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Bottled and packaged waters are an increasingly significant component of the human diet. These
products are regulated at the regional, national, and international levels, and determining the
authenticity of marketing and labeling claims represents a challenge to regulatory agencies.
Here, we present a dataset of stable isotope ratios for bottled waters sampled worldwide, and con-
sider potential applications of such data for regulatory, forensic and geochemical standardization
applications. The hydrogen and oxygen isotope ratios of 234 samples of bottled water range from
—147%o to +15%0 and from —19.1%o to +3.0%o, respectively. These values fall within and span most
of the normal range for meteoric waters, indicating that these commercially available products
represent a source of waters for use as laboratory working standards in applications requiring stan-
dardization over a large range of isotope ratios. The measured values of bottled water samples clus-
ter along the global meteoric water line, suggesting that bottled water isotope ratios preserve
information about the water sources from which they were derived. Using the dataset, we demon-
strate how bottled water isotope ratios provide evidence for substantial evaporative enrichment of
water sources prior to bottling and for the marketing of waters derived from mountain and lowland
sources under the same name. Comparison of bottled water isotope ratios with natural environmen-
tal water isotope ratios demonstrates that on average the isotopic composition of bottled water
tends to be similar to the composition of naturally available local water sources, suggesting that
in many cases bottled water need not be considered as an isotopically distinct component of the
human diet. Our findings suggest that stable isotope ratios of bottled water have the power to dis-
tinguish ultimate (e.g., recharge) and proximal (e.g., reservoir) sources of bottled water and consti-
tute a potential tool for use in the regulatory monitoring of water products. Copyright © 2005 John

Wiley & Sons, Ltd.

Bottled or packaged waters represent an increasingly impor-
tant component of human dietary intake worldwide. Accord-
ing to the International Bottled Water Association,! annual
consumption of bottled water in the United States reached
an average of 90 liters per person during the year 2004. In the-
ory, bottled waters can represent a reliable, quality-assured
source of water, but in practice they also present the potential
for fraud and product misrepresentation that may be physi-
cally or economically harmful to consumers. The collection
and processing of bottled water can in some cases be detri-
mental to the environment, and monitoring and authentica-
tion is critical to ensuring that bottled water production
does not damage unique or sensitive water sources. Authen-
tication of bottled water, along with many other food pro-
ducts, represents an important and growing challenge to
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agencies that monitor and assure the quality, authenticity
and region of origin of consumer goods in the United States,
the European Union, and countries around the world.??
The naturally occurring light stable isotopes of hydrogen
and oxygen represent one possible tool for the authen-
tication of bottled water sources.* The isotopic ratio
(R=2H/'H or ¥0/'0; reported as 5H or 6'%0, where
0 = (Rsampte — Rstandard)/ Rstandara % 1000) of fresh water var-
ies widely and systematically across the earth as a result of the
spatially and temporally variable climatic patterns which
govern the delivery of precipitated water to geographic
regions.’ Strong trends in 6°H and §'°O values occur with
increases in latitude, altitude, and Continentality,5_7 and
these patterns are relatively well known and documented as
maps of precipitation stable isotope ratios.®”® An additional
parameter, deuterium excess (d, where d = 5H — 8 x 8'1%0),
reflects the effects of re-evaporation off the continents on
water sources. Values of 4 for meteoric waters average +10%o
globally,'® with significantly lower values characterizing
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partially evaporated waters and higher values being
indicative of recycled moisture. Where extraction and
purification processes do not modify the isotopic composi-
tion of bottled waters, the known geospatial variation in
natural water isotope ratios constitutes a tracer of the water
source, even if the water is bottled far from that source.

Many treatment methods used to purify bottled water,
such as filtration, ultraviolet sterilization, and ozone treat-
ment, should involve minimal loss or addition of elemental H
and O or molecular water, and therefore have little to no effect
on the isotope ratios of bottled water. Two other purification
processes, reverse osmosis and distillation, may involve the
loss of some molecular water and therefore carry the
potential for modification of source water isotope ratios.
Although reverse osmosis involves the separation and
extraction of two hydrous phases (pure water and waste
water), this separation occurs under extreme pressure
gradients. Most mass transfer of water during the reverse
osmotic procedure is therefore likely to occur by viscous flow
and without significant isotopic fractionation (see, however,
Coplen and Hanshaw'"). Distillation, less commonly used in
commercial applications due to its low energy efficiency,
provides the potential for fractionation of the hydrogen and
oxygen isotopes if the distillation process is not carried to
completion. Because some commercial water purification
plants, particularly those dealing with waters having high
solute loads (e.g., seawater desalination plants), discard a
large fraction (up to ~85%) of water as waste,'? distillation
represents the purification method with the greatest potential
to modify source-water isotope ratios.

