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Trace Metal Content of Hair
II . C a d m iu m  an d  L ea d  o f  H u m a n  H a ir  in  R e la t io n  to  A g e  an d  S e x

Harold, G. Petering, PhD; David W. Yeager; Sylan O. Witherup, Cincinnati

Cadmium and lead content of hair of 
males and females was found to be age- 
dependent Regression analysis showed 
two male groups with respect to cadmium, 
namely those under and those over 12 
years of age, while the data revealed only 
one male group with respect to lead. Analy­
sis of the data also indicated that hair 
cadmium distribution for females delineat­
ed one group below, and one above, 50 
years. Females showed hair lead which fell 
into two groups, one below and the other 
above 30 years of age. Cadmium and lead 
in the hair of both sexes showed a high 
degree of association of the metals 
( r =  0 .4052 (P =  .001) for males and 
r =  0 .2563 (P =  .02) for females). The data 
indicate that comparisons of metallic con­
tent of hair in humans must be limited to a 
narrow age range and to one sex.

Previously w e1 have reported  th a t  
th e  levels of th e  biologically es­

sen tia l m etals, zinc and copper, in  th e  
h a ir  of a re la tive ly  la rge  sam ple of an  
u rb an  population  ran g in g  in  age from  
2 to 88 years varied  w ith  age in  the  
case of both sexes. In  m ales th e re  was 
an  increase in  h a ir  conten t of both 
m etals  du ring  childhood and  th en  a 
decline afte r physiological m a tu rity , 
th e  inflection point being a t approxi­
m ately  12 years of age. In  th e  case of 
fem ales, our d a ta  w ere ava ilab le  only 
for ind iv iduals older th a n  14 years of 
age. In these, th e  level of zinc de­
clined w hile th e  copper con ten t in ­
creased w ith  age.

Sam ples of h a ir  from the  sam e in d i­
v iduals in  th e  study  m entioned  above 
w ere analyzed for th e  toxic m etals, 
cadm ium  and lead, in  order to ascer­
ta in  w hether th e  h a ir  conten t of these

S u bm itted  for pub lication  A pril 2, 1973; ac­
cepted M ay 16.

F rom  th e  D e p artm e n t of E n v iro n m en ta l 
H e alth , U n iv e rs ity  of C inc innati, College of 
M edicine.

R eprin t req u ests  to D ep artm e n t of E n v iro n ­
m en ta l H ealth , U n iv e rs ity  of C inc innati, Col­
lege of M edicine, K e tte r in g  L aborato ry , C inc in ­
n a ti 45219 (Dr. Petering),

m etals  also varied  w ith  age in  a 
m an n er s im ila r to th a t  found for th e  
essen tia l m etals. Such d a ta  are  im ­
p o rtan t in deciding upon th e  su ita b il­
ity  of h a ir  as a biopsy m a te ria l to as­
sess th e  exposure of hu m an  beings to, 
and  th e ir  absorption  of, toxic m etals 
in  th e  general or occupational env i­
ronm ent.

M ateria ls an d  M ethod s

Samples of hair from 95 males in the age 
range of 2 to 88 years and from 83 females 
in the age range of 14 to 84 years were 
taken  from the predom inantly white u r­
ban population of C incinnati as previously 
reported.' These samples were identical 
w ith those used in the earlier report.

The hair samples were individually 
washed as described in the earlier report,1 
being treated  successively w ith (1) organic 
solvents to remove oils, lacquers, and par­
ticulate m atter; (2) a mild anionic deter­
gent to remove adsorbed heavy metals; (3) 
deionized w ater to remove the detergent; 
and (4) acetone to dry the hair. Storage 
was in glassine envelopes.

