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A simple and rapid method has been developed for herbicides in water using temperature-responsive liquid chromatography (LC) and
a column packed with poly(N-isopropylacrylamide) (PNIPAAm), a polymer anchored on the stationary-phase surface of modified silica.
PNIPAAm reversibly changes its hydrophilic/hydrophobic properties in water in response to temperature. The method was used to determine
five sulfonylurea and three urea herbicides. Separation was achieved with a 10 mM ammonium acetate (pH 3.0) isocratic aqueous mobile
phase, and by changing the column temperature. The analytes were extracted from water by off-line solid-phase extraction (SPE) with an
N-vinyl-pyrrolidone polymer cartridge. The average recoveries of the eight herbicides from spiked pure water, tap water and river water were
70-130% with relative standard deviations (RSDs) of <10%. The limits of quantitation (LOQ) of the eight herbicides were between 1 and

4pgl.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Herbicides are used in rice paddies, golf courses, and other
types of fields. They are transported by aquifers in ground-
water and are widely distributed in the environment. Sul-
fonylurea herbicides are labile, weakly acidic compounds,
Sulfonylurea and urea herbicides are used at lower concen-
trations, and are more rapidly degraded in soil than older her-
bicides. Therefore, parts-per-billion concentrations of these
herbicides are to be expected in the water supply. These herbi-
cides have been analyzed in water by liquid chromatography
(LC) with UV detection [1,2], capillary electrophoresis with
UV [3], LC with mass spectrometry (MS) [4,5], immunoas-
say [6], bioassay [7] and radio immunoassay [1].
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Recently, various polymers have been developed which
change their structure in response to surrounding conditions,
such as the pH, electric field, and temperature. Such polymers
have been widely utilized in drug delivery systems [8], cell
culture dishes [9], cell sheets [10] and bioconjugates [11].
Poly(N-isopropylacrylamide) (PNIPA Am) is one of these; it
exhibits a thermally reversible phase transition in response
to temperature changes across a lower critical solution tem-
perature (LCST) of 32 °C in aqueous solution [12]. In water,
the polymer chains of PNIPAAm hydrate and expand below
this LCST, while they dehydrate to form a compact confor-
mation above it. We previously reported a considerable and
reversible change in the hydrophilic/hydrophobic properties
of PNIPA Am-grafted surfaces in response to a change in tem-~
perature. Taking advantage of this characteristic, we devel-
oped an LC column packed with PNIPAAm to selectively
separate analytes by controlling the external column temper-
ature [13-17].
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Temperature-responsive chromatography is a method with
little load on the environment, because no organic solvent is
used in the mobile phase. Urea herbicides in environmen-
tal water have been widely studied by Hogenboom and co-
workers [2,18,19] and very rapid analyses were made by us-
ing a single short column for both SPE and analytical separa-
tion. However, there are fewer reports on sulfonylurea herbi-
cides [5]. The aim of this study was to achieve the separation
of both groups of herbicides by temperature-responsive LC
with an aqueous mobile phase.

2. Experimental
2.1. Chemicals

Analytical-grade standards of bensulfuron-methyl
(99.7%), imazosulfuron (99.7%), pyrazosulfuron-ethyl
(99.9%), halosulfuron-methyl (100%), siduron (98.9%),
daimuron (100.0%) and diuron (100.0%) were pur-
chased from Wako Pure Chemical Industries, Osaka,
Japan. Analytical-grade flazasulfuron (99.9%) was pur-
chased from Hayashi Pufe Chemical Industries, Osaka,
Japan. The structures of these herbicides are shown in
Fig. 1. N-isopropylacrylamide (NIPAAm) was kindly
provided by KOHIJIN, Tokyo, Japan and was purified
by recrystallization from n-hexane. 3-mercaptopropionic
acid (MPA), 2,2'-azobisisobutyronitrile (AIBN), NN-

dimethylformamide (DMF), ethyl acetate, 1,4-dioxane, N,N'-.

dicyclohexylcarbodiimide (DCC), N-hydroxysuccinimide,

Sulfonylurea herbicides

COOCH; OCH; F_/

HPLC-grade tetrahydrofran (THF) and ammonium acetate
were purchased from Wako Pure Chemical Industries.
Aminopropyl silica beads (average diameter, 5 um; pore
size, 120 A) were purchased from Nishio Industries, Tokyo,
Japan. The pure water used for sample preparation and
the LC mobile phase was prepared using a Milli-Q water
purification system (Millipore, Bedford, MA, USA).

The synthesis of PNIPAAm and a modification of amino-
propyl silica with the NIPAAm polymer were carried out by
radical polymerization, as previously reported [13,20].

2.2. Temperature-responsive LC

A PNIPAAm-grafied silica beads were packed into a
stainless-steel column (150 mm x 4.6 mm i.d.). LC was car-
ried out on an Agilent 1100 series (Agilent, Waldbronn, Ger-
many) instrument equipped with a UV detector and a Rheo-
dyne Model 7750 injector. The column oven was a product of
Shodex AO-30C (Showa Denko, Tokyo, Japan). The mobile
phase was 10 mM ammonium acetate (pH 3.0). The thermore-
sponsive elution behavior of the herbicides was monitored at
240 nm at a flow rate of 1.0 ml min~! at various temperatures.
The injection volume was 20 p.l.

