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ABSTRACT

Food samples were taken from commercial markets and analyzed for stable
element content. The concentrations of most stable elements (Ag, Al, As, Au, Ba,
Br, Ca, Ce, Cl, Co, Cr, Cs, Cu, Fe, Hiy I, K; La; Mg: Mns Mo; Mo, Rby 8bs S5cy S€;
Sr, Ta, Th, Ti, V, Zn, Zr) were determined using multiple-element neutren activa-
tion analysis, while the concentrations of other elements (Cd, Hg, Ni, Pb) were
determined using atomic absorption. The relevance of the concentrations found are
noted in relation to other literature values.

The 1977 study has been extended to include the determination of the concen-
tration of stable elements in home-gfbwn products in the vicinity of the Oak
Ridge National Laboratory. Comparisons between the commercial and local food-
stuff values are discussed.

INTRODUCTION

The objective of this study was to determine the concentrations of stable
elements in food grown locally and in food obtained from commercial markets.
Analyses were conducted on various commercially available foodstuffs found in a
typical southerner's diet; the results were published by Oakes, et al. {12) and
are given in Tables 1 and 2.

In 1979, the program was extended to include home-grown vegetables: corn,
tomatoes, green beans, and potatoes. The objective of this program was to collect
data for comparison to commercially available products. Investigations of stable
elements in foodstuffs grown in the Oak Ridge area will be repeated annually.

PROCEDURES
Food samples, commonly found in southerners' diets, were purchased from
supermarkets within the Knoxville/Oak Ridge area. Home-grown vegetables were
collected from individuals within the Tocal populations and surrounding areas
of Oak Ridge National Laboratory.

* Operated by the Union Carbide Corporation under contract W-7405-eng-26 with
the U.S. Department of Energy.
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PREPARATION OF FOOD SAMPLES FOR ANALYSES

.Food samples were prepared for ashing according to their water contents. .
Samples with high water content (melons, canned fruits, etc.) were homogenized
in a blender. Meats, vegetables, dry food products, and other samples with Tow
water content were chopped into small pieces. Samples were dried in a muffle
furnace. overnight at 150°C. The time and temperature depended on the water
contents ofAsamples; i.e., the time intervals at a given temperature for meats
i and vegetables were longer than the time intervals at the same temperature for
‘ dry milk, spaghetti, and rice. . 4 '

‘ The authors recommend that the temperature be increased at 100 €O intervals
o for at least one hour for dry products; and the maximum temperature not exceed

i 450°C. If 450°C is exceeded, the possibility of volatilization of elements
- will increase. o '
- Atomic Absorption Spectroscopy Method-
‘

|

‘

|

|

Wet portions of samples were analyzed for mercury using a wet ashing
procedure. The procedures used to analyze for mercury are the same as those
used by Cyrus Feldman (5). A two-gram sample of the ashéd food was analyzed for
Cd, Ni, and Pb. The ashed samples were dissolved in concentrated nitric acid and
analyzed by flameless atomic absorption spectroscopy using a Perkin Elmer 503

- ASpectrophotometer with a Model 2100 Heated Graphite Atomizer System.
Neutron Activation Method : ‘

v A one-gram ash sample was analyzed for stable element concentrations (Ag,
Al, As, Au, Ba, Br, Ca,Ce, C1, Co, Cr, Cs, Cu, Eu, Fe, Hf, I, K, La, Mg, Mn,
Mo, Na, Sb, Sc, Se, Sr, Ta, Te, Th, Ti, V, Zn, Zr) by multi-element neutron
activation analysis. Samples were irradiated in the Oak Ridge Research Reactor and
counted with a Ge(Li) Detector and Nuclear Data PDP-15 Analyzer Computer System.

- The counting times were determined by the half-lives of the elements being
analyzed. The presence of elements with short half-lives were determined by irradi-
atingAsamp]es for 30 seconds and counting immediately.- The intensity, radiatibn
build-up, and decay period of an isotope are functions of the isotope's half-life.
If the isotope has . a short half-1ife, the intensity is extreme and the radiation

" build-up and decay were rapid. The intensity of an isotope with a longer half-
life was less extreme and the radiation build-up and decéy were longer. Fori .-
isotopes with long half-lives, after the initial count, the samples were re="' -
irradiated for 30 minutes, stored for one week, counted, stored for another week,
and recounted for the final time.



RESULTS AND DISCUSSIONS
Knowledge of trace elements in the diet dates back several hundred years

to the discoveries of iron and iodine requirements as discussed in the review
paper by Wolf (15). The necessities of Cu, Mn, Zn, Co, Mo, Se, and Ca were
discovered years later. There are other elements such as'Sn, V, F, Si, and
As which have been discovered but their roles in the biological system are not
clear. Therefore, trace‘elements'have been divided into several categories (9).

(1) Trace elements in food which have well defined human requirements

‘ (Fe, Zn, I, Ca, Mg, and Na).
(2) Trace elements which exist in food but the human requirements have
not been quantified (Cr, Mn, Cu, Se, and Mo).
(3) Trace elements in food which are required by animals but the required
human requirements are uncertain (Si, V, As, Sn, and Cd). '

(4) Trace elements in food which are required by plants (B and Si) but the
roles they. play in.the human body are unknown. '

The difficulties of ana]yses, the amount 1ngested the biological effect1ve-
ness of the form of the elements ingested, and other factors in the diet have affected
the proper assessments of trace elements (3,9). ' v

The results of this study (Tables 3,4,5, and 6) were compared to results
found in the literature It was interesting to note the variations in the
results reported for the micronutrients (Na, K, Ca, P, Mg, Fe, I, F, Zn, Cu, and Co)
For information on the principle sources, functions, deficiencies, toxicities,
and therapeutic dosages of these elements, consult Berkow and.Talbbtt,(Z). The
greatest variations were observed for several essential micronutrients (Mg, Ca,
and Zn) found in tea. Gormican (7) and ORNL observed values of 4650 ug/g wet wt.

