-

X-822

DATE:

UNCLASSIFIED

OAK RIDGE NATIONAL LABORATORY

Operated By
UNION CARBIDE NUCLEAR COMPANY

ucc]

POST OFFICE BOX X
OAK RIDGE, TENNESSEE

7IRE4 L

ORNL
CENTRAL FILES NUMBER

5T-2-2

EXTERNAL TRANSMITTAL AUTHORIZED

February 28, 1957

coPY NO. 2/

SUBJECT: METHODS OF COLLECTION, PREPARATION AND SPECTROGRAPHIC ANALYSIS

TO:

FROM:

136313

HUMAN TISSUES

Dr. K. Z. Morgan

I. H. Tipton, M. J. Cock, R. L. Steiner, J. M. Foland,

K. XK. McDaniel and S. D. Fentress

DISTRIBUTION

1- 5. K. Z. Morgan

6-12. E. G. Struxness
13. A. M. Weinberg
1k. J. A. Swartout
15. E. J. Murphy
16. R. A. Charpie
17. H. P. Yockey

COLLECTION

BOX No. b"\ﬁﬁs&“‘%

nePosiToRYy MME ‘5// =10

18. J. A. Norris

19. A. C. Upton FOLDER

- . 20. G. W. Royster
L ;?3—26. M. J. Cook
-52. I. H. Tpton (UT)
53. C. S. Shoup (ORO-AEC)
54. C. L. Comar (ORINS)
55. W. D. Claus (AEC-Washington)

56. C. L. Dunham (AEC-Weshington)
57. E. L. Grove (U. of Alabema)

58. G. M. Dunning (AEC-Washington)
59. J. F. Haggerty (AEC-Washington)

60. J. F. Bonner (AEC-Washington)
61- 76. T.I.S. Oak Ridge

76. Health Physics Library
77-400. Laboratory Records (ORNL)

NOTICE

This document contains information of a preliminary
nature and was prepared primarily for internal use
at the Oak Ridge National Laboratory. It is subject
to revision or correction and therefore does not
represent a final report,

UNCLASSIFIED

A-00281

Human Studies Project



138314

LEGAL NOTICE

This report was prepared as on account of Government sponsored work. Neither the United States,

nar the Commission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, express or implied, with respect to the occuracy,
completeness, or usefulness of the information contained in this report, or that the use of
any information, apparotus, method, or process disclosed in this report moy not infringe
privately owned rights; or

B. Assumes ony lisbilities with respect to the use of, or for damages resulting from the use of
any information, apparctus, method, or process disciosed in this report,

As used in the above, '‘person acting on beholf of the Commission’’ includes any employee or

contractor of the Commission to the extent that such employes or contractor prepores, handles

or distributes, or provides access to, any informotion pursuant to his employment or controct
with the Commission.




UNCIASSIFIED la

Methods of Collection, Preparation, and Spectrographic Analysis of

Human Tlssues

I. H. Tpton,” M. J. Cook, : R. L. Steiner,* J. M. Foland,*
K. K. McDaniel™® and S. D. Fentress®

Introduction

To determine the maximum permissible concentration (MPC) of a
radionuclide which may be ingested or inha.ledl without exceeding accepted?
levels of exposure to the human body, it 1s necessary to know the average
normal concentration of the natural element in the various tlissues of the
body.

Any element msy be ingested or inhaled as the element or as a
compound. Although nearly all elements have been cbserved in living tissue,
few quantitative observations had been made before 1950.3’11"5’6’7’8

Because so little information on the average normal concentrations and
the distribution of elements in the humen body has been available, the
Health Physics Division established a subcontract with the Department of Physics
at the University of Tennessee to analyze human tissue for the trace elements.
Spectrochemical methods were chosen because of their convenience, specificity,
and sensitivity and because, by these methods, analyses of small samples
could be carried out for a large number of elements simultaneously.

