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— Abstract —

Reference Value of Cadmium in Myocardium in Korean

Jung-Duck Park*, Heon-Bang Lim*, Byung-Sun Choi*, II-Hoon Kweon™*,
Sang-Yeon Lee*, Eun-Yong Kang*, Yeon-Pyo Hong*, Im-Won Chang*

Department of Preventive Medicine, College of Medicine, Chung-Ang University*
Department of Forensic Medicine, National Institute of Scientific Investigation**

Cadmium(Cd) is an ubiquitous, toxic and non-essential metal which is controversial
about the association with a cardiovascular disease. In this study, we investigated the
reference level of Cd in myocardium in Korean general population. The level of Cd and
zine(Zn) concentration in myocardium of 252 cases of “sudden and unexpected death”
autopsies(male : 172, female : 60) aged 0 to 87 years was analyzed. The concentration of
Cd and Zn was determined with atomic absorption spectrophotometer(Perkin—Elmer Model
5100) by flameless and flame method, respectively.

The content of Cd and Zn in myocardium showed the log-normal distribution rather
than normal distribution. Geometric mean concentration of Cd was 0.19 ug/g wet weight
in myocardium. The level of Cd in myocardium was not significantly different between
male(0.18 we/g wet weight) and female(0.22 we/g wet weight). Geometric mean concentra-
tion of Zn in myocardium was 25.25 ug/g wet weight. The level of Zn between male(25.13
vg/g wet weight) and female(25.57 ug/g wet weight) was not different. The deposit of Cd
in myocardium was age-dependent of biphasic pattern, but the Zn level by age was not
significantly different. The level of Cd in myocardium was increased to the fifties of age,
thereafter a leveling-off was shown. The regression model of Cd deposit in myocardium
by age was predicted as the following equation ' Log Heart-Cd =-1.2726 + 0.0234 - Age -
0.0002 - Age’. The maximum Cd deposit in myocardium was estimated to be 0.26 ug/g wet
weight at the age of 58.5 in Korean general population. In addition, the total Cd burden
in heart by age was predicted as a following equation : Total Cd burden in Heart = -
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10.165 + 2.891 - Age - 0.0258 + Age*. The maximum heart burden of Cd was estimated to
be 70.7 ug at age of 55.4. The positive correlation between Cd and Zn was observed in
myocardium. The linear regression equation was Log HeartZn = 1.4195 + 0.0262 - Log

Heart-Cd.
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7'=8(Cadmium, Cd)& A9 EAiAld A
3 Bgad /AAFEH£EE(TNEM, toxic and
non-essential heavy meta) 24 2 EAz4-&
HZA & d2iA Ut FI=FS FAA ] e W
go] Zeta FAo] wol Aigjo] el wel o
2] iEokollA Tkl o]-8E o] AMg#o] F/HEHA
th APH o Jl=gS AFshe A4H S22
ok ol AdWMFRIERE o¥d HEPAE Falo
njgol x|t FtEgol g F2FFo] Friso] AA
W Ft=F Fato] FrhsEle] fivk(Drasch, 1983:
Lauwerys 5. 1990). 71=8%& FFste 9%
TE2AEM Y] S0l wA JEhgen,
AAZAME o] Aol HaAEo] Flmfol gt
Zz7b Ao 9 vHSE A Bn
(Vorobjeva 9 Eremeeva, 1980)¢} =Al2] 7]
F IEEERY JEaAREoR AF APzl
A#o] Atk (Carroll, 1966)1 AT - RnFAct.
T3 ol L9® AGFNEAN HHEoH
(life-expectancy)e] @& A@RAAT oz
EEIAYNIZE A #2" v U (Nakagawa
%. 1990: Nishijo &, 1995). 4¥dFES o
2 g AAE 5(1993)9] dFolM = AdEE 7}
ZES R F A A 2ALWE BT 2
I Fl=ge] FHAVIE2 48l 2T A A e
o] dazie] #AE Jl=f FAFED HE FRe
Fo g 4Gz oldare] #FH ek
o &g Aggeol] i EAHE A71g wk gl
A BAAEL Al UM Al F8 U
o2a Fol vl Ee AZotHEAA, 1996).
a2 ER Y JlEgo 23 A F2e 4
HAAET ] BAE Wil A& $83),

