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Abstract: The application of two multifactor experimental designs, orthogonal design (OD ) and
unifom design (UD), for developing pesticide microemulsion (M E) were investigated through a case
study of abamectin 20M E In experimental design, the total dosage of surfactantsw as fixed, each of the
used surfactantw as as independent variable except one, and co-surfactant and antifreeze w ere also as
independent variables Transparency tenperature section (TTS) of M E was tested as response in OD
and UD experiments, and its low point temperature (T, ), high point tenperature (T,) and range (T
=T, - T.) were selected as dependent variables A nalysis of variance and rang R w ere introduced to
processing OD experiment data, and T, w as selected as dependent variable; TTS of abanectin 20M E

: 2009-03-05; : 2009-06-30
(1973-),
correspondence) :
edu cn

, Emaiil: bio_det@zju edu cn; : (A uthor for
1 0571-86971220; E-mail: zhugn @ zju

(2006BA E01A 07-16).



Vol 11

optmized by OD was -150 66 5 Partial L east Squares Regression was introduced to
processing UD experiment data, and T, and T; were selected as dependent variables and optim ized
together during modeling, two regression equation models were obtained, and R of models were
Q0 9945, O 9851, reyectively; the prediction values of T, and T, were 71. 5 and 87 1 ,
repectively, w hile actual tested values were 71 6 and 87 3 , regpectively. Turbiscan scanning
show ed that the preparations optimized by OD and UD w ere very stable during stored 14 d successively
at 54 . Results shoved that (1) OD and UD could be successfully applied to pesticide M E
development The tv o experimental designs could substantially lighten fom ulators’ workload, and help
fomulators to quickly obtain recipe with good perfomance (2) TTS was a appropriate response
variable forOD and UD, and it could be slit into three dependent variables. T, , Ty and Tg.

Key words microemulsion; orthogonal design; unifom design; Partial L east Squares Regression;

trangparency temperature section; Turbiscan
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Tablel The expermental schene of orthogonal design and tested results of transparency temperature section

Independent variable D ependent variable
T Ty Tk
TestNa 1-butanol PEG400 TSP16 M 6180 M ean of M ean of M ean of
(%) (%) (%) (%) T/ T,/ Tr/
o-1 0 2 2 2 -10 7 62 2 729
0-2 0 3 4 4 -14 0 62 2 76. 2
0-3 0 4 6 6 -13 8 61 7 75.5
o4 2 2 4 6 -10 7 57.0 67. 7
05 2 3 6 2 13 0 62 0 750
o6 2 4 2 4 -13 2 56. 0 69. 2
o-7 4 2 6 4 -117 54 8 66. 5
0-8 4 3 2 6 -13 3 51 2 64. 5
0-9 4 4 4 2 -115 56. 7 68 2
1 2 TTS : T' T Tk ( 2),
TTS -5 60 t F (P=001),
, DPS 3 .
T :
T'=0-T, , [15, 16]
2 M E ( )

Table 2 V ariance analysis for orthogonal design of abamectionM E (campletely random m odel)

S Ty Tr
Source of D egree of = E E
variation freeness F-value P-value F-value P-value F-value P-value
1-butanol 2 20 666 7 0 000 O 2 452 666 7 0. 000 O 1237 714 3 0. 000 O
PEG400 2 262 166 7 0. 000 0 8 666 7 0 002 3 150 642 9 0. 000 O
TSP16 2 24, 666 7 0. 000 0 400. 166 7 0. 000 0 212 7857 0. 000 O
M 6180 2 64. 666 7 0 000 O 577. 166 7 0. 000 O 133 928 6 0. 000 O
( 3 4 5) , TSP16 PEG400 M 6180,
3 , T ,
PEG400 M 6180 TSP16
, Ty M 6180 ( 3 4 5) ,

TSP16 PEG400, T T , T , PEG400 TSP16
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M 6180 1232 Tq 1 , Ty
, PEG400 TSP16 M 6180 v I v Tr
123 1, TR , TH ; ’ TL - 10 ’
PEG400 TSP16 M 6180 1 -5 R,
231 , T Ta 60 ,
v Tw Te Ty , PEG400
, , M E TSP16 M 6180 0% 3 0%
, 6 0% 2 0%
3 T
Table 3 Range R of T, ' and the significance of difference in each level
T ()
M ean of T, ' () and significance of difference
Independent Range R
variable g 1 2 3
Level 1 L evel 2 L evel 3
1-butanol 0 666 7 12 8333 &A 12 277 8 bB 12 166 7 bB
PEG400 2 444 4 11 000 O cC 13 444 4 aA 12 833 3 bB
PETSP16 0 7778 12 388 9 bB 12 055 6 cC 12 8333 A
M 6180 12222 11 722 2 cC 12 944 4 aA 12 6111 bB
D uncan
Note: Using Duncan'smultiple comparison to test the significance of difference in each level The same as in the follow ing tables
4 T4
Table4 RangeR of T, and the significance of difference in each level
Th ()
M ean of Ty () and significance of difference
Independent Range R
variable 9 1 2 3
Level 1 L evel 2 L evel 3
1-butanol 7.7778 62 000 0 &A 58 3333 B 54, 222 2 cC
PEG400 0 444 4 58 000 0 bB 58 444 4 aA 58 1111 bB
TSP16 3 0556 56. 444 4 cC 58 6111 bB 59. 500 0 aA
M 6180 3 666 7 60. 277 8 &A 57. 666 7 bB 56. 611 1 cC
5 Tx
Table5 Range R of TR and the significance of difference in each level
Tr ()
M ean of Tz () and significance of difference
Independent Range R
variable g 1 2 3
Level 1 L evel 2 Level 3
1-butanol 8 444 4 74. 8333 A 706111 bB 66. 388 9 cC
PEG400 28889 69 000 0 cC 71 8889 aA 70944 4 1B
TSP16 35000 68 833 3 cC 70. 666 7 bB 72 3333 &A
M 6180 2 7778 72 000 0 &A 70. 6111 bB 69 222 2 cC
22 T T'=0-T,
DPS (RLS),
3 1
Up (5 x107), : :
6 7
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Table 6 The experimental schene of unifom design and tested results of transparency temperature section

