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Preparation of this preliminary report was directed by the Health 
and Environmental Studies Program, Information Center Complex, Information 

j Division, Oak Ridge National Laboratory, for the Health Effects Research 
^ Laboratory, U.S. Environmental Protection Agency, as partial fulfillment 

of Interagency Agreement DOE Ho. 40-673-78, EPA Ho. 78-D-X02O5 between the 
Department of Energy and the U.S. Environmental Protection Agency. The 
scope of this report is designed to meet the obligation of the U.S. 
Environmental Protection Agency as specified in Section 403c(l) of the 
Clean Air Act as amended August 7, 1977. This section provides for the 
following: 

(c)(1) Rot later than twelve months after the date of 
enactment of this Act the Administrator of the Environmental 
Protection Agency shall publish throughout the United States 
a list of all known chemical contaminants resulting from 
environmental pollution which have been found in human tissue 
including blood, urine, breast milk, and all other human tissue. 
Such list shall be prepared for the United States and shall 
indicate the approximate number of cases, the range of levels 
found, and the mean levels found. 

Work under this agreement will continue until a comprehensive final 
report is prepared which will meet the additional requirements of the 
following Section 403c(2): 

(2) Not later than eighteen months after the date of 
enactment of this Act the Administrator shall publish in the 
same manner an explanation of what is known about the manner 
in which the chemicals described in paragraph (1) entered the 
environment and thereafter human tissue. 

Representative data on the human tissue levels of all chemicals considered 
pertinent to the intended scope of this initial report are included in the 
subsequent tables. Demographic data or any other information considered 
important for understanding the significance of the reported chemical levels 
are also included. Chemical coverage reflects tissue levels reported over 
the last 30 years, although imposed time constraints did not allow docu­
mentation of every report. A list of the information resources surveyed is 
provided at the end of this section. The bibliography contains sources 
used for this report as well as several sources which were reviewed for 
inclusion in the final report. 

Most available data results from specific surveys to determine the 
tissue levels of chemicals perceived to be potential publi; health hazards 
or involved in incidents of gross accidental poisonings. Basic interests 
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in the roles of trace elements and recognition of the need to determine 
baseline levels of chemicals introduced into the environment are addi­
tional factors which have motivated surveys by individual investigators. 
Thus, most data on chemicals in human tissues record levels of pesti­
cides (e.g., DDT and metabolites), levels of trace metals such as lead, 
cadmium, and mercury, or levels of nutritionally essential elements 
such as zinc, copper, manganese, and fluoride. 

The considerable amount of data available on some essential elements, 
such as iron and calcium, are not presented in this initial report because 
their presence in the environment is generally not considered haz-*-":)us. 
Data on several uncommon chenicals, such as indium and ytterbium, ~re 
included basically as itemf of interest and to further document their 
presence in healthy individuals. Baseline data were presented where 
available to provide perspective as to chemical levels which might be 
expected under conditions where exposure could be considered normal or 
not directly related to a pollutant source. 

Nearly 600 cited surveys or investigations, most of which were 
reported within the past decade, are listed in the following table. 
Ninety-four different chemical contaminants, primarily trace metals and 
organochlorine pesticides, were reported. It is estimated that over 75 
percent of the data published during the past 30 years on chemical con­
taminants derived from environmental pollution and found in human 
tissue in the United States are represented in this report. The post 
World War II period covered in this survey represents that period when 
the proliferation of new chemical substances emitted into the environ­
ment was increasing at an accelerated pace. 
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ALUMINUM 

Tissue 

1 ' 
Range Mean Level 

: 
No. of 
Cases 

i . 

Analytical 
Method Comments Reference 

Adrenal 67-450 ug/g ash 180 ug/g ash (median) 13 ES Tipton et al., 
mi 

Aorta 0,94-51.0 mlcromole/g ash Not given 100 ES Perry, 1968 

0.76-5.2 tnicromole/g ash Not given 150 ES A-iults who died unexpectedly, 
St. Louis 

Perry et al., 
1962 

11-140 ug/g ash 29 ug/g ash (median) 104 ES Tipton et al., 
1963 

Bladder Not given 6.0 ppm wet wt. 2 ES Organ* from audden accident 
victims (normal) 

Koch at al., 
1956 

IB-150 ug/g ash 47 ug/g ash (median) 110 ES Tipton et al., 
1961 

Blood Not given 0.0207 • 0.000.1 mg/100 ml 48 ES Normal individual*, Los Angeles 
area 

Butt et al., 
1464 

0.040 - 0.045 • 0.0J mg/ 
100 ail 

0.04j mg/100 ml 266 KS Patients, blood donors, and 
normal individuals, Lou Angeles 
area- Serum 

Butt et al., 
1964 

Not *. tven 0 J U mg/lOOg wet wt. Not 
given 

ES Race nnd country information, 
diet 

Kehoe et al., 
1940 

Body, total 
conten' 

Not giver 61 mg 168 Not given Autopay samplea from 58 cities 
and 24 nonurban area* 

Schroeder, !"?? 

Bone Not given 0.5 mg/lOOg wet wt. Not 
given 

ES Race and country information, 
diet. Long bone 

Kehoe at al., 
1940 

Not given 0.24 mg/lOOg wet wt. Not 
given 

ES r.ace ami country information, 
diet. Rib bone 

Kehoe et al., 
1940 

Brain Not given 0.004 mg/lOOg wet vt. Not 
fiver 

ES Race and country information, 
diet 

Kehoe et al., 
1940 

TX-4907 
7-24-7H 



ALI'MINI'M ^continued) 

Tissue 

1 — —' 
Range Mean Level 

No. of 
Caae* 

Analytical 
Method Constants Reference 

drain Not Riven 8.0 ppn wet wt. 3 ES Organa frost sudden accident 
vtctlM (normal) 

Koch «C al,, 
141* 

0.38-10.0 mi-romole/g ash Not given 100 ES Perry, 196* 
0.22-1.4 miv-romulf/g ;IS!I Not given 150 ES Adults who died unexpectedly, 

St, Louis 
Perry et al., 
1462 

o-lH ;.g/g ash 15 i.g/g ash >median) 127 ES Tipton et al,, 
146} 

Diaphragm 11-94 ..%/% lah -'<> ;.g/g a»h (median) »1 KS Tipton et al., 
19*3 

Esophagus Not given 20.0 ppm wet wt. ! ES Organa fro* sudden accident 
vlrtias (normal) 

Koch et al,, 
145* 

.s-;H0 ug/g ash 61 ug/g ash (median) 66 ES Tipton st al,, 
19a] 

Ha<r 2.0-9.0 ppa 4.4 ppn 99 NAA Children and adults •ates and Dyer, 
1965 

s.s x io~ 1 J- :.i x io" 9* 
dry wt. 

Not given 18 F.S White aalea, 15-70 yra. old Goldbsua at al, 
195) 

1.7 and 4.6 ug/g dry wt. Not given •> AAS; MS Yurachek, 14*9 
Heart Not given 0.056 mg/lOOg wet wt. Not 

given 
ES Race and country Information, 

diet 
Kehoe et al. , 
I960 

0.87-20.0 muromoli'/K ash Not given 100 US Perry, 196S 

0.17-2. nit romole/g ash Not given 150 ES Adults who died unexpectedly, 
St, louls 

Perry et al,, 
1962 

. „ . ,,, 
10-70 ;.K/g ash JO ug/n ash (median) 140 ES Tipton et al,, 

1961 
TX-4907 
7-24-78 



ALUMINUM (continued) 

Tissue. Rant* Mean Laval 
No. of 
Casts 

Analytical 
Method C O M M A t s Reference 

Intestine Hot given 0.087 mgAOOg wet wt. Not 
given 

ES Race and country Information, 
diet 

Kelioe et al., 
1*40 

0.0-20.0 ppa wet wt. 8.0 pp* wet wt. 6 ES Sudden accident victims Koch et .il., 
1**6 

24-780 ug/g ash 130 ug/g aah (median) 31 ES Cecum Tipton ot ul., 
1*63 

23-200 ug/g aah 86 ug/g aah (median) 82 ES Ileum Tipton et at,, 
1*63 

18-260 ug/g ash 43 ug/g ash (median) Not 
given 

Not given Duodenum Tipton et al., 
1961 

)8-lM> u 3/g ash 37 ug/g aali (median) 101 ES Jejunum Tipton et al., 
1*63 

2 3-MO ug/g ash 107 ug/g a»h (median) 107 KK Slgmo'd colon Tipton et al., 
'.•61 

18-200 ug/g aah 42 ug/g ash (median) 42 • ES Rectum Tipton et al., 
1*63 

Kidney Not given 0.042 mg/lOOg wet wt. Not 
given 

ES Race and country information, 
diet 

Kehoe el <il., 
1*40 

1.1-31.0 aU-romole/g ash Not given 100 ES Percy, 1*68 
0.S1-3.Q mtcronoU/g ash Hot given 1J0 ES Adults WHO dlt>d unexpectedly, 

St, Louts 
Perry et al., 
1*62 

0-15* mg/lOOg dry wt. Not given Not 
given 

ES Tiet* et al., 
i*47 

14-82 ug/g ash 2} ug/g aah (median) 141 ES Tipton et al., 
1*63 

TX-4907 
7-24-78 



AI.UMIMUM (cont inued) 
— , 1 

Tlaauc 
~ - - • -

Range 

• 

Mean Laval 

—~-— 
No, of 
Caaea 

Analytical 
Method 

Larynx fe-M ug/g a»h 14 u«/g aah (median) SO KS 

Ll«( Not given 0.16 ag/lOOg wat wt. Not 
nlven 

KS 

0.0-12.0 ppa wet vt. 6.0 ppa wet wt. 1 rs 
1.1-18.0 atrroaoWg »»h Not given 100 is 

0.62-4.4 aU'romolf/); .»sh Not given 150 ss 
Not given 80.0 • 8S.4 U g / R a»h 10 KS 

0-15+ «g/100g dry tlaaue Not given Not 
given 

n 

17-120 ug/g aah 47 ug/g aah (median) 140 F.S 

Not given 0.69 • 0.05 - 0.85 • 
0.3 ppai 

12 KS; chea. 

Lung Not given 5.94 ag/lOOg wat wt. Not 
given 

KS 

6.0-180 ppa. wet wt. 50.0 ppa wet wt. 1 ES 

49-310 aicroao'.e/g aah Not given 100 ES 

TX-4907 
7-24-78 

• — — — — • — — • — — - • - - - - - — • 

Commenta Reference 

Tipton at al., 
196) 

Race and country information, 
diet 

Kehoe et .il., 
1940 

Organa fro* audden accident 
victiaa (norms 1) 

Koch at al,, 
1956 

Perry, 1968 | 

Adulta who died unexpectedly, 
St, Louia 

Harry at al,, 
1962 

5 White and 5 hlack accident 
victiaa, long-tera St. Loula 
realdanta 

Parry et al., 
197J 

Tien ot al., 
19J7 

Tipton et al., 
1»CJ1 

Autnpaiea; low value for cirrho­
tic pat lent a (alcoholic*; atid 
high value for nancirrhotlr 

Vallee *t al., 
1957 

Race and country Information, 
diet 

Kehoe el ai., 
1940 

Organa froa audden accident 
victiaa (noraal) 

Koch et al, , 
1956 

Perry, 1968 

1 



ALUMINUM (continued) 

TlUM Mat* Moan Laval 
No. of 
Caaaa 

Analytical 
Method Canaan u Reference 

Luna (conttmMd) 29-190 aicroamle/g ash Net given ISO IS Adulta who died unexpectedly, 
It. Louta 

Ferry at al., 
1*42 

Not givon Mln. - 1700 ug 
Man. - 10,000 tig 
Retained far yr.- 44? us 1M Not given 

• 
Autopay aanplea froai if eltiea 
and 2* nonurean araaa 

Schroeder, t*70 

0-20* ag/lOOg dry wt. Not given Not 
glvon 

II Tiets at al.. 
19)7 

170-> 4,1.00 ug/g aah 2)00 ug/g aah 141 IS Autopaiea, 9 U.S. citlea Tipton et al., 
1*44 

7«0->4.000 ug/g M h 2000 ug/g aah (awdian) 141 M Tipton et al., 
194) 

Muscle Not given 0.1) ag/lOOg wot wl. Not 
given 

IS Race and country information, 
diet 

Kehoe ec al., 
1*40 

0.0-12.0 paa wot wt. 4.0 ppa wot wt. 7 IS Organa free) audden accident 
vlcttaa (normal) 

Koch et al., 
1144 

•-" ug/g «ah 1* ug/g aah <aedlan) 13a IS Tipton et al., 
1941 

Nails 4. J x 10~ U - S.3 « 10""x 
dry wt. 

Not gtvan la IS White aalea. IS-70 yra, old Caldblua #t al., 
19)51 

Ovary 12-1J0 ug/g aah 3* ug/g aah (Mdian) 14 ES Tipton et al., 
194) 

Oaeatua 4R-1100 ug/g aah 110 ug/g aah (aedian) 7J IS Tipton et al., 
194) 

Pancreas 12-1M ug/g aah 27 ug/g aah (aedian) lit IS Tipton et al., 
1941 

TX-4907 
7-24-7« 



AU'HINUN (continued) 

Tlaawa Hana* Maan Laval 
Ho. of 
Ca«a» 

Analytical 
Hathod CaajMMI Kaferance 

Proatate 12-220 ug/g aah 46 ug/g aah (•edian) 50 ES Tipton *t a).. 
lt63 

Skin ) J i 1 0 * U - H.J x 10"** 
dry wl. 

Not ftvan u ES White H I I I , 15-70 yaara old Coldalua at al,, 
U43 

72-1200 ug/g aah 240 ug/g aah (•edian) 22 ES Tipton at at., 
1441 

Spleen Hot liven 0.13 ag/lOOg wac wt. Hot 
given 

a Race and country InforMtton, 
diat 

Kahoe at al,, 
1440 

0.0-8.0 ppa wet wt. 7,0 fpm wat wt. 3 is Organa froai auddan accident 
victlaa (normal) 

Koch at at., 
1*54 

O.aJ-lt.O adcroaele/g aah Hot given 100 ES Perry. 1*41 

0.34-4.4 alcroawla/g aah Not given 150 Kf Adulta who dlad unaipactedly, 
•t, loula 

Parry at al,, 
1941 

10-120 vg/g aah 7-5 ug/g aah (modtan) 143 ES Tlaton at al., 
H43 

StowKh Hoc «l»e» 0.073 ag/100g wet wc. Hoc 
glvan 

ES Race and country Information, 
dial 

Kahoe et al.. 
1*40 

7.0-40.0 pas wot wt. lg.0 ppo wet wt. 3 ES Organa froai audden accident 
victtM (normal) 

Koch at al,, 
1*5* 

14-110 ug/g aah 15 ug/g aah (aadian) 110 IS Tipton tt al., 
1*43 

Tooth 1.5-54.0 ug/g 14.0 il.SI ug/g 54 MS <20-yaar-olda, wide iiaographlc 
araa 

Loaee et al. , 
1«3 

19.13 l 3.4« aaais 
1.34 s 1.31 p»a> 

20a HS High certaa araa, Haw England! 
I N carta* »»aa, South Carolina, 
<20-year-elda. (naawl 

Curaon and loit* 
H77 

TX-4107 
7-34-



Til 

ALUMIMM(c>nttMMd> 

Moan Laval 
Ha, of 
Caaaa 

Analyt ica l 
Hathod tafftronca 

Toatla ia-to v«/« aah 

Thyroid U-240 ug/g aah 

Tracnoa 12-MO ug/g aah 

Vriao Hot givoa 

Utarua 12-90 ug/g aah 

V « M cava Not glvon 

50 u§/« aah (aadlan) 

•3 Mg/g aah (aadian) 

aO ug/g aah (aadlan) 

0.07a ag/lOOg vat v t . 

M ug/g aah (aadlan) 

• .0 aaa vat v t . 

72 

21 

S7 

Not 
glvan 

32 

H 

( I 

IS 

IS 

IS 

IS 

Raca and country information, 
diat 

Organ* freai auddan accldant 
vlctiaa (noraal) 

Tiaton at al., 
1MJ 
Tiaton at al., 
1961 
Tiaton at al., 
19a] 
Kohoa at al., 
1940 
Tiaton at a!., 
19*) 
Koch at al., 
19M 

TX-4907 
7-24-7* 



ANTIMONY 

Tlaaue Range Mean Level 
No. of 
Caaaa Analytical 

Method Comment* Reference 

Blood 0.0O-O.31 P p n Not given 39 X-ray Spectrometry Mean age 3). 3 yeara, .Serum Cofnan el al., 
1964 

Not given 0.016 tiR/ml Nor 
given 

Not given Normul blood level Rentoul and 
Smith, 1971 

•rain Not given 0.11 ug/g dry wt. Not 
Riven 

Not given Normal brain level Rentoul and 
Smith, 1971 

Hair O.S-4.0 pprn l.S ppm 13 NAA Oik Ridge, Tann. adult* and 
children 

Bate and Dyer, 
196$ 

Not riven 0.061 > 0.011 ppai 10 NAA Homogenised hair Obruanik at al., 
1972 

Not given 0.69 ug/g dry wt. Not 
given 

Not given Normal antimony level in hair Rentoul and 
Smith, 197) 

Heart Not given 0.09 ug/g dry wt. Not 
given 

Not given Normal heart leva] Rentoul and 
Smith, 1973 

Kidney Not given 0.17 ug/g dry wt. Not 
given 

Not given Normal kidney level Rantnul and 
Smith. 1971 

Liver Not given 0.19 ug/g dry wt. Not 
given 

Not given Normal liver level Rentoul and 
Smith, 1971 

Lung <0.010-0.87 ug/g w e t w t . 0.116 ug/g wet wt. 24 NAA Some cat** with lung cancer. 
tome without 

Kennedy, 1966 

Teeth 0.02-0.3* ug/g dry wt. 0.11 ug/g dry wt. J6 MS Leaa than 20-year-old teeth. 
Knawel 

La*** *t at., 
1971 

TX-4907 
7-24-7» 



ARSENIC 

Tlaaua Ranga Mean Level 
No. of 
Caaea 

Analytical 
Method Coeaenti Reference 

Blood 0.OC-0.15 *g/l00g dry wt.; 
<l->i ag/lOOg dry wt.: 
trace-4.86 ag/100g dry wt. 

0.0529 mg/IOOg dry wt.; 
0.:fc mg/lOOg dry wt.i 
not given 

16 
55 
107 

Colorimetry Normal children; normal adult*; 
patient* with auggeation of 
chronic nreenic poieonliif 

Cannon, 19)6 

0.00-0.05 ppa> Not given Not 
given 

X-ruy epectronetry Cofman et ill. • 
1964 

Not given 0.0) iig/nl Not 
given 

Not given Normal *r«*nir level in blood Renioul and 
limit h, 197) 

10-1*0 ppb 12-211 ppb VJ Not given e Oregon title*; correlation of 
blood entente level with araenic 
level* in drinking water 

Whiinger et .il., 
1*77 

Brain Not given 0.016 ug/g >«•'>• v;. Not 
given 

Not given Normal areenlc level in hra'n Rentoul and 
Smith, 197) 

Hair 0.25-0.88 „g/g 0.51 v.g/g 43 Chem, Camp et a!., 1944 
Not given 0.4 • 0.26 - 10 6 • 7.0 

ppm 
168 Color Imt-trv Mean level range repreeent* 5 

cit tea - fourth grade hoya 
Hammer ri al. , 
1971 

20-100 ppai 
0-4 ppm 

50 ppm Not 
given 

AAS Higher value* from children 
living near emelrer; lower aet 
from children living • mile* away 

Milium and 
Strc \, 1974 

Not given 0.*>5 ug/g dry wt. Not 
given 

Not given Normal araenlc level in hair Rentoul and 
Smith, 1971 

0.06 and 0.M ug/g dry 
wt. 

Not applicable 2 AAS; CS Yurachek et al., 
1969 

Heart Mot given 0.027 ug/x dry wt, Not 
given 

Not given Normal arienic level* in heart Rentoul and 
Smith, 197) 

Kidney Not given 0.050 ug/g dry wt. Not 
given 

Not given Normal araenic level* In kidney Ki-ntoul and 
Smith, 197) 

TX-*90? 
7-24-78 

t 
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ARSENIC (continued) 

Tiaaue 

Liver 

Placenta 

Skin 

Urine 

Range 

Not given 

Not liven 

High value: 5.22 mg/lOOg 
dry wt. 

0.01-1.50 ug/g dry wt.; 
0.05-2.30 ug/g dry wt. 

Trace to 4.86 ag/lOOg dry 
wt. 

Not given 

Not given 

5-114 kg/liter 
8-75. J ug/24 hr. 

0.01-0.3 ppa 
0.01-0.OS ppm 

Not given 

Mean Level 
No. of 
Caiea 

0.057 viM/g dry wt. 

0.001 + 0.000 wg/g wet 
wt. 

Not given 

0.17 ug/g dry wt . ; 
0.10 ug/g dry wt. 

Not iitven 

0.130 Mg/llter 

0.023 mg/l lter 

20 + 13.6 and 29.1 + 
25.1 u|/ l lur 
20.9 • 11.3 and 39.1 + 
23.4 pg/24 hr. 

0.097 ppm 
0.034 ppa 

0.084 ug/ml 

Not 
Kiven 

58 

Sot 
given 

87 

107 

16 

Not 
given 

28 

Not 
given 

Not 
given 

Analytical 
Method 

Not given 

Not given 

Not givun 

NAA 

Colorimotry 

Colorimetry 

NAA 

X-ray aprrtrometry 

AAS 

Not given 

Comment* 

Nor-iwl araenlc level* in liver 

Dati fro* city hoapluli in South 
and Southaaat 

Sjtikplca from patient* exhibiting 
aymptoma auggeatlve of chronic 
.traentc polaonlnfl 

Arsenic hiatory; nn araenii-
hiatory 

Patient* exhibiting lyaptoma 
auggeatlve of chronic araentc 
poisoning 

Normal adult*, children 

Heaaurement* from Denver ar.d 
Seattle 

Higher value* from children 
living cloae to amelter; lower 
valuea for children A aiile* from 
amelter 

Normal araenlc level in urine 

Keferenc* 

Rentoul and 
Smith, 1971 

Karp and 
Robertnun, 1977 

Cannon, 19)6 

Domonkoa, 1959 

Cannon, 1936 

Cannon, 1916 

Cilia at a!., 
1974 

Math lea, 1974 

Nilham and 
Strong, 1974 

Rento'.il and 
Smith, 1971 

TX-4907 
7-24-78 



ASBESTOS/FEMUCINOHS BODIES 

Ttaaua Ranga 

— 

Maan Laval 

,—_____ 
No. of 
Caaaa 

Analytical 
Mathod CoatMnts Reference 

Luna 0.0-<210 panicles/lung (a) 
(b) 
(c) 
W) 
la) 

14.20 particles/lung 
12.89 part idea/lung 
7.42 particlaa/luni 
10.05 par deles/lung 
13.5} partIclaa/lung 

282 
(Ouluth) 

96 
(HVC) 

Microscopy (A) Duluth, 1953-195', 
(b) Duluth, 1960-1961 
(c) Dululh, 1966-1967 
(d> Duluth, 1972-197) 
(a) NYC, 1966-196g 

Auerbach at al., 
1977 

Not tiivon Not Civan 41 o( 100 Hlatnchaaical Cauna at al,, 
1965 

1-20 partlclea/5g Not i.i van 2« Microscopy Sanplta froa agaa 10-70 Cordon at al., 
1976 

Not CIvan 2.a 
6.5 

and 9 $ «g/« dry wt, 
x 10 

23 Not Givan First values • Charlsaton, *C 
autopsies and sacond values -
Pittsburg, PA autopsiaa 

Croaa at al., 
1974 

9-.201 fibers/10<-6) 
of tlaaua 

Not Civan 28 of 28 Microscopy NYC autopsies Iangar at al., 
1970s sellkoff 
at al., 1972 

0.0-57.OX positive Not Given 1449 
of 
3000 

Microscopy NYC autopslss Langar at al,, 
1970 

3-340 Ub«ra/lD<-6) 
fraction o( tUaut 

Not Given 28 of 28 Microcopy NYC random autopsies Langar and 
8elikoff, 1971 

Not Civan Not Civan 24 of 28 Microscopy NYC autopsies, general population Langar at al., 
1971 

0-2Jl* ferruginous bodies* 
St tlaauc 

Not Givan It* Microscopy No differences due to salt or 
location 

Rosen at al., 
1972 

Not Clven Not Given 179 of 
355 

Microscopy NYC autopsies Sell-off and 
HasaKHid, 1968 

TX-4907 
7-24-78 



ASHf:STaS/KKHRW;iN<.i.VS MVIUS ( c o n t i n u e d ) 

Tlaaue Range 

Lung Hot Clven 

Not Given 

TX-*90J 
7-24-7» 

Mean Level 

31.bi poaitive (males) 
and JO.AZ poelt ive 
(feeulea) 

9».2Z posi t ive (mule*) 
and 9J.5Z poaitive 
(fenalea) 

Ho. of 
Caaea 

IC't u l i ' i i 
19* 

fc»nlo« 

100 

Analytical 
Method 

Mii:ro*copy 

MUroacopy 

Coaawnta 

Autopalaa In F lor ida 

Reference 

Thoapaon et al., 
1966 

Utidjlan et al,, 
1961 



BARIUM 

Tiaaue Ran|« Wean Level 
No. of 
Caaea 

Analytical 
Method Commenta R>!erence 

Aorta 0.0)6-0.50 micromolea/g 
aah 
0.018-0.12 mivromoWa/g 
•ah 

Not given 

Not given 

100 

ISO 

ES 

ES Adulta who died unexpectedly, 
St. 'ouia. Hi, 

Perry, 196B 

Perry et ,tl., 
1962 

Uood Not given 0.0069 ± 0.0004 ag/100ml 48 ES Norauil individual!, I.on Angelee 
area. Whole blood. 

Butt ft al., 
1964 

0.003-0.470 mg/100ml 0.171 mg/lOOml 266 ES Patiente, blood donore, and 
normal individuate, l.oa Angelea, 
Serum, 

Butt et al., 
1964 

0.00-0.44 ppai Not given 39 X-ray apectroawtry Male*, mr.tn .\*c is. t yt». Serum. Cofman et al., 
1964 

Not liven 0.07 ug/ail Not 
given 

Not given Rentoul and 
Smith, 197) 

tody, total 
content 

Not given 22.0 ag 16S Not given Autopay aamplee from 5B fit lea 
and 29 nonurban nreaa 

Schroeder, 1970 

Bone 1.9-17.3 ppai 7.0-1,1 ppa 35 NAA 4 groupa: 0-3 montha to 13-74 
yeara; laariwd (lightly with 

Siwden and 
Stitch, 1957 

Brain 0.013-0.19 mU-romolea/e 
aah 
<0.001-0.013 mitromolea/g 
aah 

Not given 

Not given 

100 

150 

ES 

ES Adulta rfho died unexpeitedly, 
St. Louie 

Perry, 196B 

Peiry el al., 
1962 

Not given 0.01 ug/g dry wt. Not 
•iven 

Not given Rentoul and 
Smith, 197) 

Hair 0.014-9.29 ug/g; 
0.121-29.0 ug/g 

0.762 wg/g; 1.41 ••g/| 267 
(i-hlldrvn) 

1<»7 
Udulta) 

Es 

.. 

3 New York Citv areae; lover 
ftgurea, children; higher 
flgurea, adulta 

Creaaon, 1975 

TX-4907 
7-24-78 



4ARIUM d-onli.iued) 

Tiaau* 

1 — — ' — • 

Rang* Mean Level 

- — • • 

No. of 
Caaaa 

' " • " ' -

Analytical 
Method 

r - - • • ' " • • - ' " ' • 

Coaaenta Reference 

Hair 
(continued) 

Not given O.tvO and 0.46 ug/g dry 
wt. 

t AAS; MS Y»rti''hvk, |»M 

Heart O.OU-0.24 * U roim'l.'ji/x 
aah 
<0.001-0.020 »U-ro(fc>W>*/g 
aah 

Not given 

Nit given 

too 
ISO 

KS 

N.M slv>>\! AduUa who dtad unexpectedly, 
St. Loul* 

Perry, 1968 

ferry et ,i),, 
1962 

Not given 0.08 ug/g dry wt. Not 
given 

Not given Kencoul and 
Saith, 197) 

Kidney 0.018-0. '70 mlrroaoii-a/u 
anh 
<0.001-0.029 alvronolea/c 
ash 

Nut given 

Not given 

100 

1J0 

ES 

T.S Adulta who died unexpe redly. 
St. Louta 

Perry, 1961 

Perry et al., 
1962 

Not given 0.06 wg/g dry wt. Not 
given 

Not given Mntoul and 
Saith, 197.1 

Liver <0.001-0.12 aiicrjettles/g 
aah 
<0.001-0.015 aicrueiolea/g 
aah 

Not given 

Not given 

100 

150 

ES 

US Adulta who died unexpectedly, 
St. Louta 

Perry, 1969 

Perry et al., 
1962 

Not liven 0.67 • 0.40 ug/g aah 10 r.s i white and J black accident 
victlaa, long-tera St. Louta 
reaidanta 

Parry at al., 
197) 

Not given 0.OO7 U|/| dry wt. Not 
ti'/.-n 

Not given Rentoul and 
Saith, 197) 

Lung 0.068-0.140 aicroe>olea/« 
uh 
0.029-0.290 aicroeiolca'g 
aah 

Not given 

Not given 

100 

ISO 

RS 

ES Adulta who died unexpectedly, 
St. Leuia 

Perry, 1961 

Parry et al., 
1962 

Nor given Nin. <20 U g . Max. 1000Mg 
Retained per year: 47 vig 

168 Not given Autopay aaaplea froa SI rttien 
and 29 nonurhan area* 

Schreeder, 1970 

TX-4907 
7-24-78 



BARIUM (continued) 

Tissue 

Placenta 

Spleen 

Teeth 

Range 

Not given 

0.09-0.18 microaioles/gash 

<0.001-0.024 micromoles/g 
ash 

Sot given 

0.8-17.0 _g/g 

Mean Level 

0.053 + 0.01 ^./g wet 
wt. 

Not given 

Not given 

6.8 + 2.26 ppu; 
2.1 + 0.57 ppm 

5.6 ug/g 

No. of 
Cases 

58 

100 

150 

208 

56 

Analytical 
Method 

Not given 

ES 

ES 

MS 

MS 

Content • 

Adults who died unexpei' ted Iv , 
St. Units 

Teeth samples t rom <20-year-oldH, 
High carles area. New England 
low carles area. South Carolina. 
Enamel. 

•20-year-olds, wide gcographl-
area. Enamel. 

Reference 

Karp and 
Robertson, 1977 

wetry, 196« 

Perry et al. , 
1962 

Curzon and Losee, 
1977 

Losce et al, 
1973 

TX-4907 
7-24-78 



-1 

Tissue Range 

AdlpoHe v0.0001 ppsi 

lli.K.d Not given 

oune <0.0004 ppm 

araln Not given 

Gastrointes- '- 0.0004 ppm 
tlnal tract 

Heart Nut Riven 

• 0.0004 ppm 

Kidney Not Riven 

0-0. 5 nR/100g tissue 

Liver 0-1.0 mg/lOOg tissue 

Not given 

0.001 ppm 

0-0,01? .R/100g 

Mean Level 

Hot appl icable 

O.O0I i.R/m! 

Not appl l i ab le 

0.002 MR/R dry wt. 

Not appt icahle 

0.002 HR/R dry wt. 

Not appl icable 

0.002 ug/g dry wt. 

Not given 

Not given 

0.009 L.R/R dry wt. 

Not appl icable 

Nut Riven 

TX-4907 
7-24-78 

I1KRY1.1.IUN 

No. ot' Analytical 
Cases Method Comments Reference 

t Kluoronetry Cidaver Forbes et nl, , 
1954 

Not 
Kiven 

Not >-lvon Normal blood level Kentoul and 
Smith, 1971 

l Fluorometry Cadaver. Skeletal bone. F..rl»e;i et a ) . , 
IT.'. 

Not 
gi ven 

Not given Normal brain level Kentoul and 
Smith, 1973 

Not 
Klven 

Fluorometry Cadaver Forbes et al., 
195* 

Not 
given 

Not given Normal heart level Rentoul and 
Smith, 197 J 

l Fluo route try Cadaver Forbes et al., 
1954 

Not 
given 

Not Riven Normal kidney level Rentoul and 
Smith, 1973 

Not 
Riven 

F.K Cancer patlenta and autopsy 
specimen* 

Tletz et al., 
m7 

Not 
River 

KS Cancer patlenta and autopsy 
specimens 

Tiet* et al. , 
1957 

Not 
given 

Nut given Normal liver level Rentoul and 
Smith, 1973 

I Fluorometry Cadaver Forbes et al. , 
1954 

2 Not given 1 white and 1 blar.V male Forben et al., 



5ERYU.1UM (continued) 

Nc. of Analytical 
Tissue Range Hean Level Caaea Method Coaaaenta Reference 

Lung 0-0.023 Mg/100g Not given •> Not given I white and 1 black male Forbra *t al.. 
1956 

tO.0004 ppm Not applicable 1 Fluoroawtry Cadaver Korbea et al., 
l«J4 

0-1.0 Mg/lOOg dry wt. Not given Not 
given 

ES Cnnccr patient* ami .tutopay 
specimens 

Tlfti i>t al., 
1957 

O.l-t.l i«/100g tlaaue Not given 3 MS Robinson «t al•• 
1*61 

Placenta Not given 0.013 + 0.007 ,.g/g wet 
wt. 

58 Not Hiven Hoapital patient! In South and 
Southem c 

Karp .ind 
Robertson, 1977 

Teeth 0.01-0.97 ug/s dry wt. 0.090 ug/g dry wt. 56 MS Leaa than 20-yi>«r-oid l**th Lom-e rt al. , 
1971 

Urine Not given 0.000? ug/ail Not Not given Normal urine levul Rentoul and 
given Smith, 1973 

TX-4907 
7-iU-n 



T i s s u e 

Adipose 

Blood 

Milk 

TX-4907 
7 -24-78 

Range 

Not g i v e n 

0 . 0 - 0 . 1 4 ppn 

0 . 0 - 1 8 . 0 ppb 

< 1 . 0 - 1 0 4 . 4 ppb 

Mean Level 

<0 .01 ppm 

0 .01 ppm 

<0.07 ppb 

S h . l pph 

-Bin: 

No. of 
Ca»en 

i!S 

1412 

IrtOO 

WH> 

T " 
Analytical 

Method 

fiC-KC 

c.c-f.c 

Cf.-K 

CoMMlnt* 

Samples from Lou Angel«H 

IS U.S. cities 

General population In Idaho 

Sot detectable In 142f> of 14)6 
samples. Fat basts. 

deference 

Hayes ct al., 

Kut* ft al., 
1974 

Watson f t a l , , 
1<J70 

Sav*K«. I1?b 



B-BHC 

Tlaau* Rang* Mean Laval 
Ho. of 
Caaea 

Analytical 
Method CoMaenc* Reference 

Adipose Not given 1.23 + 0.93 ppM 221 GC-EC Texaa agricultural area* lurna, 1974 
Adipose 0.1-0.5 pp* 0.2 ppa 25 GC-EC None Davis at al., 

1971 
0.03-2.43 ppM 0.6 + 0.1 ppM 25 cc None Hayes et nl., 

1965 
Not given S.76 and 3.05 ppM 1092 

(1973); 
898 

(1974) 

CC-EC, TIC, and MS 98+ t positive; 7$ U.S. sites; 
black* and whites 

Kuts et al., 
1977 

0.0-26.9 PDM 0.60 ppM 1412 CC-EC 32 U.S. cltie* Kuci et al,, 
1974 

0.0-26.9 ppM 0.21-0.37 ppM (geoMetrlc 
Meana; range) 

•98-1913 CC-EC 75 U.S. *<:<»; a general popula­
tion; 1970 through 1974 concen­
tration declined 

Kuti et al,, 
1*77 

0.37-2.29 ppn Not given 332 GC-EC Autopaie* in Florida Radoewkl et al,, 
1968 

J.0-2.5 ppb 0,3 ppb 202 CC-EC Whites in Idaho Uyllle et al., 
1972 

Blood 

(a) 0.0024-0.0184 ppM 
(b) 0.0008-0.0057 ppM 
(c) 0.0012-0.0133 ppM 
(d) 0.0012-0.0054 ppM 
(e) 0.0013-0.0208 ppM 
(f) 0.0001-0.0034 ppM 

(a) 0.0065 > 0.0015 pp« 
<b) 0.0025 + 0.0005 pp« 
<c) 0.0047 + O.OOU ppM 
(d) 0.0026 * 0.0003 ppM 
(e) 0.0060 + 0.0018 ppa 
(f) 0.0022 + 0.0004 ppM 

20 CC General population; 10 Male* and 
10 feral**] 
<•) plaana. Males 
(b) plasma, feeiales 
(c) rbc, M U I 
(d) rbc, fasMles 
(e) whole blood, Males 
(f) whole blood, feaals* 

Dale et al., 
1967 

Not given 0.0042 ppM 10 CC-EC •*•*!**, no occupational exposure Dale et al., 
1966 

TX-*90/ 
24-
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J - H r — < 

! -BHC (com inued) 

Tlaauc Bang* Mean Level 
No, of 
Caaea 

Analytical 
Method Coawenta Reference 

Blood 
(continued) 

(a) 0.0013-0.0002 ppm 
(b) 0.0019-0.0042 ppa* 
(c) 0.0005-0.0022 pp* 
(d) 0.0004-0.0094 ppM 

(j) 0,0034 ppa 
(t>) 0.0031 ppM 
(c) 0.0010 ppn 
(d) 0.0036 ppm 

10 RC-F.C (a) plaaaa 
(b) whole blood 
(c) rbc 
(d) aeruM 

Dale at al., 
1966 

1.0-3.0 ppb Not given 350 palra CC Hood aeruM. Mother-infant palra ll'Ercole at al., 
1976 

0.0-8.0 ppb 0.46 ppb 1614 GC General population in Hawaii Kletaaerer et 
al., 1971 

Not given 1.40 + 0.46 ppb 28 GC-EC 4 Mala and 4 female, age* 27-49 
yeara, and 20 autopaiea 

Radomakl et al., 
1971 

(a) 0.7-2.0 ppb 
(b) 1.0-3.2 ppb 

(•> 1.4 + 0.46 ppb 
(b) Not given 

8+ CC Nona M a M a k l at al,, 
1971 

Not given 0.7 + l i PPb 3568 Not given General population In Hawaii taihad et al., 
1976 

0.0-15.0 ppb <0.07 ppb 1000 CC-EC Blood aaruM. General population 
in Idaho. 

Wataon et al., 
1970 

0.0-15.0 ppb 0.3 ppb 202 0C-EC Blood aeruM. Whltea in Idaho. Wyllia et al., 
1972 

•rain 0.0-trac« Not (Ivan 332 CC-EC Autopaiea In Florida Rado*iki «( »l,, 
1968 

Uvar 0.06 • 0.10 -
0.12 + 0.18 ppa 

Not given 332 CC-EC Autopile* In Florida RadoMikl et al., 
1968 

Milk trace-38.0 ppb 5.6 ppb (fat basin) 40 CC Teatalea. Savage at al., 
197) 

<1.0-9,216.6 ppb 193.1 ppMfat baala) 1436 GC-EC National Study. Savage, '.»76 

TX-4907 
7-24-78 
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B-BHC (continued) 

Tiaaut Unit M M D Laval 
No. of 
Caaaa 

Analytical 
Hathod Coaaxnca Rafaranca 

Kllk 
(continual) 

traca-0.01 pa* 0.00} ppai 37 CC-EC and CC/MS Mlaaourl and Arkanaaa Straaaaan and 
Kuti. 1977 

TX-*»07 
7-24-78 
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Lindane (continued) 
No. of Analytical 

Tissue Range Naan Laval Caaaa Method Cement* Reference 

Hood 0.1-7.4. pah 0.4R ppb S3 paira CC-EC General population In l-ouislana; 
Mother-infant pairs; total IHC 

lelby et al., 
1*69 

Feces Trace - 0.1? jg/day/person Not given 32 CC None Price et al., 
1972 

Milk 0.0-10.2 ppb 1.6 ppb 28 GC •lood aerun. Texas females. Dvaent et al,, 
1971 

0.0)0.20 a«/kg 0.11} a>g/kg («t baaia a CC Mill' fat, nursing anthem In 
Pennsylvania 

Kroger. 1970 

71.0-2*7.2 ppb J7.1 ppb (at basis 23 CC-EC Y-IHC, not jecectable in 1411 of 
1*36 sasiples 

lavage, 1976 

<1.0-1**4.4 ppb 77.7 ppb fat baala 663 cc-ec Total IHC, not detectable in 77) 
of 1*36 aaaples 

lavage, 1976 

Placenta 0.1-6.0 ppb 1.19 ppb 53 paira CC-EC Ceneral population In Louisiana; 
Mother-infant paira 

lelby et al.. 
1969 

Urine Trace - 0.06 ug/day/peraon Not given 32 EC None Price ec al,, 
1972 

TX-4907 
7-24-78 



A - »HC 

Tlaa Rant* 

Adtpose 0.0-1.11 ppai 

Mean Level 

0.01 ppx 

No. of 
Caaea 

1412 

Analytical 
Method 

GC-EC 

Coaawnta 

\i c l t tea 

Reference 

Kuti >'t u l . , 1974 

TX-4907 
7-2*-7« 



BISMUTH 

Tlaau* Rang* Maan Laval 
No. of 
Caaai 

Analytical 
Mat hod Commenta Reference 

Bladder 10 ug/g aah Not applicable • Not gtvan Malea, b>bb,urh (rund in only on* 
bladder 

Koch et al., 
19J6 

Blood 0.00-0.20 ppa Not glvan 19 X-ray spectrometry Male*; mean *t» 15,1 yr, Serum. Cofman et al., 
1964 

Blood Mot given 0.01 ug/ml Not 
glvan 

Not glvan Normal blood level. Whole blood. Rentoul and 
Smith, 197] 

Brain Hoc gtvan 0.1 ug/'l dry wt. Not 
glvan 

Not given Normal brain level Rentoul and 
Smith. 197) 

Naart Not jrlvoi. 0.OS ug/g dry wt. Not 
glvan 

Nat sivan Normal heart level Rentoul and 
Smith, 197) 

Kidney Hot glvan 0.09 wg/g dry wt. Not 
glvan 

Not glvan Normal kidney level Rentoul and 
Smith, 197) 

Ltver Not glvan 0.07 ug/g dry wt. Not 
glvan 

Not given Normal liver level Rentoul and 
Smith, 197) 

Lung <20-2*O0 ug (total lung) Not glvan 16S Not given Sample* from SB citiea and 29 
nonurban areaa 

Srhroeder, 1970 

Ta«th 0.02-0.0? »g/g dry wt. 0.006 ug/g dry wt. 56 MS Leaa than 20-year-old t«i-< l.oaee et al., 
197) 

T»*»07 
7-24-78 



• O M W W umm*--»> \M*mMri#*Mt**v}%iw*#v* ̂ *mliff^»^•^^m^^»a»»»* f<wi i yv**1'****•**•»-*»*»*ty . r. •*• -

m>Rt>N 

Tissue •ange Mean Lovel 

— — — - — — . 
No. of 
Caaea 

Analytical 
Method Cosstenta Reference 

Adipose 0-0.21 i>p» Not given -» C.olortnetry 1 white (age Ml) and 1 black 
(ago 48) M l e 

Forbes el al., 
1956 

Not given 0.074 ppn wet wt. 1 Colorimetrv; KS Autopay of 46„year-oltt forties et al., 
1944 

Aiiswntary 
tract 

0.18-0.JO pp«j Not given 2 Colorimetry I white (age 60) and I blink 
(«KF 48) M l e 

KorbvN el rtl,, 
19S6 

Blood Not given 0.141 ppn 1 Cnloriajetry; KS Autopay of 46-year-old Forbes et al., 
I9S4 

2.0-38.0 i>K/100g 9.85 ^g/100g 154 IS Adult KMIIPM froai var(<»<f* iltl«» 
and fanaa 

labua «t al., 
1961 

Not given 0.11 u»/»>l Not 
given 

Not given Rentoul and 
Smith, 1973 

tone Hot given 0.9 ppn 1 Colorimetry; KS Autupay of 46-y«ar>oId. Skeletal 
bone. 

Forbes et al., 
1944 

0.59-0.89 pp* Not given 2 ColoTiaetry ] white (age 60) an<< 1 black 
(age 48) male. Ske.et.il bone. 

Forbes et al., 
1956 

Brain Not given 0.6 ug/g dry wt. Not 
given 

Nut given Rentoul and 
Smith. 1971 

Castrointes-
tlnal tract 

Net given 0.078 ppcn wet wt. 1 Colorimetry; KS Autopsy of 46-year-old Forbes at al. > 
I9S4 

Hair 0.01-22.0 ug/g (children) 

0.037-25.0 ug/f. (adults) 

0.881 i,g/g (children) 

0.981 ug/g (adults) 

267 
(children) 

197 
Udulti) 

ES 3 New York Metropolitan 
I'oMMunity aaaplea 

Creaaon, 1974 

0.0002-0.0008* dry tissue Not given 18 KS 18 white males, agon 1S-70 vrx. Goldblua et Hi,, 
19S3 

TX-4907 
7-24-78 

http://Ske.et.il


BORON (continued) 

Tlaaue Rang* Mean Level 
No. of 
Caaea 

A n a l y t i c a l 
Method Coaaenti Reference 

Heart Not g i v e n 0 .044 ppa wet wt . I C o l o r t a e t r y j K8 Autopay of 46-ye i tr -o ld Forbea e t a l . , 
|9S4 

0 . 2 8 - 0 . S I ppa wet wt . Nut g i v e n T Colorimetry 1 whi te (age 60) And 1 bUi-k 
(utfe 4g) male 

Forhea f t fll • • 
19S6 

Not Riven 0 . 2 ug/g dry wt . Not 
g iven 

Not g iven Reniotil and 
Smith, 197) 

Kidney 0 . 1 7 - 0 . 4 6 ppa wet wt . Not g i v e n -> Color lmetry 1 whi te (nge 60) and 1 b l a i k 
(rtgir 48) a a l e 

Korbea e t « l . • 
I9S* 

Not g i v e n 0 . 2 4 1 ppa wet wt. i C o l o r i a e t r y ; ES Auiopey of 4 6 - y a a r - o t d Korbe* e t * l . . 
I9S4 

Not g i v e n 0 . } i.g/g dry wt . Not 
g iven 

Not g iven gentoul and 
S a l t h , 1971 

Liver 0 . 0 J - 0 . 1 5 ppa wet wt . Not g i v e n i C o l o r i a e t r y One whi te (age 60) and one Mat'k 
(<ig« 48) a u l e 

Forbea e l a l . , 
19S6 

Not g i v e n 0 .114 ppa wet wt . I C o l o r i a e t r y ; F.S Autnpny of 4 6 - y e n r - o l d Forhea e t a l . , 
19J4 

Not g i v e n 0 . 4 * v.g/g dry wt . Not 
g i v e n 

Not g i v e n g e n i o u l and 
* a l t h , 197) 

lung. 0 . 1 2 - 0 . 1 9 ppa wet wt. Not g i v e n l Colorlmetrv On* rfhitw (age 60) and one b lack 
(age 48) aiilv 

Forbei e t a l . , 
14Mi 

Not g i v e n 0 ,067 pp» wet wt. t L 'o lor laetry; F.S Autopay of 4 6 - v e a r - o l d Forhee >t .<! • < 
19H 

Nuacle Not g i v e n 0 .071 ppa wet wt. 1 C o l o r l a r t r v ; ?.t Atitopnv of 4 6 - v e a r - o l d . S t r l . i i c d 
nud' It-. 

Korbea e t . ' 1 . , 
19S4 

0 . 1 7 - 0 . 4 ppa vet wt . Not g i v e n i C o l o r i a e t r y ,lne white (age 60) and one M.n-k 
(•tge 48) a a l o . Strl . i t i 'd w im- l r , 

Forben e t a l . , 
|9M, 

TX-»«07 
7-24-78 



HuRON i.-ont Inueil) 

Tlaaue 

Nail 

Placenta 

Skin 

Spleen 

Teeth 

Urine 

Range 

O.OOO'-O.OOeOZ dry wi. 

O.O-O.l pp* wet wt. 

Not itven 

Not applicable 

0.14-0.45 pp» wet wt. 

Nut given 

0.0017-0.0172X dry wt. 

Not given 

0,5-69.0 **t% 

0-6800 ug/liter 

Mean Level 

Not j»lvon 

Not given 

0,106 pp* wot wt. 

0.0 

Not given 

0.119 pp* wet wt. 

Not given 

0.0* ppi* wet wt, 

U.2 'v|/» 

71) ug/liter 

No. of 
Cnaca 

IH 

-' Colorlniet ry 

1 Colortnetrv; F.S 

58 Not g.'vi-n 

1 ColorIRetry 

1 CoUn l.Tir'rv; F.S 

IB 

16 

154 

Analytical 
Method 

" T 

F.S 

F.S 

Colerlmi'try 

MS 

Convent a 

',* whitv male*, *„,.» 1^-70 vrn. 

cue white (age 60) ami urn- bluck 
Uge 40) male 

Auiopay of 46-yenr-old 

City hoapltala In South And 
Southenat 

One white (age 60) am' one black 
(iige 48) nale 

Autopay of 46-y«ar-old 

18 white nalea, «j,i-? 15-70 yra. 

One white (age 60) and one blink 
(age 48) male 

•20 year* old, wide >••• "rnpliic 
area 

Adult anlea from varloua t i t l e * 
and farina 

Reference 

tMihthlun i'I ;il . , 
1951 

Furhea et ill . , 
1456 

Corbet) et . i l , , 
1954 

Harp .tnd 
Robert eon, 197 7 

F'»rhea et a l . , 
1956 

For bet. et a l . , 
1954 

Ooldblu* et a l . , 
1955 

Furbea et m,, 
1956 

l.oaoe e l a l . , 
J9 71 

labua et * 1 . , 
1961 

TX-4907 
7-24-78 



Tissue Range Mean Level 

Blood Not |f,iv-n 4.12 ppm 

Hair 0.17 and 1.10 '..*/* dry Nor given 
wt. 

Teeth <0.10-2.90 ..g/g 1.09 i g/|« 

TX-4907 
7-24-78 

BROMINK 

No. of 
Caiei 

Analytical 
Method CoHMnti Reference 

19 

56 

X-ray upei-trometry 

M S ; MS 

MS 

Malt's, average 1S.1 yr. Serum. 

<20 ytars aid; wide geographic 
area 

Rofnan * t a l . , 
1964 

Yurarhek at a l , 
1969 

l.unec et a l . , 
1971 



Tissue 

Adrenal 

Bladder 

Blood 

Ran°e 

•50-150 L.K.V ash 

•:1>..'-L\ 1 i.);/n drv wt. 

• -0 ,4 -1 ,1 mU-romole.', 'V, ash 

<-50-t>0 mlcromoleN/>; ash 

« S0-<ib '..H/R ash 

Not »,lvi«u 

Not g i v e n 

Sol y,lvcn 

0 .0 -2 . ,1 uK.'lOO ml 

Not Kl , - en 

Not x lvvn 

0, i>0-0.23 ppm 

Mean Level 

SO ;>;;/>: ash (median) 

0 . 1-5,5 I,K/>! dry wt. 

Not \\ivi-n 

<50 miv.-roim]l.cH/K •>"li 
(med lull) 

••'SO UK/K ash (median) 

O.OO'l + 0.115 U K / K dry 
wt. 

0,076 + 0,109 I.R/R dry 
ur. 

1.2 + 1.1 - 16.'. -f (>.l 
my,/ liter 

(I, 1 yn/100 ml 

0.209 + 0.005 mg/100 ml 

0,0 li, + 0,002 - 0.048 + 
0.001 ray,/100 ml 

Not (given 

TX-4907 
7-24-78 

CADMIUM 

No. if 
Caaoa 

Analytical 
Method Coananta Reference 

11 of 15 KS Ad ti U s Tipton and Cook, 
196 j 

41. MS AuK'i'MleH, Chicago area. Murkw et al., 
1972 

too KS AdilltH ferry, 196« 

19 of 105 KS AdultH Tipton and took, 
1961 

14 of 112 KS Adult*, Urinary bladder. Tipton and Cook, 
196] 

81 MS Naahvllle, Tennoaaue hoapltul 
patlenta. Maternal blood, 

BanIan «t al., 
1974 

121 MS Naxlwlllc, Tenneaaee luiapllal 
paclenta. Petal blood. 

Haitian et al., 
1974 

520 MS Kunaaa City, Mlaauurl and Kanaaa; 
soft and hard water areaa 
reaped lvely. Scrum. 

Blerunbaua at al. 
19/S 

169 MS Newark, N..I. children 1-8 yrx. Bogden at al., 
1974 

47 KS Normal ton Angelea reatdonlN IuU et al., 1964 

266 KS l.oa AnnulUH rcaldenta-blood 
donor*, aurglcal patlanla, 
dleeaaea and no moil Individual!. 
Sertw. 

Butt el al., 1964 

19 X-ray apectronetry Men, atean age 3S.II yra, Soruei. Caftan «t al., 
1964 



Tissue Range Mean Lavel 
Blood 0.42 + 0.7 yg/100 ml Not given 

'0.1-9.6 ug/100 ml 1.7) Mg/100 ml 

O.J-5.* HJ.'IOU £ 0.70 ug/100 g 

Not given 0.4 + 0,44 - 0.9 + 1,1 
ug/100 ml 

O.SO-14.16 ug/100 mi 1.77 yg/100 ml 

0.22-1.70 ug/100 g 0.66 ug/100 g 

0.04-1.77 ug/100 mi 0.12 ug/100 ml 

Brain 0.0-0.144 ug/g wet wt. 0. 140 ug'g wet wt. 

Sut given Trace, ppm wet wt. 

Sot Riven 2.5S ug/g dry wt. 

< 50 - -SO ,:g/g ash • ̂ 0 ug/g ash (median) 

Oiaphragm <50 - ->0 ug/g ash •iO ug/g ash (median) 

Esophagus Sot given Trai <• 

TX-4907 
7-;'4-78 

CADMIUM (continued) 

No. of 
Caaea 

Analytical 
Hathod Coamnta Reference 

40 

100 

IS4 

216 

24 3 

60 

)« 

J6 

8 

Not givei 

0 of 1J9 

6 ol »l 

AAS 

ASV 

KS 

AAS 

AAS 

AAS 

AAS 

A\S 

KS 

Not given 

KS 

KS 

KS 

Lumberyard worker* in vicinity of 
fertlllier plant, I'laaaul, 

18 to 58-year-old Ann Arbor, Hich, 
residents 

Adult men 

19 ctttee 

Children .' mo. - I.'I yrs. White, 
middle and upper »laaa. 

JJO people live in vlilnll/ of 
cadmium smelter 

Ketus l>r<iIn 

Males 

Normal brain level 

Not found within detection 
limits. Adults, 

Adu11 s 

Hales 

Haatm.v et a l . , 
1971 

Hecker el al., 
1974 

Inhus el al,, 
196) 

Johnaon et al,• 
107* 

Kuhota et al. , 

196* 

Smli'-, 1976 

Wvsowakl, 1978 

Chaube et al,, 
1971 

Koih et al, , 19S6 

Hentoul and Smlih, 
1971 

ript.<n and Co <k, 
196.1 

Tipton and Cook, 
1961 

Koeh et al . , I9'ih 



CAI'M 

! Ksopha>;us 
ti-unt inucd) 

foe.es 

Hai r 

I 

TX-4W7 
7-24-7H 

"> - --SO „£\\ ash 

Not Ktvoii 

">" ..>•./>'. ash (median* 

| 0 . t'f + 0 .07 - 0 . H) + 
0 .J1 ;.*.-,. 

l>.K-i>.i*l> and I ) .08-8 .7 I ;i) . . .8 and o . / b L.,;/>: 

0 . 1 - 9 . 3 ppm 

0 . 0 - l O . S ppm 

0 . 6 - 6 . •> -^/g 

Not « i v e n 

Nut itivon 

10.bO-S3O.47 ppm ash 

0 . 8 - 2 . 0 ppm 

Nut Riven 

• I .>' .iiitl J .J p|im 

H.'l- i . > ppm 

! 
i 
i 

I o .u •» o,.'.i - 2 . 2 + 2 . 1 0 

1 .18 + 0 .14 ppn axii 

| 1S8,18 ppm a»h 

( Nut t;lv«'n 

2 .76 + 0 .48 and 1.77 > 
0 . 2 4 un/u 

Ailn 11 M 

I ' l M l l T i ' l M t i l l l l l d . ' d 

K.IUKCH ami mcann-281 c h i l d r e n 
and 201 a d u l t * i e n p e e t i v c l y , i 
Nfw York >iiiliurl>N 

Means represent Jb women and 2> 
men ri'Npvi't ively 
MI'MIIH and mime repre*cni . i t lve oi 
fourth Kntdr boy . from 1 I' .S, 
l i t l u H 

MalcN and female* , varlmoi a>',e» 

t o i u r o l n imliidi.nl in ram- n iudien 

Mean on ly l or men, 220 cum-* 
l iu l in l e iHiHipntion.il t'xpoHiul men 
and maybe women 

ICorrdl.it ion wli l i age Htudle.l, 
jM*aii aiiv at Vi, 

9 i male* an«i J-HH and Ml totpalt'N 
«)•,« 14-84 

82 mail's (h igher v a l u e ) and 47 
female* ( lower v a l u e l 

I ' , • ! . • ! , • : . . . . 

Tip ton and Cook, 
l « h l 

.John* MI et a I , , 

cri ' .mut, W > 

K.HIH and Limlitlln, 
l')71 

Hammer ..[ ,il . , 
IV71 

Hlnr.rr'i .1 al . , 
1974 

. loluuon i't a I . , 
197'» 

01«ru , 197'i 

Oleru, 1976 

CeiarlnK «t a l . 
IS71 

ScliroDdor and 
Nation, 1964 

http://foe.es
http://10.bO-S3O.47
http://imliidi.nl
http://iHiHipntion.il


CADMIUM (continued) 
" " " " " " '""• - - " - . ..— ... • • - - • • • - -

T U M U - R.inKi' Mi'.-in L e w i 

Hair 1.92 ± 0.02 yg/g Not applicable 

0.34 and 0.96 ug/g dry 
wt. 

Not applicable 

Heart 0 . 4 -1 .3 mlcroa»le/g aah Not given 

Not l i v e n 1.14 ug/g dry wt. 

Inteitlne 

<50 - <50 ug/g aah 

Not given 

<50-gS ug/g aah 

<50-100 ug/g aah 

<50-60 ug/g aah 

<S0-J0 ug/g aah 

50-60 u«/g a»h 

W-40 ug/g aah 

No. of Analytical 
Comment s 

<S0 ug/g aah (median) 

O.b pp« wet wt. 

SO ug/g aah (median) 

SO ug/g aah (median) 

<M> ug/g aah (median) 

<J0 ug/g aah (median) 

*.40 ug/g aah (median) 

1 

2 

100 

Not given 

1 of 140 

7 

38 of 68 

60 of 104 

21 of 84 

J of 31 

2i of 109 

<50 ug/g -i»h (median) 5 of 42 

TX-490/ 

AAS 

AAS and MS 

ES 

Not given 

ES 

KS 

ES 

ES 

ES 

ES 

ES 

ES 

Adulta 

Normal heart level 

Adult* 

Male*, Small inteaiine. 

Adulta. Duodenum. 

Adulta. Jejunum. 

Adulta, Ileum. 
Adulta. Cecum. 

AiliiHa. Sigmoid colon. 

Adult*. Rectum, 

Krfer<-iu:e 

Sorenion et a l . , 
197J 

Yurachek et a l . , 
1969 

Perry, 19*g 

Rentoul and Smith, 
197J 

Tipton and Cook, 
1961 

Koch et al,, 19)6 

Tipton and Cook, 
1963 

Tipton and Cook, 
1963 

Tipton and Cook, 
1963 

Tipton and Conk, 
196] 

Tipton and Cook, 
196) 

Tipton and Cook, 
1963 



•ft ̂ WT<W**)i«*Wl •'«)»» • w » W ' » 

CADMIUM (cont 

Tissm* 

Kidiwy 

I 
TX-4907 
7-2*-W 

M:u-..:i 

J.0-0.062 u g / g wet wt. 

21-4771 ppa aah wt. 

100-5VW and 690-5100 M g/g 
•ah 

Hut Riven 

17,5 • 111.4 and 4.0-91. .: 
n»7g dry wt. 

Hoc || Ivan 

185-460 piMi dry wt. 

hV;in l.rvil 

D.05 wg/r. wot wt. 

1500 pp» nan wt. 

1700 ond 3000 ug/g «"h 

25 ppa wot wt. 
Dot determined 

H>.1 * 1.1 ug/g wet wt. 

Hot applicable 

>. 04-0.29 and 16-105 u»/« ).14 + 0.10 and 104 + 71 
iry wt. 
795-7550, 995-17J5, »99-
3802, and 719-9832 ug/g 
•ah 

tot given 

n«/« dry wt. 

24*7, 2527, 2240, and 
3624, k g / * ash 

2512 •» 1427 and 2921 + 
1252 - 1478 + 1619 Wg7g 
aah 

N.>. ..f 
C . I H l ' M 

16 

120 

24 

6 

10 

160 

ia 

to 

104 

dimwit I N 

Pot mi kidneya 

tutopaiea, 14 caaaa, 4-6 yr old, 
L06 caaea, 16-19 yr old. Mack 
•nd whlta. Cortex. 

tutopalea. Central (12) and 
•aphyaeata (12) cadaver* 
raapaettvaly, 

4ale accident v let lam 

It noratal and 4 dlaaaaad patlanta 
raapartivaly 

la laa . .Smokara and noneawkera. 

