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A new analytical procedure consisting of special washing step, irradiation in a thermal 
neutron flux of ~10 ~ 4n �9 cm "~ �9 see "l , and Ge(Li) spectrometry enabled to determine as 
many as 14 elements in a 3 eva segment of a single human hair by neutron activation anal- 
ysis (NAA)o The criminalistic aspects of hair analysis were studied using a new statistical 
criterion for elimination/identification and an appropriate computer prngmm was constructed. 
Hair dimensions as measured microscopically were used as additional individualizing attri- 
butes. It was shown that despite the difficulties originating from a relatively large intrinsic 
variation of the trace element concentration over one head, elimination of most or nearly all 
of the "suspects" could be achieved in simulated cases. Distincly elevated levels of Au as well 
as Cu and Ag were found in hair of some groups of persons working under specific conditions 
thus confirming the importance of the environmental factor related to some kinds of 
occupation. 

Introduction 

L o n g  b e f o r e  now,  it  has  b e e n  r e c o g n i z e d  t ha t  h a i r  found at  the  s c e n e  

of c r i m e  c a n  be m a t c h e d  wi th  t h o s e  t a k e n  f r o m  the  s u s p e c t  on the  b a s i s  of 

i t s  t r a c e  e l e m e n t  c o n t e n t .  1 - 5  A f t e r  the  p e r i o d  of i n i t i a l  o v e r - o p t i m i s m  

when  it  was  b r o u g h t  to the  c o u r t s  in s e v e r a l  c o u n t r i e s  t h i s  m e t h o d  was  

s t r o n g l y  c r i t i c i z e d  by o t h e r  a u t h o r s  6'  7 on  the  g r o u n d s  t ha t  it  l a c k e d  

c r e d i b i l i t y  b e c a u s e  of a c o n s i d e r a b l e  v a r i a t i o n  in  the  t r a c e  e l e m e n t  

c o n c e n t r a t i o n  o v e r  one  head  and a l s o  as  a f u n c t i o n  of t i m e .  

I t  shou ld  be  m e n t i o n e d  h e r e ,  t h a t  w h i l e  a lo t  of w o r k s  on NAA of h a i r  

m a y  be  found  in the  l i t e r a t u r e ,  on ly  a s m a l l  p a r t  of t h e m  d e a l t  wi th  s i n g l e  

h a i r s ,  wh ich  a r e  e n c o u n t e r e d  m o s t  p r o b a b l y  as  e v i d e n c e  s p e c i m e n s .  
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No analy t ica l  p r o c e d u r e  publ ished so f a r  has  gained gene ra l  accep tance  

and much  c o n t r o v e r s y  a r o s e  around the p rob lem of washing of ha i r  be fo re  

o r  a f t e r  i r r ad ia t ion  .2-6, 8, 9 

At the s a me  t ime  the ana lys i s  of ha i r  can be of i n t e r e s t  in such a r ea s  

as toxicology,  1' 10-13 medic ine ,14 ,  15 biology 16-18 study on env i romenta l  

pollu tion~t 8-23 e t c .  

Ha i r  is an e x c r e t o r y  t i s sue  with unique p r o p e r t i e s .  It  can be eas i ly  

co l lec ted ,  p r e s e r v e d  and handled.  T r a c e  e l emen t s  may  be incorpora ted  

into ha i r  f rom the b loods t r eam as well  as through sorp t ion  o r  ion exchange 

f rom  dust ,  sweat  e t c . ,  thus r e f l ec t ing  both me tabo l i c  p r o c e s s e s  and 

ex te rna l  con tamina t ion .  

An analy t ica l  p r o c e d u r e  d e s c r i b e d  in this  work  enables  to d e t e r m i n e  

m o r e  than 10 t r a c e  e l emen t s  in shor t  s egmen t s  of s ingle human h a i r s .  

The  populat ion of o v e r  50 people  was examined  and the r e s u l t s  evaluated 

with the use  of a new s ta t i s t i ca l  c r i t e r i o n  to see  what a r e  the r e a l  p r o s p e c t s  

f o r  success fu l  individual izat ion of ha i r  for  fo rens i c  p u r p o s e s .  S imul t ane -  

ously,  the e f fec t  of work  in some  spec i f ic  env i ronment  on the compos i t ion  

of ha i r  was a lso  inves t iga ted .  

