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Abstract : In this study, inorganic elemental distribution in Korean adult human tissue of liver, lung,
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muscle, kidney, rib and thyroid has been investigated. These tissues were collected from human’s body
within 48 hours after their death according to IAEA’s recommended method, dried by freeze drying
method and then pulverized. Neutron activation analysis was applied to these samples to determine the
concentrations of 5 major elements of Ca, Mg, Na, K, and Cl and 12 trace elements of Mn, I, Sr, As,
Br, Co, Cr, Cs, Fe, Rb, Se, and Zn. To confirm accuracy of analytical result was performed using three
kinds of standard reference materials and resulted that the relative error is within 10% for the most of
elements and the Z-score indicating a performance of analysis is within 2. The elemental distribution

shows that the major elements are distributed homogeneously with a specific concentration and that the
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trace elements shows a distribution of different concentration with kinds of tissue and their age.

Particularly, iodine shows higher concentration with 1000 pg/g in thyroid, and calcium and strontium

show the concentration with 15.9% and 84.4 pg/g in rib, respectively.

Key words : Neutron Activation Analysis, human tissue, human health, trace analysis
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Table 1. The sampling condition of human tissue

samples

Tissue Sampling condition
Bone < 20g at the rib
Liver < 50g at the light liver

< 50g at the lower side of left or light
Lung

upper lobe

Muscle < 50g at the left or light psoas muscle

Kidney left or right kidney
Thyroid left and right thyroid

Table 2. Mean weight of six tissues in total human
body of 5 Asian countries

Korea China India Japan Philippine
Thyroid (g) 190 274 190 188 22,0
Kidney (g) 252 279 230 324 295
Lung (g 1201 1065 870 1170 1049
Liver (g) 1864 1357 1175 1599 1472
Muscle (g) 25520 23320 22500 25000 22640

Bone (g) 8932 8162 7500 8400 7924
Total bod
0_ o 638 538 530 63.6 56.6
weight (kg)

* Bone mass was based on ~14% of body weight
except Japan

** Data on organ weights are obtained from Phase-I
report JAEA-TECDOC-100512

**% Muscle mass was assumed to be ~40% of body
weight
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Table 3. Moisture content obtained by freeze-drying of
human tissue samples
(unit : %)

Ages Rib  Liver Lung Muscle Kidney Thyroid

20’s 409 754 790 713 804 774

30’s 250 721 81.0 721 757 158

40's 250 694 787 749 654 748

50’s 241 705 560 694 582 744

60’s 322 737 852 747 736 759

Mean 2875 71.85 73.67 7342 6992 75.60

2.3. A|IZZ=AL & HALs AHIS
S dAE AT AFE YAEQ] HANAROY
F4o|$A=] (Pneumatic Transfer System, PTS)E ©]&



ox

368 R e

Table 4. Analytical conditions of human tissue for INAA
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Nuclide ?;2?;1:: Irradiation time Czilll:g (bﬁurrrllt;ng Nuclide detected
5 min 300 sec “Ca, 27Mg, %Br, “Cu
Short-lived 10 mg 2 min
60 min 800 sec *cl, 1, M, msr
5 day 1000 sec As, ¥Br, *Na, “K, “"Zn
Long-lived 300 mg 3 hr
15 day 4000 sec  “Co, *'cr, P'Cs, PFe, ¥Rb, 7Se, “Zn

= =
Table 45} 0] ¥ AP B4 20e Bey 95
e Az vjs) 247k ARHE

2283 AR ZAZ oH, A

10° 52/ cm? - sec Do YT ZAA S A3
Asll FFAES} HAAANE BT &7] veelA FA
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7R gE A|2EQl HP Ge Detector2} MCA (Multich-
annel Analyzer; Gamma Vision, EG&G ORTEC)S ©]&-3}
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AXE 2 IWQ) Labview graphical codeS ©]&-8te]
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NIST SRM 1486 (Bone Meal)
3} NIST SRM 1566b (Oyster Tissue)S 3-53] £4}5}o] Ca,
Mg, Mn, Cu, S, Cl 5 67§9] &™) 3% Akl tis)
A5H BlaLstloH, Table 59 E427E Yebith
23, NIST SRM 1566b (Oyster Tissue)®} NIST
SRM 8414 (Bovine Muscle)S 53] E24}3}e] As, Co,
Fe, K, Na, Rb, Se, Th, Zn 59| % - A5 A&
£ HuEyon, Table 69 EXA7E Yelth

