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The distribution of trace elements, Cu, Mg, Zn and Fe levels and, intra- and inter- correlations among them were studied 
in hair, nail, blood and urine samples of healthy subjects. Specimens obtained from men, women and children were 
analyzed for trace element concentrations by using atomic absorption spectrophotometer. The mean values of these 
elements were found to be higher in the nails of children compared with those of men and women groups. However, hair 
values of these elements in men and women were higher than those of the children. Cu, Mg, Zn and Fe concentrations in 
hair, nail, blood and urine c," nil three group express significant differences. Existence of positive correlations between 
elements in hair and in nail reflected steady turnover of these samples. It was found that hair levels of Fe and Zn in men 
and hair level of Cu in women exhibited significant parallelism with serum levels of these elements. 
[Turk J Med Res 1993; 11(2): 75-81] 
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S t u d i e s o n t r a c e e l e m e n t s h a v e b e c o m e in tens i f i ed 
within the last two d e c a d e s . S i n c e the leve ls o f t race 
e l e m e n t s in h u m a n t i s s u e s a n d f lu ids p lay impor tant 
ro les in hea l th a n d d i s e a s e cond i t ions , s tud ies abou t 
t h e m h a v e b e e n attract ing great interest (1,2). 

T r a c e e l e m e n t s ex is t in very low concen t ra t i ons 
in the b o d y a n d cons i s t o f 0 . 0 1 % of total b o d y weight 
(3). T h e s e e s s e n t i a l e l e m e n t s a re as fo l lows: S i l i c o n , 
V a n a d i u m , C h r o m e , M a n g a n e s e , Iron, C o b a l t , H i c k e l , 
C o p p e r , Z i n c , a r s e n i c , S e l e n i u m , M o l y b d e n u m a n d 
Iodine. In addi t ion to t h e s e , d u e to onse t of s o m e d i s 
o rde rs re la ted to a b s e n c e o f F luor ine a n d T in in the 
body , they h a v e b e e n a l s o a c c e p t e d a s e s s e n t i a l e le 
men ts (4). In the c a s e of insuff ic ient in take of t h e s e 
t r a c e e l e m e n t s w i t h d ie t , b e s i d e s the i n s i g n i f i c a n t 
pa tho log ic f ind ings , a l s o s o m e pa tho log ic resu l ts , that 
c a n threat the life, m a y appea r . 

Z i n c , Iron, M a g n e s i u m a n d S e l e n i u m are impor
tant e l e m e n t s in t he p reserva t ion of i m m u n e res i s t ance 
(5). Z i n c a n d c o p p e r a r e two important essen t ia l e l e 
men ts in growth an d e v e l o p m e n t (6-9). I t w a s s h o w n 
that c o p p e r is n e c e s s a r y for hemog lob in syn thes i s , for 

Rece ived : March 30 ,1992 Accep ted : Nov. 18,1992 

Cor respondence : Omer A K Y O L 
Dept. of Biochemistry, 
Medical School of Ankara University 
06100 A N K A R A 

c o n n e c t i v e t i s s u e d e v e l o p m e n t a n d fo r t he n o r m a l 
funct ion o f cent ra l n e r v o u s s y s t e m (10). T h u s , in the 
a b s e n c e o f C u , there b e c o m e s o m e d i so rde rs i n c o n 
nec t i ve t i ssue (11). Z i n c de f i c i ency af fects protein s y n 
thes is negat ive ly (12-15). Add i t iona l ly , z i n c a l so fo rms 
the prosthet ic g roup o f m o r e than 80 m e t a l l o e n z y m e s 
w h i c h p lay ro les in m a n y me tabo l i c p a t h w a y s . S imi la r ly 
Mg i s the co fac to r o f a p p r o x i m a t e l y 3 0 0 ce l lu la r e n 
z y m e s . The re fo re , i r revers ib le d i so rde rs m a y a p p e a r i n 
t h e s e two e n z y m e s . A l s o i n a n i m a l s t u d i e s i t w a s 
s h o w n that inges t ion of suff ic ient z i n c with diet by the 
m o t h e r d u r i n g g e s t a t i o n i s e s s e n t i a l f o r n o r m a l 
e m b r y o n i c a n d foetal deve lopmen t . Zn insuf f ic iency in 
p rengnan t rats c a u s e s m a n y major a n d minor c o n g e n i 
tal ma l fo rmat ions on l ive s ib l i ngs (16,17) . A l s o this in 
suf f ic iency c a n i n c r e a s e the sensi t iv i ty o f fe tus aga ins t 
the ef fects of terato jen ic s u b s t a n c e s (18). 

C o n g e n i t a l m a l f o r m a t i o n s , c a u s e d b y Z n insuf 
f ic iency, a re as fo l lows; Intrauterine growth re tardat ion, 
f e t u s wi th l ow b ra in w e i g h t a n d b e h a v i o r a l a b n o r 
mal i t ies in l ive s ib l ing (19). 

T h e me tabo l i sm of t race e l e m e n t s in the b o d y is 
very c o m p l e x a n d a l s o in terest ing. 