and 1300 pg/g wet wt. for Ca; and values of 1920 ug/g wet wt. and 3100 ug/g wet wt.

for Mg, respectively. The values observed by Gormican (7) were 3.6 times highef
than this laboratory value for Ca and 1.6 times lower than this laboratory value
for'Mg.' Other variations were observed for the Zn content in tea. Gormican (7),
Murphy'(lo), Freeland-Cousin (6) and ORNL observed 54 pg/g wet wt., 33 ug/g wet wt.,
0.6 pg/g wet wt., and 18 ng/g wet wt., respectively. The values observed for the
Zn content in tea by Freeland and Cousin (6) were 9 times lower than this study's

value. The difference may be due to the brand of tea analyzed and the methods of

preparation. Gormican (7) analyzed tea in bags; Murphy (10) analyzed dry tea
leaves while Freeland-Cousin (6) and this laboratory analyzed instant tea. The




- value reported in this study for fhe’Ca content of peanut butter {2700 pg/g wet
“wt.)was considerably higher than the values reported by Gormican (340 ng/g wet
wt.) (7). - |

The functions of trace elements such as Cd, Hg, and U are unclear. The
data obtained in this study indicate that oysters supply the human diet with
- Cd, Hg, and U. A high concentration of Hg is introduced into the diet by fish'
| (especially tuna fish) (1,4,8). The average amount of Cd, Hg, and U ingested :
is less than 1 ug/g wet wt. (0.05, 0.01, and 0.02, respectively). The total amount .
of these elements ingested from an‘average diet ranges from 1.7 ug/day (U) to
106 pg/day (Cd). The total amount of Hg ingested from an average diet is
27 ﬁg/day. Twenty-seven pg/day is also the average amount of Hg ingested by v
an Oak Ridge. resident (on an average diet); the amount of Hg ingested varies according to
the diet. An individual on an 8 o0z. of tuna/day weight watcher diet will ingest 70

ng of Hg/day from the tuna. This amount exceeds the tolerable limit of Hg which is 43ug/da
(11). The amount of U in the diet has been estimated to be 1.3 ug/day for individuals

in New York City and San Francisco, 1.4 pg/day for Chicago, and 1.7 ng/day for
Oak Ridge (12, 14).  The avefage amount of U in the human diet as indicated by
Schroeder (13) is 1.3 ug/day. ) ,

Other observations include the variations in values observed for fresh
and canned yegetables (corn and tomatoes). The data indicate that fresh
vegetables have higher concentrations of K and Zn while canned vegetables are
higher in Cl, Cu, and Na. The trace elements Sc and U are higher in fresh
vegetables but the values observed are less than 1 ug/g wet wt. As, Au, Cs, Pb,
Se, and V concentrations are higher in canned vegetables, however, the values
observed are less than 1 ug/g wet wt. . ;

Extensive research has been conducted on Al, Ba, B, Ca, Cr, Cu, Fe, I,
Mg, Mn, P, K, Se, Na, and Zn contents in various foods or the total diet (6, 7,
10, 13). Limited data ‘are available on the Sb, As, Cd, Co, Hg, Mo, Ni, Pb, and Sn
contents in the human diet. Data may be available on other elements, however, they
are ‘not -as.extensive as. data 0n the. micrbnutr1ents and other trace elemerits.’

CONCLUSION '

There was a s]1ght difference observed in the concentration of stable elements
between commerc1a11y and locally grown food products. Many trace elements were
found in this study that were not found by others.

‘Incorporated in this paper are data from the or1g1na1 foodstuff project



conducted by T. W. Oakes, et al, (12) and data obtained since that time. The
authors are pleased with the quantity of available information on the micro- .
nutrients but suggest that further research be conducted on the concentrations
of trace elements in fdodstuffs,




Table 1.

Stable element composition of fresh fruits and vegetables

Ash wt. o/
Foodstuff pefg twet wt.) e
wet wi. Ag Al As Au Ba Br Ca Ce Ccd a Co Cr Cs Cu [H1] e [H) ! K

Vegetables . .

Cucumbers 5.8(-3) <2.9(-3) 2.6(-1) 6.4(-3) 4.1(-5) <S8(-1) 87(-2) 34 ~ <58(-3) 4.5(-4) 1.U2) 8.7(-4) 64(-3) <4.1(-4) <44(-1) <2Y9(-4) 9.5 1) <S58 4) <23 ) S92

Turnips 6.7(-3) <6.2(-3) 1.2 <1.0(-2) 7.6(-5) 4.3(-1 1.6(-1) 1.1Q2) 3.0(-3y 90(-4) 1.2(2) 5.6(-3) 9.9(-3) 33(-I 33- 1) <3l 4) to 37 4 <2 2y 5.

Cabbage 8.0(-3) <8.0(-3) 1.5- <1.6(-2) 4.0(-4) 1.3 37(-1) 40 6.4(-3)  2.1(=3) 2.0(2) 36(-3) 1.3(-3) - <€4.2(-3) <4.0(-1) <4.0(-1) 24 <48 4) <32 D 1KY
Yellow 7.3(-3) <7.3(-3) 1.0 <1.3(~3) 24(-5) <7.3(-1) 16(-1) 47 COS7.3(-3) 4.3(-4) 1L1(2)  79(-4) BU(-3) <4.7(-4) 19 1)  <£3.7(-4) BOC 1) <400 4) 1B Y 4.5
squush

Carrots 8.8(-3) <7.5(-3) 4.0(-1) <L3(-2) <1.0(-4) 14(-1) 8S5(-2) 2§ <7.5(-3) 1.9(-3) 1.8(2) 3.0(-3) 1.8(-2) <4.0( 4) 2.2¢-1) <3B(-4) T6( 1) 24 1) WS 1.6
Sweet 1.2(-2) <1.2(-2y 27 <3.6(-2). ND? 14 6.4(-1) 13(2) 1.2(-2) 1.0(=3) 2.3(2)  24(-)) 1.8(-2) 29(-3) BB(-D <12-1 43 LI 3 =48 2 tody
potatoes .