< saatple* 

tutopalaa, 6 children and 1! 
idulta reapactlvaly. Cortex. 

ontrol (trauawtlc or infectluua 
Uaoaaea), chronic hypartanalvaa, 
:ardlac or carabrovaacular 
l ieeaae, and Malignant dlaaaaa, 
-wapectively 

tontrol (35 H I M and 1 female) 
ind eaphyaeamtlc and cancaroua 
I una, patlanta (a l l a a l e ) , 
raaaactlvaly 

RiifiTonn-

:h«u»« at a l . , 
1971 

tanar et a l . , 
1971 

Klrat at a l , , 

Koch at a l . , 1956 

Koch at a l . , 1937 

Lawia at a l , , 
1972 

Liteanaan and 
KruMT, 1970 

Llvlngatona, 1971 

Morgan, 1969 

Morgan at a l . , 
1971 



CADMIUM (continued) 

1tss-.iv-

Kidney 
<C30tt<MM4) 

Larynx 

Uver 

K.->n»;i-

109-9832 ug/g «»h 

k02.5fc-S3S0.il ppM aah 

0-4300 ug/g ash 

13-45 »lcro*tol*»/g aah 

Not given 

Hot given 

Not given 

Hot given 

1500-5100 ug/g aah 

<S0 - <50 ug/g aah 

0.0-0.13) ug/g wet wt. 

8-1720 ppa aah wt. 

Vk-.ni Level 

2539 ug/g «*l> 

1548.82 ppa aah 

0-2150 ug/g aah 

[Not given 

2940 + 120 and 4220 + 
390 ujf/g aah 

1720 • 1470 and 2950 + 
1340 u»/» aah 

66.4 ug/g dry wt. 

2660 • 270 - 4220 • 
390 pp» aah 

2900 ug/g aah 

<50 ug/g aah (nedian) 

'0.114 ug/g wet wt. 

1*0 ppa aah wt. 

No. of 
Cii*rM 

ioo pus 

50 MS 
ES 

An.tlyi tr.il 
Hi-! I,ml 

157 

150 

134 

24 

Not given 

187 

145 

1 of 50 

36 

120 

ES 

ES 

AAS 

Not given 

ES 

ES 

ES 

AAS 

AAS 

TX-4907 
7-24-78 

Connvnt* 

lAutopeiea. 32 black*. 68 white* 
fee awn. White* higher. 

St. Louia children and adulta. 
|Ag* corr*l«:lon. 

St. Loul* adulta 

Accident victim* (117) and hyper-
tenalve* (17), reapectively 

Control (12 case*) and ««phy**aa-
t U (12 caaaa) patient*, 
respectively 

Normal kidney level 

Adult*. Accidental death*. 
10 citie*. 

Adult* 

Adulta 

Fetu* liver* 

Autopalo*. 14 caa**, 4-6 yr old. 
106 ca*e», 16-91 yr old. Black 
and whit*. 

kvfi-ri-r.fi-Eraan, 1972 

eru, 1976 

..rry «t al.. 

1961 

Perry at al., 
1962 

Perry, 1968 

Perrv et al., 
19*2 

Rentoul and faith, 
1973 

Schroeder, 1965 

Tipton and Cook, 
1963 

Tipton and Cook, 
1963 

Chaub* et al., 
1973 

Haaner et a l . , 
1973 

http://1tss-.iv-
http://k02.5fc-S3S0.il
http://tr.il
http://kvfi-ri-r.fi-


•0 M M *^" "WV^-fty^-'^'IMH' .WWaffW 

CADMIUM (continued) 

Tissuo 

Liver 
(continued) 

R.im'.r 

14-150 and 19-510 UR/R aah 

Not given 

4.1-32.6 and 1.9-6.7 w l l/>s 
dry wt. 

Not t iven 

51-440. 66-4S9, 69-197, 
and 28-3293 ug/g aah 

Not given 

31.20-414.95 ppa 

0-2000 ug/g aah 

<0.4-6.7 aicroatolea/g j*h 

0.51-3.0 aicroawlea/g sun 

M.-.m l.w.-l 

63-210 UR/R a»h 

4 ppm wet wt. 

15.1 ug/g dry wt. 

1.U1 + 0.09 tig/g wet wt. 

171, 204, 162, and 304 
ug/g aah 

170 + 95 und 249 ± 142 
290 + 155 ug/g aah 

104. U3 ppai 

0-335 ug/g aah 

Nut given 

Not given 

No. of 

24 

« 

161 

80 

104 

50 AAS 
157 KS 

100 es 
150 ES 

An.ilvt f c i l 
M. tin'.I 

AAS 

KS 

KS 

AAS 

AAS 

AAS 

T I - 4 W 
7-24- ?• 

CommontN 

Control <12 caaea) and eaphyaema-
t ic (12 caaea), reapoctively 

Malea, Accident vfccfea, 

Mean - normal patient*. hinge -
nor M l and dlaeaaed patient*, 
reapectively. 5 normal*, 1 
diaeaaed. 

Ma lea 

Control (traiaaatic or intertloua 
diaeaaaa), chronic hypertenalvea, 
cardiac or cerabrovaacular diaaaae 
patient*, and malignant diaaaaa 
patienta, reapectively 

Control (15 male* and 1 resale) 
and emphyaeaacic and cancerou* 
lung patienta (all M l * * ) , 
raapactively 

St. Loula children and adulta. 
Ada correlatlona. 

vdulta 

Si. Loufa adulta 

Ki-fuii-ii. ••• 

Hlrat et al., 
1971 

Koch et al., 1956 

Koch et al., 1457 

Lewi* et al., 
1972 

Morgan, 1969 

Morgan et al., 
1971 

Oleru, 1976 

Perry et al., 
1*61 

Perry, 1961 

Perry et al,, 
1972 



CADMIUM (continued) 

UvtT 
(contlawod) 

Range 

Mot glvan. 

Mat givon 

Nat givoa 

0*2 at/100 8 dry vt. 

•0-340 yg/g aah 

71-1720 Mid 21-1000 ppa 
aah 

2.2-41 and 20-230 ug/g aah 

Hat given 

Mot aIvan 

3,3-4.9 ppa dry wt. 

10.aO-143.4S ppa aah wt. 

<0.4-0,S9 aicroaoUa/g aah 

Mr;m l.evil 

•1.4 • 17,1 and m ^ 
1 M wg7g aah 

310 • 140 wg/g aah 

*.3» ug/g dry wt. 

Nat glvan 

1 M wg/g aah (aodian) 

2 M and 13* pas aah 

19 and ai wt/a aah 

2 pa* w«t wt. 

0.41 • 0.03 ug'g wat wt. 

Mot givin 

3S.*3 ppa aah wt. 

Not glvan 

No, of 
Ci'.Hoa 

24 

10 

Not glvan 

Not glvan 

14* of 
ISO 

90 

24 

3 

133 

JO 

ISO 

An.nlyiii.il 

M S 

IS 

Not glvan 

KS 

IS 

AAS 

AAS 

IS 

AAS 

AAS 

KS 

T I - 4 W 
7-24-J» 

uMMvnla CuNM«nl» 

Control (12 aaaaa) and aaphyaoaa-
tic (12 caaaa) Individual*, 
raapactlvaly 

St. Waula aalaa, 3 black and J 
whit* 

Nonaal llvar laval 

Canear pat tenia and autopay 
aaaclaona. 

Adulta 

Haart dlaaaaa (28 caaaa) and 
athar individual*, raapeccivaly, 
ovar 10 yr 

Central (IS caaaa) and omfhy 
tic a (12 caaaa), raapacdvtly 

Mala* Accldant vleiioa, 

Malaa. Sawhara and aonaawkara. 

Rafarent* 

3 aaaplaa 

St. Lovta adulta 

Parry at al., 
1*72 

Parry at al., 
1*71 

Rantoul and South, 
1971 

Tlati at a l . , HSJ 

Tipcan and Cook, 
1**1 

Voara and Shuawn, 
1*77 

Hint at al., 
1*73 

Koch at al., 1*1* 

Lowia at al,, 
1*72 

Llaaanaan and 
Kraowr, 1*70 

Olaru, 1*7* 

Parry at al., 
1**2 

http://10.aO-143.4S
http://An.nlyiii.il


CAOHIUM (contliwad) 

Tl**ue 

(coaclauaal) 

N l l k 

N w c U 

Myocardlu* 

Ovary 

TX-*«Ht 
7 -24-7* 

ftangit 

0 . 4 - 1 . 3 «lcTO*olaM/|t anh 

Not glvoa 

3 .9-14 .1 and 3,3ana 4 .a 
ug/g dry wt . 

St-930 itg/g 

0 - 1 . 0 a«/100 | ary wt. 

<30-100 vg/g aah 

O.OOM-O.I333 ppa 

Hot | tv«A 

0 .17 -1 .00 ppa 4ry wt . 

<10 - <30 ug/g aah 

<0 ,2 -4 ,0 U I / B dry wt. 

<SO-7» u | / t aah 

He.in I.eVfl 

Mot gtvan 

19.6 ± 13.4 and a j . J 1 
Jo. 3 

9.4 w i / t dry wt. 

Not sivan 

Not gtvon 

<SO ug / l aah (a*41an) 

0.0111 ppa 

0.2 spa vat v t . 

Mot aIvan 

<J0 wa/a aah (awtflan) 

0.4-1.9 ug/g dry wt. 
<50 tia/a aah (aa41an) 

N<>. n' 
CilhCH 

100 

24 

1 

1M 

Mot |Ivan 

71 of 141 

14 

4 
1 

] of 137 

24 
5 of 14 

An.tlyi li'iil 
MothiMl 

IS 

AM 

M 

Not glvan 

U 

as 

MS 

as 
HAA 

U 

AM 
ES 

(M 

Adulta 

Narawl a»* (11) ana aaphyaaaattc 
•on (II), raapactivaly 
Maaa - ) waraal auajactai Kaaga -
Mrwil aukjacta ana* 2 dlaaaaad 
patitnia, raapaativaly 
Autopalaa. M cltlaa, If rural 
araaa 
Cancar patlanta and autapay 
apaclawna 
Adulta 

12 wh braaat faadlng avaraga 

Nalaa 
3 aaaplaa 

Adulta 

Autapalaa. Chicago araa. 
Adulta 

(Uferotu* 

Parry, IfM 

Parry at al., 
1*71 
aach at al., l»»7 

•chraadar, 1*70 

Ttatt at al., 1»V 

Tlptaa and Caah, 
1»43 
PtakartM at al,, 
1*72 
Kach at al., 1*J4 

Ulabar 
Krawr, 1970 
Tlptaa and Ca#h, 
IN} 
Hatha at al., 1*7 
Tlptan and Cook, 
1H1 



OawntuB 

PWICMM 

Nactnta 

Proatate 

Shin 

Splaan 

<5O-100 ug/g aah 

<SO-2O0 u t / t »•» 

Not glvan 
Not glvan 

Not glvon 

Not glvon 

Not »tvan 
<SO-»J ug/g aah 

< M - <S0 ug/g aah 

Not glvan 
0.1-l.S wg/g dry wt. 

Ml Ml) li'Vrl 

«S0 hg/g M U n ) 

<W wg/g «»h (awdtan) 

2 ppa wet wt. 
0.27 • 0.10 - 0.6) • 
0.1) alcro*»laa/g tTaauo 
wt. 
0.4* + 0.43 Mlcroaolaa/g 
dry wt, 
0.017 • 0.00> Mg/g 
wat wtT 
0,2 ppa> wat wt. 
<J0 ug/g aah (nodtan) 

«*0 ug/g aah (awdtan) 

0. i ppa> wat wt. 
O.o-l.• ug/g dry wt. 

CADMIUM (contlnuad) 
No. of I An 

<0.4-0,44 atcroaolva/g aah:Hot glvan 
<0.4-1.1 •icroanlaa/g ash 
N.D.-2.2 ug/g dry wt. 

Not glvan 
0.7 ug/g dry wt. 

>1 of 74 

120 of 
I)* 

2 
5)4 

554 

5» 

4 
20 of 50 

0 of 22 

1 yt li-.il 
Mf X ' H K ! 

3 ES 

2k AAS 

150 r.% 
100 E» 

3 ES 

IS 

It 

IS 
AAl 

AA* 

Not glvan 

IS 
ES 

IS 

Ctunmmta 

Adv.lt a 

Adulta 

Halaa 
12 aonth atudy 

Houaton woawn. Ho ram I birtlia. 

South and aouthaaat city 
hoapitali 
Halaa 

Adulta 

Adulta 

Maloa 
Autopalaa. Chicago araa. 
St. Loula adulta 
Adulta 
Normal Individual* 

•eforam-* 

Tipton and Cook, IM) 
Tipton and Cook, 
1**3 
Koch at al., 1*54 
Dawaon at al., 
1*41 

Dawaon, I*** 

lUrp and 
Rofcartaon, 1*77 

Koch at a l . , 1*5* 

Tipton and Cook, 
It*) 
Tipton and Cook, 
!••) 
Koch at al., 1*5* 
Narka at al., 1972 
Carry at al., 1**2 
Tarry, 1**S 
Koch at al., 1*57 

I 
T K - 4 W 
7-24-7S 

http://Adv.lt
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CADMIUM (continued) 

Spleen 

S touch 
i 

Teeth 

Teat la 

Thyroid 

Trachea 

Urine 

:50-S0 u«7g aah 

Nut given 

<50-80 ug/g aah 

0.03-6.70 ug/g dry wt. 

Not given 

<S0-50 u«7g aah 

Not given 

< SO--190 ug/g aah 

< S0-S0 ug/g aah 

Not given 

0.4-3.0 ug/liter 

Not given 

<S0 UK/K •»»tl (median) 

0,4 ppm wet wt. 

<S0 wg/n iiah (median) 

0.49 + 0.1S ug/g dry wt. 

0,4 pea wet wt. 
<S0 jg/g ash (aedlan) 

O.a ppn) wet wt. 

SO ug/g aah (median) 

<S0 us/g aah (median) 

1.04 ug/iiter 

1.15 ug/Uter 

0.5 + 0.23 - 1.4 • 1.0S 
Ug/liter 

N. . of 

IB of U 3 

4 

19 of 111 

56 

1 

U of 72 

2 

14 of 21 

7 of 60 MS 

40 

ISA 

216 

Au.ilvt U-.il 
Mfthi"! 

ES 

ES 

MS 

IS 

US 

HS 

MS 

AAS 

ES 

AAS 

CiinmiMi t M 

Adult* 

Haifa 

Adulta 

Leas than 20-yr-old teeth. 
Rn.imel. 

Halea 

Adulta 

Kalea 

Adulta 

Adulta 

lumberyard workers near fartillier 
plant 

Adult m 

6 groups, 36 each 

Hffi-n-nro 

Tipton and Cook, 
196) 

Koch at a t . , 1956 

Tipton and Cook, 
1963 

Usee at al., 1973 

Koch et a)., 19S6 

Tipton and Cook, 
1963 

Koch et al., 1956 

Tipton and Cook, 
1961 

Tipton and Cook, 
1961 

HaMier a t a l . , 
1971 

Inbus ' t a l . , 
19'> 

J. hnson e t a l . , 
1<7S 

TX-A907 
7-24-71 



.=? tr~ '•&^t • 

[~ — 
Tiss . :c I Range 

Urliw 

Uterus 

Vena cava 

<7-22 u g / l l t e r 

Mot g i v e n 

« 0 . 0 4 - 0 . 8 1 
< 0 . 0 4 - 1 . U , and 
< 0 . 0 4 - 0 . 9 4 ug /100 a l 

< i 0 - 5 0 u s / I ash 

Not g i v e n 

No of 
C.i ie« 

CADMIUM (cont inued) 

Mfiin U v . I 

<12.7 and <13 .0 u g / l i t e r 32 ES 

38 ES 

43 AAS 

S of 32 ES 

1 ES 

0 . 7 ' , 4 0 , and 6 ppb 

0 . 1 4 , 0 . 3 4 , and 0 .21 
U8/100 a l 

<50 ug/g anil (aed ian) 

Trace 

Analyt i o a l 
Mftlun! 

TX-4W 
7-24-7H 

Comment" 

Black and whi te men, black and 
whi te f eMt lea; range - 24 novaat 
I n d i v i d u a l ! ! Man - 24 n o r a a U and 
I c h o l e e t e r o l e a t c p a t i e n t * , 
r e s p e c t i v e l y 

Noraal ( 1 ) c a a e e ) h y p e r t e n a l v e 
( I S ) , and t r e a t e d hypertenatvea 
( S ) , r e s p e c t i v e l y 

I tun, 1-2 ka and 13 ka t l i a lance 
(row cadaiun e a e l t t i r , r e a p e c t I v e l y 

Adult* 

Hale* 

Reference 

f e r r y and f e r r y , 

Perry, l»ei 

Wyeovekl, 1«7* 

Tiptun and Cook, 
l»li3 

Koch e t a l . , U S * 



Witt^Wim^WWW^Wi"Hff»M>i WXWUMW WWW HWgl .m»Wv^ l '^»^»*t» i»nto«yjM»«s»y | |« -^«««^y ., 

Tlaaua Rang* Mean Level 

Wood 

Teeth 

0.00-0.*$ ppa 

0.02-0.19 ug/g dry weight 

Not given 

0.070 ug/g dry weight 

TX-4W 
7-24-7« 

' w u W M W ' W IMill 

IF.KIUM 

No. of 
Caeei 

Analytic*) 
Method Coawente Reference 

19 

H 

X-rny upertronetry 

HS 

Healthy H i m , Mean age 1S.1 vra. 
Serun. 
<20-year-old»: wide geographic 
area, Kneael. 

[iufman et a l . , 

U I M at ( t l . , 1971 



Tlaaue 

Blood 

T e e t h 

Range 

0 . 0 0 - 0 . S 2 ppm 

0 . 0 2 - 0 . 1 0 u s / 8 «lry w t . 

Mean Level 

Not istvi'n 

0 .04 L R / R d ry wt . 

CKSIUM 

No. of 
Caaea 

J9 

•>b 

A n a l y t i c a l 
Method 

X-r»y s p e c t r o m e t r y 

MS 

COMMA t a 

Hea l thy M a l f s ; mc.in .IK«' 15 .1 y r . 
Serum. 

2 0 - y e a r - o l d * , wide fleuRruulili-
.irt 'H. Kn.irrn'l 

J. 

Rafaranca 

r.iifman ft »\ . , 

LUNUJ e l a l . , 
1«*7 J 

TX-4907 
7-24- /8 



T i s s u e 

Adrt>n.i 1 

Aorta 

Bladder 

Blood 

Range 

2 . 0 - 1 6 . 0 ; .*/« ;.sh 

0 . 0 0 ^ - 0 . 1 9 0 mli romoh-s/,'. 
.ish 

0 . 0 - 1 9 . 5 i , K / x aah 

' 0 . 1 -10 .0 , .K/K ash 

Not Riven 

0 . . . -I 1.0 .K/K ish 

Not Riven 

J.4H-9.67 IIK/K 

Not Klv«n 

0 .1(0-0 .04 ppm 

1.0-6.0 „*.'« 

0. 7-">. _' . . K / 1 0 0 ml 

0.'>- r>.o . . K / l l i t r 

Mean Level 

9 . 4 i« /v , (m.-dlan) 

Not Ktvon 

No* K i v e l l 

2 . 0 . .*/« ash (meiil.in) 

0 . 2 ppm wet wl . 

• ••'• KK/K •'•«•» (median) 

0 . 0 1 2 - 0 . 0 0 2 B K / K U T ; 
O.041'0,OO7 m a / l i t e r 

Not Klven 

0 . 0 0 1 5 - 0 . 0 1 V mn/100 ml 

Not KIvi'iv 

2. 65 I,X/K 

2 .2 U K / 1 0 0 ml 

Not Klven 

TX-4907 
7-24-78 

CHROMIUM 

r No. of 

ISO 

90 of 
101 

103 of 
111) 

S2'j 

116 

W 

IM 

17 

Not 
g i v e n 

A n a l y t i c a l 
Method 

KS 

KS 

c . i l . i t Imi ' t ry 

KS 

KS 

KS 

AAS 

iX 

ES 

X-ray Hpectroinetry 

KS 

KS 

Not n lven 

Comment* 

Adultx who d i e d unexpei ' tedly , 
S t . l.oulH 

Mixh Invein In c h i l d r e n , 
especially Infant* 

Oraana from audden accident 
vi.ilms (normal) 

One-half »««|>len In auft-vatcr 
area; one-half In hard water area 
Rlood Herum, 

1'nllenta, blood donorH, and 
normal Indlvlduala, l.oa Angelex 

Healthy nulea, moan »ne IS.! yra. 
Hlood aerum. 

Adult M ! « H fi-'im r I t l ea and (arm* 

Sudden a c c i d e n t v l c i l - . i (normal) 

Kefarcnc* 

Tipton and Cook, 
1961 
I'erry el nl., 
1962 
S< brooder et a) . , 
1962 
Tipton and Cook, 
1961 

Koch et al., 
1956 

Tipton and Cook, 
1961 

Blorenbaum 
et al., 1975 

Mack and 
Slevera, 1976 

Butt et al., 
1964 

Oof man el al,, 
1964 

Imbua et al., 
1956 
Kuch et al., 
1956 
Mert* et al., 
1974 



('IIKOMICM U'ont Inuisl) 

T i s s u e Range Mean Leve l 

Bra in Not Given O.J8 ppm u t t w t . 

0 . 0 0 2 - 0 . 0 3 8 m i c r o m o l e a / g 
ash 

Not t l lv«n 

<i>. 1 -2 .0 . .g/g ash 0.- ' ug /g a s h 

Diaphragm O.- ' . -h . i . .g/g ash 2. J ig /g a s h (median) 

Kaophagus 0 . 8 - 1 1 . 0 . .g/g a sh 1.0 ..*.',• isli (median) 

Hai r O.Ofe-VIO . .g/g O.Sh and u.b.* . .g/g 

Not C iv -n 1 ,061 . ISO, and JJ1 p 

0 .20 - . ! . i l l and 0 . 0 4 - 1 . U 
- g / g 

0 . 7 ' . and 0 .2 . ' . .g/g 

5. ,-b ,». , ppb Sot '-Uv«-n 

O . v i O - 0 . 1.18 ppm Not l i lvcn 

Not l l ivcn 0 , 7 0 - 0 . O h and 0 . 9 6 -

1 O.Oi . .g/g 

T" 
Consent* 

Suddi-ii -ii 'i 'idi'iit v i c t i m * 
(normal ) 

A d u l t * who d i e d uiH'xpiu-i. ' iUy, 
S t . LooIN 

Three NY m e t r o p o l i t a n community 
x.implon; low v a l u e - c h i l d r e n and 
hltfh v.t luc- . idu l I N 

Value* l o r , r e * p * c l i v e l y i newborn 
1 - y e a r - o l d * , and I-40 year . o l d * 

Value* from ag%- JO-40 yea r* 

Normal c h i l d r e n and young a d u l t * 
age* 4-12 y e a r * 

Low v a l u e l o r male* and hlrili v a l u e 
l o r female* aged 10 IKON. I O 10.' 
y r i t . i none dved or b l e a c h e d 

Reference 

Koch et a l . , 
1 "»•.(. 

Per ry e l .11. , 
I ' d : 

Tlpi i ' i i and Cook, 
l«ftl 

T i p t o n and Cook, 
191. J 

Tipton and Cook. 
)*bl 

Cre.iNon, H 7J 

Hamr ii'»e and 
Harun, 117: 

l lamrldgc and 
Roger*on, l»h« 

Hamrldge e t a l , 
l«7. ' 

Ohroanlk c l a l . 
IS?. ' 

S c h r o e d e r and 
N.mon. I 9 M 

TX-4907 
7-i4-7H 



CHROMIUM (cont inued) 

Ttsaua 

1 — • • ' 

Rant* Mean Level 
No. of 
Case* 

Analytical 
Method CoaaMnta Reference 

Hair 0.65 and 5.° ;.g/g dry wi. No t J! t veil 2 H5 Yurat-hek. 1*6* 

Heart 0.002-0.160 MirroMoie«/|C 
aah 

Not glvun 150 es Adult* who died unexpectedly. 
St. l.oula 

ferry l at., 
1*62 

0.0-82.4 yg/g aah Not given 150 Colorlaetry High level* In children, 
eapecially Infanta 

Svhrueder et al., 
1"«2 

<0.1-8.2 »t/t a«h 1.5 .*/% aah (Median) 125 ot 
140 

KS Tipton and Cook 
1*6) 

Inteatine Not given 0.5 pjm wet wt. 1 es Sudden accident virtlM* (n»rm»l). 
Large inteatine. 

Koch et al., 
1456 

Not given 1.2 ppei wet wt. 7 KS Sudden accident vlctiaw (nuraal), Koch el al., 

0.4-6.4 ug/g aah 2.3 ug/g aah (aedlan) 61 of 67 KS DuodenuM Tipton and Cjok, 
1861 

<0,1-6.4 ug/g aah 1.7 ug/g aah («edian) 88 of 
101 

KS JeJunuM Tipton and Cook. 
1*6) 

0.5-12.0 ug/g aah 4.0 ug/g aah (Median) •0 of 
•4 

ES UeuM Tipton and Cook, 
1*6) 

1.7-20.0 ug/g aah 6<2 ug/g aah (Median) 11 KS CecuM Tipton and Cook, 
1*6) 

0.5-16.0 ug/g aah 1.9 ug/g aah (aedian) 10) of 
108 

KS Sigawid colon Tipton and Cook, 
1*6) 

1.1-13.0 „g/g aah *•1 ug/g aah (Median) 42 ES Reclun Tlp'.on and Cook, 
1*6) 

TX-**07 
7-24-78 



CHMNIUN (eanctniMa-) 

Tiaawa Mug* Haan Laval 
Na. • ! 
Caaaa 

Analytical 
Nathan- Caaataata tolerance 

lUaawy 0.0-2.9 ug/g «ry vt . 1.2 u | / | dry v i . S 1* Kach at a l . , 
19»7 

Nat glvan 0.1a aaa wat wt. J I I liaMaa accidaai victiaa (nuraal) Kach at a l . , 
19M 

0.002-0.007 artcroaelaa/a 
•ah 

Nat aivan ISO l« A4alta wha dcri unaaaoetaa'ly, 
I t . UNila 

Parry at a l . , 
1992 

2.0-37.} u | / | aah Net gIvan ISO Colorlawtry High lavala in chlUran, 
aaaaclally Infanta 

•threader at a l . , 
1992 

0.0-1.0* tcj/lQOg a>y wt. Not glvan Nat 
fivan 

M Tlat i at a l . , 
1*17 

<0.1-4.S u | / a aah 1.0 wg/g aah (a*4ian) 117 of 
142 

I I Tiatea and Ceaa, 
1991 

Larynx. <0.1-a.O wa/t aah 0.1 ua/a aah (aaa-ian) 27 or 
49 

I f Tieten and Caah, 
19*1 

l l w r 0.0-11.3 ut/g a>y wt. J.J ua/a *>y wt. 4 n Kach at a l . , 
1917 

Not a* van 1.) ana dry wt. 4 I I liaMaa accident v i c i l u (naraal) Kach at a l . , 
19M 

Not gtvo* 14.0, 14.%, 9.4, ana 
9-2 t i l / * aah 

104 
H i l l 

AM Valuaa lor, raaaactivaly, nam* la, 
alaVJAktJaViaMkal HBBamklf •caaaanl 19MMM A f AMtai anpnajfa^NTgaaajga | •Pa^fa^gaajaggB| f ajgaffajajn; w f f W 

caiwar aattanta 

Nargaa, 1972 

0.002-0.071 •Icroaoloa/g 
aah 

Not glvoa 150 M Aaulta wha die* uaaNaactadly, 
I t . Lawta 

Parry at a l . , 
19a! 

TX-4907 
7-24-71 

I , . . • . ! , « - » - . . , . , . , r - - | ' M - ) 



^Hl'W'.itwlri.uij.iii.,!,,. 

CHKOHIUM <c«fttliwa4) 

Tiaava Rant* M M * Laval 
Ha. a» 
Caaaa 

Analyt ical 
Naiha* CaaaMMt Bafara*aa 

U v a r 
(co««iiH*d) 

Mot Civaa 1.3a*. 1.24 ua/a aah 10 u S wMta ami S alaafc a* l a 
acciaawt v l c t l M i l a a f t a r * 
raaUaa ta a ( f t . U t i l a 

Parry ac a l . , 
1*7) 

1.1-17.» u « / | ask Hot Clvaa ISO C a l a r l M t r y High lavala ta c h l M r a n , 
aaaaala l ly Infants 

fcfcraaaar at a l . • 
l * a l 

0 . 0 - i . O * ag/g dry wc. Mot G ivm Met 
Gtvan 

IS T la ta at a l . , 

<0 ,1-J ,7 wt /« • • * * « 7 " » ' « »ah («*a ia« ) m 
of 

14a 

w Tlata*. imt Caafc, 
I N I 

— l . e - * . a bg/a dry v t . 1.7 uaVa * r y v t . ) M Hath at a l . , 

Mot Givaa O.a aaa> wat wt. 1 I f Soaaan acciaant v i v t U a 
(aaraa l ) 

Ha«h at a t , , 
I N * 

0 . 4 J - 0 . M alcroaola/g aah Nat Clvaa 1)0 U Aaulta yM> al«4 uaaapattaaly, 
f t . la t t la 

N r r y a t a l . , ma 
Mot Clvaa. Kift.-S.O wa 

•tea.-1000 ua 
Ratal***: a t * y»»r " 
«.o ua 

U « Hat Clvan Autapay aaaalaa f r a a M a l t l t a 
a M 2 t neavraa* araaa 

tahraaaar, ! • } • 

1.1-11.2 « I / I aah Not Civan no C a l a r l M t r y High lava la In c M M r a n , 
aaaaa ia l ly l a faa ta 

Hfcraaaar at a l . , 
I N ] 

0 .0 -1 .0+ a«/100a ary wt. Nat Clvaa Mat 
Clvaa 

IS T i a t i at • ! . , 
I M I 

I . 4 -S0 .0 w| /« aaa 13.0 HB/a a*h <«Hta«) 1 M u Ttataa. ana Caafc, 
1 M I 

TX-4K7 
7-24-7* 



CHKUrllUH (continuad) 

Tiaava Ra««e Mean Laval 
Mo. of 
Cage* 

Analytical 
Method CMMNMta Reference 

Muscle Mot Clvan 0.1 ppa wet wt. 7 ts Sudden arvtdent victim* 
(neraal) 

Knch at al., 
I'M 

<0.1-1.0 ug/g aah 1.0 t<g/g aah (aedlan) 120 
of 
3* 

KS Tip on and Cook, 
Hal 

Ovary 0.7-1SO.0 ug/g aah 2.2 ug/g aah (aedlan) la ES Tipton and Cook, 

Oaentum 2.3-32.0 ug/g aah 12.0ug/g aah (aedlan) 75 ES Tipton, anil Cook, 
1MJ 

Pancreas Hot Clvan 0,} ppa wet wt. 3 ES Sudden accident vii-tia* 
(normal) 

Kock at al., 
19S6 

0.9-6.5 ug/g aah Not Given ISO Colorlaetry High levola in children, 
especially infanta 

Schroeder et al., 
19*2 

<0.1-b.B ug/g aah 1.4 ug/g aah (Median) 122 
of 
139 

ES Tipcon and Cook, 
19*3 

Flacenta Hot Given 0.145*0.090 ug/g wet wt. St Mot Given Karp and 
Rdbertaun, 1977 

Prostate Hot Given 0.2 pea wet wt. 4 ES Sudden antdvnt vd'tiaa 
(noraal) 

Koch at al., 
m* 

<0.1-4.0 wg/g aah 0.9 ug/g aah (aedlan) 41 
of 
SO 

ES Tipton and Cook, 
19*3 

Spleen Hot Given 1.4 ug/g dry wt. 2 ES Koch et al., 
19J7 

Mot Given 0.) ppa wet wt. 2 ES Sudden avi-ldenc virtia* 
(nartal) 

Koch et al., 
TX-4907 
7-24-7t 



CHROMIUM (cont inued) 

Tlaaue Rang* Maan Laval 
No. of 
Caaaa 

Analytical 
Method Coawenta Reference 

Splaan 
(continued) 

0.002-0.0*2 Blcroawle/g 
aah 

Not Given 1)0 ES Adulta who died unexpectedly, 
St. Louie 

Terry et al., 
It62 

0.1-27.0 wg/g aah Not Given 1J0 Colorlawtry High levela In children, 
eapeclally Infanta 

Schroeder et al., 
1*62 

<0.1-3.2 ug/g aah 0.5 .'K/R .inh (awdlan) 113 
of 
1*1 

KS Tipton and Cook, 
1*61 

StOOtach Not Given 0.35 ppe> wet wt. 3 ES Sudden accident vtctiwa 
(nornvil) 

Koch et al., 
1*56 

0.1-6.6 ug/g aah 2.0 ug/K aah (awdlan) 22 KS Tipton and Cook, 
1*61 

Teeth <1.0-31.0 ug/g 2.30:0.69 ug/g 56 MS <20-year-olda, wide geographic 
area 

Loaee et al., 
1*7} 

Tealla Hot Clvan 0. 2 pp« wat wt. 1 ES Sudden accident vlctlaa 
(noraal) 

Koch at al., 
1*16 

1.0-3.6 wg/g aah Not Glvan ISO CoJoriawtry High levela in children, 
eapeclally Infanta 

Schroeder et al., 
1**2 

0.1-6.3 ug/g aah 1.6 ug/g aah (awdlan) 66 
of 
72 

KS Tipton and Cook, 
1*6] 

Thyroid Not Clv»n 1.3 pp» wat wt. 2 ES Sudden accident victim* Koch et al., 
1»J6 

<0.1-J.O ug/g aah l.J wg/g aah (awdlan) 
of 
21 

18 Tipton and Cook, 
1*6) 

Trachea <0.1-8.8 ug/g aah 1.6 sig/g aah (awdlan) 53 of 
60 

es Tipton and Cook, 
Ml 

TX-4907 
7-24-7* 



CHROMUH (coniinuoo) 

n* Moan Lovol 
No. of 
Caaaa 

Analytical 
Matho* CoaMonta ftafaranca 

Urloa 

Utarua 

TX-**»7 
7-2*-7a 

Hot Clvaa 

l .J - l l .J wi/Ut.r 

Hoc Clvoa 

<0.1-10.0 ug/s aah 

0.02» n / l l u r 

3.77 ug/Utor 

1.0 and 2.3-3.0 pp» 

1.6 m/» aah (aoa'lan) 

Hot 
CI von 

IS* 

Ji 

2* o( 
12 

NAA 

IS 

M 

KS 

Adult M H fro« varloua elcloa 
ami faro* 

Low VOIHO (or noraala ami hit" 
valuta for hyaartanaiva pat lane• 

Cil ia at a l . , 
1*74 

lakua «t a l . , 
I f * J 

Parry, ltoa 

Tipton ana Cook, 
l t t l 



COBALT 

Ttaaua M M * Naan Laval 
No. of 
Caaaa 

Analytical 
Matned Ca—anta Referenda 

Adiooaa 0.010-0.012 n* Not glvan 2 Chem. 1 whita (aga 40) and 1 alack 
(aga *•> «ale 

rerkea at al., 

Hot given O.OOS DOB 1 Colorlaotry 44-year-old cadavar rerbea at al., 
U54 

Not given 1.24 ug/g wot wt. 1 (S Sahreeder et al., 
1»4? 

Mranal Not given 0.1 pan wot wt. 1 NAA Acctdant vtetiaa, aga i J4 yra. Koch at al., 
1*M 

<2-U ug/g aah <2 ug/g aah (aadlan) 4 of 14 IS Tlptea at al., 
1M3 

All— nury 
tract 

0.017-0.025 ppa Not glvan 2 Chan. 1 whlta (aga M ) and 1 alack 
(aga 41) Mala 

Porbee ac al., 
1M4 

Aorta Not glvan 0.40 ug/g wat wt. 1 ts Autaaalea Ichraadar at al., 
l»*7 

<2-4 ug/g aah <2 wg/g aah (and Ian) 21 of 104 Ik Tleten at al., 
1M1 

Bladder Not glvan 0.04 ana wat wt. 1 NAA Suddan accldant viettax, aga 
« 14 yra. 

Keah at al., 
IMe 

Not given <0.M ug/g wat wt. 1 M Auteaay lahraadar at al., 
1M7 

<2-2 u|/| aah <2 ug/g aah (maIan) 12 of 110 M Tlatan at al., 
1M1 

•load Not given 0.00 + 0.00 ag/lltar 
0.1*4 +0.0J4 oa/ltttr 

J20 AAS Adultai half in hard-water area) 
half in aeft-watar area. Law 
flgurea, Kanaaaj high figure!, 
Mlaaauri. Sanaa. 

•lereaeaiai at 
al., 1*7} 

TX-4M7 
7-24-7g 



COMLT (continued) 

Ttaaua Rang* Haan Laval 
No. of 
Caaaa 

Analytical 
Mathod Co—unta Rafaranca 

Blood 
(continued) 

0.0041-0.00*3 ag/100 »1 Mot glvan 41 M Loa Angalaa araa. taruai. lute at al., 
1944 

Not gtvan 0.023S ag/al 4g M Butt at a)., 
1944 

0.00-0.OS ppo. Mot glvan 19 X-ray ap*<-troa»try Nalaaj a»an aga IS.) yr». Cofawn at al.. 
1944 

ao~ 0.024-0.031 ppa Not glvan 2 Chaa. 1 whtta (aga 40) and 1 black 
(aga 44) nala. Ikalatan 

Perbaa at al., 
14S4 

Mot givan 0.0Jg p»« 1 CtiJurinatry 44-yaar-ald cadavar Porbaa at al., 
1954 

11.0-22.9 ug/g dry wt. 14,9 • (.01 ug/g dry wt. 121 AA» 40 normali 11 oataaganlc 
•arcoaaa 

Janaa at al., 
1972 

Hot glvan 0.02 pom wat wt. 1 NAA Suddan accldant vlctla, Koch at al., 
19S4 

•rain Not glvan 0.02 ppa wat wt. 1 NAA luddan accldant victla. Koch at al., 
1934 

0.05-0.3? ug/g wot wt. Not glvan 2 t* Autepata* tchraadar at al. 
1947 

• 

<2-<2 ug/g aah <2 ug/g aah (median) 2 of 129 M Tlptan at al., 
194) 

Dlaphraga Met gtvan 0.14 ug/g wat wt. 1 ES Autopay Schraadar at al. 
1947 f 

<2-<2 ug/g aah <2 ug/g aah (aiadlan) J of 91 KS Tlptan at al,, 
194) 

TJC-4907 
7-24-7* 



COBALT (continued) 

Tlsau* Rant* Mean Level 
No. of 
Caaes 

Analytical 
Method Co—anta Reference 

Esophagus Not given 0.025 pp« wet wt. 2 NAA Sudden accident victUw Koch at al., 
195* 

<2-<2 ug/g ash <2 ug/g ash (Median) 5 of 67 BS Tipton et al., 
1961 

Gastrointes­
tinal tract 

Not given 0.008 ppai 1 Cul<-rlm#try 46-year-old cadaver Forbes et al., 
19S4 

Hair Not given 0.084 + 0.009 ppu 10 NAA Olirunnlk «t al., 
1972 

Hot glv*n 0.17 • 0.02 ug/g; 
0.28 +0.0* ug/g 

126; AAS Males; feaglesi age 10 Mnths 
to 102 yaara. Scalp hair. 

Schroeder et al., 
1969 

0.24-0.34 ug/g dry ut. Not given 2 MSi AAS Yurachek et al., 
1969 

Heart 0.033-0.OSS ppa Not given 2 Che». 1 white (age 60) and 1 black 
(age 48) Male. 

Forbes at al., 
19J6 

Not given 0.032 ppai 1 Coloriawtry 46-year-old cadaver Forbes et al., 
19J4 

0.16-0.23 ug/g w*t wt. Not given 2 IS Autopsies Schroeder et al., 
19*7 

«2-S ug/g ash <2 ug/g ash (awdlan) 39 of 140 ES Tipton et al., 
196] 

intestines Not given 0.03 ppat vet wt. 5 NAA Sudden accident victims. Koch et al., 
1916 

Not giv«n 0.08 ug/g wet wt. 1 ES Autopsy. Ileus. Schroeder et al., 
1947 

TX-4907 
7-24-78 



COBALT (continued) 

TlaaiM Rant* Naan Laval 
No. of 
Caaaa 

Analytical 
Method Commenta Reference 

Intestlt.es 
(continued) 

0.04-0.1? ug/e. wet wt. Not givan 2 ES Autopsies. Jejunum. Schroeder et al., 
1967 

Not given 0.01 ug/g wat vt. 1 ES Autopiy. Sigmoid Mlon. Schroeder et al., 
1*67 

<2-8 ug/g aah <2 ug/g aah (Mdlan) 10 of 31 F.S Cecum. Tipton et al., 
1*63 

<2-10 ug/g aah <2 ug/g aah (median) 18 of A3 ES Ileum. Tipton «t al, , 
1*61 

<2-<2 ug/g ash ! ug/g aah (median) 6 of 67 KS Duodenum. Tipton et al,, 
1*63 

<2-<2 ug/g aah <2 wg/g aah (median) 7 of 102 ES Jejunum. Tipton et al., 
1961 

<Z-11 ug/g aah <2 ug/g aah (median) 21 of 10* ES Sigmoid colon. Tipton et al., 
1963 

<2-ll ug/g aah <2 ug/g aah (median) 10 cf 42 ES Rectum. Tipton el al., 
1963 

Kidney 0.012-0.037 ppm Not given 2 Chen. 1 whit* (age 60) and t black 
(age 48) male 

Forbes at al., 
195* 

Not given 0.64 ppm wet wt. -> NAA Sudden accident victim*. Koch r>t al., 
1456 

0.05-0.U ug/g wet wt. Not given 3 ES Autopalrii. Schrosder et al., 
1967 

<2-2 ug/g aah <2 ug/g aah (median) 21 of 144 ES Tipton et al., 
1463 

TX-4907 
7-2i-78 

http://Intestlt.es
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COBALT (continued) 

Ttaaua Range Mean Level 
No. of 
Caaea 

Analytical 
Method Coapwnta Reference 

Larynx <2-<2 ug/g aah <2 ug/g ash (median) 3 of SO ES Tipton et al,, 
196) 

Uvar 0.064-0,126 ppa Not given 2 Chen. 1 whlta (age 60) and 1 black 
(ate 41) aiale 

Porbea et al., 
19J4 

Hot (Ivan 0.056 ppm 1 Culurlmotrv 46-year-old cadaver. Forbea at al,, 
1914 

Hot given 0.2) poa wet wt. 2 NAA Sudden Accident vieitem, Koch et el., 
1<*S6 

Hot given H.iS • 5.55 ug/g aah 10 ES 5 white and 5 black aalea; 
accident vlctlaa. 

Perry ei al., 
1971 

0.12-0.28 ug/g wet wt. Not given 2 ES AMtopaiea Schroeder at al., 
1967 

<2-l0 ug/g aah <2 ug/g aah (ewdtan) 63 of 149 ES Tipton at al., 
1963 

Lung 0.028-0.039 pan Not given 2 Chen. 1 white (age 60) and 1 black 
(age 41) nale 

Porbea at al., 
19S6 

Hot given 0.018 pea 1 CVlorlmetry 46-yaar-old cadaver Perbea et al,, 
19S4 

<20-140U ug/g Not given 169 Not given Autopalaa; SI ettlea ana 29 
nonurban areaa 

Schroeder 1970 

0.04-1.13 wg/g wet wt. Not given 2 ES Axtopalea, Schroeder et al., 
1967 

<2-9 ug/g aah <2 ug/g aah (aedtan) 26 of 141 ES Tipton et al,, 
1941 

TX-4907 
7-24-71 



! • ' : » ; . * . ' 

Tissue 

Muscle 

Nerve 

Omentum 

Pancreas 

i1 lac e m a 

Range 

0.006-0.008 ppm 

Not given 

Not given 

<2-<2 ug/g ash 

Not given 

Not given 

<2-<2 ug/g ash 

<2-12 ug/g ash 

U.07-0.12 ug/g wet wt. 

<2-<2 ug/g ash 

Not given 

Not given 

Mean Level 

Not given 

0.006 ppm 

0.05 ppa wet wt. 

'2 wg/g ash (median) 

0,015 ppm 

0.011 ppm 

•2 ug/g ash (median) 

<2 ug/g ash (median) 

Not riven 

'2 ug/g ash (median) 

Not given 

Not given 

TX-4W7 
7-24-/8 

:0BAI.T (continued) 

No. of 
Cases 

Analytical 
Hathod Comments Reference 

2 Chen. 1 white (age 60) and 1 black 
(age 48) male. Striated muscle. 

Forbes «t al., 
1951. 

1 C.'olorimeti y 46-year-old cadaver. Striated 
muscle. 

Foibes «t al., 
1954 

4 NAA Sudden accident vietins, Koch et al., 
1456 

6 of 116 F.S Tipton et al., 
I9h3 

> Chum. 1 white (age 60) i.id 1 black 
(age 48) male. 

Forbes et al,, 
1956 

1 Color Imt'iry 46-year-old cadaver, Forbes et al., 
1954 

0 ut 16 KS Tipton et al., 
1963 

26 of 75 KS Tipton et al,, 
1961 

; EH Autopsies. Schroeder et si., 
1967 

n of 1 19 KS Tipton et al., 
1961 

858 NAA Subjects from 4 large hospitaln, 
Nashville, Tenn, 

Raglan et al., 
1974 

58 Not given City hospitals in South and 
Southeast. 

Harp and 
Robertson, 1977 



Tissue Range 

[ Prostate 

Psoas 

Skin 

I Spleen 

| Stoaach 

I Teeth 

Not given 

s .•-.•.' ..»;/8 a s h 

0.05-0.22 u|s/»: wet wt. 

0.016-0.0?'! pp* 

Not Riven 

< 2 - l l :>K/IS ash 

Not Riven 

0 . 0 6 - 0 . 1 0 UK/R wel wt. 

<2-<2 i:)s/g ash 

0 . 0 4 - 0 . 2 2 UK/K wet wt-

<2-2 . '«/g ash 

0 . 0 1 - 0 . 2 6 LIR/K dry wt. 

Mean Level 

0. II UR/IS wet wt . 

•:.'• ••*/% ash (median) 

Not Hi von 

Not slvi' i l 

| 0 . 0 5 0 ppm 

<2 UK/K ash (median) 

0 .025 p p m wet wt . 

Not Ktven 

•2 MtJr. ash (median) 

Not Riven 

<2 HK/K ash (median) 

0 , 0 0 6 UK/K dry wt . 

TX-490? 
7 -24-78 

WA1.T ( font tuned) 

No. of 
Cases 

Analytical 
Method CoasMnts Reference 

I KS Autopsy Schroeder «t al,, 

1 of 50 KS Tipton et al.. 
1463 

•i KS Autopsies. Schroeder et al., 
l<»67 

2 Chem, 1 white Male (age 60) and ) 
black (uge 48) Male 

Korbes et al., 
1956 

I Color IMP try 46-year-old cadaver. Porbtt* ut al., 
1954 

5 of U FS Tipton et al.. 
mi 

1 NAA Sudden accident victims. Koch et al., 
1956 

2 KS Autopsleii. Schroeder et al., 
1967 

H of 141 KS Tipton et al.. 
1961 

>̂ KS Autopsies. Schroeder et al,, 
1967 

15 of H I KS Tipton et al., 
1961 

56 MS Wide geographic area. l.osee et al., 
197! 



COBALT (continued) 

Tiaaue Rang* Mean Level 
No. of 
Caaei 

Analytical 
Mathod Comment* Reference 

Testis 

Thyroid 

Trachea 

Uterus 

Vena cava 

TX-4907 
7-24-78 

0.14-0.IS ug/g wet wt. 

<2-<2 ug/g ash 

<1-y ug/g aah 

<2-4 ug/g aah 

<2-<2 ug/g aih 

Hot given 

Not given 

<2 ug/t ash (median) 

<2 ug/g aah (median) 

<2 v>g/g ash (median) 

<2 ug/g aih (median) 

0.02J ppai w«t wt. 

ES 

6 of 72 ES 

3 of 21 ES 

3 of 60 ES 

3 of 32 ES 

1 SAA 

Autopaiea, 

Sudden accident victim*. 

Schroeder at al,, 
1967 

Tipton at al., 
1963 

Tipton at al., 
1463 

Tlpron «i al., 
1961 

Tipton ft a l . , 
1961 

Koch »t a l . , 
195h 



L~ 

Tissue 

Adrenal 

Bladder 

Bone 

R.mKv 

Not Riven 

0 . 4 - 7 . * mg/z dry w i . 

160-240 I.R/K ash 

Not Riven 

Moan Level 

-.6 ppm wet wt, 

4.-' m«/R dry wt. 

200 ..«/* ash (median) 

3.S ppm wet wt. 

1.9-12.0 micromoles/K •>•*>! Nut given 

0.79-2.20 mltronoles/R ,is)| Not Riven 

SO-140 U R / R ash 

Not given 

76-180 .,(t/g ash 

5.0-7.3 UR/R drv wt. 

Not Riven 

Not Riven 

4.4 » U / K dry wt. 

90 UR/R jsh (median) 

1.0 ppm wet wt. 

H O U R / R a*h (median) 

fc.fe • 1.74 U R / R dry wt. 

0.410 and 1.190 **/100 
ft wet wt. 

0,4 ppm wet wt. 

Not Riven 

TX-4907 
7-24-78 

No. of 
C.isi-s 

12 

1 

100 

no 

10J 

110 

Not 
Riven 

Analytical 
Method 

Colorimetrv 

ColorImetrv 

KS 

ColorImrtrv 

KS 

KS 

ES 

Colorimetrv 

KS 

AAS 

KS 

Colorimetrv 

(.'olorimetrv 

T CommentM 

Acciden t v i c t i m s 

Accident vie tins 

None 

None 

None 

Accident victims 

None 

None 

Low value - rib bono; high 
value - long hone 

.Sudden accident victim* 

None 

Reference 

Korli ct a I., I'm 
Koch rl nl., 
1MS7 

Tipton and Cook, 
I'In I 

Koch et al., 
l»i6 

Perry, 19*8 

IVrrv vt al., 
196/ 

Tipton and Conk, 
1961 

Koch et al., 
i<m 

Tipton and Cook, 
196] 

limes ei al, , 
1972 

Kehoe *t al,, 
1940 

Koch el nl,, 
1946 

Koch el al. , 
1947 



COFFER (conttnuao! 

Tissue Dana* Mean Laval 
No. of 
Cases 

Analytical 
Method Comments geference 

Blooq Not given 144.60 + 3.95 ug/100 ml; 
172.1. r 4.76 ug/100 ml 

320 AAS One-half sample from aoft water 
area (Kansas Ctty, NO) and other 
half from water area (Kansas City 
KA, low value), Blood serum, 

Sierenbaum at 
at., 1*73 

0.0711-0.110 mg/100 ml 0.0711 and 0.102 mg/100 
ml 

266 IS Patients, blood donor*, and nor­
mal individual*. Los Angeles 
area. Low value • serum; high 
value - whole blood 

•utt et al., 
1464 

Not given 1.29 • 0,13 ppm 19 X-r«y spectrometry Healthy males, mean age 13.3 yr». 
Hood serum, 

Go'msH et al,, 
1964 

Not (Ivan 91.6 + 2.6 ug/100 al; 
107.4""+ 5.1 ug/100 at 

Not 
given 

FS Low value - rtales; high value 
females 

Hambridge and 
Droegemueller, 
1974 

31-281 ug/100 ml 100 ug/100 at 100 ASV None Hecker et al., 
1974 

•2-14? ug/100 ml 107 ug/100 ml 164 AAS 119 male* and 43 female* Hen*in, 1471 

930-1280 ug/ltter; 
930-1420 ug/liter 

1120 ug/liter; 
1170 wg/Hter 

48 AAS Low value* • malu; high values 
female 

Hohnadel et al., 
1971 

Hat given 0.114 mg/100 g Not 
llvnn 

F.8 None Kehoe et al., 
1940 

Not given 98 ug/100 ml 38 Coloriaetry Acrldent vlctia* Korh et al., 
1436 

It-148 mg/ml 89 mg/al 24} AAS Hale* Kubota et al., 
1968 

Nat given 6.40 ug/ml; 
1)9 ug/100 ml 

17 AAS First value liver blond; srcoml 
vilue - heart blood 

Owen et al., 1977 

TX-4907 
7 - 2 W a 



COPPKH (continued) 

Tissue Range Mean Level 
Nn, of Analytical 
CanOH Method Coeawnss Reference 

(continued) 
Hot given 1.2 Ug/Kl Nut 

given 
Not given Rentoul and 

Smltli, 1«7J 

«l-Uo Ug/eU 111 il/ml 6 AAS Male*, Red blood cell analysis Rohblns el »l,, 
lv75 

12-67 sig/NW ml; 
118-102 mt/\00 ml 

36 og/lOO all 
216 mg/100 ill 

27 palm Not given Firm value -• us* I 1 lent curd 
plasma; second value - maternal 
plasma 

Srhelnbarg at 
al., list, 

C.22-1.70 ug/100 g 0.66 tig/100 g 60 AAS White children ages 2 mon, to 
13 yrs. 

Smith, 1976 

Not given 142 > 24.82 ut/100 ml; 
120.40 + 1«.M Mg/100 al 

JSB AAS Vlrat value -- 6 year-oldsi second 
value - 12 year-olds 

Teaamer »t al., 
1*73 

•rata Not given 0.40 «|,/100 g wet wt. Not 
given 

es None Kehoe *t al., 
1*40 

Hot given 1.6 ppa wet wt. T Colorlaetry Accident victims Koch at al., 
19S6 

19.)-}).! evg/t dry wt. 10.0 ejg/g dry wt. 3 Colorlaetry None Koch at al., 
19S7 

Hot given 1.23 + 0.16 mg/100 g; 
2.07 + 0.16 ag/100 g 

10 and 7} ES first value - 0 to 3 man.; second 
value - above 12 aws, 

Nusbaum at al., 
19SR 

4.7-10.0 •tcroaolea/g ash Not given 100 IS None Perry, 1*68 

3.8-8.0 aicronolea/g ash Not given 150 cs None Perry et al., 
1*62 

Not given 

• 

23,» wg/g dry wt. Not 
given 

Not given None Rentoul and 
Smith. ]»74 

TX-4907 
7-24-78 



COPPER (continued) 

TlMIM Rang* 

•rain 
(continued) 

240-JOO ug/| aah 

Diaphragm, 110-200 ug/g a*h 

Esophagus Hot given 

84-200 ug/g aah 

Faces Hot given 

Fatal 
membranes 

17.5-21.S ug/100 x 

Hair 7.8-214.0 ppai 

Not liven 

1.01-144.0 ug/g; 
2.22-184.0 ug/g 

10.7-41.6 ppm; 
11.4-61.4 ppai 

Mean Laval 

360 n|/| aah (median) 

140 ug/g aah (nadian) 

1.5 ppa wet wt. 

120 ug/g aah (median) 

l.J • 0.2 aig/day; 
1.1 • °- 1 »»/day 
Not given 

14.1 pp. 

17.9 ug/g; U.O ug/g; 
10.9 ug/g 

12.11 ug/g; 18.25 ug/g 

22.6 ppm; 23.0 ppm 

No. of 
Caaee 

127 

91 

2 

66 

2 

249 

3J 

50 

229 chil­
dren; 204 
adult a 

SO 

Analytical 
Method 

EX 

KS 

Colorimetry 

ES 

F.S 

Not given 

NAA 

AAS 

AAS 

AAS 

Comment* 

Nona 

None 

Accident victim* 

None 

Healthy M U « , 21 and 25 yrn. old 
Univer«ity of Cincinnati 
Coopered to «peclinen* from load 
Mining region; difference 
inalgnlfleant 
Children and adult*, Oak Xidge, 
Tenn. 
Fro* hoapital delivery ward, 
Cincinnati, Ohio; 6iX black, )2t 
white; valuei reepectively for 
naternal acalp hair, maternal 
pubic hair and neonatal acalp 
hair. 

Three New York metropolitan com­
munity aamplee 

Low value* 
female* 

male*; high value* 

TX-4907 
7-24-;a 

Reference 

Tipton and Caak, 
1*61 

Tipton and Cook, 
1961 
kveh at all• 
19S6 

Tipton and Cook, 
1961 

Tipton et al,, 
1969 

Fahim et al., 
1976 

•ate* and Over, 
1965 . 

•aumalag et al., 
1974 

Creaaon, 1975 

Fad* and Lambdin, 
1971 



COPPER (continued) 

Tiasue Range Mean Level 
No. of 
Canes 

Analytical 
Method CoaaMmta Refaranee 

Hair 
(continued) 

0.00312-0.012H0 t dry wt. Not given 18 ES White Mtea, 15-70 yearH old Goldbluat at al., 
1951 

Not given 11.11, 12.6, IS.3, 22.5. 
and 25.7 pn» 

165 AAS Foiirth-graile hey* fro* i cltiea Haaawr at al., 
1971 

9.4-J1.0 vg/g 16.7 ug/g 12 AAS eoth aexea, varied age*, and 
diverge geographic araaa 

Hlnnvi • at al.. 
197* 

Not given 13.27 ug/g 13 NAA None Haliler at al,, 
1970 

16.0-19.5 ug/g Not given 20 ES None Martin, 19*6 

9-S0 ug/g; S-60 ug/g Not given 211 AAS Ptrat value* - Male*', necond 
valuea •- feayilea 

Petering et al., 
1971 

Not given 23.1 ug/g dry wt. Not 
given 

Not given None gentoul and 
SeUth, 1971 

Not given 16.1 • 1.2 ug/g; 
55,6 + 10.2 ug/g 

117 and 47 AAS No dyea or blaachea Sehroeder and 
Naaen, 1969 

Not given 70,7 j0.9 wg/g 1 AAS None Sorenaon at al., 
1971 

Not given 8.7 ug/g aah; 
16.2 ug/g aah 

2 AAS and MS None Yurachek, 1969 

Haart Not given 0.190 e*/100 g wet wt, Not 
given 

ES None Kahoe et al., 
19*0 

Not given 2.35 + 0.27 ag/100 g; 
1.83 + 0.09 ag/100 g 

21 and 137 ES Firat value - 0 to 3 man.; necund 
value ~ above 12 ana. 

Nuabauai et al., 
ma 

3.4-8.5 aiicroaolea/g ash Not given 100 ES Nona Perry, 19*1 

TX-4907 
7-24-78 



COFFER (continued) 

Tissue 

Heart 
(continued) 

Intestine 

Rangi? 

3.9-7.0 mlcroaole/g aah 

Not (Ivan 

250-44© ug/g ash 

Not given 

Not gtvan 

9.S-46.3 mg/g dry wt. 

160-420 ug/g aah 

160-330 ug/g aah 

170-400 ug/g aah 

1*0-280 ug/g aah 

150-340 ug/g aah 

110-270 ug/g aah 

He.:n U-v.1 

Not given 

16.5 ug/g dry wt. 

330 ug/g aah (median) 

0.110 mg/100 g wet wt. 

| 0,4 and 4.0 ppm wet wt. 

29.7 mg/g dry wt. 

260 ug/g aah (median) 

230 ug/g aah (median) 

2*0 ug/g aah (median) 

220 ug/g aah (median) 

210 ug/g aah (median) 
I 
! 170 ug/g aah (median) 

No. of 

130 

Not 
given 

140 

Not 
given 

1 and 9 

67 

101 

S4 

31 

108 

42 

An.i 1 y i i i JI 1 
Mclhml 

ES 

Not given 

ES 

ES 

Colortmetry 

Colorimetry 

ES 

ES 

RS 

ES 

ES 

ES 

CunnvntH 

None 

None 

None 

None 

Accident victim* 

None 

Duodenum 

Jejunum 

Ileum 

Cecum 

Sigmoid colon 

Rectum 

Referent* 

Ferry *t al., 
1962 

Renteul and 
Smith, 1973 

Tipton and Cook, 
1963 

Kehoe et al., 
1940 

Koch et al., 
1936 

Koch et al,, 
19J7 

Tipton and Cook, 
1963 

Tipton and Cook, 
1963 

Tipton and Cook, 
1963 

Tipton and Cook, 
1963 

Tipton and Cook, 
196] 

Tipton and Cook, 
1963 

TX-4907 
7-24-7» 

r * ~ « 



'i* I**"*** »>*«**-• MejwvMWi-WH" i 

COPPER (continued) 

Tiaaua 

1 ' • • - • " — • — -

Rang* M«an Level 
No. of 
Crtaea 

Analytical 
Method CuaMenta Reference 

Kidney Not given 0.166 mg/100 g wet wt. Not 
Riven 

ES None Kehoe at «1., 
1940 

Not given 4.1 ppai wet wt. 8 Coloriaetry Accident victlaa Koch et al.. 
19)6 

12.4-54.3 e>g/g dry wt. 10.9 «g/g dry wt. a Coloriaetry None Koch et al., 
1957 

14-68 ug/g «ah 54 ug/g «ah 46 AAS None Morgan, 1972 

Not given 2.61 + 0.14 »g/100 g; 
0,84 iag/lOO g; 1.77 * 
0.09 a*/100 g 

67, 1, 
find 201 

ES Flret value - 0 to 1 aoa.; aecond 
value - 3 to 12 i*oa.; and third 
value - above 12 ewa. 

Nuebaua at al., 
19)8 

1,1-16.0 alcroMolaa/g aah Not given 100 ES Nona Perry, 1968 

1,0-5.4 aicroaolea/g aah Not gtvan ISO F.S None Parry at al., 
1962 

Not given 1*.°- ug/g dry wt. Not 
given 

Not given None Rentoul and 
Smith, 1971 

190-340 ug/g aah 260 ug/g aah (awdlan) 141 ES Nono Tipton and Cook, 
196] 

Larynx H-1J0 ug/g aah Jl ug/g aah (ewdlan) $0 ES None Tipton and Cook, 
1961 

Llvar Not gtvan 0.710 atg/100 g wot wt. Not 
given 

ES None Kehoe et al., 
1940 

Not glvan 9.0 ppai wet wt. 8 Coloriaetry Accident victiaia Koch et al., 
1936 

1.85-63.0 aig/g dry tiaaua 41,2 aig/g dry ttaaua 8 Colorlaetry None Koch et al., 
19S7 

TX-4907 
7-24-78 



- : » < 

COPPER (continued) 

1 issue 

Uvar 
(continual) 

Lung 

Range 

Not gtvan 

292-420 ug/g aah 

Not given 

3.3-8.9 ug/g vac wt. 

7.7-32.0 aicroawlei/g aah 

1.0-21.0 alcroaolea/g aah 

Not glvan 

Not glvan 

320-1300 ug/g aah 

Not glvan 

Not glvan 

Not glvan 

10.3-27.8 e*/g dry wt. 

408 ug/g aah 

394 ug/g aah 

32.49 + 1,91 iag/100 g; 
2.33 aig/100 g; 2.76 
e*/100 g 

5.8 ug/g wat wt. 

