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PREFACE 

This is an unusual c011pilation in the sense that over 60 investigators 

from more than 4o countries have contributed the data as active parti­

cipants. lt was emphasized that the collaborators should give due con­

sideration to the analytical quality of the results before making any 

definitive recanmendations. Because of this, in several cases it is 

fOSsible to identify consistent tendencies in the reported findings, 

thus enabling meaningful interpretation of the data. Therefore, to a 

great extent, the ccrnpilation differs from the already existing ones. 

Often, simultaneous analysis of different specimens from the same 

subject is required to obtain a more reliable picture of trace element 

deficiency or toxicity. Therefore, where only a single type of specimen 

is analysed and some identification of trace element imbalance has been 

observed, it is desirable to follow up and obtain more information on 

additional samples. This compilation is useful in identifying such 

situations. lt contains a certain amount of well represented information 

and provides valuable hints for planning future investigations, 

For some countries information was rather scanty. Nevertheless such 

inputs have been included as tentative values. 

In grouping the countries together, both geographical and social aspects 

were considered. Thus, because of socio-historical mcx:>rings Turkey appears 

among middle east countries, though in a sense it falls in the European 

orbit fran a geo-political view point. 

The present compilation inspite of its limitations has brought into light 

two revealing features: 

1) The existence of clear lacunae in reliable data for 
some elements 

2) The virtual absence of any basic information for even 
some canmon elements as CU, Fe and Zn from some of the 
developing countries. 

Therefore, it is time for some of the International Agencies to step in 

and initiate measures to exploit the prophylactic properties of the essential 

trace elements for the benefit of human health, especially in the malnourished 

populations of the world. Such efforts are worthwhile and can be productive 

at little cost and much benefit. The task of assernbling data, generating 

relevant information and even initiating well defined projects legitimately 

belong to one or more International Organizations and UN Agencies. 
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SUMMARY 

Over 60 investigators, rnany of thern with an outstanding international 

reputation as analysts were requested for reliable data f rom their 

countries on elemental concentrations in normal adult human sarnples 

of clinical interest. 

A set of samples consisting of whole blood, blood serum, erythrocytes, 

urine, milk, liver and hair were chosen and considered for 15 elements 

of biological significance: As, Cd, Cr, Co, CU, F, I, Fe, Pb, Mn, Hg, 

Mo, Ni, Se and Zn. The results represent wholly or partially data re­

ceived from 4o countries of the global regions of Africa, Asia, Europe, 

North, South and Central Americas, Australia and New Zealand. 

This survey even if qualitative, has been useful in demonstrating certain 

trends of the trace element scenario around the world. It is of course 

recognized that both diet and environrnent exert a strong inf luence on the 

distribution pattern of several elements such as As, Cd, Mn, Pb, Se and 

Zn. A limited canparison of the available information on soil status of 

different countries revealed interesting associations for elements such 

as Mn and Zn. 

Importantly, this study revealed that only a few countries were in a 

position to supply a reasonable arnount of data on sarnples requested for 

this project. Regretably, for a nurnber of countries, any dependable data 

for even such essential elements as CU, Fe and Zn were not available. 

In view of the nutritional importance of many elements, the time is ripe 

for concerted ef forts by International Organizations and Agencies to 

initiate investigations or commission task forces/projects to generate 

reliable reference data for selected global regions, which sadly lack 

data of any kind at present. 
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Section 1 

INTRODUCTION 

Literature data on the so called 
II II 

normal levels for elemental concentrations 

in biological systems, especially for trace elements, are full of controver­

sial findings (1). Therefore, there are several problems in using such infor­

mation for evaluating human health and related questions. 

At th ' t 't ' 11 t d th ' IJ 1 1 IP 't lf is s age i is we o pon er on e expression norma va ue i se 

which is being used somewhat indiscriminately in the world of elemental 

composition of biological systems. For example, the same expression is used 

for P.b and Cd as well as for Cu and Zn. Strictly speaking, true normal 

values for Pb and Cd, e.g. in human blood, should be close to zero. However, 

environmental and other factors have contributed to the entry of these two 

elements into biological systems, and what one means in this case is an 

acceptable tolerance limit. On the other hand, elements such as Cu and Zn 

are absolutely essential for life and are homeostatically regulated. There­

fore, under ideal conditions, their levels may be expected to fluctuate 

within narrow limits for a given species, thereby justifying the usage of 

normal levels. 

It is highly desirable to establish such normal levels in human tissues and 

body fluids so that alterations during disease conditions can be detected. 

However, in practice it is a tough task requiring consideration of and 

compensation for a number of possible concurrent phenomena, and correlations 

are very complex. Thus baseline values can be deceptive and the question as 

to what is normal may not be very easy to answer. Therefore, it is more 

meaningful to establish reference ranges of values for different popula­

tions, taking the essential regional features such as dietary habits, 

environmental aspects and geochemical factors into consideration. 

Sources of errors in literature values 

In dealing with literature data, sometimes gross errors involving several 

orders of magnitude are not uncommon. These often stem from the use of an 

inappropriate analytical methodology. In some cases, however, it is evidently 

due to the failure in procuring valid samples for analysis. In this context 

it should be recognized that obtaining specimens that satisfy both biological 

and analytical criteria is governed by the presampling factors on one hand (2), 

and the demand for quality assurance in sampling, sample preparation, preser­

vation and storage of the specimens, an the other (3-5). 
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Experience has revealed that even when adequate attention is shown to over­

come the above mentioned factors, one still encounters difficult situations 

during data handling and data interpretation, arsing from such simple things 

as sketchy documentation. An additional handicap is that results are seldom 

accompanied by information on quality control by way of analysing certified 

or standard reference materials. 

B~cause of this situation it has become difficult to identify reliable 

'analytical results. Generally speaking, irrelevantly high or low and un­

reasonable analytical findings may be discarded as errors or artifacts. 

Yet, one is frequently faced with a difficult state of judgement where the 

analytical results fall within acceptable limits but there is no assurance 

for the reported accuracy. Unfortunately, this situation is rather common 

as seen from the bulk of literature data (1,6,7). 

The workshop on Research needed to improve data on mineral content of human 

tissues sponsored by the American Institute of Nutrition in 1980 has dealt 

with some of the shortcomings of the existing literature data (8) • The present 

report also shares the same concern and a 9ilot effort is made to have a 

better grip on the voluminous mass of published information. 

The purpose of this report is to identify reliable analytical results for 

the elemental concentrations in selected tissues and body f luids and to 

examine the possibility of evaluating some reference values, 

DA'rA BASE 

The chief objective was notto collect a large quantity of data but to focus 

on the quality of the input, as much as possible. 

Approach and selection of data 

A number of analysts from different countries were requested to identify 

reliable data from their countries for adult human samples. It was emphasized 

that the analytical quality of the results was crucial. 

A set of 7 samples of clinical interest, namely, whole blood, blood serum, 

erythrocytes, urine, milk, liver and hair were considered for 15 elements of 

biological significance: As,Cd,Co,Cr,cu,F,I,Fe,Pb,Mn,Hg,Mo,Ni,Se and Zn. 

For the selection of data 2 modes were followed: 

1). Collaborating investigators' own results submitted with a 
qualifying statement concerning the analytical quality, and 

2). Screened results from the literature undertaken by the present 
author in order to include as many countries as possible. 

Over 60 investigators participated directly by sending their results. These 

were accepted as sent. The names of the participants are shown in Table 1. 
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Some of the collaborators did not provide extensive data but recommended 

selected sources and these were followed up by the author. Thus, taking all 

the input into consideration, the results cover over 55 countries. However, 

the extent of coverage of the information with respect to each country 

varies widely ranging from just one element in one of the requested samples 

to several elements in many of the specimens sought. Thus, the overall 

coverage of the countries includes, 

Austria, Australia, 
Bangladesh, Belgium, Botswana, Bulgaria, 
Canada, Chile, China, Cuba, Czechoslovakia, 
Denmark, 
Egypt, 
Finland, France, 
Germany FRG, Germany GDR, Greece, Greenland, Guatemala, 
Holland, Hong Kong, Hungary, 
India, Iran, Iraq, Ireland, Israel, Italy, 
Japan, 
Kenya, 
Luxembourg, 
Mexico, 
Nepal, New Zealand, Nigeria, Norway, 
Pakistan, Panama, Papua New Guinea, Peru, Philippines, Poland, 

South Africa, Spain, Sweden, 
Thailand, Thaiwan, Turkey, 
U9anda, UK, USA, USSR, 
Venezuela, Vietnam, 
yugoslavia, 
Zaire and Zambia. 

Reliability of the data base 

The concept that the analyst is the most important part of any analytical 

system forms the back bone. Some of the participants of this study are 

outstanding investigators of international reputation, Some of them have 

analysed standard reference materials (e.g. NBS bovine liver, IAEA animal 

muscle and milk powder} during the course of their analytical work to assess 

the accuracy and precision of the results. In some of the international 

collaborative studies from which data are extensively quoted in this report 

(e.g. Cd and Pb in blood, multielement multination study of human milk), 

extensive quality control steps were initiated using both the available 

reference materials and also by developing in-house standards. However, 

it must be pointed out that some of the crucial reference materials (e.g. 

blood serum) are still not avialable and that in such cases the discretion 

of the analyst or the participants forms the sole basis for inclusion of 

the results. 



6 

Extensiveness of the data 

This collection is not a systematic compilation and is deemed to serve 

merely as a pilot study exploring the means to improve the quality of data 

collected. For a few elements in some specimens the input was scarce and 

therefore, only a couple of countries are listed with values. Hence, in 

some cases paucity of information reflected in this report may not nece­

ssarily indicate the real situation. 

Presentation of the data 

The elemental concentration values are tabulated in Tables 11 to 87- The 

data are grouped under African, American, Asian, Australian and European 

regions. Whereever information was available on the number of subjects, 

sex, analytical techniques used, Median, Mean and Standard Deviations of 

the Mean and the Ranges of the reported results, these are shown in the 

Tables. Comments if any, and sources of the information are also listed 

under the remarks column. Analytical techniquesare abbreviated in Table 2. 

Interpretation of the data 

In section 2 under results and discussion an attempt has been made to inter­

pret the results gathered during this survey. In this context it should be 

recognized that the data included here are from literature sources that are 

filtered to varying extents by the participants to reflect a measure of 

analytical reliability. Barring a few exceptions no new experiments were 

undertaken particularly to provide the information sought. Based on these 

back ground circumstances, gross comparisons of the concentration levels are 

made between different populations and a few conclusions are drawn. However, 

the differences reflected should be seen as merely qualitative indicators 

warranting fresh grounds for further investigations. 

An attempt is also made to link the elemental concentrations of the tissues 

and fluids to the elemental status of the soil from the respective countries, 

where information was readily available. It may be mentioned that a definite 

conclusion basedon such a comparison may not necessarily be valid, and any 

correlations observed should be regarded as qualitative markers. 

The author recognizes the difficulties in directly relating the status of the 

soil to tissue levels. Besides such factors as extractability of an element 

from the soil, to what extent the locally grown food is consumed by the sub­

jects and the bioavailability of the elements in such foods as reflected by 

the gastrointestinal absorption (Table 3), collectively influence the 

situation. Thus, for example, rural populations, especially from the develop­

ing countries, may generally be expected to subsist on local food ~roducts, 
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Whereas, urban populations (from cities such as Tokyo) are prone to the 

impact of food imports. Obviously, origin of such foods is crucial in 

this context. In spite of all such difficulties involved, the data re­

veal certain characteristic differences which are discussed under each 

element in section 2. Trace element status of soils from a few countries 

derived from a recent FAO report (9) is shown in Table 4. 
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SF-31600 Jokionen 

Lakoma, E.L. 
Reactor Laboratory, Technical Research Centre of 
Finland, Espoo 15 

Salmela, S. 
University of Helsinki, Department of Public Health 
Sciences, SF-00290 Helsinki 

Tummavuori J. and Pirinen A. 
Jyvaeskylaen Yliopisto Kemianlaitos, 
SF-4o1oo Jyvaeskylae 

Westermarck, T., Kuitunen, P., Vuori, E. and Salmi, A. 
Helsinki Cnetral Institute for the Mentally Subnormal, 
SF-02400 Kirkkonummi 



France 

Germany, GDR 

Garmany, FRG 

Greece 

India 

Iran 

Israel 

Italy 

Japan 

Kenya 
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Stulzaft, O. 
Department of Biologie, Service Hospitalier Frederic 
Juliot, F-91400 Orsay 

Anke, M. 
Sektion Tier2roduction und Veternaermedizin der 
Karl-Marx Universitaet 
DDR-69 Jena 

Behne, D. 
Hahn-Meitner Institute 
D-1000 Berlin 

Stoeppler, M. 
Institute of Chemistry, Nuclear Research Center, 
D-517 Juelich 

Valentin, H. and Schaller, K.H. 
Institut fuer Arbeits- und Sozialmedizin, Universitaet 
Erlangen-Nuernberg, 
Erlangen-Nuernberg 

Paradellis, T. 
Tandem Reactor Laboratory, Nuclear Research Institute, 
Athens 

Dang, H.S. and Somasundaram, S. 
Health Physics Division, Bhabha Atomic Research Centre, 
Bombay 

Aframian, A. 
National Research Council, P,O, Box 3327, 
Teheran 

Lightman, A., Brandes, J. and Zinder, o. 
Dept. of Obstet.Gynec., Rambam Medical Center 
Haifa 

Clemente, G.F. and Ingrao, G. 
Center for Energy and Reactor Research, 
Department of Environment, 
Casaccia 

Imahori, A. and Fukashima, J. 
Department of Public Health, Juntendo University 
School of ~edicine, 
Tokyo 

Ishihara, N. 
Tohoku Rosai Hospital 
Sendai 

Nakahara, H. 
Department of Chemistry, Tokyo Metropolitan University, 
Tokyo 

Tanaka, G. 
Division of Radioecology, National Institute of Radiological 
Sciences, Nakaminato Laboratory, 
Ibaraki 

Wandiga, s.o. 
Department of Chemistry, University of Nairobi, 
Nairobi 



Netherlands 

New Zealand 

Nigeria 

Norway 

Pakistan 

Po land 

SWeden 

Turkey 

U.K. 

(Ire land) 

U.S.A. 

1o 

Das, H.A. and Woittiez, J.R.W. 
ECN Energy Research Foundation 
Petten 

Casey, C.E. 
University of Otago, De~artment of Nutrition 
Dunedin 

Olatunbosun, D.A. 
Department of Chemical Pathology, University of Ibadan, 
Ibadan 

Steinnes, E. 
University of Trondenheim, Department of Chemistry, 
Dragvoll 

Qureshi, I.H. 
Pakistan Institute of Nuclear Science and Technology 
Rawalpindi 

Dybczynski, R. 
Department of Analytical Chemistry, Institute of 
Nuclear Research 
Warsaw 

Nordberg, G. 
University of Umea, Departmenta of Environmental 
Medicine, Umea 

Plantin, L.O. 
Huddinge Research Hospital 
Huddinge 

Saner, G. 
Department of Pediatrics, University of Istanbul, 
Istanbul 

Yuregir, G. and Damna, o. 
Cukurova University, Faculty of Science, 
Ada'na 

Dale, I.M. 
Department of Clinical Physics and Bioengineering 
Glasgow 

McMaster, D. and Erwin, C. 
The 2ueens University of Belfast, Dept. of Medicine, 
Belfast 

Spyrou, N.M. and Cameron, A. 
Department of Physics, University of Surrey, 
Guildford 

Blotcky, A.J. 
Veterans Administration Medical Center, Research 
Service, Omaha 

Prasad, A.S. 
~vayne State Uni versi ty 
Detroit 

Shamberger, R.J. 
The Cleveland Clinic, 
Cleveland 



U.S.A. 

Venezuela 

Yugoslavia 
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Sunderman, F.W. 
Department of Laboratory Medicine, University of 
Connecticut School of ~edicine, 
Farmington 

Zeisler, R. 
National Bureau of Standards, 
Gaithersburg 

Burguera J.L., Burguera, H. and Alarcon, H. 
Universidad de los Andes, Fakultad de Ciencias 
Merida 

Byrne, A.R. and Kosta, L. 
Institut Jozef Stefan, P.O. Box 199, 
Ljubljana 

Kostial, K. 
Institute of Medical Research and Occupational Health, 
Zagreb 

Table 2 

Abbreviations for the analytical techniques(indicated as Meth.) 

AAS Atomic Absorption Spectrometry 

AES Atomic Emission Spectrometry, also ICP-AESa 

ISE Ion Selective Electrode Method 

MS Mass Spectrometry 
b 

NAA Neutron Activation Analysis, also PAA 

POL Polarography, ASV = Anodic Stripping Volatameetry 

SAS Solution Absorption Spectrometry 

SFS Solution Fluorescence Spectrometry 

XRF X-Ray Fluorescence Spectrometry also PIXßc 

a)Inductively coupled plasma 

b)Phot0n activatil'iul. .. analysms 

c)Proton induced X-ray emission 

Units for expressing the concentration data 

Fluids are expressed in mg or 
1

ug/L. Occasionally they are also expressed as 

mg or 
1

ug/kg. Urine is also given in 
1

ug/24 hours in some cases. The solid 

specimens are expressed in their wet weight status under mg or 1ug/kg. 
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Section 2 

DISCUSSION 

Only a few countries were in a position to supply reasonable amount of data for 

all the samples requested. A few comments are summarized in the following para­

graphs. 

The results of trace element concentrations for different tissues and body 

fluids are shown under "Frequent values" as observed in several countries. 

Deviations if any, from the frequent values are expressed as "relatively high" 

or "relatively low" values. For elements such as As, Hg and Se that are easily 

absorbed from the diet, the reported values are subject to variations depend­

ing upon the dietary status of these elements. Therefore, it may not always 

be possible to define frequent values in these cases. Similarly, for toxic 

elements such as Pb and Cd, frequent values may not necessarily mean tolerance 

levels since the overall expectation is to h3.ve as low levels as possible for 

such pollutant elements. Human milk is an exam9le in this contAxt (Jensen 1983). 

Arsenic 

Sample Unit 
type -Whole /ug/L 
blood 

Milk /ug/L 

Li ver 
1

ug/kg 

Hair 
1

ug/kg 

Urine 

Frequent 
values 

2 - 7 

o. 25 - 3.o 

5 - 15 

150 - 300 

See 

Relatively high 
values 

relatively low 
values 

Japan (Urban)'~"= 15 ~-,·~---~~-----~~­

Taiwan (Teipei) = 23 

Philippines (Manila) = 24 

Japan and New Zealand 
(Urban areas) So 

Canada (Urban) , India 
(Bombay) & parts of U.K. 

= 400 - 700 

general remarks 

General remarks: Since As is one of the elements that is strongly influenced 

by its own abundance in the food, variations observed in many of the tissues 

and body fluids directly reflect the differences in the dietary intake of this 

element. Consistently high As values seen in blood (Japan & Taiwan), milk 

(Philippines) and liver and hair (Japan and India) presumably reflect the As 

status of the geochemical belt of that part of Asia. 

Hair is known to be a good accumulator of As and therefore, depending upon the 

level of exposure true variations in the concentrations are possible, Carefully 

carried out experiments are of great value in this context. 

For urine, only 2 results were received; Belgium = lo and Denmark 3o 
1

ug/L. 



Cadmium 

Sample Unit 
type 

Whole /ug/L 
blood 

Milk /ug/L 

Li ver mg/kg 

Hair mg/kg 

Urine 

Frequent 
values 

o. 3 - 1.2 
(non-smokers) 

Few values, 
<1 

("1 - 2 

o.4 - 1 

<1? 
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Relatively high 
values 

Relatively low 
values 

1 - 4 
(smokers) 

Guatemala (city), Nigeria 
(Ibadan) & Philipinnes 
(Manila) = 2 - 5 

Japan (Urban) = 3 - 4 

Canada (Urban), Kenya 
(Nairobi) & Nigeria (Ibadan) 

2 - 2.4 

(See general remarks) 

General remarks: Cd resembles Pb in its capacity to bind exclusively to RBC. 

However, it is difficult to demonstrate the sex difference as seen in the case 

of Pb because of the low concentration and subsequent analytical difficulties 

involved. Almost all of the 25 sets of the results for blood received from 15 

countries fall within the range of o.3 to 1.2, for non-smokers. This is quite 

remarkable in view of the low concentration involved and speaks for the increas­

ing awareness of quality control in many laboratories. 

Urinary Cd values were received for only 5 countries. Of these, Germany (FR), 

USA and Belgiurn show less than 1 
1

ug/L, while Venezuela and Japan show 2 and 

4.7 
1

ug/L, respectively. 

Chromium 

Sample Unit 
type 

Blood /ug/L 
serum 

Milk /ug/L 

Li ver 

Hair mg/kg 

Urine 

Frequent 
valueE? 

o.1 - o.2 
(few results) 

1.o - 1. 5 
(few results) 

(See 

o.3 -o.8 

o.2 -o.5? 
(few results) 

Relatively high 
va],UPR 

Relativaely low 
values 

(See general remarks) 

Nigeria (Ibadan) and 
Philipinnes (Manila) 

= 4 

general 

Bangladesh (Dacca), 
Chile (Santiago), Iran 
(Bagdad) & Pakistan 
(tslamabad)= 1.4 ~ 4 
Germany (FR, Urban) 
& New Zealand (Urban) 

= 1 - 2 

remarks) 

Egypt (several parts), 
Finland (Urban) , Thai­
land (Bangkok) and 
USA (Denver) o.1 - o.2 

General remarks: Generally speaking, not many laboratories are i:n a :i;>osition to 

analyse Cr at low levels of concentration. Aroong the available results following 
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comments may be made. 

Among the reported values for Cr in whole blood, lowest value has been from 

Canada = 2o 1ug/L, followed by 28, 3o and 45 from Egypt, U.K. and Japan, 

respectively. 

Of the 9 sets of results received for liver, values from the U.K. are the 

lowest showing 8 1ug/kg. There are variations reported within the country 

too, e.g. Japanese values show 12 to 66 
1

ug/kg, while values from 3 differ­

ent regions of the U.S.A. namely Baltimore, Mineapolis and Seattle are 

quQted to be 110 + 120. 

A total of 8 results are available for Urine. Of these, 6 of them are in 

the range of o.2 to o.5 1ug/L. For Germany and New Zealand the results are 

somewhat higher and fall between 1.1 to 1.8 
1

ug/L. 

Cobalt 

For blood serum 3 results were received with values of o.11, o.12 and o,46 
1

ug/L 

from Belgium, Germany FR and Italy, respectively. In whole blood a value of 4o 

1ug/L has been reported form Canada. One result from Belgium suggests a concen­

tration of 16 
1

ug/kg of RBC while the Italian group has quoted 46 
1

ug/kg. 

Results for milk show a mixed pattern. The WHO study group countries (Guatemala), 

Hungary, Nigeria, Sweden, Philippines and Zaire) show a range of o.3 
1

ug/L 

(Sweden) to 1.6 
1

ug/L (Philippines). 

The variations seen for Co in liver are rather wide. They range from 6 
1

ug/kg 

in Japan to 151 
1

ug/Kg in New Zealand. Since liver being a store for vitamin B
12

, 

such differences are propably not surprising. The contrasting values seen for 

Japan and New Zealand may well reflect the differences resulting from food 

intake. 

Hair Co concentrations cover a wide range over 3o ~ug/kg in Czechoslovakia 

to 500 
1

ug/kg in Germany anß Canada. It is not possible to assign any parti­

cular ~rouping for the distribution of Co in hair. 

In urine, it appears that the concentration is between 1 and 2 
1

ug/L. 

Although several variations are noted in the concentration of Co in various 

tissues and body fluids 1 the changes by themselves may not be o.f any signifi­

cance since only a small part of the total inorganic Co found in the specimens 

is biologically active in the form of Vitamin B12 . 



Copper 

Sample 
type 

Whole 
blood 

Milk 

Li ver 

Hair 

Urine 

Unit 

mg/L 

mg/L 

mg/kg 

mg/kg 

/ug/L 

Frequent 
values 

15 

Relatively high 
values 

Relatively low 
values 

o. 8 - 1. 1 (males) Aboriginals (Australian 
1.o - 1.4 (females) settlements) and Tokelau 

(same levels in serum Islanders (New Zealand) 
and erythrocytes) 1.4 - 1.8 

o.25 - o,4 Australia (Geelong), Hungary (Budapest, 
SWeden (Uppsala), 
U.S.S.R. (Urban) & 

5 - 8 

15 - 25 

3o - 60 

New Zealand (Dunedin), 
Greece (Athens), Fin­
land (Helsinki) & Turkey 
o.5 - o.7 

Zaire (Lwiro) 
-;:;o.2 

Japan (Urban) = 1o Bulgaria (Vratsa,) =3 

Australia (Brisbane) Bangladesh (Dacca) , 
= 39 Botswana, Pakistan 

(Islamabad) , Turkey 
(Istanbul) and parts 
of Nigeria and New 
Zealand 1o 

General remarks: Finland and Turkey show highest concentrations of Cu in milk. 

Yet, from the point of view of soil, they are classified as normal or normal to 

low (Table 4, Ref. 9 from section 1). However, among countries grouped under 

low concentration (e. g. Hungary, Sweden & Zaire), the soil status of Hungary is 

known tobe deficient (Table 4, Ref. 9 from section 1). 

Concentrations of Cu in hair from Kenya, Australia and to some extent in New 

Zealand are high. As for soil, only for New Zealand the status of Cu is known 

and is quoted to be normal to high. Pakistan, Turkey, Nigeria, Thailand, Bangla­

desh, East Germany and Tokelau Islands (NZ) show low levels in hair. The official 

soil status in the first 4 countries is given as normal to low in the FAO report 

(Table 4, Ref. 9 in section). 

For urine, part of the results are quoted as concentration and the remaining ones 

are expressed as 24 hour clearance. Since no figures were provided to convert 

these values to a single base, no comparisons are feasible. 

Fluorine: 

No results were received for any of the requested specimens with the exception 

of milk. 

Of the 8 results received for milk, based on median values, the concentration 

measured for the Philippines is the highest being 118 
1

ug/L. Finland and Zaire 

show low values of the order of about 7 
1

ug/L. The remaining results fall in the 

range of 9 to 17 
1

ug/L. 
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Iodine 

Very few results were received for I in whole blood, serum or urine. 

Typically, in blood serum the concentration appears to be between So and 

7o mg/L. 

In milk, with the exception of Zaire, median values for all other countries 

fall in the range of 4o to 80 mg/L. Zaire, a country known tobe having I 

deficiency problems shows lS mg/L. 

Only one result was received for I in liver from U.K. showing o.2 mg/kg. 

In hair, with the exception of Nigeria and India which show values exceeding 

3 mg/kg, most other countries show a relatively narrow range of o.4 to 1 mg/kg. 

Iran 

Sample 
type 

Whole 
blood 

Blood 
serum 

Milk 

Li ver 

Hair 

Urine 

Unit 

mg/L 

mg/L 

/ug/L 

mg/kg 

mg/kg 

Frequent 
values 

42S - Sao 

o.8 - 1.2 

3So - 600 

150 - 2So 

3o - 60 

loo - lSo? 
(few results) 

Relatively high 
values 

Relatively low 
values 

Bangladesh (Dacca), 
Iran (Teheran and 
U.S.S.R. (Urban) 

Chile (Santiago), Italy 
(Rome), Philippines 
(Manila) , Turkey (Ista­
nbul) & Zaire (Lwiro) 

700 - 1700 

= 300 - 340 

Germany (FR) and 
and some parts of 
U.S.A. 