Independent variable

D ependent variable

T Ty Tr
TestNa 1-butanol PEG400 TSP16 M 6180 M ean of M ean of M ean of
(%) (%) (%) (%) T/ Ty / Tr/
u-l 0 2 5 1 -14. 8 66. 8 817
u-2 3 5 7 1 -16. 7 62 5 79. 2
u-3 4 2 8 3 -15 8 60. 2 76. 0
u-4 2 3 10 2 -15 5 66. 8 82 3
U5 0 4 9 4 -14. 7 68 5 83 2
uU-6 2 3 1 4 13 2 56. 0 69. 2
u-7 1 1 6 5 -15 8 63 0 78. 8
u-8 1 5 3 3 -157 60 0 757
u-9 3 1 2 2 -14. 5 57. 5 72 0
uU-10 4 4 4 5 -14. 7 54 3 69. 0
8 6
R’ , ; :
Ta Tr ,
, , S % ( ) =Q 0%, X, (PEG400) =
1 6%, X, (TSP16) =10 0%, X, (M 6180) =5 0%
, Y. (Ty)
, RS =715 ,Y,(T,) =871 , TTIS -156
. Ta T 715
, , T Ty T Tk 23
T, T 6 , (
T Ty L - 13 : 0% PEG4003 0% TSP166 0% M 61802 0%)
. Ty 60 , 2% M E ( 0-10"), TTS
e -150 665 , 1
T Tk o2 o-10" o2 TSP16 M 6180
L , , 0-10°
: TSP16 (6%) 0-2" (4%), M 6180
Y, =63 600 6 - 1 707 1X;, +2 203 4X, + (2%) o-7 (4%), T, (665 )
0 101 0X; - 1 709 8X, +0. 067 5X° - 0. 328 9X2 + T. (815 ) T, (622 ) T. (762 ),
Q 017 X +Q 063 5X; +Q 097 4%, X, - Q 021 7%, Xs TSP16 M 6180
- Q 172 0X; X, - O 006 OX,X; - Q 165 7X, X, + T Tk , 4 5
Q 218 3X;X, (1)
Y, =77 735 1 - 2 057 1X, +2 122 2X, + (
Q 472 1X; - 1 670 5X, +Q 109 7X; - Q 233 8X; - 0% PEG400 1 6% TSP16 10 0% M 6180 5 0%)
Q 013 9X; +0Q 122 4X; +Q 137 7X, X, +0Q 031 0X, X, 2% M E ( u-11), TTS
- Q 244 1%, X, - O 022 0X,X; - Q 296 7X, X, + -157 716 , T, 716 T
Q 225 0X3X, (2) 87. 3 6 u-5,

1) (2 F Q0 9945 Q 985 1,

0-10°,u-11¥ -5 54
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Table 7 Results of AL S regression of single dependent variable

RZ
D ependent Coefficient of multiple M aximum value of Optimal combination of independent variables
variable detem ination dependent variable 1-butanol (%) PEG400(%)  TSP16(%) M 6180(%)
T 0 9342 17. 0 32 10 100 41
Ty 0. 9955 L7 00 19 10. 0 50
Tk 0. 993 2 88 0 00 10 10. 0 50
8
Table 8 Comparion of the prediction value by model w ith tested
Ty Mean of Ty () Tr Mean of Tg ()
TestNa
Prediction value Tested value Prediction value Tested value
u-1 66. 7 66. 8 81 8 817
u-2 62 8 62 5 79 7 79 2
u-3 60. 4 60. 2 76. 0 76. 0
u-4 66. 3 66. 8 81 3 82 3
u-5 68 6 68 5 83 4 83 2
U-6 56. 4 56. 0 70. 3 69 2
u-7 62 9 63 0 790 78 8
u-8 60. 0 60. 0 75 2 75 7
u-9 57. 7 57. 5 719 72 0
uU-10 53 8 543 68 4 69 0
14 d ; , 54
24 1(a) (b) 14 d )
. 17
Turbscian L abexpert A nalyzer , ()
# #
0-10° U-11 54 14 d
Transmission Transmission
. 1 0:00:00:00 " r 0:00:00:00
120 1 2:00:00:00 120 [ 2:00:00:00
| | 3:00:00:00 1 3:00:00:00
e L_ ,_L__.__._,__‘] | 4:00:00:00 100 I\__ﬂ____r_,,-_ﬁ o 4:00:00:00
80 | 5:00:00:00 80 L | _ 4| 5:00:00:00
| 6:00:00:00 ] 6:00:00:00
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Fig 1 Trangnission of optimized abanectinM E stored 14 d successively at 54
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