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1 . *E:I:qj?,d) =%r'%(Background of This Study)

o KERETIH, BRBEFXIYREEEN
HENTWET,

« In Minamata Bay, the remediation works on water and
bottom sediment environment have been carried out since
1977. As a result, the Governor of Kumamoto declared that
the fish were safe in July, 1997.

1
a ¢

o LHOW.FEEEICEHMERBKENEFE LS
L. MEZREKEBEINKEENS/\RBESE |
BWZHEA>TWWA I EDFESNTLVS AR
(Tomiyasuis, 2000),

. However, the recent measurement result has shown that %
mercury is spreading along the eastern coast of Yatsushiro E
Sea from Minamata Bay (Tomiyasu et al., 2000). %

IK{R 7B D WEE (Map of Minamata Bay)
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2 g *B:I:"j'?,d) E H(J(Purpose of This Study)

R BIE BB EIKE DL IS DA |

Final Target: Realization on a transport mechanism of low level mercury
(<10 ppm) which contains in bottom sediment in Minamata Bay

- Zliﬁﬁ"j?,d) W@(The matters of this study) @
o FHMEILITHS. KEBRELIUVEBKEBOELZIEET S,

o To realize seasonal changes of mercury in seawater and water quality for about 3 year

o BEFICTHITH.KBEEZILORHELZIEREICIET S,

o To reveal weekly changes of mercury in seawater and water quality during summer
season for two months

o —EINRICHITS. KEBELKFREDHEILLDEET S,

o To realize daily changes of mercury in seawater and water quality on the 1st of
September, 2008.
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3. Eﬁ,ﬂﬂﬁfﬂ“ QHECD(OutIine of Field Observation)

o EMEE: Sti~St.3,17AE.F —

craf 700m
(F AR THRBF (m5R: 2006/2~2009/2) et
-Regular Observation; St.1-St.3, every month for E:E .!r'f’ N
three years, from Feb. 2006 to Feb. 2009, at the o ¢
maximum current velocity of ebb tide AR YRR "w? N
. EEFSGHA: BAE. ENE ~N
(ELEI%IR : 2008/7/25~9/21) . y, %
Intensive Observation during summer season; )
An observational tower, every week for two Ei?ﬂ; - 'w'."' o
months, from July 25 to September 21, 2008 'a f]il & ~ e ;’
o —EINMEHRSA: BRAE. EHE N AN SR e
(# 81 B :2008/9/01 ~9/02) .
—

-Continuous Observation for the one cycle of tide;
An observational tower, every three hours, @: Observational Tower

from the 1st to the 2nd of September, 2008
IK{R7Z D BERE E (Locations of Observational Point)
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.ﬁiﬂ“ W?'ﬁﬂ. . St : / E" 700m

DEERKEEH(ES . KE. BEBRE. 2N\
A E & Chl-a%)Ic & 5KEE A ) ﬂ:ﬁ.:r S

(Dwater temperature, salinity, Dissolved Oxygen (DO),
turbidity, pH and so on were measured by using water \ /
quality measurement sensors ( JFE ALEC Co. Ltd., Model- '

st1 St (v
AAQ1183) . * = ™
@iBKYTIVT (FRKRE) ‘;
@Water sampling was performed by a water sampler with Ei AN - -
water pressure meter. ~JL__ . “:;:-
- :. mﬂ - ;_."" .
WKERRESHT: T-Hg, MeHg, Ss, SSHDT-Hg N B
— T,
EiKkRFEBEHRE2—(N.I.M.D.) N
-Chemical analysis of mercury in seawater has been carried [ ™ o
out by the National Institute of Minamata Disease. )
Total Hg in seawater, Total Hg in SS, MeHg in seawater, SS ®: Observational Tower

7K 25 D BEEE E (Locations of Observational Point)
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3. ﬁﬂﬂﬁfﬂ“ @HE@(Outline of Field Observation)

