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Fig. 1. Frequency distribution of pH and EC of rain water at Kurashiki
during the 5 years from 1972 to 1976.
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Fig. 2. Frequency distribution of monthly and yearly pH-values of rain
water from 1972 to 1476.
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Fig. 3. Frequency distribution of monthly and yearly EC (pyp/cm) of
rain water from 1972 to 1976.
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Fig. 5. Relationship between pH or EC of rain water and precipitation in 1976.

DTHE W fER R LI, Wil 0~10 mm/day «ds. T, EC & O {IBIGR4UE = —0.683,
10~60mm/day Cit »=—0.419CH b, 0~10mm/day DT 5 A 2 & Fure,

5. R & pH, EC & 0Baf%

friico> 5 » 4 o T H o BUSE 3 Lot JiiE & pH, EC & DBk % & LD
Fig. 6 TH 5. Bilgiilh, HE@EsA—ETH 7233500 F — 22Tt L.

REdG A O BEEAEELS L o & %<, SHEDOHIA6 B THY, KiCHE21 %, 49.2

200 Wind direction 6.0 pll 100 EC
55} 80
150
] - j
50t 60 F -
oo % 11| 7 5 _
il
a 45} 40} ]
50
40t 20t
ol I 35t ‘ ok
NNESSSWN NNESSSWN NNESSSWN
E E W W E E W W E E W W
Wind direction

Fig. 6. Relationship between pH or EC of rain water and wind direction
on rainy days during the 5 years from 1972 to 1976.
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FFig. 7. Monthly weighted average pH and EC of rain water for precipitation
during the 5 years from 1972 to 1976.
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Table 1. Ion concentration of rain water at Kurashiki W Bl BN, nTe b

Con;:entrati;f(ppm) 7 SVWRETH D, TOEE
Sample Date of =

collection  NO,~ NO-; NH, 80,- @ AEMPAE A B
‘Rainfall  Aug. 20, 1972 0.30 26.6 1.03 s5.8 K GARJID o T1969
Aug. 23, 1972 0.03 89 0.90 26.9 FoM Lic R & i

- — 35 &, NOy™ 10~100 f&,
Takahashi noy 14 1969 0.013  0.47 0.03 6.3 : )

e - S NO,” 37~110%, NH,*
* Data from Kobayashi et al. (1970) 30~344%, SO,~"3.5~7.2
EDETH 1.

1973~1974 H HIH 5 #A T ME X RA-MAPOEHRED 1 4 FigfEL NO,~ 0.06
ppm, NO;~ 2.9 ppm, SO,~~ 6.8 ppm TH b, F/-F O fiifEx NO:~ 0.9 ppm,
NO;~ 16.3 ppm, SO,™~ 42.2 ppm TH -1

LRDOBE, o2 2B LI THINDT, TO—BIFHATL TV EN1E D
¥ L < 2s, 8 A20B D fITiE, NOy, SO, OEEERHED 1 A FEFHELD b
AP HEL, FRREL D L b RED ST, IO EXARDOBEKCHHE 4D
WENSRCE TR T A Z LI TE S,

8. MALCLBATHHAREROBERM
(a) WMBRRERERCHTIHERME
BRICEAHET 7+ DEFCREGE O 2. BAD pH i E+ 23011
SO WMENERIIRTH S EHEZ HNDDT, HBOZMILE DI ATEY, 7474
A DIERTHH T L, BeaRIGORE % H~7: (Table 2),
T H A O EF 1% 25~50 ‘ . '
vom 0 RBROWT X T B, Derion o mood £ory gt
D, 55 THEEINKEILYE PP R
fEL, 30~60%BIiITER D Minats . L0y Godtantratio (ppm)

¢' . , 0 05 1 5 10 25 50
BANEL, AVEELSICE D, S e

10 ppm DRI CIE 55T ’ R I B B
FEEAT I, Fohr s o - - x|+ |
Ot D, 305 THEIK 3 RN
B+ %. 5ppm Tk 105 60 TR EE A S A