Not glvan 

Not given 

1070 + 628 ug/g aah 

23.3 ug/g dry wt. 

310 ug/g aah (Median) 

3.3 + 1.3 pan w*C wt. 

0.110 aig/100 g wat wt. 

3.0 ppn wat wt. 

17.7 ag/g dry wt. 

No. of 

Not 
glvan 

46 

67. 3, 
and 199 

17 

100 

ISO 

10 

All l l V t t l M l 

Metlv.l 

AAS 

AAS 

ES 

AAS 

F.S 

es 

Not 
glvtn 

Not glvan 

148 es 
7 ES or Chm. 

Not 
glvan 

ES 

S Coloriitetry 

S Coloriawcry 

Ciinrmta 

Mala. 

Nona 

Flrat value - 0 to J ana.; aacond 
vain* -• 3 to 12 eon.; and third 
value ~ above 12 aoa. 

None 

None 

None 

Male* 

None 

None 

None 

Accident vlctta 

Ktfferi-nt •• 

Morgan, 1972 

Morgan, 1972 

Huebaua at al,, 
1931 

Owen et al., 
1977 

Ferry, !•*• 

Perry et al., 
1962 

ferry et al., 
1«71 

Rentoul and 
talth, 197) 

Tipton and Cook, 
1963 

Vallee et al., 
1937 

Kelioe «t a l . , 
1940 

Koch et a l . , 
1936 

Koch et a l . , 
1*57 

TX-4907 
7-24-7B 



COfPKR (continued) 

Tissue Range Mean Luvol 
No. of 
Cane* 

Analytical 
Method Constant* Reference 

(continued) 
Not given 0.98 + 0.21 ng/100 g; 

1.21 +0.08 ng/100 g 
6 and 72 rs First value - 0 to 3 awn.; 

second value - above 12 MOM, 
Nuabau* at al., 
195B 

1.6-8.5 «icronole»/g ash Not given 100 ES Terry, 1968 

1.4-2.8 nicroaoles/g ash Sot givan 150 ES Perry ut al., 
1962 

500-2500 ug 168 Not given Autopsies froM •. it tea and non-
urban araaa 

Schroeder, 1970 

92-180 ug/g ash 120 ug/g ash (Median) 141 IS Tipton and Cook, 
1963 

50-250 ug/g aah 130 ug/g aah 141 es Aiitopalea, 9 cities Tipton at al,, 
1964 

Mlk Not given 0.245 + 0.077 ug/ail 50 AAS None Mcclano, 1976 

Muscle Not given 0.125 ag/100 g wet wt. Not 
given 

ES None Kehoe et al., 
1940 

Not given 4.0 pna wet wt. 11 Coloriswtry Accident vlctiMN Koch et al., 
1956 

8.0-50.3 ag/g dry wt.; 
4.2-17.7 Mg/g dry wt. 

J1.0 aig/g dry wt.; 
12.4 mg/g dry wt. 

6 and 5 Coloriaietry High valuea - cardiac muscle; 
low values -- striated nuacle 

Koch et al,, 
19J7 

50-120 ug/g aah 74 ug/g ash (Median) 136 ES None Tipton and Cook, 
1463 

Hall 0.00094-0.00810 X dry 
tissue 

Not given 18 ES White stales, 15-70 years old ColdbluM et al., 
1953 

17.32-91.S3 ug/g: 
42.S9-17O.0O ug/g 

51.13 4- 22.84 ug/g; 
86.36 £ 44.51 ug/g 

18 NAA Low valuaa - adults; high value* • 
children 

Kanabrockt et al., 
1968 

TX-4907 
7-24-78 



COPPER (continued) 

Tissue Range Moan Laval 
No. of 
Casas 

Analytical 
Nathod Coaaent* Reference 

Natl 
(conttnuad) 

Mot given 13.27 ug/g 13 NAA Nona Mahler et »1., 
1970 

7.7-7.8 ug/g; 
10.6-14.8 ug/» 

Not givan 20 ES how valuaa - toa naila; high 
values - finger nail* 

Martin, 19*4 

Ovary 83-180 ug/g ash 120 ug/g ash (aadian) 16 ES Nona Tipton and Cook, 
1981 

Oaentua 110-280 ug/g ash 190 ug/g ash (aedlan) 73 ES Nona Tipton and Cook, 
1961 

Pancreas Not given 2.8 ppa vat wt. 4 Coloriaetry Accident victims Koch et nl., 
193* 

5.7-27.0 ag/g dry wt. 12.2 ag/g dry wt. 4 Colot in*try None Koch at Ml., 
1957 

92-210 ug/g ash 1*0 ug/g ash (aadian) 138 ES Nona Tipton an4 Cook, 
19*1 

Placenta Hot given 14.40 + 12.S8 
*icroaolea/g dry wt. 

334 MS One year collection froa normal 
deliveries, Houston. T». 

Dawson, 19*9 

Not given g.13 • 0.54-28.54 • 2- 5* 
•icroaolcs/g 

554 AAS Seasonal variation Dawson et si., 
1961 

17.0-22.0 ug/100 g Not givan 249 Not givan Coapared to apaciaens froa lead 
aining regions difference 
in*tgnlfleant 

Fahia at ul., 
197* 

Not given 1.598 + 0.177 ug/g wvt 
wt. 

38 Not givan City hospitals in South and 
Southeast 

Karp and 
Robertson, 1977 

Prostata Not given 7.4 ppsi wat wt. 4 Coloriaatry Accident victias Koch at si., 
1956 

TX-4907 
7-24-73 



•VPW4* ,VW*'**«*>WM«. 

Tissue 

Prostate 
(continued) 

Saliva 

Skin 

Spleen 

Stoaach 

T.X--'.9<l? 

R;nw.«-

57-140 ug/g ash 

2.93-15.61 ug/100 ml 

0.00074-0,00880 X dry wt. 

80-150 ug/g aah 

Not given 

Not given 

4.9-13.4 ag/g dry wt. 

Not given 

1.2-3.8 alcroaolcs/g ash 

1.1-2.0 aicroaoles/g ash 

67-120 ug/g ash 

Not given 

Not given 

Hisin Level 

100 ug/g ash (aedian) 

7.53 + 3.45 ug/100 ml 

Not given 

100 ug/g aah (aedian) 

0.0*5 ag/100 g wet wt. 

2,0 pea wet wt. 

9.2 ag/g dry wt. 

3.06 + 1.45 ag/100 g; 
1.03 '+ 0.15 ag/100 g 

Not gtven 

Not given 

89 ug/g auh (aedian) 

0.107 ag/100 ag wet wt. 

5.0 ppa wet wt. 

COPPER (continued) 

Ni>. of 
C.\Sl'H 

50 

21 

18 

22 

Not 
given 

t and 73 

100 

150 

143 

Not 
given 

A n . i l y l h . i l 
Method 

ES 

NAA 

ES 

ES 

ES 

Colorlaecry 

Coloriaetry 

ES 

ES 

ES 

ES 

ES 

Colerlaetry 

Comments 

None 

None 

White aalea, 15-70 years old 

None 

Han* 

Accident vtctlaa 

None 

First value - 0 to 1 aos.; second 
value -• above II aos. 

None 

None 

None 

None 

Accident victi 

Keferenire 

Tipton and Cook, 
196) 

Kanabreckl et 
•1., 1965 

Celdblua et al., 
195) 

Tipton and Cook, 
196) 

Kehee et al., 
1940 

Keen et al., 
1956 

Koch et al,, 
1957 

Nusbatw: tt al., 
1958 

Ferry, 1961 

Perry et al., 
1962 

Tipton and Cook, 
194) 

Kehee et al., 
1940 

Keen et al., 
1956 

http://An.ilylh.il


COPPER (continued) 

Tissue 

.Moaiach 
(continued) 

Sweat 

Teeth 

Testis 

(Thvoi.l 

Trac.'iea 

Vmbiia-al cord 

Urine 

TX-**•>: 

Range 

li.3-25,4 mg/g dry wt. 

3O-1440 ug/liter; 
'j<M-2.'H0 _g/liter 

Not given 

0.07-.MW.0 *8/g 

Not given 

58-110 ..g/g ash 

Not given 

4 1-240 ;.g/g ash 

25-'»b ug/g ->*h 

Ih.S-l̂ '.i! ;:g/li;0 g 

Not given 

Mean Level 

19.8 mg/g dry wt. 

550 + 350 i,g/liter; 
1480 • 610 ug/liter 

0.51 + 0.0b ppm 

6.80 +• 4.01 :.g/g 

2.6 ppm wet wt. 

No ;ig/g ash (medlai.) 

2.6 ppm wet wt. 

9-'« .ig/g .>sh (median) 

'>6 ug/g ash (median) 

Not given 

0.0J8 mg'l 

" 1 1 r ' • -—— 
No. of Analytical 
Cases Method 

4 Colorlmetry 

48 AAS 

L><)8 MS 

56 MS 

t Colorimetry 

71 KS 

H ('u'or Inwirv 

iiO KS 

60 KS 

.'44 Not given 

Not 
given 

NAA 

Comments 

None 

Low values Kile; high values 
female 

Teeth samples from ^W year-olds, 
Knautel. Correlation of high 
caries with high level; low 
caries with low level. 

•20 year-olds 

Accident victims 

None 

Accident victims 

None 

No tie 

Compared to specimens from lead 
m'ning region; difference 
insignlf icuni 

None 

Reference 

Koch et al., 
1957 

Hohnadel «t al., 
1473 

Curzoi. and 
l.oseo, 1977 

Losee el al. , 
1971 

Koch et al., 
1456 

Tiprun and Cook, 
1961 

Koch et al., 
19 56 

Tipton and Cook, 
1961 

Tipton and Cook, 
1961 

Farhim et al,, 
1976 

(illIN et al.. 
1974 



COPPKR (cont inued) 

Ti.-.:ilH-

Urine 
(continued) 

l/terux 

Vena cava 

TX-*W? 
7-24-»» 

Ran.:.-

Not g iven 

Not glvor. 

Sot g i v e n 

Not g i v e r 

71-1 JO UK'B ash 

Not g i v e n 

M.MH Level 

'ill, 17 + 11.14 fK/iliiy 

(1.014 IBK/1 

D.tM. ii)-,/ml 

().;».*.! + 0.00 I mf./dav; 
0.04.! + 11.01 I nig/day 

98 US/K ash (median) 

"i.2 ppm wet wt. 

I 

N.'. of 
Cases 

lh 

lot 
Klvvn 

Vol 
given 

An.i lyl leal 
Method 

NAA and Colorlmetry 

FS 

Not given 

ES 

KS 

Colorimetrv 

CUMUVIIIH 

None 

None 

None 

Healthy anion, 21 «nd 25 yearn 
old, Unlverntty or Cinctmnil 

None 

Accident victims 

.ifoiCIICe 

Kj'nabrocki at «1. 
196S 

KchuK el ol., 

Ktmtoul and 
Smith, 1971 

Tipton et ,il,, 
l«6v 

Tipton and Cook, 
1461 

Koch ot «!., 
195* 



Tissue Ran(* Mean Level 
No. of 
Cases 

Urine 8.1-19.U ppb 14.;! ppb i : 

Analytical 
Method 

tiC-EC 

CoMMmes 

Cenvral populnl ion, Florida 

Reference 

Craniwr et al, , 
1469 

TX-4907 
7-24-78 



T • S S«K' R.m,:,-

Adipose Not Given 

Not Given 

0.21-0.34 ppa 

Adrenal 

Blood 

0.09-0.99 ppa 

0.0-1.84 ppa 

0.0-1.2 ppa 

Not Given 

(a) 0.0029-0.0199 ppa 
(b) 0.0013-0.0066 ppa 
(c) 0.0018-0.0425 ppa 
(d) 0.0078-0.0119 ppa 
(e) O.0OS7-O.O448 ppa 
(f) 0.032-0.0150 ppa 

2.0-5.5 ppb 

0.5-2.4 ppb 

0.0-27.0 ppb 

0.0-4.0 ppb 

0.10 • 0.1) ppa 

(«) 0.01! ppm 
(b) 0.08 ppa 
(i) 0.03 ppm 

Not Given 

0.45 ppa 

Not Given 

0,10 PP» 

0.94 ppa of extracted 
lipid 

(a) 0.0083 ppa 
(b) 0.0037 ppa 
(c) 0.01?1 ppa 
(d) 0.0139 ppa 
(e) 0.0189 ppa 
(f) 0.0079 ppa 

Not Given 

1.58 (geoaetric aean) 

0.24 ppb 

0.10 ppb 

TX-690? 
7-24-78 

Pl)|> 

No, of 

221 

30 of 44 

215 

25 

132 

202 

18 of 44 

2C 

350 p a i r * 

S3 p a i r s 

1000 

202 

An.ilvi i i . i l 
Mi-lho.1 

GC-EC 

CC and Ci'-KC 

GO EC 

GC 

CC-EC 

GC-EC 

CC. ant) Gl'.-EC 

GC 

GC 

CC-EC 

CC-EC 

CC-EC 

Curium'i! r s 

Texan a g r i c u l t u r a l area 

(a) Perirenal rat 
(b) Mesenteric fat 
(c) Panniculus fat 

Autopsies Dade County, Florida; 
diseased and norwals 

New Orleans, Louisiana 

Autopsies Miaai, Florida; 
diseased and noraal 

Surgical biopsies in Idaho 

General population of Hawaii; 
autopsies ages 28 wk.-88 yr. 

(a) Plasaa, sales 
(b) Plaaaa, feaale* 
(c) Red blood cells, Bales 
(d) Rail blood calls, feaale* 
<e) Whole blood, aalei 
(f) Whole blood, feaalas 

Mother-Infant pairs in Mississippi 

Louisiana, housewives; general 
population; aaternal blood 

General population of Idaho 

Surgical hiopaiea in Idaho 

HcfiTniri' 

sunt*, i974 

Casaret et .il., 
1968 

Deichaann at a I,, 
1968 

Hayes et al. , 
1965 

RadoasVtl et al., 
1968 

Wyllle et al., 
1972 

Cuiarrt, at al., 
19*8 

Dale et al., 1967 

D'Krcole et al., 
1976 

Selby et al., 
1969 

Watson et al., 
1970 

Wyllle et al., 
1*72 

http://ii.il


Tissue 

•on* 

Brain 

Conad 

Ciasue 

Kidney 

Liver 

Lung 

Lyaph nodea 

Milk 

Placenta 

Spleen 
i 
TX-49U7 
J-24-7H 

Rani:.-

Hot Given 

Not Given 

Not Given 

1.0-7* p,)b 

Not Civen 

Not Given 

0.08-0.40 • 0,10 ppm 

Not Given 

Not Given 

0.04-0.10 «g/l.* (fat) 

Trace-5.0 ppb (fat) 

0.1-17.2 ppb 

Not Given 

Mean Lewi 

1.45 pp» of extracted 
lipid 

0.22 ppn of extracted 
lipid 

0,18 ppe, of extracted 
lipid 

Not Given 

0.12 ppti of extracted 
lipid 

2.43 ppn of extracted 
lipid 

Not Given 

0,0) ppn of extracted 
lipid 

0.03 pp« of extracted 
lipid 

|0.17 mg/kg 

0.70 aig/kg 

0.62 (geometric mean) 

0.49 ppm of extracted 
lipid 

ODD 

No. of A n a l v t t . ' a l 
>!"l!u>d Ca:.es 

10 of 44 

)2 of 44 

36 of 44 

CC and GC-EC 

[X and GC-EC 

CC and GC-EC 

US 

18 of 44 

42 of 44 

132 

2S of 44 

11 of 44 

40 i;i 

51 pair* 

27 of 44 

[-.C-EC 

CC and GC-EC 

IT and GC-EC 

:;c-i:c 

CC and GC-EC 

CC and GC-EC 

iC-KC 

CC and GC-EC 

General population in Hawaii; 
autopate* age* 28 wk.-88 yr.; 
bone marrow 

General population of Hawaii; 
autopaie* age* 28 wk.-8S yr. 

General population oi Hawaii; 
uuiopale* agea 28 wk--88 yr. 

General population in Hawaii 

General population of Hawaii; 
autopaiea agea 28 wk.-88 vr. 

General population of Hawaii; 
nutopulea age* 28 vk.-HH vr. 

Aucopuleit Miami, Florida; dl*ea*e 
and normal 

General population of Hawaii; 
autopale* age* 2H wk,-8H vr. 

Gene-al population ol Hawaii; 
Hutoptlea age* 28 wk.-Hd yr. 

Numlng mother* In I'ennaylvJMil.i 

Female*, rural Colorado 

Louisiana liouaewive*; general 
popul.it Ion 

general populal Ion o! Hawaii; 
tiutopale* aye* 28 wk.-HK vr. 

Reference 

Caaaret «t al,, 
1968 

Caaarrt et a l . , 
]<tbH 

Ca»aret et ti\,, 
I9t»8 

Klemmer el al. , 
1977 

C*»aret et al., 
1968 

Ca*aret et al,, 
1968 

I |k»dom*kl et al. , 
1968 

Caaaret et al., 
1968 

Ca»aret ft a I, , 
1968 

Kroger, 197.' 

Savage iM al . , 
:PM 
Selhv et al., 
19(f) 

'C.iH.iret el al, , 
|l'l«K 

http://popul.it
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T i s s u e 

Urine 

K.m.; 

0 .25-0.4) Ppb 

.V.-.ill | . . 'Vrl 

0.14 ppb 

WTO 

An i) VI I . . i l 

y Dun'. 

XV.-Y.C 

Cunmi'itlH 

Cotuirnl population In V lor Ida 

K i - f . - r r m - i -

< runner vl u l . . 

T»-*«07 

j-n-y* 



'/ '<^¥' 

Tli M M * Maan Laval 

Mlpoaa 

•load 

tod blood 
c*tli 

TX-4907 
7-24-78 

0.05-0.53 ppa 

<0.0003-0.0045 and 
<O.OO03-0.O025 ppa 
<0.0006-0.0096 and 
<0.0004-0.0023 ppa 
<0.0007-0.0031 and 
<0.0003-0.0039 ppa 

0.29 ppa 

0.0022 and 0.0010 ppa 

0.0036 and 0.0012 ppa 

0.0012 and 0.0016 ppa 

DDK 

No. of 
Caa«a 

Analytical 
Hathod 

25 

10 M 
10 r 
10 H 
10 F 
10 M 
io r 

GC 

GC 

GC 

GC 

Coaawnta 

N«v Orlaana, 1464 

Man and voaan, ganara" population. 
WhoU 
Han and voacn. neutral population. 
r u i M 
Han and woasn, ;»n«ral population, 

Rafaranca 

Hayaa at al., 
19»S 
Dal* *t al.. 
I»67 
Pale «t al., 
1967 
Dale at al., 
1967 



Kmiii mmmm-mmmummwinmLMmmmmmmm 

.. ! • - v l 

Tissiw 

Adipose Hot Gtv«n 

Hot Given 

Hot Civen 

Hot Given 

1.9-13.3 ppa 

O.U-23,4 ppa 

Not Given 

0.9-13.80 ppa 

3.5-20.8 pp« 

Mot Given 
Hot Given 

Not Given 

Mi-un Lew I 

17.37 • 10.90 ppa 

4.40 ppa, whole ttaau« 
10.2* ppa, i « t 

4,4(1 ppa, whole t i iwue 
9,86 ppa, fat 

4.64 ppa, whole ttaaue 
11.47 ppa, fat 

6.92 ppa 

Hot Given 

S.5 ppa 
Hot Given 

5.5 ppa 

10.S ppa 

6.69 ppa 
7.33-17.91 ppa 

(a) 7.4 * 2.8 and 3.4 
1,0 ppa 

(b) 8.4 • 2.9 and 3.5 
1.0 ppa 

(c) 9.3 t 1.4 and 5.9 
1.4 

TI-4907 
7-2*-7« 

Ar . i l v i I, . i l 
M.-ihi'.l 

K'.c-Ke 

CX-Kf. 

KC-EC 

KC-F.C 

['.C-F.C 

KC-EC 

x-w. 

;c-ec 

;c-ec 

u:-rc 

;c 

Agricultural area, Taaaa; tl«Hwc» 
froa nurgery, 1969-72 

Autopeiee, Hawaii; >t wka.-HA vr». 
Mf>*enter<c 

AutopaieH, Hawaii; iM wka.-HH vr». 
Pannlculua 

Autopaiea, Hawaii; ill wka.-BA yra. 
Perirenal 

Autopalea, Florida 

Autopaiea, Florida; general popu­
lation 

Autopalea, Florida, vhltea and 
hlacka, reapectlvely 

£ontrole for anttconvul«anl 
therapy atudy 

:ontrola for expertaent on reduc­
tion of peaticlde rewlduea with 
ilphenylhydantoln 

lutopalea; controla 
Bang* of aeana, varlcua dlm'aHva, 
|(Hypert«n«iun high) 

1(a) Feaale aaokera, black and 
UiUe 
Kb) Female nnnaaokera, black and 
l»hlte 
«c) Hale aaokera, M a r k and white 

K r l c M'.li 

Burna , 14 74 

Caaarer et al., 
I960 

Caearer «| a I., 
I96H 

Caaaret et al., 
196H 

Davlen et al., 
1965 

Daviea el al., 
1968 

Pavtea, 1969 

Pavlea et al., 
1969 

Daviea et al. , 

Pelchaann el al., 
I96B 

Doaanakl at a I., 
1977 



Tissue 

Adipose Not Civ.n 

2-13 pp. 

0.56-21.17 ppa 

2.6-21.7 p p a 

Hoi Given 

0-)Al ppa 

0.1-0.4 ppa 
«,d--49 ppa 

Not Given 

i.;-3©.» fim 

Moan U v i l 

<d> 11.6 • 2.8 and 4.3 
l.J ppa 

6,I ppa 

6.85 ppa 

12.5 ppa 

7.4 • J.3 ppn 

7.0 ppa 

Not Given 
Hot Given 

U . 5 8 ppa 

7.8 ppa 

J.6b • 7.64 to 19.27 • 6.3 
range of aeans in various t 
aallgnancy highest. 

1.8-13.5 ujj/g 

ppm (normal* b,69 • 4.07 
iseases; metastatic 

5.1 ug/g 

TX-4%07 
7-24-?» 

p.p'-DDE 

No. of j Analvtl '.(! 
IV-^s ! Moth,-.! 

143 
aale* 

61 

25 

282 

444 

50 

70 

1)0 

J12 

64 IH'-Kl' 

GC 

Colorlaetrv 

GC 

Co lor I »»• try 

GC 

Colortmet ry 
Color inetrv 

GC-KO 

Cologiart rv 

i:c:-a-

Cor.ToiU » 

(d> Male nonaaokers, black and 
wh 11 «• 
Saoking aav induce vnrvae* which 
••tabollz* DPT! 

i 
(General populat ior., U.S. 1954 

(People in New Orleans 

Prison Inmaii'*, beforf expeilinon-
tal oral dose* of DPT. 1956 

Study of progression o( storage 
of OPT aetafcolites in general 
population. 196.1 

Autopsies; no ou t s I audi ng dlf-
lereiwes between noraalx and 
persons dying of a varlelv ol 
diseases 

Autopsy tissues froa 1918-40 
Autopsy tissues, 1952 

Autopsies, Arltona, 1966-68 

flit biopsy, !l autopsy; general 
population, I ' .S, , 19H-62 

lAutopsies, Florida, |46»-<<7 

I 
^ulopsv t issuos 

H o l d r i u • 

Ooaanaki «t » 1 . , 

Havea i-t »\., 
lvst> 

Haves e l a l . , 
14t<5 

Hayes *t a l . , 
1471 

Hot I man et a l . , 
19*4 

Hof I nan el . i l . . 
I9fc7 

Mat I son et a l . , 
1951 

Morgan and Moan, 
14 70 

i>itnbv el a l . , 

Kadoaskl ft al., 
14M» 

jKappoli and Mali', 
|14(,8 



Si»#»'BMW»»V.L' • ' * W » » W i | ^ . M W r ' * ' » < » ^ • ' 

, * « • 

«ajK 
Tiaaw* Range Mean Level 

Adipose 
(coat tailed) 

Mot Civen 
0.2-30 ppb 

5.0 ppa 
7.2 ppb 

Adrenal Hot Civen 
Hot Given 

0.87 ppa, whole Tiaaue 
8.57 ppm, tat 

•lie 0.5-5.1 ppb 2,1 pph 

•lood t. 75-34.83 ppb 20.54 ppb 

Hot Civen 0.0152 ppa 

0.0045-0.023) ppai 
0.0Ue*-0.0«*9 ppa 
0.0033-C.047S ppa 

0.0114 ppa 
0.0257 ppa 
0.01M ppa 

0.00*2-0.03*7 ppa 
0.00*8-0.0107 ppai 
0.0101-0.0*1* ppai 
0.0039-0.0344. ppa 

0.017* ppa 
O.OOM ppa 
0.0257 ppa 
0.0113 ppa 

2-14 ppb ^ 
s 

Hot Given 
Hot Civen 

Hot Given 2-14 ppb ^ 
s 

Hot Given 
Hot Civen 

8 ppa 
lb ppa 

TX-4507 
7-24-78 

m, *»!'*Mv<r**+n,~-*^fmm—'JWWW i M 

p.p'-WV. 

Ho. of 
Caaea 

10J 

202 

Iti 
18 

940 

10 

10 
10 
10 

10 
10 
10 
10 

119 

48 
51 

Analytical 
Hethod 

GC 

GC-EC 

GC-EC 

GC-EC 

CC-KC 

CC-EC 

GC-KC 
GC-EC 
CC-EC 

CC-EC 
GC-EC 
GC-EC 
GC-EC 

GC-EC 

GC-EC 

Cnaaenta 

11 ta l i , 1967-70 

141 fe tMles , 61 aa lcn , aurgl ra l 
t iaauaa, Idaho, 1970 

Autopalea, Hawaii. 28 wk«.- 88 vr 

Elderly aen; evidence of 
excretion of peatlrlde aetabollten 
by liver 
Hichigan count lea, 1968-70 

Uoaen with no occupational 
exposure to ineecticldea, Serua 

Blood 
Plaaaa 
Serua 
Enteneion of above atudy 
Male*, general population 
Peaalea, general population 
Malea, general population. Hlaaaa 
Feaalea, general population. 
Pleaaa 
General population, Florida 

General population, Florida, 
1967-68; white* and blacka 
reapectivaly 

Reference 

Warnlek, 1972 
Wyllte et al.. 
197? 
Caaarel et al., 
196H 
fix. Ii.il ct al. , 
1974 

81ooa«r et a l . , 
1977 

Oale et a t , , 1961 
Meeting abatract 

Dale et a l . , 1961 

I>alt> et a l . , 196 

Davie* et a l . , 
1968 

Oaviaa et a l 
1969 

http://Ii.il
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Tissue. 
_ ___. 

Rant* Mean Luvcl 

•lood 
(continued) 

Not given .IS. 4 2»i.7 ppb 

0.3-32.Vy>j>b 

o.oos-o.o22 « r a ^ ^ ^ 

2.bS ppb (groaetrtc 
aean) 

0.011 ppa 

Not given 19.8 ppb 

0-383 ppb, M ) M 
1-121 ppb, feaalea 

22,0 ppb 
18.8 ppb 

26-78 ppb 
23-98 ppb 

44.5 ppb 
57.S ppb 

2-70 ppb 14.; ppb 

Brain Not given 0.0831 ppa 
1.59 ppa 

0.13-0.47 ppa 0.30 ppn 

Not given 0.084 ppa 

a«*i 
TU-4907 
7-24-78 

I'oni Inui'iO 

A n a l v t l e n t 
Method 

U.K.MI 

EC 

EC 

-EC 

EC 

EC 

EC 

EC 

Coa 

H A W A I I , i-oaaunllv AI large, 
19h9-70. Prmrnrc ,if p.p' [>!>( 
mnv a t l a u l a t r aynl l imln m 
r r l r a i c of i h o l m i i T . - l In I Ivor , 
lo.vHng t» an elrvatr i t »crw» 
iho len te ro l . Srrua. 

VI (k i them, l.nulalana. 
3*i r u r a l , 16 urban, l<J6f-*>; 

Kxklao r h t l a r r n , ARC *>-W v r n . , 
.'0 n a l r n , 70 f r e t a i n . 1972. 
Maternal blood. 

Utah, 1967-70. Serial. 

Idaho, I967-68, ago* 1-90 v r t , 
r>ouH up with age. Serun, 

Male agricultural workrrn, lJ«hr-, 
1970 and 1970, reapectIvrtv. 
Srrua. 

141 frmalen. 61 aalrn, nurgltal 
PHtlcplH, Idaho, 1970. Srrun. 

Wholr llliw and fat, rmprc-
tlvely; autopalra, Hawaii, 7K 
vk*. - 88 yra. 

Autopatea, Florida 

Autopatr*, Arlrono, !<>*>*>-*iH 

Heferem e 

kfmliAit rt »! . , 

•>i> Ihv ft »1 . , 
)<**.9 

Srr«i rt «1 . , 
1977 

Warnlrk, \17? 

Wat»»n rt i)., 

Walinn rl al., 
1971 

Wvlllr ri al, , 
1977 

laaairl et al . , 

II»V!P« rl al., 
19*.S 

Morgan and 
Kuan, 1970 



SStiit. 

p.p'-DDF. (continued) 

s 

Tlaawe 

•rata 
(continued) 

Conad 

Kidney 

Uver 

lung 

TX-4907 

Range 

Traca to 0.20 t 0.18 ppa 
rant* of aaans in varioup 
outstanding. 

.3. 
...A 

Not givan 

0.03-0. i» p * " 

Not given 

0.0S-1.2 ppa 

Not given 

Not givan 

0.11-4.8 ppa 

Not given 

0.29 to .'.44 • 9.16 ppa 
range of aean* in vartoi 
aallgnancy higheat. 

Not givan 

Hean Laval 

(nonuU 0.12 • 0.19); 
diaeaaas, no diaaaaa 

0.068 ppa 
7.78 ppa 

0.27 ppa 

0.209 ppa 
6.32 ppa 

0.35 ppa 

0.113 ppa 

0.200 ppa 
12,93 ppa 

1.01 ppa 

0.432 ppn 

normaU 0.JS • 0.01): 
diaeaae*. Metastatic 

0.0SH} ppm 
8 . 7 8 ppa 

u$m 

No. of Analytical 
Caaaa Method 

332 

3b 
36 

11 

38 
38 

U 

70 

11 

70 

)).' 

:•> 

C.C-FX 

C.C-FX 

C.C-EC 

t;c-f.c 

cc-ix 

W-Ki: 

iX-Kl-

I'.C-EC 

CoBjwntu 

Autv.pnies, Florida, l»64-67 

Mttop»ia», Hawaii, 2 8 w k » . - 88 
vri. Whole tlaaue and fat, 
reapactively. 

Autopiiea, Florida 

Autopate*. Hawaii, 28 vk». • 38 
vra. Whole tlaaiie and fat, 
reaped tvelv. 

Autopale*. Florida 

Atitopnie*, Arltona, l*6t>-p8 

Aulopatea. H.iwali, 28 wkn. - 88 
vra. Whole tlaauc and fat, 
reaped tvelv. 

Autopulea, Florida 

Autopaleii, Arliona, lOftei-e)*! 

AutopxU'n, Florida, |9n4-n7 

Autopaiea, Hawaii, .'8 wk*. - 8S 
vr«. Whole tiaeue ami U ( , 
reaped tvelv, 

Reference 

Radoank! el al, 
1968 

Caaaret et • ! . , 
19«8 

Pavtea et a l . , 
14t.S 

C'aaarel et « l . , 
l**.8 

Paviea et « 1 . , 
19«.S 

Mora*" and 
goan, 1970 

I'amtift el a l . , 
Il«.8 

r>«vien et a l . , 
l«t>s 

Moiimn And 
Koan, I T O 

•U.loauM el « l , 
19ti8 

i .ixurrt el a l . 
I1n8 



h •*«•••# | 

Tt**ue 

tr*c*ao-
kroMchUl 

Marrow, boa* 

•Nik 

PlacaM* 

•MI u m 
TK-49A) 
M i - N 

Hat | i v*n 

Hat atvm 

1>.4-2J*.0 pp* 

o .o7*-o . : i* pp* 

0.61-4.0S a«7k | («t 

«'0.J-*.» pp* 

W - J H ppb 

123-214,. 

0.01-1.72 

2fc* 

1.0-13.J u t / t » « 

O.t-tS.t pf» 

0.0024-4.013? pa* 

M>'.m Level 

1.3* pp* 
8.11 pp* 

2.0* pp* 
18.47 pp* 

•4 .1 ppb 

Mot (Ivan 

2.12 *» /k | (at 

1.4 pa*, (at baala 

111.* ppb. (at baala 

3,520.9 ppb, (at baala 

0.227 pp* 

J.O u ( / | (at 

10,41 ppb (gawMtrlc 
M M ) 

0.0061 pa* 

mmmmemm 

P J P ' - O D E (continued) 

N.>. of 
C.iai'.i 

11 
11 

19 
10 

28 

S.l 

10 

40 

57 

w 

51 

10 

i;c-«c 

fiC-EC 

GC 

GC-K 

A i i . t l v l L . t l 
Mflh'U 

GC 

Color iawtrv 

GC 

BC-BC 

CC-EC; GC/HS 

CC-CC 

cc-rc 

CC-EC 

Autopataa, Hawaii, 2* win. - 811 
yra. WhoU tlaau* ami fat, 
raapacttvuly 

Autopalea, Hawaii, 28 wka. - 88 
yra, Who la ttaaua and (at, 
raapactlvaly. 
Motnara in rural and urban araaa 
in Taxaa, Nllk hithar than 
blood. Haiard (or Infant. 
Mothera In Ariiona, 1972 

Nurainf. aothara, Philadelphia 
«r««, 1970. 
Normal aothara, 4 cltlaa, 19*0-61 

Noma) Bothara, rural Colorado, 
1*71-72 
flva araaa, national atudy. 
197J-76 
Hoihara (ro* Arkanaaa and 
Nlaalaaippi, 1971-74. 

Navborna (ran 52 *othara, 
Louialaua, 1966-67, 56 rural, 
14 urban 
Kapha*t» on awthedology 

Rrfrn-n. «• 

Caaarat at al., 
1948 

Caaarat at al., 
19*8 

Dyaant at al. 
1971 

Hagyard tt al., 
1973 
Krogar, 1972 

Qulnby at al., 
1964 

StvtKt at al., 
1973 
Savaaa, 1976 

Straaaatan and 
Kutf, 1*77 
tappolt and Hala, 
1968 
Salby at al., 
1969 

Dal* at al., 
19*6 

-. ••• - .,- L*.*i#. .i^^..f^^*J^^^S3amfsmL 



Tissue 

Bod blood 
c a l l s 

( C O O U I M M 4 ) 

Sola 

Urlno 

R.nni5«' 

0.0046-0.013S 
o.OMi-o.om 

Mot g ive* 

0.41-0.JJ pob 

Mem Lvwl 

0.00*0 na> 
0.0091 op* 

0.0101 poo 
• .OS ppo> 

0.42 poo 

^«pn|P 

No. or 

Cases 

20 

27 
27 

12 

CC-EC 

GC-EC 

GC-CC 

Aivt ly t lc<i1 
Connent* 

10 Mlti ami 10 fmales, r««i>oc-
tlvolyi taoaral population 

Aucopsias, Hawaii, 21 wha. - •> 
yrs. WHola tiaavo a*4 tat, 
raspacttvaly. 
Caaaral population, Flor14a 

R*f«r«nr* 

Pala at al., 1M7 

Caaarac at al., 
19M 

Cranaar «t al., 



n — m i WII> in »,»wtpw^gii'»ww"|w«Mii.i ••.»,. 

Tissue 

Adiaoaa 

• load 

mu 

T » 4 9 0 7 

RonKc 

Hot Clvan 

<0.01-0.47 pp* 

0 . 0 - 1 . 0 pp* 

0.0-0.2 ppb 

(a) 0.0014-0.0129 pas 
(b> 
(c) 

0.0014-0.0019 pp* 
O.002»-0.00}4 pp* 

(d> <0.0003-0.0037 pp* 
0 .0014-0 .03M pp* 
0.0014-0.0041 pp* 

Not Gtvan 

<a) «0.0001-0.003« pp* 
(b) 0.0005-0.0017 pp* 
(c) 0.0002-0.0002 pp* 
(d) 0.0OO3-0.OO14 

0 . i - 6 . 0 ppb 

0 . 4 - 2 . 0 ppb 
0 .7 -2 .2 ppb 

0 . 0 - 2 . 0 ppb 

0.003-0.034 PP* 

T r a c a - n . O ppb ( f a * ) 

Mv.in Luvvl 

0.24 !0 .2« pp* 

0,06 PP" 

0.10 k»P* 

0 . 0 * ppb 

(a) 0.0040 pp* 
(b) 0.0024 pp* 
(c) 0.0044 pp* 
(d) 0.0022 pp* 
( • ) 0.00*2 pp* 
<() 0.0033 pp* 

0.001b pp* 

(a) 0.0013 PP* 
(b) 0.0010 PP" 
(c) 0.0004 PP* 
(d) 0.000? PP" 

Not G tv r i 

Not Clvan 

I 
vO.l ppb 

Not Glvan 

I . a pp>., rat baala 

—<i'~«ymm*>m*mMmm 

O.p'-ODT 

Hn. of 

221 CC-EC 

2J cc 

202 CC-EC 

S CC-EC 

20 GC 

10 

10 

JiO palra 

a 

202 

6 

40 

Analyt ical 
Method 

CC-EC 

GC-EC 

CC 

CC 

CC-EC 

CC-EC 

GC 

CwwMitta 

T»*ae a g r i c u l t u r a l araa 

Canaral papulation In laule iana 

Surgical b lepat ta In Uaha 

Claorly M * I b t l a 4«ct dralnagai 
avidanca of aacrat iaa by l l v a r 

(a) Plaawa, aalaa 
(b) P U M M , fa *a laa 
(c) Had blaad ealla, *al«i 
<d) Had blaad calla, faaalaa 
(a) Whola blaad, *alaa 
(f) Whola blaad, foaalaa 

Paaalaa, no aceupatlanal aapaaura. 

(a) Plaaaa 
(b) Whala blaad 
(c) Had blaad ealla 
(d) farwa 

Kochar-tnfant palra In Miaaiaatapt 

Pro* paatlctda uaa 

ra*alaa, rural Colorado 

Rafartnca 

•urna at a)., 
1974 

Nayaa at al,, 
1M» 

Wyllla at at., 
1*72 

Paachal at al., 
1*74 

Data at al., l»47 

Dala at al., IMa 

Pal* at al., lta* 

O'Ercala at al,, 
1*7* 
lUaaotakl at al,, 
1*71 
WyllU at al., 
1*72 
Hagyard at al., 
1*71 
tavaga at al., 
l»7I 



^S| 

Tissue 

(Milk 
(continued) 

kl.0-t333.3 ppb 

Mean Level 

1191.1 pph, fat haalK 

o.p'-DOT 

No. n f 
C.iaea 

920 
of 

1*36 
r.c-ic 

Analytical 
M#rhiKl CoiiMi'nt* 

Muratna. aothtrai fat baaia kavai* 197* 

TX-490? 

R«f«r«n<°e 
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p.p'-DOT (continued) 

Tissuo 

Hood 
(continued) 

fcinm-

Not given 

<2.0-23 .0 and 3.0-53 
PPb 

2 .0 -20 .0 ope 

0 .J -23 .9 ppb 

0.0-27 ppb 

<a) 3 .8 -8 .9 ppb 
(b) S . b - U . S ppb 

Mot given 

Moc given 

(a) 3 . 0 - l t . O ppb 
(b) 4 .0 -40 ,0 ppb 

0.0-8O.0 ppb 

0 .0 -14 .0 ppb 

Mf.in Lvvcl 

0.0077 ppe> 

5.1 and 10.* ppb 

Not given 

9.7 ppb 

3.91 ppb 

4.18 • 1.83 ppb 

4.18 • 1.83 ppb 

J , I « » . l ppb 

(a) 8 .J ppb 
<b) 13.4 ppb 

4.7 ppb 

4.0 ppb 

No, of 
C.UL-* 

10 

800 

350 
palra 

28 

1619 

An.ilyl ir . i t 
M»>lhod 

cc-cc 

GC-EC 

CC 

CC 

GC 

8 CC 

28 CC-EC 

is*a Hot given 

24 GC-EC 

100C CC-EC 

202 GC-EC 

TX-4907 
7-24-1* 

CunneiilN 

P a u l u , no occupational 
expoaure 

General populat ion, Bade County, 
F lor ida , incraaao with a*« , 
Macka higher leve la . Sanaa. 

Mother- infant palra 

Rural and urban araaa tn Taxaa 

I'rban and rura l in Hawaii 

(a) vholo blood 
(b) plaama 
Autopaioa and la'j vurkara, Mlaal , 
ViorIda 

General population \n Hawaii. 
Serum 

Ha la adul ta , age* 13-88 yra . 
Saturn, (a) 1970, <b> 1971 

Ganaral population in Idaho 

Surgical biepaiaa in Idaho 

R«if<T*n. e 

Pale at a l . , 
1988 

Davi t * at a l . • 
I97J 

O' I rcola at a l . , 
1978 

ByaMnt at a l . , 
1971 

KlmajMr or a l . , 
Wi 

Radoaeki at a l , , 
1*71 

Badosakl at a l . , 
1*71 

Raahad at a l . , 
197* 

Wataon at a t . , 
1973 

Wataon at a l . , 
1970 

Wyllle at al., 
1972 

http://ir.it


ill .mill • • • . I U * M • » < * * • * « v ~ - . . - -

T issw 

• r a i n 

Liver 

Ml Ik 

U r l n * 

0.0-0.04 * 0.01 ppM 

0.0-0.Si • 0.14 pp» 

4.0-47.S ppb 

0.017-0. M 3 pan 

<).0-M,M9.1 ppb 

7.0-109.0 ppb 

0.01-0.14 pprn 

•.1-19.0 ppb 

>',.•.)« t.vvt'l 

Not * iv»n 

Mot | | iv*n 

21.4 ppb 

Ni>t given 

, i»2 .7 ppb 

2 0 . • ppb 

0.092 pp» 

14.2 ppb 

TJC-4907 
7-24-7f 

p.p'-DDT 

Nn. of I An. i ly i i r . i l 
Cnit'jt tfc-thtHl 

112 

132 

2« 

6 

141* 

40 

57 

221 

CC-RC 

CC-KC 

CC 

CC-KC 

cc-nc 

cc 

CC-KCi CC/MS 

CC-EC 

CuMKviita 

Autopaiaa, Nlaail , f i o ' i a a i 
4Uaaaa4 ami n*r«al 

Autopal<ia, Hiatal, F l a r W m 
elaaaaea' ana R O T M ! 

Ihtra) ami urban »r*»» ta Taaan 

fraai peattclaa uaa 

11 of U U , ntmu aatactaa. Fat 
baa(a. 

Faatalaa, r u r a l ceunty. Vat 
baata. 

Mlaalaalppl a M Arkaaiai faaalaa 

Canaral ^wpulatloa In F l«r l4a 

kafvrr iHv 

katfaawbl at a l . , 
19*9 

Radaawkt et a l . , 
19*1 

•yawac at al., 
1971 

Hagyara at al., 
1971 

•avata. »•»• 

Havaga at a l . , 
1971 

S t r a t a * * * and 
Ktita, 1977 

Craaaar a t a l . , 
19*9 

http://An.ilyiir.il


DDT 

Tiaaua Range Moan level 
No. of 
Caaaa 

Analytical 
Method Commenta Reference 

Adlpoao Not |tv«n 0,8-7.4 ppa Not given Not given USA, 1955 to 1997 Revenue, 19*7 
0.9-4.2 pp*. 0.21 ppa 11 CC-EC Control group Davi* at al., 

1971 
2.11-*.54 ppa Not given 215 GC-EC Autopilea, Florida DaictMaann at al., 

19*1 

2-12 pp. 4,9 ppa 61 Color iMtry 19)4-195*, g*n»ral population Mayta at al,, 
195* 

2.0-12.S ppa 5.0 ppa 41 Colortaotry Prlaon inmate*, 24-29 year»t 195* Hayaa at al., 
1971 

0-20 pp. 2.9 ppa 2S2 r.c Autopalea; Chicago; 19*1 Hoffman at at., 
19*4 

0-19.0 ppa 2.* ppa 994 cc Autopaieai 19»Z-1<,»J Hoffman tt al., 
19*7 

Not applicable 17 PP" 1 Chemical 194I) Subject) MaU, 17, had 
worked experimentally with DPT 
and command It tn food 
•apoclally nilk. 

Hawaii, 1941 
Hoto datai DOT 
prevleuely found 
in tiaaue* of 
cattla 

0-14.0 ppa 5.1 pp" 15 Colorlaotry Appvar* to ho ft rat repwrt of 
DDT in human milk and fat fro* 
nonoccupational eamoaure 

Uug at al,, 
1950 

<0.l-14 ppm 5.1 ppM 75 Color i iMtry Follow-up of Laug at al., 1950 Laut at al,, 1951 
0-40 ppa Not given 50 Coluriaotry Snap I n taken in 1952 Matceon at al., 

1951 
0.3-0.fc ppm Not given 3 ColoriiMtry Sample* taken in 19M-40 Nattaon at al., 

195) 

TS-1907 
7-J'.-7» 



DDT (continued) 

Tlaaue Range Mean Leset 
No. of 
Caaea 

Analytical 
Hatha* CMRMNt* Reference 

Mip-M* 
(continued) 

Not given 1.54 pp* 70 CC-EC Aut»p»ie»; ArUena; 1944-48 Morgan and 
M M , 1970 

0.7-21.4 ?fm 4.0 ppa 110 Colorioetry 91t blapnyi IX autep*y; 4 citiei 
in U.S., 1941-42 

Qulnby at al., 
194) 

2.2-11.0 p»«i 8.8 pp. 1* CC-RC Autepalo* from accidental death*, 
18-74 yeara old) Ohio, 19*4-*4 

Schafer and 
Campbell, 19*4 

Hot ctven 1.5 PP» 103 cc Vteh, 1**7-70 Warnick, 1*72 
Adrenal Not tlvcn 0.9a porn, fat 

0.124 pan, whole tlaau* 
18 cc-gc Aotopaiea, Hawaii, 28 wka-88 yr». Caaaret at al., 

19*8 
Mood Not given 5.7* ppb 9*0 GC Michigan I « M M I papulation, 

1*48-70 
Bleoaer et al., 
1*77 

(Plaraa) Mot given 4.4 + 4.J ppb 
ia.s~V n.o ppb 

9* GC-8C Children, 4-9, touch Carolina, 
white* (low value*) and nenwhite* 

Kail at al., 
1*71 

(Plaaaia) Not give* 
(a) 7.8-8.9 ppb 
(b) 4.7-4.8 ppb 
<c) 14.4-17.7 ppb 
<d) 19.9-20.) ppb 

192 CC-IC Children 4-9, South Carolina 1*70 
(•) whit* Mlei 
(b) white female* 
(e) nonwhite male* 
(d) renwhlte females 

Kail et al., 
1*72 

1-29 and 3-92 ppb: 11 and 1} ppb 142 Net given Whites and blacka, normal 
pregnanelea, Florida 

o'Uary at al., 
1*70 

3-2« and 2-47 ppb 9 and 12 ppb 101 Hot given Whiten and blaeha, spentsnteu* 
abort.en*, Florida 

O'Leary at al., 
1*70 

2-94 ppb 20.1 ppb 19 (X-KC Autopaie* free) acciJental da*Mm, 
18-7* year* old, Ohio, 194*.** 

Schafer and 
Catchall, 19** 

0.2--42.1 ppb 1.82 ppb (geometric 
•wan) 

33 fic-ec 31 white, 2 black houawlvaaj 
Louiaiana, 3* rural, 14 urban. 
Maternal blood. 

felhv et al., 
1**9 

TX-4907 
7-24-73 



DDT (contlnuad) 

Tlaaua tanga Maan Laval 
No. of 
Caaaa 

Analytical 
Hal hod WW^BMf fi % i* Rafaranca 

Mood 
(coatlnvad) 

<0.002 pan; 
0.002-0.003 ppa 

Not glvan 2»i 9 CC-EC Raklae children, Alaaka, 4-17 
yoara, 20 aalaa and 20 faaalta. 
Sarua. 

Xarat at *!,, 
1877 

Hot glvan 6.2 ppb 1417 CC Utah, 1947-70 Warnlek, 1972 

•rain Hot tlvan 0.12 ppa, (at 
0,010) ppa, whul* tlaau* 

32 GC-EC Autopaiaa, Hawaii, 28 wka-88 yr». Caaarat at at,, 
• 968 

0.08-0.44 ppa 0.24 pa. U GC-EC Autopalaa, Florida Oavlaa at al., 
1965 

Not glvan 0.022 ppa 70 CC-EC Autopaiaa, Arliana, 1966-48 Morgan and 
Roan, 1970 

Cado-aacrtua Hot glvan Traca 15 OC-EC Hawaii. Natarnal Klaaaar at al,, 
1977 

rat Not glvan 3.14 ppa, fat 
1,3) ppa, whola tiaaua 

30 CC-KC Autopataa, Hawaii, 21 wka-lg yra. 
Fartrana), 

Caaarat at al,, 
1968 

Hot glvan 2.8} ppa, fat 
1.3S ppa, whola tlaaua 

29 GC-CC Autapalaa, Hawaii, 28 wka-IS yri, 
HeHantarlc. 

Caaarat at al., 
19*8 

Not glvan 2,81 ppa, fat 
1.16 ppa, whol* tlaaua 

30 CC-EC Autopaiaa, Hawaii, 28 wk«-88 yra. 
Fannlculua, 

Caaarat at al,, 
19*8 

0.43-6.a pp* 3.79 ppa 30 GC-EC Autapatai, Florida Davlaa at al., 
19*5 

F«tal 0-4.9 ppb 0.4 ppb IS GC-EC Hawaii Klaaaar at al., 
1977 

Gonad Not glvan 1.5J ppa, fat 
0,0150 ppa, whola tixaua 

36 CC-EC Autopaiaa, Hawaii, 28 wka-61 yra, Caaarat at al,, 
1**8 

0.04-0.40 ppa 0.21 ppa a GC-EC Autopaiaa, Flertda Davlaa at al., 
19*1 

TX-4907 



POT (continued) 

Tiaauo Rang* Maan Laval 
No. of 
Caaaa 

Analyt ica l 
Mat hod CaoiMnti Deference 

Kictaay Hot glvan l.fca pp», f a t 
0.0*27 ppn, whola t l i i u i 

Je­ GC-EC Autopalaa, Hawaii , 2* wka-M yra. Ciaarai at a l . , 

Kidnoy 0 .07-0 .42 pan 0.21 p|M l l CC-EC Autopalaa, Flor ida Davie* at a l . , 
I M S 

Hoc glvan 0 .0 )0 ppn 70 CC-EC Autepalea, Avlaona, 1 M 4 - M Morgan and 
Eoaa, l t 7 0 

Liver Not given 1.7} ppoi, f a t 
0.0467 ppm, whola tiaaua 

42 GC-EC Autopalaa, Hawaii , 21 wka-M yra . Caiarat at a l . , 
1»M 

0 .17-1 .2 ppai O . M p a . 11 GC-EC Autapalaa, Flor ida Daviee at a l . , 
I M S 

Not glvan C.101 pfM 70 CC-EC Autapalaa, Ar i iona, l t M - M Maria" •*•" 
M a n , H 7 0 

Lung Not given 2.»2 ppa. fa t 
0.0147 ppa, whola tUauo 

27 
21 

CC-EC Autapalaa, Hawaii , 21 wka-M yra. Caaarat at a l . , 
1 M i 

Lyaph nodos Not given 1.73 ppa, fa t 
0,8»2 pan, whole tlsnue 

11 CC-EC Autapalaa, Hawaii , 21 wbe-ai yra. 
Tracheobronchial. 

Caaarat at a l . , 
l M e 

Narrow Not g i w n 4.4S p-w, f a t 
0.411 ppa, whola tiaaua 

30 GC-EC Aucapalaa, Hawaii, 2* wha-M yra. Caaarat a t a l . , 
I M A 

M U Q-2U0 ppb 10 ppb 6 CC-EC Hawaii Klaaaar at a l . , 
1*77 

0 .04-0.77 pp» 0.14 ppa. 24 Color laet ry Appear* ta be ( t r a t rapart of N T 
in human Hi Ik ana* fac f rea nan-
occupational axeeaure 

Uug at a l . , 
l f j f l 

<0.01-0.77 pan 0.13 ppa 24 Colorimmtry rollow-up of Laug at a l . , 1»J0 Uug * t a l . , 
1*51 

TX-4907 
7-24-78 



DDT (continued) 

Tiaaue 

Milk 
(continued) 
Placenta 

Spleen 

Whole body 

Kant* 

<0.3-7,7 pp«i, fat 

1.1-157.0 ppb 

Not given 

11-1350 ppb 

22-300 •*. total body 
burden 

Mean Level 

2.5 pa* 

11.12 ppb 

2.62 ppai, fat 
0.0112 ppai, whole tlasue 

Not given 

Not given 

No. of 
Caaes 

14 

5) 

27 

77 

19 

Analytical 
Method 

ColorInetry 

CC-EC 

CC-EC 

CC-EC 

CC-EC 

nt i 

Honul nether*, * citle* In U.S. 

Childbirth, M white, 2 black 
•ether*, heuaewlves, Louisianai 
16 rural, la urban) 19ee-»7 

Autapale*, Hawaii, 1* wtw-M yr». 

Autopaiaa, Hawaii, 19M-1971 

Autapaiea fro* accidental death*, 
li-7* year* eld, Ohle, 19M-eS 

TX-4907 
7->i-M 

toftfence 

(Julnby at a l , ( 

19*5 

Selby at a l . , 
19*9 

Caaaret tt a l . , 
l**i 

KleaaMr at a l . , 
1977 

fchafer and 
CanebeU, 19M 



~it~\icw*<m—i*'" 

DDT - TOTAL KqUlVAlKHT 

TisatM Hang* Noon tove l 
No. of 
Caaoa 

Analyt ical 
Macho* Caaaawta Reference 

M i p o n Mac Clvon 23 .19t l5 .3o ppa 221 CC-KC Tlaauaa f r o * auraary, agr l -
c u l t u r a l a raa , Taaaa, 1949-72 

• u r n * , 1974 

1.9-21.1 ppa 7.9 pea (aadian) 90 CC-KC ra t i an ta in f l a r U a haapi ta l h v l i at a t , , 
•949 

Hoc Civan 9.7 ppa 42 Not Ctwn Acclaaaca) doatha arW •Ct l fJawW tvWal 

MacBonalo, 1971 

Nat Civon 9 . * pp . 31 Hoc Glvan aTW • 9jfv9an>f"J arWOJ 

HaaOoMM, 1 9 U 

Nat Civan 1 9 , * ftp* •5 Mot Glvan Moaarata uaara IP*/ a? •* (̂ avaaTVv 9jrH9av 

MacOoaald, 1971 

Hoc Clvon 2 7 0 ppa 22 M>t Clvan tara laaa uaara 
McDonald, 1971 

0.0-270.05 poa 11.45 ppa 1412 GC-IC H a t l m a i auaatary, 12 e l l l ea , 
rt wo 

Kuti at a l . , 
1974 

Hoc Clvon 

2 70. OS ppa ( M I X ) 
207.13 ppa ( u « ) 
173.22 ppa ( M M ) 
329.1? ppa ("ax) 
09.04 ppa ( M X ) 

7.00 (1970) , ' . 9 5 (1971) 
4 . U (1972) , 5 . M (1973) 
5.02 (1974) ppa 

7 . M ppa ( r w a a c r i c M M ! 
7.95 paa ( g a o M t f l c M M ; 
t . U ppa (gaoaacric Man! 
j . t l t ppa (gaoaatric Man! 
4.99 ppa (gaaawtric M M 

090 -
1920 

1412 
1*15 
1*13 
1095 
at* 

CC-tC 

GC-BC 
GC-BC 
GC-IC 
CC-BC 
GC-KC 

National Suaaary, n 1970-74, 
af lacc of reducing ua« on acoraaa 
Hoat aarkad decline In young*** 
•go group. H a t h a Kava alaoac 
twlca • • auch aa u n i t e * . 
gaaa atody aa above, but review 
a r t l c l a . f t 1970-74. »re*u*Mc> 
raaalna high 

Hut! at a l . , 
1977 

Kut i at a l . , 
1977 

t looa 9 . % > - 4 * . M pp» 2g,«t pp* •40 CC-IC Michigan count la* , 1941-70 • i M M r • ( a l . , 
1*77 

Hot Given 110 and 40 ppb 109 
palra 

GC Rt.~al a rea , Mtaataa lppi , I9J1 
t laek aothara and neunarna 

B ' t r t a l a at a l . , 
1974 

TX-4907 
7-24-70 

http://23.19tl5.3o


Blood 
(continued) 

Feces 

Hal-

Milk 

Placenta 

Urine 

R.-im;.-

Not Given 

0.005-0.030 ppi 

C.S-50.4 ppb 

Trace-3.7 ug/day/peraon 

0.01-0.10 ppa 

0.093-O.J75 ppa. 

0."2-2.76 ppa 

1.8-179.1 ppb 

Trace-3.1 ug-day/person 

DDT - TOTAL EQUIVALENT 

Mem Levi) 

4S and 20 ppb 

0 .01 / ppa 

V01 ppb (geometric swan) 

Not Given 

0.06 ppa (aedlan) 

Not Given 

0.144 ppa 

24.07 ppb (geometric 
•can) 

Not Given 

No. cf 
C.mes 

110 
pairs 

Not 
given 

6 

S7 

53 

32 

CC 

GC-EC 

S3 CC-EC 

GC 

Analytical 
Mot hod 

CC 

GC-EC 

GC-ECj GC/KS 

GC-EC 

u: 

TX-aM7 
7-24-Jo 

Consent^ 

White Mother* and newborn!. 
Serua 

Cotton-growing area, Mississippi 
mosquito spraying and house use 
of Insecticide*. 1968. Srnm 

Maternal blood. 1**6-67j S3 
•others, Louisianai It rural, 
16 urban 

Praadoleacent girls 

Cxcrellon of DDT end Metabolites 
in hair lipidf 

Mother* in Ariiona 

Mother* in Arkansas and 
Mississippi, 1971-74 

53 Newborns, Louisiana, 1966-67 

Preadoleacsnt girls 

Reference 

D'Creole at al., 
1*76 

Perron ana 
Barrentlne, 1*70 

Selby et al., 
1969 

Price et al., 
1972 

Matthews et al., 
197* 

Magyard et al., 
197J 

Strtaaaan and 
Kuts, 1977 

felby et al,, 
19*9 

frice et al,, 
1972 
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DIELDMN 

Ttaaua 
1 - • 

Ranga Mean Laval 
No. of 
Caaaa 

1 
Analytical 

Mathod Coaaentl Raterenca 

Adipose Not (Win 0.3) > 0.23 ppa 221 CC-EC Agricultural area, no sax dif­
ference* i Henican-Aaierlcan* 
higher content 

turna, 1974 

Not given 0.06-0.17 ppa 30 CC Randoa aaaplaa, ages 2* wk-U yr. Caaarat at al., 
l»»l 

0.03-0.17 pj«:. 0,16 ppa 25 CC-EC Nona Davie ac »1., 
1971 

0.21-0.73 ppa Not glvan 215 CC-EC Autoeeiea, D«de County, Florida Detchaan et al.. 

0.20 + 0.07 -
0.25 ± 0.03 ppa 

(a) 0.23 ppa 
(b) 0.21 ppa 

143 GC •lacka and white*, akove 35 yr.j 
(a) feaale*; (b) Mlei 

Roaanakl at al,, 
H77 

<0.05-0.77 ppa 0.22 ppa 146 GC-EC Autopalea In Florida Edaundaon et al., 
I9*i 

0.03-1.IS ppa 0.29 ± 0.0S ppa 25 GC None Haye* at al., 
1945 

0.05-1.00 ppa 0.11 ppa 64 GC None Hoc fawn at al., 
19*4 

0.01-0,49 ppa 0.14 ppa :2i CC 110 of 221 positive* HoffMn at al., 
19*7 

Not given 0.26 ag/kg Not 
given 

Not glvan Nona Hunter at al., 
19*7 

0.0-15,2 ppa 0.27 ppa Not 
given 

GC-EC 32 U.S. cttiaa Kuti at al,, 
1974 

Not given 5.64 ppa (1973) and 
2.21 >pa (1974) 

1092 
(1973)! 
858 

<H74) 

GC-EC, TLC, and MS 7S U.S. litem ««< poiitive Kuti ac al,, 
1977 

TX-4907 
7-24-?» 



DIELDR1N (continued) 

liaaua Kant* Mean Laval 
No. of 
Caaaa 

Analytical 
Method CoMWenta lafarence 

Adipose 
(continued) 

Not given 0.18-0.22 ppn (geoMetric 
a»an) 

1911* 
(1970-
1974) 

CC-EC 73 U.S. Hi tea; 96-99% paaitlva Kut> at al., 
1977 

Not given 0.140 pp» 70 CC-EC Autopilea In Artxona Morgan and Roan, 
1970 

Not given 0.21 + 0.16 and 
0.73 + 0.39 ppM 

332 CC-EC Autopaiaa In Florida Radon*kl at al., 
1966 

Not glvan 1.8 ppb 103 CC Nona warntck, 1972 

0.0-0.7 ppb 0.2 ppb 202 CC-EC Surgical biopaiea In Idaho Wvllla at al., 
1972 

Adrenal Not (Ivan 0.62 ppM 18 CC RandoM aaMplea, agea 28 wK-88 yr. Caaarac at al,, 
1961 

•lood 0.0-0.33 ppb 0.23 ppb 960 CC-EC Reflect paatlctda uaage in 
Niaaouri 

RlooMer at al., 
1»77 

(a.) <0.001I-0.0U1 pan 
(b) <0.0012-0.0022 ppai 
(c) 0.0021-0.0049 ppai 
<d) 0.0014-0.0108 ppai 
(a) 0.0010-0.0129 ppai 
(»> 0.0006-0.004} ppai 

W> 0.0028 pp» 
(b) 0.0009 ppn 
(c) 0.0043 ppM 
(d) C.0O49 ppM 
(a) 0.0055 ppM 
(1) 0.0018 ppm 

20 CC (a) plaaMa, malea 
(b) plants, feawlaa 
(c) rbc, Mulaa 
(d) rbc, feaalea 
(a) wholn blood, Mala* 
(f) whole blood, feattlea 

Hale at al,, 
19*7 

Not glvan 0.0013 ppM 10 CC-EC Blood aarun Dale a! al., 
1966 

(«> 0.0034-0.0303 ppai 
(b) 0.0024-0.0106 pp«i 
(c) 0.0008-0.0049 pp* 
(d) 0.0042-0.0290 ppai 

(a) 0.0119 ppn 
(b) 0.0058 ppM 
(c) 0.0026 ppM 
(d) 0.0103 ppM 

10 CC-EC (a) plaana 
<b) whola blood 
(c) rbc 
(d) aeruM 

Dale at al., 
1966 

TX-4907 
7-24-78 



OIELOMN (continued) 

Ttsaua Rant* Mean Laval 
No. of 
Caaaa 

— • • — — - -

Analytical 
Mathod Cmaaanta Rafaranca 

Hood 
(continued) 

(a) <1.0-ll.o ppb 
(b> <1.0-5.0 ppb 

(a) 1.40 ppb 
(b) 1.05 ppb 

SCO CC-EC Ganaral population, Dad* County, 
Florida) (a) whittkj (b) blacks 

Daviaa at al,, 
1971 

0.1-0.7 ppb Nnt given 150 pairs CC •lood aarut). HlaaUaippl blacks 
and whitaai aetnar-infant pairs 

D'Ercels at al., 
1976 

0.0-6.0 ppb 1.2 ppb 28 GC Hood aortas Oyawnt at al., 
1971 

Mot ttvon 2.15 ppb 115 CC-EC Gonaral population in Hawaii, 
Hood aaruM. 

