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Abstract 

At the request of the IAEA, the authors have performed an assessment of the analytical quality 
and the interpretation of the trace element data obtained within the framework of the IAEA Co-ordinated 
Research Programme (CRP) on The Significance of Hair Mineral Analysis as a Means of Assessing Internal 
Body Burdens of Environmental Pollutants. 

In this CRP seven research groups from various countries participated, using different analytical 
procedures, based on NAA, XRF and AAS. Data have been collected for Zn, Cu, Pb, Cd, As, Hg, and Se 
in male human hair, liver, kidney, lung, brain, and bone. The samples analyzad originated from China, 
Hungary, Bulgaria, Japan, the former GDR, Sweden and Norway. 

The analytical quality of the data has been assessed on basis of the calculated ' mits of 
quantitation per trace element determined, per tissue analyzed and per participant, as well as from the 
trace element values found for reference materials and "blind" materials. The analytical quality of the data 
differs widely, from generally good to reasonable (Zn, Cu, and Se) to generally inadequate to strongly 
inadequate (Pb, Cd, As, and Hg). 

No conclusive answers can be given as to the effect of geography since the parameter country 
is strongly associated with systematic errors between the various laboratories. The effect of personal 
parameters, i.e. sex, weight in combination with length, age, hair colour, cause of death, smoking 
behaviour, degree of urbanization and industrialization of the residence, time delay between death and 
autopsy, and use of refrigeration of the corpse after death, has also been assessed. Generally, no 
significant correlations of the personal parameters with trace element levels in hair were found. 

For the elements Zn, Cu, Pb and Cd no consistent correlations have been observed between the 
levels in hair and those in any of the tissues analyzed, including bone (target organ for lead) and kidney 
(target organ for cadmium). For 'joth As and Hg a consistent but weak correlation is found between levels 
in hair and those in liver or kidney and also between the levels in various tissue pairs. Se in hair is 
positively correlated with the selenium level in liver (r = 0.71 for the pooled data), kidney, lung, and 
spleen. 
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1. INTRODUCTION 

During the past decades, the determination of trace element levels in hair has been 
a subject of continual interest in biomedical and environmental sciences. The significance 
of such measurements as indices for assessing nutritional status, diagnosing diseases, 
identifying systemic intoxication, and/or monitoring environmental exposure remains, 
however, the object of much controversy. On one hand, hair can be considered to be an 
excretory product, the trace element contents of which reflect mineral metabolism in the 
body. On the other hand, the origin of the trace elements in hair may be endogenous 
and/or exogenous, and therefore, their concentrations bear little relation to the levels in 
other tissues. While several laboratories have reported firm correlations between the levels 
of some trace elements in hair and specific environmental or physiological conditions, the 
lack of standard procedures in hair sampling, hair sample treatment, and trace element 
analytical techniques as well the uncertainties about mechanisms by which the trace 
elements are incorporated into the hair have precluded generally accepting, in principle, the 
utility of such analyses [1]. 

In particular, scarce information is available whether trace element levels in hair 
reflect actual stores of the corresponding elements in various tissues in the human body. 
In the frame of an IAEA CRP on trace elements in relation to cardiovascular diseases, 
Aalbers and De Goeij [2] measured the trace elements magnesium, manganese, iron, 
copper, zinc, cadmium, and lead in hair and in one or more tissues, e.g. liver, kidney 
cortex, aorta, bone, and heart. They did not find any substantial positive correlation 
between hair and tissue levels. However, trace element levels found in hair and in tissues 
were generally low, and it might be that only at elevated levels (e.g. due to substantial 
environmental exposure) a more pronounced correlation may show up. Moreover, the data 
obtained in the study of Aalbers and De Goeij originated from only one country, so that no 
information was obtained for possible geographical differences. Last, but not least, a 
number of trace elements, which are likely to display a correlation between hair levels and 
tissue levels, such as arsenic, mercury, and selenium, had not been included in the study. 

The IAEA started late 1983 a CRP on the significance of hair mineral analysis as a 
means for assessing internal body burdens of environmental pollutants. This CRP aimed 
at promoting a variety of studies to in 'estigate the quantitative relationships between 
internal body burdens of a number of elements of environmental health significance and 
their respective concentrations in hair. The CRP on hair mineral analysis consists of two 
main parts, viz a part dealing with trace element determinations in hair and tissues from 
human autopsies and another part dealing with animal studies involving trace element 
determinations and radiotracer studies. This report deals with the first part of the CRP 
only, and focuses on the analytical quality assessment and interpretation of the results. 
Both tasks have been performed by the authors on request of the IAEA. However, it should 
be stressed, that the authors are in no way responsible for the design, setup, performance, 
control and/or results of this CRP. 
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Because of the environmental importance and their characteristics for potential 
health hazard, the elements of primary interest chosen by the IAEA for the CRP are 
arsenic, cadmium, lead, and mercury. However, participants in the CRP also have been 
encouraged to report on essential trace elements, particularly those known to interact with 
the toxic elements of interest. This is e.g. the case for copper, selenium, and zinc. 
Participants were also encouraged to analyze more trace elements, and some data for a 
variety of other elements have been received, e.g. for chromium, manganese, cobalt, gold, 
antimony, magnesium, calcium, and rubidium. 

In addition to hair, the following five autopsy tissues were considered by the IAEA 
as of importance for correlation with hair: liver, kidney, lung, brain, bone, and blood. Some 
participants also supplied data for trace element levels in spleen and heart. However, in 
this report only the data for hair, liver, kidney, lung, and brain will be treated in detail, 
although some results for spleen and heart will be mentioned. For blood no data at all have 
been supplied. 

The analytical procedures of primary interest for this CRP are based on nuclear 
techniques, such as NAA (neutron activation analysis, instrumental as well as 
radiochemical), XRF (X ray fluorescence), and PIXE (particle induced X ray emission). For 
the acquisition of additional information (particularly for lead) participants have been asked 
to use non-nuclear techniques also, such as A AS (atomic emission spectrometry). 

Participants were further encouraged to pay adequate attention to analytical quality 
control procedures in the analyses and to the analytical quality of their trace element data. 
Main tools for this purpose are the establishment of the limit of quantitation under the 
given circumstances for the element and matrix involved in each analytical determination, 
as well as trace element analysis of standard reference materials and "blind" samples. The 
information on the limits of quantitation as well as the information on the trace element 
levels measured in the reference materials and the blind materials will be used in this report 
to judge the overall analytical quality of the data received. 

To assess possible effects due to personal factors, information was asked for each 
autopsy case on various parameters, viz. country of the residence, age, weight, length, 
hair colour, cause of death, smoking habits, degree of urbanization e.g. industrialization of 
the residence, delay between moment of death and moment of autopsy, and whether in 
this period refrigeration of the corpse has been applied or not. It was agreed within the 
CRP that only males should be taken for trace element analysis, mainly since males are 
more likely to be exposed occupational^ to trace elements, while they do not suffer from 
possible changes in trace element metabolism due to pregnancy or use of contraceptives. 

In the first part of the CRP investigators from Hungary, China, Bulgaria, Japan, and 
Norway took part. Data from these participants will be treated in this report. By the IAEA 
additional and comparable data have been supplied, originating from GDR and Sweden. The 
trace element data for the Swedish samples have been determined in the IAEA Seibersdorf 
laboratories and have already been published [3], The data from GDR and Sweden will a''iO 
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be treated in this report. For the sake of convenience, the investigators of the latter two 
countries will be designated in this report as participants also. 

2. DATA FILES 

All trace element data and personal data provided by the participants for the 
autopsy samples were fed to a data file. Trace element levels submitted on wet weight 
basis only were converted to values on dry weight basis, using either the moisture 
contents specified by the participants or the average dry weight to wet weight ratio, taken 
from Iyengar et al. [4] . Copies of the listings of the data file were sent via the IAEA to the 
participants for correction and/or further completion. No answers to these copies have 
been received from GDR and Sweden. The final trace element levels and other personal 
data are given in Table I (Bulgaria), Table II (China), Table III (German Democratic 
Republic), Table IV (Hungary), Table V (Japan), Table VI (Norway) and Table VII (Sweden) 
in Part IV of this document. The figures referred to in Section 5 of the text are shown in 
Part V of this document and are presented for each element, in the same order as in the 
text, by tissue (A:liver, B:kidney, C.lung, D:brain, E:bone, F:heart, G:spleen). 

A survey of the numbers of available data pairs for each of the seven elements of 
interest in hair versus six tissues of interest are given in Table I (zinc). Table II (copper). 
Table III (lead). Table IV (cadmium). Table V (arsenic). Table VI (mercury) and Table VII 
(selenium). The numbers are grouped according to participant as well as to analytical 
technique. In addition to hair and five tissues of interest, also the correspond ng 
information for two additional tissues is listed. 

As may be seen, the data sets are not complete, since not all participants provided 
data for the seven elements of interest, viz. zinc, copper, lead, cadmium, arsenic, mercury, 
and selenium. In particular, data on lead and cadmium were lacking. Also the data for hair 
and the six tissues of interest, viz. liver, kidney, lung, brain, bone, and blood, are not 
complete. Only two participants listed data for bone, while for blood no data at all were 
reported. 

Moreover, the required minimum number of 20 autopsy cases per participant has 
been met by three participants only, who reported for a number of cases ranging from 22 
to 50, while the other four participants reported for a number of cases ranging from 4 to 
17 cases. One participant (Hungary) using XRF reported for 50 autopsies, five participants 
(China, Bulgaria, Japan, GDR and Sweden) using NAA reported together for 78 autopsies 
and one participant using AAS reported for 12 autopsies. 
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TABLE I. SURVEY OF PERSONS FOR WHICH DATA ARE AVAILABLE ON 
ZINC IN HAIR VERSUS ZINC IN OTHER TISSUES. SUBDIVIDED PER PARTICIPANT 
AND PER ANALYTICAL TECHNIQUE USED 

partici hair hair hair hair hair hair hair 
pant and versus versus versus versus versus versus versus 
technique liver kidney lung twain bone heart spleen 

CHI 24 24 24 . 
HUN 50 49 43 44 10 18 12 
BUI- 22 22 - - - 22 22 
JAP 17 17 - - - - -
GDR 4 4 4 - - - -
SWE 11 11 - - - - -
NOR 12 12 12 10 12 - -

NAA 78 78 28 . _ 22 22 
XRF 50 49 43 44 10 18 12 
AAS 12 12 12 10 12 • -

all 140 139 83 54 22 40 34 

TABLE II. SURVEY OF PERSONS FOR WHICH DATA ARE AVAILABLE ON 
COPPER IN HAIR VERSUS COPPER IN OTHER TISSUES, SUBDIVIDED PER 
PARTICIPANT AND PER ANALYTICAL TECHNIQUE USED. 

partici hair hair hair hair hair hair hair 
pant and versus versus versus versus versus versus versus 
technique liver kidney lung brain bone heart spleen 

CHI 24 24 24 . m m „ 

HUN 50 46 42 43 4 16 12 
BUL 22 22 - - - 22 22 
JAP 15 12 - - - - -
GDR <i 4 4 - - - -
SWE • - - - - - -
NOR 12 12 12 10 12 - -

NAA 65 62 28 _ . 22 22 
XRF 50 46 42 43 4 16 12 
AAS 12 12 12 10 12 - -

all 127 120 82 53 16 38 34 



TABLE III. SURVEY OF PERSONS FOR WHICH DATA ARE AVAILABLE ON 
LEAD IN HAIR VERSUS LEAD IN OTHER TISSUES, SUBDIVIDED PER 
PARTICIPANT AND PER ANALYTICAL TECHNIQUE USED. 

partici hair hair hair hair hair hair hair 
pant and versus versus versus versus versus versus versus 
technique liver kidney lung brain bone heart spleen 

CHI 3 . 3 _ . . 
HUN 28 26 24 20 7 11 11 
BUL - - - - - - -
JAP - - - - - - -
GDR - - - - - - -
SWE - - - - - - -
NOR 12 12 - - 12 - -

NAA . . . . . . . 
XRF 28 26 24 20 7 11 11 
AAS 15 12 3 - 12 - -

all 43 38 27 20 19 11 11 

TABLE IV. SURVEY OF PERSONS FOR WHICH DATA ARE AVAILABLE ON 
CADMIUM IN HAIR VERSUS CADMIUM IN OTHER TISSUES, SUBDIVIDED 
PER PARTICIPANT AND PER ANALYTICAL TECHNIQUE USED. 

partici hair hair hair hair hair hair hair 
pant and versus versus versus versus versus versus versus 
technique liver kidney lung brain bone heart spleen 

CHI 24 24 24 „ . _ m 

HUN 44 48 32 35 1 12 8 
BUL 22 22 - - - 24 22 
JAP 12 12 - - - - -
GDR - - - - - - -
SWE - - - - - - -
NOR 12 12 12 7 12 - -

NAA 58 58 24 - . 22 22 
XRF 44 48 32 35 1 12 8 
AAS 12 12 12 7 12 - -

all 114 118 68 42 13 34 30 
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TABLE V. SURVEY OF PERSONS FOR WHICH DATA ARE AVAILABLE ON 
ARSENIC IN HAIR VERSUS ARSENIC IN OTHER TISSUES, SUBDIVIDED 
PER PARTICIPANT AND PER ANALYTICAL TECHNIQUE USED. 

partici hair hair hair hair hair hair hair 
pant and versus versus versus versus versus versus versus 
technique liver kidney lung brain bone heart spleen 

CHI 24 24 24 . . 
HUN 13 16 14 10 5 1 3 
BUL 22 22 - - - 22 22 
JAP 16 10 - - - - -
GDR - - - - - - -
SWE - - - - - - -
NOR - - - - - - -

NAA 62 56 24 . . 22 22 
XRF 13 16 14 10 5 1 3 
AAS - - - - - - -

all 75 72 38 10 5 23 25 

TABLE VI. SURVEY OF PERSONS FOR WHICH DATA ARE AVAILABLE ON 
MERCURY IN HAIR VERSUS MERCURY IN OTHER TISSUES, SUBDIVIDED 
PER PARTICIPANT AND PER ANALYTICAL TECHNIQUE USED. 

partici hair hair hair hair hair hair hair 
pant and versus versus versus versus versus versus versus 
technique liver kidney lung brain bone heart spleen 

CHI 24 24 24 -
HUN 17 18 15 13 1 10 6 
BUL 20 20 - 20 20 
JAP 17 17 -
GDR . . . . . . . 
SWE 11 11 -
NOR . . . . . . . 

NAA 72 72 24 20 22 
XRF 17 18 15 13 1 10 12 
AAS . . . . . . . 

all 89 90 39 13 1 30 34 



TABLE VII. SURVEY OF PERSONS FOR WHICH DATA ARE AVAILABLE ON 
SELENIUM IN HAIR VERSUS SELENIUM IN OTHER TISSUES, SUBDIVIDED 
PER PARTICIPANT AND PER ANALYTICAL TECHNIQUE USED. 

partici hair hair hair hair hair hair hair 
pant and versus versus versus versus versus versus versus 
technique liver kidney lung brain bone heart spleen 

CHI 24 24 24 _ . . 
HUN 180 23 17 9 1 11 12 
BUL 21 21 - - - 21 21 
JAP 17 17 - - - - -
GDR - - - - - - -
SWE 11 11 - - - - -
NOR - - - - - - -

NAA 73 73 24 . - 21 21 
XRF 18 23 17 9 1 11 12 
AAS - - - - - - -

all 91 96 41 9 1 32 33 
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3. ANALYTICAL QUALITY ASSESSMENT OF THE TRACE ELEMENT DATA 

3.1 . GENERAL 

For the assessment of the AQ (analytical quality) of the data for the seven elements 
of interest in hair and the five tissues of interest four methods have been used. 

First, the trace element values received have been compared with the LOQs (limits 
of quantitation), as specified by the participants in their forms. However, from the forms 
it is mostly not clear whether the LOQs specified refer to a dry weight basis or a wet 
weight basis. According to the IAEA protocol LOQs should be listed as on wet weight 
basis and thus LOQs are interpreted accordingly, unless indicated otherwise in the forms. 
It should be noted that in data sets for particular elements, tissues and/or participants, 
sometimes considerable changes occur in the LOQs, indicating an alteration in the 
analytical procedure. This change is often, but not always, towards an improved LOQ. 
These changes may be as large as by a factor of 1000, for instance in the LOQs for copper 
for the Chinese autopsy samples. The LOQs as specified by the participants were not 
included in the data file and are not listed in tables. 

