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AhHract. Scalp hair of 128 nonnal individual� of both 
�exes and of differing agcs wa� examincd for it, mineral 
content by name photometnc and colorimctric proce­
dure\. The rc�ult, obtained revealed that �odium and 
potas,ium ma} be considered as ,ex specific and of value 
as a medico-legal �ign. while no marked difference -.-as 
ob�erved between male and female calcium contcnt. The 
valucs of scalp hair copper were found to be �lightly 
higher in females than in males. Similarly the mean value 
of scalp hair iron wa, found higher in female, than in 
male�. e�pecially <luring the fcmalc reproductive period. 
Regarding thc: �calp hair pho,phoru� contc:m. il has bcen 
found that a rclation,hip betwcen phosphoru� and calcium 
doe\ exi\t. 

Key 11·ord1. Ha1r: \1meral content 

Il ha-, becn known for many year, that human hair 

contains a complcx mixture of minerals. but littlc is 

known about the phy,iopathological processes that 
uetermine thc concentration of a particular dement 
in hair (24). 

Pubfo,hed articles on this subject, although few 

and sporadic. have neverthele\s reported that min­

eral content of scalp hair is liable to great variations 

due to multiple factor'> such a� hair colour (12, 13), 

sex. length of hair (3). and race (2). Other factors 

are also of importancc. such .as environmcntal ex­

posure. 1onal factors ( 11) and drug adminhtration 

(4). Also the mineral content of scalp hair was vari­

able with certain disease� such as hepatolenticular 
degeneration (17). cy<,tic fibro�is ( 14), and kwa�hi­

orkor ( 15). Moreover scalp hair minerals were re­
ported to change with kidney calculi. hyper­

thyroidism. cancer prostate. infective hepatitis (23) 

and anaemia (16). The present study was intended 

to estimate �ome of the essential minerals such as 

sodium. potassium, calcium. copper. iron, and 

phosphorus in Egyptian normal scalp hair in both 
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sexes du ring difTerent periods of life in an attempt to 

demon,tratc the normal values of the�e minerals in 

normal scalp hair. 

MATERIALS AND METHODS 

128 normal individuals of both sexes and of dif
f

erent ages 
ranging from 3 month� to 69 years were studied. They 
were divided according to age into 6 groups. Each group 
wa, further divided inlo two subgroups according 10 sex. 
a� i, ,hown in Table I. 

remale adults not taking oral contraceptives were cho­
sen. Smoker, were excluded from the study. Every ca�e 
was subjected to thorough clinical and laboratory in­
ve,1iga1ions 10 exclude any local or ,ystemic disease. ln­
ve,tigations donc werc blood picture. )iver and kidney 
function tests. utine and st00I analysi�. Hair samples were 
obtained by cutting thc hairs above the surface of the skin. 
u�ing a clean chromium-plated razor. The length of the 
hair strands was �tandardised for all the cases to be 5 cm.
The ca,es wcre informed not to wa,h their scalps with 
,uap and water for 4 days before hair samples were taken. 
Each sample was rinsed in elher for 5 minutes 10 dissolve
fats. Then cach sample was subjected separately to
thorough series of washings using soap and water. and
bidistilled water three times. They were allowed to dry at
ordinary room temperature. 0.5 g of each sample was
separately digested using a mixture of concentrated
sulphutic acid and hydrogen pcroxide and the resultant
colourless drop was diluted with bidistilled water to obtain
a I o/r solution on which determination of the different
minerals was carried out. Estimation of Na and K was
done by name photometry (26). while the colotimetric
procedure was used for the determination of the remain­
ing minerals. Cu was determined by thc diethyldithio­
carbamate method (27). Fe was estimated by the a­
a-Dipytidyl method (20). P was determined by the Gom­
mori method, and Ca by the method of Erichrome Se (5). 

RESULTS 

The rcsults of all the groups studied together with 

thcir statistical analyses are shown in Table Il and 

Figs. 1-6. 
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Table I. 71,C' 6 _gro11f).1 of 11omwl i11clil'ic/11a/1 accordi11f! lo a(!e. 1·e.r. occ11paTio11. /C'11gtlt c,( lwir slrt11u/1 and 
\'ile <I/' ,\f)l'cillll'/1 \' 

Group;, Agc Locallt} Se, 

I mo.-'.! y. Ca,rn 

Il 3-12 y, Cairo 0 

9 

I Il 13-20 y Cairo 0 
9 

IV 21-35} Cairo 0 
'? 

