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A Study on Mercury Exposure Levels among Schoolchildren and
Related Factors in High Mercury Exposure Areas in Korea

Dae Seon Kim, Young Min Kwon', Hee-Ung Chung, Sang Hoon Nam, and Seung Do Yu

Environmental Health Research Department, National Institute of Environmental Research

ABSTRACT

Objectives: Blood mercury levels among adults living in certain areas of the Gyeongsang Provinces have been
shown to be very high (Kunwee County 29.6 ug/L, Yeongcheon-city 26.7 pg/L). The purpose of this project was
to determine mercury exposure levels in schoolchildren and factors related with their mercury levels in high
mercury exposure areas identifyed by the 2007 Korea National Environmental Health Survey.

Methods: From June to September 2010, 1,097 students from grades 3 to 6 at 19 elementary schools participated
in this study, including 294 students from 10 elementary schools in Kunwee County, 529 students from
Yeongcheon City, 122 students from two elementary schools in Pohang City, North Gyeongsang Province, and
152 students from two elementary schools in Ulsan Metropolitan City. Biological samples from schoolchildren,
including whole blood, urine and hair, were collected to measure total mercury at the time of a health check up.
Information about children was collected by questionnaire. Total mercury concentrations in blood were measured
using the Direct Mercury Analyzer 80 with the gold-amalgam collection method.

Results: The mean mercury levels were 2.70 pg/L in 1,091 blood samples, 2.25 ug/g-creat. in 820 urine
samples and 1.03 pg/g in 1,064 hair samples. Blood mercury levels in the schoolchildren was slightly
higher than the result of 2.4 pg/L from a 2006 survey of elementary school children on exposure and health
effects of mercury by the National Institute of Environmental Research. However, 0.3% and 4.5% of
participants exceeded the reference level of blood mercury by CHBMII (15 pg/L) and the US EPA (5.8 ng/
L), respectively. The reference level of urine by CHBMII (20 pug/L) was exceeded by 0.4% of participants.
As factors, residence period in the study areas, residence type, father’s education level and income all
showed significant associations with mercury level in the biological samples. The number of dental
amalgam sides showed an association with urine mercury. Fish intake preference and fish intake frequency
were important factors in mercury levels. In particular, intake of shark meat and recent intake of shark meat
were associated with higher mercury levels. In this regard, participation in the performance of an ancestral
rite showed a relation with higher mercury levels.

Conclusion: The intake of shark meat was very important factor to high mercury exposure level. It is

recommended to monitor and manage students with high mercury exposures who exceeded CHBM II and EPA
guidelines, and include blood mercury testing in the Children’s Health check up for this province.
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Table 1. Number of participants by tests

Partici- Questi-
pants onnaire

A 23 23 23 23 21 23
B 92 92 92 91 91 92
C
D

Area Blood Urine Hair Amalgam

13 13 13 13 13 13
19 19 19 19 19 19

Kunwee E 13 2 11 13 13 13
county F 26 26 26 24 25 26
G 21 21 21 21 18 21

H 43 43 43 43 39 43

I 36 36 36 35 36 36

J 8 8 8 8 8 8

sub total 294 293 292 290 283 294
K 94 94 94 94 93 94
Yeong L 96 9% 96 95 92 9
cheon M 109 109 109 107 101 109
city N 110 110 110 110 110 110
O 119 118 117 119 112 119

sub total 528 527 526 525 508 528
Ulsan P 72 71 N N
city Q 80 80 8 80 80 80
sub total 152 152 151 152 152 152
Pohang R~ 99 99 98 99 98 99
city S 24 24 24 24 23 24
sub total 123 123 122 123 121 123
Total 1,097 1,095 1,091 1,090 1,064 1,097

I
¢

2. 29| MY =ETE

A 22X =53 1,097
(99.6%), £ 8207 (74.9%), &1 1,064”3(97.1%)91
TT2E BAs e, AR 747t 270 ug/L,
2.25 ug/g-creat, 1.03 ug/g, 71818 247+ 2.37 ug/L,
1.55 ug/g-creat, 0.85 ug/g ©|3ch.

