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— Abstract —

Mercury Concentrations of Maternal and Umbilical Cord Blood
in Korean Pregnant Women: Preliminary Study

Kyung Eun Lee, Young Seoub Hong, Dae Seon Kim®, Myoung Seok Han?,
Byeng Chul Yu?, Young Wook Kim?¥, Mee Sook Roh®, Hyun Jae Lee?,
Jae Won Lee, Jong Young Kwak?, Joon Youn Kim

Department of Preventive Medicine, College of Medicine, Dong-A University, Ministry of Environment,
National Institute of Environmental Research (NER), Seoul, Korea?, Department of Obstetrics and Gynecology,
College of Medicine, Dong-A University?, Department of Preventive Medicine, College of Medicine, Kosin University?,
Department of Occupational Medicine, Masan Samsung Hospital®, Department of Pathology, College of Medicine,
Dong-A University?, Department of Occupational Medicine, Dong-A University Hospital®,
Department of Medical Research Center for Cancer Molecular Therapy, Dong-A University”

Objectives. To evaluate the level of maternal and prenatal mercury exposure and to analyze the related
factors.
Methods: Fifty-nine pregnant women were recruited into this study after obtaining informed consent.
Samples were collected at delivery from normal pregnant women who were living in the city of Busan,
Korea. Mercury concentrations in maternal and umbilical cord blood samples were measured using a
gold-amalgam collection method. The total and methyl mercury levels of 36 of the 59 pregnant women
were analyzed after randomization, and the results were compared.
Results: The mean total mercury concentration was 3.16+1.21 ppb and 5.43+2.22 ppb in maternal
and cord blood, respectively. The average, maternal blood mercury level was lower than the prescribed
toxic limit for human (WHO, 5 ppb), whereas the cord blood mercury was higher. The mercury exposure
level exceeded the WHO recommendation in 5 (8.47%) cases of maternal blood and 29 of (49.15%) cord
blood. There was a significant correlation between maternal and cord blood mercury concentrations.
Total mercury and methyl mercury concentrations of the 36 random pregnant women were 3.06+1.17
ppb, and 2.60+1.11 ppb in maternal blood, and 5.20+2.36 ppb, and 4.70+1.97 ppb in cord blood,
respectively. Methyl mercury accounted for 85.0% of the total mercury in maternal blood and 90.4% in
cord blood. There was a significant correlation between total and methyl mercury concentrations.
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Conclusions: The study results suggest that mercury concentrations of cord blood may be regarded as
indicative of high prenatal mercury exposure. Therefore, further studies are necessary to explain the
cause of high mercury concentrations in cord blood, and to examine its relationship with various health

indices.

Key Words: Mercury, Pregnant woman, Prenatal
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Tl ot 4k Rob T AAAAQ] Al de o
£53 Jeng {4 9 w=F £ U g W
°of AP, FE& FEFE, FFe 3 frlFee
2 FEEn. 2552 eed 2uAY AA A
A X FE ot Az, HA7IEI M| A4 AR EH
Zo] gFE g4 g9er =Ed 4 YrHAmin-
Zaki et al, 1974). f7] &< AejA ] Holdd
e ANUAN sFEE 544 sl . F4HE 9
£ odddo] Ha glon o|& s AYA R F2d
=2E Ho] gl It FUERE £& 29 AYd AF
A HW F v e F5o] dRHEYn gt

(Putman et al, 1972).
FHITole 29 £ 2 S Hrlo Yigk e A
5

T7F A Foll deon, wZo ojMe ok

Feish 79 A2, =29 A G5yl w24
o Bt e, FesdE F AeEgel 4@ Ao
2 gelil MEree Ho| Axg FE 4E FEoE

Aol fHE Row FAA AT(US EPA
1997). WgFLom g AT =49 ABeta vAY
Fe 98 HAAA wgont Yumom v 3

sulfhydryl7]¢te] =2
Aol oA Fx9 & =

EQEI7F BYete Aor HuxEi vh(Hughes,
1957: Kim et al, 2006a).