The washed and dried hair samples 
were wet-ashed with a m ixture of nitric 
and perchloric acids (5:1 v/v) and analyzed 
by the atomic absorption spectrophoto- 
m etric method.1 After zinc and copper had 
been determ ined in the 10% nitric acid 
solution in which the ash from each sam ­
ple was dissolved, the rem ainder of the 
solution was measured and evaporated to 
about one fifth its volume. This solution 
was then analyzed for cadmium and lead. 
The concentration procedure was neces­
sary because of the low levels of cadmium 
and the lower sensitivity of the lead deter­
m ination as compared with the analysis of 
zinc, copper, and cadmium.

Statistical A n alysis.— In accord with 
our previous experience, the variable in­
fluence of age on the contents of cadmium 
and lead in  the hair of each sex was evalu­
ated by applying conventional methods of 
covariance analysis to log transforms of 
both the age of the individual and the con­
centration of the respective metals found 
in the hair. Regressions were fitted to the 
log transform s by the method of least

squares. In some instances, regressions 
were fitted separately to two age periods 
corresponding to major points of inflection 
suggested by initial plots of the data. The 
Student t tes t and variance ratios (Fisher 
F  test) were used to evaluate the sta tis ti­
cal significance of the data. The extent of 
the correlation between the concentra­
tions of any two of the four m etals (zinc, 
copper, cadmium, and lead), w ithout re­
gard to age, was evaluated from the origi­
nal data.

R esu lts

P r e c is io n  o f  A n a ly tica l M eth ­
o d s .—The sam e 29 aliquots of a 
s tan d ard  m ix tu re  used to determ ine 
th e  sen sitiv ity  of th e  m ethods for zinc 
and copper' w ere also used to te s t th e  
re liab ility  of our m ethods for cad­
m ium  and  lead. The m ix tu re , in  add i­
tion  to zinc and  copper, con tained  
Cd+2, 0.100/u.g/ml (as n itra te ), and 
P b+2, 1.00/xg/ml (as n itra te ), and, as 
before, the  aliquots w ere carried  
th ro u g h  th e  ash ing  procedure as well 
as th e  atom ic absorption  spectropho- 
tom etric  d e te rm in a tio n  procedure.

The resu lts  p resen ted  in  Table 1 
show th a t  th e  degree of precision of 
the  analyses for both cadm ium  and 
lead w as lower th a n  th a t  found for 
zinc and copper,1 b u t was sa tisfac to ry  
for th e  level of te s tin g  for which th e  
m ethods w ere designed.

We have also te sted  th e  precision of 
our m ethods for cadm ium  and  lead in  
a m an n er s im ila r to th a t  described 
before,1 as show n by th e  d a ta  of Table 
2. H ere we give th e  m eans and  s ta tis ­
tical v a ria tio n s of te n  rep licates of 
one la rg e  h a ir  sam ple. T hese d a ta  
dem onstra te  th a t  th e re  was a h igh 
degree of consistency in th e  sam ple 
values for both  cadm ium  and  lead, 
and th a t  th e  m ethods em ployed w ere 
sensitive enough to detect th e  effect of 
age and  sex, w hich w ere th e  physio­
logical variab les un d er consideration.

C adm iu m  an d  L ead  in  H a ir .— 
The d a ta  for average concentra tion  of
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Age, yr
Fig 1. —Log-norm al regression lines (w ith  95%  fid u c ia l lim its ) o f ha ir 

cadm ium  o f males in age ranges o f 2 to  24 and 6 to  88  years. Ind iv idua l 
p o in ts  represen t means o f data  g rouped in in te rva ls  o f 0.1 or 0.2 log u n its . 
E ncirc led  po in ts  ind ica te  m eans o f age and m eta l con te n t.

Fig 2 . -L o g -n o rm a l regression lines (w ith  95%  fid u c ia l lim its ) o f ha ir 
cadm ium  o f fem a les in age ranges 14 to  56 and 30  to  84  years. (D eta ils  as 
ind ica te d  in Fig 1 legend.)
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Table 1. -P re c is io n  o f A na lytica l M ethod Using A na lytica l S tandards*

Added,
Mg/ml

Recovery, jug/m l

Element Mean SE Range
C adm ium
Lead

0 .100
1.00

0.130
0 .94

0 .0055
0 .037

0 .0 80-0 .200  
0.60  -1 .30

*T w en ty -n ine  a liq u o ts  o f s tandard  so lu tio n  o f cadm ium  and lead as n itra te s  were ca rried  th rough  
ana ly tica l p rocedure, in c lu d in g  ashing, and analyzed by a to m ic  abso rp tion  spec tro ph o to m e try .

