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Seasonal variarion of B/Cl ratio in Funka Bay, Japan

Kazuhiko TanAgA®*

Abstract

The monthly change of boron/chlorinity ratio in Funka Bay was obtained
from inorganic boron content and chlorinity of 160 analyzed samples. The
samples were collected in three sampling stations, which were constantly
settling in the Bay during the observational period from May to September in
1974. Vertical profiles of B/Cl ratios in three stations show that the higher
fluctuations were observed in surface (<20 m) and bottom (>80 m) waters in the
Bay than in intermediate waters. All the ratios measured are almost within the
range of 0.229-0.240 B/Cl (mg/kg. %) and tend to decrease monthly from 0.235
to 0.232 in three stations. This decrease in the ratios appears to be a result of
the mixing of two water masses in the Bay, i.e., Oyashio Current with a higher
B/Cl and Tsugaru Warm Current with a lower B/CL.

The lower-side deviations of B/Cl values from a simple mixing line on the
B/Cl vs. Ol diagram are present in surface waters of staions 2 and 3. This
may be attributed to the uptake of boron by the active biological production
occurring in the Bay.
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Table 1. B/Cl ratio in sea water.

. . B/Cl
Investigator Year Location (mg/kg.%)
Rakestraw and Mahnecke | 1935 Cape Cod coast 0.255
Igelsrud et al.2 1938 N.E. Pacific 0.241
Miyake and Sakurai®’ 1952 Tokyo Bay i 0.216-0.260
Gast and Thompson* 1958 N.E. Pacific 0.238
Parker and Barnes®’ 1960 Red Sea 0.242
” ” s Arctic 0. 232
4 " " English channel 0.237
Noakes and Hood® 1961 Gulf of Mexico 0.222
Dyrssen and Uppstrom? 1972 Baltic Sea 0.207-0.276
Uppstrom? 1973 Pacific (av.) 0.232
Kanamori® 1970 N.W. Pacific (surface) 0.236
” ” Pacific (Okinawa, surf.) 0.234
” ” N. of New Guinea (s.) 0.231
This work Funka Bay 0. 229-0. 240
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Fig. 2. Monthly changes of salinity in Funka Bay, roughly showing the seasonal mixing
of two water masses in the Bay from May to September in 1974.

Sea water, 50 ml

“—0.046N-HCl 5ml

N2-gas, 7min. bubbling
“—0.03N-NaOH
pH=7.40

< mannitol, 3.5¢

<-0.01N-NaOH Std.

Y=0.034 X+ 0.075

0.01N- NaOH Std., ml

1 1
— ‘ 0 25 50 7
pH=7.40, Tml Sea water taken, ml ®
Fig. 3. Analytical method for determ- Fig. 4. Determination of the titration
ination of boron in sea water. blank.
Nitrogen gas flows gently over
the sample during titration.
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WEHEC L 57z, COFBERFEEDKRAD pH BIBICEH T LI LTHY, 178 21 —BORAT
1% JIS* i3 pH 6.90, ¥k T2 Ryabinin!® #$ pH6.90, Gast and Thompson® %% pH7.00 2L T
Bh, ThizxUIEES W 3 pH7.5 288U Tind, A pH ik, RWkOxvESR 4428
B, MAZ~ =t~ VEOMKE 2 L:EALNE D, RECIHIELORARERET 20BN

* JIS G 1227(1963). gk XD+ v ROH Sk (1966 SEFET), 5p. HAHRIBLRLT.
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Lo ThD (M4, COFT 5 2EIRT v ) BEFREABO LK CLICREIN, o RTRIE
HRIETHEE» L DT 5 VERIUBINTEHEIN, K4 DA TR =L276 DL X T 5 21}
0.075ml 2RL T3, 77 ) EBEERKL ERHL CABIN, 75220 0.100ml AT $D
PEAL -, Bk 25°£1°C OEEREANTHZY, FEBERTNTEEBRELIZADOZHVT,
2EIOWEBEDEY R & 512, 212, HEOLBMEZBEL T A—#key 724048~ FEULTH
W CREPEEREK, YRR 19.43%, B/CI=0.232), CThOREMEE Fichikl 236 kB0
FriED, BRERIZIATITDRIY T2 208~ FOBEEVHIET 1% AELBH S & &g,
EHESHR OO FEMERLPOAL 2, BE, v= b~V EOHERER 1% BEL DN BD,
A TIE n=6 TEHRED £0.6% THbH, Tiud B/ClEIHBEL T +0.001 (mg B/kg- %)
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Fig. 5. Vertical distributions of B/Cl ratio in Funka Bay. Numerals in the figure refer to
the months. The arrows in station 1 indicate the estimated error in the analysis
(£0.001 B/Cl).
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3 0% AD B/CLEDSESN 2R 5 iICRL 12, — B2 ERE LT, SESROESHIIEE (20m Ll
B®) LIEME (80m LIE) TR, BT Sul TRZOEMMPELV, $77, St 2 TIRIERIC SL.3 T
X RBiT B/CLED/N 3 VED T TN B, ’

