particular
food with peculiar o 0 values were consumed daily. This
was the case with a girl in Paris eating daily large amounts
of oranges (very positive 0 0(HjO) values up to +4, +5 and
over) or with people drinking customarily large amounts of
wine (rather positive 6 0(HgO)). The opposite case was found
in Palermo in a family drinking customarily from many years
mineral water from Evian (S 0 around -10.0) when the mean
h 0 of local rain water is about -5.5 per mil.
However, in a general way, the
constancy of
the isotopic values within each group of animals coming from
the same area is quite good. A certain variability may be
found when the samples are collected in different periodi of
the year. This is the case with eleven specimens of fallowdeer (Bama dama) coming from a pine wood near Piaa (Italy).

P
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The standard reproducibility of the S 18 O of their blood
water (1V «0.27 per mil) is in fact a rather large one
considering that all the studied specimens come from an
area of some hundred square kilometers where they experienced
identical environmental conditions. The samples were collected
during late spring and early winter 1981. In the case of
medium size animals like fallow-deer, the seasonal changes
of the o 0 of local rain,which are of the order of several
h units, may cause a certain fluctuation of the h 0 of
blood water,probably not larger than a fraction of one per
mil. However, this fluctuation is probably sufficient to
widen the total range of values, compared to the range
obtained in the case of samples collected simultaneously
in the same area. In fact, on the basis of measurements
carried out on himself, the writer concluded (Fig.8) that
even a small change of the mean o 0 of local meteoric
water (about one per mil) causes a measurable variation
of the o 0 of body water within about 3 to 4 months*
These results confirm the possibility of minor changes
of the o 0 of blood water throughout the year.
Before going ahead to the results obtained studying
the isotopic composition of mammal bones, it is of importance
to discuss briefly the data obtained from albino rats
reared in the laboratory under controlled conditions. The
Mg

equation calculated for the relationship between the 0" 0
of drinking water and the S 18 O of body water (1) indicates
that, supplying albino rats with drinking water with a o O
of -1.29 per mil, their body water should yield the same
isotopic composition (-1.29 per mil) under the rearing conditions realized in our laboratory. Very likely this value
should be rather close to the cumulative isotopic effect,
of all the processes affecting the isotopic composition of
body water. This conclusion is rather surprising since a
large percentage of the oxygen used for the metabolism of
glucose and fat should come from the atmosphere. Negative
kinetic isotopic effects in the uptake of oxygen should
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take place to balance the addition of atmospheric Og.
Alternatively, the isotopic equilibration with body water of
organically produced CO2 (it is known that CO2-H2O equilibration is catalyzed by enzymatic activity) may be responsible
of the
0 depletion of body water, due to the large isotopic
enrichment of CO2 and to the large amounts of metabolic CO2
produced dayIy by mammals.
It is also worth pointing out that a quite different
behaviour seems to exist between domestic pigs and wild
boars. As the mesin Ö 0
of local rain water in the area
of Pisa (Italy) is close to -6.3 per mil, the blood water
of the domestic pigs is enriched in • 0 by about 2.6 per
mil (Fig.1, point 7, -3.7 per rail) while the blood water
of the wild boars from the same area (-8.45 per mil) is
depleted in 1 8 O by about 2.2 per mil when compared to the
mean local rain water, with an overall difference of about
5 per mil between the two mammals. Such a difference may
perhaps be ascribed to differences in the food supply (as
noted in the case of cattle) rather than to Metabolic
differences, the two animals belonging to the same species.
From the reported data one can conclude that biochemical processes involving water are reproducible in all
the specimens of the same mammal species, causing the
same isotopic fractionation effect between ingested water
and body water and,consequently, in the case of wild animals
living in the same area, between mean local meteoric water
and body water. The hypotheses reported under points a)
and b) of the introduction may thus be considered to be
reasonably proved.
2) Oxygen isotopic composition of bone phosphate
To prove the reliability of point c) in the introduction
(i.e. to prove the existence, for each mammal species, of a
quantitative relationship between the V8O of bone phosphate
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and the mean 6 O «f local meteoric water) several species
of mammals have been studied. Also in this case samples
have been collected in different areas, where it was possible to measure directly the mean & 0 of local rain water
or where this value had been already measured by other
scientists or where, at least, it was possible to extrapolate it from reliable measurements carried out in nearby
areas. The species and the ares studied are the following:
1) human beingstabout 75 different specimens have been
studied coming from people who lived during the last 6080 years or so. The samples were coming from Italy (Siracusa, Livorno,Palermo), Austria (Wagram area), Finland
(Lappland and Helsinki area), Lybia (Tripolia), Soroaliland
(Mogadishu), SE Greenland and Tierra del Fuego;
2) domestic
coming from
(Normandie,
Savoie) and

pipa;about 40 specimens have been measured
Italy (Sicily and North-Western Tuscany), France
Ile-de-France,Lorraine, Bretagne and Haute
Austria (Vienna area);