= 200 - 260 

(See general remarks) 

Botswana (Bushman sub-
j e cts), Kenya (Nairobi), 
South Africa (Bantu sub­
j ects) , parts of Egypt 
and Iraq 100 - 900 

Australia (Victoria), 
Iran (Teheran) , 
Turkey (Istanbul) 

and Vietnam (Urban) 
S - 2o 

General remarks: In liver, variations are seen for different sets of results 

from the same country. Also, livers from female subjects contained lower con­

centrations than those from males. For exam9le, results from Canada show mean 

values between 46 and 116 mg/kg for females of S5 years of age and above, 

while ranges of mean values for males varies from 132 to 262 mg/kg. Also, low 

values of 11S mg/kg are reported for subjects from Cuba aged 2o to 46 years. 

Concerning Fe in milk, several factors are involved and the results should be 

evaluated carefully (Iyengar 1982, Ref. 6 ,in Section 1, Lonnerdal et al 1981). 

No notable associations are seen for soil Fe status and the tissue concentra-
t-_i cm l AVAl !::: _ 



Lead 

Sample 
type 

Whole 
blood 

Milk 

Li ver 

Hair 

Urine 

Unit 

/ug/L 

1
ug/kg 

Frequent 
values 

9o - 150 

(See 

350 - 550 
(few results) 

(See 

(See 
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Relatively high 
values 

India (Bangalore), Italy 
(several cities), Mexico 
city, parts of U.S.A. and 
Canada 

= 200 or more 

general 

New Zealand (some parts) 
and U.K. (Urban) 

= looo - 2000 

'Jeneral 

general 

Relatively low 
values 

China (Peking), parts 
of Japan & Sweden 

= So - So 
Nepal and some remote 
parts of Venezuela 

= 8 - 3o 

remarks) 

remarks) 

remarks) 

General remarks: In milk, high values are found in the Philippines, Spain, 

Sweden and Hungary extending up to 17 
1

ug/L. In the U.S.A. a range of 12 to 

26 
1

ug/L has been reported from Cincinnati area. Nigeria, Zaire and Guatemala 

have reported concentrations of about 3 to 5 
1

ug/L. 

In hair, high levels are seen in samples from Nigeria= 52, Kenya = 42, some 

parts of the U.S.A. = 19 to 45 and Canada = 17 mg/kg. Countries such as India 

(rural) , Bangladesh and Iran represent some of the low exposure areas with 

values around 3 to 5 mg/kg. No results were received for any of the Euro9ean 

countries. The reader may refer to other compilations (Pankhurst & Pate 1979, 

Jenkins 1979) which have listed some of the findings. Th.e reader may also 

consult another source (Grandjean 1979) which illustrates the differences in 

the accumulation of Pb in hair due to low level and occupational exposures 

resulting in accumulations up to 5 mg/kg in non exposed 9ersons and up to 100 

mg/kg in exposed populations. 

Only a few results were received for Pb in urine. These values show typically 

6 to 12 
1

ug/L for Japan and Belgium, for example. Control of external contam­

ination is a major problem in handling urine for Pb analysis and extreme pre­

cautions are necessary to obtain dependable results. 

A few other points concerning the environmental impact of Pb has been dealt 

with in section 3 of this compilation. 



Manganese 

Sample Unit 
type 

Whole /ug/L 
blood 

Blood /ug/L 
serum 

Milk /ug/L 

Li ver mg/kg 

Hair mg/kg 

Urine 

Frequent 
values 

8 - 12 

o.5 - 1.o 

3 - 6 

1.1 - 2.1 

o.5 - 1. 5 
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Relatively high 
values 

India (Bombay) , Japan & 
Canada (Urban) = 18 - 28? 

Nigeria (Ibadan) , Phili­
ppines (Manila) & Zaire 
(Lwiro) 11 - 4o 

Marginally high in India 
(Bombay), Nigeria (Ibadan), 
Pakistan (Islamabad) & 
Thailand (Bangkok) = 3 - 4, 
high in Kenya (Machakos 
District) = 15 

Very few results, see Table 43 

Relatively low 
values 

Sweden & U.K. 
(Urban) o.5 

General comments: Considerable number of results available for Mn in milk allow 

some comparisons to be made. The high values seen in samples from Philippines 

and Nigeria match the Mn profile of the soil (Table 4, Ref. 9 from section 1). 

As for New Zealand, which shows high values in urine (3 - 19 
1

ug/24 hours), 

soil status is recorded as moderately high. Soil status of Zaire (high Mn in 

milk) is unknown to the author. However, high values seen in hair from a 

number of countries do not always correlate with the soil Mn status. 

Mercury 

Sample Unit Frequent 
type values 

Blood (See 

Milk /ug/L 1 - 3 

Li ver 
1

ug/kg 3o - 150 

Hair mg/kg o.5 - 2 

Urine (See 

Relatively high 
values 

general 

Nigeria (Ibadan), U.S.A. 
(Alaska) & Zaire (Lwiro) 

5 
Japan & U.K. (Urban) 

= 250 - Sao 

Japan (Urban), Kenya 
Machakos District), Italy 
(Rome) & parts of U.S.A. 

3 - 12 

general 

Relatively low 
values 

remarks) 

remarks) 

General remarks: The picture for Hg in blood is confusing. 3 sets of Japanese 

values range from 2o to 59 
1

ug/L. 2 sets of results from the U.S.A. (Eskimos) 

and one set each from Italy and Venezuela have values between 13 and 2o 
1

ug/L. 

Other results range from o.6 
1

ug/L in Germany to 1o 
1

ug/L in parts of the U.S.A. 
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Hg resembles As in its absorption from foods and therefore, variations in 

tissue and fluid levels are indicators of the intake of this element. 

For urine, not many results were received. Of the reported results, Japan and 

Italy show high values of about 6 to 7 
1

ug/L. In Belgium and Germany (FR), the 

concentration reported is about 1 
1

ug/L. On a 24 hour clearance basis, values 

for the U.S.A. and Denmark show up to 2o 
1

ug. 

Molybdenum 

Only a few resulb;; were received for this element in blood, ·u'rine and h'air. 

In milk, the spread of values range from about 1 
1

ug/L in Hungary and Sweden 

to about 4 
1

ug/L in Guatemala, Nigeria and Zaire. Both India and the Phili­

ppines show high values of 9 and 2o 
1

ug/L, respectively. 

Of the 7 sets of results received for liver, with the exception of the Belgian 

value = 360 
1

ug/kg, all others fall in a close range of 500 - 800 1ug/kg. 

Nickel 

Results received for this element are too few for any meaningful comparisons. 

In milk, results for Germany (GD) show highest values of 39 
1

ug/L. Low values 

are reported from Finland = 1.5 
1

ug/L. For a number of other countries, the 

results are spread between lo and 2o 
1

ug/L. 

In hair, the variations observed between countriesare too great. 

Selenium 

Sample 
type 

Whole 
blood 

Blood 
serum 

RBC 

Milk 

Li ver 

Hä.ir 

Urine 

Unit 

/ug/L 

/ug/L 

mg/Kg 

/ug/L 

1
ug/kg 

mg/kg 

Frequent 
values 

9o - 130 

75 - 120 

100 - 180 

15 - 25 

250 - 400 

o.5 1.o 

25 - So 

Relatively high 
values 

Relatively low 
values 

Canada (Hamilton), U.S.A. 
(Wyoming) & Venezuela 

China (Keshan area) , 
parts of Egypt & 
Finland, Italy (Am­
iata area) & New 
Zealand = 2o - 60 
Cwhole b.1.;Jod or 

= 160 - 240 

bJ.ood s-erumJ 

Chile (Santiago) & Phili­
ppines (Manila) = 33 - 62 

Parts of Australia, 
Finland & New Zea­
land & U.S.A.~ 1o 

Parts of Japan & U.S.A. 
500 "" 700 

Parts of Japan & U~K. 

2.2 -. 4.o 

parts of Canada & 
Japan = 125 - 160 

Bulgaria (Vrasta) & 
New Zealand = 60-190 

Parts of Finland & Ger­
many (GD), China (Shan 
Xi area) & Italy (Ami­
ata area) = o.2 - o.3 

and 
China (Keshan area) & 
parts of Greece =-( o. 1 
Italy (Amiata) and New 
Zealand = 7 - 13 
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General remarks: For blood and liver there are two sets of results from U.K. 

one covering Glasgow area and the other a general survey of the country. These 

values differ from each other significantly. 

As seen from the results presented, several countries have reported low Se 

values in one or more tissues or fluids. The FAO soil study report does not 

give information on Se. However, it is known from other sources that countries 

such as New Zealand, Finland and China (some parts) have Se deficient s.oils. 

Since Se levels in tissues and body fluids are known to be extremely susceptible 

to changes in dietary intake and reflect even short term variations in input, 

changes in Se levels of biological samples should be interpreted carefully. 

Zinc 

Sample Unit 
type 

Whole /ug/L 
blood 

Blood /ug/L 
serum 

RBC mg/kg 

Milk mg/L 

Li ver mg/kg 

Hair mg/kg 

Urine 1ug/L 

Frequent 
valnes 

6 - 7 

o.8 - 1. 1 

lo - 13 

1.5 - 2 

4o - 60 

Relatively high 
values 

Japan (Hokkaido) & U.S.A. 
( Illinois) 9 

Chile (Santiago), Finland 
(Urban), Guatemala city, 
Italy (Rome) & New Zealand 

= 3 - 7.2 

150 250 Poland (Warsaw) 320 

400 - 600 Information scarce 

Relatively low 
values 

Bangladesh (Dacca) 1 & 
India (Bombay) = 4 - 5 

Parts of Turkey~ o. o. 55 

Hungary (Budapest) , 
Sweden (Uppsala) , Turkey 
(Istanbul) & Yugoslavia 
(Ljubljana) = o.8 - 1.3 

Bangladesh (Dacca), parts 
of Egypt, Kenya (Machakos 
District), S.Africa (Bantu 
subjects), Turkey (Istan­
bul) & parts of U.S.A. 

= loo - 140 
Information scarce 

General remarks: Based on the picture of relatively low values of Zn in blood, 

milk or hair, countries such as Bangladesh, Egypt, Hungary, India, Kenya, Sweden, 

Turkey and Yugoslavia, etc, fall into one group. 

Of these, Hungary, Sweden and Yugoslavia show low values only in milk. This 

condition may not necessarily reflect the deficiency if any, in the mother, but 

its significance to the infant during the breast feeding stage is self expla­

natory. For example, depressed concentration of serum Zn is known in malnourished 

children (Panday et al 1983). Other examples are also known (Murzan 1976). 

The list of Zn deficient groups would have been certainly langer if results were 

available from more countries. A further discussion of Zn deficiency and its 

probable association with soil Zn status is discussed under section 3. 
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Section 3 

SOME SALIENT FEATURES OF THIS COMPILATION 

1. For a few elements such as Zn, data were available from a number of countries 

and therefore, some comparisons were possible. For example, as shown in Tables 

4 and 5, an association between the Zn status of the soil and the Zn status of 

some tissues and fluids was reflected and in some cases it appeared to be con­

sistent. Turkey is one example in this context. 

Keeping in mind the limitations mentioned under interpretation of data, a few 

such comparisons are possible for elements such as Cu, Fe, Mo and Mn, whose 

soil status is summarized in Table 4. 

2. Distinct regional variations on a global level are clearly demonstrated for 

Pb in whole blood (Table 6). 

Comparison of the blood Pb levels reveals that men have about 2o to 3o per 

cent more of this element in their blood than warnen. This is confirmed in 

several studies and in many countries. Since almost all of the Pb in blood 

is known to be associated with RBC, a substantial part of the sex difference 

in concentration is explained by the hematocrit. The remaining part of the 

difference can be related to the variability in the working environment and 

food consumption (quantity). Therefore, expressing the concentration of Pb 

on the basis of RBC weight is more helpful in identifying other factors that 

influence the concentration of this element in blood. Smoking elevates blood 

Pb only to a small extent whereas, consumption of wine (e.g. Italy) may 

elevate the level by a factor of about 1.5 (Table 48). 

Such indisputable inforamtion is required for many elements in context of 

environmental health. 

3. Cd offers yet another example revealing the variations arising out of habits, 

such as smoking tobacco. The data convincingly show that smokers have more 

Cd in their blood than non-smokers (Table 6). In view of the known deliterious 

effects of this element on human health, data such as these, provide compelling 

evidence for pregnant mothers to abstain from smoking, to quote one example. 

4. The data on milk summarized for the 6 countries in Tables 7 (concentration) 

and 8 (calculated mean daily intake by the infants), are seif explanatory. 

They clearly expose toxic and deficient situations and provide a great step 

forward in establishing firm dietary allowances for trace elements in order 

to maintain optimal health-. Figure 2 illustrates the case of Mn in this 

context (Iyengar 1984, Parr 1984). 
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5. Until now, it was seldom possible to appreciate the true inter-sample 

variability taking both analytical and biological variations into consider­

ation due to basic flaws in the accuracy of the analytical results. However, 

results from very carefully conducted studies are now available that 

facilitate the understanding of such differences in concentrations in 

similar samples drawn from different regions of a country. An excellent 

example is given in Figure 2, which shows clear cut regional differences in 

liver from 3 areas of the USA (Baltimore, Mineapolis and Seattle). Se varies 

by a factor of 2 between these cities. This study was under rigid quality 

control supervision right from the planning stage of the investigation 

(Zeisler et al 1984). 

6. A number of elements occur at rather low concentration levels in several 

body fluids (Table 9) and their accurate determination has always been a 

problem. However, it is encouraging to note that the accuracy for reported 

data on trace elements in tissues and body fluids is improving day by day. 

This compilation has for example, fairly consistent values for elements 

such as Co, Cr, Mn and Mo, which are considered as difficult elements to 

determine at the level they are 9resent in blood serum. 

In some other cases too there are methodological problems and unacceptable 

results still appear. For example, a study, recently conducted by the 

International Union of Pure and Applied Chemistry (IUPAC) in which the 

present author also participated, revealed that for Se some methods tended 

to give rather low or highly dispersed results (Figure 3). However, many 

of these analytical difficulties are better understood now, and with more 

and more quality control procedures being introduced, the picture is be­

coming more optimistic. 

7. Finally, some more effort is still needed to characterize the sample precise­

ly before the analysis is taken up. "Validity" of the specimen is very 

important since even "Status at sampling" may have considerable influence 

on the concentration of trace elements in a typical clinical specimen such 

as blood (Table lo). These and other aspects of choosing a snecimen and 

accounting for the presampling factors are dealt with in detail (Iyengar 

1982, Iyengar 1983, Iyengar 1984). 
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Table 3 Normal dietary intake, gut absorption and urinary excretion in 
human subjects (median values from literature) 

Absorption a) Dietaryb) Urinaryb) 
Element (per cent of intake excretion 

injested dose) (mg per day) (mg per day) 

B 1.3 1 
BR 4 4 
F high 2 1.7 
1 0.2 0.17 
MO (60-100%) 0.2 0.1? 
TL 0.015 0.0008 

0.02 0.02 

AS 0.1 0.05 
CO 0.02 0.001? 
CU 2.5 0.05 
FE medium 16 0.2 
HG (10-50%) 0.01 0.004 
PB 0.3 0.05 
SE 0.15 0.05 
SR 1.5 0.24 
ZN 13 0.44 

AL 10 0.1 
CD 0.04 0.001 
CR low 

0.05 0.001 
MN (<10%) 4 0.0004 
NI 017-0.4 0.01 
SN 1 0.02? 
V 0.01 0.002 

al lyengar 1984, bl Bowen 1982 (personal communication) 



Country 

Belgium 

Egypt 

Finland 

HwJ.gary 

India 

Iraq 

Italy 

New Zealand 

Nigeria 

Pakistan 

Philippines 

Thailand 

Turkey 

Zambia 

Table 4. 

Cu Fe Mn 

a) 
N N-H N 

N-H N N-L 

N-L H N 

L L L 

N L-N L 

N N L 

EH N L 

L-H H N-H 

N-L N-L H 

N N L 

EH H H 

N N N 

N L L 

VL N-L VH 

The nutrient status of soils from selected countries 

Mo Zn 

N EH 

N-H N-L 

N H 

L L 

H L 

H L-VL 

H N-L 

L L-H 

N-L L-H 

H L 

N H 

N L 

N L-VL 

VL L-N 

Remarks 

Generally acidic, mostly coarse in texture, medium organic matter content 
and low cation exchange capacity 

Fine textured, highly alkaline, mediu..~ organic matter content and high 
cation exchange capacity 

Generally acidic, widely varying texture, high organic matter and 
relatively high cation exchang·e capacity 

Vary widely in regard to texture, pH and cation exchange capacity, 
somewhat lower organic matter content 

Relates to northern States, coarse texture, alkaline, low in organic 
matter content and low cation exchange capacity 

Medium to fine textured, highly alkaline, low in organic matter content 
and medium cation exchange capacity 

Vary greatly in texture, alkaline pH, medium organic matter content and 
medium cation exchange capacity 

Cu and Zn are low in north and south island and high Tonga and Rarotonga, 
Medium textured, severe to moderately acidic and high organic content 

Coarse in texture, low in organic matter content, varying pH and low 
cation exchange capacity 

Coarse to medium texture, low in organic matter and cation exchange capacity 

Wide variations in soil properties 

Heavy to medium textured, varying pH, relatively high organic matter and 
high cation exchange capacity 

Alkaline, low in organic matter and relatively high in cation exchange capacity 

Mostly acidic, coarse to medium textured, low in organic matter content and 
low in cation exchange capacity 

a)L low, N normal, H high, EH exceptionally high, VL very low, VH very high and L-H varying from low to high 

N ,.,,. 
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Table 5. Some examples of countries showlng different va-
lues for Zinc (mg/l or kg) In 3 specimens compa-
red with known soll status 

Speclmen :Zn level Soll :Zn status Countrles Aemarks 

Whole 8-8.5 ? Japan Hokkaldo reglon 
blood 

6-7 several 
countrles 

4-5 ? Bangladesh 
very low lndla 

Blood 
serum 0.50 very low Turkey Some parts 

Milk >3 high Flnland 
high New :Zealand 

? Chlle 
2-3 ? Guatemala 

high Phllllplnes 
Normal - high ltaly 

< 1.5 very low Hungary 
? Yugoslavla 
? Japan urban area 
? Aussla 

< 1 very low Turkey 
? Sweden 

Scalp > 250 ? Poland 
halr 160-250 several countrles 

< 160 S. Afrlca Bantu subjects 
very low lndla 

? Bangladesh 
? Panama 
? Egypt 

< 130 very low Kenya Machakos dlstrlct 
very low Turkey 
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Table 6 

Lead and Cadmium in Whole Blood 

Groups /ug/L 

Frequent values covering 
many countries 9o-15o 

High values in India 
(Bangalore) , Italy ~many 
cities), Mexico city, 
U.S.A. (Los Angeles) & 
Canada (Halifax) 

Intermediate values in 
China, Japan and 
Sweden 

Low values in Nepal & 
remote parts of 
Venezuela 

17o-24o 

50-80 

8-30 

Cadmium Non-smokers o.3-1.2 

Srnokers 1.o-3. 7 

Factor between 
Srnokers & Non-srnokers 3-12 



Table 7 . Median concentrations (lug/L) of selected elernents in milk 
samples from 6 differen countries, ( ) = number of samples 

Country Zn Se I Ni As F 

Philippines 1980 33.2 57.4 16. 1 19 118 

(65) (65) (1o) (62) ( 14) (32) 

Nigeria 1680 24.2 61.6 12.2 1 . 8 26.4 
(65) (65) (7) { 14) (6) (7) 

1') 

Zaire 1920 19.3 14.8 4.9 o.26 7.5 -..J 

(69) (69) ( 18) (59) (2o) (46) 

Guatemala 2610 19.2 59.8 12.9 o.3o 9. 1 
(84) (84) (23) (74) (26) (23) 

Hungary 1200 13.9 63.8 14.4 o.24 14.5 
(71) (71) (31) (74) ( 11 ) (52) 

Sweden 700 13. 1 55.7 11 .o o.55 17.o 
(32) (32) ( 16) (31) (8) (1o) 



Table g. Measured daily intakes of elernents through milk (median concen-
tration x median volume) and cornparison with WHO and NAS 
recornmendations 

Element Unit Measured intake in study areas Reconmended intake 

Phi Nig Zai Gua Hun SWe WHOa NAS6 

Co 
1ug/d 0 .91 o.38 o.22 0 .16 o.1o o.22 

Cr ii 2.20 2.60 0.60 0.80 o.So 1 .2o - o-4o 
N 

Cu I! 173 167 120 173 136 149 480 5oo-7oo CO 

F IU 76 16 4.4 6 10 14 - 1oo-5oo 

Fe iU 460 314 334 228 244 357 1o ooo -

I i! 37 43 6. 1 39 44 44 4o -

Mn il 25 9.5 6.7 2.5 2.7 2.6 - 5oo-7oo 

Se li 21 14 12 13 9.3 1 1 - 1o-4o 

Zn rng/d 1 . 3 1 1. 2 1. 7 o.8 o.6 3.1-12.sc 3 

a)Trace Elements in Hum:m Nutrition, WHO Report 532(1973) 

b)Reccmnended Dietary Allowances, National Acadeny os Sciences, 
Washington ( 1980) 

c)varying according to different assumptions about fraction absorbed 
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Manganese concentrations in human milk from 
different cormtries. The values plotted are 
the median concentrations + one SD of median. 
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mic. ( By permission of Dr. Parr) , Parr 1983 

,(.. 

, , * 
- * 

* 

,, 

BALTIMORE MINNEAPOLIS SEATTLE 
8 13 15 

Fig. 2 , Mean concentratio.ns (µg/g fresh weight) of selenium in liver specimens from 
three geographical locations. X, range ofvalues; *: mean concentration. Rectangles repre­
sent 50% of the values. 
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IUPAC study on Performance of Analytical Methods in absence 

of a certified reference material for human serum (1983) 
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1.AllORATORV NUMllER 

Entire lab population Afte~ Exclusion of labs 
No. of No. of Mean concn. No. of No. of Mean concn. 

labs Obs. :!: SE, ug/L labs Obs. :!: SE, ug/L 

7 42 91.8 :!: 2.2 6 36 92.4 :!: 2.6 
6 32 IH.2 :!: 7.7 4 20 92.8 :!: J.4 
5 24 89.8 :!: 4.2 4 21 92.7 :!: 1.4 
4 JO 72.J :!: J.9 1 6 85.9 :!: 1.8 
1 6 149 :!: 18 
1 6 77.7 :!: 1.2 
1 6 87.8 :!: 2.2 1 6 87.8 :!: 2.2 
1 6 86.6 :!: 0.6 1 6 86.6 :!: 0.6 
1 6 84.5 :!: J.4 1 6 84.5 :!: J.4 

ADF 
EAAS 
INAA = 
RNAA = 

Acid decomposition-fluorometry 
Electrothermal Atomic Absorption spectrometry 
Instrumental Neutron Activation Analysis 
Radiochemical 

ADHAAS 
ADSEEAAS 
ADDAF = 
ADIDMS = 
ADXRF = 

Acid Decomposition Hydride generation AAS 
Solvent extraction AAS 
Dry ashing Fluorometry 
Isotope Dilution Mass Spec. 
X-ray Fluorescence Spec. 
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TABLE 9 
SOME EXAMPLES OF ANALYTICALLY CRITICAL CONCENTRATION LEVELS 

ENCOUNTERED IN ANALYSIS OF BODY FLUIDS ( VALUES IN /UG/L ) 

ELEMENT URINE SERUM BLOOD 

AL ~ 1 ~l ~l 

AS ~ 10 LOW AND ._'{ l 
VARIABLE LOW & VARIABLE 

CD ~ l < 0.05 l (~) 

eo 1 (?) <l <H.f) 

CR < < l -< l t. n 
HG < 2 ? 

"" 2 
MN < 1 < 1 5-20 

MO ? <l ? 

NI ..,< 2 <2 <2 
PB ~ 10 <2 30-300 

V ? <<l ? 

TABLE 10 
Influence of "status at sampling" on the concentration of 

selected elements in human subjects: Seme examples 

Sample Element 

Serum Zn 

Serum F 

Serum I 

Serum As 

Blood Cd 

Pb 

Condition 

F~stinq 
After food 
Stress 
+ sea food 
Low Zn intake 
Pregnancy 

Fasting 
After f ood 
+ Tea 
Low F intake 

Inf luence 

Elevated 
Lowered 
Elevated 
Elevated 
Lowered 
Lowered 

Normal 
Variable 
High 
Lowered 

High I intake Elevated 
e.g. Sea food, 
excess intake 
of iodinated 
salts, etc., 

Shrimp con­
sumption 
Fish con­
sumption 

Smoking 

Alcohol 

Normal 

Elevated 

Elevated 

Elevated 

Remarks 

Even over night f asting 
Low in f irst few hours 
Sampled while standing 
e.g. Oyster 
Rather sudden effect 
Progressive decline 

Over night fasting 
If sampled immediately 

Over a few days 

Level declines slowly 
~ince the uptake is 
rapid and biological 
halflife is about 2.5 
weeks. 

No absorption of As 
from this source 
Well absorbed and declin­
es over a f ew days 

Remains chronically 
high in smokers 
E.g. Wine consumption 
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CONCLUDING REMARKS 

Although analytical awareness has been the basis for the results presented 

here, they must be used with caution. This is because there are still some 

unresolved analytical problems related to trace element analysis of the 

biological specimens. 

Nevertheless, this survey has been useful in demonstrating certain trends 

in the trace element picture around the world, at least qualitatively. Both 

diet and environment exert strong influence on the trace element distribu­

tion pattern in tissues and fluids as seen for several elements, e.g. As, 

Cd, Mn, Pb, Se and Zn. These and other factors should be considered while 

evaluating literature data before rejecting the findings that show sub­

stantial variations, unless there are strong reasons to support that the 

entire variation is arising from analytical errors. 

This study also revealed the paucity of data in some regions of the world. 

In view of the nutritional importance of several elements the time is ripe 

for international organizations to intervene and help to produce some 

reference data for selected global regions which lack data of any kind. 

Analysis of merely whole blood samples to start with can generate a wealth 

of information to monitor the status of some of the key elements such as 

Cu, Fe, Se and Zn. Such data can serve as a regional reference bank until 

each country develops its own data base. 

In choosing the reference group of subjects for a data base, a set of 

healthiest persons from a given country should be chosen. Fresh army recruits 

are a good example in this context. The results from these groups should be 

used for comparison when random populations of that country are studied. 

Notable deficiencies or excesses, if any, in the reference group, can be 

identified by comparison with reliable literature data. 

Most of the data in this review cover only urban parts which are not ideal 

study areas in terms of trace element influences on human health. Therefore, 

more rural populations should be studied. 
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Section 4 

Tables with individual results 

This section contains data that were received from various investigators 

listed on page 8. In addition it also contains results screened by the 

present author. The approach and selection of data are mentioned on page 

4. The reliability of the data base is discussed on page 5. 



Region/Country 

AFRICA 

ASIA 

India 

Japan 

EURO PE 

Denmark 

Sweden 

NORTH AMERICA 

U.S.A. 

