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Distribution of Arsenic in Korean Human Tissues
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ABSTRACT

Humans are exposed to toxic element arsenic (As) from air, food and water. The current study was
performed to investigate the levels of arsenic in the internal organs (liver, kidney cortex, lung, cerebrum,
abdominal muscle and abdominal skin) and to find out correlation with age and interrelationship between
tissues in Korean human bodies who had lived in Seoul or Gyeonggi Province and Honam district. The tissues
from 43 Korean cadavers were digested with microwave digestion system and arsenic was determined by
inductively coupled plasma mass spectrometer (ICP-MS). The mean recovery percentages of arsenic in liver
were about 80% and arsenic concentrations in human tissues were almost uniform. The mean level of arsenic
in internal tissues were as follow ; liver 44.556 +25.199 ppb, kidney cortex 42.652 +22.082 ppb, lung 31.020
=+17.504 ppb, cerebrum 35.703 £22.591 ppb, muscle 43.415+26.619 ppb and skin 42.106+25.831 ppb. No
significant difference was found in the levels of arsenic between sexes. Meanwhile significant differences
between districts where they had lived were found in all tissues tested. The levels of arsenic in the tissues of
cadavers who had lived in Seoul Gyeonggi Province were higher than those of Honam district. In addition a
positive correlation between As concentration and age was observed only in the cerebrum (p<0.05). A
significantly high correlations between tissues were observed in all tissues tested. This result also shows that
the distribution of arsenic is uniform in internal tissues.
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et al., 1996; #rEFBRIAFL, 2000). by QA
A2 F R4 G AA] g B
R B0 AR DR, DEe) B, FI5
B7egne) #A o Ushe B HAE 7}
Aget o9} clwe} Wil A72A F SRS
AN = BN 99 AL 059 2R
22 u$ F2% 9% 91 Uk ol A=
2 7] Slold AAFANE AFUE o
g W AF7} olRolA ghomd, AlYe) w
e ZUEEE 2&H 02 4333 g)o}(Tipton
and Cook, 1963; Liebscher and Smith, 1968; Klinis-
che et al., 1985; Baumgardt et al., 1986; Kondo et
al., 1997).
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Table 1. Distribution of age and gender of individual sub-
jects

Seoul and Gyeonggi

Age Province Honam district

Total
group
Female Male Female Male
Twenties 3 - 6 1 10
Thirties 6 3 2 5 16
Forties 3 5 2 1 11
Fifties 1 1 - 3 5
Sixties - 1 — _ i
Total 13 10 10 10 43

AMgsllow, 34 XFENRLS Ase) 1,000 ppm EF
< (Junsei Chemical Co., Ltd., Japan)& A}-4-3}%t}
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2) Microwave digestion system
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A % wlas) g pagel Het 5%
ARAAE Qae) 247ke] B & U3 A

W] 5, 55d sy Y 229 27 Sl o
HME Ao GgE F 5 o, B2 Ji5e
ANags Al M 23 A8t F=
aejEe]of gt el B Aol @2 f2
A8E AL3HA 257 fldte olw sl
microwave digestion system®e]] 2]& 218 (Yoo
et al., 2002c)& o]g3le] E AlgE £ b
2)sle] E33 ©}& ICP-MSH (Varian Ultramass
700)0.2 ZA 3.

4, ICP-MSof| ojgt H[a~fl4o Hk

1) #EZH9f =X
As 1,000 ppm ZFY LS 2% HNO; £4 0 2 A
Aoz 3AM3le] 1,510 % 20ng/mle] EF40E

ZA skt

2) Zd2kMo| At

Z324&70 F LN 1,5, 109 20ng/mlol| i3]
WREEFELZ el (Y) Sng/mlE AM4-3led 2}
BAAA| ~Ho] 2R [CP-MSZ &8l 7=
AL ZAslgon, 2 Ajdd] A= [CP-MS2)
ZR 27 G 7ot

[ICP-MSe| EMZE]
Model : Varian Ultramass 700

Plasma
Plasma flow : 15.0 L/min
Auxiliary flow : 1.05 L/min

Nebulizer flow : 0.98 L/min
Sampling depth : 5.0 mm
Horizontal alignment : —1.1 mm
Vertical alignment : 0.3 mm

RF Power : 1.20kW

Ion Optics
Extraction lens : —600V
First lens : —260V
Second lens: —11V
Third lens : 0.0V
Fourth lens : —60V
Photon stop: —11.2V
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Entrance plate : 0.0V
Exit plate : 0V
Quadrupole
Detector : 2300 volts
Delta res hi : 1.895 volts
Delta res lo : —2.4 volts
High resolution : 0.81 AMU
Low resolution : 0.76 AMU
Pole bias : 0.000 volts
Sampling
Aerosol generation : Nebulizer
Source : Manual
Pump rate : 25 rpm
Fast pump during sample delay/rinse : Off
Enable device control : Off
Sample update delay : 20 sec
RF Generator : Frequency 40.68 MHz plasma
Mass range : 4 ~256 amu
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Table 2. Recoveries of arsenic added to liver (n=3)

