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Sensitive and selective flow injection systems coupled with liquid-liquid extraction were pro-
posed. Extraction/FI systems were applied to the determination of quaternary ammonium salts
(RiN™) in pharmaceuticals, anionic surfactant and dissolved oxygen in environmental water sam-

ples.

A homemade thermo-controlled flow cell was used for the selective determination of

cationic surfactants. Also, several kinds of phase separators were designed. Especially, a dou-
ble-membrane phase separator gave efficient and constant separation with long-term continuous

runs.

Consequently, the proposed solvent-extraction/FIA systems are useful for the analyses of
pharmaceuticals and environmental pollutants.

Keywords : flow-injection analysis coupled with solvent-extraction ; double-membrane phase sep-
arator ; thermo-controlled flow cell ; pharmaceuticals ; environmental pollutants.
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Fig. 1 Phase separator

f
Org
b = oA
Y/, ‘ q - . Aq

e %Z V777
TI l H
%‘ g Seg Aq A

(c) (d)

Aq: Aqueous phase; Org: organic phase; Seg: segment; A: PTFE membrane(pore size 0.8 um); B: Gore-tex seat fil-
ter(pore size 0.5 um); C: Gore-tex tube(1.0 mm i.d., pore size 2.0 um); D: PTFE tube(l mm i.d., thickness 0.5 mm,

porosity 60%, length 2.5 cm)
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Fig. 2 Double-membrane phase separator

W, and Ws: exit of aqueous waste; Ws: exit of organic waste; MF, and MF;:

PTFE membrane (pore size 0.8 um)
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Fig. 3 Effect of the ratio of aqueous flow rate to
organic flow rate on peak heights

1: 1% 10 " mol dm * benzalkonium-quinine-BPB ass-
ociate, Wavelength: 610 nm; 2: 2.5 X 10”® mol dm ~*
berberine-ClO,~ associate, Aex: 355 nm, Aem: 517 nm;
3: 0.25 ppm dodecylsulfate-malachite green associate,
Wavelength: 626 nm
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Fig. 4 Absorption spectra of ion-associates with
diprotic acid dye

(1) : Benzethonium-quinidine-BPB associate ; (2): Be-
nzethonium-BPB associate; (3 Qumldme BPB asso-
ciate ; Concentration: 2% 10 °mol dm~* benzethoni-
um, 2.4%10"° mol dm ® quinidine, 3% 107° mol dm ~*
bromophenol blue(BPB); pH: 7.8; Reference:
reagent blank for (1), water for (2) and (3)
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fﬂWB% HORIARZ PV ERT. R (3) &

T (HQA ) BEKT 590 nm ICRIUE K HH 5.
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B am 3L
P S Table 1 Effect of foreign substances on the determi-
L nation of benzethonium by the extraction/
Cs -0 FI method using co-extraction with BCPB-Qd
RS] EC - [Substance]
BPC Substances - Recovery,%
RSZ [Benzethonium]
DCE PS Papaverine 100 103
Procaine 50 98
Eserine 30 101
Fig. 5 Flow diagram for benzalkonium determina- Dibucaine 30 100
tion using co-extraction with BPB and quinine Chlorpheniramine 5 102
—4 _3 Methylephedrine 50 100
CS: Phosphate buffer(PfI 7.5); R§1% : 1 X10 "mol dm Triethylamine 50 102
Quinine; RS;: 5 X 10 "mol dm ~ bromophenol blue Neostigmine 05 98
(BPB); DCE: 1,2-dichloroethane; EC: extraction coil Acrinol 0.5 99
(0.5 mm i.d. X 4m); BPC: Back pressure coil(0.5 mm Sparteine 0.05 100
i.d.X 3 m); PS: Phase separator; D: Spectrophotome- Tetramethylammonium 100 98
tric detector(610 nm); P: Four channel plunger pu- Tetracthylammonium 50 99

mp(flow rate, CS 0.75 ml min~', RS; 0.25 ml min "',
RS: 0.25 ml min~', DCE 1.25 ml min"'); S: sample
(100 1)

WINZ <7 bov (iR (D 2% 5h, BPB* -HQd -
RIN"&EHRPHHENE I EHgh s, Zodtil2F)
ALTRN % Q (Nid Qd) #{ET THIlT % LRER
DOEME, MHEBRELMLEL, /-2 0 pH #F T RN
BB E WO BRED B, £2°C, FIABIGEA
L CHmBAIRIC L 2 RN OER ZHET L 72.

