2.1 yn
|? ,
1 ’ 1 ? ’ ’
? 5 ( ) .. 2504 b
y s
L2 AN
2 ? , / /7
2.1.1 { £1
' 1,1 -¥,47 ? (1, 1
-dimethyl -4, 4" bipyridinium ion) ? Gramoxone
ICI Plant Protection Division ) Orthoparaquat | ?
Chevron Chemical Company )

Dextron Esgram Weedol Dexwron Herboxone Gramona (5)

n2.1 (6)



¢ (dimethyl sulfate salt)

? 200> A 408.5 ?

“Cflj T 220202~ M (1 185.3
? ? ?) ? quatemization
14" (4" -bipyridyl) ? (chloro methane)

2.2 Dyestuffs Division ICI Ltd. . .2504
uo 1_/ \n+ G_B-Nl-/\ g~ *\ AN~CH3+
4.4"- ? + ? - . "7
(4,47 - bipyridyl ) (chloro methane) (paraquat dichloride)

2.2 7?7 7 ?

? ) ol
? ' ? x 10 ~ . ?
psHVijf) 300 70 2
? 2 ? (Solubility)
? 2.1
? ?
? ?) 20-25%( )
? 79 : ?
? ? ? ?
(zinc) ? (sodium dithionite) ?
! ? 77 ' ?
(one-electron reduction product ? free radical) 0'

(paramagnetic)
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N

2.3

2.1

2.1.2

: ?  (Solubility)
. fiE 200 (?)

(Solubility)
)
fir' ! (stable radicals) fl
I ' 2.3
P
CHy-N" / \ N+-CH3
ANLaL
(9)
A vn
(contact herbicide)
) 4

(E~o0n) ) ' ) ' 2.



r—i\atural electron L r—-—)Blpyrldyllum—] '—-O

2
acceptor (oxidized) (reduced)
Electron flow
from photosynthesis
—>Natural electron — Bipyridylium”- > H,0,
acceptor (reduced) (oxidized)
124 (HMoM) (10)
N ?
30 2] \ 2, 2
4, & 72 (bipyridyl) ? vfl  (bipyridinium)
?  (pyridine) 2 ?7) 3 ) ?
(redox) )7 (free radical)
?) ? ? (reduction) ! 2, 5’ 3, 31 ?
1 19 9 9)
7 | ? ) ?
, E 7 da . 7N 9 a
? ) |
) ! X-77 surfactant ? nonionic
cationic 16-3256 X -77'(8 ) ' )

12.2



2.2 g''M (g1

?
90
Desiocation (2 ) N5-135
' 90-180
" (11) d
?
? H 0.1-1.5
360-720( [/ ) ? 0.18-0.36
?
(11)
2.1.3
? ?
| 0 b
1. (Atmosphere)
2. ?)  (Lithosphere)
3. (Hydrosphere)

(Biosphere)
? 2.5



2101A

@

felana « A s L Afld TR Y ey
!
9
| M2dNAsI Y
/
!
unaeiin
Ll
¥ ARANN 9
-~
2.5 ? 77 2t (12)
2.1.4- e %orN' 13
II!I ?I . ?
7?7 ? ? 1l ?
7 Yy 2(22)
2.1.4.1 ?

fl




1 0.1 |
14 1 ' fi 2.6
paraquat
[+8:}
- N 2 TEEEmEEs Diquat
s A\
% \‘\
s Q% \
@ \
o
[~ .
c 9
g E M \
% 0.2 . \-\ \\\
5} \A“-“‘~~::_': 1S S3=n
(4 4 8 12
2.6 | (5)
' fi
(absorption) P 2 (adsorption) ?1

fi 2.3

onfin

10



fi 2.3

2

0.78-1.52

2!

N.D.

fi 2.3

(111

17

1

0.01
13.7
3.7

0.37
25.5
N.D.

