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Diquat(DQ®") and paraquat(PQ?") are dipyridinium herbicides, which are toxic to humans.
These compounds react with an ion-association reagent, TBPEH, dissolved in 1,2-dichloroethane
(DCE), to form blue ion associates: (DQ?*"+(TBPE™);) and (PQ?***(TBPE )s). A two-line flow
system was assembled. Buffer (pH 11.0) and TBPEH/DCE solutions were delivered at 0.8 ml
min~!. The associate was extracted in a 5 m extracting coil. However, when a DCE waste
phase containing the ion associate and aqueous waste, including TBPE ion, were mixed with 5
ml of 3 mol dm™? sulfuric acid and stirred, yellow TBPEH was formed in DCE again. On the
other hand, DQ*" (PQ?*") ion was transferred to the acidic aqueous phase. Therefore, TBPEH
.was regenerated in DCE and the TBPEH/DCE solution could be reused as an ion-association
reagent/extracting solvent. A recycled FIA system using regenerated TBPEH with DCE was pro-
posed. The calibration graphs were linear over the range from 0.25 X 107° mol dm ? to 2.0 X
10"°moldm™®. When a reused reagent/DCE was delivered, the same calibration graph was
obtained for DQ?*. In the case of PQ*", the slope of the calibration graph decreased slightly;
however, the linearity was good. The method was applied to the determination of DQ*" or
PQ’" in herbicides and artificial samples. The proposed FIA is a novel and excellent method
with no consumption of reagent or organic solvent.

Keywords : diquat and paraquat; recycled FIA with extraction ; tetrabromophenolphthalein ethyl
ester ; reuse of ion-association reagent/organic solvent.
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Fig. 1 Schematic diagram of extraction/FI system for
DQ and PQ determination

BS: phosphate buffer (pH 11.0); OS: 8.0 X 10" ° M
TBPE-H/1,2-dichloroethane solution; P: pump (0.8
mlmin~'); S: sample injection valve ; Seg: segmentor;
EC: extraction coil (5 m X 0.5 mm i.d.); BPC: back-
pressure coil (0.35 m X 0.25 mm i.d.); PS: phase sepa-
rator; D: spectrophotometer (610 nm); R: recorder;
NV: needle valve; W1: aqueous phase waste; W2:
organic phase waste
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ml (27K 50 ml, 3 mol dm *HiBE 3% %%, DCE (F)k
MEE) 100ml & & HICHBRFTRYEYS. 105H
BELZE, ERHOALZGELT, NOFREFCE
L, K50ml iz 10 57 Ek ) BEEEZT). 0%
BHREEX SEMDBE L%, AL VD —XFKT
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Fig. 2 Absorption spectra of the reused TBPE:
H/DCE for 1.5 X 10 °> mol dm° DQ

1: 8.0 X 10" °*M TBPE-H/DCE (initial concentration);
2: 30 min after recovering; 3: 60 min; 4: 90 min; 5:
120 min
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Fig. 4 Effect of pH on the extraction of DQ and PQ
with TBPE-H/DCE

@®: DQ; M: PQ; DQ and PQ: 1.5 X 10" ° mol dm %,
EC: 5m X 0.5 mm i.d.; flow rate: 0.8 ml min "'
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« Fig. 3 Flow signals for DQ with fresh and reused TBPE-H/DCE
A for a fresh solution ; B: for a reused solution
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Fig. 5 Effect of TBPE'H concentration on the for-
mation of ion associate

®: DQ; M: PQ; DQ and PQ: 1.5% 10"’ mol dm *;
EC: 5m X 0.5 mm i.d.; flow rate: 0.8 ml min "

Al m

Peak height / cm

5.0 6.0 7.0 8.0 9.0

EC length /m

3.0 4.0

20
Fig. 6 Effect of extracting coil length on the extrac-
tion for DQ and PQ associate

@®: DQ; M: PQ; DQ and PQ: 1.5 X 10 ° mol dm *;
flow rate: 0.8 ml min~'; OS: 8.0 X 10" * mol dm ™ ?
TBPE-H/DCE
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Fig. 7 Effect of flow rate on the extraction for DQ
and PQ associate

®: DQ; M: PQ; DQ or PQ: 1.5X 10 °mol dm°;
EC: 5m X 0.5 mm i.d.
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FTN 2BV, FREPISHEE LA DQ L PQ DR
EVBELEMCLIEONAEVEENICHKLES
Ehb, REOERBNORHADVTRTH S I L1570
5. DQ L PQ RIS THLENDHZ LBEDONED,
EUPEEICEDLTBY, AETHATALZLIEET
HBEEZD. T, WK, TROIATNT+—F—
B UHEIRIC DQ KU PQ FREEE & i L TR D - EINE
BRO#ER % Table 212777, 121X 100~101% & Bk
NEEFEONZZ, LAL, BRERETPQ OEIE)
79% L&h o7z, BREIZOWTIR A 75 Y ER DL
WEDOEENEZ LNDY, FMIEIRHTHS.