Table 2. —E stim ation of 
M ethodologica l Errors in the 

Analyses of Hair Cadm ium  and Lead

Means o f Ten Replicate 
Element____________Analyses, j^g/m l

C adm ium  0 .55  +  0 .07  (SE)
Lead 3 .96  ±  0 .32  (SE)

cadm ium  in  th e  h a ir  of m ales and  its 
v a ria tio n  w ith  age are  show n in  F ig  
1, and  those d a ta  p e rta in in g  to fe­
m ales a re  show n in  F ig  2. A lthough 
th e  axes a re  m arked  in  conventional 
un its , it  should be noted  th a t  th e  re ­
gression lines a re  logarithm ic. The 
encircled points rep resen t th e  loga­
rith m ic  m eans of age and  cadm ium  
around  w hich th e  variance has been 
com puted. The solid lines rep resen t 
th e  predicted  concentra tions, and  th e  
do tted  lines rep resen t the  fiducial 
lim its of th e  predicted  values. The 
points along each curve rep resen t 
averages w hen th e  d a ta  are  grouped 
in  log-age in te rv a ls  of 0.1 or 0.2; they  
show general conform ity of th e  d a ta  
hand led  in  th is  m an n er to th e  es ti­
m ated  regression.

F igures 3 and  4 p resen t values for 
lead  of h a ir  from  m ales and  fem ales 
respectively. The F igures w ere for­
m u la ted  in  a m an n er iden tical w ith  
th e  m ethod m entioned above. The 
regressions show n are  those w hich by 
ana lysis  of variance showed co rre la­
tions ind icating  the  h ig h est s ta t is t i­
cal significance we w ere able to find, 
ie, P =  .05 or less. The s ta tis tica l sig­
nificance of each regression tested  is 
given in  T able 3.

The d a ta  show n in  F ig  1 ind icate 
th a t  cadm ium  in  h a ir  of m ales in ­
creased w ith  age to the  20 th  y ear (.P =  
.04) and  probably rem ained  a t  an  

elevated  level or decreased s ligh tly  
th e re a fte r  ( P — .05); th e  peak  concen­
tra tio n  w as no t clearly  defined.

The concentra tion  of cadm ium  in  
the  h a ir  of fem ales (Fig 2) increased 
from  th e  14th year (ea rlies t age of 
sam ple) to a peak betw een 40 and  50 
years of age (P — .001). T h erea fte r the  
value rem ained  high.

Lead in  th e  h a ir  of m ales in  our 
population  (Fig 3) appeared to behave 
differently  from  th e  p a tte rn  found for

cadm ium . I t  g radua lly  declined from 
a h igh  value of 25 ppm  a t age 2 years 
to a  low value of about 10 ppm a t age 
85 (P = .0 1 ).

In  th e  case of th e  fem ales (Fig 4), 
h a ir  lead  concentra tion  rose sharp ly  
from  a low of 4 ppm  a t 14 years to a 
peak value of about 40 ppm a t 35 
years of age (P = .0 2 )  and th en  de­
creased sh arp ly  to a low of 2 ppm  a t 
84 years (P  <  .01). This p a tte rn  is 
s im ila r to th a t  found for cadm ium  in 
th e  h a ir  of fem ales, b u t is sh a rp e r  in 
its rise and  fall.