HIEEDI e b, 6051
ez £ 5. 1ppm Tik
B0BBICTERMT 15, fade color
I, change color to pink

HIZ 0.5 ppm Tk 30~60% {ff, change color to white
Bz E A ETE L WDy,
KifieBE -7 L X, F0HENHBIHED R B

U EDEMG, 0.5ppm L EOHIBEEERIED T 74 74 O (EMLE bAD R
ERIL, TOWBC X » CHESORENRL S Z ENHELME o1,

no discoloration
no discoloration, leave a mark of water drop

+Ho
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(b) HIFEHDIES DM &R
Table 3 R LAcZ &<, MDA ML, (EEDRKD 1T RO &M
DIREENER AT L, 1 BRI OB I GO B A gt L.

Table 3. Effect of various concentrations of H,SO, on discoloration
of the petals in various plant species

' Species Petal H,SO, concentration (ppm)
clor o o5 1 5 10 25 50 75 100 500 1000
Morning glory  Purple - + + b f L 1 b i it i
Balloon-flower  Biue = - - - - + + + + e i
Yellow - —~ — - - - - - — +
Carnation Pink - — - - — - - ~ + - -+
Red - - — - = | it + & 7 1
Yellow - - - = - - — - +
Chrysanthemum ¢ Purple - ~ — E — = 4 ) +
‘White - - - - - — - ~
Orange — - = s . - + '
Garden zinnia Purple - - — - — - — + !
Red = - - t+ + -+ + +
Gladiolus Red - = . 2 _ — % +
Petunia Red — - - — - - t + + H
Pink — — — - - 7 = - sk &
Rose Orange - — - - — & + t
|Red - - - - - = s o S } +

Stock White = — = = = . o= _ o .

H,SO, solutions were dropped on the flower petals at 25°C, and the response
measured after one hour.

TAAA (U)X 1ppm T, GHE R 5 2Bppm, F+ 3 v (F) » 50 ppm, H —
f—vaV ), =7 (R A T75ppm Tito &y Lic B IGE LI, oD
CEMBARERCER LD Tk, T A A DIERD D - & b BT (HNE SIS L
IGL, BMET2I 0 BbmIcisofe. BEREILRIIC X D HVRDN, —HUTE,
' AREOEFEBGE L3, B, B, SEoliizhie L s bR, 1
TEIHZ 20 X 1000 ppm T & B a2 b lgh - 1o,

() MKICEDERDOHER

6~ 9 RERHR L/cHiK 43 e D¢, ST WIS L /o7 9+ 774 OfEFICHi F L, i
IS A s Lfc. RIKIC & 2008 SR ORRRE X RUVES B D & DR E G- A i Wit
L. MNERIE¥EEE L CEb L1 (Fig. 9, Fig. 10).
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Fig. 9. Discoloration of the petals

48

in morning glorv caused by rain
water at Kurashiki during the
period June-September of 1972
and 1974. Degrees of discolora-

tion of the petals were presented
to the dis-
various

as the values equal
coloration degrees by
concentrations of H,SO,.

AN LGOI R L A (T A
DSOS & Rk Lo, T DR SUGE
5ppm O kM & FBEART L0 L0 L
L %<, 2033y DLoICH bR, KIC
10 ppm k(i 26 %, 1ppm FhfE 22 %, 15
ppm LA EM 1T B TH T,

SO LI ki AL, TXT, 7
A AOEFORESULEZO XL, o
S & b L B A O & % 29 ififfk 5 ppm
DAL D RE & S ORI £ 75 % AL T
Ly7e,

(d) TEHROBeERE & pH, EC & D%
MK LB 7+ 7 A (RO G & KD
pH, EC & OBYEE B L 7ony, MEtHICits
FAABE SR B e h - fo (Fig. 1), L
L pH A% i U & i B RE B O L us\
LoRBbhAsEEsALbR, pHA LV & &
3, BERIEO G L Oa bRl b o F T 4

Fig. 10. Discoloration response of morning glory petals to H,SO, solution

and to rain water.

