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J7O0FEMO—TEREEFL B A /AT LERWND
BHERIEROA 2 Z 4 2 iEH/HPLC EEEDHR &
FREAEREDXAKIMADIEH

Bk e EA MY FEkOBAEC JEA

W AR

70 MO —T7REHEF LRSS 1 om OBA 4 2 MA T 22T, BICHE LBERTROL ¥
A VBOLE R REORREIT o7, pH%E SICLZAB 2T CTH I ANTOSIER 2 RET S
EHNTE, ZTOHpH % 8 ICEZ CTRIEHEHEIT) LT, AU EERERIMAL L TRISD B0RIER
ERSaHECE . ZOWLERE 850 nm TITo 72, WA 3.2 em® R V72 & & OSHIRERTIZA 12 4, B
HBRAZ 0.06 pg dm ° Th o7z BEHUTHAT, TR B & ONREE A RIRICH® C & 72, AL & RS S
VRSO RKRKPORTBOGHIISH L7z, BB L0 IKkb ok KR, Zhzhsl~
40.8, 20.3~28.5, 14.7~209 pgdm ° TH o7z, WINOYED, FEHIEHSRO R Eo5FIEL, 7
VT RKENSORFHBRICE2DDTH S LIRB SN,

1 #& ]

A7 F KPR 4.5 mg dm P EHEFNR TV B RRK
HICHEAFT 2R EOREIZ ugdm P LRV TH D, &7
FIIHWB L OCBYWOEFTICUHEOTLETH L L LB,
HENERT S EAHETHL0, RETORYEOHRE
WZOWTHWRT A UEDRH L. 2512, {LABREOPR T
VA BIRBENZ Rk > THRT 2 A BRI LRI D R 7 # )
EINDB20, BUBRTHOREZWHSAICTS ETEY
FIENREREL L VRS,

FIFEOLESTIIZT VAT ¥ H & w26t
BUAEETH B A% BEEEB N TR D 2
BHL V. FEREE T T ARG (ICP-AES) R
FLRE T 7 A GRS (ICP-MS) % F v COfR
TREBIIHETH 505, HEIHMTH 2 % & B
ROMTHELHT 5.

7 0% u— 7L pH 3T B BRI AL
1:2 (Roig: RAF) OsEREERL, RS T VA
VTR HAER L7285 R0 L v OKEA + V25K
IBOMBEE 72 5)Y. 72751, 1: 2 EREERER D212
BEHRENREETCHLIENLETH), EE5m D

'S RSEAIE T AR - 010021 HEIN S BB KIS
TKEWE 2355

P MR ZE RS B B AR 2E Be AL 3R0M « 812-8581  # I UL AR i 17
BIXFE 6-10-1

PHEIR K AR PR AR - 8912101 BEVE B UL TR K T B
3237

PR BGE AW EEE v y —~ v a— TR
9030213 AR I Hr BE AR PG RUAT -5 1

AFrra< 27574 = JHOBAF W BIRT 5 202
EREPHBESEL L TERDPWREE 25 2 L 2 I
RWZL72% L, RELZFETRRISO SR
EEHMWEREDOSPLDOGHTHLEND D, WAGEE
i, SEHEEEOBIEICS0OHEE L. 2T, HTLE
lem DEA F YR H T 2% v TolEER MO RE
LE2AT, S oRFE(LE Az T2, REZHNT,
AT REOWK, BEKPo R FREOFHIZELOB
HE T, REERREWEOIE L LTOMREIIOWT
et 2475 72

2 % B

21 B OE

A7 FIZB LT 1000 mg dm * O 7 A B E T 0
KT HEREER (2 8) 2w Jasbo—7
e (M-8 % 2o % FRISHEM LT 0.002 mol dm ™ * Fff
RIEW (FW-FW7 > T AREEHEZINZ T pH
3.0 [ZF%E) Z A L 72, BBt 7200 il 0.025,
0.1 BX 0.2 mol dm * NaClO, [2-[4-(2-& Fr ¥ T F
N)A-¥RFINV]IL Y ¥ 2V v (HEPES) fRENAT %
T pH 8 2% % v 72 FEBRICIE Milli-Q SP ¥ A
72 (Millipore ) THE L 7z@&#lEK % w7z
FOSEM - 7S I ELTEAA Y 7u~ 7T
74 —HBEA A WA — Fh T A TSKguardcolumn
Super IGAZ (N 4.6 mm, £& 1cm) AW
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Fig. 1
A, B: pumps (A: 0.01 mol dm* formate buffer (pH
3.0), 0.63 cm® min "' ; B: 0.025 mol dm ° NaClO, (pH
8.0), 1.2 em® min ™ "; C - G: six-way rotary valves (C :
pump switching ; D : sample, 3.2 cm” ; E : chromotropic
acid, 0.14 cm’ ; F: 0.1 mol dm * NaClO, (pH 8.0), 2.4
em’ ; G: 0.2 mol dm * NaClO, (pH 8.0), 2.4 cm’ ; H :
column (TSKguardcolumn Super IC-AZ); I : detector ; J :
waste

Schematic flow diagram for boron determination

2:2 & &

R EERAKIs O~ 574 =RV T (SNK
DMX-2000), AR EHER DEAIII RTINSV T 5 v
7z, WOEMHNCIZ S HE SPD-10AV-vp % VY, WREE 0.02 %
TNVAr =) (Fx—hrETIE18cm) & LT, BiEftirno
< My 7 GR6ATZ U~ N T A%iERLz. JEHE
% 350 nm T&H 5.