Mg A7 & (Fig. 5) 272, ARHERIEF v
VY — (R, pH75) ICHEASH, $o—RERRS
BPB B & BAE S N74%, MBER 122270015 v
(DCE) :&WMTH. 7 AV IPIHBKER, 4m DM
TANTL:1: 1 RERISTHEB S h, 58S [Fig. 1b)]
THEBMHE KB E SIS N, ABRHEOENEES 610
nm THIESNS., EEHMAIZ2X107°~1.5%10* mol
dm™®, RSD ¥ 1%, ¥ 7 VALEEIE 1 B4 24 T
Hole. RYATAINRHTH 57203 & REH T
BThrol., FXTY YNG4 VY TERT L HER
ME L7,

QHHvid Qd, ZHEAEEEE BPB, BCG, YUt/
7 x/—)7)V— (BCPB) % YixERBEICE TS,
W, MEBEHETHS 1,2DCEICHEBRLTHW:., Y7
NI BT AT A v, BRE L RENEE s,
—HoEERY, 39 —FH251%x10 *moldm™’ BPB
(X1 BCPB) -Qd % & 1,2-DCE %% L 72, #BHEIC
ABBEPEASNAEBEERET 5 L AT O RN A
1L:1: 1 8AHE LCHEBHEICHB NS, Z0&60KE
BiER (1) TRENB.

BPB® - (HQd " )20rg + RN
— BPB* "HQd " ‘RN"; + HQd ",y (1)

Benzethonium: 2 X 10" °> mol dm ™ ?; Bromochlorophenol
blue(BCPB): 4 X 10™° mol dm*; Quinidine(Qd): 1 X 107*
moldm ® pH: 7.8

AVRATLARZHRBETHE-0BBOFRBPE L,
5X10°~5%10 *moldm > DEHEHNO R E 2w L%
RN Y DEERDTETH - 72,

i pH X 7.8 T, ZOFEBTIE RN IFHH ST
RN ORFORBIIZ T v, REWEOFE* Table 1
WCRT. RN THBANLVTFAL Y, 72— VOHFE
PRFEEIL 0.056~05EENTH oD, 7Ry ¥, ¥
THAY, VIZY I —ATIVREDRNRT T
FNT VEZT L% EDEST RN 30~ 100 fFE V3t
FLTOHER2EZ 2w, LEdoT, ZHRBRTFIA ¥
ATFAERAVHEILILE o TRBEEICERMICRN Z2E
BTAHZLHTES.

4.2 —IREMEFZ BV SHEH/FIA

4:2°1 TBPE‘H,; #f\'3 RN, RNTOHHEH —
WHEBEBEETDH S TBPE X EVRBEHEED K E L (10°
mol 'em™'l) EIZHHAK TH 5. TBPE RA&HOH
Hid—#IZ pH8~9 TITbN %%%, TBPE KEHW % FIA
G4 VICHT L, PTIFEF 2 —7\ORENEI 5721
IREEMEKVEW P C TBPE 2SR L7z 0 ik 2 AUz 0
LTERBMRERR—AF4 V2 BLILNTE LD
7. £ Z A%, TBPE X pH 38 DEEM T Tik, TBPE-H
(Hf) L2 ARBEICESIC100% M h, AREE
HHRT12ABULEEETH 7. Z® TBPE-H/1,2-
DCE & (TBPE-H,,) %ZHWVa &4+ v &atREL M
WEHE L 2D LA TES. TBPE Hoy % FIA IZE
AT BEPIFE F 2 —7~0Ok#EDL %, ERBARELS
N—=RAFA4 P/ oni. £ZT, TBPE-H/1,2-DCE %
AVWTRN 2ERBREICEETELFIA VAT LAZRETL
7=.
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Fig. 6 Effect of pH on the extraction of ion-associ-
ates at different TBPE*H, concentration using the
batchwise method