A b s o r p t i o n th rough gas t ro in tes t i na l t ract i s pe r 
fo rmed at 3 p h a s e s : 

1. Intraluminal p h a s e 

2 . T rans loca t i on p h a s e ( p a s s a g e th rough ce l l m e m 
b r a n e or epi thel ium) 
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3. Mob i l i sa t ion p h a s e (distr ibution to the ce l l s or re-
seques t ra t i on into the lumen) . 

B iova i l ab i l i t y o f i n g e s t e d e l e m e n t s d e p e n d s o n 
the p r e s e n c e o f s o m e cer ta in fac tors i n f o o d s o u r c e 
s u c h a s ph i t a te . S i m i l a r l y , t he c o n t e n t t o t a p w a t e r 
c h a n g e s f r o m p l a c e t o p l a c e a n d i t g i v e s d i f fe rent 
l eve l s of s u p p l e m e n t to the amoun t of m ine ra l in the 
diet (20). A l t hough the even ts in the intest inal ep i the l ia l 
c e l l s a r e no t k n o w n c l e a r l y i n g e n e r a l , t h e r e a r e 
s p e c i f i c m e c h a n i s m s for the two e l e m e n t s , z i n c a n d 
i ron. M e t a l s , t aken into the ce l l a r e b o u n d to spec i f i c 
depo t prote ins l ike ferrit in a n d meta l lo th ione in , r e s p e c 
t ively. T h e concen t ra t ion of meta l lo th ione in in the or
g a n s c a n be i n c r e a s e d by the in take o f t race e l e m e n t s 
w h i c h spec i f i ca l l y b ind to i t (4). I nc reased c o n c e n t r a 
t ion o f Zn in p l a s m a i n c r e a s e s the syn thes i s o f me ta l 
l o th ione in i n in tes t ina l c e l l s a n d me ta l l o th i one in b e 
c o m e s a g o o d car r ier for the a b s o r b e d Z n . W h e n the 
p l a s m a Zn d e c r e a s e s , the s t imulus sent for the me ta l 
lo th ionein s y n t h e s i s b e c o m e s d e c r e a s e d a n d the a b 
s o r b e d Zn be ing ava i lab le for t ransport i s e l e v a t e d (4). 

T h e car r ier m o l e c u l e s in b lood for t race l emen ts 
a r e t h e p l a s m a p r o t e i n s s u c h a s : T r a n s f e r r i n , 
c e r u l o p l a s m i n , a l b u m i n , a l p h a - m a c r o g l o b u l i n , t r a n s -
a m a n g a n i n a n d the n i ce l op l asm in . Add i t iona l l y a ce r 
tain part o f the s e r u m t race e l e m e n t s a re ca r r i ed in 
the fo rm of a m i n o a c i d or little pept ide c o m p l e x e s (21). 
G e n e r a l l y , b ind ing c a p a c i t y o f car r iers , hav ing spec i f i c 
p ro te i n s t r u c t u r e , i s i n u n s a t u r a t e d f o r m . S u c h a s 
t r a n s f e r r i n c a r r i e s o n l y o n e th i rd o f i ts m a x i m u m 
c a p a c i t y u n d e r n o r m a l c o n d i t i o n s . T h i s r e m a i n i n g 
empty c a p a c i t y is thought to be funct ion ing as buffer 
dur ing e x p o s u r e t o e x c e s s me ta l . T h e m o r e important 
protect ion m e c h a n i s m than this buffer ing property , d is 
p l a y s i t s e l f a t t h e p r e v i o u s s t e p s . T h i s c o n t r o l 
m e c h a n i s m c a n be e s t a b l i s h e d by abso rb t i on , o r ex 
cret ion or bo th of t h e m . 

T h i s k ind o f cont ro l o f t race e l e m e n t s , t a k e n f rom 
ou ts ide , i s important . T h i s contro l i s e a s i e r for the Fe 
a n d Z n , requ i red to be taken in ve ry little c o n c e n t r a 
t ions , th is con t ro l i s diff icult a n d n e c e s s i t a t e s s o m e 
spec i f i c m e a s u r e s . T h e m a i n exc re t i on w a y o f t race 
e l e m e n t s i s i n tes t i nes a n d k i d n e y s . Add i t i ona l l y , the 
l oss o f t race e l e m e n t s v i a sk in a n d respi ra t ion i s a l s o 
important in hot c l ima tes (4). 

T h e r e a r e m a n y factors af fect ing the s e r u m t race 
e lemen t l e v e l s , i t h a s b e e n s h o w n that there w a s a 
d e c r e a s e i n p l a s m a Z n concen t ra i t ons dur ing no rma l 
ges ta t ion (22,23) . T h e o v e r e x p o s u r e o f i nd ivudua ls to 
s o m e e l e m e n t s d u e t o e n v i r o n m e n t a l c o n d i t i o n s o r 
spec i f i ca l l y a b s e n c e o f t h e s e t race e l e m e n t s i n that 
reg ion a r e the impor tant e t iopatho log ic fac tors af fect ing 
t h e s e r u m e l e m e n t l e v e l s ( 2 ) . D i e t p r o t o c o l s , 
g e o g r a p h i c a l d i f fe rences , a g e a n d s e x a l s o affect the 
s e r u m e l e m e n t s . Add i t iona l l y , s e r u m Z n i s 1 6 % h igher 
than p l a s m a Z n (24). 