For the assessment of the AQ a RLOQ (relative limit of quantitation) is defined as 
the ratio of the LOQ and the actual trace element level measured. The following AQ 
classifications of RLOQs are used: RLOQs up to 30% are considered as good, RLOQs 
between 30% and 90% as reasonable, and RLOQs above 9 0 % as inadequate. 

Second, the results obtained for the "blind" materials supplied by the IAEA have 
been compared with the best values. Not all participants provided data for the seven 
elements of interest neither for the entire set of materials. For bone no blind material has 
been made available by the IAEA. It should be noted that the materials can only be 
indicative for the AQ of the trace element values submitted, if samples of the blind 
materials have been distributed over the entire range of autopsy samples analyzed. For 
most participants this was apparently not the case. 

The participants were checked twice with "blind materials". At the start of the CRP 
three blind materials were distributed, coded as Tissue A, Tissue B and hair. These 
materials were IAEA H-8 Horse Kidney, NBS SRM-1577 Bovine Liver and NIES CRM-5 Hair 
respectively. For most elements of interest in these three materials certified values are 
available. 

During the course of CRP a second set of three blind materials has been distributed, 
coded as Blind Material 1, Blind Material 2 and Blind Material 3. These materials were IAEA 
MA-A-1 Copepod, IAEA-MA-M-2 Mussel Tissue and IAEA MA-A-2 Fish Tissue respectively. 
For most of the elements of interest in these three materials "best" values are available. 
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The AQ classifications applied to the values found for the blind materials are as 
follows: differences up to 15% between values found and certified or best values are 
considered as good, differences between 15% and 30% as reasonable and differences 
above 30% as inadequate. A survey of the quality of the a alytical data reported by the 
participants is presented in Tables VIII to Table XIV. 

TABLE VIII. SURVEY OF OVERALL ANALYTICAL 
QUALITY* OF THE DATA AVAILABLE ON ZINC IN HAIR 
VERSUS ZINC IN OTHER TISSUES. SUBDIVIDED PER 
PARTICIPANT. 

hair hair hair hair hair hair hair 
partici- versus versus versus versus versus versus versus 
pant liver kidney king brain bone heart spleen 

+ + 
CHI + + + + + + 
HUN + + + + + + 
BUL + + -
JAP + + + + -
GDR ? + ? + ? + 
SWE ? + ? + -
NOR ? + ? + ? + ?+ 

' Symbols denote: + + good and adequate; + reasonable and adequate; 
? + inconclusive, but probably adequate; ? inconclusive; ?o inconclusive, 
but probably inadequate; o inadequate; oo strongly inadequate; 
- element not measured in tissue concerned; * overall AQ not evaluated. 
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TABLE IX SURVEY OF OVERALL ANALYTICAL QUALITY* 
OF THE DATA AVAILABLE ON COPPER IN HAIR VERSUS 
COPPER IN OTHER TISSUES. SUBDIVIDED PER 
PARTICIPANT 

hair hair hair hair hair hair hair 
partJci- versus versus versus versus versus versus versus 
pant liver kidney lung brain bone heart spleen 

CHI o 
HUN + 
BUL + + 
JAP + 
GDR ? + 
SWE 
NOR ? + 

* Symbols denote: + + good and adequate; + reasonable and adequate; 
? + inconclusive, but probably adequate; ? inconclusive; ?o inconclusive, 
but probably inadequate; o inadequate; oo strongly inadequate; 
- element not measured in tissue concerned; * overall AQ not evaluated. 

TABLE X. SURVEY OF OVERALL ANALYTICAL QUALITY' 
OF THE DATA AVAILABLE ON LEAD IN HAIR VERSUS 
LEAD IN OTHER TISSUES, SUBDIVIDED PER 
PARTICIPANT. 

hair hair hair hair hair hair hair 
partici- versus versus versus versus versus versus versus 
pant liver kidney lung brain bone heart spleen 

CHI o 
HUN oo 
BUL 
JAP 
GDR 
SWE -
NOR o 

' Symbols denote: + + good and adequate; + reasonable and adequate; 
? + inconclusive, but probably adequate; ? inconclusive; ?o inconclusive, 
but probably inadequate; o inadequate; oo strongly inadequate; 
- element not measured in tissue concerned; * overall AQ not evaluated. 

o 
o 
+ + 
+ 
? + 

?o 
?o 

?+ 

?o 

?+ ?+ ?+ 

o 
oo oo oo oo 

o - - o 



TABLE XI. SURVEY OF OVERALL ANALYTICAL QUALITY* 
OF THE DATA AVAILABLE ON CADMIUM IN HAIR VERSUS 
CADMIUM IN OTHER TISSUES, SUBDIVIDED PER 
PARTICIPANT. 

hair hair hair hair hair hair hair 
partici- versus versus versus versus versus versus versus 
pant liver kidney lung brain bone heart spleen 

CHI + 
HUN oo 
BUL o 
JAP o 
GDR 
SWE 
NOR ?o 

* Symbols denote: + + good and adequate; + reasonable and adequate; 
? + inconclusive, but probably adequate; ? inconclusive; ?o inconclusive, 
but probably inadequate; o inadequate; oo strongly inadequate; 
- element not measured in tissue concerned; * overall AQ not evaluated. 

TABLE XII. SURVEY OF OVERALL ANALYTICAL QUALITY* 
OF THE DATA AVAILABLE ON ARSENIC IN HAIR VERSUS 
ARSENIC IN OTHER TISSUES, SUBDIVIDED PER 
PARTICIPANT. 

hair hair hair hair hair hair hair 
partici- versus versus versus versus versus versus versus 
pant liver kidney lung brain bone heart spleen 

CHI + 
HUN oo 
BUL o 
JAP o 
GDR 
SWE 
NOR 

* Symbols denote: + + good and adequate; + reasonable and adequate; 
? + inconclusive, but probably adequate; ? inconclusive; ?o inconclusive, 
but probably inadequate; o inadequate; oo strongly inadequate; 
- element not measured in tissue concerned; * overall AQ not evaluated. 

+ o - -
oo oo oo oo 
o 
o 

?o ?o ?o ?o 

o 
oo 
o 
o 

oo oo oo 



TABLE XIII. SURVEY OF OVERALL ANALYTICAL QUALITY" 
OF THE DATA AVAILABLE ON MERCURY IN HAIR VERSUS 
MERCURY IN OTHER TISSUES, SUBDIVIDED PER 
PARTICIPANT. 

hair hair hair hair hair hair hair 
partici- versus versus versus versus versus versus versus 
pant liver kidney lung brain bone heart spleen 

CHI o 
HUN oo 
BUL + 
JAP o 
GDR 
SWE ? 
NOR 

* Symbols denote: + + good and adequate; + reasonable and adequate; 
? + inconclusive, but probably adequate; ? inconclusive; ?o inconclusive, 
but probably inadequate; o inadequate; oo strongly inadequate; 
- element not measured in tissue concerned; * overall AQ not evaluated. 

TABLE XIV. SURVEY OF OVERALL ANALYTICAL QUALITY" 
OF THE DATA AVAILABLE ON SELENIUM IN HAIR VERSUS 
SELENIUM IN OTHER TISSUES, SUBDIVIDED PER 
PARTICIPANT. 

hair hair hair hair hair hair hair 
partici- versus versus versus versus versus versus versus 
pant liver kidney lung brain bone heart spleen 

CHI ? + 
HUN oo 
BUL o 
JAP ? + 
GDR 
SWE ? + 
NOR -

' Symbols denote: + + good and adequate; + reasonable and adequate; 
? + inconclusive, but probably adequate; ? inconclusive; ?o inconclusive, 
but probably inadequate; o inadequate; oo strongly inadequate; 
- element not measured in tissue concerned; * overall AQ not evaluated. 

o o - - - -
oo oo oo oo oo oo 
+ . - - * • 
o 

?+ o 
oo oo oo oo oo oo 
o • • 



Third, the results obtained for reference materials as selected by the participants 
themselves to check their procedures, particularly at the beginning of the CRP. Therefore, 
the results obtained will not automatically be representative for the AQ during the entire 
period of analysis. Moreover, the number of results reported for reference materials is 
rather limited. Therefore, the results available for reference materials will only be 
considered when no or not sufficient AQ information is available from the blind materials. 

The following reference materials have been used: IAEA Animal Bone (A-5), IAEA 
Animal Muscle (H-4), IAEA Horse Kidney (H-8), NBS Bovine Liver (SRM-1577A), NBS 
Tomato Leaves (SRM-1573), NIES Hair (CRM-5) and Bowen's Kale. Information on 
certified, "best" or "information" values for these reference materials is given by 
Muramatsu and Parr 15]. 

The AQ classifications applied to the values found for the reference materials are 
the same as indicated above for the blind materials: differences between values found and 
best values up to 15% are considered as good, differences between 15% and 30% as 
reasonable and differences above 30% as inadequate. 

Fourth, the average values found for a given element and tissue, are compared per 
participant and per analytical technique. The average values are listed in Table XV through 
Table XXI. These results are also compared with literature data [4]. However, this type of 
comparison is of limited value, since differences between the averages may not only be 
due to the presence of systematic errors, but also due to differences in health status, 
nutrition, age as well as to geographical, environmental, and racial factors. Anyway, the 
average trace element levels in tissues ir icate whether the levels of the reference and 
blind materials lie in the relevant range of trace element levels. When an average trace 
element level in a type of tissue is below 10% of each of the certified or best values of all 
blind materials, the information from the latter materials is considered as inadequate for 
AQ assessment of the analysis of the tissue involved for the given element. 
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TABLE XV. AVERAGE ZINC LEVEL, EXPRESSED IN mg/kg DRY WEIGHT BASIS. 

participant. 
technique hair liver kidney king brain heart spleen bone 

CHI 210 210 190 55 
HUN 200 250 190 76 53 120 64 110 
BUL 250 220 190 - - 110 82 -
JAP 190 170 310 - - - - -
GDR 230 980 770 360 - - - -
SWE 130 280 330 - - - - -
NOR 140 180 160 53 46 - - 94 

NAA 200 250 270 98 . 110 82 . 
XRF 200 250 190 76 53 120 64 110 
AAS 140 180 160 53 46 - - 94 

TABLE XVI. AVERAGE COPPER LEVEL, EXPRESSED IN mg/kg DRY WEIGHT 
BASIS. 

participant. 
technique hair liver kidney lung brain heart spleen bone 

CHI 10 34 13 9.8 . . _ . 
HUN 14 19 12 7.9 19 12 4.1 5.8 
BUL 15 32 17 - - 18 6.1 -
JAP 14 29 18 - - - - -
GDR 8.9 56 43 43 - - - -
SWE - - - - - - - -
NOR 18 21 20 10 23 - - 53 

NAA 13 34 17 14 . 18 6.1 -
XRF 14 19 12 7.9 19 12 4.1 5.8 
AAS 18 21 20 10 23 . _ 53 



TABLE XVII. AVERAGE LEAD LEVEL, EXPRESSED IN mg/kg DRY WEIGHT BASIS. 

participant, 
technique hair liver kidney lung brain heart spleen bone 

CHI 24 28 
HUN 7.2 4.0 5.6 
BUI-
JAP 
GDR 
SWE 
NOR 

NAA 
XRF 7.2 4.0 5.6 
AAS 5.4 7.8 3.2 

CHI 0.20 8.6 120 
HUN 5.5 8.3 100 
BUL 1.0 6.2 100 
JAP 0.87 31 490 
GDR 
SWE 
NOR 1.0 7.2 150 

NAA 0.64 12 190 
XRF 5.5 8.3 100 
AAS 1.0 7.2 150 

0.78 . . . 
5.2 2.7 1.4 4.2 4.2 

5.2 2.7 1.4 4.2 4.2 
0.78 . . . 5.6 

1.9 
6.0 3.5 6.8 2.8 1.5 

0.21 1.3 

1.3 0.14 0.26 

1.9 - 0.21 1.3 
6.0 3.5 6.8 2.8 1.5 
1.3 0.14 0.26 

0.83 27 3.2 5.6 

TABLE XVIII. AVERAGE CADMIUM LEVEL, EXPRESSED IN mg/kg DRY WEIGHT 
BASIS. 

participant, 
technique hair liver kidney lung brain heart spleen bone 
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TABLE XIX. AVERAGE ARSENIC LEVEL, EXPRESSED IN mg/kg DRY ."EIGHT 
BASIS. 

participant. 
technique totr fver kidney lung brain heart spleen bone 

CHI 0.4 0.16 0.11 0.11 . . _ . 
HUN 1.1 1.5 5.8 2.5 1.5 0.80 0.43 0.95 
BUL 0.27 0.39 0.034 - - 0.017 0.014 -
JAP 0.21 0.20 0.26 - - - - -
GDR - - - - - - - -
SWE - - - - - - -
NOR - - - - - - - -

NAA 0.30 0.13 0.11 0.11 . 0.017 0.014 . 
XRF 1.1 1.5 5.8 2.5 1.5 0.80 0.43 0.95 
AAS - - - - - - - -

TABLE XX. AVERAGE MERCURY LEVEL, EXPRESSED IN mg/kg DRY WEIGHT 
BASIS. 

participant, 
technique hair iver kidney king brain heart spleen 

CHI 
HUN 2.4 1.6 2.1 1.7 1.6 1.7 1.9 0.20 
BUL 0.56 0.42 0.82 0.18 0.20 
JAP 
GDR 
SWE 
NOR 

NAA 1.1 0.38 0.80 0.095 0.18 0.20 
XRF 2.4 1.6 2.1 1.7 1.6 1.7 1.9 0.20 
AAS 

1.2 0.37 0.62 0.095 
2.4 1.6 2.1 1.7 
0.56 0.42 0.82 -
1.6 0.41 0.96 -

1.2 0.25 0.91 -
1.0 7.2 - -

1.1 0.38 0.80 0.095 
2.4 1.6 2.1 1.7 



TABLE XXI. AVERAGE SELENIUM LEVEL. EXPRESSED IN mg/kg DRY WEIGHT 
BASIS. 

participant. 
technique hair fiver kidney kjTJ brain heart spleen bone 

CM 0.65 1.4 3.6 0.90 . _ _ . 
HUN 2.1 1.6 2.9 1.3 1.4 0.71 1.1 1.0 
BUL 0.31 0.83 2.7 - - 0.62 0.79 -
JAP 0.67 1.9 4.5 - - - - -
GDR - - - - - - - -
SWE 0.44 1.2 3.6 - - - - -
NOR - - - - - - - -

NAA 0.53 0.13 3.6 0.90 - 0.62 0.79 -
XRF 2.1 1.6 2.9 1.3 1.4 0.71 1.1 1.0 
AAS - - - - - - - -

The results obtained on the basi« of the four criteria have been combined leading to an 
overall AQ, expressed in an overall AQ classification. Since the AQ is assessed for the 
purpose of the study of correlations of elements in hair and tissues, the overall AQ is 
primarily assessed for the combination of hair and a given tissue. The possible classes for 
the overall AQ and their symbols and descriptions are given below: 

Possible overall analytical quality classes are: 

+ + good and adequate: good RLOQs, and also good values for reference and blind 
materials. 

+ reasonable, but still adequate: good RLOQs, but reasonable values for reference 
and/or blind samples; reasonable RLOQs, tut good values for reference and blind 
materials. 

? + inconclusive, probably adequate: insufficient information, but information 
available does not point to inadequacy. 

? inconclusive: no or insufficient information. 

?o inconclusive, probably inadequate: insufficient information, but information 
available points to inadequacy. 

o inadequate: good or reasonable RLOQs, but inadequate values for reference 
and/or blind samples. 
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oo strongly inadequate: inadequate RLOQs and/or inadequate values for reference 
and/or blind materials. 

The overall AQ is determined either for the separate tissues and hair or for the 
combination of hair with a particular tissue. Information on overall AQ in the tables refers 
only to the combination of hair and a particular tissue. 

3.2. ZINC 

3.2 .1 . Limits of quantitation 

Hungary did not specify LOQs for all tissues analyzed and/or types of tissues. All 
LOQs specified by the various participants using NAA, XRF and AAS resulted in good 
RLOQs. This covers the data for hair, liver, kidney and lung from China, the data for hair, 
liver, kidney, brain and lung from Hungary, the data for hair, liver and kidney from Bulgaria, 
the data for hair, liver and kidney from Japan, and the data for hair, liver, kidney, brain and 
lung from Sweden. Due to the lack of information, the RLOQs are inconclusive for bone 
from Hungary, for hair, liver, kidney, and lung from GDR and for hair, liver, kidney, brain, 
bone, and lung from Norway. 

