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DISTRIBUTION OF SEA-SALT PARTICLES IN NEARSHORE ZONE
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Eizo NAKAZA , Sheiko TSUKAYAMA and Masahiko TERUYA

ABSTRACT; In these days, it is well known in all the world that sea-salt damages
of constructions in the Ryukyu Islands are in severe state. Additionally, in the
mainland of Okinawa, especially in middle and north part of the island, seashore
circumstanses are changing rapidly due to development for coastal resort facilities.
And, in urban district, the -water front of residential area are approaching more
and more to the surf zone of incoming waves due to land reclamations. Therefore,
to find the method to protect the constructions and coastal resort facilities from
injuring of sea-salt is urgent necessity. On the contrary, some people pointed out
that sea-salt may be benefit to the health of man. So, this is another problem to
be studied in relation with sea-salt.

Under these circumstances, the authors considered that it is very important to
clarify the fundamental properties of sea-salt in the view point of above mentioned,
and they carried out the field observation of distribution of sea-salt amount.

In this paper, the authors present the result of the observation, and discuss on
the characteristics of distribution of sea-salt as a factor of local climate of

nearshore area.
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Islands, salt damage, sea wind

1. BUoic
B, REBICBT 2 EFOFANEFERMCIEL OB Lok, £, AR HILE
KEWTIHEREY V- FBOEBICHEVIREROBRBENBEKICELLDDH S, 2 5ICHHER
TR, BoBTLYICE T, ERBEABORBEAEYEYVICECHIEIICR>TEE, 2
ALEAMEFEDOBORANDORERERTIZ, PAST A 2080 EHELEENEoRNELBELT S
EdIchoz, BThH, HREEY V- MEBEURBETHRICB T 2EENRIABLELS, —F,
i GESD) =HELVIERE BYC. HEHBAORBICIS AEBE*bES T 2 L AT
hTwWs, PRESOBS . ETYHORERZBROFNICEBULETEISHEERICHRTSLED
hTHY ., RIBBROZMBEL HRBRRICH T 2MBIEFER L OMARLRHOZF NI TRABETH
3,

DEnE>Rzehs | BESITE, A%, RUEXOWEEN L RBEBNRTFRIOS ) b
2L, REBFREREICEAI2PEORNERATHE, AR TO—RLELTERLELDOT
H28, BEEFOTEBROHRE2HMICEET I Licty | BEBEARO—ERLLTORERSY
R B 2HNELTVS,

FEBROTEMAAICHT 2REAVLHARL., BRLBP - Hrho (1966, 1967~1972) &> THHD
hi, Ho, RREB2EMNIC—EoBL UTHEABR2HE, REROBMAFICNT s HAM

* FIRAE TR AT Department of Civil Engineering, Ryukyu University



252k, BP - HESoBHRL, ARNICIBEBENICL 2 RER0EMAHL—RT DLl
EPEZATVD, LHLLYS, ERICHEROREBEEZCRAT - HHonBBAEBHELEIOL
THLELOBBRICSONS ., FlAE., HIRREBHEBANOBBE2EAEHE, ETHBLL I
BHEBOZEMBUYER Yo LY ICHYBRAELI O, FELHASBREBERREICNL T MELicE
5—DO0HREHEIATL] BHELTVANEORUFHEELOLICHFAELIW AR OXRBBEOR
AL, UTIcEWTE ., MBRBICEH 5 —DDIRBHEE#REEFINICL T, BEKICS T2 TUER
BUHERUCRRBORNETY.

2. HBurERRUENS & 4 47

FEEORMBRE ., K- 1icmT & dic, AR BEE
B (EFBER) KTiiok, ZolR—#HIEIFREEHTH
Y., REBRENR Y ORERTREEBEORBEICLD 7 A [
FA4OET (B, BHMNGERICZS Xh? LiBEOMMEIE Ginovan Coast
&> T, BoENELEOWEY | IAREODWEYTE) &
Cnbp SN REALMEL > TW AR TH 5, FUER
OB, YROERNEIEILEFEERBVTWA IS, £
s YoRENRELTIToE, £, BRKERICE
TR BED B E—XRKOHBR ETITo 2. FERADHER
ASOEBERUEEEE IS OKEEER - 2IRLE, BRI
BORHEETaov V2 ET 8B LICHY . B SOREBEYH
OXNEFHELTH D, BRAG~Dik, HEHAMEAICHY , B Fig.1 Location of the
FUAD S 100mEAR I BB 2 S EEHOR WL S RBHFTH S . field observation
BUAORU@EEENICSH Y, BHIEAOFAECHNT 2BEYDIZLAYRWARBAIK, HlEO
BRAZTHEBCINVOBRECMHEST 2. MEFEBQTRIFARKZE., MREBL2HNI2ARELET
—BBFICMBELTWS,