7E=gol tig Z2el APAA ARG AnHA

& A7l Al Ftegol 5E3] =€ Aol
Qe gt FNE gl YBRAFE F3) =g

2ol 42 23 AHe Jl=fE &,
Ao & AR5e ¢ A48 o] 8dE F Qe
APHo R =R Z2E Ho] gl YW FIES
o oA Fl=Fe it 8 I ARE EY
FEHEAE T AES 5T ARl o B
ol Fl=BEErl 9 Q9o Agdroz R|Y
of wet Ft=ge] AFHF Zel7t Y& o o
AF, A, A8 2 Y P HEME J=F
o] Z2o Al F43= @ BEXAEL Aolrt v
b 4 Qo] ZF ZypdE A= @Ay wea]
gga3t}(Ellis 5, 1981: Ryan &, 1982). 1
W, FulelA A2 2FAW gk o A7
2AE FHA 30#HE ddeznd 4 5(1982)
o] A9t A BAA 27:F oo 3 LA
(1985)9] 7 ®ogA Ay AHo| wWa A2
2 FEEFEES UET 5 dE §5019 An
ARFAA, dBEX)ZA olgerlde Wi vF
3k A o|},

ol Ao E $AHoz B Fmfd F
29 FHo] gl B4 ¥uAE ddem A2
2 FIEFFE BNste] Al wE o] ¢
Aol W WIHTE BFsto A=A M2 =
AU 7l Ere FnAE AAFoRA FF 7
g AE@ARST] AF@A ] i ATE
A& 712A8E wHAstaAl At ofgE =R
3 A=A Zgo) Yrtn A o AFRFE FA
A3l Fl=gd vla - B4

ATk 2
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Mg d2AYd 2Ashe Q% tEgde Wel
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19979 ‘4712 Ze GF2AE A (sudden
and unexpected death) &2 g AAAF F
EZol 53 Ado| oiEE S A 74
A3 AaRle] 240 wdd A F 23248 24}
oz sttt ZAF hFRHES AFEAl BAVEE
e APt ARG BH3E Flefd Z2HN
cgg FAHE $AYL GAHRA Y¥pon, o|E
o] FAZd dalMe ZAEA gt

2. ARAIH & 24

(1) AEx}F

A E P SA AT 232 45 35
AEZ AMESIY. AHE AlEe EYE AAT
% polyethylene Fdl| Wol x| HAxE W
A3} Aete BT T EMAIAA -20CA 4
Al W% - Bsisict

(2) AE Exa|

AT Z2AY FFEFEE BAS] S AR
Axel= Parker 5(1967)8 W& thh 538
o o] &R}, &, AT 27 % 1 g FFE ¥
Mg EN FHFFE sl Sxdus )]
(Microwave Digestion System, CEM)& ©] 48t
o #2538t

(3) Za3% &4

A zHo] g3td Az F4E F=FH ofd

Table 1. Demographic characteristics of subjects

F2 AAFHESF=A (Perkin-Elmer Model
5100)& o]&3te EA8tATE ol 3sAd 7t=
2 Autosampler(Perkin-Elmer AS-60)%}
Zeeman "2l Atomizer (Perkin-Elmer HGA-
600)S ©]-&8led flameless WHOoE HFs|IH 1,
oL 33Ng FHFFE GwdN3l] flame W
o g Aakslgtt 7t=g3) o}l HFRHfL Zzt
1,000 ppme] YAFFEAE 89 (Sigma)< 34
gt ARR-SIQITE

3. MHEFE ¥ 24

A% 42 AR89 AHe Microsoft Excel
7.0 ol&3lH 1z, EAXEE SAS package(ver-
sion 6.12)8 ©]83} Shapiro-Wilk ¥oz =
AU FEdsTe F14E AR GLMY »-
7% 9 Pearson A4ENWY oz A5d £4

B3ict.

o7
1. EAIHAIR] QmtE 4

ZAMNRAEL] A, 9% 2 A9d BEXe
Table 13 20}, &, A¥EE &A7F 1728, =
60el 24 FAp7 weken, AR AAES d%d
BEE -4 2o 2ok AATHpP<0.01). A
2E AeAdel AFsHR At 1128 oI, 4
A Aol 1008 R Z1Er A1 208 oA

Male Female Total
n (%) n (%) n (%)
Age 0~ 19 15 (8.7 8 (13.3) 23 (9.9
(years) 20 ~ 39 82 (47.7) 35 (58.4) 117 (50.4)
40 ~ 59 68 (39.5) 8 (13.3) 76 (32.8)
Above 60 7 (4.1 9 (15.0) 16 (6.9
p-value 0.01
District Seoul 83 (48.3) 29 (48.3) 112 (48.3)
Kyonggi 75 (43.6) 25 (41.7) 100 (43.1)
Others 14 (81 6 (10.0) 20 ( 8.6)
p-value 0.1
Total 172 (100.0) 60 (100.0) 232 (100.0)