Kltasiar at al., 
1977 

0.0-26.0 ppb 1,5 ppb 1U GC Nona KlaMMtr at al., 
1971 

(a) 0.5-1.4 ppb 
(b) 0.7-3.3 ppb 

1.49 • 1.0 ppb 2d GC (a) whola blood 
(b) plaaaui 

ftadoaskl at al., 
1971 

Hot given 2.4 + 14.3 ppb 3568 Not gtvan Canaral population in Hawaii Raahad at al,, 
1976 

0.1-1.9 ppb 0.26 ppb (gaoaatrlc 
mean) 

53 pairs GC-EC Matarnal blood. Mottiar-lnfant 
pairs in Louisiana 

Salby «t al,, 
1969 

Hot gtvan 0.17 ppa 1417 CC Hood asrus) Warnlek, 1972 

0.0-25.0 ppb (a) 0.5 ppb 
<b) 0.3 ppb 
(c) 1.3 ppb 

1000 GC-EC •lood aanaa. 
(a) ovarall M a n 
(b> aulas 
(c) fasMlaa 

Watson at al,, 
1970 

0.0-10.0 ppb 0.9 ppb 202 CC-EC Blood aarias. furgicsl patlanta 
In Idaho. 

Wyllia at al., 
1972 

•one Hot given 0.41 ppa 10 CC 
Harrow. 

Caaai'st at al,, 
1966 

TX-4907 
7-24-78 



D1T.1.DR1N (continued) 

Tissue Range 

* • — — — • — — — 

Mean Level 
tin. of 
Cases 

Analytical 
Method Comments Reference 

•rain Not given 0.04 ppM 32 cc Random samples, agra 28 wk-M yr. Caaaret et al., 
19611 

Not given 0.04 • 0.01 ppm 132 CC-EC Autopsies in EloriJ.i Radomakt et al., 19*8 

endometrium 0.0-7.8 ppb 0.6 ppb li CC-EC General population In Hawaii Klenmer et al,, 
1977 

Fatal tlutu 0.0-4.9 ppb 0.7 ppb 15 CC-EC Infanta in Hawaii Klt-amer et al., 
1977 

Gonad Not given 0.62 ppm 36 CC Random sample*, ugea 28 wk-Ha vr. Caaaret et al., 
1968 

Hair Not given <0.01 ppm J CC None Hatihew» vi al., 
1976 

Human tissue 2.0-63.0 ppb Not given 77 GC-EC General population In Hawaii Meaner et al., 
1977 

Kidney Not giv-jn 0.66 ppn 38 CC Random lanplea, agea 2d wk-RV vr Caaaret et al., 
19kg 

Liver Not given 0.41 ppm 42 CC Random aanplea, ages 2D wk-H* yr. Caaaret et al., 
1968 

Not given 0.10 _+ 0.19 ppm 132 C.C-T.C Autopsies In Florida Radomaki et Jl.. 
1968 

Lung Not given 0.16 ppm 25 CC Random aanplea, agea 28 wk-81 yr. Caaaret *t al., 
1968 

lymph nodes Not given 0.11 ppa 11 CC Random aanplea, ages 2D wk-8» yr. Caaaret et al., 
196* 

TX-4907 
7-24-78 



DIELORIN (continued) 

Tlaaue 

N1U 

Splva* 

TX-4907 
7-24-78 

Range 

0.0-21.0 ppb 

3.0-12,0 ppb 

0.0-11.0 ppb 

1.0->2294 ppb 

traca-0.05 ppa 

Not tlvan 

Mean Level 

1.3 ppb 

J.O ppb 

1.7 ppb (fat baalu) 

164.2 ppb (fat baala) 

0.012 ppa 

1.8 ppai 

No. of 
Cane* 

28 

40 

1160 

J7 

27 

Analytical 
Hathod 

OC-KC 

GC-EC 

fiC-EC and UC/MS 

cc 

CoHMtnta 

Milk not Rood Indicator Nourcv 

Paiaale* In Hawaii 

Feaalea In Colorado 

1160 of 1436 poaltlvr* 

Mtaalaalppl and Arkanaaa feaalea 

Randoa aaaplea, age* 28 wk-88 yr, 

Reference 

Dyaent at »i., 
1*71 

Kleaaer at al., 
1977 

Savage at al., 
197J 

Savage, 19 76 

Straaaaan and 
Kutit, 1977 

Caaarrt at al.. 
1968 



DI ETNY LHEXYLPHTHAUTE 

TlSMM tonga Maan Laval 
No. of 
Casta 

Analytical 
Mthod Cowan t a Rafaranca 

0.0-91,5 ug/g dry v l . Not glvan 12 TIC Pron blood trana(u*lon olaatlc 
davicai 

Jaagat and 
Kubln., 1971 

TX-4907 
7-?*-78 



DYSPROSIUM 

TlMtt* Hans* Haan Laval 
No. of 
Caaaa 

Analyt ica l 
Htthod Comanta Ratartnct 

Blood ] 0-0.26 pea Mot given 39 K-ray »p«ctrim*try Haalthy • * ! • » • 
Sanaa. 

H«Nn Aft* 15.3. 
1*64 

TX-4907 
7-26-71 



Tlaawa Mug* Haan Laval 

cuiim 
Mo. of 
C#aaa 

Analytical 
ftafaranca 

•lood 0.00-0.0* »na Not givan 11 X-tay aaaetro-
chawiatry 

Haalthy malaa. *aan at* **••> y»« 
»»ruai 

t'.ofaan at al. 

TX-4W 
7-24-7* 
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- -
Tlaeue Range Mean Level 

No. of 
Caaaa 

Analytical 
Method Ceaatent* Reference 

•luod 
(continued) 

Sot given 

0.019-0.112 ppa 

l.fc u.V 

0.47 ppa 

S 

41 

NMR 

ISE 

• load elaaaa. S clltea 

In-eattent*. age* 17-11. Head 
plaaaa 

Cuy at al., 197 J 

rerklni at al., 
l»7e 

Nut given 0.32 vig/al Not 
given 

Not given Nona Menteul and 
lalth, H73 

Not given 0.81 * 0.12 and 
o.ta + o.io w.v 

ID patra ISC and CUew. Firat value - Mternal aarua; 
aecond value ~ card bleed 

Shan and Tave«, 
If/* 

0.06-0.44 ppa a*h Not given 6 ISE and coloriaetry None linger and 
Araatreng, 19*9 

0.14-0.2* pea Not given 118 Net given Vive area with varied F content 
o' water 

linger and 
Araatreng, 11*0 

Not given o.ooo* g r Not 
given 

Net given Whole blood F content laith, 1**1 

Not given 0.01' ape, or 
0.7 • .. 4 J* 

16 riuorooMtry Hood aerua) Tavei, i m 

Not given 1.)} • 0.8J and 
0.31 • 0.21 co 4.3 + I,* 

106 Not given glood aarua. Firat value ••• 
organic t\ aecond value -
Inorganic F, low F waters and 
third valv ~ Inorganic r, high 
F water 

Tavea et al., 
197* 

Not given 0.011 ppa Not 
given 

Che*. Hood aeruai Tavea, 19«t 

0.38 • 0.21-4.1 • 1.8 
and 1.3S • 0.84 i*f 

No: given 10* Not given Firm value* - inorganic t; 
aecond valuaa - organic f 

Tavaa et al., 
1171 

TJM907 
7-24-78 



FLUORIDE (continued) 

Tissue Rang* Mean Level 
No, of 
Caaea 

Analytical 
Method Coejeente 

'-
Reference 

Bone Not given 800 pp* dry, defatted 
baala 

Not 
given 

Not given Chicago area awtopelea Hefferen i't al,, 
197? 

100-4000 op* dry, fat-
free tissue 

Not given Not 
given 

Not given High and low F arena, Iliac 
creat 

Hodge and faith, 
l»7rt 

0.0)2-0.1M, 0.031-0.142, 
and 0.0S7-0.191 X aah 

0.091, 0.044, and 0.125 
X aah 

11 Not given Firat valuea - Mandible; aerond 
valuaa - feawr, and third 
valuea - Iliac creat 

Singer and 
Armstrong, 1962 

Not given 2.547 g F Not 
given 

Not given Total F in bonea and teeth Smith, 1«6» 

1165-14W ppM aah Not given 11 CheM. Root hone Yeun et al,i 
19*0 

0.08-0.69. 0.08-0.70, and 
0.10-0.go X aah 

Not given Not 
given 

Not given Valuea, reapectively, for iliac 
L-reat, rib, and vvrtehrn 

Zlpkln. 1*70 

0.072-0.802 ppa aah Not given 44 Colorimeiry None Zipkln, 1460 

•rain Not given 2.0 ug/g drv wt. Not 
given 

Nut given None Kentoul and 
Smtth, 1«»7J 

extracellular 
fluid 

Not given 0.002 g F Not 
given 

Not given None *Mlth, 1«66 

Heart 0.12-2.14 ppo wet wt. 0.55-1.24 ppm vet wt. 21 Not given Autopny of normala; firaf awan 
value • tero T in watur; attcond 
mean value •• 4.0 ppn Y in water 

Hodge and Smith, 
1465 

Not given 2.0 .ig/« dry wt. Not 
givan 

Not given None Kentoul »n<S 
Smith, ttt7J 

1.1«*-23. 3 ppai dry wt. J". 42 ppai dry wt. (Median] 16-21 Not given None Smith el al.• 
I960 

TX-4907 
7-24-78 



FU<t>KlnF. (rnnttnued) 

Tissue Range Mean Level 
Mo. of 
Caaea 

. — ' ' • - - - - • — — . -

Analytical 
Method Coa*enta Reference 

Kidney 0.30-5.4} pp* wet wt. 0.6 3-2.35 ppm w*t wt. 21 Not given Autopsy of normals; first mean 
value aero F In waters second 
mean value 4.0 ppm F in water 

Hodge and Smith, mi 

Mot given 3.2 v-g/g dry wt. Not 
liven 

Noi given None Kenton) and 
Smith, 197) 

1.3WJ.4 ppm dry wt. 4,01 pp* dry wt. (median! 14-23 Not given None smith et al., 
19*0 

Liver 0.27-1.47 ppa wet wt. 0.52-0.92 ppm wet wt. 23 Not liven Autcpay •>' normals; first mean 
value - aero f in water; second 
mean value - 4.0 ppm F in waler 

Hodge and Smith, 
19*4 

Hot given 4.0 wg/l dry wt. Not 
liven 

Not given None Renteul and 
Smith, 197) 

0.92-S.41 nee. dry wt. 2.14 ppe, dry wt, (median! 14-23 Hot liven None Smith et al. , 
19*0 

Lung 0.54-2.91 ppm wet wt. 0.71-1.98 ppei wet wt. 23 Not |lver. Autopsy of normals; first mean 
value • «ero F in watrr; second 
mean value -• 4,0 ppm *• In water 

Hodge and Smith, 
19* i 

..79-12.* ppm dry wt. 4.34 ppe. dry wt. (median] U-21 Not atven None Smith et al., 
19*0 

Milk 0.0-0.6 ppa Not given Net 
liven 

Cheat. Higher valuta for mothers living 
near super phosphate plant 

Smith, 19*4 

Muscle Not liven O.0U | F Not 
liven 

Not liven Total F in muscle and skin Smith, 194* 

Placenta ""l given 0.121 • 0.0* and 
0.221 + 0.09 ppm 

Not 
givtin 

Not liven First value •- lew F intake; 
second value hl»h F intake 

r.edella, 1970 

TX-4907 
7-24-71 



Tissue Range Mean Level 
No. of 
Caaes 

r •- " 
Analytical 
Method Comments Reference 

Placenta 
(continued) 

1.9-8.1 and 6.6-103.6 taV 4.42 and 46.4 uM 16 pair* ISE and Chen. Firat value - organic F; aecond 
value - inorganic F 

Shen and Tavea, 
1974 

Skin Not given 0.016 g F Not 
given 

Not given Total F in akin and muscle* Smith, 1966 

Spleen 0.31-1. " ppm wet wt. 0.51-0,82 ppn wnt wt. 23 Not given Autopsy of normalsi first nean 
value - zero F in water; second 
nean value - 4.0 ppn F in water 

Hodge and Snith, 
1965 

1.34-16.7 ppn dry wt. 3.43 ppm dry wt. (median) 16-23 Not given Nonn Smith ct at., 
1960 

Teeth Not given 56 ppn and 98 ppm 18 Not given First value - enamel; aecond 
value - dentin 

Anonymous, 1959 

970-3120 ppn 2160 + 550 ppm >5 AAS School children. Left maxillary 
incisor. 

Irudevold et al.. 

Not given 73.9 + 5.95 
126.7% 8.63 ppm 

208 MS <20 year-olds; first value - high 
i-arleu an-a (New Fnglanri); soiond 
value - low caries area (South 
Carolina) 

Curion and 
Usee, 1977 

27.1-748.8 ppm Not given 12 X-ray spectrometry Normals, 17-24 yr, Enamel Hoerman et al., 
1966 

478-812, 302-529, 
170-310, and 41-177 ppm 

Not given 87 ISE Children 12-14 yr. Premolar 
tooth enamel; values respectively 
are tooth surface, subsurface, 
i.tner, and bulk. 

Little and 
Barrett, 1976 

70-730 i.g/g 248 • 20 Kg/g 56 MS <20 year-olds, wide geographic 
area 

Loses et al., 
1973 

TX-4907 
7-24-78 



FLUORIDE (continued) 
, . . 1 . ... 

Tissue 

,_ ' 

Range Mean Level 
No. of 
Cases 

f • - " — • ' " " • ' • • •" 

Analytical 
Method Constanta Reference 

Teeth 
(continued) 

0.0067-0.024S. 0.0170-
0.0990, and 0.104-0.212 

0.0107, 0.062* , and 
O.1580 Z ash 

11 Not given Plrat values - enanel 
values - dentins and 

; second 
third 

Singer and 
Armstrong, 1962 

Z ash values - cenentun 

Not given 2.547 g F Not 
given 

Not given Total V in hones and teeth Snith, 196S 

0.234-0.774 ppn Not given 18 groups ISK Cenentun StvpnliH at al. • 
1974 

62-2711 ppn ash Not given 11 Chen. None Yoon et al., 

Urine 0.39-0.43 ng/'.lter 0.41 Big/liter Not 
given 

NAA None Gills et al.. 
1974 

0.2-4.8 ppa Not given 1998 Chen. Halea, 15-20 yra. HcClure and 
Klnser, 1944 

Not given 54 • 6.8 ppai 16 pair* ISE and Chen. Maternal Shen and Tavea, 
1974 

1 
TX-4907 
7-24-7« 



GADOLINIUM 

Tlaauo Ranta Naan Laval 
No. of 
Caaaa 

Analytical 
Hat hod Rafaranca 

Mood 0.00-0.26 pa* Not glvan J« X-r»v apactronetry Haalthy aalaa, M a n ai« 31. 3 yr« 
Saruai 

Gofatan at a l . , 
1964 

TX-4907 
7-24-78 



» « m w ' M w i . 11—ii «HWi»'ft *»"«< M> w j ' W W W ^ ^ ^ I B - , ^ * . > v ^ u I^IHIWMVMMWIimiWMM 

GALLIUM 

Tiaaua Kanga Maan Laval 
No. of 
Caaaa 

Analytical 
Hatha* Caaannta Rafaranca 

•load 

Lung 

0.0-0.09 ppa 

Hot givan 

Mot given 

3.S and 6.0 ug/g aali 

39 X-ray Kpactronatry 

ES 

Haalthy Mlaa, Man ag» IS.). 
Blood aartM 
Suddan acuidant victim (nomaI) 

Gofaan at al., 
196* 
Koch at al., 
19}* 

TX-*«0? 
1-24-7» 



"4j™»,-

CEUUNIUH 

Tlaaua lUnga Moan Laval 
No. of 
Caaaa 

Analytical 
Method Caaaante Rafaranca 

Mood 

Urine 

0.00-0.10 ppa 

Not itven 

Not «tve« 

0.42-2.1* ug/al 

Not given 

0.29 ug/al 

0.6J ut/nl 

1.26 ua/al 

3» X-ray apactroaetry 

Coloriaetry 

Colorlewtry 

Colortaetry 

Haalthy aalea, aean M» JJ.l yre, 
Sariw 
Serua 

Red blood ealla 

Cofaan at al., 
1U4 
Ichroadar at al. 
1»*7 

gchroeder at al. 
I«a7 

Schroeder at al. 
1M7 

TX-*907 
7-2*-7» 



GOLD 

TiaJMM Rang* Mean Laval No. of 
Caaaa 

Analytical 
Method CoMMenta Reference 

Adrenal <10-60 ug/| aah <10 ug/g aah (aedian) 6 of IS ES Adult• Tlptan and Cook, 
19*1 

Aorta < 10-40 ug/g aah <10 u»/* aah (Median) 27 of 10} ES Adulta Tiptan and Ceok, 
19*3 

Bladder <10-J0 ug/g aah <10 ug/g aah (Median) 22 of 122 ES Adulta Ttpten and Cask, 
19*3 

Blood 0.0-0.23 op* Not given 19 X-ray apectroMetry Healthy Malea, Mean age 33.3. 
•lead aaruM 

Go fun at al., 
19*4 

Mot givan 0,00004 ug/«l Not 
given 

Not given None Renteul and 
iMlth, 1973 

Brain Mot givan 0,3 ug/g dry wt. Not 
given 

Not given (lone Reateul and 
tMlth, 1971 

<10-40 ug/g aah <10 ug/g aah (aedian) 1 of m CS Adulta Tlptan and Cook, 
19*3 

DlaphragM <10-40 ug/g aah <10 ug/g aah (awdian) 9 of 91 ES Adulta Tipton and Caek, 
19*3 

Raoohagua <10-22 ug/g »«h <10 ug/g aah (Median) IB of 6> ES Aduita Tlptan and Cook, 
19*3 

Hair O.OB x 10-' to 
27.0 x 10-' pa* 

4.J x 10-' ppM 33 NAA Children and adulta, Oak Ridge, 
Tenn< 

Bate* and Dyer, 
19*3 

Not givan 0.67 ug/g 33 NAA Nono Mahler at al,, 
1970 

Mot givan 0.0267 + 0,0046 ppM 

. . 

10 NAA None Oeruanik at al., 
1972 

T*-**>7 



(X)I.D ( oon t tnu td ) 
• • ' ' • ' ' " " • " " 

Tlaaua ftanga Haan Laval 
No. of 
Caaoa 

Analytical 
Hathod Coaatant* Rafaranca 

Hair 
(continued) 

Not glvan 0.0S ug/g dry wt. Not 
gtvtn 

Not glvan None Rantoul and 
faith. 197) 

H*art Hot (Ivan 0,00013 ug/g dry wt. Not 
glvan 

Not glvan Nona Rantoul and 
Calth, 197) 

<10-40 ug/g aah <10 ug/g aah (Mdlan) 6 of 140 ES Adult* Tipton and Cook, 
19a) 

lataatloa <10-20 ug/g aah <10 ug/g aah (awdtan) 13 of 68 ES Adult*. Ouodanuai. Tipton and Cook, 
19o) 

<10-21 u|/t aah <•*) ug/g aah (Mdlan) 19 o( 104 ES Adult*. Jajunua. Tipton and Cook, 
19a) 

<10-33 ug/g aah <10 ug/g aah (Mdlan) 21 of 84 ES Adult*. llaiaa. Tipton and Cook, 
196) 

<10-20 ug/g aah <10 ug/g ash (madian) 6 of 31 ES Adult*. Cacua. Tipton and Cook, 
199) 

<10-25 ug/g aah '10 ug/g aah (Mdtan) 6 Of 11 ES Adult*. Styantd Colon. Tipton and Cook, 
196) 

<10-<10 ug/g ash <10 ug/g aah (Mdian) 3 of 42 ES Adult*. RaetuB. Tipton and Cook, 
196) 

Kldnay Not glvan 0.5 ug/g dry wt. Net 
given 

Not given Non* Rantoul and 
Salth, 197) 

<10-10 ug/g aah <10 ug/g i»h (*i«dian) IS of 145 ES Adult* Tipton and Cook, 
196) 

Larynx <10-<10 ug/g aah <10 ug/g aah (Mdlan) 3 of SO ES Adult* Tipton and Cook, 
196) 

TX-4907 
7-24-78 



iftwiiiw nHwp»y*?"*Pi'w*'*w f w w i , w "•* -I* wwiffa*ww^ •**«»** m ^ * wyr»^p^y»iagwrvrvvwft^-» w w * * *,^vwM*««f*«'»rfs»>'«»*M*w-

GOLD (continued) 
1 ' • - • • 1 

Tiaau* Kant* Moan Laval 
No. of 
Caae* 

Analytical 
Mathod Coaeaonta Reference 

Llnr Not (Won 0.0001 ug/g dry wt. Not 
glvan 

Not fivan Nona ftentoul and 
SaUth, 1*73 

<J0-<10 ug/t aah <10 ug/g aah (Median) 4 of liO KS Adulta Tipton and Cook, 
1**3 

lung <10-22 ug/g «»h <10 ug/g aah (aodian) 3 of 141 r.s Autopalea Tipton and Cook, 
1»*3 

<10-<10 ug/g a»h <10 ug/g aah (nodlan) ) of 141 KS Adulta Tipton and Cook, 

Muscle <10-<10 ug/g »»h <10 ug/g aah (awdlan) 4 at 1)7 KS Adulta Tipton and Cook, 
lf*l 

Ovary <10-21 ug/g oah <10 ug/g aah (aadlan) 5 of U ES Adulta Tipton and Cook, 
I M S 

Ooentun 7-220 ug/g aeh JO ug/g aah (aadlm) Not 
glvan 

KS Adulta Ttptan and Cook, 
I**) 

Nail 0.0-1.52 and 0.0-2.05 
ug/g 

0,44 + 0,40 and 
0.52 • 0,58 ug/g 

a chil­
dren; 13 
adulta 

NnA Low valuaa •- children; high 
valuaa - adulta 

Kanabrockl at 
•I., 1**1 

Not given 0,171 ug/g 13 NAA Fingerrall Mahler at al., 
U70 

Paacraaa 18-130 ug/g aah *' ug/g aah (etedian) 118 ES Adulta Tipton and Cook, 
1**1 

Prostata <5-*l ug/g aah 10 ug/g aah (aadlan) 44 of SO es Adulta Ttptan and Cook, 
1»*J 

Saliva 0.01-0.4* ug/100 al 0,0*4; 0.02 ug/100 ml 15 NAA Nona Kanaarockt at 
al., IftS 

TX-*«07 
7-24-7» 

ti\mmi>m**i*u** 



COLO (conttnuad) 

No. of Analytical 
Ttaaua MM* Maan laval Caata Mathod Caaatanti Rafaranc* 

S*1«M 7-90 ut'l aah 27 ug/i aah (aadlan) 111 of U M Adult* Tlptan and Caak, 
I M S 

Skin lt-120 ug/g aah ** ug/g aah (aadlan) 21 of 22 IS Adult• Tipton and Caak, 
U»3 

Staaatch 3-3J ug/« aah 12 ug/c ath (a»dUn) 123 of 13! IS Mult a Tlatan and Caak, 
1**3 

Taatla 3-2? ug/g aah 12 ug/g aah (Mdian) 123 of 13] N Adult* Tipton and Caak, 
I«a3 

Thyroid 5-S* wg/g aah 12 ug/g aah baadlan) 20 of 21 •s Adulta Tipton and Cook, 
mi 

Track** 13-120 ug/g aah ** ug/g aah (awdlan) •0 EI Adult* Tipton and Ca.<k, 
l*o3 

Utarv* <10~<10 ug/g aah »10 wg/g aah (aadtan) 1 of 32 IS Adult* Ttpton and Caak, 
l«a3 

TX-*»07 
7 .24-7* 



, - .»•> . . j .u i , iu^»«vr» i"" u» mm—ui i iH«a—BV>B»MIII ni,im»j'iiwiwwiW»W»^«W.M •"—« '""»W>H^"w~ t . » . - „ . . . . . . . 

-.. | r 

HAfNIfH 

Ttaaua Ranga Naan Laval 
n>. of 
Caaaa 

Analytical 
Mathoo vWHi^PVv% 9t Rafaranca 

•load 0.00-0.41 Not glvan 

TK-4M7 
7-24-7R 

!• X-r»y apaztrowtry Maalthy a a t n , aaan at* 14.1 yra, 
lariat 

CafMn at a l . , 
l»*4 



'^"'Jfyr 

HCfTACHLOR 

Tlaouo MM* M M D Laval 
Ho. of 
Caaaa 

Analytical 
Halhof) 

--
Coaawnca MfaraM* 

Mood 0.1-0.2 ppb 0.11 ppb 10a CC-KC il Mochor-infan-. patra falby at *J,, 
lMt 

0.1-0.* pf'. 0.21 ppb 10ft CC-IC M MotH*r-tn(Mt pair* (•lay «t al., 
Hat 

Ntlk Hot given Hot (Ivan 14)* CC-gC Pound tn '2* *ava(«i 1*7* 

Hacanta 2.0-S2.0 ppb a.2J pp. 10* CC-K }) Nothar-Infant pain talby at al., 
Itat 

0.1-54.9 ppb 2.12 ppb 10* cc-tc Jl Mothar-lnfant pair* Dflby at al., 
1**9 

» 
TX-4»07 
7-24-71 



i'.*»aâ HH M ^ m * W ,w^ r f..m'^w^M«y»w'^'*^''^nW»fW»w»tl<Wii»>»Pl| wmwwi|i«P»|ii,' ••i»a«wii.«n 

HCrTACHLOREroXIDK 

Tlaaua Kant* Haan Laval 
No. of 
Caaaa 

Analytical 
Hat hod Caamwti Reference 

Mlpoaa Not glvon 0.11 • 0,11 ppn 221 CC-EC Froa aurgarlaa •urna, 1974 
Not aivan 0.04 ppa 30 GC-EC Fat baala. Perirenal fat Caaarat at al., 

19*1 
Not itvan 0.05 ppa 29 cc-rr Fat baala. Kaaanterlc fat Caaarat at al,, 

1MI 
Not glvan 0,01 pan 30 CC-RC Fat baala. Pannltulwa (at, Caaarat at al., 

19*« 
0.01-0.14 and 
0.02-0.09 ppai 

0.0S ana 0.0S ppa 25 GC-EC Fhanytoln (14 caaaa) and control 
(11) arauaa, raapactivaly 

Davie at al,, 
1171 

0.03-1.4J ppa 0.24 + 0,05 ppa 2) GC Hayea at al., 
19t» 

0.10-0.29 •»» O.U ppa SO) cc Autepalaa. Abdawinal wall. Heffaan at al,, 
19*7 

0.04-0.4a a«/k« 0.2S a«/k s S3 GLC Nuralna aathara In Philadelphia 
area, H.1U (at, 

Kragar, 1972 

0.0-10.42 ppa 0,1? ppa 1412 GC-EC Kuti at al., 
1174 

Not aivan 0.09 and 0.0* ppa 19*4 GC-EC, TIC, and HS 1973 (1177 eaaaa) and 1974 (1717) 
yaara, raapactlvaly 

Kuti at al., 
1977 

Not (tvan 0.09, 0.09, O.M, 0.09. 
and O.Ot ppa 

•9)1 GC-EC Fat baalai 1970-1974 yaara, 
raapactlvaly 

Kuti at al., 
1177 

Not glvan 0.16-1.12 pa* 312 GC-IC Autapalaa. Olaaaaad ariaaa Mdaaakl at al,, 
19*1 

0-1.3 ppb 0.1 ppb 202 GC-EC Whlta Mlaa and faaalca. 
Adealnal fat. 

Wyllla at al,, 
1972 

TX-4907 
7-24-?• 



"1 

HEPTACHIORCTOXIDK (continued) 

Tissue 

1 — — 

Rang* Mean Laval 

— — — — — — 
No. of Analytical 

Method Coaatente Reference 

Adrenal Not given 0.01 ppa 18 CC-EC Eat ba«i» Canaret et al., 
1*61 

•rain Not given <0.01 s: AC-EC Eat bant* Caaaret et al., 
1961 

Not given 0.0-0.01 • 0.01 ppa 132 GC-EC Autopaiea. train diaeaa*. Radoaekl et al., 
1968 

Blood Not (Ivan 0.0008 ppa 10 c.c-rx Woaen. Scrua. Dale et al., 
in* 

0.0002-0.0031 pea 0.0011 ppa 10 C.C-EC na»«« Dale et al., 
1*66 

0.0004-0.001* pa* 0.000a ppa 10 GC-EC Dale et al,, 
1*66 

0.0004-0.0010 ppa 0,0007 ppa 10 ac-tc Red blood eella Dale *t .'1,, 
1*66 

0.0006-0.0028 ppa 0.0012 ppa 10 f.C-EC Serua Dale et al.. 
1*66 

<0.0006-0.0036 and 
<0.0003-0.0026 ppa 

0.0012 • 0.0004 and 
0.0008 +' 0.0003 ppa 

20 GC-EC Male* (10) ..nd feaalee (10) 
reapectively, Red blood cell* 

Dale et al., 
1*67 

<0.0003-0.0120 and 
0.0003-0.00S1 ppa 

0.0023 and 0.0022 ppn 20 CC-EC Mal«« (10) and (eaale* <10) 
rewnectlvely 

Dal* >>t al,, 
1967 

0.01-0.1 ppb Not given 67H C.C 209 black and 130 whitf awtlier-
infant pairn, *erua\. 

D'Ercole et al., 
1*76 

0.1-0.6 ppb 0.21 ppb 53 0C-EC Mother-infant paira, Hatvrmtl 
blood. 

Selbv et al., 
196* 

TX-4907 
7-24-78 

•aaaaaaaaWMnr"' 7'"" -'" 7 
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HEPTA(.m.ORF.FOX IDE (cont inued) 

Tiaaue 

Placenta 

TX-**>? 
7-24-7g 

Hans* 

:*.ood 
(continued) 

0-J ppb 

0-2 ppb 

•one Not given 

CO~- Not given 

Kidney Not (Ivan 

Liver Not given 

Not given 

Unit Not given 

Lyaath Not given 

Milk Trace - 5 ppb 

1J.24-20J0 ppb 

Trace - 0.03 ppa. 

J . l - » 5 ppb 

Mean Level 

<0.07 ppb 

0.1 ppb 

0.0? ppm 

0.01 ppt, 

0.01 pp* 

0.08 peat 

Trace - 0 .0} + 0.09 ppai 

0.02 ppai 

<0.01 ppai 

0,4 ppb 

91. H ppb 

0.004 ppa) 

1.21 ppb 

No. of 
Caaea 

1000 

202 

10 

3* 

It 

42 

m 

u 
40 

14)6 

S7 

Analytical 
Method 

GC-EC 

GC-EC 

GC-EC 

GC-EC 

CC-EC 

GC-EC 

CC-EC 

GC-EC 

GC-EC 

GC 

GC-EC 

GC-EC and GC-MS 

CC-EC 

CoMenta 

Southern Idaho. Sanaa. 

White malea and feaalea, Seruai. 

Put hilxin. M.Irrow. 

Fat baala 

Fat baala 

Pat baala 

Autopelea. Liver dlaaaae. 

Pat baala 

Put baaia. Tracheobronchial 
nedea, 
Weaen, fat baala; rural Colorado 

National atudy, Pat baa la. 
Mlaalaalppl and Aibaneaa 

Mother-Infant patra 

Reference 

Wataan at al., 
1970 

Wylll. at al., 
1972 

Caaurnt «t al. 
194g 

Caaarci rt al. 
19*1 

Caaarer n al. 
19M 
Caaarvt «t al. 
19*1 
Redeem ki at al 
!••• 
Caaaral «t al. 
19*1 
Caaarot al al. 
19a* 

Savage at al., 
197) 
Savage, 197* 
Kicaunman and 
Kuti, 1977 

Stlby at al., 
1«M 



HKFTACHLOREPOXIDf: (cont im-.d) 

Tlaaue Rang* Mean Laval 

Spleen Not given <0.01 ppa 

No. of 
Caaaa 

27 

Analytical 
Method 

CC-EC 

Coajaenta 

Fat baala 

Rafaranca 

Caaarat at al., 
1»M 

TX-4907 
7-24-78 



"'•r^Mr>^W^'*<^#ri'*^;WMffW,w-njg*|i,>wt'iW>tf'»M' g,«<»i»w* •v»r,*v*tv. 

HEXACHLOROrHENK 

Tlaaua 

Adipose 

HI Ik 

Range 

(1-80 ppb 

Tra_-e-9.0 ppb (1971) 
0-8.3 ppb (197 3) 

Mean Laval 
No. of 
Caaaa 

20.0 ppb 

Not given 
Not given 

20 

12 

Analytical 
Method 

CC-KC 

<;C-EC 

CMRMKCa 

White, urban, • l d d U - c l a i a 
•othara 

Reference 

Shaflk, 197) 

Watt ar a l . , 
H7> 

TX-4907 
7-24-7* 



iioumm 

Tlaaua 

tlood 

Rant* 

0.00-0.41 pa* 

Mean Laval 

Not Blvan 

No. of 
Caaaa 

3» 

Analytical 
Method 

X-T»y ipectroaatry 

nta Rafaranca 

Healthy aan, mean ate JS.J yra. 
Seruai 

r.ofaan f t a l . , 
in* 

TX-4907 
7-24-78 
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INDIUM 

Tlaaua Mnga Mean Laval 
Mo. of 
Caaaa 

Analytical 
Nathod Coawanca Kafaraaca 

Blood 0.00-0.21 ppai Not Blvan 

J-M-7* 

*» X-ray apectroaatry Healthy malaa, aaan a>a IS,3 yr», 
Sanaa 

Gafauin at al.i Ha* 



Hood 

Hair 

M 1 U 

Taeth 

Thyroid 

Urine 

Rang* 

0.00-0.57 ppa 

0.03-0.It ug/g dry wt. 

0.01-281 

0.01-0.07 ug/g dry wt. 

20-39X 

JO-74X 

Mean Laval 

Noc Given 

Not Given 

25X (aadlan) 

0.036 ug/g dry wt. 

2SX (Mdlan) 

53: (median) 

TX-4907 
7-J4-J8 

— 1 

IODINE 

No. of 
Caaaa 

Analytical 
Method Co« enta Reference 

39 

56 

5 

5 

X-ray apectn aetrv 

MS; AAS 

Radloaetry 

MS 

Radiometry 

Radloaetry 

Heultliy male*, 
Serum. 

ran age J5.3 ym. 

X of adulnlatered do*e n«quf»t-
ered after 41 hm. 

<20-year-old 

X of admlniatered doa* eequeei-
ered after 48 hr«. 

X of adainlittered do«f Requeue-
«>red after 4» hr». 

Co (nun et al,, 
1964 

Yurflchek et al. 
1969 

WtMver el al • , 
1960 

Loner et ill, , 
1973 

Weaver el al,, 
1960 

Weawr et al,, 
1960 



IHIDll'M 

Tlaau* Mn«» H«an Laval 
No. or 
C* l«( 

Analytical 
Nathml CoMMnti Rafaranct 

tltHKl 0.00-0.13 ppd Not Glvun 19 X-r.«y •i»fi ,t rnuifi rv HvMlthy mule*, aw«n «»« 15.1 y m . 
So rum. 

Cot man »t « l , , 
196* 

TX-4907 
7-2«-78 



KEFONE 

Ttaaua Rang* Mean Laval 
No. of 
Caiai 

Analytical 
Mat hod CtiNMnta Reference 

risauaa <1-1.32 ppa ).38 pp« 186 Not given Saaiplea taken (roa altea treated 
with Hlrex during the paat 10 yr« 

Aiion., 197* 

TX-490? 
7-21-78 



Tissiu-

Blood 

Teeth 

0 . 0 0 - 0 2 1 ppn 

0 . 0 2 - 0 . 1 2 «g/ t ; d r y wc. 

H«.tn Level 

Not g i v e n 

0 ,004 » R / K d r y wt . 

TX-WO? 
7 - 2 4 - 7 8 

LANTHANUM 

N.i , o f 

JO 

•>b 

K-ray a p e c t m n e t r y 

US 

An.ilvl U.il 
M i l ) mil Cnmnentii 

Healthy maleaj mean age 35,1 yra. 
Serum, 

<20 year* old. Enamel. 

Refereni'v 

Cufman ec al,, 
196* 

Uiee at al,, 
1973 



LEAD 

Tiasue Rant* Hean Level 
Nn. of 
Casta 

' — . — — — — . . 
Analytical 
Method 

- - - • • - -

CoejMnts Reference 

Adipose Not (lvon 0.04 + 0.01 ppm wet wt. 41 Colorlmetry Cincinnati area white males, 
20-84 years old 

Cross et al., 
1975 

0.1-l.S mg (total tissue) 0.60 mg 258 ES Schroeder and 
Tipton, 1968 

Adrenal Not given 0.25 + 0.12 ppm wet wt. 41 Colorimetrv Cincinnati area white males, 
20-84 years old 

Cross et al., 
1975 

11-140 ug/g aih 27 ug/g ash IS ES Tipton and Coos, 
1961 

Aorta Not given 1.6} + ppm wet wt. 45 Colorimetrv Cincinnati area white Mies, 
20-84 years old 

Cross el al., 
1975 

0.6-7.6 ppm wet vt. 1,5 ppm wee wt. 18 AAS Sudden deaths, laltlnore, Md. •oklls, 1975 

0.1J-1.0 ag (total aorta) 0.22 mg 258 ES Schroeder and 
Tipton, 1968 

14-280 ug/g ash 140 ug/g ash 104 KS Tipton and Cook, 
196} 

•ladder Mot given 6 ppm wet wt. 2 KS Sudden accident victims Koch »t ,tl., 
1956 

<J-41 ug/g ash 11 ug/g 4*h •H of 112 KS Tipton and Cook, 
1961 

Blood Not given + 40 ..g/lOO ml 2269 ASV Urbtin areu children Anderson and 
Clark, 1974 

11.1-17.4 ug/* 
(range of meat*) 

20 ug X 70 AAS Oeuiha, Nebraska area children; 
half causaslan and half negro 

Angle vt si., 
1974 

1.6-27.4 ug/100 al; 
4.5-7.2 ug/100 ml; 
14.5-41.8 ug/100 ml 

Not given 104 AAS Kliiod; Plasma; Red blood cells, 
Children, 10-18 years old. 

Angle and 
Hclntlre, 1974 

TX-4907 
7-24-78 



LEAP (contlmiad) 

Tlaaua Kant* Maan Laval 
No. of 
Caaaa 

Analytical 
Mathod Coamanta 

PhiladalahU, Pannaylvanla 1-) 
olda; a yaar olda; 10 yaar olda; 
11-18 yaar olda 

Platol rani* Instructor* (torn 
Gaorgla 

Chlldran 

Chlldran 

llllnola chlldran 

Navark, Naw Jaraay chlldran, 
l-> yaar olda 

Matarnal blood from Naahvilla, 
Tannaaaaa hoaaitala 

Fatal blood fro* Naahvllla, 
Tannaaaaa hoapltala 

Loa Angalaa araa blund <J«ni>r». 
Sarin. 

Loa Angalaa a rati aurilcal 
patlanta. Sarmt. 

Loa Angalaa araa raaldanta. 
Sarum. 

Loa Angalaa araa raaldanta 

Bafaranca 

Blood 
(continued) 

Not glvan 

<80 ug/100 ml 

14-210 ug X 

11-78 U | X 

!-81 ug/100 ml 

9-102 ug/100 ail 

Not glvan 

Hoc givan 

Not glvan 

Not glvan 

Not given 

Not glvan 

29.1 ug/100 ml; 
28.1 u»/100 ml; 
20.0 ug/100 ml; 
<20.0 ug/100 ml 

27-11 ug/100 ml 

40,8 ur. < 

J1.8 ug X 

2a.2 ug/100 ml 

40 ug/100 ml 

0.91 + 0.77 ug/g 

0.J8 • 0.93 ug/g 

0.00)9 + 0.0002 ug/100 
ml 

0.0027 + 0.0005 ug/100 
ml 

0.0028 • 0.0008 ug/100 
ml 

0.0177 + 0.0008 ug/100 
•1 

15*9 

14 

4 SO 

2a 

119 

179 

84 

1)0 

122 

96 

48 

47 

KliHtrnplior»Mt» 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

ES 

ES 

ES 

P.S 

Adabonojo, 1974 

Landrlgan at al. 
197} 

Hoaan, 1972 

Rnaan, 1972 

Thoauia at a l . , 
1976 

n*gd«oit «t a t . , 
1974 

Baglan at a l . , 
1974 

lagIan at a l . , 
1974 

Bute at a l . , 

m« 
Butt at a l , , 
1964 

Butt at a l . , 
1964 

Butt ac a l . , 
1944 

TX-4907 
7-24-78 



LEAD (continued) 

Tlstuo Rang* Mean Laval 
Ho. of 
Case* 

* ' * — • • — — — — • 

Analytical 
Method Comment! Reference 

Blood 
(continued) 

40-60 ug/100 ml 50 ug/100 ml 5226 AAS Newark, New J e m e y children, 
1-15 year* old 

Caprio *t al., 
1974 

19-01 ug/100 ml 40.7 ug/|00ml 75 AAS Charleaton, South Carolina pre-
acheol children; 16-42X 
hematocrit level* 

Chiiolm et al., 
1974 

19-71 u</100 ml !'•* l'«/100i»l 40 AAS Charleston. South Carolina pre-
nr-heol children; J0-J5i 
hematocrit level* 

<~hi*olm at al., 
1974 

13-68 ug/100 ml Not given 18 AAT. Children 11-67 month* of age ChUolm et al., 
1975 

3-70 ug/100 ml 21 i.g/100 ml 2 10 AAS Rural children Cohen et al., 
1971 

6-1)6 ug/100 ml 10 ug/100 ml 272 AAS Urban children Cohen et al., 
1971 

7-80 ug/100 ml 25.4 • 17 ug/100 *1 34 AAS AutlNtU and atypical children Cohen et al., 
1976 

9-22 ug/100 ml 15.2 + 4.2 .g/100 ml Ul AAS Normal children Cohen et al., 
1976 

Not given 41.1 + 12.2 ug/100 ml: 
22.2 + 10 -g/lGO ml 

8; 17 AAS Hvpernrttvo children with h U t o r v 
of lead poi*onlng; nonhyperactive 
children 

David, 1974 

5-64.5 ug/100 ml; 
S-54.S ..g/100 ml; 
25-64.5 ..g/100 ml; 
5-44.5 ..g/100 ml 

Not gtvon: 
26 ug/100 ml; 
41 ug/100 ml 
22 ug/100 ml 

119; 54; 
8; 37 

(US Hvperactlve and nonhypericttve 
children; hyperactive; hyper­
active with hiatory of lead 
poisoning; nonhyperactive 

David, 1972 

1-S3 „g/100 ml 30 „ g/100 ml 68 Not given KxpONed urban children, monily 
negro, Alt female 

de la turde and 
Shaplru, 1475 

TX-4907 
7-24-7S 



Tissue Range Mean Level 

•low) 
(continued) 

Not given; 
Not given; 
Not given 

4.3-12.0 ug/100 ml; 
4.6-17.5 ug/100 ml 

11.1-10.1 ug/100 »1; 
14.3-29.1 ug/100 ail 

12-60 ug/100 ml 

10.0-12.6 ug/100 ail 
(••ean range) 

7.0-11.1 ut/100 Ml 
(•Man range) 

0.07-0.13 ppM 

0-100 ug/»lj 
10-27 ug/Ml; 
10-53 ug/eU 

<10-130 • ug X 

Not given 

<10-110 ug/100 Ml 

156 ug/lOOml; 
88 ug/100 ml; 
14 ug/<00 ml 

Not given; 
Not given 

Not given; 
Not given 

Not given 

10.5 ug/100 ml 

9.4 ug/100 ill 

Not given 

21 u«/ml; 
21 ug/Ml; 
16 ug/ml 

Not given 

0.21 + 0,09 ppei wet wt. 

Not giv«n 

TX-4907 
7-24-78 

1.KA0 (continued) 

No. of 
Cases 

• • ' - ' - - ' 

Analytical 
Method Cosawnta Reference 

U 1; 3 Not given Caucasian female; male; children Dickinson et al., 
1972 

24'»; 253 Not given Fetal blood from controls; fetal 
blood fro» pattenti ltvlng In 
lead mining region 

Pahlm et al., 
197) 

249; 253 Not given Maternal blood 'rom control*; Pahin «t al., 
maternal blood from pHtleiMs Uvligl975 
in lead Mining region 

12 AAS 9 children, 3 adults Fung at al., 
1975 

3H1 AAS Maternal blood, Louisiana 
patients U->35 years old 

Gershanlk at al., 
1974 

21n AAS Cord blood. Louisiana patients 
11->J5 years old 

Oemhanlk ec al., 
1974 

39 X-ray spectrometry Healthy Males, Mean age 35.3 
year* 

Co(man at al., 
1964 

105; 13; 
40 

Color IMP try New York City residents; 
California residents; Ohio 
residents 

Coldwatar and 
Hoover, ±»u7 

385 AAS Kansas City children 1-1 years 
old 

Creen et al., 

43 Colorimetry Cincinnati area, white Males, 
20-84 years old 

Cross et al., 
1975 

>84,000 AAS Hew York City children of lower 
socioeconomic status 

Culnee, 1972 



1 

LEAD (continued) 

T U S I M 

• — i 

Rang* Mean Level 
Ho. ot 
Caaaa 

Analytical 
Method Comment* Reference 

Blood 
(continued) 

9.4-20.9 ug/100 al Not given 116 AA5 School-aged malea Hammer at al,, 
1971 

Not given 0.011-0.018 mg/100 g 1877 Not given Male* from U.S. major tit leu Hammond, 1969 

Not given 0.011-0.026 mg/100 g 700 Not given Philadelphia realdent* Hammond, 1469 

10-20 ug/100 g; 
10-20 ug/100 g; 
10-20 ug/100 g 

14.0 ug/ioo K : 
12.5 ug/mo g; 
n.2 ug/ioo g 

11; 1>: 
24 

Culnrlmeirv New Haven, Connecticut patli'iUH, 
maternal vrnoua blood: nulmrliin; 
urban ghetto; total »ample 

Harris et Ml. , 
1172 

10-20 ug/100 g; 
10-20 ug/100 g; 
10-20 ug/100 g 

12.7 ug/100 g; 
11.9 ug/100 g; 
12.3 ug/100 g 

11; 13; 
24 

Culur imt't ry New Haven, Connecticut patlenta, 
cord blood: suburban; urban 
ghetto; total "ample 

Harrla et al., 
1972 

<1-81 ug/100 ml 14.6 ug/100 ml 100 ASV Ann Arbor, Michigan resident*, 
18-58 year* old 

Meeker et al., 
1974 

.001-.060 i«g/100 g Not given 897 Lalorlmetry Urban and rural area resident* Hofreater et al., 
1961 

111-295 ug/Uter; 
76-142 ug/ll:er; 
78-159 ug/lttcr 

160 ug/liter; 
96 ug/liter; 
114 ug/llter 

59 AAS Men; women; 11 women using oral 
contraceptive* 

Hohnadel et al., 
1971 

Not given lf>.4 0. 7 >..g/IOOnil; 
10. r> 0,4 ug/IO0ml 

252 AlAS l.oa AnKeleM; 
l.,nn ;mter 

Johnson rt al,, 
1975 

Not given 0,025 mg/100 g wet wt. Not 
given 

i:s Kehoe et al., 
1940 

0.7-7.7 ug/100 nl 1.9 ug/100 ml Not 
given 

F>'. Sudden accident victim*. Plaiima, Koch et al., 
1956 

. 

<1.109.27 ug/100 ml 13.17 ug/100 ml 24 3 AAS 19 cities Ktibota et al., 
1977 



l.KAM (continued) 
— -

Tissuff 

1 — - — • • 

Ranee Mean Level 
No. of 
Caaaa 

Analytical 
Method Coaaenta P.eierenr* 

Blood 
(continued) 

0.024-0.072 ut/10* RBC 
0.021-0.0?* ug/10* RBC 

0.044 ug/10' RBC 
0.017 ug/10' RBC 

47 AAS Mnternal; fetal blood. 47 
matched pair*. 

Kuhnert et al., 
1977 

40-68 ug/100 Ml 48 uR/100 1.1 46 Not given Children Landrlgan et al,, 
1975 

>40 ug/100 al Not given 1164 Not given Pound in SIX of caaea living 
within 1.6 Wa of aaeltar 

Landrlgan et al., 
1975 

12-29 ug/100 g 18.17 ug/100 g 1 ;:<'li>rtm>iry 15 aaaplea Lanier, 1975 

Not given 7.2-21.7 ug/100 g 10 MS Age 25-17 yeara Manton, 1977 

Not given 17.3 + 6.4 -
19.9 + 8.1 yg/lOP al 

4000+ Colurtaetry DuFont employer: fro* 21 
location* 

McLaughlin 4' 
al., 1971 

IS.1-21.6 ug/100 g 
(geometric mans) 

23.3 ug/100 g 5750 Color la*try lAi'ont eaployeea at 21 
cit"•« 

McLaughlin et 
al., 197) 

10-25 ug/100 al 
50-S0 ug/100 al 

20.4 ug/100 al 
56.9 ug/100 al 

46 Colurlartry 125 controla; 21 aubjacta 
(ehoaen froa low income) 

Hooey et al., 
1975 

Hot given 0.37 + 0.15 ug/g 141 AAS Children fueechel at al., 
1972 

0.17-0.25 ug/g 0.194 ug/g 5 MS Healthy adult aalea Rabinovit* «» 
al., 1975 

14-10 ug/100 al 
'. 1-51 ug/100 al 

22.6 ug/100 al 
45.1 ug/100 al 

19 AAS Black children, age 4-6 Retgart and 
Graber, 1976 

Mot given 0.29 ug/»l Not 
given 

Not given Norawl level Rentoul and 
Smith, 1971 

Not given 0.03 ag/100 al; 
0.027 ag/100 Ml 

100 Not given 50 polaoned children; 50 
control*; New York City 

, 

Ruaio et al., 
1971 

TX-4907 
7-24-7$ 



Tissue 

Hood 
(continued) 

Done 

TX-4907 
7-24-78 

Range 

10-200 ug/100 ml 

Not given 

0.22-2.7 mg (total blood) 

12-77 iig/100 ml 

59-68 ug/100 ml 

4-86 ug/100 ml 

»40 ug/100 ml 

0.87-30.5 ug/100 K 

Not given 

13.S-34.6 ug/100 g; 
3.8-43.0 ..g/100 g 

Not given; 
Not given; 
Not given 
Not given 

Mean Level 

20.8-43,9 ug/100 ml 

(a) 24.2 ug/100 ml; 
<b) 22.0 ug/100 ml; 
(c) 21. 5 ug/100 ml; 
(d) 15.2 ug/100 ml; 

1.4 mg 

Not given 

Not given 

36 ug/100 ml 

Not given 

15.7 ug/100 R 

23 + 1.0 - 84 + 5.0 
ug/100 ml 

Not given 

14.09 + 11.22 ppm wet wt 
11.81 + 9,09 ppm vet wt, 
7.14 + 4.19 ppm wet wt.; 
4.42 ••• 2.52 ppm wet wt.; 

I.RAD (continued) 

No. or 
Caaea 

1812 

28 

258 

24 

Not 
given 

320 

(a) ] of 
79; (h) 3 
Of 190 

6(1 

U4 

100 

45; 44; 
45; 44 

Analytical 
Method 

Not given 

Co lortmotry 

ES 

AAS 

ASV 

AAS 

AAS 

AAS 

AAS 

• 'olorimetrv 

Culorimetrv 

Comment• 

3 neighborhood* in Chicago, 
>r 

(a) Urban smokerH; 
(b) Urban nonanokera; 
(c) Suburban smoker*; 
(d) Suburban nonmnokers; 

Children, age* 1-5 yearn 

(a) 1972; (b) 1974; children 

White middle and upper clans, 
Salt Lake City 

BUck and Puerto glean, Bronx, 
age 1-6 years 

Live near freeway; do not live 
near freeway 

Cincinnati area white mains, 
20-84 yearn old! tibia; MIUII; 
riui vertebrae 

Reference "1 
Sachn, 1974 

ScanIon, 1971 

Schroeder and 
Tipton, 196S 

Searle et al,, 
1973 

Slibergeld and 
ChlNolm, 1976 

Singh et al., 
1975 

Smith et al., 
1976 

Smith, 1976 

Sorrcll and 
Rouen, 1977 

Thomas e' al,, 
1967 

Croat »t al,, 
1975 



I.KAD (tontlnued) 

Tlaaue Range Mean Level 
—————— 
No. of 
Caaea 

Analytical 
Method Commenta R«far«nc« 

Bone 
(continued) 

11-214 ppm aah wt. 59 ppai ash wt. 120 AAS North und South Carolina adult 
and pediatric autopaies 

Hammer at al., 
1973 

0.2-32 ppm ash wt. Not given 14 AAS Norch and South Carolina 
pediatric autopiinx 

Hammer at al., 
1973 

0.21-1.11 mg/100 x 0.65 mg/100 mg 15 KS; Chem. Autopaiea. Flat bone. Kehoe, 1961 

0.67-3.59 mg/100 g 1.78 mg/100 mg 1:'' ES; Chem. AutopHiea. Long bone. Kehoe, 1961 

Not given 1.H8 mg/100 g wet wt. Not 
given 

KS l.ong bone Kehoe et al., 
1940 

Not given 0.470 mg/100 g Not 
given 

KS Rib bone Kehoa at al., 
1940 

Not given 19 ppm 2 KS Koch at al., 
1916 

7.5-195 tag (total tissue) 110.0 mg 258 KS Schroadar and 
Tipton, 1968 

77-237 ug/g ash Not given 40 AAS 1 skeleton Strehlov, 1969 

brain Not given; 
Not given 

0.11 + 0.05 ppm wet wt.; 
0.11 + 0.04 ppm wet wt. 

39; 41 Colorimetry Cincinnati area white male*, 
20-84 yearn old: gray; white 

Groaa at al., 
197S 

0.01-0.09 mg/100 g wet wt. 0.04 mg/100 g wet wt. 15 KS Autopslea Kehoe, 1961 

Not given 0.011 mg/100 g wet wt. Not 
given 

KS Kehoe at al., 
1940 

• 

Not given 0.2 ppm wet wt. 3 KS Kahoe et al., 
1956 

TX-4907 
7-24-78 



LEAD (continued 

Tissue Range Mean Level 
No. of 
Cases 

Analytical 
Method Comments Reference 

Brain 
(continued) 

Not given 0.08 + 0.01 mg/100 g 
dry wt. 

Not 
given 

ES Above 1 year old Nusbaum et al., 
1958 

Not given 0.20 ug/g dry wt. Not 
given 

Not given Normal levels Rentoul and 
Smith, 1973 

0-8.8 mg (total brain) 0.14 mg 258 ES Scliroeder and 
Tipton, 1968 

<S-39 ug/g ash 5 ug/g ash 81 of 129 ES Tipton and Cook, 
1963 

Connective 0-4.8 mg (total tissue) 1.08 mg 2 58 ES Kchroeder and 
Tipton, 1968 

Diaphragm <5-29 ug/g ash 10 ug/g ash 75 of 91 ES Tipton and Cook, 
1963 

Esophagus <5-70 ug/g ash 10 ug/g usli 55 of 68 ES Tipton and Crok, 
1963 

Fascia Not given 0.10 + 0.05 ppm wet wt. 43 Colorimwtrv Cincinnati area white males, 
20-84 years old 

(irons et al., 
1975 

Feces Not given 0,90 + 0.09 ug/g; 
1.22 + 0.08 ug/g 

248 MS Los Angeles; Lancaster Johnson et al., 
1975 

Not given 0.136 mg/24 hr. 117 ES Urban Keliov et al., 
1940 

Fetal 
membranes 

9-40 ug/100 g; 
11-12 ug/100 g 

No r giv«n; 
Not given 

24>»; 
253 

Not given Control patients; patients 
living In a lend Mining region 

rahim et al,, 
1976 

Gastrointes­
tinal tract 

0-3.1 mg (total organ) 0.15 mg 258 ES Schronli-r and 
Tipton. 1968 

TX-4907 
7-24-78 



I.K.U) (continued) 

Tissue Range Mean Level 
*—————~— 
No. of 
Caaea 

Analytical 
Method Coajaenta Reference 

Hair Nut givvn u.5 <.,*/* 50 MS Maternal nc.'lp hair. Cliu-lnuiH 1 
hospital pattanta, aean age 
22.5 yara 

B U U M M U R t'C ,ij,, 
1974 

Mot given 16.6 ,,«/g 51 MS Maternal pubic hair. Cincinnati 
hoapltal patlenta, mean age 
22.5 yeara 

lauanlag at al., 
1974 

Not given 13.9 ug/« 34 MS Neonatal acalp halt. Cincinnati 
hoapltal patienta 

Muaelig et al., 
1974 

2.12-100.00 ug/g H.47 ug/g; 11.74 ug/g; 
14.07 ug/g; 17.13 ug/g 

284; 126; 
90; 71 

MS New York City children; River-
head; Quoena; Ironx 

Creai m, 1975 

1.96-155,00 ug/g 12.21 ug/g; 10.39 wg/g; 
14.50 ug/g; 12.88 ug/g 

207; 85; 
77; 49 

MS New York City adult* (Overhead; 
Queena; Bronx 

Creaaon, 1975 

7.6-61 ppa; 10.6-50 ppai 24.1 ppa; 26.7 ppa 25; 2% MS Feaialea 11-72 year* old; Hl«n 
9-60 yeara old 

Kada and 
Laeibdln, 1973 

0.004) 0,01 X dry ttasue Not given 18 r.s White aulea, 15-70 yeara old Coldblu* et al., 
1951 

'.,.5-45.9 ppa Not given 116 MS Scalp hair fro* achool-aged aalea Haaaer et al., 
1971 

0-595 ppa; 0-195 ppai; 
0-35 ppa; 0-85 ppa; 
0-25 ppai 

107.1 ppa; 44.3 ppa; 
14.3 ppa; 12.1 ppai; 
7.6 ppa 

4S; 25; 
37; 21; 
38 

MS Fourth grade aalea.- lead and 
xlnc ninlng and aaaltlng area; 
lead and line aaeltlng area; 
copper aaelting area; governaient 
and comercial area; education 
and fara trading area 

Haaaer et al,, 
1971 

2-U1 ug/g W "g/g 12 MS Scalp hair Nlnnera et al. , 
1974 

TX-4907 
- 2 4 -



LEAD (continued) 

Tlaeue 

Hair 
(continued) 

Heart 

Range 

Not given 

Not given 

Not given 

Not given 

0.05-1.J >g (total tiaaue) 

Not given 

1-2080 ug/g 

Not given 

Not given 

Not given 

Not given 

Not given 

Mean Level 

(a) 44.9 +4.3 ug/g 
(b) 19.3 • 3.1 ug/g 
(c) 56.2 • 7.0 ug/g 
(d) 15.7 + 1.3 ug/g 

118 + 100 W«/g; 27 .V« 

35 ug/g dry wt. 

17.8 + 2.2 ug/g; 
1 9 + 1 ug/g 

0.75 mg 

44.7 • 0.1 ug/g 

Not given 

14.5 and 21.8 ug/g 
dry wt. 

0.08 + 0.04 ppM wet wt. 

0.04 mg/100 K wet wt. 

0.018 ag/100 g wet wt. 

0.20 + 0.01 mg/100 g 
drv wt. 

230 
(a) (b), 

188 
<c) (d) 

70S 

Not 
given 

No. of 
Caaes 

180 

258 

260 

41 

15 

Not 
Kivun 

Not 
given 

Analytical 
Method 

AAS 

AAS 

Not given 

AAS 

ES 

AAS 

Not given 

MS; AAS 

Colorimetry 

ES; Cliem. 

KS 

KS 

Coma n ti Reference 

(n> Long hair, l.o» Angalea 
(t>) Long hair, Lancaatar 
(c) Short lialr, lot Angelaa 
(<l) Short hair, Laneaater 

.lohnaon et al., 
1975 

Study area; controla. Age 6 
e yra., impovariahed eectlon 
Boaton 

of 
Pueachel et al., 
1972 

Normal level Hentoul ind 
Smith. 1971 

117 women; 47 men Schrocder and 
Niiaoii, 19e>» 

Schrneder and 
Tipton, 19o8 

Sorenaon at al., 
1971 

Truffle and dealt officere, goaton 
IrtaU and Italian 

Speiier and 
FerrU, 1971 

Yuracltek et al., 
1969 

Cincinnati area whlr.v aialaa, 
20-84 yaara old 

Cloaa et al,, 
1975 

AutopalaN Kehas, 1961 

Keltoa at al., 
1940 

Above 1 year old Nuabaum at al., 
1958 

TX-4907 
7-24-78 



l.KAP (continued) 

Tissue 

• • - • i i . 