T h e mater ia ls w h i c h wil l be u s e d in the s tudy o f 
t race e lemen t b a l a n c e o f the b o d y s h o u l d h a v e s o m e 
proper t ies . In th is rega rd , s e r u m is not an appropr ia te 
m a t e r i a l . B e c a u s e , i t i s k n o w n that d i f fe rent f o o d s 
taken dai ly o r within f e w hours c h a n g e the s e r u m e le 
ment leve ls s igni f icant ly . The re fo re , r e s e a r c h e r s h a v e 
concen t ra ted their s t ud ies on ha i r a n d nai l i n recen t 
y e a r s . In the last d e c a d e , the u s e of ha i r as a b iopsy 
mater ia l for the e x p r e s s i o n o f b o d y t race e lemen t state 
or for the r e s e a r c h of e x p o s u r e d e g r e e of p e o p l e ex 
p o s e d to tox ic me ta l s i n industr ia l r eg ions h a s b e c o m e 
s p r e a d e d (20 ,25-27) . 

T h e super io r i t ies o f ha i r a n d nai l to s e r u m as fo l 
lows (3,28). 

— T h e amoun t o f t race e l e m e n t s in p l a s m a a n d 
s e r u m is very low. But their concen t ra t i ons a r e re lat ively 
h igher in hair a n d this faci l l i tates the a n a l y s i s (29). 

— W h e n the da ta ga the red f rom the s e r u m , this 
da ta do not represen t the b o d y t race e lemen t s tate a p 
proximately. 

— T h e a n a l y s i s o f s c a l p ha i r c a n rel iably be u s e d 
for the re t rospect ive s tudy of b o d y t race e l e m e n t s s ta te. 
It is not a f fec ted by dai ly a l tera t ions. 

— Transpor ta t ion a n d p rese rva t i on of hair a n d nai l 
a re e a s y (30). 

— In cont ras t to b l o o d , c h e m i c a l l y ha i r a n d nai l a re 
h o m o g e n a n d inert mate r ia ls . 

— To obta in the nai l a n d ha i r is e a s i e r than the 
b lood a n d other t i s s u e s . I t d o e s not h a v e t r auma a n d 
pa in comp l i ca t ion . 

— 42 e l e m e n t s a re de te rm ined in no rma l nai l (31). 
Th i s s h o w s that the nai l c a n be a use fu l t i s s u e s for the 
de tec t i on o f in take a n d e x c r e t i o n o f t r a c e e l e m e n t s 
through the body . 

— T h e s low me tabo l i c tu rn-over of the nai l is impor
tant b e c a u s e i t p rov ides in format ion abou t the me ta l s 
a c c u m u l a t e d dur ing long per iod of t ime (32). 

MATERIALS AND METHODS 
B l o o d , hair, nai l a n d ur ine s p e c i m e n s w e r e t a k e n f rom 
20 m e n , 10 w o m e n a n d 5 ch i ld ren o f total ly 35 h e a l 
thy -vo lun teer i nd iv idua ls . T h e a v e r a g e a g e s a n d the 
r a n g e s o f a g e s o f t h e s e ind iv idua ls a re as fo l lows. 

Men Women Children 

X±SD 26.4±6.9 24.0±6.2 4.8±1.5 
Age Range 27-40 19-37 3-7 

F o r co l lec t ion o f s p e c i m e n , i t w a s strictly no t i ced 
that t h e s e ind iv idua ls m u s t h a v e b e e n i n A n k a r a for 
tha last s ix mon ths . A t t he t ime o f s p e c i m e n co l lec t ion 
a n d a few mon ths a g o , vo lun tee rs h a d not t a k e n a n y 
oral o r parentera l d rugs , inc lud ing v i tamin p repara t i ons . 
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H A I R : Ha i r f rom the occ ip i ta l reg ion w a s ob ta ined by a 
s t a i n l e s s s t e e l s c i s s o r s a n d the bo t tom s e g m e n t s o f 
t h e s e s p e c i m e n s w e r e u s e d in ana l ys i s (the last 2 -3 
c m ) . 

N A I L : Hand f i nge r nai l w a s ob ta ined by us ing a s ta in 

l e s s s te l l n a i l - s c i s s o r s . 

B o t h o f s p e c i m e n s w e r e p a s s e d t h r o u g h a d i s t i l ed 
w a t e r pr ior ly a n d t h e n b id is t i l ed w a t e r af ter m a k i n g 
t h e m wa i ted for 3-4 hours in A c e t o n - H e x a n e (1/2, v/v) 
s o l u t i o n . T h e y w e r e d r i ed i n 7 0 ° C e t u v e a n d t hen 
they w e r e w e i g h d e . 

B L O O D : Af ter a v e r a g e l y 15 h o u r s o f fas t ing p e r i o d , 
wi thout h a v i n g b reak fas t , the b lood s p e c i m e n s o f in 
d i v i dua l s w e r e obt ined f rom the ve ins o f the fo rea rm 
b y u s i n g d i s p o s a b l e p las t i c in jec tors . S i n c e the d i s 
p o s a b l e in jectors w e r e not d e i o n i s e d , they w e r e wa i t ed 
in 1 0 % H2SO4 for 24 hou rs , a n d after s h a k i n g with 
b id is t i led wa te r for few t imes , they w e r e dr ied (33). 