3.2.2. First set of blind materials 

The zinc values for Horse Kidney found by NAA in Bulgaria, China and Japan are 
92%, 80%, and 88% respectively of the certified value of 192 mg/kg. The XRF value from 
Hungary and the AAS value from Norway are 99% and 86% respectively of the certified 
value. For Bovine Liver the NAA value from Bulgaria, China and Japan are 95%, 95% and 
91 % respectively of the certified value of 130 mg/kg, while the XRF value from Hungary 
and the AAS value from Norway amount to 108% and 80% respectively. The zinc value 
for hair by NAA from Bulgaria, China, GDR, and Japan are 98%, 104%, 76%, and 86% 
respectively of the certified value of 169 mg/kg, while the XRF value from Hungary and 
the AAS value from Norway amount to 98% and 91 % respectively, Sweden did not supply 
data for zinc in any of the three reference materials, while GDR did not for Horse Kidney 
and Bovine Liver. 

3.2.3. Second set of blind samples 

For the three blind samples the NAA zinc values, expressed as percentages, are as 
follows. Bulgaria finds rather differing percentages, viz 122% of the best value of 
158 mg/kg for Copepod, 7 1 % of the best valae of 156 mg/kg for Mussel Tissue and 
147% of the best value of 33 mg/kg for Fish Tissue. For China the percentages are 91 %, 
100% and 102% respectively, while Japan finds 89%, 9 2 % and 86% respectively. The 
XRF values from Hungary amount to 107%, 1 0 1 % and 92% respectively. No data are 
available from GDR, Norway and Sweden for any of the three blind materials. 
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3.2.4. Reference materials 

Norway finds for Animal Bone 94% of the certified value of 89 mg/kg, for Animal 
Muscle 90% of the certified value of 86 mg/kg, for Bovine Liver 107% of the certified 
value of 123 mg/kg and for Horse Kidney 89% of the certified value of 192 mg/kg 
respectively. Bulgaria finds for Bovine Liver 98% of the certified value of 123 mg/kg and 
for Bovven's Kale 97% of the best value of 31 mg/kg respectively. China submits for Horse 
Kidney a value of 97% of the certified value of 192 mg/kg, for Tomato Leaves 107% of 
the certified value of 62 mg/kg, and for NIES Hair 93% of the certified value of 169 mg/kg 
respectively. 

3.2.5. Comparison of average values for tissues 

The average values for zinc in hair and in the tissues f ron the various countries are 
listed in Table XV. All values given below are expressed on c'.y weight basis. 

The average zinc levels found in hair range from 130 mg/kg (Sweden) via 
140 mg/kg (Norway), 190 mg/kg (Japan), 200 mg/kg (Hungary), 210 mg/kg (China), 
230 mg/kg (GDR) to 250 mg/kg (Bulgaria). The average zinc levels according to analytical 
techniques are 200 mg/kg for NAA (78 samples), 200 mg/kg for XRF (50 samples), and 
140 mg/kg for AAS (12 samples). There are no indications of substantial systematic errors 
due to the type of analytical technique used. The overall average for zinc in hair is 
200 mg/kg (140 samples), which agrees with the world-wide average of 218 mg/kg (with 
a range of values between 99 and 450 mg/kg), given by Iyengar et al. [4] and to a lesser 
extent with the Netherlands average of 165 mg/kg [2]. 

The average levels for zinc in liver range from 170 mg/kg (Japan), via 180 mg/kg 
(Norway), 210 mg/kg (China), 220 mg/kg (Bulgaria), 250 mg/kg (Hungary), 280 mg/kg 
(Sweden) to 980 mg/kg (GDR). The latter average is based on four liver samples, all of 
which were rather high, viz. ranging from 500 mg/kg to 1800 mg/kg. The average zinc 
levels according to analytical techniques are 250 mg/kg for NAA (78 samples), 250 mg/kg 
for XRF (50 samples) and 180 mg/kg for AAS (12 samples). Withdrawal of the four rather 
outlying values from GDR yields an average of 210 mg/kg for the NAA data set. Also here 
no indications are present of a substantial systematic error due to the type of analytical 
technique. The overall average for zinc in liver is 250 mg/kg (140 samples) or 230 mg/kg 
(136 samples) without the four GDR values. Both average values agree with the 
world-wide average of 243 mg/kg given by Iyengar et al. [4]. 

The average levels for zinc in kidney range from 160 mg/kg (Norway), via 190 
mg/kg (China, Bulgaria and Hungary), 310 mg/kg (Japan), 330 mg/kg (Sweden) to 770 
mg/kg (GDR). The latter average is based on four kidney samples, all of which are rather 
high, ranging from 370 mg/kg to 1100 mg/kg. The average zinc level in kidney according 
to analytical techniques is 270 mg/kg for NAA (78 samples), 190 mg/kg for XRF (49 
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samples) and 160 mg/kg for AAS (12 samples). Withdrawal of the four rather outlying 
values from GDR from the NAA data set yields an average of 240 mg/kg (74 samples). 
Also here there are no indications of a substantial systematic error due to the analytical 
technique used. The overall average for zinc in kidney is 230 mg/kg (139 samples) or 210 
mg/kg (135 samples), both of which are somewhat higher than the world-wide average 
of 185 mg/kg (with values ranging between 155 and 375 mg/kg) given by Iyengar et al. 
[4] . However, it should be noted that in the CRP kidney cortex has been analyzed, while 
Iyengar et al. list data for kidneys as a whole. 

The average levels for zinc in lung range from 53 mg/kg (Norway), via 55 mg/kg 
(China), 76 mg/kg (Hungary) to 360 mg/kg (GDR). Again the GDR values for zinc are at 
the high side. The world-wide value for zinc in lung is 70 mg/kg (with values ranging 
between 48 and 95 mg/kg) 14]. The average values for zinc in brain range from 46 mg/kg 
(Norway) to 53 mg/kg (Hungary). The world-wide average is 56 mg/kg (with values 
ranging between 36 and 154 mg/kg) [4]. The average values for zinc in bone range from 
94 mg/kg (Norway) to 110 mg/kg (Hungary). 

3.2.6. Evaluation of the overall analytical quality 

The overall AQ classification of the zinc determinations in the tissues is given in 
Table VIII. As may be seen, the overall AQ of the data for regression studies between hair 
and tissues is adequate (good or reasonably) or inconclusive, but probably adequate, if the 
tissue is not bone. No data sets with proven inadequate AQ are present. No substantial 
AQ differences between NAA, XRF and AAS emerge. 

3.3. COPPER 

3 .3 .1 . Limits of quantitation 

Hungary did not specify LOQs for all tissues and/or types of tissues, while the 
Chinese LOQs are strongly varying, up to a factor of 1000. The RLOQs are good for hair, 
liver and kidney from Bulgaria. They are reasonable for hair, liver and kidney from Japan, 
as well as for hair from Hungary. The RLOQs are inadequate for a substantial part of the 
data for hair, liver and kidney from China, for liver, kidney and brain from Hungary. Since 
no information is present, the RLOQs are inconclusive for bone and lung from Hungary, for 
hair, liver, kidney and lung from GDR and for hair, liver, kidney, brain, bone and lung from 
Norway. Sweden did not measure copper levels in hair and tissues. 

3.3.2. First set of blind materials 

The copper levels found for Horse Kidney by NAA in Bulgaria, China and Japan are 
126%, 111 %, and 40%, respectively, of the certified value of 32 mg/kg. The XRF value 
from Hungary and the AAS value from Norway are both 100% of the certified value. For 
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Bovine Liver the NAA values from Bulgaria, China and Japan are 109%, 109% and 68%, 
respectively, of the certified value of 192 mg/kg, while the XRF value from Hungary and 
the AAS value from Norway amount to 99% and 86% respectively. The copper value 
found by NAA for hair by Bulgaria, China, GDR and Japan are 1 2 1 % , 108%, 86%, and 
83% respectively of the certified value of 16.3 mg/kg, while the XRF value from Hungary 
and the AAS value from Norway amount to 92% and 121 % respectively. Sweden did not 
supply data for copper in any of the reference materials, and GDR did not for Horse Kidney 
and Bovine Liver. 

3.3.3. Second set of blind materials 

For the three blind samples the NAA copper values, expressed as percentages, are 
as follows. Bulgaria finds 87% of the best value of 7.6 mg/kg for Copepod, 91 % of the 
best value of 7.96 mg/kg for Mussel Tissue and 112% of the best value of 4.0 mg/kg for 
Fish Tissue. For China the percentages are 95%, 117%, and 108% respectively, while 
Japan finds 85%, 88% and 85% respectively. The XRF values from Hungary amount to 
114%, 1 4 1 % and 4 8 % respectively. No data for the blind samples are available from GDR, 
Norway and Sweden. 

3.3.4. Reference materials 

Norway finds for Animal Muscle 98 % of the certified value of 4.0 mg/kg, for Bovine 
Liver 91 % of the certified value of 158 mg/kg and for Horse Kidney 81 % of the certified 
value of 32 mg/kg respectively. For Animal Bone a copper value of 20 mg/kg is reported 
by Norway. However, for Animal Bone no reference, best or information value for copper 
has been listed [51. China submits for Horse Kidney 98% of the certified value of 
32 mg/kg, for Tomato Leaves 103% of the certified value of 11 mg/kg and for NIES Hair 
91 % of the certified value of 16.3 mg/kg, respectively. 

3.3.5. Comparison of averages for tissues 

The average values for copper in hair and in the tissues from the various countries 
are listed in Table XVI. All values given below are expressed on dry weight basis. 

The average copper levels found in hair range from 8.9 mg/kg (GDR), via 10 mg/kg 
(China), 14 mg/kg (Hungary and Japan) and 15 mg/kg (Bulgaria) to 18 mg/kg (Norway). 
The average copper levels according to analytical technique are 13 mg/kg for NAA (65 
samples), 14 mg/kg for XRF (50 samples), and 18 mg/kg for AAS (12 samples). The 
overall average of copper in hair is 14 mg/kg (127 samples), which is of the same order 
of the world-wide average of 19 mg/kg (with values ranging between 11 and 34 mg/kg) 
[4], but higher than the average of 11 mg/kg in The Netherlands [21. 
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The average levels for copper in liver range from 19 mg/kg (Hungary) via 21 mg/kg 
(Norway), 29 mg/kg (Japan), 32 mg/kg (Bulgaria) and 34 mg/kg (China) to ^6 mg/kg 
(GDR). The latter average is based on only four liver samples, three of which were rather 
high, viz. ranging from 63 mg/kg to 68 mg/kg. The average copper levels according to the 
technique are 34 mg/kg for NAA (65 samples), 1 9 mg/kg for XRF (50 samples), and 
21 mg/kg for AAS (12 samples). The higher NAA value is not primarily due to the GDR 
samples, since withdrawal of these yield an average value of 32 mg/kg for NAA. This 
latter value is in good agreement with the world-wide average of 30 mg/kg [4]. 

The average levels for copper in kidney range from 12 mg/kg (Hungary) via 
13 mg/kg (China), 17 mg/kg (Bulgaria), 18 mg/kg (Japan) and 20 mg/kg (Norway) to 
43 mg/kg (GDR). Again the data for the autopsies from GDR are outliers. The average 
copper level, according to the technique are for NAA 17 mg/kg (62 samples) or 15 mg/kg 
(62 samples minus GDR samples), for XRF 12 mg/kg (46 samples), and for AAS 20 mg/kg 
(12 samples). These values lie close to the world-wide average of 14 mg/kg [4]. 

The average levels for copper in lung range from 7.9 mg/kg (Hungary) via 
9.8 mg/ky (China) and 10 mg/kg (Norway) to 43 mg/kg (GDR). The world-wide average 
according to Iyengar et al. is 7.8 mg/kg (with values ranging between 5.5 and 
10.5 mg/kg), which supports that the GDR data are outliers. The average values for zinc 
in brain are 19 mg/kg (Hungary) and 23 mg/kg (Norway), which are in good agreement 
with the world-wide average of 22.5 mg/kg [4]. The average values for copper in bone 
range from 5.8 mg/kg (Hungary) to 53 mg/kg (Norway). These latter figures differ by a 
factor of 9. However, no reliable world-wide average is available to test this discrepancy. 

The average copper values for hair, liver, kidney, lung, brain and bone do not give 
sufficient hold for an evaluation of systematic differences between the three analytical 
techniques. 

3.3.6. Evaluation of the overall analytical quality 

The overall AQ classification of the copper determinations in the tissues is given in 
Table IX. As may be seen, the overall AQ of the data sets for correlation studies between 
hair and tissues differs widely. It ranges from adequate via inconclusive but probably 
adequate, inconclusive, inconclusive but probably inadequate to inadequate. No clear 
overall AQ differences between NAA, XRF and AAS are evident, although the overall AQ 
differs widely between the various participants using NAA. 
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3.4. LEAD 

3.4 .1 . Limits of quantitation 

Hungary specifies LOQs for hair only, being in the rangy of 2 - 8 mg/kg. Thus, the 
RLOQs for hair from this country are generally inadequate. No information on LOQs is 
available for liver, kidney, lung, anJ brain from this country, making the AQ for these 
tissues inconclusive. The RLOQs from China for hair and liver are good, while the RLOQs 
for lung are inadequate. No information is available for the LOQs for the hair, liver, kidney 
and bone from Norway. Thus, also the AQ of the results from this country is inconclusive. 
Bulgaria, Japan, GDR and Sweden did not measure lead levels in hair and tissues. 

3.4.2. First set of blind materials 

The lead levels f o jnd by AAS for Horse Kidney by China and Norway are 2600% 
and 550% respectively of the certified value of 0.57 mg/kg. No lead levels were specified 
by XRF, while NAA has not been used for the determination of lead. For Bovine Liver the 
AAS values from China and Norway are 455% and 1000% of the certified value of 
0.34 mg/kg. Again no value for XRF is available. The lead values found for NIES Hair by 
XRF in Hungary and by AAS in Norway are 148% and 173% respectively of the tentative 
value of 6.0 mg/kg. Due to the tentative nature of this latter value, the percentages found 
for lead in NIES Hair have only a limited value in respect to the judgment of the AQ. 

3.4.3. Second set of blind materials 

For the three blind samples no AAS values from China and Norway are available. 
Hungary cannot find lead wi th XRF in any of the three materials containing 2.1 mg/kg for 
Copepod, 1.92 mg/kg for Mussel Tissue and 0.58 mg/kg for Fish Tissue respectively. 

3.4.4. Reference materials 

Norway finds for Animal Bone 103% of the certified value of 3.1 mg/kg, for Bovine 
Liver 1900% of the certified value of 0.135 mg/kg and for Horse Kidney 298% of the 
certified value of 0.57 mg/kg respectively. For Animal Muscle, without a certified value for 
lead sofar, a value of 1.8 mg/kg was obtained. 

3.4.5. Comparison of average values for tissues 

The average values for lead in hair and in the tissues from the various countries are 
listed in Table XVII. All values given below are expressed on dry weight basis. 

The average lead levels found in hair range from 0.83 mg/kg (Norway with AAS) 
via 7.2 mg/kg (Hungary wi th XRF) to 24 mg/kg (China with AAS). The lowest and highest 
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averages thus differ by a factor of 29. Also in the compilation of Iyengar et al. [4] widely 
differing values are reported. Aalbers and De Goeij found for a group of 221 males and 
females in the Netherlands an average of 6 mg/kg and a median value of 3.1 mg/kg [2]. 

The average levels for lead in liver range from 2.7 mg/kg (Norway, with AAS) via 
4.0 mg/kg (Hungary with XRF) to 28 mg/kg (China wi th AAS). The Chinese average is a 
factor of 10 higher than the corresponding value for Norway. The world-wide average for 
lead in liver is 4.6 mg/kg [4]. The average levels for lead in kidney range from 3.2 mg/kg 
(Norway with AAS) to 5.6 mg/kg (Hungary with XRF). The world-wide average lies 
between 3.6 and 18 mg/kg [4]. 

