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Graduate School of Environmental Science
Department of Ecosystem Studies
University of Shiga Prefecture

Osamu NAGAFUCHI
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Mt. Halla, Cheju Island,Korea

Mt. Kuromidake, Yakushima Island



Today’ s Theme: Study on Atmospheric
Environment issue

Major subjects are flowing five themes;

3) Acidification of stream water

4) Analysis of environmental pollution history using lake
sediments

5) Atmospheric pollution and pollution history of Mercury
associated with gold mining, Central Kalimantan, Indonesia



Analysis long-range transported atmospheric pollutants
In East Asia

By
Osamu NAGAFUCHI

The characteristics of Kyushu mountain area

The characteristics of rime-ice

The characteristics of air mass when rime-ice form
Analysis long-range transportation of air pollutants

~owphE



Coal and oil consumption (million ton)

300

¥ oil, South Korea
= O coal, South Korea
¥ coal, North Korea

coal, China

oil, Japan

Air trajectory of Mt. Miyanouradake on 1997



Why is the Yakushia Island



Distance from Yakushima Island to origin of air pollutants

1500 km




To estimate the source of long range transported air
pollutants in the East Asian region, we demonstrate
analytical data of soluble and insoluble components
In environmental samples collected in mountain area




B =E

i
i

AR AR




B E
B, N\DW, BZ2EE AlE
AW, FIRW, mELL
2, 7\ N\ATJRY, K&, K&

AE(RBDOHEFEDFID)
BT iﬁf’ﬁfﬁ’& ILNV=Z7aYVILD
Fe R
.112@77‘&@77'&‘/%’6




-

_KATAKHETAN ' ©

East Asia

BERLTI CIRLT] o B idant Py gociem
W [ 3 1 A

f
= = T
" =i HE ™ [T ™
SRR Clayl pligds




TWILIFTTIEAT 1258 LEMLYA
Karal Sea . 2 Sea

Located i_n Yakusima Isl, qapan on 'East Asia

pd ' Sea
Py ,

ﬂu'khalk

FPhilippine

Sea

Chennal Bay of 1 i feois . fi PH "‘l_. NES
(Madras) ; ) Lo,
Bengal AMBODLAS i Tl

ANDAMAN f r
ISLANDS . K
MDAy Ho Chi Minh
- City

L4 -
Dandas Cast i




M# K, F,

LA



Rime-ice is the one of the environmental =o.1.¢*le

Mt. Miya‘pouradake ¢

o s 4
" g i

- Rime-ice at summit

Weather measurement devise
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Mt. Halla

Cheju Is., Korea

1600m

1500 km
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Why Is it a Rime-ice
Rime-ice occures on structures which are exposed to a cloud of supercooled dropl:

The droplets impact on the structures and freeze causing the characteristic white
Rime-ice deposit.

Rime-ice deposits are common on high elevation trees and mountain top structures

Therefore, it is conceivable at the elevation rather than that of snowfall at same site
and same time

In addition, Rime-ice in the Kyushu mountainous region repeatedly forms and then
falls off.

Namely, the rime-ice occurs under the influence of cold masss and it separate from
structures when the cold masses leave.

Consequently, it may be possible to identify the special air mass that affects to the
component of rime-ice at Kyushu mountainous regions.



The residue that filtrate 200ml of the rime ice solution
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SEM photographs of the residue of rime ice solution



E -:-' r‘m;x

y -
4
Ny

A \
r‘. I) " -
L] - F
] ] :
. -
g .

L]

1
L

o

-~
2.

' L - "
Y
.
] o Dy L
* » ¢ v 4 ‘ - ..
b ’ -+

,
é“

3



1 2B8.8kV X2@.8K 1.58sm B2 AR1 18.8kYV %4.80K

0 - 20 kel _ ; ) . ; 05 Reaalningt
S0s Presets S0s Remaining: : £ ., |
s 7% Dead e Fls

FE=511
HEM1: IR0




FHE

_ﬁd)*ﬁbkﬂ)ﬂé"i \*ﬁ' :

RKEDIFESEF
NANOJRODFESESHTI7OY)L

BEF

1T 70Oyl

ENDRKRE

nTF7AYIL



i



X R#LCA

JAVAY



f B0um ' EF RS

Hem TIHRAS |

Pt PUPY py

10 15 b
TUZT=IL 477 Arrab ket TNZT=IL 323 A0t ket

FLZT-I E25 39t J-WAL: 0.000 ket ke




TA

%

Y By oy

XKiEz RIZP#mCA 5A




BREeOI7AaYIL:

INT S K
= Z/ 'E*fhk HH
h BB LU 4st K
yNIiLi b/ q==
A -EHK e
BRI F (REFFT)
= :t UJj(_l.'::' *i%

BABRHHLF




E -:-' "m;x

»
4

[
=
4
‘.
¥ &
¥

L

W

» i

o -l"’"—‘\»!;.
.
Y

o ¥
rF )
. ' ‘a
: < ._,? X L
= . L -~ % E L
- . [ ] "
e .
=+.
af IK

>
mEWL i



OB kBT 7AYVIL
A1



NTLIL Bk

18.080rm

Y
®
)
m

X
=
-~
®
(Y
—

SR—-0848

mEW &k



=i (KEFT)

g 1o zb g 1o ed g 1o zb
MLZa~=IL 321 At by FNZT=IL 393 A9t b

e

g b zh g 1b 7 zb g b zh
M2~ 102 hagt ket JNZ =107 A4t ke MNZa~IL 364 hagt b



= 2 H
lUTE #519K

g 1o zb g 1o ed g 1o zb
HLZa=IL 208 At by FNZ =L 204 A9t b MLZa~IL 256 A2t by

0 D b d b o
M2~ 267 hagt ket INZr=IL 214 ot PR



a8 im0 sz o8 im0 s zd
TUZT-IL 353 A b ke TUZT-N 262 A0b ke



d 10

10

TZT=IL 242 gk ke

g 4o o a7 im 7 =n 4T T1m T en
FNZT=IL 431 A9t b FNZT=I. T48 A4t b FNZT=IL 438 A74E ke



= HEE
&t 7K
1998/02

T0m ! T FERRRS 1

o 8 b 4F 7 zpd 8 qbn 4k ezpd 8 b 1F Tz
FZT=IL 216 hagb ket JILZ - L 300 A ke TILZr—IL 145 At b



BZiEE K




#E 3R

#NE 2H




PNl
3R

KIL3A







50

0}

30

20

(£ )Aduanbau4

SR-211 10.8kYV x3.00K 10.8sm 0

Q”Q'EQ"'O’\ '(\'0’\ 'E\"'0’?"(rz_'ﬁ’?"qrz_'%’%'(3'0’%"53"’0’5"( &'0’6'(5'0’6'0

IAS: inorganic ash sphere

Particle diameter (um)

The IAS of 500 particles in each altitude was measured at randam

using SEM.

1300m various size exist

Other altitude converge at 1.0um

Quantitative evaluation the number of sheets of photograph
1500m 1950m

The number of particles of IAS was the maximum in 1500m




Micrometers
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The top of Mt. Miyanouradake
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Particulate in rime-ice

coal
yellow sand
4000.0 36I00 32I00 28I00 24IOO 20I00 18I00 16IOO 14I00 12I00 10I00 8(I)0 6(I)O 45IO.0

cm-1



Change in ion concentration in rime-ice
according to altitude (Mt. Halla)

pH EC cl

NO3, SO4 Na Ca, NH4, Mg, K
5.5 300 90 30 25 5
80 cl L
- —@— EC 70k 20
1200 60F 120 '
45 S0k
100 30 \ -.10
4 20 || —&— NO3 |
10 | SO4
35 ‘ 0 0 : 0 0 ‘ 0

1300m 1500m 1700m 1800m  1950m 1300m 1500m 1700m 1800m  1950m 1300m 1500m 1700m 1800m  1950m

The maximum value was observed to 1500m as for EC and ion
components. However, the pH Is a decrease tendency from 1300m
to 1800m.



pH EC(uS/cm)  CI, SO,z(mg/l) NO, (mg/l) Na*(mg/l)  NH,* K+ Mg?*,Caz*(mg/l)
4 30 5

5.5 300 60

o o EC 50 —&— NO3
5L 13
1200 40
Cl 4

ZX:3 o e 30 o
100 20f

o} .,
10 |

3.5 | | L L 0 O | | | | O
1300m 1631m 1631m 1700m 1800m 1935m 1300m 1631m 1631m 1700m 1800m 1935m 1300m 1631m 1631m 1700m 1800m 1935m

Yakushima Is.

The change in the pH by the altitude is small. However, the maximum
value of index was observed to 1700m as for EC and the ion
Components. Moreover, the minimum value was a top of mountain.
Especially, a decrease of the ion that originates in the sea salt particle in
the top of a mountain is remarkable.