V 40-50 y. Cairn 0 
;, 

VI 51-70 y. Cairo ') 

'? 

fota! nurnber or case, 

Oc�upatiun 

Pup1b 
Pupils 

Student� 
Student, 

Clcrks. lawycr, 
Nur,es 

Clcrk,. h1wycr, 
t-.ur,e, 

Clerks. l.myer, 
Hou,ewi,es 

Sitc of 
'!tpe�1mcn 

\'ene, 
Verte\ 

Occ1put 
Occiput 

Occiput 
Occipul 

Occipul 
Occiput 

Occipul 
Occ1pu1 

Occipul 
Occiput 

Length 
or hair No. of 
,1rant1, ca'-le'.'\ 

5cm Il 

5cm 9 

5 cm 10 
5cm 14 

5cm 12 
5cm 36 

5cm 10 
5 cm 12 

5cm 5 

5cm 5 

5cm 'i 

5cm 9 

128 

DISCUSSION 

Among the metho<h u,ed for determination of 

minerals i, thc spcctrographic analy,i, u,ed by 
Goldblum (9) who reportcd that the colonmetnc 
and narne photometric methOd!> are superior. The 

paper chromaIographic method u,cd by Kikkav. a 

( 12) was later found 10 give unreltable re�ulh ( 131.

The colorimetric and thc atomic ab,orption
methoJs werc uscd by Reinhold et al . 12 I I.
Sundcrman & Ros1el (25) and b} Volini et al. l:!81
and thc result, obtained by both methods for iron

and copper. were found to be �11nilar and 1here \\ a, 

no ,1a1i,1ically significant differcnce between them 

(P>0.05). Other methods \\ere also used. \uch a, 

the ,pectrographic method of Bate ('.!). the radioac­
tivc method of Kopito Cl al. ( 14) and lhe most recenl 

method of neutron acIiva1iun analy"i, of Mahler ct 

al. (16). 
In the rre,cnt ,tudy the \tandan.1 ,pec1til: colori­

mctric Icchnique ,, as u-,eJ for thc e,tima11on of Cu. 
Fe. Ca and phosphoru � anJ thc tlame photomctry 
a., rropo,ed h} Dutcher & Rothman (7) and Rein-

Table Il . . \1inera/ co111e111 of 1·calf) /wir in dif]ere,11 period, <i /(fe I 111ea11 l'liill<' ±S.D.J I expreued in 111R fkR 

hairJ 

No. of Phos-
Group, case, Sex Sod1um Pota�,1urn Calc1um Copper I ron phoru, 

Il :3 I 237 + 685 265± 189 4 I S6±486 138±132 60±36 150:t 100 
3 mo.- 2 �- 9 9 1 693+ 669 .rn1:t29-1 -I 169:::857 127 • �9 79±41 234+ I 10 
Il 10 d I 111 ± 380· 214 ± 53 4 449± 185 791. 93 111±39 163:t 110 
3-12 y. 14 9 1917±1 317 200± n 4 3::?5::::408 43 + .,., 111 ±35 162+ 192 

111 12 ö I 223± 536** 188 + 96 3 767±492* 64± 33 88±51 98± 59 

I 3-20 y. 36 9 2 019� 840 204= 109 4 246:::581 68.,. 65 130+9I 77::: 27 

IV 10 d I 273±1 009 197:: 78 4 021 ±747 87± 33 90±39*• 102t 55

21-35y, 12 9 I 757+ 853 177:!:119 4 519±470 77::. 70 162.!71 88::. 63 

V 5 d 787± 242 122= 46 4 341 ± 187 71 ± 37 115 +26 123± 74 
40-50 y. 5 9 I 268+ 419 192± 53 4 693±396 95± 38 116±22 102± 48 
VI 5 d 695± 110 92± 34· 4 117±363 47::. 20 140±70 1 27::: 81 
51-70y. 9 '? 1 420± 234 191 :r 127 4 150±315 77± 40 88 :t:56 120± 62 

*P<0.05 signiticant. *"P<0.01 highly signiticant.
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Fi,:. I I hc 1ariatwn ,n ,odium conti:nt ot ,calr ha,r 
according to ,,ge in ooth ,exe�. 

hold ct al. (�Il v.a, applied for the determination of 
,odium and pota"ium. 