1

. 2525

? (12)
()
4 16 32 175
0.12 N.D.
25.8 21.0 0.55
57.1
N.D. N.D. N.D.
40.0 37.8  27.8
0.97 0.28 0.32 6.6
? 0.003
? (desorption)
47-109
?!
. 2526 (3)
60
0.002-0.007

I 420

20.2

1 0.96

L

L

60-71 '



2.1.4-2

(cation)
fl ,

2-3

2.4

2

Sandy loam Soil
Grade Hydrite 10
Georgia Kaolinite

National Standard Bentonite

2.1.4.3

2

77

- 2.5
- 100

»?

2!

771

?l

12

fl

fw



vIU v 1776 13)
v/ufi Y $ fl
0.2-16
'(14)
8
M 0.01% ?
Y 150 f]
Yfuvn 0.1 \ (13) 200-
00 1 Yiljun
2.1.5
2.1.5.1 1
fl 2 M 2 ] (flavoprotein)
7 ® (paraquat radical)
®
(super-oxide) ?] 3 (Single
electron reduction) ®
7]
?) (free radical) 0



paraquat (PQ +") NADPH reduced paraquat (PQ )

reduced paraquat (PQ+) -2 —  paraquat (PQ+") + superoxide

radical (c>2

superoxide + H™o superoxide dismutase »  "2NM? + A

2.7 ' (6)
?
fie fi ? "paraquat
lung" 2-3 ’ o |
(5)
1 2 1)
2) ?
? & 1 (6, (6)
’ 0.1-0.2
2.0, 0.6, 0.16,
0.1 . : , 6, 10, 16 24
Vi-lp (6!
(DNA) (cyclic nucleotide) fl



15

2.1.5.2 ’

Hu - (b)

3 Weed Science Society of

America LD¢Q (rat) 120 ' 1
(mice) 7! ' S
5 7! 3 (spermatogenesis)
Worthing(b)
T % 170 1) t1 /5 1 -

" 2 V' e,

Weed Science Society of America (19.79) :
? 170 . ? 2 ?
34 \ - 21

2

2.1.5.3

A fi 2.5

014394



fi 2.5 ? (LC50) (;

" (Leso)
(Species)
24 | a2 921
. Cladocera Sanders and Cope
Simocepnalus serrulatus - 4.0 - - (1966)
baphnia pules - 3.1
. Copepod 2 10 5.3 - . Nagvi et al
Calanoid . oiapiomus SP (19 80)
90%

Cyclopoid cucyarons sp. 107

. Crayfish Leung et al.
(1980)
juvenile - 5.2 24 14
adult - 88 17
. Macrobrachium - - 3.045 0.037 Utayopas (1983)
Rainbow trout ; Carter and
Saimo gairdneri 110 62 - R Williams (1968)

t tt h le q ZS
. Rasbora trilineacta - - - 6.99  Kam-Wing and
P ocilia recticulata - = 115 FurtadO (1977)

. Grambusia a ffin is - - 604 JOhﬂSOﬂ (1978)



8. Coho salmon

Onoo

rhyno

h'us

9. Grass carp

cteno

10.Carp

u i i

I.Cc larias

29

o e 116

17

fLS0>
)
48 | T2 92 |/
Lorz et al.
76 (1979)
Tooby et al.
106 - 66 (1980)

Hashimoto and

40 \ - Nishiuchi (1981)
10
7 = _
35 g -
0.0082 . - Ao oif
(2525)
2.65 i A
L7.6 (2526)

10
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? . mullet
(Mugil cephalus)(s: 24- sil
, 10 . ! (inflammation) o7
! ' 7
1 ? 77 1
15 (hydropic degeneration)
A (necrosis) ? hyaline degenerate 7
(mucosal erosion) 1 (gill filament) ? 0 7
secondary lamella
Butle (11)
1 : ’ (phytoplankton)
Way et al. (11) “f{
?
v (i1)
1.
?
2. |

2.6



™25 79 .7 7 d 7 (Trout)
? ? 1 . 7 (r15

' (Tissue analysed) ? ( )