Hegyee Astor 471 & Hu vrvE 7109
A2 A9 wide] =3 AW FA47] A& ¥ ol
gt o2 Fa5 vl& x#E(blood-brain barrier)
= A7 SHa] wie] FFAAA daFS nAA H
of FBAHZE AN, ARIEH] 5o FETEe] EA
g 4 ATH(WHO/IPCS, 1990). H3F euts £A 53
a17] wiZell gloto] ARl S4S o] & FE U
(Lauwery et al, 1978: Gray, 1995). t<o] QA
b oo wEHW BAle 5SSl YA 2dE
T "lofe] ARk F 71ol kel H18E A a Sltha
g2 glth(Fuyuta et al, 1978; Tsuchiya et al.

B

Nl
ofh
o,
rit
[N
=
=3
]
(oW
@D

2ol o3 3

1984). 53 dlokt obEst HAuT £ e v
Rgene Ame 4% Fe Bt H871FAE 23
S 2eE dob 9% WA £ dvn v

(Steuerwald et al, 2000: Weil et al, 2005)
JFANE Feo) AAA wF 559 oz AF A%

Aaflo] gigk At e PHu o) Fufjda

494 g3} BAF AT A A B G
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B2 o @ dTE =BT mebd QA $E
F Z3 Al

- =

(<]

FL o ¢ = B3 (Unuvar et al,
2007)° wet ol ooz <13k M 4o ¢
de 9 Ad 4 dvdn A=} (Tsuchiya et al,
1984; Vahter et al, 2000). we}r 2F= 9 glolo] 4=
=z dal] Aete AL vig F83 dolrld &
TE TPt
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£ Hu 24 olee F& FE T 7P S40]
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Table 1. Total mercury concentrations of maternal and cord blood

Total mercury Cases Mean=SD (ppb) r p-vaue
16+ 1.

Maternal blood 59 316+121 0726 p<0.01

Cord blood 59 5434222

*: Pearson correlation coefficient

Table 2. Methyl mercury concentrations of maternal and cord blood

Total mercury Methyl mercury Methyl mercury
No
Mean-+ SD Mean+ SD ratio (%)
Maternal blood 36 3.06+1.17 2.60+1.11 85.0
Cord blood 36 5.20+2.36 4.70+1.97 90.4
8.00 ml volumetric flaskel 10 mg2] L-cystein® 2 ml<]
Arkg A7 & SRR A4S A9 L-cysteine &
= 7,00 . o dg wE . HAFd AHS A8 wakoAre] 1000
E 6.00 ppm Hg §9& 100 ml9 volumetric flaskel 1 ml
.g S 93 L-cystein €922 Ao 10 ppm &9
—_— . . -
28 5004 ® ° o e ¥, standard samples® 27t 100 mle] volu-
=
-8 i 3| A3 Zz3 T A
=2 400+ o ' metilc flas}ioﬂ 2,4.6.8 ppb® 3]s Az ¥ 3
g ° . FAe Y. BE Age AR &3 (pre-mix) g
g 3.00 o % sample boatol A7 (BHT, MHT)E Y1 100 4
e \ 9 #S3te] LA
2.00— °
® @
[2.2]
1.00 3) 84 &4
0“00 5.:)0 10.'00 15‘60 FA B4 SPSS (Version 12.0) Z2a3& o] &
Total mercury levels of cord blood sttt AR A #L v= ¥lae T-test 3
(ppb) Kruskal-Wallis test& ©]&3F912n pakel 0.05 |5t
Fig. 1. Association between maternal and cord blood of total ol A2 EAA §o3t Aoz 7Fsgrt. wI T 1
mercury levels (n=59, p<0.01, r=0.726). E7to] BEAS oliy] 93l pearson ATTA EA
< o] &3ttt
=7 4 5, @A ol&sta e Age] TR A
A AANE, A AHF Hdsste e 3H, 5 Z o}
2] goohd gt XN HAY T2 AT
1. M2t Mofee| & 2 sk
2) 8% & w2 4 HEgr2 sk 5y 9y
defe] a1 IAE A3 EDTAR Aeld 3 ml 2% 5ol AR B £ FEE BT A Andel
AHd#(Vacutainer, Beckton & Dicktion, U.S.A.) PF £ FEE 3.16+1.21 ppb, AP FF Fe
= AHgete] AuE s A AP & /‘LL‘ A7) 4T TEw 5.43£2.22 ppbE BAIA folg AolE HGlo
SRS fAeE W RASn 4 F FE TS uf(Table 1), 4¥ BAIME FRAFI) 072602 1}
Aese EA71SP-3DS, €& NIC Co)s AHeetl gy we gawy J&%Q‘}qﬂr(Flg D. WHO«] oa