ASIA 

Japan 

Thaiwan 

EURO PE 

Denmark 

Italy 

Norway 

Table 11. 

Sex 

F 

M 

F 

F 

n 

8 

330 
211 
135 

8 

52 
49 

25 

17 

16 

13 

281 

Regional values for the concentration of Arsenic in whole blood and serurn C;ug/L) 

Meth. 

NAA 

AAS 
AAS 
AAS 

NAA 

NAA 

AAS 
AAS 

NAA 

NAA 

NAA 

NAA 

NAA 

Median Mean + SD 

Whole blood 

6.o + 4.o 

21 
2o.o + 2o.o 
23.o + 21.o 

2.5 + o.5 

4.o + 1.2 

3 
2 

Blood serurn 

3.5 + 2.o 

15.4 

2.4 + o.6 

1. 7 

6.6 + 17 

(Range)· 

(3-14) 

(1-99) 

(o.2-24.6) 
(o .2-26. 7) 

(1.3-8.o) 

(o.9-3) 

(o.2-120) 

Rernarks and Ref erence 

Bombay, Dang et al 1983 

Urban, Ikeda et al 1979 
Urban, Usagimoto et al 1980 

II " 

Roskilde, Heydorn197o, Heydorn 1980 

Stockholm, Brune et al 1966 

Charlotte, Kagey et al 1977 
Birmingham, II 

Urban, Nakahara et al 1979 

Urban, plasma, Heydorn 1970 

Roskilde, plasma, Heydorn 1970, Heydorn 1980 

Urban, Giovenetti 1967 

Urban, Blekastad et al 1983 

w 
~ 

TABLE 11· ARSENIC IN WHOLE BLOOD AND BLOOD SERUM 



Table 12. Regional values for the concentration of Arsenic in milk c
1

ug/L) 

Region/Cormtry 

AFRICA 

Nigeria 

Zaire 

ASIA 

India 

Japan 

Philippines 

EURO PE 

Greece 

Hungary 

Sweden 

Yugoslavia 

NORTH AMERICA 

Sex n 

6 

2o 

24 

14 

5 

11 

8 

29 

CENTRAL AND SOUTH AMERICA 

Chile 12 

Guatemala 26 

Meth. 

NAA 

NAA 

NAA 

NAA 

NAA 

NAA 

NAA 

NAA 

NAA 

NAA 

Median Mean + SD 

1.8 3.o + 3.6 

o.26 o.25 + o.21 

o.7o + o.3o 

19 24.o + 23 

3.2 

o.24 o.34 + o.38 

o.55 1.2o + 1.80 

2.o + 1.2 

1.3o + 1.2o 

o.32 o.42 + o.5o 

(Range) Rernarks and Reference 

Ibadan, urban elite, urban poor and rural mothers, 
Byrne 1984, Parr 1984 

(o.13-o.82) Lwiro, urban elite, urban poor and rural mothers, 
Byrne 1984, Parr 1984 

(o.2-1.40) 

(1-95.5) 

(1.6-6.o) 

Bombay, Dang et al 1983 

Manila, urban elite, urban poor and rural mothers 
Byrne 1984, Parr 1984 

Athens, Grimanis et al 1978 

(o.11-1.5) Budapest, urban elite, urban poor and rural mothe:i::;; ~ 
Byrne 1984, Parr 1984 

(o.4o-5.5o) Uppsala, urban only, Byrne 1984, Parr 1984 

Lj_ubljana, Kosta et al 1983, Byrne & Kosta 1983 

(o.o5-3.9o) Santiago, Toro 1983 

(o.lo-2.50) Guatemala city, urban elite, urban poor andmral 
mothers, Byrne 1984, Parr 1984 

TABLE 12· ARSENIC IN MILK 



Tahle 13. Reference values for the concentration of Arsenic in liver c
1

ug/kg) 

Region/Countr.1 Sex n Meth. Median Mean + SD (Range) Rernarks and Ref erence 

AFRICA 

ASIA 

India 19 NAA 14.5 + 7.o Bombay, Dang et al 1983 

Japan 4 SAS 53 (33-70) Urban, Sumino et al 1975 
13 AAS 47 + 25 (24-120) Urban, Kitamura et al 1978 

EURO PE 

Belgium 5 NAA 8 (2-11) Ghent area, Lievens et al 1977 

De=ark 7 NAA 11 + 7 Copenhagen area, Larsen et al 1972 
-

Norwc.._y 8 NAA 16 + 4 (2-37) Jonsen and Steinnes 1983 w - 0\ 

Sweden 5 NAA 6 + 2 North of Sweden, Brune 1978 -
U.K. 6 MS 5 + 3 Hamilton 1979, Hamilton et al 1972/73 

-
27 NAA lo (1.5-72) Glasgow area, Lenihan 1967 

NORTH AMERICA 

U.S.A. 34 NAA 12 + 16 (<1-97) Baltimore, Mineapolis & Baltimore, Zeisler 1984 

AUSTRALIA AND NEW ZEALAND 

New Zealand 11 AES 52 + lo (2o-3o) Urban, Johnson 1976 

TABLE 13· ARSENIC IN LIVER 



Table 14. Regional values for the concentration of Arsenic in hair c1ug/kg) 

Region/Country Sex n Meth. ,!YT..edian Mean + SD (Range) Rernarks and Reference 

AFRICA 

ASIA 
Hong Kong 11 NAA 300 (4o-15oo) Urban, Chuang et al 1978 

India 17 NAA 470 + 600 (64-2140) Urban, Dang & Soroasundararo 1983 

Japan 234 NAA 85 Froro all over Japan, Ohroori et al 1981 
228 NAA loo + So Urban, Tekauchi et al 1982 

F 53 NAA 310 + 320 Tokyo city, Iroahori et al 1979 
M 61 NAA 310 + 290 

Pakistan F+M 1o5 NAA 260 + 280 (4o-142o) Islamabad area, Qureshi et al 1982 

MIDDLE EAST 

w 
Iraq F+M 229 NAA 270 + 300 (<:: 150-1600) Urban, Bagdad, Al-Shahristani 1978 --l 

EURO PE 

Austria F+M 197 NAA 13oa C<.1o-4oo) Vienna, Lanzel e~ al 1980 

Czechoslovakia 29 NAA 250 + 160 ( 80-640) Near Prague, Kucera 1983 
53 NAA 140 + 9o (3o-44o) " " Obrusnik 1979, 1983 

Denroark 6 NAA 150 + 260 C<7o-67o) Roskilde, Darosgaard 1982 

U.K. 26 NAA 460 (3o-74o) Glasgow area, Dale 1983 
82 NAA 13oa (4o-53o) 

„ „ 
" 1974 

a) 
georoetric roean 

TABLE 14· ARSENIC IN HAIR 



Table 14.(contd) Regional values for the concentration of Arsenic in hair c1ug/kg) 

Region/Country Sex n 

NORTH AMERICA 

Canada M+F 
M+F 

SOUTH AND CENTRAL AMERICA 

Chile 

AUSTRALIA AND NEW ZEALAND 

76 
45 

39 

Meth. 

PAA 
PAA 

NAA 

Median Mean + SD 

680 
750 

140 + 140 

(Range) 

(45o-17oo) 
(4oo-21oo) 

(2o-64o) 

Remarks and Ref erence 

Rural population, Chatt et al 1977 
Urban " " " 

Industrial area, Toro 1983 

TABLE 14· ARSENIC IN HAIR (Contd.) 

w 
00 



Region/Country 

AFRICA 

ASIA 

MIDDLE EAST 

EURO PE 

Belgium 
Denmark 

NORTH AMERICA 

Table 15. 

Sex n 

M 12 
3 

AUSTRALIA & NEW ZEALAND 

Regional values for the concentration of Arsenic in urine (/ug/L) 

Metll. Median 

AAS 

Mean + SD 

lo + 6 
3o -

(Range) 

3 - 21 
2o - 45 

Rernarks and Ref erence 

Brussels, Buchet et al 1980 
Roskilde, Heydorn & Damsgaard 1982 

w 
l.O 

TABLE 15· ARSENIC IN URINE 



Table 16. Regional values for the concentration of Cadmium in whole blood (/ug/L) 

Region/Country Sex n Meth· Median Mean + SD (Range) Remarks and Reference -

AFRICA 

ASIA 

China M+F 161 AAS o. 7o 0.80 + o.54 Peking, non-smokers, Friberg and Vahter 1983 
M+F 7o AAS 1.80 2.oo + o.92 " smokers, " 

„ „ 

India F loo AAS 0.80 o.9o + o.44 Ahmedabad, non-smokers, " " " 
M 76 AAS o.9o 1.oo + o.41 

M+F 176 AAS o.9o o.9o + o.43 " 
M+F 17 AAS 1. lo 1.oo + o. 35 II smokers 
M+F 53 AAS o.9o o.9o + o.4o Bangalore, non-smokers 
M+F 13 AAS 1. lo 1.oo + o.4o II smokers 
M+F 81 AAS 0.80 0.80 + o.3o Calcutta., non-smokers 
M+F 16 AAS o. 7o o.7o + o.3o " smokers „ 

" , 
Japan F 46 AAS 1.2o + 1.oo (o.5o-5.o) Urban, Satoh et al 1978 

M 45 AAS 1.4o + o. 7o (o.4o-3 .6) 
F 163 AAS o.27 o.32 + o.ola (0.08-1.08) Hokkaido region, Saito et al 1979 
M 145 AAS o.32 o.36 + o.ola (0.06-0.94) " " " " II """ 0 

M+F 94 AAS 1.lo 1.2o + o.61 Tokyo, non-smokers, Vahter and Friberg 1983 
M+F 79 AAS 1.5o 1. 60 + 0.80 Tokyo, smokers, " " 

MIDDLE EAST 

Israel M+F 143 AAS o.5o o.5o + o.4o Tel-Aviv, non-smokers, Friberg and Vahter 1983 
M+F 54 AAS 1.3o 1. 7o + 1.5o " smokers, " 

„ 

EURO PE 

Belgium F lo9 AAS 2.oo + 1.2o (o.2o-6. lo) Brussels, smokers, Buchet et al 1978 
F 331 AAS 1.2o + 1.2o (o. lo-9. 7o) II non-smokers, " 

„ 
" 

F 7o AAS 1.2o + o.9o (o.2o-4.5o) Urban, Roels et al 1971 
M 47 AAS 1. 7o + 1.4o (o .2o-6 .oo) II " 

„ 
1982 

1':1+$ 89 MS 1.oo 1.1o + o.5o Brussels, non-smokers, Friberg and Vahter 1983 
~H.F 44 MS 2.oo 2.5o + 1. 7o II smokers, II II 

a)standard error 
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Table 16 Ccontd.) Regional values for the concentration of Cadmium in whole blood (/ug/L) 

Region/Country 

EUROPE (continued) 

Germany (FR) 

Holland 

Italy 

Sweden 

Yugoslavia 

NORTH AMERICA 

Canada 

U.S.A. 

Sex 

M+F 
M+F 
M+F 

F 
F 

M+F 
M+F 

F 

M 

M+F 
M+F 

M+F 

M+F 
M+F 

CENTRAL AND SOUTH AMERICA 

Mexico M+F 
M+F 

Peru M+F 
M+F 

AUSTRALIA & NEW ZEALAND 

New Zealand 

n 

353 
602 
284 

84 
138 

18 
42 

45 
44 
76 
84 
84 
3o 

114 
72 

61 

36 
113 

31 
115 

2o 
4o 
88 
60 

47 
25 

lo3 
29 

17 

Meth· Median Mean + SD (Range) 

AAS 
AAS 
AAS 
AAS 
AAS 

AAS 
AAS 

AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 

1.1, 1.2 

o.2o 
1.60 

o.So 
3.2o 

NAA/AAS 

AAS 
AAS 
AAS 
AAS 
NAA 
NAA 
AAS 
AAS 

AAS 
AAS 

AAS 
AAS 

AAS 

0.60 
1.oo 

o.3o 
3.7o 

0.80 
1.So 

1. 93 (o. 30-6. So) 
1.o2 (o.2o-3.oo) 
1.3, 1.5 
o.4 
o.62 , o.7o 

1.57 + o. 74 
o.59 + o.25 

2. lo 
o.So 
o.3o + o.3o 
l.80 + 1.lo 
o.So + o.4o 
0.60 + o.4o 
0.60 + o.35 
3.9o + 2.9o 

(o.So-3.So) 
(o.2o-1.4o) 

(o.oS-7 .60) 
(o.o3-1.2o) 

(o. lo-2 .oo) 
(o. lo-1-So) 

2.3o + 3.lo (o.2o-9.6o) 

1.25 
o.83 
1.54 
o.95 
7.oo + 3.lo 
1.lo +o.75 
0.60 + o.3o 
1. 3o + 1. lo 

0.60 + 0.60 
3.6o + 2.9o 

0.80 + o.4o 
2.oo + 1.So 

o.9 + o.3 

(o.5o-3.2o) 
(o. 2o-3. lo) 
(o.4o-3.3o) 
(o .2o-3. 3o) 

Remarks and Ref erence 

Urban, smokers, Stoeppler and Brandt 1979 
" non-smokers, " " " 

Bavarian area, Valentin 1983, see Schaller etal 
Urban, non-smokers, Zielhuis et al 1977 

smokers, " 
Urban, smokers, Stoeppler 1983 

" non-smokers, 

Urban, smokers, Ulander and Axelson 1974 
" non-smokers, " " 

Stockholm, non-smokers, Friberg & Vahter 1983 
" smokers, 

Zagreb, Kostial 1983 

" 
" , non-smokers, Friberg & Vahter 1983 

smokers, 

Halifax, Ward et al 1979 

" 

Urban, smokers, Kowal et al 2979 (1976 study) 
H IlQfl-SfilQkers f lt n II U 

" smokers, Kowal et al 1979 (19 74 study) 
" non-smokers 11 

" " " 

Urban, Georgia, Andrews et al 1980 
Rural, Georgia, " " " " 
Baltimore, non-smokers, Friberg and Vahter 1983 

Mexico city, non-smokers, Friberg and Vahter 1983 
smokers, 

Lima, non-smokers, Friberg and Vahter 1983 
smokers, 

Dunedin, non-smokers, Mckenzie 1983 
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Table 17. ~egional values for the concentration of Cadmium in milk (/ug/L) 

Region/Country Sex n Meth. Median Mean + SD (Range) Remarks and Ref erence 

AFRICA 

Nigeria 6 NAA 3.4 4.6 + 5.o (2. 7-9. 7) Ibadan, Parr 1984 

Zaire 6 NAA o.85 (o.o-4.1) Lwiro, Parr 1984 

ASIA 

Philippines 11 NAA 2.7 2.7 + 2.o (o.o-6.7) Manila, Parr 198~ 

EURO PE 

Hungary G NAA o.66 + 1.o (o.o-4.o) Budapest, Parr 1984 
~ 

Sweden 13 NAA o.74+1.3 - (o.o-4.o) Uppsala, Parr 1984 
N 

NORTH AMERICA 

U. S .A. 25 AAS {2 Urban, Casey 1976 

CENTRAL AND SOUTH AMERICA 

Guatemala 13 1. 7o + o.51 (0.60-4.o) Guatemala, Parr 1984 

AUSTRALIA AND NEW ZEALAND 

New Zealand 25 AAS <1 Dunedin, Casey 1977 

' 
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Table 18. Regional values for the concentration of Cadmium in liver (mg/kg) 

Region/Country Sex n Meth· Median Mean + SD (Range) Remarks and Reference 

AFRICA 

ASIA 

Japan 64 AAS 3.7o - 7.9oa (range of GM) Shinjuku-ku area, subjects aged 2o-7o years, 
Tsuchiya and Iwao 1978 

F 41 AAS 3.lo - 5.2o (range of mean Tokyo, Kjellström 1979 
M 74 AAS ·4.oo - 6.oo values) 

15 AAS 2.93 + 2.12 - (o.43-8. 4o) Urban group, Kitamura et al 1978 
lo 0.80 „ II Tanaka 1983 

9 NAA 3.42 + 2.54 
„ II Terai et al 1979 

EURO PE 

(o. 77-6.80) ~ Belgium 5 NAA 2.48 Ghent area, Lievens et al 1977 w 
2o AAS 1. 73 + 1.32 (o. 3o-5.oo) Brussels, Lauwerys et al 1983 
13 AAS 2.44 + 1. 31 (o. 3o-5. So) Liege, II „ II 

Finland 86 AAS o.77a (o.ol-4.46) Helsinki, Vuori et al 1979 

Germany (FR) 2o7 AAS 1.15 Munich area, Drasch 1983 

Norway 8 NAA 1.34 + o.84 (o. 3o-2. 9o) Urban, Jonsen and Steinnes 1983 
76 AAS 2.31 (o. 30-6. 94) „ 

Syversen et al 1976 

SWeden 15 NAA 1.So + 1.9o Stockholm, older subjects, Plantin 1978 
5 NAA o.3o + 0.06 North of Sweden, Brune et al 1978 

F 116 AAS o. 73 - 2.21 (range of mean Stockholm, Kjellstörm 1979 
M 138 AAS o.69 - 2 .. lo values) " 

U.K. 2o AAS 2.o3 (1.2o-3. 7o) Aldermaston, Curry and Knott 1970 
11 MS 2.oo + o.4o Urban, Hamilton et al 1972/73 

a) . 
geometric mean 
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Table 18. (contd.) 

Region/Country Sex n 

NORTH AMERICA 

Canada M+F 44 

U.S.A. M+F 36 

M+F 47 
M+F 115 

162 
130 

17 
77 
2o 

8 
12 

AUS'IRALIA AND NEW ZEALAND 

Australia 89 

New Zealand 53 

Regional values for the concentration of Cadmium in liver (mg/kg) 

Meth. Median Mean + SD (Range) Remarks and Reference 

AES-ICP 1. 8 

NAA/AAS 

AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
NAA 
NAA 
NAA 

AAS 

AAS 

1.6o + 

1.o2 
1.31 
1.23 
1.1 to 
o.4o 
1.ol 
2.90 + 
2.30 + 
4.lo + 

2.1 

1. lo 

(o.4o-6.7o) 

(o.2o-4.96) 
(0.09-2.43) 
(o.13-3.70) 
(0.09-3.68) 

1.4 (range of mean 
values) 

1.60 
1.60 
1.60 

Ottawa, Subramanian and Meranger 1982 

Baltimore, Mineapolis & Seattle, Zeisler et al 1984 
Urban, nonsmokers, Kowal et al 1979 

smokers 
Dallas, Kjellström 1979 

20-60 years old subjects 
Cincinnatic area, black subjects, Gross 1976 

white 
Brooklyn, in-vivo method, Ellis et al 1979 

non-smokers, 
smokers, 

" 

(o.lo-7.40) Perth area, includes children, Spickett & Lanzer1979 

2.44 + 2.26 (o.ol -11.2) Dunedin partly, Casey et al 1+83, Johnson 1979 

TABLE 18. CADMIUM IN LIVER (Contd.) 
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Table 19. 

Region/Country 

AFRICA 

Kenya 

Nigeria 

ASIA 

India 

Japan 

MIDDLE EAST 

Egypt 

Iran 

Iraq 

Europe 

Austria 

Bulgaria 

czecbos.lovakia 

Sex n 

M+F 195 
M+F 265 

M+F 

F 
M 

M+F 

25 

34 

75 
96 
96 
76 

65 

9 

M+T 135 

M+F 198 

22 

29 

Regional values for the concentration of Cadmium in hair (mg/kg) 

Meth· Median Mean + SD (Range) 

POL 
AAS 

NAA 

NAA 

NAA 

AAS 

AAS 

NAA 

:NAA 

PIXE 

NAA 

NAA 

NAA 

NAA 

2.20 

o.79 

2.43 + o.55 
.2.22 + o.59 

1.38 + 1.o4 

1.62 + 2 .oo 
o.38 + o.28 
o.54 + o.41 
1. lob-

(o.93-5.50) 
( o . 3o- 7 • So) 

(o.2o-14.6) 

(o.34-5.o) 

(o.3o-16. lo) 

o.1 to 1.o (range of mean 
values) 

1.l+o.la 

1.4 + 2.1 (<'..o.6-8.2) 

(0.08-4.4) 

o.ol 

o.94 + o.55 (<o.5-2. 7) 

Remarks and Ref erence 

All over Kenya, Wandiga and Jumba 1983 

" 
Ibadan, Olatunbosun et al 1976 

All over India, students, Arunachalam et al 1978 

All over Japan, Tekauchi et al 1982 
Tokyo, Matsuzawa et al 1977 

" 
Urban, Ohmori et al 1981 

From various areas of Egypt, Kasperek et al 1982 

Teheran, Aframian et al 1980 

Bagdad area, Al-Shahrastani et al 1978 

Vienna, Lanzel 19.So 

Varsta city, Damyanova 1983 

Prague, Kucera 1983 

""' U1 

a) b) . 
standard error, geometric mean 
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Table 19. (contd)Regional values for the concentration of Cadmium in hair (mg/kg) 

Region/Country 

EUROPE (continued) 

Finland 

France 

NORTH AMERICA 

Canada 

U.S.A, 

Sex 

M 

M 

M+F 
M+F 

n 

2o 

440 

76 
45 

228 
189 

14 
62 

Meth· Median Mean + SO 

AAS 

AAS 

AAS 

PAA 
PAA 

AAS 
AAS 
AAS 

AAS 

1.2 
2.o 

o.35 + o. 27 

1.33 + o.95 
o.37 + o.24 

o.25-2.70 
o.32-3.40 

1.1o 
o.83 
1. 23 
1. 32 

(Range) Remarks and Reference 

Urban, Vuori et al 1975 

Urban, smokers, Orssand et al 1983 
non-smokers, " 

Rural. Chatt et al 1977 
Urban, „ 

" 

Chicago area in 1974, Kowal et al 1979 
in 1976, " " " 

Cincinnati area, black, Gross 1976 

" white, 
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Table 2o. 

Region/Country 

AFRICA 

ASIA 

Japan 

MIDDLE EAST 

EURO PE 

Belgium 

Germany FR 

NORTH AMERICA 

U.S.A. 

Sex 

M+F 
M+F 

M 
F 

M+F 
M+F 

M 
M 
M 

SOUTH & CENTRAL AMERICA 

Venezuela 

AUSTRALIA & NEW ZEALAND 

n 

lo9 
374 

47 
7o 

15 

223 
189 

86 
51 
14 

lo 

Regional values for the conecentrations of C~dmium in urine c
1

ug/L) 

Meth. 

AAS 
AAS 

AAS 
AAS 

AAS 

AAS 
AAS 
AAS 
AAS 
AAS 

SAS 

Median 

o.61a 
o.48 
o.5o 
o.4o 
o.65 

Mean + so 

4.7 + 4.4 
o.64 

o.84 + o.48 
o.96 + o.77 

o. 7o 

o.77 
o.64 
o.59 
o.45 
o.83 

2.o4 + o.o2 

(Range) 

o.23 - 2.2 

o.3o - 1.8 

0.06 - 5.1 
0.02 - 2.1 
o.11 - 2.1 
o.14 - 1.o 
o.11 - 2.1 

o.So - 3.4 

Rernarks and Reference 

Akita, Ishikawa & Nagasaki area, Iwao et al 1981 
Urban, Fukabori & Nakaaki 1974, o.96 

1
ug/24 hours 

Brussels, Roels et al 1982,
1
ug/g creatinine 

11 II ll II II U , 
1

ug/day , 

Urban, Stoeppler & Brandt 1979 

Chicago area, smokers+nonsmokers, Kowal et al 1974 „ 
values from 1976, , 

Dallas area, " II II II " " 
" nonsmokers only, " " " , 
" smokers only, " " II 

Merida, Burguera et al 1982 

a)Geometric mean, applicable to all values of Kowal et al 1974 under this group 
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Table 21. 

Region/Country Sex n 

Japan 15 

Egypt 8 

Germany FR 36 
U.K. lo2 

Canada 61 

Japan 18 

Israel 52 
29 

Belgium 2o 

Finland 6 

Germany FR 5 
5 

U.S.A. 8 

Regional values for the concentration of Chromium in blood & serum <;ug/L) 

Meth. Median Mean + SD (Range) Remarks and Reference 

Whole blood 

AAS 45 + 18 

NAA 28 

AAS 2.8 
MS 3o + 4 

-

AAS/NAA 2o 

Blood serum 

NAA 2.1 + 1.1 

AAS 1.6 + o.13° 
AAS 

- a 
1.9 + o.2 

NAA o .. 16 + o.83 

AAS o.12 + o.o5a 

AAS o.19 + o.o4 
NAA o.18 + o.o4 

AAS o.14 

a)Standard error 

16 - 80 

9 - 4o 

o.2 - 24 

lo - 35 

3 - 4.4 

o.o4 - o.95 

o.lo - o.2o 

Sumino et al 1975 

Maxia et al 1972 

Erlangen area, Zober et al 1984, 
1
ug/kg 

Urban, Hamilton 1979, Hamilton et al 1972 

Halifax, Ward et al 1979 

Urban, Nakahara et al 1979 

Jerusalem, 2o-59 years old, Abraham et al 1981 
„ 6o-9o 

Ghent, Versieck et al 1978 

Helsinki, Kumpulainen et al 1983 

Düsseldorf, Iyengar & Schütze 1984 

Philadelphia, Keyne et al 1978 

A 
00 
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Table 22. Regional values for the concentration of Chromium in milk ( /ug/L) 

Region/Country Sex n Meth. Median }'Jean + SD (Range) Remarks and Ref erence 

AFRICA 

Nigeria 4 AAS 4.4 5.1 + 2.1 (3.4-8.2) Ibadan, Parr 1984 

Zaire 11 AAS 1.1 1.5 + 1.2 (1.3-3.o) Lwiro, Parr 1984 

ASIA 

Philippines 8 AAS 3.6 3.5 + 1.6 Manila, Parr 1984 

EURO PE 

.i::. 

Finland 2o AAS o.4o + o.15 (o.2-o.53) Helsinki, Kumpulainen et al 1983 \.D 

-

Hungary 11 AAS o.8 1.o3 + o.62 Budapest, Parr 1984 

Sweden 6 AAS 1.5 1.87 + 1.3o Uppsala, Parr 1984 

NORTH AMERICA 

CENTRAL & SOUTH AMERICA 

Guatemala 8 AAS 1.2 1.3o + 0.60 Guatemala city, Parr 1984 
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Table 23. Regional values for the concentration of Chromium in liver c
1

ug/kg) 

Region/Cou..TJ.try Sex n Meth. Median Mean + SD (Range) Rerr.arks and Reference 

AFRICA 

ASIA 

Japan 15 AAS 72 + 23 (4-llo) Urban, Yukawa et al 1980 
29 AAS 66 + 53 (15-230) Urban, Sumino et al 1975 
lo AAS 28 Urban, Tanaka 1983 

9 NAA 12 + 4 Urban, Terai et al 1979 

EUROPE 

Belgium 5 NAA 18 (7-330) Ghent area, Lievens 1977 

SWeden 15 NAA 41 + So Stockholm, Plantin 1978 IJ1 
0 

U.K. 11 MS 8 + 6 Urban, Hamilton 1979, Hamilton et al 1972/73 

NORTH AMERICA 

U .S.A. 3 NAA llo + 120 (<lo-239) Baltimore, Mineapolis and Seattle, 
Zeisler et al 1984 

2o AAS 32 Pirna Indians, Eatough 1977 
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Tab.Le 24, Regional values for the conecentration of Chromium in hair (mg/kg) 

Region/Country 

AFRICA 

ASIA 

Bangladesh 

Hang Kong 

India 

Japan 

Pakistan 

Thailand 

MIDDLE EAST 

Egypt 

Iraq 

Turkey 

a) . 
geometric mean, 

Sex n 

M+F 4o 

11 

M+F 239 

F 

M 

34 
65 
64 

121 

M+F 1o5 

25 

M+F 65 

M-fF 259 

11 

Meth. 