Preliminary studies9’ 10 showed that individual variations in
concentration of all elements were very wide and that geographical variations
for certain elements occurred. This indicated that a large number of samples
should be analyzed to reduce the standard deviation of the average and that

these samples should be collected from different locations to take into

*  Physics Department, The University of Tennessee, Knoxville, Tennessee

*¥ Health Physics Division, Osk Ridge National Laboratory, P. O. Box X,
Oak Ridge, Tennessee
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consideration the geographical variations. Since the quantity desired for
the calculation of MPC is the average ‘normal' ‘concentration of an element

in a tissue, the sample should be from '‘normel' tissue--that is, tissues from
autopsies of instantaneous death by accldent.

With these factors in mind, i.e., number, geographical distribution,
and condition of samples, a program for the collection of at least 25 autopsies
of adult victims of instantaneous accidental death from each of 15 cities in
different regions of the United States was undertaken by the Health Physics
Division. The foundations of the program were laid when a prominent pathologist
wrote a nmuber of letters to his colleagues in the cities that had been selected,
seeking thelr cooperation and interest. The favorable response to his letters
facilitated the collecting of tissues from 9 cities as of February 1957. Results

of analyses for three cities have been reported.ll’ 12,13

Procedures. JI. Tissue Collection:

After introductions are made and invitatlons are recelved from a
pathologist in a city, a representative is sent to the city and remains there
approximately two weeks. During this time all autopsies suitable for this
study are attended and the prosectors are given information as to type and
amount of tilssue desired. For the larger organs, such as liver, a .minimum
of 100 grams 1s taken and for the smaller organs, such as adrenal, the
entire organ is taken. The tissues are placed immediately in polyethylene
bags, labeled with autopsy number and name of tissue, and frozen.

Figure 1 is a reproduction of the information sheet which accompanies every
autopsy. For shipping, the samples are packed in dry ice and sent via air
to Oak Ridge where they are stored frozen until processed. (No shipment has

required more than 17 hours in transit.)
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Procedures. II. Ashing:

Because the amounts of most elements in human tissue are extremely
small, some method of concentration must be employed. In this program, dry
ashing in a muffle furnace lined with fused silica is the method which has

proved most satisfactory, although wet ashing and precipitation methods have
14,15 -

been tried.
Contamination is a major problem in all trace element work. -
Precautions are taken in every phase of the prograﬁ to keep it—to a minimum.A ‘
In the ashing laboratory the air is brought in through high efficiency filters
(CWS-6) composed of plant fibers and asbestos. Except for the stainleSS‘stegl
scalpels which are used in collecting and trimming the samples, nothing but 7
fused silica, polyethylene and platinum touches the sample from collection to
loading for arcing. All water used 1n the program 1s distilled, passed slowly
through a mixed-base ion-exchange column and stored in polyethylene bottles.
A1l silica dishes are washed, socaked for 24 hours in a cleaning solution
(5 parts HN03 to one part HQSOh), rinsed in ion-exchanged water, socaked for
2k hours in a solution of versene, rinsed in ion-exchanged water and dried in an
oven at 110° C for 2k hours.
The tissues are thawed, trimmed of fat and fascia, rinsed briefly
in lon-exchanged water, weighed in fused silica dishes, and placed in a cold
drying oven. The temperature is raised gradually to llO°C; the tiésues remain at
this temperature until they reach a constant weight, usually 24 hours. The
tissues are cooled, reweighed, and placed in a cold muffle furnsgce. Thé
temperature is brought up gradually to 450°C and left until ashing is
complete, usually 24 hours. The ash is cooled, weighed, and transferred to
1/2 cunce polyethylene bottles. A few platinum beads are added and the beads

and ash are shaken on a pipette shaker for 30 minutes. The platinum beads

are removed and the ashed samples are stored in these bottles.



For drying an alternate procedure was used prior to October 1, 1956.
The tissues were placed in a cold muffle furnace and the temperature gradually
raised to 300°C. The tissues were left at this temperature over night, after
which the temperature was raised gradually to 450°C and left for 24 hours or
longer as necessary. To obtain the dry weight a small piece of the original
tissue was welghed, placed in a cold drylng oven, and the temperature raised to
110°C. The tissue was kept at this temperature for 24 hours, then coolead,

rewelghed, and destroyed.