FEORIUCIE, B—3IKRT LI LBEEEHVE, ERBICIRRIICRT &L D 2ESEIOcn, & X10cn
OHGIcH—PE2 ZEBiIcEVWEDOEHVWE, ZEEL., 2o, MvuwoLr—-LbbkoTEY,
H—E2BYUHTERIAGE2 20 EBTVHITE LD LMEGICR>TWS, BERE., B—3ICRT
Edic, Erv2. morBICEELE, REBCRYMTEN Y, BREKATHBRLEA—-EEH
EORESCBLEE, FUr—8—CAhEREAE THLEAL, RERRZ, BRRSICRHRIC

o Okinawa

» Island

3 4
0 !50! 125 | 100 l1O %104

] [

T
-
. 100
S 10
1
H.W.L. n
i:;;:\ )
/ \L_i
Reef 777/(,'//5 Unit (cm)
Unit in m 3 Set up of the Sampler

for sea-salt particles

Fig. 2 Location of the measuring points



BEL SKMBEBELEZoH—-E2EERL,
TNE0CORBAKTHRIPLESE, BMEE
FRACWVTRELE, R—4i, BaEHICK
ZRBBOXFYU T L~2avERLTVS,

-,

3.0}
RRoLsy , BHRLE FUER L OBRIA
FLERBRICS Y . BMEEH & AW TRE 2.0t
BEUELBHZLADL D,

1.0f

BB CRER , PRARERET (36)
BRUMARHEE (26) 2AV, #ERLE
CHEE GhlkkyoanohiE) cHELE.,

Fl J ] 1

0.0 >
0 500 1000 1500 2000 (ws/cm)
Conductivity of sea-salt solution

Sea-salt concentration

Fig. 4 Relation between the sea-salt
3. BARREUAR B : concentration and the conduc;t—
M_S(a)‘i‘ HWRE S Y OB 2B 2 ivity of the sea—-salt solution

AERFEDEREL Y OBBCE 52 ELERLTVS,

RRok sY ., BEALEANE WHEIR, BRSIE [ a/s ]
BLAaliFoRBB23211¥. WREBICET T—RIC
BHOBPIHARONS, Mic, WA EOREN K =
WBE, BB LI FoENoBELMIBITLAEL
EHBHLTWS, R—5(D)R+oRIEBOBANERL
TW5,

R—6ix, BNERCHBFTHTERE (C) LAK
LoMRERLTWS, X, @HITRTEIRIE
THY ., ERIZER (1986) > OBRRICK HHEM 0 ;
THb, £, BREIBEWMELZENT 2ERTH S, 1 10 102 103 104
RROLBY ., REREL BROAS =LA@ L@  Uistance from the shore linel s
KB BT — SRRV THRTRTERTENE AR Flg. 5(a) Wind speed in wake area
HERELAROASX L IFRBRICHEZ DD
5, BUAOOOTHAET—ADASY XL, H#
BiiEoMEE oy ZICEHR - Bl 2B KB Y i
—BicBELEZLICLDDDTHE, T, BUA .
BB 37— 2P HORAADHEL KEBR B D y////f‘éfs\\\_,.
BECBRRELIC, LFORFABOBBICLILO /?a‘\m“w e
THd. —wam

R—7i, B—~50RBHCHT2MREREDOWEE Fig. 5(b) A wind flow pattern
AOOERICEAILMERLTVWS, B, OHBIRY in a near shore area
OFIE. THhEhR -5 ICRTHMAMRUBERICHGLTYWS, ERAROB W BaoTERE (U
< 3m/s) . ERDSOERBCL > TIEIF—RICEPLTWE, LAaL2AS ., BMEAR (U~10n/s) ©
FEHEN L. TFORWBRMEE TREBPMCELRL, TIEBEELHEYISABMCEBILTVS,
R—-6 CRLELDIC, PHLMF EOMERE GRS ICHMT 2L EXONIIS, LFFEORK
OHBHBWEZ A TREBENMEYEL R o THWEOREFRTROKEHEHESI LY BRELEZ L
IKEoT, CCCHBHNARNBEORKAEFTTEZ L, 0B ITFOHKBICHREINSERICLS
TREOEBHKNELIZLICE2bOLEXDAS,

HESHZVBANTEICH UL TRUARRE (FAZT1OET) &, REBEL VWS LY, RED
BRBICHENCEBILD, FXE, BREICHE2—KoHMR -V Y IR OEBAMICEL =
BAOHEELTVWDEWI DR —2ANBNn, K~ 8%, AL S OERECE 2 REWMRE