Table 5. Evaluation for the analytical data by NAA of short-lived nuclides in NIST SRMs

(unit : ugfg)

Short-lived element Ca Mg Mn Cu Sr Cl
Certified V.=SD 838120 1085+23 18.5£0.2 71.6%1.6 5140+100
SRM Mean+SD 900+87 1239+108 18.8+0.5 70.1+9.1 5595+89
1566b
Relative Error (%) 741 14.19 1.65 -2.07 8.86
(Oyster
Tissue) Z-score 0.7 14 0.6 0.2 2.0
Total Uncertainty (%) 7.84 10.16 428 9.77 3.67
Certified V.+SD 26.6£0.2 4660+170 [1.0] [0.8] 264+7
Mean+SD
SRM ea; 261202 4853:135  1.00:0.14 29418 244421
1486 %
(Bone Relative Error (%) -1.81 4.14 [1.00] 11.36
Meal) Z-score 14 09 16
Total Uncertainty (%) 3.49 442 14.1 6.77 8.69

reference or information values

I
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Table 6. Evaluation for the analytical data by NAA of long-lived nuclides in NIST SRMs
(unit : pug/g)
Long-lived element K Na Fe Zn Co Rb Th As Se
Mean 7087 377 199 1434 0369 345 0.039 7.20 223
+SD +953 +457 2 +22 +0.008 +0.35 +0.004 +0.87 +0.10
Certified V. | 6520 3297 206 1424 0371 326 0.037 7.65 2.06
SRM +SD +90 +53 +7 +46 +0.009 +0.15 +0.004 +0.65 +0.15
1566b Relative
(Oyster  Ermor(%) 8.71 243 343 0.70 -0.66 5.66 5.51 5.84 8.37
Tissue)
Z-score 059 0.17 099 0.19 020 049 035 041 096
Unc(ef;;‘imy 721 6.99 3.94 3.84 3381 734 123 7.98 5.89
0
Mean 15995 2130 732 157 0.007 25
+SD 513 58 23 +2 +0.002 +0.2
Certified V. 15170 2100 712 142 0.007 28.7
SRM +SD 370 +80 92 +14 +0.003 35
8414 Relative
(Bovine  Enor(%) 544 143 281 10.6 1.00 132
Muscle)
Z-score 1.3 13 02 1.0 0.03 1.1
Uncertainty 446 438 775 6.03 286 7.01
(%)
ETEAY B4 AYERy ddYw 3@ ShH ohee) et 219 Aol o3 Hrlshd
e FISAT SR ISFY Py x5
- 11 =) by
AzRE ol ZSCOTe Aol oJef EFEAIR Ue=V (Usn)?+ (U + (U + (Uni)* + (U + (U + (Up)?
st S3e F871ES ket o]&3th Z-score
< 333 E%ﬁﬂr«] Ao Auizks SA% & AY BIEQl ASEA} wESA o3t AT
THASE BHEke] XFHAY] AFITOE Yol == 47 5% 03% o|Wdy, BY BF=S] XF
APt AEsl FozA SAHEY F871%d B4, A=38&, NEAE AsAL a34F T
sl A=, AAE, 7149 on2 GA 3t 5 3 o3 FFESEE 44 2.0%, 2.0%, 001%, 0.85%,
TE A3 Ao s RFFFENolg AR Stk 25% ©|WEA, oAES EF 1HI FHEI=T
B33kl gk 227 2AY, ek 93 WAe] Z}
X _x. (2= e ol AUETL w4 @ AR UaE Addue
— Q‘Q_L—C_D_g rTl- = L
Z= Jot For 2sz=3:vh=tips 10% oHE HrhEoEA AN BT £ 9le ®
cerl exp. = 217} 1 = = -
3z FHRUA £ 28w 2o g sasialel ATk
BAADZHRE 27k AM)Q X Ao 3222 %
FAAREEE SARY A JuxsEat 3.2, OIH|EZO| HA
E URE YhoM £10% olFeH, =7k o
T ’ N EENR AN AW 2gzad w7
FE71ER 2= BT 2 oUEA A EAHzA
490 20-60t9 5=, 2% d, 25, A%, A 5
ANX AAAZ digk T8} AR 4184
1 67 QAA ZZo disl T WAEREAHeR 4
< I 4 ATk TR PARFEAR A S
_ N 3 A3} Ca, Mg, Mn, I, Sr, Cl 59| &9 3= ¢
BI5"s AZEA UspS HHE-ZA (Uoe)ol &) A ; S ":’o ’ZA‘I‘ Sz 9 e 5
3 4 e AB RIE NBAR U, ArEA T K A Br AT S B S0
1259 o N Co, Cr, Cs, Fe, Rb, Se, Zn ‘54 Ay g% 94 5
(Unp), AZEE U, EFEE (Urn), FHET Urn) 2o 2o vFALE PO, Table 70