Rang* Mean Level 
No. or 
Caaea 

- — • • 1 ! 1 ' - — ~ — — -

Analytical 
Method Comments Reference 

Heart 
(continued) 

0-0.4 mg (tola 1 organ) 0.02 mg 258 F.S gchroeder and 
Tipton, 196S 

<s-is ug/g »»t> 5 .'l/g A*H 74 of 140 ES Tipton and Cook, 
1961 

Intestine Not given 0.12 + U.05 ppin wet wt. 45 Colorinetrv Cincinnati are* wh:i < M 1 « » . 
20-84 yaara old. Jejunum. 

Groan et al,, 
1975 

Not given 0.07 + 0,01 ppm wet wt. 45 Colorlmctry Cincinnati area white male*, 
20-84 yeare old. Cecum. 

Croaa et al., 
1975 

Not given 0.023 mg/100 g wet wt. Not 
given 

M Kehoe et a),, 
1940 

Hot given 0.1 ppet wet wt.; 
O.H pna) wet wt. 

1; 7 KS Large Intestine; email intestine Koch < al., 
19S6 

5-82 ug/g aah 
5-51 ug/g aah 
5-62 ug/g aah 
5-90 ug/g ash 
<5-S0 ug/g -»ah 
5-77 ug/g ash 

25 ug/g aah (median); 
11 ug/g aah (median); 
20 ug/g ash (median); 
27 ug/g aah (median); 
11 ug/g aah (median); 
20 ug/g aah (median) 

•7 of 68; 
97 or 104, 
82 of 8'.; 

H i 
94 of 109! 
41 of 42 

KK Duodenum; 
Jejunum! 
Ileum; 
Cecum! 
Sigmoid colon! 
Rectum 

Tipton and Cook, 
1*61 

Kidney Not given; 
Not given 

0.79 + 0.42 ppai wet wt. 
0.48 + 0.22 ppa wet wt. 

45; 44 ColorImeiry Cincinnati area white main, 
20-84 ym*r» old) cortex; medulla 

Uroa* et al,, 
1975 

15-246 ppm aah wt. 10 ppa axli wt. 120 AAS North and South Carolina adult 
and pediatric autopaiea 

Hammer at al,, 
1971 

1.4-74 ppm aah wt. Not given 14 AAS North and South Carolina pedi­
atric autopaiea 

Hammer et al., 
1971 

Not given; 
Not given 

120 ug/g aah; 
120 u$/» M h 

12; 12 AAS St. Louis area veteran autopsiesi 
control', emphysema patlenf.it 

Hirst et al,, 
1971 

TX-4907 
7-24-78 

http://patlenf.it


LEAD (cont inued) 

Tlsaua Rang* Mean Laval 
No. )t 
Caaea 

Analytical 
Method Comment* Reference 

Kidney 
(continued) 

0.015-0.16 mg/100 g 
wet wt. 

0.05 mg/100 g wet wt. 15 ES; Cheat. Autopale* Kahoa, 1961 

Not glvan 0.027 mg/100 g wet wt. No: 
glvan 

KS Kahoa at al., 
1940 

522.1-2335.) ug/g dry wt. 1404 ug/g dry wt. 5 KS Normal* Koch *t al.i 
1937 

Not glvan (a) 49 ug/g aah 
(b) 60 ug/g aah 
(c) 47 ug/g aah 
(d) SO ug/g aah 

80 AAS (a) control* 
(b) hypartefwivta 
(c) heart dlaeaae 
(d) malignant dlaagnea 

Morgan, 1969 

16-1728 ug/g aah 69 ug/g aah 100 AAS Autopale*, VA hoapltal, 
liT*lni>a», Alabama 

Morgan, 1972 

34-68 ug/g a»h 54 .ig/g ash 46 AAS Niu ropaii>H, VA lioNpltali 
Birmingham, Alabama 

Morgan, 1972 

Not given 0.36 + 0.02 mg/100 g 
dry wt. 

Not 
given 

ES Above 1 year old Nuebauet at al., 
195* 

Not given 0.166 mg/g a*h; 
123 tag/g ash 

24 AAS 12 emphyaematoua; 12 control* Parry at al., 
1972 

0.21-1.1 micromoles/g aali Not given 150 KS Adult* Perry et al., 
1962 

0.40-3.8 ppm wet wt. 1.8 ppm wet wt. 22 AAS Sudden death*. Baltimore, 
Maryland 

Poklla and 
Frelmuth, 1976 

Not given 0.27 ug/g dry wt. Not 
given 

Not given Normal level Rentoul and 
Smith, 197) 

TX-4907 
- 2 4 -



LEAD (continued) 

Tlaauo Range Mean Level 
No. of 
Cases 

Analytical 
Method Convents deference 

Kidney 
(continued) 

0.003-2.0 Kg (total 
organ*) 

0.14 tag 258 ES Schroeder and 
Tipton, 1961 

0-1.5+ ag/100 dry wt. Not given Not 
given 

Not given Cancer patients and autopsy 
specimens 

Tleti at al., 
1917 

42-220 vg/t *>h 911 ug/g aah (Median) 145 ES Tipton and Cook, 
1961 

Larynx 11-140 ug/g ash 64 ug/g ash (aiadlan) 50 ES Tipton and Cook, 
1961 

Liver Not given 0.98 + 0.13 pps> wet wt. 45 Coloriaetry Cincinnati area white aulas, 
20-84 years old 

Groas et al,, 
1975 

IV785 ppa aah wt. 45 ppm ash wt. 120 AAS North and South Carolina adult 
and pediatric autopaias 

Heemr at al., 
1971 

0.7-167 ppa ash wt. Not given 14 AAS North and South Carolina pedi­
atric autopsies 

Haeatar at al., 
1971 

Not given; 
Not given 

120 ug/g ash; 
140 ug/g ash 

12; 12 AAS St. Louis area veteran autopaleai 
control; e«phyi«M patients 

Hlrat at al,, 
1971 

0.04-0.28 Kg/100 g wet wt. 0.12 Kg/100 g wet wt. IS ES; Chan. Autopsies Kehoe, 1961 

Not given 0.130 ng/100 g wet wt. Not 
llvan 

KS Kehoe et al,, 
I960 

610-2046 ug/g dry wt. 1132 ug/g dry wt. 1 KS Normals Koch et al., 
19S7 

Not given 3.8 ppa wet wt. 5 KS Sudden accident victim Koch *t al., 
1957 

Not given 0.52 • 0.02 Kg/100 g 
dry wt. 

Not 
glvan 

ES Above 1 year aid Nuabauai et al., 
1958 

TX-4907 
7-24-78 



LEAD (continued) 

Tissue Range 

Liver 
(continued) 

Lung 

Not given 

0.29-1.2 •Icroetole/ii aah 

Not given 

1.0-6.3 ppat wet wt. 

Not given 

0.72-13.5 ag ( total 
organ) 

0-1.3+ Kg/100 g dry wt. 

60-230 ug/n ash 

Not given 

Not given; 
Not given 

Not given 

Not given 

1123.2-1338.5 ..g/g 
dry wt. 

Mean Level 

0.141 a>g/g ash; 
0.111 Mg/g aah 

Not given 

276 + 176 ug/g aah 

2.5 pp« wet wt. 

1.7 ug/g dry wt. 

3.1 •« 

Not given 

130 ug/g a»h (a>eJlan) 

0.36 + 0.12 ppa wet wt. 

130 ug/g ash; 
240 ug/g anh 

0.02 ng/100 g wet wt. 

0.028 rag/100 x wet wt. 

1.105 ug/g dry wt. 

No. of 
Caaea 

24 

150 

10 

150 

42 

l' 1 1' *»•, i » 

15 

Not 
(Sivcn 

Analytical 
Method 

A,\S 

KS 

ES 

AAS 

Not Not given 
given 

258 KS 

Not Not given 
givrn 

ES 

Colorlmetry 

AAS 

KS; ('.hem. 

F« 

KS 

Coanenta 

12 eaphyaeaatoua; 12 control* 

Adult* 

Accident vie t ism, St. I.oulu area 

Sudden death*, Baltimore, 
Maryland 

Noma! level 

Cancer patienta and autop*y 
Npecinena 

Cincinnati area white aw I on, 
20-H4 year* old 

St. I.ouia area veteran autopale*i 
control; enphyNeaut patient* 

Autopsies 

Sor ma In 

Reference 

Perry et al., 
1972 

Perry «t al,, 
1962 

Perrv et al., 
1971 

Pokll* and 
Frelnuth, 1976 

Renloul and 
Smith, 1*73 

lehroeder and 
Tipton, 19*» 

Tietx et al., 
1957 

Tipton and Cook, 
196) 

Cross et al., 
1975 

HI rut et al., 
1*73 

Kehoe, 1961 

Kehoe et al., 
1940 

Koch et al,, 
1957 

TX-4907 
7-24-78 



Ttaaua Range Mean Level 
V.i. of 
Caaaa 

Analytical 
Method Coaaenta 

Lung 
(continued) 

Not given 1.6 ppa wet wt. 4 T.S Sudden accident vlcttaa Koch at al., 
1957 

Not given 0.21 + 0.02 ag/100 a 
dry wt. 

Not 
given 

RS Above 1 yaar old Nuabaua at al., 
1958 

Not given 0,210 ag/g aah; 
0.145 ag/g aah 

24 AAS 12 eaphyaaaatoua; 12 controla Perry at al., 
1972 

0.0*2-0,68 alcroanla/g 
aah. 

Not given 150 E.S Adulta Perry et al,, 
1962 

0.21-1.8 ppai wet wt. 0.85 ppa wet wt. 22 AAS Sudden daatha, laltlaore, 
Maryland 

Poklla and 
Frelauth, 1976 

Not given Max. 5500; Hln. 50; 
Retained 1 yr. 0 ug/yr. 

168 Not given 58 cltlaa and 29 nenurban araaa Schroeder, 1970 

O.OS-6.1 ag (total organ*: 0.W ag 258 RS Sehrordor «nd 
Tipton, 196] 

Not given 0.57-1.67 ug/g 66 AAS; 0,57 ug/g feaal*. ; 
1.04 ug/g, aalaa 

Stringer at al,, 
1974 

0-1.0 ag/100 g dry wt. Not (Ivan Not 
given 

Not glvan Cancer patltnti and autopsy 
apaclaana 

Tlati at al., 
19S7 

5-550 ug/g aah 67 ug/g aah (aadtan) 141 RS Autopalea, 9 cities Tipton at al,, 
1964 

15-140 ug/g ash 47 ug/g aah (aedlan) 141 ES Tipton and Cook, 
196) 

Lyaph nodes Not given 0.86 + 0.93 ppa wet wt, 41 Coloriaetry Cincinnati area white aales, 
20-84 yaara old 

on 

Groan at al., 
1975 

TX-4907 
7-24-78 



; w 

LEAD (continued) 

Tissue Rang* Mean Level 
No. of 
Cases 

Analytical 
Method CoMscr.cs Reference 

Milk 0.006-0.058 vs/ml 0.026 0.0U ;>R/«1 
ug/al 

29 AAS United States residents, 21-21 
year 

Dlllen et si., 
197* 

0-0.07 uf/al 0.02 ug/al 14 AAS Laaa et al., 
i*7i 

0.0060-0.0202 ppn 0.0109 ppm 14 AAS Age 21-17 years Plnkerton et si., 
1972 

Muscle "ot given 0.07 + 0.01 ppm wet wt. 44 Coloriaetrv Cincinnati area white aales, 
Z0-»4 years old 

Cross et al,, 
197$ 

0.010-0.17 ag/100 g wet 
wt. 

0.0) ag/100 g wet wt. 15 RS; Chem. Autopsies Kehoe, 1961 

Not given 0.010 ag/100 g wet wt. Not 
given 

KS Kehoe et al., 
1940 

Sot given u.4 ppn wet wt. 0 KS Sudden at'tldvnt victtaa Koch et al., 
1947 

0-179.2 ag (total tissue) 1.7 ag 258 KS Schroeder and 
Tipton, 196S 

<5-X6 ug/g a«h <5 ug/g ash (median) 65 of 116 KS Tipton and Cook, 
1961 

KalU 0.00^7-0.024 X dry tissut Not given 18 US Healthy null ex, 15-70 year* old Coldhlum et al., 
19*3 

Uaentum 7-220 ug/g ash 10 tig/ft ash (rwJUn) 72 of 74 KS Tipton and Cook, 
196] 

Ovary 

» 

•;5-27 ug/g ash 1) '.IK/K ash (median) 12 of 16 KS Tipton and Cook, 
196) 

TX-4907 
7-24-78 



LEAD (continued) 

Tissue Range Hean Level 
No. of 
Caaea 

Analytical 
Htthod Coaawnt* Reference 

Pancreas Not given 0.46 + 0.23 ppa wet wt. 45 Coiorlneirv Cincinnati area white males, 
20-84 years old 

Cross at al., 
1975 

Not given 2.0 ppm wet wt. 2 KS Sudden accident victims Koch et al., 
1957 

0.49-1,8 ppai wet wt. 0.92 ppa wet wt. 22 AAS Sudden deaths, RaltiMore, 
Maryland 

PoklU and 
PrelsMth, 1976 

0-1.1 ag (total organ) 0.06 ag 258 KS Schroeder and 
Tipton, 1966 

18-130 ug/g ash 49 ug/g ash (median) 138 KS Tipton and Cook, 
1963 

Placenta Not given 1.83 + 2,56 llg/,j d r y w t . 234 AAS Naahvllla, Tennemee hospital 
patients 

Raglan at al., 
1974 

Not given 0.86 + 0.28-3.12 + 0.92 
nlcrowolon/jS 

554 AAS Pawaon et al., 
1960 

Not given 1.95 + 1.42 aicroaoles/g 
dry wt. 

554 AAS Houston, Texas hospital patianra Dawson, 1969 

6-8 ug/100 g; 
7-9 ug/100 g 

Not given; 
Not given 

249; 
253 

Not glvan Control patlanta; patients living 
in lead Mining dtatrlct 

Falila at al., 
1976 

Not given 0.293 + 0.025 iig/g 
wet wt. 

58 Not given City hospitals in South and 
Southeast 

Karp and 
Robertson, 1977 

Prostate Not given 0.20 + 0.22 ppa wet wt. 41 Colorlmetry Cincinnati area white Males, 
20-84 years old 

Cross et al., 
1975 

Not given 0.2 ppat wet wt. 4 KS Sudden accident victim* Koch et al., 
1957 

TX-4907 
7-24-78 



LKAD (continued) 

Tissue Rant* Mean Level 
No. of 
Cases 

Analytical 
Method 

• 

Comments Reference 

Prostate 
(continued) 

<5-81 ug/g ash 10 ug/g ash (median) 44 of 50 F.S Tipton and Cook, 
1963 

Saliva 3-21 ug/100 ml Not given 12 AAS 9 children, 3 adults Fung at al., 
1975 

Skin 0.0252-0.134 X dry tissue Not given 18 FS Healthy males, 15-70 years old Ooldblum et al., 
19S3 

Not given 0.08 + 0.03 ppm wet wt. 43 ColorImetry White males, 20-84 years old Cross at si., 
1975 

0-11.8 kg (total tissue) 1.5 «| 258 KS Schroader and 
Tipton, 1968 

16-120 ug/g ash 46 ug/g ash (median) 21 of 22 ts Tipton and Cook, 
1963 

Spleen Not given 0.13 + 0.15 ppm wet wt. 43 Colorlmetry Cincinnati area white males, 
20-84 years old 

Cross et al., 
1975 

0.01-0.07 mg/100 g wet wt 0.03 mg/100 g wet wt. 15 ES; Chem. Autopsies Kshoc, 1961 

Not given 0.030 mg/100 g wet wt. Not 
given 

KS Kehoa et al., 
1940 

595-1208 ug/g dry wt. 985 ..g/g dry wt. J t:s NormaIn Koch et al., 
1957 

Not given 1.4 ppm wet wt. 1 vs Sudden accident victims Koch et Hi., 
1957 

Not given 0.28 + 0.04 mg/100 g 
dry wt. 

Not 
given 

KS Above 1 year old Nusbaum «t al., 
1958 

0-2.2 Kg (total organ) 0.06 mg 258 KS Schroeder and 
Tipton, 1961 

TX-4907 
7-24-78 



LEAD (continued) 

Tissue Range Mean Level 
No. of 
Caaea 

Analytical 
Method CoMMenla 

-—^— — 
Reference 

Sple«n 
(continued) 

7-«»0 ug/is dsli 27 . >;/« ash (mudtun) Da of 14" F.S Tipton and Cook, 
1961 

Stomach Hot given 0.10 + 0.05 ppm w*t wt. 45 Colorlnetry Cincinnati area white Malea, 
20-84 yaara old 

(.'roan at al., 
1I7J 

Not given 0.022 Kg/100 g wet wt. Not 
given 

KS Kehae at al,, 
1*40 

Not given 1.0 ppai wet wt. 1 KS Sudden accident victlma Koch at al., 
1957 

5-15 ug/g ash 12 ug/g ash (aiedlan) 123 of 1)1 KS Tipton and Cook, 
1963 

Sweat 8-184 ug/Utet; 
49-283 .ig/llter; 
28-171 ug/liter 

51 + 42 ui/Utir; 
118"+ 72 ug/literj 
101 • 49 ug/liter 

)•»; 15; 
11 

AAS Halea; fesialeai feaialea (oral 
contraceptlvoa) 

Hottnadel et al., 
1971 

Teeth 0.25-5.75 eg/100 g 1.51 Mg/100 g 82 KS Cincinnati reaidenta Altfhuller et 
al., 1962 

200-3550 ppm 1790 + 960 ppn 35 AAS Left maxillary central inclaor. 
CaMbrldge, Maaeachuaetta, 9-15 
year olda. Enamel. 

Rrudeveld at al,, 
1975 

• _ . 

350-2600 ppm 1410 + 660 ppm 15 AAS Left maxillary central Inclaor. 
CaMbrldge, Haaaachuaetta, 9-15 
year olda. Enamel. 

Rrudavold at al., 
1975 

J»it given 5.0 • 5.9 ppM 153 AAS 115 donora from agea 1,5 to 12 
yeara 

Chat man and 
Hllaon, 1975 

i 
50-15'j ug/100 al; 
120-220 ug/100 ml 

M O ug/100 ml; 
218 ug'ftWhal 

36; 32 Not given Control children; aapoaad urban 
children; Moatly black, 60X 
female 

do la Rurde and 
Shapiro, 1*75 

TX-4907 
7-24-78 
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LEAD (continued) 

Tlsmuc Range Mean Level 
No. of 
Caxea 

Analytical 
Method 

Teeth 
(continued) 

Not given 5.1-19.9 ppm 
(geometric mean) 

324 AAS 

1.0-6.5 u«/g 3.1 + 0.16 ug/g 56 MS 

2-700 ppa; 
0-8(> ppm 

15.1 + 109.0 ppm; 
11.1 + 14.B ppm 

109 AAS 

Not given 198 ug/g; 
41.7 wg/g 

761 Not given 

30-400 ug/g Not given 760 EC 

254-336 lift/it ash Not given 40 AAS 
Testis Not given 0.15 + 0.09 ppm wet wt 41 Colorimetrv 

Not given 0,3 ppm wet wt. I FS 

5-27 ug/g asn 12 ug/g a-'h (median) 68 of 72 ES 

Thyroid Not given 0.17 + 0.11 ppm wet wt 40 Colorlmetrv 

Not given 1.0 ppm wet wt. 2 KS 

5-54 ug/g ash 10 lig/'g ash 20 of 21 KS 

TX-4907 

Cowment a 

Children in lead paint area 

<20 year* old, wide geographic 
area 

69 urban; 40 aubui u»n 

Old houelng; new houalng 

Philadelphia achool children 

1 nkeleton 

Cincinnati area white males, 
20-84 year* old 

Sudden accident victim* 

Cincinnati urea white male*, 
20-84 yeara old 

Sudden accident victim* 

Reference 

LocWoretx, 1973 

Loaee et al., 
1971 

Needleman et al., 
1972 

Needleman et al., 
1974 

Needleman and 
Shapiro, 1974 

Strehlow, 1969 

firo«« et al,, 
1975 

Koch et al,, 
1957 

Ttptcn and Cook, 
1961 

CrONN Ut Ml., 
1975 

Koch et aI,, 
1957 

Tipton and Cook, 
196 3 



l.KAD (emit IIUHHI) 

Tl»»u* Range 

Trachea 0.6-8.8 pput wet wt. 

15-120 ug/g ash 

Umbilical cord 9-11 ug/100 g; 
11-12 wg/100 g 

Urine 22-129 ug/24 hr. 

Not given 

0-»241 ug/liter; 
0-»241 ug/liter; 
161->241 ug/liter; 
0-»241 ug/liter 

Nut given 

0-118 i.g/liter; 
15-75 yg/liter; 
10-50 Hg/liter 

Not given 

Not given 
0.002-0.081 nig/liter 

Mean Level 

1,0 ppn wet wt. 

44 ug/g ash (Median) 

Not given; not given 

Not given 

325 + 167 u g / l t t e r ; 
77 + 92 v i R / l l t e r 

Not given; 
146 iig/100 l i t e r ; 
325 iig/100 l i t e r ; 
77 u g / l l t e r 

86 ug/24 h r . 

38 u g / l l t c r ; 
38 i i g / l i t e r ; 
31 u g / l i t e r 

0.06 + 0.11 pp* wet wt. 

0.009-0.034 mg/100 g 

Not given 

No. of 
CaieN 

17 

60 

249; 253 

11 

4; 24 

92; 50; 
4; 24 

Analytical 
Method 

AAS 

KS 

Not given 

ASV; AAS 

Not given 

Not given 

1 Not given 

110; 27; 
40 

Color line try 

H Colorlntetrv 

438 Not given 

897 Colorlmetry 

Coaawnta 

Sudden death*, age 17-74 yeara, 
Baltimore, Maryland 

Control patlenta; patient* living 
in a lead Mining region 

Children 13-67 Month* of age 

Hyperactive children with hlatory 
of lead polaonlng; nonhyperactlve 
children 

Hyperactive and nonhyperactlve 
children; hyperactive; hyper­
active with hlatory of lead 
poiaonlng; nonhyparactlve 

Caucaalan faaale 

New 'York City resident*; Cali­
fornia realdenta; Ohio realdenta 

Cincinnati area white atalee, 
20-84 year* old 

Philadelphia realdenta 

Urban and rural area reatdentii 

Reference 

Poklia and 
Frelauth, 197S 

Tipton and Cook, 
1961 

Fahin «t al., 
1976 

Chlaoia «t al,, 
1975 

David, 1974 

David, 1972 

Dlcklnaon at al, 
1972 

Goldwatar and 
Hoovar, 1967 

Groaa at al., 
1975 

Haaatond, 1969 

Hofreater at al, 
1961 

TX-4907 
7-24-78 



LEAD ( c o n t i n u e d ) 

No. of Analytical 
Tissue, Range Mean Level Caaea Method Comments Reference 

Urine Not given 14.3 i- 0.7 ug/liter; 
10.5 + 1.0 ug/liter 

402 AAS Los Angela*; Lancaster Johnson et al., 
1975 

Not given 0.027 tag/liter Not 
given 

ES Kehoe el al., 
1940 

Not given 0.023 us/nl Not 
given 

Not given Normal level Rentoul and 
Smith, 1971 

Not given 27.1 • io,2-29,0 + 13.3 
ug/liter 

400O* (\>l»r lm*irv DuPont employee* fro* 21 
locations 

McLaughlin at 
al.. 197) 

20.1-25.3 ug/Uter 23.3 ug/ltter 5750 Culorimetrv DuPont employees from 23 McLaughlin et 
(geometric Means) (geometric want) locations al,, 197J 

Not given (a) 120 ug/llter 
(b) 110 ug/llter 
(c) 126 ug/Hter 
(d> 149 ug/llter 
(e) 97.2 ug/lii r 

32 ES (a) normals 
(b) females 
(c) males 
(d) blacks 
(e) non-blacks 

Perry and Perry, 
1959 

0.4-4.7 _g/100 ml Not given 10 AAS Searle et al., 
1973 

122.1-233.4 ug.'g; 188.3 + 37.9 ug/g; 41 Not given Roamed teeth; sectioned teeth, Shapiro et al., 
2.8-311.6 ug/g 92.J + 64.8 ug/g Philadelphia 1975 

Uterus <5-29 ug/g aah 5 ug/g ash (median) 20 of 32 ES Tipton and Cook, 
19*1 

TX-490 7 



LITHIUM 

No. of Analytical 
Tissue Range Mean Level Cases Method C O M M A t a Reference 

Hood Not given 0.78 + 0.01 »eq./liter .'60 AAS Adult Kansas City, Kansas 
residents. Reruai. 

Rlerenbauei et al. 
1»7J 

Mot given 48 + 0.01 me<|. /liter 260 AAS Adult Kansas City, Missouri 
residents. Seruai. 

Rlarenbauai at al. 
lf7J 

Hair 0.009-0.300 -R/S 0.044 i.g/fc 277 Flam* photoawtry New York City children agaa 0-15 Creaaon, 1975 

0.009-0.228 I'g/s 0.056 ug/g 206 Flaaie photoawtry New York City adults ages i 16 Creason, 1975 

Placenta Not given 0.010 + 0.002 '.IR/R wet 
wt. ~~ 

58 Not Riven Southern and Southeastern city 
hospital patients 

Karp and 
Robertson, 1977 

Teeth <0.1-4.2 »g/g 1.6 + 0.12 yg/g 56 MS <20 years old. Enaatel. Losee et al,, 
l«7i 

Not given J. IS + 0.02 ppa; 
0.07 + 0.02 ppa 

206 MS New England residents <20 years 
old with high caries; South 
Carolina residents <20 years old 
with low caries, Ensue1, 

Curson and Losee, 
1977 

TX-4907 
7-24-78 



'*:>. 

Blood 

s 

0.00-0.13 ppa 

Mr n Levi 1 

I.UTKTIUM 

Ni>. «t 
C . I S I S 

Not givan 39 

A n a l y t l r . i l 
Mrtlu'il 

X-rav ipectromi-try 

Ci>mm«Miln I Inference 

Healthy MICMJ MAII «*e IS.3 yr•. I CufMn *t Ml. 
S c r u m . I 1">* 

TX-**>7 
7-24-?» 
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rnqntmrnm****!* w w -

MA<'.MtSlfM 

Ti SSIH-

Adipose 

Adrenal 

Allenntary 
tract 

Aorta 

Bladder 

•toad 

R.m/.i' 

0.(1060-0.006J* wet w[ . 

Nut given 

Not given 

0.46-l.S g/100 g a»>> 

0.011-0,0211 Z wet wt. 

Not given 

110-1740 ug/g dry wt. 

210-600 aicroeMle/g aah 

0.94-2.0 g/100 g aah 

Not given 

0.46-2.3 g/100 K aah 

Not given 

Not given 

M.-.ui l.v.l 

Not given 

24 _+ 0..' ug/g wet wt. 

60 \>ym wet wt, 

0.84 g/100 K uali (aedlan) 

Not given 

140 ppei wet wt. 

279-919 »g/g dry wt. 

Not given 

1.4 g/100 g aah (awdlan) 

ISO ppn wet wt. 

1.4 g/100 g aah (atedlan) 

J.01 • 0,01 »g/liter; 
1.91 + o.oi ng/liter 

1» + 0.'> ug/g wet wt. 

No. of 
C.tHOS 

ISO 

S20 

ISO 

An.ilyl ii-.il 
M.-lln-.l 

Colorlnetry 

ES 

1 Ci>l%'rlmetry 

10 ES 

2 Color lew try 

1 Co Inrimetry 

46 AAS 

100 ES 
94 ES 

2 Colorlantry 

91 ES 

AAS 

KS 

TX-'.'»<!? 

CotmvntH 

1 white (age 60) 
(Mge 41) Bale 

and 1 black 

Accidental death* 

Suddon accident v ictiam 

Adulta 

1 white (age 60) 
(age 41) awl* 

and 1 black 

Sudden accident v ictlaa 

Autopaiea. 5 aw 
Varloua diaeaaea. 

- 91 yra old. 
Chicago, 

Adulta 

Adulta 

Sudden accident v Ictiwa 

Adulta 

Kanaaai Miaaeurii 
water and half in 

half in hard-
aoft-watar 

area 

Accidental death* 

Ki'ferenrp 

Forbea et al., 
19S6 

Schroeder et al,, 
1969 

Koch et al., 19*< 

Tipton and Cook, 
196) 

Korbee et al., 
19S6 

Koch at al., 19J( 

Harke at al., 
1972 

ferry, 1961 

Tipton and Cook, 
196) 

Koch at al., I9SI 

Tipton ana Cook, 
1*6) 

•iereneaua et 
al,, 1975 

Schroeder et al., 
1969 



MACNKS 

Tlssuo 

Bone 

Brain 

Diaphragm 

Esophagus 

Feces 

G.I6A-0.19U wet wt. 

2.4-1.2 ug/g dry wt. 

Not given 

Hot given 

Not given 

>I<MH U v d 

Nut given 

2 .8 + 0 . J ] w g / g dry wt. 

140 ppm wet wt. 

1100 + 2 1 . 2 ug/g wet wt. 

1140 ppn wet wt. 

260-490 micromole/g ash iNot given 

Not given 

0.58-1.2 g/100 g ash 

1,2-2.5 g/100 g ash 

Not given 

1.0-2.0 n/100 g ash 

Not given 

150 • J.4 yg/g wet wt 

0.90 g/100 g aah (median) 

1.: g/100 g ash (median) 

80 ppn wet wt. 

1.4 g/100 g ash (median) 

170 + 19 and 200 + 1) 
>g/day 

TX-4907 
7-24-78 

limed) 

An.ilviic.il 
. Hi'ih-d 

ColorImetry 

AAS 

Co lor(me try 

ES 

Cotorlivrrv 

F.S 

F.S 

ES 

KS 

Color1me try 

ES 

flame photometry 

1 while (ugt> 6U) and 1 bluck 
(age '.8) malt'. Skelel.il bone. 

Normals. Osteogenic sarcomas. 

Sudden accident victims 

Accidental deaths 

Sudden accident victims 

Adults 

Accidental deaths 

Adults 

Adults 

Sudden accident victims 

Adults 

Healthy males; age 21 .nul 2') vis, 
Univvrslt'.' of Cincinnati 

Reference 

Forbes et al., 
19S6 

Jones et al•, 
1972 

Koch et al., 1956 

Schroedsr et al,, 
1969 

Koch et al, , 19S( 

Perry, 1960 

Schroeder «t 
Ml., 1969 

Tipton and Cook, 
1963 

Tipton and Omk, 
1963 

Koch et al, , 195( 

Tipton and Cook, 
196 J 

Tipton et at,, 
1969 

http://An.ilviic.il
http://Skelel.il


MAUNKSU'M (continued) 

Tlaaue Range Mean Level 
No. of 
Caaea 

Analytical 
Method Comments Reference 

Castro- Hot given 125 + 9.6 ug/g wet wt. 150 KS Accidental deaths Schroeder «t al., 
intestinal 1969 

tract 

Hair ».001-0.010 7, dry wt. Nut given 18 ES ARe 15-70 yra. White. (ioldblua et al., 
1951 

15-166 Ug/g b7.b6 ug/g 12 AAS Males and (aula*. Various ages. 
Diverse geographic areaa. 

Hinnera at al., 
1974 

tot given 49.7 + 8,b ug/g; 
B5.7 + 13.8 ug/g 

180 US 117 women) 47 men Schroeder and 
Naaon, 1969 

Not given 16.A and 14.5 wg/g dry wt. ? tS; AAS Yurachak et al,, 
1969 

Heart 0.0120-0.0168: wet wt. Not given 2 rolurinetry 1 white (age 60) and 1 black 
(age 48) male 

Porbea et al., 
1956 

430-860 •lcrcwole/g ash Not given 100 ES Adults Parry, 1968 

Not given 180 + 5.5 ug/g wet wt. 150 ES Accidental deaths Schroedar at al., 
1969 

1.1-2.) g/100 g ash 1.6 g/100 g ash (median) 122 ES Adults Tipton and Cook, 
196) 

Intestines Not given 150 ppa wet wt. 9 Colorin*try Sudden accident victims Koch at al., 1956 

0.85-1.7 g/100 g ash 1.1 g/100 g aah (mdlan) 60 ES Adults, Duodenum. Tipton and Cook, 
196) 

0.92-2.1 g/100 g ash 1.2 g/100 g ash (median) 8) 

1 

ES 

L , 

Adults. Jejunum. Tipton and Cook, 
1963 

TX-4907 
7-24-78 



MAGNESIUM (continued) 

Tissue Range Mean Level 
No. of 
Cases 

Analytical 
Method Comment* Reference 

Intestines 1.1-3.8 g/100 K ash 1.8 g/100 g ash (median) 77 ES Adults, Ileum. Tipton and Cook, 
ltd 

1.6-5.0 g/100 g ash 2.7 g/100 g ash (median) 31 ES Adults. Cecum, Tipton and Conk, 
1**3 

1.3-4.5 g/100 g ash 2.0 g/100 t ash (median) 88 ES Adults. Sigmoid colon. Tipton and Cook, 
1961 

1.4-3.7 s/100 s ^»h 2.3 g/100 g ash (median) 41 ES Adults, Rectum, Tipton and Cook, 
19*3 

Kidney 0.0169-0.0236X wet wt. Not given 2 Colorinwtry 1 white (age 60) and 1 black 
(age 4 » male 

Forbes at al,, 
1956 

542.1-2335.2 ug/g dry wt. 1404 ug/g dry wt. 5 Not given Normal level* Koch et al., 1957 

Hot given 160 pf>» 6 Colorlnvtry Sudden accident victims Koch ec al,, 193« 

430-720 mlcrooola/g ash Not civen 100 ES Adults Perry, 1968 

360-680 mlcroanle/g ash Not given 150 ES Adult* Perry et al,, 
1972 

Not givevt 129 +3.1 ug/g wet wt. 150 ES Accidental deaths Srhreeder et al., 
1969 

0.88-1.7 g/100 g ash 1.2 g/100 t a»t> (i««dlan) 121 ES Adult* Tipton and Cook, 
1961 

Larynx 0.71-1,a g/100 g ash 1.1 g/100 K ash (median) 49 ES Adults Tipton and Cook, 
1961 

TX-4907 
7-24-78 



MAGNESIUM (cont inued) 

Tisaua Range Haan Laval 
No. of 
Caaea 

Analytical 
Method Commenta Reference 

Liver o.ooso-o.ooau wet wc. Not given 2 Colorimetry 1 white (age 60) and 1 black 
(age A8) male 

Forbea at al., 
1956 

610-2046 uj/K dry wt. 1332 ug/s dry wt, 3 Not given Normal levela Koch at al., 1957 

Not given 140 ppai wet wt. 7 ColorImetry Sudden accident vie (lata Koch at al., 195( 

190-820 micromole/g axh Nut given 100 ES Adult« Parry, 1966 

340-750 mlcrooole/g aah Not given ISO KS Adulta Parry et al., 
1962 

Not given 172 + 5.2 ug/g wet wt. 150 ES Accidental daatha Schroedar at 
al., 1969 

0.83-1.8 g/100 g aah 1.3 g/100 g aah (median) 126 ES Adulta Tipton and Cook, 
1963 

Not given 128 + 44.0 ppat wet wt. 
101 + 28.0 ppm wet wt. 

12 Cheat; ES 7 nonclrrhotlc) 5 cirrhotic 
patient* 

Vallee et al., 
1957 

Lungs 0.0047-0.0069* wet wt. Not given 2 -olorlmetry I white (age 60) and 1 black 
(aga 48) Mala 

Eorbaa at al, 
1956 

1123.2-1338.5 ug/g dry wt. 1205 ug/g dry wt. 3 Not given Normal levela Koch at al,, 195} 

Not given 80 ppai wet wt. 4 Calorlmetry Sudden accident victim* Koch at al., 195(1 

244-820 ug/g dry wt. 517-518 uti/g dry wt. 26 AAS Aulopelea. J an - 91 ym, old. 
Varloua dlaaaaea. Chicago area 

Marka at al., 
1972 

300-600 mlcromole/g ash Not given 100 KS Adulta Parry, 1968 

260-550 micromole/g aah Not given 

. 

150 ES Adulta Parry at al,, 
1962 

TX-4907 
7-24-78 



HA6NESIUM (continued) 

Tissue. 

Lungs 

Muscle 

Myocardium 

Nails 

Nerve 

Omentum 

Ovarv 

TX-4907 
7-24-78 

Rant* 

Not given 

3,800-16,000 ug/g aah 

0.62-1.3 g/100 g aah 

0.017-0.01981 wet wt. 

Not given 

Hot given 

0.98-2.4 g/100 « aah 

613-1590 „£/» dry wt. 

0.0023-0.OUT. dry wt. 

0.0097-0.0107X wet wt. 

0.65-1.•> K/100 g aah 

0.70-1.2 R/100 g aah 

Mean Laval 

71 + 2.2 ug/g wet wt. 

9100 ug/g aah 

0.86 g/100 g aah (Median) 

Not given 

320 ppm wet wt. 

189 + 7.2 ug/g wet wt. 

1.3 g/100 g aah (Median) 

724-1290 ug/g dry wt, 

Not «ivnn 

Nut given 

1,2 g/100 g aah (aedian) 

0.87 g/100 g a»h (median) 

No. of 
Caaaa 

ISO 

119 ES 

119 ES 

2 tVlorimvtry 

12 [\>lorim*try 

ISO ES 

119 

26 

18 

72 

16 

Analytical 
Method 

ES 

ES 

AAS 

ES 

2 "olurine try 

ES 

KS 

Comment* 

Accidental death* 

Autopaiea, 9 title*, 

Aduita 

1 white (age 60) and 1 black 
(age 48) male 

Sudden accident victim* 

Accidental death* 

Adult* 

Aulopaie*. 5 mo - 91 yrx, old, 
Varlou* dlaeaaea, Chicago area, 

Age 1S-70 yr*. White. 

1 white (age 60) and 1 black 
(age 48) male 

Aduita 

Adult* 

Reference 

Schroeder at al,, 
196" 

Tipton at al., 
1964 

Tipton and Cook, 
1963 

Forbea at al,, 
19S6 

Koch at al., 19S« 

Schrueder et al., 
1969 

Tipton and Cook, 
196) 

Mark* et al,, 
1972 

i.oldblum et a l . , 
19S1 

Furbe* et a l . , 
19*6 

Tipton >nd Cook, 
1963 

Tipton and Cook, 
1963 

- \ 



I — _ 

Tissue 

• — 

Range Mean Level 
No. of 
Caaea 

Analytical 
Method Comment* Reference 

PaneTeas Hot given 260 t>[>« wei wt. 1 Color lir..-cry Sudden accident victim* Koch et al., 1956 

Sot given 160 + 4.4 wg/g wet wt. ISO ES At .idental death* Schroeder at »l., 
1969 

15-24 g/100 g ash 20 g/100 g aith (aiedlan) 114 ES Adult* Tipton and Cook, 
196) 

Placenta Not given 0.98 + 0,14 microaole/g 
dry wt. 

554 AAS Normal deliveries, Houaton, Texan Dawson, 1969 

Sot given 0.71 + 0.17 - 1.48 • 
0.25 mtcromole/g dry wt, 

554 AAS Dawson et al., 
1961 

Prostate Not given 300 ppm wet wt. 2 Color Utetry Sudden accident victim* Koch et al., 1956 

1.1-2.2 g/100 g dan 1.5 g/100 g aah (median) 40 ES Adults Tipton and Cook, 
196) 

Skin 0.0048-0.0102Z wet wt. Not given 2 Cnlurimvtry 1 white (age 60> and 1 black 
(age 48) male 

Forbes et al., 
1956 

0.O01-0.015X dry wt. Not gtven IB KS Age 15-70 yra. Whit*. Goldblum et al., 
195) 

Not given 59 + 4.0 ug/g wet wt. 150 ES Accidental death* Schrtedar et al,, 
1969 

7S-U2 mg/'kg -ity wt. Not given 27 AAS Subryan et *l,, 
1975 

0,60-1.1 g/100 g ash 1,36 g/100 g aah (median) 1» es Adults Tipton and Cook, 
196) 

TX-4907 
7-24-7* 



MACNKSIUM (continued) 

Tlsmua 

Spleen 

Stomach 

Tenh 

Testis 

Thyroid 

TX-4907 
7-24-78 

Range 

Not given 

Not given 

595-1208 «g/g dry wc. 

445-1080 ug/g dry wt. 

270-590 

Not given 

0.70-1.5 g/100 g ash 

Not given 

0.90-2.0 g/100 K <•"" 

88-5720 ppn. 

Not given 

Not given 
0.78-1.5 g/100 g ash 

Not given 

Mean Level 

0.0124* wet wt. 

85 ppn wtt wt. 

985 ug/g dry wt. 

567-716 ug/g dry wt. 

Not given 

128 + 4.2 ug/g wet wt. 

0.92 g/100 g ash (Median) 

J20 ppa wet wt. 

1.4 g/100 a ash (median) 

1650 + 890 ppm 

0.618* wet wt. 

150 ppa 
1.0 g/100 g ash (median) 

160 ppm wee wt. 

No. of 
Cases 

2 ?«lpr!meiry 

5 !\>h>r Imeirv 

3 Nut g i v e n 

2b M S 

too F..S 

150 KS 

121 

1 

Analytical 
Method T 

K.S 

3 ' o l o r t n v t r v 

110 F.S 

35 AAS 

> :ol<>r iBK'trv 

2 C O ] . T Imvtrv 

68 KS 

Coltir Imvtry 

Comments 

1 white (age 60) and 1 black 

(age 48) Male 

Sudden uccident victims 

Normal law'.a 
Autopsies. 5 BO - 91 yrs. old. 
Various diseases. Chicago area. 

Adults 

Accidental deaths 

Adults 

Sudden accident victims 

Adults 

School children In Cambridge, 
Mass. 

1 white (age 60) and 1 black 
(age 48) male 

Sudden accident victims 

Adults 

Sudden .iceidem victims 

Reference 

Forbes «t »1. 
1956 

Koch ec a)., 1956 

Koch at al., 1957 

Harks *t al., 1972 

Perry, !•*• 

Schroeder at al,, 
1969 

Tipton and Couk, 
196] 

Koch at al., 1*56 

Tipton and Cook, 
1*63 

Srudrvold et al., 
197J 

Forbes et al,, 
1956 

Kuch et al., 1956 

Tipton and Cook, 
196) 

Koch el al,, 1956 



MACNKSIUM (conttnuud) 

Thyro \d 
(continued) 

O.il-l.i g/VOO g ash 

Trachea 0.71-1.8 g/100 g ash 

Ucin« Mot given 

Uterus Q.tlO-1.? g/100 g a»h 

TX-4907 
7-24-78 

Range Mean Laval 

0.10 g/100 g ash (amdlan) 

l.i g/i00 g ash (awdlan) 

98 • S and 92 + 4 Kg/day 

1.1 g/100 g ash (Median) 

No. of 
Cases 

14 

57 

2 

10 

Analytical 
Mathod 

KS 

KS 

KlaM phoioaatry 

Coaaent* 

Adults 

Adulti 

Haalthy Hlii, aga 21 and 25 yrs. 
University at' Cincinnati 

Adults 

Reference 

Tipton and Cook, 
196) 
Tipton and Cook, 
m i 
Tipton at al., 
V«»9 

Tipton and Cook, 
m i 



-̂S^V. 

>*«» i 

A d r o n a 1 

B l . i d d e r 

B1 o o d 

Not g i v e n 

2 4 - 4 9 .,>;, jj .<>4h 

0 . 1 1 - 0 . 6 9 m k r o m o l e s / V 
a s h 

Not g i v e n 

4 - 1 7 L. s / ^ ;tsh 

Not - t v o n 

6 - 4 0 ; : K / S •••''I' 

Not Kiv>*n 

Not g i v e n 

0 . l h - 0 . 9 0 n x / m l 

Not s i v e n 

No t * I v'i'n 

.'•• i i I . - ' - , I 

16 • I. 1 ppm ; l sh 

12 1;«/S ;<sll 

Not g i v e n 

II ' 1 . 2 ppm . i s h 

« U K ' R a s h 

18 • 1 . 7 ppm a s l l 

11 i . g / i : -lull 

I 0 . 0 0 2 5 ' 0 . 0 0 0 2 ; 
| 0 . 0 0 2 8 • 0 , 0 0 0 2 ; 
i 0 . 0 0 1 1 • 0 , 0 0 0 1 ; 
| 0 . 0 0 4 0 • 0 . 0 0 0 1 mn/IOOml 

0 . 5 8 7 • 0 . 1 8 1 ; 
8 . 4 4 • 2 . 7 1 I . R / I I U T 

Nut g i v e n 

0.1X1- 0 . 0 6 ppm 

0 . 0 1 5 ng / lOO, -

I X - 4 9 0 7 
/ - 2 4 - 7 H 

MANHANK 

11 

iv: 

An.11 vi U .il 
M> Hi. . . ! 

100 

109 

109 

26h 

KS 

F.S 

l-'S 

NAA 

I ' n l u r Imel i v 

A d u l l H f r o m 15 i l l li-H 

A d u l t s 

Adul tH 

Adul tM from 15 i l l l e u 

A d u l t H 

A d u l t N I r o n 15 >• 11 I en 

Afl l l l lH 

122 l i l o o d d o n o r s ; 9 6 mil n i i . i l 
.nnl d e g e n e r . i t ! v e d l N e a i e 
p a l l - n t H ( S e r u m ) ; 4H norma I M 
( S e r u m ) ; 4H n o r m a l H ( W h o l e 
l i l mi l l ) 

IM/IKUM; w h o l e M o o d , Norma I s . 

I.OH Anno I O H , C a l i f o r n i a l a b 
wi i rk i ' iH , Serum 

v - r . i " spi-i I r o m o i r v h V ; i l t l i v umle i i mean ai'.e l ' i . t V I H , 
S e r u m 

No i 
g l vi>n 

K . : . i e n . r 

Si h r o n d « r « t ; i l . , 
1 9 6 6 

T i p t o n «nd C o o k , 
1 9 6 1 

I ' e r r v , 1 9 6 8 

S i l i r n n d u r «•! i l l . , 
1 9 6 6 

T i p t o n and C o o k , 
1 9 6 1 

Si l l lOi-dlT « t . l l , 
1966 

T i p I on (ind Cook, 
1961 

D u l l i"I i l . , 
! 9 6 4 

C u t / U N e t i l l . , 
1967 

Kcrn.indi'r. <>| , i l . 
I'id I 

Colmjtn e l n I . , 
1 9 6 4 

Kchnt* f t rt I , , 
1 9 4 0 

http://nii.il
http://degener.it


V 
hANCANKKt: ( r o u t Inui-il) 

Blood 
(vont lnuet l ) 

Body, t o t a l 
vuatunt 

Bom* 

Urn in 

Diaphragm 

Not yslvoi 

Not nlvoi 

•1.1-S. . ' ; 2 . ' - 1 0 . 1 !.«/« 
dry wt . 

Not Riven 

Not Ktven 

Not g i v e 

0 . 2 6 - 0 . 6 2 rolt romolvs/tf 
ash 

Not Ktv«n 

Not Ktvon 

10-12 UK/K «sh 

Not x lv«n 

6-12 II«/K ash 

>V.m I. .v. I 

I ) . Ir> i. n/ml 

1 ' l.v. 

4 . 6 ' 1.6.'; 6 . 6 ' /.. M 
l')*/"-. drv Wt . 

I). 100 HR/IOOR; 
II. 17" .«/100(5 wot wt. 

2 ppm ash 

0 . 1 1 • o . o l nv.ly, ilrv wt 

Not Rlv^n 

1 .00 nit/* «lry wt . 

.'0 • I ) . 7 |i|>m . I H I I 

IK HR/H rt.-th 

\1 • 1.2 ppm axh 

lr> uii/n atih 

No. .'I 
C . i s . s 

Not 
n i v o n 

16H 

40 j 
HI 

Not 
tiiVl'lt 

91 

100 

Not 
B IV I 'H 

127 

in 

<»l 

91 

An.ilvl I . . i t 
M.I li.ol 

Not nivtm 

Not KIVI-II 

AAS 

KS 

KS 

KS 

KS 

Not «lv«-n 

KS 

KS 

KS 

KS 

Comwi-nls 

AulopNli'H f r n i •)« i l t l i « » nnil 29 
rural arena 

Nortaala; niitfti>R«nli' Mnrromii 

Long bone; r i b hone 

Adult" f r o * I t I ' l t ir i i 

Above I IT, n ld 

Adulta 

Adult* from IS C U U H 

Adult* 

Adult* from l'i i l t l«n 

AdultN 

Ri'lvri'iM •• 

Kinton 1 Mini Sutllh 
1971 

Si-liri-udttr, 1970 

lane* <•! l l i . , 
1972 

Ktdiot- n t a I. , 
19*0 

Si-hru«d«r et a l . , 
1966 

Nu-ibima at a I, , 
19"»H 

I'tirry, I960 

Rrntoul and 
S*lth, 1971 
Sihroeder »t al, 
1966 

Tipton and Conk, 
1961 
Scttroitdvr »t a l . 
1966 

Tipton and Cook, 
196 1 

IX . ' in 



HANOANKSE (-onIinued) 

Not given 

6-40 U R / K ash 

Not given 

0.08-20 ppn 

<•;•..w i...v.-i 

17 • 1,5 ppn a»h 

n ug/g aah 

2.5 • 0.6 PR/day; 
3.0 • 0,4 mg/day 

2 . 1 ppm 

0 . 0 5 - 1 2 . 0 ; 0 . 0 7 - 1 1 . 0 Vig/g 0 . 5 6 ; 0 .95 us/% 

0 . 8 - J . 2 ; < l - 2 . 2 ppn 

1.0 x 1 0 " ' - 5 .5 x 1 0 ~ U 

dry wt . 

0 . 2 - 4 . 0 „g.'g 

Not giver. 

Not g iven 

Not / i v . . i 

No, of 
C.i-i.-.-i 

A n . i l v t i . 
Method 

a I 

66 KS 

66 KS 

(tot g i v e n 

Not g i v e n 

1.4 '..g/ji 

1 .466; 1 .062; 0 .549 ;.g/g 

2. 51 . .«/g dry wt. 

1 .7; 1.8 . .R/K dry wt . 

33 

498 

50 

18 

12 

l » : i « ; 
12 

Flame 
photometry 

NAA 

ES 

AAS 

KS 

AAS 

NAA 

Not Not g i v e n 
Ivi 'n 

i AAS; MS 

ColMTH'hl S 

Adult* from 15 i l l Irn 

Adult* 

Healthy w i l e * from Vnlvrr iUty of 
C i n c i n n a t i , 21 Jind 25 year* o ld 

Adul t s and c h i l d r e n , Oak Ridge, 
Tenn. 

Ch i ldren; udtiltN, I New York U l y 
convnun' t i e * 

25 male* , a»e 9-60 yrw. l 25 wonen, 
age 13-72 yr* . 

Wl\lte male* , 15-70 yearn old 

Male* and female* of variomi 
age* and d i v e r * e geographic 
area* , S c a l p h a i r . 

Com v o l s ; d i a l y x U p a t i e n t * ; 
uremic* 

Reference 

Schroeder et ill, , 
1966 

Tipton and Cook, 
196 1 

Tipton et Ml. , 
1969 

Rate and Dyer. 
1965 

Crea»nn, 19/5 

K«d« and t*»hilu,| 
19 7.1 

l io ldbhm et n l , , 
1951 

d inner* e t a l . , 
1974 

Mahler el a l , , 
1970 

Kent on) And 
Smith, 1973 

Yur.ichek el ,il., 
1969 



Ti-isiu-

Hearc 

Intestines 

Kidney 

Not given 

Not given 

0.27-0.086 mlcromoles/g 

Not given 

Not given 

12-40 jg/g ash 

Not Riven 

Not given 

25-100; 32-120; 33-200; 
24->400; 16-150; H-180 
ug/g ash 

Not given 

Not given 

0.82-2.7 taicroaoles/g ash 

MANOANKSE (continued) 

r 
M.-.m I..-V.1 

0.032 UK/100K wet Wt. 

0 .15 • 0 . 01 mg/lOOg Jry 
w t . 

Not g iven 

0 . 8 8 i ,g/g dry wt . 

23 • 0 . 9 pp* ash 

20 ug /g a sh 

0 . 0 3 5 ug/lOOg wet wt . 

7P • 1 0 , 0 ; 68 * 3 . 9 ; 
110 • 1 1 . 0 ; 180 * 3 1 . 0 ; 
76 • 9 . 7 ; 82 • 1 9 . 0 
pp» ash 

57; 58; 74; 110; 46; 
39 ug/g itsh 

0 . 0 6 0 ug/lOOg wet wt . 

0 . 3 0 • 0 . 01 stg/lOOg dry 
wt . 

Not g i v e n 

N\>. i.f 
C V I S . ' M 

Not 
g iven 

186 

\00 

Not 
g iven 

139 

139 

Not 
g iven 

67; 101; 
K4; 31; 
107; 42 

67; 101; 
84; 31 ; 
107; 42 

Not 
g i v e n 

316 

150 

An.ilyt li-.il 
Meiho.l 

KS 

Not >'iven 

KS 

KS 

KS 

KS 

KS 

KS 

ES 

ES 

Above I year o ld 

Adul t s 

Adul t s f roa 15 c i t i e s 

A d u l t s 

Adul t s f r o * 15 c i t i e s ; duodenum; 
)e.)unua; l l eus i ; cecvsa; s t g n o l d 
c o l o n ; rectus) . 

A d u l t s . Duodenum; ]eJunius; l i e u 
cecum: s igmoid c o l o n ; rectum, 

Above 1 year o ld 

S t . l . ou l s a d u l t s , died unexpec­
t e d l y 

K<<r!-rem' 

Kehoe e t a l . , 
1940 

NusbaiHR vt u l , , 
1958 

Perry . 1968 

Rentoul and 
Smith, 197 J 

Schroeder et al 
1966 

Tipton and Cook 
1961 

Kehue at al, , 
1940 

Schroeder et al 
1966 

Tipton and Cook 
J 96 J 

Kthoo et al., 
1940 

Nusbnusi e t a l . , 
1958 

Perry et al,, 
1962 
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MANGANKSK (continued) 

Ttaaiw 

Liver 

Range 

Not Civen 

Not Given 

Not Given 

0-1.5 aaj/tOOg dry wt. 

Not Given 

55-220 .g/g ash 

Not Given 

Not Given 

0.15-0.81 aticrocole/g aah 

0.25-1.3 alcroaole/g aah 

50-1700 ug/g 

Not Given 

0-1 a>g/100g dry wt. 

Mean Level 

28. 5-114 lijt/g aah 

A.65 u g / g dry wt. 

130>7.0 ppji nah 

Not Given 

1 .3>0 .3 ppn wet w t . 
17*0.56 ppai wet wt . 

100 ug/g aah 

0.022 g/100g wat wt. 

0.18-0.01 ng/lOOg dry 
wt. 

Not Given 

Not Given 

Not Given 

24*2.0 ppa aah 

Not Given 

No. of 
Caaea 

10 

97 

150 

100 

168 

141 

Not Given 

Analytical 
Method 

KS 

Not (ilveit Not Civ en 

148 KS 

Not 01von KS 

7; "> Chealcal and/or 
KS 

148 r.s 

Not Given KS 

KS 

ES 

KS 

Not CI veil 

F.S 

KS 

Consent* 

St. l.ouia urea male ri'Nldeni* 
kllled In accidentN 

Adult* from 15 cltlr* 

Chicago area cancer pat lent a 

Nunclrrhotlc patient*, cirrhotic 
patient* 

Adult* 

Above 1 year of age 

St. l.ouia adulta who died 
unexpectedly 

Adulta 10th and 90th percentile* 

Autopalea fro* 58 citlea and 29 
rural areaa 

Adulta from 15 citie* 

Chicago area cancer patient* 

Deference 

I'errv e t a l . , 
1971 

Rantoul and 
Seal tit, 1971 

Sctirocder e t a l , 
1966 

T i e t i e l a l . , 
1957 

Vallee ot nl., 
1957 

Tipton and Cook, 
1961 

Kehoe et a I., 
1940 

huabaiu* et a l , , 
1958 

Perry el al., 
1962 

Perry, 1968 

Schroeder, 1970 

Schroedar at al, 
1966 

T i e t a e t a l . , 
1957 

TX-4907 
7-24-78 



MANGANESE W o m i n u e d ) 

Tissue. Hans* Mean Level 
So. of 
Caaea 

Analytical 
Method 

Lang 5-170 „g/g ash 24 Lg/g ash 141 ES 

8-43 yg/g ash 17 ..g/g ash 141 ES 

Muscle Not Clveti 0.050 ;.g/100g wet wt. Not Given KS 

Not Clven 6-0.4 ppn ash 133 KS 

2-14 ug/g ash 5 :.g/g ash 111 ES 

Nails 6.3 x 10" 8 - 3,3 x 10" 7 

X dry wt. 
Not Given 18 ES 

0.41-1.81 '..g/gw 
0.42-1.38 ..g/gm 

1.91.1.18 ..g/g 
0.87-0. 31 ..g/g 

6 
12 

NAA 

Not Given 0.66 ..g/g, 1.199 ;.g/g, 
0.61 ..g/g 

I 1. IS 
12 

NAA 

Oaiencun Sot Given 48'9.8 pptn ash 7S KS 

13-78 „g/g ash 29 ..g/g .«s)i 7;, ES 

Ovary Not Given 18-2.2 ppm jah It. KS 

9-32 .g/g ash 16 ..g/g ash lc KS 

Pancreas Not Given I ti)'4.9 ppm .ish UN l-.; 

Consents 

Autopslvs from * i- i t :e* 

Adults 

| A Jul I * from IS oitie* 

| Adults 

, White ma Ion , IS-70 y e a r s o ld 

T h u n h n a l l s , . h l l d r e n , a d u l t s 

Controls, dialysis put lent*, 
tiremt.'* 

A d u l t s t voro IS i-lt ii'H 

A J u l t s 

A.lul IH i rom IS , i t ( , « 

A d u l t s 

A.lul !« 1 torn IS i-It t en 

"*"""" • — —. 
Ref • rente 

Tipton 
1464 

et .1., 

Tipton 
1961 

and Cook, 

Kehoe 
1440 

•t al. , 

Sihr.M'Ji't' rt .ll. 
19h6 

Tip ton 
1961 

and Cook, 

GoldMun et a)., 
19M 

Kanahr 
t»6« 

.kl ft .il 

Mahler 
19 70 

e t a 1. , 

S.hroe. 
|4t.f. 

e r e t .i 1. 

Tipt.'i 
|4h \ 

and Cook, 

Schroei 
1461, 

er el .il. 

Tipton 
1»6 1 

and look, 

S.luoi'i 
1'lt.h 

er et .il. 

TX-4907 



MANCASKSK l e n t l i n e d ) 

Tissue 

Pancreas 

P l a c e n t a 

P r o s t a t e 

S a l i v a 

Skin 

Spleen 

Range 

54-200 i»g/g ash 

Not Given 

Not Given 

7-28 u g / g ash 

0 . 0 5 - 0 . 7 9 ui / lOOol 

2 . 4 x l O ~ ' - 6 . 1 x l O ~ 7 X dry 
wt . 

Not Given 

6-17 ug/g ash 

Not Given 

Not Given 

0 . 1 9 - 0 . 7 4 s J c r o m o W g ash 

Not Given 

S - l ' utU ash 

Mean Level 

<>8 y g / g ash 

0 , 115*0.011 ug/g wr-t wt 

19*2.9 ppia ash 

14 ug/g ash 

Q . 2 8 . 0 . 0 6 ug/lOOtsl 

Not Given 

22*10 .0 ppa ash 

13 ug/g ash 

0 .022 Ug/lOCg wet w t . 

0 . 1 4 * 0 . 0 1 ug/g dry wt. 

Not Civen 

11*0.8 ppm ash 

9 ;lg/g ash 

No. of 
Case* 

118 

58 

50 

21 

18 

Not Given 

98 

100 

141 

143 

Analytical 
Method 

KS 

Sot GJvm 

r.s 

KS 

KAA 

KS 

KS 

ES 

KS 

KS 

KS 

KS 

KS 

Co mi'n tN 

AJrlin 

.southern and Southeastern 
hospital patients 

Adults from 15 cities 

Adults 

Normal adults 

White males, 15-70 years old 

Adults from 15 cities 

Adults from 15 cities 

Above 1 year of age 

Adults 10th and 90th percentiles 

Adults from 15 titles 

Adults 

Reference 

Tipton and Cook, 
1961 

Karp and 
Robertson, 1977 

Sihropdcr m at, 
1966 

Tipton and Cook, 
1963 

Kanabroekl et a I 
1965 

Goldblun. et al., 
1951 

Schroeder et si, 
1966 

Tipton and Cook, 
1961 

Kehoe et al., 
1940 

Nusbauts et al. , 
1958 

Perry. 1968 

Sehrorder et al, 
1966 

Tipton and Cook, 
1963 

TX-4907 
7-24-78 



MANGANESE (continued^ 

Tissue Range 

Stoeuch 

Teeth 

Testes 

Thyro id 

Trachea 

Urine 

Not Civen 

Not Given 

22-74 ug/g ash 

0.08-1.10 jg/g 

Not Given 

8-21 ug/g ash 

Nor Given 

9-IS i.g/g ash 

N-->t Civen 

7-24 .j/j ash 

Not Given 

Not Civen 

Mean Level 

0.030 ug/100g wet wt. 