Experimental 

M a t e r i a l s  a n d  m e t h o d s  

30 mm long ha i r  segments  we re  m e a s u r e d  and cut in a s ingle opera t ion  
24 

using s imple  p las t i c  dev ice  and a qua r t z  kn i fe .  

I t  was a s sumed  that  the shape of the ha i r  s egmen t  is well  approx ima ted  

by an e l lypt iea l  cy l inde r  and the g r e a t e s t  (2a) and the s m a l e s t  (2b) d i a m e t e r  

at  each end was m e a s u r e d  m i c r o s c o p i c a l l y .  24 Ha i r  v o lu m e  could then be 

ca lcu la ted  f rom the formula :  

2a l + 2 a  2 2b 1 + 2 b  2 
V = z~. 1 4 4 (1) 
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whe re  1 - ha i r  length (here  30 ram); 

a l ,  a 2 and b l ,  b 2 - g r e a t e s t  and sm a l l e s t  e l lypse  s e m i - a x e s  at 

each  end, r e s p e c t i v e l y .  

Each ha i r  segment  was washed 2 t imes  fo r  2 rain in doubly d is t i l led  

benzene  and d r i ed  between f i l t e r  p a p e r  d i s c s .  Hai r  s egmen t s  w e r e  then 

p laced in individual qua r t z  tubes (3 mm i . d . )  open f rom both ends, 5-6 

tubes p laced  in an a l l - qua r t z  appa ra tu s  ~4- and 300 ml of the dis t i l led ,  doubly 

de ionized  wa te r  of the t e m p e r a t u r e  of 50 ~ was pas sed  at a flow r a t e  of 

10 m l / m i n .  
24 

As was shown in the p rev ious  p a p e r  this washing p r o c e d u r e  

d imin ished  sodium content  by approx ima te ly  two o r d e r s  of magnitude,  

while leaving e s sen t i a l ly  intact  o the r  t r a c e  e l emen t s  d e t e r m i n e d  in this  

work .  

5-6 p ieces  of ha i r s  w e r e  i r r ad i a t ed  in qua r t z  ampolues  in the EWA 

r e a c t o r ,  t oge the r  with a se t  of mixed s t andards  at  a flux of -~ 1014 
-2 -1 

n . c m  . s e c  f o r  20-24 h r s .  

Each  ha i r  was then t r a n s f e r r e d  into a s tandard ,  flat ,  p lex ig lass  

ho lde r  with 2 m m x  30 mm groove  and a matching  l id .  S tandards  w e r e  

eluted f r om the ampoules ,  di luted to a known vo lume  and app rop r i a t e  

al iquots  p r e p a r e d  fo r  counting.  

At the f i r s t  s tage  of this  invest igat ion a 19 cm 3 Ge(Li) d e t e c t o r  and a 

512 channel  pu l se -he igh t  ana ly se r  ( sys tem reso lu t ion  5.5 keV for  the 

1332 keV 60Co peak) was used .  L a t e r  on 70 cm 3 Ge(Li) d e t e c t o r  with 

sui table  e l e c t r o n i c s  (Schlumberger)  and Didac 4000 PHA (Interteclmique) 

o r  55 cm 3 Ge(Li) d e t e c t o r  (Ortec) with P l u r i m a t  20 PHA (based on Mult i -8  

min i compu te r ,  In ter tec lmique)  w e r e  employed .  Reso lu t ions  of the two 

s y s t e m s  f o r  the 1332 keV 60Co l ine we re  3.1 and 2 .4  keV, r e sp ec t i v e ly ,  
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Table 1 

Nuclides identified in the irradiated single human hairs 

Element 

Ag 

As 

Ar 

Au 

Br 

Cu 

Hg 

Ir 

La 

Mn 

Na 

Sb 

Se 

Sr 

Zn 

Radioactive 

nuclide 

form ed 

ll0mAg 

76As 
41Ar 

198Au 

82Br 

64Cu 

197Hg 

203Hg 

192ir 

194Ir 

140La 

56Mn 

24Na 

122Sb 

124Sb 

75Se 

87mSr 

69mZn 

65Zn 

Half-life 

253 d 

26.3 h 

1.83 h 

64.8 h 

35.6 h 

12.8 h 

65.0 h 

46.9 d 

74.2 d 

19.7 h 

40.2 h 

2.58 h 

15.0 h 

2.74 d 

60.0 d 

120.4 d 

2.84 h 

13.8 h 

245 h 

Main gamma-rays, 

keV 

657,7; 

