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Fig. 1. Location of (a) sampling sites of air pollution denoted by black circles (dotted areas rep-

resent land higher than 1000m MSL), (b) water quality monitoring points (black circles de-

note long-term monitoring points and black triangles denote short-term monitoring points),

(¢) region where water pH was analyzed. (d) Geographical features of the region: dotted

areas and black areas represent land higher than 1000m and 2000m MSL respectively.
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Fig.2. Changes of annual mean pH of precipitation in the mountainous region in central Japan.

Table 1. Regression analysis of annual mean pH values of precipitation.

Location Regression line  Regression Regression Correlation Period n
coefficient coefficient coefficient
lower higher
confidence confidence
limits*1 limits*1
Matsumoto - 07  '86-'01 16
Nagano 0.75 '86-'01 16
Karuizawa vy =4.96 — 0.015x 0.45 '86-'01 16
Suwa y =5.76 - 0.03x 043 '86-'01 16
Ueda y =551 — 0.035x 0.38 '86-'01 16
Omachi-1 y = 4.97 + 0.005x 021 . '72-'94 23

y: pH, x:year — 1980

*1 confidence coefficient: 95%

*2 Decrease of pH is significant (level of significant; 0.05)
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Fig.3.(a) Distribution of mean precipitation pH averaged over 1993 to 1997 in the moutainous

region in central Japan, (b) Long-range transport routes of acidic pollutants to the central

mountainous region. A: acidic pollutants from the Asian Continent, B: Kosa (the Asian

dust) from the Asian Continent, C: acidic pollutants from the Tokyo metropolitan area, D:

acidic pollutants from the Ise-Bay area.
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Table 2. Causes for seasonal changes of precipitation pH in the central mountainous region.

Cause of the seasonal change of
precipitation pH

Influence to precipitation pH

I Emission of acidic pollutants in local
and neighboring area

II Transportation of acidic pollutants
from large scale domestic emission

Transportation of acidic pollutants in
continental outflow

4 H

Release of acidic pollutants from a
volcano

<

Transportation of Kosa (Asian dust)
in continental outflow

Decrease of pH through a year
Decrease of pH in warm season
Decrease of pH in the wintertime
Decrease. of pH at the time released in

large quantities

Increase of pH in the springtime
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Fig. 5. Changes of mean pH of river and lake water in the mountainous region in central Japan:

(a) annual mean, (b) mean over winter months (from December to March), and (c) annual

mean at the points where monitoring started in 1997.
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Table 3. Regression analysis of annual mean pH values of river and lake water.

Location Regréssion line Regression Regression  Decrease Regression Correlation Period n
coefficient coefficient of pH in estimate of coefficient
lower higher thirty  pH at 2001
confidence confidence years

fimit™ limit™
)4 38*2 108  6.70 075 '76-'01 26
0.75 6.83 0.66 '"76-'01 26
0.66 7.05 on "75-'01 27
0.69 6.48 0.69 "77-'01 25
0.63 6.84 0.64 77-01 25
0.54 1.22 0.58 '"72-'01 30

-*% 701 0.49 '81-'01 21
0.33 7.06 0.51 '72-'01 29
0.27 6.77 0.49 7801 23
Kizaki-ko y = 7.64 - 0.018x 0.54 7.26 0.38 72-01 30
Kamanashi—gawa y = 8.18 — 0.010x .018: - =0.001" 0.30 1.97 0.43 '76-'01 25
Koshibu-gawa vy =7.93 -0.013x -0.026 0.000 0.38 '76-'01 26

Nakatsuna-ko vy = 7.46 — 0.036x
Aoki—ko y = 7.35 = 0.025x
Hime—-kawa—1 y =7.51 - 0.022x
Yomase—gawa vy = 6.96 — 0.023x
Takase—gawa—-1 y =7.28 - 0.021x
Hime—-kawa—2 y = 7.60 - 0.018x
Kan-gawa y = 7.79 - 0.037x
Azusa—gawa-1 vy =7.29 - 0.011x
Nakatsu—gawa y = 6.96 — 0.009x

4
3
3

Nojiri~ko y =17.31-0.004x -0.008 0.000 0.33 '72-'01 30
Narai—gawa y =7.63-0.010x -0.021 0.001 0.34 "74-'01 28
Susobana—gawa y = 7.40 - 0.002x -0.007 0.003 0.19 '78-'01 24
Takase-gawa-2 y =7.12-0.003x -0.010 0.004 0.17 77-'01 24
Azusa-gawa—2 vy =7.28-0.002x -0.008 0.004 0.14 72-'01 29
Matsu—kawa y=7.21 -0.005x -0.015 0.005 0.19 '76-'01 26
Kiso—gawa—3 y=7.23-0003x -0.011 0.005 : 0.17 77-'01 24
Yoda~gawa y =759 -0001x -0.010 0.008 0.06 75-'01 27
Kiso~gawa—1 y = 7.45 + 0.000x -0.008 0.009 0.02 7701 25
Sai-gawa y =7.13 +0.004x -0.001 0.009 0.30 '72-'01 30
Kiso—gawa—2 y =7.20 + 0.002x -0.006 0.010 0.11 77-'01 25
Chikuma—gawa vy = 7.58 + 0.004x _—0.007 0.015 0.13 '72-01 30

y: pH, x: year — 1980
! confidence coefficient: 95%
*2 Decrease of pH is significant (level of significance: 0.05)

*3 Not calculated because of large influence caused by fertilizer outflow from vegitable—producing
highlands (Miyajima et al., 1996).

Table 4. Regression analysis of mean pH values of river and lake water in winter months (from

December to March).