Green 6.4(-3) <6.4(-3) 1.2(-1) <6.4(-3) ND 1.9(-1) 6.6(-2) 12 <3.2(-3) 23.8(-4) 20 2.6(-3) 6.4(--3) 2.6(-4) 7.0(-2) <320 4) 4.3( 1) <32A 4) <64t 3 1602
peppers -

Green 6.7(-3) <3.4(-3) 3.6(-1) <6.7(-3) ND <4.0(-1) 6.2(-2) 68 <6.7(-3) 1.5(-4) 36 1.0(-3) 8.7(-3) <34(-4) 15(~1) <34( 4) 74(-4) <34 4 <1.M 2 22U
beans .

Irish 9.9(-3) <5.0(-3) 38 <9.9(-3) ND <6.9(-1) 6.0(-2) 18 <9.9(-3) 5.2(-3) 49 2.5(23) 1.8(-2) 2.0(-3) 3.8(-1) <5.0(-4) 2.8 SO 4) <200 2) 6.92)
potatoes -

Egg 6.8(-3) ND 6.4(-1) <6.7(-3) <5.1(-5) <6.7(-1) 2.1(-1) 26 ND 4.2(-3) 88 17(-4) 1.5(~2) <iN-4) L1 ND 6.8 1) ND P % T3 T T
plant .

Lettuce 5.3(-3) ND 1.0(-1) <5.3(-3) <58(-6) <5.3(-1) 16(-2) 17 ND 1.2¢-3) 44 $.30 4) BOC 3) 160 4 <LIC D ND 34¢ 1) ND L2 1LY
Bruccoli 1.1(-2) ND B.1(-1) <Li(-2) <5.5(-5) <I.1} 28(~1) 1.2(2) ND 22(-3) 9 68 3) L4 2) <66( 4) 5.7 1) ND 1.6 ND <AMOY) Ty
Fruits - .

Wincsup 54(-3) ND 44(-2) <54(-4) 49(-6) 59(-2) 1.5(-3 1.2 ND 2.2(-5) 49(-1) 3.2 4) 7.6(-3) <II(-4) 2.3t 1) ND $.5¢ 1. ND R T AT I KT
upples

Sunkist 6.7(-3) ND 14 (<85.2~)) <6.7-5) <L7-1) 4.(-2) 98 ND 66t §) 22 4. 4) 1.5( 2) <400 4) LM 1y NbH 2.2 ND LRI IR )
oranges . .

Bananas 14(-2) ND t4 <14(-4) <14(-4) <14(-1) LI(~1) IS ND 84(--5) 92 8.4(-4) 3.5( 2) «<5.6( 4) 45¢ 1) ND Ly ND w20 15
Tangelos 1.2(-2) ND SO(-1) <1.2(-2) <1Y(-$5) <1.2A-1) LI(-1) 14(2) ND 2349 B4( 4y 432 290 ) 2.5¢-1)  ND -1.2 ND 22400 Luh
Raisins 26(-2) ND [ <5.2(-2) <26(-4) <26 1] 3.6¢2) ND 24(-3) LK) 700 ) 99 ) 160 1.3 ND 10.4 ND TR ) MU
Grapefruits  4.4(-3) ND 3.(-2) <B8.B(-4) 2.2(-6) <BB(-2) LS(-2) IS ND t4(--3) 35S 44(-5) S3( 3) <KH(-5) 2.R(-2) NbO X2 1) NbL <44 1 1LHY)
Pears $.7(-3) ND 9.1(~2) <L1(-3) Li(-5) 9.1~} 40(-3) 20 ND 28(-6) 10 34(-3) 106 2y <23 4) LS 1) ND 1.8 N <57 ) Yy
Golden 4.2(-3) ND 9.2(-2) <2.1(-4) 3.8(-6) 24(-2) 67(-4) 34 ND 7.6(=5) 29(-1) 84(-5) 50-3) LN-4) 3.2(-2) ND 3.6( 1) ND <42 1 064
Delicious :
Apples . .

Red 2.0(-3) ND 1.5(-2) <1.0(-4) 1.2(-6) <8.0(-3) 1.2(-4) 9.8(-1) ND 54(-5) .6.2(-2) 4.0(-5) 3.2(-3) <2.(-$5) S5.0(-3) ND R4( 2) Nb 100D 20
Delicious S
Apples

“Nondetectable.

B



Table 2. Stable element composition of fresh fruits and vegetables

wifg (wet wi)

