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Table 1. Compared to the level of mercury concentration exposure in the body of

adults in Korea and foreign countries

> = Tn T 30
ma ~— N N
£ =
S m
o I
O _ = = -
LN N~ LN
‘N
AE = < < ©
SN @® - N~ —
< D @ N ™
UH > (=} o o
=z
—~ | s — N~ ©
~ | 0 N © ™~
- | O o — -
1
o)
oS | ¢
5| © Q oM —
n | O < N ©
- | s o0 o o
=
<
S | < LN N~ LN
Il @ «~ @ o
-, o o — -
Q| N
M| T2
=
0 o
TSI 28l = & =
R2M m o o
O
7
= | s IV o
N | @ 8 0 0m
5 o 0 — -
o)
— |
= Ln © -
PI3|x ™ =
3M gV} o o
f
= < < b
< o o o
S~
) 3 3 S
3
-2 2°g
= S 3 < 3
i o5 £ 5
— o) —
S S5 £

AHNHANES) ZAFZ1H2013-2014)

(Human Biomonitoring Commisson, HBM) Hgf 2017

Hz

FENEER

XEREN: M37|(2015~2017) =

)

)

W
=3

—
fite)

B

)

At 9w AH sE

il

=3
o

=y

bl ot

S

t5 2 AFstaxt

X
N

KT
mr

o\

8l

283

=
=

AHKoNEHS) A=

A T xx

SR

A37] =7l

1

O
RS

=

ol

=3
"o

58

T EE N EaE

Al
2

ki3

‘(‘34



Tl

e & Wies

9]

[T

EES s

] o
- =

=g
==

]

o
1

tlew, 74

)

"

el

Uz

B
xr
i)

B

el
g
i

M
Ho
ol
i+
A

Nfo
el

ze]
-
T
Tor

)

SEE

vl
=

AR, 327

=y
el
blo

p—

0

AL
;OO

‘._mo



=0

v

Tl
0
aK

ke

<0

8l

D A7AR

AHKoNEHS)

xTx

7]

o

ﬁo
o
s
.
B

)

APPSR E=

[e)
32
Riu

A1371(201572017)

)

+A8 88713:]’
Z R 194

-
< 9

371 KoNEHSOI A A 6,167 (4 roF 5717, =

-
1

A7) A

o

ZAH2010%)

<

79

il

Fx=dl,

S

Arriges HA

shel o,

2 A8

o

Tw
o
ol
olo

N

EEAEEER

] A

[e)
32
1

+ A137] KoNEHS

H, APl thehA

2) A

< ®F 194

& A=

A}

=

A37] KoNEHSOlI A A A 616785 oz

e
o1 B9 3

=

=gl

=

78778 ol A A

Rl



s7)E2 A

=

[e)

1= =
t S el 23
3) ATFE=T

(2010)

=% F
fite) : = JL a
do i M : = ¢
: : Hx RO
S T+ [ - M« :
- 5 3 T do T eI e
i o] T Tor o ﬁm e o s .
: : ; w Me xﬂe o ot
ﬂww_ : Wﬁ_ ,N(rm Hﬁ pﬂw% K T m o#
: : : o w o Wu_“ w :.L, 2
_ S Mow < K o o = z
= ol . o# o
T o] - 5 : A :
wa,mom H,m% Sy \
i : - v Jbo o 53
: % T = cu i e B
wr & o m_w - “
= i_. ,H/; .EH JL S :i = -
M : ; i . o+ N = o] W o
: . : G oo T - A Mo N =}
EH % : : ~ W alo alfal 3 ~ L\.
{1 LT . = - o M =0
mo > oHL ) i )} o z E - :
J@vL M o Z.#E Jm‘l_lM ﬂ‘ﬂ' : O~l M : (m\ ! ‘I_—/l
: ¢ iz i e R S =~ B )
37 " wE N R o K ol :
1 ¥ v = o E % . "
o oo ™~ ki M Mrm @ :
—_ = ,
: 7 23 Do B T o w K
o Lmﬁ,og Mm%%%h = ]
Ea h : =Bt ™ v do B "
4 ; m cﬂ @ mu - Mo o w 5O = wo of
x - H np Mo o S : g
= < o)) i :
m 5 ; - o X = @ o)
o ol NE o iy ~ 7z o R 2 T - -
,@l _fo~| - = o [av} G
: - : = W RO S 5xX oo
> . &Ar i = o < = ~ Uﬂ_ >, NL 0| "
o % T zﬂ}y e < M
. mﬂ;f@gi
— ﬂﬁ Ao [an)] ﬂ 0t B .
= ! R x
xe oo 3R
T

o
I AR, =00
y = %a 6H



(3) o3+

wK

—
fite)

Feich.

