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Zinc, copper, manganese and gold content 
of the hair of infants
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In  th e  ha ir of 41 norm al new born children the am ounts of the  trace 
elem ents zinc, copper, m anganese and  gold were followed up  longitudinally  
by  neutron activation  analysis, th e  sam ples being taken  on th e  1st day  of 
life, between the 63th and 109th days, th e  200th and 240 th  as well as be
tw een the  368th and 478th days of life. In  th e  newborn children no correla
tions am ong th e ir  ha ir trace  elem ents themselves and w ith  th e  du ration  
of norm al pregnancy, b irth  w eight, w eight percentiles according to  Lub- 
chenko e t al. [21] and b irth  length  were found. The zinc co n ten t of 212 ±  
63 ppm , th e  copper conten t of 8.1 ± 2 .3  ppm  and the m anganese co n ten t of
0.211 ±0 .366  ppm  agreed well w ith  values in the litera tu re  from  different 
p a rts  of th e  world. The ha ir gold con ten t was found to  be 0 .086± 0 .006  ppm . 
In  early childhood the trace  elem ent con ten ts do not exhib it an y  dependence 
on sex.

The investigation of trace elem ents in  the hair of babies resu lted  in 
the  rem arkable observation th a t  in  th e  firs t three m onths of life zinc, copper 
and  gold conten ts shows a  considerable increase to  m ultip le levels of the 
b irth  values, followed by  a decrease. This is im portan t for th e  in te rp re ta tio n  
of hair trace elem ent analyses in  in fan ts. There are significant positive 
correlations am ong zinc, copper and gold contents in hair. I t  m u st be em 
phasized th a t  gold, although classified as a  non-essential elem ent, behaves 
in  the h a ir  of in fan ts ju s t like th e  physiologically im portan t essen tial trace 
elem ents zinc and copper. In  con trast, in  th e  case of m anganese th e re  were 
neither such dynam ics no r a  significant correlation w ith th e  o th e r  hair 
trace  elements, and w ith age, body w eight and length.

So far 15 trace elements (Fe, Cu, 
Zn, Mn, Mg, Co, Cr, Ni, V, Se, F, J, 
As, Sb, Si) have been identified as 
essential parts of mammalian organ
isms [26]. One possibility among others 
is to investigate the individual status 
of the intake of selected trace ele
ments (e.g. zinc, copper and manga
nese) by elementary analysis of human 
[19, 20] or animal hair [1]. Hambidge

et al. [14] consider hair zinc contents 
below 70 ppm in the case of children 
to be suggestive of a general lack of 
zinc in the body. Only few results 
have been obtained from newborn 
children and infants, whereby review 
studies in respect to different age 
groups have been compiled [4, 7, 14, 
15, 29]. We studied the trace element 
contents in human hair with grow-
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ing age, starting from birth, in order 
to assess variability and reliability 
of hair used as an indicator.

M a t e r ia l s  a n d  M e t h o d

F ro m  a  group of 41 ch ildren  (birth 
w eight >2500 g w ith a  m ean of 3269±330 g, 
norm otrophic according to  Lubchenco et 
al [21] pregnancy of 37 — 42 w eeks w ithout 
an y  com plication, 20 hoys an d  21 girls) 
h a ir  sam ples were ta k en  w ith  th e  help of 
sta in less steel scissors. The b ac k  of the head 
an d  th e  neck were the  regions involved. 
The tim e was the  firs t d ay  a fte r  b irth . 
F u r th e r  samples (whole leng th  of hair) 
w ere ta k en  from  the  sam e individuals 
un d er sim ilar conditions a f te r  63—109 
days (m ean 83 +  14 days), 200 — 240 (224 +  
+  15) days as well as a f te r  368 — 478 
(402 +  33) days.

A ll sam ples (weight 7 — 50 mg) were 
filled im m ediately in to  p lastic  tubes,

w ashed according to  the instructions of 
IA E A  [25], dried a t  a tem p era tu re  of 
80°C fo r 2 h  and weighed in to  q u artz  
am poules. The m aterial p re trea ted  in  th is  
w ay an d  s tan d ard  samples of zinc, copper, 
m anganese and  gold were packed in to  
q u artz  containers. A fter sealing, th e y  were 
irrad ia ted  fo r one hour w ith a  therm al 
flux  density  of 6 —8X 1013 neu trons • 

• cm ~ 2s _1 in  the  Rossendorf research 
reacto r. A ctiv ity  m easurem ents b y  gam m a- 
spectrom etry  were carried o u t w ith  an 
18 cm 3-Ge(Li)-detector and a  4096-chan
nel m em ory. A n extensive rep resen tation  
of th e  m ethod  was given previously [30].

