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Abstract In epidemiological studies on the health effect of methylmercury (MeHg) exposure, maternal-hair mercury
concentration has been used as an exposure biomarker because of its ease of collection and capability to recapture the
exposure history. However, artificial hair-waving reduces the mercury concentration and there is little agreement about
which part of the hair strand properly represents fetal exposure. We presented an overview of the studies addressing
umbilical cord and mercury in PubMed and evaluated the usefulness of umbilical cord mercury concentrations as
biomarkers of fetal exposure to MeHg. The mean total mercury (T-Hg) concentration in cord blood was between 0.5 and
35.6 pg/l, and the cord blood-to-maternal blood ratio of T-Hg concentrations was estimated to be approximately 1.5.
MeHg concentrations in dried cord tissue did not exceed 0.4 pg/g in Japanese populations without particular exposure to
MeHg. Dried cord tissue appeared to be better than wet tissue because the definition of wet weight of the umbilical cord
is ambiguous. Both cord-blood and cord-tissue mercury concentrations seemed to correlate closely with maternal-hair
and maternal-blood ones. Since cord mercury concentrations are a direct exposure biomarker of the fetus and the cord
blood-to-maternal blood ratio of mercury differed markedly among mother-child pairs, mercury concentration in cord
blood or dried cord tissue should therefore be used in assessing the possible effects of fetal exposure to MeHg on the
susceptible brain. Further studies are required to clarify at which period of exposure during gestation the cord mercury
concentration represents in relation to mercury concentrations in maternal segmental hair.
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Table 1 Total mercury (T-Hg) concentrations in cord and maternal blood samples in study populations

Author[s], year (Ref No.) No. of Mean Range Mean maternal Cord/maternal  Study site
samples blood T-Hg blood ratio
Shinkawa, 1974 (31) 38 22.3 png/l 12 - 64 ng/l 15.5 ng/1 1. 45 Kagoshima, Japan
Dennis & Fehr, 1975 (32) 43 26.7 pg/1 2 - 95 ug/1 15.0 pg/l 1.78 Northern Saskatchewan
45 7.5 pg/l 1 - 22 pg/l 6.8 ng/l 1.10 Southern Saskatchewan
Lauwerys et al, 1978 (33) 497 14.2 ug/1 0.1 - 70.5 pg/1 12.6 ug/1 1.13 Belgium
Tsuchiya et al, 1984 (35) 231 30 pg/l 1 - 735 pg/l 19 pg/l 1.58 Nagoya, Japan
Nakano, 1985 (36) 41 21.1 pg/l 12.8 pg/l 1. 65 Kagoshima, Japan
Deguchi & Ogata, 1990 (39) 81 11.8 pg/1 4.4 - 34.7 pg/1 6.8 pg/l 1.74 Hyogo, Japan
Soria et al, 1992 (40) 24 6.43 pg/1 2.00 - 15.1 pg/1 6.23 pg/l 1. 03 Seville, Spain
Yang et al, 1997 (43) 9 10.4 pg/1 6.77 pg/l 1.54 China
Rhainds et al, 1999 (45) 1109 0.96 pg/1 0.2 — 13.4 pg/l Quebec, Canada
Bjerregaard & Hansen, 2000 (48) 178 35.6 ug/1 2.4 - 181 pg/l 16.8 pg/l 2.12 Greenland
Morrissette et al, 2004 (54) 92 0.52 pg/1 0.0 - 1.60 pg/1 0.48 pg/1 1.08 Quebec, Canada
Lucas et al, 2004 (55) 439 14.1 pg/1 Arctic Canada
Grandjean et al, 2005 (56) 996 22.35 ug/1 0.90 - 351 pg/l Faroe Islands
Vigeh et al, 2006 (57) 365 1.70 ug/1 0.0 - 13.1 pg/l 1.34 ng/l 1.27 Tehran, Iran
Walker et al, 2006 (58) 402 5.8 ug/1 0.2 - 75.8 pg/l 2.96 pg/1 1. 96 Arctic Canada
Sakamoto et al, 2007 (60) 115 9.81 ug/l1 6.96 — 13.6 pg/1 (quartiles) 5.18 pg/1 1.89 Fukuoka, Japan
Unuvar et al, 2007 (62) 143 0.5 pg/1 0 - 2.3 ng/l 0.38 pg/1 1.32 Istanbul, Turkey
Hsu et al, 2007 (63) 65 10.0 pg/1 3.8 — 28 g/l 9.1 pg/1 1. 10 Taipei, Taiwan

* The sample number 21 was excluded for calculation because it was found to be an outlier by the Grubbs—Smirnov test

Table 2 Methylmercury concentrations (MeHg) in cord and maternal blood samples in study populations®

Author[s], year (Ref No.) No. of Mean Range Mean maternal Cord/maternal  Study site
samples  (or mediank) blood MeHg blood ratio

Tsuchiya et al, 1984 (35) 226 14 pg/l 1 - 76 pg/l 9 pg/l 1. 56 Nagoya, Japan

Nakano, 1985 (36) 41 19.3 pg/1 11.5 pg/l 1. 68 Kagoshima, Japan

Soria et al, 1992 (40) 17 5.25 pg/1 1.74 - 14.2 ng/1 4.97 pg/1 1. 06 Seville, Spain