TBPE - H,,, concentration: B;,Ci; 6 X 10" ° mol dm >,
A, By,Co; 1 X 10 °moldm™ >, A: 1% 10 °mol dm *
berberine, By,B:: 2 X 10”° mol dm ~® dibucaine, C1,Cs:
1% 107" mol dm * procaine, D: Reagent blank; Re-
ference: 1,2-dichloroethane, Wavelength: 610 nm

Ny FIZa T VEICED RN, RN OHH pH %8
F L7 (Fig. 6). RNTHB7OH A RV THhA D
REEKIZIpH7~11 THIH S, pH11 D ETIEHE S
2K BB, RN THENLRY &4 pH 12.8
FTOEREWHBATHE SNE, 372, RN SEEKDOEEIT
TBPE-HIBEIZHE SN, TBPEEHDEEZEKLI T4 L
WHEAIEL KT 5. Hi#E By, Cold TBPE-H BES
1% 10 °moldm * O¥ETH 5%, Hi# B, C (TBPE:
H:6X%10 *moldm *) IZHRBEENFERIZNELE
AEBIBEAEREENZNZ ERGD B, —F, RNT
£E1E TBPE-H OREZIK LTHIZITHE CERKED
Bohze (Hi#A). TBPE XEAOHMB PR (2),

(3), (4) TEENS.

TBPE*H, = TBPE ,,+ H (2)
TBPE ,, + RN",, == TBPE ‘RN, (3)
RsN'H ",y + OH ~,, == RsN,, + H,O (4)

MIEEMIIBW T TBPE-H IER(2) Ok IIiT, AKHMH
WBEBLTTBPE & LTHAETS. L7z2->T, RN &
AF 2R LBECAERHEPCHB NS (K (38)}].
RsN IZHIEREM TIXIF L A LR RN) & LTHET S
72%, TBPE Lt X&FEZEH L L {X(4)}. TBPEE

BEAE { TBPE-H A BMICHERET 5 L HRMT T

TBPE-H RN KEROBEMBTREE 2 5. L2 o T,
pH ZBEEMIC LT TBPE-HIRE LK 34628128
TRNXEROER LA RN ZBIRWICERT S L
B EEE % D.

4-2-2 JHH/FIAICK D RNTORROEE  Fig. 7
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'S(140 ul)

BS

RS/0S

Fig. 7 Flow diagram for the benzethonium determi-
nation using TBPE*H/DCE solution

BS: Buffer solution(pH 11); RS/0S: 1% 10 ° mol
dm ® TBPH-H/1,2-dichloroethane solution; Seg: Se-
gmentor; PS: Phase separator, P: Pumps, S:. Sample
injector, EC: . Extraction coil, D: Spectrophotometric
detector(610 nm); V; and Vy: Needle valve