Sta tistics

Due to the rather poor sampling 
neither a normal distribution nor 
a normal logarithmic distribution 
could be proved with satisfactory

Table I

Zinc, copper, m anganese an d  gold contents in  th e  h a ir  of newborn children, ppm

n X arithm ±  arithm Median X
g geometr : S geometr

Zinc Male 20 204.0 ±42.0 192.0
(144.5-338.1)

201.0 1.15

Female 21 219.0 ±79.0 192.0
(150.7 -456.2)

209.0 1.26

Total 41 212.0 ±63.0 193.0
(144.5 -456.2)

205.0 1.21

Copper Male 20 8 .6  ±  3.1 7.8
(6.71 -  21.3)

8.3 1.16

Female 21 7.7 ±  1.1 7.4
(6.1 -  10.9)

7.6 1.11

Manganese Male 14 0.20 ±  0.35 0.09
(0.04 -  1.40)

0.11 2.24

Female 18 0.22 ±  0.39 0.09
(0.04 -  1.42)

0.11 2.68

Total 32 0.21 ±  0.37 0.09
(0.04 -  1.42)

0.11 2.49

Gold Male 20 0.009± 0.006 0.006
(0.002-0.021)

0.007 1.99

Female 21 0.009± 0.006 0.008
(0.002-0.025)

0.007 1.97

Total 41 0.009± 0.006 0.007
(0.002-0.025)

0.007 1.99

Acta Paediatrica Hungarica 25, 1984



E  K a u f et n i: Trace elements 3 0 1

T a b l e  I I

R a n k  correlation coefficients (Spearman) of h a ir  zinc, copper, manganese an d  gold contents 
of new born children in  respect to  du ration  of pregnancy, b irth  length, b ir th  w eight and 

weight percentile according to  Lubchenco et al [21]

Zinc Copper Manganese Gold
Duration of 
pregnancy

birth
length

B irth
weight

Weight
percentile

Zinc 0.28 0.11 0.09 -0.0004 -0 .13 0.02 -0 .0 1
Copper 0.28 — -0 .1 7 -0 .0 7 0.003 -0 .02 0.01 0.62
Manganese 0.11 0.17 — 0.03 0.09 0.20 0.12 0.15
Gold 0.09 0.07 0.03 — 0.1G 0.01 -0 .0 3 — 0.12

T a b l e  I I I

Zinc, copper, m anganese and  gold conten ts in  th e  h a ir  of infants in dependence on age,
ppm

Mean of age 
range (in days)

1
(1 -1 )

83
(63— 109)

224
(200—240)

402
(368—478)

Zinc X arithm 212 850 251 150
s arithm 03 p <  0.01 341 p <  0.01 116 p <  0.01 84
n number 41 12 14 20
m median 193 780 221 137
г range 146-456 354-1352 84-498 30 392

Copper X 8.1 19.8 9.2 8.87
s 2.3 p < 0.001 13.4 pcO.Ol 2.3 p>0.05 4.01
n 41 12 14 19
m 7.6 14.9 8.8 8 .6
г 6.1-21.3 8 .5 -5 0 .4 6.5-14.2 3 .8 -18 .9

Manganese X 0.21 0.25 0.47 0.29
s 0.37 pcO.Ol 0.10 p>0.05 0.28 p>0.05 0.19
n 32 6 13 11
m 0.095 0.265 0.29 0.23
г 0.04-1.42 0 .11-0 .38 0.08-1.00 0 .04-0 .61

G o ld X 0.009 0.142 0.118 0.038
s 0.006 0.157 0.171 0.030
n 41 p <  0.001 12 p >  0.05 14 p <  0.01 20
m 0.007 0.081 0.068 0.035
г 0.002-0.025 0.010-0.526 0.011-0.694 0.003-0.125

p <  0.05 =  significant 
p >  0.05 =  non-significant

certainty (/-test). Therefore, signif
icance was calculated using the param
eter-free Mann -Whitney or Kolmo
gorov — Smirnov-tests. Correlation was 
estimated by Spearman’s rank corre
lation method.