The average levels for lead in lung range from 0.78 mg/kg (China with AAS) to 
5.2 mg/kg (Hungary with XRF). Iyengar et al. list a world-wide average of 2.2 mg/kg 14]. 
The average lead value for brain is 2.7 mg/kg (Hungary with XRF). For lead in brain 
world-wide values lie in the range of 0.35 to 1 mg/kg [4] . Finally, the average values found 
for lead in bone range from 4.2 mg/kg (Hungary with XRF) to 5.6 mg/kg (Norway with 
AAS). 

3.4.6. Evaluation of the overall analytical quality 

The overall AQ classification of the lead determinations in the tissues is given in 
Table X. As may be seen, the overall AQ of the data sets is rather poor, ranging from 
inadequate to strongly inadequate. From both RLOQs and results for the blind materials 
and reference materials, it appears that with XRF only lead levels can be measured above 
about 5 mg/kg. However, only a small fraction of the lead levels in hair lies above this 
latter value. Within AAS substantial differences are present, due to systematic errors. The 
AQ information for China and Norway indicates that the lead determination is not reliable 
for low lead levels and, more in particular, that lead levels below 1 mg/kg cannot be 
measured adequately. 

3.5. CADMIUM 

3.5 .1 . Limits of quantitation 

Hungary did not specify for all tissues and/or types of tissue corresponding LOQs. 
The available LOQs for cadmium in hair lie at about 5 mg/kg, resulting in inadequate 
RLOQs for the majority of the hair samples. The RLOQs for liver, kidney and lung are 
reasonable, good and inadequate respectively. The LOQs from Bulgaria for cadmium in hair 
lie at about 0.6 mg/kg, leading to inadequate RLOQs for the majority of the hair samples. 
The RLOQs for liver and kidney are reasonable and good respectively. For Japan the LOQs 
in hair were varying between 0.09 and 0.5 mg/kg, leading generally to good and 
reasonable RLOQs in hair but also a few inadequate RLOQs. The Japanese RLOQs for liver 
and kidney are reasonable and good respectively. A similar situation exists for the data 
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from China, where the LOQ's in hair were varying between 0.C4 and 0.8 mg/kg, also 
leading to generally good or reasonable RLOQs and a few inadequate RLOQs. The Chinese 
RLOQs for liver and kidney arc good and those for lung are reasonable. No information is 
available on the RLOQs for bone from Hungary as well as for hair, liver, kidney, brain, bone 
and lung from Norway. GDR and Sweden did not measure cadmium levels in hair and 
tissues. 

3.5.2. First set of blind material 

The cadmium values found for Horse Kidney by NAA in Bulgaria, China and Japan 
are 89%, 77% and 97% respectively of the certified value of 189 mg/kg. The XRF value 
from Hungary and the AAS value from Norway are 1 0 1 % and 88% of the certified 
cadmium value. For Bovine Liver the NAA value from Bulgaria and China are 140% and 
81 % of the certified value of 0.27 mg/kg respectively, while Japan lists an upper limit 
value of 1.6 mg/kg. From Hungary there is no XRF value available, while the AAS value 
from Norway is 44% of the certified value. The NAA value for NIES Hair from Bulgaria is 
133% of the certified value of 0.2 mg/kg, while China lists no value and Japan lists only 
an upper limit value of 2.7 mg/kg. No XRF value from Hungary is available, while the AAS 
value from Norway is 30% of the certified value. Sweden and GDR did not supply 
cadmium values for any of the reference materials. 

3.5.3. Second set of blind materials 

For the three blind materials the NAA cadmium values are as follows. Bulgaria finds 
107% of the best value of 0.799 mg/kg for copepod, 1 1 1 % of the best value of 
1.47 mg/kg for Mussel Tissue and 195% of the best value of 0.066 mg/kg for Fish Tissue. 
For China the percentages are 116%, 102% and 115% respectively of the best value. 
Hungary with XRF was not able to determine cadmium levels in any of the three materials. 
No data for cadmium in the blind materials are available from GDR, Japan, Norway and 
Sweden. 

3.5.4. Reference material* 

Norway finds for Bovine Liver 57% of the certified value of 0.44 mg/kg and for 
Horse Kidney 95% of the certified value of 189 mg/kg respectively. For Animal Bone and 
Animal Muscle, for which no certified values were listed, Norway finds 0.12 mg/kg and 
0.3 mg/kg respectively. Bulgaria finds for Bovine liver 113% of the certified value of 
0.44 mg/kg and for Bowen's Kale 108% of the best value of 0.89 mg/kg respectively. 
China submits for Horse Kidney 103% of the certified value of 189 mg/kg, for Tomato 
Leaves 97% of the information value of 3 mg/kg, and for NIES Hair 95% of the certified 
value of 0.20 mg/kg respectively. 
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3.5.5. Comparison of average values for tissues 

The average values for cadmium in hair and in the tissues from the various 
countries are listed in Table XVIII. All values given below are expressed on dry weight 
basis. 

The average cadmium values found in hair range from 0.20 mg/kg (China) via 
0.87 mg/kg (Japan), 1.0 mg/kg (Bulgaria and Norway) to 5.5 mg/kg (Hungary). The 
average cadmium levels according to analytical technique are 0.64 mg/kg for NAA (58 
samples), 5.5 mg/kg for XRF (44 samples) and 1.0 mg/kg for AAS (12 samples). 
World-wide cadmium levels range between 0.24 and 2.7 mg/kg [4]. Obviously, the hair 
cadmium levels from Hungary are outlying values. 

The average levels for cadmium in liver range from 6.2 mg/kg (Bulgaria) via 
7.2 mg/kg (Norway), 8.3 mg/kg (Hungary) and 8.6 mg/kg (China) to 31 mg/kg (Japan). 
The world-wide average amounts to 11 mg/kg (with values ranging between 1.9 and 
18 mg/kg) [4]. For liver Hungary does not show outlying values, but Japan does. 

The average values for cadmium in kidney range from 110 mg/kg (Hungary and 
Bulgaria) via 120 mg/kg (China) and 150 mg/kg (Norway) to 490 mg/kg (Japan). The 
world-wide average is 95 mg/kg (with values ranging from 53 to 147 mg/kg) [4]. Again 
Japan shows outlying values for cadmium. 

The average value for cadmium in lung ranges from 1.3 mg/kg (Norway) via 
1.9 mg/kg (China) to 6.0 mg/kg (Hungary). According to Iyengar et al. worldwide the 
values range between 1 and 10 mg/kg [4J. The average values for cadmium in brain range 
from 0.14 mg/kg (Norway) to 3.5 mg/kg (Hungary). No data for world-wide averages or 
ranges for cadmium in brain are given by Iyengar et al. The average value for cadmium in 
bone ranges from 0.26 mg/kg (Norway) to 1.5 mg/kg (Hungary). Also for bone no 
world-wide value or ranges of cadmium levels are given by Iyengar et al. 

3.5.6. Evaluation of the overall analytical quality 

The overall AQ classification of the cadmium determinations in hair and tissues is 
given in Table XI. As may be seen, the overall AQ of the data sets is generally poor, 
ranging from reasonable, inconclusive but probably inadequate, d inadequate to strongly 
inadequate. This is mainly due to the inadequate LOQs for cadmium in hair and lung tissue. 
On the other hand, the overall AQ of the cadmium determination in kidney (with high 
levels) is adequate, and at these cadmium levels there appear no systematic differences 
between the three analytical techniques. NAA has lower LOQs than XRF, while for AAS 
no information on LOQs is available. 
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3.6. ARSENIC 

3 .6 .1 . Limits of quantitation 

Hungary did not specify LOQs for the tissues except for only one brain sample a 
value of 2.9 mg/kg. In view of evidence for other elements with Z values nearby that of 
arsenic, the XRF technique must be considered as insensitive for the determination of low 
levels of arsenic as present in human tissues and hair. The LOQs for arsenic in hair samples 
from Bulgaria range from 0.0004 to 0.2 mg/kg, corresponding to RLOQs for the majority 
of the samples of about 0.08 and for 6 samples a RLOQ between 0.5 and 1.0. The LOQs 
for arsenic in liver and kidney are sufficiently low, so that the corresponding RLOQs are 
generally good to reasonable for both tissues. The LOQs for arsenic in hair from China 
range between 0.002 and 0.1 mg/kg and the resulting LOQs are generally below 0.25. The 
Chinese RLOQs for liver are reasonable, while those for kidney are often inadequate. For 
Japan the LOQs in hair range from 0.0003 to 0.2 mg/kg, resulting in RLOQs between 0.2 
and 0.6. The RLOQs for liver and kidney from Japan are quite often inadequate. GDR and 
Sweden did not measure arsenic in hair and tissues. 

3.6.2. First set of blind materials 

The arsenic values found for Horse Kidney by NAA in Bulgaria and China are 110% 
and 134% respectively of the certified value of 0.021 mg/kg. For Bovine Liver the NAA 
values amount to 142% and 144% respectively of the certified value of 0.055 mg/kg. 
Bulgaria and China determined arsenic in NIES Hair, but no certified value for arsenic in this 
reference material is available for AQ assessment. China finds 0.06 mg/kg and Bulgaria 
0.13 mg/kg for the arsenic level, roughly a factor of two higher. This is somewhat 
surprising, taking into account the agreement obtained by both participants for the much 
lower arsenic level in Horse Kidney. The other two participants, who measured arsenic in 
hair, viz. Japan with NAA and Hungary with XRF, did not submit values. 

3.6.3. Second set of blind materials 

For the blind three samples sent around by the IAEA Bulgaria finds 138% of the 
best value of 12.8 mg/kg for Copepod, 165% of the best value of 6.7 mg/kg for Mussel 
Tissue and 146% of the best value of 2.6 mg/kg for Fish Tissue. For China the values are 
88%, 88% and 115% respectively. For Hungary the values are 95%, 134% and 6 1 % 
respectively. No data for arsenic in any of the blind materials are available from Japan. 

3.6.4. Reference materials 

Bulgaria finds for Bovine Liver 100 % of the certified value of 0.047 mg/kg and for 
Bowen's Kale 79% of the best value respectively. China submits for Horse Kidney 105% 
of the certified value of 0.021 mg/kg and for Tomato Leaves 83% of the certified value 
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of 0.27 mg/kg. For NIES Hair, for which no official certified or information value is 
available, a value of 0.062 mg/kg is found by China. 

3.6.5. Comparison of average values for tissues 

The average values for arsenic in hair and in the tissues from the various countries 
is given in Table XIX. All values given below are expressed on dry weight basis. 

The average arsenic values found in hair range from 0.21 mg/kg (Japan) via 
0.27 mg/kg (Bulgaria) and 0.40 mg/kg (China) to 1.1 mg/kg (Hungary). The average levels 
according to analytical technique are 0.30 mg/kg for NAA (62 samples) and 1.1 mg/kg for 
XRF (13 samples), thus a factor 3.7 higher. World-wide the arsenic values range between 
0.13 and 3.7 mg/kg [41. 

The average levels for arsenic in liver range from 0.039 mg/kg (Bulgaria), via 
0.16 mg/kg (China) and 0.20 mg/kg (Japan) to 1.5 mg/kg (Hungary). The average arsenic 
levels according to analytical technique are 0.13 mg/kg for NAA (62 samples) and 
1.5 mg/kg for XRF (13 samples). Again the XRF values are higher, a factor of 12 
compared to the NAA values. No world-wide average for arsenic in liver is given by Iyengar 
e ta l . 

For kidney a similar picture is obtained as for liver. The arsenic levels in kidney 
range from 0.034 mg/kg (Bulgaria) via 0.16 mg/kg (China) and 0.20 mg/kg (Japan) to 
5.8 mg/kg (Hungary). The levels according to analytical technique are 0.11 mg/kg for NAA 
(56 samples) and 5.8 mg/kg for XRF (13 samples). This implies a difference wi th a factor 
of 52 when comparing the techniques and a factor 170 when comparing the two Central 
European countries Hungary and Bulgaria. No world-wide average is given for arsenic in 
kidney by Iyengar et al. 

The average levels for arsenic in heart range from 0.017 mg/kg (Bulgaria) to 
0.80 mg/kg (Hungary), implying a difference of a factor of 47 . The average levels for 
spleen are 0.014 mg/kg (Bulgaria) and 0.43 mg/kg (Hungary), differing by a factor of 3 1 . 
The average arsenic levels in lung are 0.10 mg/kg (China) and 2.5 mg/kg (Hungary), 
differing by a factor of 25. Hungary finds 1.5 mg/kg as the average arsenic level in brain 
and 0.95 mg/kg in bone. 

Obviously, the XRF arsenic values are much larger than the corresponding NAA 
values. These differences are very probably not due to physiological differences between 
populations, but to analytical inadequacy of the determination of arsenic at low levels wi th 
the XRF technique. 
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3.6.6. Evaluation of the overall analytical quality 

The overall AQ classification of the arsenic determinations in hair and tissues is 
given in Table XII. As may be seen, the overall AQ of the data sets is generally inadequate 
to strongly inadequate. Only for China the overall AQ of the data set for hair versus liver 
can be judged as reasonable. The main cause of the inadequacy of XRF is its limit of 
quantitation, which is a factor of 100 to 1000 to high for an adequate measurement of 
low levels of arsenic in hair and tissues. NAA has a better limit of quantitation, however, 
two of the three NAA methods used were not sufficiently low with their limit of 
quantitation. Moreover, for both XRF and NAA systematic errors appear to be present in 
the determinations. 

3.7. MERCURY 

3 .7 .1 . Limits of quantitation 

The LOQs for mercury in hair samples from Bulgaria range from 0.04 to 8.7 mg/kg, 
leading to reasonable RLOQs for the majority of the samples. Only in two samples the 
RLOQ amounted to 2 - 3. The RLOQs for mercury in liver and kidney from Bulgaria were 
generally good. The LOQs for mercury in hair specified by China range from 0.0001 -
1.27 mg/kg, generally resulting in good RLOQs. For mercury in liver and kidney from the 
same country the RLOQs were also good, but reasonable for mercury in lung from the 
same country. For Japan the LOQs for mercury in hair range from 0.014 - 0.041 mg/kg, 
leading to good RLOQs. For mercury in liver and kidney from Japan the RLOQs varied 
somewhat, but were generally in the range of reasonable. Hungary specified only for a few 
samples LOQs for mercury. Sample #639 indicated a LOQ of 5.6 mg/kg in hair leading to 
a RLOQ above 1, thus being inadequate. Samples #628, #630 and #638 indicate LOQs 
between 2 and 3 mg/kg for mercury in kidney, also leading to inadequate RLOQs. Sweden 
did not supply data for reference materials. GDR and Norway did not measure mercury in 
hair and tissues. 

3.7.2. First set of blind materials 

The mercury values found for Horse Kidney by NAA in Bulgaria, China and Japan 
are 132%, 208% and 23% respectively of the certified value of 0.091 mg/kg. For Bovine 
Liver the NAA values from the same countries amount to 188%, 560% and 660% 
respectively of the certified value of 0.016 mg/kg. For NIES Hair the NAA values from 
Bulgaria, China and Japan amount to 110%, 213%, and 47% respectively of the certified 
value of 4.4 mg/kg. Hungary and Sweden did not supply any data for mercury levels in the 
blind materials, although they determined mercury in their autopsy samples. 
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3.7.3. Second set of blind materials 

For the three blind materials the NAA values are as follows. Bulgaria finds 8 7 % of 
the true value of 0.28 mg/kg for Copepod, 111 % of the true value of 0.95 mg/kg tor 
Mussel Tissue and 115% of the true value of 0.47 mg/kg for Fish Tissue. For China the 
percentages are 27%, 14% and 3 0 % respectively. Hungary was not able to find mercury 
in the first and third blind sample, while for the second a value of 284% was obtained. 
Japan and Sweden did not analyze blind samples. 

3.7.4. Reference materials 

China finds for Horse Kidney 110% of the certified value of 0.91 mg/kg and for 
Tomato Leaves 8 5 % of the information value of 0.1 mg/kg, and for NIES Hair 102% of 
the certified value of 4.4 mg/kg. 

3.7.5. Comparison of average values for tissues 

The average values for mercury in hair and in the tissues from the various countries 
is given in Table XX. All values given below are expressed on a dry weight basis. 