PIXE 

NAA 

NAA 

NAA 
NAA 
NAA 
NAA 

NAA 

AES 

NAA 

NAA 

AAS 

15) 
standard error 

Median 

o.23 

Mean + SD 

2.45 + 1.43 

o.46 + o.39 

o.58a 
o.36 + o.47 
o.32 + o.22 
o.82 + 1.66 

1.42 + 1.3o 

o.16 + o.o4b 

(Range) 

(o.6-5 .8) 

(o.12-o. 85) 

(o. lo-2 .63) 

(0.07-3.48) 
(0.08-1.22) 
(o.15-15.6) 

(o .2o-6. 3o) 

Remarks and Ref erence 

Dacca, Khan et al 1980 

Chinese subjects, Chuang 1978 

All over India, Arunachalam 1978 

Urban population, Ohmori et al 1981 
Urban, Imahori et al 1978 
Urban, " " 
All over Japan, Tekauchi et al 1982 

Islamabad area, Qureshi et al 1982 

Bangkok, Hambidge et al 1974 

o.1-1.o (range of mean values) From different parts of Egypt, Kasperek 
et al 1982 

4.1 + 4.5 (<o.5-24) Bagdad area, Al-Shahristani et al 1978 

o.56 + o.24 (o.28-1.o) Istanbul, Saner et al 1983 

U1 
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Table 24.(contd) Regional values for the concentration of Chromium in hair (mg/kg) 

Region/Country Sex n J:V.ieth. Median Mean + SD (Range) Remarks and Ref erence -

EUROPE 

Bulgaria 22 NAA o. 34 + o. lo Vrasta city, Damyanova 1983, Donev et al 1978 

Czechoslovakia 29 NAA o.41 + o.2o ( 0.02-1.2) Near Prague, Kucera 1983 

Finland lo AAS 0.06 + o.o4 (o .o2-o. 15) Helsinki, Kumpulainert 1982 

France 73 AAS o.46 + o.27 Urban, Cote et al 1983, Cote & Shapcott 1981 

Italy 49 NAA o.So ( o.5-65.3) Rome, Clemente et al 1978 
8 AAS o.35 + o.22 Urban, Cote et al 1983, Cote & Shapcott 1981 

Spain lo AAS o.35 + o.23 Urban, 

NORTH AMERICA 

Ul Canada 86 AAS o.64 + o.39 Sherbrook, Cote et al 1983, Cote & Shapcott 1981 N 

U.S.A. So AAS o.15 o. 18 + o.11 Atlanta, Sheard et al 1980 
2o AAS o.52 Pirna Indians, Eatough .1977 
18 AES o.o9 + o.ol Denver, Hambidge et al 197~ 

CENTRAL AND SOUTH AMERICA 

Chile 28 NAA 1.4o + 1.86 (o.ol-7 .4) Santiago, Toro et al 1983 
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Region/Country 

AFRICA 

ASIA 

Japan 

MIDDLE EAST 

Turkey 

EURO PE 

Belgium 

Finland 

Germany (FR) 

NORTH AMERICA 

Table 25. 

Sex 

F 

M 
F+M 

F+M 

F 

n 

98 
91 

189 

12 

3 

9 

60 

AUSTRALIA AND NEW ZEALAND 

New Zealand F+M 27 

Regional values for the concentration of Chrqmium in urine (/ug/L) 

Meth. 

AAS 
AAS 
AAS 

AAS 

NAA 

AAS 

AAS 

AAS 

.Median Mean + SD 

o.34 + o.31(SE)a 
o.48 + o.41 (SE) 
o.41 + o.37(SE) 

o.31 + o.15 

o.24 + o.lo 

1.80 + 1.lo 

1.o6 + o.29 

a) 
Standard error 

(Range) Rernarks and Reference 

Several locations in Japan, Nomiyama et al 1980 

o.L - o.6 Istanbul, Saner et al 1983 

lJl 
w 

o.3 - 1.2 Ghent area, Cornelis et al 1975, 
1

ug/24hours 

o.1 - o.4 Helsinki, Kumpulainen et al 1981 

Erlangen-Nürnberg, Schaller et al 1973 

o.5 - 1.6 Dunedin area, Guthrie and Huger 1982 
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Table 26. Regional values for the concentration of Cobalt in whole blood, serurn & RBC 

Region/Country Sex n .Meth. Median Mean + SD (Range) Rernarks and Reference 

Whole blood (/ug/L) 

Canada M+F 61 AAS/NAA 4o, 42 (8 - 86) Halifax, Ward et al 1979 

Blood serurn (/ug/L) 

Belgiurn 2o NAA o.11 + 0.06 (o.o4 - o.27) Ghent, Versieck et al 1978, 1981 -

Germany FR 5 NAA o.12 (0.08 - o.22) Düsseldorf, Iyengar & Schütze 1984 

Italy 12 NAA o.46 (o.2 - 1.3) Pisa, Giovanetti et al 1967 

U1 
.!» 

Australia 31 NAA o.3o + o.2o (o.1 - o.9) Geelong, blood plasma, Cuming 1983 

Erythrocytes c
1

ug/kg) 

Belgiurn M+F 46 NAA 16.4 + 5.4 (9 - 4o.4) Ghent area, Versieck et al 1979, 1981 

Italy 4 NAA 46.o + 6 (37 - 60) Pisa, GiovanettL et al 1967 
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Table 27. 

Region/Counb:y Sex 

AFRICA 

Nigeria 

Zaire 

ASIA 

India 

Philippines 

EURO PE 

Greece 

Hungary 

Italy 

Sweden 

NORTH AMERICA 

CENTRAL AND SOUTH AMERICA 

Chile 

Guatemala 

AUSTRALIA AND NEW ZEALAND 

Australia 

n 

18 

69 

6 

65 

5 

71 

130 

32 

11 

80 

4o 

Regional yalues for the concentration of Cobalt in milk (/ug/L) 

Meth. Median 

NAA o.64 

NAA o.36 

NAA 

NAA 1.4o 

NAA 

NAA o.15 

NAA 

NAA o.27 

NAA 

NAA o.24 

NAA 

Mean + SD 

o.7o + o.32 

o.5o + 1.4o 

o.5o + o. lo 

1.60 + o.95 

2.o 

o.23 + o.44 

3.oo + 0.60 

o.3o + o.16 

1.2o + o.64 

o.42 + o.48 

o.2o + o.4o 

(Range) 

(o.26-1.40) 

(o. lo-1. 9o) 

(o.40-0.60) 

(o.5o-4. 7o) 

(1.3o-3.o) 

(o .o2-3. 7) 

( o.1-36.4) 

(o. lo-o. 75) 

(o.3o-2.3o) 

(o.o7-2.5o) 

(o.2) 

Rernarks and Ref erence 

Ibadan, urban elite, urban poor and rural 
mothers, Iyengar 1984, Parr 1984 

Lwiro, urban elite, urban poor and rural mothers 
Iyengar 1984, Parr 1984 

Bombay, Dang et al 1983 

Manila, urban elite, urban poor and rural motihers 
Iyengar 1984, Parr 1984 

Athens, Grimanis et al 1978 

Budapest, urban elite, urban poor and rural 
mothers, Iyengar 1984, Parr 1984 

Rome, Clemente et al 1983 

Uppsala, Iyengar 1984, Parr 1984 

Santiago, Toro 1983 

Guatemala city, urban elite, urban poor and 
rural mothers 

Geelong, Cumming et al 1983 

Ul 
Ul 
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·····----------

Region/Country 

AFRICA 

ASIA 

Japan 

EURO PE 

Belgium 

Sweden 

NORTH AMERICA 

U.S.A. 

Table 28. 

Sex n 

9 
lo 

5 

5 
12 

36 

AUSTRALIA AND NEW ZEALAND 

New Zealand 11 

a) 
standard error 

Regional values for the concentration of Cobalt in liver (/ug/kg) 

Meth. 

NAA 
AAS 

NAA 

NAA 
NAA 

NAA 

AAS 

Median Mean + SD 

6.o + 4.o 
28 

31 

130.0 + 4.o· 
16.3 + 9.o 

42 .o + lo.o 

151.o + 41.o 

(Range) 

(22-37) 

(13 .S-60 .5) 

( 128-256) 

Rernarks and Heference 

Urban, Terai et al 1981 
Tanaka 1983 

Ghent area, Lievens e~ al 1977 

North of Sweden, Brune et al 1978 
Stockholm, Plantin 1978 

Baltimore, Mineapolis and Seattle, 
Zeisler et al 1984 

Urban, Johnson 1976 

U1 
O'\ 

TABLE 28- COBALT IN LIVER 



Tahle 29. Regional values for the concentration of Cobalt in hair C;ug/kgl 

Region/Country Sex n ~th. Median Mean + SD (Range) Rernarks and Ref erence 

AFRICA 

ASIA 

Hang Kong 11 NAA <100 (<.60-1900) Chinese subjects, Chuang 1978 

India F+M 257 NAA 7o + loo (lo-1200) All over India, Arunachalam et al 1978 -

Japan 375 NAA 42a Urban, Ohmori et al 1981 
M 95 NAA 120 + 230 (11-1140) Tokyo, Imahori et al 1979 
F 75 NAA 83 + 85 (13-470) 

313 NAA 84 + 220 (o-2200) All over Japan, Tekauchi et al 1982 

Pakistan M+F los NAA 330 + 400 (4o-7oo) Islamabad area, Qureshi et al 1982 

MIDDLE EAST 

Egypt F+M 65 NAA (14o-2oo) range of mean From several parts of Egypt, Kasperek et al 
(J1 

values 1982 -...] 

Iraq 176 NAA 280 + 280 (<loo-1200) Bagdad area, Al-Shahristani et al 1978 

EURO PE 

Czechoslovakia 29 NAA 31 + 13 Near Prague, Kucera 1983 
52 NAA 60 + 110 (7-780) " " Obrusnik 1979, 1983 

Germany 26 NAA Soo + 200 Urban, Kasperek et al 1971 

Italy 49 NAA 130 + 180 (< 2o-11oo) Rome, Clemente et al 1978 

NORTH AMERICA 

Canada 76 NAA o.41 (o.12-1.80) Rural population, Chatt et al 1977 
45 NAA o.48 (o. 15-2 .60) Urban 

a) . 
geometric mean 

TABLE 29· COBALT IN HAIR 



Tahle 3o. 

Region/Count.ry Sex n 

AFRICA 

ASIA 

Japan M+F 9 

MIDDLE EAST 

EUROPE 

Belgium 3 

Italy M+f 47 

NORTH AMERICA 

AUSTRALIA & NEW ZEALAND 

Regional values for the concentrations of Cobalt in urine c1ug/L) 

Meth. Median Mean + SD 

NAA 1.35 

NAA 

NAA 1.2 + 1.o 

(Range} 

o.5 - 2.7 

<o.1 - 16 

Re.rnarks and Ref erence 

Ishii et al 1978 

Ghent, Cornelis et al 1975, 
1

ug/24 hours 

U1 
Rome, Cigna Rossi et al 1978, Clemente et al 1978 oo 

TABLE 30.COBALT IN URINE 



Region/Country 

AFRICA 

ASIA 

Bangladesh 

India 

Japan 

MIDDLE EAST 

Iran 

EURO PE 

Denmark 

Finland 

SWeden 

U.K. 

NORTH AMERICA 

Canada 

U.S.A. 

CENTRAL AMERICA 

Venezuela 

Table 31. 

Sex 

M+F 

F 

M 
M+F 

F 
M+F 

M+F 

M 

M+F 

M+F 
M+F 

M+F 

M+F 

M+F 
F 
M 

M+F 

n 

loo 

23 

45 
346 

46 
308 

29 

48 

lo 
7o 

268 

61 

85 
187 
609 

9o 

AUSTRALIA & NEW ZEALAND 

Australia M+F 39 

a) 
standard error 

Regional values for the concentration of Copper in whole blood (mg/L) 

Meth· Median Mean + SD 

PIXE 

NAA 

AAS 
AAS 
AAS 
AAS 

PIXE 

AAS 

AAS 

NAA 
NAA 

XRF 

NAA 

ASV 
AAS 
AAS 

ASV 

AAS -

o„98 + o.4o 

o.93 + o.22 

o.82 + o.14 
o.9o + o.19 
o.86 + o. lo 
o.96 + o.ola 

1.30 + 0.60 

o.83 + o.26 

o.93 + o.13 

1.oo 
o.99 + o.22 

1.2o + o.02a 

1.11, 1.22 

1.oo + o.45 
0.80 
o.9o, o.95 

o.99 + o.34 

o.965 + o.155 

(Range) Remarks and Reference 

(o.4-2. 76) Dacca, Khan et al 198o 

(o.55-1.7) Bombay, Dang & Somasundaram 1983 

(o.5-1.13) Urban, Satoh et al 1978 
Urban, Usagimoto et al 1980 

(o. 7-1.14) Urban, Satoh et al 1978 
(o.6-1.35) Hokkaido region, Saito et al 1979 

(1.o-2.20) Teheran, Aframian 1983 

(o. 71-2. 55) Odensee area, Clausen and Rastogi 1977 
U1 

(o. 72-1.32) Jyväskylä area, Tummavuori & Pirinen 1983 '° 
(o.5o-2.5o) Studsvik, Brune et al 1962 

Stockholm area, Plantin and Strandberg 1967 

National average, Hamilton et al 1972, 1979 

(o. 78-1.60) Halifax, range of means, Ward et al 1979 

(o.31-2.81) Ann Arbor, Hecker et al 1974 
Samples from 8 states, Creason et al 1976 
Chicago, urban & country men, Creason 1976 

(o.43-2.60) Yanamano area, Hecker et al 1976 

Tasmania, Lutana and Cygnot areas, Lewis et al 1977 

TABLE 31. COPPER IN WHOLE BLOOD 



Rcgion/Country 

AFRICA 

Nigeria 

ASIA 

India 

Japan 

MIDDLE EAST 

Israel 

Turkey 

EURO PE 

Belgium 

Germany 

Greece 

Ire land 

Po land 

U.K. 

alstandard error 

Table 32. Regional values for the concentration of Copper in blood serum (mg/L) 

Sex 

M-EF 
M+F 
M+F 

M 

F 
F 

F 
F 

H+F 

F 

F 

M 
M 
F 
F 

M+F 

M+F 

F 

F 
M 

F 
M 

F 
M 

M+F 

n 

44 
18 

127 

31 
23 
67 

49 
24 
2S 

48 

31 
3S 
19 
13 
61 
11 

46 

137 

16 
19 

69 
19 

31 
2o 

132 

Meth· Median Mean + SD (Range) 

AAS 
AAS 

AAS 

NAA 
NAA 
AAS 

AAS 
AAS 
NAA 

AAS 

AAS 
AAS 
AAS 
AAS 
AAS 
AAS 

NAA 

AAS 

XRF 
XRF 

AAS 
AAS 

NAA 
NAA 

AAS 

1. lo 1.lo + o.2o 
1.12 
1.2o 

1.lo + o.3o 
1. lo + o.2o 
1.3 +-o.o3a 

(o. 72-1.So) 

(o. 70-1. 7o) 
(o. 7o-1 .So) 

o. 82 :.1:_ o. lo (plasma) 
1.3o + o.24 (o.93-1.84) 
1.ol + o.38 (o.So- 1.98) 

1.3o + o.22 

1.38 + o.31 
1.o3 + o.lS 
1.42 + o.o6a 

- a 1.46 + 0.08 
1.39 + o.o6a 
o.9S + o.12 

1.o7 + o.24 

1.o9 

1.2o + o. lS 
1.06 + o.14 

1.o2 + o.24 
o.99 + o.32 

1.1S + o.3o 
1.o3 + o. lS 

1.3o + o.21 

(o.88-1.62) 

(o. 80-2 .oo) 
(o. 80-1. So) 
(o.87-1.96) 
(o.88-2.o4) 
(o.S2-2.26) 
(o.68-1.17) 

(o.6S-1.86) 

(o.88-1.S7) 
(o. 77-1. 3S) 

(o. 60-1. 2o) 
(o. SS-2. lo) 

Remarks and Reference 

Ibadan, Olatunbosum et al 1973 
Zaria, elite group, Kapu et al 1977 

non-elite group, Kapu et al 1977 

Bombay, Dang & Somasundaram 1983 
Bombay, " " " 
Hyderabad, Rajalakshmi et al 1980 

Hiroshima, Hatano et al 1982 
Urban, Ishihara 1983 
Tokyo, Nakahara et al 1979 

Haifa, Lightman et al 1983 

Urban, var~ous groups, Yüregir and Donma 1983 

" 

Istanbul, upper middle class subjects, Saner 1983 

Ghent area, Versieck et al 1974, 1977, 1978 

Berlin, Heineman 1974 

Athens, Gregoriades et al 1982 

Belfast, McMaster and Erwin 1983 

" 
Lower Silasian region, Masaik et al 1981 

" 

Glasgow area, Fell et al 1971 

O'I 
0 
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Table 32. (contd) Regional values for the concentration of Copper in blood serum (mg/L) 

Region/Country Sex n Meth· Median Mean + SD (Range) Rernarks and Ref erence 

NORTH AMERICA 

Canada F 34 AAS 1.34 + o.31 Guelph, vegetarians, Anderson et al 1981 

U.S.A. F 4o AAS (o.85-1.55) Cleveland, Shamberger 1983 
M 4o AAS (o. 7o-1.4o) 

M+F 37 AAS l.06 + o.3o Omaha, Blotcky et al 1979 
M+F 128 NAA o.87 + o.15 San Diego, Campero et al 1967 

F 2o AAS 1.o7 Denver, Hambidge et al 1974 

AUSTRALIA & NEW ZEALAND 

Australia F 41 NAA 1. lo + o.5o (o. 97-1. 64) Geelong, Cumming et al 1983 
M+F 25 AAS 1.2o + o.36 (o. 80-1. So) Adelide, Baghurst et al 1981 0\ 

M+F 350 AAS 1.4o in most cases N.W. Australian aboriginal settlements with hypo-
zincaemia, Cheek et al 1981 

i.\lew Zealand F 52 AAS o.91 + o.15 (o.68-1.53) Dunedin, McKenzie et al 1979 
M 91 AAS 0.80 + o.14 (o.41-1.18) 

M 32 AAS 1.65 + o.28 Tokelau islanders, staple food coconut, Mckenzie 
et al 1979 

F 34 AAS 1. 75 + o.28 II „ 
" 

TABLE 32· COPPER IN BLOOD SERUM (Contd) 



Table 33. Regional values for the concentration of Copper in e:r:ythrocytes (mg/kg) 

Region/Country Sex n Meth. Median Mean + SD (Range) Remarks and Ref erence ---

AFRICA 

ASIA 

Japan F 49 AAS o.7o + o.o7 Hiroshima, Hatano et al 1982 
24 AAS o.81 + o.29 ( o. 3o-1 . 31) Urban, Ishihara 1983 

Europe 

Belgium M+F 46 NAA o.72 + o.o4 (o.58-1.o5) Ghent area, Versieck et al 1974, 1977, 1978 
-

(j\ 

N 

NORTH AMERICA 

U.S.A. M+F 15 NAA 0.80 + o.o4a San Diego, Campero et al 1967 

a) 
standard error 

TABLE 33. COPPER IN ERYTHROCYTES 



Table 34. Regional values for the concentration of Copper in milk c
1

ug/L) 

Region/Country Sex n Meth. Median Mean + SD (Range) Remarks and Reference -

AFRICA 

Nigeria 18 NAA 278 280 + 77 (1o3-44o) Ibadan, urban elite, urban poor and rural mothers, 
Iyengar 1984 , Parr 1984 

Zaire 68 NAA 2o1 228 + 12 (57-720) Lwiro, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

ASIA 
'/ 

India 24 NAA 300 + loo (200-600) Bombay, Dang et al 1982 
67 AAS 290 + loa Hyderabad, Rajalakshmi et al 1980 -

Japan 45 AAS 290 + 9o Kurnanoto area, Higashi et al 1982 

Philippines 61 NAA 310 + 93 (141-485) Manila, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

U.S.S.R. 23 NAA 197 + 15 Moscow, Reschetkina 1969 
(J'\ 

w 
MIDDLE EAST 

Turkey 13 AAS 751 + 4o7 (38o-164o) Istanbul, 3 months pp, Saner 1983 
lo AAS 572 + 251 (35o-1o2o) 

EURO PE 

Finland 229 AAS 600 + 270 (3o-75o) Helsinki, Vuori and Kuitunen 1979 

Germany (FR) 2o AAS 3o7 + 55 Dortmund, Stolley et al 1981 

Greece 15 NAA 460 (4oo-5oo) Athens, Grimanis et al 1978 

Hungary 71 NAA 2o3 210 + 65 (77-387) Budapest, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

Italy 55 AAS 290 + 4oa Urban, Nassi et al 1974 

Sweden 31 NAA 186 197 + 93 (80-410) Uppsala, Urban population, Iyengar 1984, Parr 1984 -
Yugoslavia 7 NAA 240 + 150 (3o-45o) L~1.ubljana, Byrne and Kosta 1982, 1983 

a) 
standard error 

TABLE 34. COPPER IN MILK 



Table 34. (contd) Regional values for the concentration of Copper in milk c1ug/L) 

Region/Country Sex n Meth- Median 

NORTH AMERICA 

U.S.A. 22 AAS 
So AAS 
28 AAS 
39 AAS 
23 AAS 
13 AAS 
28 AAS 
3o AAS 

CENTRAL AMERICA 

Chile 12 NAA 

Guatemala 84 NAA 263 

AUSTRALIA & NEW ZEALAND 

Australia 41 AAS 

New Zealand 25 AAS 

Mean + SD -

240 + So 
245 + 77 -
430 
330 
310 
240 
280 
270 

340 + 4o -
275 + 79 

390 + 160 

400 

(Range) Remarks and Reference 

Urban population, Murthy and Rhea 1971 
Urban, random samples, Picciano and Guthrie 1976 
Urban, 1-3 months pp, Vaughan et al 1977 

" 4-6 " 
" 7-9 

" lo-12 

" 13-18 
" over 19 " 

(28o-4oo) Santiego, Toro 1983 

(115-476) Guatemala city, urban elite, urban poor and rural 
mothers, Iyengar 1984, Parr 1984 

Geelong, Cumming et al 1983 

Dunedin, Casey 1977 

<J'I ,.,,. 
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Region/Country 

AFRICA 

ASIA 

India 

Japan 

EUROPE 

Belgium 

Bulgaria 

Finland 

Norway 

Sweden 

U.K. 

NORTH AMERICA 

Canada 

U.S. A. 

Table 35. 

Sex n 

M-fF 16 

M-fF 64 

15 
M+F 3o 

1o 

5 

3o 

M+F 86 

31 

15 

9 
M+F 24 

M+F 44 

M+F 36 

2o 

AUSTRALIA & NEW ZEALAND 

New Zea.iland M+F 64 

a) 
geometric mean 

Regional values for the concentration of Copper in Liver (mg/kg) 

Meth. Median Mean + so (Range) Remarks and Ref erence -

NAA 6.2 + 2.4 (2.6-11.1) Bombay, Dang et al 1978 -
AAS 5.5-9.3a (range of GM values) Shinjuku-ku area, 2o-7o years subjects, 

Tsuchiya and Iwao 1978 

AAS 9.7 + 7.2 (2-25) Urban, Kitamura et al 1978 
SAS 9.9 + 5.5 (2-23) Hiroshima area, Sumino 1975 

-
AP...S 9.5 Urban, Tanaka 1983 

NAA 5.7 (3.7-7.3) Ghent area, Lievens et al 1977 

NAA 3.2 + 1.4 - Vratsa city, Damyanova 1983 
G\ 

AAS 6.7 + 2.54 (2-15.7) Helsinki, Vuori et al 1978 U1 

AAS 6.o + 2.2 (3-20) Urban, Norheim and Aaseth 1980 

NAA 6.4 + 2.5 Stockholm, Pla..~tin 1978 

XRF 7.8 + 1.4 Urban, Hamilton 1979, Hamilton et al 1972 
NAA 6.6 Glasgow area, Lenihan 1967 

ICP-AES 5.3 (2-14.8) Ottawa, Subramanian and Meranger 1982 

NAA 6.2 + 2.o (3.5-lo.6) Baltimore, Mineapolis & Seatle area, 
Zeisler et al 1983, 1984 

AAS 5.1 + o.54 Omaha, Blotckey et al 1979 

AAS 7.5 + 6.3 (2-49) Dunedin, Casey et al 1983, McKenzie et al 1974 

TABLE 35. COPPER IN LIVER 



Region/Country 

AFRICA 

Botswana 

Kenya 

Nigeria 

s. Africa 

Zambia 

ASIA 

Bangladesh 

India 

Japan 

Pakistan 

MIDDLE EAST 

Iran 

Turkey 

EUROPE 

Bulgaria 

Czecholslovakia 

Finland 

a) . 
geometric mean 

Table 36. 

Sex n 

F 11 

M-fF 71 

25 

F 37 

F 95 
M 97 

M+F lo2 

M+F 246 

F 35 
M 68 

79 
M 96 
F 97 

M+F 1o5 

9 

11 

22 

29 
52 

2o 

Regional values for the concentration of Copper in hair (mg/kg) 

Meth- Median Mean + SD 

AAS 11 + 3 

NAA 18 + 6 -
NAA lo 

NAA lo + 4 .5 

AAS 22 + 18 
AAS 16 + 9 

PIXE 6.8 + 1.6 

NAA 16.3 16.2 + 6.2 

NAA 18 + 9.3 
NAA 17 + 11 
NAA 12a 
AAS 16.6 + 9.2 
AAS 23.1 + 19 

NAA 9.6 + 4.8 

PIXE 2o.1 + 4.8 

AAS lo.7 + 3.3 

NAA 14.2 + 1.5 

NAA 15.4 + 8.2 
NAA 14.8 

AAS 23.3 + 18.5 
-

(Range) 

(9-19) 

(6-40) 

(3-30) 

(4-14) 

(7-60) 

(6.5-17) 

(7-140) 

Remarks and Reference 

Bushmen population, Baumi~~ & Petering 1976 

Machakos district, Othman and Spyrou 1980 

Urban, Olatunbosun et al 1976 

Bantu warnen, Baumslag and Petering 1976 

Lusaka, Briggs et al 1972 

" 

Decca, Khan et al 1980 

All over India, Arunachalam et al 1978 

Urban, Sakura 1980 

" Omahori et al 1981 
II Matzuzawa et al 1977 

Islamabad, Qureshi et al 1982 

Tehran, Aframian et al 1980 

Istanbul, Saner 1983 

Vrasta city, Damyanova 1983 

Near Prague, Kucera 1983 
II " Obrusnik 1979, 1980 

Helsinki, Vuori et al 1975 

GI 
GI 
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Table 36 (contd) 

Kegion/Country 

EUROPE (Continued) 

Ge=any (DR) 

Ire land 

Po land 

U.K. 

