4084

J. Agric. Food Chem. 2008, 56, 4084–4091

Variation of Hydrogen, Carbon, Nitrogen, and
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The stable isotopes of hydrogen, carbon, nitrogen, and oxygen provide insights into a heterotrophic
organism’s diet and geographic origin. Although the contribution of food δ2H and δ18O to the final
tissue signal will not vary for constrained diets, it will for animals eating varied diets, that is, humans.
This study surveyed the isotopic range in one portion of the American diet, fast food meals. Hamburger
patties, buns, and French fries from national chain restaurants across the United States and from
local restaurants (Salt Lake City, UT, and Charleston, SC) were analyzed for δ2H, δ13C, δ15N (patties
only) and δ18O values. Patties and buns from local Utah restaurants were more depleted for δ2H,
δ13C, and δ18O values than samples from other restaurants. There were no significant differences in
δ values among French fries. All three components of the fast food meal displayed significant linear
δ2H versus δ18O relationships (δ2H ) 7.8δ18O - 237‰, δ2H ) 5.9δ18O - 258‰, and δ2H ) 3.3δ18O
- 231‰ for patties, buns, and fries, respectively). The findings show that significant predictable
variation exists in the stable isotopic composition of fast food meals. It is proposed that the variation
in δ13C values of hamburger (beef) patties is indicative of differences in cattle-rearing practices,
whereas δ2H and δ18O values are evidence of geographic variation in food sources. Although the
patterns support the concept of a “continental” supermarket diet, there appears to be a strong regional
component within the diet.
KEYWORDS: Stable isotope; hydrogen; carbon; nitrogen; oxygen; American diet; fast food; beef; bread;
potato