717 HimEEITEEARE (B3 L3, NT-2020) % T
35 C IZffo 7.

2:3 Bl ®E

UGB £ 05RO 70O AE Fig. 1 17 L
7z WANCR Y 7 A% HT0.01 mol dm ™ FHEEMEH A
(pH 3) Z ¥ 0.63 cm’ min~' TH J A $. 1.1 wmol
Dr7OEPI—THBEANFTNSVTEPLEA LY T AT
A S ¢ 7o, pH 3 OFMAHAI (3.2 cm®) % D 5
ALA T LIRS, KIZ, AHENSVT CEYYEHEZT, K
¥ 7B (fif : 1.2 cm’ min~ ") Z T pH 8 ™ 0.025 mol
dm ° NaClO, i % 8 em® 9. 51 & HE X 0.1 mol dm ™’
NaClO, & (pH 8) 2.4 cm®, 0.2 mol dm ™~ ° NaClO, ¥
(pH 8) 24 em’ Z AH NNV TFB LG SIEKEAL T
BFSEHEEZ AT, AU R-27 0 b —T7 1 286K0
V-7 B & EmICHVS.

2:4  RIAKREH =

PRI, AEILGHEEO—BTHHMARBICOWTRTE
2R (R 289 km®) 2HT2EBTH5. FERMFIYk
K& 2000 ~ 3000 mm, FEFHRIEIE 23.83C THY, M
BT R R T 5. BOK) 9 BIATH BN O BRI
BbhTwa. HEBOHBOKRIB;: L, BE, YIVIME
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Fig. 2 Map of Iriomote Is., showing the localities of
the sites surveyed

1. Sonai ; 2. Urauchi River ; 3. Aira River

HL O TR IS RETG 282 5 7 57,

BERIZOWTIE, TEREIIBOMNICH 5 A4 HIRIREE
ERFFERT I R ERE L ICHRAREEE 2 308 L, 2006 4F 3 A 2
52008 49 HF COMMIL, —WIZ LK) ZFL ¥
YOACHAKRE BRI L 22 FIAKICOW T, PERBERE
T 5N D) L/RAKOFIRAR 2 FFo®AI L, AN
FRUE VMBI Z AR E L (Fig. 2). WK,
2007 4 1 H2*5 2008 4F 12 H £ COMMIZ, & 12 \I3F
—H LI EIT o 72 IR, HAKIZES S D 0.45 um
AVT TG TANY—THFMLHE 30 com® R ZF L~
BRI L, IR IR DB R 21T - 72,

3 KiRLEL

3-1 KEHPOWEAVBRBETEDRE
T, W46 mm, EX5cm D TSKgel IC-Anion-
PW B 7 AEVIZ0S, REGOZ7BE ba—THBLV
1: 28R KR E L ABMEZ RO/, ZOBMICTRIFN%Z
ELY, 22T, BA K CRBBIRSTE I N A T A
Elm OO — FA 52 E2HCTH W 2175
7. 2B E—TEEED LD LOBAFREM L CRRIEER
BEORIEY %> %5 &, pH 3 TRALHEEA Y T 4 % @
WY B2 T 2 ERDAERR L CTH T AR MRS
ENB. DT, SEEROMEEIEL %5 pH 8 DEMESLMT:
T, 3Mio7 ) —orue bu—TEHEAF B L5l
D1: 28REA F VBIOZFOMOEBERE b ORMKS
(BZFoL 70 b u—TEBBILINTERLZZD D)
DEDORG DM EFBENLE L %25 (Fig. 3). ZNEN
DRy % B PEEHE & o THBER AT o 72, 21213 0.025,
0.1 3 X 170.2 mol dm ™ NaClO, K& % F 72, 0.025
mol dm * NaClO, Ki#EHZ FHWVWT 7)) —D 70 E bu—
T BiAg L7z, RANG & 1 28k 58 oW TH
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Fig. 3 Stepwise elution profile of the 1 : 2 complex
for the determination of boric acid in water