NORTH Al'IBRICA 

Canada 

U. S .A. 

CENTRAL AMERICA 

Chile 

Sex 

M+F 

F 

M 

M+F 

F 
F 

M+F 

F 

AUSTRALIA & NEW ZEALAND 

Australia 

New Zealand 

a)geometric mean 

F 

M 

M+F 
M 

F 

n 

61 

41 
8 

60 

29 

34 
3o 
42 

So 
18 

35 

59 
24 

9o 
32 

34 

Regional values for the concentrations of Copper in hair (mg/kg) 

Meth· Median Mean + SO 

NAA 

AAS 
AAS 

NAA 

NAA 

NAA 
NAA 
NAA 

AAS 
SAS 

NAA 

AAS 
AAS 

AAS 
AAS 

AAS 

21a 

15 
16 
29 

12.2 + 4.1 

17 + 8 
24.5 + 19.3 

22 

18 + 11 
14 + 2.5 

18 + 8.7 

39 + 22 
26 + 13 

26.2 + 15 
lo.5 + 1.8 

lo.4 + 2.7 

(Ranye) 

(8-28) 

(7 .5-38) 
(8. 7-63) 

(3-llo) 

(8-55) 

( 11-20) 
(13-23) 
(4-245) 

(4.3-So) 

(7.3-85) 
(9.9-53) 

(8.7-86) 

Remarks and Reference 

Dresden, Wiesener et al 1978 

Belfast, McMaster and Erwin 1983 

" 
Warsaw, Dybczenski 1975, 1976, 1983 

Glasgow, Dale 1983 

Guelph, Anderson et al 1981, vegetarians 
non-vegetarians 

Halifax, Holzbecher and Ryan 1982 

Cicinnati, Baumslag and Petering 1976 
Denver, Hambidge et al 1974 

Santiego, Toro 1983 

Brisbane, Reilly 1981 

" 
Dunedin, Mckenzie 1979 
Tokelau islanders, Mckenzie et al 1974, 1979 and 
Casey et al 1983 

Coconut as staple food 
for both groups 

TABLE 36. COPPER IN HA IR (Contd.) 
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Region/Countcy 

AFRICA 

ASIA 

Japan 

MIDDLE EAST 

Turkey 

EURO PE 

BelgiU!Il 

NORTH AMERICA 

U.S.A. 

Tab.le 37. 

Sex 

M+F 

M 

F 
M+F 

AUSTRALIA & NEW ZEALAND 

New Zealand M+F 

n 

1o4 

24 
lo 
12 

3 

4o 

96 

Regional values for the concentration of Copper in urine C;ug/L) 

Meth. 

AAS 

AAS 
AAS 
AAS 

NAA 

AAS 

AAS 

Median 

', 

Mean + SD 

12 + 7.1 

33 + 11 
38 + 13 
59 + 23 

<40 

So + 81 

(Range) Rernarks and Reference 

Akita, Isnikawa & Nagasaki area, Iwao et al 1981 

14 - 52 Özgunen et al 1977 
2o - 56 
36 - 1o3 Istanbul, Saner et al 1983 

12 - 34 Ghent area, Cornelis et al 1975, 
1

ug/24 hours 

Cleveland, Ohio, Shamberger 1983, 
1

ug/24 hours 

<2 - 630 Dunedin, McKenzie et al 1973, /ug/24 hours 

0\ 
CO 

TABLE 37 •. COPPER IN URINE 



Table 38. 

Region/Counb:y Sex 

AFRICA 

Nigeria 

Zaire 

ASIA 

Philippines 

MIDDLE EAST 

EURO PE 

Finland 

Hungary 

Sweden 

NORTH AMERICA 

CENTRAL & SOUTH AMERICA 

Guatemala 

AUSTRALIA & NEW ZEALAND 

n 

46 

68 

32 

24 
15 

9 

52 

lo 

23 

Regional values for the concentration of Fluorine in milk C;ug/L) 

Meth. 

ISE 

ISE 

ISE 

ISE 
ISE 
ISE 

ISE 

ISE 

ISE 

.Median 

17 

7.5 

118 

7 

14.5 

17 

9.1 

Mean + SD 

16.8 + 3.8 -

7.7 + 5.6 

' 113 + So 

lo + 1 

11 

15.3 + 6.2 

16.8 + 3.8 

13.5 + 14.6 

(Range) 

lo .1 - 21.4 

19 - 214 

2 - 2o 
4 - 14 
5 - 51 

lo.1 - 21.4 

Remarks and Ref erence 

Ibadan, urban elite, urban poor and rural 
mothers, Parr 1984, 

Lwiro, urban elite, urban poor and rural 
mothers, Parr 1984, 

Manilla, urban elite, urban poor and rural 
mothers, Parr 1984 

Esala et al 1982 

" drinking H„p · F ·content '"" o. 2ppb 
" f.r " " " 1 . 7ppb 

Budapest, urban elite, urban poor and rural 

mothers, Parr 1984 

Uppsala, farr 1984 

Guatemala city, urban poor, urban elite and 
rural mothers, Parr 1984 

O'I 
\.D 
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Table 39. 

Region/Country Sex n 

U.K. M+F 1o3 

Belgium 9 

France 2o 

U.S.A. 231 

Belgium 3 

Regional values for the concentration of Iodine in blood, serum &. urine <;ug/L) 

Meth. Median Mean + SD (Range) Rernarks and Reference 

Whole blood 

MS 4o + 3 From all parts of U.K., Hamilton et al 

Blood serum 

NAA 58 + 16 3o - So 

' NAA 60 + 4o Paris, Stulzaft 1983 

NAA 73 + 7 48 - loo Columbia, Missouri, Rumsey et al 1980 

Urine 

NAA 96 - 921 Ghent, 
1

ug/24 hours, Cornelis et al 1975 

TABLE 39. IODINE IN WHOLE RLOOD; BLOOD SER 
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Table 4o. Regional values for the concGntration of Iodipe in milk (/ug/L) 

Region/Count.ry Sex n Meth. Median Mean + SD (Range) Rernarks and Ref erence -

AFRICA 

Nigeria 7 NAA 62 61 + 37 Ibadan, Parr 1984, Byrne 1984 

Zaire 18 NAA 15 140 + 373 Lwiro, 

ASIA 

Philippines 11 NAA 57 58 + 34 15 - 131 Manila, Parr 1984, Byrne 1984 

EURO PE 

-..J 
Hungary 31 NAA 64 68 + 43 17 -192 Budapest, Parr 1984, Byrne 1984 --" 

Sweden 16 NAA 56 68 + 46 17 - 172 Uppsala, Parr 1984, Byrne 1984 

Yugoslavia 7 NAA 85 + 79 21 - 264 Ljubljana, Byrne & Kosta 1978, 1983 
31 NAA 41 + 23 

-

NORTH AMERICA 

CENTRAL AND SOUTH AMERICA 

Guatemala 23 NAA 60 168 + 476 Guatemala city, Parr 1984, Byrne 1984 

AUSTRALIA AND NEW ZEALAND 

TABLE 40. IODINE IN MILK 



Table 41 .. Regional values for the concentration of Iodine in hair and liver Cmg/kg) 

Region/Country Sex n Meth. Median Mean + SD (Range) Rernarks and Reference 

Hair --AFRICA 

Kenya F 31 NAA o.63 + 1.9 Machakos district, Othman & Spyrou 1978 
M 4o NAA 0.60 + 1.7 " II 11 

Nigeria 25 NAA 4.2 1 - 228 Urban, Olatunbosun et al 1976 

ASIA 
', 

Hongkong 11 NAA o.5 o.18 - 8.3 Chinese subjects, Chuang 1978 

India M+F 149 NAA 3.4 + 4.3 2.3 - 36 All over India, students, Arunachalam et al 1978 

-.....] 

N 
Japan M+F 271 NAA o.76 + 2.1 o.1 - 33 All over Japan, Tekauchi et al 1982 

F 66 NAA o.27 + o.27 Urban, Nakahara & Terai 1983 
M 35 NAA o.57 + o.81 
F 9o NAA o.44 + o.5o o.o5 - 2.4 Urban, Imahori et al 1979 
M 93 NAA o.43 + o.45 o.o5 - 2.3 

EURO PE 

Germany GD M 76 NAA 1.o4 o.2 - 4.6 Dresden, Wiesener et al 1978 
F 24 NAA 0.60 o.1 - 4.7 

Li ver ---
U.K. 11 MS o.2o + 0.06 Urban, Hamilton et al 1972 

TABLE 41. IODINE IN LIVER AND HAIR 



Region/Country 

AFRICA 

ASIA 

Bangladesh 

India 

Japan 

USSR 

MIDDLE EAST 

Iran 

EURO PE 

Belgium 

Bulgaria 

Finland 

Italy 

Sweden 

U.K. 

NORTH AMERICA 

U.S.A. 

Table 42. 

Sex 

M+F 

F 

M 

F 
M 

F 

M+F 

M+F 

M+F 

M+F 

M+F 

F 

M+F 

F 

n 

loo 

23 

45 
46 

135 
211 

1128 

29 

22 

47 

47 

12 

168 

187 

Regional values for the concentration of Iron in whole blood (mg/L) 

Meth- Median Mean ~ SD 

PIXE 

NAA 

AAS 
AAS 
AAS 
AAS 

AES 

PIXE 

NAA 

AAS 

NAA 

NM 

XRF 

AA$ 

339 + 23 

421 + 79 

5o4 + 32 
445 + 39 
521 + 49 
436 + 53 

315 

3o9 + 118 

5o7 + 32 

460 + 7o 

425 + 166 

445 + 76 
491 + 24 

486, 508 

(Range) 

(28o-41o) 

(252-519) 

(416-562) 
(333-506) 

(194-457) 

Remarks and Ref erence 

Dacca, Khan et al 1980 „Lodhi & Khan 1979 

Bombay, Dang and Somasundaram 1983 

Urban, Satoh et al 1978 

Different cities in Japan, Usagimoto et al 1980 

" 
Urban, Nozdryukina 1977 

Teheran, Aframian 1983 

Vrasta city, Damyanova 1983 

(335-596) Jyväskylä, Tummavuori and Pirinen 1983 

(18o-71o) Rome, Clemente et al 1978, Cigna Rossi et al 1978 

Stockholm, Plantin and Mauering 1980 
National average, Hamilton et al 1972/73 

Different states of USA, Creason et al 1976 

-.J 
w 
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Table 43. Regional values for the concentration of Iran in blood serum (mg/L) 

Region/Country Sex n Meth- Median Mean + SD (Range) Remarks and Reference ----

AFRICA 

Botswana F 2o AAS 1.oS + o.42 Bushmen population, Baumslag and Petering 1976 -
s. Africa M+F 78 SAS 1.22 + o.37 Indians from Natal area, Brain 1982 

M+F 78 SAS 1.o9 + o. 35 Black population, Natal area, Brain 1982 
M+F 78 SAS 1. 21 + o. 34 White population, II " " " 

ASIA 

Thailand E lol SAS 1.o6 + 0.60 Si Sa Ket region, villagers, Suwanik et al 1981 
M 37 SAS 1.25 + o.63 
F 144 SAS 1.08 + o.22 Bangkok, 
M 45 SAS 1.o7 + o.28 

U.S.S.R. So 1.o6 + o.o4a (o.5-1.5) Moscow, Brusovanik 1981 

MIDDLE EAST -J 
>l'>-

Turkey M+F loo AAS o.97 Selected subjects, Yüregir and Donma 1983 
M+F 150 SAS 1.oo Urban, 
M+F 11 AAS 1.45 + o.25 (1.1-.2.o) Istanbul, Saner 1983 

EURO PE 

Austria F 591 SAS o.83 + o.33 Urban, 4o year old subjects, Müller et al 1982 
M 552 SAS o.9o + o.31 " 
F 553 SAS o. 75 + o.24 " 60 
M 400 SAS o.87 + o.33 

-
Belgium F J. 7 SAS o.99 + o.29 (o.4-1.6) Brussels area, Roels et al 1982 

M 17 SAS 1.4o + o. 35 (1.o-2 .o) -
Germany F 136 AAS o.85 (o.65-1.Ü Berlin, Heineman 1974 
Greece M+F 35 PIXE 1.4o + o.29 (0.80-2 .o) Athens, Paradellis 1983 

a) 
standard error 

TABLE 43. IRON IN BLOOD SERUM 



Table 43. (contd) 

Region/Country Sex n 

NORTH AMERICA 

Canada F 4o 

U.S.A. M 2o3 
M 406 

So 

AUSTRALIA AND NEW ZEALAND 

Australia F 33 

Regional values for the concentration of Iron in blood serurn (mg/L) 

Meth· Median Mean + SD (Range) Remarks and Reference 

AAS 1.o7 + o.31 Vegetarians, Guelph area, Anderson et al 1981 

AAS o.95 Chicago, military recruits, Creason 1976 
AAS o.9o Illinois country area, 
AAS (o.35-1. 7) Ohio, Shamberger 1983 

NAA 1.So + o.39 (o.87-1.9) Geelong area, Cumming et al 1983 

TABLE 43. IRON IN BLOOD SERUM 
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(Contd.) 



Region/Country 

AFRICA 

Nigeria 

Zaire 

ASIA 

India 

Philippines 

MIDDLE EAST 

Turkey 

EURO PE 

Finland 

Germany 

Hungary 

Italy 

Sweden 

Spain 

Table 44. 

Sex n 

18 

69 

6 

65 

23 

229 

19 

71 

130 

32 
46 

Regional values for the concentration of Iron in milk <;~g/L) 

Meth. Median Mean + SD 

NAA 

NAA 

NAA 

NAA 

AAS 

AAS 

AAS 

NAA 

NAA 

NAA 

SAS 

523 

556 

721 

365 

445 

477 + 2o 

710 + 430 

600 + 100 

770 + 360 

780' 1400 

560 + 300 

260 + 73 

415 + 222 

1500 + 400 

477 + 200 
392 + 196 

(Range) 

(273-1770) 

(142-2000) 

(4oo-7oo) 

(128-1870) 

(11o-14oo) 

(173-19 lo) 

Remarks and Reference 

Ibadan, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

Lwiro, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

Bombay, Dang et al 1983 

Manila, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

Istanbul, range of mean values, Saner 1983 

Urban area, Siimes et al 1979 

Dortmund, Stolley et al 1981 

Budapest, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

-..J 
O"\ 

( 100-20000) Rome area, Clemente et al 1983 

(2o5-1o49) Uppsala, Iyengar 1984, Parr1984 
Malaga, Celada et al 1982 

TABLE 44-IRON IN MILK 



Table 44. (contd) 

Region/Country Sex n 

NORTH AMERICA 

U.S.A. So 
So 
28 
39 
28 
3o 

CENTRAL AMERICA 

Chile 11 

Guatemala 84 

AUSTRALIA AND NEW ZEALAND 

Australia 4o 

New Zealand 2S 

Regional values for the concentration of Iron in milk (/ug/g) 

Meth- Median Mean + SD (Range) 

AAS 2o2 + 170 
AAS 232 + 190 

-
AAS 490 
AAS 42S 
AAS 380 
AAS 420 

NAA 1710 +73o (Soo-2800) 

NAA 346 361 + 189 ( loo-1100) 
-

NAA (3oo-Soo) 

AAS 720 

Remarks and Ref erence 

Urban subjects, daily samples, Picciano & Guthrie 1976 
weekly 

1-3 months pp, Vaughan et al 1977 
3-9 
lo-18 

19 

Santiego, Toro 1983 

Guatemala city, urban elite, urban poor and rural 
mothers, Iyengar 1984, Parr 1984 

Geelong, Cumming et al 1983 

Duneddi.n, Casey et al 1977 

'1 
'1 
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Region/Country 

AFRICA 

ASIA 

Japan 

EURO PE 

Belgium 

Bulgaria 

Italy 

Sweden 

U.K. 

NORTH AMERICA 

Canada 

U.S.A. 

CENTRAL AMERICA 

Cuba 

Table 45. 

Sex 

M 

M 
F 
F 

M+F 

M 
F 
F 

n 

8 
lo 

5 

3o 

4 

12 

9 

44 
4S 
17 
19 

4 

36 

71 
23 

6 

Regional values for the concentration of Iron in liver (mg/kg) 

Meth· Median Mean + SD (Range) 

NAA 
AAS 

NAA 

NAA 

NAA 

NAA 

XRF 

AAS 
AAS 
AAS 
AAS 

AAS 

NAA 

SAS 
SAS 
SAS 

3o7 

120 + 83 
250 

195 

3o2 + 137 
-

297 + 143 -
166 + 55 -
2o7 + 39 

(2o-458) 

(83-714) 

(37-1069) 
237 + los to 262 + 1S4 
132 + 48 to 144 + 98 

46 + 14 to 88 +So 
-

116 + 78 

230 + 120 (43-510) 

2ol + 71 to 245 + 113 
llS + Sl .4 
189 + 92 

Remarks and Ref erence 

Urban, Yukawa et al 1980 
Urban, Tanaka 1983 

Ghent area, Lievens et al 1977 

Vrasta city, Damyanova 1983 

Rome area, Ing:t:i.ao 1983 

Stockholm, Plantin 1978 

Urban, Hamilton et al 1972/73 

Ottawa, Subramanian and Meranger 1982 
Urban, up to 55 years of age, Shah 1976 

" over S6 years of age, " 
" up to SS years of age, 
" over S5 years of age, " 

Baltimore, Mineapolis & Seatle, Zeisler et al 1984 

Havana, Gautier du Defaix et al 1980, 21-60 years old 
" , 2o-46 years old, " 
" over 46 years old " 

-J 
OJ 
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Region/Country 

AFRICA 

Botswana 

Kenya 

s. Africa 

Zambia 

ASIA 

Bangladesh 

India 

Japan 

Pakistan 

Thailand 

Vietnam 

MIDDLE EAST 

Egypt 

Iran 

Iraq 

Turkey 

Table 46. 

Sex 

M 

F 

n 

8 

12 

M+F 165 

F 37 

F 

M 

59 

74 

M+F lo2 

M+F 252 

F 79 
M 59 

M+F 112 

M+F lo5 

25 

2o 

M+F 65 

9 

230 

11 

Regional values for the concentration of Iron in hair (mg/kg) 

Meth- Median Mean + SD (Range) Remarks and Reference 

AAS 

AAS 

AAS 

AAS 

AAS 

AAS 

PIXE 

NAA 

NAA 
NAA 
NAA 

NAA 

AES 

PIXE 

NAA 

PIXE 

NAA 

AAS 

59 

9o5 + 803 

296 + 196 

177 

135 + 68 

34 + 21 

31 + 17 

3o + 17.3 

60 + 38 

47 + 38 
34 + 28 
35 + 33 

51 + 33 

19 + 3 

13 + 2 

(224-2370) Bushman population, Baumslag and Petering 1976 

(83.680) 

(19-424) 

Bushman population, Baumslag and Petering 1976 

All provinces of Kenya, Wandiga and Jumba 1983 

Bantu women, Ba-mslag and Petering 1976 

Lusaka, Briggs 1972 

(6.3-lo7) Dacca, Khan et al 1980 

(8.4-334) All over India, Arunachalam et al 1978 

(9-208) 
(8-155) 
(12-300) 

(11-156) 

Tokyo, Imahori et al 1978 

All over Japan, Tekeuchi et al 1982 

Islamabad area, Qureshi et al 1982 

Bangkok, Hambidge et al 1974 

Vietnamese students sampled in Poland, 
Hung et al 1982 

4o-loo, range of mean Different groups from all over Egypt, 

3-5 

122 + 115 

21 + 7 

values Kasperek et al 1982 

Teheran, Aframian et al 1980 

C<5o-5oo) Bagdad, Al-Shahristani et al 1978 

(14-34) Istanbul, Saner 1983 

-.J 
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Table 46. (contd) 

Region/Country 

EUROPE 

Germany 

Italy 

Poland 

NORTH AMERICA 

Canada 

U.S.A. 

CENTRAL AMERICA 

Chile 

Sex 

M+F 
M+F 

F 

M+F 

AUSTRALIA & NEW ZEALAND 

Australi:a F 
M 

n 

26 

49 

2o 

76 
45 

So 

38 

59 
24 

Regional values for the concentration of Iron in hair (mg/kg) 

Meth· Median Mean + SD 

NAA 

NAA 

PIXE 

PAA 
PAA 

AAS 

NAA 

AAS 
AAS 

3o + lo 

27 + 4 

31 
41 

3o + 29 

41 + 19 

22 + 11 
16 + 13 

(Range) 

(lo-2400) 

(lo-85) 
(8-loo) 

(21-104) 

(6-60) 
(lo-52) 

Remarks and Reference 

Urban, Kasperek et al 1971 

Rome, Clemente et al 1978 

Urban, Hung et al 1982 

Rural population, Chatt et al 1977 
Urban population, " " " 

Cincinatti area, Baumslag and Petering 1976 

Santiego, Toro 1983 

Brisbane, Reilly 1981 

TABLE 46. I RON IN HA IR (Contd.) 
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Table 4 7. Regional values for the concentration of Iron in urine (;ug/L) 

Region/Countl:y Sex n Meth. Median Mean + SD (Range) Remarks and Reference 

AFRICA 

ASIA 

Japan 9 NAA 1.2 + o.44 o.5 - 1-5 Ishii et al 1978 

MIDDLE EAST 

EURO PE 

Italy M+F 47 NAA 145 + 450 loo - 2500 Rome, Cigna Rossi et al 1978, Clemente et al 1978 

Ct:J 

NORTH AMERICA 

U.S.A. M 12 SAS 600 So - 900 Greensboro, NC, Ganapathy et al 1981 

AUSTRALIA AND NEW ZEALAND 

New Zealand 11 AAS 112 + 22 7o - 160 Dunedin, Robinson et al 1973 

TABLE 47. IRON IN URINE 



R c lJ i o n / C o u n t r y 
------------

AFRICA 

ASIA 

China 

India 

Japan 

Nepal 

Thailand 

MIDDLE EAST 

Israel 

a) 
standard error 

Table 48. Regional values for the concentration of Lead in whole blood (/ug/L) 

Sex 

F 

M 

F 
M 

F 
M 

F 
M 

F 
M 

F 
M 
F 
M 

F 

M 

F 
M 

F 

M 

n 

118 
43 

loo 
7o 

44 
9 

So 
31 

46 
4S 

163 
14S 

77 
17 

3o 
3o 

2o 
200 

S1 
92 

Mcth. 

AAS 
AAS 

AAS 
AAS 

AAS 
AAS 

AAS 
AAS 

AAS 
AAS 
AAS 
AAS 
AAS 
AAS 

AAS 
AAS 

AAS 
AAS 

AAS 
AAS 

b) . 
geometric mean 

Median 

ss 
6S 

129 
137 

171 
21S 

14S 
173 

60 
7o 
Sl 
64 

98 
123 

Mcan + so (Ran(_Jt!) 
-- -- --·--- - --- --- -- -- -

S9 + 19 
71 + 21 -

147 + 23 
1SS + 71 

-

198 + lol 
238 + 91 

-
108 + 3S 
132 + 128 

S6 + So 
So + 36 
66 + 3a 
73 + 3a 
ss + 18 
67 + 2o -
29b 
3gb 

108.S 
124 

7o + 28 
93 + 26 

(14-136) 
(2o-16o) 
(23-282) 
(27-346) 

Remarks and Ref erence 

Peking, teachers, Vahter 1982, Friberg & Vahter 1983 

Ahmadabad, teachers, n 

Bangalore, teachers, " 

Calcutta, teachers, 
n " n II 

Urban, Satoh et al 1978 

Hokkaido region, Saito et al 1979 Q:) 
!\.) 