A 25IEY] F2EEE Y AdARY
B $193] (human biomonitoring, HBM) % ©]= %}
737 (environmental protection agency, EPA)IIA] A4
Sk 71t vlas] Boks w, HBMII 23] 3t
2= ) 2 2 747t 39(0.3%), 378(0.4%)°)1
EPA 1% Z3A= A 499 (4.5%)= UFERSITEH

Z g 1,0919

3. MEXAE S8 UF 20184
D) AV FEI Fe wE5E
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Table 2. Mercury concentration in biological samples

Blood(ug/L) Urine(ug/g_cr) Hair(ug/g)
N AM. SD. GM. 95% CI. N AM. SD. GM. 95% CI. N AM. S.D. GM. 95% C.L

Contents N

Kunwee

county 294 292 2.65 1.55 237 2.25-249 224 1.67 1.89 1.18 1.08-1.34 283 0.97 0.68 0.83 0.75-0.87

Yeong cheon
city
Ulsan city 152 151 2.11 0.88 1.96 1.84-2.08 138 1.35 1.18 1.05 0.94-1.18 152 0.68 0.30 0.62 0.59-0.68
pohang city 122 122 245 1.73 2.18 2.02-2.35 111 1.57 1.22 131 1.19-147 121 0.88 0.62 0.76 0.68-0.83

Total  1,0971,091 2.70 1.78 2.37 2.31-2.44 820 2.25 2.64 1.55 1.47-1.64 1,064 1.03 0.86 0.85 0.82-0.88

529 526 296 2.03 2.56 2.45-2.67 347 3.19 3.40 2.26 2.09-2.49 508 1.21 1.05 0.96 0.90-1.03

Table 3. Number of exceeds to mercury standards

HBM 1 HBM 1I EPA

N AM. GM. Reference Exceed Reference Exceed  Reference  Exceed
value N (%) value N (%) value N (%)

Blood (ug/lL) 1,093 270 237 5 72 (66) 15 3 (03) 58 49 (4.5)
Urine (ug/g_cr) 822 225 1.54 5 70 (85) 20 3 (04) * £ %
Hair (ug/g) 1,066 1.04 085 * * * * * *

Table 4. Mercury concentration by dental amalgam sides

Classification Less than 5 More than 5 Total p-value
Blood GM. (N) 2.41 (256) 2.50 (168) 2.45 (424) 0.49
(ug/L) (AM.£S.D.) (2.81£2.01) (2.83£1.91) (2.82£1.97) ’
Urine GM. (N) 1.83 (195) 2.82 (127) 2.17 (322) <001
(ug/g_cr) (AM.£SD.) (2.57£2.94) (4.061£4.24) (3.16£3.58) '
Hair GM. (N) 0.86 (252) 0.88 (162) 0.87 (414) 0.60
(ng/g) (AM.£S.D.) (1.11+£1.08) (1.08+0.96) (1.10£1.03) '

Table 5. Mercury concentration by residential environment

West K Multifl Apartment
estern orean ultiflex -
Below the More than  ETC. Total P

hy 1
type type ouse Sth floor  5th floor vae

Blood GM. (N) 245 (336) 2.48 (151) 230 (153) 228 (91) 2.39 (307) 2.38 (171) 2.40 (1209)
(MgL) (AM.£S.D.)(2.77+1.62)(2.831.85)(2.58+ 1.45)(2.62+2.02)(2.81 £2.17)(2.80£2.26)(2.76 + 1.91)