Procedures. III. Spectrographic Analysis:

The direct current arc is the most sensitive method of excitation of
a sample for spectrographic analysis for a large number of elements.l6 This
method has the disadvantage of being the least precise. In this study, a
large number of elements in widely varying concentrations, most of them
in extremely low concentrations, were to be sought and so the d-c arc method
was chosen since maximum sensitivity was felt to be the most important
characteristic to be considered. It has developed subsequently, that the
variation in concentration from sample to sample is so great that for
purposes of establishing average values for a large number of samples the
precision of the d-c arc method is adequate.

The spectrographic methods employed are summarized in Table IT.
For soft tissue two methods of d-c arc excitation are employed.

l. For the elements Ag, As, Au, Bi, B, Cd, Ga, Pb, Sb, Sn, Tl
and Zn, the cathode layer method with In as an internal standard is used.
Four mg of tissue ash and 4 mg of graphite containing the internal standard

are mixed end placed in a cavity 5mm deep and 1/16 inch in diameter in a 1/8 inch

1134318



spectroscopically pure graphite electrode. This electrdde is made the
cathode in a 10 amp d-c arc, the counter electrode is 1/8 inch graphlte rod,
the arc spacing is 10 mm. The cathode spot is focused on the slit of a
-‘ﬁausch and Lomb Quartz Littrow spectrograph. The region from 2400 A - 3400 A

is photographed on Eastman SA - 2 plates, standards being included on each
plate.

2. For the elements Al, Au, Be, Ba, Ca, Cs, Co, Cr, Cu, Fe, La, Mg,
Mn, Mo, Nb, Ni, P, Sr, Ti, V, and Zr, a method with Pd as an internal standard
1s employed. Five mg of tissue ash are mixed with 1Omg of graphite containing
the internal standard and the mixture is placed in a cavity 0.0787 inch deep and
0.1470 inch in diameter in a 3/16 inch pure graphite electrode. This electrode
is made the ancde in a 5 amp d-c arc with a spacing of 8 mm and the central portion
of the arc is focused on the grating of a Bausch and Lomb 1.5 meter grating
spectrograph. The spectrum is photographed on SA - 2 £film. A portion of the slit
is covered with a neutral filter. Low concentrations are determined from the
unfiltered portion of the line and high concentrations from the filtered
portion. An unfiltered line and filtered line of Pd are used as internal standard
lines for unfiltered and for filtered lines of analysis elements.

All ssmples are run in duplicate.

Plates and fllm are calibrated using an iron arc source aﬁd rotating
sector.

The densities of the analytical lines are read on an NSL Spec-Reader
which has been altered to read directly in intensities.

Working curves are made using standards of known quantities of the
analysis elements in a matrix which simulates tissue ash. The composition of

the matrix for soft tissue is:
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Na (as NaCl) 15%
K (as KPO3) 18.6
Mg (as Mg0) 1.0
' Ca (as Ca.CO3) 1.0
Fe (as Fep03) 1.0

The methods for bone ash are essentially the same as those for the anode
excitation of soft tissue ash. Because the ash percent for bone is about 20 times
that for soft tissues, the absolute amount of an element in a 5 mg sample of bone
ash is about 1/20 the amount in an equivalent sample of tissue. The method for bone
is therefore less sensitive than that for soft tissue. To detect Zn in the bone,
the most sensitive line of Zn must be used. This line occurs in the visible region
of the spectrum, necessitating the use of a film sensitive to this region and a
filter to cut out the overlying second order in the spectrum as formed by the
Bausch and Lomb 1.5 meter grating spectrograph. In the determination of Zn, K,

Li, Mg, and Na, the same method is employed as in the anode excitation method for

soft tissue except that Eastman 103-F film is used instead of Eastman SA-2 and

a glass filter is placed in front of the slit to remove the second order.
Working curves are made from standards of known quantities of analysis

elements in a matrix with the following composition:

Ca (as CaCO3) 38.%
Mg (as Mgo) 0.97
Na (as NaCl) 0.51

Earlier standards were made in a matrix of (Ca)3(P0h)2 which more nearly
simulates bone ash. The working curves from these standards, however, do not differ

significantly from the curves made from the Ca.CO3 standards.