INTRODUCTION

The adage “you are what you eat” holds true isotopically.
The stable isotopes of hydrogen (δ2H), carbon (δ13C), nitrogen
(δ15N), and oxygen (δ18O) record signals from the environment
in the tissues of both plants and animals (1). Carbon is a
conservative recorder, reflecting the diet of a heterotrophic
organism (2–5) due to the dependence of heterotrophic organisms on dietary carbon inputs. The original sources of carbon
in any land-based food webs are plants, most of which follow
one of two main photosynthetic pathways: C3 or C4 (6). Each
pathway fractionates against 13C differently, resulting in characteristically depleted δ13C values for C3 plants (wheat, temperate grasses) and enriched δ13C values for C4 plants (corn). On
the other hand, nitrogen is enriched from diet to organism,
approximately 3‰ per trophic “step” (7) associated with
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fractionation events during metabolism. Despite this enrichment,
the relationship between nitrogen in diet and tissue persists
throughout a trophic system and thus both δ13C and δ15N values
can be used to trace the flow of organic matter in animal food
webs.
Hydrogen and oxygen stable isotopes of precipitation and tap
water vary predictably on the basis of differences in geography (8, 9). The general pattern of spatial variation in δ2H and
δ18O values is one of decreasing values from low-latitude, lowelevation coastal regions toward inland, high-latitude, and
mountainous regions. Plants incorporate the isotopic signal from
local precipitation, which is then propagated throughout subsequent steps of the food web. Thus, δ2H and δ18O values have
utility in identifying the geographic origin of animal materials
such as bird feathers (10, 11), butterfly wings (12), microbial
spores (13), and human hair (14, 15) and fingernails (16).
Whereas the sole source of carbon and nitrogen in animal
tissues is diet, there are multiple sources for hydrogen and
oxygen including drinking water; food water; dietary proteins,
carbohydrates, and lipids; and diatomic oxygen (δ18O values
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only). The effect each of these sources has on the final isotopic
composition of a tissue depends on geographic location, as well
as dietary choices. Ehleringer et al. (15) proposed that the strong
correlation seen in the relationship of δ2H versus δ18O for
modern U.S. hair samples is evidence that a “supermarket” diet
does not mask a geographically derived water signal. Their
model predicted hair stable isotopic composition based on
drinking water and assumption of constant values for δ2H and
δ18O of food. The authors noted that the slopes of the hair versus
water relationships were sensitive to the fraction of locally
derived food in an individual’s diet.
In this study we set out to begin to isotopically measure a
“continental supermarket” diet (15, 17). The standard American
diet has come under increasing scrutiny as the rates of obesity
and disease incidence in the United States continue to
climb (18, 19). Almost 20% of the daily caloric (i.e., energy)
intake in an average U.S. citizen’s diet comes from nutrientpoor sweets, soft drinks, and alcohol (18). The increased intake
of nutrient-poor food coincides with a decrease in energy
expenditure; driving a car is responsible for ∼11% of the daily
energy used by Americans. It should then come as no surprise
that more than one-third of all food purchased and eaten by
American households is consumed away from the home (20).
With these statistics in mind, we began our survey with the
staple of quick, prepared foods: the fast food meal.
MATERIALS AND METHODS
Fast food meals were collected from national chain and local
restaurants in the metropolitan areas of Salt Lake City, UT, and
Charleston, SC. Additionally, samples were collected from national fast
food restaurant outlets across the contiguous United States. All samples
were collected by ordering meals from the restaurant menu, and thus
all samples were cooked as per restaurant specifications. Any effects
on stable isotopic composition related to cooking, baking, or frying
processes are assumed to be consistent from sample to sample. Upon
purchase, a ∼5 g piece of a plain beef patty (hereafter, hamburger patty)
was either submerged in isopropyl alcohol within a glass vial or stored
in a zip-top plastic bag. A single French fry was stored in a second
plastic bag. For a subset of restaurants, a second French fry was also
collected to compare the effect of cooking oil on carbon isotope ratios.
A ∼5 g piece of plain hamburger bun was collected in a manila coin
envelope.
Hamburger and fry samples in plastic bags were stored frozen until
freeze-dried. Hamburger bun samples were dried in an oven at 60 °C
and then stored at room temperature. Once dry, all samples were ground
to a homogeneous powder using a mortar and pestle. Hamburger
samples in isopropyl alcohol were stored at room temperature. While
in storage, some lipids from the meat sample were extracted and visible
in the supernatant. Thus, isopropyl storage was considered a “pre”delipification step when frozen storage was not practical. All hamburger
samples and one French fry from each collection location were loaded
into cellulose thimbles and delipified on a Soxhlet apparatus for 48 h
using a 2:1 mixture of chloroform and methanol. Due to the length of
the extraction period, there should be no difference in the degree of
delipification between samples. Delipified samples were dried, ground
a second time, and stored in glass vials. All other French fries and