2.3. Preparation of standard solutions

Stock solutions (1000 mg 1~1) of each analytical standard
were prepared in THF. Next, working standard mixtures were
prepared by diluting each herbicide stock solution with THF.
These stock solutions were stored at 4 °C. Standard solutions
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Fig. 1. Structures and common names of the eight herbicides. 1, bensulfuron-methyl; 2, flazasulfuron; 3, pyrazosulfuron-ethyl; 4, halosulfuron-methyl; 5,

imazosulfuron; 6, diuron; 7, daimuron; and 8, siduron.
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were prepared by diluting the stock solution with THF. The
standard solutions were used for calibration plots and spiking
-of the water samples.

2.4. Water samples

Three types of water were analyzed: pure water, tap water
and river water. The tap water was from a tap in the labora-
tory. L(+)-Ascorbic acid sodium salt (Wako Pure Chemical
Industries) was added to the tap water at 0.005% (w/v), which
eliminated chlorine that could react with and degrade some
of the compounds of interest. The river water was collected
from the Tama River near Tokyo; it was filtered through a
glass-fiber filter before use.

2.5. Analytical methods

For recovery studies, three water samples (0.51 each) were
spiked with 1 ml of 2 mg 1~ (except for 0.5 mg1~! diuronand
daimuron) of the composite standard. Then, the spiked water
samples were passed through a SPE cartridge to extract the
analytes [5]. SPE was performed with cartridges prepacked
with N-vinyl-pyrrolidone polymer resin (Oasis HLB Plus
Extraction Cartridges) from Waters (Milford, MA, USA).
The SPE cartridges were equilibrated with 5 ml of methanol
and then Sml of pure water. The water samples were ex-
tracted at a 10 mlmin—! flow rate. Then, the cartridges were
washed with 10 ml of pure water at a Smimin~1 flow rate
and dried with air passed through the cartridge for 40 min.
The herbicides were eluted from the cartridges with 3ml
of methanol at a speed of 1-2 dropss~L. After evaporating
the samples to near-dryness under a gentle nitrogen stream,
the materials were dissolved to a final volume of 1.0ml
in THF.
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3. Results and discussion
3.1. Sulfonylurea herbicides

Sulfonylurea herbicides were separated based on their
temperature-controlled hydrophilic/hydrophobic properties
by using an LC system connected to a column packed
with PNIPAAm-modified silica beads. Fig. 2(a) shows van’t
Hoff plots for sulfonylurea herbicides separated using a
PNIPAAm-modified column in 10 mM ammonium acetate
(pH 3.0). The linearity in the van’t Hoff plots is com-
monly observed for commercially available reversed-phase
columns under standard chromatographic conditions. On the
PNIPA Am-modified column, however, a deviation from lin-
earity was found between In & values and the reciprocal tem-~
perature (1/7). Interestingly, the slope of the van’t Hoff plots
of each analyte on the PNIPA Am-modified column changed
markedly atthe LCST boundary (Fig. 2 (a)). This corresponds
to a phase transition of the polymer modified on the surface.
Typical chromatograms for the standards of the five sulfonyl-
urea herbicides using the PNIPA Am-modified column at 10
and 50 °C are shown in Fig, 3.

The log P values of these herbicides are given in Table 1.
log P values were calculated by the CAChe system (Fu-
jitsu, Japan). We reported in previous papers that the order
of separation on a temperature-responsive-polymer-modified
column depends on the hydrophobicities, corresponding to
increasing log P values [13]. In this study, the retention
time of the strongly hydrophobic imazosulfiuron was remark-
ably increased, compared with four other sulfonylurea herbi-
cides. When trying to separate the same herbicides on an
ODS column using an aqueous/organic solvent, the three
peaks of bensulfuron-methyl, flazasulfuron and imazosul-
furon overlapped, and the two peaks of pyrazosulfuron-ethyl

0.8
LCST
0.7
0.6

0.5

(Y- A}

04

Ink

03 | 8

02 -

0.1 F

0.0 i 1 1 L 1
3.0 3.1 32 33 3.4 15 3.6

(b UT (x107)

Fig. 2. van’t Hoff plots of (a) sulfonylurea and (b) urea herbicides. For LC conditions, see Section 2. For peak numbers, see Fig. 1.
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Fig. 3. LC-UV of standards using a PNIPAAm-modified silica column at
(2) 10°C and (b) 50 °C. For LC conditions, see Section 2. For peak numbers,
see Fig. 1.

and halosulfuron-methyl also overlapped (data not shown).
In contrast, upon raising the column temperature of the
temperature-responsive system, these five sulfonylurea her-
bicides could be separated from each other with an aqueous
mobile phase. v