To our knowledge, no comprehensive or current database
of bottled water stable isotope ratios exists. A primary goal
here is to present a first isotopic characterization of bottled
waters sourced and distributed from locations around the
world. We present measured isotope ratios for a large
number of bottled waters, and we compare these with
estimated natural water isotope ratios for reported source
and known purchase locations of the waters, where these are
available. The patterns revealed by this analysis, as well as
notable exceptions to those patterns, provide a foundation for
the application of light stable isotopes in the authentication of
bottled waters. In addition, they isotopically characterize a
dietary element that represents a significant fraction of water
intake for many humans, with implications for criminal
forensic applications that rely on isotopic relations between
human body tissues and diet. Lastly, the data presented here
may be useful in guiding laboratories in the selection of
bottled waters for use as working standards.

EXPERIMENTAL

Samples of bottled waters were collected between 1998 and
2005 through personal purchases and solicitation of collea-
gues, family and coworkers. Water samples were stored in
their original, unopened bottles from the time of purchase
until the time of analysis. Information on purchase location
was recorded when known, and information on water source
location was taken from bottle labels where indicated.
Aliquots of the bottled water samples were prepared for
hydrogen and oxygen isotope ratio determination via either
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manual or automated preparation methods at the University
of Utah (UU) or the University of California, Davis (UCD).
For samples analyzed using manual preparation methods,
hydrogen and oxygen isotope ratios were determined from
individual aliquots of the bottled water sample. Hydrogen
isotope ratios were determined by mass spectrometric
analysis of H, gas produced by a modification of the method
of Coleman et al.,'® in which a volume of 2 uL of water is
reduced on 100 mg of Indiana University Zn reagent at 500°C
(UU). Oxygen isotope ratio determination was made by
analysis of CO, equilibrated with sample water using
either dual viscous inlet'" (UCD and UU) or continuous
flow'® (UU) methods. Measurement precision, based on the
repeated analysis of internal standard waters, for the off-line
preparations was ~1.5 and 0.2% for 6°H and 4'°0,
respectively (10).

For analysis via the automated method two techniques
were used. At UU, a single 0.5uL aliquot of water was
injected onto a column of glassy carbon held at 1400°C to
produce H, and CO gases.'® These were separated chroma-
tographically in a helium carrier gas stream and introduced
sequentially into the ion source of an isotope ratio mass
spectrometer (Delta +XL; ThermoFinnigan, Bremen,
Germany) for isotope ratio determination. Samples analyzed
using this method were measured in duplicate, with an
average precision (1¢) of 1.3% and 0.17%o for °H and 4'°O,
respectively, based on 750 duplicate analyses of an internal
standard water. At UCD, 3 or 5mL of sample were pipetted
into reaction vessels for 8°H or §'%0 analyses, respectively.
Sample vials were then attached to an on-line automated
equilibration system, evacuated through capillaries, back-
filled with 0.6 atm of either CO, or H, and agitated at 18°C for
10 or 5h, respectively. For the 5H analyses, a Finnigan
proprietary platinum embedded graphite rod was placed
into each reaction bottle to catalyze the equilibration of H,
with H,O. Equilibrated gas was analyzed on a Finnigan MAT
251 and converted into SMOW using a regression derived
from three calibrated laboratory standards run in duplicate
with each analysis run. Average precision (1) of the UCD
analyses is 1.0%o and 0.05%o for 6°H and 'O, respectively.

Because the data presented here were generated using
several analytical methods in two laboratories over the
course of >5 years, we conducted a cross-calibration test to
determine the degree to which these measurements were
comparable. Three water standards from the UU laboratory
were analyzed by UCD in May /June of 2005. These standards
span a range of 123%o for 6°H and 16.3%, for §'°0. At the UU
laboratory, the two standards with end-member composi-
tions are used to calibrate each batch of analyses, and the
third, intermediate, water is analyzed daily as an internal
check. Throughout the time period during which the bottled
water samples were analyzed, the measured value for this
standard, as determined using either UU analytical method,
has been constant to within analytical uncertainty. The
analyses conducted at UCD gave 4'°0 values that were
indistinguishable from the UU values for all three standards.
Hydrogen isotope ratios determined at UCD were within
analytical uncertainty of the UU values for the heavy and
intermediate standards, and were 1.7%o lighter than the UU
value for the light standard. Given the range of standard 6*H
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values, this difference amounts to a deviation of <1.4%
between the two laboratories, a difference we consider to be
minor for the application presented here.

