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Table 1 Precision, detection limits, and regression equations of bromide, nitrate, phosphate, and sulfate using IC B

RSD"/% - Regression equation® (correlation coefficient)
Analyte LOD (S/N=3)/ug L'
Area Height Time Area Height

, . . y=1.26 X 10*x — 57.4 y=1.65 X 10°x — 6.12
Br 1.4 0.67 0.14 12 (0.9999) (0.9999)

- . . . y = 6.77 X 10*x + 67.7 y =17.66 X 10°x + 0.381
NO; -N 2.3 0.43 0.12 2.4 (0.9999) (0.9999)

- y=1.72 X 10'x — 2.81 X 10°  y =157 X 10°x — 19.4
PO, P 1.0 0.45 0.070 18 (0.9999) (0.9999)

- y =203 % 10"'x — 1.64 X 10°  y =9.28 X 10°x — 1.10 X 10
SO, 0.51 0.23 0.16 16 (0.9999) (0.9959)

a) Jon-chromatographic conditions : pre column, Dionex AG4A-SC ; separator column, Dionex AS4A-SC ; suppressor, Dionex
ASRS300 ; mobile phase, 1.8 mmol L™! Na,CO;3 + 1.7 mmol L™! NaHCO; ; flowrate, 1.5 mL min~' ; detection, conductivity.
b) Sample : standard solution containing 0.6 mg L™' Br™, 0.06 mg L™' NO; -N, 1.0 mg L™' PO,’"-P, and 4.0 mg L' SO,*"-S ;
injection volume, 25 uL ; six determinations. c¢) In the regression equation, the x value is the concentration of analytes (Br~,
0-1.0mg L™ ; NO;™-N, 0-1.0 mg L' ; PO,>"-P, 0-2.5 mg L' ; SO,2"-S, 0- 10 mg L") and the y value is the peak area or peak

height
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Table 2  Analytical results for boiled and salted wakame (Undaria pinnatifida)”