N.D.
0.4
0.8-0.4
0.1-1.3

A2 0.1-0.2
N.D. = ? 4 \ 0.001
3. ? ‘ ?
2 Rainbow trout 2

) 16 79 da 0.5-0.6
£ 28



2.8

Medium 1 ppm Followed by fresh water

Rainbow trout

G ~ 0.4¢ .
b
5 ~o0.2% <
é) (] L L 1 i 1 1 1 J‘L
12 24
Medium  Followed by fresh water
{1 ppm il ]
D
-1 2
@ g 0.41
0.2
1 ! ‘7;1 deel— L
12 24 (31
(diquat)
T 1 ()
I Beasley et al (11)
T
2.1.5.4 . y T
? .
A
N
fa 2.7

—_—



. rmtutyiHa

1 2.7

?  (crop)

(mato fruit)

? ()
(gar beet) (tops)

? ()
(gar beet) (roots)

(cliquét)

(
(Rate of application
(ppm) )

0.1
0.1
0.5
0.5
0.1
0.1
0.5
0.5

0.1

0.1
0.5

N.D. =

(No. of
application)

RO s PO s RO s DO

(1)

fru () (Interval

between last application and

harvest (day))

0.01

51
37
36
23
96
82
81
68

> ()
(Residue found (ppm))

N.D.
N.D.
N.D.
N.D.
0.04
0.07
0.04
0.05
N.D.
0.06
0.06
0.18



20
? ® ?
1 ? . tin)
2.1.5.5 ?
? ? (9]
? ? ?
(Soil respration)
1000 . — )
10,000 : ? ?
2.1.6
! 2
1 £
2.
2.1.6.1
) ) 300
'+ (20) G (W) (10
[ ?
2 3



L

NH-CH3 + H3C-N+ COOH

5 — + 254 nm
H, ~ N -CH CH

Aminealdehyde 4-Carboxy-1-methylpyrldlum

CH3 I\HZ

methyiamine



Pi £l ' ' ' . & f

Calderbank (15 1

? ! ' ' ? ? T Pasin
) ' eV fl' (anionic surfactants)
. 1 .
Coats Funderburk 1(13) fln
Sandy loam soil, Grade Hydrite 10, Georgia Kaolinite National
Standard Bentonite 0, 0.03, 2. -2.5, 80-100 I

(Bentonite)

2 2
o Zarin'(16) |/ '
activated carbon ? 1 ' 7 ?
1 0.05
0.005 . ? 1
2.1.6.2 ' fl
1
2 (1 4) fl *
? 2% Limpomyces starkeyi Neocosmovora vasinfecta
? 7 7
Limpomyces starkeyi I
20 . 2-3 '

21i1]



2.2 '
(clay mineral) ?
(volcanic ash) : - fi
(phyllosilicate) ' Y 2
2 (i)
1. (Silicate Clays)
?
2. ? ' (Iron and aluminum Clays)
?
(Silicate clays) 3
1. 1 (Kaolinite group) 1.°1
2
2. (Smectite or Montmorillonite)
211 2 1 1
3. ' (ILIlite or Hydrous mical) 211
(Smectite) (
' " (lron and aluminum clays)
19 sesqui oxide
R27 3" R ~ fi ! . ?
?
2.2.1 1 ' (Silicate clays)
1 : ?



7 1 1 7 7
] ' !
77 ?
, d da ?A 71 ?
211 U , 2 2 1:1 9 2.8 2
? d cl ?
7 d 2.8 ? 7 [ (19)
gl ? Lattice
Chlorite Vo< S18010)(0H)E 2:2
Il1lite Variahle 2:1
Kaolinite ale sy v (0H8 11
Montmori Llonite ME(s14°10)  (OH)10 2:1
Saponite MG (Si4°10)2 <OH)4 2:1
Vermiculite Variable 2:1
2.2.1.1 71 7 g
? | (Silicate Clays)
0.01 5.0 ? ? ' ? ?
(mineralogical organization) ?, ?, !