DEZFRBY AT LATRURY ¥, RYEL T LADOEER
A&KZP, Fr )X — (k) LBHBREK08mlmin ' T
EW L, BHMIZ1 X107 mol dm ® TBPE-H/1,2-DCE &
€ (TBPE-H.) % 0.8mlmin ' THkE L7z, MBS
Fig. 1(@) DAY T 74V —MHAMRE AV,
Wi pH 11 TiTo 7. Ny FEHETIZ 128 FTERER
TBPE RN E RO AE 5 N 7225, FIA ETIER—
AT A NENDSR SNz, ThUE pH 12.8 TIX AR
@ TBPE-H 2812TTXTTBPE Il Y, AV TS50 4
W —~OEEIPRI DR T b0 Bbs.
WHIANVIE2m, ARHEARIZ 140U TiTo/z. &
WHOWEY 0.8 mlmin~' & —FICLT, K#HOHEE
(Fryx—, BEH=1:1 % 1~23mlmin ' TTZ
L8R TE =27 OBRBIZRIZTHEL R L. ABHED
ERFIEZ=— FUANVTICEDREB L, 97% BEohl.
KEOHEENKEVWELBVWE—=72B 50, 2.3 ml
mn ' DL EZ16mimin ' DEEDOEY— 7 EHRITHNR
30% &< ko, LHL, EROTENKELS 2L LH
DR DBWENEL R, AVTIV T4 NY—%
KBEBLRLTL DB, FZT, ﬁ%*ﬁO.Smlmin_l, K
1.6 mlmin ' OFE (HHHE . AkiHi=1:2 TiFor.
NN YORBBOHBHIZ 1~5 %10 mol dm 2,
MR EERE 0.9%, v 7VILEH 4 h THolz. N
YEFZT AT 2~10 %10 " mol dm %, AHxMEE#E (R
1.2%, v 7VAEE30h™ THo 7.
CDVATATIEAYT IV IANT— %I A4 TD
MR (Fig. 1(a)] 2fH L4225, EREllE L CREE
MEAWREA TSV T ANV —IZBEIRELCHE
DL, IEICE BHEBTR—RA5 4 VIZENPEL B0,
BEHIANY — 2RI BUENDL. T/, =—Fn
VT TORNROREET 7 =y 7 2 BT S, £ T Fig.
2(b) DFTINVAYT T MGHERE Y, MMM
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Table 2 Analysis of quaternary ammoniun salts(RsN ") in pharmaceutical samples by the solvent-extraction/FIA

+

Sample RN Labeled Found”
1 Eye-drops Benzethonium 0.005% 0.0048%
2 Eye-drops Benzethonium 0.1 mg 0.101 mg
3 Tablet Berberine 100 mg 104 mg
4 Tablet Berberine 37.5 mg 36.8 mg
5 Tablet Berberine 200 mg 207 mg
6 Diluted powder Neostigmine 5mgg | 494mgg”’
7 Eye-drops Neostigmine 0.005% 0.00506%
8 Injection ampoule Neostigmine 0.5 mg ml™! 0.492 mg ml™’

a) Mean values of three determinations
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Fig. 8 Absorption spectra of TBPE-associate at differ-
' ent temperatures

ALAs: 1 %X10 ° mol dm™? berberine, B;,Bs: 2 X 107°
mol dm ™’ butylamine; 8.2 X 10™* mol dm~* TBPEH;
pH 8; Reference: water
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Fig. 9 Configuration of temperature-controlled mic-
ro flow cell
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Fig. 10 Flow signals of ion associates with TBPE-H at
95C and 45C

a,2': 5% 10 " mol dm? cetylpyridinium (CPC); b,b':
1%10 °moldm™ CPC; ¢,¢': 1.5 %X 10" ° mol dm *
CPC; d,d': 8% 107" mol dm’ procaine with 1 x 10~°
mol dm ™’ CPC; e,e': 2% 10" ° mol dm ™’ chlorpheni-
ramine with 1 X 10™° mol dm™* CPC; f,f: 5% 10" °
mol dm ™~ chlorpheniramine with 1 X 10 ° mol dm ~*
CPC; TBPE-H: 1 X 10 °moldm °; pH: 12.5, Wave-
length: 610 nm
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Fig. 101225C & 45C TWMEL 270 — ¥ 7 F V&R
3. a, b, cld25C, a, b, ¢ 345C THEL-LF
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Table 3 Effect of diverse amines in the determination of cetylpyridinium, acetylcholine and choline at different tem-

peratures
Recovery, %
Compound Mole ratio Cetylpyridinium® Ach” Ch?
25T 45T 25T 45C 25C 45T
Procaine 1 114 102 123 102
30 108 98 )
Diphenhydramine 1 111 101 122 103
30 100
Chlorpheniramine 0.1 113 101 110 102
5 142 98
Methylephedrine 1 110 102 118 100
30 100
Ephedrine 5 120 103
10 122 100
80 121 100
Lidocaine 10 110 100 98
Trimethylamine 20 106 98
Triethylamine 2 120 102

a) 1 X107 °mol dm ™ Cetylpyridinium, 5 X 10"° mol dm * TBPE-H, pH 12.5; b) 5 X 10"° mol dm~* Acetylcholine, 1 X 10~° mol dm