Foodstuff
: La Mg Mo Mn .Na Ni Pb Rb Sb Sc Se Sr Ta Te Th Ti \4 Zn Zr
Vegetables ) )
Cucumbers  1.2(-2) 3§ <8.7(-2) 3.2(-1) 9.2 1.3(-2) 24(=2) 7.0(-2) <3.5(-4) 1.6(-5) «5.8(~3) <12 ~ <29(-4) 1.3(~1) 4.7(-3) <4.6(-1) <5.8(~3) S.1(-1) <23(-1)
Turnips 47(-3) 36 ° 6.5(-2) 3d0(-1) 22 29(-2) 5.9(-3) 4.7(-1) 74(-4) 1.6(4) 52(-) 1.3 <2.6(-4) 4.6(-1) 4.9(-3) S.0(-1) 48(=3) 42(-1) <3Il(-D
Cabbage <5.6(~-3) 22 <9.9(-2) 1.2 38 4.9(~-2) 1.6(-2) 4.6(-1) <4.3(-3) <B.0(-5) <BO(-3) <2.2 Q4.8(~4) 2.8(~1) <24(-3) <6.8(-1) B.O(-3) S5.6(-1) .<4.0(-1)
Yellow <7.3(-3) 35 <9.8(-2) 24(-1) 4.0 9.0(-3) 9.7(-3) 17.0(-2) <4.7(-4) 3.9(-5) <1.3(-3) <B.I(-1) &5.5(-4).26(~1) 2.2(-3) <3.7-1) <13I(-3) 4.1(-1) <2.2(-1)
squash . .
Carrols <4.3(-3) 30 <8.0(-2) 1.5(-t) 28 2.0(-2) 1.2(=2) LI(-1) <4.0(-4) S5.0(-5) <53(-3) <133 <24(-4) 2.8(-1) <23(-3) <5.3(-1) <BY(-3) 4.6(-1) <32-1)
Sweet <24(-2). L1(2) <4.8(-1) 10 87 3.2(-2) 3.2(-2) 9.2(-1) 4.2(~3) 3.8(-4) <24(-2) <48 <7.2(-4) S5.0(-1) <4.8(-3) <1.2  52(-}) 1.3 <6.0(-1)
potatots - .
Green | <36(-3) 9.4 35(-2) 9K(-2) 24 81(-3) 1.3(-3) <57(-2) 3.0(-3) 1.2(-5) <3.8(-3) 1.8(-1) <1.9(-4) 3.8(-2) <1.9(-3) <1.2(-1) <L6(-3) 10(-1) <1.3(-1)
peppers
Green <6.7¢-3) 33 1.0(-1) 2.8(-1) 6.5 23(-2) 19(-2) 47(-2) <34(-4) <34(-5) <6.7(-3) 4.0(-1) <34(-4) <34(-1) <20(-3) <2.0(-1) <3.4(-3) 2.6(-1) <L3(~1)
beans . . .
Irish <9.9(-3) 45 <1.5(-1) 3.0(-1) 18 4.0(-2) 26(-2) 11 <6.9(-4) 5.9(-4) <9.9(-3) <20 <5.0(-4) 4.5(~2) <4.0(-3) 2.1(-1) 93(-3) 2.7~} <30(-1)
potatoes -
Egg <6.8(-4) 37  1.3(-2) 2.8(-1) 95§ 2.3(-1) 4.3(-2) 1.2(-1) <1.4(-4) 1.0(-4) 23(-3) <15 <1.0(-4) <6.8(-2) ND“ <3.4(-1) 6.7(~3) 3.5(-1) ND
. plant
Lettuce <5.3(-4) 5.8 5.3(-3) 9.9(-2) 4.6 1.2(-2) 1.4(~-3) <28(-2) <LI(-4) 53(-6) <i.6(-3) <21(-1) <1.1(-4) ND ND <2.7(-1) 5.3(-3) 1.3(-1) ND
Broccoli <22(-3) 42 21(-2) 9.9(-1) 61 4.6(-2) 1.6(-2) 3.N-1) <LI(=3) 99(-5) <55(-3) <22 <2.2(-4) ND ND €5.5(~1) 5.5(~3) 8.1(-1) ND
Fruits ’
Winesap <5.4(-4) 4.9 LI(=3)  26(-2) 9.2-1) 2.5(-3) 14(-3) 3.1(-2) 1.6(-4) $5.4(-6) <LI(-3) 59(-2) <5.4(-5) ND ND <5.4(-2) <5.4(-4) 3.2(-2) ND
Apples . .
Sunkist <6.7(-4) 29 <14(-2) 5.3(-2) 3.1 7.7(=3) 24(-3) 16(-1) <27(-4) 1.0(-4) <3.0(-3) 54(-1) <1.4(-4) <1L7(-1) ND <1.2(-1) <1.2(-3) 8.7-2) ND-
Orunges .
Bananas ‘<L4(-3) 1.4(2) 28(-2) 2.8(-1) 12 6.3(-2) 2.1(-3) 24(-Y) 14(-3) 5.6(-5) <7.0(-3) <28 <1.4(~-4) ND ND <7.0(-1) <7.0(-3) 7.0(-3) ND
Tangelos <1.2(-3) 85 24(-3) 25(-1) 13 3.0(-2) 2.6(-3) 4.2(-1) 6.(—4) 1.2(-5) <2.4(-3) LI <1.2(-4) <)o6(-1) ND <6.0(-1) <6.0(-3) 4.1(-1) ND
Ruising §7(-3) LB <M= L3 78 LU= 3.6(-2) 6.1 SLI-2) 1L6¢-3)  <5.2-2) 18 <LO-3) NbD ND <13 1.6(--2)  ND ND
Grapelruit  <4.4(-4) 7.9 €12-3) "21~2) 14 2.2(-2) 6.5(=1) LB(-2) <LB(--4) <22(-5) <RHB(~4) S9(-1) <BH(-5) NbD ~ NBD <4.4(-2). <2.2-4) 4.4(-2) ND
Pears <5.U-4) 16 <5.7(-1 LN-1) 23° 2.9(-3) 1L9(-3) LI(~1) 2.K~-4) <&2L¥-5) <L.U-3) <40(~f) <).1(-4) ND ND <L (—-4) <€29(-4) L1L9(-1) N
Golden <21(-4) 30 <2K-1 1L.9Y-2) 13 1.9(-3 2.0(-3) 63-2) B4(-5) 1.30-8) - <L7(-4) <84(-2) <1.3(~-5) <1.3(-2) ND 9.2(-3)  8.4(-5) 2.0(-2) ND
Delivious . .
Apples . .
Red <1.0(~4) R6(~1) <40(-4) 5.2(-3) 4.2(-1) 4.7(-3) 9.8(~4) 1.4(-2) 2.0(-5) 26(~-6) <LB(-4) <2.0(-2) «<1.0(-5) ND ND <4.0(-3) 3.0(-4) ND ND
Delicivus - . .
Apples

9Nondetectable.