Various concentrations of

H,S0O, solution and

rain water were dropped onto the petal and the response measured

after one hour,
ekt

Spots discolored by H,SO, solution, Numerals in the Figure

show the concentration (ppm)of H,SO, solution,

Right:
days.

Spots discolored by rain water sampled on various rainy
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Fig. 11. Relationship between pH or EC of rain water and the degrees of
discoloration of morning glory petals,

Bbhtc. Tibb BEEDIERB AR (HS0, 15~25 ppm % (E) vt pH5.0 LT
DB B, SRR (5~10 ppm & &) OFAEEIGE pHS.8 LITo L &EHbhr:.
¥ 725588 (0.5~1 ppm % RfE) ORINILTTo pH K (4.0~6.5 THbII:.

THHFRY YU OIEROUEE « PR ER 5IERE (HoSOy) 12 X AEEATF
A XaEh, EUWpHIRIB 7V Iy 7 v B FHOBERINC LB ERHE2xBRT W
B, LOLEZD AN =X AEHET.

EBE' (L TERMIRND 7 v+ v 7 v ik pH 4§l TR AR ZER L\ T &n
b, MEDRKRL SO OFAFRAIC X 28 A KE WV EHELT V5. BEEY (LM%
W SO kM ERAALK Y 74 74 OIEFFICHE Lk &, pH 3.0 I Fog CHANE
CAZEERELTRD, FLFAW LIy v ORO A ASyF Mo THEL, M
% DFEFHERD pH 2.6~3. 0 ST TcAHBRRAET L Z L2 REL TV Z .Lhaeuww
M BTKDOMBMALATEROREX O & ks T 2 L AR L.

LA L A B A EEROBETIL 74 7+ OEROBESSDORE L HiAKD pH 2
EC OffE a6, Ml HR e Ean LT, £ pH 3.0 LIFT O[22
XRTWWD, ZEAETRTOWRKET A ADREFRCAREREXOEL IS, &
FUTTIAKF D H DO WEAFF R EL TV 5 2 &0, WAKRPCHEFL T 254D
MBS Y EOH S LEANEE LT Wb 2EbE 200, coMciL T
i3, SHE SR S A XEMETHS.

1 =3

I 51 B 1972~1976 40 5 SE[E O WK D pH, HAZEHEDJEZ 1TV, T DRE
PRETA L E L, KT X BT HATEFO NG 2T 7

1) S5EMOMRNTHE (456 B)DTAD pH O HBEBED S » & b %L -Dik pH 4.0~4.5
T, 2MFTEED 6 BCABR, KIC pH4.5~5.0 TH3I0 S ThH-7c. Fr pHOSL
T D BT 2R H 1D 80% Bl LA e Tz, b #4fH] pH O E{iiL 4. 8
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ThH, HEA6.9, RIEM3. 6 THorc. F/o4.0 LT OMFEVEFTIL 4 ~10 A Ol
Zbih, 11~3 ADRFEC AR 7.

B2 D Ie & & ik pH 1L 3. 6~6.5 F CTOIL WD & 02 Wb hion, Wi
D%\ B (30 mm/day LA E) 1% pH X 4. 4~5.0 OEOMEIZIR S, L& r o1,

2) KD EC O MBI DL DL 20~40 pg/cm T, £HE0 36 Y EHTRD,
D3 T 40~60 pgs/cm T20 % T Hote. 5 p4FEHID EC OF5HEIE 37,3 wg/cm Th
ot Fic 20 ppp/em LUF O & 7 BEKIE 7T ~10 ADEFC W TECHERL
7=. EC Dffiikfifit & Oz AOHIBES A B,

3) WA® pH & EC & oz FE MBS bhithsc. ZhidfAD pH 2
KAPETEET AL D 7 2 ) e E OB R B SIERC L s THRD SR T 5
LR LTWA, L LENRFIO ECIekiTA5{E pHYfIIX ECE BB L &L
WA T e, F70 4, 0 AT OWCTEMFTE EC 23 40 pg/cm D ED S EHbhic.