B l o o d , t a k e n w i thou t a n t i c o a g u l a n t u s e , w e r e 
c e n t r i f u g e d a f te r wa i t i ng for a wh i l e a n d t hen they 
w e r e put to d e i o n i s e d t ubes by separa t i ng . 

U R I N E : S y n c h r o n i s e l y with the b lood , the m id part o f 
t he f irst w i re o f t h e d a y w a s t a k e n ( a p p r o x i m a t e l y 
2 0 c c ) . 

A l l t h e s p e c i m e n s w e r e p u t i n t o s e p a r a t e 
d e i o n i s e d t u b e s a n d t hey w e r e w a i t e d i n p e r c h l o r i c 
ac id /n i t r ic a c i d (1 /5 , v/v) c o m p o u n d for a wh i l e (34) 
a n d they w e r e b u r n e d with a 2 5 0 °C b e c k fire in an 
iso la ted m e d i u m . T h i s p r o c e d u r e w a s con t i nued unti l 
the o rgan ic matr ix w a s c o m p l e t e l y d e s t r o y e d . T h e inor
gan i c port ion d i s s o l v e d in a cer ta in a m o u n t of t r id is-
t i led w a t e r w a s put in to d e i o n i s e d t u b e s a n d a f te r 
cove r ing the m o u t h s o f t ubes with paraf f in , they w e r e 
kept a t 4 ° C . T h e n the v a l u e s o f Z n , M g , F e a n d C u 
w e r e d e t e r m i n e d w i t h a t o m i c a b s o r p t i o n 
spec t ropho tome te r (Mode l 1 2 0 0 V a r i a n Techt ron) (35). 

R e s u l t s w e r e e x p r e s s e d a s p g / m l i n u r ine a n d 
b lood a n d as pg /g (ppm) i n nai l a n d hair . E v e r y m e a s 
u remen t w a s r e p e a t e d th ree t i m e s a n d the a v a r a g e 
w a s t a k e n . A s a s t a t i s t i c a l a n a l y s i s : a v e r a g e ± S D 
v a l u e s w e r e c a l c u l a t e d , in t ra - a n d inter- co r re la t i on 
a n a l y s e s we re d o n e a n d the s ign i f i cance o f the resu l ts 
w a s eva lua ted with student- t test. 

RESULTS 
T h e a v e r a g e l e v e l s o f t r a c e e l e m e n t s i n na i l , ha i r , 
s e r u m a n d ur ine acco rd i ng to the g roups a r e s h o w n in 
T a b l e 1. A c c o r d i n g to th is T a b l e ; the a v e r a g e s of 4 
t race e l emen ts p resen t in the na i ls o f the ch i ld ren a r e 
h igher than the v a l u e s p resen t in t he adult m a l e s (for 

Table 1 . A , B , C , D ; F o r m e n , w o m e n a n d ch i ld ren a n d ingroup ing the de te rm ined v a l u e s o f na i l , hair , s e r u m a n d ur ine 
t race e l e m e n t s ( M e a n ± S D ) 

A (Non grouped) Nail (ppm) Hair (ppm) Serum (jig/ml) Urine (pg/ml) 
(n-35) 

Fe 111.01131.3 79.46±94.68 0.619±0.52 0.104±0.15 
C u 13.7±26.0 16.52±19.38 1.79012.34 0.130±0.20 
Z n 218.4±162.2 422.0±311.0 0.806±0.53 0.182±0.13 
Mg 500.1 ±301.6 626.0±448.0 49.43+30.8 113.5±58.03 

B (Women) 
n-20 

Fe 52.66±60.1 103.21 ±117.7 0.578±0.49 0.053±0.07 
C u 6.05±13.0 19.51 ±20.23 2.20±2.26 0.24±0.31 
Zn 234.1 ±147.0 376.97±235.2 0.937±0.50 0.181 ±0.15 
Mg 518.2±332.0 644.9±525.8 44.21 ±1.20 104.25±52.9 

C (Men) 
n-10 

Fe 138.5±122.0 54.8±46.9 0.591 ±0.33 0.183±0.18 
C u 38.76±73.3 16.36±20.7 0.78±0.56 0.05±0.11 
Z n 117.3±72.5 451.3±226.8 0.311 ±0.31 0.14±0.10 
Mg 428.2±256.4 624.7±367.0 49.0±33.8 93.34±63.6 

D (Children) 
n-5 

Fe 424.8±79.8 40.0±40.2 — 0.157±0.26 
C u 58.3±82.4 3.32±6.6 — 0.065±0.13 
Zn 486.8±18.6 168.8±37.5 — 0.265±0.12 
Mg 664.1 ±256.97 550.0±364.6 — 233.1 ±96.7 
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F e p<0.0005, for C u p<0 .0005 , for Z n p<0 .0005, for 
Mg p<0.1). S a m e si tuat ion i s a l s o va l id for the w o m e n 
(for Fe p<0.0005, for Cu p<0.25, for Zn p<0 .0005, for 
Mg p<0.05) (Tab le 4 ) . 

