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The Chemical Studies of Rain and Dry Fallout
in OKINAWA HONTO

Akira TOKUYAMA and Masaaki IRABU

Summary

In OKINAWA HONTO, the Cl- concentrations of river and spring
waters are 2(0—50 ppm. What mechanisms are considered to supply these
Cl- concentrations? To explain these Cl—- concentrations, the authors have
collected rain and dry fallout by two methods. One of these is a buc-
ket method and other is a wall method. The Cl- quantities supplied by buc-
ket method are calculated to be 1() to 17 mg per liter, and by wall method,
if the sampling areas are same, about §() per cent of quantities gathered by
bucket method will be gathered. Considering the factors of chemical mate-
rials transportation among sea, air and lands, the typoon must be picked up
at first in this island. For example, Cl- quantities descended to land in the
time of the typoon 17 th in 1976 was over 1(Q( times in the usually sky.

The Cl- quantities descended are deduced with the distance from the
sea, but the inverse proportion of the first degree are not between Cl- quan-
tities and the distance from the sea.

The total quantities of dissolved materials descended per year to OKI-
NAWA HONTO are calculated to be over ten thousands tons.

The origin of chemical species (Na+, K+, Ca2+, Mg2+, SO3-) in rain
and dry fallout is considered to be the only sea, but in the river and spring
waters, excess quantities which are calculated based on the chemical compo-
sition of sea water are dissolved for these chemical species.
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5~355cm

Fig.1 (@) A Bucket for Sampling
Method (a)
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70 cm

a water tank 5/3cm

Fig.1 (b) A Wall for Sampling
Method (b)
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Fig.2 Sampling Points of Rain and
Dry Fallout
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Fig.3 The Sampling Localities of River
and Spring Water
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Table 1 Chemical composition (mg) and other necessary descriptions of rain and

dry fallout collected by sampling method (a)

azsiple Ccl- S02- Ca2+ Mg2+ Na+ K+ insoluble estimated - remained aF¥éas of distances
— —_— V.Jvater quantities water' . bucket ﬂirom
no; titration gravimetric titration adsorption # . (mg) ™2 bl(“ik)e £ qua?iu):xes (cm?) (ﬁns;)=a

1 54 17 12 2.1 29 1.6 116 2.06 829 0.15
2 41 11 13 2.9 24 1.3 135 6.38 5.00 4 0.3
3 37 16 28 2.6 21 0.85 107 12.6 10.85 7 1.0
4 23 11 10 0.97 14 0.65 111 3.9 3.50 7 1.3
5 29 17 25 1.8 16 0.9 100 7.71 7.69 7 1.8
6 24 14 14 1.7 14 0.7 63 2.84 764 2.3
7 380 64 48 11 228 9.5 361 22.4 6.86 829

8 202 43 31 7.1 115 4.9 184 21.4 16.91 7

9 152 29 20 9.6 86 3.6 75 11.9 3.27 ”

10 170 40 27 6.9 100 6.6 492 19.5 7.30 7

11 148 38 25 7.3 83 3.8 214 2.71 ”

12 50 29 1.6 384 2.22 989 0.2
13 71 39 2.1 508 5.39 3.25 829

14 33 17 0.7 86 2.65 1.50 ”

15 33 22 4.4 841 3.32 2.50 7

16 36 22 1.5 306 3.47 ”

17 115 38 25 6.6 62 1.9 96 7.9 989

18 102 29 26 3.9 60 2.3 13 13.2 9.4 829

19 74 29 9.4 5.6 40 1.9 61 9.9 9.9 7

20 79 29 25 3.5 47 6.0 911 9.28 8.6 ”

21 76 34 31 3.4 42 1.7 119 6.0 v

22 59 21 16 1.4 31 1.9 214 5.2 133 4

23 98 27 38 5.4 77 3.0 225 4.7 829

24 201 81 50 124 5.6 258 5.3 764

25 119 37 35 1.9 69 4.0 439 24.5 9.8 989 4
26 41 17 23 2.7 24 1.2 4.64 2.6 829

27 890 126 32 61 19 7.8 85 13.8 11.7 ”

28 25 5.4 2.2 1.6 14 0.28 14 3.5 2.6 ”

29 6.1 10 11 0.48 3.7 0.2 3H 1.9 0.1 7

30 29 10 13 2.1 14 0.6 2.4 0.0 989

31 21 13 8.1 1.3 8.5 0.35 2.4 0.0 829
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continued Table 1