In this study, the mobile phase was adjusted to pH
3 which was lower than the pK; values of these her-
bicides, bensulfuron-methyl (pK, 5.2), flazasulfuron (pK,
4,37) and imazosulfuron (pK, 4.0), in order to suppress
their ionization and effect their interaction with the sur-
face of the stationary phase. With increasing temperature,
the temperature-respousive surface of the stationary phase
changed from hydrophilic to hydrophobic, the retention
time increased as a result of hydrophobic interaction, and
the separation of the five sulfonylurea herbicides markedly
improved. :

Table'1
Calibration, LOD and log P data for the eight herbicides
Compound Calibration equation® R? LOD log P
(mgl™)
Bensulfuron-methyl y=12.493x+0.6557 1.000 0.5 1.49
Flazasulfuron »=9.8272x - 0.5951 0.998 0.5 1.93
Pyrazosulfuron-ethyl y=8.976x—1.1398 0997 0.5 0.66
Halosulfuron-methyl y=12.011x—1.3876 0.998 0.5 1.21
Imazosulfuron y=16.043x — 0,951 1.000 0.5 2.15
Diuron y=20209x+0.6761 0996 0.5 2.15
Daimuron y=11.74x - 02518 0995 0.2 - 3.61
Siduron y=13.661x~0.2925 0.999 0.2 2.86

@ ,=area; x = concentration (mg1~?).
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Fig. 4. LC-UV of standards using PNIPA Am-modified silica column at (2)
and (c) 10°C, and (b) and (d) 50 °C. For LC conditions, see Section 2. For
peak numbers, see Fig. 1.

3.2. Urea herbicides

The urea herbicides were separated using conditions sim-
ilar to those for the sulfonyulurea herbicides. Fig, 2(b) shows
van’t Hoff plots for urea herbicides using a PNIPAAm-
modified column. For urea herbicides, the Ink values in-
creased markedly above the LCST (or lower 1/T values),
indicating a hydrophobic interaction between the analyte
molecules and the hydrophobized stationary phase surface
of the column. The difference in retention behavior of
the sulfonylurea and urea herbicides reflects differences in
their physicochemical properties. Typical chromatograms for
the standards of the two urea herbicides, and siduron us-
ing the PNIPAAm-modified column at 10 and 50°C are
shown in Fig. 4. Siduron gave two peaks corresponding
to its cis/trans isomers. The retention times of urea herbi-
cides also increased with the log P values. An increase in
the retention times with increasing temperature was clearly
observed.

3.3. Analytical performance

The calibration plots of all eight herbicides using
temperature-responsive LC at 50 °C were linear. The con-
centrations range of the five sulfonylurea herbicides were
0.2-10mg1~! (six data points in triplicate), those of diuron
and daimuron were 0.2-2.0mg 1! (four data points in trip-
licate), and those of siduron were 0.5-10.0mg1~! (five data
points in triplicate). In all cases, the R? values were at least
0.995 (Table 1). Because siduron has two isomers, the area of
the two isomer peaks was calculated and summed to give the
total amount of siduron. The LLODs of the eight herbicides
were 0.2-0.5mg1~! (Table 1).
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Table 2
Performance data for extracting five sulfonylureas and three ureas from pure water, tap water and river water
Compound Pure water Tap water River water

Recovery® (%) RSD (%) LOQ Recovery® (%) RSD (%) LOQ Recovery® (%) RSD (%) LOQ

(wgl™ (gl™h) (gl™)

Bensulfuron-methyl 91 36 4 94 2.2 1 88 6.4 4
Flazasulfuron 90 1.9 1 86 1.7 1 72 9.7 4
Pyrazosulfuron-ethyl 93 1.6 1 98 25 1 100 5.0 4
Halosulfuron-methyl 90 27 1 98 1.1 1 97 45 4
Imazosulfuron 86 1.8 1 98 1.8 1 89 6.7 4
Diuron 91 45 1 84 6.8 1 97 4.5 1
Daimuron 127 2.8 1 100 53 1 94 6.0 1
Siduron 93 25 1 87 3.2 4 100 6.0 4

8 Mean values from three individual samples.
3.4. Application

Water samples were prepared by adding 4pgl~! (6-
nal concentration) of all herbicides, except for diuron and
daimuron, which were added at a final concentration of
1pgl~! to pure water, tap water, or river water. Then, 0.5
1 of each sample was concentrated 500-fold by SPE. Using
temperature-responsive chromatography, these eight herbi-
cides were detected with acceptable recoveries and precisions
(70-130% and relative standard deviation, RSD <10%, re-
spectively) (Table 2).

4. Conclusions

Temperature-responsive LC with an aqueous solution
without organic solvents as mobile phase can be used to deter-
mine sulfonylurea and urea herbicides. Combined with off-
line SPE, trace levels of the herbicide can be quantified in
real-life samples.