!
a, % WEF22 GC-ECD (G6800, ¥¥ Yamaco 27122 (5 pph)E %
1%daz, A

Co oz AT, BE @92 Ad Ao roll- 57 (8.47%)0) % 3L & (49 15/)o§ ZA].E]
mixer& ol §3ste] 143t o] wAketa Alge] ¥4 o (Taple 3).
Zob ] (71718 )& o838t B4 1000

270



ojze 5 -

N TAIXS AT 9 Efo} HIjE U] £2 S u|EA AT

Table 3. Numbers of high-risk group (5 ppb) in maternal and cord blood

Maternal blood Cord blood
Cases
No(%) No(%)
Total mercury 59 5 (8.47) 29 (49.15)
Methyl mercury 36 1(2.78) 14 (38.89)
Table 4. Dietary factors and mercury concentrations in maternal and cord blood
Maternal blood Cord blood
No - p* - p*
Mean-+ SD (ppb) Mean= SD (ppb)
Drinking water 0.785 0.591
Tap 24 3.26+1.33 5.43+1.89
Filtration 22 3.01+0.87 4.96+1.201
Ground 7 3.70+1.80 7.20+4.38
Bottled 6 2.68+0.89 515+251
Frequency of fish Consumption (per week) 0.277 0.961
<2 35 293+1.08 544+2.30
2~-3 19 3.48+1.31 5.42+2.04
>4 5 3.50+1.54 5.36+2.84
Amount of fish Consumption (per day) 0.474 0.634
<1/2 28 3.06+1.09 5.08+1.65
1/2~1 25 3.39+£1.39 591+2.84
>1 6 267+0.78 5.03+£222
*: Kruskal-Wallis test
7} 2.68+0.89 ppbE 7HF WA Uehten | Asi4E
il ° g olgate Awd 9 Ahdo] 3.70+1.80 ppb.
—  6.00 - 7.20+4.38 ppbE 7V =4 Yehgov 544 594
©
§ < AU (pr0.05). BA AH Wmel mE EAClA A
g B . p wge] BT & s} 2.93+1.08 ppb, 3.48+1.08
%g e = ppb. 3.50+1.54 ppbZ F7kehe e #EHAoY
8 1 ‘, SAA fro)de gldth(Table 4). =3 Adde] A
58 3004 o o G BEE 459 R, AN A NS 2 A8 44
[+
E 500- -'.b'. el afelo] 4Tglel WHOS| 5187124 (5 ppb) & =
= - -
2 o % 27519 cH(Table 4).
1.00 — o9
0.00 — 3. &tzEn Mool Er:2 s

T T T T T
0.00 3.00 6.00 9.00 1200 15.00
Methylmercury levels of cord blood
(ppb)
Fig. 2. Association between maternal and cord blood of methyl
mercury levels (n=36, p<0.01, r=0.769).

g AR 5o 5 %j*ﬁﬂi ARt AL 36
S 2HE 36”3’] =

FES AR Ay AR g $EE 2.60+1. 11

: | 5 +1.97 ppb& <3t
Zfol 5 Ha(Table 2), 42 g_Lj,oﬂ M= 0.7699] E&
A7 BAEJAG (Fig. 2). AHRdol 19(2.78%).
AtE 147 (38.89%)°] WHO<2| &-&71E1(5 ppb) &
Holy n9gd oz Vel tH(Table 3).
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700 -
6.00 —

5.00 - °

blood (ppb)

n o by
o o o
S S =]
1 1 |

Methylmercury levels of maternal

1004 oo

0.00

1 I 1 | I 1 |
1.00 200 3.00 400 b5.00 6.00 700

Total mercury levels of maternal
blood (ppb)

Fig. 3. Association between total and methyl mercury levels of
maternal blood (n=36, p<0.01, r=0.937).

4. B 52 SZot gt STo| Ay

A9 Y QAR 3689 & 7L sEs WY
SES MR BA B ARde F e 3T 5

hud [¢}
3.061.17 ppbolla, WEFE Hd s=E 2.60

1.