Distance Index=(Z(X;;-X;)?)

X=the relative ratio (%) of each anion
and cation constituent versus the total
anion and total cation.

I=each anion and cation constituent,

J, k=a numerral corresponding to No. in
Table 2



The similar degree of ion component in rime ice using
Distance Index at Mt. Halla

E-1300m E-1500m E-1700m E-1800m E-1950m
E-1300m 5.04 8.22 18.2 18.0
E-1500m 4.08 6.47 17.6 17.9
BE-1700m 8.26 6.42 11.2 11.6
E-1800m 21.2 20.3 13.9 2.54
B-1950m 20.7 20.1 13.8 1.42

upper half:cation, lower half: anion

Distance Index=(Z(X;i-X;)?)2

% anion

There is a drastic change between 1700m and 1800m.

1800m and 1950m are similar.

D.l. changes gradually from 1300m to 1700m in each altitude

cation
The tendency was similar to the anion.



Similar degree of ion component in rime ice using Distance Index
At Miyanouradake

Y-1300m Y-1641m Y-1641m Y-1700m Y-1800m Y-1931m
Y-1300m 0.65 1.19 7.07 2.46 13.6
Y-1641m| 0.32 1.74 7.45 2.24 14.2
Y-1641m| 1.69 1.39 6.74 3.24 12.9
Y-1700m| 1.35 1.66 3.04 6.43 9.98
Y-1800m| 0.32 0.61 2.00 1.05 14.2
Y-1931m| 17.7 18.0 19.4 16.3 17.4

upper: cation; lower: anion

% The characteristics of anion
There is not the similarity between the summit and other
altitude

v¢ The characteristics of cation
The tendency is similar to the anion



ead stable isotope ratio

INn each altitude

AH E E #ik| 207Pb/206Pb 208Pb/206Pb
1999/1/13 | 1300-R 0.88123 2.13044
1999/1/13 |  1330-R 0.88301 2.12734
1999/1/13 |  1400-R 0.88143 2.12625
1999/1/13 |  1631-R 0.87765 2.11519
1999/1/14 |  1631-R 0.87268 2.10761
1999/1/14 ¢  1700-R 0.87695 2.12197
1999/1/14 |  1800-R 0.87715 2.11678
1999/1/14 | 1935-R 0.87352 2.11987
1999/1/13 | 1631-S 0.84145 2.04224
1999/1/14 |  1631-S 0.84194 2.04500
1999/1/14 | 1700-S 0.85395 2.06624
1999/1/14 | 1800-S 0.84332 2.05202
1999/1/14 | 1935-S 0.86388 2.09456

.2.15-19, 2.10-11

Yakushima Is.

208Pb/206Pb

The origin of the contaminant is presumed
from Lead stable isotope ratio

7 1300-R
2'25 ; _ 1330-R
2. 18- R:rime ice 14008
2.16- S:snow 1631-R
2. 14 = 1631-R
2.12 O 1700-R
21 — 1800-R
2.08 1935-R
2 06 1631-S
o 0 1631-S
2,04

? 1700-S

2. g A——"—-oA—
0.825 0.845 0.865 0.885 0.905 | ™ 18005
W 1935-S

207Pb/206Pb

The origin is different in the snowfall
and the rime-ice
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Back trajectory

LATITUDE

70

€0

50

40

30

20

%
0 j ?&
; W | g
/ / ?
St 7 s
70 80 20 100 110 120 130 140 150
LONGITUDE

Jan. 1997 at Yakushima Is.



70 ?/‘_EEJSM N.: Eg \\‘\
60 RSN A
~) Lo |
50 M— & A
2 i O W R | E
3 P 15 g %}bg 3
i~
30 -\‘ % ) L
20 NL/S & ﬁ"&\ 3 : 0 .
40 50 60 70 a0 90 100 110 120 130 140 150 180
LONGITUDE

Feb. 1997 at Yakushima Is.

ECMWF (European Centre for Medium —-range Weather Forecasts)
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Long-range transported air pollutants
was clarified?

Base on scientific data

!