105

Tissue Added As amount (ng) Found As amount (ng) Recovery (%) RSD (%) Instrument
Liver 200 161.1+8.6 80.5+4.3 5.3 ICP-MS
Liver 400 316.8t11.5 792429 3.6 ICP-MS

RSD : relative standard deviation

w

oAl F7|ZH F 3% gyl 57
i)

ME7371A S F ZgA el AFs Abgal
gl 437 (4 207, 44 23%)2
AHAdon, WA Aol glom, FEF 5o
o3 AbgebA] 2 At AAslA 3 43
gell A&t WL A7 22 (A AR AL ), A,
=5 2 FRzA)el T ¥4 T Table
39 49} 7o} Table 3-2 i 2 Table 4= A3
AEE TR T S BAIF Aol va
ol HE Bisx, BEUAL F=HH H 95% 41
F7FE ug/kg - wet weight2 E A3} )

B 2AHEH 3]l A2 F v ek
g, AR, 2% 9 Rz Fol dAlz 1
27 ExH gl Aoz Jeygion, g I
Hell M o] ERT o7t Wi o|F A A
44,556 £25.199 ppb 2. Ao} 714} wo] &
712 velygon, 24, 2147 g 3] RN
HF 43.415+26.619 ppb, 42.652+22.082 ppb
42.106+25.831 ppb, H x| ¢} o= 7 35.703
591 ppb ¥ 31.020+17.504 ppbS 345 ]
2oz vepde
T2 (203 5, 1968) HhALE B 95 &
ZFA ol A 2] u]4 ek 0.01~0.152 ppm ¥
Atz Bustel on, AR M= 1975d 24 A

= b Aal 9 Fdaste s B3R o &
Fagsagel s wjae] s EA 8] 7o
2] 0.033~0.070 ppm, 217l A} 0.074+0.023 ppm,
el Al 0.025 ppm, F oA 0.044~0.065 ppm, =
S| A 0.043~0.095ppm, | 3o| A 0.043 ppmo)
AZEHRTFT BTstg] o (Sumino er al., 1975),

N

-}

30 H ol e

N3

1980 neutron activation 2A¢)] 2]s)] d&o] 71k
oflA] 0.19+0.70 ppm, A1 Aol A 0.18+0.48 ppm, =
Lo A 0.09+0.25 ppm, HellA 0.79+1.7 ppmo]
AEFow M= A& vlgtelsivtx
B 1519 3 (Yukawa et al., 1980), Z=<l2] 71A)o)
A 0.047 ppm, A1 A A A 0.056 ppm, ol A
0.020 ppme] ¥]&7} HAEHAGT Bzt 9l
(Zhuang et al., 1990). A Zo) A= Han]e} B3x]
o] FZAR 70+ AR AlAE Aaks Ak
5}2AS A12-3led microwave® E3)3F & ICP-
MSz WARFE 24T At PANE B
0.033 ppm, Al A& 0.019 ppmo] HAEEw, A4
o ogt gekate] 9 A AlAel| A ] Fhepzhed]
= AFAd o] givkn ¥ wsledch (Benes ef al., 2000).
£33 =dojlAE V,0s5, HNO; 2 H:S0.5 A1a-3)
o Hz2AE Ee of dAFFR=AE o4
gte] w4 e ZA3H e HAZRNA H
& 147 ng/g - wet weight7} HEF o] 2-9-9def ]
&% 22~6.4ng/g - wet weight®t} =7 H&F
o] |4} HZRAAME HEHd 4P E & 5
AR, A%, F9 o A2 v|A F=F Aol A
' FARH oz e ) g v
&3 e} (Kraus et al., 2000). =+l A{= Glasgow
A del] AFtdW Ao =AY vAFgEE &
A Az} 71 FeFS ug/e - dry weight2 Wzl
=9 A¥elME HF 0.147£0.270 ppm, Hej M=
g 0.016£0.010 ppm, AA NN HF 0.050+
0.075 ppm, 7HAel| A= 7 0.057 £0.059 ppm, =
A= HE 0.113+0.101 ppm, 2= BF
0.091+0.098 ppm, ] 3ol A= HF 0.12440.119
ppmeol FHZEE vty ¥ wste] o™ (Smith, 1967;
Liebscher and Smith, 1968), |9 =e| A= vjdat
oA Hloldt MH3AE A2 neutron acti-
vation ¥Ael 23] =AY w|Ae] FFE =)
o 2 §3kE ug/g - dry weight2 %7)3}9l =4 7}
Ao ME HF 0.01920.012 ppm, AR Ao A=
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HF 0.018+0.012 ppm, AZAFANM = FF
0.017£0.011 ppme] Z&H k3 ®mstyct
(Aalbers er al., 1987). o] ¢} o] QA A7|zA] =