134320



The plates and film are developed for three minutes at 72°C in
D-19 developer, placed in a stop bath for 1 minute, fixed for 15 minutes and
~ washed for 20 minutes.
Table III shows the method of excitation, analytical lines used,
internal standard line, ranges of concentrations that can be determined, and
coefficients of variation for soft tisswes. The coefficients of_variation’were i

determined from replicate runs of a standard sample. The coefficients of variation

for actual samples are higher, especilally at the high and low ends of the rangé.

Table IV gives the same information for bone.
2l also

Since this program has been in progress othersl7’ 18, 19, 20,
have reported spectrographic analyses on normal human tissue and except for Al

the agreement has been very good. The values for Al reported by Butt et al are
very much higher and those reported by Koch et al are scmewhat higher than thosé

reported by this laboratory. As yet there is no satisfactory explanation for

the discrepancy in Al.

L3432



BIBLIOGRAPHY

1. United States National Bureau of Standards
Maximum Permissible Amounts of Radloilsotopes in the Human Body and
Maximum Permissible Concentrations in Air and Water (1953)
..-- Handbook 52, Superintendent of Documents, Washington 25, D. C.

2. International Congress on Radiology. Recommendations of International
Commission on Radlological Protection. British Journal of Radlology,
Supplement 6: 23-59 (1955).

3. Sheldon, J. H. and H. Ramage
Spectrographic Analysis of Human Tissue
Biochemlical Journal 25: 1608-1627 (1931).

4. Kehoe, Robert A., Jacob Cholak and Robert V. Story
Manganese, Lead, Tin, Aluminum, Copper and Silver in Normal Biological
Meterials
Journal of Nutrition 20: 85-98 (1940).

5. Kehoe, Robert A., Jacob Cholak and Robert V. Story
A Spectrochemical Study of the Normal Ranges of Concentration of Certain
Trace Metals in Biological Materials
Journal of Nutrition 19: 579-592 (1940).

6. Cholak, Jacob and Robert V. Story
Spectrochemical Determination of Trace Metals in Bioclogical Material
Journal of the Optical Society of America 31: T30-738 (1941).

7. Shohl, Alfred T.
Mineral Metabolism
Reinhold Publishing Corporation, New York (1939).

8. Underwood, E. J.
Trace Elements in Human and Animal Nutrition
Academic Press, Inc., New York (1956).

9. Tipton, I. H., W. D. Foland, F. C. Bobb and W. C. McCorkile
Spectrographic Determination of Trace Elements in Human Tissue.
ORML-CF-53-8-L4 (1953).

10. Tipton, I. H., R. L. Steilner, W. D. Foland, J. Mueller and M. Stanley
Spectrographic Analysis of the Tissues from Autopsies of Twenty-Four
Instantaneous Deaths.

ORNL~CF-54-12-66 (1954).

11. Tipton, I. H., M. J. Cook, R. L. Steiner, W. D. Foland, D. K. Bowman and
K. K. McDaniel

Progress Report: Spectrographic Analysis of Tissues of Trace Elements
July 1, 1955. ORNL-CF-56-3-60 (1956).

1134322



12. Tipton, I. H., M. J. Cook, R. L. Steiner, J. M. Foland, XK. K. McDaniel and
S. D. Fentress
Spectrographic Analysis of Normal Human Tissue from Dallas, Texas
ORNL-CF-57-2-3 (1957).

13. Tipton, I. H., M. J. Coock, R. L. Steiner, J. M. Foland, K. K. McDaniel, and
S. D. Fentress

Spectrographic Analysis of Normal Human Tissue from Miami, Florida
ORNL-CF-57-2-4 (1957).

14, Mitchell, R. L.
The Spectrographic Analysis of Soils, Plants and Related Materlals
Technical Communication No.hk. Harpenden, England, Commonwealth Bureau
of Soil Science. (1948).

15. Heggen, G. E., and L. W. Strock
Determination of Trace Elements, Combining Chemical Enrichment and
Spectrochemical Methods
Analytical Chemistry 25: 859-863 (1953).