Tokyo, teachers, Vahter 1982, Friberg & Vahter 1983 

Up to Sooo m altitude, Piomelli et al 1980 

" 
Bangkok, Htun and Ramachandran 1977 

Tel Aviv, teachers, Vahter 1982, Friberg & Vahter 1983 

" 

TABLE 48· LEAD IN WHOLE BLOOD 



Table 48. (contd) Regional values for the concentration of Lead in whole blood (/ug/L) 

Region/Country 

EURO PE 

EEC countries 

Belgium 

Denmark 

France 

Germany 

Greenland 

Holland 

Sex n 

M+F 17609 

F 
M 

F 
F 

F 
F 
F 
M 

F 
M 

F 
M 
F 

F 

F 
M 

F 
M 

M 

M 

F 
M 

M+F 
F 

M 

F 
M 

F 
M 
M 

F 

39 
So 

333 
1o9 

41 
29 
7o 
47 
47 
75 

121 
47 
91 
80 
36 
35 

548 
5o4 

440 

917 
782 

800 
165 
169 

85 
85 

89 
61 
57 
47 

Meth· Median Mean + SD (Range) 

AAS 

AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS­
AAS 
AAS 

AA.5 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 

AAS 
AAS 
AAS 
AAS 

AAS 
AAS 
AAS 
AAS 

AAS 
AAS 
AAS 
AAS 

130 

111 
162 

160 
190 

80 
9o 
89 

118 
9o 

130 

9o-12o 
13o-17o 

99 
116 

93 
127 

128 
148 

3 % of the results 300, 

123 + 3o 
165 + 39 
loo + 4o 
1o5 + 32 
106 
138 
159 
152 + 42 

9o + 3o 
150 + 42 

195 + 60 
164 + 46 

(3o-181) 
(5o-21o) 
(51-216) 
(53-263) 
(7o-265) 
(69-268) 

(o-260) 
(69-268) 

(range of median values) 

130 

138 + 39 
130 + 32 

(40-400) 
(80-115) 
(loo-125) 

Remarks and Reference 

9 EEC countries, average, Berlin 1981, 1983 

Brussels, teachers, Vahter 1982, Friberg & Vahter 1983 

,smokers, Buchet et al 1978 
,non-smokers, " " " 

Drinking water Pb = 12 ppm, Hubermont et al 1978 
Pb = 298 ppm, " 

Aged 7o to 92 years, Roels et al 1981 
Aged 21-59 years, Roels et al 1982 
Brussels, Berlin 1981, 1983 

Urban, wide coverage, Nygaard et al 1973. 1977 

4o years old non-Smoking subjects, Grandjean 1981 
smoking 

Copenhagen, Berlin 1981, 1983 

Suburb of Copenhagen, Olsen et al 

" 
Paris, smokers, Orss:nd et al 1983 

non-smokers, " " 
8 cities in France, Berlin 1981, 1983 

Mixed population, Stoeppler 1983 
Hamburg and Hannover, Berlin 1981, 1983 

" 
Nordenham area, Aurand et al 1978 

" 
Angmagssalik area, Hansen et al 1983 

Amsterdam, 19-21 years, Wib6bo et al 1977 

TABLE 48. LEAD IN WHOLE BLOOD (Contd.) 
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Table 48. (contd) 

Region/Country Sex n 

EUROPE (continued) 

Holland F lol 
F 76 
F So 
M So 

Ire land F 2S 
n 2S 

Italy F 7ol 
M 613 
M 379 
M 2S 
M 11 
F 422 

Luxumbourg F S2 
M S9 

Sweden F 4S 
M 31 
F So 
M So 
M 66 
M 
F 9o 
F 

U.K. F 4S2 
M 431 
F 19 
M 3o 
M 1SS8 
M 3612 
M 436 
M S182 
M 423 
M 229 

Yugoslavia F 84 
M 3o 

b) geometric mean 

Regional values for the concentration of Lead in whole blood c
1

ug/L) 

Meth· Median Mean + SD (Range) Remarks and Reference 

AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 

AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 

AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 
AAS 

AAS 
AAS 

12S 
160 
140 
200 

llS 
1So 

S8 
77 

120 
160 

76 
12S 

lolb 
113b 
loo 
lSo 

llo-lSo (range 
18o-21o, " 
198 + S3 
2o3 ""'!' S9 
136 + 38 
lSo + 39 

64 + 2S 
83 + 38 
ss + 26 

123 + 43 
81 + 27 
93 + 2S 
S6 + 21 
64 + 23 

Urban nonsmoking subjects, Zielhuis et al 1977 
smokers, lo cigarettes a day," 

Amsterdam, Berlin 1981, 1983 

Dul?,lin, Benlin 1~81, 1~83 

of medians) From S big cities in Italy, Berlin 1981, 1983 

So - 400 

60 - 340 

11 ll II 11 lf II 

Rome, Pallotti et al 1983 
Wine drinkers, Stoeppler 1983 

Non-drinkers, " 
Rome, Pallotti et al 1983 
Berlin 1981, 1983 

Stockholm, random sampling, Friberg & Vahter 1983 

South of Sweden, Hoeger-Aronsen et al 1971 

Vuxuna area,non-smokers, Andersson 1981 
smokers, 
non-smokers, 
smokers, 

loo-lSo 
14o-19o 
140 

(range of medians) Several cities in the U.K., Berlin 1981, 1983 
II ll 1l Tl 11 T1 tl 

220 
127a 

b 141-1S7 (range) 
127b 
129-16Sb (range) 
122b 
176b 

9o + 2o 
140 +So 

(lo-330) 
(lo-790) 

(31-22S) 
(46-260) 

Nof.th w~st Eng~and, Baf.ry and Moss~ann 1?,7o 

Non-smokers, Sharper et al 1982 
Smokers, 
Non-drinkers, 
Drinkers 

" 

Non-drinkers & non-smokers 
Smokers + drinkers, 

Zagreb, teachers, Kostial 1983, Friberg & Vahter 1983 
JI II n II 11 

TABLE 4 8. LEAD IN WHOLE BLOOD ccontd. l 
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'13.ble 48. (contd) 

Region/Country Sex n 

NORTH AMERICA 

Canada M+F 1231 
M+F 61 

254 

U.S.A. F 1368 
M 1278 
F 64 
M 24 
M 56 
F 7o 
M So 
F 69 

CENTRAL AND SOUTH AMERICA 

Mexico F 33 
M 21 

Peru F 91 
M 12 

Venezuela 9o 

AUSTRALIA AND NEW ZEALAND 

b) . 
geometric mean 

Regional values for the concentration of Lead in whole blood (/ug/kg) 

Meth· Median Mean + SD (Range) -

POL 190 (80-400) 
AAS 180-194 (82-320) 
POL 127 

AAS 128 + 51 
AAS 177 + 65 
AAS 65 65 + 2o 
AAS 89 87 + 26 
AAS 172b 193 + 11 
AAS 128b 142 + 11 
AAS 1o8b 118 + 6 
AAS 88b 96 + 4 

AAS 198 2o1 + 60 
AAS 255 269 + 77 -
AAS 92 94 + 21 
AAS 107 115 + 31 

-
POL 8 + 6 (o-39) 

Remarks and Reference 

Adults and children, Roberts et al 1974 
Halifax, Ward et al 1979 
Urban, Neri et al 1978, Schmitt et al 1979 

From 32 locations in the USA, Mahaffey et al 1979 
II " " " II " II " " 

Baltimore, teachers, Vahter 1982, Friberg & Vahter 1983 
II " " n n " " 

Los Angeles, residents near high way, Johnson et al 1975 
II " II II " II II II 

Lancaster, residents in desert area, " II 

Mexico city, trachers, Friberg and Vahter 1983 

Lima, teachers, Vahter 1982, Friberg and Vahter 1983 

Yanomamö, southern Venezuela, non-industrial area, 
Hecker et al 1974 

00 
Ln 
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Table 49. 

Region/Country Sex 

AFRICA 

Nigeria 

Zaire 

ASIA 

Philippines 

EUROPE 

Hungary 

Spain 

Sweden 

NORTH AMERICA 

U.S.A. 

CENTRAL AND SOUTH AMERICA 

Guatemala 

AUSTRALIA AND NEW ZEALAND 

New Zealand 

n 

14 

69 

63 

72 

12 

32 

22 
25 
29 

74 

25 

Regional values for the concentration of Lead in milk samples c
1
ug/L) 

Meth- Median Mean + SD 

AES-ICP 

AES-ICP 

AES-ICP 

A.ES-ICP 

SAS 

AES-ICP 

AAS 
AAS 
AAS 

AES-ICP 

AAS 

5 

5 

17 

15 

17 

3 

6.5 + 5.6 

6.5 + 7.o 

24.o + 26.o 

18.o + 13. 7 -

3o 

18.2 + 5.7 

12 + 4.o 
2o -
26 + 11 

3.6 + 3.2 

<lo 

(Range) Remarks and Reference 

(o-2o.3) Ibadan, urban elite, urban poor and rural mothers, 
Kirkbright 1984, Parr 1984 

(o-41.o) Lwiro, urban elite, urban poor and rural mothers, 
Kirkbright 1984, Parr 1984 

(4.7-141) Manila, urban elite, urban poor and rural mothers, 
Kirkbright 1984, Parr 1984 

(o-219) 

(9 .6-37) 

(6-58) 

(o-15.4) 

Budapest, urban elite, urban poor and rural mothers, 
Kirkbright 1984, Parr 1984 

Bucharest, control population, town with known Lead 
pollution from the environment = 420, Ghelberg et al 
1972 
Uppasala, urban subjects, Kirkbright 1984, Parr 

Cincinnati, Murthy and Rhea 1971 
Tl II II ll II 

7 cities in the U.S.A., Dillon et al 1974 

Guatemala citv,urban elite, urban poor and rural 
mothers, kirkbright 1984, Parr 1984 

Dunedin, Casey 1977 

1984 

'TABLE 49. LEAD IN MILK 
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Table So. 

He<J i un/Cuuu try Sex 

AFRICA 

ASIA 

Japan 

EU:B.OPE 

Sweden 

U.K. 

NORTH AMERICA 

U.S.A. 

AUSTRALIA AND NEW ZEALAND 

New Zealand 

a) .. 
geometric mean 

n 

64 

15 
3o 
lo 

5 

11 

36 

11 

Regional values for the concentration of Lead in liver (/ug /kg) 

Meth· Median Mean + SD (Range) Remarks and Ref erence 

AAS 

AAS 
SAS 
AAS 

AAS 

MS 

MS (IDMS) 

AAS 

34o-59oa 

410 + 210 
460 + 240 

-
Soo 

370 + 120 

2300 + 600 

550 + 340 

1060 + 575 

(range of GM) 

(14o-95o) 
(loo-looo) 

Shinjuku-ku, 2o-7o year old subjects, Tsuchiya 
and Iwao 1978 
Urban, Kitamura et al 1978 
Urban, Sumino et al 1975 
Urban, Tanaka 1983 

North of Sweden, Brune et al 1978 

Urban, Hamilton et al 1972/1973 

(12o-166o) Baltimore, Mineapolis and Seattle, Zeisler et al 1984 

(46o-25oo) Urban, Johnson et al 1976 

OJ 
'1 
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Region/Country 

l\FRICA 

Kenya 

Nigeria 

ASIA 

Bangladesh 

India 

Japan 

MIDDLE EAST 

Iran 

EURO PE 

NORTH AMERICA 

Canada 

U.S.A. 

a) 
geoljletric ljlean 

Table 51. 

Sex 

M+F 
M+F 

M+F 

M 
M 

F 
M 

M+F 
M+F 

M+F 
M+F 

n 

195 
265 

25 

96 

200 
200 

99 
98 

11 

76 
45 

115 
lo9 

Regional values for the concentration of Lead in hair (mg/kg) 

Meth. Median Mean + SD 

POL 
AAS 

AAS 

PIXE 

AAS 
AAS 

AAS 
AAS 

PIXE 

PAA 
PAA 

AAS 
AAS 

13 

lo 
17 

42.o + 7.8 
52.o + 12. 5 

4.2 + 2.4 
-

5.1 + 4.3 
9.4 + 8.o -
9.2 + 9.6 
8.o + 7.5 

2.3 - 3.8 

27:ci 
12a 

Remarks and Reference (Range~)~~~~~~~~::.:::.::..:::.:__:_:..:_...::.:_~~~~~~~~~~~ 

(3-246) 

(1-11.2) 

(range of 
mean values) 

(o.5-25) 
(o.5-35) 

From all parts of Kenya, Wandiga and Jumba 1983 
,, 11 

Ibadan,Olatunbosun et a1 1976 

Dacca, Khan et al 1981 

Rural, Rajastan province, Barker et al 1976 
Urban, II " II 

Urban, Matsuzawa et al 1977 

Teheran, Aframian et al 1980 

Rural, Chatt et al 1977 
Urban, " 

(45 2:_ 4.3) Los Angeles area, Johnson et al 1975 
(19 + 3.1) Lancaster desert area, 

Cl:l 
Cl:l 
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Table 51, (contd) Regional vlaues for the concentration of Lead in hair (mg/kg) 

Region/Country Sex 

CENTRAL AND SOURTH AMERICA 

Panama F 
M 

AUSTRALIA AND NEW ZEALAND 

Australia M 
F 

n 

242 
184 

39 
59 

Meth. Median Mean + SO 

AAS 
AAS 

AAS 
AAS 

11.4 
18 

lo.3 + 8.7 
8.1 + 7·.o 

(Range) Remarks and Reference 

Both adults and children, Klevay 1970, 1973 

(o-34.1) Brisbane, Reilly 1981 
(o.2-37.2) 

TAB LE s 1. LEAD IN HA IR (Contd.) 
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Region/Country 

AFRICA 

ASIA 

Japan 

MIDDLE EAST 

EURO PE 

Belgiurn 

NORTH AMERICA 

Table 52. 

Sex n 

M+F 98 
M+F 368 
M+F 61 

M 47 

AUSTRALIA & NEW ZEALAND 

Regional values for the concentrations of Lead in urine C;ug/L) 

Meth. 

AAS 
AAS 
AAS 

AAS 

Median Mean + SD 

lo + 6.5 
6.3 

13 + 12 

11.3 + 7.2 

(Range) 

4 - 45 

Rernarks and Ref erence 

Akita, Ishikawa & Nagasaki area, Iwao et al 1981 
Urban, Fukabori & Nukaaki 1974, lo 

1
ug/24 hours 

Urban, Koizurni et al 1978 

Brussels, Roels et al 1982, 
1

ug/g creatinine 

\!) 

0 

TABLE 52. LEAD IN URINE 



Region/Country 
---

AFRICA 

ASIA 

China 

India 

Japan 

EURO PE 

Belgium 

Norway 

Sweden 

NORTH AMERICA 

Canada 

U.S.A. 

Table 53. 

Sex n 

8 

M 145 
F 163 

2o 

32 

lo 

M+F 61 

14 

Regional values for the concentration of Manganese in whole blood (/ug/L) 

Meth· Median 

NAA 

AAS 16.1 
AAS 17.5 

AAS 

AAS 

NAA 

NAA/AAS 

NAA 

Mean + SD (Range) -

8.o + 2.o -
18.7 + 8.o (8.4-25.1) 

17.o + o.5a 
- a 18.5 + o.4 

12.2 + 4.o 

lo.o + 4.o 

15 (5-:-20) 

2o-28 (range of mean 
values) 

8.4 + 3.o 

a) 
standard error 

Remarks and Reference 

Urban samples, Wang 1982 

Bombay, Dang and Somasundaram 1983 

Hokkaido region, Saito et al 1979 
" " 

Brussels, Buchet et al 1976 

From all parts of Norway, Tsalev et al 1977 

Stockholm, Brune et al 1962 

Halifax, Ward et al 1979 

Brookhaven, Cotzias et al 1966 

\.D 
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Table 54, Regional values for the concentration of Manganese in blood serum <;ug/L) 

Region/Country Sex n Meth· Median MPan + SD (Range) Remarks and Reference 

AFRICA 

ASIA 

EURO PE 

Belgium M-EF 46 NAA o.57 + o.13 (o.4o-1.o4) Ghent area, Versieck et al 1973, 1974 

De=ark 11 NAA o.54 + o.5o (o. 23-o. So) Roskilde, Heydorn and Norgaard 1973 
-

Germany FR M+F 8 NAA 0.60 (o.31-o.94) Juelich, Iyengar 1984 
U.K. 6 AAS o.63 (o.44-o.96) Glasgow, Hall and Fell 1980 

28 NAA 1. 76 + o.45 Manchester area, Molokhia & Portnoy 1973 

NORTH AMERICA \D 
N 

U.S.A. 2o AAS l.o + o.2 (o. 74-1.25) Chicago, D'Amico and Klawans 1976 
-

12 NAA o.64 (o.4o-o.9o) Los Angeles, Fernandez et al 1963 
M+F 128 NAA 1.4o + o.5o San Diego, Campero et al 1967 

14 NAA o.59 + o.2o Brookhaven, Cotzias et al 1966 

MANGANESE IN ERYTHROCYTES (mg/kg) 

EUROPE 

Belgium M+F 46 NAA 16.4 + 5.4a Ghent area, Versieck et al 1973, 1974 

NORTH AMERICA 

U.S.A. M+F 15 NAA 16.o + 1.o San Diego, Campero et al 1967 

a)packed cells, 
1

ug/L 

TABLE 54. MANGANESE IN BLOOD SERUM 
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Table 55. Regional values for the concentration of Manganese in milk Y1fg/L) 

Region/Country Sex n Meth- Median Mean = SD (Range) Remarks and Reference 

AFRICA 

Nigeria 

Zaire 

ASIA 

India 

Philippines 

EURO PE 

Finland 

Germany (FR) 

Hungary 

Sweden 

Yugoslavia 

NORTH AMERICA 

U.S.A. 

18 

68 

24 

63 

229 

17 

71 

31 

6 

28 
39,23 
13 
28 

CENTRAL AND SOUTH AMERICA 

Guatemala 84 

AUSTRALIA AND NEW ZEALAND 

Australia 39 

NAA 

NAA 

NAA 

NAA 

AAS 

AAS 

NAA 

NAA 

NAA 

AAS 
AAS 
AAS 
AAS 

NAA 

NAA 

15.8 

11.2 

39.5 

4.o 

3.2 

3.8 

19.3 + 11.2 

18.3 + 2o.o 

8.o + 4.o 

42.o + 24.5 

6.o + 7.8 

11.8 + 2.2 

5.5 + 4.1 

5.o + 5.3 

3.2 + 2.1 

2o 
24, 25 
18 
14 

6.o + 8.7 

5.o + 3.o 

(4.1-43.3) 

(3.:..15) 

(6-153) 

(2-18) 

(1.1-18) 

(1. 5-26) 

(1-6.4) 

(1.4-70) 

(1-12) 

Ibadan, urban elite, urban poor and rural mothers 
Iyengar 1984, Parr 1984 
Lwiro, 

Bombay, Dang et al 1983 

Manila, urban elite, urban poor and rural mothers 
Iyengar 1984, Parr 1984 

Helsinki, Vuori 1979 

Dortmund, Stolley et al 1981 

Budapest, urban elite, urban poor and rural mothers 
Iyengar 1984, Parr 1984 
Uppsala, Iyengar 1984, Parr 1984 

Ljubljana, Byrne and Kosta 1978, 1982, 1983 

urban, 1-3 months pp, Vaughan et al 1977 
4-9 
1 year 

> 1 year 

Guatemala city, urban elite, urban poor and rural 
mothers, Iyengar ~984, Parr 1984 

Geelong area, Cumming et al 1983, 1984 

l.D 
LU 
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Region/Country 

AFRICA 

ASIA 

India 

Japan 

EUROPE 

Belgium 

Denmark 

Sweden 

U.K. 

NORTH AMERICA 

Canada 

U.S.A. 

Table 56. 

Sex 

M+F 

M+F 

n 

8 

15 
3o 
lo 

9 

5 

7 

5 
15 

9 

44 

36 

AUSTRALIA AND NEW ZEALAND 

New Zealand M+F 111 

Regional values for the concentration of Manganese in liver (mg/kg) 

Meth- Median Mean + SD 

NAA 

AAS 
AAS 
AAS 
NAA 

NAA 

NAA 

NAA 
NAA 

MS 

AES-ICP 

NAA,AAS 

AAS 

1. 3 

2.1 + 1.1 

1. 7 + o.44 
1.2 + o.36 
1.2 -

1.1 + 0.60 

1. 34 

1.1 + o.2 

o.54 + o.17 
1.32 + o.45 

o.5o + 0.08 

1.2o + o.4o 

1.15 + o.44 

(Range) 

(2.6-11.1) 

(1.2-2.9) 
(o.5-2.1) 

(1-2) 

(o. 4-3. 2) 

(o.6-2.o3) 

Remarks and Reference 

Bombay, Dang et al 1978 

Urban, Kitamura et al 1978 
Urban, Sumino et al 1975 
Urban, Tanaka 1983 
Urban, Terai et al 1979 

Ghent, Lievens et al 1977 

Copenhagen, Larsen et al 1972 

North of Sweden, Brune et al 1978 
Stockholm, Plantin 1978 

Urban, Hamilton et al 1972/73 

Ottawa, Subramanian 1983 

Baltimore, Mineapolis & Seattle, Zeisler et al 198:1 

\.D 

""' 

(o.37-2.38) Dunedin, Casey et al 1983 
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Region/Country 
--

AFRICA 

Kenya 

Nigeria 

ASIA 

Bangladesh 

Hang Kong 

India 

Japan 

Pakistan 

Thailand 

MIDDLE EAST 

Egypt 

Iran 

Turkey 

a) . 
geometric mean 

Table 57. Regional values for the concentration of Manganese in hair (mg/kg) 

Sex n Meth- Median 

F 31 NAA 
M 4o NAA 

M+F 25 NAA 

M+F 92 PIXE 

11 NAA 

14 NAA 
M+F 243 NAA 

F 94 NAA 
M 9o NAA 

M+F 375 NAA o.5a 

M+F 336 NAA 

MH' 1o5 NAA 

25 AES 

M+F 65 NAA 

M+F 9 PIXE 

11 AAS 

bJ 
standard error 

Mean + SD 

15.o + 2.6 
11.5 + 2.7 

-

4.4 

2. 3 + 1. 35 -
o.9 

3.4+2.1 
3.4 + 3.4 -
1.5 + 2.5 
1.3 + 2.5 -
1.1 + 3.8 

-

4.3 + 3.6 
-

3.8 + o.75b 

2 to 3.8 

o .• 7 to 2 

o.6 + o.4 

(Range) Remarks and Reference 

Machakos district, Othman and Spyrou 1978 

" " 
„ 

" 
(o.3-255) Ibadan, Olatunbosun et al 1976 

(o.5-6.1) Dacca, Khan et al 1980 

(o.4-28) Chinese subjects, Chaung 1~78 

Bombay, Somasundaram et al 1981 
(o.1-22) All over India, students, Arunachalam et al 

(o.13-20) Urban, Tokyo, Imahori et al 1978 
(o .12-22) 

Tokyo area, Ohmori et al 1981 
(o.1-50) Urban, Tekauchi et al 1982 

(o.5-16) Islamabad, Qureshi et al 1982 

Bangkok, Hambidge et al 1974 

(range of mean Various parts of Egypt, Kasperek et al 1982 
values) 

(range of mean Teheran area, Aframian et al 1980 
values,!groups 
of subsamples) 

(o.3-1. 3) Istanbul, Saner 1983 

1978 

\,0 

(J:l 
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Table 57. (contd) Regional values for the concentration of Manganese in hair (mg/kg) 

Region/Country Sex n Meth. Median 
-

EURO PE 

Finland 2o AAS 

Germany (DR) 450 NAA L2a 

Po land 60 NAA o.83 

NORTH AMERICA 

Canada 42 NAA o.6 
F 34 NAA 
F 3o NAA o.26 

U.S.A. 18 AES 

a)geometric mean, 
15) 

standard error 

Mean + SD (Range) -

1. 56 + 1. 2 -

o. lo-43 

((o.1-3. 7) 
o.4o (o.25-o.87) 
o.26 (o.14-o.41) 

o.2o + o.o6b 

Remarks and Reference 

Helsinki, Vuori et al 2975 

Dresden, Wiesener et al 1978 

Warsaw, Dybczynski et al 1983 

Halifax area, Ryan et al 1978 
Guelph area, Vegetarians, Gibson et al 

" " nonvegetarians, " " 

Denver area, Harnbidge et al 1974 

1983 

" 

\D 

°' 
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Region/Country 

AFRICA 

ASIA 

Japan 

MIDDLE EAST 

EURO PE 

Belgium 

NORTH AMERICA 

Table 58. 

&==>.....x 

F 
M 

M+F 

n 

48 
78 

2o 
3 

AUSTRALIA & NEW ZEALAND 

New Zealand M+F 12 

Regional values for the concentrations of Manganese in urine (/ug/L) 

Meth. 

AAS 
AAS 

AAS 
NAA 

AAS 

Median Mean + SD 

o.54a 
o.53a 

o.65 + o.53 

9.8 + 4.8 

a)Geometric mean 

(Range) 

0.08-2.4 
o.11-2.7 

.e. o.1 - 1.8 
o.1 - o.7 

3 - 19 

Rernarks and Reference 

Urban area, Watanabe et al 1978 

Brussels, Buchet et al 1978 
Ghent, Cornelis et al 1975, 

1
ug/24 hours 

Dunedin, McLeod & Robinson 1972, 
1

ug/24 hours 

\.D 
-.._J 
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Table 59. Regional values for the concentration of Mercury in whole blood (/ug/L) 

Region/Country Sex n Meth. V..ediar1 Mean + SD (Ra11ge) Rernarks and Reference 

AFRICA 

ASIA 

Japan F 2o AAS 2o + 16 Urban, Usagimoto et al 1980 
M 135 AAS 4o + 4o 

19 59 + 26 II Sumino et al 1975 

EURO PE 

Belgium M 47 AAS 2.3 + 1.2 (o.5o-5 .9) Brussels, Roels et al 1982 
-

Denmark M+F 264 AAS 2.o (o-1 7) Wide national coverage, Bach 1980 
Germany FR M+F 2o2 AAS o.6 (o.1-7.2) Bavarian area, Valentin 1983, see Schaller et al 
Italy M+F 47 NAA 18 + 21 (<5-76) Rome, detected in 11 subjects, Clemente et al -

1978, Cigna Rossi et al 1978 

Sweden 7 NAA (6-12) Stockholm, Lundgren et al 1967 
\.0 

(5-lo) Average Swedish value, quoted Skerfving 1974 OJ 

Yugoslavia M+F 54 NAA 5.1 + 5.o Urban, Byrne and Kosta 1983 

NORTH AMERICA 

U.S.A. F 187 AAS 4 lo 8 states in U.S.A., Creason et al 1976 
loo AAS 9.5 + 2.5 (5-2o;S) Michigan, Hecker et al 1974 

F loo AAS 1.ol-+ o.12 (o - 8) Pitkin et al 1976 

17 AAS 2o Alaska, coastal Eskimos, Galster 1976 
11 AAS 13 II interior 
12 AAS 6 Urban 
lo 7.6 + 1.o 

a 
Alaska, Magos and Clarkson 1972 AAS 

-

CENTRAL AND SOUTH AMERICA 

Venezuela 9o AAS 14.3 + 11.9 (3-57) Yanamano area, Hecker et al 1974 

24 AAS 6.o + 1.5 Indians, II " II 

a) 
standard error TABLE 59. MERCURY IN WHOLE BLOOD 



Region/Country 

EURO PE 

France 

Norway 

Sweden 

NORTH AMERICA 

U.S.A. 

U.S.A. 

Table 60. Regional values for the concentration of Mercury in serum and erythrocytes 

Sex 

F 

F 

F 

F 
F 

F 

n 

lo 

281 

7 

17 

11 

lo 

lo 

17 
11 
lo 

lo 

Met.h. 

NAA 

NAA 

NAA 

AAS 

AAS 

AAS 

AAS 

AAS 
AAS 
AAS 

AAS 

a) 
standard error 

F.iedian Mean + SD (Range) 

serum (/ug/L) 

3.1 + o.2 

< 1.3 ( <o.2-6.5) 

3-6 

5.8 + o.71 

5.o + o.8 -
2.6 + o.3 -
2.2 + o.9a 

Erythrocytes (/ug/kg) 

33.5 + 5.1 
22.6 + 3.o 
9.o + o.9 

16.6 + 2.2a 

Re.c.arks and Ref erence 

Urban, Stulzaft 1983 

Urban, Blekastad et al 1983 

Urban, Lundgren et al 1967 

Alaska, coastal f~males, plasma, Galster 1976 

" interior 

Urban Eskimos, 

Alaska, plasma, Magos and Clarkson 1972 

Alaska, coastal females, Galster 1976 
" interior, " 

Urban Eskimos, 

Alaska, Magos and Clarkson 1972 

\D 
\D 
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Table 61. 

Region/Country Sex n 

AFRICA 

Nigeria 18 

Zaire 69 

ASIA 

India 12 

Philippines 65 

EURO PE 

Hungary 71 

Italy 130 

Sweden 32 

Yugoslavia 6 

NORTH AMERICA 

U.S.A. 32 
5 
5 

11 

CENTRAL AND SOUTH AMERICA 

Guatemala 84 

Regional values for the concentration of Mercury in milk (/ug /L) 

P.eth. Median .Mo....an + SD -

NAA 2.2 5.2 + lo.8 

NAA 2.7 13 + 3.5 

NAA o.2+o.1 
-

NAA 1. 7 2.7 + 2.3 -

NAA o.4 1.8 + 1.6 -

NAA 

NAA 3.3 3.4 + 1.6 

NAA 1.o + o.9 

AAS o.93 + o.23 
AAS 3.2 + 0.80 
AAS 3.3 + o.5 
AAS 7.6+2.7 

NAA 1.5 1.9+1.7 

(Range) 

(o. 9-48) 

(o.6-257) 

(o.1-o.3) 

(o-12) 

(o-lo.9) 

ko.5-17. 5) 

(1.03-7. 7) 

(o.25-2.5) 

(o-13.8) 

Remarks and P.eference 

Ibadan, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

Lwiro, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

Bombay, Dang et al 1983 

Manila, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

_, 
0 
0 

Budapest, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

Rome, Clemente et al 1983 

Oppsala, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

Urban, Byrne and Kosta 1983 

Urban, Pitkin et al 1976 
Alaska, interior, Galster 1976 

" urban 
" coastal, 

Guatemala city, urbanand rural mothers, 
Iyengar 1984, Parr 1984 
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Table 62. 

Region/Cou,ri try Sex 

AFRICA 

ASIA 

Japan 

EURO PE 

Belgium 

Norway 

Sweden 

U.K. 

Yugoslavia 

NORTH AMERICA 

U.S.A. 