°

AL QAR 0] 82 H A o

xzx

B
)

il

™

R

+

)
HH
il

o

)

—
fite)

o

i)

sttt gl F

A A]

tol T-testét ANOVAE

)

‘(H

p—

jang

P

i

X
o

Hlo

o
=

™

fite)
i)

F9 25% (A dH) et 4] 25% (a9

S

ol

T & Gender, Age,

el

el
700

2o SPSS(Ver 22.0) program <& ©] &

SAMFE A st

KeX
=

Smoking

bele.

)

GO AL p<005 FEORE

—
fite)



2. 2208 49

FURRAUAN 22 E AAE TRAARGANN QAT o &AYE

ﬂl

A& AFAol Al sl AFHH, stEAT & FUALL o] A A o7t &&
SI=E ol Jal YAAE 8o g A4S HtEA] F45EE a9
B oAgs AgFEdste A 9939 IRB A9 WA (JINU-IRB—2019-018)

Fele o} Fastglth



a7 23

AT E 194 ol A9l 3738W S diFem AN ow, ATt
AU RY TtEAE Foe Ay Al
Al 1,870 (50.0%), A+ 1,868 (50.0%) 0.2 Z}7t Bl &0 F U AL,

E= 4074941 9F 50759419 AR E Zh2E 7747 (20.7%), 7468 (20.0%) 2
o, 3073941 6749 (18.0%), 197294 6577 (17.6%), 6076941 4709 (12.6%), 704
o] 4157 (11.1%) <=oldrk. 2elal AFA Ao Ag A9 tdArt 31807
(851%) o= HthrE AASFL i g WA o] 509 (13.6%), @ Fs o] 497
(1.3%) wollem, 39 FF2 e o] ito] 18389 (49.1%) = 7Hd wWeki il

= 1,116%(29.9%), 5& olsk7k 7837 (21.0%) <ol At

Lo
M
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=
2
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Table 2. General characteristics of the study subjects

_’]D_

Weighted Number of
Variables | Categories | specimens S.E unweighted % S.E
number(N) specimens
Male 1870.696 59.089 1639 | 50.0% 0.8%
Gender female 1868.291 | 45.404 2099 | 50.0% 0.8%
Total 3738.987 | 88.284 3738 | 100.0% 0.0%
19-29 657.086 | 56.297 276 | 17.6% 1.2%
30-39 674.411 45.950 536 | 18.0% 1.2%
40-49 774778 | 46435 614 | 20.7% 1.1%
A
9¢ 50-59 746224 | 40.839 872 | 20.0% 1.0%
60-69 470.636 | 23.148 923 | 12.6% 0.7%
70 years 415852 | 28493 517 11.1% 0.9%




of age or
older
Total 3738.987 88.284 3738 | 100.0% 0.0%
City area 3180.358 | 72.767 2619 | 85.1% 1.3%
Town area 509.276 55.923 578 13.6% 1.3%
Residential | Coastal
esiaentia areas 49.095 10.827 218 1.3% 3%
area Heavy metal
measuring 257 029 323 .0% 0%
network
Total 3738.987 88.284 3738 | 100.0% 0.0%
Less than
junior 783.553 36.744 1255 | 21.0% 1.2%
high
- high 51.040 173 | 29.9% 1.1%
Education school 1116.738 . -270 - 170
onwversity | 1838606 86663 1310 | 49.1% 1.6%
Total 3738987 88.284 3738 | 100.0% 0.0%
S.E.: Standard error
A7 WgAel AZPHs Awd 54¢ 24 A% BMIE 44w
(BMI<25)°] 62.2%(2,3249), ¥]7FH(BMI>25)2 37.8%(1,4149 )2 A dto] v
= A Aok Fd9 A HFAATT 61.8%(2,309% )= 7H ki d A
FAATL 19.6%(733%), H7 FAAE 186%(695%) oAk seke] A%
B 83 geEve A7t 89.7%(3,354 )2 tFEola, FH dFd o]y
AL, 25, 27T o= AFATHE WA7E 86.6%(3,2378) =tk A
o2 ZAE A} (Table 3)