4) 1972~1976 £ D 5 H4EM © MENTE pH FIGHIL FhFh 4.7, 4.5, 4.7, 4.5,
4.5TH o 1z, BRIMEFSL 4. 4~4. 9 DIEFRCHFAEL, 8, 9 AixE <, 10 Bix{tu
f@f‘?@ =72,

5) 1972~1976 & @ 5 » FfilD NifEINE EC FIOE X £ h £ h 35.0, 36.4, 35.6,
34.2, 32.5 pg/cm TH o7z, B PIMETFEIFIL 17~45.5 pgy/cm OFEATH Y, 3 A
e, 9ANL - ELIEWETH 7.

6) ABCEELIMATANT 79 HAORELMISZO TR L, MR RFET5~10
ppm DEEMA D - &b %o 7o, §iKD pH, EC & 74 44D JEF ORI & oflic
i, MRS HIBIE A B te i 7o, Las LGB pH 5.0 LLTFT, RRED G
(X pH 5.8 U FTBUb 7oA, BB AR ISR 3N T o pH 1k (4.0~6.8) THbhto.

) DYV, TEED RIS 17 MR OTERC FRIRE O MR A T T L,
T DORENIEE TSIAER, 797404 - & bR ZIG LT, —f&i24s, 3, Ko
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pH, Electric Conductivity of Rain Water at Kurashiki
and Discoloration of Petal in Morning Glory

Kazuyoshi Kimura, Takeo Norrrakre and Ken-ichi Takasu

Summary

pH and electric conductivity (EC) of rain water at Kurashiki, Japan were measured
during 5 years from 1972 to 1976. Discoloration of the petal of the morning glory by
rain water was also examined.

1) The most frequent pH of rain water recorded at Kurashiki was 4.0-4.5; this
pH was recorded on 36% of the total rainy days. The next most frequent pH recorded
was 4.5-5.0 on 30%. The so-called “acid rain”, which had a pH value lower than 5.5,
was observed on 80% or more of the total rainy days. The rain water sampled during
the 5 year period had a mean pH of 4.8; the highest pH was 6.9 and the lowest was
3.6. Rain water with a pH lower than 4.0 was observed during the summer. When the
amount of precipitation was small, the pH values of rain water covered a wide range
from 3.6 to 6.5. But the pH values were confined to a relative narrow range from 4.4
to 5.0 when precipitation was large (30 mm or more).

2) The most frequent range of EC of rain water was 20-40ug/cm (36 % of total
rainy days), followed by the range of 40-60u¢5/cm (20%). The average of EC during
the 5 year period was 37.3 ugs/cm., Values of EC during the summer were lower than
those during the winter. Values of EC decreased with increasing precipitation, and
a negative correlation was observed between EC and precipitation.

3) No significant correlation was recognized between pH and EC of rain water,
However, the mininum pH values at each EC value decreased with increasing EC
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values. Strong acid rain with a pH below 4.0 was observed when EC was 40ug/cm or
more,

4) Annual weighted average pH values for precipitation amount from 1972 to 1976
were 4.7, 4.5, 4.7, 4.5, and 4.5. Monthly weighted pH values ranged between 4.4 and
4.9. Higher pH values were observed in August and September and lower values in
October.

5) Annual weighted average EC values from 1972 to 1976 were 35.0, 36.4, 35.6, 34.2
and 32.5 pgg/cm. Monthly weighted EC values ranged between 17.0-45.5 ugs/cm. Weighted
EC values were the lowest in September and the highest in March,

6) All of the rain water at Kurashiki caused discoloration of the petal in morning
glory “Violet”. The effect of rain water was similar to the discoloration caused by
a 5-10 ppm H,SO, solution.

7) No significant correlation was found between pH or EC and the discoloration of
the petal. But a strong discoloration was observed at pH values of 5.0 or less, and
intermediate discoloration at pH 5.8 or less. Weak discoloration was observed at a
wide pH range of 4,0-6.8.
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