2
average most 5 ¢ 4
sample wind [frequency locality of sarnilig tasm height of times of
no. valg/s;t):y g;rsfi’:gn sampling sampling points |sampling
1 CHINEN % roof of the fourth floor
% . . EiggONA ok roo£ o§ ge secong goor
.38 * |, roof of the second floo! :
4 GINOZA  #+ 716 Aug. 17~Aug. 3L |1o¢ of the third floor | iS¢
5 ISHIKAWA ** roof of the third floorr‘
6 FUTENMA ** roof of the fourth floo:
7 HENTONA
8 3.52 NAGO
9 GINOZA 76 Nov. 4 ~Nov. 29 second
10 ISHIKAWA
11 FUTENMA
12 YONABARU* roof of the second floor]|
13 2.19 NAGO .
14 GINOZA 76 Nov. 29~Dec. 26 third
15 ISHIKAWA
16 FUTENMA
17 YONABARU
18 2.55 NAGO
- 19 : GINOZA 76 Dec. 26~'77 Jan. 23 fourth
20 ISHIKAWA
21 FUTENMA
22 4.60 Ishimine 76 Oct. 12~Nov. 8 [roof of the second floor
23 2.43 *76 Aug. 12~Sep. 8
24 4.93 76 Nov. 9~'77 Jan.18
25 4.98 Ryudai kiden | 76 Jul. 6 ~Aug. 5 [roof of the third floor
26 3.65 76 Aug.17~Aug. 31
27 13 ’76 Sep. 8 ~Sep. 10
28 8.2 ’76 Sep. 10~Sep. 12
.29 3.59 '76 Sep. 14~Sep. 22
30 4.23 '76 Sep. 25~Oct. 9
51 | 423 Ryudai doboku| *76 Sep. 25~Oct. 9  [roof of the third floor

*Junior high school
**High school




Table 2 Chemical composition (mg) and other necessary descriptions of rain and dry fallout collected
by sampling methods (b) and (a) at the University of the Ryukyus

sample | times of | sampling direction of Cl- SO%- Ca2+ Mg?2+ Na+ K+ insoluble
atomic matters
no. sampling | method sampling walls | spectroscopic gravimetric titration adsorption 7 v (mg)
32 first (b) + (a) south 297 92 3.8 10
3 easth 53 2.5 24 1.5
4 sout 50 1.5
% | fourth | @@ west | 40 2.3
36 north i 56 3.6
37 (a) | 12 3.9 5.2 0.7 5 0.15 20
38 east 58 66 58 6.6 82 5.9
40 fifth west 80 86 67 8.5 72 5.8
41 north , 100 72 35 6.7 76 4.8
42 (a) i 15 9.1 17 0.8 8.5 0.5 68

continued Table 2

sample | most frequancy | areas of average hight of
direction of sampler sampling terms wind velosity
no. wind (cm2?) | (m/s) sampling point
]
32 NE~NNE | 33004820 | '76 Dec. 23~'77 Jan. 3 5.43
33
34 NE
35 b4 3300+829 | '77 Jan. 12~Jan. 14 6.17
36 NNE
37 829 roof of the
38 third floor
39 NE
20 é 3300+829 | ’'77 Jan. 15~Jan. 25 4,17
1
42 829

| HBLOT EOTE (Hl) ENRETHEGY Y
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Table 3 Chemical composition of river and spring waters (ppm)

Cl- SO3- Ca2+ Mg2+ Nat K+ .

whsple L . . atomic atomic atomic locality mnplig

16 titration gravime- titration adsorp- adsorp- adsorp- date

d tric tion tion tion

43 3 10 76 3.9 18 0.6 GIZABANTA

44 34 16 100 5.7 19 4.7 YOZA SUIGEN

45 25 7.5 94 5.6 17 1.3 OTOKO-GA w7 Jan. 27

46 35 23 120 5.1 26 1.9 SHIKINAEN .