FAAA EAAAME 0
ﬂoiﬁ}(Flg 3). Zﬂtﬂaé«]
.70+1.97 ppb2 6

91 90.4%E #A8t92 ‘11, SHRTA EAAME 0.978
o] =& AHHA AGv #EEAH(Fig. 4).

KN
=
s
S I
+
A
o
el

[
h]

AR AFE F& o] FAole] Al g
= Y YFEHEA AP & sxr} gole] Al
BN AEAEF 2 F 5ol ERuEAth(Gra-
ndjean et al, 1997: Grandjean et al, 1999). X3t
ALl F& FEE Hole] & &35 A F 3
£ 8% AxZ= AAF2 I (Grandjean et al,
1997). Tsuchiya 5(1984)& A& F +2 &
b ARl HE £ FRHT HFua Hudlal, Vahter
5(2000) AL wgdFe L7t AR mEse
Rt o v 71 Hoiam Ruskich AAueA v
g2 o]%2 A7 hemoglobin, glutathionet
gz;g—a}oq 0150}.4i Imura et al, 1980), ejo}e] &=
2R FA7F 23 wE42e w7 2] w2

15.00 —

12.00 —

9.00 -

(ppb)

6.00 —

.‘..
3.00 [

Methylmercury levels of cord blood

0.00

1 I I I I
3.00 600 900 1200 15.00

Total mercury levels of cord blood
(ppb)

Fig. 4. Association between total and methyl mercury levels of
cord blood (n=36, p<0.01, r=0.978)

2

N 71 FHEE Aol 7] wiEelztn ARttt
(Vahter et al, 2000; Sakamoto et al, 2004). %
e e2o] 7L 21 ol fe @EH A S A
HEE 2 WEFSE oA AFT7E H7] "ot
(Venugopal & Luckey, 1978). ¥ Aoz A
o Hit F& FE7) 5.43+£2.22 ppbE AR Hit
F2 % 3.16£1.21 ppb B} 1.728] 71 =A YE}
stk aela fevel SR AR A At
Hit & =7} 5.87+2.25 ppb= 2tnde] Hit 4
TE 3.99%1.55 ppbEth 1.478] #& Ao= e
wom FAR| el it £ FET A EY AgEo]
5. 91i2 38 ppbE 4FEE 3.59+1.54 ppbXEt} 1.654)
7V =A JEhA B Ao vgt 23E Bylon
(Kim et al, 2006a), Kim 5(2006b)2] HAFox= A
o] Fi F& Tt ARIEG A9 27t =
Uehdtin stk T3k 2 Al AE WHOS 3471
T2 5 ppbE d+= 194‘5?%-30] ARde] ¢ 59
(8.47%)°10aL, AN 725 29% o= T4 49.15%
7} 88 TIEAE 2
detas S2A EoA EA 2
A #E g A3 AR £ wFo] Aol Y,
7199, dojsEe] AHE o
Crump 5(1998) wAW=A
W2 2 IS E g AAAE AFetd=d 6~7
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T T mE hEAQ] AlE 1953 I
of & AAA Al A H BEE o] vivvieht
o ARG SAE A o] FHdM e S A7
FAAFHE FRSNA TG viyrteRE (Eto, 2000)2
19724 oltAdl g2o] e FAAR A2l F

AE ol g3 WE W HAT FAAA el FeER

on ZAole] olx v HuEHTHAmin-Zaki et
al, 1974). 53] munieie] do=z ezl ves
22 F2 4, VRV Aol {E AFATCRE A
Well 245 (WHO/IPCS, 1990), &A1z, Aoje}l 2
ol AWl 4= 737t W FHe] 1 xAde AM
oAl T=7F =tH(WHO/IPCS, 1990; Mayers et al,
2003).
ey vyl s g5l eofe}l ofdo]
3% HAE] B microtubule 34, FHolES W
Hste] Adlrch Figlsta WA &4e fdshe
o7 424 dtk(Hughes et al, 1957). webr 24
ARAAR] J&FS v wWEF2S Zelsy] ¢8 59
9 3 TR 36HS AYstd wE
A% A9 E By RS F $E FR 3 :
ppb. B+ 5% 2.60+1.11 ppb2 = F& F=9
85.0%5 #Asta g, AN F 5+
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