15.0F

[=]
<
T

Wind speed
o




(Q=CU) oFE{LERLT
w3, RRoksYy ., FEH
RER, R S OERICE
STRBICRIL ., H5EE
R TEOEPIHEFHY
$i<HroTnsb, K,
Wik, FHRHFICHT 3
EHS oBHBNERELRL
Twd, £, £/, &EH ol . ) o . ' . L
50RBRNICLIHERETR 10 5.0 10.0 5.0 10.0 5.0 10.0 5.0 10.0
LTws, RRoLsY , & Wind speed (/e
HSOFHELBFICNT 28
HENE L EES OBRELE
BIZIERELCHEBICH S, Thbb, RIEEHX
BICBOEH 2BBETENS RIS
S50) REBEEAXBH>ZedTcEED
THD, WRAE CRUVEEHORRRICK
HEHEMIE. FIEHENEE—BL TS, L
MLiAs, AHORRRNEREOHRLE
ATERLS, BENEBR/NE< oL &E
BEroMENKEL 2D, AENERER
BEEARL LTI, BHETERE» S OERES ‘o . ‘ X

)
FEREAEMLHD DERITTING A—F —FR 0 10 10° 103 1040 m )
RUBETHB, Distance from the shore line
= Fig. 7 Distribution of sea-salt

TR R OEME L I HRFIEC O VTR, 1 mass in unit volume at
BERNTFoORTHE (W . B#E (0 . BEk the near shore area
¥ ® . RUEH (g/ m? *hr)
10 ‘%

o ® ® ®

-3
10 t Hamada E Hamada P Hamada L Hamada.

VAVR VARV

- [ _e-d® L P i . __
)

m
~
3
¥
—

- z.’.
107k P;" .

Sea-salt concentration

Fig. 6 Sea-salt mass in unit volume versus wind speed

%

1w 4 L e

(g/n)
El

«»

0O OCee®
00 ee
00 ee@

Coeoe

e L ]
H
_6 °

Sea~salt concentration

OrtER (2) 2 e
DOYHEEBENERL T
WaborEIDH
5, 2DEIREKR
WHE%TIC, RE
BEBRETENT A
— B —D—DRH#E
TaL,
g¢=w? [ /KU 5
NIA-B—%155. Fig. 8 Change of the sea-salt flux with
ZOEKTEIE., B the distance from the shore line
FOATERICHET 2BRMERDIBICAHVWEBDLERILTH D, LAL, AFRICEWTIE, R
NFORTHEERCHEBAEO RMVERTHL LIS, ChofERFEL L, Fric & =/ gh /U
BNRTA—-R—2HWBZLETD, =, ZONRTA-F—2H, FEERRBEERNL UTKA%
HET 5.

Q=Q.exp(-D-10g § )*Q o ¢y

oy
.

10 1 v %

—
(=}

102 FUNE SR W' SRR ST ErS DU SR S AT Y NN T S WS | 102 ot et N
1 10 102 10’ 10°(m 1 10 10? 10°? 10*
Distance from the shore line Distance from the shore line

Mass flux of the sea-salt

22T, Q: FHREEN U THEEDD OB oEICHT 2 T0EMAR . Q. BELNS TEELE



MBI 51 5 TR R (Zhid, WS RIET 5

WHEOT 7OV LORRRYERTS) « Q,: TR 8/ o5 he)
EOREMERYE Qo LOETEASNSR, D : R ok o
SR B OWRES A ORBRE R . WEMIC LK F
BRBE U TOWREE (55, MERYICE bR

BREN T OBRER) L OMFEERT SRETH5. [ o B,

Bl— 9k, /85 A=K — g ick o TREMIRR % 8 107 ~e,
HLELOTHS, MROLSY . BAERAD A— A 2,

B— el ko THi— LEBENTETEY . BRTR Wi 2
TERCI>GENENS, ZOEROHEEDS | R P IR YA
BDAREY . REWRBOZEMAIE ., RA)EA W w1 yTﬁf 10°
TROLNS, W— 8 HOEMTRYEE, A(DIc & Fig.9 Sea-salt masgs versus
SHEMETHY | FHEEEHNEL AL <—BL non-dimensional parameter

Y., AW oRAUENREIE,

4. FELTERTFRY AT LOBMBABIT TOXEME

AFATRELEFREREER L2 GOUEROTEREERL, BRE2MLVBBLLTEALBED
HOTHY |, BRBEOBRRRIBEORES > WRERKOZHBHO—BERL LTOREREEZOES
i, BEBoBEFREFVERCREBEOEBTHS AT LOBISNMBETSH S, RRBOBETHE
FNCELTR, BFIAEHE - HE (1989) OEFNASY , ThECHT I ZLICE > THREBOR
BIBOHBREELEASHS, EEL, REBOEES IaL—Sa Y CBLTR, £F¥MEORE
FCH2REHFORERBIERINET 2LENDY . $LNEMRORBYHikE. RURELRCICE
ETERBREMELR USSP CHRHEATHWELENH S,