Classification

0.07

st;izzcc Urine  GM. (N) 1.59 (242) 1.44 (101) 1.59 (125) 1.39 (70) 1.62 (244) 1.54 (133) 1.56 (915) 0.01
types (ug/g_cr) (AM.£S.D.)(2.34+2.55)(2.01£1.82)(2.47£3.99)(1.88£2.23)(2.33£2.29)(2.30£2.49)(2.28 £2.63)
Hair  GM. (N) 0.86 (331) 0.90 (140) 0.81 (1.48) 0.80 (92) 0.86 (299) 0.88 (166) 0.86 (1176)<0 o1
(ug/g) (AM.£S.D.)(1.05+0.85)(1.09+0.84)(0.98+0.70)(0.96+0.70)(1.08 £1.06)(1.10£1.10)(1.05£0.92)
Classification Below 1~3 3~5 5~10 10~12  More than otal p-
lyear year year year year 12 year value

Blood GM. (N) 2.05 (47) 2.39 (204) 2.30 (205) 235 (290) 2.30 (170) 2.62 (164) 2.36 (1,080)
Residence (ML) (AM.+S.D.)(2.25%1.03)(2.67+1.54)(2.61+ 1.81)(2.68+ 1.74)(2.54+1.36)(3.14+2.43)(2.69+ 1.77)
period in Urine GM. (N) 142 (39) 1.68 (15) 140 (148) 1.56 (229) 1.62 (127) 1.46 (116) 1.54 (812)

survey (Ug/g cr) (A.M.£S.D.)(1.91+ 1.46)(2.47£2.71)(2.16%3.06)(2.25+2.96)(2.30£2.19)(2.09+ 1.98)(2.24 +2.64)

aea  Hair  GM. (N) 0.71 (47) 0.83 (201) 0.82 (201) 0.86 (279) 0.82 (166) 093 (160) 0.84 (1,054) , 1o
(ug/g) (AM.1S.D.)(0.8310.48)(0.98+0.73)(0.97+£0.82)(1.07£0.91)(0.98+0.70)(1.20+ 1.13)(1.03 £0.86)

0.02

0.39
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Table 6. Mercury concentration by food intake
Classification Like Common Don’t like Total p-value
Blood GM. (N) 2.57 (498) 223 (492) 2.03 (89) 237 (1,079) <001
(ugl)  (AM.3SD.) (2.97+2.08) (249+145) (2.28+1.28) (2.70%1.77) :
Fish intake Urine GM. (N) 162 (357) 147 (386)  1.56 (68)  1.54 (811) 028
preferemee  (Ug/g cr)  (AM.:S.D.) (2.38+2.80) (2.12£230) (2.29+347) (2.25+2.64) :
Hair GM. (N) 0.92 (488) 0.79 (480) 0.71 (85) 0.84 (1,053) <001
(ug/e)  (AM.£SD) (L.I3£1.00) (0.95+0.71) (0.8610.66) (1.03+0.86) :
Classification <lItime weekly  >1time weekly Total p-value
Blood GM. (N) 227 (545) 2.52 (474) 238 (1,019) 001
(ug/L) (AM.£S.D.) (2.61£1.82) (2.8511.78) (2.75£1.80) '
Fish intake Urine GM. (N) 1.51 (407) 1.62 (356) 1.56 (763) 022
frequency  (ug/g cr) (AM.:SD)  (2.14+2.46) (2.41£2.92) (2.27£2.69) :
Hair GM. (N) 0.52 (529) 0.88 (467) 0.85 (996) 0.05
(ug/g) (AM.£S.D.) (1.01£0.88) (1.06£0.86) (1.03£0.87) ’
Classification No intake group  Intake group Total p-value
Blood GM. (N) 2.13 (661) 2.79 (409) 2.36 (1,070) <001
(Mgl)  (AM.SD)  (234%1.11) (3.28£2.40) (2.70£1.78) :
S%ﬁgm Urine GM. (N) 136 (508) 1.91 (295) 1.54 (803) 001
+ + + + )
oreforence (ML) (AMASD)  (201+248) (2.67+2.87) (2.25+2.65)
Hair GM. (N) 0.74 (651) 1.05 (393) 0.84 (1,044) 001
(Mg/e)  (AM.£SD)  (0.85%0.55) (1.32£1.14) (1.03£0.86) :
Classification After 1 week Within 1week Total p-value
Blood GM. (N) 2.77 (358) 3.38 (23) 2.80 (381) <001
) (ug/L) (AM.£SD.) (3261242 (3.98£2.87) (3.31£2.45) '
Z;,[“;re :}:Z’r‘]f Urine GM. (N) 1.89 (263) 3.06 (12) 1.93 (275) 001
+ + + + ’
et e Mg o) (AM.ASD)  (265+2.96) (3.52£2.09) (2.69£2.93)
Hair GM. (N) 1.05 (344) 1.19 (22) 1.06 (366) 001
(ug/g) (AM.£S.D.) (1.33x1.16) (1.49£1.23) (1.34£1.17) '
Classification No intake <ltime weekly>1time weekly Total p-value
Blood GM. (N) 2.87 (8) 243 (386)  2.35(653) 2.38 (1,047) 0.99
(ug/L) (AM.£S.D.) (3.22£1.65) (2.80+£2.07) (2.68+1.67) (2.73£1.83) '
Frequency of Urine GM. (N) 1.55 (7) 1.52 (286) 1.58 (495) 1.56 (788) 0.19
meat intake  (ug/g_cr) (AM.:SD.) (1.94+1.63) (221+2.67) (2.31£2.68) (2.2742.67) :
Hair GM. (N) 152 (7) 086 (375) 0.83 (637) 0.85 (1,019) 007
(ug/g) (AM.£S.D.) (1.84%£1.17) (1.05+£0.90) (1.02+0.85) (1.04+0.87) ’