AUSTRALIA & NEW ZEALAND 

New Zealand 

n 

15 
3o 
lo 

5 

8 

5 

22 

14 

35 

11 

Regional values for the concentration of Mercury in liver (/ug/kg) 

.Meth. 

NAA 
AAS 
SAS 

NAA 

NAA 

NAA 

NAA 

NAA 

NAA 

AES 

Median :tvlean + SD 

230 + 130 
470 + 260 
490 + 310 

74 

120 + 110 
-

loo + 2o 

428 

33 + 23 

86 + 74 

160 + loo 

(Range) 

(53-420) 
(160-1300) 
(5o-39oo) 

(51-103) 

(16-300) 

(4-76) 

(26-470) 

(22-370) 

Rcrnarks and Reference 

Urban, Kitamura et al 1978 
Urban, Sumino et al 1975 
Ohta et al 1966 

Ghent, Lievens et al 1977 

Urban, Jonsen and Steinnes 1983 

North of Sweden, Brune et al 1978 

Glasgow area, Lenihan 1967 

Urban, Byrne and Kosta 1983 

Baltimore, Mineapolis & Seattle, Zeisler et 
al 1984 

Urban, Johnson et al 1976 

-
0 
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Table 63. Regional values for the concentration of Mercury in hair (mg/kg) 

Region/Country Sex n Meth. Median Mean + SD (Range) Remarks and Reference 

AFRICA 

Kenya M+F 270 AAS 12. 2 + 1. 8 From all parts of Kenya, Wandiga & Jumba 1983 

F 31 NAA 6.1 + 1.5 Machakos district, Othman and Spyrou 1978 
M 4o NAA 7.3+1.9 11 " " " 

ASIA 

Hong Kong 11 NAA 2.8 (1. 6-3.6) Chuang 1978 

Japan 15 AAS 3.1. + 1.3 (1-58) U~ban, Kitamura et al 1978 
M+F 381 NAA: 3.9a.- Urban, Ohmori et al 1981 

F 7o NAA 4.5 + 2.7 Urban, Sakurai 1980 
M 37 NAA 6.8 + 2.9 Urban, " " 
F lo2 NAA 3.8 + 2.o (o.6-12) Urban, Imahori et al 1979 
M loo NAA 5.3 + 3.3 (1-18. 3) Urban, " II " 

Pakistan M+F 105 NAA 1.8 + 1.7 (o .2-8. 8) Islamabad area, Qureshi et al 1982 
_,, 
0 
N 

MIDDLE EAST 

Iraq M+F loo NAA (o. 4-4.o) Bagdad area, Al-Shahristani et al 1973 
M+F 232 NAA 1.4+2.1 (<·o.1-12.8) 11 " 11 " 1978 -

EURO PE 

Austria M+F 200 NAA o.66 (o.1-2. 3) Vienna, Lanzel 1980 

Czechoslovakia 29 NAA o.63 + o.26 (o.1-1.23) Urban, Kucera 1983 
52 NAA o.73 + o.37 (o.3-2.o) " near Prague, Obrusnik 1979, 1983 -

Denmark 95 AAS o.5o + o.61 (o-3.1) Wide coverage, Bach 1980 -
Italy 49 NAA 1.5o 3.4 (o. 3-32) Rome area, Clemente et al 1978 

12 NAA 1.8 + o.3 (o.8-8. 3) Amiata area, Cigna R .ssi et al 1976 

U.K. 26 NAA (o.14-2 .11) Glasgow area, Dale et al 1977, Dale 1983 
a) . 

geometric mean 

TABLE 53. MERCURY IN HAIR 



Table 63. (contd) 

Region/Country Sex n 

NORTH AMERICA 

U.S.A. F 12 
F 6 
F 4 

CENTRAL AND SOUTH AMERICA 

Chile 4o 

AUSTRALIA AND NEW ZEALAND 

Papua New Guinea 121 
122 

Regional values for the concentration of Mercury in hair (mg/kg) 

Jv'eth. 

AAS 
AAS 
AAS 

NAA 

AAS 
AAS 

Median Mean + SD 

4.3 + o.62 
3.6+o.74 
4.1 + 0.80 

o.65 + o.32 

2.E? + 2.2 
L3+o.9 

(Range) Rernarks and Ref erence 

Alaska, coastal area, Galster 1976 

" interior, 
" urban area 

(0.08-1.52) Urban, mixed population (adults and children) 
Toro 1983 

(o.4-14.4) 
(o.2-5.2) 

C~stal subjects, Kyle and Ghani 1983 
Non-coastal subjects, Kyle and Ghani 1983 

TABLE 53. MERCURY IN HAIR (Contd) 
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Table 64. Regional values for the concentrations of Mercury in urine (;ug/LJ 

Region/Countr:y Sex n Meth. Median Mean + SD (Range) Remarks and Ref erence 

AFRICA 

ASIA 

Japan M+F 355 SAS 7.35 Urban, 12 
1

ug/24 hours, Fukabori & Nakaaki 1974 

MIDDLE EAST 
' 

EURO PE 

0 Belgiurn 3 NAA 2.3 - 11.4 Ghent area, Cornelis et al 1975, 
1

ug/24 hours """ M 47 AAS 1.3 + 1.75 o.6 - 4.7 Brussels, Roels et al 1982, 
1

ug/g creatinine 
F 7o AAS o.1 + o.lo 0.004-o.6 II 11 11 II 

Denmark 6 NAA 2o 1o-3o Roskilde, Heydorn & Damsgaard 1982, 
1

ug/24 hours 

Germany FR M+F 2o2 AAS o.7 0 .1 - 26.4 Erlangen, Valentin 1983, see Ref. Schaller et al 

Italy M+F 47 NAA 6.4 + 6.5 <.2 - 22 Rome, Cigna Rossi et al 1978, Clemente et al 1978 
12 NAA 4.3 + o.8 Ailliata area, 4 

1
ug/24 hours, Cigna Rossi et al 1978 

NORTH AMERICA 

U.S.A. 4o AAS o - 2o Cleveland, Ohio, Shamberger 1983 

TABLE 64. MERCURY IN URINE 



Table 65. 

Region/Country Sex n 

Sweden 5 

U.K. M 8 
F 5 

Belgium M+F 3o 

Greece 35 

Regional values for the concentration of Molybdenum in blood and serum (/ug/L) 

Meth. Ms'\J.ian Mean + SD (Range) Rerr.arks anc1 Ref erence 
---· 

Whole blood 

NAA 3.3 + 1.la Stockholm, Brune 1966 -

AAS o.8 + o.3 o.5 - 1.4 Harwell, Morgan & Holmes 1972 
AAS 1.2 + o.5 o.7 - 1.8 

Blood serum 

NAA o.55 + o.21 o.2 - 1.2 Ghent, Versieck et al 1978 

XRF 3 'Athens, Paradellis 1983 

a) 
Standard error 

1~BLE 65· MOLYBDEN IN WHOLE BLOOD AND BLOOD SERUM 
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Tahle 66. 

Region/Country Sex n 

AFRICA 

Nigeria 6 

Zaire 15 

ASIA 

India 24 

Philippines 11 

EUROPE 

Hungary 8 

Sweden lo 

NORTH AMERICA 

CENTRAL AND SOUTH AMERICA 

Guatemala 14 

Regional ya1ues foi the concentration of Molybdenurn in milk <;ug/L) 

Meth. .!"Jedian Mean + SD (Range) Rernarks and Reference 

NAA 2.8 3.8 + 3.3 Ibadan, Iyen~ar 1984, Parr 1984 

NAA 1.4 1. 7 + 1.9 Lwiro, ..r~ Parr 1984 

NAA 9.o + 4.o Bombay, Dang et al 1984 

NAA 21 19.5 + lo Manila, Iyengak 1984, Parr 1984 

NAA .(1 1.1 + 1.7 Budapest, J;vc.iacrar 19@4... Parr 1984 

NAA o.4 o.98 + 1.8 

NAA 21 2.7 + 2.5 Guatemala city, ~--1.9M., Parr 1984 

TABLE 66.MOLYBDENUM IN MILK 
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Table 67. 

Region/Country Sex n 

AFRICA 

ASIA 

Japan 15 
3o 

EURO PE 

Belgium 5 

Norway 31 

Sweden lo 
5 

NORTH AMERICA 

U.S.A. 36 

Regional values for the concentration of Molybdenum in liver c1ug/kgl 

Meth. Median Mean + SD 

AAS 500 + 130 
AAS 570 + 250 

NAA 36o 

AAS 800 + 500 

NAA 710 + 280 
NAA 620 + 80 

NAA 570 + 250 

(Range) 

(3oo-7oo) 
(3oo-12oo) 

(14o-7oo) 

(5oo-12oo) 

(21o-123o) 

Remarks and Ref erence 

Urban, Kitamura et al 1978 
Urban, Sumino et al 1975 

Ghent area, Lievens 1977 

Urban, Norheim et al 1980 

Stockholm, Plantin 1980 
North of Sweden, Brune et al 1978 

Baltimore, Mineapolis and Seattle, 
Zeisler et al 1984 

TABLE 57.MOLYBDEN 
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Table 68. 

Region/Country Sex n 

AFRICA 

ASIA 

India 5 

Japan M 58 
F 76 

MIDDLE EAST 

Egypt M+F 65 

EUROPE 

NORTH AMERICA 

Regional values for the concentration of Molybdenwn in hair c
1

ug/kg) 

Meth. Median 

NAA 

NAA 

NAA 

NAA 

!1P....an + SD (Range) 

loo + 7o 

380 + 310 (60-1840) 
490 + 430 (3o-214o) 

5o-16o, range of mean 
values 

Remarks and Ref erence 

Urban, Dang et al 1983 

Urban, Imahori et al 1979 
Urban, 

From several parts of Egypt, Kasperek et al 1982 

0 
OJ 

TABLE 68. MOLYBDENUM IN HAIR 



Table 69. 

Region/Country Sex n 

AFRICA 

ASIA 

MIDDLE EAST 

EURO PE 

Belgium 9 

NORTH AMERICA 

AUSTRALIA & NEW ZEALAND 

New Zealand M+F 12 

Regional values for the concentration of Molybdenum in urine (/ug/L) 

Meth. .Median Mean + SD 

NAA 32.7 + 22.3 

AES 34 + 21 

(Range) 

11 - 88 

11 - 58 

Rernarks and Ref erence 

Ghent, Cornelis et al 1981, 
1

ug/24 hours 

Dunedin, Robinson et al 1973 

0 

'° 
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Tab.le 7o. Regional values for the concentration of Nickel in blood, serum & urine (/ug/LJ, 

Region/Country Sex n Meth. Median Mean + SD (Range) Remarks and Reference 

Whole blood 

Japan 15 AAS 24 + 16 lo - 60 Nak.ahara, personal comnunication 1983 
14 AAS 28 + 15 2o - 76 -

Derunark AAS 17 + 15 4 - 54 Odensee, Clausen 1977 -
Germany FR 36 AAS 4.5 o.2 - 115 Bavarian area, 

1
ug/kg, Zober et al 1984 

U.S.A. 17 AAS 4.8 + 1.3 3 - 7 Hartford,Connecticut, Sunderman 1970 

' 
Blood serum 

Greece 35 XRF 7.5 + 3.6 1 - 15 Athens, Paradellis 1983 
---' 
---' 

U.S.A. So AAS 2.6 + o.9 o.8 - 5.2 Hartford,Connecticut, Sunderman 1970 0 

Urine 

Germany FR M+F lo AAS 2.7 o.1 - 25.6 Bavarian region, 
1
ug/kg, Zober et al 1984 

U.S.A. M+F 52 AAS 2.2 + 1.2 o.7 - 5.2 Farmington, Connecticut, Sunderman 1970, 1983 
2.6 + 1.4 o.5 - 6.4 

1
ug/day, 

TABLE 70. NICKEL IN WHOLE BLOOD; BLOOD SERUM AND URINE 



Table 71. 

Region/Country Sex n 

AFRICA 

Nigeria 14 

Zaire 59 

ASIA 

Philippines 62 

MIDDLE EAST 

EURO PE 

Finland 2o 

Germany GD 22 
22 

Hungary 7o 

Sweden 31 

NORTH AMERICA 

CENTRAL & SOUTH AMERICA 

Guatemala 74 

AUSTRALIA & NEW ZEALAND 

New zealand 25 

Regional values for the concentration of Nickel in milk (/ug/L) 

Meth. Median Mean + SD (Range) 

AAS 12.2 12.1 + 7 2.4 - 22 

AAS 5 lo.3 + 11.7 o.o - 43.8 

AAS 16 19.1 + 12.5 3.6 - 87 
-

' 

AAS 1.5 1.2 - 3 

AAS 33 + 16 
AAS 39·+ 26 

AAS 14.4 16.6 + 15.2 4.2 - 130 

AAS 11 12.4 + 5 6.3 - 24.5 

AAS 12.9 14 + lo.4 

AAS 2o 

Remarks and Reference 

Ibadan, Parr 1984, Kirkbright 1984 

Lwiro, urban elite, urban poor and rural 
mothers, Parr 1984, Kirkbright 1984 

Manila, urban elite, urban poor and rural 
mothers, Parr 1984, Kirkbright 1984 

Salmela, personal caranunication 1983 

Jena, 8 weeks pp, Anke 1983 
Jena, 13 weeks pp, " 

Budapest, urban elite, urban poor and rural 
mothers, Parr 1984, Kirkbright 1984 

Uppsala, Parr 1984, Kirkbright 1984 

Guatemala city, urban elite, urban poor and 
rural mothers, Parr 1984, Kirkbright 1984 

fiunedin, Casey et al 1977 

TABLE 71. NICKEL IN MILK 



Region/Country 

AFRICA 

ASIA 

Japan 

U.S.A. 

Table 72. Regional values for the concentration of Nickel in liver c
1

ug/kg) 

Sex n 

15 
27 

18 

4 

Meth. 

AAS 
AAS 

AAS 

AAS 

Median 

" 

Mean + SD 

4o + 23 
78 + 46 

37 + 27 

9 

(Range) 

3o - So 
28 - 220 

.(j_o - loo 

Rernarks and Ref erence 

Nakahara, Personal corrmunication 1983 

Baltimore, Seattle & Mineapolis area, Zeisler 1984 

Hartford, Connecticut, Sunderman 1970, 1983 

-" 

N 
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Table 73. Regional values for the concentration of Nickel in hair yug/kg) 

Region/Cou11try' 

AFPICA 

;,5IA 

Bangladesh 

MIDDLE EAST 

Iran 

Iraq 

EURO PE 

Italy 

NORTH AMERICA 

Canada 

U.S.A. 

S€x 

M+F 

M+F 

M+F 
M+F 

M+F 

AUSTRALIA & NEW ZEALAND 

n 

3o 

9 

120 

47 

76 
45 

2o 

Vl2t-.h. 

PIXE 

PIXE 

NAA 

NAA 

NAA 

NAA 

AAS 

JVi..edian 

5 

2.1 

2.4 

Mean + SD 

1250 + 750 

630 + 290 

18 + 17 

44 + 52 

220 + So 

(Range) 

370 - 3250 

6 - 78 

5 - 193 

1.6 - 17 
1.2 - 2o 

130 - 510 

Reruarks and Reference 

Dacca, Khan et al 1980 

Teheran, Aframian 1983 

Bagdad, Al-Shahrastani et al 1978 

Rome, Clemente et al 1978 

Rural, Chatt et al 1977 
Urban, Chatt et al 1977 

Hartford, Connecticut, Sunderman 1970, 1983 

_,. 
_,. 
l.;.l 
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Table 74. Regional values for the concentration of Seleniurn in whole blood (mg/L) 

„-„----, _ _ __ ~ >ex n Metn. Meaian Mean .::':. ::.u (Range) Remarks and Reference SE n Meth- Median Mean + SD 

AFRICA 

ASIA 

China 

MIDDLE EAST 

„Egypt 

EURO PE 

Belgium 

:Sulg:i.ri<:.. 

Finland 

Italy 

U.K. 

Yugoslavia 

NORTH AMERICA 

Canada 

U.S.A. 

M+F 
M+F 

M+F 
M+F 

W-F 

M--F 

M+F 

M+F 
M+F 

M+F 
M+F 
M+F 

M+F 

M+F 

M+F 
M+F 

F 

AUSTRALIA AND NEW ZEALAND 

New Zealand M+F 
M+F 

a)standard error 

173 
111 

8 

162 
31 

22 

4_:, 

25 

47 
13 

300 
25 
98 

39 

250 

3o 

187 

1o4 
131 

FLU 
FLU 

NAA 

AAS 
AAS 

NAA 

AAS 
FLU 

NAA 
NAA 

AAS 
NAA 
XRF 

NAA 

NAA 

FLU 

AAS 

FLU 
FLU 

108 

21 + la 
95 + 9a 

68 

123 + 17 
130 + 19 

-

4o + 2o 

58 + 2o 
87 + 17 

-

9o + 3o 
77 + 11 

-

136 + 2o 
115 + 17 
60 +Sa 

-
88 + 27 

180 + 4o 

(54-79) 

(82-178) 
(95-173) 

(34-166) 

(93-153) 

(30-160) 

157 (103-191) 
120, 162, 234 

117 

59 + 12 
79 -~16 

Keshan region, unaffected subjects, Zhu 1981 
Other than Keshan region, 

Urban region, Maxia et al 1972 

Urban 19-58 years old, Neve et al 1980 and 

" 60-99 " " Verlinden 1981, 1983 

Vrasta city, Damyanova 1983 

Yyväskylä area, Turnmavuori and Pirinen 1983 
Helsinki, Westermark 1979 

Rome, -Cigna Rossi et al 1978, Clemente et al 1978 
Amiata mountain area, Cigna Rossi et al 1978 

Hampshire area, Lloyd et al 1982 
Glasgow area, Dale 1983 
Several regions of U.K., Hamilton et al 1972/73 

Urban, north-west Yugoslavia, Byrne and Kosta 19ffi 

Hamilton area, Dickson and Tomlinson 1967 

Cleveland, Ohio, Shamberger 1983 
Mean values for Illinois, California and Wyoming 
respectively, Shamberger et al 1979 
From 8 states in USA, Creason et al 1976 

Dunedin, Rea et al 1979 
Auckland, Kay and knight 1979 

TABLE 74. SELENIUM IN OLE B 

-
,J:>, 



Table 75. Regional values for the concentration of Selenium in blood serum (mg/L) 

H c '] i u n / C u u n t r y Sex n Mcth· Median Mcan + SD (Ha!l<JC) Rcmarks and Reference 
--------- ~---- -------------

AFRICA 

ASIA 

EURO PE 

Belgium M+F 36 NAA 130 + 2o (90-180) Ghent area, Versieck et al 1977 
-

Denmark 11 NAA 89 + 4 (67-111) Roskilde, Damsgaard et al 1973 
-

Finland M+F 34 FLU 99 - 108 (range of mean Lapland to South West, Westermark 1979, 1983 
M+F 67 FLU 42 - 66 values) South East, Central & East, " " " 
M+F 48 AAS 62 + 7 (50-100) Helsinki area, Alfthan and Kumpulainen 1982 and 

Kumpulainen and Koivistoinen 1981 
Ge=any M+F 184 NAA 9o + 16 Around Jülich, Kasperek et al 1972 

M+F 25 NAA 1o2 + 9 (86-125) Berlin, Behne and Jürgensen 1978 
-

Holland M+F 39 NAA 1o4 + 17 (65-135) North Holland, Das and Woittiez 1983 - lJ1 

Italy 13 NAA 46 + 4 (4o-7o) Amiata mountain area, Cigna Rossi et al 1978 
-

Norway M+F 281 NAA 1 lo + 16 (53-154) Blekstad et al 1983 
-

Sweden M+F 31 NAA 78 (plasma) Stockholm, 2o-69 years, Plantin et al 1981 

U.K. M+F 300 AAS 136 + 2o Hampshire area, Lloyd et al 1982 
45 NAA 75 + 23 (43-135) Glasgow area, Dale 1983 -

NORTH AMERICA 

Canada M 15 FLU 143 + 16 Montreal, Lelonde et al 1982 
-

U.S.A. M+F 37 NAA 120 + lo Omaha, Sullivan et al 1979 
17 NAA 120 + lo Louisville, Kentacky, McConnell et al 1975 

M+F 60 NAA 80-108 (range of mean Georgia, Andrews et al 1980 
values) 

AUSTRALIA AND NEW ZEALAND 

Australia F 36 NAA 75 + 16 (4o-lo3) Geelong, Cumming 1983, Cumming et al 1983 
-

New Zealand M+F 97 FLU 48 + 1o Dunedin, Rea et al 1979 

TABLE 75. SELENIUM IN BLOOD SERUM 



Table 76. 

Region/Country Sex n --
AFRICA 

ASIA 

EURO PE 

Belgium M+T 36 

Ge=any 17 

Italy M+F 12 

Sweden M+F 29 

NORTH AMERICA 

Canada M+F 251 

U.S.A. M+F 60 

AUSTRALIA AND NEW ZEALAND 

New Zealand M+F 97 

a)mglL packed cells 

Regional values for the concentration of Selenium in Erythrocytes (mg/kg) 

Meth· Median 

NAA 

NAA 

NAA 

NAA 

NAA 

NAA 

FLU 

Mean + SD (Range) Remarks and Reference -

180 + 3oa Ghent area, Versieck et al 1977 

140 + 19 Berlin, Behne and Walters 1979 -
1o5 + 17 (4o-24o) 

- Amiata area, Cigna Rossi et a'l 1978 

97 Stockholm, Plantin et al 1981 

240 + 60 Hamilton area, Dickson and Tomlinson 1967 

156 to 190 (range of mean Georgia, several areas, Andrews et al 1980 
values) 

74 + 16 Dunedin area, Rea et al 1979 

_, 
_, 
O'> 
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Region/Country 

AFRICA 

Nigeria 

Zaire 

ASIA 

India 
Philippines 

EURO PE 

Finland 

Germany 

Greece 

Hungary 

Italy 

Sweden 

U.K. 

NORTH AMERICA 

U.S.A. 

Table 77. Regional values for the concentration of Selenium in milk (/ug/L) 

Sex n Meth· Median Mean + SD 

18 NAA 

69 NAA 

6 NAA 
65 NAA 

2o AAS 

44 NAA 

5 NAA 
2o FLU 

71 NAA 

130(67) NAA 

32 NAA 

25 NAA 

15 FLU 
14 FLU 
15 FLU 
15 FLU 
15 FLU 

241 FLU 
8 GC 

2o AAS 
2o AAS 

24 

19 

33 

11 

13 

28.8 + 8 

2o.7 + 9.2 

19.o + 3.3 
34.o + 9.2 

lo.o + 2 
-

21.o + 8 

15 

11.o + 2.4 
-

13 .0 + 1 

14.o + 4.6 
-

31.o + 11 

13 
2o 
28 
21 
2o 
18 
16 + 5 -
14 + 13.2 
16 + 3.1 

(Range) 

( 16. 4-44) 

(8 - 66) 

(15 - 23) 
17 - 57) 

(6 - 13) 

(11 - 22) 
(12 - 25) 

(6 .4-2o. 7) 

(<1.o-5o) 

(3.7-25.o) 

(7 - 17) 
(11 - 27) 
(17 - 6o) 

(13 - 62) 
(15 - 24) 
(7 - 33) 
(8 - 34) 

Remarks and Reference 

Ibadan, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 
Lwiro, 

Iyengar 1984, Parr 1984 

Bombay, Dang and Somasundaram 1983 

Manila, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

Yokioinen, Kumpulaine 1983 

Düsseldorf, Lombeck 1983 

Athens, Grimanis 1978 
Hadjimarkos and Shearer 1973 

Budapest, urban elite, urban poor and rural mothe:rs 
Iyengar 1984, Parr 1984 

-" 

-.J 

Rome, Mean value calculated from 67 samples which 
contained Se above detection limit, Clemente et al 1983 

Uppsala, Iyengar 1984 , Parr 1984 

Glasgow, Dale 1983 

Ohio, Shearer and Hadjimarkos 1975 
Arizona, " 
South Dakota, " 
Portland, Hadjimarkos and Shearer 1973 
Iowa region, " " " 
17 States in USA, Shearer and Hadjimarkos 1975 
Urbana, Illinois, Smith et al 1982 

Urbana area, fore milk, Smith et al 1982 
, hind milk, 

TABLE 77. SELENIUM IN MILK 



Table 77. (contd) Regional values for the concentration of Selenium in milk c
1

ug/L) 

Region/Country Sex 

CENTRAL AMERICA 

Chile 

Guatemala 

AUSTRALIA AND NEW ZEALAND 

Australia 

New Zealand 

n 

11 

84 

4o 

3o 

Meth- Median Mean + SD 

NAA 

NAA 19 

NAA 

FLU 

62 + 55 

19.8 + 8.4 

12 + 3 

lo + 3 

(Range) 

(15 - 214) 

(3.4 - 46) 

(5 - 18) 

(8 - 2o) 

Remarks and Ref erence 

Santiago, Toro 1983 

Guatemala ,-ci ty, urban eli te, urban poor and rural 
mothers, Iyengar 1984, Parr 1984 

Geelong, Cumming 1983, Cumming et al 1983 

Urbart, Miller and Sheppard 1972 

OJ 
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Table 78. 

Region/Country 

AFRICA 

ASIA 

Japan 

EURO PE 

Belgium 

Bulgaria 

Denmark 

Italy 

Norway 

Sweden 

U.K. 

Yugoslavia 

NORTH AMERICA 

Canada 

U.S.A. 