S ta tis tica l C orrela tion s B e­
tw e en  M etals. —In Table 4 we have 
sum m arized  all of our d a ta  on the  
h a ir  concentra tions of zinc, copper, 
cadm ium , and  lead for th e  95 m ale 
and  83 fem ale subjects used for th is  
study. These d a ta  show the  m eans 
and  s ta n d a rd  erro rs for each m eta l in  
each sex, th e  co rrela tion  coefficients, 
the  values for th e  S tu d en t t  te s t, and 
the  probabilities of values of t  la rg e r 
th a n  those shown in  random  sam ples.

These com pilations dem onstra te  
th e  following rela tionsh ips: In  m ale 
h a ir, zinc is re la ted  to copper ( r ~  
0.3591) and to lead ( r =  0.3218), cop­
per is associated w ith  cadm ium  (r — 
0.2262), and cadm ium  and  lead show 
a h igh  degree of correla tion  (r =
0.4052). In fem ale h a ir, copper and
cadm ium  show a correla tion  ( r  —
0.2034), and  cadm ium  and  lead show 
a h igh  degree of association (r  —

328  Arch Environ H ealth/Vol 27, Nov 1973 Trace Metal C ontent o f H a ir/P e te ring  e t al

D
ow

nl
oa

de
d 

by
 [

C
D

C
 P

ub
lic

 H
ea

lth
 L

ib
ra

ry
 &

 I
nf

or
m

at
io

n 
C

en
te

r]
 a

t 1
2:

39
 1

5 
A

ug
us

t 2
01

3 



Age, y r

Fig 3 . -L o g -n o rm a l regression lines (w ith  
95%  fid u c ia l lim its ) o f ha ir lead o f males in age 
ranges 2 to  88 years. (D eta ils  as ind ica te d  in Fig 
1 legend.)

Fig 4 . -L o g -n o rm a l regression lines (w ith  
95%  fid u c ia l lim its ) o f ha ir lead o f fem a les  in 
age ranges 14 to  30  and 30  to  84  years. (D etails 
as ind ica te d  in Fig 1 legend.) Age, y r

Table 3 . — Covariance Analysis of Log Transform s o f Data*

M eta l

Subjects

Age Span, 
Sex yr

M ean Log 
Concentration , 

^ g /g m

M ean Log
Age,

yr

Regression
Coefficient,

Slope r t d f P

C adm ium M 2-24 0 .2940 0 .8186 0 .3 3 90 0 .3449 2.17 35 0 .04
C adm ium M 6-88 0 .2360 1.4870 -0 .1 9 2 4 0 .1952 1.75 77 0 .05

C adm ium M 2 0 -8 8 t 0 .2040 1 .6464 0 .0025 0 .0013 0.01 59 0.5
C adm ium F 14-56 0 .2616 1.5323 0 .6915 0 .4088 3,32 55 0.001
C adm ium F 30-84 0 .3033 1.7455 -0 .4 4 2 0 0 .1278 0.98 58 0.3

Lead M 2-88 1.0972 1.3320 -0 .2 7 0 2 0 .2629 2.63 93 0.01
Lead M 2-201' 1.2618 0 .8031 -0 .1 4 3 6 0 .1316 0.77 34 0.4
Lead M 18-881 1.6474 0 .9343 0 .3 4 02 0 .1 1 14 0 .85 57 0.4

Lead F 14-30 1.1225 1.3258 2.4931 0 .5126 2 .74 21 0 .02
Lead F 30-84 1.2367 1.7461 -1 .8 0 5 8 0 .3432 2.81 59 0.01

*H ere in , r  represen ts co rre la tio n  c o e ffic ie n t; t, S tu d e n t t  va lue; d f, degrees o f freedom ; and 
P, p ro b a b ility  o f larger va lue o f t  in random  sam ples.

IR egress ion  not shown in the  Figures.

0.2563). These re la tionsh ips are no te­
w orthy in  th a t  they  probably ind icate 
differences betw een the  sexes in  th e ir  
m etabolism  of these  m etals.

The lack of correla tion  betw een the 
concentra tions in m ales of zinc and 
cadm ium  w as su rp ris in g  since th e ir  
p a tte rn s  of d is trib u tio n  w ith  age were 
som ew hat sim ilar.