3) cattle:about 45 specimens have been studied coming from
France (lle-de-France,Haute Savoie ,Lorraine and Nomandie),
Italy (Sicily, Friuli and Tuscany), New Zealand (Auckland
area, Napier area at different elevations above sea level ,
Wellington area, Otago area inland Dunedin) and New Amsterdam Island in the Indian Ocean;
4) sheep; 30 different specimens have been measured altogether
coming from France (Normandie, Lorraine and Ile-de-France),
New Zealand (Otago area inland Dunedin,Wellington area,Napier
area at three different elevations above sea level and Auckland area) and Kerguelen Islands (Southern Indian Ocean);
5) mice; 30 different specimens of the wood-mice species
Apodemus sylvaticus along with a few specimens of the very
close species Apodemus flavicollis have been measured.These
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specimens were collected in Italy (two different areas near
Pisa,Tuscany), Switzerland (near Lausanne), France (Rawbouillet
forest, Ile-de-France), Germany (Rhine Valley between KBIn
and Aachen). In the case of mice some teeth have also been
measured along with bone samples;
6) horses; only 6 different specimens have been studied
because of the difficulty in obtaining bone samples from
specimens who have been living wild or, at least,almost in
total freedom, with no addition of man-uade food. The studied
samples come from France (Ile-de-France and Haute Savoie)
and Southern Poland;
7) fallow-deer; 15 different specimens have been collected
and measured from three different locations in Italy (Pisa,
Tuscany) and France (Rarabouillet,Ile-de-France and Haute
Marne). However, in the case of French samples, chances are
that wild animals were partially fed with man-made food
which is regularly spread in the forest tc help animals
under unfavourable conditions (winter time);
8) red deer; about 40 different specimens have been collected
from five different areas in France (Haute Marne and Bas Rhin)
and New Zealand (Napier area at two different elevations
above sea level and Otago area in the S.Island). However,
due to serious technical problems experienced during the
last few months with the mass spectrometer, these samples
underwent the chemical tretment of preparation for the extraction, purification and precipitation of bone phosphate
as BiPO. but have not yet been measured for their h 0(PO?").
As soon as the mass spectrometer will begin again to work
normally, these measurements will be carried out right away;
9) wild boars: 25 samples from 5 different locations in
France (Loire Valley,Bas Rhin and Haute Marne) and Italy
(Pisa area and Southern Sardinia) have been collected with
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the main purpose to check on wild animals the behaviour
shown by domestic pigs.The samples, already submitted to
the chemical treatment of purification could not yet be
processed for the measurement of their o 0(PO?") for the
same reason already mentioned in the case of red deer.
These measurements will be completed shortly;
10) a group of about 50 samples of living mammals of
different species coming from various areas has been
collected and measured for the o O (Po|~) of their bones.
However, in this case, we have an insufficient number of
measurements for each species to try to build a reliable
relationship between the 5 0(PO?") of their bones and tkt
M a n V 0 of local rain water. The collection of samples
will be continued in the near future while the first
application of this study to fossil samples will take place.
This application is based on the isotopic study of fossil
human bones of Upper Quaternary age whose collection is
going on in various countries. Altogether, 8 more species
have been taken into account in this group of samples:
rabbit (only wild specimens), porcupine, field-mice, bear,
fox, wolf and two different species of antelope.
Most of the isotopic results obtained are reported graphically in Pigs 9 to Kb . It is probably worth discussing
briefly the results obtained for each single species before
drawing the final conclusions.
1) humans; a particular care was taken to collect samples
from areas ranging from Equator to polar lands in order
to obtain the largest possible range of isotopic values
for local meteoric water. In fact, the possibility of
using a paleoclimatic scale in the case of human bones
is particularly interesting in view of its application
to Quaternary age. Bones from both males and females were
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used in this study, with no selection of specific parts
of the skeleton. In fact, long bones were studied along
with other parts such as skull, pelvis, rib, vertebra,etc..
As regards the internal reproducibility ^f the isotopic
measurements within each group of samples (each point in
Pig. 9 refers to the mean value of groups of 3 to 10 different specimens from the same area) the standard deviation
within each group is generally of the same order of magnitude
as the standard deviation obtained from repeated measurements
on the same sample. However, in a few cases, the standard
deviation is considerably higher and this may be due, more
than to differences in food and beverages, to the possibility
of humans to travel over long distances .(from an area with
a certain mean i 18 0 of rain water to an area with a different O 18 O value) in a relatively short time. This is usual
in "civilized" humans but rather unlikely in very primitive
people of Quaternary age and in wild animals.
However, the mean isotopic composition of human bones
(y) is clearly proportional (Fig.9) to the mean J 18 O of
local rain water (x), the least squares best fit to the
results yielding the following equation:
0.64 x + 22.37