559,2; 

1293.6 

884.7; 937.5; 

657.0; 1215.8 

1384.2 

411~8; 675.9 

554.3; 619.1; 776,6; 1044.0 

511,0; 1345.5 

68.8; 77.6 

279.2 

295.9; 308.4; 316,5; 468,1 

328.0 

328.6; 486.8; 815.5; 1595,4 

846.9; 1810.7 

511.0; 1368.4; 2753.6 

564,0; 692.5 

602.6; 1690.7 

121.1; 136.0; 264.6; 279.6 

388.5 

438.7 

511.0; 1115.4 

*Photopeaks used for quantitative determinations are underlined. 
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peak to Compton ratio 25:1 and 31:1, and relat ive efficiencies with respect  

to a standard Nat(TI) detec tor  amounted to 14.1 and 9.4, respect ive l ly .  

Selected peaks of the spect ra  were printed and peak areas  calculated 

according to C o v e l l ~  z5- S t e r l i t i s k i  26 and total peak a rea  method cf. 

Bef .  24 As it was found that the three  methods gave ve ry  s imi la r  resul ts ,  

only the total peak a rea  method was used l a t e r  on. When computer-based 

PHA (Plurimat 20) was employed, the net peak areas  were  calculated 

using a standard PRM 01A p rogram.  Hair samples were f i r s t  measured 

3-6 hrs af ter  the end of irradiat ion and then usually af ter  8 and 21 days.  

Occassionally measurements  were  made also after  other  cooling t imes,  

e . g .  when the identity of a nuclide had to be confirmed by half- t ime 

measurement s .  Counting t imes var ied  from 500 sec, to 5000 sec but 

2000 see was usually a good compromise  for  the f i rs t  measurement .  

Standards were counted under s imi lar  geometr ical  conditions as samples 

and the peak areas  were  co r rec ted  for  decay and for in ter ferences  from 

other  radionuclides when neces sa ry .  

Elements identifffied in single human hairs and the photopeaks used 

for  quantitative determinat ions a re  shown in Table 1. 

Details concerning washing studies, preparat ion of standards,  energy 

calibration etc, as well as the dest ruct ive  vers ion  of analysis can be found 

in an ea r l i e r  work.  24 

Results and discussion 

S u r v e y  o f  t r a c e  e l e m e n t  c o n c e n t r a t i o n s  

in  s i n g l e  h u m a n  h a i r s  

As seen from Table 1, 15 elements were indentified altogether in the 

spec t ra  of single human ha i r s .  The resul ts  of quantitative determinations 

for  the population of 56 people are  summarized  in Table 2. All concent ra -  
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Table 

Coneenttration ranges observed in 3 cm segments of single head 

Population 

Element  
C C max rain Cm ax/Cmin lg Cmax/Cmin Cmax 

Zn 

Cu 

Au 

Mn 

Sb 

Br  

Ag v 

Sr + 
+ +  

ng 

As +++ 

Lavv 

i r  w v  

Se +v 

1521 

3237 

105.22 

43.14 

80.69 

7991 

2643 

113.3 

10.16 

12.97 

0.27 

17.0 

981.7 

71.3 , 

3.2 

0.0078,ND 

0. 062, ND 

0.05, ND 

0.47, ND 

46.5 , ND 

2.4 , ND 

5.06 , ND 

0.03 , ND 

0.14 , ND 

3.0 ,ND 

49.2 , ND 

Medium 

ND 319.7 

22.19 

0.0645 

0. 829 

0.57 

4.25 

99.45 

16.13 

i 

0.38 

237.34 

>21 .3  

1011.6 

>13489.7 

>695.8  

>1613.8 

>17002.1 

> 5 6 . 8  

>47.2  

7 2 . 0 1  

7432 .33  

> 1 . 8 6  

0 5 . 6 7  

>19.95 

1.3284 

3.0047 

4.1303 

2.8425 

3.2076 

4.2304 

1.7543 

1.6739 

0.3032 

2.6358 

0.2695 

0.7536 

1.3000 

1521 

3237 

105.2 

43.14 

80.69 
66.20 

7991 
8.96 

2643 

For  at least  5 ha i r s .  
+ 

Determined only in hai rs  of 5 pe r sons .  
+ +  

Determined only in hairs  of 2 pe r sons .  
+++ 

Determined only in hai rs  of 6 pe r sons .  
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2 