3-9 TBPE-H/DCE BHBEIRFIA > X T A

TBPE-H M AE AW 2 S ICBANHE - BT
AFIAVATAIZDOWTKRE L, 20 7u—5AT75
J A% Fig. 8 I8 ¥. YU —/V— TBPE-H fi iAE A
#4100 m1 12 S mol dm *HiME 5 ml 2 Mz 5. ZORE
BREE®- DI IBATE, A+ VEERIEEITo 2%
OARMBEOHEBHEIRE ) F—N—ZET. TDL & DQ
H BV PQITHEMBEEMAICHEMAHE SN, —FTRTH

Table 1 Determination of DQ and PQ) in the herbicide samples

Calibration curve method/ Standard addition method/ Labeled value/
Sample -3 -3 -3
mol dm mol dm mol dm
1 0.85 0.82 0.83
0.39 0.40 0.39

Sample 1 contains only DQ; Sample 2 contains both DQ and PQ

Table 2 Recovery test for DQ and PQ in the artificial samples

Added, X 10"° mol dm ®

Found, X 10~° mol dm ~*

Recovery, %

Sample
DQ PQ DQ PQ DQ PQ
River water 1.00 1.00 1.01 1.00 101 100
Mineral water 1.00 1.00 1.00 1.00 100 100
Green tea 1.00 1.00 1.01 0.79 101 79
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Fig. 8 Schematic diagram of recycled extraction/FI system with a reused TBPE*H/DCE for DQ and PQ

determination

Conditions: see in Fig. 1.

TBPE 1/ * i3 TBPE-H 2B LERMT CHAE SRS,
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DD D, COBFAVATFACEVESN-HEEEH
WT 2RI, 1.5X 10 mol dm P EHEROY — 7 B X
BHBL7E TS, DQ CIRAKEHO TBPE-H % fu
5L 498cm Tho-DIZ L, BRAHLL L &3 494
em 5N, PQH 4.82cem 12X L 4.72cm &, (ZIZF L
Y- 5 &%B/-. L3> 7T, TBPE-H/DCE DO HE
TEERFIA ¥ AT ADSBIHIIHEET 5 2 &390 o 7.

R, 44 YRERSEKMETIT) 2 LAMEEnTn
259, BIEICHEYED Y, BREL+S TRV, HICE
Wk 7 > &= ARRE, HEROBREKEREZ, 107~
10" mol dm ~* &R W 72 DIE B S 5 VI FEARH
MEMAGH ELEE SN Tw3. DQ & PQ DHFLIEE
121.9% 10 moldm ™ KU 1.7 X 10 *moldm ™ * T Y,
CITRBTAHEIMBEERD YO R LEEE B S
BWFHRELTHATHD LER .

4 *E Eo

AWFRIZEY, BREHFELEECTH L BED DQ R
PQ O + 3T TR B e B R BB B/ FIA Bt
WY TE WIS, —EMEALLAHEEABHICEENS
£ v aaRE LML T CEARET 5 2 L TRE
RO BESARCHEAETE I L2 RWAL, o
HICHEAETEELR FIA VAT A DBET LI LN TET.

AWFED—EE LR FE 7O V74 THESTE (21 #id3
KRBZOOMBORSE - B, TRAVEF—, HRIZETHHHE
RO DO 12X o7, T TIZHRLCRET 5.

Aq: aqueous solution; St: stirrer
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W X WH, /Mg, B0, TR, #Ei o A7 U SERERVHBBROBAMRELE Y 7Ty M35 2 ORIH FIA 329
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A+ E&EURREDTF VS TUET )=V T I LA Y EF VI ATV (TBPE) BBEARBETA
T AFEEIBOTEVWI 277y b (DQ) /853~ (PQ ERIELTHFRDA F v REEEAERL,
1,2-Y7uuxs s (DCE) iS5, ZORRISBEME/ BOERE/ 7u—4 Y27 v a VoM
NOBADETH LI Eh 5, DQ RV PQ ORHE - MifEL 0 EZHE L. DCEHOFRA 4 Y &F
#i3, BREETAMO pH % 3 UTICHE - IRAT 5 & DCE FTHEORER TBPE-H BMEKT 5. ZOK
JBIHEV DQ R PQ A F VIIKMICE S, L72d o T, BURENzA 4 & HRAE TBPE-H R UHIH
B TH S DCE x HUFET I L AWML o7z, MEHIE 0.25 X 107°~2.0 X 10" ° mol dm™* D HiPH
THMEL 25, BAWE L7 TBPE-H/DCE Bl % V7256, DQ TIRRARBEROF LWEBREER L
BELEEZRALEZEOREREZB LI LNTEL. PQOBEIEENDT LI LS EREILRIFT
ot REIHRBEHTO DQ R PQ DERIISHTE, 72, K, fiOIAXATIV T+ —F—,
BEICOVTHENARZITo 2L 25, BIZRFLERIE LN, ‘
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