Location Regression line Regression Regression Decrease Regression Correlation Pegriod n
coefficient coefficient of pH in estimate of coefficient
lower higher thirty  pH at 2001

confidence confidence years

Kizaki—ko y=7.13 - 0.024x
Azusa—gawa—-2 _ y = 7.25 — 0.008x
y: pH, x: year — 1980

*!' confidence coefficient: 95%

*2 Decrease of pH is significant (level of significance: 0.05)

0.72 6.63 073 '72-'01 29
0.24 7.08 047  '72-'01 28
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Fig.6. Geological map (Geological Survey of Japan, 1987) of Nagano Prefecture and decrease of
pH of river and lake water in the 30 years. Black circles denote points where the decrease of
pH was significant, and open circles denote points where the decrease of pH was insignificant

(level of significance: 0.05). Numbers denote decrease of pH in the 30 years.
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Table b. Relation among decrease of pH of river water, pH of precipitation, and alkalinity of
river water (HCO;~ concentration, inflow of hot spring water and outflow of chemical fertil-

izer are quoted from Miyajima et al.(1996).).

Location Decrease pHof Hco,” Geologic Inflow of Outflow
of pH in precipi— meq/ composition hot of

thirty tation *2 spring fertilizer

years water

Hime—kawa—1 0.66 48 0.81 A X X
Yomase—gawa 0.69 5.0 0.11 D O X
Takase-gawa-1*1 0.63 4.8 0.30 A X X
Kan-gawa _*3 49 0.76 D X O
Azusa—gawa—1 0.33 5.2 0.33 A X X
Nakatsu—gawa 0.27 5.1 0.12 D @) X
Kamanashi—gawa 0.30 52 1.64 D X X
Koshibu—gawa 5.1 1.26 D X X
Narai—gawa 5.2 0.42 D X X
Susobana—-gawa 48 0.38 D X X
Matsu—kawa 5.0 0.25 A X X
Yoda—gawa 50 0.38 D X X
Kiso~gawa—1 52 0.40 A X X
Kiso—gawa—2 5.1 0.29 A bl X
Chikuma—gawa 5.1 0.45 D X @)

*I' The concentration of HCO3- became less than 0.2meq/| occurred in cases of

large precipitation amount.
*2 A: Acidic rock, D: Other than acidic rock

*3 Not calculated because of large influence caused by fertilizer outflow from
vegitable—producing highlands (Miyajima et al., 1996).
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Fig.7. Change of monthly pH of river and lake water in the mountainous region in central Japan.
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Longterm Decrease of pH of River and Lake Water in Mountainous
Region in Central Japan and its Relation to Acid Rain
—— Decrease or pH in Past 30 Years

Hidemi KURITA® and Hiromasa UEDA™*

Nagano Women’'s Junior College, Miwa, Nagano-shi, Nagano 380-0803, JAPAN
** Disaster Prevention Research Institute, Kyoto University, Gokasho, Uji-shi, Kyoto 611-
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Annual changes of pH of upstream river and lake water in the mountainous re-
glon in central Japan was investigated by using 30-years (1972 —2001) records.
Monthly pH at 24 water quality monitoring points (20 points along 15 rivers and 4 in
lakes) with negligible anthropogenic pollution effects and precipitation pH at 20 air
pollution sampling sites in 1972—2001 were analyzed statistically and their character-
istics of long term trend and distribution along with their relationship were investi-
gated.

Acid rain monitoring data and atmospheric deposit gauge date indicated that
precipitation pH in Nagano Prefecture was ranged in 4.8 to 5.3 in years 1972—2001.
Annual mean precipitation pH were lower in the northeastern part of Nagano
Prefecture, since it was easily affected by long-range transport of acidic pollutants
from the Tokyo metropolitan area and the Asian Continent. The central part of
Nagano Prefecture, on the other hand, was not affected so much, with the annual
mean precipitation pH being higher. Seasonal changes of precipitation pH in Nagano
Prefecture were attributed to emission of acidic pollutants in local and neighboring
areas, transport of pollutants from extensive emission source areas In warm season,
transboundary transport of acidic pollutants from the Continent in wintertime, and
transport of Kosa (the Asian dust) in springtime.

In the past 30 years, pH values of upstream river and lake showed significant de-
crease (level of significance @ =0.05) at 12 out of the 24 points. The pH decreasing
trend of Nakathuna-ko, Aoki-ko, Kizaki-ko, Takase-gawa, Hime-kawa, and Azusa-
gawa, where watershed bedrock was made of acidic rock such as granite and
rhyolite, was confirmed to be ApH=0.2—1.1 in the 30 years, even after the previous
reports (Kurita et al., 1990, 1993). In addition, Yomase-gawa, Nakatsu-gawa, Kan-
gawa, and Kmanashi-gawa also showed decreasing pH tendency, which had not been

reported in the previous papers. Estimated pH decreases of these rivers in the 30



yvears were 0.3—0.7. In most of these rivers the longterm decreases of pH values were
closely related to alkalinity (HCO; concentration) data. It suggested that the
longterm pH decreases were caused by acid rain. Of the 12 points where the de-
creases of freshwater pH were significant, the lowest pH=6.5 in the year of 2001 was
observed in Yomase-gawa. The next lowest pH pointS were Nakatsuna-ko, Nakatsu-
gawa, Aoki-ko, and Takase-gawa, the pH being in the range of 6.7—6.8. In the case
of Yomase-gawa, low concentration of HCO;™ due to inflow of hot spring water re-
duced the acid neutralization capacity and caused remarkable decline of the river pH
n early snow melting season.

These findings suggest that, in the upstream areas of the central mountainous re-
gion, pH values of a number of rivers and lakes with low acid neutralization capacity
are decreasing over years, and that pH decreasing areas are extending gradually

from areas over acidic bedrock to other areas.
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