In temperature-responsive LC, analyte behavior is con-
trolled merely by the temperature, without any changes in
the mobile-phase composition.
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Degradation of Pesticides by Chlorination According to Their Basic Structures

Takako ARAI*, Motoyuki KAMATA***, Dai SIMAZAKI**,
Mari ASAMI** and Takako AIZAWA*#**

* (Formerly) Department of Water Supply Engineering, National Institute of Public Health, Minami 2-3-6, Wako, Saitama 351-0197, Japan
(Currently) Metocean Environment Inc., Komazawa 3-15-1, Setagaya-ku, Tokyo 154-8585, Japan

** Department of Water Supply Engineering, National Institute of Public Health, Minami 2-3-6, Wako, Saitama 351-0197, Japan

*¥* Department of Civil and Environmental Engineering, Kanto Gakuin University, Mutsuurahigashi 1-50-1, Kanazawa-ku, Yokohama, Kanagawa

236-8501, Japan

*+k¥ Yokohama City Waterworks Bureau, Minatomachi 1-1, Naka-ku, Yokohamé, Kanagawa 231-0017, Japan

One hundred and one pesticides listed as “Complementary Items for Setting the Targets for Water Quality Management
in Japan” were divided into 16 groups on the basis of their structures. The degradation of 96 pesticides and 5 oxidation
by-products in chlorination was studied to determine the potential of the purification process. Pesticides containing sulfur
(S) were easily degraded; for 38 pesticides out of 46 examined pesticides, only 50 % or less of their original concentration
remained after 4 hours. On the other hand, pesticides without S were hardly degraded; for 45 pesticides out of 50
examined pesticides, more than 50 % of their original concentration remained even after 24 hours. Thus, the potential for
degradation of the pesticides by chlorination can be approximated by the presence or absence of S in their chemical
formulae. Oxons (P=0), which are oxidation by-products of organophosphate pesticides containing P=S, were hardly
degraded. Therefore, oxons may remain in chlorinated water for a long time.

Key Words: pesticide, chlorination, oxidation by-product, oxon, drinking water
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BEICBWT, BE 101 BEENRICVHBERE,
HZBRE, REEEHFEE-EILUELGTTERS
BEBRETH >R TOBEREZER, EHBES 1
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2. REAE

2.1 ERNEBRER
HEKBIZBTIEROERNBIIENEETHMET
B, WEICETIRMIERBEEZEZEEICAR, 4
. BB OERBESER 10mg - IR KSICER
o, THTEROEREHIIBVWTERE OB
Eid200ug - N TH D, ERICIE, Tablel i RTES
BEEROERBETERE2T > k. UTIKRLESR
BT, SETEALERE, SHBEomMETER
L, ZoMORBRMERETT>EHFR NI
R 7=, '
2.1.1 &%

MHImM V) CEEEEE : UCBIAKEFRUTL -
ZKE (FORRIEESL) 296g, ) S EEAKE=F MUY

Lo- HZokmY (REMRED 200g EREK (BF

T UYRY B, Bk EBE Milli-Q Gradient) HIZEEL,
100mM U CEBEHEREZEZRLE. CNE 100FF/RL,
IwWV(RKEEF R U T A (FItMER) BRERN
pH7 IZHBIL /2. ()10mg- M REEFE S N T LE
W OREEZREST N UARE (ERAEZEE) OER
BEZERBCREERERETEE (BNEKBIE
g, AT-I®) THRIEL, BEKTHRL 10mg - I
BBz, ()Swiv(BR)EREET MUY AR - HHRE
FhUTA (BEEERD) 5g 2BEK 100m IKEREL
7o (4)1000mg + " BEFHER . BREHES 10mg & A
& J)—)v (FIR#Es) , 7o bV GUEHE
) FRTBEEAK M ICERLE.

2.1.2 RE&FIE

(O)EBR AR 1oml H7ABER (Do ARBREL
PTNST Ty MR O L CEALE) 7 ImM
) UBEEERE 1~9ml ZEAL, 1000mg - T BEELE
WE 2ul BnL 7= (BEMYEE 200ug -1 . Q%
KEBICBITAEBROERLEBIELS TS, Hoh

26—

Uo 4 EBOBREEZBENMEN 10mg - IIZ23
LD RFBRMBEERD, 10mg- T REEREET b
Do AERE 1~Iml B LUE. 1mM U CBEEHIR,
Omg- M RBEZERT M) VABBEORIL&MEIRED
BHEZEL, &5 1oml/ KLE. BEBENEA, B
EEZAERELTY >INV ETNEFAELE,
(VEBEZERAR, +oICEBSYE, B, 2021CO
LHET—ERME (15 42, 4 BHE, 24 BE) BBL .
BENLREKBEELT, MEREABELR-B3
BHEEEAEVWIEKLEBEEZEEL, ERE
ABEBD 154, BAEHOETE 4 BHE, EFEAL
DEAKRICEETIETZ 4 BHIELT, REEMZ
BELE, G)—ERMEER KEEELEYC T
DI 5 1EXTORODHL, REEBEHERY >INV
Swiv(iBBERMEE T M) DLABBRORMICEDEEER%
BELE. BEOREEBERER, B7IF%E, M
TR, TZURR, Pobaryz U sk, ¥z
ZHWVI—FIR, EUDP R, FEERREEIIGCOMS
(Agilent B, GC: G1098A, MS:5973MSD) , UL
TH, AWK L7 REEIT LCMS (Agilent #,
HPLC : Agilent1100, MS : 1100LC/MSD SL) , B —/\
A—bR, FFH—NA-F R, BEBU R, Tx/
FRBEITX GOMS, LC/MS ORI FERVWTRIEL
r. BEBEZEANERY > INVESE Yy RDPD HE (H
HiLZ8) 100mg « 10m! ZERIE, BABIIDHE
YER (BN T2 /02— X8, U-2800) THRE
HRBEZAELZ.