E: chromotropic acid ; D : sample (5.0 ug dm°, 3.2
em”); B: 0.025 mol dm * NaClO, ; F: 0.1 mol dm *
NaClOy4 ; G: 0.2 mol dm? NaClOy4. a: free chro-
motropic acid ; b: unknown ; c¢: 1 : 2 complex of
boric acid

A ERAT 5 728 R % Table 1 W RT. OO O H. 5B
BIO1: 28RO R EZ TE 5723 572012
1, 0.1 mol dm™’ NaClO, KiEH 2T TId+45Ta <, A
HNANVTFEGHSZFNZFN01EBLV0.2mol dn™’
NaClO, KB Z# NHIEAT D50 4570 - & b RLFER
H 252G, ZOLEMTIE, A
Y= 7RIS %0, SIS 2 KR 2SBEHR @ 18 4
5 12 MR T X 72V, 0~9 ug dm ’ OHEPAIZB VT,
KA TRTHRER (F =0.9991) 2355/

Y— 278 E (em) = 0.601 (& 7 FHE/ug dm*) +0.822
(1)

RET T V737 F N OREMERZED S RO 7B RS
(80, n=5) 1£0.06 ugdm * &%, &E5cem’ ZHW
BEH D 0.16 ug dm > X b b L72Y.

PEEEFAK, TKIZD T OREHERIEEC X % B
BCUE, RN A IUER ASH K T 100.3 % CH A2 R 2=
(RSD) = 1.5 %, n =>5), {JIIZKT 99.98 % (RSD = 2.2 %,
n=>5) %0, EEMIIFYEEEINTE:. T/ B8
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Table 1 Effect of NaClO, concentration on the sepa-
ration of the boric acid-chromotoripic acid
complex from other solutes

NaClO, concen_tgratlon/ Retention time,/min
mol dm
Condition

Valve F? Valve G Unknown  Complex

peak peak

1 — 0.10 10.69 13.53

2 — 0.15 9.51 11.46

3 — 0.20 8.05 8.55

4 0.10 0.20 8.40 10.27

a) Volume of the eluent: 2.4 cm’

Table 2 Recovery test using standard addition

method
Sample Boron added/ Boron found/ Recovery,

P pg dm* ug dm™’ %
Aira River water 0 3.88 £0.06 (n=3) —
2.00 5.88 £0.06 (n =5) 100

4.00 7.84 £ 0.06 (n =5) 99.0
Rain water 0 1.13+0.04 (n =4) —
1.50 2.64 £ 0.03 (n =5) 101

OFBMED RSD 2581% LW & BIF 2R G Nh7
(Table 2).

3:2 FERBEDRAKPDRIBEREDEEHEL
PRBOIE ST 2 /A LT X W6 O PR s AL E L
TWw5. ZoMlIE, EFIEBMERRERRE (MR
AED O, FLUTEAFIIIEHRE L2 KBEEAE (XY 7
A OREEZTL. WERETEIEBERLI—T ¥ T Kk
WEWZ EbHY, ZORBEFWHAKOKEICEKNS Z P
THEINE, WHERETITERIZ200544F 1 H25 12 HIZpH
8.8 ~77 DMI M- TH Y, RAMPAINIIZE A ETEMEH
Mo TWDZ ENGHh ol bAEDEKD 2003 4ERE
FHpH I 477 TH Y, HRBIIBWTD, 9 AORA
DR % B 7z pH OFIFME (4.7) 3 ETIMHE & 12IZR
UTholz. ZOMUMEESL L ELENOEEDN, Wl
IZdAHNTz. fLFEIEED 10~20 % 1&, FITEEMEW
HR OIS & 2bF AL - LT3 & & & BRI
L72% WERBIGEHETAAHBICBWTY, RN
FOWENBNENTVE,
KEZAWT, WEEBRAK, BERPICEETSLFRY HE
BE A MRl Tl g L7z, 2006 4 3 H 205 2008 4 9
H & TITERILL 72 29 5K C pH 1£ 3.87~7.99 TH ),
TEOGHRITD R o2 b DB EOT, BARLMKEL
2T R COBFOMEFIGWEIL 4.96 ThHo7z. T2, FvFE
ML 3.09~408 ug dm * THo7z. 72721, WREIIH
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Fig. 4 Seasonal concentration variation of soluble B
and nss-B in rain water collected at Sonai on Iriomote
Is., the Ryukyus

® : soluble B; O: nss-B

A CHEIN TV A LOHEORELZITTnwL I L)
5, WEOMEZBRWIEE Na IBEZHWTRE- .
JeHEEME R Y & (nssB) EEIERNA(2) THZON5.