47 38 35 8.2 31 6.4 KINGYO Cho

48 42 25 290 6.5 33 13 GIBO HIGAWA

49 31 12 51 3.4 16 0.4 NUHA GAWA

50 25 5.5 3 2 15 0.5 YONA GAWA 77 Jan. 31

51 25 7.5 4 3 19 0.7 y g

52 20 3.5 44 1.8 14 0.4 7

Cl-, SO%-, Mg2+ Tz Mk DBEV IC L 2 EDOB /NS U TORKRICIZ ¥ 0 K &
I BEFRAWTOI NI binv, &2 A5 Ca2+ TREFEEEICL BEREIT/NEV, COH
HIZR7Zbnb g, RBHCHKEKE X TRFEEE TR Ta % L EBKE MW THll
27 HBAEL V'L TS, Ca2t B EREFRIEET/IEL THORERE MABKEL 2L v-h
ylnfgv, FNTZZ CREDTAREIcL 2EXEAL 720

Ll TFogmcCl-oEe LTizhbhwRodEekhick 2%, SOI-oEEL TR E
B BEE, Mg2+tofEe L TIREFBREEICL 2EEHAV &,

1.#&Dry Falloutic & - THEETh 3C1-R1

AR IZ317 5 AIKOCI-BEZ20~50pPMTH B, ZNnbDHRENZITHFELDry Fall-
outiz ) o THBENBZNEAEDF— X I L TEHEL TA S,

SEHRE R E @I - TED - Sample iz >\ TE~1 222 L B Y 5k VT A TL 240
MOBIFRAUEBHTOERIKEL > T, ALBHTHLBEMT THREL TOEBIICL > TED Z
EMbind, ZITREFFHELZRD, T > THL %,

L EREMEADEL CHRABRNUEZ N TV BEEAVWTRY T YERE L T+
IRYNT V2722 BTHH I LEBEDLNBKOBREHEEKEL LT, RY T VIZ/cToTHi:
Cl-Bx#sekBTH - /:E (mg/ L) 255 (FBHME) LThb, 2FVRY vtz
72K HEFE LIV T B 2 & Dry Fallout 12k o titidx Nz Cl- o EZ R Yo v
HTWL BIZIRBNE NI L Thd, COEMLHICL » T EH7zCl- B % 5| < & Dry
Falloutizk » T 76 EhBCl-BEHETHZ N TE 5,

BHOER CED7-HEBIDRENI DWW TORERERE R LITR L7z ERENEL L LK
M &Dry Falloutizk » T##E N 2CI-EBEOEHEIZ).IPPME HE SN2, o Cl- BE L
LC5.9ppm (SER, 1976) % & 2 & Dry Falloutiz k - Tt X h 2Cl- BIERIZ L » THEE X
NBZBD6% Bnbnwd Z &itind, LrLE] ORBEERTICZRRICML o0 &
EBs# < L0 Cl- BRI 3.0ppm LRSS, (5~10HDF—2Ic&ESL) ., T3
Dry Falloutiz & - T S n/Cl-BidMick » TS 7 Cl- Bo 4 Ricd isd v 2
%o

izF AR OCI- B E2 T & Dry Falloutizk » T h 5Cl- BTHHEINZnEATAHE
Do
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Table 4 Calculated average values of Cl- concentrations in a bucket,
assuming the evaporated water quantities are zero

estimated water Cl-
e ; B)/(A)

quantities in a in a bucket ( s

bucket (1) (mg) ( /1) samp]mg terms
(A) (B) e
30.6 131 4.2 76 Aug. 17— Aug. 31
70.2 904 12.8 76 Nov. 4 —Nov. 29
11.4 137 12.0 76 Nov. 29—Dec. 26
32.4 255 7.9 *76 Dec. 26—°77 Jan. 23

total of (A) total of (B)
145 1427 9.9

MENIKIZHE 2 3 TICE ORERE T 3000 b udaicske 72 9.9ppm 43 E 7207 8 <
IBNEETERNSDOREREN DD o T RYNF VIZIZER L 72V OKNR72F 5 T
BYVIDORIZLI-TWS (E1) o IOEEZMES T2 VREKFOR) Ty hoCl- RE%E
ko EEL DL IRV AEROTEEIZIT.pPMIZ/n b, BKEDLLBERL LW
1720 T 3TN TLFEIKD Cl- BEZEsBHE ity AE)IIKIZE2 & EOEAERIZD
2 EBVDIEAI D TNEDTINKAOHBEOHIEFHEE L TUIMIZD HBDEAH D b,

Table 5 Average values of Cl- concentrations in a bucket

remained water Cl- in .
sl (B)/(A) sampling

gﬁzagtlas) -2 a bucket (mg) ) sampling terms
(A) B) (mg/1) locality
31.9 208 6.5 hig school 76 Aug. 17— Aug. 31
29.9 1052 35 or 76 Nov. 4 —Nov. 29
12.9 223 17 junior high '76 Nov. 29—Dec. 26
41.8 446 10.7 school 76 Dec. 26—’77 Jan. 23
15.2 358 23.5 Ishimine—Cho | 76 Aug. 2 —'77 Jan. 18

total of (A) total of (B) !