2.2 MRBE

101 BEOBREDD B, BRITRT 5 BREERWNL 96
BE (55 3@EIEISEE) , RUP=SHEAHI >R
BEOBYMTHSAFY 4 (P=0 B) 5 FIEITD
WTHREZETo k. 10 BEOS B, 170242,
FFEIUFARTTOTI RACDNTR, ERT—F
W Thholkkd, AROEETHTONEXEE
EBEEETBIEELE. 101 BEOSBISHA &
L= s B, HKiChiramisdiizn, LS

Table 1 Experimental conditions for different data groups

5 The Concentration | Number of 5 The Concentration | Number of
E | of Chlorine (mg/L) | Pesticide | | E | of Chlorine (mp/L) | Pestiide
= 0 4 | Mo || 2 0 4br | Mixtures
(% 39 <0.1 93 (14 23 0.9 8 |
@ 50 04 11 (15) 17 | 10 15
3) 1.9 0.5 14 (16) 23 1.0 17
(4) 29 0.5 7 an 23 1.1 11
5) 3.84 0.5 43 (18) 2.7 1.1
©) 50 0.5 24 (19) 15 13
) 2.1 0.65 6 20) 23 13 5
(8) 2.8 0.68 22 @1 78 1.3 93
o) 1.0 0.7 16 22) 26 1.45 14
(10) 1.0 0.75 1 @ | 20 52 34
an 1.4 0.76 6 4% 40 26.8 77
(12) [09~24|07~08 1 (25) 1.0 - 1
(13) 1.8 0.9 3 eeF | o1 - 135

(25) is obtained from reference 7) and (26) from reference 6).
The initial concentration of pesticides is 200ug-1" .
Y¢The concentration of chlorine in 4 hours is beyond the appropriate range.
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Table 2 101 pesticides and their degradation by chlorination