(flake-like) 2 AT ?,



2.2 1.2

specific

71

2.9

Chlorite

[llite

Kaolinite
Montmorillonite
Saponite

Vermiculite

surface

(Surface area)

Ti8)

(T8]

Mg6rside10') (0)6
Veriable

M Sid°10> (OH)8
M8 (Si4°10)3 (0H) 10
(OH) 4

M6 (Sid4010)3
Variable

(external

surface)

(internal

2.9

25

65

700

700

700

40
100
30
800
800

800



2.1.1.3 (cohesion) . (plasticity)

? b
? i ' \ '
2 2 ' 9
3
2.1.1.4 (swelling) " (shrinking)
?
clay micelle ? '
1
) ; .
2.1.1.5
?
? ? 2 ionic double layer
?
? : ?
(exchangable cation)
g | (H+)
(Ca"11) (Mg4-1) ' (K+)

7 (Na+) ? '



2.2.1.6 7 ? fl
1. 771 (Kaolinite) ?
1 VId Kl T otrr gflin fl (51) fl (A1)
o f v - flu 't 2
? £1 fljteT SI"AI*O"Q(OH) g
(internal layer) ? 7 ? ("A)
? (hydrogen bond) fl ?
? fl " ? , ?
? 1 o ? ' ?
? (internal surface) '
A3 N
IAQO A Q9 , 6o
220K KK 4
1 oYY &Y 40+20m
C-AXIS 4 Si
IILJ\/LJ\:/ 60
b - AXIS

Kaolinite (011)gA1rST40]Q

¥ uanta U3y Kaolinite!n1

i tronmicroscope M.
& - 4 e = Py %

! ! kaolinite

2 2.10 70 (Kaolinite) | 2.11

7 (Kaolinite) electromioroscope(L8)
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2. ? ? (Montmorillonite)

? £] N '

£ . ?,

? Aogyf SigAl 20(OH)™ - pyrophylite
? 9-21 ? ? ?

TH ft oxygen linkage ? ? ?

(. 5| £ ? ? ?
' 7 ? 0.01 1.0 ?

6—-214 A+ nHzO

60
4 Si

L. 2@ +40
SAxis| MK N 4 Al

) * 2(0H»+40

‘ asi

3 i

—b - AXIS—=

Montmorillonite
(011)4A1,Si8020 . Boo
' 0 0 mont

morillonite

A 2.12 7 ? ? £ 2.13

?1 ? electromicroscope (18)



3. . (I'llite)
fl ?
7] 7] ' VI
ri fi 2i ’
fl 10 £ X" 23 (Si-b 55 Al gq)
0tg (OH)" ? (Filite)
?1 1 ? ?
2.2.2 ? ?
' ; ?
/ , . .
(flaky crystal) . AIASl OZd(OH)A SlO2 66.7 %,
28.3%, 2< 5% ' ? £ ? (Ca-
. . { . ) )
montmorillpnite Ca 0.5 (Mg AI,J) S|8OZD(0H)4 HZO) . .
? (Na-montmorillonite Na 0.5 (MgAlg) i-Q®20 (1 "4 "
, ? ' (base
exchange) , ? 21
fl fl £
, ? ifl

1.50 1.64

fl 2.10

3l

(Al4



2.

10

vn

fig

18

2.0-2.7

1.5

(monoclinic)

(greasy) ?

4-0

71

32

(montmorillonite)

71



3

2.2.3 ? -
? ? C? (molecular
attechion) 2 ? ’ (unit of identify) ['£1) ?
fl " !j ? (adsorbate)
fi? ?
. Co ' 2 (film water)
2 VR I
7 2 9
: 7 £ ?
y 2 ! 2
U I 9 9
2.2.4- ? 9]
Hendricks Fry (18 ? ’
? (electronegative charge) (21) « 2 2B 7
? ? ' (exposed crytal
edges) ? ? 7 isomorphous substitution
? v v : ?
(dissociation) 7’ £
? ? 7, ' ? 7
NHE, Cabt!, wgenr, Hr ’ :
NO~, 07 ? ? ?
2! A 2 2 !
Vi 2
? f ? ? L
2 ? 7 7 (cation exchange capacity,

C.E.C.)