It should be noted that the mercury levels obtained by NAA are substantially lower 
than those obtained wi th XRF. For hair the average NAA mercury values range from 
0.26 mg/kg (Bulgaria) via 1.1 mg/kg (China) and 1.2 mg/kg (Sweden) to 1.6 mg/kg 
(Japan), with an overall average of 1.0 mg/kg. The corresponding XRF hair average 
amounts to 2.4 mg/kg, viz. a factor of 2.4 higher than the overall NAA mercury data, or 
a factor of 9 higher compared to the average mercury level in the nearby country Bulgaria. 
Iyengar et al. [41 list for world-wide mercury levels in hair a range of 1.25 to 7.60 mg/kg. 

For liver the following picture is obtained, viz. an average mercury value ranging 
from 0.16 mg/kg (Bulgaria) via 0.25 mg/kg (Sweden) and 0.41 mg/kg (Japan) to 
0.42 mg/kg (China), wi th an overall NAA value of 0.32 mg/kg. The XRF average of 
mercury in liver is 1.6 mg/kg, viz. 5 times higher than the overall NAA value, and even 10 
times higher than the average mercury value in Bulgaria. No world-wide averages are given 
by Iyengar et al. for mercury levels in liver. 

For kidney a similar picture is obtained as for liver, viz. an average mercury value 
ranging from 0.58 mg/kg (Bulgaria) via 0.64 mg/kg (China) and 0.91 mg/kg (Sweden) to 
0.96 mg/kg (Japan), wi th an overall NAA value of 0.77 mg/kg. The XRF average of 
mercury in kidney is 2.1 mg/kg, viz. a factor of 2.5 higher than the overall NAA data and 
a factor of Z 5 higher than the mercury average mercury levels in Bulgaria. Iyengar et al. 
list for mercury in kidney a world-wide range ot C.28 - 12 mg/kg [4]. 
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Also for the tissues spleen and heart large differences (roughly a factor of 10) are 
observed between the results obtained with NAA and those obtained with XRF. 

The differences between the various average NAA data on one hand and the XRF 
data on the other are very probably not due to physiological differences between 
populations, but to the analytical inadequacy of the determination of mercury at low levels 
with the XRF technique. 

3.7.6. Evaluation of analytical quality 

The overall AQ classification for the mercury determinations in hair and tissues is 
given in Table XIII. As may be seen, the overall AQ for most data sets is inadequate to 
strongly inadequate. Only the data sets from Bulgaria for hair versus liver or kidney show 
a reasonable overall AQ, however, only for the mercury levels above about 0.05 mg/kg. 
The inadequacy of the NAA determination by China and Japan is not due to their limits of 
quantitation, but to the poor results obtained for the blind materials. The main cause of the 
strong inadequacy of XRF for the determination of mercury is its relatively high lirr.it of 
quantitation, being in the order of a few mg/kg dry weight basis, while the majority of the 
actual mercury levels in hair and tissues lies below this value. 

3.8. SELENIUM 

3.8 .1 . Limits of quantitation 

The LOQs for selenium in hair samples from Bulgaria range from 0.3 to 0.5 mg/kg, 
which implies that they are of the same magnitude as the selenium levels actually 
measured. Thus the RLOQs are inadequate for hair. The RLOQs from Bulgaria for selenium 
in liver and kidney are generally reasonable. The LOQs specified for hair by China are rather 
varying, viz. 0.03 to 0.43 mg/kg, implying good to reasonable RLOQs for selenium in hair. 
The RLOQs for selenium in liver and kidney are generally reasonable, while those for lung 
are inadequate. The LOQs in hair samples in Japan range from 0.1 to 0.3 mg/kg and result 
in good RLOQs. The RLOQs for Japanese livers are generally reasonable and the RLOQs 
for kidneys are good. The LOQs for selenium in hair samples from Sweden range from 0.05 
to 0.1 mg/kg, resulting in good RLOQs for hair. Also for the Swedish livers and kidneys 
the RLOQs are good. No LOQs in hair have been supplied by Hungary, except for sample 
#628, where the limit of quantitation in hair was 3.2 mg/k j against the actual selenium 
level found of 1.5 mg/kg. Also for the tissues from Hungary almost no information on 
LOQs is available. In sample #628 and #626 the LOQ for selenium in kidney was 1.1 and 
0.9 mg/kg respectively against a measured value of 0.29 and 0.38 mg/kg respectively. 
Sample #638 gives for brain a LOQ of 2.1 mg/kg, against a measured value of 1.1 mg/kg. 
GDR and Norway did not measure selenium in hair and tissues. 
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3.8.2. First set of blind materials 

The selenium values found for Horse Kidney by NAA in Bulgaria, China, and Japan 
are 108%, 106%, and 104% respectively of the certified value of 4.7 mg/kg. The XRF 
value from Hungary amounts to 107% of the certified value for Bovine Liver the NAA 
values from the same countries amount to 109%, 130%, 121 % of the certified value of 
1.1 mg/kg. Hungary could not find a selenium value for Bovine Liver using XRF. For NIES 
Hair the NAA values from Bulgaria, China, Japan, and GDR are 92%, 126%, 121 %, and 
90% of the provisional value of 1.4 mg/kg. Again Hungary could not determine the 
selenium level using XRF. Sweden did not supply any figure for the blind materials. 

3.8.3. Second set of blind materials 

For the three blind materials the NAA selenium values, expressed as percentages, 
are as follows. Bulgaria finds 98% of the true value of 3 mg/kg for Copepod, 102% of the 
true value of 2.27 mg/kg for Mussel Tissue and 69% of the true value of 1.7 mg/kg for 
Fish Tissue. For China the percentages are 88%, 100% and 82% respectively. The XRF 
values from Hungary amount to 67%, 25% and 0% respectively. No data for the blind 
samples are available from Japan and Sweden. 

3.8.4. Reference materials 

Bulgaria finds for Bovine Liver 99% of the certified value of 0.71 mg/kg and for 
Bowen's Kale 185 % of the best value of 0.26 mg/kg. In the latter material the selenium 
concentration actually measured was below the limit of quantitation specified. China 
submits for Horse Kidney 99% of the certified value of 4.7 mg/kg and for NIES Hair 105% 
of the information value of 1.4 mg/kg. 

3.8.5. Comparison of average values for tissues 

The average values for selenium in hair and in the tissues from the various countries 
are listed in Table XXI. All values given below are expressed on dry weight basis. 

It should be noted that the selenium levels obtained by NAA in hair are substantially 
lower than those obtained with XRF. The average NAA selenium values in hair range from 
0.31 mg/kg (Bulgaria) via 0.44 mg/kg (Sweden) and 0.67 mg/kg (Japan) to 0.65 mg/kg 
(China), with an overall average of 0.56 mg/kg. The corresponding XRF hair average from 
Hungary amounts to 2.1 mg/kg, viz. a factor of 4 higher than the overall NAA selenium 
data, or a factor of 7 higher than the average selenium level in the nearby country Bulgaria. 
Iyengar et al. [4] list a world-wide average of 1.88 mg/kg. 

However, for the tissues no large differences are found in the results as measured 
with XRF and NAA. The average NAA selenium data for liver range from 0.83 mg/kg 
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(Bulgaria) via 1.2 mg/kg (Sweden) and 1.4 mg/kg (China) to 1.9 mg/kg (Japan), wi th an 
overall NAA value of 1.3 mg/kg. The XRF average of selenium in liver is 1.6 mg/kg 
(Hungary), and compares well with the overall NAA value, but is twice as high compared 
to the average value in the nearby Bulgaria. Iyengar et al. [4] list a world-wide average of 
1.92 mg/kg. 

The average NAA selenium values in kidney range from 2.7 mg/kg (Bulgaria) via 
3.6 mg/kg (Sweden and China) *o 4.5 mg/kg (Japan), with an overall NAA value of 
3.6 mg/kg. The XRF average of selenium in kidney is 2.9 mg/kg (Hungary) and compares 
well with the pooled NAA data and the average value in Bulgaria. 

Also no substantial differences are observed for the average selenium levels 
measured in Hungary and Bulgaria for spleen (0.79 and 1.1 mg/kg respectively) and heart 
[0.71 and 0.62 mg/kg respectively). There are also no substantial differences between the 
average selenium levels measured in China and Hungary for lung (0.9 and 1.3 mg/kg 
respectively). The world-wide average of Iyengar et al. for selenium in lung amounts to 
0.68 mg/kg [4]. 

The average selenium values found for various tissues with XRF in comparison with 
the data obtained with NAA do not indicate that the XRF technique is inadequate, although 
above it was derived that the limits of quantitation for selenium with XRF is very probably 
in the order of a few mg/kg. Surprisingly, the XRF selenium hair data are substantially 
higher than those in other countries, while the results for the reference materials and the 
analytical quality control samples sent around suggest a negative bias for selenium at 
values below 5 mg/kg or an inability to determine any selenium value at all. However, it 
should not be ruled out that the selenium hair values in Hungary may be positively affected 
by contamination, e.g. from selenium-containing shampoos. 

3.8.6. Evaluation of analytical quality 

The overall AQ classification for the selenium determinations in hair and tissues is 
given in Table XIV. The inconclusively for various hair - tissue combinations is due to the 
relatively high selenium values of the blind materials. The lowest selenium value in the 
blind materials is 1.4 mg/kg, while most hair samples lie below this value. Thus, it is not 
possible to test the AQ of all selenium measurements adequately. Nevertheless, the results 
for selenium in the reference materials and blind materials do not indicate a systematic 
error at the level of a few mg/kg. The NAA determinations from China, Japan and Sweden 
may be considered as inconclusive, but probably adequate, while the determinations from 
Bulgaria are inadequate due to the inadequate RLOQ for the measurement of selenium in 
hair. The same is true for the measurement of selenium in lung tissue by China. The results 
obtained with XRF indicate that this method is probably only adequate at selenium levels 
above about 5 mg/kg. Thus, in this study the AQ of the XRF results for selenium in 
hair-tissue combinations should be considered as strongly inadequate. 
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4. EFFECT OF VARIOUS FACTORS ON TRACE ELEMENT LEVELS 
IN HAIR AND TISSUES 

4 . 1 . GENERAL 

The purpose of this CRP on hair mineral analysis is to assess the trace element 
levels in hair as possible indicators for trace element levels of various important organs. 
Trace element levels may be dependent upon a variety of factors, such as age, obesity, 
sex, nutrition, environmental conditions and diseases including the cause of death. Also 
the colour of the hair may be associated with trace element level. Finally, the delay 
between death and the moment of autopsy as well the conditions of refrigeration of the 
corpse or the absence of refrigeration cannot be excluded a priori as a factor of influence 
on the trace element levels of tissues. 

Therefore, the following data have been collected per person autopsied as personal 
parameters: country, sex, weight, length, age, hair colour, cause of death, smoking habits, 
degree of urbanisation or industrialisation of the residence, time delay between death and 
autopsy, and whether in this period refrigeration of the corpse has been applied or not. The 
personal parameter country is not only associated with e.g. geographical, environmental, 
nutritional, socio-economic, racial factors, but particularly with systematic errors in the 
analysis of the samples, since samples of each country have been analyzed in a laboratory 
in the country involved. Therefore, study of the effect of all personal parameters 
mentioned should preferably be done per country. However, only a limited number of 
samples is available for each country. For instance, taking the largest data set, viz. zinc 
in hair versus zinc in liver with 140 data pairs in total, 50 data pairs come from Hungary, 
while the numbers of data pairs for the remaining countries range between 4 and 24. For 
other tissues and/or elements these numbers are, sometimes substantially, lower. Thus, 
no multi-parameter study per country can be properly performed with all personal 
parameters and trace element levels in hair and various tissues. 

Another problem is that the values of the personal parameters are not randomly 
distributed in the groups of persons analyzed per participant, but occur in clusters. This 
may be illustrated with a few examples: 

• Age (cf. Table XXII): In GDR, Hungary and Norway ages above 60 years 
dominate, while in Bulgaria ages below 60 years dominate. 

• Degree of urbanization (cf. Table XXIV): The residence is urban for 61 % of 
the Chinese persons and 67% of the Hungarian against 1 7 % of the 
Japanese and 0% of the GDR. Near-industrial dominates in GDR with 75%, 
but is only 0% - 9% in China, Hungary, Bulgaria, Japan, and Norway. 

• Smoking habits (cf. Table XXV): The percentage of nonsmokers is 0% in 
Japan against 52% in Hungary. 
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Hair colour (cf. Table XXVI): About 90% of the samples from Bulgaria 
originate from persons below 50 years, while in Hungary only 8%. Black hair 
dominates in the Far East, viz.. 90% of the hairs from China and 70% of the 
samples from Japan are black against only 6% of the samples from Hungary 
and 0% of the samples from Bulgaria. The colour brown dominates in 
Hungary and Bulgaria with 60% and 100% respectively against 0% for 
China and Japan. 

Type of death (cf. Table XXVll): In the Bulgarian and Japanese autopsy 
cases accidental death dominates (over 90%), while in the Hungarian and 
Norwegian autopsy cases accidental death is almost not represented 
(below 2%). 

Use of refrigeration of the corpse between death and moment of autopsy 
(cf. Table XXVIII): China and Bulgaria do rarely use refrigeration, while in 
Hungary, Japan, GDR and Norway refrigeration is common practice. 

Time delay (cf. Table XXIX): in Norway the time delay between death and 
autopsy is larger than 40 hcurs, while in Bulgaria ix is always less than 40 
hours. 

TABLE XXII. SURVEY OF MAXIMUM NUMBER OF AVAILABLE TRACE 
ELEMENT MEASUREMENTS PER AGE CLASS, SUBDIVIDED PER 
PARTICIPANT' 

partici 20-30 30-40 40-50 50-60 60-70 
pant years years years years years 

CHI „ 1 7 8 1 
HUN 3 4 8 7 26 
BUL 12 2 6 2 -
JAP 1 4 3 7 1 
GDR - - 1 2 1 
SWE - - - -
NOR - - 3 4 3 

all 16 11 28 30 32 

a Maximum value is reached for measurements of zinc in the tissues hair and liver. 
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TABLE XXIII. SURVEY OF MAXIMUM NUMBER OF AVAILABLE TRACE 
ELEMENT MEASUREMENTS PER OBESITY CLASS, SUBDIVIDED 
PER PARTICIPANT* 

partici- 10-15 15-20 20 25 25 30 not 
pant kg/m2 kg/m2 kg/m2 kg/m2 known 

CHI - 5 15 15 -
HUN - 2 19 18 11 
BUL - - 15 7 -
JAP - 6 8 3 -
60R - - 1 2 -
SWE - - - - 11 
NOR - - 3 5 2 

all 13 61 38 24 

* Maximum value is reached for measurements of zinc in the tissues hair and liver. 

TABLE XXIV. SURVEY OF MAXIMUM NUMBER OF AVAILABLE TRACE 
ELEMENT MEASUREMENTS PER URBANISATION/INDUSTRIALIZATION 
CLASS, SUBDIVIDED PER PARTICIPANT' 

partici- near- not 
pant rural suburban urban industrial known 

CHI 6 1 14 2 
HUN 15 3 36 -
BUL - 4 17 1 
JAP 10 3 3 1 
GDR - 1 - 3 
SWE - - -
NOR - 5 5 -

all 31 17 75 7 14 

• Maximum value is reached for measurements of zinc in the tissues hair and liver. 



TABLE XXV. SURVEY OF MAXIMUM NUMBER OF AVAILABLE 
TRACE ELEMENT MEASUREMENTS PER SMOKING CLASS, 
SUBDIVIDED PER PARTICIPANT' 

partici no Bght rnedwm heavy not 
pant smoking smoking smoking smoking known 

CHI 6 . 12 5 1 
HUN 10 - 5 4 35 
BUI 4 - 10 6 2 
JAP - - 9 5 3 
GDR 2 - 1 1 -
SWE - - - - 11 
NOR - - - - 12 

an 22 - 37 21 64 

•Maximum value is reached for measurements of zinc in the tissues hair and liver. 

TABLE XXVI. SURVEY OF AVAILABLE HA'.R COLOURS [TAKEN FOR ZINC 
IN HAIR VERSUS ZINC IN LIVER], SUBDIVIDED PER PARTICIPANT' 

partici- not 
pant Mack white brown red grey known 

6 
32 17 -
22 - -

5 
3 1 

11 

33 - 54 37 12 

'Maximum value is reached for measurements of zinc in the tissues hair and liver. 