HERAIHRSNT-8RRE 2 BRKEE(IFE7Z LYo (#)
& Model-AAQ1183)

An observational tower in Minamata Bay

A water quality measurement sensors
( JFE ALEC Co. Ltd., Model-AAQ1183)
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!'_ 4. Eﬁ,iﬁ“ :%E% (Results of Felid Observations)



“# 4.1 T-Hg. MeHg. MeHg/T-Hg %
DFHEL(St.1)

Seasonal Changes of T-Hg, MeHg & MeHg/T-Hg at St.1

o BEFIZTHL\T, MeHg75‘“I:°—7l: 10 100

- T-Hg -+ MeHg =+ MeHg/T-Hg
HHoTW3
o
e The maximum of MeHg has occurred in every S 08 I /\ A 80
summer. 2 , \ \ / \ \ /\
o)
s -_— I 06 A 60
e MeHg/T-Hg OLLEMNFFEEICL § /\/\ \
— S = ~ =
ﬁbtb\éh&b‘%wbhéo E"OA 4 40
o It was confirmed that a ratio of MeHg/T-Hg has *
risen significantly at the same time. i 0 2
o 2008F (X, EF&RF["MeHg
DB BFZ . S TITELT SIEO N IR~ AT
. VO XFO TRV IO ST IR IV LRI ONY
. In the latter half of summer season in 2008, §§§§§§§§§§§ §-§§§§§§$ §§§§§§§§§§

MeHg was increasing qualitatively.

Seasonal Changes of T-Hg, MeHg & MeHg/T-Hg at St.1

MeHg/T—Hg(%)
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4.2 T-Hg.MeHg. KB j‘
DEHZEIL (St.1)

Seasonal Changes of T-Hg, MeHg & Water Temperature at St.1

MeHg&/KEBM, BEFICHE

JKIR(°C)

0.4
1 10

LTRKEICZDEATERS Jal /\ N\ .

had. " [w=T-Hg e X kECO)] !/\\

It is found out that the highest o8 A . 12

concentration of MeHg in seawater ) \‘\ |

occurred at water temperature’s peak. % 06 20
: | s
'_

: B

KiBD EFEMeHgDHEKIZ
(XEAEELHDHEEAND, o

It is guessed that the increases of MeHg
are related with the rises of water
temperature in Minamata Bay.

0.2

Seasonal Changes of T-Hg, MeHg &Water Temperature at St.1
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4.3-1 MeHgt&/KEIBEDMHBERE

Correlation Coefficients between MeHg and Water Quality indexes

St.1 St.2 St.3

1843 (Salinity) 0.194 0.390 0.090

IK;E (Water Temperature) 0.675 0.673 0.644
D.O (Dissolved Oxygen) 0.396 0.442 0.379

pH 0.137 0.265 0.001

I (Turbidity) 0.187 0.303 0.318

(o g 0.445 0.508 0.391

KimEMeHgE DRI, BULEREEAGRABmND.

There was a significant correlation of MeHg in seawater and water temperature in Minamata Bay.
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| 4.3-2 MeHgl/KEDHEBRY

Correlation Coefficients between MeHg and Water Temperature

— il &L T (For example)
30

26 -
R 0y
22 —2°
2 2 J
/00 ¢
18 .

14 r

JK:R(°C)

R% = 04555

10

0.01 0.10 1.00
MeHg(ng/1)
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Results of Intensive Observation during summer season
at the observational tower