http://mwww.kseh.org/
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Table 7. Mercury concentration by the preference meal

Classification Vegetable Meat Fish ETC Evenly Total p-value
Blood GM. N) 221 (86) 227 (293) 251 (67) 2.07 (62) 2.52 (566) 2.40 (1,074) 0.16
(ugl) (AM.£S.D.) (2.38+1.01) (2.60£1.70) (2.82+1.55) (2.27£1.16) (2.91£2.03) (2.74+1.82)

Urine GM. (N) 149 (58) 142 (232) 1.55 (49) 1.41 (46) 1.66 (421) 1.55 (806) 0.03
(ug/g_cr) (AM.£SD.) (2.08£2.02) (2.04£2.30) (2.21£2.19) (2.43+4.17) (2.42+2.77) (2.2712.66)
Hair GM. (N) 079 (86) 0.81 (283) 081 (67) 0.73 (59) 091 (551) 0.85 (1,046) <001

(ug/g) (AM.£S.D.) (0.90+0.50) (1.01£0.86) (0.93+0.68) (0.84+0.50) (1.12+0.97) (1.04:+0.87)
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Table 8. Mercury concentration by social & economic variables
<0 - —
Classification <Middle high Senior high >College Total p-value
school school
Blood GM. (N) 2.84 (89) 2.25 (615) 2.40 (326) 235 (1L030) oo
. (ugl) (AM.XSD) (348%290)  (252%155  (272%166)  (2.67+1.76) ‘
;aﬂ;:trez Urine  GM. (N) 1.62 (57) 1.49 (489) 156 (235) 1.52 (781) 065
1l:>ve1 (ug/g_cr) (AM.£SD.) (246+2.76)  (2.1842.77)  (2234236)  (2.2242.65) '
Hair GM. (N) 1.04 (89) 0.81 (596) 0.83 (322) 0.84 (1,007) <001
(ug/e) (AM.£SD.) (1.38%1.34) (0.96£0.75) (1.02£0.84) (1.02£0.85) '
Classification <2million won 2-4million won >4million won Total p-value
Blood GM. (N) 2.39 (355) 2.32 (468) 2.37 (189) 2.35 (1,012) 061
(ug/L) (AM.£SD.) (2.7211.72) (2.65£1.82) (2.66£1.55) (2.68%1.73) '
Income | Urine GM. (N) 1.51 (255) 1.47 (363) 1.80 (145) 1.54 (763) 0.03
(ug/g cr) (AM.4SD) (225+2.70)  (1.99+193)  (2.88+3.89)  (2.25+2.68) :
Hair GM. (N) 0.85 (340) 0.82 (459) 0.83 (188) 0.83 (987) 0.6
(ug/g) (AM.+SD.) (1.03+0.83)  (1.01+0.86)  (1.00+0.79)  (1.01%0.84) '