Production Sample Concentration (dry weight)
area No. Br’/ug gfl NOgi-N/]J.g g*l P043*_P/mg gfl 5042*_S/mg gfl
Sanriku 1 24.6 £ 0.6 23.4+23 0.354 = 0.004 0.373 £ 0.015
2 142+ 05 21.5+4.5 0.393 £ 0.014 0.347 £ 0.020
3 185+ 1.0 16.9 + 3.3 0.294 = 0.016 0.345 = 0.018
4 13.0 £ 0.4 155 + 2.8 0.517 £ 0.023 0.314 £ 0.024
5 13.2+ 4.8 14.2 0.7 0.284 = 0.039 0.282 + 0.009
6 7.83 = 1.59 19.0 £ 1.4 0.546 = 0.020 0.346 = 0.008
7 3569+ 3.4 9.73 £ 0.34 0.394 = 0.032 0.288 £ 0.016
8 52.6 £ 2.1 152 +24 0.386 = 0.019 0.352 £ 0.018
9 52.1 £8.9 15.2 £ 1.6 0.251 = 0.024 0.360 = 0.040
10 63.0 £ 2.9 20.7+1.4 0.561 = 0.029 1.80 + 0.06
11 99.9 + 4.1 26.8+1.4 1.11 £0.02 0.422 +0.010
12 46.5 £ 0.7 19.3 0.2 0.802 * 0.007 0.380 = 0.013
13 426+ 4.3 23.1%0.9 1.20 + 0.06 0.314 £ 0.007
14 10.8 + 2.4 10.6 £ 1.2 0.788 = 0.037 0.328 £ 0.013
15 93.6 = 1.7 175+ 3.0 0.596 = 0.021 0.457 £ 0.009
16 19.6 £ 2.7 149 + 1.4 1.19 £ 0.53 0.413 £0.013
17 17.0 £ 0.6 16.0 £ 0.3 0.886 = 0.008 0.323 + 0.006
18 56.0 £ 0.2 174 +2.6 0.319 £ 0.011 0.481 £ 0.019
Average 37.8 17.6 0.604 0.440
Naruto 1 329 %21 6.21 £ 1.89 0.613 £ 0.014 0.332 £ 0.012
2 30.1+1.2 7.43 £ 1.04 0.264 = 0.006 0.467 + 0.008
3 99.3 £ 4.2 10.2 £ 0.9 0.362 = 0.020 0.395 + 0.002
4 46.3 £ 0.2 12.5 £ 0.52 0.888 = 0.011 0.457 £ 0.007
5 59.6 £ 6.6 8.17 £ 0.69 0.540 = 0.013 0.459 + 0.016
6 63.1 = 4.0 9.71 £ 0.95 0.576 = 0.013 0.479 £ 0.020
7 8.40 = 2.10 124+ 1.3 0.216 £ 0.013 0.368 = 0.018
8 528 £ 1.3 10.5 + 1.0 0.570 = 0.022 0.377 £ 0.010
9 49.0 £ 3.0 11.8 0.9 0.288 = 0.008 0.363 = 0.018
10 37.3 %20 7.34 *0.42 0.159 = 0.001 0.378 £ 0.002
11 49.7+24 122+ 2.1 0.385 = 0.031 0.530 £ 0.018
12 31.7%0.9 6.37 £ 0.5 0.232 = 0.002 0.212 + 0.003
13 54.6 £ 3.0 5.28 +0.22 0.333 = 0.008 0.446 = 0.009
Average 47.3 9.24 0.417 0.405
China 1 35.6 £ 4.9 48.7 + 36.2 1.71 £ 0.05 1.75 £ 0.38
2 71.8 £23 21.8 £2.2 0.521 £+ 0.002 1.33 £ 0.08
3 535 = 1.0 60.6 = 1.2 0.609 * 0.007 1.64 + 0.03
4 76.2 1.8 450+ 1.9 0.609 = 0.014 1.42 £ 0.04
5 56.6 = 2.1 49.7 %25 1.19 £ 0.09 0.679 = 0.029
6 76.0 £9.9 385+ 25 1.11 £ 0.04 0.729 £ 0.077
7 33.8+1.7 18.7%0.8 1.05 + 0.04 1.69 + 0.04
8 18.7 %22 215+ 1.2 0.349 £ 0.014 1.46 + 0.02
9 828 +238 157+ 1.0 1.15 £ 0.02 0.971 £ 0.020
10 185+ 2.3 10.4 £ 0.9 1.01 £ 0.05 0.597 * 0.043
11 28.4 8.5 4.55 £ 0.73 0.665 % 0.092 2.70 = 0.05
12 15.6 £ 1.0 4.37%£0.18 0.689 * 0.027 2.71 £ 0.05
13 122+3 7.85 +0.85 0.615 = 0.015 3.04 £ 0.02
14 76.1 £2.1 145+ 0.8 0.751 + 0.020 1.43 + 0.004
15 233+ 1.0 21.9£0.3 1.79 £ 0.06 1.49 + 0.04
Average 52.6 25.6 0.921 1.58

a) Ton-chromatographic conditions as in Table 1 ; three determinations

NO; -N, PO, -P, SO, ™S % 0.060~2.0 mg L™" &L
MIEZ RO, ZOHKRE, TZhomlET 93.0 ~
108 % T& o 7z. Table 3 \ZTHHEE T A1 X R D441 H B K
SRR EIRNT. 3 EMAERIIOWT, Wil LIEET A
A PO, P IRIETFIME [0.647 mg g (EER)] /R
7 7 A PO P IRETFIHMH (0777 mg g ) OfEIEH
0.833 TH 1, MFEHIDWT PO, -PIEEEICITA & 27513