16. Ahrens, L. H.
Spectrochemical Analysis
Addison-Wesley Press, Cambridge, Massachusetts (1950).

17. Butt, Edward M., R. E. Nusbaum, T. C. Gilman and S. L. Didlo
Use of the Emission Spectrograph for Study of Inorganic Elements in Human
Tissues

American Journal of Clinical Pathology 24: 385-394 (1954),

18. Griffith, George C., Edward M. Butt and Joseph Walker
The Inorganic Element Content of Certain Human Tissues
Annals of Internal Medicine 41: 501-509 (195k4).

19. Butt, Edward M., R. E. Nusbaum, A. G. Ware and G. C. Griffith
A Study of Trace Metal Storage in Human Organs by Spectrographic and
Chemical Methods, with Particular Attention to Acute Thrombocytopenic
Disease, Congestive Heart Failure, Wilson's Disease, Hemochromatosis and
Arteriosclerosis.

Progress Report from 1951 to February 1956. (Internal Distribution
Unpublished Data).

20. Stitch, S. R.

Trace Elements in HAuman Tissue. Part I. A Semi-quantitative Spectrographic
Survey

A.E.R.E. MRC/R 1952 (1956).

21. Koch, Henry J., Jr., Elmer R. Smith, Neil F. Shimp and Jane Connor
Analysis of Trace Elements in Human Tissues. I. Normal Tissues
Cancer 9: 499-511 (1956).

134323



10

hEERE T

Figure I
TO: DATE:
FROM:
HOSPTTAL: CITY OF:
SEX: AGE: YEARS RESIDENCE: OCCUPATION:
RACE:

AUTOPSY NUMBER:

HOURS POST MORTEM:

CAUSE OF DEATH:

OTHER INFORMATION BELIEVED TO BE OF SIGNIFICANCE TO THIS STUDY:

Adrenal glands Muscle
Aorta Psoas
Bone Other (Specify by name)
Rib Omentum
Vertebra Ovaries
Other (specify by name) Pancreas
Brain Pitultary
Breast Prostate
Cartilage Skin
Diaphragm Mid ventral
Escphagus Spleen
Fat Stamach
Gall Bladder Testes
Beart Thymus
Intestine - large Thyrcid
Cecum Trachea
Sigmoid colon Urinary bladder
Rectum Uterus
Other (specify by name) Vagina
Intestine - small Vena cava
Duodenum
Jejunum
Ileum
Kildneys
Larynx
Liver
Lungs
Lymph nodes

REMARKS




Table T

11

]
Mass and Effective Radius of Organs of the Adult Human Body

Mass, m, Per cent of Effective Radius,X
(g) Total Body* (uml
Total body* 70,000 100 30 -
Muscle 30,000 43 30
Skin and subcutaneous tissue¥* 6,100 8.7 Q.1 -
Fat 10,000 14 20
Skeleton: Without bone marrow 7,000 10 .5
Red marrow 1,500 2.1 -
Yellow marrow 1,500 2.1 -

Blood 5, 400 7T --
Gastrointestinal tract* 2,000 2.9 - 30
Contents of GI tract :

Lower large intestine 150 -- )

Stomach 250 - -

Small intestine - 1,100 -- --

Upper large intestine 135 - -
Liver 1,700 2.4 10
Brain 1,500 2.1 -
Lungs (2) 1,000 1.4 30
Lymphoild tissue T00 1.0 -
Kidneys (2) 300 0.43 T
Heart 300 0.43 -
Spleen 150 0.21 T
Urinary bladder 150 0.21 -
Pancreas TO 0.10 -
Salivary glands (6) 50 0.071 -
Testes (2) Lo 0.057 --
Spinal cord 30 0.043 -
Eyes (2) 30 0.043 --
Thyroid gland 20 0.029 3
Teeth. 20 0.029 --
Prostate gland 20 0.029 ==
Adrenal glands or Suprarenal (2) 20 0.029 --
Thymus 10 0.01k -
Miscellaneocus (blood vessels, 390 0.56 --

cartilage, nerves, etc.)

Does not include contents of gastrointestinal tract.
The mass of the skin slone is taken as 2000 grams.

F i,

The reports, "The Standard Man" by Herman Lisco, ANL-4253, Nov.1l948 - Feb.l949,

p. 96 and "A Survey Report of the Characteristics of the Standard Man," Sept.l948,
by M. J. Cook were used as the principal sources of reference in the original

selection of values given in this table.