hairs  of a population consisting of 56 people, in x 106 g/era 3 

Single head hair 

Maximum dispersion Minimum dispersion* 

Cmi n % a x / C m i  n lgCmax/Cmi n Cma x Crnin % a x / % i n  lgC /C max rain 

309 

242 

2.21 

0.466 

1.67 
0.63 

81.6 
0.66 

401 

4.92 

13.4 

47.60 

92.57 

48.32 
105.08 

97~93 
13~58 

6,59 

0.6920 

1.1271 

1.6776 

1.9664 

1.6841 
2.0216 

1.9909 
1.1329 

0.8189 

239.6 

20,0 
23.1 

0.052 

O.94 
11.32 

0.20 

2.52 
9,57 

199 

14.7 
17.5 

0.029 

0.26 
4.76 

0.08 

0.47 
4.85 

1.20 

1.3~ 
1.32 

1.79 

3,62 
2,38 

2.50 

5.36 
1.97 

0.0792 

0.133~ 
0.1206 

0.2529 

O.5587 
0.3766 

0.3979 

0.7292 
0.2945 

VObserved only in hairs  of 4 persons .  

VVDetermined only in hairs  of 4 persons .  

VVVDetermined only in haris  of 1 persons .  

+VDetermined only in hairs of 1 persons .  
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tions a r e  e x p r e s s e d  as: x 10 6 (g of e l emen t  p e r  cm 3 of the hair) .  N o r m a l i z a -  

t ion of r e s u l t s  with r e s p e c t  to ha i r  vo lume  on the bas is  of m i c r o s c o p i c  

m e a s u r e m e n t s  has  the addit ional  advantage that the g r e a t e s t  and the 

s m a l l e s t  ha i r  d i a m e t e r  as well  as the i r  ra t io  can a l so  be u t i l ized  as 

individual izing a t t r ibu tes  in f o r ens i c  cons id e r a t i o n s .  

To enable  c o m p a r i s o n  with l i t e r a t u r e  da ta  where  the concen t ra t ions  

a r e  as a ru l e  e x p r e s s e d  in t e r m s  of ppm (by weight),  apparen t  ha i r  
24 

dens i t i e s  w e r e  m e a s u r e d  in the p rev ious  work,  and shown to v a r y  f rom 

0.99 to 1 .61 g / c m  3. Taking the medium va lue  of 1 .30  g /e ra  3 c o n c e n t r a -  

t ions in ppm can be, with s a t i s f ac to r i l y  good approximat ion ,  obtained 

f rom the co r re l a t ion :  

C C g / c 3  "106 
. .  ppm (2) 

ppm 
1 .30  g / c m  3 

Apar t  f rom the max imum and min imum concen t ra t ions  and medium 

va lues  for  the populat ion studied in this work,  as  a whole, max imum and 

min imum concen t ra t ion  r anges  found fo r  ha i r s  of a s ingle pe r son  a r e  a lso 

quoted in Table  2, both in l i n e a r  and loga r i thmic  s ca l e .  

In gene ra l  concen t ra t ion  ranges  and medium concen t ra t ions  fo r  m o s t  

of the e l emen t s  studied,  ag r ee  r easonab ly  well with the r e su l t s  publ ished 
2 - 6 ,  9, 18, 23, 25 by o the r  w o r k e r s  

Dis t inc t ly  e levated  l eve l s  of Au, Ag and Cu w e r e  found in some  p e r s o n s  

and r e l a t ed  to env i ronmenta l  contaminat ion  as will be d i s cus sed  below.  

Also, r a t h e r  high concen t ra t ions  of S r  and Se w e re  de tec ted  in some 

c a s e s .  

I r id ium was a new e lemen t  identif ied In hai r ,  and, su rp r i s i n g ly  

enough, argon appeared  tn s e v e r a l  of the h a i r  s amples  analyzed (ef. 