CHI 18 
HUN 3 
BUL -
JAP 12 
GDR -
SWE -
NOR -
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TABLE XXVII. SURVEY OF MAXIMUM NUMBER OF AVAILABLE 
TRACE ELEMENT MEASUREMENTS PER TYPE OF DEATH, 
SUBDIVIDED PER PARTICIPANT* 

partici unexpected and not 
pant accidental expected not accidental known 

CHI 13 2 8 . 
HUN 1 10 4 2 -
BUL 2 0 - 1 -
JAP 15 - 2 -
GDR 1 - - 3 
SWE - - - 11 
NOR - 3 4 2 

an 5 0 15 57 16 

* Maximum value is reached for measurements of zinc in the tissues hair and liver. 

TABLE XXVIII. SURVEY OF MAXIMUM NUMBER OF AVAILABLE 
TRACE ELEMENT MEASUREMENTS PER CLASS OF 
REFRIGERATION, SUBDIVIDED PER PARTICIPANT* 

partici refrigeration no refrigeration not 
pant of the corpse of the corpse known 

CHI 3 2 1 _ 
HUN 51 1 -
BUL 1 21 -
JAP 17 - -
GDR 4 - -
SWE - - 11 
NOR 10 - 2 

all 86 4 3 13 

' Maximum value is reached for measurements of zinc in the tissues hair and liver. 



TABLE XXIX. SURVEY OF MAXIMUM NUMBER OF AVAILABLE TRACE ELEMENT 
MEASUREMENTS PER CLASS OF TIME DELAY, SUBDIVIDED PER PARTICIPANT 

partici 00-20 h 20-40 h 40-60 h 60-80 h > 8 0 h not 
pant delay delay delay delay delay known 

CHI 21 2 1 _ . _ 
HUN 19 17 9 4 3 -
BUL 11 11 - - - -
JAP 12 3 2 - - -
GDR - 2 1 - - 1 
SWE - - - - - 11 
NOR - - 4 - 6 2 

all 6 3 35 17 4 9 14 

Maximum value is reached for measurements of zinc in the tissues hair and liver. 

The effects of clustering imply that particular values of the personal parameters 
(e.g. a black colour, heavy smoking, old age, or long time- delay after death) are more or 
less correlated with country and thus associated geographical, environmental, nutritional, 
socio-economic and racial factors. Moreover, they are also related with the specific 
analytical errors in the laboratory involved. 

To overcome this problem the following approach has been adopted. The levels of 
a given element in hair or a given tissue were normalised for each participant, leading to 
'reduced' trace element values. The normalization was performed by dividing the values 
for a given element in a given tissue by the average value calculated for all values obtained 
by the same participant for the corresponding element in the corresponding tissue. The 
reduced tract, element levels, calculated for each participant separately, are then pooled 
and used for the assessment of possible effects of the personal parameters on the trace 
element level in hair or tissue. In this way the artificial effects of countries and associated 
analytical errors are eliminated, although it is conceivable that at the same time also 
possible realistic effects may weaken or even may vanish. 

It should be mentioned that when particular values of the personal parameters 
mentioned above affect trace element levels, this may be due to artifacts, including the 
interrelation of various personal parameters. Thus, an effect found should not be treated 
as a truly existing effect, rather a topic for further study and testing. On the other hand, 
existing differences due to particular values of the personal parameters may not show up, 
e.g. due to the limited number of data, the analytical variations and/of the method of 
normalization per participant. As mentioned earlier, the maximum number of available trace 
element measurements corresponding to a particular value of the personal parameters 
occurred for zinc in hair and/or in liver. For other elements and/or tissues the number of 
available measurements was less, sometimes in a considerable degree. 
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In the assessment of possible effects due to the above-mentioned personal 
parameters the following aspects have been considered. To be taken into consideration, 
an effect should be reflected in the data of at least t w o participants, if available. 
Furthermore, the AQ of the data to be used should not be inadequate. When the values 
of a personal parameter change stepwise (e.g. degree of urbanization, delay between death 
and autopsy, number of cigarettes per day) the effect should increase or decrease rather 
monotonously wi th the parameter. Finally, the differences should have a confidence level 
of 0.95% (p < 0.05) using the t-test, implicitly assuming a normal (Gaussian) distribution 
of the various data in the data sets. The assessment of effects of the various values for 
the personal parameters is focused on hair, but also effects on average trace element 
levels in tissues is taken into consideration. 

4 .2. COUNTRY 

A survey of average values for the trace elements in the tissues, grouped per 
country and per analytical technique, is given in Table XV (zinc). Table XVI (copper). Table 
XVII (lead). Table XVIII (cadmium). Table XIX (arsenic), Table XX (mercury), and Table XXI 
(selenium). The effect of country on the average trace element levels of hair is also given 
per element in Section 3.2 through Section 3.8. As mentioned in these sections, 
sometimes considerable differences are observed. As stated above, differences may not 
only originate from differences due to country-related values of the personal parameters, 
but also due to different systematic errors in analytical techniques. Thus, no reliable 
conclusion can be drawn as to the effect of country, except possibly for (i) selenium as 
determined with NAA, (ii) for cadmium in kidney and liver, and (iii) zinc as determined with 
the three analytical techniques for which the AQ is generally adequate. 

The selenium levels in the Far East (Japan and China) are higher by a factor of 1.5 
to 2.0 than those in Europe (Bulgaria and Sweden), namely 0.67 and 0.65 mg/kg versus 
0.31 and 0.44 mg/kg respectively. The same applies for liver values, namely 1.9 and 
1.4 mg/kg versus 0.8 and 1.2 mg/kg respectively. However, the ratios of the average 
value for selenium in hair to those in liver do not differ much. They range from 0.35 
(Japan) via 0.36 (Sweden) and 0.37 (Bulgaria) to 0.46 (China). A similar effect is present 
for the ratio of selenium in liver to selenium in kidney, ranging from 0.31 (Bulgaria) via 
0.33 (Sweden) and 0.39 (China) to 0.42 (Japan). These numbers indicate that selenium 
body inventories are generally higher in the Far East compared to Europe. 

The average cadmium levels in liver and kidney in Japan are substantially higher 
than the corresponding average levels from China, Hungary, Bulgaria and Norway. For the 
Japanese liver the elevation is a factor 3.6 to 4.3 and for the Japanese kidney a factor of 
3.3 to 4.9. This elevation is consistent with the cadmium pollution problem in Japan. For 
both China and Japan a positive correlation is present between cadmium and zinc in 
kidneys, as reported by two participants. This correlation is probably due to the fact that 
cadmium st imi ,'ates the synthesis of metallothionein in kidney, which in its turn also binds 
zinc. 
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The zinc levels in hair, liver and kidney do not show marked global differences. 
However, here the ratios between tissues differ more. The ratio of the average zinc level 
in hair to the average zinc level in kidney ranges from 0.23 (GDR) via 0.46 (Sweden), 0.77 
(Norway), 0.80 (Hungary), 1.00 (China), and 1.12 (Japan) to 1.15 (Bulgaria). Even more 
striking are the differences between the ratio of the average zinc level in liver to the 
average zinc level in kidney. This ratio ranges from 0.54 (Japan) via 0.85 (Sweden), 1.10 
(China), 1.13 (Norway), 1.16 (Bulgaria), 1.27 (GDR) to 1.32 (Hungary). The low ratio of 
0.54 for Japan may be explained by the increased zinc levels in kidney due to 
accumulation of cadmium in this tissue, as mentioned above. 

4.3. SEX 

Since it has been agreed in the frame of the CRP study that only males should be 
sampled, the effect of sex could not be studied here. The data horn Sweden were not 
specified as to sex, while the data from Hungary contained three females. These latter 
data were also included in the data processing. 

4.4. AGE 

The following age classes were distinguished: 20 - 30 y; 30 - 40 y; 40 - 50 y; 
50 - 60 y; 60 - 70 y and over 70 y. A survey of the maximum number of measurements 
available per age class (viz. for zinc in hair and liver) are given in Table XXII. 

Age does not appear to be a factor of importance in relation to trace element level 
of hair, except for cadmium, where the levels in the 50 - 60 y class appear to be 
significantly higher (p < 0.025 to 0.1) than in the other age classes. 

Trace element levels in tissues are sometimes age-dependent, e.g. an increase of 
the lead levels in kidney by a factor of about 3 at the significance level of p < 0.05 
between the 40 - 50 y class and the 60 - 70 y class (0.53 ± 0.12, N = 3, for the 40 - 50 
y class, 1.26 ± 1.60, N = 4, for the 50 - 60 y class and 1.49 ± 0.78, N = 3 for the 
60 - 70 y class, A AS data from Norway). The Norwegian data for bone also show an 
increase with age. The average cadmium levels in kidney show a maximum at the age of 
40 - 50 y, gradually decreasing with increasing or decreasing age (0.68 _+_ 0.55, N = 13, 
for 20 - 30 y; 0.63 ± 0.26, N = 7, for 30 - 40 y; 1.28 ± 1.15, N = 19, for 40 - 50 y; 
1.12 ± 0.67, N = 2 1 , for 50 - 60 y; 0.85 ± 0.36, N = 5, for 60 - 70 y class, NAA and 
AAS data from China, Bulgaria, Japan, and Norway). For the Japanese kidneys alone the 
maximum cadmium level is reached for the 50 - 60 y class (0.31, N = 1, for 20 - 30 y; 
0.56 ± 0.25, N = 4, for 30 - 40 y; 0.84 ± 0.12, N = 3, for 40 - 50 y; 1.49 ± 0.73, 
N = 7, for 50 - 60 y; and 1.12, N = 1, for 60 - 70 y). The observed maximum in the 
cadmium levels of kidney is in rough agreement with the literature. 
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4.5. OBESITY 

As parameter for obesity the Quetelet index is used, viz. ratio of weight in kg to the 
square of the length in m z . The Queteiet values were classified into the following classes: 
15 - 20 kg/m 2 , 20 - 25 kg/m 2 , 25 - 30 kg/m 2 and unknown. A survey of the maximum 
number of available measurements (viz.. for zinc in hair and liver) per obesity class are 
given in Table XXIII. Unless indicated otherwise, the changes in trace element levels are 
examined when going from the 1 5 - 2 0 kg/m 2 obesity class to the 25 - 30 kg/m 2 class. 

From the data it is clear that obesity does not appear to be a factor of importance 
in relation to trace element levels in hair, except to a minor extent for selenium as 
determined via NAA. Selenium levels in hair decrease with obesity on the average wi th 
16% (1.11 ± 0.40, N = 1 1 , versus 0.96 +_ 0.22, N = 13, NAA data from China, 
Bulgaria and Japan). 

For the tissues the following relations have been observed. The average selenium 
levels in liver show an effect opposite to hair, namely an increase with 17% (0.92 ± 0.37, 
N = 11 , versus 1.08 +_ 0.29, N = 1 1 , NAA data from China, Bulgaria and Japan). A 
similar effect is observed for kidney, an increase with 12% (0.98 ± 0.20, N = 1 1 , versus 
1.10 ± 0.22, N = 13, NAA data from China, Bulgaria and Japan). Although these 
differences are only significant at the confidence level of p < 0.10, obesity is still 
considered as a factor to be accounted for in the regression analysis of selenium levels in 
hair versus selenium levels in liver and in kidney. 

The average cadmium levels in lung differ at the significance level p < 0.05 wi th 
a decrease of 4 8 % (1.47 ± 0.79, N = 5, versus 0.77 ± 0.50, N = 8, AAS and NAA 
data from China and Norway). 

The average mercury level in lung decreases significantly at the level p < 0.1 with 
3 4 % (1.27 _+ 0.47, N = 5, versus 0.84 ± 0.29, N = 3, NAA data from China). The 
average copper level of lung decreases very significantly at the level p < 0.025 wi th 
obesity, viz.. 3 1 % ( 1 . 1 9 ^ 0 . 3 9 , N = 5, versus 0.83 ± 0.19, N = 10, AAS and NAA 
data from China, GDR and Norway). Finally, the average lead level in liver increases 
strongly and significantly at the level of p < 0.05 with obesity. The average level, namely 
in the 25 - 30 kg/m 1 class is 295 % higher than the average level in the 20 - 25 kg/m 2 

class (1.51 ± 1.03, N = 5 versus 0.51 ± 0.17, N = 3, AAS data from Norway). 

4.6. DEGREE OF URBANIZATION 

The following degrees of urbanization/industrialization were distinguished: rural, 
suburban, urban, near-industrial and unknown. A survey of the maximum number of trace 
element measurements available (viz.. for zinc in liver and hair) per 
urbanization/industrialization class is given in Table XXIV. 
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The trace element levels in hair do not show a consistent and clear relation with the 
degree of urbanization/industrialization. The trend is that the levels are highest for the 
suburban class compared to the rural class at one hand and the urban class and the 
near-industrial class at the other hand. 

The trace element levels in the tissues also do not show consistent and clear 
relations, with the exception of cadmium in kidney where the levels go down with 56% 
wi th the degree of urbanization c.q. industrialization (1.18 ± 0.75, N = 16, for rural, 
1.07 ± 0.78, N = 8, for suburban, 0.97 ± 0.74, N = 34, for urban, and 0.52 ± 0.40, 
N = 4 , for near-industrial, NAA data from China, Bulgaria, and Japan). The difference 
between the average levels for cadmium in kidney for the urban class and those for the 
near-industrial class is significant at the level p < 0.05. Comparable to the situation for 
hair, the highest trace element values in tissues were quite often observed for the 
suburban class. 

4.7. SMOKING HABITS 

The following degrees of smoking classes were distinguished: no smoker, light 
smoker, medium smoker, heavy smoker and unknown. A survey of the maximum number 
of trace element measurements available (viz.. for zinc in hair and liver) per smoking class 
is given in Table XXV. The changes in average trace element level are examined, when 
going from the ciass of no smoking to the class of heavy smoking. 

No correlation significant at the level of p < 0.05 was found between the degree 
of smoking and the level of the trace elements in hair, although levels of both arsenic and 
selenium tended to decrease with smoking. 

In the tissues some trace element levels appeared to be correlated wi th smoking. 
Copper levels increase on the average significantly in the lung at the level p < 0.025 wi th 
5 0 % (0.88 ±_ 0.18, N = 8, versus 1.32 ± 0.27, N = 6, NAA data from China and GDR). 
Average cadmium levels in lung go significantly up at the level p < 0.025 with 170% 
(0.54 ± 0.56, N = 6, versus 1.45 _±_ 0.84, N = 5, NAA data from China). For kidney no 
clear trend was observed, since in China the average cadmium level in kidney goes up wi th 
smoking, but in Bulgaria the average cadmium level in kidney shows the opposite 
tendency. The arsenic level in liver decreases on the average significantly at the level 
p < 0.025 with 47% (1.37 ± 0.85, N = 10, versus 0.72 ± 0.33, N = 16, NAA data 
from China and Bulgaria). For kidney similar trends has been observed, however, no' 
significant at the level p < 0.05. Selenium in kidney goes down on the average 
significantly with 15% (1.08 ± 0.17, N = 10, versus 0.92 ± 0.26, N = 16, NAA ddta 
from China, Bulgaria and Japan). The data for selenium in liver do agree with those for 
kidney. 
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4.8. HAIR COLOUR 

The following hair colours were distinguished: black, white, brown, red, and grey. 
A survey of the maximum available number of trace element measurements per hair colour 
is given in Table XXVI. No effects of the hair colour on the average level in hair were 
observed for the elements zinc, copper, lead, arsenic, mercury, and selenium. 

Cadmium proved to be significantly higher at the level of p < 0.05 in grey hair than 
in black hair (1.36 ± 1.23, N = 14, versus 0.82 ± 0 .71 , N = 28. AAS and NAA data 
from China, Japan and Norway). This difference appeared to be almost exclusively due to 
the much higher cadmium levels in hair (grey) of older Japanese persons versus the lower 
cadmium levels in hair (black) of younger Japanese persons; on the average the difference 
was a factor of 7.5. Likely this is related to the cadmium pollution problem in Japan. 

The average cadmium levels in kidney differ very significantly (p < 0.01) between 
persons wi th black and persons with grey hair colour (0.76 ± 0.38, N = 12, for persons 
with black hair versus 1.58 ± 0.82, N = 5, for persons with grey hair). The average 
cadmium levels in livers from Japan follow the trend of the kidneys, although here the 
difference is only significant at the level p < 0.10. 

4.9. CAUSE OF DEATH 

The following causes of death were distinguished: accidental, expected, not 
expected & not accidental, and unknown. A survey of the maximum available number of 
trace element measurements per type of cause of death is given in Table XXVII. 