9 2Aeld 47 4 o BY BYEE wE mag o 0o T METas o Table 7
- FAAYE W’E‘rk‘lﬂr. Lot Flg 101]/‘1 249 BE
3JE-3HE (combined uncertainty, Uc)9] 4Fgo] 715
Ao digh dad Ay AL, S A
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Table 7. Analytical results of Korean human tissue by NAA
(dry condition, unit : pg/g)
Rib Liver
20’s 30’s 40’s 50’s 60’s Mean 20’s 30’s 40’s 50’s 60’s Mean
Ca(%) 12.3 17.8 23.1 12.5 13.8 159 | <004 <004 <004 <004 <004 <004
Mg 1665 2413 2251 1716 1561 1921 670 609 649 738 707 675
Na 2187 3630 4228 2323 2354 2944 4730 3308 2157 4357 3365 3585
K 989 687 693 382 205 591 9103 7745 8834 6375 7859 7983
Cl 354 311 237 248 265 283 6219 4943 3483 6042 4795 5096
Mn 7.14 1.66 1.25 0.63 1.85 2.50 4.87 2.88 4.85 3.01 4.07 393
I <10 <10 2.26 <10 <10 1.80 1.75 <10 < 1.0 <10
Sr 439 98.5 179 49.7 51.0 84.4 44.5 <300 527 <300 < 300
As 0.509 0.643 1413 0.855
Br 1.66 1.09 1.43 1.48 40.7 9.27 6.59 9.50 743 8.56 9.36 8.29
Co 0.183 0.172 0.225 0.088 0.186 0.171
Cr 3.15 2.13 2.10
Cs 0.044 0.030 0.066  0.033 0.066 0.048
Fe 102 64 99 75 37 75 466 581 456 635 132 454
Rb 224 19.2 18.9 12.2 154 17.6
Se 1.64 1.55 1.25 0.77 1.19 1.28
Zn 170 137 97 164 175 149 154 129 262 95 125 153
Lung Muscle
20’s 30’s 40’s 50’s 60’s Mean 20’s 30’s 40’s 50’s 60’s Mean
Ca(%) | <006 <006 <006 <006 <006 <006|<002 <002 <002 <002 <002 <002
Mg 543 231 578 237 681 454 757 764 720 1043 761 809
Na 5720 7604 7684 8053 9812 7775 2332 2064 2363 2522 2599 2376
K 9869 9859 8517 7637 11211 9419 13759 11211 10212 11809 11015 11601
Cl 9472 9824 9048 10248 13472 10413 | 2284 2165 2386 3298 2902 2607
Mn 0337 0959 0908 0.682 0744 0720 | 0.154 0.253 0270  0.382 0.277 0.260
1 0.987 <10 <10 <10 2.69
Sr 53.7
As
Br 13.6 253 439 19.2 39.1 28.2 3.96 5.34 5.82 4.36 6.03 5.10
Co 0.021 0065 0.185 0089 0.124 0.097 | 0982 0215 0.040 0.412
Cr 0.188 9200 0.858 0212 0587 2209 | 53.80 11.90 0.147 0.255 16.53
Cs 0.020 0116 0.054 0.066 0082 0.056 | 0.114 0.112 0.133 0.125 0.075 0.112
Fe 1135 1514 437 1400 1445 1186 381 176 106 210 142 203
Se 0.636 0693 1220 0.738 0715 0.800 | 0.797 0.902 0.865 1.264 0.404 0.846
Zn 312 38.2 58.2 48.1 42.9 43.8 201 132 157 199 141 166
Kidney Thyroid
20’s 30’s 40’s 50’s 60’s Mean 20’s 30’s 40’s 50’s 60’s Mean
Ca(%)
Mg 283 273 246 213 276 258 204 230 213 163 288 220
Na 6845 5953 3516 5681 6545 5708 5733 5964 7313 8611 7588 7042
K 9449 6701 3352 6037 6071 6957 5591 5881 4541 3541 5509 5013
Cl 10269 8532 5151 80069 9072 8206 5716 6119 6100 7361 7103 6480
Mn 3.97 2.81 1.77 2.05 2.15 2.55 1.01 0.85 0.77 1.03 1.12 0.95
I <20 <20 <20 <20 <20 <20 1693 1956 1810 4613 2735 2561
Sr 38.3
As 0.717 0.706
Br 22.0 259 17.0 21.8 22.4 21.8 7.75 10.9 14.7 9.03 114 10.8
Co 008 0116 0.034 0.051 0259 0.109 | 0.018 0.028 0.028 0.027 0.025 0.025
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(continued)