F ig .  1). 
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% 
U 

C 

o 

% 
x 

Fig. 1. 

041~ 1 --- 

10 3 

IOZ 

~ Zn 

Cu 

e'9"- ~"~ Ag 

Ar - (relative umits) 

. i - .  

I" --"1 CU 

I 
~[.~Dj_e_INO ,~ : : .,~u - I . I  kin 

l,,-,-.w.-e'~"',~"--e'~"t.x~x..._w.._.x__ Br ~ Br 

10 0 Au . . i - -  ~ Sb 

ND Wor - Pl~t) 

(F) - [ �9 ' - " -  Au 

1 0 " /  I I 1 I I I t I I I I I =_ I I I : 
0 3 6 9 12 15 18 21 24 27 30 33 36 0 3 6 9 

Oistonce from the root, cm 

Trace  element content in the hair  of two different  persons  as a 

function of the distance from the root,  showing also the presence  

of argon in hair  of Stef(F) 

It  might be expected that the variat ion in t race  element composition 

over  one head and also within the population found in this work when 

analysing short  segments of single hairs  should be considerably l a rge r  

than in cases  when hair  samples weighing tens or  hundreds of mil l igrams 

were  .used. 

P o s s i b i l i t i e s  o f  u s i n g  NAA f o r  i n d i v i d u a l i z a t i o n  

o f  s i n g l e  h a i r s  

As it can be concluded from both Table 2 and Fig. 1, although the 

dispers ion of resul ts  obtained for  a single head is somet imes  considerable,  

it is always significantly smal le r  than the analogous dispers ion for the 
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popula t ion .  Hence  i t c a n  be i n f e r r ed  that  t h e r e  a r e  s t i l l  not so bad p r o s "  

pec t s  fo r  the s u c c e s s f u l  individual izat ion of h a i r  fo r  f o r e n s i c  p u r p o s e s .  

An a t t emp t  was  m a d e  to exam i ne  the chances  of ha i r  individual izat ion 

on the b a s i s  of ou r  e x p e r i m e n t a l  r e s u l t s .  F o r  this  a im a ye t  unpubl ished 

c r i t e r i o n  fo r  the e l imina t ion  and ident i f icat ion deve loped  by G o l  i a n  26 

in this L a b o r a t o r y  was u sed .  

In s t ead  of us ing  d i r e c t l y  the r e s u l t s  of m e a s u r e m e r l t s ,  G o l  i a n  u s e s  

the r a t i o s  d of all  p o s s i b l e  p a i r s  of r e s u l t s  fo r  a g iven a t t r ibu te  ( c o n c e n t r a -  
r 

t ion of an e lement ,  ha i r  d i a m e t e r  e tc . )  which fulfil  the re la t ion:  

R1 (Si, 
d = A]) ~ 1 

r RI(Si ,  Aj) 
(3) 

w h e r e  
Rl(Si ,  A j) 

A. ( j = l ,  2, . .  t) j " '  

1, 1' =1,  2 , . . . , q  

= 1 is the r e s u l t  of the m e a s u r e m e n t  of an 

a t t r ibu te ;  

- objec t  (sample)  S i ( i= 1, 2 . . . .  , k); 

- n u m b e r  of d e t e r m i n a t i o n  of the a t t r ibu te  

A. in the s a m p l e  S..  
j t 

I t  is a s s u m e d  that  t he r e  ex i s t s  a c r i m i n a l  s a m p l e  (object  e . g .  ha i r  

found at  the s cene  of c r i m e )  and s e v e r a l  con t ro l  s a m p l e x  i . e .  h a i r s  taken 

f r o m  the s u s p e c t s .  M e a s u r e m e n t s  of  each a t t r ibu te  in each  s a m p l e  a r e  

r e p e a t e d  s e v e r a l  t i m e s .  I t  is n e c e s s a r y  fo r  c o r r e c t  p e r f o r m a n c e  of the 

c r i t e r i o n  that  c e r t a i n  m i n i m u m  amount  of da ta  ex is t  f o r  each  a t t r i bu te .  

4 -5  r e s u l t s  fo r  each  a t t r ibu te  of a populat ion of 20 - 30 p e r s o n s  is usua l ly  

suff ic ient  for  tha t  p u r p o s e .  