The ultimate source of all meteoric water (and of geospatial
variation in the isotope ratios thereof) is atmospheric precipita-
tion, and so to investigate the fidelity of the isotopic signature of
bottled water with respect to this source we compared bottled
water 6°H and 4'°0 values with estimated mean annual
precipitation isotope ratios for source and purchase locations.
Precipitation isotope ratio estimates were generated from a
global dataset by detrended interpolation.® The database of
precipitation isotope observations represented the most recent
compilation maintained as of 5/1/2005," and included data
from the Global Network for Isotopes in Precipitation'® and the
work of individual authors.

RESULTS AND DISCUSSION

Our collection of bottled waters includes 234 unique samples
marketed under at least 136 distinct names. Available records
of source and purchase locations suggest that our sample set
includes bottled waters sourced from at least 99 unique loca-
tions in 35 countries and purchased in at least 61 different
locations in 26 countries (Table 1).

Measured stable isotope ratios of our bottled water
samples (Fig. 1) range from —147%o to +15%o for °H (mean =
—58%0) and from —19.1% to 4-3.0%o for §'*0 (mean = —8.0%o).
The deuterium excess for individual samples ranges from
—17%o to +31%., with an average value of +8%o (Fig. 2). The
distribution of deuterium excess values is Gaussian (excess
kurtosis = 0) but moderately left-skewed (Fig. 2). Hydrogen
and oxygen isotope ratios for the bottled water samples
exhibit significant covariance with the estimated isotope
ratios of precipitation water both at source and at purchase
locations (Fig. 3; F-test, all values of p <1079).

Rules and exceptions for bottled water isotopes
The hydrogen and oxygen isotope ratios of our bottled water
samples lie within a range of values typical of ‘normal’ meteo-
ric waters.”'*'%? Most samples cluster near the global
meteoric water line'” (°H =8 x §'%0 + 10) when plotted in
0*H/6'%0 space (Fig. 1). These observations imply that the
0*H and 6'®0 values of the bottled waters might reflect a rela-
tively unaltered source water signature. The significant rela-
tionship between the bottled water isotope ratios and the
estimated isotope ratios of precipitation at the reported
source locations also supports this implication. Plots of
bottled water vs. source precipitation isotopes, however,
reveal a significant amount of variation around the 1:1 rela-
tionship expected for perfect incorporation of the local preci-
pitation signal in bottled water (Figs. 3(A) and 3(B)). These
deviations may reflect natural, hydrological modification of
the precipitation-derived isotopic label prior to extraction
of the water for bottling or discrepancies between the
reported and true sources of bottled water.

Source water relationships
Hydrological mixing and post-precipitation processes,
including evaporation of subaerially exposed water, cause
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the isotope ratios of surface and groundwater reservoirs to
deviate from those of local precipitation to varying degrees.*’
The left-skewed distribution of d values and the high (posi-
tive) 8'%0 values of some samples suggest that evaporative
processes were important in modifying the stable isotope
ratios of some of the bottled waters in our sample set. Within
our sample set, a group of nine bottled waters from India
(group 1; Figs. 1, 3A and 3B)) can be used to illustrate the iso-
topic evidence of evaporative effects. These samples include
some of the most *H- and '®O-enriched samples in our data-
set, including three of four samples with measured §'°0
values above 0%., and several samples which lie well off of
the 1:1 bottled water to source precipitation isotope ratio rela-
tionship (Figs. 3(A) and 3(B)). The average d value for the
samples (—5%o; min=—16%o, max=+3%o) is significantly
less than that for estimated mean annual precipitation at
the source locations (+10%o; Student’s t-test, p < 0.001),
indicating substantial evaporation of the source waters prior
to bottling. Labels from the sampled bottles detail the treat-
ment methods applied to these samples, and indicate that
none of the waters were distilled. Partial evaporation of
natural water sources in the seasonally dry regions of India
from which the samples originated constitutes a likely
explanation for the positive offset of isotope ratios for many
of the bottled waters in this group relative to those of local
precipitation.