1343235



AL el

aureg aursg m Qh mw 0L | 01 20Jn08 ‘90uBysIq
Hcgmmoo
JIS2pI0 PUOISS 4NO JND 1778 JO JTEY JI9A0 U0 ENOOJ 03 SUST
07 I99TTd *3TT8 JO JTeY JI29T13 Teljneu uryeid wm 06T de8 swem uo
IoA0 I99TTJ 4 SUST owsg sueg uo Snooy 03 SuUST W £g snooy o susT wx €g| S°F3do 93BTPIWISIUTL
w4 , D mm oz mn 4 g9UOUT Oh0*O aamgerade
Jajeowelp wdexyderd Joqewstp wBeIUdeIld Jogewefp ‘uBwiyderq yrpin de8 HseW 29 BTpPaULIaUT

-~ ydexdoxgoads JO

JOQBUTTICO UO Pasnoog

8T yoTum ded Nswm

GZERET

sureg aursg Butysa8 uo U0 POSNO0F IPoY}BO
posnooF ‘uotgaod TBIFUS) oAoqe mm T Jeker| POST 2IB JO UOT3I0d
aurBg ameg ml g wr OT dsn oay
PIEPpUBYS [BUXoFU
aureg owreg pIEpUEB}S TBWISZUT puB pue owmnmw.ﬁm az1s oTdwsg
93ydesd Bm QT +yse Ju g u 4 +4 f
spox agTydsald *pox 3 TUdeTdy
qout wmﬁuo@on e Joddp, - gout g/T:9pous
sdoop Yout kwwo,omwaon xaddn .&mmw _ws ¢fatoy
QouT JuT°0fpox o31udeasd gout 91/T¢es1udead S5DOIADD
Surss Sures Youl ma\m“ovocd ¢ zom0'T |UOUT g/ T :8POURD ‘I0MOT] POI309TH
aweg sureg omreg aspeay oodg ISN J939Wnq TsuUa(]

uriy d-£0T aew}sey

Wity g-VS UBW}SEH

WS Z-YS UBmySeE

s3981d g-yg UTmIsBI

pacoax ofyderdoqoud

098 ¢ Avmm OL~) uofqeTdwco G4 (008 66 ~) uofqgeTdmod 09 gpucoss QT swiy Buruang
o-p dure OT o-p dus ¢ o-p dus ¢ o-p dure OT quazIny
owreg aureg sureg °o1ddt 98 2 2-8 £1ddns xemod

3T0A 022 PRT4TH409Y

P5I55 1 F3-000 WH g 1|

PoIs9Tid~doa Wi Q* 1

ToTa.40d 18910 §° 1L

POIOGTTS WH §° | PoIoLTTy W g°T uopqrod PoIsiTis §° 1 o gl UBTOY ITTS
sUOIdTW OZ sucxH W G2 SUCIOTW OF SUOIDTW OZ UIPTM 3TTS
I5pI0 38ITF SU Buiqeid FuTa RIS MCAQATT 234800
__ Jonam mwm paw.H w.,nw.m nwws Ioqeu (°T QU] PUB nwmﬁ@m Jogem G°T QU] PUB_Usneg quOT pUs gosneg yderdoxjoadg
IMTPETTEd UNTPETTEd _ umTpeTTed UNEpUJ, pIEpUBYS TBULSRUL
n%”ﬂH 4 4 . nooﬁm'm->“ﬂ—.b.“ﬁum”§m é [ 1 [4
sagugéad ‘IN‘OWN‘UH ‘T T d TN OH UN‘BH BT 2L ‘NG ‘uz‘trfus‘as‘ad
w7 ‘BN ‘B TTé o ‘2D Bl ¢og°np 0B g Ny TV BY ¢anfonceneyiBgiog Ny Ty ‘B ipn g TE Ny SYIBY POUTWISYSP SQUSWSTH
II epouy I spouy spouy To£wT SpoU3LBD uoT3e3Toxy ordueg
suog snssTl 1J0s astdueg Jo adAf

spoyson otuderdoxzoadg
II °Tq®BL



UNCLASSIFIED

Table IIT 13
SOFT TISSUES

Method of “Internal Range of Coefficient

Element Exciltation Line Used Sti?izrd (:zgzez‘izﬁion ofp*g‘rizzic)m
ash)