Classification Yes No Total p-value
Blood GM. (N) 2.38 (825) 2.32 (254) 2.36 (1,079) 0.46
o (ug/L) (AM.£SD.)  (2.78£1.88)  (2.39+139)  (2.70£1.77) :
P;’:;ﬁﬁ“";otro Urine GM. (N) 159 (619)  138(192) 154 811 002
ancesg)r (ug/g_cr) (AM.£SD.))  (227£253)  (2.15+297)  (224+2.64) '
Hair GM. (N) 0.86 (303) 0.80 (250)  0.84 (1,053) 0.10
) (AM.#SD.)  (1.06£0.92)  (0.94+0.63)  (1.03+£0.86) :
Iv.1 & = ATSDROIA 7~194] olo]&& o2 ZAKS
A% 139 ug/LE Rt
2007 SFOA A=How A F= A AL T A7 FREE ofdH AEHT
ANE F FlEd Ae2Ab oA vehd 72 7t BEE AN E T 27 HaE E4
AeE: A W 25 FReEFed 1439 Uelgon, 8 & F2sxe 5AFeR Rt
FL el AAE B 2D, A% 29 Aok ALk ARSHeR ok BgsY, @
T QAA, A W LRGN 1) 25Fa oF L ulE 8§ oy, oAl HFolr, 1
10079 2EEY Bt FowE £ES YF FA Fol £ ww Fs YL vAHE
2.70 ug/L, 8% 225 ug/g-creat. 2 YET}H ol& okttt ol# gk Ay= ek g xS TF
20079 =9l AR F feled dejAb 22t & =4 7 Fde] o 4zl AFE HIR
X RS Adlo]l A=tol Hls| oF 7-8ul THE FH T LEE F2ol HEE FoAk
7FE =4 vehd A3 ol g FEE HolA S} o], ghefE-g o2 el AW F25%=7t 57t
egtom » 2006 =S A3 oF 2,000 & 7hsrgdol Advkal dEA JAREY E Al
o] ZEIES R AN S A+d e = 285 ST
dF F2EE2.42 ug/Lyel Hlal oF 10% A% = AT 7S, dE5FE AFF gAlg) E o}

ATHP<0.01)." =] AT F 19999FE 2002
o] v]=+ NHANES (National Health and Nutrition
Examination Survey)e] ZAFA3} 1~54] frole] &
Z FLFEE 221 ug/l, 32 34 o)A o5&
S o E AR BF F25EE 3.5ugl, Yl

T 0 -1

http://mwww.kseh.org/

FesEr} BOR AT A3t
87349 2910] e} +-8%

Holz] Tt

J Environ Health Sci 2015; 41(4): 231-240



X
o
2
|o
fu
s
o
X0
i

)
o

iy oo m
i

o a
Fstke w3E 2t e, AAeE 24
o] ZAPA R, Aol gt SHE A
$7F Fodslx] gerty $HI AR 7+ A

Ny
v
R
E‘%
2
o,
&
H
o -
X
M
{12
i)
o

2o oJaf AdE BT ROS)S HER 7t
AA e Haslshe A o
W 8 5 S WERIA G EHIE, viEr
RIC-E 5) 58o4el me s2eEs dvd 4
I, H8w3t vag i
SJsiAl A 23kt

diro s Jole FR7E st sAE=e]

oAkl Slof HAge] 24
oAl ol 914

o)