2)

r is 0.98 and the standard deviation of the slope is
Z 0.C3 (1« ), The slope of this equation is quite close
to that calculated for the relationship existing between
O 0 of blood water in humans and b 0 of local rain
water (Fig. 7) which is as follows:
y « 0.60 x + 0.68

3)

r being 0.98 and the standard deviation of the slope
being the same as that of equation 2). This proves that
the bone phosphate/blood water fractionation factor (CO
is constant in humans, independent of climatic and environ-
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•entftl conditions, as predicted under point c) in the
introduction.
2) £igs: the data obtained are plotted in Fig.10 versus
the mean 6 0 of local meteoric water. The least squares
best fit for the reported data yields the equation:
y - 0.86 x + 22.71

4)

r is 0.98 and the standard deviation of the slope value
is + 0.05 ( 1 9 ) . As in the case of human beings, the slope
of equation 4) is practically identical to that of the
equation obtained for the relationship between the O O
of water in pigs* blood and the A 18 O of the local meteoric
water (Fig.1) which is as follows:
0.88 x + 2.1

5)

Also in this case r is 0.98 and the standard deviation of
the slope is ± 0.05 (1 C). This means again that the
phosphate-water fractionation factor (Ct) is constant and
independent of local climatic conditions. Note that, before
using directly the isotopic scale determined for domestic
pigs in the case of very old fossil bones, it must be checked
that the results from wild animals (wild boars) fit the same
equation. In fact, pigs were domesticated only recently and
fossil bones generally belong to wild boars;
3) cattle: the isotopic measurements carried out on cattle
bones collected from european specimens yielded data which
are scattered over a relatively large area (plot of Pig.11).
The peculiarity of these results is that relatively large
isotopic differences have been obtained even in the case
of specimens coming from the same area (Thonon-les-Bains,
Verdun,Etampes). However, no direct relationship seems to
exist between the reported variables while, in the case of
specimens from New Zealand (Fig. 12. ) , a quantitative,direct

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS
STANDARD REFtRENCE MATERIAL 1010a
(ANSI and ISO TEST CHART No. 2)
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relationship does exist between the two variables, the least
squares best fit calculated for the reported data being:
y « 1.0 x + 24.9

6)

One should conclude that, very likely, the variability obtained in the case of specimens from Europe is related to the
same processes already mentioned to explain a similar variability in the case of 0 0 of cattle blood water. In fact,

118
the changes in 0 0 are rather similar in the case of both
blood water and bones phosphate from both the qualitative
and the quantitative point of view (compare data in Figs,
and
where the reported data come from samples collected
from the same animals). Taking into account the fact that
in New.Zealand cattle is reared under 100# natural conditions, one should conclude that the reported equation is
suitable for application of this study to fossil material
and may be used for paleoclimatological and paleohydrological studies. The slope of equation 6) is quite close to that
of the equation calculated for the relationship between
cattle blood water and local rain water (Fig. 3 ) which is
as follows:
1.1 x + 7.2
7)
The similarity between the slopes indicates that,also in
tlis case, the phosphate-water fraetionation factor ( Ot )
is constant and independent of local conditions.

\

4) sheep;The mean isotopic values obtained from groups of
sheep bones coming from different areas in Europe are reported
graphically in Fig.J) • It can be seen that also in this case
there exists no relationship between the two variables taken
into consideration. On the contrary, the results from New
Zealand (Fig.jtj) show a very good quantitative relationship
with the mean isotopic composition of local meteoric water.
The least squares best fit yields the following equation:

-U-

y - 1.89x + 30.6

8)

The data from Kerguelen Islands ( point n.4 in Fig.llf )
hav« not been used to calculate this equation because of the
large uncertainty about the mean isotopic composition of
local rain water. The fact that the results obtained from
european sheep are not in good agreement with such a relationship is likely due to the same reason already mentioned
in the case of sheep blood measurements (page 5 and Fig.4).
One could object that the results reported here refer only
to young specimens and that old specimens not necessarily
will show the same behaviour. In fact»in the case of young
specimens, the period during which lambs feed only on sheep
milk may cause different b 0 values of blood water and hence
different isotopic values of bone phosphate. However, the
two specimens from Kerguelen Islands (adult specimens living
1OCJi wild) seem to confirm the reliability of other data.
5) wood-mice; several specimens of Apodemus sylvaticus and
Apodemus flavicollisi have been studied for the A 16 O(PO?")
of their bones and for the S 1 8 O (?o|~) of their teeth. In
fact, in the case of mice it was of particular interest to
check v*tefcher or not the isotopic composition of bones coincided with the isotopic composition of teeth and, particularly,
of incisive teeth whose continuous and fast growth may cause
isotopic fractionation effects in their phosphate.
The mean isotcpic data for each group of studied mice
are plotted in Fig. (5 versus the mean oxygen isotopic composition of local meteoric water. "fhe least squares best fit
yields the following equation:
y - 0.79 x + 21.64

9).