olE g Residual Pesticides*3 Using Data o by ) ‘;E“ Residual Pesticides*3 Using Data
(‘38‘ "é Pesticides gn {Average, Minimum-Maximum, %) for Residual g_’ é Pesticides ga (Average, Minimum-Maximum, %) for Residual
z S| 15min - 4hr 24hr Pesticides*4 | z Sl 15mn | 4 26hr Pesticides*4
46 {Methyldymron D 94.4 92.1 85.7 (17 (15),24)" 77 |Simetryn 32 . 2.7 2.5 (17 (2.05)
( 80.5 - 104 )[( 72.0 - 105 )¢ 59.5 - 106 ) 0 -82)lc 0 -57) 0 - 640,21
68 [Diuron D 90.2 80.0 629 10),21) (22,24
(DCMU) € 76.5 - 104 1{¢ 76.5 - 83.5)}( 520 - 73.9» .g 89 |Diméthametryn 20 1.6 1.6 (*,(17),21)
g [ 84 [Dymron D 88.6 82.1 827 oo | |5 (0 -521¢ 0 -381)¢ 0 -45)|@n*
=1 (66,0 - 105 )|t 54.0 - 97.91[c 49.2 - 108 )| 1),21),29)* EE 2 {Simazine 107 109 105 (13%(5),21)
33 [Pencycuron E 103 101 101 mEene)® (CAT) (920 - 118 1]t 87.0 - 134 1|( 85.5 - 120 1}(23)" 2%
(83.4 - 117]¢80.7 - 1151]( 814 - 114 63 |Atrazine E 96.9 97.6 © 932 ()™,5),(16)
98 {Siduron E 97.8 97.7 95.2 H%®).21 1 88.1 - 103 )|¢ 82.5 - 105 1| 82.0 - 103 )j24)*
€ 97.1 -98.53/¢ 95.0 - 103 1{( 88.5 - 101 ) 6 {Diazinon 2.7 [ 0 (SHE(12)
86 |Bensulfuron A 40.2 2.7 0.1 GNE)L(1D) 0 -69)c 0 - 0Hjc 0 - 0 Has,ey*
8 ~methyl j210-67.800C 1.6 - 3.5 0 - 02| 7 |Fenitrothion 16.7 52 0.4 @56
—2, 95 |Flazasulfuron 5 396 115 52 50,8 (MEP) 0 -53.2)¢ 0 -3511¢C 0 - L7 /(12),(14)022)
et (5.1 -78.00C 1.3 - 1803 0 -19.0)@Y [Nl
& | 94 [Halosulfuron g“%‘g 65.8 14.8 4.1 (3),(8).21) 16 [EPN 0.5 0 0 (5)(12,(16)
-methyl ( 51.0 - 75.53{€ 12.2 - 1952/ 0.8 - 591 0 -18) 0 - 0 0 - 0y
36 (Asulam 6.9 1.8 1.6 0*,320 22 |Isofenphos 0 [ 0 (*,6),21)
413 - 1210 0 -491]C 0 - 44 0 - 00 -0 e 0 - 0 )Hey”
75 |Benomy} A 3.5 2.1 2.1 W=, anen 23 |Chlorpyrifos 16.0 124 1.9 m*,e1),24%
2109 - 7.7)5[C 01 - 59101 - 61 0 -455)¢ 0 -37.2»/c 0 -35.6)
76 |Benfuracarb 0 0 )} [0 25 |Pyridaphenthion 7.8 02 0 (5,623
- - - : 0 -3y 0 -09)1C 0 -.0 Hje4*
74 |Methomyl ; 68.2 1.4 0 (3%(8),(21) 31 |Tolclofos 28.4 9.6 2.7 . %6247
=1 43.8-90.3))c 0 -351C 0 - 0 & -methyl « 0 -289)C 0 -80)
96 [Thiodicarb 4 782 4.9 2.0 (3),(8) é 41 |Butamifos 0 0 0 m*eneH*
2 25 775-78.8)[¢ 3.8 - 601 0 -40) 2 0 - 00 -0 0 -0"
E | 12 |Fenobucarb E 101 101 9LL {51619 £ | 42 |Bensulide , 84 14 L1 e
| (BPMC) (93.7 - 109 )]0 96.9 - 107 1{ 82.3 - 99.0)|(16),(21) ) (SAP) 10 -2800[¢ 0 - 50)C 0 - 4.6 |an,en
© | 18 |Carbofuran E 94.1 97.1 97.3 MF,6)(11) _‘% 57 |Methidathion e 5.0 22 2.0 (15,(5),(16)
(92.0 - 96.51( 91.0 - 110H|¢ 52.7 - 100 3j@2Y g (DMTP) 0 -179> 0 -1093|c 0 -10.0)|en,e)*
38 [Terbucarb E 93.8 102 94.7 NF,6),21) gﬂ 62 | Anilofos 0 0 0 (1,(12.07)
(MBPMC) ( 85.4 - 105 1{( 93.0 - 113 1| B9.5 - 97.8)|24)* (25) © Z2lc 0 - 0 fC 0 - 00fc 0 - 0@y
48 [Carbaryl E 97.1 974 96.4 M=) 66 |Dimethoate 4.1 23" 2.1 (15,(14),21)
(NAC) i € 90.2 - 104 1¢ 88.9 - 106 1{( 79.7 - 104 H[(8),(21) (0 -703C 0 -64)
54 lIsoprocarb E 102 102 94.0 1)*,(9).(16) .| 71 {Fenthion 0.3 0.3 (17 (5),(6)
(MIPC) € 96.7 - 108 »[( 98.1 - 104 »{¢ 80.0 - 100 2D (MPP) (0 -13C 0 -L17)Hjeneyn’
55 | Thiophanate E 134 119 111 m 73 [Malathion 8.2 7.1 m&6),07
-methyl - - - ) ¢ 0 -336>[C 0 -28.5)@2D
1 |Thiram A 316 21.6 15.0 (1)¥,6)21) 79 |Phenthoate 4.0 37 1,616
e 0 -5199)¢ 0 -416)C 0 -229) (PAP) ¢ 0 -1200c 0 -11.03¥e2h
3 |Thiobencarb PA] 281 4.2 1.7 (5)6)(15) - | 81 [Ethylthiometon ~ }% 0 0 0 W47
= 0 -624)|C 0 -213)|C 0 - 49)](16),18),23)% 0 - 0c 0 - 0o - 0y
40 [Pyributicarb e 15. 0.9 10 (1)*(15),(18) 88 |Piperophos 0.1 0 0 (1Y*,(5),012)