Table 3. Stable el

in

fected foods

. Ash wt, uglg (wet wt,)

: Wet wt. Ag Al As Au Ba Br Ca © Ce Cd Cl Co Cr Cs Cu Eu Fe Hf Hg 1 K
Applesauce 3.0(-3) <3.0(-3) 63(-1) <9.0(-2) <3.0(-3) 12-1) 73(-1) 2.2(3) <6.0(-3) Na® 54(2) 4.8(-3) 1.8(-2) 1.2(=3) <15 <6.0(-5) 4.8 4.2(-4) NA <1.2(-1) 7.5(2)
Beans 2.0(-2) <2.0(-2) 3.0 <1.0 <2.0(-2) <tL.0 8.6(-1) 4.7(2) <4.0(-2) 1.9(=3) 44(3) 1.6(-2) 7.2(-2) 3.2-}) <10 <4.0(-4) 29 <2.0(-3) 1.2(-6) <B.O(-1) 3.0(3)

(Baked) . . a
Beans® 1.4(-2) 6.0(-2) 5.7 <€6.9(-3) 4.42(-4) 23 6.1(=1) 8.3(~2) 9.7(-3) 9.2(-3) 242} 8.8(-2) 25(-1) LI-}) 17 3.4(-4) 1.53(1) 345(-3) ND 2.22(-1) . 449(3)

(Green)

Beans 3.6(-2) <1.2(-2) 6.1 <3.6(~2) <3.6(-4) <1.8 S4(-1) 4.3(2) <LK-1) 14(-2) 4.1(2) 24(-1) 1L.9%-1) 12-3) 12 ND 50 <1.8(~2) 1.8(-4) <3.6(-1) 1.4(4)
(Pinto) - . .

Beefl 9.5(-3) <9.5(-3) 1.9 <2.9(-1) <5.7(-3) <4.8(-1) LS 80 €2.9(-2) 1.8(~3) 4.8 - 29(-2) 3.5(-3) <t4 <9.5(-5) 16 <1.9(-3) S5.0(-5) <9.5(-2) 2.713)
{Ground) .

Bologna !3.1(-2) <3.1(-2), 6.2 31 <31(-2) <16 28 <222) 62(-2) 37(-3) 134 25(-3) LI(~-1) 9.4(-3) <31 <6.2(-4) 7.3 <3.1(-3) <6.0(-5)1.6 1.6(3)

Bread 1.9(-2) <1.9(-2) 4.6 <9.5(-1) <3.8(-3) 89(~1) 15 6.8(2) <3.8(-2) 2.1(-2) 4.0(3) 1.5(-2) LN-1D 6.1(-3) <15 <3.8(-4) 22 <1.9(-3) 5.7(~4) <9.5(-1) <1.1(?)
(White) ’ .

Bread 2.6(-2) ND 1 © <3.9(-1) ND 8.3(-1) 88 1.2(3)  2.6(-2)  2.6(-2) 6.2(3) 1.3(-2) 7.5(-2) 5.5(-3) <26 23(-4) 3 <1.3(-3) <3.6(-5) <13 1.7(3)
(Whole ’
Wheat/Rye)

Cantaloupe 6.6(-3) <6.6(-3) S5.1(-1) <1.3(~-1) <2.6(-3) ND 6.8(-1) 1.1(2) <6.6(-2) NA 54(2) 66(-3) 19-2) 25(-3) <1.] <6.6(~5) 1.4 <5.3(-4) 3.5(-4) 6.6(-2) 1.8(3)

Chicken 8.4(-3) <1.6(-2) 24 <8.1(-2) <8.1(-4) <I6 2= 1L.X)  <5.7-2) B8.9(-3) 16 Q24(-3) <5.7(-2) <8.1(~2) <12 <8.1(-4) 3.2 <4.1(-3) 6.1(-4) <8.1(-2) 2.8(3)

Coffee 4.0(-2) <B.0(-2) 1.1(2) <8.0(-2) <1.2(-3) 23 8.4(~1) 7.6(2) 16(-1)  1.9(-3) 1.5(1) ND $.2-1)  6.0(~2) LI 24(=3) 34(2) 1.2-3) 5.1-4) <L6(-1) 1.3(4)

Corn 1.3(-2) <1.3(-2) ND 2.9¢-1) <1.3(~3) <26(-1) LO 26 L S13(=2) B.U-3) 4N 23-N 29(-D) 1.2(-3) <1.3(1) ND 3.0 <1.3(-3) 9.0(-5) <6.5(-1) 1.6(3)
(Canned)

Com® 7.48(-3) 1.17(-2) 8.23(-!) 1:52(-=2) 1.87(-4) 2.24(-1) 1.} 36(1)  6.7(=3)  4.7(=3) LS 6.4(-3) 9.0(-2) 44(-4) 6.0(-1) 1.5(-4) 43 4.5(-4) Np 6.9:-2)  2.5(3)

Cottage 1.4(-2) <2.8(-3) <2.8 <t.4 <CLA(-2) <2.8(-1) 9.8(-1) 4.6(2) <14(-2) 2.M-3) 4.53) 7.0(-4) I.N-2) 56(-4) <U4 <1.4(-4) 4.2(-1) <B.4(-4) <8.4(-2) <7.0(-1) 7.0(2)
Cheese . ) .