ILRIDOEPLIF-3hbPBLER, VWFNDORF—v 1 L ICRTLARBSRHE-T B/Cl
EMBREVEDL S MIVMENBEIL T ZETAHY, St.2, St.3 TEL LW, BIBOWIEH I3
St. 3 OHEEW TR COFEAPHABCEN TV 2, COFEIRTTH S 5, KBEL 0712 B L
HELTWA L iz, 1974 EHEKE T2 7 ALAGESI DR - 12 BERHK I & BRICEBAL,
BROBMFHAK L DELIHETY, 9 AHEZOE —~ 2iEBL Tiiz, —F, &% itk 3 & B/CLEIL
BB EROESD Y, FBH - 7Y 2~ +» VUK EWR) TIRESMEE U T0.236, BHOMR
R (BEIR) CTRENIDET/HINV0.234 L3 2HMEL TS, LD Ehd, HRF—
v s BB B/CLEDRCEDBPI3, B/ClL EOE W BMIZDKD B/ClL EDE EREEFK
(BHIR) XT3 BBE MBRU T3 3DEEALNS, St.3 DFEET B/CLED B H ik
ULBn2 DI, TOES 5 EERTEKPBATE DTS S 5,

COffirid, B/CLEDCHEHZELEROL ERE (K6) 2455 Xhido30bhs, 5 Fbb
9 Rt} T B/CLERWTRDRF —+ 5 BT $0.235 55 0.232 N EWDL TW L o Mk,
B2TRUILEIE, BFRAT~v BT IESBOALIOREZS 5 &, EESOHERANA
2385 XHE - TRESOBREBRIK & ZBL TWETFB L bbb 3, ¢ T, L B/Cl {EOEHE
RSBV L BAKROBEIIITHREBZ 25, KOREDOETE L KBRL TW 3 HABROREE
ftores—> (H2) & B/Cl OFHEFHOZHI (K6) 3L EBT 23T Th 3, FEREI
ZFU R BTV, 2O i3, BT ARD BE UL C B/CLEOEEN LS %5
AZERVEETS L ZRRL T3,

B/ClLEOHEEEGOER P EETE 120, H7TIRLIZE3 S B/CIHCl I Fuy bl Thlz,
4, BERTAK L SHESEED B/CIHE, ZhFh T, O (LZTiR T<O0®) 245, b OBED
HREVREYTES (CLi>Cl,) bDERETS L,

BEBEWAK: T = (B/Clisugarn = By/Cly (1)
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Fig. 6. Monthly changes of B/Cl ratio in Funka Bay from May to September in 1974.
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Fig. 7. B/Cl vs. CI-* plot. Open circles and closed circles represent surface waters (<20
m) and intermediate waters, respectively, and crosses represent bottom waters (>80

m).

CDOFKSEY min DREGHTEELIZE Y, 795% B (mg/ke) & HRECl (%) BZhFhkok
5173,

Be— mBnBy = (T4 ok C—l") (3)
T mtn (mBy-+nBo) = 1+n/m ( + m c;

1 ¢, n  Cly
Cl= i (mClibnCly) = o (1 ) *

(3)/(4) »5,
T+ (n/m) - (Clo/Cl) - O%
L+(n/m)-(Clo/CLy)
(4), (5) % n/m 2HKEL TEREE 3,
B/Cl = P+Q/CI
Rk, B=P-Cl+Q (7)
LT P, QREKTHY,