TBPE-H, pH 11;¢) 1 X 10™° mol dm ™ Choline, 1 X 10" mol dm~

*TBPE-H, pH 11
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Table 4 Excitation and emission wavelengths and relative fluorescence intensities (RFIs)

Compound Concentratj(g)n/ . Aqueous DCE

mol dm Acx/nm Aew/nm RFI Jex/nm Aem/nm RFI
Benzalkonium 1x107* 255.0 561.0 16 255.0 561.0 19
Benzethonium 1x10°* 276.8 598.4 278 276.8 598.4 294
Zephiramine 1x107* 250.0 556.8 8 250.0 556.8 3
Quinine 1x107° 329.6 370.0 640 329.6 370.0 48
Acrinol 1x10°° 361.6 504.0 562 368.0 483.2 497
Coptisine 1x107* 377.6 536.0 104 364.8 537.0 1307
Palmatine 1x107* 366.4 512.0 12 358.0 521.6 88"
Berberine 1x107* 355.2 516.8 29 $55.2 516.8 200”

2) 5% 10 *moldm™®

s S
S
DCE Cloy clo, DCE
DCE DCE

l

a b
Linearity bad bad
Reproducivility bad bad
Sensitivity good bad
Sample throughput(h™) 34 26

Ll

S
BS +
cloy
c ;1—1 d-2
S: in water  S: added BS+CIO,
bad excellent excellent
bad excellent excellent
good good excellent
30 40 42

Fig. 11 Comparison of flow system and peak shapes
BS: Buffer solution(pH 5.5); S: Sample solution(120 ul); DCE: 1,9-dichloroethane
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Table 5 Determination of berberine in crude sam-
ples and commercial preparations

Sample Certified value Berberine found®

Phellodendron bark 1 - 4.460 = 0.03%

Phellodendron bark 2 3.9% 3.91 £ 0.03%

Eye lotion 0.001% 0.00100 = 0.000004%
Antidiarrheal drug 1 5.40 mg 5.43 £ 0.08 mg
Antidiarrheal drug 2 200 mg 198.6 £ 2.4 mg

a) Mean values * s.d. of three determinations

FHEE 517 nm TREL 2. HEIXAM 1.24 ml min ',
FHEA 0.68 mI min ™', MG HERRIL Fig. 2(a) KWRT YT
WA TS T e, ,
NN DOERFPAIE 4% 107°~1 % 10 °mol dm
TS/N=3DEETREIZ8x10 " moldm®, HIXIEER
#0.5%, v 7IVIEHIE 420 EEBRE,ORRIZE
BYAZLTEL.
REIETEWEOEE+Z I VWEREOBWEEE
T, F=2—%, VTHA VB EDRN, Xy¥hrowa,
Y7453, EFVEY VT LREORN, 57
WRYVB L ANEK Y BEREDES 4+ v REFEEH OFER
FBEX 20~50ENVTHo/. T2, T2V /=i
0.2EN, N FrearF I 0l BEVETD
LRI XNVNRY P OERICHEE G X hh o7z, Table 5
CAEE, BERBFONVRY) V2 EBLERERT.