The isotope ratios for a second set of bottled water samples
in our collection display clear evidence for bottling of at least
two distinct water sources, despite their labels indicating a
single, common, bottling location. Seven waters in group 2
(Figs. 3(A) and 3(B)) were marketed under a common label by
a bottler in western Argentina. The isotope ratios for these
waters cluster in two subgroups. Average values for the
subgroups are —57%o (0°H; n=2, range = 0.3%o) and —7.8%o
(6"0; n=1) for the isotopically heavy subgroup and —132%o
(n=4, range =1.8%o) and —16.2%o (n=1) for the light sub-
group. Four samples of a second brand of bottled water, the
label of which indicates that it is bottled at the same location,
give average values of —112%o (n=4, range =8.8%0) and
—14.2%0 (n =3, range = 1.1%o). Single-factor analysis of vari-
ance confirms that the 6°H values of these three subgroups
represent statistically distinct populations (p < 0.001).

The Argentinean samples originated from a region in
which two major sources of water are exploited: basinal
groundwater and impounded Andean runoff.”' Neither
source is likely to exhibit seasonal isotopic variation of the
order observed in the bottled water sample set; groundwater
should mix and integrate water derived from throughout the
seasonal cycle, whereas the major rivers of this region are fed
year-round primarily by melting mountain snow and glacial
ice. Basinal groundwater is likely to be derived primarily
from infiltration of basinal precipitation, and thus represents
a truly ‘local” water resource. The estimated water isotope
ratios for lowland precipitation at the bottling location
(—47%o and —6.6%0 for 0*H and 6'®0, respectively) can be
used as an estimate of the isotope ratios of water recharging
the basinal aquifers. Of the bottled waters, only those from
the heavy subgroup of brand 1 have isotope ratios similar to
those of the local precipitation and are likely to be derived
from a groundwater source. The bottling location, however,
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o lies at the foot of the Andes Mountains, and within 100 km of
B glaciated peaks of nearly 7000m in elevation. Two dams
S impound water from the major drainages in this region and
“E provide a large fraction of the water used in the lowlands.'
This high-altitude terrain provides a likely source for *H-and
®0-depleted samples in group 2, with estimated isotope
ratios for mean annual precipitation as low as —138%o (5°H)
o and —19.1%0 (6'°0) for the higher parts of the range. The
% isotopic data, then, suggest that waters from the light
e subgroup of brand 1 are sourced from high-Andean water,
< whereas the bottled water sold as brand 2 represents either a
e third, distinct water source, likely recharged at intermediate
S elevations, or a mixture of the lowland and Andean sources
) used by brand 1.
% As was the case for the bottled water samples from India,
E consideration of d values for the Argentinean waters
B supplements the information provided by the individual
E isotopes. The average d value for the heavy subgroup of
_5 S brand 1 (+5%o) is indistinguishable from the estimated value
§ 8 of precipitation at the indicated source location (+5%o),
= q‘é furthering the suggestion that this subgroup represents
@ =
& :fg § minimally modified water from local, basinal sources. In
'§ n e contrast, the average d values for the light subgroup (—2%.)
= and the intermediate waters of brand 2 (+2%.) are much
2 lower, suggesting some evaporation of these waters prior to
$ bottling. The light subgroup valueis at the extreme lower end
% of the range of values observed in arid-region rivers of the
3 United States,”® and, because of the high relief and short
% B catchment lengths of rivers in this region of Argentina, we
= v believe that it is unlikely that such low d values resulted from
E evaporation of waters in naturally flowing rivers. Evapora-
S tion of water during its residence in the above-mentioned
§ ;-gg E E g & mountain reservoirs, which have turnover times of the order
© of 2 months,*! provides a likely mechanism for obtaining the
£ ° = 3 low d values observed for these samples.
2 T N
o ke . . .
£ P - = Purchase location relationships
§ Ol i ca—omn®gw Although not reflective of systematic natural processes, the
P clzheaney Iy e comparison of bottled water isotope ratios with precipitation
3 @ l - L water isotope ratios at the source of purchase may provide
s < S o information on general trends in the commercial distribution
% ol % Q‘ S #i #j % = ?l uolj %‘ %‘ of water. We have shown that isotope ratios of bottled waters
2 gou ' ' correlate with water isotope ratios of water sources. Because
% © © precipitation isotope ratios vary continuously across space,
_i g we might therefore hypothesize that if the isotope ratios of
2 b3 bottled water tend to be similar to those of precipitation at
_§ I the site of purchase, this is consistent with the hypothesis
S % SLoc Lo that bottled water sold in a given location tends to be derived
8 O|DPPoPDPDPoPP2 from nearby water sources. In contrast, if local precipitation
b= and bottled water isotope ratios were not significantly corre-
:1;9_ Y 4 lated, this would suggest that the geographic location of
i) 5 2 = bottled water sources was not related to location of purchase.
3 £ B A practical purpose for this exercise is the need to isotopicall
= s 2 Hoxgd<zERE<z 2 p purp P y
3 FE|2220mabEDpn>EE characterize geospatial variation in the human diet in order to
; facilitate forensic applications involving diet-induced geos-
é e g IS patial variation in the isotope ratios of human body tissues.”
- £ 'sa i % 2 %g o If the stable isotope ratios of bottled waters are, for whatever
© :5:;3% 5 ﬁ z E 5 ~ s g o reason, characteristically similar to those of other available
% z % % .§ = E g + % 2 Lé é dietary water sources, then the consumption of bottled water
- UOlRmAEdOZaO0~a <32 by individuals would be less likely to compromise the
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Figure 1. Hydrogen and oxygen isotope ratios of 234 bottled water samples sourced from
at least 28 countries worldwide (not all samples were analyzed for both isotopes). The
5%H — 6'80 crossplot shows only samples for which both isotope ratios were determined.
Samples in group 1 include a subset of bottled waters sourced in India and discussed in the
text. The global meteoric water line is shown in black.
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Figure 2. Frequency distribution of deuterium excess
values (d) for 175 bottled water samples.