47-2.5 ppn ash 

42 ug/g ash 

0.32?0.00 ^g/g 

14.-0.6 ppm ash 

12 '-g/g ash 

19'2.3 ppn ash 

17 ig/g ash 

14r1.0 ppn ash 

12 .g/g ash 

O.8:-0.34 ..H/R Jay 

0.01 ..tc/lltor 

No. of I Analytical 
Cases i Method 

Not Given 

129 

129 

56 

72 

21 

lb 

Nut Given 

ES 

KS 

ns 
MS 

ES 

ES 

ES 

E'i 

IS 

ES 

SAA 

CoBswnts 

Adul ts from 15 «.• I tins 

Adults 

20 \ears old. Enamel 

Adults from 15 i-lt if* 

Adult" 

Adults from 15 i-llli's 

Adults 

Adults Iron 15 elites 

Adults 

IHalvJ'i'd urini' 

Reference 

Kehoe «-t a l . , 
1940 

S i h i o i ' d e r f t a l . 
1966 

T i p t o n and Cook, 
1961 

l.osee >•( a l . . 
197 1 

S e h r o e d e r e t a l . 
I9h6 

T i p t o n and Cook, 
19M 

S . h r o e d e r f t a l . 
1966 

T ip ton and l'o.<k, 
1961 

Sohroedor e t a l . 
l«»hh 

T i p t o n and Cook, 
196 1 

Kanahroik 1 ei .tl 
1965 

Kelioe et a l . , 
t9.',(l 

TX.-4907 

file:///ears


•\tJt,\-m'W^^~**~-''' 

Tissue 

> • ' — - ' -

Range 

Urine < 12-66 - s / ) i t . T 

Not Clwn 

Not Given 

Not Given 

Uterus Not Given 

7-20 ug/g ash 

TX-4907 
7-2'.-78 

M.\Nl«NKSK (continued) 

Mean Level 

26.7 •„>•/liter 
.'3.A ' . .g / l l tcr 
29. 1 : , K / H t c r 
30.1 i s / l i t e r 
25.1 u g / l i t c r 

15.1 . . g / l l t e r 
28.4 Lg/ l icer 
21.5 t g / U t e r 

35 ppb, 65 ppb 

0.043-0.08 mg/day, 
0.053•0.016 ng/duy 

12*1.3 pp« ash 

10 ug/x ash 

No. of 
Cased 

10 
14 
10 
U 

15; 15 

31 

31 

Analytical 
Method 

K.S 

Not Given 

Fl;iiiH' photometry 

KS 

ES 

CosMvntM 

Normal A»erlcann ages 'i-69 years, 
femnlen, nnleH, negrocH, co.i-
. .ml.inH 

Aaerlran hypercholenti-roleml c 
p a t i e n t s ages 21-6) year*! 
before Na.Ca KDTA adnlniHtrntIon, 
during Na-('-a EDTA adsilnlHtrnt ton, 
a f t e r Na.Ca KDTA adminis t ra t ion . 

Normotensive, hypertensive 

Adults I Tom 15 cities 

Adult« 

Reference 

Perry .ind Perry, 
1")5>) 

Perry and 1'errv, 
1959 

Perry, 1968 

Tipton et al., 
1969 

Sc hroeiler et « l . 
I96fc 

Tipton and Cook, 
1961 



• 

Tliaue Range 

Adipose Not given 

Adrenal 2.0-15.8 ppm 

Blood Not given 

Not given 

0.5-6.0 uS/H<K 

Not given 

Not xlven 

Sot Riven 

Not .:iwn 

..ot ..ivell 

o.oo-o. ii I'̂ T. 

Mean Level 

MrSUTH"!' 

No. of 
Caaen 

0 .008 ops 

Not g i v e n 

0 .048 • 0 .044 ...;/.< J r v 
u t . 

0 .054 • 0 .0*8 ..u.'jj J r y 
wt . 

. S.H v.lven 

5J ppb ; >** |<| 

5.8 + 0 . 7 ; i . 0 + 0 . 8 ; 
. ' . '• + J . i ng n l 

M . -S • S.\; : : . ^ + 1.0; 
8 . '* + 0 . * n.^ 'Eit 

4 . i • 0 . -. ; •> . ' ' • 0 . 8 ; 
i . \ * O . i n, ; -i ' . 

M l . J + 1 0 . 0 ; J . ' , • * " . •; 
' 1 0 . 8 • l . o ng/ml 

Sot g i v e n 

8 : : 

Not r.vcn 

Ana I v t U' A t 
Method 

AAS 

C .' L.' 1 '. ~k M ' 

So t i l . ' f l l 

.v\s 

• U S 

(VMfttt» 

i f>-Vf . l l - o ' . i l > ,1.1,1V. I 

\ u ! oj 'S l.-.l 

' . ) i o s ; > i t . l l » , N a N l l v l l l e , , 'iT.' ' .. 
' Mot hei ' s Mood . 

! t ) l O S ' , ' l t . l l s , N.I*tlVl '. l e , I .".HI. 
>Y.-:.i\ M o . . . ! . 
( 
K i ' O . l l i ' s , .tg e 1 ' - • . ^ M % , , I ' . i l . t l 
' O l i l o 

Mi.M.;.i:i r e s i d e n t * , whole M •. 
le.i ^-'.oo.l . - e l l * . 

' t o . i ' i l . i ' , l l l t e t ' l o t ; , . ! { \ o i n v ' . ' . ' l 
! I ' l . l >:•:.. . 

ii . - . I*! , \! ; I n t e l l o i ; m !>.m r-. • I lioi 
• ;KeJ ! - l o o J O ' l l s , 

jl o.i!> t V. ; i n l e t l o i ; u l \ i : i i:>!.i'. 't 
I n . i .SUM. 

\ ' o . l f . t . 1 ! ; i u t e T l o t ; u r l ' . m u . l l - . t 
Red Mood - e l U . 

O'ea'. '.t ',-. " I I V N , tr.e.iu . t o . ' . ' '. I 
;Sel L IS . 

T.X-4907 
7 - J 4 - 7 H 



Tissue 

Bl.Ks! 
( c o a t IIUMMI ) 

B r a i n 

Range 

i l . l ) - ; . \ S ;iS.M'W n l 

0-10 ppb 

1 .0 -2 , > ug.-'lOO ml 

- 1J00 n g / m l ; t.1.001 -
0 .017 » S / K 

- J000 n g / m l ; 0 .001 -

0 . 0 2 0 . .*/< 

Nut g i v e n 

0 . 0 0 J - 0 . 0 1 7 ppai v e t v c . 

0 . 0 0 2 - 0 . O i l pp« wet w t . 

0 -8 ppb ; O-b pph 

Not g i v e n 

Nut g i v e n 

Nut g i v e n 

Mean l.cvi'l 

" .•> ..s loo ml 

8 i-pl. 

1 .0 ,.>-, 100 ml 

Sol g i v e n 

iNot rilvon 

l . b + 0 . 1 n g / n l ; 
2.A + O... n g / m l , 
1.0 + 0 . . ' ng/ml 

0 , 0 0 8 ppm wet w t . 

0 ,007 ppm wet w t . 

Not g i v e n 

0 .02 ug/ral 

0 . 0 5 ppn 

0 . 093 ppm 

TX-4907 
7-24-78 

I'KY (, . ' in i n w r . n 

N o . of i A n . l l v t l . l l 
CIMIVS M e t h o d 

\ > ! o t i :••«• c I -

.'10 

11 

N o t ,•, t v > - n 

S o l ,, i v i ' i i 

10; 10 

SO 

170 

Not V-IVIMI 

\AS 

S . ' t U i V I T . 

S o t K l v i - n 

Not »;lver, 

M S 

SM 

M S 

Not .-.(veil 

Sol >•, Wen 

(X; U ' - IY 

CoMtirut w 

,'1 rcl.l.lli- . L is ' . , W.|..1.|IU'I " l i . 

" . o t h . ' l , Hi l l f . l l o , N . V. 

Kxi" ' n i ' i 1 ; n n r n u i l M . M o t h e r 1 - ' 

M " i > . l , 

K x p o - . ! - . ! ; i i n r i i i I 11 , V i ' t . i l t . l . 

f\>', h o s t i ' i ; A l i t f k * , A l . i s V . i 

1 p 1 .1*DUI 1 

i-.l t i l , . . « l , r l l « 

IM.»s-s.» 

' w . i v , \ ' i ' ; 

.11 t u n y •*".! 
i t l i m . n i , 1 W 7.' 

Ki-f e l r n . r 

• I ' lw . i t 1 1 . i i i . l 
. I. '.,111, ! ' " . > ' 

•I'.<« I . . ! ! ( ( . ' 
I 'Wh 

ki >. in ,in<j 1 /,'ii^-

.1 r k m . 1 1 , l i ; . ' 

\n 1 ' . . ' t . l l . , 

i . ' i N h , i r . . e t i l . , 
•1; •'. 

M . i t . r m l ; i w b t l l t . i l . . . t i l . l . w . i r l t k l i . i t , i l . , 
C l t V ,m>l t ' M t ' A g i . . i T r a n 

S.>r».il I r v r ) 

t V H i i i , H u t l . l l o , S . Y . 

; . \ u t o p s l r n , .IK** * i - ' ' . v r « . , 
i l 1 *! 1-1'<72 

| ' i ;>, 

Krnt'Mil an.) St t i t t i 

' i / IM.IHK »ll ' l 
l l n U M I I , I 'il: 

i V v . i r k I.111 i t 1) . , 
I * ' 1 

http://itlim.ni
http://'lw.it
http://llt.il
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4 

Tiaaue 

H a i r 
(c-jnl inu«."J) 

Heart 

k a n g v 

O . i K a - t l . 10 . .*; < ; 
o . r s -u •„«/« 

O . J - U * . . i v : a ; 
0 . 1 - 10 ppm 

Not ^ i v o n 

>. l - l - ' S un'*; 

i - T O ppm; ">-10l> prtn 

Not K ' v , ' n 

S o t g i v e n 

492-12,000 ppb; 

1 9 0 - 6 1 - 3 ppb 

Not given 

0 . 0 4 7 ppm 

1 . 1 - 1 0 . 4 ppm 

0 . 0 1 2 - 0 . 7 0 4 u g / g w- t w t . 

Mr.tn U ' v i ' l 

^ . . ' A ' • vi.K.'l ; ». •• • 
0 . /'-.U; •. . I'. > • •'. 7*ti . , 

V ' t .'. i v . n 

_\>. . pjit:; : ^ . b ppm 

I , . % ) • il,0J>» ppm 

i . s . ' . .H '* dry wt. 

1708 ppb 

0 . 0 5 2 ppai 

Not g i v e n 

Not s i v o n 

0 , 1 0 2 i . f t /n wo t w l , 

N,>. .>• Anal vl ! . .i'. 

t 

\A • 

V >t >. IVi'll AA' 

I . " ; \ , \ 

S.'t >\ Iv.-ll S.'! ,;iv 

Sot * l v . 

i n 

-1. 

- t • . ' m n m i i i ! I «"• 

• f>i i . t *, , i . i n ••', , 

i ,. . t i ' . , ( n i i i t . r , . i • 

( . . , . , „ . • ' " , : 

; ! • - • . . 

H . . * . ' * * ' ! ! ! f t ' i l hA t I 

V i m < > \ N - v f 1 ' 

« .>n« 'n , nM'i 

. .f>- V f A l ~ .> l i { < -l .J.V.'rt 

A 1 1 1 . • ; * 1 1 • , i • : i 

1 , . . . 

A A s ; . 1, t i - « • i v j A u t - ' j • i t i ' » 

l t n - n l . i •<»•< ' • • I I ' 

I . ' • • . 
I 
I 
, ' r .rv. t '• I . u . •• l •>! . 
II M ' I 

| • •• v l r W*i. «-1 * . 
t ' , 

t l « ' . i l . . ! X-\ . , 

T X - 4 9 0 7 

7 - 2 4 - 7 » 
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MERCURY (continued) 

Tissue Range Mean Laval 
No. of 
Cases 

Analytical 
Method Coaawnti Reference 

Herat 
(continued) 

Not given 1.^6 ug/g cry wt. Not giver Not given Normal level Rentoul and Smith, 
1973 

Kidney 0-0.40 ppa Not given 28 CC; UC-EC Autopaiea, age 4-74 yra., 1913-
1972 

Kevorkian et al., 
1973 

1.6-27.2 pom Not given 59 AAS; colorlmctrv Autopaiea Kevorkian et al,, 
1972 

0.14-2.3 ug/g dry wt. 
0.35-5.3 ug/s dry wt. 

0.99 + 0.S4 uf/g dry wt. 
9.4 +~14 ug/g dry wt. 

6; 
12 

NAA Infant*; adult*. Autopele*. Llvlngatone, 1971 

0.35-53 ug/g; 
0.14-23 ug/g 

9.4 ug/g; 0.99 ug/g 12; 
6 

NAA Adult*; Infanta. Kenal cortex. Livlngaton, 1972 

0.006-6.40 ug/g wet v»t. 0.7 59 ug/g wet wt. 11) AAS AutopHlen, 26-wk fetuaea, Pugrt 
Sound, urban am) rural 

Mottet and Body, 
1974 

Not given 9.03 UR/K dry wt. Not given Not given Normal level gentoul end Smith, 
1971 

0.075-3.36 ppm 0.762 ppn wet wt. 45 AAS 30 male*, 15 female* Stein et al., 1974 

Liver Not given 0.005 pp*> 1 Colorlnwtry 4b-y*nr-old cadaver Forbe* et al,, 
1954 

0.02-0.10 ppm 0.0b ppm 10 Not given StUtbirtha, Buffalo, N.Y. Hartung and 
Olnewn, 1972 

<0.01-0.39 ppm 0,0b Ppm 4) Not given >'etu», Buffalo, N.Y. H.irtunn and 
Dlneuin, 1972 

TX-4907 
7-24-?3 



MERCURY (cont inued) 
1 

TUaua Range Mean Level 
No. of 
Caaaa 

Analytical 
Method Cooaanta Reference 

Liver 
(continued) 

3.0-19.9 |>p* Not given 59 AAS; i-oloriaetry Autopaiaa Kevorkian »t al., 
1*72 

U.008-1.43 Ug/g wet wt. 0.250 ug/g wet wt. 113 AAS Autopalea, 26-wh fatuaee, Puget 
Sound, urban and rural 

Hottet and Body, 
1*74 

Not given 3.66 ug/g dry wt. Not given Not given N O T M I level Rentoul and faith, 
1*73 

0.026-0.345 ppa 0.172 ppa wet wt. 20 AAS 30 salea, 15 feaalea Stain at al., 1*74 

Lung Not given 0.017 ppa 1 Coloriawtry 46-year-old cadaver Korea* at al., 
1*J4 

2.0-14.4 pp* Hot given 59 AAS; colorlaetry Autopalaa Kevorkian at al., 
1*71 

0.0-2.76) ug/g wet wt. 0.2)1 ug/g wet wt. 113 AAS Autopaiea, 26-wk feeueea, Pugat 
Sound, rural and urban 

Mottat and fedy, 
1*74 

0.007-1.5 ppai wet. wt. 0.03 p| a wet wt. 47 AAS 30 Males, IS females Stein at •!., 1974 

0.004-1.5 ug/g wet wt. 0.04 ug/g wet wt. Not given Not given Autopaiea, Loa Alaaoa, New 
Mexico 

Stein et al,, 1»72 

Hllk Not given 7.6 • 2.7; 3.2 + 0.8; 
3.3 + 0.5 ng/al 

38 AAS Coaatal; Interior; urban. 
Mothart 

Gainst, 1*74 

<200 ng/al Not given Not given Not given Expoaed Kooa and lorgo, 
1*7* 

Mot given 0.93 pub 170 AAS Iowa City and Chicago araaa Pitkin at al., 
1976 

TX-490? 
7-24-78 



MKROJKY (continued) 

Tlaaue Rang* Hean Level 
Mo. of 
Caaea 

' 
A n a l y t i c a l 

Method Coemnta Reference 

Nuacle Not g i v e n 0 . 0 2 0 pom 1 C<ili<rl:m-try 4 6 - y s a r - o l d cadavur Forboa e t a l . , 
1954 

1 . 0 - 1 1 . 1 pp* Not g i v e n 59 AAS; i-olorimt-try Autopale* Kevorkian e t a l . , 
1972 

0 . 0 - 0 . 9 ) 4 t g / g wet wt . 0 . 1 2 6 ug/g wet wt . H I AAS Autopalea , 26-wk ietuntn, Pugat 
Sound, urban and rural 

Moctat and Body, 
1974 

Nerve Not g i v e n 0 .047 pp* 1 Cph>r laic try 4 6 - y e a r - o l d cadaver Forbea e t a l . , 
1954 

Of fa l Not g i v e n 0 .024 ppa 1 Culorlawtry 4 6 - y e a r - o l d cadaver Korbea e t a l . , 
1954 

Ovary Not g i v e n 0 . 2 ppa i s AAS; i - o l o r l i w t r y A u t o p s i e s Kevorkian e t a l , , 
1972 

Pancreas 0 . 9 - 2 9 . 6 ppei Not g i v e n 59 AAS; c o l o r lawtry Autopatea Kevorkian e t a l . , 
1972 

0 . 0 0 7 - 0 . 5 1 1 ug/g wet wt . 0 . 0 6 5 UR/K wet wt . H I AAS Aim-, . ' ( i a, 26 wk f a t u a e a , Puget 
Sound, urban and rural 

P'>ttet and tody , 
1974 

P lacenta Not g i v e n 0 . 1 2 9 + o . l o l wg/g dry 
wt . 

10 AAS 4 h u a p l t a l a , K a a h v l l l e , Tvnn. Raglan e t a l . , 
1974 

Mot g i v e n 1 .51 ug/ lOg 54 Cotoi ' l iwtry F««aU «, age 17-49 y r a . , rural 
Ohio 

kenning, 1951 

Not g i v e n 18.u • 5 . 1 ; 10 .7 • 
r . . t»; 11 .6 + l . j ng /g 

18 AAS Coaatu l ; I n t e r i o r ; urban. 
Mothvra. 

G a l a t e r , 1976 

Not Klven 0 .014 + 0 .001 ug/K wet 
w l . 

')8 Ni>t g i v e n City h o a p t t o l a In South and 
Southaaat 

Karp and 
Robertaon, 1977 

TX-4907 
7-24-78 



MKRCURY (cont inued) 

Tlaaue 
' — — 

Range Mean Level 

— 
No. of 
Caaea 

Analytical 
Method Coeawnta Reference 

Placenta 
(continued) 

0.010-0.803 ug/g wet wt. 0.087 m/(t wet wt. 113 AAS Autopaiea. 2*-wk fetuaee, Puget 
Sound, urban and rural, Cord. 

Hottet and lody, 
1974 

Not given 2.28 ppb 170 AAS Iowa City and Chicago ar»»» Pitkin at a),, 
197b 

Skin Not given 0.003 pp*> 1 Colorlawtry 44-year-old cadaver rorbea at al., 
1954 

0.004-1.:75 wg/g wet wt. 0.191 ug/g wet wt. 113 AAS Autopalaa, 2»-wk fatuaea, fugat 
Sound, urban and rural 

Hottet and body, 
197* 

Spleen 1.8-lR.ft ppat Not given 59 AAS; rolnriaotry Autopaiea Kevorkian at al., 
1972 

0.012-1.205 ug/g wet wt. 0.122 ug/g wet wt. 113 AAS Autopaiea, 24-wk fetueak, ruget 
Sound, urban and rural 

fottet and body, 
1974 

Teeth Not given 5.3 + 5.4 ug/« 38 Colnrlawtry California Kuhnleln and 
Callaway, 1977 

Teat la 1.9-7.8 ppa Not given 59 AAS; color lawtry Autopaiea Kevorkian at al., 
1972 

Thyroid Not given 0.1 i>pa> 59 AAS; I'olorlantry Autopaiea Kevorkian at al., 
1972 

Urine Not given 10-3740 ug/Uter ;A ColorInetry Ceaalea, age l,"-*b yra,, rural 
Ohio 

banning, 19>b 

4.5-118.5 ug/lJter; 
0-22.5 ul/ltter 

34.0 ttg/litar; 
4.5 ug/llter 

22 Color1Marry 10 axnoaad; 12 control Goldwtter arid 
Nicola ., 1966 

. .. 
TX-4907 
7-24-78 



MERCURY (continued) 

TlMKM 

Urine 
(continued) 

Uterus 

TX-4907 
7-24-78 

Range 

0-221.0 u|/llur 

<2.91 ug/al 

0.003-0.017 pp* wet wt. 

Not given 

11.7-20.5 ppo 

Mean Level 

Not given 

Not given 

0.008 ppa wet wt. 

0.023 ug/g dry wt. 

Not given 

Ho. of 
Caie* 

68 of 
308 

Not given 

Hot glv«n 

Not given 

S9 

Analytical 
Method 

Not given 

Not given 

Not given 

Not given 

AAS| colnriaetry 

Coejeenta 

New York City, California, Ohio 

Expaaed ewthera 

Normal level 

Autopaiea 

Jacob* at a l . , 
19*4 

Kooa and longo, 
197* 

Hanaro at a l . , 
1974 

Kentoul and fa i th , 
19/3 

Kevorkian at a l . , 
1972 

Reference 



imm*9#i*t*"*nw •" ,. „ .^.^ip^jft^wi.jv ,<***. r-T*1" 

3 

Tlssu* 

Adlooao 

H U M A ctasuaa 

Mnga 

Not glvan 

0.16-5.94 

< 1 . 0 - l , H 

Mot | lv*n 

Maan Laval 

5.2 p)« <hl|ltcat value) 

2.50 ppa> 

0.1» ppa <0,0» ppa 1! 
nagativaa lncludad) 
Hoc datacted 

7-2«-7» 

MUEX 
Ho. of 
Caaaa 

Analytical 
Mathod 

50 < 

6 

1M> 

1436 

Hot Rivan 

GC-EC 

Hot g lvan 

CC-EC 

Caaxanta 

• aoutharn atataa; 20J of tha 
aaaplaa paaltlva 
Rural adult* 

lajtplaa taaan tn traataant araaa 

Llait of detactaalllty 10 ppa 

Rafaraitca 

Anaayawua, !•?• 

Kut« at al., 
1»7» 

Aiwnyaoua, !•?* 

Savaga, l»7a 



MOLYBDENUM 

Tiara Ram* Mean Level 
No. of 
Caeca 

Analytical 
Method Consents Reference 

Adipose Not given S.1 ug/g ash 177 ES Accident vietlaw Schroeder et al., 
1970 

Adrenal Not given 15.C ug/g ash 177 ES Accident vie(law Schroeder et al., 
1970 

<4.0-22.0 ufV* *»h IS ug/g ash (median) 10 of 13 ES Autopsies. 9 U.S. cities Tipton and Cook, 
1961 

Aorta Not given <2.0 ug/g ash 177 ES Accident victim* Schroeder et al., 
1970 

<4.0 - <4.0 ug/g ash <4.0 ug/g ash (median) i or 104 ES Autopsies. 9 U.S. cities Tipton and Cook, 
196) 

Bladder Mot given 0.02 pea 2 KS Sudden accident victims Koch et al., l»S» 

Not given <2.0 ug/g ash 177 ES Accident victims Schroeder et al., 
1970 

<4.0 - ^4.0 ug/g ash <4,0 ug/g ash (median) 6 of 110 K.. AutopNitf*. 9 U.S. cities Tipton and Cook, 
1961 

Blood 0.50-IS.71 ug/100 ml 0.50-41,0 ug/100 ml 229 Colorimetry Whole blood; 4B ol 229 samples had 
undetectable amounts (<0,S ug/100 
ml) 

AlUway et al., 
1961 

Sot given (.») '.0021 and 
(h) '.0072 ag/100 ml 

266 ES Patients, blood doners, and norm.tl 
Individual*. Los Angeles area. 
(••> rerun, and (b) Whole Blood. 

Butt et al., 1964 

0.10-0.JO ppn Nut given 19 X-ray apectromctry Healthy mules, mean nyv IS.), 
Blood serum. 

liofman et ill., 
1964 

Bone Not gtvjn <4,0 ug/g ash 177 ES Accident victim* Schroeder ti al., 
1970 

TX-4907 
7-24-78 



MOLYaDKHVM (continued) 

1 ijmm 

i • 

Hang* Mean Level 
Ho. of 
Caaea 

Analytical 
He (hod Coeatent* Reference 

Brain Mot given <0,<X pfm J iS SuJdarn accident vlcttaw K*ch ei at., 19}e 

Hot given 3.0 us/K «»>> 177 KS Accident vice let* Schroeder et al. ( 

1970 

<4.0 - <4.0 vg/g *ah <4,0 ug/t aah (awdlan) 1 o( 129 es Autopalea. * U.S. clttea. Tipton and Coek, 
19*1 

Diaphragm Hot given I'D ug/g uah 177 KS Accident vlctlM Sehteeder et al., 
197-

<4,0 - <4.0 ug/l aah <4.0 ug/g aah (redIan) 3 of 91 ES Autopalaa. * U.S. cltiea. Tipton and Cook, 
196J 

Eaopiugua Hot given <2.0 ug/g aah 177 ES Accldeir. victlaa Srhroeder et at., 
1970 

<4.0 - <4.Q ug/g »ah <4.0 ug'g aal. (Median) 1 of 66 ES Autopalea. 9 U.S. citiaa. Tipton and Coek, 
196J 

Fecea Hot given O.OaS • 0.017 and 
0.099 .• 0.015 ag/day 

2 ES Healthy aalea, Cincinnati, Ohio Tipton at al,, 
19«9 

Hair Hot given 0.13 and 0.21 ug/g dry 
wt. 

2 AAS; MS None Yurachek at al., 
1969 

Heart Hot given 1.8 wg/g aah 177 es Accident vietlata Schroeder at al., 
1970 

<4.0 - <4.0 ug/'g aiih <4.0 MK/K aah (aadlan) a of 140 t.« Autopalea. 9 U.S. cltiea. Tipton and Cook, 
19*1 

Inteitl i« Hot gl-'en <0,02 and 0.04 pnat 1 and 7 KS Sudden accident vlctlM. low 
value-large intestine and high 
value-wall inceatlne 

Koch at al,, 1916 

TX-49C7 
7-24-78 



HOLYRDENUM (cont inued) 

Tlaeue Range Mean Laval 
No. of 
Caaaa 

Analytical 
Method Coasenta Reference 

Inceatina Not given 4.0 ug/g aah 177 ES Adult. Duodeniaa. Jcliroeder ec al., 
1970 

Not given 4,0-5.5 ug/g aah 177 ES Adult. Jatunua. fchroeder at al., 
1*70 

Nut glvan <4.0 ug/g .INII 17? ES Adult. lieu*. Schrovdar et al., 
1970 

Not glvan <4,0 ug/g aah 177 ES Adult. Cevua, Schroeder at al,, 
H 7 0 

Hot glvan :.'> ug/( aah 177 ES Adult, Sigaoid colon, Schroeder at al., 
1*70 

Not given 2.0 ug/g aah 177 ES Adult. Meciue), Schroeder at al., 
1970 

<4.0 - •-.0 „g/g aah <4.0 ug/g uah 6 of ti7 ES Adult, Duodenua. Tlpfon and i:«ok, 
1965 

<4.0 - <4.0 ug/g anh <4.0 ug/g aah 7 of 10J es Adult. Jejunus, Tipton and Cook, 
1963 

<4.0-9.0 ug/g aah <4.0 ug/g aah 18 of 83 ES Adult, Ilaua. Tipton and Cook, 
19*1 

<4.0-5.0 ,g/g aah ^4,0 ug/g aah 6 of 31 ES Adult. Cecua, Tipton and Look, 
19*1 

<4.0 - -4.0 ug/g ash <4.0 ug/g aah 4 of 108 ES Adult. Sigmoid colon, Tipton and Cook, 
19a) 

<4.0 - <4.0 ug/g aah 4,0 ug/g aah 2 of 4.' ES Adult. Rectua. Tipton and Cook, 
1963 

TX-490? 
7-24-78 



MOLYBDKNVH ( c o n t i n u e d ) 

Tissue tank* Mean Level 
«o. of 
Caaea 

Analytical 
Method Content a Reference 

Kidney Not given 0.24 pp» 6 ES Sudden accident victlaa Koch et al., 19 J* 

0.H-2.J ug/g dry wt. 1.H6 ug/g dry wt. 6 Cotoriaetry None Koch «t a'., l»S7 

li.0-31.0 tg/K a»h Not given 177 ES Accident victiaa Schroader et al., 
1*70 

0.0-0.5* ag/100 g d Ty 
wt. 

Not given Not given KS None Tleta ft al., 
1»S7 

20.0-48.0 ug/g ash 31.0 Mg/g a*h 140 of 
144 

ES None Tipton and Cook, 
1**3 

Larynx Not given <4.0 ug/g «»h 177 es Accident vlrtias Schroader at al., 
1970 

<4.0 - <4.0 ug/i »»h <4.0 ug/g aah (Median) 1 of 50 ES None Tipton and Cook, 
1961 

Liver Not given 0.7 ppai 5 ES Sudden accident victiaa Koch rt al., 19J* 

2.8-9.6 ug/g dry wt. V I ug/g dry wt. i Cotorlwetry Nona Koch et al., 19S7 

Not given 228 + 178 ug/g ash 10 ES Malaa, "> black and S white; 
accident victlaa 

Parry at al., 
1*73 

S3.0-77.0 ug/g aah Not given 177 ES Accident victiaa Schroader at al,, 
1970 

0.0-2.0 an/100 a dry wt. Not given Not given ES None Tlati at al., 
19S7 

32.0-140.0 wg/g aah 75.0 Wg/g aah 147 ES None Tipton and Cook, 
19»J 

TX-4907 
7-24-78 



MOLYBDENUM (cont inued) 

Tiaaue Kanga Mean Level 
No. of 
Caaea 

Analytical 
Method Coejaenta Rafereace 

Lung Not given 0.24 ppn 4 ts Sudden Accident victim* Koch et »1,, 19 J6 

0.2-6.1 ug/g dry wt. 2.2 ug/g dry wt. 4 Colorlaetry None Koch et al,, 19S7 

Not given Mln. - 20 ug 
Max. - 200 ug 
Retained per yr-0.0 

168 Not giver Autopay aaaplea (run S8 cit lea 
and 29 nonurbun areaa 

Schroader, 1470 

Not given 2.7 ug/g aah 177 ES Accident vlctiM Schroedttr et al,, 
1970 

0.0-0.11+ Not given Not given ES None Tleti et al., 
19i7 

<4.0-20.0 ug/g aah <4.0 ug.'g aah 5 of 141 ES Autc-valea. 9 U.S. cltlea. Tipton at al,, 
1964 

<4.0 - <4.0 ug/g aah <4,0 ug/g aah 5 of 141 ES None Tipton and Cook, 
19*1 

Muacla Not given 0.03 poet 8 ES Sudden accident vlctlma Koch n *\., m t 

Not given '4.0 ug/g aah 177 ES Accident vtcdaa Schroeder at al., 
1970 

<4.0 - <4.0 ug/g aah <4.0 ug/g aah 2 of 116 ES None Tipton and Co x, 
196} 

Oaten Cua <4.0-l2.U ug/g aah Not. given 177 ES Accident victla* Schroader et al., 
1970 

Ovary <4.0 - 4.0 ug/g aah <4,U ug/g uali 0 of 16 ES None Tipton and I'lva, 
1961 

Fancreaa Not given 0.01 ppM 1 ES Sudden accident vlctlaia Koch »l Al,, 19S6 

TX-4907 
7-24-78 



MOLYBDENUM (continued) 

Tlsau* Rang* Maan Levi 
No. of 
Caaaa 

Analytical 
Method Coaaanta Reference 

Pancreas Not given '•-' ug/g a»h 177 F.S Accident victiaa Jchroeder at al,, 
1*70 

<4,Q - <4.0 Wfc/g aah <*.0 ug/g aah 12 of 119 es None Tipton and Cook, 
19*1 

Prostate Not given 3.9 ug/g a«h 177 ES Accident vtctlaa Schreader at al,, 
1970 

<4.0 - <4.0 ug/g ash <4.0 yg/g lah 2 of JO es Nona Tipton and Cook, 
1**1 

Skin Not it Ivan '2.0 ug/g aah 177 es Accident victiaa Schroeder at al,, 
1*70 

<4,0 - <4.0 ug/g aah <4.0 ug/g aah 2 of 22 r.s Nona Tipton and Cook, 
1*»3 

Spleen Not given 0.1 poa J es Sitddan accident victiaa Koch at al., 1*4* 

0.0-1.2 ug/g dry wt. 0.5 ug/g dry wt. ] Colorlaetry Nona Koch at al., 1*5* 

Not given A.2 ug/g aah 177 ES Accident victiaa Xchroeder at al., 
1*70 

<4.0 - <4.0 wg/g aah <4.o ug/g aah 4 of 14) ES None Tipton and Cook, 
1**J 

Stomach Not given 0.08 paa 1 es Sodden accident victiaa Koch at al., !*»• 

Not given 1.0 ug/g aah 177 ES Accident victiaa Schrnader at al,, 
1*70 

<4.0 - .4.0 ug/g aah <4.0 ui./g aah ii of n o ES None Tipton and Cook, 
1**1 

TX-4W 
7-24-78 



MOLYBDENUM (cont inued) 

Tlsace 

• — -

Range Mean Level 
No. or 
Caiei 

Analytical 
Method Comments Reference 

Teati* Not given 0.03 ppn 1 ES Sudden accident victims Koch et al., 1956 

Nut given 3.1 uy,/g ash 177 ES Accident victims Sihroeder et al., 
I'i70 

<4.0 - <4.0 ug/g ash <4.0 ug/g ash 2 of 72 ES None Tipton and Cook, 
1«63 

Teeth 0.7-39.0 .g/g 5.5 • 0.71 ug/g 56 MS <20-yeat olda, wide geographic 
area 

l.osee et al., 
1973 

Thyroid Not given 3.4 ug/g a»h 177 ES Accident victims Sciroeder et al,, 
19>0 

<4.0 - <4.0 ug/g ash <4.0 u«/| ash I of 21 ES None Tipton and Cook, 
194.3 

Trachea Net given «-2.0 yg/g ash 177 ES Accident victims Set ro«-der et ul., 
1970 

<4.0 - <4.0 ug/g ash •-'4,0 ui'./p ash 1 of 60 ES None Tipton and Cook, 
196) 

Urine 12-150 kg/liter 29.0-4»>.>i u g / u t a r 32 ES Mixed population ages 4-69 yr. Perry and Perrv, 
1959 

Not given 4.>-15.0 ppb 23 Not given None Perry, 1968 

Noi siven 0.11 + 0.0) and 
0.13 + 0.01 aig/day 

2 ES Heulthy males, Cincinnati, Ohio Tipton et al., 
1969 

Uterus Not given <2,0 ug/g ash 177 ES Accident victims Schroedrr et al,, 
1970 

<4.0 - "4.0 ug/g ash <4.0 ug/g ash 1 of 32 F.S None Tipton and Cook, 
1963 

TX-4907 
7-24-78 



TUsue 

Blood 

Teeth 

Range 

0.0-0.08 pps 

0.02-0.09 ug/g dry wt. 

Mean Level 

Not given 

0.04S im/g dry wt. 

TX-4907 
'-24-78 

NEODYMIUM 

No. of 
Caaea 

Analytical 
Method CoeiMnta kafarence 

13 X-ray spectrometry 

•if MS 

Healthy male*, Man age 5S.1 yr. 
Scrim. 

<20 year-old*, wide gesfraphie 
area 

Cofman at a l . , 
1964 

tone at a l . , 
197) 



NICKEL 

Tlssu* Rang* Mean Level 
No. of 
Cases 

Analytical 
Method Comments Reference 

Adrenal < 5.0-60.0 ug/g s»h 10.0 10 of 11 ES Tipton and Cook, 
1961 

Aorta 0.09-0.34 uN/g ash Not Given 150 ES Adults who died unexpectedly, 
St. Louis 

Perry et r.l., 
1962 

< 5.0-20.0 ug/g ash < 5.0 47 of 104 ES Tipton and Cooli, 
1963 

Bladder Not Given 0.7 ppa wet wt. •> ES Sudden accident victim* ago* 
21-37 

Koch et al., 
1956 

< 5.0-70.0 ug/g ash < 5.0 46 of 110 ES Tipton and Cook, 
1963 

Blood Not Clvcn (a) 0.0051-0.0062 Hg/ 
100ml 

(b) 0.0327 0.0010 Hg/ 
100ml 

30 cf 48 ES Normal individuals, Lo* Angeles 
area, (a) Serum and (b) Whole 
blood 

Butt et al., 
1964 

0.0-0.IB ppn Not Given }9 X-ray spectrometry Healthy male* mean age J5.1. 
Serum 

Gofman et al., 
1964 

(a) 1.1-4.5 ug/llter 
(b) 0.4-4.6 ug/llter 

<a> 3.1 
(b) 2.7 

48 (males 
11 

(females) 

AAS (a) male* 
(b) female* 

Hohnadel et al., 
1971 

0.0-45 ug/lOOg 3.0 150 V.S .\dult male* V.S. citie* lmbu* .'t al,, 
1961 

1.0-8.5 ug.'100ml 3.0 8 E:'. Sudden accident victim* age* 
21-37 

Koch et al, , 
1956 

0.8-5.2 Mg/Uter 2.6 26 K\:> Hartford, CI McNeelev et al., 
1972 

Not Given 2.k 0.8 ug/liter 47 AAS Elevated in *ume di*ea»«d 
patient* 

McNeeley et al., 
1972 

TX-4907 
7-24-78 
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NICKEL (continued) 

1 
Tlsau* 

— — • - — 

Rang* Mean Laval 
No. or 
Caaaa 

Analytical 
Method CossMnta 

• • ' " ' • " , ' • • • 

Reference 

Blood 1.0-8.0 Lis/lltrr Not Given Nat Given Not Given Merer., 1974 

Not CI van 0,03 wg/g dry wt. Not Given Not Given Ketitoul and 
Salth, 1973 

Bone 23.4-81.0 ug/g dry wt. 5).0 40 AAS Jones et el., 
1972 

Hot Given 0.16 ppa wet wt. 2 ES Sudden accident vie'.las age 
23-37 

Koch et al., 
19J6 

Brain Not Given 0.08 ppm w«t wt. 3 ES Sudden accident victim* age 
21-37 

Koch et al.. 
19S6 

Not Given 0.3 ug/g dry wt. Not Given Not Civen Rentoul and 
Salth, 1973 

< 5.0-<S.O ug/g aah < J.O 9 of 129 ES Tipton and Cook, 
19*3 

Diaphragm < 5.0-19.0 ug/g aah < .SO 28 of 81 ES Tipton and Cook, 
1963 

Esophagus < 5.0-27.0 ug/g aah < .SO 27 of 66 ES Tipton and Cook, 
1963 

Feces Not Given 0.22*0.03 and 0.35*0.05 
•g/day 

2 ES Healthy SMlea, Cincinnati OH Tipton et el., 
1969 

Hair (a) 0.036 to 11.0 ug/g 
(b) 0.045 to 11.0 ug/g 

ia) 0.51 
(b) 0.74 

498 Not Given NY Metropolitan area, (a) child­
ren and <b) adult* 

Creaaon, 197} 

(a) 0.9-7.: ppa> 
(b) 0.7-7.5 ppa 

(a) 1.9 
<b) 3.4 

SO AAS Hales - 9-60 years old and 
feaales - 13-72 years old 

Eads and Laabkln 
1973 

0.8-15.4 ug/g 3.7 12 AAS General population alxed 
sanple 

Hlnners et al., 
1974 

TX-4907 
7-24-78 



M1CXEL (continued) 

Tlaaua Rant* Mean Laval 
No. of 
Caaea 

Analytical 
Method Coeaunta Reference 

Hair Not Givan 6.0 ug/g dry wt. Not Glvxn Not Given Raittoul and 
Saith, 197) 

Hot Givan (a> 0.97:0.15 ug/g 
(b) 3.96*1.10 ug/g 

180 AAS No dyad or bleached hair, (a) 
•ales and (b) feaales 

Schroeder and 
Naaon, 19*9 

0.43 and 3.4 ug/g dry wt 2 AAS; MS Yurachak at al., 
1969 

Heart 0.09-0.46 uM/g ash Not Civen 150 ES Adults who died unenpectedly, 
St. I.ouls 

Perry «t al., 
19f 

Not Given 0,2 ug/g dry wt. Not Given Not Given Rantoul and 
Saith, 1973 

(a) 0.43-0.83 ug/lOOg 
(b) 1 6-3.0 ug/lOOg 

(a) 0.61 
(b) 2.3 

4 AAS (a) wet wt. 
(b) dry wt. 

Sunderaun et al. 
1970 

< 5.0-140.0 ug/g ash < 5.0 48 of 140 ES Tipton and Cook, 
196) 

Intestine Not Given (a) 0.08 ppa wet wt. 
(b) 1.06 ppat wet wt. 

1 of 7 ES Sudden accident victims ages 
21-37, (a) large intestin« and 
(b) sull Intestine 

Koch et al,, 
1956 

Not Civan 30 ppa ash 2652 ES 7 citiea Schroeder et al. 
1962 

< 5.0-16.0 ug/g aah 5.0 35 of 67 es Duodenum Tli .on and Cook, 
196 J 

< 5.0-11.0 ug/g aah < 5.0 21 of 102 ES Je)unusi Tipton and Cook, 
196) 

< 3.0-44.0 ug/g ash <».o 52 of 84 ES 1 lvuai Tipton and Cook, 
196) 

TX-4907 
7-24-78 



NlCktX (continued) 

Tissue 

— - • ••' • • -

Kan«* Mean Level 
No. of 
Caaaa 

Analytical 
Method Contents Reference 

Intestine S.0-100.0 i.g/1 a»h 21.0 29 of M ES tecum Tipton and Cook, 
19*1 

«S.O-ji.O ug/g ash 12.0 81 of 10H KS Slganid colon Tipton and Cook, 
196) 

5.0-38.0 i.g/g ash 16.0 2 of 24 ES Rectun Tipton and Cook, 
196) 

Kidney 0.0-1.4 »g/g dry wt. 0-6 i-n/« dry wt n KS Koch et al., 
1957 

Not Given 0,04 po* wet wt. 6 ES Sudden accident victims ates 
21-37 

Koch at al., 
19S6 

0.09-0.19 uN/g ash Not Given ISO ES Adult* who died unexpectedly, 
St, Loula, NO 

Parry at al., 
1972 

Mat Clven 0.2 ug/g dry wt. Not Given Not Given Rentoul and 
Scith, 197) 

0-0.2+ ag/lOOg dry wt. Not Given Not Clven ES Tleta et al., 
19S7 

5.0-11.0 ug/g ash < s.o 10 of 144 ES Tipton and Cook, 
196) 

Larynx 5.0-17.0 ug/g ash < ,50 18 of SO ES Tipton and Cook, 
196) 

Liver 0.1-0.8 i*g/g dry wt. 0,17 vig/g dry wt. 5 ES Koch et al,, 
19S7 

Not Clven 0,16 ppei wet wt. 5 ES Sudden accident victim ages 
21-17 

Koch at al,, 
1*56 

0.09-0.19 u-M/g ash Not Clven ISO es Adult* who died suddenly, 
St. Louis, MO 

Parry at al., 
1962 

TX-4907 
7-24-78 



•P^% : 

NICKEL (continued) 

Tlaaua 

• 

Range Mean Laval 
No. of 
Caaae 

Analytical 
Method Cosatenta Deference 

Livar Not Given 2.6- ug/g aah 10 ES Healthy adult aales, 5 white, 
5 black, long-tana 8c. Louia 
raaldanca 

Perry et al., 
'»7J 

(a) 0.52-1.32 ug/lOOg 
(b) 2.1-4.8 Ug/lOOg 

(a) 0.87 
(b) 3.20 

4 AAS (a) wat wt. 
(b) dry wt. 

lunderaan et al. 
1970 

< 5.0-11.0 ug/g aah < 5.0 27 or 148 ES Tipton and Cook, 
1963 

Lung 0.0-4.6 ug/g dry wc. 1.4 ug/g dry wt. 4 ES Koch at al., 
1957 

Not Given 0.24 ppa wet wt. 4 ES iudden accident vlrtlaa agaa 
21-37 

Koch at al., 
1956 

0.09-0.48 uM/g aah Not Given 150 ES Adulta who died unexpectedly, 
St. Louia, MO 

Parry at al., 
1962 

Not Civen (aiin) 50 ug/year 
(•ax) 8000 ug/year 
retained per year - 10ug 

168 Not Given Autopaiea 58 U.S. citlea and 
urban area* 

Schroeder, 1970 

7-60 ppn Not Given 137 ES 7 cities Schroeder et al, 
1962 

(a) 0.81-2.4 ug/100g 
(b) 3.3-14.6 ug/100g 

(a) 1.59 
(b) 8.60 

4 MS (a) wet wt. 
(b) dry wt. 

Sunderasn at al. 
1970 

0-0.6+ ag/lOOg dry wt. Not Given Not Given ES Tletx ec al,, 
1957 

< 5.0-28.0 ug/g ash < '..0 to of 141 ES Tipton and Cook, 
1963 

Muscle Not Ctven 0.14 pp» wet wt. 7 ES Sudden accident vidian ages 
21-37 

Koch et al., 
1956 

TX-4907 
7-24-78 



NICKEL (continued) 

Tlaaue Ran(a Mean Laval 
No. of 
Caaea 

Analytical 
Method CocaMnta Reference 

Nuacle <5.0-12.0 ug/g aah <S.O ug/g aah 10 of ES None Tipton and Cook, 
1*63 (continued) 116 
Tipton and Cook, 
1*63 

Oawntuat <S.0-76.0 ,g/g .tan 22.0 ug/K aah 6J of 75 ES None Tipton and Cook, 
1*6) 

Ovary <5.0-17.0 ag/g aah <5.0 ug/g aah 4 of 16 ES None Tipton and Cook, 
1963 

fancreaa Not given 0.16 ppn wet wt. 4 ES Sudden accident victim agaa 
21-37 

Koch at al., 19J6 

<S.v>-H.0 ug/g aah <5.0 ug/g aah 26 or 
129 

ES None Tipton and Cook, 
1*63 

Placenta Not given 0.O06 + 0.006 ug/g wet 
wt. 

58 Not given South and aouthaaat U.S. areaa Karp and 
Robertson, 1977 

Prostata Not given 0.04 ppat wet wt. 4 ES Sudden accident vlctlM agea 
21-37. 

Koch at al., 195* 

<5.0-5.0 ug/g ash <5.0 ug/g aah 8 of 50 ES None Tipton and Cook, 
1*63 

Skin 15.0-180.0 ug/g aah 47.0 ug/g aah "1 of 22 ES None Tipton and Cook, 
1*63 

Spleen 0.3-1.0 ug/g dry wt. 0,8 ug/g dry wt. 1 ES None Koch at al., 1957 

Not given 0.10 ppa wet wt. J ES Sudden accident vlctiaa agea 
21-37. 

Koch at al., 1956 

0.09-0.09 alcroewle/g aah Not given 150 ES Adulta who died enexuactedly, 
St. I.oula, Ho. 

Parry at al., 
1962 

TX-4907 
7-24-7» 



NICKEL (continued) 

Tissue gauge Mean Level 
No. of 
Caaaa 

Analyt ical 
Method Co •senta Reference 

Splaan 
(continual)) 

t i . 0 - 5 . 0 ug/g ash <5.0 ug/g ash 17 of 
143 

ES None Tipton and Cook, 
1»63 

Stoaach Not given 9.16 ppa wet wt . 3 ES Sudden accident 
21-37 

v ic t i as agaa Koch at a l . , 1956 

' J . 0 - 1 8 . 0 ug/g aah <5.0 ug/g aah 44 of 
130 

ES None Tipton and Cook, 
1961 

SwiC (a) 7-180 u g / l i t e r 
(») 39-270 u a / l l t o r 

(a) S? u g / l i t e r 
(b) 131 u g / U t e r 

48 males 
U 
( f estates) 

MS (a) Males 
(b) Females 

HokMdel at a l . , 
1973 

Taath 1.11-3.0 ug/g D.64 ug/g 56 IS 20 year-olda; v 
• cea 

lde geographir Loses e( a l , , 
1973 

Tear, la ' J . 0 -16 .0 ug/g aah ' 5 . 0 ug/g ash 17 of 72 ES Nona Tiprpn and Cook, 
1963 

Thyroid tot given 3.16 pp> wet wt. 2 ES luddeii accident 
21-3>. 

vice l a * ages Koch at a l , , 19*6 

«S.0-10.0 ug/g aah <5.0 ug/g aah 7 of 21 ES None Tipton and Coek, 
1963 

Trachea <S.0-15.0 ug/g aah 5.0 g/g aah 31 of 60 ES Hone Tipton and Cook, 
1963 

tfrlna Not given <0.10 B g / l i t o r Not given 4AA Hone l i i U s . ' a l , , 1974 

D.J-82 ug/Uccr 7.6 ug/Ucer 150 ES *dult siales U.S c i t i e s l»»u» re a l , , 1963 

0 .7 -4 .0 j g / U t e r 2.0 u g / l l t e r 20 US U r t f o r d , CT HrNeeley et a l , , 
1972 

. 

10-100 u g / l i t e r Not glvtin Not giver Nut given None Herts, 1974 

TX-4907 
-24 



NU'KEI. (continued) 

Tiaauo Rani* Haan Laval 
Ho. of 
Caaaa 

Analytical 
Mathod 

I 'rin 

Utarua 

T* - * *0? 
/ - M - 7 8 

10-70 b l / U t o r 

Hot tlvan 

Hot «lvcn 

S.O-fc.O ui/g aah 

(a) .'0.1 Mx/Utar 
(b) 16.b UK/Ut«r 
(c) 22.6 , I / U I I I 

l.b |>|>b 

D.U • 0 .0 ) at/day 

<J.O vig/t aah 

24 

l i 

2 

6 of 12 

KS 

Hot tivan 

IS 

KS 

Ca—anta 

Noraala. St. Umla, Mo. 
(a) ovaral l , (b) famUaa, and 
(c) malaa 
Hypartenaivaa-llttia dlffaranca 

Haalthy malaa, Cincinnati, Ohio 

Nona 

Rafaranca 

Parry and Parry, 
l»57 

Carry, 19M 

Tipton at a l . , 
l*a« 

Tipton and Cook, 
1»»J 



NIOI.UH 

Tlaaua Range Mean Laval 
No. of 
Caaea 

Analytical 
Method Coawanta 

Adtpoae Not Given 1.71 ug/g wet wt. 1 of 4 Colorlatetry 

Aorta Not Civan a.21 ug/g wat wt. 1 of 5 Coloriawtry 

Blood 0.0-0.1* ppa Not CIvan 39 X-ray ipectroaetry Healthy Mle« W M age 35 
Seru« 

3 

0.53-0.74 tg/g wet wt. Not Given 1 of 5 Colortaetrv 

•rain 0.31-1.05 ug/g wet wt Not Given 1 of 5 Coloriaetry 

Hair 1.72-2.39 -g/g wet wt. Not Given 1 of 5 Colorlaetrv 

Haart 0.35-0.93 v.»/g wet wt. Not Given 1 of 5 Ci'loriattry 

Kidney 0.66-8.81 ug/g wet wt. Not Given 1 of 5 Colorlaetry 

Liver 1.84-5.7* ug/g wet wt. Not Given 1 of 5 coloriaetry 

Lung 0.55-2.*7 ug/g wet wt. Not Given I of 5 Coloriaetry 

Pancreas 0.83-1.18 ..«/f wet wt. Not Given 1 of 5 Colorlaetry 

Spleen 0.74-1.98 ug/g wet wt. Not Given 1 of 5 Culnrtawtry 

Teeth •0.10-0.76 ug/g drv wt. 0.31 5e MS •' 20 year olda, vide gtflgr* 
area 

»P 

Reference 

Schroedar and 
Halaaaa, 19*5 

Krhroeder and 
•alalia, 1963 

Gofaan et al., 
19*4 

Sfhroeder and 
Rulaasa. 19*5 

Srhroeder and 
Halama, 19*5 

Srhroeder and 
ealana, 1»*5 

Sihro»d»r and 
(alaaaa, 19*5 

Schroeder and 
lalaiaMi 19*5 

Schroeder and 
kalaaaa, 19*5 

Schroeder and 
la U n a , 19*5 

Schrooder and 
•aUiaa, 1*65 

Xchroeder and 
lalaiaa, 19*5 

l.oiev «t al., 
197.1 

TX-4907 
7-24-78 



NIOBIUM d'onttnurd) 

Tl 

TeitU 

Urine 

TX-4907 
7-24-78 

Range 

0.41-0.80 ug/g vet wt. 

0.24-0.29 vg/e.1 

Mean Laval 

Not Given 

Not <;iv»n 

Ho, of 
Caae* 

1 of S 

1 of 5 

Analytical 
Method 

CulorlMtry 

Cotoriaetry 

Coaawnti Reference 

Schrneder and 
dalaaaa, I16S 

.Schroadar and 
•alaaia, 196} 



r/M.v ;-NONACHI.OK 

Tiisua Hang* Maan Laval 
No. of 
Caaaa 

Analytical 
Mathod CoaaMnta Rafaranca 

Adlpoaa Not Given 

Traca-0.01 ppa 

0.04 and 0.06 poa 

0.001 ppai 

10 

57 

0>BC 

CC-KC and CX/MS 

9 U.S. raglona, valuaa for Nav 
England and SU cantral atataa. 
raapaccivaly, conflraad In aoat 
othar araaa 
Arkanaaa and Miaaiaalppt aothara 
•aan aga 27; 17 black, 40 whlta, 
1973-74 

K u u at a l . 
1976 

StrnaniMn and 
K u t l , 1*77 

TX-4907 
7-24-78 



•»»(.M-" »•*—-•.•.-*'1 

OSMIUM 

3 

Tlaaua 

Hood 

Kang* 

0.0-0.57 ppa 

Maan Laval 

Not Ctvan 

No. of 
Caaaa 

M 

-1 

Analytical 
Kathod 

X-ray apactraawtry 

ta 

Haalthy mala*, Man an* 15.1 y m 
Saruai. 

Rafaranca 

Cofaan at al., 
Ua* 

TX-*907 
7-24-7B 



Tissue Range Mean Level 

Adipose 

Milk 

TX-4907 
7-.*i-78 

0.03-0.40 ppn 

1.73 pp> (aax.) 

1.87 ppa (aax.) 

1.0->116.0 ppb 

Trace-0.02 ppai 

0.41 ppa 

0.12 ppm (median) 

0.11-0.12 ppa (nedian) 

95.8 + 195.1 ppb 

0.00S ppn 

OXYCHL0R0ANE 

Ho. of 
Caaea 

27 

1092 
(1971); 
898 
(1974) 

1913 
(1972); 
898 
(1974) 

1061 of 
1436 

57 

Anclytical 
Method 

GC-EC. I. , an4 MS 

CC-EC, IR, and MS 

GC-EC, IR. and MS 

GC-IC 

GC-EC 

GC-EC and GC/MS 

Canaan t a 

None 

75 U.S. altea; 98+ X poaltlve; 
black* had 2+ lav*, of white* 

75 U.S. aitea 

National study, Fat baal*. 

Mlaalaalppl ai i Arkanaaa feaalra 

Reference 

Biroa at al., 
1973 

Km* at al., 
1977 

Kutr at al., 
1977 

Savage, 1976 

Straaaaan and 
Kutr., 1977 



%*»Mi"i LiiWiirri h * W , -«,-v«SM**9r»»'*^*.'?-V*- «w*;v.-

Tlaaoe 

Blood 

Feces 

Halr 

Urlne 

TX-A907 
7 - 2 4 - 7 8 

Range 

0 . 0 - 0 . 1 ppa 

Not Given 

Not Given 

Not Given 

Not Given 

Mean level 

Not Given 

<0.9 vig/100al 

<0.001 usU 

<0.02 ug/g 

<0.J0 ug/g 

-~x-«nMMMl 

PALLADIUM 

No. of 
Caaea 

19 

300 

300 

300 

300 

Analytical 
Method 

X-ray apectroaetry 

AAS 

AAS 

AAS 

AAS 

Coeaenta 

Healthy malm, R««n age 35.3 yr». 
Serum. 

Several locations in California 

Several location* In California 

Si'ver.il location* in California 

Several location* in California 

Reference 

Gofaan at al. , 
1V64 

Johnion et al., 
1»75 

Johnaon et al., 
1975 

Johnion ot al., 
1»75 

Johnion et al., 
1*71 



PBB'a 

No. of Analytical 
Tissue Range Mean Level Caaea Method Coanenta Reference 

Adipose 0.104-174 ppn 0,53 ppM IS c;c Miaaourl dairy farn reaideme Hunplirey and 
Hayner, 197S 

0.0-273.01* ppb 196S • 3J6, r16 + 92, 111 ex­ Noc given Value* reapectlvaly for quaran­ Hunter and 
226 • 73. »nd C O ppb posed i 

116 non-
txpoaed 

tined famem, nonquaranttned 
farners, city realdenta, and out-
of-atate vlallprii 

HcCoy, 1976 

»\ood U 0 ex-
poaed; 

GC Mlnnourl dairy tarn rcntdrntu Hunphrey and 
Havn.r, 197S 

(a) 0.0-2.26 ppa (a) 0.014 ppM (Median) 104 non- (a) axpoaed adultM 
(b) 0.002-2.26 pp» 
(c) 0.0-0.09 ppai 
(d) O.OO2-O.09 ppM 

(b) 0.033 ppM (Median) 
(c) 0.003 ppM (Median) 
(<t) 0.006 ppn (Median) 

ixpoaed (b) exposed children 
(c) nonexpoaed ndui'.n 
(d) nonexpoaed children 

0.0-2.26 ppM <0.1 ppn (eat.) 165 ex­
posed ; 
133 non­
expoaed 

Not given Farn fanillaa Kay, 1977 

0.1-28.6 ppb Noc given 35 of 116 Not given Higher values for quarantined 
farnera 

Meaater and 
McCoy, 1976 

Nilfc 0.21-92.66 ppn 10.8 ppm 6 GC Mlaaourl dairy farn realdenta Humphrey and 
Hayner, 1975 

TX-4907 
7-24-78 



PCB's and PCT's 

Tissue Range Mean Level 
No. of Analytical 
Caaea Method Coamenta Reference 

Adipose 0.0-»2.0 ppa Not given 688-124 7 
(1972-
1»74) 

r.C-r.c and MS t poultlvea Increased fro* 1972 
to 1974; increased X at <1.0 and 
1-2 ppa levela 

Kutt and 
Strasaaan, 1976 

0.0->2.0 ppn Not given 186 GC-BC Michigan general population; 98X 
contained trace to >2,0 ppa 

Price and Welch, 
1972 

Blood Not giv«n 3.7 ppb J4 C.C-EC Blood plasaa, 11X positive. Haaaer at al., 
1972 

10-100 ppb 48 ppb Not 
given 

GC-EC Whole blood. Data on debilitated 
patients; none found tn noraal* 

Heaselberg and 
Scherr, 1974 

Faces Not given 87,0 ug/day/peraon 32 0IX Preadolescant feats lea Price et al., 
1972 

Hair 0.34-0.76 ppa Not glv: 4 GC None Matthews at al., 
1976 

Milk 0.04-1.00 ppai 0.0S ppa, fat baala 39 GC-EC and TIC 8 posltivea of 39 Savage et al., 
1973 

0.04-0.10 ppa 0.04 ppa, fat bail* 39 GC-BC 'eaale* ages 19-13 Savage at al., 
1972 

40-100 ppb 9.73 ppb, fat baala 40 CC Rural county Savage at al., 
1973 

Urlna Not given 4.8 ug/day/peraon 32 GIX Praadoleacent females Price et al., 
1972 

TX-490? 
7-24-78 



PCP-PENTACHLOROPHENOL 

Tlaaue 

Adlpoae 

Wood 

Urine 

TX-490? 
7-24-78 

Rantt 

5.0-52.0 ppb 

Not Given 

0.0-1840 ppb 

2.2-11.2 ppb 

Maan Laval 

23.3 ppb 

0.5-1.7 ppb 

42.0 ppb 

2.2-10.ft ppb 

20 

J, 568 

290 

Hot Glvan 

No. of 
Caaaa 

Analytical 
Method 

CC-KC 

Not Clvan 

GC 

CC 

nta 

Cenaral population In Florida 

Ganaral Population In Hawaii 

Valuea (or occupattonally axpoaed 
vorbera axich higher 

Rafaranca 

Shufik, 1*7) 

Raahad at al., 
H76 

Bavanua at al., 
1967 

Cranner and 
Praal, 1970 



PLATINUM 

No. of Analytical 
Tlaaua Range Maan Laval Caaaa Hathod Coamanta Rafaranca 

Slood 0.00-0.46 ppM Not givan 39 X-ray apactroaatry 39 haalthy «an, M a n aga 35, 3 
yaara, Sanaa. 

Cofaan at al,, 
196* 

<3.1 ug/100 »1 Not glvan 300 AAS Lavala of Pt, Pd, and Pb bafora 
auto catalyata, 1)0 aubjacta 
living naar urban fraawayi ISO 
in high daaart araa 

Johnaan at al., 
197* 

Faeaa <0.002 ug/g Not giv«n 100 AAS Lavala of Pt, P4, and Pb bafora 
auto catalyata, ISO auhjacta 
living naar urban fraawayi ISO 
In high daaart araa 

Johnaon at al., 
1974 

Hair <0.05 ug/g Not glvan 300 AAS Lavala of Pt, Pd, and Pb bafora 
auto eatalyata, ISO aubjacta 
living naar urban fraaway; ISO 
in high daaart araa 

Johnton at al,, 
1974 

Urtoa <0.6 ug/litor Not given 300 AAS Lavala of Pt, Pd, and Pb bafora 
auto catalyata, 1SU aubjacla 
living naar urban fraawayj ISO 
in high daaart araa 

Johmon at al., 
1974 

21 ttaauaa 0.003-1.46 ug/g wat wt. 0.16 ug/g vat wt. 131) 
aaaplaa; 
97 aata, 
62/1313 

ES •vfora auto catalyati; 1311 
•aaplaa (row 97 autaaay lata; af 
1313 aaaplaa, 62 contalnad Ptj 
fac hlghaat, nana in lung, banaa, 
hair; California 

Duffiald at al., 
1976 

TX-4907 
7-24-79 



PRASEODYMIUM 

TlMU* 

•lood 

T««th 

ftanga 

0.0-0.13 ppa 

0.01-0.07 ug/g dry wt. 

Maan Laval 

Not Given 

0.027 ug/g dry wt. 

No. or 
Caaca 

39 

56 

Analytical 
Mathod 

X-ray apactroaw' ry 

MS 

Coaaanta 

Healthy malen, mean aga 31.3 yra, 
s*ru«. 

< 20-yaar-olda, wlda geographic 
araa 

Rafaranca 

Gofaan at a l , , 
1964 

l.oaaa at a l . , 
197) 

TX-4907 
7-24-78 

» • — I 



•««ro«»^Ji«»*'^y* |MgffgVi«^^<»-T'W»CT'*** rtmf>uim»imn»« 

RHENIUM 

Tlaaua Rang* Maan Laval 
No, of 
Caaaa 

A n a l y t i c a l 
Mathod Coaawnta Rafaranua 

Blood 0.0-0 .26 ppa Not Givan 39 X-ray apaccroautry l («ul thv M I M , awan a t * 35,3 y r a . 
SflMM. 