Yang et al, 1997 (43) 9 4.18 pg/l 2.50 ng/1 1. 67 China

Vahter et al, 2000 (47, 49) 98 1.4 pg/l* 0.4 - 4.8 pg/l 0.73 pg/l* 1.92 Solna, Sweden

Morrissette et al, 2004 (54) 92 0.39 pg/1 0.0 - 1.30 pg/l 0.23 g/l 1.70 Quebec, Canada

Walker et al, 2006 (58) 402 4.9 pug/1 0.2 - 70.2 pg/l 2.20 pg/l 2.23 Arctic Canada

Sakamoto et al, 2007 (60) 115 9.32 ug/l 6.56 — 13.4 pg/1 (quartiles) 4.77 pg/l 1.95 Fukuoka, Japan

® Analytical methods are various among studies; the difference between total and inorganic mercury or mercury in HCl extract was considered
to be methylmercury in some studies and in the other studies extraction with an organic solvent followed by ECD-GC was applied
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Table 3 Total mercury (T-Hg) and methylmercury (MeHg) concentrations in umbilical cord tissue among study populations?

Author[s], year (Ref No.) No.

of samples

Mean (or median%)

Range

Study site

Dry (or Freeze—dried) cord:

Shinkawa, 1974 (30) 111
64

Noda et al, 1983 (34) 39
Murata et al, 2006 (59) 136
Sakamoto et al, 2007 (60) 115
115

Dalgard et al, 1994 (41) 50
Grandjean et al, 2005 (56) 447

Wet cord:

Shinkawa, 1974 (31) 39
Noda et al, 1983 (34) 39
Tsuchiya et al, 1984 (35) 215
215

Nakano, 1985 (36) 41
Sugiyama et al, 1996 (42) 20
Shaheen et al, 2004 (52) 1755
817

Daniels et al, 2004 (53) 1054
Marques et al, 2007 (61) 100

MeHg
MeHg
T-Hg
MeHg
MeHg
T-Hg
T-Hg
T-Hg

T-Hg
T-Hg
MeHg
T-Hg
T-Hg
T-Hg
T-Hg
T-Hg
T-Hg
T-Hg

eNoloNololeNeNe)

[eNeoNoNeNeoNoNo No Nl

[e]

. 089
. 092
.072
. 089
. 083
. 092
. 306
.210

. 047
. 006
. 008
. 047
.019
.011
.0000127 pg/s
.0000018 pg/g
.01
.0074 pg/g*

ug/g
ng/g
ug/g
ug/ gk
ne/g
ng/g
pg/g*
ng/g

ug/g
8 ug/g
ng/g
pg/g
8 ng/e
ug/g

pe/g

0.017 — 0.233 pg/g

0.017 — 0.367 pg/g

0.057 - 0.122 pg/g (quartiles)
0.064 - 0.127 ng/g (quartiles)
Max. 1.276 pg/g

0.000 - 1.28 pg/g

.005 - 0.332 pg/g
.0017 - 0.0214 pg/g
.001 - 0.028 pg/g
.001 - 0.850 pg/g

[N oo Nl

0.001 — 0.038 ug/g

0.0076 - 0.022 ng/g (quartiles)

0.00012 - 0.0437 pg/g

Miyanojyo, Kagoshima, Japan
Oguchi, Kagoshima, Japan
Osaka, Japan

Akita and Tottori, Japan
Nagasaki, Fukuoka and Tokyo,
Nagasaki, Fukuoka and Tokyo,
Faroe Islands

Faroe Islands

Kagoshima, Japan
Osaka, Japan
Nagoya, Japan
Nagoya, Japan
Kagoshima, Japan
Osaka, Japan
Avon, England
Avon, England
Avon, England
Amazon, Brazil

Japan
Japan

? Analytical methods are various among studies; the

difference between total and inorganic mercury or mercury in HCl extract was considered
to be methylmercury in some studies and in the other studies extraction with an organic solvent followed by ECD-GC was applied

Table 4 Methylmercury concentrations in dry umbilical cord tissue among population born in Minamata or near Minamata in 1950 — 1974°

Author[s], year (Ref No.) No. of samples Mean (or median) Range Study population
Fujiki et al, 1972 (29) 57 0.439 ng/g 0.00 - 2.258 ng/g Subjects and patients
Shinkawa, 1974 (30) 64 0.168 ng/g Subjects residing in Izumi (Kagoshima)
Akagi et al, 1998 (44) 23 1. 63 pg/g* 0.15 — 4.7 pg/g Patients with Minamata disease
11 0.67 ng/g* 0.20 - 2.5 pg/g Patients with mental retardation
125 0.24 ng/g* 0.00 - 2.7 pg/g Subjects without Minamata disease
Harada et al, 1999 (46) 25 1.60 pg/g 0.15 - 4.65 ug/g Patients with fetal Minamata diseae
13 0.72 pg/g 0.04 - 1.81 pg/g Patients with acquired Minamata disease
20 0.74 pg/g 0.13 - 1.96 pg/g Patients with mental retardation
16 0.22 pg/g 0.02 - 0.57 pg/g Patients without Minamata disease
77 0.28 ug/g 0.02 - 0.95 ug/g Subjects without Minamata disease

* Analytical methods are various among studies (See Table 3).
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