Dates 1.5¢(-2) <1.5(-2) 7.8 <LS(-1) <1L5(-3) <3O(-1) S5.6 4.2(2)  <1.5(~-1) NA 273) 9= BNU-2) LN-3) <45 <1.5(-4) 8.0 LI(=3)  29(-3) <4.5(-1) 5.9

Fruit 2.8(-3) <2.8(-3) 1U-1} <8.4(-2) 2.8(-3) <28(-1) IS5(~1) 6] <$.6(-3) 2.00-2) 40 5.3-1  56(-2) 3(-I) Lo <l.I(-4) 2] <5.7(-4) <6.0(-5) 1.}%(~1) 8.2
(Canned .

Mixed) . .

Grapes 4.5(~3) <4.5(-3) 1.2 <1.8(-2) 23}-4) ND 4.0(-1) 1LI2) <4.5(-3) BH-~-49) 27 3.2(-4) 3.0(-2) 2.7(-)) t.0 <9.0(-$) 2.1 9.0(-8) 1.6(-3) <2.7(-2) 1.6(3)
(Green)

Green Beans  L1(~2) <5.5(-3) <55  <33(-D LK=3)  20(-1) S8(-1) L} <33(-3) 9.1-4) 4203 99(-) 21(-2) 66(-4) <Ii 44(-5) 34 <€2.2(-4) '1L3(~4) S5.5(-1) 182
(Canned)

Melon $.3-3) <LU-)) 19 <8.5(-2) <2.U-3) ND‘ 3.0(-1) S8 <5.3(-3) NA 32(2) 4.2(-3)  1.2=-2)  8.3(-4)  48(-1) <5.X-S) 1.2 14(-4)  2.6(-4) <3.2(-2) 1.703)
{Honeydew) !

Melon 2.8(-3) <2.8(-3) 4.4(-1) <8.4(-3) <LI(-4) ND S.0(-2) 17 34(-3) NA k1 4.5(-2) 24(-2) 13- 28(-1) 14(-4) 16 <€2.2(-4) 1.2(-4) <8.4(-3) 9.8(2)
{Water) i

Mitk (Dry) 8.1(-2) <3.2 6.2 <6.5(~1). <5.7(~3) <3.2 12 1.0(4) <24(-1) NA 9.8(3) 6.6(-3) 2.5(-1) 3.2(-2) <24 ND <41 <8.1(-3) 9.0(-5) <24 1.4(4)

9Nundetectablo.

1 ONot Analyzed.
v €Samples grown in the vicinity of Oak Ridge National Laboratory.




BNt Analyzed,
“Sumples grown in the vicinity of Ouk Ridge Nationat Laboratory.

Table 4. Stable el position in sel d foods

Foodstuff pefe (wet wt.)

) la Mg Mn Mo Na Ni Pb Rb Sb Sc Se Sr Ta Te Th Ti v v Zn Zr
Applesauce <6.0(-2) 66 2.4(-1) <1.5 2.8(2) NA? NA ' 1.5 <9.0(~4) " 1.5(-5) 2.6(-2) 6.0(—1). <1.5(-4) ND? <6.0(-4) <3.0 4.5(-4) <1.5(-2) 2.1(-1) <1.4(-1)
Beans <6.0(-1) 3.5(2) 24 <L0(1) 2.8(3) 7.0(-1) 1.2(-1) 8.0(-1) <4.0(-3) 4.6(-4} <3.0(-2) <4.0 <2.0(-3) ND <4.0(-3) <16 2.4(-3) <2.0¢-1) 5.0 <9.0(-1)

(Baked) .

Beans® - 1.3(-2) 4.8(2) 1.6 16(-1) 8.2 4.3(-1) 8.1(-2) 2.2 8.3(-4) 1.1(-3) 9.7(-3) 24 €34(-4) <4.1(-4) 2.2(-M) <26 <1.5(-2) <1.2{-2) 6.5 ND

(Green) .

Beans <7.2(-3) 1L3(3) 10 1.2 31 1.3 3.3¢-1 11 €3.6(-2) <7.2(-4) 1.3(-1) ND <3.6(-3) ND <3.6(-2) <72 <3.6(-4) <3.6(-2) 27 ND

(Pinto) ’ .

Beet <L9(-1) 1.9(2) <3.8(-1) <29 5.1(2) 4.3(-2) L.3(-1) 24 <6.7(-4) <4.8(4) <29(-2) <19 <4.8(-4) <2.9(-1) <4.8(-3) <19 7.6(~4) <LNU-2) 29 <9.5(~1)

{Ground)

Bologna <9.4 <2.0(2) <9.4(-1) <16 9.4(3) 9.%(-2) 23(-1) LS <9.4(-3) <9.4(-4) <59(-2) <94 <L.6(-3) ND <9.4(-3) <31 9.7(-3) <Li-1 12 <16
Bread <L9(-1) 29(2) 38 <1.9 4.833) L7(~1) 1.6(-1) 8.7(~1) <1.9(-3) 3.0(-4) 7.0(-2) ND 3.8(-4) ND <1.9(-3) <19 9.7(-4) <29-1) 6 <9.5(-1)

(White) . .

Bread 2.6(-2) 4.8(2) 11 3.9(-1) 5.9(3) 34(-1) 1.2(-1) 19 2.1(-3) 6.5(-4) L= ND <5.2(-4) ND <2.6(-3) <52 5.5(~4) 5.2(-1) <12 NDL .

{(Whole .

Wheat/Rye) . .