Cofaan at a l , 

TX-4907 
7-24-7* 



RHODIUM 

Tlaaua Rant* Maan Laval 

•lood 0-0-0.U ppa Not Given 

No. of 
Caaaa 

3« 

Analytical 
Ma(hod 

X-ray apactroawtry 

CowMntJ 

Haalthy M I W N , mam a t * I S . ) y r i . 
Svriw. 

Rafaraaea 

(iofaan at a l . ( 

1 U * 

TX-**>7 
7-24-78 
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^ 

RUTHENIUM 

Tlanua Mn.{« Maan Laval 
No. of 
Caaaa 

Analytical 
Hathoa Caaawnta llafaranca 

•lood 0.0-0.23 ppr. Not Givan 39 X-ray aaactrooatry Htultliy nal«N, awan «K« 3). 1 yra 
S»ru». 

Caiman at a l . 
l«a* 

TX-4907 
7-34-78 



n^WMWMgm^.'^mo^tww'^MgiqM-'wr- ^wmm*\v?&m?*i.»***\*<~-*%mi***<**«~ r<«;-.*:.vH*<*»i*^^r., 

T i s s u e 

H o o d 

Ran.:. 

0 . 0 0 - 0 . 1 8 ppat 

Me.in l.vvol 

Mot nlvun 

SAMARIUM 

No. of 
r . i« i -« 

Aii.ilyt l r . i l 

19 K-ray ipei-trniMtry 

Conmvnt . 

Hoalthy auilaal Man a|« IS. ) y m . 
Saturn. 

Rvfarviu'i' 

Cofaan at * 1 . , 

7-2*-n 

http://lr.il


Tlaauo Rang* Maan Laval 

Blood 

Hair 

0 .0 -0 .3 ppa 

Not Givan 

Not l'. Ivan 

0.0022*0.00012 ppa 

TX-4907 
7-24-78 

SCANDIUM 

No. of 
Caaaa 

Analyt ical 
Mat hod Coaaanta Rafaranca 

39 X-ray apactroawtry 

10 NAA 

Ht-rt 11hv mala*, rattan age IS.3 vr» 
Serum. 

Hair cycla dlacuaaad 

Cofaian at d l . , 
1964 

Obruanlk at al., 
1972 



SKIKNIUM 

Tissue 
-

Range 

1 1 

Mean Level 
No. of 
Cases 

...... 
Analytical 

Method Comments Reference 

Adipose Not given 0.04 ppm wet wt. 6 Fluorometry Age 9 months to 69 years Schroeder et al., 
1970 

Blood 10-34 ..g/100 ml 20,6 Mg/100 ail 210 Fluorometry Blood bank donors Allaway et al., 
196S 

Not given 0.093 • 0.115 ng/g dry 
wt. 

83 NAA 4 large hoarltala in Nashville, 
Tenn. Maternal blood. 

Baglan et al,, 
1974 

Not given 0.076 + 0.109 pg/g dry 
wt. 

123 NAA 4 l.irge hospitals in Nashville, 
Tsnn. Fetal blood. 

Baglan et al., 
1974 

0.05-0.15 ppm Not given 39 X-ray 
Spi!.-tri>i»«try 

Healthy males, mean age IS.3 yr*. 
Serum 

Cofman et al,, 
1964 

Not given 1.49 + 0.06 18 NAA VA hospital patients in Louisville 
Ky. 

HcConnall et al., 
1975 

17.0-27.1 ug/100 ml 21.71 + 1.05 ug/100 Ml 10 Fluorometry Normal persona, age 50-71 yrs. Shambargsr et al,, 
1971 

13.7-21.1 ug/100 Ml 16.2 + 0.75 ug/100 Ml 12 Fluorometry Cancer patients, age 50-71 yrs. Ihsmberger at al., 
1971 

18-32 ug/100 ml 23.6 ug/100 ml; 
22.3 ug/100 ail 

48 Fluorometry 21 normal woman, 27 normal males; 
Cleveland area 

Shamberger et al,, 
1971 

Bone Not given 0.42 ppm wet wt. 6 Fluorometry *ge 9 months to 69 years Schroeder at al,, 
1970 

•rain D.04-0.21 ppm wet wt. 0.13 ppm wet wt. 6 Fluorometry tge 9 month* to 69 years Schroader at al., 
1970 

Breast (tot given 0,11 ppm wet wt. 6 Fluorometry tge 9 months to 69 years Schroeder et at., 
1970 

TX-490J 
7-24-78 



SELENIUM (cont inued) 

Tissue Range Mean Level 
No, of 
Cases 

Analytical 
Method Comments Reference 

Hair 1-11 ppm b.4 ppm 33 NAA Adults I children from Oak 
Ridge, Tenn, 

Bate and Dyer, 
1965 

o.025-1.65 ug/g 0.120 ug/g 260 AAS Children from Queens, Kiverhead, 
ant1 Bronx 

Creason, 197S 

0.025-1.58 ug/g 0.303 ug/g 188 AAS Adults from QueenH, Hlverhead, 
and Bronx 

Creason, 1975 

Not given 0.720 + 0.i'J2 ppm 10 NAA Obrusnlk et al., 
1972 

Heart 0.25-0,37 ppm wet wt. \1 ppm we I: wt. o KUiorometry Age 9 months to 69 yearn Schroeder et al,, 
1970 

Intestine 0.12-0.12 ppm wet wt. 0.21 ppui wet wt. 6 Fluorometry Age 9 montliN to 69 yearn. Small 
Intestine 

Schroeiler et al., 
1970 

Kidney 0.61-1.84 ppm wet wt. 1.09 ppm wet vt. 6 Fluorometry Age 9 month* to 69 years Schroeder ut al., 
1970 

Liver Not given 1.73 + 0.24 ..((/g dry wt. 7 NAA VA hospital patients In 
Louisville, Ky. 

McConnell et al., 
1975 

0.28-0.81 ppm wet wt 0,54 ppm wet wl. fc Fluorometry Age 9 months to 69 years Schroeder ec al., 
1970 

Lung O.05-H.26 ppm wet wt. 0.15 ppm wet wt. 6 Kluorometry Age 9 months to 69 years Srhroeder et al, , 
1970 

Milk 0.007-0.060 ppm 0.018 ppm 241 Fluorometry Nursing mothers In or near 
cities; 27.4 + 0.3 yrsj 
181 + 9 days post-partum. 

Shearer et al,, 
1975 

Not givrn 0.24 ppm wet wt. 6 Kliiorometrv Age 9 months to 69 years Srhroeder et ai., 
1970 

"X-4907 
7-24-78 



SKI.KNIIIM ( . o n t i m i i ' i l , 

Tissue Range Mean Level 
No. of 
Cases 

Analytical 
Method CoMMnta Reference 

Muse U> 0,11-0.18 ppm wet wt. 0.24 ppm wet wt. 6 Flnorometry Age 9 months to 69 yearn Schrowder et al., 
1970 

Pancreas Not given 0.63 + 0.07 iig/n dry wt. 12 NAA VA hospital patients In 
Louisville, Ky, 

McConnell et al. , 
1975 

0..'7-0.34 pom wet wt. (). 30 ppm wet wt. 6 Fluorometry Age 9 Months to 69 yearn Schroeder et al., 
1970 

Placenta Sot given 0.102 + 0.077 ng/g tlry 
wt. 

115 NAA 4 large hospital* In Naiiiivllle, 
Tenn. 

SagUn et al,, 
1974 

Not gtven 0.114 -• 0.305 ng/g wet 
wt. 

5H Not given City hospitals In south and 
southeast 

Karp and 
Robertson, 1977 

Salivj 1.1-5.2 ppb 3.1 ppb 26 FluOi'oaetry Children, agen 11-12, Oregon. Hadjlmarkos, 
1972 

Spleen 0.18-0.47 ppm wet wt. 0.34 ppm wet wt. 6 Fluorometry Age 9 Months to 69 yearn Schroedur et al., 
1970 

Synovial 
membrane 

Not given 0.63 + 0.12 wg/g dry wt. 28 NAA VA hospital patients In 
Louisville, Ky. 

McConnell et al., 
1975 

Teetli 0.12-0.90 i.g/g 0,43 + 0.03 iig/g 56 MS Wide geographic area Loaee et al,, 
1971 

Testis 0.15-0.38 ppm wet wt. 0.30 ppm wet wt. 6 Fluorowctry AR« 9 Months to 69 years Schroeder et al., 
1970 

Urine Not given 0 oio mg/liter Not 
given 

NAA Gills el al., 
1974 

0-15.9 ug/100 et S.O +• J,9 UR/MM) cc; 
4.2 + l.H iig/100 cc 

13 Chem. 1st Morning specimens; consecu­
tive specimens for 24-hr period. 
Males, Rochester, N.Y, 

Sterner rt al., 
1941 

TX-4907 
7-24-78 



ST-fCT*" 

Tissue nange Mean Level 

Blood 

Hair 

Nails 

Skin 

Teeth 

trine 

1000-5000 ug/liter 

0.03-0.36 * dry wt. 

10.9-27.9 ug/g dry wt. 

0,17-0.54 r. dry wt. 

0.64-2.14 X dry wt. 

100-450 ug/g 

10,000-50,000 ug/liter 

Not given 

Not given 

Not given 

Not given 

Not given 

243 + 18 i.g/* 

Not given 

TX-4907 
7-24-78 

SILICON 

No, of 
Cases 

Analytical 
Method 

Not 
given 

18 

18 

18 

5h 

Not 
given 

Not given 

KS 

MS: AAS 

KS 

ES 

MS 

Not given 

CoBMnti 

Age 15-70 ym. , white 

Age 15-70 yre,, white 

Age 15-70 yr»., white 

Wide geographic area 

Reference 

Meru, 1974 

Ooldblua et al., 
1953 

Yurachek et al., 
1969 

Goldblua et al., 
19S3 

Goldbluie et al. , 
195) 

l.o»eu et al., 
1971 

Mert, 1974 



;vjai"Wf«%-r**>i' >i **.•>'r - ~K:"**~»"i^f>*' 'Vti ' iW^ -v 

SILVER 

Tlaaue Range Mean Level 
— — 

No. of 
Caaea 

— Analytical 
Hat hod Commenta Reference 

Adrenal <0.1-1.2 ug/g ash 0.8 ug/g ash (median) 10 of 11 ES Tipton and Cook, 
1961 

Aorta <0.1-1.0 ug/g aah 0,1 ug/g ash (median) 61 o( 105 ES Tipton and Conk, 
1963 

Bladder <0.1-0.7 wg/g aah <0.l up/g ash (median) 46 of 112 KS Tipton and Cook, 
1961 

Blood Not given 0.0004 + 0.00003 me,/100 
<al 

127 KS Blond donora, Los Angel"* area. 
Serum. 

Butt et al., 1964 

Not given 0.00)0 + 0.0003 mg/100 
•1 

96 KS Surgical and degenerative dlaeaae 
|i.ttirnt», IMK Angeles area. Serum 

Butt et ,ll., 1964 

Not given 0.0011-0.0014 mg/100 ml 41 KS V T~al peraona, ton Angeles area. 
Serum, 

butt et al,, 1964 

Mot given 0.0024 + 0.0003 mg/100 
Ml 

7 ES Normal peraona, Los Angeles area, 
Whole blood. 

Butt et al., 1964 

0.02-0.18 pp* Not given 39 X-ray spcctrr.nMrv Healthy males, Age JV 3 yrs. 
Serum. 

Gofman ot al. , 
1964 

Not given 0.00*- *g/100 g Not given ES Kehoe et al., 
1940 

Sot given 0.03 ug/ml Not filven Not gtv.-n Normal level Rentnul and Smith, 
1971 

Bone Not given 0.00 mg/100 g wet wt. Noc glvvn ES Long bone Kehoe et al,, 1941 

Not given 0.01 mg/100 g wet wt. Not given ES Klb bone Kehoe et al., 1 Si/,t 

Brain Not given 0.003 mg/100 g wet wt. Not given ES Kehoe et al., 194C 

Not given 0.011 mg/100 g dry wt. 1 ES Nuabaum et al., 

TX-1907 
7-24-7B 



SILVER (cont nu«<i) 

Tlaaue 

• ' 

Range Mean Level 
No. or 
Caiea 

Analytical 
Method Cotwentt Reference 

(rain Not given 0,01 ng/g dry wt. Not given Not given Normal level Kentuul and Salch, 
<continued) 1971 

<0.1-1.6 ug/g »*h 0.6 ug/g anh (nedian) 113 of 121 ES Tipton and Cook, 
1463 

Diaphragm <0.1-0.5 ug/g a»h <0. t UK/K aah(medUn) 17 of 91 F.S Tipton .ind Cook, 
1963 

Esophagi! i 0.1-1.0 ug/g ash <0.1 ug/g a«h (medlmi) 32 of 68 KS Tipton und Cook 
19ti3 

Hair 0-12 ppn 3 8 ppm 13 NAA Oak Ridge, Tenn. Bate «t al., 1965 

0.007-6..'0 ug/g: 0.205 ug/g; 266; ES Children; .id'ilt*. 1 New York Creaaon, 1975 
0.007-4.10 ug/g 0.165 ug/g 198 cowRunttiei. 

4,d x 10"' - 4,5 x 10'* 
i of dry we. 

Not given 18 IS Age li-70 yr». Willie. Coldblum et ill . , 
1953 

Sot given 0.J7S • 0.0)8 pp« 10 NAA Ohruenlk et al . , 
1972 

Not slv«n 0.9 ug/g dry wt. Not given Not )'. 1 veil Normal level Hentoul ,md Smith 
197 3 

0.4-2.0 _g/g dry wt. Not given > MS; AAS Vur.uiiek et al., 
1969 

Heart Not given 0,00 mg/100 g wet wt. No l given ES Kehoe el «! . , 
W O 

Not given 0.0.16 mg/100 g dry wt. 1 ES Ntixbiitim el »1., 

Not given 0.01 ;.g/g dry wt. Not given Not given Norm.il level Kent on 1 ,utd Smilh 
1971 

TX-4907 
7-24-78 
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PV.*>-*"*J*"*!***" ->•» L-

SUVKK (fontlnuod) 

Tlaiu« 

Heart 
(continued) 

IntentInes 

Kidney 

Range 

<0.1-0,> ug/g ash 

Not given 

«U. 1-1.1 ug/g <m)i 

<0.1-1.8 „R/g j»h 

-0.1-1.1 ug/g jeh 

<0.1-1.4 ug/» axh 

<0,1-2,0 ug/g a«h 

<0,1-1,4 ug/g a*h 

Nut glveu 

Not given 

<0.0009-0.0093 mlcromole/g 
ash 

Not given 

<0.1-1.0 ugi'g a*h 

Mean Level 

•u. I un/n iixh (median) 

0.002 mg/lOOg w<'t wl . 

0.1 i.g/g .ivh (median) 

0.1 ug/g •'*" (median) 

0.1 ug/g aeh (Median) 

0-1 UK/K •>»•< (median) 

0.1 ug/g a»h (median) 

'0.1 ug/g «*" (median) 

0.00 

0.02b mg/100 g dry wt. 

Not given 

0.005 ug/g dry wt, 

<0.1 ug/g «*h (median) 

No. of 
Caaea 

11 ..| 11* 

Not given 

IS of 68 

11 of 102 

49 of 84 

1(1 Of 11 

64 of 109 

14 of 42 

Not given 

1 

150 

Not given 

67 of 141 

Analytical 
Hathod 

KS 

>:s 

KS 

KS 

KS 

Not given 

ES 

C O M M A t a 

Duodenum, 

Jejunum 

Ileum 

Cecum 

Sigmoid colon 

Rectum 

Adult* who died unexpectedly, 
Si, l.ouU 

h':,rmal level 

Reference 

Tipton and Cook, 
196) 

Kelme vt ll,, I94( 

nptuii «nd Cook, 
1961 

Tipton and Cook, 
196i 

Tipton and Cook, 
1961 

Tipton and Cook, 
1963 

Tipton and Cook, 
1961 

Tipton and Cook, 
1961 

Kehoe et al., I94< 

Nuabaua el al,, 
1958 

Perry et nl,, 
1962 

Kentoul and Smith, 

Tipton «nd Cook, 
1961 

TX-490? 
7-Z4-78 



SILVER, (continued) 

Tissue Range Mean Level 
No. of 
Cases 

Analytical 
Hathod Comments Reference 

Larynx <0.1-0.5 ug/g ash '0.1 ug/fc •!*>• (median) 20 of 50 ES Tipton and Cook, 
196 3 

Liver Not given 0.005 mg/100 g wet wt. Not given ES Kahoe et al., 19»( 

Nut given 0.034 mg/100 g dry wt, 3 ES Nusbaum et al,, 
195S 

Not given 0.96 + 0.88 ug/g ash 10 ES 5 white, 5 hi nek lieulthy males Perry et al., 
1973 

0.0091-0.0)0 micromole/g 
ash 

Not given 150 ES Adults who died unexpectedly, 
St, Louis 

Perry et al,, 
1962 

Not given 0.04 ug/g dry wt. Not given Not given Normal level kantoul and Smith, 
1973 

O.l-j.2 ug/g ash 0.8 ug/g ash (medlun) 139 of 
148 

ES Tipton and Cook, 
1963 

Lung Not given 0.004 mg/100 g wet wt, Not given KS Kehoe et al., 194< 

Not glv*n 0.010 mg/100 g dry wt. Not given ES Nusbaua et al., 
1951 

<0.0009-0.0046 mlcromole/ 
g ash 

Not given 150 ES Adults who died unexpectedly 
St, Louis 

Perry et al., 
1973 

<0.1-U vg/g ash <0.l ug/g ash (median) 54 of 139 KS Autopsy cases from 9 cities Tipton et al,, 
1964 

<0.1-0.S ug/g ash '0.1 ug/g ash (median^ 54 of 139 ES Tipton and Cook, 
1963 

Muse 1e Not given 0.00 mg/100 g wet wt. Not given ES Kehoe et al,. 194 

v0.l-0.i ug/g ash •0.1 ug/g ash (median) 27 of 115 ES 11,.Ion and Cook, 
1963 

TX-4907 
7-24-78 



Sll.VKK (continued) 

Tissue 

(tails 

CWntua 

Ovary 

Pane reas 

Placenta 

Prostate 

Skin 

Spleen 

Stoaach 

TX-4907 
7-24-/8 

Hangs 

4.8 » 10** - k.S a 10"' X 
dry wt. 

<0.1-1. > ug/g ash 

-0.1-1.1 ug/g ash 

<0.1-1.0 ug/g ash 

Not given 

<0.1-1.1 ug/g ash 

1.7 x 10"» - 4.5 x 10"" X 
dry wt. 

0.1-4.0 ug/g ash 

Not given 

Not given 

<0.1-0. > ug/g ash 

Not given 

<0.1-1.0 ug/g ash 

Mean Laval 

Silt KtV(M\ 

0,5 ug/« ash (swdtan) 

•0.1 ug/g ash ( u d U n ) 

•0. 1 ug/g ash (awdlan) 

Nut given 

<0.1 ug/g ash (ttedlan) 

Not given 

1.1 ug/g ash (median) 

0.00 mg/100 g wet wt. 

0.025 »g/100 g dry wt. 

'0.1 UK/K ash (aiedlan) 

0.00 mg/100 K wet wt. 

'0.1 ug/g ash (awdlan) 

No. of 
Cases 

ia 

61 of 74 

7 of 16 

61 of 117 

58 

24 of 48 

18 

21 ol 22 

Not given 

1 

44 of 141 

Not given 

52 of H O 

Analytical 
Method 

KS 

ES 

KS 

ER 

Not given 

KS 

KS 

RS 

ES 

ES 

KS 

KS 

KS 

CoaaMncs 

Age 15-70 yrs, Vlhlte, 

City hospitals in South and 
Southeast 

Age 15-70 yra. Whits, 

Reference 

Guldblum, at al,, 
1953 

Tipton and Cook, 
196] 

Tipton and Cook, 
1963 

Tipton and Cook, 
196) 

Karp and 
Robertson, 1977 

Tlptun and Cook, 
1961 

C.oldblua at al., 
1953. 

Tipton and Cook, 
1961 

Kahoe et al., 1941 

Nuabaua, at al., 
1958 

Tipton and Cook, 
196) 

Kahoe at al., 19«n 

Tipton and Cook, 
196) 



SILVKK (continued) 

Tissue 

— • — — 

Range Mean Level 
No. of 
Caaea 

Analytical 
Method Consents deference 

Teeth Not liven 1.0 111>« Not given Not given Puvblo Indiana. 100-year-old 
enamel 

Anon, 19 J» 

Not given l.U + 1,04 ppa>; 7.43 • 
2.70 ppa 

208 HS High caries, Mew England; low 
caries, South Carolina, «20-
year-old. 

Cur ion et al,, 
1»77 

0.01-0.7? ug/g dry wt. 0.140 ug/g dry wt. 6̂ MS Wide geographic area U>s»e et al., 
197) 

Testis <0,i-0.i ut/x ash •U.l ug/g ash (nedlan) 24 of 71 ES Tipton and Cook, 
196) 

Thyroid <0.1-9.8 ug/g ash <0.1 ug/g anl\ (nedlan) 10 -.f 20 es Tipton and Cook, 
196) 

Trachea <0. l-l.'J .g/g ash ^0,1 wg/g .ml\ (aiadlan) 12 .if 60 ES Tipton and Cook, 
1*63 

Urine Not given 0.00 »g/lU«r Not given IS Kehoe et al,, I94i 

0.^2-1.a Ug/ liter 1.50-1.67 i.g/llt»r 24 KS 10 black and 14 white petsona 
agr 4-64 yra,, St, I.OUIK, Mo. 

Parry and ferry, 
1949 

Uterus <0,1-0.6 ug/g ash •0,1 ug/g ash (median) 10 of 12 KS Tipton and Cook, 
196) 

TX-490? 
7-24-78 



STRONTIUM 

Tlaaua 

— — ' 

Range Mean Laval 
No, of 
Caiaa 

Analytical 
Method Coaaenti Befarance 

Adrenal 0.3-9.5 ug/g aah ">.* ug/g «»•> 11 F.S Tipton and Cook, 
lt*3 

Aorta G. 12-0.87 *icrcMole/g a»h Not given 100 ES Ferry, 1968 

0.17-0.89 mtcromole/g n»li Not glvvn 150 KS Adult* who died unexpectedly In 
St. Loui*. 

Ferry it al., 196: 

15-78 ug/g aeh 31 .ig/g ash 103 KS Tipton and Cook, 
196) 

Blood Not given 0.0151 + 0.0008 mg/100 ml 122 es Bloou 'onorn in Lea Angelea area. 
Seria*. 

Butt at al., 1964 

Not given 0.0040 + 0.0005 mg/100 ml 96 IS Hoapital patient* in Loa Angelea 
area. Sanaa, 

Butt at al., 1964 

Not given 0.0046 + 0.0003 mg/100 •] 48 F.S Normal paraona in Loa Angelea 
area. Serum. 

Butt et al,, 1964 

Not given 0.0039 + 0.0002 mg/100 ml 47 KS Normal person* In Lo* Angelea 
area. Whole blood. 

Butt at al., 1*64 

0.00-0.05 ppm Not given 19 X-rav apertmaetry 39 healthy man. Mean age 35.1. 
Serum, 

CefMn at al., 
1964 

Bone 30-80 ppn Not given 2 KS Skeleton, White male, age 60. 
Mack male, age 48, 

Forbea et al., 
195b 

Not given 0.013 X of aah; 0.019 X 
of aah 

38 ES Fetal, Other aamplaa, Nuabaum at al,, 
195» 

Not given 0.57 mg/g calcium 5 AAS Fetal Roaanthal at al,, 
1972 

38.91 + 0.76 mg/it cjllciue. Not given 3 AAS Adult Roaenthal et al., 
1972 

TX-4907 
7-24-78 



STRONTIUM (continued) r Tissue 

Bone 
(continued) 

Br .tin 

Oiaphiagm 

Esophagus 

Feces 

Hair 

Range 

<0.1-3.4 y..Ci/g calcium 

41,6-157 p(>M 

Mean Level 

Not given 

79.1 + -'0 ppm (0-3 
months); 
73.8 + 26 ppm (1-13 
yearn); 
107 + 23 ppm (19-33 
yearn); 
114 + 28 ppm (33-74 
year*) 

0.0064-0.046 mlcromolv/g , Not given 
ash 

0.0057-0.049 mtcromoWg 
ash 

0.5-4.3 ^g/g ash 

1.4-7.S ..g/g ash 

4.1-17 .g/fc ash. 

Not given 

Not given 

1.1 ,g/g ash 

1.) ..g/g ash 

8.2 .*/» ash 

1.7 + 0..* mg/day; 
.',1 + 0,2 mg/dav 

2.2 X I T * to 9.1 x 10-* Not given 
*. dry wt. 

U-22 pCl/g calcium 

Not i;ivcn 

15 pCi/n calcium 

•*.1 pci/fi calcium 

No. of 
Cases 

35 

35 

100 

150 

127 

*l 

65 

1H 

Analytical 
Method 

Not given 

NAA 

KS 

KS 

KS 

KS 

KS 

KS 

Kadi onetrv 

Kad lometrv 

Comaius 

Alaska, ages 4 months to 6: 
years, 

Males and Females, lilrth to .'•'• 
years. 

Adults wlio Jlril unexpectedly in 
St. l.ouis 

Health", -'I- and 25-year-old men 
at University of cinclnnarI. 

White males, 15-70 wars old 

Host on and New Orleans 

Phoenix 

Rtftrtnc* "1 
Schubert, 1962 

Sowden and 
Stitch, 1957 

Perry, 1968 

Perry et al. , 
196? 

Tlpt"n and Cook, 
1961 

Tipton and Look, 
196 1 

Tipton and cook, 
196) 

Tipton et al,, 
l«tfr'l 

(ioldhlum et ,il, , 
1*5 1 

Holler el al,, 
1964 

Holler et al. , 
196,1, 

tX-4907 
7-24-7» 



STRONTIUM (continued) 

Tissue Range Mean Level 
No. of 
Cases 

Analytical 
Method Comments Refjrsnee 

Hair 
(continued) 

2.2 x 10"' to 9.1 x 1 0 * 
X dry wt. 

Not given 1H ES White males, 15-70 years old C.oldlilum et al., 
195) 

11-22 pCt/g calcium 15 pCl/g calcium 7 Kadlometry Ronton and New Orleans Moller et al., 
1964 

Nut given 9.5 pCl/g calcium 2 Had lonetry Phoenix Holler et al, , 
1964 

Not given 1.1 ug/g dry wt, 
0.75 ug/g dry wt. 

•t MS Yurachek at ill. , 
1969 

Heart 0.014-0.19 mlcromole/g 
ash 

Not given 100 ES Perry, 1968 

0.012-0.081 mlcromole/g 
ash 

Not ,<iv«n 150 HS Adults who died unexpectedly In 
St. Louis 

Perry et al., 
1962 

1.1-7.1 itg/g ash 2.6 ug/g ash HO ES Tipton and Cook, 
1963 

Intestine 2.4-25 ug/g ash 11 ug/g ash 67 ES Duodenum Tipton and Cook, 
1963 

3.1-31 ug/g ash 11 ug/g ash 100 ES Jejunum Tipton and Cook, 
1963 

6.0-62 ug/g ash 25 ug/g ash 81 ES Ileum Tipton and Cook, 
196) 

11-100 ug/g ash '•2 ug/g ash n PS Cecum Tipton and Cook, 
1963 

5.5-76 ug/g ash 21 ug/g ash 107 ES Sigmoid colon Tipton and Cook, 
1963 

5.2-57 ug/g a*h 26 ug/g ash 42 ES Rectum Tipton and Cook, 
19H 

TX-4907 
7-24-78 



STRONTIUM (continued) 

Tissue Range Mean Level 
No. of 
Cases 

Analytical 
Method Consents Reference 

Kidney 0,047-0.16 silcroaole/g 
ash 

Noc given too ES Perry, 196« 

0,033-0.14 micromole/g 
ash 

Not given 150 ES Adults who died unexpectedly In 
St. Louis 

Perry et si., 
1962 

2.8-12 ng/g ash 5,2 ug/g ash 143 ES Tipton nnd Cook, 
1*61 

Larynx 10-70 ug/g M«h 25 jg/g ash 50 F.S Tipton and Cook, 
1963 

Liver 0 0 2 ES White nali-, age 60; black male, 
«ge '8 

Forbes et si., 
1956 

Noc given 1.70 • 1.16 ;.g/g ash 10 F.S 5 white stales, 5 black males; 
accident victims tn St. Louis 

Perrv et si., 
1973 

0.018-0.075 mtcromole/g 
ash 

Not given too KS Perry, 1968 

0.008-0.040 nicroaole/g 
ash 

Noc given 150 KS Adults who JI i-il unexpectedly in 
St, Lou t N 

Perry et Hi., 
196.' 

0.7-3. 5 Jg/g ash 1.6 yg/g ash 146 KS Tipton a:ul Cook, 
196 1 

Lung O 0 > KS White male, age 60; M u c k male, 
age 48 

Forbes et al,, 
1956 

0.073-0.16 micromole/g 
ash 

Not given ir.n KS Perry, 1968 

0.050-0,19 mlcronole/R 
ash 

Not Riven 150 ES Adults who died unexpectedly li\ 
St. Louis 

Perry el ,il,, 
19b; 

T'.-4907 



STRONTIU. (continued) 

Tissue Range Mean Level 
No. of 
Cases 

Analytical 
Method CoesMnts Reference 

Lung 
(continued) 

0 0 168 Not given Sample* from 58 cites and 29 non-
urhan aroa*', amount retained In 
lungs 

Schroeder, l'>70 

0 460 vy, (max); J ug (min) 168 Not given Samples from 58 cits* and 29 non-
urban area 

Schroeder, 1970 

4.5-17 ug/g ash 8.2 wg/g ash 141 KS Tipton and Cook, 
1961 

0. 5-46 ug/g ash 9.8 i.g/fj ash 141 KS Autops/ cases; nine U.S. cities Tipton at al., 
1964 

Huaun Milk 0.80-2.44 X Ingested; 
u.19 + 0.5 to 0.50 + 0.10 
-.luCl/kg Bilk 

Not given 5 Radlomefry Women, ages 17-22, Ithaca, N.Y.; 
fvd controlled diet 

Lough et al., 
1940 

Xus-le 0 0 i r.s Striated muscle, White male, 
age 60; black male, age 48 

Forbes •'<• al. , 
1956 

0.1-4.0 ug/g ash 1.2 '.iK/K ash 115 KS Tipton and Cook, 
1963 

Nails 1.6 x 10"' to 1,1 x 10'* 
Z dry tissue 

Not given 18 ES White males, 15-70 years old Goldblum et al., 
1953 

Omentum 3.6-25 lig/g ash 9.5 ug/g ash 74 EK Tipton and Cook, 
1961 

Ovary 4.0-13 ug/g ash 11 ug/g ash lh KS Tipton ind Cook, 
1961 

Pancreas 1.5-9.5 i.g/g ash 1. * »g/g ash n* KS Tipton and Cook, 
1961 

Prostate 5.0-48 ..g/g ash It fcg/g ash 48 f.S Tipton and Cook, 
1961 

TX-4907 
7-24-78 



STRONTIUM (continued) 

Tissue 

Skla 

Spleen 

Stomach 

Teeth 

Ranxe 

}.2 x 10"* Co 4.5 X 10"* 
X dry tissue 

4.5-15 :.g/g ash 

l>.013-0.11 mlcroim>le/e, 
ash 

0 . 0 1 2 - 0 . 0 6 8 mteromole/g 
ash 

1 . 1 - 6 . 0 ;.*/>, ash 

3 . 4 - 2 3 . .«/« ash 

26-132 ppm 

69-148 ppm 

N o t h^ivi'it 

Not vtiven 

184-649. J ppm 

H i -555 ppm 

Mean Level 

Mot v^lven 

8 .6 „ g / B ash 

Not Riven 

Not g iven 

: .L .g/g ash 

9 . 9 '•«/« '>sh 

67 + 20 ppm 

91 + 21 ppm 

128 .9 + H.19 ppu; 
156.7 + 10 .87 ppm 

104. 1 + «. 14 ppm; 
184.0 + 14 . h8 ppir 

S.u Hiven 

Not Riven 

No. of 
Cases 

Analytical 
Method 

18 F.S 

21 KS 

100 KS 

150 KS 

14! KS 

Ill) KS 

IS .US 

15 .•us 

2os MS 

20.M MS 

8 7 MS 

87 MS 

Cosjuent* 

White m a l e s , 15-70 years o ld 

Adults who J l e d unexpectedly In 
S t . Louts 

9 - to 1 5 - y e u - o l d si'hoi ! c h i l d r e n 
in Cambridge, Mass. 

9- to 1 5 - y e a r - o l d school c h i l d r e n 
In Cambridge, Mass. 

New Knglaiid; South Caro l ina . 
Knamel. Less than 20 years o l d . 

IUKII c a r l e s ; low c a r l e s . Coni-
t>lncd areas of New ('.n^land, South 
C a r o l i n a ; l e s s than 20 years o ld 

Knainel, *ur facu , 12-14 years 
o l d ; Oregon, Me.unoa, C a l i f o r n i a 

Kiunm-1, Hiihsurface. 12-14 venrs 
o l d ; Oregon, Mo.ituna, C a l i f o r n i a 

Reference 

Colabium ct nl,, 
1951 

Tipton anJ Cook, 
1961 

Perry, 1968 

I'errv et ill. , 
1962 

Tipton anil Cook, 
1963 

Tipton and Cook, 
1963 

Hrudevcld et a I , , 
1975 

llrudevuld e l a l . , 
1975 

Curzoii and l .osee , 
1977 

Cttr^ou and l .osee , 
1977 

Met l e and 
H a r r c t t , 1976 

U t i l e and 
B a r r e t t , 1976 

TX-4**0 7 



Tissue 

Teeth 
(continued) 

Testis 

Thyroid 

Urinary 
bladder 

Urine 

Uterus 

Total body 

TX-4907 
7-24-78 

Range 

281.8-490.1 ppm 

64.6-266 ppm 

21-280 ug/g 

1.73-2.79 pCl/g calcium 

1.72-3.54 pCt/g calcium 

0.31-0.61 mg/g cakiu>i 

1.9-13 ug/g ash 

5.3-21 wg/g ash 

5.5-23 ..g/g ash 

Not given 

Not given 

2. 1-21 .g/g ash 

STRONTIUM (c 

No. of 
Mean Level Caaea 

Not given 87 

Not given 87 

121 + 11 ,.g/g *6 

Not given 41 

Not given 10 

)H 

4, 3 tig/g ash 69 

l'< ug/g ash 21 

12 ug/g ash 110 

25.1) m.Cl/g calcium h 

0,12 + 0.01 mg/day; j 
I). 10 + 0.01 mg/dny 

9.5 vig/g ash 32 

V><\ mi. 168 

nt inut'd) 

Analytical 
Method Comment! Reference 

MS Enamel, Inner. 12 14 years 
old: Oregon, Montana, California 

Little and 
Barrett, 1976 

MS Enamel, bulk. 12-14 years old; 
Oregon, Montana, California 

Little and 
(turret t, 1976 

MS l.esa than 20 years old l.osee et al., 
1973 

Not given Children In St. Lo lis bcrn 
between 1950 and 1958 

Rosenthal ct al., 
1964 

Not given 7- to 9-aonth fetuses; St. l.outn Rosenthal et al., 
1964 

AAS Rosenthal et al,, 
1972 

ES Tipton and Cook, 
1961 

KS Tipton and Cook, 
1963 

ES Tipton and Cook, 
1963 

Not given Alaska Schubert, 1962 

KS Healthy, 2')- and 25-year-oia men 
at University of Cincinnati 

Tipton et al., 
1969 

ES Tipton and Cook, 
1963 

Not given Samples from ad cltei, and 29 
nnnurban areas 

Schroeder, 1970 



> V' 

TANTALUM 

Tissue 

Blood 

Range 

0.00-0.41 ppm 

Mean Level 

Not Riven 

No. of 
Cases 

39 

Analytical 
Method 

X-ray *pttt-lri>mvcry 

Coaaents 

Htfalt l iy nen, Mean «g«> 35. J yearn. 
Serum 

Reference 

Cofauin et a l , , 
1966 

TX-4907 
J-24-7H 



TEUUHIUM 

Tissue Range Mean Level 
No. of 
Caaea 

Analytical 
Method Consents Refer. ince 

Adipose Not given 1.8 ug/g wet wt. Not given NAA Schroeder i 
1967 

rt al.. 

Blood 0.00-0.49 ppm Not given 39 X-ray Hpciiroaetry Healthy 
Seru*. 

males. Mean age 15.3, Cof«*n at i 
196A 

1 1 < i 

0.5-1.6 wg/»l; 
Not given 

1.1)7 + 0,12; 1.30 + 1.95 
ug/ml 

10; 2 Not given Serua; K.d blood calls. Schroedar i 
1967 

it s i . , 

Bone Not given 77.0 ug/g wet wt. Not given NAA Schroeder < 
1967 

it a l . , 

Brain Not given 1.88 ug/g wet wt. A AAS Schroedar < 
1967 

it a l , , 

Heart Not given 0.H3 ug/g wet wt. A AAS Schroeder i 
1967 

it a i . , 

Kidney Not given 0,88 ug/g wet wt. A AAS Schroeder < 
1967 

it a l . , 

Liver A.36-8.^7 ug/g wet wt. Not given 3 AAS Schroeder < 
1967 

t a l . , 

Lung 0.12-0.99 ug/g wet wt. Not given 3 AAS Schroedar < 
1967 

it a l . , 

Nuacle 0.35-0.63 ug/g wet wt. Not Riven 2 AAS Schroedar i 
1967 

it a l . , 

Ovary Not given 0.14 ug/g wet wt. Not given NAA Schroeder < 
1967 

it a l . , 

Vanereas Not given 1.06 ug/g wet wt. 1 AAS Schroader < 
1967 

it a l . , 

Sp'.ein 1.01-1.86 ug/g wet wt. Not Kiven Not given KAA Schneder « 
1967 

il a l . , 

TX-4907 
7-24-78 



--**.. 

TKUI.URIUM (continued) 

Ttasue Range 

Testes 

Urine 

Mot given 

0.26-1.09 us/ml 

Mean Level 

0.18 U*/K vet wt. 

Not given 

Not given 

Not Klven 

Nn. of 
Caaea 

Analytical 
Method 

NAA 

Not given 

J-24-78 

Coaatenta Reference 

Schroedar et al., 
1967 

Srhroader et al., 
1967 



Ttaaua Range Haan Laval 

TERBIUM 
No. of 
Caaaa 

Analytical 
Mathod Canaanta Rafaranca 

Blood 0.00-0.23 pp* Not glvan 19 X-ray apmtrniietry Haalthy man, *aan aga IS. J yaara, 
Sanaa 

Gofaian at al., 
19*4 

TX-4907 
7-24-78 



THALLIUM 

Tissue Range Mean Level 
No. of 
Caaea 

Analytical 
Method Comment* Reference 

Blood 0.00-0,c: ppm Not given 19 X-ray xpeitn>mriry Healthy men, mean age 13.1 year*. 
Serum 

Cofman et al., 
19*4 

Not given 0.02 jt/ml Not 
given 

Not given Kentoul and 
Smith, 1971 

0.0-8.0 u g ^ O O ml 0.J yg/100 ml 120 AAS Children age 1 to S year*; pre­
dominantly black and Spaniah-
xpeaking resident* of Newark, 
N..I. Whole Blood, 

Sin<h et al. , 
197. 

Brain Not given 0.5 ug/g dry wl. Not 
given 

Not given Kentoul and 
Smith, 197) 

Heart Not given 0.4 ug/g dry wt. Not 
glv« i\ 

Not given Rencoul and 
S«Uh, 1971 

Kidney Not given 0,4 ug/g dry wt. Not 
given 

Not given kentoul and 
Smith, 1973 

Liver Hoc given 0.4 •V.l'i dry wt. Not 
given 

Not given Rentoul and 
Smith, 1973 

TX-4907 
7-24-73 



i:'«\« n - ^j-..,*^""()ir*i. 

Tlsaue Rani* Haan Laval 

THORIUM 
No. of 
Caaaa 

Analytical 
Mathod CoMMnt* Rafaranca 

Blood 0.00-0.10 ppm Not given J9 X-ray npectrwuetry Haaltl-.y itn, aaan «•• JJ.l yaara. 
SaruM 

Cofun at al., 
1964 

TX-49C7 
7-24-78 



•$m-

THULIUM 

T i s s u e Range 

Blood 0 . 0 0 - 0 . 3 6 ppm 

Mean Level 

Nut g i v e n 

No. of 
CaacN 

Analy t t i n ) 
MP tMod 

X-riiv ap i ' i i rumi ' t ry 

Coaawnca 

H e a l t h y a e n , Mean age J S . 3 y e a r * . 
Serum 

TX-4907 
7-24-7H 



« • < ! * . ' J " * * * * * * * ' * 1 " 

TIN 

Tissue 

— • — — — — — — — — — — — 

Range Mean Level 
No. of 
Caaaa 

Analytical 
Ha lhod Comwenta Reference 

Adrenal 5-72 ;.g/g ash 23 ug/g ash 14 of 15 ES Tipton and Cook, 
1*6) 

Aorta < 0.04-0.21 mlcromole/g 
dry wt. 

Not Given 100 ES Perry, l*6i 

5-18 «g/g a*h 14 ug/g ash 96 of 105 ES Tipton and Cook, 
1*63 

0.042-0.12 mlcrumole/g 
ash 

Not Clven 150 ES Perry et al., 
1962 

Bladder Not Given 5.2 ppm wet wt. 2 ES Suddan accidant victims, 
up to 56 years old 

male, Koch et al., 
19J6 

< S-S8 i-g/g ash 16 ug/g ash 100 of 
112 

KS Tipton and Cook, 
196) 

Blood 0.00-0.47 ppm Not Giver. 19 X-ray gprctrometry Haalthy awn, M a n aga 1) 
Serum 

1 years, Cofman et al., 
1964 

Not Given 0.012 mg/lOOg Not Clvan ES Kahoe at al., 
1940 

Not Given 140 ug/ml Not Clvan Not Given Herts, 1974 

Not Clven 0. 12 ug/ml Not Given Not Given Rantoul and 
Smith, 1973 

Bone Not Given 0.080 mg/lOOg wet wt. Not Given ES Long bone Kehoe et al, , 
1940 

Not Given 0.050 mg/lOOg wet wt. Not Clven ES Rib bona Kehoa et al., 
1940 

Nut Given 0.1 ppm wet wt. 2 ES Suddan accident victims, 
up to 56 years old 

male, Koch et al., 
1956 

TX-4907 
7-24-78 



TIM (continued) 

Tissue 

Brain 

Diaphragm 

Esophagus 

Feces 

Hair 

Range 

Not Given 

Not Given 

Not Given 

* 5-*5 ug/g ash 

< 5-29 ..g/g ash 

Nut Civen 

* 5-6.! i.g/g ash 

Soc Given 

0.014-8.30 _g/g 

0.048-12.00 i.g/g 

Not CHen 

Not Given 

No- Given 

Not Civen 

Mean Level 

0.0 mg/lOOg wet wt. 

1.0 ppm wet wt. 

2 .g/g dry wt. 

• 5 .g/g ash 

5 ..g/g ash 

0.J ppm wet wt. 

It) ..g/g ash 

J.b-0.7 mg/day. J.b-O.'i 
mg/day 

No. of 
Cases 

0.561 ng/g 

0.785 i.g/g 

Not Given 

Not Given 

7 of 
129 

55 of 
91 

58 of 
68 

2b!> 

191 

I | 0.54 ug/g 

0.44 ..g/g 

0.81 ..g/K 

0.4 ..*/>•. dry wt. , 0. :I9 
!£..*'_ L 

Analytical 
Method 

KS 

KS 

Not Given 

KS 

KS 

KS 

KS 

KS 

KS 

KS 

126 KS 
90 KS 
71 KS 
> MS 

CoMMnCM 

Suddi'n accident victins, male, 
up to 56 yi'iim old 

Sudden accident victims, male, 
up to 56 years old 

Healthy 2) and 25-year-old sun, 
University of Cincinnati 

Children from Klverhe.ul, <)u«vns, 
and Bronx 

Adults from Rlverhrad, Queens, 
and Hronx 

Children fro* Rlvrrhcid 

Children from Queens 

Children from Bronx 

TX-4907 
7-24-78 

. . . — 1 • . ..... „ ., 

Reference 

Keher e 
1940 

t rtl. , 

Koch el 
1956 

111., 

Retuuol 
Smith, 

and 
197} 

Tipton 
1961 

and Cook, 

Tipton 
19b J 

and Cook, 

Koch el 
1956 

-il. , 

Tipton 
1)61 

and Cook, 

Tipton 
191.9 

pt .il., 

Crist son , 197S 

Crvaeon , 1975 

Creason , 1975 

Cieason , 1975 

Creason , 197'. 

Yuv.iche 
.1.96.9 ._ 

k ft al., 



TIN (continued) 

Tissue Range Mean Level 
Nn. of 
Cases 

Analytical 
Method Consents Reference 

Heart Not Given 0.022 mg/lOOg wet wt. Not Given ES Kehoe et si., 
1940 

<0.04-0.1J Not Given 100 ES Perry, 1961 

Not Given 0.2 ug/g dry wt. Not Given Not Given Rentoul snd 
Smith, 1962 

< 5-27 ug/g aah 5 ug/g ash 84 of 
140 

ES Tipton and Cook, 
196} 

< 0.04-0.23 alcromole/g 
ash 

Not Given ISO ES Parry et al., 
1962 

Intestine Not Given 0.016 mg/lOOg wet wt. Not Given F.S Kehoe at al., 
1940 

Not Given 0.2 pr« wet wt. 1 ES Sudden accident vlctlas, sale, 
up to 56 years old, large 
intestine 

Koch et al., 
19S6 

Not Given 0.4 ppm wet wt. 7 ES Sudden accident victims, male, 
up to 56 years old, m i l 
intestine 

Koch et al., 
1916 

< $-160 ug/g ash 28 ug/g ash 61 of 
6B 

ES Duodenum Tipton and Cook, 
196) 

8-110 ug/g ash 16 ug/g ash 100 of 
104 

ES Jejunum Tipton and Cook, 
196} 

15-430 ug/g ash 79 ug/g aah 80 uf 
84 

ES Ileum Tipton and Couk, 
196) 

45-800 ug/g ash 1)0 ug/g ush 31 ES Cecum Tipton and Cook, 
196) 

TX-4907 
7-24-78 



VIS (continued) 

Tissue 

1 

Range Mean Level 
No. of 
Casi <• 

Analytical 
Method Cosasents 

Intestine 10-310 ..g/3 ash 45 ug/g ash 107 o' 
109 

KS Sigmoid colon 

5-180 ;.g/g ash 57 ..g/g ash 19 oi 
42 

KS Rectum 

Kidney Not Clven 0.020 ng/lOOg wet wt. Not Clven KS 

Not Clven 0.4 ppn w«t wt. 6 KS Sudden accident victims, rrw'le, 
up to 56 years old 

0.9-7.8 „g/g dry wt. 2.8 ..g/g dry wt. 6 KS 

1.1-6.0 „g/g dry wt. Not Given 2 KS 

< 0.04-0 mlcrostole/g dry 
wt. 

Not Given 100 KS 

0.042-0.19 fclcromole/g 
ash 

Not Given 150 KS Adults who died unexpectedly 1 
St. l.ouls 

Not Clven 0.2 ,.g/g dry wt. Not Given Not Clven 

• 5-480 pp» .>»'< 10 ppm asl\ 161 ts 

0-1. vf mg/tOOg Jry wt. Not Clven Not Clven KS Cancer patients 

3-4t> »g/g ash lb .g/g ash 140 ot 
145 

KS 

Reference 

Tipton and Cook, 
196) 

Tipton and Cook, 
1963 

Kehoe et .ll., 
1940 

Koch et a I., 
1956 

Koch et al,, 

Koch et al.> 
1957 

I'erry, 1968 

Perry et al., 
L9t>2 

Ktuitoul and 
Smith, 1962 

Schrouder et al,, 
1964 

Tlet* ri al., 

Tipton and Cook, 
196J 

TX-4907 
,•-24-78 



TIN (cont inued) 

Tiaau* 

• — — — — — ^ — — — — 

Range Mean Level 
Nn. of 
Caaaa 

Analytical 
MethoJ Coaaenta Reference 

Larynx * 5-16 ug/g aah 8 ug/g aah 14 of 
SO 

ES Tipton and Caok, 
1961 

Liver Not Given O.ObO mg/100g wet wt. Sot Given ES Kehoe at al,, 
1940 

Not Given 2. 5 ppn wet wt. 5 ES Sudden accident vidian, nale, 
up to 56 yaara old 

Koch at al., 
19S6 

1.2-21.1 ug/g dry wt. 12.0 ug/g dry wt. 5 ES Koch at al., 
19S7 

1.4-1.2 ug/g dry wt. Not Given 3 ES Koch at al., 
1957 

< 0.04-0.24 aicroanle/g 
dry wt. 

Not Glwn 100 ES Peiry, 1961 

Nut Given 17.50H6.4 ug/g tlaaue 
aah 

10 ES Healthy adult Mlaa fro* St. 
Louie, accident victim* 

Perry, 1971 

0.041-0.62 mlcroaole/g 
ash 

Not Given ISO ES Adulta who died unexpectedly In 
St. Louia 

Parry at al,, 
1962 

Not Given 0.6 ug/g dry wt. Not Clven Not Given Kentoul and 
Snith, 1962 

< 5-100 ppn aaii J5 ppa aah 161 ES Schroeder et al., 
1944 

0-1.5+ ng/lOOg dry wt. Not Given Not Given ES Cancer patlonta Tieta et al,, 
19S7 

5-74 -g/g ash 21 ug/g aah 144 of 
150 

ES Tipton and Cook, 
1961 

Lung N<:t Given 0.045 aig/lOOR wet wt. Not Given ES Kahoe et al,, 
1940 

TX-4907 
7-24-78 



TIN (continued) 

Tissue 
1 

Range | Mean Level 
No. of 
Caae* 

Analytical 
Method Comments Reference 

Lung Not Given 1.8 ppm wet wt. - ES Sudden accident vietlas, nuile, 
up to 56 years ol-1 

Koch et al,, 
1956 

1.6-49.1 ug/g dry wt. 22.4 ug/g dry wt. 4 KS Normal subjects Koch et al., 
195V 

0.8-14.7 jg/t dry wt. Not Given 5 ES Patients with lymphonuitous 
diseases 

Koch ec al., 
1957 

< 0.04-0.62 wlcromole/g 
dry wt. 

Not Given 100 tS i'erry, 1968 

0.093-0.93 micro«ole/g 
ash 

Not Given • •0 LS AdulCH who died unexpectedly in 
St. Louis Perry ut al., 

1962 

< 5-920 ppm ash 69 ppm ash 159 ES Schroeder ec al., 
1964 

17 ;.g/g ush 168 Not Given Samples from 58 cities and 29 
nonurban nreaa, amount retained 
In lungs 

Schroeder, 1970 

9200 „g(max), 200 ugdaln! 163 Not Given Samples from 58 cities and 29 
nonurban areas 

Schroeder, 1970 

Not Given 0-3.0 mg/lOOg dry wt. Not Given ES Cancer patients Tletc ec al., 
1957 

11-110 ..g/g ash 37 ..g/g ash 137 of 
140 

ES Tipton and Cook, 
1963 

<5-92U ..js/n ash 17 v.g/g ash 141 ES Autopsy inaee, nine U.S, cities Tipton et ul,, 
1964 

^uscle Not Given 0.011 mg/lOOg wet wt. Not Given ES Kehoe et al., 
1940 

TX-4907 
7-24-78 



TIN (continued) 

Tissue Range Mean Level 
No. of 
Cases 

Analytical 
Method CoasMnts Reference 

• ' 

Muscle Not Given 0, 7 ppn wet wt. a KS Sudden accident vlctlaa, sale, 
up to 55 years old 

Koch et al., 
1956 

< 5-10 ug/8 aah « 5 ug/g ash 26 of 
137 

ES Tlpr.on and Cook, 
1965 

Ovarv < S-210 ug/g ash 15 ug/g aah 13 of 
16 

KS Tipton and Cook, 
1963 

OaentuB 5-48 ug/g ash 16 ug/g aah 69 of 
74 

KS Tipton and Cook, 
1961 

Pancreas Hot Given 1.0 ppst wet wt. 2 ES Suddan accident victims, aala, 
up to 56 yeara old 

Koch et al., 
1956 

•• 5-24 ug/g ash 5 ug/g ash 73 of 
169 

ES Tipton and Cook, 
1963 

Placenta Not Given 0.001*0.003 ug/g wet wt. 58 Not Given City hospitals in S uth and 
Southeast 

Karp and Robert­
son, 1977 

Prostate Not Clven 1.5 ppn wet wt. 4 ES Sudden accident victims, stale, 
up to 56 yeara old 

Koch et al,, 
1956 

< 5-39 ug/g ash 14 ug/g ash 42 of 
50 

ES Tipton and Cook, 
1963 

Skin 7-74 ug/g ash 21 ug/g ash 21 of 
22 

ES Tipton and Cook, 
1961 

Spleen Not Given 0.022 mg/lOOg wet wt, Not Given KS Kahoe et al., 
1940 

Not Clven 0.6 ppa wet wt. 3 ES Sudden accldeiit victlas, stale, 
up to 56 yeara old 

Koch et al., 
1956 

1.0-4.3 ;.g/g dry wt. 3.2 UK/« dry wt. 3 KS ,','t/risuti subjects Koch et al., 
1957 

TX-4907 
7-24-78 



TIN (continued) 

Tliaue 

Spleen 

Stoaach 

Teeth 

Testis 

ThyCo Id 

TX-4907 

Range 

0.9-5.1 :.g/g dry wt. 

^0.04-0.11 mlcromole/g 
dry wt. 

* 5-35 i.g/g ash 

< 0.04-0.29 Ricromole/g 
ash 

Not Given 

Sot Given 

* 5-74 _g/g ash 

Not Given 

0.03-7.10 ..g/g dry wt. 

Not Given 

< 3-33 ..g/g ash 

Sot Given 

Mean Level 

Not Given 

Not Given 

11 ..g/g aah 

Not Given 

0.050 mfc/lOOg wet wt. 

0.4 ppm wet wt. 

lb -g/g aah 

0.2-.-0.08 ppm; I. J 5 • 
0.37 ppm 

0.5)>0,14 s/g dry wt. 

1.0 ppm 

11 ..g/is ash 

0.2 ppm wet wt. 

No. of 
Caaea 

100 

120 of 
143 

150 

Analytical 
Method 

t:s 

ES 

ES 

ts 

Not Given KS 

ts 

111 of 
131 

5b 

Not Given 

54 of 

ES 

MS 

Not Given 

KS 

KS 

CoaeMnta Reference 

Patient* with lynphoaatou* 
dlaeaaea 

Koch et al., 
1957 

Horry, 1968 

Tipton and Cook, 
1963 

Parry et al., 

Kehoe et al., 
1940 

Sudden accident victim*, male, 
up to 56 yearn old 

Koch *t al., 
195h 

Tipton and Cook, 
19b J 

High carle* area (New England), 
low car leu area (South Carolina), 
Knamel, lea* than 20 yearn .<Id 

Cor/on and l.oaee, 
1977 

Lena than 20 yearn old l.onee el al., 
1973 

External enamel Iron Pueblo 
liutlaun, 800-yearn-old 

Anonvmouit, 1959 

Tiplon and Cook, 
19b3 

Sudden accident VICIIIDN, male, 
up to 5b yearn old 

Koch et al., 
195ti 

„ 



TIN (onttnuvd) 

Tiaaue 

Thyroid 

Trachea 

Urine 

Range 

< 5-47 ug/g a»h 

< 5-50 ng/g ash 

Not Given 

10-20 ug/ml 

Not Given 

Not Given 

Not Civen 

Not Given 

3.0-4.0 ug/ltter 

Not Civen 

Not Given 

Not Civen 

Not Given 

Not Given 

Mean Level 

1) :-K/K ash 

12 .ig/g ash 

0.011 mg/liter 

Not Given 

J ppb 

-7 ppb 

-fttl ppb 

-7 ppb 

16.6 ug/liter 

16.4 ng/llter 

16.8 ng/liter 

17.9 ug/lttvr 

15.8 yg/litcr 

20.6 i.g/llter 

No. of 
Caaea 

lb of 
21 

60 

Mot Given 

Not Given 

15 

15 

8 

7 

24 

10 

14 

10 

14 

Analytical 
Method 

KS 

KS 

KS 

Not Given 

KS 

GS 

KS 

KS 

KS 

KS 

KS 

KS 

KS 

KS 

Commenta 

Normal aubjacta 

Hypertenaive 

Hypertenalva, treated 

llypertenalve, untreated 

Normal, agea 4-69 yaara 

Nor ami famalea 

Normal malea 

Normal Nagroea 

Normal Caucaalan 

Hypercholeaterolealc patlenta 
before Na.Ca KDTA admlnlatratIon 

Reference 

ipton and Cook. 
96) 

ipton and Cook, 
961 

Kehon at al., 
940 

Marti, 1974 

arry, 196S 

arry, 1968 

erry, 1968 

erry. 1968 

arry and Parry, 
959 

arry and Parry, 
959 

erry and Perry, 
959 

arry and Perry, 
959 

arry and Perry, 
959 

erry and Parry 
959 

TX-4907 
7-24-78 



TIN (continued) 

No. of Analytical 
Tlaaua Range Mean Level Caiei Method 

Urine Not Civen 14.8 ug/llter 8 KS 

Not Given 21.6 ug/liter 4 ES 

Not Civen 23.2 ute/Uter ) ES 

Not Civen 0.01 ug/nl Not Given Not Given 

Not Civen 0.085-0.011 mg/day. 
0.058*0,006 mg/day 

T KS 

Uterus <5-65 ug/g a»h 10 -g/u a»h 24 of 
32 

F.S 

Vena Cava Not Given Not Given 1 ts 

Total body Mot Given 17 »g 168 Nor Given 

TX-490? 
7-24-7n 

Coaatenta 

Hypercholeiterolenic patient! 
during Na.Ca KDTA adminiatration 

Hypercholeateroleaic patient* 
one day after Na.Ca KDTA adaln-
Utratlon 

ItyperL-holeaterolemlc patient* 
two day* after Na.Ca KDTA 
admin lilt rat Ion 

Healthy 23 and 25-year-old men, 
Unlvrralty of Cliulnn.it i 

Sudden accident victim*, male, 
up to 56 year* old 

Sanplen fro* 58 title* and 29 
nonurban area* 

Reference 

Perry and Ferry, 
1959 

Perry and Perry, 
1959 

Perry and Perry, 
1959 

Renloul and 
Smith, 1962 

Tipton at al. , 
1969 

Tipton and Cook, 
1963 

Koch et al., 
1956 

Schroeder, 1970 

http://Cliulnn.it


...-j' • .. 'ps** • w * r * 

Tt»!»U» 

— • • « ' 

Range Mean Laval 

Adrenal <i-45 ug/g ash !*> ug/g .»sh 

Aurt > •0.1-2. > *>lcroik>le/g ash Not given 

<5-2* ug/g aah <S ug/g aah 

<0.l-0.J2 alcToawle/g aah Not r.iven 

Bladder <5-2» ug/g aah <5 ug/g ash 

•lood 0.00-0.18 ppa Nut given 

tody, total 
content 

» aig Nut given 

•rain 0.1-0.42 mlcioawle/g ash Not given 

<i-<4 -g/g aah <S ug/g aah 

Diaphra*^' <i-14 ug/g as'u <S ug/g aah 

Esophagus <5-44 ug/g aah • *> ug/g aah 

Feces 0.46 • 0,09 «nd 0.82 • 
0.20 ng/day 

Not given 

TX-4907 
7-24-78 

TITANIUM 

No. of 
Caaei 

——— Analytical 
Method Coaaantl Reference 

a of D ES United Statea adulta Tipton and Cawfe, 
196) 

\oo KS 10th and 90th percentile* ferry, 1961 

44 of 
104 

KS United Statea adulta Tlpton and Cook, 
1961 

no ES Adult St. Louia area reaidenta, 
unexpected deacha, l«aa than SOX 
of the valuaa, 10th and tOth 
percent Ilea 

Parry at al,, 
1962 

4) uf 
no 

ES United State* adult* flpton and Cook, 
1961 

19 X-ray spectrometry Healthy atales, M a n age J5.1 
years. Seru*. 

Uufaan at al,, 
1964 

16S 
aaatplea 

Not given )• urban and 29 nonuraan 
autopaiaa 

Schroeder, 1970 

100 «S 10th and 90th percentile* Perry, 196S 

12 of 
129 

ES United State* adulta Tipton und Cook, 
196) 

13 of 91 KS United States adulta Tipton and Cook, 
1961 

12 of 66 ES United States adulta Tipton and Cook, 
1961 

2 KS Healthy Males, 21 and IS yearn 
old 

Tipton at al., 
1969 



V*-

TITANIUM (continued) 

Tissue 

Hair 

Heart 

Intestine 

Rang* 

0.0OOOO32-0.00OOO64 X Ury 
tiasue 

3.9 and 24.0 .,g/g dry wt. 

<0.1- •>. 2 altroaole/g auh 

^5-S ..g/g ash 

<0.1-0.10 alcroMole/g a*h 

Sot given 

<5-23 -K/K ash 

<5-5 ug/g ash 

<5-2l „ 8/ K ash 

<5-ll ..g/g ash 

5-31 ug.'s a**1 

<5-lb jg/g anh 

Mean Level 

Not given 

Not given 

Not given 

*5 yg/g ash 

Not given 

5.2 [>pm wet wt. 

••> Jg/g aah 

•5 ug/g ash 

•̂5 -g/g ash 

!> ,g/g ash 

<i -B/K ash 

> yg/g ash 

No. of 
Caaea 

IS 

100 

24 of 140 

'.SO 

25 of 67 

15 of 102 

36 of 84 

16 of 31 

lb of 108 

22 of 42 

Analytical 
Method 

MS 

KS 

ES 

ES 

KS 

KS 

KS 

ES 

i:s 

KS 

Coes»ent« 

Whit* males, 15-70 year* old 

lOtli and 40th percent ilea 

Adulta 

Adult St. Uiuia area resident*, 
unexpected draco*, '.eaa than 
SOt of the valuea, .Oth and tOth 
lierrrnl ilea 

Male audden accident victim. 
Small intent lllr. 