C om m ent

Lead in  the  h a ir  of ch ild ren  has 
been used as a biopsy m a te ria l by 
Kopito and co-w orkers2’:j to ind icate 
th e  ex ten t of exposure to lead and the  
presence of chronic plum bism , b u t the  
use of h a ir  cadm ium  as an  index for 
judg ing  env ironm en ta l and occupa­
tiona l exposures of hu m an  beings has 
only recen tly  been considered. T hus 
in  1968, P e te rin g  and Y eager4 rep o rt­
ed th e  p re lim inary  findings of th e  age 
and  sex re la tionsh ips of cadm ium  and 
lead which are  p resen ted  in  deta il

here, and  in 1969, Schroeder and 
N asonr’ also ind icated  th a t  th e re  m ay 
be v a ria tio n s of cadm ium  and  lead in 
th e  general population due to age 
and sex. Recently N ordberg and 
N ish iyam a,! have shown th a t  cad­
m ium  injected into mice quickly finds

its  w ay to th e  h a ir  follicles. The d a ta  
p resen ted  here offer add itiona l infor­
m ation  on some of th e  factors which 
need to be w eighed in  consideration  of 
th e  su itab ility  of h a ir  to assess expo­
su re  and  absorption  of cadm ium  and 
lead.
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Table 4. — Corre la tions o f C oncentra tions o f Z inc, Copper, Cadm ium , and 
Lead in Hair, Irrespective  o f Age*

83 Females

1 
95

 
M

al
es

\ j y i e t a l  Zinc Copper Cadmium Lead
03
03

' \ ^ 1 5 2  ±  6

= r  0 .0932  0 .0 7 12  0 .0603  
M t ^  0 .84  0 .64  0 .54  

P 145 +  4 .4 > .5  > .5
_ \ 2 9 . 6 ± 2 . 8
£. r  0 .3 5 90  0 .2 0 34  0 .1463  
&  t 3.71 1.87 1.33 
°  P < .0 0 1  34.7  ±  6.7 .05 > A

E " " \ 2 . 4 3  -t 0 .26 
■f r  0 .0438  0 .2262  0 .2563  
I  t 0 .42  2 .24  2.39 
£  P > .6  .025 2.20  ±  0 . 2 " \  .02

' . 24 .4  ±  2.7
■a r  0 .3 2 18  0 .0947  0 .4052  
S f 3 .28  0 .92  4.27

P .001 > .3  .001 1 8 . 3 ± 1 . 8 \ ^

^D iagonal axis represen ts co nce n tra tio n s  (expressed as parts  per m illion ) ±  SE; r  represen ts 
co rre la tio n  c o e ffic ie n t; t, S tu d e n t f  value; and P, p ro b a b ility  o f larger va lue  o f t in random  sam ples.

The d a ta  clearly  show th a t  th e re  
are  age v aria tions in  cadm ium  and 
lead of hair, and  th a t  these differ 
betw een the  sexes. Therefore, it  is 
im p o rtan t to lim it com parisons to 
those values from  one sex and  from  a 
fairly  narrow  age cohort, eg, a decade 
a t  most. These d a ta  also help  to e s tab ­
lish  ranges or m eans w hich m ay be 
expected to be found in  an  u rb an  pop­
u la tio n  not exposed occupationally. 
Thus, our d a ta  suggest th a t  cadm ium  
in  the  general population  not exposed 
occupationally  w ill range  betw een 
about 0.5 and 2.5 ppm. in bo th  sexes, 
regard less of age above 2 years.

S im ilarly  our d a ta  suggest th a t  
lead ranges betw een about 2 and  30 
ppm. The value of 30 ppm  as an  upper 
lim it for "norm al,” nontoxic, nonoccu­
pa tional exposure w as se t by El-Dak- 
hak h n y  and  E l-S ad ik7 as a basis for 
using  h a ir  to assess toxic exposure of 
w orkers in  lead  industries. T heir 
w ash ing  procedure w as a very  d rastic  
one w hich would probably lead to low 
resu lts . Therefore, lim its  on h a ir  v a l­
ues should include specification of 
w ash ing  procedures u n til a  s tan d ard  
m ethod is accepted.