isotopic relations between human body tissues and their

environment on which these applications are predicated.
Although our study does not constitute a complete

examination of the geospatial distribution of bottled water

Copyright © 2005 John Wiley & Sons, Ltd.

isotope ratios, our more or less random sample of bottled
waters does demonstrate a robust relationship between the
isotopic composition of bottled water and that of environ-
mental water at the location of purchase (Figs. 3(C) and 3(D)).
Not only are these relationships significant, but their
predictive power is as great as that of the presumably more
systematic relationships between source (precipitation)
water and bottled water isotope ratios.

Two groups of samples, each having a common purchase
location, can be used to illustrate the potential isotopic
variability of bottled waters purchased at a single location.
The samples in group 3 (Figs. 3(C) and 3(D)) represent four
different bottled waters purchased during a single evening at
a train station in northern China. The measured isotope ratios
of these samples span a relatively large range (57%o for
0%H, 7.5%o for 6'®0). Their average values (—66%o, —8.9%o),
however, are indistinguishable from those of precipitation at
the purchase location (—68%., —9.8%0). Two of the four
samples have isotope ratios that are very similar to the
estimated precipitation at the location of purchase, and
probably originated from a local water source. Of the other
two samples, one has isotope ratios that are much lower than
local precipitation and the other has values much higher.
Source locations are not available for these waters but, given
that these samples were purchased on the platform of a major

Rapid Commun. Mass Spectrom. 2005; 19: 3442-3450
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Figure 3. Measured hydrogen and oxygen isotope values of bottled waters plotted
against estimated isotope ratios for mean annual precipitation at the reported source (A,
B) or purchase (C, D) location. Error bars represent 95% confidence intervals on the
precipitation isotope ratio estimates.® Sample groups 1 (light grey fill) and 2 (dark grey fill)
in A and B and 3 (light grey fill) and 4 (dark grey fill) in C and D are discussed in the text.
Diagonal lines correspond to a 1:1 relationship, rather than an empirical fit to the data.

north-south running rail line, our interpretation of the
isotopic data is that these represent samples bottled at
locations to the north and south, respectively, of the purchase
location and shipped along the rail line.

The six samples comprising group 4 (Figs. 3(C) and 3(D))
were obtained from a military camp in Baghdad, Iraq. The
measured isotope ratios for these samples span a large range
(75%o for 8°H, 9.7% for 5'%0), and give average values (—45%,
—7.0%0) that are somewhat lighter than those estimated for
Baghdad precipitation (—22%o, —4.8%o). Source locations are
available for these samples, and suggest that none of
the bottled water originated within Iraq. The lightest isotope
ratios in group 4 represent waters sourced from Europe,
whereas the heaviest values are from a water sample bottled
in Saudi Arabia. The relatively low average isotope ratios for
bottled waters in group 4 reflect the fact that three out of the
six waters sampled were of European origin.