Ti must be pointed out that the specimens of Apodemus flavicollis from Lausanne yielded the same isotopic values as the
specimens of Apodemus sylvaticus from the same area* This

snouxa DB one oi xne nain variBDJ.es contruiiing xne oxygen
isotopic composition of mammal body water;
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is most important since, from these data, one may infer
that different species may or may not show the same behaviour from the isotopic point of view. From these first
data one should conclude that different species of the same
genus, living in the same area and eating the same food
show the same behaviour as regards the isotopic composition
of their blood and bones. The results reported here are
quite interesting from the point of view of their possible
application to the study of fossil materiax since mice
bones/^are rather common in fossiliferous deposits of Quaternary age all over Europe and may represent a quite important tool for the study of climatic change» over the continent thoughout Quaternary,
6) horses; the six samples studied.(two from Haute Savoie,
two from Ile-de-France and two from Southern Poland) have
been, as far as we know, reared under natural conditions
even though, at least in the case of specimens from France,
there is always the possibility of at least a partial use
of man made food. However, as far as these six samples are
concerned, the isotopic data seem to be in good agreement
with one another, showing a fairly good relationship with
the mean 0 0 of local meteoric water. Obviously, due to
the very small number of samples studied and to the possibility of an anomalous behaviour because of the supply of
man made food, the conclusions which may be drawn are uncertain and should be confirmed by a larger number of
measurements on samples coming from areas where horses
have been reared 100# under natural conditions. Possibly,
samples from Hungaria and from Western U.S. should be
supplied shortly to increase the number of samples studied.
While travelling in New Zealand the writer could not
obtain horse samples since the old english tradition
prevents local people from rearing horses for food or
other purposes than horse riding. From the data reported
in Fig. 16 the following equation may be obtained (least
squares best fit):

To check point a) above, groups of albino rats have
been reared in the laboratory under controlled conditions.
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y - 0.95 x + 2.2.21

10)

7) fallow-deer; the group of eleven specimens coxing from
the area of Pisa (North-Western Tuscany,Italy) yielded
oxygen isotope results which clearly indicate that all the
specimens of the same species living in the same area under
natural conditions show the same $18O(Po|~) of their bones
within the standard reproducibility of these measurements.
In fact, the mean J18O(Po|") value for these eleven specimens
is + 17.9, the standard reproducibility being to.28 per
nil (1 6f ). It roust be pointed out that, in the case of
phosphate measurements, the standard reproducibility of
repeated measurements carried out on the same sample is of
the order of ±0.15 to ±0.20 per mil. In the case of fallowdeer samples, as previously mentioned (pages 5 and 6), the
collection of samples took place during different periods
of the year, thus Increasing the range of the internal
variability which, despite this problem, remains within
acceptable limits; moreover, the samples of phosphate have
been treated by means of two different fluorination lines
and measured by means of two different mass spectrometers.
Two samples from Ile-de-Franee and two more samples from
Haute Marne (France) yielded respectively the following
results: + 16.8 and + 16.5, the & 0 of local meteoric
water in these two areas being almost identical (about
-7.2 per mil) with the possibility of a small negativization
of the order of a few tenths of one per mil in the case of
Haute Marne. It will be necessary to run several more samples
from different areas to try to build a phosphate-water isotopic scale also because of the possibility that specimens
from France received some man made food to integrate their
diet, particularly in winter time.

larger mammals could not be studied in the laboratory under
controlled conditions due to the difficulty of supplying
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3) Considerations on the results obtained
The main problem arising from the reported data is that,
normally, only a relatively small isotopic difference exists
between the 4 0 of blood water and the & 0 of local rain
water. This is rather surprising since the process of oxidation
of glucose and fat takes place by consumption of fairly large
amounts of oxygen from the atmosphere according, in a general
way,-to the equation:
C6H12O6

6C0o + 6H2O

This water should contribute a significant amount of the body
water and since 2/3 of the oxygen comes from the atmosphere
and has an isotopic composition of +23*5 per mil, unless
there is a very large negative kinetic isotopic effect in
the uptake of oxygen by hemoglobine, the water produced by
sugar or fat burning should be isotopically rather heavy.
As previously mentioned, the isotopic equilibration between
and H2O and the loss of fairly large amounts of isotopically heavy CO9 could also contribute to the depletion
18
of
O in metabolic water. However, only a massive production
of CO2 and a relatively small production of HgO could contribute significantly to such a depletion.
Another problem arising is that°the non-unit slopes
for most of the reported equations. A possible explanation
for such an effect in the case of the equations relating
blood water to local rain water could be the following*
Let us assume that, anywhere in the world, the o O
of food (Oy) is related to that of local meteoric water as
from the equation:

Let us consider the following variables:
$ B . S 18 O of blood water} lf « J18O of food; S^ - S 18 O of
intaken water; O^ - S 18 O of atmospheric oxygen; 6« • 5 0
of water produced by metabolic processes and:

metabolic water produced when the only food is grass.According
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J

- fraction of metabolic water derived fro» food

1/3);

X. • fraction of met
metabolic water derived from atmospheric
oxygen (a 2/3)}

«

fraction of water in blood derived from metabolic processes;

Xv • fraction of water in blood derived from intaken water;
We have to assume that, for a given species of animal
(cattle, pig, human,etc.) X M is constant (or quasi-constant)
under mean natural conditions as is Xj, .
Obviously:
X u + Xu " 1

&nd

X-B + X. « 1

We may then write:

•xA
neglecting the possibility of other minor fractionation
effects like kidney filtration, etc.
We may also write:

J.
and therefore

O

M

(xASp

A])

ao
B

(X,W

M

Thus, the slope of a plot of 6fi versus O - is X u + X N • Xp
which will be related to the species which is being studied.
The intercept is X^ (Xjjb^ + Xp A ) JH c • X N
where

this value should be approximately constant everywhere.One
should then expect the slope and the intercept to be related
and to chenge according on which species you are. Comparing

the year. This is the case with eleven specimens or fallowdeer (Daroa daroa) coming from a pine wood near Pisa (Italy)*
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these two variables in the reported equations for the relationship between J 18 O of blood water and d 18 0 of local meteoric
water such a correlation between slope and intercept does not
seem to exist. In fact, the value of the ratio intercept/slope
varies between about 1 and about 7. One may observe that,in
the case of cattle and sheep from New Zealand (the only animals which have been living under 10OJi natural conditions)
both the values of such a ratio are close to 7* However,more
equations are needed (obtained from wild animals) to draw
final conclusions on this point.
4) Hydrogen Isotopic composition of blood water
The nain purpose of this research was the measurement
of the oxygen isotopic composition of both blood water and
bones, however it was of general interest to obtain information on the I'/H values in blood water from mammals, these
values bein& totally unknown, apart from a few measurements
carried out DyAFriedman (1970) on laboratory rats reared
under controlled conditions. This piece of information may
be merely speculative nowadays, however it may become of
importance in the future because of the possibility of
relating the oD value in blood water to some other variable
like the D/H ratio in collagen of bones.
We have then carried out some D/H measurements on the
blood water samples available and have compared the data
obtained with the hydrogen isotopic composition of local
rain water. The results obtained from cattle and sheep samples'
from New Zealand are reported in Pigs 17 and 18 along with
a few data from european cattle. It may be easily seen that
a quantitative relationship does exist between the reported
variables in the case of N.Z. samples, the least squares
best fit to the results obtained being:
y -

x + 39.11

11)

large percentage of the oxygen used for the metabolism of
glucose and fat should come from the atmosphere. Negative
kinetic i8Otopic effects in the uptake of oxygen should
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in the case of cattle and
y -1.5x + 73.2

12)

in the case of sheep.
Several other measurements were carried out in the case
of pigs, humans, horses, etc.. However, in these cases the
measurements are either incomplete to check the existence
of a relationship between the two variables considered or
the mean D/H composition of local meteoric water is insufficiently well defined. We then calculated the relationship
existing between the mean A 0(H 2 O) and the mean OD(H 2 O) in
the blood of groups of animals from the same area and found
that such a relationship varies widely between different
groups. The ration &D/o 0 in the case of pigs varies from
less than 7 to about 10; in the case of cattle from Europe
from about 7 to more than 15; in the case of humans, on the
contrary, the value of this ratio is fairly uniform and
close to 10. Plotting the available mean 0 0 and 00 values
for groups of blood samples from specimens of the same
species and from the same area (Pig.19) it may be seen that,
despite a fairly large variability, almost all the reported
values follow a similar trend. However, the samples from
New Zealand are essentially found in the upper part of the
plot and seem to indicate that, also in the case of the D/H
ratios, the use of "man made" food strongly affects the
isotopic values, causing an isotopic enrichment of blood
water in light isotopes. It is not easy to explain the
general trend of these data since there seems to be no
reliable information about the deuterium/hydrogen fractionation factors taking place during biological processes
and, particularly, during metabolic processes. However,
this group of data is a first step in the direction of
the knowledge of these fenomena.