* p—value was the product of #*-test
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Fig. 1. Histogram of Cadmium and Zinc Concentration in Myocardium. Frequency distribution of arith-
metic Cd concentration(A), logarithmic Cd concentration(B), arithmetic Zn concentration(C) and

logarithmic Zn concentration{D)

Table 2. Geometric mean of cadmium and zinc
in myocardium by sex and district
(unit : ue/g wet weight)

Cadmium Zinc
GM (GSD) GM (GSD)
Sex Male 0.18 (2.60) 25,13 (1.16)
Female 0.22 (2.13) 25.46 (1.16)
p-value 0.1 0.1
District Seoul 0.19 (2.56) 24.72 (1.16)
Kyonggi 0.19 (2.28) 2569 (1.16)
Others 0.20 (3.14) 25.62 (1.12}
p-value 0.1 0.1
Total 0.19 (2.48) 2521 (1.16)

* GM : geometric mean, GSD '@ geometric stan-
dard deviation
p-value was the age-adjusted product of GLM

2. M =AU Jl= s ofole] HRsk

ZAFN AR 232d) 9] A 2 Jl=E ol
2o BEY¥pFe AFEIRTE YFPTEEY o
ZstgoH(Fig. 1. p>0.1).

ZAMNAe] A 2R =R (VshEdEs
EE 0.19 ug/g wet weight, (Z1SHEFHAL 2.48
ug/g wet weight 9ot Ad A2 22U =8
v 9A 0.18 wg/g wet weight, 941 0.22 wg
/g wet weight2A FUztel] BAFczE {oF
Aol FAH A FskrHTable 2, p0.1).

Ax ogAte] A2 AW ClshET oldEse
¥ 25.21 wg/g wet weight, (Z13HEFHA 1.16
ue/g wet weight Aot AHEEE FAAM e
25.13 wg/g wet weightd i, <xlellr= 25.46
wg/g wet weight2A 4T Y oldsze ¢
Wzt xtol7b QIATH(Table 2, p)0.1). RAMHA



Log Heart-Cd = -1.2726 + 0.0234 » Age - 0.0002 * Age?
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Fig. 2. Age-dependent pattern of cadmium con-
centration in myocardium. Heart-Cd pre-
sents the concentration of cadmium in
myocardium
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Fig. 8. The estimation of total cadmium burden

in heart by age

AE] AFA G W A2 AU t=F3 ofd
FEe Aol7t gl Table 2, p)0.1)

3. ol e A2 =X 7I=E1 ol

ZAINAAAES] AET] wWE A2 23N Fi=
1935 %= Table 33 #th. &, ZAHAR
AT we 42 Z2AY HE FlEEFEe
o wEh &e]zh Qlef(p<0.01) AwEos A
Z71tel whek A2 23U Sl=EEErt 571
e e Ve oy, ndg Sl AS =
A IEgFERY W) B3 e vERY
At AZ 2AY oldEEE AT wE 5
g Wgldido] FAE R &t (p)0.1).

O o lo ®
o

ot 2wt oo

Table 3. Geometric mean of cadmium and zinc
in myocardium by age
(unit : we/g wet weight)

Age N Cadmium Zinc
(years) GM (GSD) GM (GSD)
0~19 23 0.09 (1.85) 24.35 (1.13)
20~ 39 117 0.19 (2.48) 25.46 (1.17)

40 ~ 59 76 0.23 (2.54) 25.06 (1.17)
Above 60 16 0.25 (1.80) 25.41 (1.12)
p-value <0.01 0.1

* GM : geometric mean,
GSD : geometric standard deviation
p-value was the product of GLM

4. Aol e 2 XA FleEsEel FH

ZAM AL AA 2 2 dFE A2 23 Jl=E
FEo E¥F}e Fig, 29 &t

Z AT 22 FleieEe A% ue o1
gRou nd4#3SdME 238 thar gasHE &
Foz FAE ] FAE 13441 A ETE 2
A FgAQ #Ale o Agsct. webx At
SEd oA dHd A2 2 J=EEE S
9 o =242 Log Heart - Cd = -1.2726 +
0.0234 - Age - 0.0002 + Age*(r=0.321, p<0.01)
2 FA3=o) o 58. 547 = A2 24N Fl=EFH
2ol 0.26 ug/g wet weight 22 ZF7t5tizl 2
o]Foly ZaHE Aow FFEUT Qo]
T ARATA T, 1996)8 o838t 33 A7
o m& AW F Jl=F F-a% Total Heart-
Cd = -10.165 + 2.891 - Age - 0.0258 - Age’=
A =lo] oF 55 4410 Ha 70.7 ugo] FHHE A
o2 FHEHAL(Fig. 3).