Then, Iits influence
on natural environment










Effect on air pollutants causing forest decline

by
Osamu NAGAFUCHI

1) The significant decline of Pinus amamiana
2) The characteristics of the acid deposition
3) The characteristics of the physiological effects
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Pinus amamiana

’ Broad-leaved

tree

Rain collector

290m

Observation

I\/Ildslope tower
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Conclusion

The soil of Yakushima Island is depleted in base cations and nutrient-poor granite bedrock
and the larger amount of acid rain quickly eluviates mineral nutrients from the soil. However
as shown by Kennedy et al. (2002), the most of base cations for plant nutrition in Yakushima
Island were estimated to derive from sea salt (Nakano et al. 2001b) and the forest trees feed
nearly exclusively on cations of atmospheric origin. In addition, Satake et al. (1998) showed
that the major source of N compounds entering the ecosystem is atmospheric deposition.
Therefore, adhering and concentrated nitrogen compounds and nutrient salts are originally
very important resource for plant growth in Yakushima Island. Although sea salt particles
cause leaf surface deterioration, additional input of nss-SO,?- acidifies the needle surface and
accelerates leaf surface deterioration and leaching from needles. Our study showed that P.
amamiana is the most sensitive tree species to the increase of nss-SO,?- flux because of its
growth characteristics.

The concentration of atmospheric O, was also maintained high in Yakushima Island. O, may
have some important stress factor of P. amamiana, but it is hard to judge the degree of
importance in the decline process under present condition. Some comparative field
experiments, such as open top field chambers receiving charcoal-filtered air, may be effective.



Acidification of stream water due to chemical weathering

by
Osamu NAGAFUCHI

1. The characteristics of Yakushima Island
2. The characteristics of water chemistry
3. Chemical weathering in Yakushima Island



700

WV oil, South Korea
600 |- QO coal, South Korea
¥ coal, North Korea

Background

Coal and oil consumption (million ton)

1960 1970 1980 1984 1990 1993

Aiir trajectory of Mt. Miyanouradake on 1997



: granite rock

: sedimentary rock

: the World Natural Heritage area

: the highest summit Mt. Miyanoura (1935 m)

Fig. 1. Location map of Yakushima ls.



2.000m Mt. Miyanoura 1935m
Mt. Nagata 1886m Mt. Kuromi 1831 m
sub-frigid forest
1,L700M |= ==mec e e e -
evergreen conifer
[, 200N |s e nsnccanans
evergreen conifer
1,000m e
evergreen broad-leave forest
300m-u---
evergreen broad-leave forest
100m
Om / Sub-tropical forest \
N S

Fig. 3. Schematic diagram of the N-S vertical sectional view and the distribution of forest vegetation in Yakushima Is.
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Fig. 6. Location of river and stream water sampling points in
Yakushima Is.

W : in the western area (Hanyama and Kawara River)

C : in the central mountainous area

O : in the other area



14

12

pH

0 0.5 1 1.5 2

Titration degree

Fig. 16 Acid - base titration curves showing the role of
dissolved CO2 in the neutralization of hydrogen
ions.



(@)

(b)

140

120

(] o o o
m_ OO 6 4

(,.wp ba™) uoreIuadU0)

20

Lo
o
oljeJ JusfeAainb3




Conclusion

The typical analytical method of alkalinity such as JIS method could not
be applied to the determination of low alkalinity in the surface water in
Yakushima Is. The theoretical curves drawn under various partial
pressure of CO2 clarified the reason why the presence ofCO2 in solution
keeps pH lower and changes the pH values at the equivalence point.
This problem during the titration was improved when the titration was
carried out under N2 atmosphere. Furthermore, the Gran method was
much suitable for the alkalinity determination even at a few mmol dm-3
levels, because this method takes only 20 minutes to complete the
titration, and could determine alkalinity in accurate and precise.

The activity diagram showed that chemical weathering was advancing
only towards the generation of kaolinite from primary minerals because
of the short residence time of water in this area. The concentration of
Si02 was excessive against that of HCO3- and it was suggested that
there is other sources of hydrogen ions.



There was a clear correlation between the total equivalent
concentration of nss-SO42- and HCO3- and that of SIO2 all over
the island. In Yakushima Is., the chemical weathering is affected
by nss-S042- more than by dissolved CO2. Particularly in the
western area, this phenomenon appears remarkably. In the
western area, the amount of H+, provided from the acid
substances and consumed by the chemical weathering, occupied
70~80% of the conjugate base of hydrogen ion donor and the
remaining only 20~ 30% was supplied by dissolved CO2. Even in
the other areas, the fraction was 50 %. In winter season, the
concentrations of dissolved components were increased together
with that of nss-S0O42- transported in long distance from Eastern
Asia, and the acid buffer capacity was decreased. The further
Increase in the acid deposits may cause surface waters in the
Yakushima western area to be acidified.