R e s u l t s

The zinc, copper, manganese and 
gold contents in the hair of new
born children are represented in 
Table I. There were no significant
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differences correlated with sex, so 
that the corresponding values may 
be averaged. The presentation of 
arithmetic means together with their 
deviations, medians as well as geo
metric means and their standard 
deviations is to facilitate comparison 
with relevant data by other authors.

Table II shows that in the case 
of normal newborn children no signif
icant correlations were detected be
tween birth weight, weight percentile 
according to Lubchenco et al [21], 
birth length, duration of pregnancy 
on the one hand, and the investigated 
trace element contents in the hair on 
the other hand. During the first 
three months of life a considerable 
increase in the zinc, copper and gold 
contents seemed to occur. Accord
ing to our results, these changes 
were highly significant statistically 
(Table III).

During the first year of life the 
values decreased again to the initial 
levels or below them, but this fact 
has yet to be proven statistically 
(Table III, Fig. 1). Zinc, copper and 
gold showed significant positive correla
tions (Table IV). The same might 
be the case with copper and gold after 
a more extensive sampling. In the 
period between the 63th and the 
478th day of life, zinc, copper and 
gold contents exhibited a significant 
negative correlation with age, body 
weight and length. In contrast to 
the other trace elements, the manga
nese contents in the hair of infants 
showed only slow changes during 
the first three months of life. A ten
dency to increase during the 4th to 
6th months of life seemed to be con
ceivable and could be proved statis
tically, but it must be considered 
with some reservation because the

factor

F ig . 1. Mean zinc, copper, m anganese and gold co n ten ts  in  th e  hair of infants of increasing 
age as com pared  to  the concentra tion  a t  b irth  ( = 1 )
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T a b l e  IV

R an k  correlation coefficients between hair zinc, copper, manganese and gold contents 
of in fan ts a t  age of 63 — 478 days an d  age, weight and length 

(n =  44; manganese values: n  =  35)

Zinc Copper Manganese Gold Age Weight Length

Z in c 0.50* - 0 . 2 0 0 .66* - 0 .7 4 * - 0 .7 2 * - 0 . 7 8 *
C o p p e r 0 .60* — - 0 . 2 4 0 .2 8 - 0 .5 7 * - 0 .5 1 * - 0 . 4 6 *
M a n g an ese - 0 . 2 0 - 0 .2 4 — 0.01 0.21 0 .26 0 .17
G o ld 0 .55* 0.2S 0.01 — - 0 .5 2 * - 0 .4 3 * — 0.64*

groups investigated were too small 
and because of the large standard 
deviation (Table III). Between the 
manganese content and the contents 
of the other trace elements in hair 
as well as parameters like age, body 
weight and length no significant 
correlations have been found within 
the period under examination (63th — 
478th day of life). Table IV illustrates 
this fact.

The variability of zinc, copper, 
manganese and gold contents in the 
hair of infants may be demonstrated 
in an impressive manner by relating 
the group means to the correspond
ing initial values of the newborn 
babies. Thus, the gold content showed 
a 15-fold increase on the average 
on the first 83 days of life (see Fig. 1).

D i s c u s s i o n

The value of trace element analysis 
in hair for assessment of the individ
ual trace element supply is on account 
of many known influences (contamina
tion, speed of growth, high individual 
variations, unequal trace element

distribution along the length of hair) 
considered by some authors to be 
positive [6, 17] and by others limited 
[10, 11] or negative [20, 22, 27].

Nevertheless, the physiological va
riations of trace elements in the hair 
of infants should be investigated by 
the present longitudinal observation. 
Our studies were in reasonably good 
agreement with mean values of 
other authors (Table V). The zinc 
content in the hair of newborn 
children resembled that of adults 
and of fetal bone tissue (149 ± 3  ppm)
[23]. In contrast, the zinc level in 
umbilical cord blood serum (0.83 ±  
±0.12 pg/ml) and in amniotic fluid 
(0.304 ±0.104 pg/ml) [16] turned out 
to be amazingly low. According to 
the review of Bergmann et al [4] 
the zinc content decreases from 276 
ppm (3rd month of life) to about 
100 ppm (4th year of life) followed 
by a slow increase to the level of 
adults. The same tendency was ob
served by scanning babies and in
fants in Denver [4] and Bangkok [15] 
but the period of the first three 
months of life was neglected in these 
investigations. The massive increase 
in the hair zinc content obviously