Bottled water standards

Another potential use for the dataset presented here is as a
source of information for choosing bottled waters for use as
laboratory consistency standards or internal working stan-
dards for the analysis of oxygen and hydrogen isotope ratios
in natural water samples. Bottled waters are convenient,

Copyright © 2005 John Wiley & Sons, Ltd.

clean and widely available, making them an attractive
source of water standards. Our data also demonstrate that
the 0°H and §'®O values of commercially available bottled
waters span a large range, meaning that bottled water stan-
dards, if properly chosen, could be used in the analysis of
most naturally occurring waters. The data obtained here
will allow isotope laboratories to choose bottled waters
that closely bracket the isotope variations expected in natur-
al waters for applications where high precision and consis-
tency of standardization is required. Although most
laboratories using bottled waters as standards choose to
obtain, homogenize, and store large volumes of water suita-
ble for long-term standardization efforts, stability of isotope
ratios across batches and through time may be an important
consideration in selecting waters that are likely to have iso-
tope ratios that are reliably and consistently close to targeted
standard values. Our study did not include a systematic
investigation of isotope ratio variability, but we were able
to estimate between-sample isotope ratio variance for
some bottled water brands that were repeatedly sampled.
To aid laboratories in selection of bottled waters for use
as standards, we have archived our dataset of average
values and variance of the isotope ratios for the water brands
sampled here."”
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CONCLUSIONS

Our sample of bottled waters from around the world docu-
ments the range and patterns of stable hydrogen and oxygen
isotopic variability in commercially marketed water. In addi-
tion to their use in identifying standards for water isotope
ratio analysis, isotope ratio data for these waters promise to
be applicable in two ways: as a tool for authenticating and
understanding the source of bottled water products, and as
a means of characterizing an increasingly important compo-
nent of the human diet. Examples such as our case studies of
Indian and Argentinean bottled waters demonstrate both the
complexity and the power of stable isotopes as tools for
authentication or monitoring of bottled water products.
These properties derive from the fact that water isotopes
serve as tracers of ultimate source of waters, reflecting the
location of water recharge rather than extraction. Further-
more, the isotopic signal of source can be subtly or substan-
tially modified by post-precipitation processes such as
evaporation. Two arguments can be advanced as to why
these properties of the water isotope tracer method do not
compromise the value of the method. First, one major concern
of the agencies that regulate bottled water production is that
extraction and packaging of water be done in an environmen-
tally conscious manner. This concern involves the whole of
the hydrological systems which might potentially be affected
by bottled water production, and stable water isotopes pro-
vide a link between a bottled water product and the hydrolo-
gical system from which it is derived. The ability to
investigate and verify claims about the water resources being
tapped by bottled water production, as for instance in our
case study of Argentinian waters, is thus a potentially impor-
tant tool for regulatory agencies. Second, the power of the iso-
tope tracer method for bottled water authentication will grow
as further information is collected. Our analysis was based on
comparing measured bottled water isotope ratios with a gen-
eralized grid of precipitation isotope ratios. Future develop-
ment of the method could focus on establishing a catalogue of
source water isotope ratios that could, for instance, enable
authorities to distinguish between natural spring and muni-
cipal water sources present in the same general location.
Two case studies in which we examined the isotopic ratios
of numerous bottled waters purchased at a single location
clearly demonstrated that transport of water products can
lead to substantial differences between the stable isotope
ratios of bottled water and of environmental water at the
location of purchase. Our case studies focused on extreme
cases, however, in which transport of water products over
long distances was expected (waters purchased ata station on
a major north-south rail line and a military camp in the
Middle East). Despite this, however, in both cases the range of
bottled water isotope ratios observed spanned the estimated
values for environmental water at the location of purchase,
and the average values for the set of bottled waters were not
very different than the local water values. This suggests a
general tendency, even in these extreme cases, for marketeers
to make available the conveniently obtained bottled water
products from all surrounding sources, with the consequence
that the array of available products tends to represent the
range of water isotope ratios characteristic of the region of

Copyright © 2005 John Wiley & Sons, Ltd.

purchase. Although concerted consumption of exotic,
designer brands of water may represent an isotopically
distinct dietary component in some individuals, in most cases
theisotopic intake of individuals resulting from consumption
of locally purchased bottled water should be approximated
reasonably well by the isotope ratios of other local water
resources.

This first compilation of data on the stable isotope ratios of
bottled waters of the world demonstrates that isotope ratio
analysis represents a potentially powerful tool for regulatory
monitoring of bottled water products. Isotopic signatures of
source water are preserved in bottled water, and can provide
information on the ultimate (recharge) and proximal (reser-
voir) sources of bottled water. Further characterization of
water sources is needed to fully exploit the potential of this
tool, but our dataset allows us to say with confidence that
significant relationships exist between bottled and environ-
mental waters and that these relationships are worthy of
further investigation.
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