(i.e. to "prove the existence, for each mammal species, of a
quantitative relationship between the * 1 8 0 of bone phosphate
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6) Iaotopic measurements of respiratory CO0 and water vapor
In the last progress report submitted to the Agency
in 1983 the writer concluded that the best method to measure
the oxygen isotopic composition of respiratory water vapor
was the reaction of microsamples of condensed H2O vapor with
BrFc in a metal line. He also stated that he was planning
to build a miitable preparation line, hopefully beiwesn the
end-of 1983 and spring 1984. In fact, despite a very limited
financial support, this reaction line is now under construction and the main r&ck, the rough vacuum and high vacuum,the
Firani vacuum gauje and the ionization Bayard-Alpert vacuum
gauges are being assembled in these days. A bottle of 10 Kgs.
of BrFe has been secured so that it should be possible,
within a few months, to begin to run the oxygen isotope
measurements on respiratory water vapor by means of this
technique.
Meanwhile, a set of about 40 measurements of the
oxygen and carbon Isotopic composition of respiratory CO2
have been carried out along with some 15 measurements of
the environmental water vapor and of respiratory water vapor.
The results obtained so far are as follows: the carbon isotopic composition is fairly constant through time and space.
Samples collected almost dayly over a period of several
weeks from the same specimen and from different specimens
living^in the same area (Paris) yielded i1'c values which
are^withln the experimental error of reproducibility of
these measurements. The overall range of 6 *C values is in
fact about 1.3 per mil (from -24.5 to -25*8 per mil for all
the samples but one, this value being -27.1 ) the mean Ö 5 C
value being -25.7 for all the other measurements. Repeated
samples from the same specimen collected at intervals of a
few minutes from one another gave a standard reproducibility of about + 0.30 (1« ). As regards the S 18 O of respiratory
QOr,
after a first set of measurements which yielded rather

Apodemus sylvaticus along with a few specimens of the very
close species Apodemus flavicollia have been Measured.These
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variable results (.maybe because of technical problems), the
mean S 18 O value of the data* in the case of different samples
from the same specimens over a period of a few weeks,remaintft
fairly constant (-5.7 versus CO2-SMOW scale) the overall range
being from -5.6 to -6.0 per mil.
This value is practically identical to the equilibrium value
between CO2 and H2O at 370C when the S18O(H2O) is about -3.0
per mil (SMOW). !here may be a difference of a few tenths
of one per mil, mainly due to the uncertainty about the real
value of tf at 37°C The S18O(H2O) of blood water measured
directly on the same specimen during the same period yielded
values between -2.9 and -3.1 per mil. These results indicate
that there seems to be isotopic equilibrium between the
respiratory CO2 and blood water. However, it will be necessary
to run measurements on several specimens with rather different S 18 O values of their blood water,to confirm-this conclusion. A group of 12 measurements of S18O(CO2) carried out
on three different specimens living in the same area yielded
values^Ln a range of about one per mil. However, these
results are definitely insufficient from the statistical
point of view.
As regards the isotopic composition of respiratory
water vapor, the measurements carried out so far are
slightly more negative than the expected value in the case
of H O1^ -H?0
isotopic equilibrium. In fact, according
to the data oy^ttinga the U value at 37»C should be 1.0084.
Since the measured S 18 O of respiration water vapor was about
-14 per mil, the corresponding S 18 O of body water should be
about -5.5 while the measured value was about -3. The value
of -14 was obtained while the mean O 18 O of atmospheric
water vapor gave practically the same result. Under different
conditions (I18O of atmospheric water vapor « -20.5) the
S 18 O of respiratory water vapor was -17 P«* »il» I* 0 " *&•••
' results one should conclude that the isotopic composition
of respiratory water vapor results from a mixing of vapor

(Pisa area and Southern Sardinia) have been collected with
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in equilibrium (or not too far from equilibrium) with body
water and atmospheric water vapor which is inhaled and
exhaled continuously during respiration. Some further
fractionation effect may take place during respiration
because of partial condensation processes along the path
between mouth and lungs and/or fractional kinetic evaporation.
7) Funds
All the funds obtained from different agencies for
the development of this research have been totally spent.
The only funds remaining are the second and final payment
from the IAEA financial support for the last year of the
contract which should be forwarded after receiving and
approving this final report. These funds» If accorded,
will be used to carry out the last group of measurements
of the A 18 O(PO^") (see the second paragraph of this report
on the oxygen isotopic composition of bones) which should
allow the writer to build a further isotopic scale on deers ,
to check the isotopic scale on pigs in the case of wild boars
and, perhaps, to complete the isotopic scale on horses,
measuring the samples which have been sent from several
different locations,
8) Publications
Three papers have been published dealing with the results
obtained:
1- Longinelli A. e Triglia A.,1982. Composizione isotopica
dell'acqua corporea e del fosfato di O « M di «amiferi:
implicasloni e studi paleoclimatici. Rend.Soc. Ital.Min.
Petr.,38,787-795.
2- Longinelli A. e Triglia A., i982.Paleoidrologia e paleoclimatologia quantitative: Ie prime due scale isotopiche
sui mammiferi. Rend. Soc. Ital. Hin. Petr.,58,1213-1218.
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3- Longinelli A., 1964* Oxygen isotopes in mammal bone phosphate t a new tool for paleohydrological and paleoclimato•.logioal research. Geochim. Cosmochim. Acta,48,385-390.
Reprints of papers 2 and 3 are not yet available. They will
be forwarded as soon as they will be obtained from the printer.
Two more papers are in preparation and should be submitted
to Geochimica et Cosmochimica Acta or to Isotope Geoscience
before the end of 1984, dealing with the isotopic scales ~n
cattle, sheep, mice,etc..