But the hair l eve l s of t h o s e 4 e l e m e n t a r e h igher 
in both m e n a n d w o m e n than the l eve ls in ch i ld ren . 
W h i l e th is d i f fe rence w a s found to be s igni f icant b e 
t w e e n adult ma le a n d ch i ld (for Fe p<0.0005, for Cu 
p<0 .0005, for Zn p<0.0005, for Mg p<0.25), i t w a s 
n o d found to be s igni f icant b e t w e e n adul t f e m a l e a n d 
ch i ld (for Fe p<0.1, for Cu p<0.1 , for Zn p<0.01 , for 
M g p < 0 . 2 5 ) . S i n c e w e c o u l d n o t o b t a i n b l o o d 
s p e c i m e n s f r om the c h i l d r e n , w e c o u l d not pe r f o rm 
men-ch i l d ren a n d w o m e n - c h i l d r e n c o m p a r i s o n s . 

A v e r a g e ur ine leve ls e x p r e s s d i f fe rences : 

W h e n the men-ch i l d ren a v e r a g e s a re taken in to 
a c c o u n t ; t he a v e r a g e v a l u e s o f Z n , F e a n d M g i n 
ch i ld ren w e r e found to be s igni f icant ly h igher than the 
adult m a l e v a l u e s ( respect ive ly p<0.05, p<0.05 a n d 
p<0.0005). 

W h e n the adu l t w o m e n - c h i l d r e n a v e r a g e s a r e 
taken in to a c c o u n t ; we cou ld not f ind a s igni f icant dif
f e r e n c e fo r t he C u a n d F e e l e m e n t s (p<0.40) . Z n 
amoun t in ch i ld ren Is app rox ima te l y two t imes h igher 
than the w o m e n h a v e (p<0.05). Mg a m o u n t i n ch i ld ren 
is a p p r o x i m a t e l y two a n d half t imes h igher than the 
w o m e n h a v e ( p<0.0005) . 

When male-female averages are compared: 

F e a n d C u l e v e l s i n nai l a r e s ign i f i can t l y h i g h e r i n 
w o m e n t h a n m e n ( respec t i ve l y p < 0 . 0 0 0 5 , p<0 .025) . 
W h i l e Zn a v e r a g e v a l u e s i n m e n are two t imes h igher 
t h a n the w o m e n h a v e (p<0.01) , n o s i g n i f i c a n t dif
f e r e n c e b e t w e e n M g v a l u e s w a s found . 

No s ign i f icant d i f fe rence w a s found for the e l e 
men ts in the hair b e t w e e n the m e n a n d w o m e n . 

W h i l e no s igni f icant d i f ference cou ld be found for 
the a v e r a g e s o f F e a n d M g b e t w e e n m e n a n d w o m e n , 
the a v e r a g e v a l u e s o f Zn a n d Cu are 2-3 t imes h igher 
in m e n than the w o m e n have ( respect ive ly p<0.05 a n d 
p<0.0005). 
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N o d i f fe rence w a s found b e t w e e n M g v a l u e s i n 
u r i n e ( p < 0 . 2 5 ) . A v e r a g e C u v a l u e i n m e n i s a p 
p r o x i m a t e l y 4 t i m e s h i g h e r t h a n t h e w o m e n h a v e 
(p<0.025). A g a i n Zn is h igher in m e n (p<0.05). In c o n 
trast to th is , Fe leve l in w o m e n is approx imate ly 3-4 
t imes h igher than the m e n h a v e (p<0.0005). 

Intra-correlat ion a n a l y s e s a re s h o w n in T a b l e 2 . 
A c c o r d i n g to th is T a b l e ; 

N a i l : I n m e n the re a re pos i t i ve co r re la t ions b e 
tween F e - Z n , F e - M g , C u - Z n , Z n - M g . I n w o m e n there 
a r e pos i t i ve co r re la t i ons b e t w e e n F e - Z n , F e - M g , C u -
M g a n d Z n - M g . 

Hai r : Pos i t i ve cor re la t ions i n m e n b e t w e e n F e - M g , 
C u - Z n , C u - M g , Z n - M g w e r e de te rm ined . But there a re 
negat ive cor re la t ions b e t w e e n F e - C u , F e - Z n . 

B l o o d : I n m e n b e t w e e n F e - M g , C u - Z n , Z n - M g 
a n d i n w o m e n b e t w e e n F e - C u , F e - Z n , F e - M g , C u - Z n , 
C u - M g a n d Z n - M g there a r e pos i t ive cor re la t ions . 

Ur ine : I n m e n , b e t w e e n F e - Z n a n d C u - M g a n d i n 
w o m e n b e t w e e n F e - Z n , F e - M g a n d Z n - M g there a re 
pos i t ive cor re la t ions . In w o m e n there a re neg ta ive cor 
re lat ions b e t w e e n F e - C u , C u - Z n a n d C u - M g . 

In t ra-corre la t ion a n a l y s e s a r e g i v e n i n T a b l e 3 . 
A c c o r d i n g to T a b l e the cor re la t ion o f e l e m e n t s v a l u e s 
o f in te r -parameters a r e as fo l l ows ; 

B e t w e e n nai l a n d hair : I n m e n F e , Zn an Mg ex
p r e s s pos i t ive cor re la t ions . I n w o m e n F e , C u a n d M g 
e x p r e s s pos i t i ve co r re la t ions but Z n e x p r e s s e s n e g a 
tive cor re la t ions . 