The average trace element levels in hair did not show significant correlations with 
the type of death. An exception is arsenic, for which the average level is for the class of 
expected death 70% lower wi th a significance of ± p < 0.10 than the average level for 
the class of accidental death, (viz.. 0.30 ± 0.10, N = 2, versus 1.02 ± 0.74, N = 48, 
NAA data from China and Bulgaria). 

For the tissues no consistent and significant differences were found, except for lead 
in kidney. Lead appears to be 140% higher at the significance level of p < 0.10 in kidney 
of the class of expected death than in the class of not expected & not accidental deaths 
(2.29 ± 1.50, N = 3, versus 0.78 ± 0.40, N = 3, AAS data from Norway). A similar 
situation exists for the lead data for bone (1.58 ± 0.83, N = 3, versus 0.77 ± 0.17. 
N = 4 , AAS data from Norway), but not for the data for lead in liver. 

4.10. REFRIGERATION AFTE^l DEATH 

The following classes of refrigeration during the period after death and before 
autopsy are distinguished: no refrigeration, refrigeration and unknown. A survey of the 
maximum number of trace element measurements available (for zinc in hair or liver) per 
class of refrigeration is given in Table XXVIII. 
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No consistent and significant dependency of the trace element levels in hair on the 
occurrence of refrigeration could be established. For the tissues the situation is similar. 

4 . 1 1 . TIME DELAY BETWEEN DEATH AND AUTOPSY 

The following classes of time delay between moment of death and moment of 
autopsy were distinguished: 0 - 20 h, 20 - 40 h, 40 - 60 h, 60 - 80 h, > 8 0 h, and 
unknown. A survey of the maximum available number of trace element measurements per 
class of time delay is given in Table XXIX. 

The element arsenic appears to be correlated at the significance level p < 0.05 with 
the time delay (0.93 ± 0.55, N = 44, for 0 - 20 h versus 1.05 ± 0.82, N = 16, for 20 
- 40 h versus 1.74 ± 1.10, N - 3, for 40 - 60 h, NAA data from China, Bulgaria and 
Japan). A similar effect occurs for selenium (1.03 ± 0.30, N = 43, 0 - 20 h versus 
0.97 ± 0.22, N = 16, for 20 - 40 h versus 0.73 ± 0.10, N = 3 for 40 - 60 h, NAA data 
from China, Bulgaria and Japan). 

For the tissues the following correlations have been observed. Selenium in liver is 
correlated at the significance level p < 0.10 with the time delay in the same way as in hair 
(1.03 ± 0.30, N = 44 , for 0 - 20 h versus 0.96 ± 0.37, N = 16 for 20 - 40 h versus 
0.74 ± 0.14, N = 3, for 40 - 60 h, NAA data from China, Bulgaria and Japan). For kidney 
is here a similar trend, also significant at the level p < 0.05 (1.03 ± 0.20, N = 44, for 
0 - 2 0 h versus 0.95 ± 0.35, N = 16, for 20 - 40 h versus 0.84 _+_ 0.17, N = 3, for 
4 0 - 60 h, NAA data from China, Bulgaria and Japan). 
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5. TRACE ELEMENT RELATIONS BETWEEN HAIR AND TISSUES 

5.1 . GENERAL 

The purpose of the CRP on hair mineral analysis is to assess the trace element 
levels in hair as possible indicators for trace element levels of various tissues. And thus, 
also as an indicator for body inventory or body burden with the corresponding trace 
element. From previous sections it has become clear that the data for correlation of trace 
element levels in hair with those in tissues are sometimes rather limited, and if available 
not always of sufficient AQ. Systematic errors in the various analytical techniques are 
quite often rather dominant. 

Thus, it was decided to perform the correlation study first per country, then per 
analytical technique and finally for the total pool of countries. For the correlation study the 
ordinary correlation coefficient was calculated, yielding a correlation coefficient between 
0 (no correlation at all) and 1 (perfect positive correlation) or -1 (perfect negative 
correlation). A correlation has been taken into account when the following criteria were 
met: (i) adequate overall AQ of the data involved, (ii) value of the correlation coefficient 
being statistically significant, preferably at the level <0 .05 , (iii) correlation should occur 
n data sets of at least two participants. 

In Section 4 . 1 . it already has been mentioned that due to the limited number of 
data, no multi-parameter study can be properly performed with the personal parameters 
on one hand and the trace element levels in hair and tissues on the other hand. In Section 
4.3 through Section 4.10 an assessment is given of the effects of various values of the 
personal parameters on the average trace element levels in hair and tissues. It appears that 
within (i) the limited number of data, (ii) the variation in the trace element levels present 
and (iii) the biased distribution of the various values of the personal parameters over the 
countries, no significant effects show up. Thus, no serious effects are expected on the 
correlation between hair levels and tissue levels due to the neglect of the effects of the 
various values of the personal parameters. 

In this CRP the possible dependency is studied of trace element levels in hair on the 
corresponding levels in tissues. The analytical data obtained in this CRP refer to total levels 
of elements, irrespective of their physico-chemical form. It is quite well conceivable that 
when a particular chemical form of a trace element in hair and/or tissues is considered, 
correlations t,- different. 

5.2. ZINC 

The regression analysis yields no clear and consistent correlations between zinc 
levels in hair and those in any of the tissues as may be seen in Figures 1A through 1G. An 
exception is a strong, but still not significant, correlation for hair and liver for the 4 persons 
from oDR. This correlation is caused by only one rather outlying data pair. As noted above, 
the zinc levels in the livers from GDR are rather high compared to those found by the other 
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participants, while the corresponding hair levels are normal. Thus, the correlation found for 
the GDR autopsies does not give a perspective that elevated zinc levels in liver may be 
traced on basis of zinc levels in hair. 

Taking into account the general adequacy of the overall AQ of the majority of the 
zinc determinations in the hair and tissues is adequate, the results imply that zinc levels 
in hair are not useful for assessing the zinc inventory in tissues. This has already been 
observed by Aalbers and De Goeij [2] for a larger and more homogeneous group of 
111 - 166 males and females in The Netherlands. According to a recent report of the 
Dutch Health Council, based on a exhaustive literature study, [6] the zinc level in hair 
carnot be considered as a reliable indicator for the z<nc status of individuals. 

The zinc levels in the tissues (liver, kidney spleen, lung) are sometimes more or less 
positively correlated, e.g. liver versus kidney (r = 0.64, 90 NAA and AAS data pairs from 
China, Bulgaria, Japan, Sweden and Norway). 

5.3. COPPER 

The regression analysis yields no clear and consistent correlations between copper 
levels in hair and in liver, lung, brain or bone as may be seen in Figures 2A through 2G. It 
should be kept in mind that the AQ for a number of data sets is inconclusive or even 
inadequate, which may obscure a correlation, if present. 

A weak, but consistent negative correlation is found between copper in hair versus 
copper in kidney. However, it should be noted that the overall AQ of the data involved is 
not sufficient. This result of a negative correlation is not supported by the results from a 
similar study in The Netherlands, where a very slight positive correlation (r = 0.14) has 
been found for copper levels in hair versus those in Kidney (cortex) for a larger and more 
homogeneous group of 106 males and females [2]. 

Taking into account the widely differing overall AQ of the copper data no final 
conclusion can be drawn. However, the data available sofar provide no basis for the use 
of copper levels in hair for assessing body copper status. A similar observation has been 
made by Aalbers and De Goeij [2] for a larger and more homogenous group of about 
105 - 171 males and females in The Netherlands. This is not so surprising, since copper 
can be readily taken up from water during showering or bathing [1,15]. According to the 
report of the Dutch Health Council [6] copper levels in hair cannot be used as indicator for 
copper inventory in tissues in the body. 

The copper levels in the tissues (liver, kidney spleen, lung) are sometimes more or 
less consistently and positively correlated, e.g. liver versus kidney (r = 0.47, 64 NAA data 
pairs from China, Bulgaria, Japan, and GDR). 
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5.4. LEAD 

Regression analysis yields no consistent correlations between lead levels in ha> and 
le?d levels in tissues, as may be seen in Figures 3A through 3G. However, the Hungarian 
data alone for lead in hair are more or less correlated with those in bone, lung, or liver, 
while almost no correlations are present between lead in hair and lead in kidney or brain. 
In judging these correlations or the absence of correlations it should kept in mind that the 
poor overall AQ of the corresponding data does not permit realistic conclusions. 

Generally bone is considered as a target organ for lead. The overall data show 
almost no correlation between lead levels in hair and lead levels in bone. Similarly, Aalbers 
and De Goeij [2] found no correlation between lead in hair and lead in bone for a group of 
157 males and females from The Netherlands. According to the report of the Dutch Health 
Council lead levels cannot be used as an indicator for the lead inventory of tissues. 

The regression study reveals that the lead levels of tissues are sometimes more or 
less correlated, for instance those in liver and in kidney (r = 0.5, 39 XRF and AAS data 
pairs from Hungary and Norway), but also here a caveat should be given due to the poor 
overall AQ of the data. 

5.5. CADMIUM 

Regression analysis yields no consistent correlations between cadmium levels in hair 
and cadmium levels in tissues, as may be seen in Figures 4A through 4G. It should be 
realized trr. i for the majority of the data sets the AQ is inadequate. The only data for bone, 
the Norwegian data, suggest a correlation (r = 0.56) between cadmium in hair and in 
bone. However, this correlation is due to one outlying data pair only. 

Generally kidney is considered as a target organ for cadmium. The overall data 
show no correlation between hair and kidney, but the best data set in respect to overall 
AQ, the Chinese one, gives some correlation (r = 0.41) between cadmium in hair versus 
cadmium in kidney. However, it should be mentioned that the overall AQ assessed for the 
data in this set is just at the border between reasonable and inadequate. Although the 
Japanese cadmium levels in hair, kidney and liver from younger persons (black hair or 
20 - 50 year group) are on the average lower than the corresponding values for older 
persons (grey hair or 50 - 70 year group), no significant correlation between hair and 
kidney or liver has been found for the Japanese hair - kidney data set. In the study of 
Aalbers and De Goeij for a group of 92 persons from The Netherlands no correlation has 
been found between cadmium levels in hair and those in kidney [2]. Ellis et al. were able 
to determine kidney and liver cadmium levels by in-vivo neutron-capture gamma ray 
spectroscopy. They compared these results to the hair cadmium levels on a subject by 
subject basis, and they concluded ii iat 'hair cadmium levels are not a good index of body 
burden of cadmium in the industrially exposed individual' [7]. According to Matsubara and 
Machida [8] hair is a poor indicator of cadmium contamination because cadmium levels in 
hair are not consistent with the levels o* cadmium deposited in the critical organs kidney 

174 



and liver. On the other hand, Oieru [9] found positive correlations between cadmium in hair 
and in tissues, e.g. 0.52 (p < 0.01) for hair versus kidney and r = 0.36 (p < 0.05) for 
hair versus liver, while the relation between hair and lung was not statistically significant. 
According to the report of the Dutch Health Council [6] cadmium levels in hair cannot be 
used as an indicator for cadmium inventory in the body. 

The cadmium levels of tissues are sometimes more or less consistently and 
positively correlated, e.g. liver versus kidney (r = 0.76 for 63 pooled NAA data from 
China, Bulgaria and Japan), brain versus bone (r = 0.46 for 12 AAS data from Norway), 
and liver versus lung (r = 0.37 for 36 pooled AAS and NAA data from China and Norway). 
However, again a caveat should be given because of the insufficient overall AQ of the 
data. 

5.6. ARSENIC 

Regression analysis yields a weak but consistent correlation between arsenic levels 
in hair and arsenic levels in liver or kidney, as may be seen in Figures 5A through 5G. 
However, it should be realized that the overall AQ of the majority of the data sets is 
inadequate. Thus, conclusions can only be very tentative. The correlation hair - liver and 
hair - kidney is stronger in the separate groups than in the pooled group. This may be due 
to differences in systematic errors in the three NAA data sets. Also other variables may 
play a role, such as food habits, environmental circumstances, and/or differences in the 
chemical form of the arsenic incorporated. 

Literature indicates that substantial arsenic intakes (e.g medical use or poisoning) 
correlate well with arsenic levels in hair. Arsenic intakes will of course lead to temporary 
increase of arsenic levels in metabolic active tissues, such as liver and kidney. Thus, it is 
not surprising to find positive correlations between hair and tissues. According to the 
report of the Dutch Health Council [6] arsenic levels in hair may be used as a qualitative 
measure for body burden with arsenic, provided external contamination of the hair can be 
ruled out. Not much information is available on a quantitative relation between arsenic 
levels of hair and those in a particular tissue. Since the body will react differently to 
incidental and chronic exposures to arsenic, a possible relation between chronic intake and 
hair will not be valid for incidental exposure. Moreover, the metabolic behaviour of arsenic 
depends on its chemical form at the intake. 

Arsenic levels in the tissues appeared to be more or less correlated, viz.. liver and 
kidney (r = 0.68, 55 NAA data from China, Bulgaria and Japan) and liver and lung 
(r = 0.67, 24 NAA data from China). Also here a caveat should be given because of the 
poor overall AQ of the determinations of levels of arsenic in tissues. Nevertheless, the 
results agree with the findings of Aalbers [10], who also observed interrelations of arsenic 
levels in various tissues. 

175 



5.7. MERCURY 

The results of the regression analysis are given in Figures 6A through 6G. The 
results show for the NAA data a consistent and positive correlation between hair and liver 
for the countries China (r = 0.03), Bulgaria (r = 0.29), Japan (r = 0.42), and Sweden 
(r = 0.40). The significance level p < 0.05 is either fully reached or nearly approached for 
these four countries. When pooling of these data the correlation (r = 0.23) remains 
significant at the level p < 0.05. 

The correlations between hair and kidney mercury levels are less pronounced. 
Sweden displays a strong positive correlation (r = 0.80, significant at the level p < 0.05), 
China (r = 0.17) and Japan (r = 0.33) a weaker positive correlation (just or nearly 
significant at the level p < 0.05), and Bulgaria (r = -0.05) a weak negative correlation 
(almost significant at the level p < 0.05). Pooling of all NAA data also yields a positive 
correlation (r = 0.16), significant at the level p < 0.05. 

Due to the uncertain analytical quality, no distinct conclusion can be drawn. On the 
one hand it may be possible that analytical imprecisions introduce correlations as an 
artefact. On the other hand - being more likely - these imprecisions may weaken existing 
correlations. Taking into account not only the analytical uncertainties, but also many other 
variables, like food habits, differences in environmental circumstances and racial 
constitution, the correlation coefficients for the pooled NAA mercury data in both hair 
versus liver and hair versus kidney very probably indicate a truly existing correlation. 
Moreover, the results found are in agreement with literature, which indicates a correlation 
between hair and mercury - particularly methylmercury - intake and/or body burden, as 
reflected by mercury intake. Tht main source of methylmercury is f ish. Airey [11] and De 
Goeij 112] for instance have demonstrated that hair mercury levels are related to fish-eating 
habits. Furthermore, from a literature review, Airey established a positive linear correlation 
between hair mercury levels and fish consumption for some 7500 individuals in 35 
countries [13]. According to the report of the Dutch Health Council [6] , hair mercury levels 
may be indicative for substantial intake of mercury, particularly methylmercury, when 
external contamination of hair with mercury is absent. 

To examine whether also here the degree of fish consumption plays a role in 
determining :he strength of the cc r^b i i on between hair mercury level and liver mercury 
level, the correlation coefficients were compared with the nation-averaged commercial fish 
catch per caput [14], namely r = 0.03 for China with an annual average per caput of 
7.6 kg, r = 0.29 for Bulgaria with an average of 15 kg, r = 0.40 for Sweden with an 
average of 24 kg, and r = 0.42 for Japan with an average of 92 kg. 

The correlation between mercury in liver and mercury in kidney is positive 
(r = 0.69, 72 NAA data from China, Bulgaria, Japan, and Sweden) and significant at the 
level p < 0.05. The NAA data from Bulgaria for various tissues, which have a reasonable 
AQ, show rather strong correlations, viz.. liver versus spleen (r = 0.93, N = 20), kidney 
versus heart (r = 0.84, N = 20), spleen versus heart (r =• 0.88, N = 20), spleen versus 
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kidney (r = 0.90, N = 20), and liver versus heart (r = 0.88, N = 20). These correlations 
are in agreement with literature, e.g. the data from Aalbers [10]. 