131.8 2287 17.3

CITRBEFE O Ik s TRENLSOLVWEDLNDINEERBRLEHEL Tal, #2452 b &
IZLT1H, 1cm2Y0Epbn3Cl-BERDTEC ISR L (TN vitizf o Tz h
EEINWTH— BT/ T o 2RI THS) . dBBE L 5 EBRIRESRH: @) AT Tk
VRS (@) O RE (b) OMERE HET 2 L A EEOH AL 0) HHETHT 2D @) Kk
TDR%<HLWTHY SEEBICIAEAF L IR bV O CI-BEEDHT VB I edbinkd, I0
ko> E Y Hk@ CEHE1DLR BT OWTITRWESELZ 3 & 4.9%x10-2mg/cm2/
dayTh ¥ ik (D) TED BB OLFEL. X 10-2mg/cm2/day T 2, 4D FFHIE Find 75
WHAFE@ICE o TEDLNZEDY0% L bW Cl-2353: M itk - TIXEDLNE Z Exb
MnB,
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Table 6 Quantities of Cl- collected by methods (a) and (b)
at the University of the Ryukyus

quantitjes of sampling direction of times of
Cl- (mg/cm2/day) method sampling wall sampling terms
(C1~X10%) sampling

6.2 east
5.7 south
4.2 (b west fourth 77 Jan. 12—Jan. 14
6.7 north

average

value 57
7.2 (a)
0.81 east
1.2 south
1.2 ©) west fifth ’77 Jan. 15—Jan. 25
1.6 north

average

value 1.2
1.2 (a)

& Dry Falloutic L - TG & n3Cl-B%E 2 % £ 2 RXWoRER (1976) X 3/ic>
WTOHETL LMD L SICERAKIGEENTL 2Cl-B8ThH B, ZHIZOWTEZTAD,
2. BELCI-ETEOBER

R I IZBERAEN D BRI B, BRI - TEENAIYWEEN SV I LI WIS
TAEEOHICZL > TH L bbb, BRICE » TEENSCl- B2 @3 -0 AR TR B

600}
cl-
(mg/day) |
s 445
4001 ﬁ
2001
12.5
o296 28  Mos o |
Jul, Sep, Oct.
' Date 9

Fig.4 The Descended CI~ Quantities at
RYUDAI
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N0+ B 0,
(mg) '
60
sea water line
i Na*=0.563CI"~
40
20 -
(o]
s o
(o]
0 4 e 1 1 1 i
0 50 100 150 Ci~(mg)

Fig 5 Na* concentrations against Cl~ concentrations In raln
and dry fallout coliected at RYUDAI
EFHE@ITL o THAOBBECVE ETRBZED 2, HRIEFZ1IDRENTV 3,

Sample No.27 B &EITS (1976) . JEAREUmD L 1D L N2BRTHB, ZoRE
LRCEFRTHoBIIcED 7282 T 1 AYY (xryoEEEEL) fbEhns Cl-
BRHEL N4 ITRL 72, BRI EORD150—2008 23 0 Cl- 3B TLTWA I &
Bbhrd, ZITHELORRRESIEEEREOAL THYRRNBERIN TR E
W3 Z L THhHb, Sample No.27# &< B ko TizNat—Cl-pBRx Ak b ER S 1
TEBEZTOWRICE Do THYEREEDEWEEZS (K5) o Ll Sample No.27 1z
BT BNat BN v, b LI DBEEIz W THK Iz T 3aNat S oCl- B4 E 25750
Z3uE 340ppm < LT Y THTH BEBDO XKD G X n 3 Cl- E0100—1504% 12705,

e eRTIchEELCI-ETEOBFRERL 7z, MEXELABRRICIHDZ L2ibhnd,

100
=
[=) -
>
5
E 50 °
|
() % p
0 L 1 | N .
0 |

3 4

wind velocity (m/s)
Fig. 6 The change of the descended CI~ quantities
with an averaoge velocity of wind at NAGO
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)
N
o
(@)
T

100~

Cl~ (mg/m2/day

5 10
wind velocity (m/s)