Kidney Thyroid
20’s 30’s 40’s 50’s 60’s Mean 20’s 30’s 40’s 50’s 60’s Mean

Ca(%)
Cr 0320 5910 0.105 0.092 0.892 1.464 0.374 0.163 0.211 1.369 0.364 0.496
Cs 0.127 0105 0.023 0.056 0208 0.104 0.051 0.103 0.074 0.040 0.047 0.063
Fe 632 588 76 534 105 387 242 360 118 184 181 217
Rb 17.9 152 722 9.70 38.5 17.7 8.44 10.8 591 6.22 5.85 7.44
Se 2.58 445 1.70 1.81 8.09 3.67 1.27 3.73 2.08 3.03 391 2.80

Zn 122 130 101 105 417 175 70 247 95 86 106 121
£ dAIsl= EX = (box and whisker plot) 1HS U 2 HoA F 44 pgg B ZF WA YA 2329
ERRSITE Boxe Z43ke 50%S X33 7}Trﬂ ME 120 pgg o) mEA RIS
e SIS FA0L THT PAE e
Ca, I, K, CI, Mg, Cr 52 UFATFEEE BJon
230 G2} 59R2E LERE % 4 AU, o
A VFAEEL AFEEES Ui AAEH 1 . L
2 FHEE A ¢ 5 Atk 53 1& Az fiiii??%j _

AN PR 1000 g oV WFAeE FAGE el LR

W, RN & gy oldkE BEFORA i %%né@é*
Az 80% ool F2 Aol HHurke P17 e
294 A9 QARG B Cre AER A R T T RET

Elements

ol7F A yehsker] 53] Z5olA 20- 3000l 4
welg? AEH ez *‘—1%]'95\‘:} Cs# Se2 WE A9
g 7190 001 pgg o1 nEA EEIHH. W] F Fig. 1. Concentration distribution of trace elements in
TAEAZ 4387 Cadt Sr& 5o Al 90% ol Korean human tissues by NAA
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o

pid

JNA 24 F HA 47% 7V RE3IY O™, Zn Table 87 o] AF AFox U2 =219 6714

Table 8. Mean content of main elements in human tissue by this work and reference

(unit : pg/g)
Tissue Ca(%) K Cl Na Mg Fe Zn Se Mn Cr
This work | 15.9 591 283 2944 1921 75 149 250 246
RIb Reference’ | 19.5 5400 2650 50 162 L1 1.85
Mummy 272 200 5000 27600 78.0
This work | < 0.04 7983 5096 3585 675 454 153 1.28 3.93
Llver  Reference’ | 0.016 7040 3280 3060 522 561 149 142 420
Reference'' | 0.022 3540 2800 616 1160 210 1.45 5.83 0.645
This work | < 006 9419 10413 7775 454 1186 438 0.800 0.720 221
Lung  Reference’ | 0.099 6005 10842 8340 1835 580 36.7 0.459 1.00 1.06
Reference’' | 0.069 10700 9200 480 1250 55.0 0.900 1.97 374
Mude | This work [ <004 11601 2607 2376 809 203 166 0.846 0.26 165
Reference’ 325 340 188 530 52.7
Kidn This work | < 0.04 6957 8206 5708 258 105 175 3.67 255 1.46
®Y Reference'' | 0.029 8050 8200 681 345 188 3.65 5.07 0.50
Thyroid __ This work 5013 6480 7042 220 217 121 2.80 0.95 0.50

< : tolerated limit value
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