Aftulla. Duodenum. 

Adult a, Jejunum. 

Adulta, Ileum. 

Adult H, Cecum. 

Adults. Sl|imotd colon. 

AdultH. Rectum, 

TX-490? 
7-24-78 

Reference 

C.oldblum et al,, 
19S3 

Yurachek et al., 
1969 

Perry, 1968 

Upton and Cook, 
1963 

Perry et al., 
1962 

Koch et nl., 19S6 

Tipton and Cook, 
1961 

Tiiiton and Cook, 
196) 

Tipton and Cook, 
1863 

Tipton and Cook, 
196) 

Tipton and Look, 
1963. 

Tl|iton and Cook, 
1961. 



TITAN KM (continued) 

Tissue 

Kidney 

Larnyx 

Liver 

Range 

•0.1-0.84 o lc romde/g ash 

Not given 

^0.1-0.12 Blcrumolu/g ash 

Trace-0.67 uj/g ash w«t wc 

<5-5 ug/g *»h 

<S-10 ug/g ash 

<O.l-0.4"» mlcroiaole/g ash 

Not given 

Not given 

<l-O.J3 mlcroeiole/g ash 

Trace-O.'iO .̂g/g wet wt. 

<"j-L6 ug/g ash 

Mean Level 

Not given 

1..' ppm wee wc . 

Nut given 

Not given 

5 ug/g ash 

5 ug/g ash 

Not given 

1.0 ppm wet wc. 

15._'0 + 16..'0 ug/g aah 

Not given 

Not giver. 

5 ug/g ash 

No. of 
Caaea 

100 

I 

ISO 

168 ns 
21 of 164 KS 

11 of 50 F.S 

100 KS 

1 KS 

10 

150 

16H 

W of 148 

Analytical 
Nathod 

i:s 

r.s 

KS 

KS 

CoMMnta 

10th and SOili percentile* 

Male audden accident vlcti* 

Adult St. Louis area realdenla, 
unexpected death*, leaa titan S0Z 
of the value*, 10th and 40th 
percent ilea 

Urban area autopaian 

Adulti 

Adult" 

10th and 90th percentilex 

Male audden accident victim 

Healthy adult male St. Louis 
area raaldenta, 5 Caucaaian and 
S Negro, accident vie tins 

Adult St. Louis area realdenta, 
unexpected deaths, leaa than 50X 
of the valuea, 10th and 90th 
percent ilea 

Urban area autopaiea 

Adultx 

TX-4S07 
7-24-78 

Reference 

Ferry, I960 

Koch «t aJ., 19t» 

Perry et al., 1V<»2 

Schroedar el al., 
1956 

Tipton and Cook, 
1963 

Tipton and Cook, 
1961 

Perry, 196S 

Koc h e l a 1., 
1956 

I'erry et al., 
197 J 

Perry ut al,, 
1962 

Schroeder ft al., 
1963 

Tipton and Cook, 
1961 



!r..i&v 

TITANIUM (continued) 

Tissue 

Lung 

Muscle 

Kails 

Oaencum 

Ovary 

Pancreas 

L 

Range 

0.72-21 microaole/g ash 

Not given 

1.0-15 micronole/g ash 

,o0- -700 ug/g 

2.4-7.7 ug/g wet vt. 

<5->2000 wg/g ash 

55-700 -g/g ash 

Nut given 

<5-5 ..g/g ash 

0.0000163-0.000039 Z dry 
tissue 

5-74 ug/g ash 

5-13 ..g/<; ash 

5-16 i,g/g ash 

Mean Level 

Not clvcn 

3. 2 ppn wet wt, 

Not givt.i 

87 :.g/g 

Not niven 

-•20 i.g/g ash 

220 _«/g ash 

2..: ppm wet wt. 

• * .•*/* <»sh 

Not given 

.'1 yg/g ash 

• i ug/g ash 

5 ..g/g ash 

No. of 
Cases 

100 

2 

150 

168 
sampl >-* 

168 

141 

139 of 
141 

17 of 
136 

18 

67 of 7 5 

2» of 111 

Analytical 
Method 

KS 

KS 

ES 

Not given 

KS 

KS 

KS 

ES 

F.S 

KS 

KS 

KS 

KS 

Coanencs 

10th and 90th percentiles 

Male sudden accident victim 

Adult St. Louis area residents, 
unexpected deaths, 10th and 90ih 
percentiles 

Stt urban and 24 nonurban 
autopsies 

Urban area autopsies 

1'rbun urea autopsies 

AU u i t» 

Male xudden accident victim 

Adults 

White males, 15-70 years old 

Adults 

Adults 

Adults 

Reference 

Perry, 1968 

Koch et al., 1956 

Perry et al,, 
1962 

Schroeder, 1970 

Scliroedur i t al , , 
I960 

Tipton et al, , 
1964 

Tip?.: a and Cook, 
1963 

Koch et al., 1956 

Tipton and Cook, 
196 3 

Co 1JMum et al., 
195J 

Tipton and Cook, 
1961 

Tipton and Cook, 
1961 

Tipton and Cook, 
196 1 

TX-4907 
7-24-;a 



J 

TITANIUM (continued) 

Tissue Range Mean Level 
No. of Analytical 
Caaea Method CoajMnca Reference 

Prostate Hot given 11 {>»•> wet wt. 1 RS Male sudden accident victim Koch et «1., 1956 

<S-33 ug/g ash <5 ug/g ash lb of 50 KS Adults Tipton and Cook, 
196) 

Skin 0.000106-0.000277 X dry 
wt. 

Not |Uven 18 ES White lulaa, 15-70 yearn old Coldblue) el al., 
i«m 

17-100 ug/g ash 12 ug/g ash 22 KS Adults Tipton and Cook, 
1961 

Spleen <0.1-0.59 alcroeiole/g ash Not given 100 ES 10th and 90th percentiles Perry, 1961 

Trace-1,0 ppa wet wt. Not given 168 ES Urban area autopsies Scltroeder et al., 
1960 

*5-l4 ug/g *»h < s ug/g ash 31 ol 143 KS Adults Tipton and Cook, 
196} 

<0.1-0.29 Not given ISO KS Adult St. Louis area residents, 
unexpected death*, less than 
50* of the values, 10th and 90th 
percent ilea 

Perry et al,, 
1962 

Stoaach Not given 6.6 ppn wet wt. 1 ES Hale sudden accident vie tin Koch et al., 1956 

<5-5 ug/g >»sh <5 wg/g ash 26 of 130 KS Adults Tipton and Cook, 
196 J 

Teeth <0.1-4.80 »g/g dry t. 0.46 > 0.13 ug/g dry wt. 56 MS • 20-yi-jir-olds, wide geographic 
area Knaa>el. 

Uiaee et al., 
1971 

Testis <5-10 ug/g ash '5 ug/g ash 19 of 72 ES Adults Tipton and Cook, 
196) 

TX-4907 
7-24-78 



TITANIUM (continued) 

Tiasue Rani* Mean Laval 
No. of 
Caaea 

Analytical 
Mathod CoBMntl Reference 

Thyroid 

Trachea 

Urine 

Uterus 

TX-4907 
7-24-78 

<S-82 ug/g aah 

<S-72 ug/g aah 

0.49 + 0.07 and 0.47 • 
0.06 

<5-5 ug/g aah 

5 ug/g aah 

<5 Ug/g a-.h 

Not given 

<5 ug/g aah 

11 of 21 

28 of 60 

5 of 32 

ES 

ES 

ES 

ES 

Adult» 

Adult* 

Healthy aalaa, 23 find 2} yaan 
old 

Adulta 

Tipton and Cook, 
1963 

Tipton and Cook, 
1961 

Tipton *t al., 
1969 

Tipton and Cook, 
1961 



•4 ' - I — » 

TVNGSTKK 

Tissue kante Mean Laval 
No. of 
Casta 

Analytical 
Mathod Cowan ts Rafaranct 

Blood 0.00-0.18 ppa Not Given 39 

11 

X-ray MpectrDiMitry 

NAA 

Haalthy aan. aaan ago 35.J yaara. 
S.-rum 
Adulta and children txom Oak 
Xldit, Tennaasaa 

Cufawn at a l . , 
196* 

lata and Dyer, 
196} 

TX-4907 
7-24-78 



UKANIUH 

Tlsatta Rant* Haan Laval 
No. of 
Caaaa 

Analytical 
Hathod nta Rafaranea 

Blood 0.00-0.10 ppa Not Civan 39 X-ray *pectroiietry Healthy awn, *aan »t* 35.3 yaari, 
Serum 

Cofman at al., 
1964 

TX-4907 
7-24-78 



'i»W'i.*-*^tfl8a(i^rnci?b v^-j^^-ivsv's.-
. M » « M M M 

• ^ 4 

VANADIUM 

Tissue Range Mean Level 
No. of 
Cases 

Analytical 
Method Comments Reference 

Adrenal <1-<1 ug/g ash <\ ug/g aiih (median) 1 of 11 ES Tipton and Cook, 
196) 

Aorta <0.02-0.065 mlcromol 'g 
ash 

Not given 100 Not given Ferry, 1961 

<1-<1 ug/g ash <1 ug/g ash (aedlan) 0 of 104 ES Tipton and Cook, 
1963 

Bladder <1-<1 ug/g ash <1 ug/g ash (median) 1 of 110 ES Tipton and Cook, 
1963 

Blood >1 ug/ , r" Hi to <2 iig/100 
•1 

Not given 6 of 89 Chem. Whole blood from blood donors and 
pre-employment cnacks, method 
unable to detect <1 i>g/100 ml 

Allawiy et al., 
196B 

0.00-0.11 ppm Not given 39 X-ray spectrometry Healthy men. mean age 35.1 yrs. 
Strum, 

Cofman at al., 
1964 

Not given lu ug/llter Not given Not given Hertl, 1974 

Brain <1-<1 ug/g ash <1 ug/g ash (median) o of 129 ES Tipton and Cook, 
196) 

Diaphragm <1-<1 ug/g ash <! ug/g ash (median) 0 of 91 ES Tipton and Cook, 
1963 

Esophagus <1-<1 ug/g ash <1 ug/g ash (median) 5 of 66 ES Tipton and Cook, 
1963 

Feces Not given 0.12 4 0.03 mg/day; 
0.15 + 0.02 mg/day 

2 ES Healthy men, 23 and 23 years old, 
University of Cincinnati 

Tipton et al., 
1969 

Hair 

! 

0.010-2.90 ug/g 0.2M> ug/g 267 ES Children from Rtverhaad, Querns, Creason, 1»75 
and Bronx 

T A - 4 9 0 7 
7-24-7a 



VANADIUM (continued) 

Tissue 

Hair 
(cactlnued) 

Heart 

Intestine 

Range 

0.009-2.20 ug/g 

Not given 

Not given 

Not given 

Not given 

Not given 

Not given 

<i-<l ug/g ash 

<l-<i ug/g ash 

<1-<1 ug/g ash 

<l - 3 ug/g ash 

<1 - 4 ug/g ash 

<i - 3 ug/g ash 

•1-2 ug/g ash 

Mean Level 

0.182 -..ri/g 

0.20 ug/g 

0.24 ug/g 

0.40 ug/g 

0.12 ug/g 

0.20 ug/g 

0.35 ug/g 

<1 ug/g ash median) 

<1 ug/g ash (median) 

<1 ug/g ash (median) 

• 1 ug/g ash (median) 

<1 ug/g ash (median) 

<1 ug/g ash (median) 

<l ug/g ash (tiet'tan) 

No. of 
Cases 

193 

126 ES 
90 ES 
71 KS 
85 ES 
77 KS 
49 ES 

0 of 140 ES 

5 of 67 

4 of 102 

31 of 84 

14 of 31 

17 of 108 

11 of 42 

Analytical 
Method 

ES 

ES 

ES 

KS 

ES 

ES 

ES 

Cornell t* 

A.iultu from Klverheud, Queans, 
and Bronx 

Children from Hiverhead 

Children from Queens 

Children from Bronx 

Adults from klverheud 

Adults from Queens 

Adults from Bronx 

Duodenum 

Jejunum 

11 rum 

Cei'iim 

Sigmoid colon 

Rectum 

R«f •ranee 

eens, Creason , 1975 

Creaaon . 1975 

Creation , 1975 

Creaion , 1975 

creason . 1975 

('.reason , 1975 

Creason , 1»7S 

Tipton 
196) 

ind Cook, 

Tipton and Cook, 
19t>3 

Tipton 
1963 

ind Cook, 

Tipton and Cook, 
1963 

Tipton and Cook, 
1963 

Tipton 
1963 

mil Cook, 

Tipton 
1963 

ind Cook, 

TX-490; 
7-24-78 

•ft M M 
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VANADIUM (continued) 

Tissue 

Kidney 

Larnyx 

Liver 

Lung 

Muscle 

Range 

<1-<1 uR/g ash 

<l-<:l i.g/g ash 

<l-4.8 ppm ash 

<l-<l :.g/g ash 

Not given 

'0.02-0.2 mlrcomol •'•• 
ash 

<0.02-0.2* mleromol. / ! 
ash 

Mot given 

Not given 

0.01 + 0.0004 lo 0.1 J * 
I). US ppm 

<1-1» ug/g ash 

cl-<-l ug/g ash 

Mean Level 

•\ ng/g a.sh (median 

<l ug/g ash (median) 

<1 ppm ash 

••'1 ug/g ash (nedian) 

0.22 ppm wet wt. 

Not given 

Not given 

I• I ug/vr . 

680 ug (mux); 
ID ug (mln) 

Noi given 

1 ug/g ash (median) 

'1 ug/g ash (median) 

Mo. of 
Casus 

0 of 141 

0 o; SO 

16) 

5 of 148 

1 of 8 

100 

ISO 

168 

16K 

in 

7 1 of 141 

0 of 116 

Analytical 
Method 

KS 

ES 

Colorimetry 

ES 

ES 

ES 

ES 

Not given 

Not given 

ColorImetry 

ES 

ES 

Comments 

Sudden accident victims, male 

Samples from 58 cities and 29 
minorhan areas, amount retained 
In lung 

Samples fiom 58 cities and 24 
nomirhan areas 

Reference 

Tipton and Cook, 
l*t>l 

Tipton and Cook, 
1961 

Schraader «t «l., 
196) 

Ttptaii and Conk, 
196} 

Koch at al. , 
1956 

Perry. 1968 

Perry et al., 
1962 

Schroeder, 1970 

Schroeder, 1970 

Schroeder et al., 
196} 

Tipton and Cook, 
196) 

Tipton and Cook, 
1963 

TX-4907 
7-24-78 



VANADIUM (continued) 

Tissue 

Ovary 

Omentum 

Pancreas 

Placenta 

Prostate 

Sjl«en 

Skin 

Stomach 

Teeth 

Testis 

Thyroid 

Trachea 

Tx-»*>r 

Range 

<1-<1 yg/g ash 

<l-3 ug/g ash 

<1-<1 ug/g ash 

Not given 

<1-<1 ug/g ash 

<1-<1 ug/g ash 

<1-<1 ug/g ash 

<1-<1 ug/g ash 

0.01-0.14 _g/g dry wt. 

<1—=1 ug/g ash 

<1-<1 .g/g ash 

<1-<1 ug/g ash 

Mean Level 

<1 ug/g ash (median) 

<1 ug/g ash (median) 

<1 ug/g ash (median) 

0.010 + 0.010 ug/g wet 
wt. 

I <1 ug/g ash (median) 

O ug/g ash (median) 

<1 ug/s ash (wdlan) 

• 1 ug/g ash (median) 

J.033 ..g/K dry wt. 

<1 -g/g asu (medlar) 

1 „g/g ash (median) 

<1 ug/g .ish (nediai.' 

0 of 16 

11 of 75 

No. of 
Cases 

i »( :i 

o or ho 

J 

Analytical 
Method 

ES 

ES 

2 of 1.1« ES 

58 Not given 

I of 50 ES 

1 of 141 ES 

3 of .'I ES 

t of 1 H> ES 

5h MS 

II Of '/J KS 

ES 

ES 

Comments 

Cltv hospitals In South and 
Southeast 

l.> s • than JO ve.irs old 

Reference 

Tipton and Cook, 
H6J 

Tipton and Cook, 
116) 

Tipton and Cook, 
H6J 

Knrp and 
KohertHon, 1177 

Tipton and Cook, 
H o 3 

Tipton and Cook, 
1463 

Tipton and Cook, 
1463 

Tipton and Cook, 
116 J 

I.OHVC ft .tl. , 
117J 

Tipton and Cook, 
1161 

Tipton and Cook, 
116) 

Tlpto.i .ind Cook, M M 



VANADIUM (runtlnuvd) 

Tissue 

Urine 

Range 

Not given 

Not given 

Not given 

Not given 

Not given 

<1.0-22 ug/liter 

Not given 

Not given 

Not given 

Not given 

Not given 

Not given 

Not given 

Mean Level 

<10 ug/Hter 
2 ppb 

0.95 pph 

2 ppt. 

1.5 ppb 

<6.12 ug/liter 

<3.98 ug/liter 

<7.6u ug/llter 

<6.85 ug/liter 

<5.75 ug/llter 

10.2 ug/liter 

1 8 . 0 w g / U t e r 

4 . 9 6 u g / l l t e r 

No. of 
Case* 

lo t g i v e n 

15 

15 

8 

7 

24 

10 

14 

10 

A n a l y t i c a l 
Method 

Not g i v e n 

ES 

ES 

ES 

ES 

ES 

ES 

ES 

ES 

ES 

ES 

KS 

ES 

Commt-n t» 

Normal xuh.lectH 

I'vpertennive 

Hyper tenx ive , t r e a t e d 

Hypertena ive , untrea ted 

Normal Americana, S t , I.OUIH 

Normal foam Inn, S t . I.onin 

Normal maleH, S t . I.OUIK 

Negroex, normal, S t . I.OIIIM 

Caucaxianx, normal, St. Loulx 

Hypercholeaterolemic pat lent a, 
agex 21-63 yaara, 3 femalex, 5 
males, before Na tCa EDTA 
adminixtratlon 

Hypurcholesterolemlc patientN, 
during Na»Ca EDTA admlnlxtratlon 

Hypercholeateroloailc pat lent a, 
day one after NaaCa KDTA 
admtnixtratton 

TX-4907 
7-24-78 

,. 
Reference 

Men* , 1*74 

Perry , 19*8 

Perry , 1968 
Perry , 1968 

Perry , 1968 

P«rry 
1959 

and Perry, 

Purry 
1959 

and Perry, 

Prrry 
1959 

and Perrv, 

Perrv 
1959 

and Perry, 

Perry 
1959 

and Perry, 

Perry 
1959 

and Purry, 

Perry 
1959 

and Parrv, 

Perry 
1959 

and Perry, 



VANAWM ( c o n t i n u e d * 

Tissue 

Urina 
(continued) 

Uterus 

Total body 

Range 

Not g i v e n 

<1-<1 ug /g a s h 

Moan Level 

J . 6 0 u g / U r e r 

0 . 0 1 3 + O.OO: mg/dav: 
0 . 0 2 3 + O . o o : rag/dav 

'I - g / g a sh (median) 

-'- i»K 

So. of 
C.IHCK 

I Ana 1 v 111 •.»1 
Method 

TX-i¥07 

of l.1 

lhS 

KS 

KS 

r'S 

Sot .liven 

Coiments Re fe r ence 

H v p e r c h o l e n t e r n l e a l , . - p a t i e n t s IVrrv and P e r r v , 
dav two a f t e r Na,Ca KUTA »*•*• '> 
. \ d n l n l H i r a t Ion 

H e a l t h y men, J1 and ."> ve.ir» of T ip ton et a l . , 
.igi'i U n l v e m i t v of I ' l i v lnn . i t 1 Hf 1 ' 

r i p I on and I 'ook, 

Sample* f ro» ^H c i t i e s and .'•> Sc i i roe . le r , \*Ui 
noiuirhan a r e a s 

file:///dnlnlHirat
http://lnn.it
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' " J W ^ W L W i »"*««Wfl«»^(Wrf*--WW*««Virt-.«WmiU«wm.^ W « -

YTTERBIUM 

Tiaaua 

Hood >.0O-0.31 ppa> 

Range 

tot given 

Mean Level 
No. of 
Caaea 

»9 

Analytic.' 
Method 

X-r.iv siii-i t rxmei rv Hi-althy m a l e a , ag< l*i.l yrM, 
5i'ru». 

Coancnta Rpferemo 

i.o(»«n cl a l . , 

TX-490? 
7-24-78 



Tiaau* 

Blood 

Taach 

Rang* 

0.00-0.05 ppa 

0.01-0.17 ug/g dry wt. 

Naan Laval 

Noi glvi .n 

0.007 ug/ti dry wt. 

TX-4907 
7-24-78 

YTTRIUM 

No. ef 
Caaca 

39 

56 

i A a l y t l c a l 
Mathod 

X-ray apactroMtry 

MS 

Coaawnta 

Healthy male*, age .15,3 v m . 

Wtdi< geographic area 

Reference 

liofaan at a l . , 
1964 

Loan* «t a l . , 197] 



ZINC 

Ttsaue Kant* Mean level 
No. of 
Caaes 

Adipose Mot Given 1850*150 ug/g ash 28 

Adrenal 8.1-30.2 ug/g dry wt. 19.2 and 99.S g/g dr> wt. 3 

Not Given 1600-70 ug/g ash 15 

1300-2000 yg/g aah 1600 uy/g aah IS 

Aeniotic FliUc 10-6S ug/lOOal 32 ug/100*1 15 
Aorta 27.9-240.0 ug/g dry wt. 49.9-103.0 ug/g dry wt. 46 

17-43 aicroaioles/g aah Not Given 150 

15-54 atlcroBolea/g aah Not Given 100 
1100-2700 a«/100f aah 1800 •g/100g aah 104 

Bladder Not Given 3200U3O wg/g ash 112 

1800-.900 ug/100g aah 3000 ug/100g ash 1!2 

Blood Not Given 36.5t7,9 wg/g dry wt. 704 

Not Given 14.9" 8.4 ug/g dry wt. 667 

TX-4907 
- 2 4 -

Anslytlcal 
Method 

AAS 

Colorlaetry 

AAS 

ES 

AAS 

AAS 

ES 

ES 

ES 

AAS 

ES 

NAA 

NAA 

Coawenta 

Range - normal subjects (2), 
aean - normal and tywvhoaatous 
dlaeaaed subjects (1), respect­
ively 

Adults 

Autopsies, Chicago arm 

St. Louts adults 

Adults 

Adults 

Adults 

Nashville, TH hospitals, 
maternal blood 

Nashville, TN hospitals, 
Ota I blood 

Reference 

Schroeder at al., 
19*7 

Koch «( si., 
1957 

Schroeder et al., 
1967 

Tipton and Cook, 
1961 

Henkln, 1971 

Marka ut al., 
1972 

ferry ot al., 
196? 

Perry, 1968 

Tipton and Cook, 
1963 

.Schroeder et al., 
1967 

Tipton and Cook, 
1963 

Baglftn et al., 
1974 

Baglan et al., 
1974 
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^•p^mxcrtm,«.-. 

"INi' ( c o n t i n u e d ) 

T i s s u e 

Blood 

Bone 

Range 

2 7-6* u» /100»1 

70-102 ug/lOOwl 

Not Given 

740-1100 . 760 -980 , and 
820-1090 u g / U t e r 

34-177 and 80-S43 ug /100 
ml 

60-1987 i . » / l 0 0 « l 

Not Utven 

Mot Given 

4 9 - 8 J ug/lOOml 

15S-J72 pp» a s h 

80 .S-2O0.O and 117-768 
:•*/% d ry wt . 

Mean l .evol 

48" i .in.l 90• 1 •„«/ lOOnl 

81 i ; K /U)()nl 

96 -2 and 7 7 ' . ' ppn 

9S0 , >ou , and 920 I l ( ! / 
l i t e r 

120 and 140-216 ug/lOOml 

510 ug/lOOml 

7 . . g /» l 

7 4 - U 6 i.g/lOOml 

« .«> ug/lOOnl 

1*1 pp» .i»h 

147.1 and 4 * 5 . 8 ^ / a 
d r y w t . 

No. of 
CAKC* 

l i 

IS 

'7S 

SI 

121 

24 1 

NLII Clven 

14 

1 1 

A n a l y t i c a l 
Hethod 

AAS 

AAS 

AAS; Fluroarirv 

Dolor lmet rv 

AAS 

Not Clven 

Not Clven 

Chen.; K.S 

KS 

Maime pri'unnni women, mean -
pregnant and non-preunant women, 
rt'Mppi-l tvrly , number ol non-
pregnant vmrii not Riven. Serum 

l'»M 1 h a 1 cord. Serum 

Normal (ISO) ami i le i rea i ted i n x r 
a c t i v i t y ( I2S) I n d l v i d u a l x , 
r e s p e c t i v e l y . Serum 

Men 111) , woven ( I S ) and women 
on pi 11 ( 1 1 ) , r e a p e r ! l v < Iv . 
Plasma 

Normal (SB) and I vmp(u>i.iatoux 
dUt-ai ted (6S) I n d i v i d u a l * , 
r e s p e c t i v e l y , I'lanma 

Male* , 1 9 r t i l e i 

Normal l e v e l 

ARCH 1 6 - 1 / 2 - 1 9 , p r e x n a n c y , 
I s.implc ! l a i n 

Adult maleH 

M b . 

Normal bono (40) and " s I p.yi ' i i I > 
sarcoma* ( X I ) , r e a p e i t i v e l v 

TX-4907 
7 -24-78 

R e f e r e n c e 

HeiiMn, IS 71 

l l enk ln , 1<*'1 

Menk In ,.\ .i I . , 
|97S 

Huhnade I el a) . 
| 9 M 

Koch el a l . , 
1<*S7 

Kutmt a et at , , 
I16H 

Kentoul and 
s m i t h , i«»;i 

St h r a e r el a l . 
H74 

V a l l e e e t a l . , 
I I S 7 

Alexander and 
NdHKh-iunt, lit*,' 

l.-ITlr*. I' t a ) . , 
I '17.' 



'. INt: Wont inued > 

Range 

1 8 - 3 4 and 2 6 . 4 - 2 7 4 . 7 - g / B 

d r y w t . 

Not G i v e n 

1 2 1 - 3 6 7 u g / g a » h 

3 . 7 S - 1 2 . 0 8 ;>g/g w e t w t . 

Mean L e v e l 

2f> .:*•'% dr> Wt . 

2 1 0 - 5 ..fiin a s h 

S o t G i v e n 

5.f>0 ;.I5,''K wet Wt . 

i J . J - 1 8 9 . 8 - g / g d r y w t . J 1 5 4 . 4 a m ! h h . 4 . ^ z , . j r v 

w t . 

Not G i v e n 

8 . 0 - 1 7 . 0 mliTomolt'K.'K .mhj 

8 . 7 - 2 7 . 0 n l i - r o a o l o t . V .ishj 

S o t G i v e n 

N o . o f 
C a a e i 

Ana 1v t i c a 1 
Method 

»1 

I 

If. 

4 . ' > 1 - 0 . 2 1 m g / 1 0 0 f ( d r v wt 

Not G i v e n 

S o t G i v e n 

1 9 . 1 . s u d r y w t . 

5 2 0 - 1 1 0 0 - g / l O O g a s h ; 7r>0 % . R 100< .isli 

SHOD-170 . ,• ^ a s h S o t G i v e n 

•JJOO-7 2 ' , 0 ..g.'lOOR d r y wt 4 * 0 0 . . f t ' lOO* d r v w t . 

ISO 

100 

Not G i v e n 

I.'" 

^1 

i o I o r t rae: r v 

M S 

A.V 

' l o i l a i ' t r v 

KS 

KS 

KS 

S o t i . t v e n 

1 (Unite - n o r m a l i . ' ) and lvnj'N. 
t o < * > U » e a » e d l « ^ x u b t r . t s , 
r e s p e , t I v e 1 v , ffe.m - n.'.vm.il 

. .0 *.»mv<le» i r o n v'wr t>«.elet 

K r t . i l I ' U i n 

K.m>;«' - n o r m a l »utMe>'t " . nse.tn 
n o r m a l ( O und 1 vrv,.h,T..i! .>.>-
d U e a - e d s i i M e . t s i l l , 
l e n p e c t i v e l v 

Above 1 v e a l o l d 

M . Lout s a d u l t ft 

A d u l t s 

N o t m a l l e v e l 

A d u l t s 

U n l f 

T X - 4 9 0 7 
7 - 2 4 - 7 8 

Kef e l r m ' e 

Ko.-h e l * l • , 

.-«,-lit o r d e r e t a l . 

l i t ' 1 

S u e h i o w , l i t " ) 

i ha.'f-e r< a l . , 

KO.-!> e t . ! ' . . . 
1 » " , 

Su«t>,<vi« e t <il . , 
; i t . s 

I'ei I •• e ! . i l . , 
Wt>: 

I ' e l I <. , I ' i ' -S 

Kent ou 1 .iml 
sr»s t h . . I M 

' 1 i't • ".! .111,1 . o.'k , 
H f I 

?>. Ml , ' e . ! e 1 e l * I 

1 I j i l o l l .111,1 , , 'OV , 

'.'If, i 

http://'.vm.il


yspfjW*."' ^-vi*^-.-.-.. 

r — 
Tissue Range 

Esophagus Not Given 

1900-4500 ug'lOOg dry wt. 

Feces 1.S4-1.92 »g/g dry vt. 

Not Clven 

Hair S2-119 and 120 ug/g 

51-602 pp. 

Mot Clven 

10.50-450.0 and 20.10-
313.0 ug/g 

75-454 and 65-308 pp» 

0.0064 and 0.05*2 Z dry 
wt. 

40-260 ppm 

b.4-87.0 ,g/g 

Heart L e v e l 

l i )00 1 7 0 . « / ) { . is l i 

1 6 0 0 UK's d r y w t . 

l . b S « g / g d r y w t , 

1 4 . 0 . J . 7 and 1 6 . 0 . 1 . 4 

Not G i v e n 

117 ppm 

1 3 6 , 1 5 1 . and 2 2 5 u g / g 

9 0 . 5 0 and 1 0 B . 5 4 i . g / g 

156 and 1 7 3 p p m 

Not G i v e n 

1 4 5 . 2 • J 0 . i t - 1 5 6 . 6 - 2 6 . 0 
p p » 

»»•<> i . g /R 

TX-4907 
7-24-78 

". INl' d v u t lnued> 

N o . ..f 
CaaeH Mi 

. - . 
h7 AAS 

6J' F.S 

4 Not r.i 

"> AAS 

1* Not CI 

t ) NAA 

144 AAS 

ill AAS 

50 AAS 

IS t:s 

16S AAS 

12 AAS 

A n a l v t l e a l 
Method Cossjent* 

Adul t * 

Ages lh-l/2 - !<>, pregnant v 

Healthv • A I P H , t'lm liinni i , i>H 
ages 2 1 and 25 yearn old 

Wrest lerM and rwnvieht I n •., 
reHpeft1 vrly 

Oak Ridge, TN adul I H and 
.hlldren 

M a t e r n a l HI a l p ( 5 0 H m p l r « ) , 
m a t e r n a l pul i i* ( 5 1 > , and n e o 
n i t i l s i a l p l i a l r ( 4 1> , 
r e * p e i t I v e l y 

C h i l d r e n (."'24) and a d u l t s ( I d ? ) , 
r e n p r r l l v i . l v , NY Huhurbi. 

M a l e * ( 2 5 ) and f m a l e s (.">>, 
r e » p e t t l v e l v 

Wti 11 »• ma I e s 

Koi.ri.li g r a d e h o y s 

M a l e * and f r i M l e N 

Rr f e r e n t e 

S l ' n t o e d r I e l a 1 . 
H 6 7 

1 I p t o n anil >V , 
1'tt, I 

S< In » e i e l a ) . , 
1 •>: i. 

T i p t o n et a l . , 
I s f ' l 

A n o n . , )<*/.' 

hat e and I 'vet , 
p i . ' , 

H a i « » l a x e l *1 . , 
1 ' I ' M 

I r e a i o n , 197', 

K.ada .irvl I anhd 1 n 
I f ; ) 

i . « l d h l u « i't a 1 . , 
P', t 

Haw. P I i t a I . , 
11/1 

Mli\net H e l «1 . , 
i s 7., 

http://�J0.it
http://renprrllvi.lv
http://Koi.ri.li
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ZINC (continued) 

Tisava Rant* N a m Laval 
No. of 
Caaaa 

Analytical 
Mathod Caaaanta laiaranca 

Hair Not Clvan 523.J. J26.0, and 317.0 
us/a 

41 MM Control (11), dlalyala (11), 
and uraailc (12) aubjacti, 
raapactivaly 

Hahlar at al., 
1970 

Not Clvan 161.S«14.1 ppa> 10 NAA Hoaaganiiad hair Oaruantk at al., 
1172 

Not Civjn 90-110 and 1)0-190 ppa 211 AAS Malaa and faaalaa, raapaettvaly, 
varlaua aga groupa 

Patartng at al., 
1971 

Not Ctvan 173 ug/g dry wt. Not Civan Not CIvan Normal hair laval lantaul and 
faith, 1973 

Not Clvan 167*3 and 172.-9.1 ug/g lau AAS Malaa and (aawlaa, raapaccivaly Schraadar and 
Naaan, 1919 

Not Clvan 1I9.4U.0 ug/g 1 AAS Soranaan at al., 
1971 

30-130 BOB 11914.6 ppa 6 ES Saaaonal varlattona, hair 
analyala rallabla 

Strain al al., 
1966 

Not Clvan 246.0 and 101.0 ug/g aah 2 AAS: MS Yurai-hak at al., 
1969 

•Wart Not Clvan ll.ISi0.19 ag/lOOg dry 
wt. 

161 ES Abova 1 yaar aid Huab«ua> at al., 
1931 

M-Miii-'unoln/! aan Not Givon no ES St. Loula adulta farrv at al., 
1962 

26-49 aicroa»la*/g aah Not Ctvan 100 ES Adulta Parry, 1961 

Not 01van H7.9 ug/g dry wt. Not Clvan Not ('.Ivan Moraa! laval Kantaul *.td 
Snlth. 1973 

2000-1700 uf/100g dry wt. 2700ut/100| dry w«. 140 ES Adult* Tlptan and Cook, 
1961 

TX-44U7 
7-24-71 

£3H»ttf i 

http://ll.ISi0.19


t 

2UK (continued) 

—— 
Tlaave 

1 - • 
Haaaa Haan Laval 

No. of 
Caaaa 

Analyt ica l 
Hethod 

1 • • 

UttfMt 

ta toat iae 3 2 . 2 - M . 2 ami 42 .0 -17* .3 *0 * u | / t dry wt. IS Colortoacry M a t t - aoraal (10) and lyvafc-
OMtoui diaaaaed ( » aua jec t t , 
raaaact tvely , a»a« - nerval 
a u o j a t t * . M w l l l a t a * t i n * 

*a«n r« a l . , 
HS7 

Mot Clvon 2300174 « / » aah •a AAS IWHPWwwtt^B Schreeder at a t . , 
I M 7 

Not Givo* 23001*7 « / « aah 103 AAS Jajimiw •throodar at a l . 

Not Civea 32001230 >,./» aah •4 AAS I la ia i Schreeeer a l a l . . 
lt*7 

Not Clvon 3300 USO * / « aah 31 AAS CaciM Schroeder at a l , , 
i t t J 

Nat Givan 1700»M u g / t aah 73 AAS Oaeatta* Schroadar at a l . 
1»»7 

Not Clvon 2700 *7« * / • aah 10B AAS Siaaeid Colon Sehroeder at a l . 
1«*7 

Not Given 3500s1*0 u i / | aah 42 AAS Rec t i * Sehroadar at a l . . 
1**7 

1700-3400 ut / lMHl dry wt. 2*00 *a cs Duodenua Tlaton and Cook, 
1**3 

!tOO-3100 wt/lOOt dry wt. 2200 103 IS Jejunuei Tlaton aad Cook, 
1 M 1 

170O-49O0 u*710O« dry wt. 2B00 84 ES n>ua Tiaton and Cook, 
1**3 

1900-4400 UC/ IOOR drv wt. 3500 31 es CeciM Tlaca*. aad Ceok, 
H o i 

TJJ-4S07 
7-24-78 



ZINC (contlmiad) 

Ttasv* 

-

Rant* Maan Laval 
No. of 
Caaaa 

Analytical 
Hathod Coajaanta Rafaranca 

Inceatlne 1800-4000 ug/100a dry wt. 2*00 ug/lOOg dry wt. 108 KS Sigmoid colon Ttpton and Cook, 
1961 

2400-4800 up.'lOOg dry wi­ 3)00 ug/lOOg dry wt. 42 es •.actual Tipton and Cock, 
1*63 

X M m y ll 14-20. X ug/g wot wt. 15.77 Ug/g wat w t < 36 AAS Fatal kidnay Chaua* at al., 
197) 

726-7768 ppa ash 1832- 3762 p p i l ,.„ 120 AAS Autopataa - 14 undar 6 yaara old, 
106 adulti. Banal corta*. 

Haaaaar at al., 
1971 

270-5700 end 1100-8100 
ug/g aah 

3500 and 4600 u,/ g o l < 24 MS Autapalaa, control (12) and 
aaphyvaawtica (12), reap»ctlvaly 

Nirat at al,, 
1971 

81.9-350 and 167.6-1038.4 
ug/g dry wi. 

1 7 s ug/g dry wt. 14 Coloriaatry Ranga • no raw 1 (7) and lyajpho-
Mtoua diaaaaad (7) aiibjacta, 
raapoetivoly, o»an • norawl 
.^ajacta 

Koch at al., 
1957 

64-126 and 119-448 .,,/, 
dry wt. 

•1 and 218 ug/g dry wt. 18 NAA Infanta (6) and adulta (12), 
raapactlva'-y, autopxia* 

Mvlngatima, )*?! 

3267-9360. 2210-5858, 
3124-10,110. and 368r»-
14,398 ug/g aah 

3168. 4839, 5204, and 
7431 ug/g aah 

SO AAS Control (traumatic or infactiotia 
diaaaaai), chronic hypaitanaivaa 
(12). cardiac or carabravaacular 
dlaaatna (18), and Malignant 

Morgan. 1*69 

Not Civtn 5307-1797 and 303 5-
6791 wg/g aah 

104 AAS Control (.16) and aaphyaaaa and 
car-'inoaia (66) aubjacta, 
raapactivaly, 101 aalaa, 1 faaala 

Morgan at al., 
1971 

61-42} and 60-241 pas dry 
wt. 

181 and 125 ? ? m dry wt. 15 AAS Cortex and Mdulla, raapactivaly Nataky at al., 
1969 

Not Given 1«.04*0.64 ag/lOOg dry 
...Sti_. 

244 KS Abov* 1 yaar old NuabaiM at al., 
1458 

TX-4*>7 
7-24-78 



ZINC ( c i w U i w d ) 

Tisouo Maan Laval 
No. of 
Caaaa 

Analytical 
Mothod c—«... Mfaranca 

Kidooy 49-120 aicroawlaa/i aah Nat Civan 1M rs St. Lawla adulta Parry at at., 
19*2 

1110-9200 i.t/t aah n i O - » M u,/, ..h 42 cs St. Lauta adulta and ehlldran Parry at al., 
1991 

Hot Clvan 4420M9M and M10* 14)0 
ug/a aah 

24 AAI Ptahyawuttc (It) and normal (12) 
auajacta, raaaoctivaly 

Parry at al., 
1972 

JS-175 •tcrocwlaa/g aah Nat Gtvan 100 II Adwlta Parry, 194S 

Not Civon I N wa/a dry wt. Not Clvan Not Clvaa NorMl lava I Raatoul MNI 
teith, 197) 

Hot CJvon 2S7U2* ua/a dry wt. 40 AAS Adulta, no •atallorhtonaln Syvaraan, 197} 

0.0-100* aa/lJOa dry wt. Nat Ctvon Not ui/»n IS Tlati at al., 
19)7 

1200-7400 ua/XOOa dry wt. *J00wa/»00i dry wt. 14) IS Adulta Tlatan aad Cooh, 
1H1 

Larynx Not Glvan 1100*17 u|/> aah 4a AAS •chraodor at al. 
19*7 

490-2)00 ua/IOOa dry wt. 1200 ua/l00a dry wt. 41 IS Adulta Ttatan and Cook, 
19*1 

Liver 104.9-2)1.7 us/a dry wt 147.7 ua/a dry wt. M AAS ratal Itvar Chauaa at al., 
1971 

1M-4O.240 p»a aah 1297-43*4 ppa aah 120 AAS Autoaaiaa • 14 uodor * yaara, 
104 adulta, hlahoat laval la 
0-9 yaar aga groua 

Hanaar at al., 
197) 

2*00-10.000 and 1900-
•100 un/« aah 

1700 and 1000 ua/a aah 24 AAS Autaaaiaa, euntral (U) and 
aMohyaooatlca (12), raaaactlvaly 

Hlrat at al., 
197) 

TX-4907 
7-24-7a 



ZINC (eonttnuad) 

Tlaawa fcanaa M a m laval 
No. or 
Caaai 

Analytical 
ttethad Canaanta Rafaranca 

Llvar 223.4-517.0 and 147.2-
395.8 ug/g dry vt. 

17* wi/g dry wt. 14 ColarlMtry 8an|a - narwl (!) and lyawn-
oaatoua diaaaaad (4) avbjacta, 
raaaactivaly, M a n - noma I 
awbjaeta 

Koch at al,, 
1937 

3283-14.842. 4702-11.238, 
2732-17*50, and 3740-
21.0M u|/t aah 

4443. 7028, 7404. and 
9*78 «g/g M h 

•0 AAS Control (trauaattc or inlactlatia 
dlaaaaaa,(25), chronic hyaar-
tanalvaa (12), cardiac ar carabrn-
vaacular diaaaaaa (18), and 
•allanant dlaaaaaa (25), 
raaaacttvaly, 79 awn, 1 waawn 

Marian, 19*9 

Not Glvon 404212311 and 4449-7322 
;.«/g aah 

104 AAS Concral (34) and aaahyaaM and 
carcinoma (48) awajacta, 
raaaactivaly, 103 twlaa, 1 
faaala 

Marian at al., 
1971 

51-504 ap*> dry wt. 207 ppa dry wt. 33 AAS Autaaalaa Natany at al,, 
1949 

Not Given 21.9210.70 a«/100t dry 
wt. 

241 ES Afcova 1 yaar aid Nuaaaua at al,, 
1958 

24-48, 53-101, and 14-24 
•fat vat wt. 

37.2, 10, and It »p« wat 
wt. 

13 Not c.tvan Control (no cancar), cancar 
•atiant - untnwolvad livar, and 
canear aatlant - cancaraua Uvar, 
raaaaatlvaly 

Oltan at •!,, 
1954 

34-92 alcroaolva/x aah Not Civan 150 T.% Si, Loula adult* Parry at al., 
19*2 

14u0-21,000 u|/t aah 3875-9800 ug/i aah 42 ES St. Louia adulta and chtldran Parry at al., 
19*1 

Not Civan 5040*1*70 and 571012800 
u|/g aah 

24 AAS Eaahyaaaatic (12) and narawl (12) 
auajacta, raaaacttvaly 

Parry at al., 
1972 

TX-4907 
7-24-78 



4 1 

(INC IcMllwwl) 
• 

Ttaowa ••ago Haao. Laval 
Ha. of 
Caaaa 

Analyt ical 
74111104 Coamwaia ftalara-wa 

U v o r 44-2 )0 olcroaoloa/g ask Hot Glvon 100 IS AouKa Parrv , 1990 

Hot Glvoo 4920* 1910 wa/g aah 10 U 5 blaaka and » w M t a a , I t . U w i a Parry a t a l . , 
I t l l 

Net Ctwan 199 u t / t ary wt. Not Clvan Nat Ctvan NartMl l l v a r l ava l R V W W t ir̂ Pol 
tati l t t , 1971 

Mot Clvow (a) 2907 SO wg/g dry wt , 
(») 221*4* Mg/« ary wt . 

14 AA> Abul ia , na M t a l l e t M o M l * 
dateatad, (a ) c a r t a * , (a) 
• o d v l l a 

•yvaraaa, 197S 

0 . 0 - U * o«/100g ary wt . Hot Civaa Hot UWoa U T l a t i at a l . , 
19*7 

2200-MOO ug/lOOg ory wt. MOO wg/lOOg ary wt . ISO rs Advlta Tipton ead Coot, 
1 H 1 

Hot Ctvon 74 poo wot wt . 14 CtMOj.S IS Adult M l a a 9 ^ . . . . . . . 

L w « 100-1400 « M 94-2100 tg/g 
•ah 

• M ana * M U g / g aafc 24 M S Awtapalaa, cootra l (11) aad 
oaafcyaaaatlca ( 1 1 ) , raaaact lvaly 

Ntrat at a l , , 
197} 

U 7 . 2 - 1 4 V 1 a*a" 79,2-
719.9 ug/g dry wt . 

1 1 0 . • u t / | ary wt . 11 C a l o r i M t r y Ranta - nerval (J ) eee" lyaafc-
OMtawa dieeaaed ( • ) awajacta. 
r a a a a t t l v a l y , M M - t w n w l 
awojetta 

Keeft at a l , , 
19>7 

24 .0-140.0 wg/a dry wt. 51.2-102.2 ug/i ary wt. 29 AM Awteeaiea, Chitaae araa Narha at a l . , 
1971 

45-224 ooa dry wt . 04 poo 4ry wt . 15 AAS Autepaiaa Natahy at a l . , 
1999 

Hot Clvon 9.41*0.39 ag/100g ar? wt M IS Above 1 yaar aid NuaaawM at a l . , 
19J9 

TX-4907 
7-24-70 



ZINC (cont inued) 

Tiaaua Rant* Mean Laval 
No. of 
Caaca 

Analytical 
Method Comment* Reference 

Lung 11-27 aicroa»lea/g aah Not Civan ISO ES St. Louie adulta Parry at al., 
19*2 

Not Civan 978*410 ami Bl0*410ug/g 
aah 

24 AAS Eaphyaematic (12) and normal (12) 
aubjacta, raapacttvaly 

Parry at al., 
1972 

11-14 mtcroaolas/g «ah Not C«.vew 100 ES Adulta Parry, 1941 

4.4-31 >t Not r.ivan 168 Not Civan Autopaiaa, urban and rural araaa Schroadar, 1970 

0-20+ mg/lOOg dry wt. Not Glvan Not Given es Tlati at al., 
i937 

880-1800 ug/lOOg dry wt. 1100 ug/lOOg dry wt. 141 ES Adult Tipton and Cook, 
1941 

460-1100 bg/g aah 1400 ug/g aah 141 ES Autopaiaa, 9 citiaa Tipton at al., 
tot* 

Mambran* Not Civan 26-10 and 26.5-29.0 t<g/ 
100g 

502 Not civan Control araa (249) and laad 
mining araa (2S1), raapactlvaly. 
Petal membrane 

Pahlm at al., 
1976 

Milk Noc c:iv«n 1.68-0.78 .;«/ml 50 AAS Picclano, 1976 

Muacle 62.1-297.1 and ?S.7-144.8 
!«/« dry wt. 

211.4 ug/g dry wt. 11 Colorlmetry Rang* - normal (6) and lymph-
omatoua dlaaaaad (7) aubjacta, 
raapactlvaly, M a n • normal 
aubjacta. Cardiac 

Koch at al., 
19J7 

278-642 and 21 J.2-149.7 
ug/g dry wt. 

411.6 ug/« dry wt. 11 Colorimetry Ranga - normal (7) and lymph-
omacoua dlaaaaad (•) aubjacta, 
raapactlvaly, maan - normal 
nubjacta 

Koch at al., 
1957 

Nui Given 4800*190 .jg/g aah 117 AAS Striated Schroadar at al. 
1967 

TX-4907 
7-24-78 



ZliK (continued) 

Tleau* Rant" Haan Laval 
.. . . . _ 

No. of 
Caaaa 

Analyt ica l 
Hathod Ca—ania Mferenca 

Nuacle 2900-4800 :>g/l00g dry wt . * ) 00 u « / 1 0 0 | dry wt. 137 cs Adult T letea and Ceah, 
19*1 

Nye .trdiuai 102-284 ug/» dry wt. 1 U M ) 2 ug/g dry wt . 24 AAS Autoealea, Chicago araa Martta at a l . , 
1972 

K a i l * 0 .0114-0. MM I dry wt . Not Clven IS ES Whit a aalea Geldhlua at a l . , 

N>t Given 242, 444, and 4.'g ug/g 41 HAA Cancrol ( 1 3 ) , d i a l y a l a < » ) and 
uremic (11) auejecta , reeaec-
t l v a l y . r ingar 

Mahler at a t . , 
1970 

Ovary H\.t Gtvan iSOOiJIO ug/g aah 1 * AAS Schraadar at a l . 
19*7 

•40-2700 ui/JOOf dry wt. 1700 ug/'OOg dry wt. la U Adult T i f t a n and Coafc, 
19*J 

Oaancua, 940-2900 ug/g aah 1*00 ug/g aah 73 ES Adult Tipton and Caeh, 
1943 

Pancrtaa 114-194 and 92.4-180.« 
u-j/g dry wt. 

14* ug/g dry wt. 9 Coloriewtry Range - nerval (4) and lyaph-
oMteua dlaaaaad (S) auejecta, 
reeeect lve ly , * • • » - norael 
auhjacta 

Koch at a l . • 
1917 

1500-1400 ug/lOOg dry wt. 2)00 ug/lOOg dry wt. U t ES Adult Tieten and Caah, 
19a) 

r i a c e n t * Hoi Given 7 0 , V i l . 4 ug/g dry wt. 811 MAA NaahvUla , TN h e a p t t a U laglan t t a l . , 
1974 

Kot Given 2 8 . a * 20.77 Mlvroawlca/l 
dry wt. 

444 AAS Noreial d a l t v a r l a a , Hauatan Oawaan, 19*9 

tot (<iv«n ] ) . « 0 * 0 . 1 9 - 4 0 . ) 7 O , } 8 

^-JftUxcgwUg/g 
444 AAS Mnga of Monthly M a n * Dawnen at a l . , 

194t 
TX-490? 
7-24-78 



ZINC (continued) 

Tlaauo Rant* N M H Laval 
No. of 
Caaaa 

Analytical 
Htthod Co—ant* Reference 

Placenta Hoc Civan 26.S-31.0 and 26.0-31.5 
Ll/lOOl 

102 Not Clvan Control (2*9) and laad mining 
araa (251), reapecttvely 

Pahim at al., 
1*76 

Not Given 10.232*0.411 ug/g wet wt 5 a Not Civan Sooth and Southaaat city 
hospital* 

Karp and 
Rooartun, 1*77 

Prostata Not Clvan 9200:(60 ug/g ««h 50 AAS Schroeder ei al. 1H7 
3200-19000 u|/100t 
dry wt. 

"00 „t/l00t dry wt. 50 KS Adulta Tipton and Cook, 
1961 

Saliva Hot Clvan 11 •16 and 10>fc ppb SI AAS Normal (16) and idiopathic 
hypogauaia (47) individual*, 
raapactlvaly. Parotid anllva 

HankIn at al., 
197} 

Not Given M- l and 10'1 ppb 275 AAS; Fluromeiry Normal (ISO) and dacrraaad laat* 
activity (125) individual*, 
respectively 

Hankin at al,, 
19)73 

Skin 0.002-0.0678 X dry wt. Not Given 18 KS White mala* Goldblum at al., 
1951 

S.2-112.4 .tVi dry wt. Not Given 7 CoUrlMtry lymphomatoua dtaaaaad subject* Keen at al,, 
19S7 

Not Given 1000-2iu „„/, „ h 21 AAS Scbroader at a). 
1967 

V.i0-1000 ..g/lOOg dry wt. 7SO ..»/l00x dry wt. 21 KS Adult* Tipton and Cook, 
1*63 

Spleen 61. 3-138.1 and »2.»-110.7 
i.»/» dry wt. 

111.4 ••K<'K dry wt. 11 Colnrivitry Ranga - normal (6) and lymph-
MMtou* dlaaaaad (1) «ub)acti, 
respectively, M a n - normal 
»uh]»ct« 

Koch at al, , 

TX-4907 
7-24-78 
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ZINC (contlmitd) 

Tlaava Mnga Naan Laval 
No. of 
Caaaa 

Analytical 
Hatnad C a — I M I Rafaranca 

Splaan •1.2-114 u5/| dry « . 77.9-91.0 U|/ a dry wt. 2* AAS Autaaataa, Chicaia araa Haraa at al., 
1971 

Not Otvan • .57«0.3t a«/i00t dry 
wt. 

•7 IS Aaovo 1 yaar aid nVaaaua at al,. 

1S-29 •Icroaolaa/a. aah Mot Ctvan no IS St. Loula adulta •arry at al., 
19*2 

15-Jo ale roan Uk/g aah Hot Gtvan 100 IS Adulta •arry, 1»*S 

1000-1900 ua/100t dry wt. 1300 uaVlOOa dry wt. 142 IS Adult* Tipton and Caaw, 
19aS 

StOMch 7«.7-115 and 73.7-144.2 
u|/g dry wt. 

152.7 u«/g dry wt. 7 Colorlawtry Kanga - normal (4) and lyvph-
oamoua dlaaaaad <1) auajacla, 
raaaactivaly, M a n - normal 
•uujacta 

Kach at al., 
m? 

Hot IS > van 2*00 •*« ug/a aah 130 AAS ScHraadar at al. 
1947 

1700-3400 ut/lOOt diy wt. 2*00 w«./100« dry wt. 130 IS Adulti Tipton and Caaw, 
19*1 

Swaat 110-1*60 and 550-2*20 
ul/Utcr 

500 and 1250 ug/littr 4S AAS Han (11) and famalaa (15), 
raapactlvaly, caataartaan to waawn 
on till ahowad na dlffaranca 

Hohnadal at al., 
1971 

2,47-3.49 a«/4ay 2.84 a«/day 4 Not Clvan Agaa 14-1/2 - 19, pragnancy Schraar at al., 
1974 

Tcath 1210-1950 ppa 1620>4aO ppat 35 AAS Laft Maxillary eantral inciaor, 
9-1) yaar elda 

•rudavald 
at al., 1975 

Not Clven 151.0.10.5 u|/« 31 X-ray ap»rtr<>a»try Californiana. Danltn Kuhnlaln and 
Callaway, 1977 

TX-4907 
?-2*-7» 
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ZINC (continui-ii' 

Tlaaue Rang* Mean Level 
No. of 
Caaea 

Analytical 
Method Coajaenta Rafaranca 

Teeth 42-510 ug/g 201 ug/g 56 MS Leo than 20-year-old teeth. 
Enaael 

Loeee at al,, 
1971 

Teat la Not Given 1500?64 ug/g aah 71 AAS Schreeder at al. 
1967 

900-2200 ug/lOOg dry wt. 1400 ug/100g dty wt. 71 es Adultn Tipton and Cook, 
1961 

Thyroid Not Clven 2900!260 wg/g aah 21 w.s Schreeder at al, 
1967 

1700-4000 ug/lOOg dry wt. 2700 ug/lOOg dry wt. 21 KS Adult• Tipten and Cook, 
1961 

Trachea Hot Given 980*62 ug/g aah 60 AAS Schreeder at al, 
1967 

450-1800 ug/lOOg dry wt. 890 ug/lOOg dry wt. 60 KS Adulta Tipton and cook, 
196) 

UabiIleal cord Not Giver 27-29 and 24-29 ug/100g 502 Not Given Control area (249) ane lead 
Mining araa (253), reapertivaly 

Pahla et al., 
197* 

Urine 166-323 and 400-800 ug/ 
24-hr aaaple 

Not Given 19 NG Wreatler* and nonwreatlem, 
reapactivaly 

Anon., 1972 

Not Given 630-550 ug/UOal 40 AAS Luabaryard worker* near 
(erttlt*er plant 

Heaver at al., 
1971 

I41-77V ug/lOOal 151 uts/lOOml 164 AAS Male and female adulta Henkln, 1971 

82-7»0 ug/Uter 318 ig/llter 24 ES Rlack and white Mlea and fenalea Parry and Parry, 
1959 

Not Given 85. 125, and 85 ppb :H NG Noraal (15), hypertensive (15) 
mil treated hypertenaivo (•) 
auajecta, reepectlvely 

Perry, 1968 

TX-4907 
7-24-78 
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ZINC (contimiad) 

Tlaaua Kant* Maan Laval 
No. el 
Caaaa 

Analytical 
Mathod Cocawnta Rafaranca 

Urina Hot Ctvan 

0.49-O.H2 at/day 

Hot Vlvan 

Hot Clvan 

TX-**>7 

O.S u | / » l 

0.62 ajaVday 

l . l ' O . l and 1.2*0.2 
••/day 

2500*2«0 u l / t aah 

Not fitvan 

12 

Not Glvan 

Hot Ctvan 

AAS 

A^S 

Normal l ava l 

Ala* l a - 1 / 2 - I t . >iaa,nancy 

Healthy H U I , Cincinnati OM, 
at*a 23 and t$ yaara aid 

Kantaul anJ 
Sajlth, I f M 

(chraai at al., 
117* 
Tlatan at al., 

fchraaaar at al. 
1M7 



BPHP^T »^e^.>f *aj| 

ZIRCONIUM 

Tissue Range Mean Level 
No. of 
Caaea 

Analytical 
Method Comments Rafaranc* 

Adipose 2.94-42.27 yg/g ash 18.71 yg/g ash 3 Colorlmet..' Autcpalaa, Dalian, Baltimore, and 
Htami 

Schroadsr and 
Balassa, 1»»* 

Aorta Not given 9.49 . sj/g aah 1 Colorlnctry Autopsies, Dalian, H«lU*or», and 
Miami 

Schrotdar and 
Balassa, 1*66 

Bladder Not given 13.92 ug/g aah 1 ColorInn-try Autopsies, Dalian, Baltimore, and 
Miami 

Schrosdsr and 
Balussa, 1966 

Blood 0,00-0.20 ppm Not given 39 X-ray spt-vtrometry Healthy malea, age 15.1 yra. 
Serufc. 

Cofman et al. • 
1964 

Not given 0.40; 1.25 ug/g U ColorImetry 18 yra. old; 40 yr«. old. Serum. Schroeder and 
lalaiaa, 1966 

Not given 6.H0, 6...2 ug/g It Color Inu' try 18 yra. old; 40 yra. old. Ret) 
blood calls. 

Schrofder and 
Balassi., 1966 

Brain C.'6-6.40 ug/g ash 2.61 ng/e, a.Hh 4 ColorImotry Autopsies, Dalian, Miami, and 
Baltimore 

Sohroeder and 
Balassa, 19a6 

Diaphragm Not given 3.49 yg/g ash 1 Colorlmotrv Aulopaiea, Dallas, Miami, and 
Baltimore 

Sihroeder and 
Balassa, 1966 

F^cea Not given 0.12 + 0,02 and 0,059 + 
0.00S~mK/day 

> ES Healthy stales, i>ge 21 and 25 yrs., 
1'nlveTHlty of Cincinnati 

Tipton «t al. , 
1969 

Heart 0.74-4.U uis/i; ash 1,81 ug/8 ;•••!> 4 Color Inietry Autopsies, Dallas, Miami, ai.d 
Baltimore 

Schroedsr and 
Balassa, 1966 

Intestlnv 0.16-1.16 jg/g ash 0.76 ug/g ash i '.̂ lortntttry Autopstaa, Dallas, Ml.inl, and 
Baltimore. .!«• lunum. 

Schrosdsr and 
Hill.una, 1966 

Kidney 0.65-5.39 _g/g ash 2.70 ug/g ash 4 Cnlortmetry Autopsies, Dallas, Mluml, and 
Baltimore 

Scliroedrr and 
Balaaaa. 1966 

TX-4907 
7-24-?!* 
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^P$W:*^»M":,',M^»<>~>,>->>:».''""-" *•,,. .^., .. „-^ .„„. ., 

Tissue Ranee Mean Level 

Liver 1.JS-9.19 ..g/g ash h.-'8 wg/g ,i*h 

Lung Max. 7890 No' xlven 

1.18-7.49 ^g/g ash 1.46 wg/R ash 

Nu»c U> Sot given 2.63 uR/g ash 

Pancreas l.W-3.50 ug/g ash 2.06 ut/g «ah 

Spleen 0.65-3. 19 ng/g iish I .88 uts/g »»h 

Stomach l.i2-1.76 yg/fc ash 1.64 iig/g •<»" 

Teeth Not given 0.27 + O.tO ppa 
0.16 + 0.09 PI." 

<0.02-2.hO m / j dry wt. o.ii • 0.08 ug/R dry 

Testis 0.91-2.04 ;ig/g .ist\ 1,37 ug/g ash 

L'rine Sot given o.n 

Not givvn 0.0R4 • 0.014 an"! 
it, 18 • 0.0b lug/day 

TX-4907 

/.mcouiUM 
I — . — _ — 

No. of 
Casea 

* — • • " ' . . ' - — •• -

Analytical 
Hethod Comments Reference 

J Colorimetry Autopalaa, Dallas, Miami, and 
Baltimore 

Schroeder and 
Balasea, 1ft* 

168 Not given 58 cltlea and 29 nonurban 
araaa 

Schroeder, 1*70 

4 Colorimetry Autopsies, Dallas, Miami, and 
Baltimore 

Schroeder and 
Balassa, 19*6 

! Coloi'imetry Autopies, Dallas, Miami, and 
Baltimore (psoas muscle) 

Schroeder and 
•alassa, 1««* 

^ Colurtmetry Autopsies, lianas, Miami, and 
Baltimore 

Schroedev and 
•alaasa, 19** 

u Colorimetry Autopsies, Dalian, Miami, and 
Baltimore 

lchreeder and 
Balaisa, 1*66 

2 Colortnetry Autopsies, Dallas, Miami, and 
Baltimore 

Schrueder and 
•alaasa, It** 

208 MS High carles: low caries; <20-
yuar-olds 

Curxon and Loses, 
1977 

56 MS ••20-year-olds, wide geographic 
area 

Loaee at al., 
197J 

4 Colorlmt'try Autopsies, Dallas, Miaul, and 
Baltimore 

ScliroeJcr and 
Balasaa, 1*6* 

S Color Iraetrv 1 female, 4 males, age 18-80 
yrs. 

Schroedsr and 
talassa, 19*6 

2 ES Hi-.-ilthv awtles, age 23 and 24 
years, Unlversitv "' Cincinnati 

Tipton et al., 
1169 
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