RoNhorz, —J7, Bl LMY 7 A SO, -S i
T3 (0.808 mg g ) /THIHE T A1 A H SO, -S LY
i (238 mgg ') DftIZ#Y 0.340 TH Y, SO,* -SHEIL,
THHZ T A A D J5 5858 LI T A A X ) 8o 7z
Wz 7 77 A0, Bl LI Y A X & JfK Cokigtg, B
MEZIR L, WURKRESIThy PLTEICEHL, WK
NTW2?, Bl LT & A ORI TREIEE L Tw5
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Fig. 1 Ion chromatogram of the extract from boiled

and salted wakame (Undaria pinnatifida) produced in
the Sanriku area

Identification of peaks: a, C1” ; b, Br™ ; ¢, NO;~ ; d,
PO,*” ; e, SO, Ilon-chromatographic conditions as
in Table 1 ; the output range was changed from 3 uS
(the bar length corresponds to 0.15 uS of
conductivity) to 10 uS (the bar length corresponds to
0.50 puS of conductivity) at 9.5 min.

WRETEAE 2 H 7z

3-3 MR

AP L BRI RS, BRI % AT o 728,
MR E KDL 2 Y, SR L hEEY A 2 LY
B T, Z,=3.67x + 4.18x, — 6.96 (x,: PO P, xy:
SO, "-8) e (Fig. 2 DEM). TOWH, 2,<0D
GOEERERE, 2,20 CRMEETH S LTS, 72,
B RE &t ERE & DHIBITIE, Z, = 6.45x, + 4.96x, — 9.23
ML N7z (Fig. 2 OWHR). ZO%E, 7, <0 TIIHME,
Z,Z0 CRHPEFELHNTE. Cho0HBIEKIZXY
PRI BB L7z 46 B2 B L 72, EofEE, =
Repg L pEET 7 2 L OYIBNCB VT, ZFEEZ RS TH
FEIRE & B3 % B BRI 5.56 %, ¢I%% B g & k1B
T2 HIRIER L 6.67 %, BMEL HEET 7 2 L OB
BWTIBMEO0 %, HEEO0 % ThHorz. ARPEIIHEHFH
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Fig. 2 Distribution of phosphate and sulfate
concentrations mg g~ ' (dry weight) in boiled and
salted wakame (Undaria pinnatifida)

(], Sanriku ; &, Naruto ; O, China. —, A linear
discriminant function to distinguish between boiled
and salted wakame produced in the Sanriku area and
those in China ; - - -, a linear discriminant function to
distinguish between boiled and salted wakame
produced in the Naruto area and those in China.
Ion-chromatographic conditions as in Table 1.
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Table 3 Analytical results for dried wakame (Undaria pinnatifida) purchased in the market”

Concentration (dry weight)