Table 3. Health behavior and eating habits of study subjects

_’]1_

Weighted Number of
Variables | Categories | specimens SE unweighted % S.E
number(N) specimens
Normal 2324576 | 75.507 2196 | 62.2% 1.0%
BMI Obesity 1414411 | 43957 1542 | 37.8% 1.0%
Total 3738.987 | 88.284 3738 | 100.0% 0.0%
Smoking | hon. | 2309.641 63648 2385 | 61.8% 0.9%




Past
smoker 695.778 | 27.937 755 | 18.6% 0.7%
Current 733.568 | 43.177 598
emoker 19.6% 0.9%
3738.987 88.284 3738 0 0.0%
Total 100.0%
3297
Taking No 3354793 | 82431 89.7% 0.7%
Chinese Yes 384.194 27972 441 10.3% 0.7%
medicine
Total 3738.987 88.284 3738 | 100.0% 0.0%
Intake of NO 501.876 44.657 484 13.4% 1.2%
fish, etc.
within Yes 3237.111 90.630 3254 | 86.6% 1.2%
the last
week Total 3738.987 88.284 3738 | 100.0% 0.0%

2. Qigxel 44, HEdd 2 s & Hlid

ol g FHelss] 9lsho]

M

A7etA B wE fe FRE Fme &
t-test®} ANOVAE AAIg A3+ Table 4, 59 2T

g5 729 A¢ AdHolA = oAH2.7513 ug/L)dl Hl& FAH4.2237 ug/L)7}F
o stAl =R (p<0.001), AR el A= 1972941 -8 507594 744 = 17 o]
al

(p<0.001), 604 o] FHHE= dF & &7

-

H

£

254 FolEs A@ol e ALz FJAEHAT o= yolrt oAM= N
ol

o]
=l Ao dds =, AR 9 29
2

-

]

(2012)¢] A PFAFoA dAelo] BS&F SE Ao Hadl
LF L9 Afolx: o2H0.4640 ug/L)ol w3l H2H0.5564 ug/L)7F 2l skA
ES Aoz YEG I (p<0.001), dHE AN E dF 53 vk A 197294
B 5009M 7R = A #o] FrteE foldA SFstal 3 (p<0.001) 604

1=
FEE 234 ZED it Ao® B4

Table 4. Levels of heavy metal concentration by gender and

rn

(EFug/L)

age( blood mercury )

_12_



(o)
Variables | Categories | Estimate S.E. 5% © P-Value
Lower Upper
Male 42237 | 0.12832 3.9705 4.4769
Gender 0.000
femnale 27513 | 0.07622 2.6009 2.9017
19-29 22104 | 0.11494 1.9836 24372
30-39 34913 | 0.15494 3.1855 3.7970
40-49 37378 | 0.13131 3.4787 3.9969
Age 50-59 41749 | 0.18556 3.8087 45411 0.000
60-69 40284 | 0.17192 3.6891 4.3677
7
Ofoagfeafgr 3.2821 | 0.22290 2.8422 3.7220
older
95% CI @ 95% confidence interval
Table 5. Levels of heavy metal concentration by gender and age
(EFug/L)
( urinary mercury)
(o)
Variables | Categories | Estimate S.E. 5% P-Value
Lower Upper
Male 0.5564 | 0.02358 0.5099 0.6029
Gender 0.000
female 04640 | 0.02067 04232 0.5048
19-29 04789 | 0.05027 0.3797 0.5781
30-39 0.5801 | 0.03456 05119 0.6483
40-49 05360 | 0.03313 0.4706 0.6014
Age 50-59 0.5564 | 0.03126 0.4947 06180 | 0.001
60-69 04888 | 0.02525 0.4390 0.5386
7
Ofoagfeafgr 04209 | 0.02777 0.3661 04757
older
3. DIAIRES] HFX|HYE 2 55 £F H|2
FAGL J1EoR @ AT tgRte] AFAG e £ FEE v FF
AolE AT Ad, AFAGURE FF £ A AAFAA A =n




Table 6. Heavy metal concentrations by residential area(By City area)

- blood mercury

FREEYY> FAG> §UAY £O0B EFAT KA Aol
tho 8% ool A9 Al tha B
sl Aoz FRlE Atk Table 6, 7).