hamburger buns were not processed further.
Bun and fry samples analyzed for carbon only and hamburger patties
analyzed for both carbon and nitrogen were loaded (2.00 mg ( 10%)
into tin capsules. Samples were analyzed on a Finnigan-MAT Delta S
isotope ratio mass spectrometer (IRMS, Bremen, Germany) with an
Elemental Analyzer (Carlo Erba, Milan, Italy) and zero-blank autosampler (Costech Analytical, Valencia, CA) attached. Stable isotope ratios
for laboratory reference materials used during CN analysis were
calibrated using NBS-19 and atmospheric air (AIR) for C and N,
respectively. The standard deviations (SD) of repeated measurements
of the same commercially produced powdered keratin reference material
throughout all protein analyses were 0.2‰ for C and 0.1‰ for N. The
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SD for the same cellulose reference material throughout all carbohydrate
(buns and fries) analyses was 0.1‰.
Ground hamburger samples analyzed for hydrogen and oxygen stable
isotopes were allowed to equilibrate with ambient water vapor for 48 h
alongside laboratory reference materials prior to being loaded (150 µg
( 10%) into prebaked silver capsules. We assumed there is partial
isotopic exchange of hydrogen atoms in meat with water (either in liquid
or vapor form), similar to keratin (21). Therefore, all protein samples
were analyzed together with reference materials for which the δ2H value
of nonexchangeable H had been previously determined. The measured
values for the reference materials were used to determine the
nonexchangeable H isotope ratios of the samples from the measured
values using isotope mass balance. Ground carbohydrate samples were
analyzed along with an internal laboratory cellulose reference material
that was stored under vacuum prior to loading. The stable isotope ratios
for all laboratory reference materials used during HO analysis were
calibrated using IAEA-CH-7 and NBS-19 for H and O, respectively.
All samples for HO analysis were stored under vacuum for at least
5 days before analysis. Samples were analyzed in duplicate on a
ThermoFinnigan-MAT Delta Plus XL IRMS with a Thermo Chemical
Elemental Analyzer (TC/EA) and zero-blank autosampler attached.
High-temperature reduction at 1400 °C ensured complete conversion
of organic H and O to gaseous H2 and CO, respectively (22). Resultant
gases were separated on a 1-m, 0.25 in. (outer diameter) molecular
sieve 5A column (Costech Analytical). Baseline separation on masses
28, 29, and 30 between the N2 and CO peaks was >40 s. Standard
deviations for a powdered keratin quality control material included in
all protein analyses were 2‰ for H and 0.2‰ for O. For carbohydrate
samples, the SDs of the cellulose reference material were 2‰ for H
and 0.1‰ for O.
Stable isotope contents are expressed in “delta” notation as δ values
in parts per thousand (‰), where δ‰ ) (RA/Rstd - 1) × 1000 and RA
and Rstd are the molar ratios of the rare to abundant isotope (e.g., 13C/
12
C) in the sample and standard, respectively. The international standard
for carbon is PeeDee Belemnite (V-PDB) and that for nitrogen,
atmospheric air (AIR). The international standard for both hydrogen
and oxygen is Standard Mean Ocean Water (V-SMOW).
Calculation of Predicted Wheat Cellulose Values. Cellulose values
for the major wheat-growing regions of the contiguous United States
were predicted using a model developed by Roden et al. (23). Average
yearly precipitation values for the regions were calculated from the
Online Isotopes in Precipitation Calculator (www.waterisotopes.org 8).
Average growing season (defined here as May through September),
afternoon relative humidity values, and maximum temperatures were
calculated with data downloaded from the National Climatic Data
Center (http://lwf.ncdc.noaa.gov). Wheat-growing regions were selected
from maps published by the U.S. Department of Agriculture, National
Agricultural Statistics Service (24). For a given wheat-growing region,
the largest cities within the region were selected to calculate average
relative humidity, maximum temperature, and precipitation.
Statistical Analysis. Statistical analyses were performed using InStat
version 3.0a (GraphPad Software, Inc., San Diego, CA). Before analysis,
samples purchased from national restaurant outlets around the United
States were compared to samples purchased from national restaurant
outlets in Utah. Among the three meal components and four isotope
species measured, only δ2H values were statistically different between
hamburger patties and buns purchased in the United States and Utah
(t27 ) 2.58, P < 0.05; and t30 ) 3.13, P < 0.01, respectively). Therefore,
we decided to split samples into three groups based on location and
type of restaurant: local restaurants in South Carolina (SC) and Utah
(UT), plus all lumped national fast food chain restaurants (national).
A single local restaurant sampled in Idaho (ID) is included in figures
but was not used in any statistical analyses. The relationships between
δ13C and δ15N values and between δ2H and δ18O values of various
components of a fast food meal were tested using linear regression.
The difference in stable isotope composition between separate meal
components (patty, bun, and fry) was tested using analysis of variance
(ANOVA). Differences between group locations were tested using
ANOVA and Tukey’s HSD post hoc test to identify significant
differences among food items.
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Figure 1. Locations of fast food restaurants within the contiguous United