B e t w e e n nai l a n d ur ine : I n m e n F e , Z n a n d M g 
e x p r e s s pos i t i ve co r re l a t i ons but t he re a r e n e g a t i v e 
cor re la t ions I n C u . I n w o m e n F e , C u a n d M g e x p r e s s 
pos i t ive a n d Z n e x p r e s s e s nega t i ve cor re la t ions . 

B e t w e e n s e r u m a n d hair: I n m e n Fe a n d Zn ex-
r e s s pos i t ive a n d M g e x p r e s s e s nega t i ve cor re la t ions . 
I n w o m e n F e , Z n , M g e x p r e s s nega t i ve cor re la t ion . 

B e t w e e n s e r u m a n d ur ine: I n m e n F e a n d Z n ex 
p r e s s pos i t ive a n d C u a n d M g e x p r e s s nega t i ve cor
re lat ions. I n w o m e n F e , Z n , Mg e x p r e s s pos i t ive cor
relat ion but there is nega t i ve cor re la t ion in C u . 

T a b l e 2 . T h e int ra-corre lat ion ana l ys i s b e t w e e n the e l e m e n t s in m e n and w o m e n (r). n . c : no cor re la t ion (r<0.1) 

A -(Men) 
n-20 

Fe-Cu Fe-Zn Fe-Mg Cu-Zn Cu-Mg Zn-Mg 

NAIL n.c. 0.39 0.8 0.25 n.c. 0.4 
HAIR n.c. n.c. 0.23 0.78 0.43 0.46 
S E R U M n.c. n.c. 0.64 0.17 n.c. 0.41 
URINE n.c. 0.77 n.c. n.c. 0.31 n.c. 

B-(Women) 
n-10 

NAIL n.c. 0.24 0.89 n.c. 0.27 0.32 
HAIR -0.26 -0.23 0.46 0.34 n.c. 0.45 
S E R U M 0.35 0.98 0.97 0.37 0.53 0.94 
URINE -0.37 0.61 0.86 -0.34 -0.11 0.38 
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Table 3 . T h e inter-corre lat ion a n a l y s i s b e t w e e n the s p e c i m e n s in m e n a n d w o m e n (r) 

7 9 

A-(Men) Nail-Serum Nail-Hair Nair-Urine Serum-Hair Serum-Urine Hair-Urine 
n-20 

Fe 0.3 0.8 0.98 0.27 0.5 0.84 
C u n.c. n.c. -0.19 n.c. -0.21 n.c. 
Zn n.c. 0.18 0.51 0.46 0.39 0.36 
Mg 0.28 0.25 0.19 -0.11 -0.14 0.28 

B-(Women) 
n-10 

F e -0.51 0.65 0.15 -0.33 0.92 n.c. 
C u 0.54 0.37 0.18 0.74 -0.12 0.55 
Zn -0.53 -0.23 -0.26 -0.44 0.97 -0.52 
Mg -0.69 0.26 0.44 -0.62 0.62 -0.2 

T a b l e 4 . T h e stat is t ical eva lua t ion resu l ts b e t w e e n the e l e m e n t s (p va lues) 

Men/ Fe C u Zn Mg 

Nail-Hair p<0.10 p<0.01 p<0.1 p<0.1 
Serum-Unine p<0.0005 p<0.0005 p<0.0005 p<0.0005 

Women/ 

Nail-Hair p<0.25 p<0.1 p<0.0005 p<0.1 
Serum-Unine p<0.0005 p<0.0005 p<0.05 p<0.025 

Women-men/ Nail Hair Serum Urine 

Fe p<0.0005 p<0.1 p<0.4 p<0.0005 
C u p<0.025 p<0.25 p<0.05 p<0.025 
Zn p<0.01 p<0.1 p<0.0005 p<0.05 
Mg p<0.1 p<0.4 p<0.025 p<0.25 

Women-children/ 

Fe p<0.0005 p<0.1 — p<0.4 
C u p<0.25 p<0.1 p<0.4 
Z n p<0.0C05 p<0.01 — p<0.025 
Mg p<0.05 p<0.25 — p<0.0005 

Men-children/ 

Fe p<0.0005 p<0.0005 — p<0.05 
C u p<0.0005 p<0.0005 • — p<0.1 
Zn p<0.0005 p<0.0005 • — p<0.05 
Mg p<0.0005 p<0.25 — p<0.0005 

B e t w e e n hai r a n d ur ine: In m e n , there a r e p o s i 
t ive cor re la t ions i n F e , C u a n d M g . I n w o m e n , Z n a n d 
M g e x p r è s n e g a t i v e , C u e x p r e s s e s pos i t i ve c o r r e l a 
t ions. 