Once these  r e s u l t s  b e c o m e  ava i l ab le  they cons t i tu te  a "bank  of da ta"  

and can be a l so  used  l a t e r  on in next  c a s e s ,  even when the n u m b e r  of r e a l  
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samples is then considerably smal le r .  A histogram represent ing  the 

frequency of occur rence  of all the ra t ios  d for  a given attribute (element) 
r 

obtained from all the samples in then const ructed.  The frequencies  are  

next normalized in a way that the value Pk = 1 is assigned to the most  
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Fig .2 .  His tograms showing the frequency of occur rence  of the rat ios  of 

resu l t s  when determining zinc in single hairs  from the same head 
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probable frequency.  As an illustration, the above mentioned histograms 

obtained in this work for  zinc in hair  are  shown in Fig. 2. 

Having the normalized histogram, the so called "index of attachement", 

GSi, A. is calculated for every sample S., and attribute Aj.: 
J 

n m 

GSi, Aj n 2 m - Pk + Z m 2 Pk = ~ '~  n 2 + m  2 n + 
k = l  k = l  

(4) 

where the f i r s t  term of the right hand side of the formula represen ts  the 

rat ios  d r for which the histogram assignes P k ~ 0 . 1 ;  n is the number of 

these rat ios and In is the number of the res t  of ra t ios .  

In an analogous way as defined by Eq. (3) the new set  of the ratios,  d 
r 

is then formed for  each sample and each attribute by dividing the resul ts  

for  a given control sample ( i .e .  suspect) by those obtained for  criminal 

sample in all poss ible  combinations and preserving those g rea te r  or  equal 

to unity. 

Taking this new set of rat ios and making use of the normalized 

histogram, the "comparat ive  index of attachement",  GGsi ' Aj is calculated 

in the same way as the GSi ' Aj [Eq. (4)]. 

The "index of s imilar i ty" WSi, A" is defined as the ratio of the two 

above mentioned values: J 

GGs A 
= i' j 

w s (5) 
i' A. j GSi, Aj 

If  the index of s imilar i ty  exceeds certain,  proper ly  chosen, limiting 

value it is assumed that the given control sample coming from the suspect  

is indistinguishable from criminal  sample i . e .  both maj have common 
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Graphical  presenta t ion  of the cases  of elimination and non- 

elimination 

origin.  If W is smal le r  than the l imiting value the control  and cr iminal  

samples differ  significantly.  

The i l lustrat ion of the two cases  is shown in Fig.  3. 

In G o l  J an '  s original  approach W L is defined as follows 26 

GA.- 2aA. 
W L = ,I ] 

A .  GA. ] 
] 

(6) 
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w h e r e  GA. and r a r e  the mean  and s tandard  deviat ion,  r e spec t ive ly ,  
J 

of the GSi ,Aj  va lues  ca lcula ted in an usual  way.  This  was used as a 

l imi t ing  va lue .  

In the c o u r s e  of the p r e s e n t  study it was found, however ,  that the use  

of the mean  value  of Wsi ' Aj: 

k 

Z WS., A. 
W i = l  l ] 

s r  = k (7) 

whe re  k is the n u m b e r  " s u s p e c t s " ,  r e su l t s  in a much b e t t e r  d i s c r i m i n a -  

ting power ,  and this p a r a m e t e r  was used as the l imi t ing  va lue  l a t e r  on. 

The p e r f o r m a n c e  of the c r i t e r i on  was checked by choosing se t s  of 

r e s u l t s  for  3 samples  (persons)  which were  suff ic ient ly  n u m ero u s  (8 - 12 

r e su l t s  fo r  each at tr ibute)  and spli t t ing each of them into two ha lves .  Th ese  

new subsets  w e r e  then t r ea t ed  as if coming  f rom two d i f f e ren t  p e r so n s  i . e .  

suspec t  and the c r i m i n a l .  Although the divis ion was s o m e t i m e s  made  not 

at random but r a t h e r  in a mos t  unfavourable  m a n n e r  fo r  the pu rpose  of 