5. &l =X Ft=F 3t ofeintel 2hA|

A2 ZAY FleigT oldFxdde feld o
9] o] glo] FIEFFEE7 EETE EER
2 Aoz #AFHAJeW, A= Log
Heart-Zn = 1.4195 + 0.0262 - Log Heart-Cd
o] #AZF AEHAH(Fig. 4. r=0.161, p<0.05).



Log Heart-Zn = 1.4195 + 0.0262 * Log Heart-Cd
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Fig. 4. The relationship between cadmium and
zinc concentration in myocardium. Heart-
Cd and Heart-Zn present the concentra-
tion of cadmium and zinc in myocardi-
um, respectively
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e} Flefo] 3 F2Re ZFNFN(EFFA
Z2), AF7leAst 2 FAsEI 22 o] Fof
(33 2 FARH £2) 52 HFUdste oz g9
A QATHWHO, 1992). 28y 28 5 €874
ool gk Zt=Ee) 98-S 2 veA YA Fgrt
Schroeder(1965)7F &4 mESgtel wAld] Fl=
ol 719% Aolgtn A& AN of#, Fl=&I}
AEAA A FPA e B2 Burt U
ou s e wW§ FFIE Helth
(Kazantzis %, 1988: Staessen %, 1991:
Nishijo &, 1995).

=Y Z2EUE o A2 ARE B3 AU
579 Jtege] AR 2AU F3HE F2 e
Ae Aer gelAd gltHIwao &, 1983 Gale
7. 1984). B83] Fl=fo Z29 FHo| glon &
AHsudden and unexpected death)3t 232¢}¢]
HAE oz g o ZAlA, AL
Ad 240 3T =EEEE 0.19 w/g wet
weight(gA4} 0 0.18, 92+ @ 0.22 wus/g wet
weight)olAth. ol U AREA FHA 301 &
ez & A F(1982)2 0.06 we/g wet
weight 2ot n)$ 2o} 24 2718 dide
2 & A,3(1985)9 0.35 w/g wet weight 2

e i @ ot IR} vind &
g20le] A 2AY JleBrie YEI(HET ¢
0.47 ug/g wet weight, Iwao %, 1983)ell H|a}A]
e ¥ou Fgu Adrtgde & FEoG
(Salmela 5, 1983). Bzt 2 F7lo we} Bx
" A2 2HY Al=F F3FY Aolg Yee
R BAY o] @E zpole} QT WME F4 ¥
ALY Atelm Sl AR Y JlegE
zo| ato]lz Q& 7t XFeA YR 5 - FakE)
FRE At=EEEst dgeg A Jleg AHT
o] Apold] 7IRIsle ALz odlEn Yk (Pisca-
tor, 1985). z&y}, A2 2z Jl=fF =
254019 HAAE Aoz & ATl AAIRE A
W EF49 7289 F8 A4 Algw 7%
224 7I=fFe =9 HasE A% 27.4 we/g
wet weight, 7H 3.1 we/g wet weightol] v]s]
)& @& FFoldt}(Park ¥, unpublished).
£3 o ARE ZAR Qe A¥E ¥FE 4
FEAAMEA, 1996) & 183t g A=d 4
AN F Fl=gFe] HaXwe 554444 & 70.7
g2 FEHAT. ol FFANA A Fl=F F
B&}#(Total body burden of Cd)e] 7H¢ =&
50,74l 2] 26.5 mgel H]8] vj$ A& o 3T
#Ac}(Park %, unpublished). ©1213 Axe 3
dH o= Flugol 583 EzeA] e Uuk Al
B oM BEEA S B 0T Fl=gol A
Hog Zasle ¢ AL QAldA Jl=ge] F
8 3717} oPd & AlAtehe AhEO|TY

a8}, jtai-itai o2 AT ALEEC] uig
FAZALNA FAYEEC] Unt AFEE vE &
o3tA AAaHU(Nakagawa 5, 1990), 7I=E
LAANIGFRES @¥k(retinol binding pro-
teinuria)7t Sl FFellA o] A RA A 3 &
F3} A7 #A YElG 2w (Nishijo 5, 1995),
el m¥gwolY 8% Jl=FsErt B4 Jg
v B3(Lin ¥, 1995 59 v#% - 94y =g
Z29} A¥AAAST] AAYE A AT
A77F EnEa ok, JtEgol] 2 A¥#AAAR
9 7Moo g =R A2 FEHGA A g
4&(Kopp %5, 1980), atrial natriuretic pep-
tide(ANP) F&Aldl g AJ3F(Giridhar ¥,
1992) & A2 #5¥9 Az AdFH FFF