DISCUSSION 
W h e n our resu l ts a r e c o m p a r e d with \ho v a l u e s in the 
l i terature, i t w a s s e e n that s o m e o f ou r resu l t s a r e 
relat ively h igh . T h e r e a r e m a n y r e a s o n s for this. In the 
de te rmina t ions o f hair , na i l , s e r u m a n d ur ine m inora i 

l e v e l s , di f ferent m e t h o d s s u c h a s neu t ron ac t i va t ion 
a n a l y s i s , a t o m i c a b s o r p t i o n s p e c t r o p h o t o m e t e r a n d 
f l a m e e m i s s i o n s p e c t r o p h o t o m e t e r h a v e b e e n u s e d . 
T h e d i f fe rences b e t w e e n the resu l ts or ig inate f rom the 
different de terminat ion t e c h n i q u e s as we l l as the dif
f e r e n c e s in the prepara t ion of s p e c i m e n to the a n a l y s i s 
m a y a l s o c a u s e different resu l ts . In their s tudy Hi lder -
b a n d et a l h a v e de te rm ined that the concen t ra t i ons of 
m inera ls in the hair d e p e n d e d on the length of the ha i r 
(34). In the hair t aken f rom the dif ferent a r e a s of the 
h e a d a n d in the different par ts of the ha i r (accord ing 
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to the proximi ty a n d d i s t ance to the d e e p part o f the 
nai l ) t he e l e m e n t concen t ra t i ons h a v e b e e n f o u n d to 
be dif ferent (2,36). 

A c c o r d i n g to the r e s e a r c h e s of Pe te r i ng et a l , i t 
h a s b e e n d e t e r m i n e d that dur ing c h i l d h o o d i n m a l e s 
Z n a n d C u c o n c e n t r a t i o n s w e r e h i g h a n d r e l a t i v e 
d e c r e a s e o c c u r e d after phys io log i c a d o l e s c e n c e . T h i s 
i n c r e a s e - d e c r e a s e point beg ins a round the a g e o f 12 
(25). I n w o m e n wh i l e the Cu conten t i n c r e a s e s with 
t he a g e , Z n c o n t e n t d e c r e a s e s . A c c o r d i n g t o o u r 
resu l ts , the a v e r a g e s o f nai l Cu a n d Zn o f ch i l d ren a re 
h igher t han both adul t ma le a n d adul t f e m a l e leve ls . 

A l t h o u g h t h e s e r u m Z n l e v e l o f w o m e n w e r e 
found to be h igher t han the m e n h a v e , th is d i f fe rence 
w a s s e e n to be stat ist ical ly Insignif icant (20). A c c o r d 
ing to ou r resu l t s , s e r u m Zn leve l i n m e n i s h igher 
t han the w o m e n ( respec t i ve ly 0 . 9 3 7 ± 0 . 5 0 ug /m l a n d 
0.311 ±0.31 ug /m l , p<0.0005) . A l s o in the s a m e s tudy 
ha i r Z n leve l o f w o m e n h a s b e e n f o u n d t o b e s i g 
ni f icant ly h igher than the m e n ( respec t i ve ly 2 0 8 p p m 
a n d 1 7 6 p p m ) . O u r resu l ts a re a l s o i n a c c o r d a n c e with 
this s tudy ( w o m a n 4 5 1 . 3 p p m , m a n 3 7 6 p p m ) . 

K l e v a y (37) h a s d e t e r m i n e d t h a t t h e r e i s a 
d e c r e a s e in ha i r Zn at the first d e c a d e of l ife. Af ter 20 
y e a r s o f a g e hair Z n leve l aga in h a s i n c r e a s e d . W e 
did not s tudy a c c o r d i n g to a g e g r o u p s but we found 
h igh v a l u e s o f Zn in adult m a l e a n d f e m a l e a n d low 
leve ls o f Zn in ch i l d ren . 

K l e v a y (37,38) h a s not f ound cor re la t ion b e t w e e n 
p l a m a Zn a n d ha i r Zn but he has found pos i t i ve cor
re lat ion b e t w e e n p l a s m a Z n a n d hair Z n i n m a l e s be
t w e e n the a g e s o f 6 -10 , in p regnan t w o m e n , a n d in 
lactat ing w o m e n o v e r the a g e o f 2 0 . But in our s tudy 
we found pos i t ive cor re la t ions b e t w e e n se rum-ha i r Zn 
( r - 0 . 4 5 9 ) a n d b e t w e e n s e r u m - h a i r F e i n m a l e s 
( r -0 .269 ) . In the s a m e s p e c i m e n s we found negat ive 
cor re la t ion for Mg a n d no corre la t ion for C u . Inter-cor
re lat ions b e t w e e n hai r a n d s e r u m in w o m e n e x p r e s s a 
little d i f fe rence: Z n , F e a n d M g e x p r e s s nega t i ve cor 
re la t ions ( respect ive ly r - - 0 . 4 3 8 , r - - 0 . 327 a n d r - -0 .620) . 
Fo r the C u , we found pos i t ive corre la t ion w h i c h i s i n 
i n a c c o r d a n c e with the resu l ts of K l e v a y et a l ( r -0 .736 ) . 

U n d e r the l ight of t h e s e da ta , i t c a n be s a i d that 
F e a n d Z n v a l u e s i n t he m a l e s ' ha i r c a n s h o w the 
state o f s e r u m to an extent . S a m e thing c a n not be 
sa id for the other e l e m e n t s . In w o m e n , on ly the hair 
Cu c a n e x p r e s s s e r u m Cu to an extent , but i t i s not 
va l id for F e , Z n a n d M g . 