Production  Sample

area No. - -1 - -1 3- -1 20— -1 Corrected
Bro/ug g NO;™-N/ug g PO,”"-P/mg g S047-5/mg g S0 /mg g!
Sanriku 1 69.4 + 2.2 11.9 £ 2.0 0.482 = 0.057 0.284 £ 0.013 0.0966
2 140 = 3 18.0 1.4 1.28 £ 0.01 1.19 £ 0.02 0.405
3 57.3 3.0 10.3 £ 0.7 0.973 = 0.057 0.357 = 0.021 0.121
4 37.0 +5.0 8.32 £ 0.72 0.150 + 0.029 0.544 * 0.004 0.185
5 205 + 1 12.8 £ 1.3 0.119 = 0.005 1.85 £ 0.02 0.629
6 1131 18.2 %+ 1.0 0.657 = 0.042 1.03 £ 0.01 0.350
7 118 +3 151+ 0.6 0.429 + 0.023 1.05 £ 0.01 0.357
8 81.5+25 19.4£1.0 1.41 £0.15 1.00 = 0.04 0.340
9 230 £ 1 17.0 0.5 1.10 £ 0.09 2.27 +0.07 0.772
10 110 + 11 12.2 0.7 0.936 + 0.082 1.09 £0.11 0.371
11 85.5 +3.9 202+ 1.3 1.47 £ 0.28 1.13 £ 0.05 0.384
12 220 £ 6 6.82 +0.13 1.12 £0.12 3.18 £ 0.04 1.08
13 85.2 0.8 21.3+1.2 1.37 £ 0.05 1.04 £ 0.04 0.354
14 111 £5 7.90 = 1.65 0.432 = 0.154 0.383 £ 0.010 0.130
15 114 = 72 8.97 £ 0.74 0.726 = 0.136 0.662 + 0.034 0.225
16 922+ 1.6 18.6 £ 0.9 2.96 +0.24 0.992 + 0.006 0.337
Average 117 14.2 0.976 1.13 —
Naruto 1 226 £ 1 7.07 = 1.84 0.324 = 0.007 2.62 +0.01 0.891
2 206 + 2 2.45 * 2.76 0.634 £ 0.026 2.76 £ 0.05 0.938
3 90.1 +2.6 123 £2.6 0.141 £ 0.029 1.34 £ 0.01 0.456
4 229 *5 4.37 £ 0.57 0.198 £ 0.016 3.35 + 0.004 1.14
5 224+ 9 ND* 0.387 * 0.282 5.12 £ 297 1.74
6 978+ 1.4 105+ 1.4 0.283 + 0.004 0.444 * 0.004 0.151
7 108 + 3 184+ 1.4 0.158 + 0.009 0.902 + 0.022 0.307
8 212+ 9 21.9+1.2 0.675 * 0.102 2.56 £ 0.13 0.870
9 67.1+24 7.30 = 1.08 0.532 + 0.036 0.417 £ 0.048 0.142
10 268 + 7 8.55 +0.28 0.572 = 0.080 3.41 £0.10 1.16
11 268 £ 21 7.39 £ 0.27 0.246 + 0.046 3.67 £ 0.09 1.25
12 111 +3 16.1 7.3 0.353 £ 0.070 0.966 = 0.055 0.328
13 772 % 3.0 151 £ 1.0 0.467 = 0.073 0.497 £ 0.041 0.169
14 268 £ 2 7.39 £ 0.27 0.246 + 0.046 3.67 £ 0.09 1.25
15 79.6 £ 4.9 535+ 2.0 0.104 £ 0.103 2.24 +0.16 0.762
16 113+ 3 9.75 £ 0.94 0.375 £ 0.044 1.01 £0.01 0.343
Average 165 9.62 0.356 2.19 —
China 1 233 £2 18.5 £ 0.4 2.48 £ 0.35 7.61 = 0.03 2.59
2 254 + 2 8.89 £ 0.41 1.49 £ 0.09 7.72 £ 0.03 2.62
3 156 + 3 9.19 £ 0.09 0.958 + 0.072 2.13 £ 0.01 0.724
4 295 £ 2 419 £ 1.14 0.234 + 0.052 3.91 £ 0.04 1.33
5 246 + 3 10.7 £ 0.7 1.31 £0.04 3.08 £ 0.03 1.05
6 264 £ 1 2.33 £ 0.38 0.782 + 0.042 3.49 £ 0.07 1.19
7 246 £ 5 8.86 + 1.34 0.439 = 0.040 3.28 £ 0.09 1.12
8 264 £ 3 6.73 = 0.96 0.623 = 0.117 3.50 = 0.07 1.19
9 210 £ 1 6.75 + 2.50 ND* 2.74 £ 0.04 0.932
10 229 %5 8.81 = 1.40 0.789 + 0.169 3.23 £0.04 1.10
11 111 £5 322+0.2 0.661 = 0.113 0.723 £ 0.016 0.246
12 311 £2 5.15 *+ 2.05 1.38 £ 0.53 3.92+0.11 1.33
13 318 £ 4 1.54 £0.74 2.60 = 0.30 4.08 £0.02 1.39
14 350 £ 4 2.59 £ 1.35 0.317 = 0.006 4.16 £ 0.03 1.41
Average 249 9.03 1.00 3.83 —

a) Ion-chromatographic conditions as in Table 1 ; three determinations ; b) 0.340 times of the analytical results ; c) not detected

EL, WEHOBr, NO,, PO, SO ZICIZLD Thbb, EREESHARETH DA%, Eli 2 KA MRS
w7z, F7, EREREZHVC HAEBEEHERELD  FEEEZMEHT LS, AEEENT 2 B TREZ RN
HAEBERE L. 612, W7 & X PO MR A TEBREEZDY.