The criticism  of u sing  h a ir  for de­
te rm in in g  occupational hazards in  
p lan ts  w here cadm ium  is used as r e ­
ported by N ish iyam a and  N ordberg8 
is s im ila r to th a t  of B a te ,9 and  need 
not be of g rea t concern since these 
au th o rs  used m ethods and  conditions

w hich w ere unphysiological and  ex­
trem e in  th e  exposure of th e  h a ir  to 
m eta l ions. T heir resu lts  canno t ap ­
p ropria te ly  be re la ted  to real-life s itu ­
ations of exposure. U nder m ost occu­
pa tional and env ironm en ta l condi­
tions, both  lead and cadm ium  in  the  
atm osphere are in  p a rticu la te  form, 
and  come in to  contact w ith  h a ir  
w hich has a protective film of oil or 
o ther organic m atte r. P roper w ash ing  
of th e  h a ir  sam ples w ill rem ove the  
adhered  particles. If th e re  is still any 
question  about the  significance of 
h igh  resu lts , pubic and ax illa ry  h a ir  
sam ples m ay be analyzed, ie, sam ples 
from  areas  no t read ily  or o rd inarily  
exposed to atm ospheric  p a rticu la te  
m atte r.

The h igh  correla tion  of cadm ium  
and  lead in  bo th  m ales and  fem ales 
seem s to us to be im p o rtan t in  su g ­
gesting  th a t  a possible unknow n fac­
to r in  lead poisoning of ch ild ren  m ay 
in  fact be an  associated exposure to 
cadm ium . F u rthe rm ore , blood is no t a 
su itab le  m a te ria l to analyze for cad­
m ium , since th e  m eta l rem ains in 
blood only very  briefly and, in  conse­
quence, th e  levels a re  alw ays ex­
trem ely  low. Therefore, stud ies of 
cadm ium  and  lead  in  blood w ould be 
inadequa te  to dem onstra te  associated  
exposure, w hile ana lysis of h a ir  
m igh t lead  to im p o rtan t findings.

The h igh  co rrela tion  betw een  cad­
m ium  and  copper in m ales and  fe­

m ales deserves add itiona l study  since 
it is know n th a t  cadm ium  can influ­
ence the  m etabolism  of copper.10 S im ­
ilarly , the  dem onstra tion  of a  co rre la­
tion  betw een  zinc and  lead in  m ales 
m erits  a tten tio n  by experim en talists  
since both m etals  reflect a d ie ta ry  
and  an  env ironm en ta l exposure. The 
absence of co rrela tion  betw een zinc 
and  cadm ium  in  h a ir  of both sexes is 
su rp ris in g  in view of th e  know n in te r ­
actions found in  experim en tal a n i­
m als.

F in a lly  our report of a high level of 
lead in  th e  h a ir  of ch ild ren  is of con­
siderab le in te re s t since the  ch ild ren  
in  our study  w ere from fam ilies w ith  
m iddle class socioeconomic and  ed u ­
cational backgrounds and  rep resen t a 
different env ironm ent from those who 
reside in  poor neighborhoods. The 
observation suggests unsuspected  
exposures of children , perhaps even 
in  u tero , w hich need to be sought out.

This in v estig a tio n  w as supported  by Public 
H ea lth  Service g ra n t P-10-ES-00159 from  th e  
N a tio n a l In s titu te  of H ealth , and is p a r t  of con­
tin u in g  s tud ies  on th e  en v iro n m en ta l effects of 
tra ce  m eta ls  u n d e r the  auspices of th e  cen ter of 
th e  S tudy  of th e  H um an  E n v iro n m en t of the  
U n iv e rs ity  of C inc innati.
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