Cantaloupe <6.6(~2) 1.2(2) 3.2(~1) <6.6(-1) 2.6(2) NA NA 2.2 3.3(-4) <6.6(-5) <6.6(-3) 1.2 <3.3(-4) 9.9(~-2) 6.6(-3) <20 33(-4) <L.U-2) LI <3.3(-1)
Chicken <2.4(-2) 2.6(2) 1.2(-1) <4.1(~1) S 3.2A-2) S5.1(-2) 49 3.2(-3) 2.4(~-4) <5.7(-2) ND <8.1(-4) ND <1.6(-2) <16 1.2(-4) <1.6(-2) 4.2 <16
Coffee 4.0(-2) £.7(3) 1.8 <6.0(-1) 26 44(-1) 4.0(-1) 33 1.2¢-2) 3.5(-2) 2.0(-1) 2.7 1.8(-3) <8.0(-1) 4.0(-2) 5.1 9.’2(-—3) 6.4(~1) 4.6 <4.0
Corn <1.3(-1) ‘ND 3.6(~1) <26 3.0(3) 7.4(-2) 1.0(-1) 1.0 <1.3(~1) <1.3(-4) <1.3t-2) ND <2.6(~4) ND <1.3(-3) <26 <1.3(-4) 2.3(-1) 29 ND

(Canned)

Corn® LI 272 19 6.4(-2) 38  S5.7(-2) 55(-3) 68(-1) 4.5(-4) 1.2(-4) 4.5(-3) S50 1.5(-4)  2.2(-4) 6.7(-4) 1.3 5.2(-3) 6.7(-3) 5.2 ND
Cottage <4.2(-1) <2.8(2) <4.2(-1) <70 3.9(3) 4.2(-2) bL.3A-2) S.H-1) 2.0(-3) 4.2(-5) <9.8:-3) <28 <1.4(-4) ND <1.4(-3) <14 1.1(-3) <1.4(-1) 2.8 <2.1(~1)

Cheese : .

Dates <1.5(=1) 4.5(2) 4.5 <3.0(-1) 38 NA NA 22 <1.5(-3) 1.3(-)) 1.2(-2) 3.8 <3.0(-4) ND <l.-3) <12 3.0(-4) .<L5(-~1) 29 <6.0(-1)
'ruit . <4.2(-2) 46 7.0(-1) <5.6(~1) 2.0y 7.0(-2) LB(-1) 14 <5.6(-4) 4.5(~5) 1.}(-2) <4 <2.8(-4) ND <5.60-4) <22 1.0(-3) 1.4(-2) 4.8(-1) <1L.U-1)

(Canned Mixed)

Mixed) .

Grupes ND 76 TH-V) <9.0(-2) 12 4.00-2) 2.6(~1) 95(-1) <4.5-3) 1L.MU=4d) <4503 40¢-1)  <tLE(-4) <EA(-1) <4.50-4) <4.5(-1) <32 -4) <45 J9 ) <Lldcen

(Green) . . ’

Green Beans <5.5(-2) LU L3 <S5.5(-1) 2.6(3) 4.0(-2) 2.7~} 69t-1) 1.4(-3) |.8(-4) <22 ) Nb <lAe--4) ND 2.2-4) <17 1.4(~-4) <2.2~1) 7.8 1) SPA-1)

(Cunncd) . .

Mclon <5.3t-2) 88 220-1) b 2142) NA NA G001y <204 900 ) <SS 440 ) SSC S SR ) <531 4) <1 2.U-4)  <HLI-2y 13 <hot-1)

(Honeydew) ' . . ' .
Melon .S -0 ) 330 56002 6.7 NA NA 2.2 2 4 NSOE S) SR D) SEAG D) N4 4 S2B- ) S28E-4) <28(-) 2,00 4) 2.8¢-3) B0 1) <250 1)

(Water) ’ . ’

Milk (1ry) <2.4(-1) 9.2 <4.1 <3.2 4.((3) NA NA 25 ) 1.60-1) <1.6(-3) <1.6(-1) ND <4.4-3) ND <44-2) <4t 4.91-3) <2~ 32 -
Nondotectablo,



Table 5.

Stadle clement compasition in sclected foods

apfpwer wib

Yoodstuff At Al As Au Wa B Ca ‘e @ a Cu
Oatmeal 1.9(-2) <IN-2 64 <9.5(-3}  ~b9-2 16 260 -3 5. DX IR TR T T TR B 9.3 »
Onions 3.4(-3) 3.4-3 4.5(-1) <34(-2) <68 &) NDY pATES 3] 19t 6.4 b NAP 1.2¢2) 20 08
1White & Yellow)
Oystess Let-2) 2.4(-1) 32 <B.K--1) 4.8(-3) <16 17 4. <641 -0 4.5 EX 7] L9 2y
Peaches (Frevhy 39(-3 b20-3) 1.8(-1) Y- -5 70 -2 2401 3 1.3 -2 NA 15 6N 3
Peaches (Canned) 2.5(-3) <SS~ L7 <1.50-2)  <LAU-~4)  K2S-1) YHe D n <751 N LH-3 gy i on
Peanut Butier 22 <3x-n 12 <6.di-1)  &32u-h LD 1] h% (BT} R 40 amn SN
Pean L= L 20 LU «LH-N LSS 6SC D 160 £ 0./ T BN IV SO 'R 1] ot b
(Sweet & Canned)
Pincappke (Canned) =31 34M -3 3ot-1 LS X TR R TR TR K 48 now
Purk L2 L .S L2 -4l Iy BN b 6ot ) AN ND
Botatoes” 1812 pATER I R ] L7t 4 pi <19 ) LR 6.3 2
Powuto Chips 36(-2) <LEE-21 <32 <M B [ 94 62 KRR Loy
Frunes 1920 L9 -2y 6.8 QUS04 6 NA P TI)
Rie L] L Lo KLSC S R (R [T}
Salmon RR/E) R ] s <o B 4 KA ANM M
Sarduws X (RS} <LHCD b4 <80 - X} 2 Sy
Shii 2.5t . ) ND h2) NDL [N (S KUBSI NA LR, ()
U4-0 <14t-2) 5D [EU ST [ TR [ P B F T} RS ()
9 n LUK B LS X T 1.2 LX) ot 1y Lh
Lic-n <h)-0 e w5 3 b LR LS5 [ | U I | sl
Towatoes (Canned) 7.5t §) e ~h TSN e 2 EETE ] run AT}
Tomatons’ Rt ) S% 1.5 LT ) SEM D A pXIY) [ T R TR} LW h
Tuna Fish e shte b o R XU FRERS X1 I TR I TR XN [T U TR (I 1] NN
Wernen. L8 T L R T N 1 R A TR L R TRV L4 shah im0