5.8. SELENIUM 

The results of the regression analysis are given in Figures 7A through 7G. The NAA 
data show consistently a positive correlation between the selenium level in hair and the 
selenium level in liver for data pairs from China (r = 0.71), Bulgaria (r = 0.10), Japan 
(r = 0.78) and Sweden (r = 0.38). For the countries China and Japan the regression is 
significant at the level p < 0.05, while it is not for Sweden and Bulgaria. However, it 
should be stressed that for Sweden only a limited number of data pairs are available, while 
the AQ of the Bulgarian data set is inadequate. Also in the pooled group of NAA data pairs 
a strong and highly significant correlation (r = 0.71) is present. For the Hungarian samples 
the correlation is negative, almost significant at the level of p < 0.05. However, as 
pointed out in Section 3.8, the AQ of the Hungarian data for selenium in hair versus 
selenium in tissues is strongly inadequate. 

Since the average hair selenium levels and average liver selenium levels change 
differently with obesity (cf. Section 4.5), the regression analysis has been repeated, but 
now with differentiation to obesity. The 27 data pairs with an obesity parameter 
<22 .5 kg/m 2 yield a correlation coefficient r = 0.59, while the 35 data pairs with an 
obesity parameter >22 .5 kg/m2 yield a correlation coefficient r = 0.80. The pooled group 
of 27 + 35 data pairs leads to a correlation coefficient r = 0.73. In a similar way the 
correlation coefficient for the nonsmokers and heavy smokers has been recalculated (cf. 
Section 4.7). The 16 data pairs for the heavy smokers yield a correlation coefficient 
r = 0.73, while the 10 data pairs for the non-smokers yield a correlation coefficient 
r = 0.94. The pooled group of 16 + 10 data pairs leads to a correlation coefficient 
r = 0.82. Thus, both smoking and obesity differentiation into two groups does not lead 
overall to better results than the pooled group. 

The correlation coefficients mentioned above imply a high degree of correlation. The 
deviation of the value of the correlation coefficient r from unity must be described to 
analytical imprecisions and biological variations. From the correlation coefficient r the 
unexplained variation may be calculated, using the formula: r2 = (explained variation/total 
variation) = (total variation - unexplained variation)/total variation. The resulting 
unexplained variation may then be divided equally over the results for hair and the results 
for liver, resulting in a COV (coefficient of variation) for the selenium value in either hair 
or liver. As an example: the values for the three smoking classes r = 0.94 (no smoking), 
r = 0.73 (heavy smoking) and r = 0.82 (pooled group of no smoking and heavy smoking; 
lead to a COV of 0.13, 0.16 and 0.15 respectively, viz.. to theoretical relative standard 
deviations of 13%, 16% and 15% respectively in the average single measurements. 

The pure analytical error in the selenium determinations, may be judged from the 
results for the standard reference material Bovine Liver which selenium level is of the same 
order as the selenium level in hair or liver. The relative standard deviations found by three 

177 



participants for Bovine Liver range from 7 to 43%, which indicate that the analytical error 
indeed may have contributed substantially to the unexplained variation. Moreover, due to 
the fact that results from different countries are pooled, possible systematic differences 
between laboratories may have resulted in an increase of the overall analytical variation in 
the pooled group. Also one should keep in mind that reference materials do not suffer from 
problems of inhomogeneity (as may the case for analysis of liver) or variations in water 
content (as may be the case for hair, which is hygroscopic and may contain varying 
amounts of water, depending on the relative humidity). For instance, the water content of 
hair is 6% and 14% at a relative humidity of 30% and 70% respectively [1 ] . The Chinese 
hair samples contained on the average 7% of water, and a proper correction has been 
made for each hair sample, to calculate the selenium level on dry weight basis. The other 
participants considered their hair samples as 100% dry material, and applied no correction 
for the water content. 

Moreover, the occurrence of a certain biological variability should be taken into 
account, particularly since samples are originating from different countries. Further, it 
should b<? realized that the selenium level of the liver and other tissues reflect the selenium 
status at the moment of death, while the hair reflects metabolic effects, averaged over a 
period of about three months prior to death. It is quite conceivable that when in this 
three-months period substantial alterations in selenium intake or in metabolic turnover due 
to diseases occur, the relation between hair selenium and tissue selenium levels will be 
disturbed. Blood samples, which could have given some insight, have not been collected 
in the autopsies. Finally, although there are no signs of substantial external contamination 
of the hair samples with selenium, minor selenium contaminations cannot be ruled out. In 
this frame it should be mentioned that some hair shampoos contain selenium as an 
anti-dandruff agent. 

The origin of tne good correlation between hair selenium and liver selenium is not 
yet clear and requires a more detailed research into this matter. Intriguing is also the height 
of the average selenium level in hair and in liver in the Far East (China and Japan) 
compared to Europe (Bulgaria and Sweden), namely 0.66 and 0.36 mg/kg respectively for 
selenium in hair and 1.6 and 0.95 mg/kg respectively for selenium in liver. From Chinese 
literature it is known that a substantial nutritional deficiency of selenium intake (Keshan 
disease) correlates with a significant decrease of the selenium level in hair, while excessive 
intake of selenium (selenosis) correlates wi th elevated selenium levels in hair [1 ] . It is also 
known that hair seleniurr responds to selenium supplementation [1]. One of the main 
questions, however, is still open, namely whether the selenium level in liver really reflects 
the body selenium status. Anyway, the relative standards deviations in the hair selenium 
x/alues are generally small (15 - 20% for three out of the four countries), particularly for 
the European countries, so that for a further study of the correlation of selenium in hair and 
selenium in tissues requires very accurate and precise analytical determination:; of 
selenium. 

The NAA data pairs for kidney show a similar behaviour as those for the liver, 
however to a lesser degree, for China (r = 0.64), Japan (r = 0.21) and Sweden 
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(r - 0.56). Bulgaria exhibits a weak negative correlation (r = -0.07), but that is probably 
due to the inadequacy of the analytical results from this country. The pooled group shows 
also a significant positive correlation (r = 0.57). In this frame it should be mentioned that 
kidney is less homogeneous than liver material. The main constituents of the kidney are 
cortex and medulla, each with characteristic levels for various trace elements. For 
instance, in the cortex the selenium level is on the average a factor of 1.5 higher compared 
to the level in the medulla [15]. In this CRP only the kidney cortex had to be sampled. 
However, since some skill is required in sampling cortex tissue without substantial 
contamination with medulla tissue, it is not unlikely that some cortex samples analyzed 
may have contained medulla parts. This leads to a reduction of the average cortex 
selenium level in the samples involved, and thus introduces an interfering factor in the 
relation of hair selenium versus kidney selenium. 

The few NAA data pairs from China tends to a positive correlation between hair and 
lung, while an insignificant correlation between hair and heart or hair and spleen was 
observed in the Bulgarian data pairs, which may be due to the inadequate AQ of these 
data. 

In respect to inter-organ correlations, the results indicate that there is a positive 
correlation between the NAA selenium levels in various organ pairs, e.g. liver - spleen, 
liver - kidney, liver - heart, spleen - kidney, spleen - heart, and kidney - heart. Most data 
pairs for inter-tissue correlations are available for liver versus kidney. Pooling of China 
(r = 0.41), Bulgaria (r = 0.91), Japan (r = 0.43) and Sweden (r = 0.52) results in a good 
an overall correlation coefficient (r = 0.72) for the entire group of NAA data. The good 
inter-tissue correlations suggest that not a particular tissue is involved in selenium storage, 
but that selenium stores are distributed over the body. 
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6. CONCLUSIONS 

6 . 1 . QUANTITY OF THE TRACE ELEMENT DATA 

The CRP aimed at data for the concentrations of zinc, copper, lead, cadmium, 
arsenic, mercury, and selenium in hair, liver, kidney, lung, brain, bone, and blood. The 
submitted data set shows a substantial number of lacking data. The lack of data on 
elements increases in the sequence of zinc, copper, cadmium, selenium, arsenic and lead. 
The lack of data for tissues increases in the series hair, liver, kidney, lung, brain, bone, and 
blood. For instance, all participants provided data for zinc in hair, liver and kidney, while 
no elements at all were reported for blood. 

The minimum number of autopsy cases per participant had been set to 20 in this 
CRP. This number was met by only three participants who reported for a number of cases 
ranging from 22 to 50, while the other four participants reported for a number of cases 
ranging from 4 to 17. One participant using XRF (Hungary) reported for 50 autopsies, five 
participants using NAA (China, Bulgaria, Japan, GDR, and Sweden) reported for 78 
autopsies together, and one participant using AAS (Norway) reported for 12 autopsies. 

As may be obvious, the lack of so many data for particular combinations of 
elements and tissues is a limiting factor in this study on hair mineral analysis as a means 
of assessing internal body burdens of environmental pollutants. 

6.2. QUALITY OF THE TRACE ELEMENT DATA 

The analytical quality was assessed on basis of the calculated limits of quantitation 
per trace element determined, per tissue and per participant as well as from the values 
found for reference materials and 'blind' materials. As far as may be evaluated, the 
analytical quality of the data for the various elements differs widely. The analytica. quality 
of the determinations of zinc, copper and selenium is generally good to reasonable, while 
those for the determinations of lead, cadmium, arsenic, and mercury is generally 
inadequate to strongly inadequate. 

The poor analytical quality of many data as well as the lack of data indicate that the 
combination of particular elements and particular tissues was a too difficult job for most 
participants. The determination of lead, ^admiurr., arsenic and mercury as well as the 
analysis of bone, lung and brain require considerable skill and devotion, as could be 
foreseen beforehand. It is also concluded that the system of analytical quality control via 
analysis of 'blind' materials and certified reference materials has not worked out properly. 

In addition to the above-mentioned lack of data, the poor analytical quality of most 
trace element data is a further limitation in the scope of the CRP. In particular, the poor 
analytical quality may involve either an obscuration of possible existing correlations or 
creation of correlations as artifacts. 
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6.3. EFFECT OF COUNTRY 

The parameter country is not only associated with geographical, environmental, 
nutritional, socio-economic and racial factors, but also with systematic errors between the 
various analytical procedures used. Thus, no conclusive answer can be given as to the 
effect of country. 

A few effects appear not to be caused by analytical errors. For instance, in Japan 
the values of cadmium in liver and kidney are significantly increased compared with those 
in China, Bulgaria, and Norway. The levels of selenium in hair, liver and kidney are 
generally higher in the Far East (Japan and China) than in Europe (Bulgaria and Sweden). 
The zinc levels in hair, liver and kidney do not show marked global differences, but the 
ratios do. For instance, the ratio of the average zinc level in hair to the average zinc level 
in liver ranges from 0.23 (GDR) to 1.15 (Bulgaria). Even more striking are the ratios of the 
average zinc level in liver to the average zinc level in kidney, namely ranging from 0.54 
(Japan) to 1.32 (Hungary). As pointed out, the differences in this latter ratio are very 
probably due to differences in cadmium levels in the kidneys involved. 

6.4. EFFECT OF PERSONAL PARAMETERS 

Information on the following personal parameters was collected: sex, weight, 
length, age, hair colour, cause of death, smoking behaviour, degree of urbanisation c.q. 
industrialization of the residence, time delay betweer. death and autopsy, and use of 
refrigeration of the corpse. The personal parameters are not randomly distributed over the 
autopsy cases, but are sometimes strongly interrelated and also related with country, and 
thus, also with analytical technique applied. A statistical approach has been adopted to 
eliminate artificial relations of trace element levels with personal parameters. However, due 
to this approach also possible truly existing relations may have weakened or even may 
have vanished. 

Generally, the personal parameters are not significantly and consistently related 
with trace element levels in hair. A few exceptions are the following ones. A higher age 
class appears to be related with high cadmium levels in hair, while a similar effect is 
observed for kidneys. Selenium levels in hair decrease with obesity, while in liver the 
opposite effect is found. Trace element levels in hair appear to be higher in the suburban 
areas, compared to rural areas at one hand and urban and near-industrial areas at the other 
hand. Smoking causes increase of cadmium levels in lung. Cadmium levels in grey hair of 
(older) Japanese are significantly higher than the corresponding levels in black hair of 
(younger) Japanese. Arsenic in hair is significantly lower in the class of expected death 
than in the class of accidental death. 

6.5. CORRELATION BETWEEN HAIR AND TISSUES FOR ZINC AND COPPER 

No significant and consistent correlations have been found between hair and any 
of the tissues for zinc and copper. This is in agreement with various results from literature. 
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Thus, zinc and copper levels of hair do not appear to be useful as a monitor for the 
corresponding levels in tissues. 

On the other hand, for both copper and zinc there are correlations between the 
levels in various tissue pairs. 

6.6. CORRELATION BETWEEN HAIR AND TISSUES FOR LEAD AND CADMIUM 

No consistent correlations have been observed between levels in hair and levels in 
any of the tissues, including bone (the target organ for lead) and kidney (the target organ 
for cadmium). Due to the small number of data on lead and cadmium and their poor 
analytical quality a caveat should be given: it is conceivable that an existing correlation 
between hair and tissues for lead and/or cadmium in this study is present but may have 
vanished. The finding of an absence of a correlation in this CRP is not in disagreement with 
literature, which generally does not indicate a close relation between haii levels and tissue 
tevels for lead and cadmium. However, in cases of external exposure to lead and cadmium, 
their levels in hair and tissues may go up simultaneously, leading to some kind of 
correlation between hair and tissues. Thus, the use of hair as monitor for interval body 
burden with lead or cadmium is rather questionable. 

For both lead and cadmium there are correlations between the levels in various 
tissue pairs. 

6.7. CORRELATION BETWEEN HAIR AND TISSUES FOR ARSENIC AND MERCURY 

A consistent but weak correlation is found between the levels in hair and the levels 
in liver or kidney for both arsenic and mercury. Also here a caveat should be given due to 
the small number of data and their poor analytical quality. Thus, here too it is conceivable 
that a possible existing correlation is weakened. However, the opposite situation, namely 
creation of an artificial correlation - although not being likely - cannot be ruled out. The 
correlation of hair levels with levels in kidney or liver for both elements is in agreement 
with results from literature. Under specific conditions, including an absence of substantial 
externa contamination, hair arsenic levels and hair mercury levels may be used as 
indicators for body burden with arsenic and mercury - particularly methylmercury -
respectively. 

For both arsenic and mercury there are also correlations between the levels in 
various tissue pairs. 

6.8. CORRELATION BETWEEN HAIR AND TISSUES FOR SELENIUM 

Selenium in hair is positively correlated with the selenium level in liver, kidney, lung, 
and spleen. The best correlation is found between hair and liver with r = 0.71 in the 
pooled group and the correlation has been observed independently by four separate groups. 
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The deviation of the correlation coefficients in the hair - liver relation from unity m^y 
be explained, possibly largely, by analytical imprecisions This indicates that in further 
studies more attention should be focused to analytical accuracy and precision, the more 
so, since the gentioi ..end in the three out of the four countries is that the variation of the 
selenium levels in hair is rather small, viz. in the order of 15 - 20%. 

Also various tissues show to be interrelated in respect to selenium levels. 
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ABBREVIATIONS 

AQ Analytical quality 
AAS Atomic absorption spectrometry 
BUL Bulgaria 
CHI Peoples Republic of China 
COV Coefficient of variation 
CRM Certified reference material 
CRP Coordinated Research Programme 
GDR German Democratic Republic 
HMA Hair mineral analysis 
HUN Hungary 
IAEA International Atomic Energy Agency, Vienna, Austria 
JAP Japan 
kg Kilogram 
LOQ Limit of quantitation 
m Metre 
mg Milligram 
mg/kg Milligram trace-element per kilogram dry tissue (= microgram per gram = ppm). 
N Number of items in a given data set 
NAA Neutron activation analysis 
NBS National Bureau of Standards (now: National Institute of Standards and Technoloy), 

Gaithersburg, Maryland, USA 
NIES National Institute for Environmental Studies, Tsukuba, Japan 
NOR Norway 
p Probability factor 
r Correlation coefficient 
RLOQ Relative limit of quantitation 
SRM Standard reference material 
SWE Sweden 
XRF X ray fluorescence 
y Year 
Z Atomic number 
± Indicates dispersion of data, expressed as standard deviation around an average 

value, assuming a normal distribution. 
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