=

49 ke B IA)Y), 2R, A Alzd
1 B 3Rbe)| wetA = deke) zjolrl =A veh}
3 9o, o] 5 vimd W 2 A7A FIF

d

Table 3. Concentration of arsenic in Korean tissues according to sex (ug/kg - wet weight)

Tissue Sex Mean SD Range 95% CI (No)
Liver M 44,580 23.203 18.382~92.042 33.720~55.439 20
F 44.536 27.336 11.512~104.761 32.715~56.357 23
T 44.556 25.199 11.512~104.761 36.801 ~52.311 43
Kidney M 41.809 18.288 19.799~87.517 33.250~50.368 20
cortex F 43.384 25.316 12.163~108.796 32.437~54.332 23
T 42.652 22.082 12.163 ~108.796 35.856 ~49.447 43
Lung M 27.778 13.064 8.962 ~53.993 22.663 ~34.892 20
F 32971 20.712 1.421~79.867 24.014~41.927 23
T 31.020 17.504 1.424~79.867 25.633~36.407 43
Cerebrum M 38.368 22.211 7.612~79.323 27.973~48.763 20
F 33.385 23.155 2.922~75.379 23.371~43.398 23
T 35.703 22.591 2.922~79.323 28.750~42.655 43
Muscle M 41.690 18.860 16.982~79.727 32.863~50.517 20
F 44915 32.256 3.608~120.789 30.966~58.863 23
T 43.415 26.619 3.608~120.789 35.223~51.607 43
Skin M 41.631 19.777 - 15.567~81.121 32.375~50.887 20
F 42.518 30.589 5.835~114.089 29.291~55.746 23
T 42.106 25.831 5.835~114.089 34.156~50.055 43

SD : standard deviation, M : male, F:female, 95% CI: 95% Confidence Interval, (No) : number of specimens

Table 4. Concentration of arsenic in Korean tissues according to district where cadavers had resided

(ug/kg - wet weight)

Tissue District Mean SD Range 95% CI (No)
Liver S 52.980* 26.513 11.555~104.761 41.515~64.445 23
H 34.869 20.125 11.512~92.042 25.450~44.287 20

T 44.556 25.199 11.512~104.761 36.801~52.311 43

Kidney S 50.810%* 23.949 17.203~108.796 40.454~61.166 23
cortex H 33.269 15.510 12.163 ~67.683 26.010~40.528 20
T 42.652 22.082 12.163~108.796 35.856~49.447 43

Lung S 39.020%* 17.482 7.362~79.867 31.461~46.580 23
H 21.821 12.524 1.424~51.802 15.959~27.682 20

T 31.020 17.504 1.424~79.867 25.633~36.407 43

Cerebrum S 47.967+* 21.862 5.176~79.323 38.513~57.420 23
H 21.599 13.539 2.922~52974 15.263~27.935 20

T 35.703 22.591 2.922~79.323 28.750~42.655 43

Muscle S 55.960%* 28.223 11.892~120.789 43.755~68.164 23
H 28.977 15.310 3.608 ~63.273 21.823~36.153 20

T 43415 26.619 3.608~120.789 35.223~51.607 43

Skin S 54.758%* 27.994 10.069~114.089 42.652~66.863 23
H 27.556 12.287 5.835~57.886 21.805~33.306 20

T 42.106 25.831 5.835~114.089 34.156 ~50.055 43

SD : standard deviation, S : Seoul and Gyeonggi Province, H :Honam, 95% CI : 95% Confidence Interval, (No): number of specimens

*:p<0.05, **:p<0.01
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Table 5. Correlation coefficient of arsenic concentration
with age

Kidney
cortex

As 0296 0253 0.070 0.334*

Liver Lung Cerebrum Muscle Skin

0.256 0.236

Figures in the table are correlation coefficients between elemental
concentration and age which are significant at 5% (*).

Table 6. Correlation coefficient (r) of arsenic concentra-
tions between tissues

. Kidney )
Liver cortex Lung Cerebrum Muscle Skin

Liver 1 0.856%* 0.654%* 0.752** (.707** 0.713**
Kidney Kok
Cortex 1 0.689%* 0.763** 0.704%* (.732**
Lung 1 0.738** 0.750%* 0.747**
Cerebrum 1 0.877%* (.889%*
Muscle 1 0.920+*
Skin 1

Figures in the table are correlation coefficients between tissues
which are significant at 1% (**).
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Fig. 1. The ratio (%) of subjects by the concentration of
arsenic in Korean human tissues,
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Ao 20FE A H Alue] aE 34eg
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microwave2 233 Whye] s} £ AAE
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+25.199 ppb 2 ZAH o] 714 wo] §-9-3 A ]i
vepgon, 28, A494d Y FRME
43.415426.619 ppb, 42.652+£22.082 ppb % 42.106
+25.831 ppb, = &} HelEx HF 35703+22.59]
ppb ¥ 31.020+17.504 ppb= &-g-50] Q= Ao
2 vehget o] £ AFqledl wls k2t 9%
2, %liﬂ 9 Fd3= ARG 9z WAl
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