B/Cl=

c

T—-0%-Cly/Cl, O%-T
T 1-ciycl T T1=ci/c
6) Rz B/CLxt CI-t Fu o M BRAIRTIZA LD DEMCL ST L BRL TS, HENT 2R3
&, WHICAIE TS St. 1 Tidid - 3 b U AN 503, RO St.2 & EOEO St. 3 Tid 2 50K
ROBEERDTROLS BTH- 285 B2 hFEBCRERNATONE, £25~v 0 RBU3
(6) REB/IERBEIC X > TRD B EKORITIT B, 72770 St 1344, St.2 & 3 REARDA % 5
BUn,

P= Cly

St.1  B/Cl= 0.233--0.0005/CI 8)
St.2  B/Cl=0.129+1.92/Cl )
St.3 B/Cl =0.174+1.03/CI (10)
Dyrssen and Uppstrsm? 3. S0V M #ETHEFBEDY 2~7% OV P VDN TERR 2B TS,
B/Cl = 0.227+0.050/C! (11
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Fossato®® 3#uiEDIL7 kY 7 HRROR)IKORENH 5 L L5 T, KA2H,
B/CI = 0.235+0.242/Cl (12)

DX 5T PRI &L b BEANTE SBAEOL S CKAREVEETVAILIZH TR QR
ZOREOESPEDLT DL BIRTY3, AL SL2 & SL3 BT Cl % DIE (<17%) 3
SCREEE,» S 1 - 2 b L EEN B/CLEOBSE N EOEABALNE, TN DEZ SH M
THh32% LHED 20m BBORBIBLTW? (M2 EXT7), EBiKis 3 B/CLED EEIOD
EEiz, OMIADTHA, OBK, OfAkds D oROESR OFMICL? xvEDEHRAL, I
EDEALNH, KRS i LR CEKED B/CLEIRBADZEN L b 1~2 4 -5 K&K,
#BD B/CLEZTT 5 EHEI2/s53°, 272 Nishimura and Tanaka'? 3K 6 D&k v RO
REELTVE, 200X B/Cl EETOREMEE L T—EK 00k, REITBY 5 £WESIC &
BRUEDEDIARATHS 5, AF® I, BAETRED S ER BTN THRT 2HEHD
Bt 4 ARIICRBERICHEL T 30gC/m2 KEBL T h, hi3 iHFRBICL T 5 EMEER (2
& Z21E, Menzel'® DIREEAKDE 124 gC/m2/yr) IZEU I EWV TV 3, BEKHEIRELE KOE 2 B S
SO DTN— I WHELEEBEAADRT, REBITBY 2GR EYET Y KBILBI 5
B/Cl HETOXEZFERTHS LEALNS, BREOMBADBA~DHAR REOHERELHR
L, ®BO B/ClLE» DB 503, £MiEsic k 3 B/ClEDIET ORED MEAD HEZHTHTIE
ERELBATVBEELB E LW, BRIZMEBET S St.1 TRBORF - 3 VI3 EKREESOHERA
BRoXOFENRTELT, 525 K3 (H7). CORKRRMEKE AYIEEIOREN, fbD 2
DDRF ~ ¥ 3 VICHNFERFECRE ST TH 5 5,

B/Cl EOF ity X8 % 8517 5 BRD 5 5, ARORA M O BRI AEMESIC X 5 B/CLED
EEE 3 0 ICERMIER T A 2D, AQOU ©¥EH L ODHEEMTVBLETD 3,

= #

1. 197445 BH» 5 9 AT TD5 » A, HEABREREINT 3EA» S ERANT: 160 3Hphieo
WT B/CLELHIE 3 iz, BISEMEIZKEr 4 0.229~0. 240 (mg B/kg- %) O&ENITA 512,

2. 3DDRF—v gitisltd B/CLED AR, A2B5Ei/pha< 2 (0.235 5 0.232),
BT OO St. 3 OFB T DEFBEL WV, COEFEIZ B/ClLEOEWREIFRKE B/ClLEDK:
BEEHADORADEFEFEL K1

3. B/CIHCIYFwuy b BT8R St.2 & St3 T, 220KRDBAIYTHHTES
B/ClLEDER &, BAZHRD TEARS» 5 2858 B/CLES  >EFHRREI N, #
HiRRBTOBRRSAMIEHORETH 5 LR INI,

X &
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