is constant in humans, independent of climatic and environ-
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Table 1 - Oxygca isotopic coapocition of blood-water fro»
doaettic pig* (mean values) and M a n isotopic
values of local Meteoric water.
Location
1-Haute-Savoie (France)
2-Eastern Fre-Alps (Italy)
3-Lorraine (France)
4-Sicily (700 n a.s.l.)
5-Ile-de-France
6-Bretagne (France)
7-H.W. Tuscany (Italy)

V

No.of samples
5

3
5

10

7
4
3

6l1O(H2O) A 11 O(H 2 O) St.dev
(blood)
(rain)
Ho)
-10.0
-10.0
- 8.0
- 8.4
- 7.2
- 6.7
- 6.3

-6.64
-6.80
-5.30
-4.24
-3.94
-4.00
-3.60

0.11
0.31
0.25
0.13
0.17
0.09
0.14

Table 2 - Oxygen isotopic composition of blood-water from
N.Z. cattle (mean values) and mean isotopic
values of local meteoric water.
Location

1-Inland Dunedin
2-Napier area (A/ 5QO m.)
3-Wellington area
4-Napier area (n/ O m.)
5-Auckland area
6-N.Amsterdam Island

No.of J 18 O(H2O)5 18 O(H 2 O) St.dev.
samples (blood) (rain;
(1*)

5
4
5
5
5
2

-2.9
-0.8
+0.2
+0.9
+1.5
+3.3

-9.0
-7.2
-6.3
-5.7
-5.1
«u-3 to -4

0.18
0.13
0.22
0.12
0.15
0.09

3

s

?T ? ? i

Table 3 - Oxygen isotopic composition of blood-water from
New Zealand sheep (mean values) and Mean isotopic
composition of local meteoric water*
Location

No.of .5 18 O(H2O) A 1 8 O ( H P O ) St.dev.
samples (blood) (rain)
(Iff)

CM

1-Inland Dunedin
6
2-Napier area («V500 m.)
3
3-Wellington area (<v 150 m) 33
4-Napier area (v300 m.)
5-Wellington area
3
6-Napier area OvO m.)
4
7-Auckland area
5
2
K-Kerguelen Islands

V

-2.9

-9.0

+0.2
+1.2
+2.0
+2.0
+3.3
•4.2
+2.5

-7.2
-6.7
-6.5
-6.3
-5.7
-5.1
<v-6.0

0.10
0.16
0.18
0.14
0.19
0.19
0.13
0.14

Table i\ - Oxygen iaotopic composition of blood-water
from human» (mean values) and mean isotopic
values of local meteoric water.

Location

1-Thonon-les-Bains (France)
2-Petralia (Italy)
3-Paris (France)
4-0raay (France)
5-Pisa (Italy)
6-Palermo (Italy)
7-Cagliari (Italy)

No.of
samples
5
12

6
13
10
10

6

«"0
(rain)
-9.5
-8.0
-7.2
-7.2
-6.3
-5.5
-5.5

6 ls 0
St.dev.
(blood) (Ia)
-4.9
-4.2
-3.5
-3.9
-3.0
-2.7
-2.6

0.28
0.42
0.37
0.59
0.23
0.38
0.26

P
Table K- 6ltO (POH") of human bones from climatically
different areas (mean values) and mean isotopic
values of local neteorie water.
Location

NoI.Of
s««pies

1-SE Greenland
10
3
2-Lappland
3-S Finland
2
4-E Auiitria (Hagram area)
6
5-Tierra del Fuego
2
6-St Martino (Palermo,Italy) 8
7-Livorno (Italy)
4
8-Siracusa (Italy)
10
9-Tripolis (Lybia)
4
10-Mogadishu (Somaliland)
10

• \ .