5 WRBERMWEOER

5.1 &M+ REEEROEE

B4 ¥ FREEEANIIEER TV A WA L TR TS
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BT ENBEEIN, B Y REFERNOERERE= S~
I LLENDD. AEFEPTIEAFL YT V— (MB)
EDAF Y RERTBERMB T2 HFENEHSA TV S
A, BEVEHMECTHBENME LS, 7uniV AL EIE
BT AREHDH 5. Kawase™, Motomizu®® 1%, MB % 1-
AFNAGTVITFNVT I T2V TINHEY Ty L2
L HBEME/FIAEZHME LA, 700kl aR oy
rsuuRyErREoNa s VROBEEHW. F2T,
BEUIMERERLICCVWERLHY, £/ 2225
GERB LY TV T T /58S (Fig. 2(b)] #
Ay, BEa i vzERT5 2Lk b EFEICAEREZ E
NTBHIENTELIAT L ERE L.
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Fig. 12 Flow system for the determination of anionic
surfactant

RS: 1% 10 ° mol dm~* Malachite Green(pH 5.5); OS:
Organic solvent(toluene + MIBK =1 + 1); P;: double
plunger pump (flow rate, 0.97 ml min~'); Py: single
plunger pump(flow rate, 0.78 ml min~'); TB: Ther-
mostat bath(20C); BPC: Back pressure coil (0.25 mm
i.d.); D: Detector(626 nm), W, and Wy: aqueous
waste, Ws: organic waste

YERXFNVAVTFNT M) REBEEH, FyUY
—ROAEBHEITZNZN 097 ml min~', FHEEHEIZ
0.78 mlmin~ ' THEWL7Z. MGBIZZIyTNXLY TS
B (Fig. 2(b)} A L7z, Fig. 2(d) OMSHER
FRRTAHILICL D I VERESBEICE D, RiEPE
EI4 VORBRYEBERBCTELFEND L. HOMHRICYE
JEa AV (N 0.25mm) 2k L7z, TEIA VD
REVAEBRMOBIRICHEEZ RIZT 20, ThZhs
PHOBEIANVORESEME L. BEIALL (BPC)
DEEZ02~1m THRIFLLEZAS, 1m TEE (W)
CEILE N B HRAEAR D R o7, BPG I 1~4m
¥ CTHIEENELICELRD, 4~7m T—EDRILE)
BoHN7z. BPCy £ 0.25~05m FTII—ET, Z20#%
1.25 m  THA IZBENREMET L7z, DLEOER, BPC,
BPC,, BPC; DR &L, #IZFN1, 6, 05m & L7
BAF REEEHE LT RF U VHES Y YA
(SDS) ZEE#EREL L LTHY, MEREZAKLZEZ 5,
0.1~0.4ppm (85%107"~1.4x10 *moldm™®) TR
L EBBERIE SN, Motomizu 52 & [RIFEEE O B PH
(0~2x10"°moldm™®) DEA F VY REIFERHZERET
&%. 0.4ppm (1.4% 10 °moldm™*) SDS ® 7 EIEAIZ
L RDI: AERERED 1.1%, REBRFBE (S/N=
3) X 18 ppb (6.2x 10 *moldm™>), ¥ ¥ FIVLEEIF
0h™ " Thot. MINKEFTSFSATA4 VY —TFEBEBLE
BARIATLATERLAETA, 1.88, 0.30 ppm DEER
EAESN, MBZAVAAEEYTER LR, 2.0,
0.30 ppm & £ —F L7z, ABIIFERREREELH
Vv, REMOERIESTELZFROTTNVA VTS5 V1
SHMRE T I VEREETAIA IR —FHVE
FAMZERL-FELEZ .
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5.2 BEAPOBREBRENER

BHEBRE (DO) &, WEAKTOFEY - BEMOREM
CHEWEBR SR TR 5720, @, B, kX0l
BRECIEL LTE= Y VY FERTw5,. BTG
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A YT T —FEIE o THRBKRZELET 5 &, oKX
FICEIFNABEREINISTSEEO Mal) 2EB{LL T
MnO(OH), 24K L, BIZX(6) TRIT X HIT,
MnO(OH), 33 71t A + > (17) #BILL T L % i
T5. LAoT, BHREFEICHYTIED L, 205
BMEhb, LizoF+F 7 b—NEEBELTY2FT7FI
VANT 4 FEAKRT S (R(7)].