FUEEMREMIEL, WELHIBEEZEILE S

B, KEEIIEZT A A OERE & FINRE & O REHH BB L

TS BRAZ ) ==V LD 9 5 2 DRI, A2 BT LD, WTLROFT Ly —%

E i 3



874 BUNSEKI KAGAKU Vol. 61 (2012)

BELTIVWELZZHAYA 47 AWT 7 = Vi K-
h ey s —OWHRAFR, HIBEESEICE L TIRET
SWE LKAz, EBRICHITRG 2R 0%
A — IR, fiilE ERICEHFOZZERLIT.

17) Al & RMOKENEPN £ & — AN
. 32, 24 (2008).

18) KmHiEF, ZHEY, REWF, MEEL, ik
IR AL (Bunseki Kagaku), 58, 1011 (2009).

2011 429 11, EIZKﬁ‘?l*)Ml:?»’;\)
60 ERITBVT—HER

X 73

1) ZHWFE . RAEE (Bunseki), 2009, 144.

2) HEFIHIE, KB . L& HEE, 58, 64 (2010).

3) WG : BEAOKEEN B ML v & — A se
26,1 (2002).

4) A #E, SR O s o b (Bunseki
Kagaku), 52, 969 (2003).

5) EHEF - RMOKEHEEEM v & — AN IE R
i, 27, 37 (2003).

6) HILf—, WHEH, ME ¢ #EHAE EE
B, BEARE S . EMOKENE P v ¥ — A
e, 27, 45 (2003).

7) BB, BE T, TR sR O E, Ak
% BWKENEHEN Y Y ¥ —HEMRRE, 28,
10 (2004).

8) BTEM, MIOAT, fEE &, YELWE FHE
i, HRHIES, hUuIER . EAOKEMN B v
» —iRAENZEERE, 28, 17 (2004).

9) MWEZ HOAT : BEHRKENERMNEY ¥ —
AN TE A, 29, 24 (2005).

10) M EFE, KRiBEZR W= BREEE, ME
i, AL B, PIEHES . EEAROKEEH B k2 v
» —RANIZEHGS, 29, 35 (2005).

11) B ¥E—, MEMSE, MLy, Al E: BK
REEHEHAM Y~ & —MEFFEHRE, 30, 1 (2006).

12) 766 &, HLEDh, REGER], ARAHENS, AREPE
& HAKEFERE 77,243 (2011).

13) MEHESR, HHFEH— Al . DAEREST
H4eEE B3, 489 (2006).

14) #HET, BRAWT, BRHEE KFE % b
R HTLS (Bunseki Kagaku), 56, 1053 (2007).

15) f&% R, MAMS, WH E OwRIFEST, NS
B, HATHE— . BRMWOKEMEEEN v ¥ — A
ZeHE, 32, 12 (2008).

16) #&% R, Maws, WK E RIS, NS
B, WA EAROKENBERM L v ¥ — A
Zedis, 32, 18 (2008).

19) EASMh, a1 AT LS (Bunseki Kagaku),
58, 1041 (2009).

20) ALY, KEHiEF, REVIT, PEBE =, Pk
R0 WL (Bunseki Kagaku), 59, 863 (2010).

21) WFHET, SRMAT, fbkFER, LR, H
A — AT AL (Bunseki Kagaku), 58, 1023
(2009).

22) SiARMA T, T EETF, Fml—, kbR
GNHLE (Bunseki Kagaku), 58, 1053 (2009).