0.00 0.05 MeHg.(rOg/L) 0.15 0.20 0.00 0.05 MeH(i(]r:Jg/L) 0.15 0.20
-— SHh 0 [ Veremg L " j —=— MeHglng/L A
BFICETLKBREOLERE 5T i
£ 3 ) o Y
— — B
ZIEFEICIBET A LITEE ! L e——— e
10 hN ) 10 (
12 : : : : : 12 . .
" Itis important to reveal weekly changes of S (2)8H9H * xao 3
mercury in seawater during summer season with et
eHg(ng/L) MeHg(ng/L)
high accuracy. 000 005 010 m 020 000 005 0.10 fﬂ?\ 020
0 —l—MeHg(ng/L)l '\.\ 0 _._MeHg(ng/L)l T / \
2 |—— 155 (psu) }l 2 |—e—kiR(CC) I -1
il O ch / 7
BK 6 Bk 6
- sul ¢ E= % VY % I 3
-8H16HIZI%. MeHgEBEMEL . \&— I\&
i 12 : ' ' ' ' 12 : NS
~
=1 <fd~°—CL\6 o PO e " (0)8H16H ke © ®
* On the 16th of August in 2008, the concentration MeHg(ng/L) MeHg(ng/L)
of MeHg in seawater became the maximum. oO'Oi_MeHg:fj 0‘70-\ — ?ir 0'30-\ LI
- -~ 2 |——E R (psu) 2 |—e—JKE(C)
-2 TORMBIBVTKRemAS 5 =
¥ 2 &
- S E -~ 8 N8
8m{tiE TMeHgh B K &S, 0 > : >
. . * * * * 12 + +
« It was realized that t_he concentration of MeHg wows o MEE O (D8A26H  © aw © 3
have gotten the maximum between a water
depth of 6 m and the one of 8 m for whole data. 7L UMeHg Kig#H&UMeHg

Salinity and MeHg Water Temperature and MeHg
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4.5 —ES R ESERD; MeHgD B Z 1L

Daily changes of MeHg at the observational tov;_e\r
o014 ‘,v .‘\

—— 2 EOm

o1z |—e—akiFEdm

. —EHEICEEKERBEKE oo i -

REOHZELOERE Y/ RN ™

o Moreover, it is essential to realize daily changes of \\A///
mercury in seawater and water quality during the o

one cycle of tide. a0
D.I:":I 1 1 1 1 1 1
1215 E-z0 937 13:00 16:-01 G-45

TIFf#E  EIF# ey TIFE T4 | Ak

® E %@%QE% ('1'~ *5&b§E <7§:6 MeHgd)EI%ﬂ:.(Dailr change of MeHj)
FFHI T, MeHgA B KICEL TS,

W

MeHelnegsL)

- . ——k0m
e MeHg became the biggest values in the afternoon o5 | —4—AEm
when water temperature has risen up due to the T - akigem Pans
influence of sunshine. 28 | A mEEHm -/

AR 0T
ra
-1
cn

o KEHLUMeHgH, LBHILTLER 27
T HERAMSHEATES, . )
o« Itis obvious that the concentration of MeHg o , , , , /
increases almost linearly with the increase of G5 e 57 1300 ol 1o
Wwater temperature. T ETE E8 oW T8 k7w

7kiB® B Z {£(Daily change of water temperature)

—4
—4
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4.5— Y HEHFHRAQ; MeHgDMEL D

H 37‘51 E Daily Changes of MeHg’s Vertical Distribution

MeHg(ng/1)
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14

—8— T #&4

. FIFHBRREELUTHE, z ~

e At the maximum current velocity of ebb tide & at the low

tide; 5
~ 10
e At the maximum current velocity of flood tide & at the 14
high tide; 16
. THFERRRE LU THRORES
MeHgDME S HFNIZIFELILTLS,
The former of MeHg’s vertical distribution is almost 000 002 004 006 008 010 012 014
similar to the latter of the one. 0 *~_— ~ LoRE
- 'S —_ 2 —o—
o HHFHH.MeHgDRELMICRIFT . ——
> = 6
HENEATHS. O
o Itis suggested that tidal currents have an influence X 10
upon the vertical distribution of MeHg. 12 Jo&
14
@ " L RBARE S UE R OREAT

o —HIYREDFENEFIEEMeHgD BEEIZFHMICEHATS

o Itis necessary to compare vertical distributions of MeHg with the
dynamic behaviors of tidal currents during the one cycle of tide.
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i 5. #&&m@D(Conclusions)