States and Puerto Rico sampled in this survey.
Table 1. Stable Isotopic Composition of the Three Components of a Fast
Food Meal
stable isotopic composition
component

N

hamburger patty
mean
max
min
hamburger bun
mean
max
min
French fry
mean
max
min

48

49

49

2

δ H (‰)

δ13C (‰)

δ15N (‰)

δ18O (‰)

-131 ( 21
-103
-181

-15.7 ( 2.8
-11.6
-23.3

6.4 ( 0.5
8.3
5.3

13.5 ( 2.4
19.0
9.3

-85 ( 10
-61
-120

-23.7 ( 0.7
-22.2
-25.3

29.4 ( 1.4
32.8
24.0

-147 ( 11
-100
-164

-26.0 ( 0.8
-23.2
-27.8

24.7 ( 1.6
28.8
21.8

RESULTS

We collected hamburger meals (patty, bun, and fry) from 48
restaurants in 21 locations throughout the contiguous United
States and Puerto Rico (Figure 1). Results of the analyses are
shown in Table 1 and Figure 2. Components from one fast
food meal, purchased from a local chain in Salt Lake City, were
analyzed 10 times each to determine homogeneity within
samples; standard deviations are shown in Table 2. To further
explore isotopic variation, useful for interpreting data, we visited
multiple outlets of a single national fast food chain within the
Salt Lake City area, collecting meals (a) from six geographically
dispersed outlets on a single day and (b) every day for a week
at a single outlet. Additionally, we collected a single meal from
an outlet of the same fast food chain and subsampled each meal
component six times. Standard errors are shown in Table 3.
Carbon and Nitrogen. All but three hamburger patty samples
fit within a narrow range of δ15N values, from 5.7 to 7.0‰
(Figure 3). The maximum δ15N values, 8.2 and 8.3‰, were
samples purchased at a national fast food chain in South Carolina
and a local restaurant in Utah, respectively. A second hamburger
sample collected from the local Utah restaurant fell within the
narrow range of δ15N values. The minimum value of 5.3‰ was
sampled from a local restaurant in Idaho. The range in δ13C
values for the patties was larger than that of δ15N values (Figure
2). The most enriched δ13C value (-11.6‰) was a sample
purchased from a national chain in San Juan, PR, whereas the
most depleted sample (-23.3‰) was purchased at a local
restaurant in Salt Lake City, UT.
There was a significant difference between the mean δ13C
values of hamburger patties purchased from local restaurants
in Utah and samples purchased from either local restaurants in
South Carolina or national chains (F2,44 ) 16.10, P < 0.0001).
In general, Utah hamburger samples were more depleted in δ13C

