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Mining and ignition
wastes

, = g comprehensive, whole-
\ A % watershed approach to
understanding Hg pollution in
Idrija and its dispersal in the
watershed

= jmportant identification of “hot
= — spots,” those areas that are

i ns B contributing Hg to the Idrijca
River and to the atmosphere at
rates far beyond the mean

Flood
plain <— =
deposits

DGM —- TS5 (mglL)

Hotescek

Storm events:

= THg concentrations up to 700 ng

L1, >99% bound to particulates

= suspended sediment from 10 up

to 3000 mg L?

= riverbed erosion and transport of
Hg enriched particles

TSS concertration (mg L'y

1711106 230107 17/05/07 280507 190907



Example of land use
Watorshed yiold influence on THg export
im . THg (g/km’yr) from watersheds: Much
MESESPRr higher THq yield from areas
: / of intensive row-crop
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Soil enters streams

s from upland or bank
erosion, carrying Hg
WISCONSIN Wlth It

. MINNESOTA
" 1995 1996

Characteristics of the watershed are important factors in determining Hg
inputs to rivers and streams, and soil inputs from disturbed,
contaminated landscapes during runoff events can deliver substantial
amounts of Hg into streams, as was seen also in the Idrijca River.
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= there is an
economic incentive
for local people to
enter the gold
mining trade

=but, in the process
of making a living,
the rivers and
streams are
contaminated, as
are the fish the
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‘ ™ . wvery high concentrations of total Hg and MeHg were
=2 | observed in river sediments in the gold mining area, and
N ™ widespread contamination was seen throughout the

i
; Al 1B Talawaan watershed
] {1 =
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Agoussou Tabiki

the upper Maroni River follow a

| and rivers, Hg releases, and

L fisheries they subsist on

» artisanal gold mining operations on

familiar pattern for these types of
enterprises in Amazonia: severe soil
displacement, heavily silted streams

contamination of fisheries

= native Amerindians are being
poisoned by Hg contamination of the

= there is a severe and virtually
comprehensive impact of these
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o Blood T-Hg
ge) | soth | 75t\| | = high blood

Hg levels

= emission levels of Hg are relatively high, but concentrations of Hg in various
environmental compartments don’t appear to be remarkably elevated
= no “hot spots” can be immediately identified

Hg Mass balance of Lake An-dong

Atmospheric input
0.29 kglyr
0.099(dry), 0.19(wet)

l River input - 1 River output
//1-59 kalyr Storage(water) 2.22 kglyr

Evasion
0.22 kglyr

Re-estimation 1.51 kglyr

Missing Input
9.05 kglyr

) Sedimentation
Stormwater inputs? 10.0 kg/yr
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Minamata Bay {1
Chisso Co.

Minamata River

Kyushu lsland

Amakusa Islands Nagashima

Fig. 2. The highest mercury concentration observed at each
station and its geographic position. Yatsushiro Sea seen from
Minamata City (a) and as viewed from Amakusa Islands (b).

" in the Yatsushiro Sea, the Hg-enriched
sediment near Minamata Bay is still being
redistributed (Tomiyasu et al., 2000)




Sampling points Hg concentrations in sediment and ss

sediment
area T-Hg MeHg Me/T
/mg kg ' /ug kg (%)
Minamata Bay 3.2+2.2 42+21 0.19+0.13
Fukuro Bay 4.5+1.1 16.6+16.6 0.39+0.41
Whole data  3.7+=1.9 9.2+119 0.27+0.28

Rec|aimed area

suspended particles
area T-Hg MeHg Me/T
/meg kg /ug kg (%)
Minamata Bay 3.3+1.0 4.1+1.9 0.12+0.05
Fukuro Bay 60+14 141+128 026+0.24
Whole data 4.4+1.8 8.1+9.3 0.18+0.17

Hg concentrations in bottom

water samples

Oct. 2002 April 2005
clear layer turbid layer clear layer
St. T-Hg MeHg MeHg T-Hg MeHg MeHg T-Hg MeHg MeHg

(ngL") (%) (ngL") (%) (ngL") (%)
1.7 1.0 62 9.8 29 30 0.9 0.6 62
1.3 1.1 80 7.8 4.1 53 0.8 0.7 88
3.3 0.3 10 9.3 1.2 13 - -
1.4 0.8 59 71 1.5 22 . ! 35