\'odi11111 

lf thc contcnt of ,od111m of normal ,calp hair " 
follov. cd up from hinh to old age. 1t ,qll be found 
that thc amount uf thi, element in femalcs i'l much 
greater than the corre,pond1ng ,,1lue in male, In all 
age groups and is particularly statistically ,ignif-
1cant (P<0.05) during childhood and adole�cence 
( Fig. I). Thi, �ex-,pecific finding coul<l be consid­
cred of , aluc a� ,, me<lico-lcgal "gn in iden11fica-
1Ion and dif

t

'crent1a11on betwccn male, and female, 
However. the value� of sod1um are shown to be 
intimately rclated to period, of body growth. a, the 
mean valuc of ,odium wa� found to incrcase v.ith 
increa,e of age 11p to the a<lolesccnt stagc (from 
I 693 mg/kg hair m mfant, to 2 019 mg/kg hair 1n 
adule,cent,). where this rclation,hip i, rcverscd 
-the mcrea�e m age was found 10 be associated
with a decrca-,e in ,odium content up tv the agc of
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Fig. 2 The \..triat1on in pota,,,um content of scalp ha,r 
accordrng 10 age in both ,c,es. 
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hg. 3. fhe variation In calcium content of ,calp hair 
ac'<1rJing to age in both ,c,e, 

40-50 years. rhi, finding is cxpected. ,ince the
bod} requirement of -,od,um <luring old age ma)' be
n:,pon,ible for thi, dccrease in scalp hair sodium
contcnt \1on:o,er. it i� v.ell knov.n that thc rate of
,calp hair growth i, fa�te,t duling adole,ccnce and
decline, graduall} v. 11h mcrea,c m age (8). up to the
agc rangc 50-69 year, v. hcre thc rate of hair growth
me, agam to reach ih h1ghc,t leve! ( 19). Mcan­
"' hile. thc decrea,e of ,odium du ring old agc and its
mcrcase w1th the increa,e in age sub,cquently
could be attrihuted either to hormonal di,turbances
or enzymatic change,. The incrca,e in sod,um con­
tent of ,calp hair in femalc, a, compared v. 1th males
may be explained on thc basis of the a��umption
that sodium i, con-.,dered one of the cssential mine­
rals required for nutrition of body organ,. It is well
l-.r10Y.n that thc ratc ol hair growth depeml\ on the
adequatc supply of variou, nutntional factors,
among them being ,odium. It ha, been previmP,ly
reported hy Myer & Hamilton ( 18). and Saitoh et al.
t'.!::?L that the rate of hair growth 1n the \.ertex of
v.omcn is fä,tcr than in men. When the biological
prnce" of h,tir grov. th ,, con,idercd. thc-..e nutri­
tional factor, mu,t he rcgardcd as cssential for in­
itiatmg and mamta,ning thi, proce,,. It i, therefore
cxpected that the ,odium content of �calp hair in
female, will be h,ghcr than that of male,. which
agrccs with the rc,ult, obtained in the pre,ent
v.ork.

Po111ni11111 

Concerning the re-,ulb of the pota,,ium content of 
normal "alp hair. it h.1, bcen found that t he 
increa,c in pota,�ium in femalc ,calp hair 
wa, statistically ,ignificant only during old age 
(P<0.05). Thcrefore it could he ,tated that pota�-
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Fig. 4. The variation in copper content of scalp hair ac­
cording to age in both sexcs. 

sium too is sex specific, as is sodium. and may be of 

help in identitication and differentiation between 
males and females, especially during old age. 

Calcium 

Regarding the calcium content of normal scalp hair. 

the resulb obtained from the present work revealed 

that there is no marked difference in the value of 

calcium in either sex, except in male adolescents 

where the lowest amount of calciu m was found 

(Fig. 3 ). These results are approximately similar to 

what has previously been reported by Goldblum et 

al. (9). that the calciurn content of normal hair taken 
from normal individuals ranging from 15 to 70 year� 

of age was from 700 to 4 900 mg/kg hair. This slight 

difference between our results and those of 
Goldblum could be attributed either to the different 

methods used or to the small number of cases ex­

amined by him. Calciurn was estimated colori­

metrically in the present study and spectro­

graphically by Goldblum. 
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Fi11. 5. The variation in iron content of ,calp hair acconJ­
ing to age in both sexes. 
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Fig. 6._ The variation in phospho11.1s content of scalp hair
acconling lO age in both sexes. 

