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ABSTRACT

Hair provides important information about the body's mineral status. Therefore, we have studied the trace elemental

distribution in human hair under different inhalation and ingestion environment using neutron activation analysis (NAA).
NAA is a powerful analytical method which can be used successfully to determine trace elements in environmental and
biological materials. Total diet and six different herbal medicine were analysed to study ingestion environment. Airborne
dust in foundry was analysed and compared with outdoor dust to study inhalation environment. Human hairs of common
person, herbal medicine taker and foundry worker were analysed to estimate the trace elemental distribution of people
under different inhalation and ingestion environment. Analytical results show that herbal medicines contain higher
micronutrients such as Ca, Mg, Mn and Cu that total diet and airborne dust in foundry has high Cr. The concentration
of Ca, Mg and Mn in hair of herbal medicine taker is two times higher than in hair of commeon person and Cr con-
centration in hair of foundry worker is about three times higher than in hair of common person. These results show that
NAA can be used importantly to monitor human health through biological and environmental samples.
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Fig. 1. Scheme of collected sample for analysis at a filter paper.
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Table 1. Optimal analytical condition for neutron activation analysis

Sample Nuclide Sample weight Iradiation time Analytical element
. Short-lived nuclides 10 mg 2 min Al, Ca, C|, Cu, I, Mg, Mn, V
Herb medicine . .
Long-lived nuclides 200 mg 2 hr As, Br, Cr, Fe, Na, Sb, Sr, Th, Zn
Air sampled filter Long-lived nuclides 100 mg 2 hr As, Br, Co, Cr, Fe, Sb, Sc, Sr, Zn
. Short-lived nuclides 20 mg 5 min Al, Ca, Cl, I, Mg, Mn
Human hair . .
Long-lived nuclides 20 mg 4 hr As, Br, Cr, Fe, Sb, Sc, Zn
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Table 2. The analytical result of human hair, GBW 09101 by NAA

Certified value

This work (ug/g) Relative error

Element

(ug/e) Mean = S.D. (%)
Al 13323 13.5-18.3 160+24 20.3
As 0.59 +0.07 0.48-0.72 0.62 +0.13 5.1
Ca 1090 + 72 917-999 957 + 41 12.2
Co 0.135 +0.008 0.113-0.153 0.131 £ 0.020 3.0
Cr 477 +0.38 4.52-4.85 4.69+0.17 1.7
Cu 23014 20.9-24.0 227+1.6 1.3
Fe 71.2+6.6 60.6-70.7 66.9+6.0 6.0
Mg 105+ 6 82.2-127 100 + 24 4.8
Mn 2.94 +(0.20 2.48-2.76 2.59+0.15 119
Na 266 12 249-275 258 + 14 3.0
Se 0.58 £ 0.05 0.43-0.66 0.55+0.16 5.2
Sr 4.19+0.14 2.86-6.33 468 +1.74 11.7
Zn 1898 175-183 179+ 4 5.3
Ba (5.41) 6.60-7.24 6.97 £0.33
Br (0.602) 0.512-0.604 0.568 + 0.049
Cl (152) 147-158 1516
I (0.875) 0.859-1.01 0.953 £ 0.082
N (46900) 50100-58860 54190 + 4409
Sb 0.21) 0.191-0.216 0.207 £ 0.014
Vv (0.069) 0.041-0.065 0.054 £0.012

*Values in parenthesis refer to recommended value.
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Table 3. Comparison of elemental concentration between herb medicine and total diet

Herb medicine (ug/g)

Korean total diet (ug/g)