Ag Cathode 3382 In 3039 0.6 - 100 prm 15
Al Anode 3082 Pd 3027 5 - 400 15
Al Anode 3082(F) Pd 3421 100 - 10,000
As Cathode 2780 In 3039 300 -
Au Cathode 2675 In 3039 10 - koo
Au Anode 2675 Pd 3027 20 - koo
B Cathode’ 2kt In 3039 10 - %00
Ba Anode 4554 Pd 3027 0.3 -~ 10 20
Ba Anode 4554 (F) Pd 3421 2 - koo
ge Anode 2348 Pd 3027 3 - 100
Bi Cathode 3067 In 3039 L - 4,000
Ca Anode 3179 Pd 3027 0.1 - 4 per cent
Ca Anode 3179(F) Pd 3421 0.25 - 10 per cent
cd Cathode 3261 In 3039 70 - 10,000 prm L
Co Anode 3453 Pa 3027 4 - 200
Cr Anode 3593(F) Pd 3421 10 - 1,000
Cr Anode Losl Pd 3027 0.1 - 10
Cr Anode Losl(F) A3 3421 2 - 100
Cs Anode 4555 Pa 3027 150 - 2,500
Cu Anocde 3274 Pd 3027 10 - 100
Cu Anode 3274(F) Pd 3421 20 - 5,000 5
Fe Anode 3024 Pd 3027 0.1 - 3 per cent
Fe Anode 3024(F) Pd 3421 1.0 - 10 per cent
Ga Cathode 2943 In 3039 1 - 4% ppm -
Ge Anode 2651 Pd 3027 30- REARIY

UNCLASSIFIED



UNCIASSIFI ED

Table IV 1L
BONE
Method of Internal Range of
Element Excitation Line Used Standard Line Concentration
(in bone ash)
Ag Anode I 3382 Pd 3027 1-25 pmm
Al Anode I 3082 P4 3027 5-100 ppm
Au Anode I 2675 Pd 3027 25- ppm
B Anode T 2kg7 Pd 3027 30- ppm
Ba Anode II Lssk Pd 3027 0.5-10 ppm
Ba Anode II 4554(F) Pd 3kok 10-300 ppm
Be Ancde I 2348 Pa 3027 L- ppm
Ca Anode I 3158(F) Pd 340k 1%-50%
Ca Anode I 3181(F) Pd 3kok 10%-50%
Co Anode I 3453 Pd 3027 6-100 ppm
Cr Anode II LoTh Pa 3027 0.3-10 ppm
Cr Ancde II 4274 (F) Pd 340k 6-100 ppm
Cu Anode I 32l7 Pd 3027 1-40 pm
Fe Anode I 3024 Pa 3027 200-5,000 ppm
Fe Anode I 3047 Pd 3027 100-4,000 ppm
Fe Anode IT 3581 Pd 3027 10-2,000 ppm
K Anode II hobl(F) Pd 34Ok 0.2%=-U%
lLa Anode I 3337 Pd 3027 100- ppm
1i Anode IT 6707 Pd 3koOkL 0.01-2% ppm
Mg Anode I 3336 Pd 3027 0.15%-3.5%
Mg Anode II 5167(F) Pd 3hok 0.1%-4%
Mn Anode I 2798 Pd 3027 1-10 pmm
Mo Anode I 3170 Pd 3027 15- ppm
Na. Anode II 3302 Pd 3027 0.5%-4%
Ni Anode I 3050 Pd 3027 20-400 ppm
Po Anode I 2833 Pd 3027 4-1,000 ppm
Sn Anode T 3840 Pa 3027 10-500 ppm
Sr Anode T LOoTT(F) Pa 340k 20-400 pmm
Sr Anode I u607(F) Pd 3Lok 10-500 ppm
T4 Anode I 3653 Pd 3027 10-400 pm
\ Anode I 4379 Pd 3027 15- pmm
Zn Anode IT 4810 Pd 3027 200-2,000 prm
134328
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