values than those from elsewhere in the United States. There
was no significant difference between the mean δ15N values of
patties from Utah, South Carolina, or national restaurants.
There was a significant linear correlation between δ13C and
15
δ N values for all hamburger samples (r2 ) 0.094, P < 0.05;
equation: δ15N ) -0.1δ13C + 5.5), although the percentage of
the variance explained was low. However, the correlation is
spurious, as removal of the three patty samples that did not fit
in the narrow δ15N range caused the correlation to become
insignificant (r2 ) 0.009, P < 0.05; equation: δ15N )
-0.01δ13C + 6.2).
Hamburger buns purchased from local chains in both Utah
and South Carolina were significantly more depleted in δ13C
values than those purchased at national chains (F2,45 ) 17.64,
P < 0.0001). There was a lower range in δ13C values for buns
than delipified French fries (Figure 2). Delipified fries were
significantly more depleted than buns (t98 ) 14.89, P < 0.0001).
Carbon values for delipified French fries were not statistically
different between Utah, South Carolina, and national restaurants.
A sample of raw baking potato from one author’s (L.C.) pantry
analyzed for comparison had a δ13C value indistinguishable
from the group mean (Table 1). Comparing δ13C values for
French fries collected from 21 restaurants both before and after
lipid extraction showed an average 0.8‰ enrichment after
delipification. This difference was statistically significant (t40
) 2.22, P < 0.05).
Hydrogen and Oxygen. Mean values of hamburger patties
from Utah restaurants were significantly more depleted than
patties from South Carolina and national restaurants for both
hydrogen (F2,43 ) 68.94, P < 0.0001) and oxygen (F2,43 )
44.12, P < 0.0001). There was a significant linear correlation
between δ2H and δ18O values for all hamburger samples
(Figure 4; r2 ) 0.822, P < 0.0001; equation: δ2H ) 7.8δ18O
- 237‰). The slope of the line (7.8, with 95% confidence
intervals of 6.7 and 8.9) was statistically indistinguishable from
the slope of the global meteoric water line (GMWL, m ) 8).
There was a significant linear relationship between δ2H and
18
δ O values for hamburger buns (Figure 5; r2 ) 0.62, P <
0.0001; equation: δ2H ) 5.9δ18O - 258‰). The linear
relationship for modeled cellulose (r2 ) 0.70, P < 0.0001;
equation: δ2H ) 8.5δ18O - 344‰) is graphed alongside hamburger bun data for reference in Figure 5. The two lines were
not significantly different from one another, with overlapping
95% confidence intervals. Hamburger buns purchased from Utah
restaurants were significantly more depleted in δ2H values than
those bought from South Carolina and national restaurants (F2,45
) 5.43, P < 0.05); there was no difference in δ18O values
among the groups.
There was also a significant linear relationship between δ2H
and δ18O values for delipified French fries (Figure 6; r2 ) 0.24,
P < 0.001; equation: δ2H ) 3.3δ18O - 231‰). Mean hydrogen
and oxygen values for fries purchased from local restaurants in
either Utah or South Carolina were statistically indistinguishable
from one another and from national chain samples. The baking
potato included for reference fell within the range of observed
hydrogen and oxygen values. The slope of the δ2H versus δ18O
relationship for French fries (3.3, with 95% confidence intervals
of 1.6 and 5.2) was not statistically different from the slope for
buns (5.9, with 95% confidence intervals of 4.5 and 7.2).
However, fries were significantly more depleted for both
hydrogen and oxygen than buns (t98 ) 28.75, P < 0.0001; and
t98 ) 15.42, P < 0.0001, respectively).
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Figure 2. Histograms for δ2H, δ13C, and δ18O values of hamburger patties, hamburger buns, and French fries collected in this survey, as well as δ15N

values of hamburger patties only.
Table 2. Standard Deviations for 10 Replicate Analyses of the Three
Components of a Fast Food Meal

Table 3. Standard Errors from the Analysis of the Three Fast Food Meal
Components Collected from Multiple Outlets of a National Fast Food
Chaina

standard deviation
2

component
hamburger patty
hamburger bun
French frya

a

δ H (‰)

before
after

1.60
1.36
3.61
2.08

13

δ C (‰)
0.41
0.06
0.12
0.09

δ15N (‰)
0.07

standard error

δ18O (‰)
0.33
0.13
0.55
0.38

French fries have been analyzed both before and after delipification.

component

N

δ13C (‰)

δ15N (‰)

6 outlets (1 day)

patty
bun
fry

6
6
6

0.52
0.03
0.16

0.16

1 outlet (7 daysb)

patty
bun
fry

6
7
6

0.59
0.05
0.35

0.15

1 meal (6 subsamples)

patty
bun
fry

6
6
6

0.21
0.02
0.20

0.10

collection

DISCUSSION

Hamburger sandwiches (patty and bun) purchased from Utah
restaurants were more depleted for carbon, hydrogen, and
oxygen stable isotopes than sandwiches from South Carolina
and national restaurants, which might reflect a local signal in a
national fast food diet. Sandwiches from South Carolina
restaurants were different from national samples only when the
δ13C values of the buns were considered. However, there were
no differences among French fry samples from the three groups.
The sole Idaho sample collected in this survey fell within the
ranges of the Utah group, except the δ15N value of the
hamburger patty.
Variability within Samples. There was little variation among
carbon and nitrogen stable isotope ratios in a hamburger patty,
hamburger bun, and serving of French fries from one meal.
Thus, the single values reported here are sufficient to character-

a

Samples were obtained in three separate collection efforts; see text for a full
description of each collection. b Consecutively.

ize a sample. It appears neither our subsampling technique nor
physical processing of samples before analysis introduced
significant isotopic heterogeneity. Conversely, there was greater
variation in δ13C and δ15N values between meals purchased
from multiple outlets on a single day and between meals
purchased from a single outlet over seven consecutive days than
the single, subsampled meal. However, we believe the variation
was not large enough to affect the patterns presented above and
discussed below.
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Figure 3. Delipified hamburger patty δ13C and δ15N values from national