Fig.7 The change of the descended CI~
quantities with an average velocity
of wind at RYUDAI

o

BERImETZricEny 3Cl- B TREGHICL - TEI, ThbHDOF—F 2o THJI
KOCI-BEZSiHT 2DITKRERREEEZIDZLLTEL S,

Ebitznk >iAEE Cl- B TROBEXRALCEHTORMIcY - TC- BETRISEVW A H
I rrBEENHBLEbNS,

3. BhOoOERICKICI-BETROEND

M &Dry FalloutthoCl- i3 ¥R TH 5 Z L XERW WL Bbind, TATENDLDEE
LCl-BTEOEFBER B ITRL 72, ME K IAIDBEFRIZH B, 81zt Cl- X B o {H 2%
0.01620.008DBAIT PN TEHELERZ SABTRL Thb, ThEr B3 e EHicfx > Cl-
BTREOBRIZx ¥ =akt\> 1 XA TELIND L 5> 2BERITITRV. x ¥ =anBERICKE D D
THNUIBATIRCL- B 22 £, BAITIEDY o 2L kT Emb sV,

i ¥y =a L WwSEFRIZEVWH L WS EEITW Oh0BR2EZIE S, 20123 2%EF
BESOBRTOEERSN XY =a WO SBERTERLINDIBZEL YV BH TIHIH B EMIE
> T3 (BARKEW) OTRBRVWHLEDLNDZZLTHY, XLITHIIRR-AHDOEED
»BLBEZ5,
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0.04"

Cl~ (mg/cm2/day)

0.02

(0]
0 | 2 Km 3

Fig. 8 The change of the CI~ quantities with
a distances from the sea

4. BTLTLIEEVRLIFEFFENHEOR

F11ZHF - EEER e PERTORBITOWTHEEL TW3L2B2 RD T H %, EET
Caz+p 3 1z 42 8% HCO3 42 LTz 1 B, 1cm?2 Y4 Y fmg 0BEEEMENRETL T
X BhERDB L1.5x10-2mg/cm2/day LK% 5, 75 LEYVHEBESATIZE6.8X104HL 7
%c

WELE @ L (D) TEDLNBLEEYERY %720 % 2 ©SampleNo.§8~421z 2T L
LREU L >R EE TS L4 2 1.1x10-2mg/cm?/day, 1.2x10—-2mg/cm2/day (Cl-En1)
) tXKFVIREELTH B,

EBEVEOBRTEZ2EZ 1 0ESER L hEROBRBEZHAVWTEI B3 L FHL T1.0x102
mg/cm?/day k70 ¥, FE4 Y HRELKTIZLIX10MHE 2B,

BENMEDEOE T OWTHEEREIH AL B LB EEBOSIDJHICKEL~ % £ C->
Na+>Ca2+>S03->Mg2+>K+ ¢4 ¥, ¥ Kizsid 3 Cl-> Na+>Mg2+> S03-> Caz+>
K+tew S JEF L tixd & Mg2+, S03-, Ca2+ o CIHF I E > T TIhb DL EEONL
ONIHKDHRFD T N\ DEBRTHIBDTIRBENI LERRL TW3, FNTLEEDREE
IZONWTE L THIzZ,

5. @& Dry Falloutic2F ha{t¥EORE
Cl-zaTEnrbifishze LT (TicBy3&mEAl 1972 B ~<THhHs) &k
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ZBOCI 1T 3BBRE A TAS. ZOKENaHZATHANS (K 9) , KHIRkA Lotk
TRETHRENDL, W ONDRHEITIE 1 B2\ AUAANL, SOF- 3 Aknb /-2 B220
LRUCSDVWOERMIND BB IN TS, Cazt 2fnb &2 B2 32k (30%2
T) M2+ BENET L L ABNL $/- L EAZRBICEVARNEWNS Z ehibhd,
Mg?* 0z DX ShEHORERIZLILARVARTZTOBA AL EARES NS (FA, 19
% o

300
+
Q
(mg)
2001
sea water line
Na*=0.563CI™
100
o /
o 1 ) = I 1
(o] 200 CI” (mg) 400

Fig- 9 Na* concentrations against Cl~ concentrations
in rain and dry fallout

6. ANPKPEKICEZhBLFEDOREE

2T ANIADClI-R & TiKich®kT 5 & L TClicgd aNa+, Ca2+ Mg2+ K+, SO3-
ZplotL TH7z, ¥5 & Nat (R10) , Caz+, Mg2+, K+, SO}~ & Talgknbs/-2H13
BIVIBENELEL T3, Natox 28 K0- 0 45825 2 > CHEIKRSHZREZ2 LN
&Dry Fallout Ciz#mnb /-t B2 2BIZD BV ko 7=Mg2+23m K T BERIETEL T
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Fig. 10 Na* concentrations against CI|~ concenfrations in river
and spring waters
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