In this study, it was clarified that the buffer capacity of surface
stream waters has almost been depleted in Yakushima Is. For the
guantitative prediction of the acidification, it is necessary to
compile much more information on the annual mass balance,
chemistry and discharge of the precipitation and surface water in a
confined catchment area.



Analysis of environmental pollution history using lake sediments

by
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Figure 2. Wind direction data for the Kanto region of Japan showing air mass movement (a) taking
pollutants away from Lake Akagi-konuma during the night and (b) taking pollutants from Tokyo towards
Lake Akagi-konuma during the day. Data are from the Automated Meteorological Data Acquisition
System (AMEDAS) of the Meteorological Agency of Japan using the 131 sites in the Kanto area. Data are
2003 — 2005 means for (a) 0300 — 0400 and for (b) 1500 — 1600 (local time). The position of Lake Akagi-
konuma is marked @.
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Figure 3. Three-day isobaric back-trajectories ending at the elevation of Lake Akagi-konuma at 0000 and
1200 UT (0900 and 2100 LT) for each day of 1994. Each panel shows a month of data.



10 A
+ 03

+ 0.25

Depth (cm)
o

+ 0.2

+0.15
401

25 1
T~ 1005

30 T T T T T T T T T 0
0 10 20 30 40 50 60 70 80 90 100

Age (yrs)

S
Sedimentation rate (g cm™ yr'l)

Figure 4. Depth-age curve (O) based on the 210Pb chronology corrected using the 137Cs peak at 1963.
Dotted line represents the extrapolation of the depth-age curve using the basal rate of the dateable section.
The resulting chronology is used to apply dates throughout the rest of the paper. Also shown (solid line) is
the sedimentation rate profile.



LOI (%); TON (mg g")

2000 1 1 1 1

1980 -

1960 -

1940 -

areq

1920 -

1900 -

1880 T T T T T
0 20 40 60 80 100 120

Water content (%); TOC (mgg™)

Figure 5. Lithostratigraphic data for the Lake Akagi-konuma core. Profiles for loss-on-ignition (550 °C) (solid
line); percentage water content (¢); total organic carbon (TOC) (A) and total organic nitrogen (X) (TON) are
shown on a chronological axis



Sediment depth (cm)

10 |

15 4

25 i*

30 ®
0

10000 20000 30000 40000
SCP conc (no. g DM?)

30

10 |
15 |
20 |

25

0

100000 200000
IAS conc (no. g DM?)

30000(

Sediment depth (cm)

10 |

0 10000 20000 30000
SCP conc (no. g DM?)

40000

30

10 |
15
20 |

25

0

100000 200000
IAS conc (no. g DM?)



S66T

0661

G861

086T

areq
G/6T

0461

S96T

«“«“«U«\\\

0961

G561
-0

- 000T

- 000C

- 000€

- 000Y

- 0009

000¢

G661

066T

G861

086T

areq
G/6T

0.6T

G961

0961

GS6T

0009

0S6T

- 00S

- 000T

- 00ST

- 000¢

- 00G¢

- 000€

00sE

(sauu0) uoljjiw) uondwnsuod |an4

(sauu01 uoljjiw) uondwnsuod [an4



2000

1990 4
1980 $

1970 |

Date

200 300 400
IAS / SCPratio

Figure 8. Ratio of IAS:SCP fluxes for the Lake Akagi-konuma sediment core for the period where
both particles are detectable.



Conclusion

The SCP record of Lake Akagi-konuma indicates predominantly the influence of
emissions from Japanese combustion sources (originally coal and now oil). The
record of IASs, however, indicate the additional influence of more distant East
Asian sources, especially from China. There is, therefore, concern over the scale
of the impact on Japanese mountain areas from these long-distance sources as a
result of the continued and predicted increase in Chinese coal consumption into
the 21st century. SCPs themselves may not be damaging environmentally but
may act as indicators of other associated industrial pollutants (sulphur, trace
metals, persistent organics) which can be.

The scale of contamination recorded by Lake Akagi-konuma sediments are
moderate in European terms and high with respect to lakes in the western USA,
but a better comparison would be with other Japanese mountain lakes. There is is
a need to undertake further research to confirm the temporal signal reported here,
ascertain the spatial distribution of these contaminants across Japan and,
particularly with a view to determining the ongoing impact from increasing East
Asian sources, monitor the effects of depositing pollutants to these remote sites.
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