S e r u m C u v a l u e i n w o m e n w e r e found t o b e s ig 
nif icant ly h igher than the m e n h a v e . A l s o hair C u leve l 
in w o m e n is 2 t imes h igher than the va lue in m e n , but 
th is d i f f e rence is not s ign i f i can t (20). In ou r resu l t s 
wh i l e t he s e r u m u is 0 .78 ug /m l in w o m e n , i t w a s 
f o u n d 2 . 2 0 ug /m l in m e n . T h e r e i s a p p r o x i m a t e l y 3 
fold d i f fe rence f rom the ha i r Cu leve l point o f v iew, but 
n o d i f f e r e n c e b e t w e e n m a l e a n d f e m a l e c o u l d b e 
f ound . 

AKYOL, KAVUTÇU, CANBOLAT, IŞIK, DURAK 

In a s tudy d o n e by D e e m i n g a n d a s s o c i a t e s , no 
s ign i f icant d i f f e rence h a s b e e n f o u n d i n F e a n d M g 
leve ls b e t w e e n m a l e a n d f e m a l e s e r u m a n d ha i r (20). 
O u r resu l ts conf i rm this hypo thes i s . 

As a r e s u l t , as i t i s s e e n i n i n t r a - c o r r e l a t i o n 
a n a l y s e s , h a i r a n d n a i l h a v i n g a s t a b l e e l e m e n t 
b a l a n c e e x p r e s s a s ign i f i can t pos i t i ve cor re la t ion b e 
t w e e n t h e s e e l e m e n t s . I n ha i r a n d na i l , i t w a s o b 
s e r v e d that e l e m e n t s d id not af fect e a c h o ther in a 
nega t i ve m a n n e r . A l s o s a m e th ings c a n b e s a i d for 
nai l a n d hair in the w o m e n . But b l ood a n d ur ine - a s i t 
w a s m e n t i o n e d p r e v i o u s l y - e x p r e s s a ve ry c o m p l e x 
e lemen t s c h e d u l e . In w o m e n , b e t w e e n al l s e r u m e le 
men ts pos i t i ve co r re la t ions w e r e de te rm ined . 

As i t s e e n , i n m a l e , f e m a l e a n d ch i ld ren g roups , 
F e , C u , Z n a n d M g concen t ra t i ons i n hair, na i l , s e r u m 
a n d ur ine e x p r e s s s ign i f icant d i f fe rences . Re la t i on b e 
t w e e n e l e m e n t s a l s o e x p r e s s d i f f e rences d u e t o the 
g roups a n d the mater ia ls u s e d . Fo r th is r e a s o n , wh i le 
t race e l e m e n t a n a l y s e s a r e p e r f o r m e d , t h e s e c o n d i 
t ions s h o u l d be taken in to a c c o u n t , a n d the resu l ts 
shou ld be e v a l u a t e d on the b a s i s o f t hese m e n t i o n e d 
a b o v e . M o r e important ly , i t s h o u l d be avo id to m a k e a 
c o n c l u s i o n by u s i n g on ly o n e mater ia l . I f in format ion 
a b o u t t h e t r a c e e l e m e n t b a l a n c e o f t h e b o d y i s 
w a n t e d , a n a l y s e s s h o u l d b e d o n e wi th a s m a n y a s 
p o s s i b l e mater ia l a n d the resu l ts s h o u l d be eva lua ted 
by cons ide r i ng factors s u c h as a g e , s e x a n d env i ron 
menta l fac tors . 

Sağl ık l ı şah ıs lar ın s a ç , t ı rnak, serum ve 
idrar lar ındaki baz ı eser elementlerin seviyeleri 
a ras ındak i i l işkinin araşt ı r ı lması 

Bu çalışmada sağlıklı insanların saç, tırnak, kan ve 
idrarlarındaki Cu, Mg, Zn ve Fe gibi eser element
lerin dağılımı ve bu elementler arasındaki intra -ve 
inter- korelasyonlar araştırılmıştır. Bu amaçla ka
dın, erkek ve çocuklardan alınan örnekler atomik 
absorbsiyon spektrofotometresi kullanılarak eser 
element yönünden incelenmiştir. Çocukların tır
nağında bulunan bu 4 eser elementin ortalama 
değerleri yetişkin erkek ve kadındaki değerlerden 
daha yüksek bulunmuştur. Buna karşılık aynı ele
mentlerin saç değerleri hem kadın hem de erkekte 
çocuktaki değerlerden daha yüksektir. Her üç gru
bun saç, tırnak, serum ve idrarlarındaki Fe, Zn, Mg 
ve Cu konsantrasyonları anlamlı farklılıklar arzet-
mektedir. Ayrıca saç ve tırnakta elementler arasın
da pozitif korelasyonların bulunması bu iki mater
yalin dengeli ve sabit turnoverini göstermektedir. 
Elde edilen sonuçlara göre erkeklerin saç Fe ve 
Zn değerleri ile kadınların saç Cu değerleri, aynı 
elementlerin serum değerleri ile büyük bir paralellik 
göstermektedir. 

[TurkJMedRes 1993; 11(2): 75-81] 
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