Identif icat ion ( resu l t s  fo r  ha i r  coming f rom an e a r l i e r  s tage of growth w e re  

included into one group and those  f rom l a t e r  s tages  of growth to the other) ,  

in all invest igated ca se s  the ca lcu la t ions  c lass i f ied  the samples  as 

indis t inguishable  with r e s p e c t  to all a t t r ibu tes  taken into account  [ concen t ra -  

t ions of Au, Zn, Mn, Cu, Sb and Br  as well  as the g r e a t e s t  (2a) and the 

sma l l e s t  (2b) ha i r  d i a m e t e r  and the i r  r a t i o  a / b ] .  Only in one case  the 

c r i t e r i o n  c lass i f i ed  the r e su l t s  for  b romine  concen t ra t ion  fo r  the two 

subsets  of DOW 8 sample  as s ignif icant ly  d i f f e ren t .  This  might  be due to 

analyt ica l  e r r o r  (some t roub les  we re  or ig ina l ly  encounte red  with the 

b romine  s tandard 26) o r  to r a t h e r  high concen t ra t ion  g rad ien t  of B r  along 

the ha i r  length.  At any ra te ,  however ,  the s im i l a r i t y  between the two 
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halves  of DOW 8 sample  was much  h igher  than the s i m i l a r i t y  towards  any 

o the r  sample  f rom the populat ion of 30 " s u s p e c t s " .  

The n u m b e r s  (fract ions)  and p e r c e n t a g e s  of o the r  samples  ( i . e .  

suspec ts )  e l imina ted  f rom the suspicion by the c r i t e r i o n  a r e  shown in 

Tab le  3. 

In each of the t h r ee  " s i m u l a t e d  c a s e s "  out of 30 " s u s p e c t s " ,  29 

ac tua l ly  " innocen t"  would be exculpated  and only one c lass i f i ed  as 

indis t inguishable  f rom the " c r i m i n a l "  (which was ac tual ly  the ca se ) .  

So the me thod  s e e m s  to be quite  p r o m i s i n g  and d e s e r v e s  f u r t h e r  

inves t iga t ion .  Of cou r se ,  the m o r e  a t t r ibu tes  will be taken into c o n s i d e r a -  

tion, the m o r e  ce r t a i n  will  be the r e s u l t s  of e l imina t ion / iden t i f i ca t ion  

p r o c e d u r e  (cf.  a lso  l~ef. 24) 

As was d e s c r i b e d  above,  in G o l  J a n ' s  method  each  a t t r ibu te  is at  

f i r s t  t r e a t e d  s e p a r a t e l y  and f inal ly  all the r e s u l t s  can be examined  toge the r  

e . g .  in the f o r m  of a g raph  (cf. F i g . 3 . )  

At this s tage  some  a p o s t e r i o r i  c o n s i d e r a t i o n s  and c o r r e c t i o n s  can 

st i l l  be made  e . g .  when the r e s u l t s  fo r  any a t t r ibu te  seem to be doubtful 

f o r  some  p a r t i c u l a r  r e a s o n .  

In P a r k e r '  s t r e a t m e n t  of the ident i f ica t ion p rob lem 29' 30 it m u s t  

be a p r i o r i  dec ided  which a t t r ibu tes  a r e  included fo r  ca lcula t ion  of his 

" d i s c r e p a n c y  index",  that  has a cumula t ive  c h a r a c t e r .  Any e x c e s s i v e  

m e a s u r e m e n t  e r r o r s  e t c . ,  f o r  one p a r t i c u l a r  a t t r ibu te  could then spoil  

the whole s t a t i s t i ca l  t r e a t m e n t  and lead to e r r o n e o u s  conc lus ions .  

H a i r  a s  i n d i c a t o r  o f  e n v i r o n m e n t a l  p o l l u t i o n  

To inves t iga te  how f a r  the compos i t ion  of ha i r  r e f l e c t  occupat ional  

exposu re ,  ha i r  of s e v e r a l  people  who w e r e  in cons tant  con tac t  at  work  

with some  heavy m e t a l s  was ana lyzed .  
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Fig. 5. Gamma-ray spectra of the single hairs of two persons (after long 

cooling) showing the presence of s i lver (a) and iridium (b) 

The following groups of people were  Included in this study: 

(1) Five women ( research  workers  and technicians) working in a 

chemical  labora tory ,  doing routinely noble metal  analyses,  with the aid 

of such techniques as cupellation, wet chemis t ry ,  emission spectrography 

and o thers .  These persons  were marked with the following code le t ters :  

Red. ,  Kol . ,  GR.,  Stef. and TNM. 
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(2) Three  men (War-P1.,  Sm-PI . ,  and Zaw-P1.),  workers  in a factory 

producing s i lver -p la ted  knife, fork and spoons. 