Figure 5. Hamburger bun average δ2H and δ18O values from national

fast food chains (open circles) and local restaurants in South Carolina
(solid circles), Utah (open squares), and Idaho (solid square).

fast food chains (open circles) and local restaurants in South Carolina
(solid circles), Utah (open squares), and Idaho (solid square). Solid line
is the simple linear regression line for all samples. Dashed line is the
simple linear regression line for modeled cellulose from the major wheatgrowing regions of the United States.

Figure 4. Delipified hamburger patty average δ2H and δ18O values from

national fast food chains (open circles) and local restaurants in South
Carolina (solid circles), Utah (open squares), and Idaho (solid square).
Solid line is the simple linear regression line for all samples.

Hamburger Patties. The mean δ13C value (-15.7‰) for
this study was slightly more depleted than values reported
previously for beef samples from the United States (25–27).
However, the variation observed by Schmidt et al. (SD ) 0.1‰;
25) was much smaller than we measured (SD ) 2.7‰),
suggesting more homogeneous sources or limited sampling in
that study. Cows eating a pure C3 diet would have mean δ13C
values near -26.7‰, whereas cows on a C4 diet would be near
-12.5‰ (6). It appears several hamburger patties came from
cows whose diets included a significant C3 fraction, contributing
to the wide variation in δ13C values observed. Even if all
hamburger patties supplied to fast food restaurants in the United

Figure 6. Delipified French fry average δ2H and δ18O values from national

fast food chains (open circles) and local restaurants in South Carolina
(solid circles), Utah (open squares), and Idaho (solid square). Solid line
is the simple linear regression line for all samples.

States come from a few national supply companies, the meat is
a mix of cattle on various feeds. For example, patties bought
from local Utah restaurants had the most depleted δ13C values,
which we interpret as cattle raised primarily on pasture forage.
However, the lowest δ13C value observed in hamburger patties
in this survey (-20.3‰) is not as depleted as a pure C3 diet (6)
or as depleted as beef samples from the United Kingdom (27, 28),
the Republic of Ireland (27, 29), or Scotland (27).