INundeiectabile
BNul Analy red,
CSnmples growan i the vicinity of Oab Ridie Nutionat batxatury,
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Table 6. Stable clement compusition in selected fuods

. HRlE (wet wi,)
Foodstuff La Mg Mn Mo Na Ni Pb Rb b Se Se St Ta Te Th Ti u v Zn %
Oatnmwal <5.N-3 1L.5t3) 36 9.3(-1) 20 33 2N 5.7 <1L9-3 <t9 -3 <760 1 ND <H-3 ND <h9i-2  NO <1.9(-4)  <38t-2p 32 NV
Onions SLU-2) 81 s0t-1)  Np¢ 61 NAP NA LS-1y 3404 25 <eH b 26 CLI-d)  C200-1) <Li-3  <68i-1)  Ll-dp  <6Ki-3 LI <M1
tWhite & Yellow) . :
Oysters <b6t--1)  5.8(2) 55 <24 ANy 1.0(~1) 3u-1 29 -0 u-3 6N -D <1.6t -3y ND <gm-3 <lo 1.6¢--2} 4.5 -by X8 A2
Peaches (Fresh) 7.06-3) 54 4= <39-2 3l NA NA 19 T80 4) 7.80-5) C3Y $) <A B <I9-d)  <R9 -l L9 S) <3YC-n AU <592}
Peuches (Canned) <SH-3 37 L9 <so-2 73 4.5(-2) 9.0(-2) 2.3 -0 <LXN -3 550 -5) <254 NU <RIBS 900 4y Vae-2) S.un-h) <8t-1)
Peanui Butier <1A-1) L&Y 17 <48 38(h 74041 3800 9.0 <L6-h 1200 6.4¢ -4) ND [ K.VRCE TR %) <LU -4y ANt -1} i ND

. Peas <1LH-N LR 1.6 <t <39 201 330 4.7t -1 <L 1L -4y <5.50-4) N <5.5( -3 a} S]] ar-n 35 <1

(Sweel & Canned) N

Pincapple (Canedd €3.00-3) LU 3] <€4.5¢-h 1) 30— L2 1Lt <l 4 NIy <34 ND <LSC <X ERTIT] Choe 2 ARl <301
Purk <IB(-1) 2.1 &£l6(-1) <36 $.442) K] 160 1) 4.4 <120 4) 12 M H T LMy [T *40 ) 28 <o 1)
Putatocs” 265(-2)  1.402) 1.6 4.9(-2) 8.7 X UES PR VR R ¥ TR 3] (K1} A4 LS5 B9 4) 1.8 2 DL TR TR KT ) 5.3 ND
Potato Chips <L8I-1) 4912 2.9 =10 s.un 2% 0 [, {0 1} 3 [ I 1] R R [3.4) LRG3 ND LR X YR V1 PR3 THN TR WY T X 3 N
Prunes <192 44ad 27 LCR- TR0 P NA NA .6 48 <95 4y N EYR RN non <l 42 <60ty
Rige 4.%-3 3 3 13 4.7 8.5~ sty 1.8 4 4 LTIV N RAELIE PR 1V AR )] Sun 3 N
Sutmun <LA-1 22 [ <23 RN 18t-2) 20c-1) Bl 1 <46l b <X N ND <L2 ) NL 4.0t 4 I 4 <L)
Sardines <hdi-1 422 <4.2 <8 EATR]) 2.7(-2) 4N-0 2% 1 6. ) <l <hah o ND A SRy 27 <Mh

. Shringp KSR -2) S.aK2) <0 <51 1.8h NA NA <2oe 1y Ak N LRUIY) <Ak M ND 15 N ND Lot -5 <S4 NO

¢ Spaghetti LH-n 4.602) 6.} A1} 8.6 S.6t-2 9.4 -y 1.2 <l h w9 <lo-2 NL -4 ND be-4) 5.41-3) il NL

. Spinach <9.5(-2)  8.2(2) 1.0 <t.5 230 2.5(-1) 8.9¢-1) 740 1) AN 320 <d8-  ND <l9t-3)  ND 1.7-3) <1.9-1 0 <19

| Tea <L~ 3N <10 <2.0 8.912) 4.2 1.0 L) ND d60-3) 260 1) N 6.5(-3) NL d6t- 3 <6.51-1) 18 ND

: Tomutocs (Canned)  <1.5(<1)  Ho 1.5(-1) <38 [NIRN 1.4- ) 26(- 1) 1.7 5.3 4) 941 $) LI 29 6,00~ 4) NB 2M-4) <7.5(-2) L7 <LM-1)

. Tumatoes” <9.2(-4) 102y . 94(-1) <2.6(-2) LU 2.8(-2) I8 6.5 1) <39 4 1.%( -4) 34N RIC-1) b -4) <-4 LE-2) 35 <2.0-3)  18(-2) 5.: NL

; Funy Fish <QLH-b  3AUD <2.0 <4.0 4.003) 4.6(-2) ] 6.~ 1) <K20-1 <2.01-4) <4.4-2)  ND <4,0i-4) ND <lL-2) < 9.41 -4) <01 X4 NO

\ Weiners <33-1 <6.6(2) <6.6 <$.0 9.2y 6.60-2) 5.0i-1) 7 $6.60-3) G6.61-4)  <6.60 1) Nb <1.7t-3 ND <hL7t-2) ND <3.3-4)  <6.6(-1) 17 ND

t -

N “Nondetectable.

bNout Analyzed.
“Samples grown in the vicinity of Qak Ridge Nationa) Laboratury.
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