fi fiai ' .7l
(+)
e 2 » buffer capacity
2

Ht > AIH" > Ca™ > Mg*- > K+ > Nat+
2 |
(leaching)

2.2m.1

' (adsorbed cation)
(replacing cation)
(replacing cation)

Lit+ < Na+ < K+ < Mg"r < Car < NH4M < H+

Na+ Li+
: "' (replacing
power) 2 (17)
1) ‘
; | . (replacing
power)
2)

(hydrated cation)
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Coulomb 111")

d

(replacing

cation) ? H fi

Nat fi Cat

Ca+_|

(degree of saturation)
Cat ""Na+

K+ Mg |

(complementary exchangeable cations)

29

A3Ct 1]



,? (exposed crystal edges)

1.
}
(electro negative charge) td
] ? (electro negative charge)
T - - flu
2 1 111
2. . (ionization) .
(H+) (0)
3 (electro negative charge)
. (ifonization)

fl 171

isomcrphous substitution

¢« } (valence)

7) (silicate clay) 2.'1
) ©} })
? Mg"*" 0.60
0.66 |
Birell'fl3)
? ?
807% ' (Smectite) isomorphous

subs titution
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2.2.6 ), 7 , (cation exchange capacity)
(C.E.C))
? (C.E.C.) ?
? 70 ? 5 me/100 ¢ clay
? ? ? 2.11
? 2.11 ? ? 7 (C.E.C.
'(10)
? ? ? 7 7

(C.E.C.) (me/100 ¢g)

Chlorit -
orite M%  (Si4710)(0H)6 100 - 150
[1Tite Variable 15 - 40
Kaolinite A14 ( 14010,\ /\OH/\8 3-20
Montmorillonite M8 <Si8°10°3 AQHM( 90 - 120
Saponite 6 N oo 80 - 120
Vermiculate Variable 100 - 150
Birell (19) ? ? ?
da ? ? ? ?
? ?
Mering Glaeser (15) ?

?



2

2

2.7

2.8

(Zeta

potential)

Helmholtz fI7)

a

glectric

2.12

double

layer

3l



oM 2.12 71 (Silicate clay) 7V '
H vy - (Identification of silicate
clay minerals in the clay fraction (<2 )) of Soils in

Thailand) 1(17)

Locations of Soil sample Clay mineral C.E.c. % Clay

identified me/100 g¢.

Northern Thailand

Chiangrai KMIV 7 weemee 11.7 17.3
Chiangmai KMIV 2 e 1.5 3.8
Lampang KMI — 22.5 37.5
Lampang KMI 2 e 18.5 53.3
Lampang KM [ -eeee I's 24.6 40.0
Lampang KM -mmee 23.7 65.3
Srisamrong KMIV 2 - 1g ? - 12.1 17.8

Central Thailand

Nakomnayok KM [ 21.7 54.3
Lopburi KMI 7 e 47.6 53.7
Rungsit QAN — 20.0 53.4
Bangkhen KMIV 7 e 29.7 64.9
Tabkwang KMIV 7 e 18.9 26.5

Northeastern Thailand

Udom KM — ¢ ? — 2.2 2.4
K = Kaolinite M = Montmorillonite V. = Vermiculite
¢ = Chlorite I = 1llife T = Probably present
lg = Intergrade Is = Interstratified minerals



2.3.1 ? fu 7,
9 9 2
%! ? ? . ? B
? (t1y ? 7 " ? ? (Mass
transfer) ? 2%
? Pxx ?
7 ? ? 20 20,000 ? '
( 207 ) 2 2 2
? " 2
(Powder Activated Carbon ? PAC)
(Gradular Activated Carbon ? GAC)
1 ?) D) I(Izl)
1 7 '
' ? ? ? ? (Pore Diffusion)
. ?
7 . ? "
' 7 ? ? ? ?
7 .
?**
2 7 9%
2 PAC ? 7 ? ? (GAC) ?



?

?
52.
(organic

pesticide)

?

-

79

vI?