Stable Isotope Ratios in American Fast Food Meals
Interestingly, a non-U.S. patty from Windsor, ON, Canada,
had a δ13C value (-19.0‰) more than 5‰ lower than a
hamburger sampled from the same national fast food chain in
Detroit, MI, just across the U.S.-Canada border. The depleted
δ13C value in the Canadian hamburger is more similar to
European beef (27–29). However, it is unlikely the Canadian
hamburger contained a significant fraction of imported European
beef. Most Canadian beef imports arrive from Australia, New
Zealand, and the United States with Australian and New Zealand
meats used mainly for grinding (30). Whereas countries in the
European Union (EU) do export meat worldwide, EU beef and
veal accounted for only 4.3% of the world trade in 2004; Canada
imports only 2.7% of the total EU beef and veal exported (31).
There was no difference in δ15N values from patty samples
purchased from different restaurants. This is similar to data from
Manca et al. (32), who found δ15N values could not be used to
differentiate local dairy, factory, and imported cheeses in
Sardinia. Our data showed some slight variation in δ15N values
for hamburger patties, but there was no clear pattern based on
restaurant chain size and/or distribution.
The majority of the δ15N values of the hamburger patties
agreed with data published for beef samples in the United States,
the United Kingdom, the Republic of Ireland, and Scotland (27, 29),
although in some cases our samples were slightly depleted (26)
or enriched (25, 33). The single Canadian patty sample had a
δ15N value within the data range observed for U.S. hamburger
patties. A seasonal survey of organically and conventionally
reared beef in Ireland showed very little variation in nitrogen
isotopic composition of either type throughout the year; mean
values matched values we observed in American hamburgers
(29). The tight range of δ15N values for the majority of the
U.S. hamburger samples could be due to the relative stability
of the nitrogen inputs into the cattle feed and subsequently the
animal. Presumably, most managed feed crops are heavily
fertilized with Haber-Bosch nitrogen. Because the median
commercial fertilizer nitrogen isotopic composition is 0.0‰,
with a tight range (34, 35), and most fertilizers commercially
produced are chemically similar, the nitrogen input to soils
would not vary over time. Thus, the δ15N values of a feed crop
(for example, corn) should be fairly constant over time as well.
Assuming an average trophic level enrichment of 3‰ for N,
the feed for cows in the American beef cattle industry should
be approximately 3-4‰. Indeed, a review of the literature finds
values of approximately 3‰ for corn meal and corn silage (26,
33, and 36, but see also data reviewed in refs 37 and 38).
The most depleted component of the fast food meal for both
hydrogen and oxygen was the hamburger patty, similar to
findings of O’Brien and Wooller (39), who observed lower
values for δ2H and δ18O in meat and eggs than in fruits,
vegetables, and carbohydrate-based mixed foods. Similar to δ13C
values, δ2H and δ18O values for the sole Canadian patty sample
were more depleted (-150 and 8.5‰, respectively) than its
counterpart sampled in Detroit, MI (-114 and 13.2‰, respectively).
The large range in δ2H and δ18O values for hamburger patties
sampled is indicative of variation in source water for the animal
tissue, that is, variation in the geographic origin for beef cattle.
An inventory of cows within the United States shows the
greatest amount of beef cattle production in Texas, Missouri,
Oklahoma, Nebraska, and South Dakota (24), a “cattle belt.”
The large geographic range in production sites translates into a
large range for precipitation δ2H and δ18O values (8), which
are then recorded into hamburger patties. For local Utah
restaurants, the meat potentially comes from a relatively depleted
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region, for example, South Dakota, which is arguably the most
“local” (to Utah) of the cattle-belt states.
The similarity between the slopes of the GMWL and δ2H
versus δ18O relationship of hamburger patties is indicative of
the influence local precipitation has on two trophic levels:
primary producers and primary consumers. A study of beef
samples collected in Germany by Boner and Förstel (40)
demonstrated a strong relationship between δ2H and δ18O values
from cattle muscle tissue water. The slope of the relationship
(5.3) was significantly different from the GMWL, a result they
attributed to fractionation during evapotranspiration by plants
the cattle were eating. However, the authors found a seasonal
trend in tissue watersin winter months, tissue water was almost
identical to groundwater for the region. If tissue water mimics
groundwater and groundwater is an amalgamation of local
precipitation values, tissue water should thus fall along the
GMWL in the winter. Assuming δ2H and δ18O values of tissue
solid are the same as tissue water values, it should be no surprise
that the hydrogen and oxygen isotope ratios of meat fall along
the GMWL. Heaton et al. (27) recently sampled raw beef from
several cattle-producing countries around the world, including
the United States, and found a δ2H versus δ18O relationship
for extracted lipids with a slope of 8.8, similar to both the
relationship found for U.S. delipified solids in this study and
the GMWL.
The relationship of δ2H versus δ18O for patty samples
purchased from national restaurants has a significantly different,
non-overlapping slope from the data set as a whole (equation:
δ2H ) 4.7δ18O - 188‰). The slope of the national hamburger