Coppcr 

The findings of copper in normal scalp hair obtained 

from the present work revealed that the highest 

copper content was found <luring infancy in both 

males and females ( 138 and 127 mg/kg hair respec­

tively) and the lowest quantity of this element was 

detected in aged males (47 mg/kg hair) and in female 

children (43 mg/kg hairJ <Fig. 4). The lo\\ Cu con­

tent in elderly individuals i� acceptable. �ince all the 

cases studied had grey hair. It is well known that 

copper, which is a metalo-enzyme, plays an im­

portant role in the process of pigmentation (I), 

through its effects on the tyrosine-tyrosinase 

system. On the other hand, the low copper content 

in the hair of female children remains to be ex­
plainect. In spite of the discrepancy in che valucs of 

copper du ring the different periods of life, the mean 

value of copper in all the cases examined was found 

to be �lightly higher in females than in males (82.8 

and 79.3 mg/kg hair respectively). These results are 

approximately sirnilar to what has previously been 

rcported by Briggs et al. (4). Although Goldblum et 

al. (9) have reported that the mean value of Cu 

content in normal hair ranged from 3 I. 2 to 128 

mg/kg hair which is similar to the findings obtained 

from thc present work. they did not compare the 

values of copper in male and fem ale hair. 

/rn11 

Th
_
e mcan values of iron content of normal �calp 

hair were found to range from 60 to 16::! mg/kg hair. 

findings higher than those of Goldblum et al. (91 

who reportcd that the mean value of iron content 

ranged from 84 to 101 mg/kg hair. This high mean 

value obtained in the present work could be ex­

plained on the fact that the number of cases ex­

arnined was greater than in the seriö of Goldhlurn 



et al. ( 128 and I 8 ca�es. re�pectively ). Moreover the 
ca,es examined by Goldblum Cl al. wcre all male,. 

Therefore ,e.x and racial �peciticity may he thc 

cause of such differing re,ulh. Howcver. whcn the 

mean value of iron conten1 in normal ,calr hair i, 

comrared in both male,; and female'>. il ha, been 
found 10 be highcr in females than in malc, ( 101 and 

96.8 mg/kg hair. re,pecti\.ely). YioreO\er 11 ha, 

been noticcd that the maximum increa,e \\cl\ 

not1ced dunng the fcmalc reproductivc period of 

life. a'> �hO\\ n in Fig. 5. Sub,equcntly. the mean 
value of iron gradually dccrea\c� to reach a very 

lo" level more or le,, 5jmilar to that found during 

infancy. On 1he other hand. the mcan valuc of iron 
content of scalp hair 111 malcs bchavcs diffcrently. It 
increases \\ ith incrca,ing age up to old age. \\ hcre 

the maximum iron con1ent wa,; noted ( 140 mg/kg 

hair) (Fig. 5). It i, "ell known that body iron ,torc, 

reach their lowe,t levels betwecn 12 and 24 month'> 

(6). and if 1he hair i� considered as one of the body 

store�. then the tinding, in thc prc,ent \\.Ork cuuld 
be easily achievcd. 

Phosplwm.1 

Rcgarding the rcsult� of the phospho1w, contcnt of 

normal ,;calr hair, it has been found that thcre i, a 

rclatiun,hir between this element and cakium , al­
ues. Whilc a low concentration of calcium wa, dc­

tected during infanq in both male-. and females, the 

present wurk rcvealcd that infancy i, as�ociated 

with the highe,t concentration uf phosphorus, 111 

both male, anJ female<, ( 150 and :!14 mg/I..µ hall". 
rcspect,vely) (1-ig. 6). During Ihe ,uh,cquent 
period-, of life the concentration of pho!.phoru, 

gradually dccrea�e, to rcach ih IU\\C'>t le,el in 

a<lole-,cence (9!< and 77 mg/kg hair). 10 increa,c 

again graduall} up 10 old age. from adole,ccnce to 
old agc it ha� hccn found that malc ,;calr> hair con­

tains higher "alue, of pho-,phoru\ than t.luc, 

female hair. 

From the data herc �el out it i, clear that thc 

biochemical aspcch of hair are \\ ort hy of furthcr 

�tudy, not only in normal human, hut al-;o in di,­

ea,ed 111di, ,dual,. Thb wurl.. h a lir'>t ,tagc in a 

,crie, of invc,tigation, on tracc met.il, heing carried 

on in our dcpartmcnt. 
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