(3) One women working in a jewel ler ' s  workshop (JUB.).  

Gamma-ray  spec t ra  of single hai rs  of some of the above mentioned 

persons  are  shown in Figs 4-5, and resu l t s  of sectional analyses in Figs 1 

and 6, r espec t ive ly .  

In Fig. 7 concentrat ion ranges for  severa l  elements found in single 

hairs  of the people exposed to heavy metal  pollution a re  shown together  

with concentrat ion ranges for  the r e s t  of the population. 

As easily seen, distinely elevated levels  of gold were found in hair  

of all persons  doing noble meta l  analyses and also the one working in 

jewel le r ' s  workshop."Normal"  gold concentrat ion were  found in hair  of 

factory workers  except of slightly elevated level  in the hair  of War -P1 . ,  
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data for the res t  of the population 

who had also the highest s i lver  content. Gold is a common contaminant of 

sllvbr and heavy and long accumulation of that metal in hair could also 

resul t  In an Increase of Au level In hair .  From among the ladies working 

In chemical  laboratory the Head of this Laboratory (Red.,) had relatively 

the smallest  Increase in gold content, but was the only person in whose 

hair  Iridium was Identified (of. Fig. 5). 
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In one case enormously high gold content (105.10 -6 g/cm3),  which is 

near ly  three  o rde r s  of magnitude higher than the "normal"  Au level,  was 

found in the hair  of TNM. 

Silver was found only in the hair  of the three  men producing table 

requis i tes  and also in the hair  of the woman from the jewel ler ' s  workshop, 

thus obviously indicating contamination from dust, f ingers etc.  

For  the hair  of all the other  people s i lver  was below the detection l imit .  

The presence  of s i lver  in hair  was paral leUed by the increased concentrat ion 

of copper originating apparently from the alloys from which knife, fork 

and spoon and jewellery have been made.  As high concentrations as 

3237.10 -6 g /cm 3 were  found in ex t reme cases .  

As the environmental  contamination may have d i r ec t  and often p ro -  

found effect on the t race  element concentrat ion in hair ,  attempts to 

co r re l a t e  the concentration of par t icu la r  elements with such individual 

features  as mental ability etc.  mentioned in l i t e ra tu r  2 7  seem to be r a the r  

r i sky .  

Concentrations of other  elements like Mn, Br  and Zn (cf. Fig. 7) were 

well within the l imits  for  the r e s t  of population, except in single case of 

the hair  of TNM where paral le l  to ve ry  high gold content also elevated 

level of zinc concentrat ion was observed.  

The resu l t s  of this study, s imi lary  as those published by other  

workers19-23,  28 c lear ly  show that activation analysis of human hair  can 

be applied for monitoring of some occupational hazards .  

Conclusions 

The  resu l t s  of the p resen t  study showed that neutron activation analysis 

enables the determinat ion of 14 elements in short  segments of a single 

human hai r .  The newly developed washing procedure  which selectively 

removes  sodium before  i r radiat ion is an essential  feature  of the method. 
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W i t h  the  u s e  of  a n e w  s t a t i s t i c a l  c r i t e r i o n  f o r  e l i m i n a t i o n / i d e n t i f i c a -  

t ion ,  m o s t  o r  a l l  of  t he  " s u s p e c t s "  c o u l d  b e  e l i m i n a t e d  and the  " c r i m i n a l "  

p o s i t i v e l y  i d e n t i f i e d  in s i m u l a t e d  c a s e s ,  t hus  s h o w i n g  t h a t  the  m e t h o d  

c o u l d  be  v a l u a b l e  to  t he  p o l i c e  a t  l e a s t  in t h e  s t a g e  of  i n q u i r y ,  

A t  the  w  t i m e  t h i s  m e t h o d  of  a n a l y s i s  w a s  shown to b e  v e r y  u s e f u l  

f o r  m o n i t o r i n g  o c c u p a t i o n a l  e x p o s u r e ,  

The authors wish to thank Mrs. A. KO.LYGA and Mr. J. Kowalski for skilful technical assistance. 
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