Z2(Kisling 5, 1993) So2 Awslz glov
o} &43] B A)A] it ded uke} Zo] 4
Ao &AHE Fl=EFL AW F FeFos X
o v AL Hojd, AAATe] Fo AFEUJL
2 YT e @ AN Flegd AEEAA
o] HAA g BAH FAE V€Y d8vt
ATk Ayzhgiet,

oftH AFtollA] ZARAES] AR wE M
22 7lEgEEe 07 e dHe] Holdel
w2} 7 E T} 40~50tholl A S7tdel E3HE ]l
on, 60t o]FdME 23y A 23U Jl=F
Z2| o] 7tasle Aoz ALY, AYI} A
20 JlegErEte] #Ae 13 deEte 23
g wAe] o Agsted, AEE 42 23 J)
EEEEE FPE & e d32e Log Heart-
Cd = -1.2726 + 0.0234 - Age - 0.0002 - Age®
2 A2HA AEE o2 e @l 3l
o]A] 4 &AW 7t=go] AR we}t Frisitrt
23l8 A7) AFEle AE & AT 2H4 0 A
ZEFEZE HaAE Jeplle A7l of 5841 &
FEHAoW ol F=EFEEE 0.26 w/g wet
weight2 FAHAT. AF T @ AT 22
FtegEsrd e 4o A (Iwao 5, 1983)l
M 45~5941F A A 2R SlEgEErt 3
n5EE Vel ol Ao} vsslEn), Al
o 23 Ftegerrt A% we F/E T 50
o) FRk o] R ZrHE S VEhE AL o
AR Ft=ge 2 vizi7)e BEo] gle e
AR A=l n gl (Meranger 5, 1981).

ARG ES] A2 AW HE oldEEe
25.21 wg/g wet weight24 & B (A44,
1985: Iwao &, 1983)¢} ¥l=3l #&oAT}. 42
A oldeie A & 5¥3 Azl B
A ol AU BA ALl AL g0l of
QAo 2 EXGLL JIEEHE U8 Aoz B
et ey, A2 ZA AEET oldE®
Tolle fol@ o) 47} e Aoz BEE
A}, ol FlEfol ERHAE o] Jl=Ee B4
of that wolrjdoew AT ZAAME metalloth-
ionein®] Aol frx=Ho] F=FH AFFToRA
FIEwS FEIA T, 49 FREY 3L 34
S o) mlFe] Flmgol WPHoR EaE:=

AL 23 =L diHE metallothionein®}
A%d R S olw) AW oldE met-
allothionein® 433 vz Agslo] EA517] w
29 Aoz FFPdEYn EaudHdt(Iwao 5.
1983: Takacs®} Tatar, 1987).
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A 240 7t o s e s TEXst
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2E 0.19 we/g wet weight 3, d2e &3}
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weight 24 FUtlel] §AZH R fo3t Rfol= &
FAE A sttt A2 2 it ol sEs 25.25
wg/g wet weight i, ERH(25.13 we/g wet
weight) et &H(25.46 we/g wet weight) hell H|
skt @=lel] QloA] ARl mE A2 =3
W FIEEEEE A%l BE4E J7isdsl <F 60
Al olFolE HadEe FEE ey olde
53 Hsigde] BAER st A2 =AU
FtlEgsEe d8F% 23 A4 dAE e of
Aol wE A AU S=FFSH T oS50
Log Heart-Cd = -1.2726 + 0.0234 - Age -
0.0002 - Age’= &=}, =9l oA A
Z3AY Fl=gel Ha = 58540 0.26 w
/g wet weight2 FA U, dh=le] AE &
T AZFAREE AEE A% wE A3 =
B9 & ®8%¥ % Total Cd Burden in Heart
=-10.165 + 2.891 - Age - 0.0258 - Age’s A&
o] =g FatFe HuAE 55,449 70.7 we
o2 FAHAL}. A2 2F/Y Jl=F olde &
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