[HSS_B] = [B]sample - ([Na+]salnple X ([B]sea/[Na+]sea))
(2)

ZORE, 1.61~16.7 ug dm * & o7z, HAARIEES X
O nss-B i EOFHZALZ Fig. 4 1R L7z, BARBTORY
BRI IEIHR R BER CTH 572, TOFH L O»2bY
NG RS R L [ ARG T ARV Ao s T A

TEIAHE RIS WA BN B 2 5 7 RRIRES L O
nss-B #EEED 2007 4 1 H ~2008 4F 12 H O M OFHiZAb %
Fig. 5\ L7z, WIIDKOYE, AR Z EofbE i b
FHOIZDII Na IREEZ VD Z LD TERVA, BHIZ
BT NHEEOHBED/NE BN TH L7280, C LT
TR EE LTR(2) LIERICL T nssB iR
WA o7 B FARBREE L 20.3~28.5 ug dm °, nss-B i
BEIE 129 ~21.7 ug dm * TH o7z, FEKE FIBRIC nssB O
FHEREL, BITE AR Rainps oz, &
WIRBOBFMRIZBNTIE, Y ROBAM IR T & ALE
LItk 230THY, TREMRMUEIBHIWIIKZEL
THHT 5. FAKD 50 % DL EAHERERIC L ) KEUCRE S
7200, ARSI SND T LI BY. Ry ERIED
LI ORFEROFTHEALZ KL T2 b L S
nas.

B b 5 &b K& BRI 2 FEo NI ow
TORRD Fig. 518 L7z, MIEEIE14.7~20.9 ug dm 7,
nss-B X 10.0~15.6 ug dm " TH Y, HE)I L FED
FHEBR SN, MBI EBRECTH-72. B
L CHlE R S b o & b (T ENziiTd %
728, B RORBEDSH BRI TR, BIERE o
FETRDMAFMINELL o TnEDEEZOLNS.
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Fig. 5 Seasonal concentration variation of soluble B
and nss-B in river waters on Iriomote Is., the Ryukyus

A : soluble B, & : nss-B (Aira River); @ : soluble
B; O : nss-B (Urauchi River)

Anderson 5%, KEAHFIZH KRB LB IR TEEE
LTORMEIRTORTEIEEL, £ THEHRTH S
A%, 8~20 % VXA KRR OIREE, BRIFENGENZE - THEH
ERTWBEHELRY. 72 KIEBHHLSDT7 T4
T v Y a5 TIE, KAHFITHH L3 Wikl ok
FRENE L, TP RBRKEZFHGT LI REMEIRR S
TV, PEFRETHI S N7z nssB IEFHEIC & > T
E»SORBMBRICED 720 ST IEE V25,
SHILICHEHEMZ 5 LERH 5.

AWFETIE BES1am DO F >V ZH#Hh 5 A
(HPLC T — K 5 &) % KIS - 184 - o8k E 3%
MR REBRFEOMEET- 72 1RBOSICET 2
BRI 120 & 2 0, BEH K D BERI 2 0HE 3 5 ST CT & 72
ZOERME, WEBRBKPIZEINE R TBOGHIC
L, FEHEERRO R Y BEOGFIEZ A S L7z, Wil
BED TIcE <, HEMLD AR TH S DT, ICP-AES R
ICP-MS & 1) & Zfli =i HT ik & U CTEHBOFIE AR
INns.

E i 3

AT H 20, FRISEEMY IV N - 4
v ARFGE B AR ZE B (No. 0621) 3B X OB 17 ~ 20 4E
FERR A M ERIR B AR SE T [HiBGT BIRIC BT 2 BARERBE &
NS AT 2AOMESER] ey b (E03) O
BEZ7. 72, EETORK, BHWETIEZ, UM
RFERZBEHEN  WIEERT, MTASE, Nk, T8
CURIFE, R&HERBRBEAIISEAT R B AR o/Miif, &
KA, WEFR, FRE, FREMA, ZHETOH I
S HTEG2. $72, nssBOREY D72DICHW 2 Na™ B
Xl DAL, LR OMKORATKT— ¥
STV 0 EOEHH L FIF 5.
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A method for the on-line absorptiometric determination of trace amounts of boron in natu-
ral water samples was improved using a commercially available 1-cm anion-exchange column
presorbed with chromotropic acid.  On-line reaction and separation were achieved by control-
ling the pH in order to accelerate complex formation in the column by 3, and to stabilize the
complex at pH 8 for selective elution of the 1 : 2 complex and its detection at 350 nm. The
analytical time for a 3.2 cm® water sample was 12 min, and the detection limit was 0.06
ug dm®.  The method was applied to the boron analysis of natural water samples on Iriomote
Is., the Ryukyus. The boric acid concentrations of rain and two river water samples were
ranged from 3.1 to 40.8, 20.3 to 28.5 and 14.7 to 20.9 ug dm ?, respectively. In each case, the
fraction of non-sea salt origin was estimated to be high, probably suggesting that the nss-B had
been transported a long distance from the Asian Continent.

Keywords : boric acid ; chromotropic acid ; on-line preconcentration/separation ; Iriomote
Island ; long-distance transportation.