UF. FELRERFRUS AT LOMBOBHE LT, HRBROKBEE LR UBAEICS 5 FOlkRER
ORFEITY . REBOZBIERICLIYR2ZHHAEEL2LS,. R—1012, BMicsT 28D S
HRBICAHA T TORBEILO—FIERLTEY , BERLABKL CEMRVOBRBEEDHZZbFbI B,
ZOBREEICL> TEMIEEME (REORBEF—#) CERENEC ZLICRY, Thick>T
VRN FOWBEENS S CTHRZh D ABENS 2, T, AMEBREROBEER TR
LRI > THREREOBTATHEAS, BEELICL2RBBoOTE, BEZHNEISH
hiFpH - - HFSOETFLVEAWTTFHARNETSH S, HEICI D REORERICHL TR, =E - &%
B (1983, 1989) OWRANH 5B, WO, BEH5n, ENEEOBETREORERIZ, H503TH S
ZEEHELTVWS, LALRES, TASHFVORLERBTYOL Y REMAG 2L VEBRLTH
<hoBitiE, 2hETHARREFBREIATVEVED

o

CBAS. M—1 1. MRAREROKERE (Eas ()

SHBEBICA Y TRRES MR OREET SRR kB 5 34 .

B BHDWE 5 WS A T oKL RsRoZEMS £ 321 Lt tesr
FERLTNS, REL, RbofEReRya>y s~ & °F o° °

. ITRMBEIC B 5 FHRER CRAT/LLEHTS S, &

TOER %R Y 2 —EOHEE AL BRERORBENE
LWZEERLTWS, aVA—{Hi, TRESOBDEL

TREEOWER T OUBICE Y A= < REUES, 4 PR e —
ORE(FRE I AMCHEL TS, F, WRAER 00 00 LT T e
#wofs 1nBEolE (XLHEUVH CL2EEHEIR temperature the in
DRVEPHTHD, HERBNTIR, RBRYICLDR in near shore area

EHEOHKICE > THURERSIKRELSBRO>TNS,



3“; 6.0t
S8 * o

o 3.\_,A.O ° ° o

a2 2.0 ¢

= :

(m)

® 20.0

s

4+~

(0]

S

o o

o >

® %10.0

Fu)

= E

on 3

ol 42

0 ©

T o

1 1 A A 1 1 1 1 I3 L 1
0.0 200.0 400.0 600.0 800.0 1000.0(m)
Distance from the shore line
Fig. 11 Distribution of sea-salt mass flux in & near shore area

5. BbUic

ARRICBVTIR, WREBICBT 5 —D0RREERRE EFNVICTUER - BERURER - BER
o7y, RRAEO-ERL L TORERFHEORAERILE, TOKRE, REROZEM
SRR URERBAREREICSA 2BELHOI M T oI, EAENLRERAEXNORRET
ok, EBIC, FELRERTHS AT LOBILCHITTORM 2T,

BB, AHRTRREFEROFBBEIICSV TR, HREROFRCEDL ERE-HBEZRLY
KIFHRZEOGNEH/E., £, ERILEAFLERLIATENO AFFREER R UK EREOMH
FEICE, REBOBEY I 2l —->a ML TIHEHWE, FERURBEOFERICSHE> TR,
SHBEBOBNIEB/E. CZCRLEOMEERLEY, £, AFRO—TIZ, ARKFZNGHIHE
RR TREESRERERCAORBRBICRIETHEBICHT MR (RRE : HERZ) ) 0RBZR
BT0d, ZZICELTEBHRLET.

BEXR
DREFIRE  #ENTF— AR BELOMEFHO—BERLLT—, BEZE, 41, 3-466F5 . 1966,

PP, 71-118,

DEIAE, BFRE - BRER  EECMYT 2EMOTE GB—H) | RAPRFIERER, H1088,

1967, PP.331-342,

DEMMK - HEFfi— - HITHW - BE)INE : TRFEQHEIV /) — P ITEFRBREREAR L.

1986, PP.85-88,

OFBEE - SN RRICBIT 255 - BEKICBT 2HE (IV) « BARKZSAMNTERHRER

48, NO.36. 1983, PP.321-322,

OFEEE - BEET  MA (FR) KB 2BHEAMIEROMECHTIHR I  WEMR,

SH34¥8E25 | 1987, PP.17-23. :

HMEFE - HEFHE  HEICE 2 ARBAZRICHT 5 ZMOTR, LAFRBISEKEMBERMITE .

1989, PP.685-690,