Element -
Total range Korean mean Chinese mean Total mean Range Mean
Al 25~1344 340 274 307 16.1~18.3 17.6
As 0.03~0.46 0.15 0.17 0.16 0.49~0.60 0.53
Br 0.53~46.4 1.35 15.2 8.29 9.59~10.6 9.95
Ca 474~15493 5411 4614 5012 1358~1496 1418
Cl 159~2180 827 691 759 10870~11780 11353
Cr 0.27~3.60 1.29 0.82 1.09 0.35~0.42 0.39
Fe 49~556 201 129 165 23.7~26.0 252
1 N.D 1.50~1.77 1.64
K 1665~12290 7176 6509 7143 5394~5706 5579
Mg 471~2554 1341 1457 1399 807~896 850
Mn 8~509 168 155 162 8.46~8.78 8.65
Sb 0.029~0.042 0.036 0.034 0.035 N.D
Sc 0.002~0.073 0.051 0.039 0.048 0.0032~0.0036 0.0034
Sr 18.6~79.7 44.0 333 38.6 5.30~5.80 5.55
Th 0.040~0.203 0.091 0.056 0.070 0.0024~0.0028 0.0026
Zn 8.9~98.8 40.1 310 356 31.6~33.7 32.5
100000
B Chinese herb medicine
10000 [ W Korean herb medicine
[ Korean total diet
1000 - .
g 100
5 10
8
[
2
8 o1
0.
0.001 -
K Ca Mg Fe Mn Al Zn S Cr Th Sc Sb Cf Br | As

Element

Fig. 2. Scheme of elemental distribution of herb medicine and total diet.
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Table 4. Distribution of trace elements in sampled filter (unit: pg/g)
Element #1 #2 #3 #4 #5 #6 #7 #8 Total
(5.8-9.0) (47-5.8) (3347 (2.1-33) (L.1-2.1) (©07-1.1) (0407 (0-0.4)
As 0.019 - 0.021 0.028 0.020 0.020 0.019 0.035 0.163 £ 0.012
Ba - 0.445 2.75 2.56 299 3.30 2.55 1.98 16.6 = 0.669
Br - - - - - 0.040 0.051 0.042 0.133+0.012
Ce 0.214 0.21 0.043 0.063 0.045 0.050 0.032 0.032 0.689 = 0.055
Co 0.023 0.019 - - - - - - 0.049 + 0.004
Cr 0.227 0.223 0.164 0.179 0.192 0.169 0.186 0.173 1.51 £0.059
Eu 0.004 - - - - - - - 0.004 + 0.001
Hf 0.024 0.024 0.054 0.057 0.052 0.053 0.048 0.057 0.369 £ 0.108
La 0.098 0.092 0.017 0.019 0.018 0.016 0.014 0.014 0.289 £ 0.211
Lu 0.002 0.001 0.003 0.003 0.003 0.003 0.004 0.003 0.022 + 0.008
Sb - - - - - 0.007 0.018 0.015 0.04 = 0.002
Sc 0.031 0.030 0.003 0.002 0.002 0.002 0.002 0.002 0.074 £ 0.005
Sm 0.021 0.026 0.009 0.012 0.007 0.007 0.012 0.012 0.106 = 0.005
Th 0.042 0.041 0.007 0.007 0.007 0.006 0.005 0.006 0.121 £0.010
Yb 0.009 0.006 0.011 0.011 0.010 0.013 0.015 0.008 0.083 £ 0.004
Fe 87.2 337 7.82 8.18 9.87 - - - 147 £ 0.256
Sr 3.16 3.52 - - - - - - 6.68 £ 0.477
Zn 2.63 1.88 3.10 3.31 352 4.57 442 3.40 26.8 £0.877
“> : N.D.
Table §. Determination of elemental concentration in human hair by NAA (unit: pg/g)
Element Tonic taker Foundry worker Common person
Range Mean Range Mean Range Mean
Al 6.3~41.2 20.7 9.7~31.1 14.6 1.2~15.0 7.0
As 0.09~0.54 0.23 0.02~0.80 0.15 0.02~0.16 0.06
Br 7.5~93.3 29.7 0.79~3.54 1.76 2.7~62.1 20.2
Ca 157~4032 2190 776~1582 1097 266~5359 1211
Cl 65~2473 597 267~1432 598 189~1980 589
Cr N.D - 0.03~1.94 1.01 0.03~0.98 0.31
Fe <20.0 - 15.7~98.0 679 11.0~50.1 14.4
I 0.15~8.82 1.63 0.09~4.40 1.50 0.27~8.50 1.71
Mg 249~580 396 126~230 175 105~465 190
Mn 0.55~8.47 2.13 0.31~2.59 1.20 0.03~8.90 1.13
Sb N.D - 0.03~0.19 0.08 0.01~0.35 0.06
Sc <0.05 - 0.04~0.07 0.06 <0.05 -
Zn 93~413 205 206~332 241 118~406 206
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Fig. 3. Ratio of elemental concentration in hair among tonic taker, foundry worker and common person.
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