(EFug/L)

Residential Mean SE 95% Cl| P-Value
area Lower Upper

Town area 3.2498 0.20421 2.8469 3.6528 0.229
Coastal areas 44711 0.59299 3.3009 5.6413 0.118
Heavy metal

measuring 3.7838 0.45049 2.8948 4.6727 0.573

network

City area 3.5233 0.09673 3.3324 3.7142 -

Table 7. Heavy metal concentrations by residential area(By City area)

- urinary mercury

(EF:ug/L)

. . o
Residential Mean S.E. 25 d P-Value
area Lower Upper
Town area 0.5985 0.04887 0.5021 0.6949 0.083
Coastal areas 0.5229 0.07726 0.3705 0.6754 0.838
Heavy metal
measuring 0.5404 0.07330 0.3957 0.6850 0.657
network
City area 0.5065 0.02014 0.4668 0.5463 -
4. oty S4 212 dHo ME 85 2 sx0l D= dg
A5 FLERE o9 2% (4T A9 B%(ALABE)Z o B (/)F T
FEWFE sto] dWE 543 A% Aee] wE A9 FEo FF FoEmo
M GFRAL HE] flstel RA~E ARG AN on], 1 A
+ Table 83 Zth w3k 2X2Y IARA Al 2 F=o TS 1A F U=



(T
k1
HE
1%
ftlo

Gender, Age, Smoking= FAWTZ A, @552 v
Eto] AARYASFE FAsta A-aty 77t 25%¢ &

sho] &4 3helch.

ot
oo
ol
D)
il
rE
al
fr
AC)

Table 8. Logistic regression analysis for analysis of the impact on blood
mercury concentrations according to general characteristics and health (EFRlug/L)

behavior adjusted by sex, age, smoking

(o)
Variables Categories Exp(B) 2o (G P-Value
Lower Upper
3.701 2411 5.682 .000
Gender Male
female 1.000 i} i} i}
70 years of 3.543 1.668 7.526 .001
aae or older
60~69 9.506 5.379 16.800 .000
Age 50~59 9.940 5.252 18.812 .000
40~49 8.332 4462 15.559 .000
30~39 6.365 3.245 12.483 .000
19~29 1.000 - - -
Town area .768 454 1.300 324
. . Coastal areas 1.778 .804 3.932 154
residential H
eavy metal
area measuring .951 470 1.923 .887
network
City area 1.000 - - -
BMI Obesity 1.708 1.291 2.260 .000
Normal 1.000 - - -
Current 1.603 999 2.572 .050
ki smoker
Smoking  pact smoker | 1.661 1.039 2,657 034
Non smoker 1.000 - - -

Ao A= ozt wa] FAvE dEee A9l 25% (e da)el £ 8 E o
3.701¥0 FrelskAl =9k a(p<0.001), A=

30tholl A FEl S0t 7k A el A4 ® Fo] dF L& LTl £F FE
6.36579.940u ol StAl =AAINE 604 o] FH-E = el £ FE] tha
S e gEr 22 Ao 245 AT (p<0.001).
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Table 9. Logistic regression analysis for analysis of factors affecting

n

mercury concentration in blood according to frequency of seafood (EFRlug/L)

r

intake adjusted by gender, age, smoking

indepeniaent | Categories Exp(B) Cower T Upper P-Value
Intake of Yes 3.375 2119 5376 0.000
fish, etc.
yothin She No 1.000 ; ] ]
More than 1229 746 2023 416

_ once a week
Large fish 1-3 times a

1.353 946 1.935 .097
and tuna lmonth
Almost no
eating 1.000 . i ]
More than
once a week 8.427 5.207 13.639 .000
fish 13 1
75 imes @ 3476 1935 6.245 .000

month
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ametne [0 | - |- -

More than | 3814 2213 6.573 .000

Crustaceans | 73 Umes a | 5 0gs 1.499 2,901 .000
Amestoa | o0 | - -

More than | 2106 1.081 4105 029

Seaweed = 13 UMeSa | 50p 988 4097 054
Mmoo g | -

More than | 2621 1.770 3.881 .000

Shellfish | 173 imes @ | 1 gg3 1.346 2.634 .000
Amestoa | o0 | - -

More than | 2229 1455 3415 .000

S:ftird 13 times a | 1 486 1.020 2.164 039
Amoseo | o0 | - -

d
i
o
&
N
N
o0
o~

274, 3.8149) el ekAl = SkvH(p<0.001).
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Table 10. Fishery safety standard in other countries