2R

o}

FENT} ES FeEEE LEl glor, 4
=1 =]

=

=

o
o
o
3
f
K
N
N
¥0
32

=
)
2
&
rlo
off
k1
1o
N
o
)

(IR}
n
r_q oL
QL
2
oz
Ee)
L
o

Aske olFER L Aole] oAl o] - e - 4

Sl ool 79w ohy)
HAZ AASES s k.
[e3]

7] AFe FEE due o), AEookE

J Environ Health Sci 2015; 41(4): 231-240

Ol 7
oM dnk o Fe] T2 T 715S 0.5 g,
A ol 7ol WErS 3 7IES 1.0 ugel®
gatar Aok

B A AR SAA5E, dolar] A
FoIf B HFHAA7] Tl B3l 2ARIeH, Adojar
717F AREEIE AIZIQL AAE 3] 9 ARSI 5
o tial Al Ak B A7Ad, AR

oy X
N ol o
- -

A 8L AASIEE ZARE A3t Al o
she A% ekt Skeke ZoR vepdow,

A

Z3%Fo] UEpskth 3k dolarE AFHE A9 %
AFAZZE Hedes F2ERrt H oA Hebs
t}. o]&3t Z3}+= European Commission 2 USEPA
T =] Aol skl Brial 4zl Ao

7] AFE g Foletar dAdkE, S A

AR AT £ ZAPA I} XL
= Felol e AYAA

=
N
fru
N
N
17
> r
o
1

ugom, oplE F2 HHAske TN S
Fuke gos zAE ol ok % 3
AN} DolAfrE P 22017} Yol

o

Lo Wil xR oy K
L
N
ox
__)‘4_:‘1
>

ET= 886 T+-o—

2
X
N
Lo
2
-+
ih
o
o
il?z
<
o
ot
o
f

]
>
%0
i)

jur)
1ojzrﬁ;ﬁlkgjgm:ri
B oo @2 o B =
ol m—'r‘“ rlr - m _wnl'lo{'*
z—lmém]qtm—\.ir]ﬂrﬁ
N oz o @og
oo Lo
i FUE ol ﬂ’ n:loll r\] é
P i )
ro_u]omloml
O
, ol
B o
[._mméié o
OElO"_]}iOl‘\-'
*Dl%lorlf
oo gy
_‘Iﬂ ou;loé
;ﬂh%g
HiE s b o
2l
BEY
N, 0 ¥

Jo ﬁ "
)
o

),
J
&
&
rlo
off
[t
N
H

i< A T
i
N
4N
o
v
I
2
Mo
v
<
in)
:“J“
R
it

(o3
ot
)
o
i
T
pacs
o
H
At
e
1o
> Yy 2 30

http://www.kseh.org/



o e
|8 - ayE

lol

2 - Aol - F

(i — o

25T 239

n
rl.‘o
i

3 AnE JepiA 93 vk oh,

"ol Q= Ao pehd 2olsh

A% % HBMI 23} ob5Eo] 9

RN = REOES
i

3@
lo

oo i
o
s

K
I r
e
)

!

2

=

N
(o]

12
B
ol
e
o
il
O
br
iy
j%
HN
rlo
o
12
)
32
o
g =

j
H

o1F A9l A%H 2 B BAe]

.
R RECEEDES SRS
=
)

fo KO i adt

(o}
[N

oY 1% |o
™ N

MR o)

i b

Kot

o
>
>,
ox I
o
9
e
o
A
ol
f
l-Otl
)
o,
2
X
RN
off
o

o
NN
o
HF
)

oy
D )
g
o W

fo r2
B
ol
0 o 4

o
lo,
r
[
& 9
12
Qﬂ
N

4
rlo

Rl

i
oy, of
o
kg
A,
12

o
=
B
ojf

g
il
1;‘)1_1{
i)
:-L
BN
>,
Y
12

o
lo

2

;)