patties relationship was more similar to the observed relationship
between hydrogen and oxygen for human hair in the United
States (δ2H ) 5.7δ18O - 166‰; 15) and human hair from four
Asian countries (δ2H ) 5.4δ18O - 168‰; 41).
Hamburger Buns. The range we observed in hamburger bun
δ13C values was 5 times greater than the range seen in American
flours (42) and 3 times larger than the range seen in Italian flours
(43). In addition, the average value for hamburger buns was
more enriched than American (26, 42) or Italian (43) flours.
This may be due to the inclusion of high-fructose corn syrup
(HFCS) in the ingredients list for commercially produced
hamburger buns. Brescia et al. (43) demonstrated there was no
significant difference in the δ13C value of flours that were then
processed into dough and finally baked to produce bread. These
breads were collected from local bakers in Italy and baked
according to traditional recipes, which very likely do not include
HFCS.
Almost all hamburger buns analyzed clustered between -105
and -61‰ for hydrogen and between 27.8 and 32.2‰ for
oxygen. These values are similar to modeled plant cellulose
values in Kansas, Nebraska, western Oklahoma, northern Texas,
and the Ohio and Mississippi River valleys. Two exceptionssa
hamburger bun collected from a local restaurant in South
Carolina and a bun collected from a local chain in Utahsfell
outside the main cluster of modeled cellulose hydrogen and
oxygen values. It appears the suppliers of these samples did
not use wheat grown in the “bread basket” of the United States,
where the majority of wheat flour originates. The Canadian
hamburger bun sample had δ2H and δ18O values (-94 and
25.9‰, respectively) similar to those of the depleted local Utah
hamburger bun outlier (-120 and 24.0‰, respectively).
French Fries. The average δ13C value for delipified French
fries collected in this survey was indistinguishable from the δ13C
value of a raw baking potato purchased from the grocery store
(but see ref 26, where the δ13C value for potato was found to
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be higher). Lipid within a French fry can come from one of
two sources: oil added prior to frying and oil absorbed during
frying. The national chains we surveyed published ingredients
lists for French fries on company Websites; the second ingredient in all lists was partially hydrogenated soybean oil. Literature
δ13C values for soybean oil are near -30‰ (26, 44). Among
the fries we analyzed the δ13C value after delipification was
0.8‰ heavier than before, suggesting frying in a C3 cooking
oil. Morrison et al. (28) analyzed several common fats and oils
and found that all have a C3 signal: -30.6 to -27.7‰. Despite
the opportunity to use corn oil for frying, it appears from both
the published ingredients list and then isotopic evidence that
fast food restaurants are using soybean oil, or some other C3
cooking oil, when frying.
Is There a Supermarket Diet? From this survey of fast food
meals in the United States, we have shown that there exists
significant variation in the stable isotopic composition of
common fast food items. The variation in δ13C values of
hamburger patties may be indicative of differences in cattlerearing practices (corn versus pasture feed), whereas δ2H and
δ18O values of the meat and bread in the sandwich indicate
that food comes from isotopically (i.e., geographically) diverse
locations. Understanding the isotopic variation within different
dietary items could be useful in investigating region-of-origin
claims or screening for adulteration. Heaton et al. (27) caution
on the limitations of stable isotope analysis, warning that it is
far easier to answer a region-of-origin claim when the field of
possibilities is limited than when it is wide open. At present
we do not feel we can use the data presented here in a predictive
manner; we would not attempt to analyze a hamburger patty or
French fry from an unknown location and then predict a region
of origin. However, the variations in stable isotope ratios
presented here do have broader implications in the definition
of a “continental supermarket” diet for the U.S. population. An
individual may actually be consuming a “regional supermarket”
diet that varies through time, from season to season, as the region
of origin for specific foods changes. As the regional nature of
the diet shifts, an individual could isotopically appear to move,
without actually moving location. However, turnover rates for
isotopes in tissue can be quite slow (45), so the consumer never
reaches carbon and nitrogen isotope equilibrium with one
regional diet before it changes. Thus, the regional signals
averaged by the individual may be distinguishable from a
“continental” diet with respect to δ13C and δ15N values. The
mean δ2H and δ18O values used by Ehleringer et al. (15) when
modeling human hair isotopic composition (-115 and 26.0‰,
respectively) are similar to the mean values for the combined
fast food meals samples we surveyed (-121 and 22.5‰,
respectively). On the other hand, the model predicts that δ18O
values of carbohydrates influence the isotope ratio of hair
proteins only indirectly through their effects on body water δ18O
values. Characterizing the range found in food items would help
when presented with an individual whose diet varies consistently
from the average “continental” diet. Sampling fast food meals
seasonally at geographically disparate regions of the United
States may help in teasing apart a regional versus a continental
diet in that regard.
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