23) MTFHET, SSAWET: SWILE (Bunseki
Kagaku), 58, 1059 (2009).

24) SR, MR, OOKESR: oL
(Bunseki Kagaku), 58, 1067 (2009).

25) M B K EET, RERRBREK: BRAREERS
AR, 38, 19 (2006).

26) AR, PR, ORERRE— IR R SE B
WHERT I ZERT, 6, 7 (2006).

27) WE—& : “FrhbrOAM", p. 57 (2010), (HAL
HEH AL

28) WHERR, Fitdbsv ARG EHEE : KiE
WEW7EL > 7 —WF7Ed, 34,1 (2011).

29) IREPIEWE, KRR, ANERA, KE#se, @k
i, Mg kAR REIES . RMOKER
TPk v 5 —RARFFE S, 22, 77 (1998).

30) /NEPHUESE, JIHFEH], BRTE, &HEEL K
FOAHE © TS (Bunseki Kagaku), 54, 979 (2005).

31) C. C. Nascentes, M. Korn, M. A. Z. Arruda:
Microchem. J., 69, 37 (2001).

32) “HARZMEER D EK 2010 IOV THEIEHED 9 -
available from <http://www.mext.go.jp/b_menu/
shingi/gijyutu/gijyutu3/attach/1299195.htm >,
(accessed 2012-4-19).

33) MMM : “Excel MEHFH ARy 7 AL B T—%
FENT”, p. 115 (2001), (FHAEIE).

34) A RAERE, HAEM: Ny I ilksr7— 5|
BE”, p. 61 (1990), (FAESE).

35) KM ¥, BULHEE . SEEMATEAM, p. 99
(2006), (Y1 =¥ Ath).

36) ‘AIFEAE SIHET. BA B SRRE, Ik
R0 HARGHALERE 72 B 3T ALa- 3 i 2 i 22
B, p. 136 (2012).




TFITF4ANVLR=F U, Bt A3 7u~ b T 74 =12X 5T h AR ORI, i VU B WA AU 0ER 875

Determination of Bromide, Nitrate, Phosphate, and Sulfate in Water Extract
of Wakame (Undaria pinnatifida) Using Ion Chromatography

. .. . ®
Takashi I'vaMa' and Keiichi FUKUsHI "

® E-mail : fukushi@maritime.kobe-u.ac.jp

' Kobe University Graduate School of Maritime Sciences, 5-1-1, Fukaeminami-machi, Higashinada-ku, Kobe-shi,
Hyogo 658-0022

(Received February 17, 2012 ; Accepted June 26, 2012)

Inorganic anions, such as bromide, nitrate, phosphate, and sulfate in wakame (Undaria
pinnatifida), were determined using ion chromatography (IC). Dried wakame samples were
prepared by drying and powdering boiled and salted wakame, whose production districts were
clear. The above inorganic anions in the samples were extracted into pure water using
ultrasonic extraction prior to IC analysis. Linear discriminant functions were obtained using
the PO, -P and SO,2™-S results. The misclassification rates of identification were 5.56 and
6.67 % for the boiled and salted wakame produced in the Sanriku area and those in China,
respectively ; the misclassification rates were 0 and 0 % for the wakame produced in the Naruto
area and those in China, respectively. Inorganic anions in dried wakame available in the
market were similarly determined. The discriminant functions were applied to the analytical
results after the SO,*”-S results were corrected using the average concentration ratio for
SO*"-S between the boild and salted wakame and dried wakame purchased in the market.
The misclassification rates of identification were 25.0 and 35.7 % for the purchased wakame
produced in the Sanriku area and those in China, respectively ; the misclassification rates were
12.5 and 35.7 % for the purchased wakame produced in the Naruto area and those in China,
respectively. The proposed procedure could be useful as a simple screening method to
identify wakame production districts.

Keywords : boiled wakame ; dried wakame ; ion chromatography ; phosphate ; production
districts ; sulfate.