6"0(HsO) S19O
(rain)
(POj-)
-12.0
-12.0
-U.0
- 9.5
- 9.0
- 7.0
- 6.0
- 5.0
- 4.5
- 2.0

+13.97
+14.30
+15.60
+16.91
+17.05
+17.97
+18.60
+19.17
+19.23
+20.70

St dev.
(la)
0.23
0.27
0.14
0.53
0.21
0.23
0.37
0.36
0.26
0.48

j-

Table 6 - 5 1 1 O ( P O H ) of pig boots fro» different areas
(aean values) and aean isotopic values of
local meteoric water.
Location
1-Haute-Savoie (France)
2-Vienna (Austria)
3-Lorraine (France)
4-Sicily (Italy)
5-Ile-de-Francc
6-Norraandie (France)
7-NW Tuscany (Italy)

No. of
610O(HaO) «"0
samples
(POj-)
4
1

4
9
6
2
6

-10.0
-10.0
- 8.0
- 7.4
- 7.2
- (.8
- 6.3

+14.1
+14.3
+15.4
+16.4
+16.7
+17.0
+17.2

St dev.
(Ia)
0.17
0.14
0.27
0.05
0.00
0.26

Table 7 - Oxygen isotoplc composition of bone phosphate
from New Zealand cattle (mean values) and mean
i8otopic values of local meteoric water.

Location

1-Inland Dunedin
2-Napier area (A/ 700 m.)
3-Napier area Oy 300 m.)
4-Auckland
5-N.Amsterdam Island
(not used for equation)

No.of $ 18 0(P0'")S 18 0(H 2 0) St.dev.
samples
*
(!•)

5
3
7
6
2

•15.6
+17.0
+18.4
+19.7
+21.1

-9.0
-7.7
-6.5
-5.1
-3.5

(?)

0.22
0.28
0.18
0.24
0.22

f
Table 8 - Oxygen isotopic composition of bone phosphate
from New Zealand sheep (mean values) and mean
isotopic values of local meteoric water.

Location

No.of i 18 O(POj") S 18 O(H 2 O) St.dev.
ample3
• (rain)
(Iff)
§

1-Inland Bunedin
2-Napier area (A» 500 m.)
3-Napier area (^300 m.)

4
3
6

2
4-Kerguelen Islands
(not used for equation)
4
5-Napier area ( « 0 m.)
6-Auckland
5

V

+13.6
+16.9
+18.3
+19.2

-9.0
-7.2
-6.5
-6.0 (?)

0.18
0.22
0.23
0.15

+19.7
+21.3

-5.7
-5.1

0.27
0.19

A.lOMGtK»£lLl

Table 9 - Oxygen isotopic composition of bone phosphate
from wood-mice A.sylyaticus and A.flavicollis
and mean isotopic values or local Meteoric water.
Location

1-Lausanne (SwJtz.)
2-Aachen (V.Germany)
3-Pioa area 1 (Italy)
4-Rambouillet (France)
5-Pioa area 2 (Italy)

Ko. of I18O(POj")
o 18 0(H20) St.dev
4
samples
(rain) (1«)
8

4
5
4
6

+13.9
+14.6
+16.0
+16.0
+16.8

-10.0
- 8.5

- 7.0
- 7.2
-6.3

0.23
0.2?
0.18
0.22
0.23

Table 10 - Deuterium/hydrogen isotopic ratios (mean values)
in cattle blood and: mean isotopic composition of
local meteoric water.

Location

No.of
samples

1-Inland Bunedin (N.Z.)
2-Napier area (N.Z.nf500 m.)
3-Napier area (N.Z. N 0 m.)
4-Wellington area (N.Z.)
5-Auckland (N.Z.)
6-N.Amsterdam IsI.
7-Verdun (France)
8-Grosseto (Italy)
9-Normandie (France)
10-Ile-de-France (France)
11-Bretagne (France)
12-Piaa (Italy)

4
3
4
3
5
1

3
3
3
4

4
2

SD(H2O) SD(H2O)
(blood) (rain)
-20.2
- 7.3
+ 2.6
+ 6.1
+11.0
+18.8
-36.0
-27.1
-25.0
-22.9
-17.0
-33.2

-60.0
-45.0
-35.0
-35.0
-28.0
-20.0
-56.0
-40.0
-46.0
-48.0
-45.0
-40.0

St.dev.
(if)

0.9
1.2
1.0
1.5
1.1
1.0
1.5
1.2
1.4
1.5
1.3

FU0M6/fo£LU

Tf^

Table 11 - Deuterium/hydrogen isotopic ratios (mean values)
in sheep blood and mean isotopic composition of
local meteoric water.
Location

No.of
samples

1-Inland Dunedin (N.Z.)
2-Napier area (N.Z./V300 m.)
3-Wellington area (N.Z.v150m)
4-Wellington
5-Napier area (N.Z./VO m.)
6-Auckland (N.Z.)
7-Kerguelen Islands
(not used for equation)

5
2

4
5
6
4
1

0D(H2O) SD(H 2 O) St.dev
(blood) (rain)
(10)

-19.5
'+10.8
+15.3
+19.6
+23.0
+30.1
+15.0

-60.0
-40.0
-38.0
-35.0
-32.0
-28.0

1.3
1.0
1.3
1.1
1.2
1.0

-38.0(?) -