g 1 0 -75))C 0 -56C 0 - 44 |eojenEy* {0 -05c 0 - 0 0 - 0 jusey
E | 60 [Molinate A 59 3.1 1.1 WF2,651(6) 5 |Isoxathion g “f 51.0 1.5 0 (12),(14),(22)
"3 L0 0 2250 0 -17.00¢ 0 -10.61{®),015,a7 023 -8981{c 0 -373c 0 - 0
2 : (18),21),23)" 21 |Acephate A 0 0 0 [
E 7 Dimepiperate A 2.6 1.2 1.2 w*en . oy - - -
4 0 -52)[c 0 -233c 0 -23) 72 [Glyphosate LA 0 0 0 (12)
83 [Esprocarb a1 &7 10 05 mres & . -
0 -41.8)jC 0 - 31| 0 - 28,0 e | & |92 |Fosetyl [¢] 70.0 72.0 0 2.
93 {Polycarbamate - - - - g - - - .
- - - 5 | 11]Dichlorvos NEED 96.5 762 |6nen4
32 {Flutolanil D 98.0 96.2 82.0 (5),(6),9) cz‘ {DDVP) ¢ 84.0 - 100 1€ 89.6 - 100 1 49.9 - 96.01}(22)
(91.9 - 102 )}( 89.3°- 106 1[( 39.7 - 98.51](15),200,23)* "8:. 15 [Iprobenfos D 95.9 783 53.7 M5
35 |Mepronil D 99.9 101 - 84.9 (H¥,(5.015) §o (IBP) (80.5 - 105 1|t 41.4 - 100 1[¢ 1.5 - 93.1{(9),016),22)
€ $0.5 - 105 1| 74.8 - 119 1/ 464 - 105 1|(20) & |49 [Edifenphos D 102 914 78.6 (5),(6),(16)
39 [Napropamide D 96.1 822 63.4 (1Y*,(5),15) (EDDP) (99.0 - 106 1|t 66.0 - 105 1 64.0 - 96.0 1}22),23)*
¢ 91.8 - 100 [ 48.6 - 102 1.6 -94.5) 24 | Trichiorfon E 96.5 94.5 91.5 )
8 | 53 |Pretilachlor D| 549 - 98.0 894 " @, (DEP) e - -
E € 84.0 - 101 {( 91.7 - 106 1]( 77.5 - 104 )|(6)OLAD
:°§ 10 {Propyzamide E 102 99.2 98.2 %.2n,ea% 5' {[soxathion oxon | D 753 54.9 54.6 (12)
< (85.0 - 1151{( 78.5 - 114)[( 87.5 - 107 - - -
47 | Alachlor E 95.6 97.2 92.1 (1% (6),(16) 6' |Diazinon oxon D 107 815 783 (12)
( 84.5 - 103 »}( 88.5 - 103 »]( 83.0 - 103 »]24)* - - -
58 |Carpropamid E 101 100 98.5 (¥,(7),(20) § 16'|EPN oxon D 101 87.5 85.2 (12)
195.9 - 105 1{¢ 93.9 - 104 1| 91.8 - 10312 o - -
59 |Bromobutide E 100 102 95.7 (¥, 2045 7' [Fenitrothion oxon | E 96.9 110 104 (12)
€ 92.0 - 107 3¢ 75.3 - 115 ¢ 75.3 - 106 2|(9),(17) {MEP oxon) - - -
~ |Chlorpyrifos D 84.1 . 85.0 82.8 (12)
-methyl oxon - - -
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ol E % Residual Pesticides*3 Using Data o by g‘ Residual Pesticides*3 Using Data
g -é Pesticides gn (Average, Minimum-Maximum, %) for Residual g é Pesticides go (Average, Minimum-Maximumn, %) for Residual
z S| 15min 4he 24hr Pesticides™4 z S| 15min 4nr 24hr Pesticides*4
34 [Metalaxyl E 102 103 92.3 %6 28 |Oxine-copper*$5 37 4} 0 (25)
3 (99.2 - 104]199.2 - 106)[( 785 - 1061 - - -
E 52 {Mefenacet E 99.8 99.0 91.7 Q),(5).(6) 29 [Captan 354 19.9 6.9 (50,021,222
€ 91.7 - 104t 82.6 - 108 i 76.0 - 104 1((8).(9),(17) 1.5 -88.5) 0 -46.01¢ 0 -114»
(18),23)% 56 {Thenylchlor 37.7 16.3 0 M*.68LO
43 |Benfluralin D 857 87.2 865 ™,200ea" ) ¢ 0 -7L0>c 0 -650)C 0 - 0 ¥HEa*
.E: ( 68.5 - 108 1|t 60.0 - 1051{¢ 70.0"- 100 » 67 |Diquat 3.0 0 0 “lay
‘E [100|Trifluralin D 96.5 83.4 87.1 @,0.(15) - N N
_g ¢ 87.0 - 108 1|t 70.0 - 96.0|( 67.0 - 100[(16) 80 |Buprofezin 10.7 0.9 14 (4),015),23)%
'g 44 |Pendimethalin E 984 105 94.8 M5 ¢ 0 -200%¢C 0 -23)3¢ 0 -42)
(93.8 - 103« 102 - 107 »[¢ 81.6 - 108 8 lIsoprothiolane 756 17.6 1] (12)
.. | 13 [Chlomitrofen D 94.9 86.2 825 (14),(22) (IPT) R . -
g (CNP) €93.7-96.0)jc 78.3 -94.01]¢ 71.0 - 94.0» 82 | Probenazole C 94.4 775 39.9 (6)(8)(15)
;\ 85 |Bifenox E 96.9 101 92.6 (5),(14),(15) ( 87.5 - 101 )| 68.5 - 50.01i( 34.5 - 45.8)
_§ €93.3 - 99.31| 97.0 - 104 »|( 87.0 - 95.8) 17 | Bentazone D 95.4 90.3 76.2 @.3).65)
g‘ 14 |CNP-amino - - - - " € 94.2 - 97.01{¢ 80.0 - 95.01{ 22.0 - 101 1}(13),(19).(21)
- - - 5 | 70 |Etofenprox D 90.9 79.0 65.2 1n,2n