By .
Country JAPAN USA EU Canada Australia
. - General seafood: 0.5ppm - 0.5ppm .
Methyl mercury : 1.0ppm -
Total mercury: 04ppm / lry PP - 18 spedies indluding sharks, | (Excluding  sharks, tuna and gkr\l;ﬁ‘?sc:anSS:Er: mollusis,
Total or less tuna and eels : 1.0ppm billfish) T

mercury Methyl mercury: 0.3ppm

(Excluding deep-sea seafood,
freshwater fish, and tuna fish)

- Sharks, tuna, rays : Tppm

Atz =X AoH (2019). S8iE H7|= HiZsHSel ogE A &2 A 2|4 S5 2 s £9 A1 THUust 4ARte] =&
Table 11. Fishery safety standard in Korea 2020
Target foods Mercury(mg/kg) Methyl mercury(mg/kg)
Fich 0.5 or less 1.0 or less
(Excluding deep-sea fish, tuna and billfish) (Only in deep sea fish, tuna and billfish)
mollusks 0.5 or less -
Crustacean - -
seaweed - -
Frozen fish head 0.5 or less 1.0 or less
(Excluding deep-sea fish, tuna and billfish) (Only in deep sea fish, tuna and billfish)
Frozen fish intestines 05 or less 10 or less
(Excluding deep-sea fish, tuna and billfish) (Only in deep sea fish, tuna and billfish)

Az X ASAGFOEN. 2020, TAFST (2. AFEH0 et 571 & 74 » 3. A4S 7|1 A 74 » TEHIE(=U2)
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ABSTRACT

Blood Mercury Concentration by the Frequency
of Fish and Shellfish Consumption in

Korean Adults

Nam-Yong Kim

Department of Public Health
Graduate School of Public Health and Welfare JeJu National University

(Supervised by Sung-Chul Hong)

Objectives: While fish and shellfish occupy a great deal of the diets of
Koreans, they can contribute to mercury intake as they are easily exposed to
heavy metals due to industrial development and marine pollution. Thus, it is
necessary to prepare standards for consumption of seafood including fish and
shell fish, along with countermeasures to prevent damage. Recent
investigations have shown that the blood mercury concentration in Korean
adults is 2.75 pg/L, which is 3.3 times higher than 0.814 ug/L in American
adults. This study intends to provide basic data to be used to reduce damage

and promote healthy diet.

Methods: This study used the 1st Korean National Environmental Health

Survey to identify the general demographic characteristics, health behaviors,

_28_



and dietary habits of the subjects. To compare and analyze the concentration
level of heavy metal (mercury) by demographic characteristics, this study
analyzed the data of 3,738 adults over the age of 19 to find out the factors
affecting the concentration of mercury in the blood according to the frequency
of seafood consumption such as fish and shellfish. In addition, a logistic
regression analysis was conducted by treating respondents belonging to the
lower 25% (normal group) and the upper 25% (high-risk group) of the

dependent variable as dichotomous variables.

Results: Gender and age, BMI, smoking, dietary habits such as consumption
of fish within the last week, and frequency of seafood consumption including
fish, crustacean, seaweed, and shellfish were found to have significant effect

on blood mercury levels in Korean adults.

Conclusion: At the personal level, active efforts to practice healthy lifestyles
such as quitting smoking and exercising seem necessary to improve dietary
habits and prevent obesity from the early adulthood. At the national level,
based on the results of this study, a differentiated strategy is needed to
protect public’s health, such as appropriate preventive education and measures
to reduce the risk of marine pollution and exposure to heavy metals, and to

prepare standards for the seafood consumption such as fish and shellfish.

Keywords: Frequency of fish and shellfish consumption, blood mercury

concentration, body mass index (BMI), smoking, seafood, Korean National

Environmental Health Survey, heavy metal, high-risk group
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