7 Acta Paediatrica Uungarica 2», 1084
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T a b l e  V

D a ta  in  th e  literature concerning ha ir trace elem ent contents of norm al new born
children, ppm

Zinc Copper Manganese GoM References

X arithm 224.0 12.6 0.24 -  7
s arithm 6.29 0.61 0.04 Nova Scotia

38 38 38 Canada

X arithm 222.0 10.9 2
s arithm Cincinnati
n USA

X arithm 174.0 — 15
s arithm 8.0 Denver
n USA

X arithm 235.2 5
s arithm 47.2 Frankfurt
n 30 FRG

X arithm Female Male Female Male Female Male 29
250 230 40 38 4.6 7.1

s arithm 110 140 36 14 2.7 5.0
n 17 24 14 17 16 19 Tokyo Japan

X arithm 15 28
s arithm
n 15 Dayton

USA

precedes the above mentioned decay 
after the 3rd month and demonstrates 
the variability of the zinc content 
at early age. Moreover, the corre
sponding decrease of the mean serum 
zinc level from 0.77 ±0.20 pg/ml 
at birth to 0.68 ±0.09 pg/ml is note
worthy [8, 24].

Compared with the contents ob
tained by other authors, our hair 
copper values were low but they ex
hibited a similar temporal profile [9] 
(Table III, Fig. 1), although the 
analyses involved the whole length 
of hair while an unequal distribution 
of copper along the hair has been

reported [11]. At the same time, the 
serum copper concentrations at birth 
were low and, in contrast to the 
serum zinc level, they rose continu
ously after birth [24] while the 
massive physiological copper depot 
in the liver was reduced.

Our values for the manganese 
contents in the hair of newborns 
agreed well with those obtained by 
Gibson et al [7], although our results 
showed a much wider scatter. The 
manganese and copper values for 
newborn children reported by Terai 
et al [29] from Japan are incompre
hensibly high. Data by Gibson et
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al [9] showed an increase of manga
nese in infants’ hair during the first 
three months of life. We found a 
slight rise of hair manganese content 
between the 200th and the 240th 
day of life which has been proven 
statistically. The relative steadiness 
of the hair manganese content com
pared with the other elements studied 
cannot be explained (Fig. 1) but 
might be in connection with the lack 
of a manganese-depot in the newborn 
infant [18].

Although gold is not considered 
to be an essential element, its biolog
ical effect is well-known e.g. in 
the therapy of rheumatism. Its phys
iological importance in healthy sub
jects has not been elucidated. The 
vehement increase by two orders of 
magnitude of the hair gold content 
during the first three months of life 
parallel to the increase of zinc and 
copper was an astonishing and new 
result of this study. Comparative 
data on hair gold content and dyna
mics in infants’ hair could not be 
found; in adults the mean gold 
content of hair given in the literature 
amounts to 0.071 pg/g [30].

The similar zinc, copper and man
ganese levels in hair found in differ
ent countries (Tables I and IV) 
suggest that even before birth there 
is some effective endogenous control 
or a genetic code of hair tissue com
position. Eventual regional discrepan
cies could perhaps be explained by 
racial differences and/or environmen
tal influences on the expectant wo
man. An innate lack of trace element

supply in newborn children can hardly 
be verified by hair analysis, since 
even premature babies who are known 
to be insufficiently provided with 
trace elements, exhibit normal copper, 
zinc and manganese levels in the hair 
at birth [8]. In the case of infants, 
the steep increase of some hair trace 
element levels during the first three 
months after birth followed by a slow 
decrease may be interpreted in terms 
of adaptive, postnatal physiological 
regulations (hormonal adaptation, 
destruction of fetal red cells, loss of 
hepatic copper depot, etc.) as support
ed by the positive correlation be
tween zinc, copper and gold dynamics 
(Table IV) and a similar increase of 
hair chromium values from birth to 
the third year of life [13].

Contamination of hair samples with 
copper, zinc and gold solely during 
the 63th to 109th days of life is not 
possible. Whether a diminished post
natal growth of hair or the change 
from newborn to infant hair in the 
first three months plays a role, must 
further be investigated.

Our results too, have shown, that 
a single hair trace element value 
without knowledge of its correspond
ing time dependence during early 
infancy cannot contribute to the 
description of the individual trace 
element supply. Extremes give little 
orientation. To what extent the indi
vidual hair trace element dynamics 
might be considered an apt criterion 
of the trace element status in early 
childhood, remains to be examined 
in detail.
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