MnO(OH), + 21 + 4H"
= Mn®*"+ I, + 38H,O (6)

S-S
O = OSSO,

2-thionaphthol di-2-naphthyl-disulfide

ZIZT, 2FFFT7 P VIFHEROELEERT L, V-
FIFNIANT 4 FREXERLRWD, HEHRED
BLZHETACLICE D EHITROBEFUIES R,
KB FOBREREETYRODLENTES,

ZHEB VAT AT 72, v UX—L L TKkE, A%
MELT2x10 °moldm ® 2F 4 F7 b — V2 &L A
B (1,2DCE) ZHW, WML D 0.3 mlmin ' DHET
BEWL7z, WK EDERBKETA V7 7—FIH-T
RIALEEL, 20 EEAE (200u) % ¥ A FAIZEALL.
WMHEIAVOEZIZ250em & L, HAHESREFHVEOR
TERBOE LB ERE 288 nm, #HEHEE 355 nm T
W L7z,

Na®, Ca®', Cudl), Fe(Ill), Co(ll), NO; , Cl &
150 f5 &, K, Mg®", NH, , Fe(ll) iX 100 f§&, SO~
50 BREF L THELSBELEZ dh o7z, Fedll) it
100~200 fEEAHFT 2 L EBE2 5 2 24%, 5mldm ° KF
EERMT A LI YEZIRT L LATE .

SYVHKEEELLT0.2~1.2%X10 °moldm > DHEHHT
HOBEBEI SO, RBBRIZ49%x1077 1, T, DO
& LTIE0.008 mg O/dm’ & % Y IEHICEHIREIC DO % &
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Table 6 Determination of dissolved oxygen(DO) in
environmental waters

Solvent-extraction/FI method Batchwise method

DO found” RSD, DO found” RSD,

Sample (mgO/dm®) % (mg O/dm®) %
River 1 8.80 12 9.01 9.7
2 8.23 1.8 8.40 2.9
3 9.51 13 9.54 2.8
4 10.38 0.8 10.57 2.8
5 9.32 2.9 9.42 2.9
Pond 1 6.87 0.4 6.56 2.9
2 9.14 2.4 9.24 2.8
Sea 1 8.37 0.2 8.58 2.8
) 8.01 0.4 8.03 2.9
3 5.86 1.0 5.88 2.9
4 5.21 0.4 5.23 2.9
5 5.35 0.9 5.28 2.8

a) Mean values of three determinations

BYAIENTESL., Y7 NVREEIZ 180 THot.
RNEFEDE Ny F =2 TIVEL AR FIA ED 3 EOLE
BiTofc b 2 A, HMNEERE (RSD) & 2%, 2.7%,
1.2% T, FIAFEDO RSD & b/NE L, T3 EMD 1M
ExITol b TAHRFRFBERIFELN, FIAEORFEME
BwiEbhz, BEAFOBHEBRE*»EELHEY
Table 6 I27RT. AFIAERERETHL-0RBK%E
60 EF/HRLUTIEALE., Ny FvoaTIiEE FIAKET
KO ERMIZE S —FL, FIAETRDZERMED RSD
3% 1%, 73y F3 =2 7T VIED RSD 1347 2.8% TH o 7.
FIA R EH SN HIBENTORETH L7250, BHERE
DFEFANORBIINEL, REFOBREOKELZITDH T
LRSI REL Lo 72

6 #E P&

EEGPREGTEYE e BRELr OBIRWICERTE S
B /FIA ¥ A7 AORBEE1T-o 72, #ii/FlIAIZB W
TEHARMEEBFRMEE 2585 2SS OBREIERED
IR KESERTAI NS, BLsOMS S B
L. 7, WERORERENTEE~f7a7u—+t
VERREL, MRRFCREEZMET 2 Z L2k > TER
HrEol. T TRBLLZFER, BELSW, RBES
WIZHRZF®REEZS.

RO —THIELEHEE 70 7 1 THEFHE [21 il
XA BIHOMBORMSE-RE, AV ¥—, HRICET S
R D72 DREHFE] Loz, TTICRHRLTEHTS.
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