Sex 

AUSTRALIA AND NEW ZEALAND 

New Zealand 

n 

9 
14 

5 

3o 

7 

4 

31 

5 
5 

11 
14 

13 

44 
lo 

2o 
7 

36 

41 

Regional values for the conecentration of Selenium in liver (mg/kg) 

Meth- Median Mean + SD 

NAA 
NAA 

NAA 

NAA 

NAA 

NAA 

NAA 

NAA 
NAA 

MS 
NAA 

NAA 

AAS 
NAA 

NAA 
NAA 
NAh/AAS 

FLU 

o.39 

o.57 + o. lo 
o.66 + o.43 

o.25 

0.06 

o.4o + o.13 -
o.25 + o.o5 -
o.4o + 0.08 

-

o.29 + o.o7 
o.27 + o.o9 

-

o.3o + o.lo 
o.7o + o.23 

-

o.3o + o.lo 

o.43 + 0.08 
-

o.62 + o.o4 
o.51 + o .06 
o.5o + 0.08 

o .19 + o .o5 

(Range) Remarks and Reference 

Urban, converted from dry basis, Terai et al 1979 
(o.23-1. 77) " 11 

" " 
11 Yukawa et al 1980 

(o. 21-o. 31) Gent area, Lievens et al 1977 

Vrasta city, Damyanova 1983, Donev et al 1978 

Copenhagen, Larsen et al 1978 

(o.12-o.33) Rome, Ingrao 1983 

(o .5o-1.3o) Urban, Norheim and Aaseth 1980, (from dry weight) 
\D 

North of sweden, Brune et al 1978 
Stockholm, Plantin et al 1978 

Urban, Hamilton et al 1972/73 
(o.43-1.1) Glasgow, converted from dry weight basis, Dale 1983 

(o.2o-o.5o) Urban, Byrne and Kosta 1983 

(o.2o-o.65) Ottawa, Subramanian 1983 
(o .18-o. 66) Hamilton area, Dickson and Tomlinson 1967 

Omaha, Blotcky et al 1979 
Louisville, McConnel et al 1975 

(o.35-o.65) Baltimore,Mi.n.eapolis & Seatle, Zeisler et al 1984 

(o.loo.27) Dunedin, Casey et al 1978 

TÄBLE 78· SELENIUM IN LIVER 



Region/Country 

AFRICA 

ASIA 

China 

Hong Kong 

India 

Japan 

Pakistan 

MIDDLE EAST 

Egypt 

Iraq 

EURO PE 

Czechoslovakia 

Finland 

Germany (FR) 

Germany (DR) 

Italy 

U.K. 

a) . 
geometric mean 

Table 79. Regional values for the concentraton of Selenium in hair (mg/kg) 

Sex n Meth· Median Mean ~ SD (Range) Remarks and Reference 

M+F 1745 FLU o.359 Areas not including Keshan region, Zhu 1981 
M+F 1478 FLU 0.074 Keshan area, Zhu 1981 
M+F 353 FLU o.2o2 Shan Xi Province, Wang 1982 

11 NAA o.58 (o.47-2.8) Chinese in Hong Kong, Chuang 1978 

M+F 229 NAA 1.23 1. 3o + o. 84 All over India, students, Arunachalam et al 1978 

M+F 375 NAA o. 7oa Urban, Ohmori et al 1981 
F lo2 NAA 3.4o + 2.o (1.o-9.6) Urban, Imahori et al 1978 
M loo NAA 3.7o + 2.3 (1.o-14) 

M+F lo5 NAA 1.o3 + o.29 (o.42-1.91) Islamabad, Qureshi et al 1982 

__. 
[\.) 

0 

M+F 65 NAA o.45 - o.88 (range of Different regions of Egypt, Kasperek et al 1982 
mean values) 

M+F 220 NAA 1.4o to l.60 II Urban and rural mixed, Al-sharistani et al 1978 

29 NAA o.46 + o.19 (o. 20-0. 9o) Prague area, Kucera 1983 
46 NAA o.45+o.16 (o.2o-1.oo) Near Prague, Obrusnik 1979, 1983 

14 AAS o.3o + o.o7 (o.17-o. 45) Jyväskylä area, Tumma vuori and Pirinen 1983 

M+F 26 NAA 1.2o + o.25 Jülich area, Kasperek et al 1971 

F 26 NAA o.3o + o.o7 ( 0 • 1 o-o . 46 ) Dresden, Wiesener et al 1978 
M 3o NAA o.36 + 0.08 (o. lo-1.oo) 

M+F 12 NAA o.33 + 0.06 (o.22-o.51) Amiata mountain region, Cigna Rossi et al 1978 
M+F 49(25)NAA 1.4 ( o.2'-14.8) Rome, detected in 25 samples, Clemente et al 1978 

M+F 46 2.24 + o.84 (1.3-4.1) Glasgow, Dale 1983 
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Table 79. (contd) Regional values for the concentration of Selenium in hair (mg/kg) 

Region/Country Sex n Meth- Median Mean + SD (Range) Remarks and Reference 

NORTH AMERICA 

Canada F 34 NAA o. 72 (o.61-o. 78) Guelph area, vegetarians, Gibson et al 1983 

F 3o NAA o.61 (o.51-o. 7o) " " non-vegetarians, " T 

M+F 61 NAA o.47 Halifax area, Holzbecher and Ryan 1978 

M+F 42 NAA o.44 (o. 24-87. 4) Halifax area, Ryan et al 1978 

U.S.A. M+F 84 AAS b 
o.61 + o.o4 Greensboro, Thimaya and Ganapathy 1982 

CENTRAL AND SOUTH AMERICA 
N 

Chile M+F 37 NAA o.66 + o.32 (o. lo-2. 3o) Santia.go, Toro 1983 

b) 
geometric mean 
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Table So. Regional values for the concentration of Selenium in urine (/ug/L) 

Region/Country 

AFRICA 

ASIA 

Japan 

MIDDLE EAST 

EURO PE 

Belgium 

Denmark 

Italy 

U.K. 

NORTH AMERICA 

Canada 

U.S.A. 

Sex n 

9 

3 

6 

M+F 47 
12 

M+F 793 

lo 

M 12 

AUSTRALIA & NEW ZEALAND 

New Zealand M+F 56 

Meth. 

NAA 

NAA 

NAA 

NAA 
NAA 
AAS 

FLU 

FLU 

FLU 

Median Mean + SD 

160 + 149 

45 

2o + 13 
7 + 1.3 

34 + 24 

125 + 76 

54 

13 + 1.5 

(Range) 

44 - 479 

2o - 184 

3o - 60 

3 - So 

o- 150 

26 - 71 

4 - 21 

Rernarks and Reference 

IShii et al 1980 

Ghent area, Cornelis et al 1975, 
1

ug/24 hours 

Roskilde area, Heydorn and Damsgaard 1983 

Rome, Cigna Rossi et al 1978, Clemente et al 1978 
N 

Amiata area, Cigna Rossi et al 1978, 6.2 1ug/24 hours N 
Cardiff area, Glover 1967, 1956 to 1958 period 

Lolande et al 1982 

Greensboro, NC, Ganapathy et al 1981 

Dunedin, Stewart et al 1978, Thompson 1973 
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Table 81. Regional values for the concentration of Zinc in whole blood (mg/L) 

Region/Country 

AFRICA 

ASIA 

Bangladesh 

India 

Japan 

MIDDLE EAST 

Iran 

EURO FE 

Bulgaria 

Finland 

Sweden 

U.K. 

NORTH AMERICA 

Canada 

U.S.A. 

Sex 

M+F 

F 

M 
F 

M 
F 

M 
F 

M+F 

M+F 

M+F 

M+F 
M+F 

F 
F 

M+F 

M+F 

F 
M 

M 

n 

99 

23 

45 
46 

135 
211 
138 
112 

29 

22 

47 

lo 
7o 
So 
12 

169 

61 

187 
2o5 
413 

FIXE 

NAA 

NAA 
NAA 
NAA 
NAA 
AAS 
AAS 

FIXE 

NAA 

NAA 

NAA 
NAA 
AAS 
NAA 
XRF 

AAS/NAA 

AAS 

AAS 
AAS 

a) b) . 
standard error geometric mean 

6.sb 
7.3 
8.6 

4.4 + o.96 

4.9 + 1.6 

6.2 + o.7 
5.8 + o.7 
6.1 + 1.o 
5.o + 1.3 
8.5 + o.la 
8.2 + o.la 

6.4 + 1.2 

6.6 + o.41 

(Range l Remarks and Ref erence 

(3.o-6.3) Decca, Khan et al 1980 

(2.7-9.2) Bombay, Dang and Somasundaram 1983 

(4.2-7.2) Urban, Satoh et al 1978 
(4.3-8.o) 

Urban, Usagi~moto et al 1980 

(6.2-11.4) Hokkaido region, Saito et al 1979 
(4.3-18.4) 

(4. 9-7 .5) Teheran, Aframian 1983 

Sofia, Damianova 1983 

6.3 + o.89 (4.2-8.7) 

6 (4.o-8.o) 
6.7 + o.93 

Urban, Tummavuori and Firinen 1983 

Studsvik, Brune et al 1962 
Stockholm, Flantin and Strandberg 1967 
Lund area, Abdulla et al 1982 
Stoqkholm, Flantin a~d Mauering 198Q 
National survey, ttamilton et al 197~ 

5.9 + o.66 (4.o-7.6) 
6
6

,.6 + l.12a 
. 7 + o.o5 

6.2 - 6.6 (2.o-lo.3) Halifax, range of means, Ward et al 1979 

From 8 states, Creason et al 1976 
Chicago, white population, military men, Creason 1976 
Country, Illinois area, 

N 
w 
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Region/Country 

AFRICA 

Nigeria 

Uganda 

ASIA 

India 

Japan 

MIDDLE EAST 

Israel 

Turkey 

EURO PE 

Belgium 

France 

Germany FR 

Greece 

Holland 

Ireland 

Norway 

Sweden 

U.K. 

a)standard error 

Table 82. Regional values for the concentration of Zinc in blood serum \mg/LJ 

Sex n 

M+F 37 
M+F 7o 
M+F 127 

M+F 155 

M+F 
F 
F 

M+F 

M+F 

54 
67 
24 
25 

48 

M+F loo 

M+F 126 

M+F 
M+F 

M+F 

46 
7o 

46 

M+F 25 
M+F 643 

M+F 35 

M+F 4o 

M+F 9o 

M+F 281 

F So 

M+F 132 

Meth· Median Mean + SD (Range) Remarks and Reference 

AAS 
AAS 
AAS 

AAS 

NAA 
AAS 
AAS 
NAA 

AAS 

AAS 

AAS 

NAA 
AAS 

AAS 

NAA 
AAS 

XRF 

NAA 

AAS 

NAA 

AAS 

AAS 

1.o9 + o.12 
1.o4+o.12 
1.o5 

o.86 + o.17 

1.1o + o.25 
1.2o T o.o4a 
o.71 + o.11 
1.13+o.28 

o.93 + o.15 

(o.8o-1.3o) 
(o. 7o-1.3o) 

(o.49-1.46) 

(o. 70-1. 7o) 

(o.53-1. lo) 
(o.69-1.91) 

(o. 77-1.18) 

Ibadan, Olatunbosun et al 1976 
Ibadan, Akindale et al 1976 
Zaria, non-elite population, Kapu et al 1977 

Kampala, Bimenya et al 1980 

Bombay, Dang and Somasundaram 1983 
Hyderabad, Rajalakshmi et al 1980 
urban, plasma, Ishihara 1983 
Tokyo, Nakahara et al 1979 

Haifa, Lightman et al 1983 

o.97 - 1.14(range of means) Specially chosen healthy adults from several parts 
of Turkey, Yüregir and Donma 1983, Arl et al 1977 

o.51 - o.58 (o.27-o.85) Population groups from different parts of Turkey, 
(range of means) Yüregir and Donma 1983 

o.94 + o.13 
o.91 + o.15 

o.84 + o.1oa 

o.88 + o.o7 
o.85+o.15 

1.oo + o.12 

o.93 + o.2o 

(o.69-1.21) 
(o.54-1.31) 

(o.54-1.lo) 

(o.69-1.30) 

(o.65-1.52) 

Ghent area, Versieck et al 1974, 1977, 1978 
Brussels area, Roels et al 1981 

Strasburg, Schechter et al 1977 

Berlin, Behne and Jürgenson 1978 
Ulm area, Seeling et al 1982 

Athens, Paradellis 1983 

Petten area, Das and Woetticz 1983 

o.85 - o.91(range of means) Belfast, McMaster and Erwin 1983 

o. 84 - o.14 

o.85 + o.14 

1.ll+o.19 

(o.5o-1.4o) 

(o. 7o-1.1o) 

Oslo, Blekstad et al 1983 

Lund area, Abdulla et al 1982 

Glasgow area, Fell et al 1971 

TABLE 82. Z l NC IN BLOOD SERUM 
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Table 82. ( contd) 

Region/Country 

NORTH AMERICA 

Canada 

U.S.A. 

CENTRAL AMERICA 

Guatemala 
Panama 

Sex 

F 

r.1+F 

M+F 
M 
M 

M+F 
M+F 
M+F 
M+F 

F 

M 

F 

AUSTRALIA & NEW ZEALAND 

Australia 

New Zealand 

M+F 
F 

M+F 

F 

M 

M+F 

n 

47 
114 

7o 
99 

2o4 
37 
76 
80 

135 
54 

58 
118 
172 

25 
42 

350 

57 
91 
66 

Regional values for the concentration of Zinc in blood serum (mg/L) 

Meth. Median Mean + SD (Range) Remarks and Ref erence 

AAS 
AAS 

AAS 
AAS 
AAS 
AAS 
AAS 
NAA 
AAS 
AAS 

AAS 
AAS 
AAS 

AAS 
NAA 
AAS 

AAS 
AAS 
AAS 

o.99 + o.24 
o.7o + o.32 (o.34-1.12) 

1.13 + o.13 
1.o2 + o.17 (o.68-1.36) 
o.96 + o.2o 
o.97 + o.13 
o.88+o.14 
o.75 + o.2o 
o.93 + o.15 
o.88 

o.74 +o.12 
o.95 
o.76 

o.86 + o.14 
o.9 - (o.5-2.40) 

L.. o. 71 

Waterloo area, vegetarians, Anderson et al 1981 
Calgary area, Chooi et al 1976 

Detroit area, Prasad 1982 
Fredrick, military recruits, Pekarek et al 1972 
Oklahama, Lindeman et al 1977 
Omaha, Sullivan et al 1977 
Dallas, Reinmold and Besch 1978 
San Diego, Campero et al 1967 
Florida, elderly black, Wagner et al 1980 
Oklahama, Lindeman et al 1982 

Guatemala city, fasting subjects, Solomons et al 1979 
Panama, plasma, Kleevay 1972 

Adelide, Baghurst et al 1981 
Geelong, plasma, Cumming 1983 
N.W. Australian aboriginal settlements, hypozincaemia 
Cheek et al 1981 

1.2o ±_ o.21 (o.57-1.88) Dunedin, Mckenzie et al 1979 
o.84 + o.11 (o.56-1.60) 
o.97 + o.13 Tokelau islanders, coconut as staple food, 

McKenzie et al 1979 

N 
lJl 
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Region/Country 

AFRICA 

ASIA 

Japan 

EURO PE 

Belgium 

Germany FR 

U.K. 

NORTH AMERICA 

U.S.A. 

CENTRAL AMERICA 

Panama 

a) 
mg/L 

Table 83. 

Sex n 

F 24 

M+F 46 

M+F 17 

M+F 31 

M+F 7o 
M+F 258 
M+F 15 

M 145 
F 162 

Regional values for the concentration of Zinc in erythrocytes (mg/kg) 

Meth· Median Mean + so (Range) Remarks and Reference - ··---

AAS 13.2 + 4.4 (5.7-22.7) Urban, Ishihara 1983 

NAA 11.1 + 1.5a (7 .3-17 .o) Ghent area, Versieck et al 1974, 1977, 1978 

NAA lo. 6 + 1. 7 (8. 3-13. o) Berlin,Behne & Wolters 1983 

AAS 13.o + 2.3 Glasgow, Fell et al 1971 

~ 

N 
AAS 11.5 + 1.2 Detroit, Prasad 1982 O"\ 

AAS 16 Oklahama, Lindeman et al 1982 
NAA 11.5 + o.5 San Diego, Campero et al 1967 

AAS 9.7 + 2.45 Panama, Kleevay 1972 
AAS 9.8 + 2.46 

TABLE 83· ZINC IN ERYTHROCYTES 



Region/Country 

AFRICA 

Nigeria 

Zaire 

ASIA 

India 

Japan 

Philippines 

USSR 

MIDDLE EAST 

Turkey 

EURO PE 

Finland 

Germany 

Greece 

Hungary 

Italy 

Sweden 

Yugoslavia 

a)standard error 

Table 84. 

Sex n 

18 

69 

24 
67 

45 

65 

23 

13 
lo 

229 

67 
22 

15 

71 

130 

32 

7 

Regional values for the concentration of Zinc in milk (mg/L) 

Meth· Median Mean + SD (Range) Remarks and Reference 

NAA 

NAA 

NAA 

AAS 

AAS 

NAA 

SAS 

AAS 
AAS 

AAS 

NAA 
AAS 

NAA 

NAA 

NAA 

NAA 

NAA 

1.68 

1.9 

2.o 

1.2 

o.7 

1.77+o.82 (o. 74-3.5) 

2.oo + o.75 (o .63-3. 9) 

Ibadan, urban elite, urban poor & rural mothers, 
Iyengar 1984, Parr 1984 

Lwiro, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

l.80 + 0.60 (1.2-3.2) Bombay, Dang et al 1982 
Hyderabad, Rajalakshmi et al 1980 

- a 
1. 7o + o.12 

1.14 + o.67 

2.12 + o.95 

1.23 

o.84 + o.78 
o.75 + o.67 

4.oo + o.44 

1.68 
1. 7o + o.38 

1.5 

1.06 + o. 57 

(o. 56-2 .o) 

(o.1-2.7) 
(o.1-1.9) 

(o.2-6.o) 

(o.4-4.7) 

(1.4-1. 7) 

Kumamoto area, Higashi et al 1982 

Manila, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 
Moscow, Rechetkina 1969 

Istanbul, Saner 1983 

Helsinki, Vuorie and Kuitunen 1979 

Düsseldorf, Lombeck 1983 
Dortmund, Stolley et al 1981 

Athens, Grimanis et al 1978 

(o.28-2.7) Budapest, urban elite, urban poor and rural mothers, 
Iyengar 1984, Parr 1984 

a 
3.oo + o.2o (o.4o-9.8) Rome, Clemente et al 1983 

o.78 + o.43 

1. 35 + 1.oo 

(o.26-2.o) Uppsala, urban population, Iyeng·ar 1984, Parr 1984 

(o.3-2.8) Ljubljana, Byrne and Kosta 1982, 1983 

N 
'1 
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Table 84. (contd) Regional values for the concentration of Zinc in milk (mg/L) 

Region/Country Sex n Meth· Median Mean + SD (Range) Remarks and Reference 
~ .~ ·~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

NORTH AMERICA 

USA So AAS 1.59 ±_ o.84 Urban, daill samples, Picciano and Guthrie 1976 
5o AAS 1.58 + o.81 " week y II II lt II II 

5o AAS 1.68 + 0. 78 " random 
22 AAS 1.34 + o.94 " " " Murthy and Rhea 1971 
28 AAS 1.60 " 1-3 months pp, Vaughan et al 1977 

CENTRAL AMERICA 

Chile 11 NAA 7.20 + 4.34 Santiago, Toro 1983 
-

Guatemala 84 NAA 2.6 3.3o + 2.4o Guatemala city, urban elite, urban poor and rural 
-

mothers, Iyengar 1!984 , Parr 1984 

AUSTRALIA & NEW ZEALAND 
N 

Australia 38 NAA 1.6o + o.54 
-

(Lci-3.o) Geelong, Cumming et al 1983 CO 

New Zealand 25 NAA 3.2 Dunedin, Casey 1977 

T ABLE 84. ZI NC IN MILK (contd. l 



Table 85. Regional values for the concentration of Zinc in liver (mg/kg) 

Region/Country 

AFRICA 

ASIA 

India 

Japan 

EWOPE 
Bulgaria 
Belgium 
Finland 
Italy 

Norway 

Sweden 

U.K. 

NORTH AMERICA 

Canada 

U.S.A. 

Sex 

M+F 

M+F 
M+F 

M+F 

M+F 

M+F 

AUSTRALIA & NEW ZEALAND 

New Zealand 

a)geometric mean 

n 

16 

15 
64 

3o 
5 

2o 
4 

31 

292 
15 

9 
24 

44 

2o 
36 

72 

Meth- Median Mean + SO (Range) 

NAA 

AAS 
AAS 46-63a 

NAA 
NAA 
AAS 
NAA 

AAS 

AAS 
NAA 

XRF 
NAA 

ICP-AES 

AAS 
NAA/AAS 

AAS 

66 

44. 5 + 13. 1 (31.4-75) 
-

48.o + 16.o (21.o-72) 
(ranges of GM values) 

63.6 + 26.5 
56.3 -
56.3 + 19 
32.3 'F 4 

-
7o.o + 28 

45.3 + 14 
57.3 + 19 

-

57.o + 7.3 
-

48 

67 + 6.o 
53 + 13 

64 + 36 

(51-63) 

(27-63) 

(31-140) 

(29-188) 

(28-96) 

(14-208) 

Remarks and Reference 

Bombay, Dang et al 1978 

Urban, Kitamura et al 1978 
Shinjuku-ku area, 2o-7o years subjects, 
Tsuchiya and Iwao 1978 

Vratsa city, Damyanova, 1983 
Ghent area, Lievens et a 1977 
Vuori et al 1978 
Rome, Ingrao 1983 

Urban, Norheim and Aaseth 1980 

Stockholm, Elinder et al 1977 
Stockholm, Plantin 1978 

Urban, Hamilton 1979, Hamilton et al 1972 
Glasgow area, Lenihan 1967 

Ottawa,. SUbramanian 1983 

Omaha, Blotcky et al 1979 
Baltimore, Mineapolis & Seatle, Zeisler et al 1984 

Dunedin, Casey et al 1983, McKenzie et al 1974 

TABLE 85. ZINC IN LIVER 
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Table 86. Regional values for the concentration of Zinc in hair (mg/kg) 

Region/Country Sex n Meth· Median Mean + SD (Range) Remarks and Reference -

AFRICA 

Botswana F 12 AAS 220 + 57 Bushmen population, Baumschlag and Petering 1976 
-

Kenya F 31 NAA 145 + 18 (130-174 Machakos district, Agricultural area, Othman and 
-

Spyrou 1980 
M 4o NAA 126 + 39 (88-201) 

-

Nigeria 8 AAS 150 + 67 (75-286) Urban, Olatunbosun et al 1976 
-

S. Africa F 37 AAS 135 + 68 Bantu women, Baumschlag and retering 1976 

Zambia F 125 AAS 2o5 + 93 Lusaka, Briggs et al 1972 
M 97 AAS 184 + 16 II " " 

ASIA 

Bangladesh M+F lo2 PIXE 141 + 34 
-

(76-227) Decca, Khan et al 1980 

India M+F 237 NAA 138 138 + 44 (62-430) 
- All over India, Arunachalam et al 1978 

w 
Japan M+F 106 AAS 140 + 7o Different locations in Japan, Sakura 1980 0 

-M 60 NAA 163 (81-734 Urban, Imahori et al 1979 
F 60 NAA 191 (63-915) 

263 17o-2oo 
a 

(range of GM values) Omahori et al 1981 M+F NAA 
F 91 AAS 153 + 23 Urban, Matsuzawa et al 1977 
M 95 AAS 2o3 + 66 -

Pakistan M+F lo5 NAA 255 + 76.5 (128-480) Islamabad, Qureshi et al 1982 

MIDDLE EAST 

Egypt M+F 65 NAA 150 + 25 (12o-2oo) All over the country, Kasperek et al 1982 -
Iran 11 PIXE 165 + 2o Teheran, Aframian et al 1980 -M+F 39 AAS 126 Villagers, Reinhold et al 1966 

M+F 36 AAS 220 Urban controls, " " " 
Iraq M+F 242 NAA 180 + 7o (26-460) Mixed population of adults, Al-Shahristani et al -

1978 
Turkey 11 AAS 124 + 38 (78-182) Istanbul, Saner 1983 

a) geometric mean 
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Table 86. (contd) Regional values for the concentration of Zinc in hair (rng/kg) 

Region/Country Sex n Meth- Median Mean + SO (Range) Rernarks and Reference 

EUROPE 

Austria 

Bulgaria 

Czechoslovakia 

Finland 

Gerrnany (FR) 

Gerrnany (DR) 

Ireland 

Italy 

Poland 

U.K. 

NORTH AMERICA 

Canada 

U.S.A. 

M+F 

M+F 

F 

M+F 
M+F 
M+F 

F 

M+F 

M+F 

2ol 

22 

29 
S3 

2o 

26 

S7 

41 

49 

60 

29 

S2 

76 
4S 
61 

So 
2o 
18 
88 
44 

13S 

NAA 

NAA 

NAA 
NAA 

AAS 

NAA 

NAA 

AAS 

NAA 

NAA 

NAA 

NAA 

PAA 
PAA 
NAA 

AAS 
AAS 
AES 

AAS 
AAS 

AAS 

a) . b) 
geornetric rnean, standard error 

142 

1S7 

320 

17oa 

18S 
190 
180 

250 + 21 

138 + 35 
185 + 61 

199 + 64 

200 + So 

148 + 42 

187 + 3o 

187 + 44 

136 + 44 
190 + 17 
176 + 3b 
180 + 4b 
174 + 13 

142 + 77 

.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

(47-273) 

(72-241) 
(93-.Do3) 

Viennese population, Lanzel 1980 

Vrasta city, Darnyanova 1983 

Prague, Kucera 1983 
Rez/Prague, Obrusnik 1979, 1980 

Helsinki, Vuori et al 1975 

Urban, Kasperek et al 1971 

(48-322) Dresden, Wiesener et al 1978 

(128-300) Belfast, McMaster and Erwin 1983 

(2 - 824) Rorne, Clernente et al 1978 

(71- 622) Warsaw, Dybczenski 197S, 1976, 1983 

(92- 255) Glasgow, Dale 1983 

(4o- 450) 
(53- S7o) 

Guelph, vegetarians, Anderson et al 1981 

Rural, Nova Scotia, Chatt et al 1977 
Urban, II n " " II 

Halifax, Holzbecher and Ryan 1982 

Cincinnati, Baumschlag and Petering 1976 
Detroit, Prasad 1982 
Denver, Harnbidge et al 1974 

Lefayette, elderly subjects, Greger and Sciscoe 
1977 
Florida, black elderly subjects, Wagner et al 
1980 

w 
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Table 86. 

Region/Country Sex 

CENTRAL AMERICA 

Chile 

Panama M 
F 

AUSTRALIA & NEW ZEALAND 

Australia M 

F 

New Zealand M+F 

~-1 

F 

(contd) Regional values for the concentration of Zinc in hair (mg/kg) 

n Meth- Median Mean + SD -

4o NAA 190 + 61 
-

64 AAS 142 + 43 
7o AAS 167 + 129 

56 AAS 172 + 88 
7o AAS 187 + 86 

-

llo AAS 188 + 24 -
32 AAS 250 + 96 
34 AAS 155 + 61 -

(Range) 

(43-403) 

(77-296) 
(59-358) 

( 138-227) 

Remarks and Reference 

Santiego, Toro 1983 

Panama, Kleevay 1970, 1973 

Brisbane, Reilly 1981 

Dunedin, McKenzie 1979 

Tokelau islanders, McKenzie et al 1974, 

and Casey et al 1983 

1979 

w 
N 
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Region/Country 

AFRICA 

ASIA 

Japan 

MIDDLE EAST 

Turkey 

EURO PE 

Belgium 

Italy 

NORTH AMERICA 

U.S.A. 

Tahle 87. 

Sex 

M+F 

M 

F 
M+F 

M+F 

n 

1o3 

21 
lo 
12 

3 

47 

4o 

AUSTRALIA & NEW ZEALAND 

New Zealand M+F 110 

Regional values for the concentration of Zinc in urine (;ug/L) 

M2th. 

AAS 

AAS 
AAS 
AAS 

NAA 

NAA 

AAS 

.Median 

' 

M2an + SD 

361 + 228 

524 + 185 
395 + 106 
599 + 325 

430 + 400 

467 + 249 

(Range) Remarks and Ref erence 

Akita, Ishikawa & Nagasaki area, Iwao et al 1981 

300 - 600 Özgunen et al 1977 
250 - 850 
229 -1272 Istanbul, Saner et al 1983 

85 - 750 Ghent, Cornelis et al 1975, 
1

ug/24 hozrs 

(1 - 3000 Rome. Cigna Rossi et al 1978, Clemente et al 1978 

150 - 1300 Cleveland, Ohio, Sharnberger 1983 

1o7 - 2210 Dunedin, McKenzie et al 1979, 
1

ug/24 hours 

TABLE 87. ZINC IN URINE 

w 
w 
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