4.3 0.5 12 223 5.2 23 - -
2.6 0.7 29 8.0 1.0 12 . 5 51
1.5 0.9 60 7.4 0.8 10 . B 17

2.0 1.2 59 5.6 2.1 36 . . 74
2.6 1.7 64 7.1 1.3 18 -

= MeHgq is produced in the sediments of Minamata Bay

» MeHg is preferentially released (“eluted”) from sediment
particles mobilized into the water column
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AFILIKERIERE

—8—5t-1 ## W—St-2 Bh 4 St-3 TRE Methylmercury concentration

B ZZF-winter & BZE-summer

0 01 02 03 04 0'?ng/L)
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= higher MeHg

AFLKERE
dissolved methylmercury
concentration (ng/L)
[=]

in Minamata Bay vary concentrations
seasonally E and %MeHg are
SRR PR observed in the
ZE3gE32E ¥ summer

(Salinity)
.. (Water Temperatu

0.0

MeHe(nEsL)

.. (Turbidity) C 0.
1:18 6120 4 13200 16:01

There was a significant carrelation of MeHg In seawater and water temperature in Minamata Bay.

= MeHg concentrations in
the water column are
strongly correlated with

water temperature Ty changeof water termperature)

1i15 g0 9na7 13 16:01  18:45



DELFT3D:
o-grid in the vertical. o-....
highly resolved horizontal grid....
(0.1°x 0.1° app.Ax=250m)
sub-grid scale model: horizontal...........
k-&turbulence model: vertical k-¢.........

tidal flat: dry-wet process....... o
hydrostatic approximation ....... ' B —
Jf~plain approximation.f..... )

forcing with 40 tidal constituents 40...... -

x*
X-orspace

= new 3D model
accurately predicts
tidal levels

m further datasets...........

-bottom sediment features (ex. grain size distribution,
critical shear stress, etc.)

1440
Time[1 Omin]

-relation between mercury concentration and grain size of

sediment
m further knowledge........

- governing methylation/de-methylation process in MB
............. - effects of salinity, temperature, SS, light condition, etc?

)

= more data is
needed, both as
inputs to the model

etc.
and as test-sets for @

model evaluations

Interdisciplinary collaborations: .......
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Difference of mercury concentration levels among stations in 2003 - 2006

» Hg-contaminated sediments of
Minamata Bay are migrating out

THg
ng'g

"1, stk 3452.2 97083 39633 074
. StG 5406 1033 11016 0.63

. std 3344 3744 3143 042 039
. stS 3078 3057 3278 142 144

i 11 7.8 99 035 035

L StN 2.1 24 23 05 031"

outside the bay

. StH* 10 a1 8.2 0.19 0.07

. stuU™ 48 58 82 0.38 0.28
9. stWa 137 54 48 01

10. stWb** 59 5 44 028 0.2

Difference between values in Minamata Bay and control stations are

significant (p<0.01**) for THg,
As an exception, MeHg in st N indicated p < 0.05%,

= MeHg production is higher in low- to
mid- inter-tidal areas at sites K and S

Outside J

of the bay and being stranded in
the inter-tidal zones on shores

Olnside K
Oinside G
OOutside J




u Site A BSite B

= wet deposition flux
of total Hg to
Minamata Bay
increased during the
rainy season

Wet deposition flux

Sep. Oct. Nov. Dec, Jan, Feb. Mar. Apr. May Jun. Jul Aug.

2008 2009

= wet deposition fluxes of total Hg and
MeHg are dominated by precipitation
scavenging of atmospheric gaseous
species

SiteB
Y=6.0X, R2=056

Weekly wet deposition flux

00 500 1000

Weekly precipitation amount

(mm)
MeHg
Y=0.12X

00 ~ 1000 =049 = first data in Japan for wet

Weekly precipitation amount

(mm deposition of MeHg

Weekly wet deposition flux

—e— Site A —8—Site B

= concentrations

and wet deposition
ﬂUXGS Of MeHg ' Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug.

: : T B ——
were higher in 5008 2009

winter than in
summer = role of DOC?

MeHg concentration
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