o

off (o o i e
T
W g
SN
e e o=
o py >
o H
S e ol
rL
n ?1;
£ep
T opy e
o oo dr 1o ok Kl ro

o
oz
A
)
El
ol
8

[o

i
Hir
X
<
o
ue
=
o 1
)
X
o
o H

A

o

¥

rlo
iz o i
) i
o~ 4y
L2 = N
L N
T Ky
=2 [
S5
N -
ﬁ =
o g M
e =

kb
il
rO
i
rr
9
=)
)
W
)
¥
N
bo12)
o
),
J
o

A
WA G FLFET} Folah] Ekor], 5
Jol 7] 43 B AN Fesmel] Jakg
HRE Row tERde).
B Ao A%, 25 AR A SR
O

o =

o
£ xgelel mUEY 2 @

L)
e
oY
o
2
5
o
Ko

http://mwww.kseh.org/

10.

11.

12.

13.

14.

15.

. National

References

. Ministry of Food and Drug Safety. Study of vatious

types of mercury toxicity and development of biom-
arker from blood. 2008.

. National Institute of Environmental research. The

Korea National survey for environmental pollutants
in human body, 2007.

Institute  of Environmental research.
Assessment of mercury exposure and health in
Gyeongsangbul-do. 2009.

. National Institute of Environmental research. A

study on exposure and health effect of mercury(Il).
2006

. Agency for Toxic Substances and Disease Registry.

Review of mercury health services' blood mercury
data for selected parishes in Louisiana, various par-
ishes, Louisiana. Available: http://www.atsdr.cdc.gov/
HAC/PHA/variousparishes [accessed 28 January
2012].

. Ko RJ. Adulterants in Asian patent medicines. New

Engl J Med. 1998; 339: 847.

. Agarwal R, Goel SK, Chandra R, Behari JR. Role

of vitamin E in preventing acute mercury toxicity in
rat. Environmental Toxicology and Pharmacology.
2010; 29: 70-78.

. Al-Attar AM. Antioxidant effect of vitamin E treat-

ment on some heavy metals-induced renal and tes-
ticular injuries n male mice. Saudi Journal of
Biological Sciences. 2011; 18: 63-72.

. Kwon KJ, Sheen YY. Effect of vitamin C and GSH

on the Hg induced ROS. Journal of Environmental
Toxicology. 2008; 23(1): 33-39.

De Pinho AP, Guimaraes JRD, Martins AS. Total
mercury in muscle tissue of five shark species from
Brazilian offshore waters: effects of feeding habit,
sex, and length. Environ Res. 2002; 89(3): 250-258.
Grigg J. Environmental toxins: their impact on chil-
dren's health. Arch Dis Child. 2004; 89: 244-250.
Ministry of Food and Drug Safety. Methylmercury
in foods. 2007.

Kim CW, Kim YW, Chae CH, Son JS, Park SH,
Koh JC, et al. The effects of the frequency of fish
consumption on the blood mercury levels in kore-
ans. Korean J Occup Environ Med. 2010; 22(2):
114-121.

Ho MK, Lim YW, Lim JH, Yang JY, Shin DC.
Association between blood mercury concentration
and factor of health/life. J Environ Toxicol. 2006;
21(3): 229-238.

Jo EM, Kim BG, Kim YM, Yu SD, You CH, Kim

J Environ Health Sci 2015; 41(4): 231-240



240 $2 1k

2]

Rl ASBHO| +2E4FD BRI AT

JY, et al. Blood mercury concentration and related berg Environmental Health Survey(BW-EHS) from
factors ni an urban coastal area in Korea. Journal of 1996 to 2003: toxic metals in blood and urine of
Preventive Medicine and Public Health. 2010; children. Int J Hyg Environ Helath. 2007; 210(3):
43(5): 377-386. 357-371.

16. Link B, Gabrio T, Piechotowski 1. Baden-Wuerttem-

J Environ Health Sci 2015; 41(4): 231-240 http://www.kseh.org/