41



2.13 ' : (22)
Adsorbility
Compound "Molecular (g compound/ Remarks
Weight g carbon)

Alcohols
Methanol 32.0 0.007 Compounds highly polar
Ethanol 46.1 0.020 and highly soluble, resulting
Propanol 60.1 0.038 in low amendability of
Butanol 74,1 ,0.107 compounds to adsorption.

-Amylalcohol 88.2 0. 155 Polarity decreases as

n-Hexanol 102.2 0.191 molecular weight increases,

resulting in increased
adsorbility with increasing

mole-cular weight.

Aldehydes
Formaldehyde 30.0 0.018 Aldehydes, like alcohols
Acetaldehyde 44.1 0.022 are highly polar compounds.
Propionaldéhyde 58.1 0.057 Polarity decrease as mole-
Butyraldehyde 72.1 0.106 cular weight increases,

resulting in increased

amenability to adsorption.
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2.13 ()
Adsoroility
Compound Molecular (g compound/ Remarks
Weight g carbon)

Amines
Di-N-Propylamine 101.2 0.174 Amenability to adsorption
Butylamine 73.1 0.103 again limited by polarity
Di-N-Butylamine 1228223 0.174 and solubility.
Allylamine 57.1 0.063
Ethylenediamine 60.1 0.021
Diethylene triamine 103.2 0.062

Aromatics
Benzene 78.1 0.080 Low polarity and low
Toluene 92.1 0.050 solubility of compounds
Ethyl benzene 106.2 0.019 makes them relatively
Phenol 94 0.161 easy to remove by adsorption
Hydroquinone 110.1 0.167 onto carbon. Removal is
Aniline 93. 1 0. 150 also enhanced by in bonding

between compound and
carbon surface.

Glycols
Ethylene glycol 62.1 0.0134. These compounds have
Diethylene glycol 106.1 0.053 multiple sites for hydrogen
Triethylene glycol 150.2 0. 105 bonding, which gives them
Tetraethylene glycol 194.2 0.116 a hydrophilic nature.
Propylene glycol 76. 1 0.024 Hydrophilic property makes

compounds difficult to

remove by adsorption.



2.4 Y ta

. (oxidation)
(Adsorption)

(lon exchange)

® ??' (oxidation)

Gomao Faustfin']
21
( fi
L d ~ T T T
L 3 ]
; 3
-~ eDiquat -
aPdraquat
100}~ 4 4
- :
g .
.T"\
.S
: Lo 4
5 o 3
4 - g
s C -
x 8 4
-
. e -
3 -
a
o r -
x
0.1 N .
— -4
1 | 1 1
40 50 80 10.0
2.14 - (pH)

(KMnO")(19)

.14



5.9

fi 2.14

5.1
6.2
7.1
8.1
9.0
10.0

Weber et al fi5)

fis It

Faust Zarins

} 1)
(coagulation) 3)

?

)

(19)

- fl
fl 2.14
7 if CO
v
1)fl?
1) 2
1] 2
0.019
0.056
0.099
B 7
f A
?
? 2)
N },
2 9
fi 2.15

45

(i<3)



H2.15 ' !

(f9)
mh YW
A 50
C ) j
1 B2 57
2 173 121
3 264 184
5 445 311
7 621 43
10 900 629
A 04

12 £ ) ¢

30

44
92
140
238
335
480

60

41
87
133
225
3
456



fl 2.16

fis

(clay minerals)

I+7



n 2.16 'm ' & (clay mineral) 2) (coagulation) (T

'Y (diquat) (Paraquat)
' - o ? - Ly ? H
/ h / o
0.0 17.0 100.0 - 180.0 100.0
1.0 15.4 99.0 0.04 16.3 97.2 0.11
2.5 41.0 99.5 0.02
5 © 84.0 97.5 0.11 89.0 98.8 0.05
1.5 127.0 99.5 0.02
10.0 170.0 98.0 0.09 100.0 99 .8 0.01
"7 (A"cso™)™ dosage) =5 |/
o ? (Ca(OI™ dosage) =20 |/
1.5

! (Initial contact time with clay mineral) = 10
(coagulation) 15
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