WIS ERA LY, LTOIENBALNELRST=,

According to felid observations, the obtained results are summarized as follows;

o EMBAML, KERENDMeHgLKimIC(LE L VEERS
BRZAITHARRENHLENEZZ NS,

The regular field observations suggest that there was a significant correlation of
MeHg in seawater and water temperature in Minamata Bay.

e EBEFEHdFHAIKY., KBEBOE—IEIZMeHgh R KIZH
BIEhotf-. TOFREIX. EEERBARDOHONBK
FEemMMSKESMDEIETH S

. It was found out that the highest concentration of MeHg in seawater occurred at
water temperature’s peak between a water depth of 6 m and the one of 8 m,
where there was a thermocline.
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i 5. £ @ (conclusions)

B 5 £ ) R 8 (Further Assignments)

IKEEADMEZRE/KIBEDEEHEZMAEBALTL
(LT, RBFEESVERAEDAFILKED
FE=FFMICIRET SN EDLDHD,

- It is necessary for us to investigate a chemical reaction of MeHg
(Methylation) near a thermocline in Minamata Bay.

- It is necessary for us to compare vertical distributions of MeHg with
the dynamic behaviors of tidal currents during the summer season.
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% H &5 (atada@nagasaki-u.ac.jp)

Thank you for your kind attention!

Akihide TADA (atada@nagasaki-u.ac.jp)



Field Observations on Mercury Behaviors and Water Quality Dynamics in Minamata Bay
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In Minamata Bay, the remediation works on water and bottom sediment environment have
been carried out since 1977 by removing about 0.8 million m*® of bottom sediment contaminated
by mercury. As a result, the Governor of Kumamoto declared that the fish were safe in July 1997,
and fishermen resumed fishing operations in Minamata Bay. However, the recent measurement
result has shown that mercury is spreading along the eastern coast of Yatsushiro Sea from
Minamata Bay (Tomiyasu et al., 2000). Although the measured concentration of mercury in
bottom sediment is a trace of amount (< 3 ppm), prediction on mercury dynamics is necessary.

In order to elucidate the dynamic behavior of mercury in a coastal area, it is important to
measure mercury transport in an actual sea accurately. Thus, we have been attempting to carry out
the following field observations for water quality and mercury in Minamata Bay since 2006.

(1) Seasonal changes of mercury concentration in seawater and water quality were investigated at
three stations in Minama Bay every month.

(2) Weekly changes of mercury in seawater and water quality were examined at an observational
tower during the summer season in 2008.

(3) Daily change of mercury in seawater and water quality was measured at the tower every three
hours on the 1st of September in 2008.

In other words, the vertical distributions of water temperature, salinity, Dissolved Oxygen (DO),

turbidity, pH and so on were measured at not only three stations but also the observational tower

in Minamata Bay by using water quality measurement sensors ( JFE ALEC Co. Ltd.,

Model-AAQ1183) at the maximum current velocity of ebb tide. Moreover, water sampling was

performed by a water sampler with water pressure meter (Diver 30 m, Eijkelkamp Co., accuracy:

FS 0.1 %), which can monitor a sampling depth.

The obtained results are summarized as follows;

(1) There was a significant correlation of MeHg in seawater and water temperature in Minamata
Bay..

(2) According to data measured in the observational tower, the highest concentration of MeHg in
seawater occurred at water temperature’s peak.

(3) It was confirmed that the concentration of MeHg in seawater have gotten maximum value
between a water depth of 6 m and the one of 8 m, where there was a thermocline, for whole
observed data.

(Reference)
1)Tomiyasu et al.(2000):Mercury contaminant in the Yatsushiro Sea, south-western Japan
. spatial variations of mercury in sediment, Sci. Total Environ. Vol. 257, pp.121-132.
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