37 |Dithiopyr D 95.2 94.6 875 (5)(21),(22) g € 75.7 - 106 H[( 62.0 - 96.0 3¢ 50.3 - 80.0)
o ( 85.6 - 108 13{¢ 87.0 - 105]¢ 822-92.2» 50 |Pyroquilon E 103 103 95.6 (H*(51(6),9)
;5 99 |Pyriproxyfen D 79.7 710 78.2 m%,e% (94.9 - 1149[0 965 - 112{( 89.7 - 102 1{(15),(16).(21)
E ¢ 71.0 - 88.41(¢ 50.0 - 104 1|( 61.5 -94.8» 87 | Tricyclazole E . 95.5 96.8 92.6 W ELEND
20 | Triclopyr E 95.8 94.7 102 (3(5),(13) . € 83.0 - 105 3|t 81.0 - 105 1 [( 86.0 - 100 ) jz0),21),29)"
€ 90.8 - 100 /¢ 80.6 - 100 1}¢ 90.3 - 1131)(2) 90 | Azoxystrobin E 101 99.8 104 ¥ ©.21)
o 18{2,4-D E 90.6 90.1 92.0 (2),(5),(13) ( 98.6 - 102 »{¢ 97.5 - 101 >j¢ 98.5 - 109
é € 79.5 - 96.0) | 73.5 - 99.0) | 71.0 - 107 )}(19) 97 |{Propiconazole E 96.5 94.8 99.3 8),07,24"
2 {45 |Mecoprop E 96.7 98.8 102 m¥*,een (92.5 - 1021/ 86.0 - 101 )¢ 97.0 - 101 .
- (MCPP) ¢ 86.1 - 103 )} 86.5 - 107 1[( 85.2 - 112 101|Cafenstrole E 100 94.8 94.5 (83,0,23)%
26 |Iprodione*5 D 99.6 94.2 69.8 (25) (97.5 - 1051t 90.0 - 97.51{¢ 84.0 - 104 »
- - - 4 {1,3-Dichloropropene| - - - -
30 |Chloroneb D 92.3 88.5 814 mr.en (D-D) - - -
( 86.9 - 97.7){t 85.2 - 91.71[ 70.0 - 92.7» 64 [Dalapon - - - -
51 |Phthalide : D 94.8 88.9 894 (2,(41(6) - N B
° € 76.5 - 103 i€ 75.5 - 102){( 82.0 - 100 1[(15),(16) 91 {Iminoctadine - - - -
‘£ | 69 |Endosulfan p| 912 92.0 867 |),06)21) ~ | -acetate . - -
% (84.7-99.01|( 81.6 - 102 1| 79.9 - 97.0)
§ 9 [Chlorothalonil E 99.2 94.6 92.5 ()", 6,21 *1 Number: The serial number of the pesticides within Complementary Items for Setting
oy (TPN) €90.5- 11110908 - 104 »[¢ 773 - 112)|(22) the Targets for Water Quality Management in Japan .
e 27 {Etridiazole E 100 105 974 ()%,@D,29% | *2 Category: Category was divided as follows: A (residual £50% in 15min), B (residual S
€ 79.0 - 124 )|( 97.0 - 109 /( 88.5 - 115 50% in 4hr), C (residual £50% in 24hr), D (50% <residual £90% in 24hr), E (90%<
61 |Procymidone*5 | E 100 100 100 26)% residual in 24hr),and A and B (decomposed by chlorine rapidly) are painted over with
- - - gray.
65 | Dichlobenil E 92.1 97.9 94.4 (1*,(5,(6) *3 Residual Pesticides : The upper column shows the average of residual pesticides
(DBN) [ 73.6 - 104 1| 88.0 - 107 1{( 85.8 - 102)}(9),(17) in each time after adding chlorine. The lower column shows the minimum and maximum

of residual pesticides in each time after adding chlorine.
*4 Using Data for Residual Pesticides: (1)~(26) refer to Tablel.
*5 Reference Value
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Fig.1 Degradation of pesﬁcides by chlorination according to their basic
structures: A (residual =50% in 15min), B (residual £50% in 4hr), C

(residual =£50% in 24hr), D (50%<residual§90% in 24hr), and E
(90% <residual in 24hr). *Pesticides were divided into 16 groups.
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Fig.2 Degradation of pesticides by chlorination according to sulfur

structures:A (residual £50% in 15min), B (residual £50% in 4hr), C
(residual £50% in 24hr), D (50%<residual =90% in 24hr), and E
(90%<residual in 24hr).**Pesticides were divided according to

their structures into 11 groups as follows:(D with SCH,, ®

with SO, @ with C=S, @ with P=8, ® with S in five-membered
ring, ® with S in six-membered ring, @ with S in heterocyclic ring,
with SO, in heterocyclic ring, @ (except O~®) with S, @ with

S (total of O~®@), and @ without S.
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