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1 Introduction 

1.1 This report describes the application of the Kontron-IBAS 
image analyser to the measurement of crop spray damage in leaves. 
The work has been carried out at the request of and in 
collaboration with Dr BNK Davis and T Yates of t h e  Institute of 
Terrestrial Ecology (NERC) in connection with their ongoing 
research programme. 

1.2 Leaves affected by crop spraying are photographed in 35 mm 
colour transparency format by ITE using a luminescent dye to p i c k  
o u t  damage spots .  Precise details of the spraying and damage 
photographing are not within t h e  scope of this report. However, 
measurement of the numbers and areas of spray damage spots are 
amenable to rapid automatic video-based image analysis systems 
such as the Kontron IBAS installed in the BES Mineralogy and 
Petrology Group at Keyworth, For efficient operation, an IBAS 
interpreter macro is prepared using test photographs, and is then 
r u n  routinely to measure each of a s e t  of leaf photographs. 

1.3 The 35 rnm photographic transparencies are viewed on the 
stage of transmitted light microscope using a suitably low 
powered objective lens. In the present case a x1.25 magnification 
pol l e n s  giving a f i e l d  of view of 5 by 5 mrn was employed. The 
magnified image is captured by a video camera mounted on the 
microscope, and t h e  analogue signal is digitised by the Kontson 
Video-Multiplexer and stored in computer memory fo r  manipulation 
and measurement. The image format used in this instance is 512 
by 512 pixels and 256 grey levels, A s i n g l e  grey-level image 
proved to be suitable, as the damage spots are clearly defined 
in terms of brightness alone and colour discrimination was not 
found to be necessary. 

1.4 T h e  digital image is then normalised to the full 0-255 grey 
scale. Binary segmentation of the image can then be done with 
preset 130 and 255 grey level thresholds in most cases, although 
an option for  interactive segmentation is provided f o r  use with 
the few images whose high background grey level a t t a i n s  grey 
values above 130 in the normalised image. Pixels falling in the 
range defined by the threshold values are recorded as white in 
the binary image, and those outside the range as black. Thus the 
binary image shows the damage spots as white objects in the 
otherwise black image. The binary image is processed using the 
"binary fill" aperatian in which black areas enclosed within 
white features in the binary  image are filled with white pixels. 
No other modifications are carried out. 

1.5 The 'filled' binary image is used for measurement. Two sets 
of measurements are made. The first returns (i) the total area 
of spots as a percentage of the total image area, and (ii) the 
total number of binary features (damage spots) in the image. Note 
that for  this purpose a b ina ry  feature is an area of white pixels 
surrounded by black pixels. Groups of t w o  or more spots which 
merge or overlap are recorded as one binary feature. 
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1.6 The second set of measurements records the area, aspect 
ratio and orientation of each binary feature. Area is given i n  
square millemetres using a scaling factor  set at the start of the 
macro. N o t e  that once set the scaling factor does not need t o  be 
reset or edited so long as the IBAS software is k e p t  running and 
phatographs taken at t h e  same magnification are used. The aspect 
ratio is defined as the length of the shortest diameter in the 
object over the longest. The software measures diameters in 32 
directions in steps of 5.7O rotation, In irregularly shaped 
features, the diameters may not be strictly perpendicular to each 
other. The o r i e n t a t i o n  is defined as  the  direction of the longest 
diameter in terms of the angle it makes with the 'horizontal' X- 
direction on the  image in an anticlockwise direction and at 5.7O 
steps. 

1.7  The two sets of data are stored in two IBAS database files 
called respectively LEAF 1,DOO and LEAF 2.DOO. These operate by 
appending new data to any data already present in them. All 
rneasurrnents made for multiple fields of view on the Same 
photograph can thus be appended to the same database files, 
resulting on one composite set of data for each sample. There is 
an option to erase these files and recreate them as  blank 
databases,  which should be done at the s t a r t  of work on a new 
sample. 

1.8 The database files are i n  IBAS software format and are kept 
in the p a t h  D:\COLOUR\DATA. The data is lost whenever the files 
are erased, and it is therefore impor t an t  t h a t  the files are 
copied to a different file name before they are erased. It is 
recommended t h a t  t h i s  be done by copying them to a 1.2 Mb 5.25" 
floppy disc in drive A,  converting them to ASCII format and 
giving them a new unique name. For this purpose t h e  macro 
provides an  option to drop temporarily into DOS. In DOS the 
copying/conversion operation is done in two steps. Firstly t h e  
CQNVERTA program is used by entering at the DOS prompt:- 

CONVERTA -F D:\COLOUR\DATA\LEAF - *.BOO A:\  

This generates two ASCII format files on the d i s c  in drive A 
which have the names LEAF 1.FRE and LEAF 2.FRE. The second step 
is to use the DOS RENAME command to give-them unique names such 
as SAMPNO 1,DAT and SAMPNO 2.DAT. By do%,ng this unique files are 
saved for-each sample, and the disc can be taken away and the 
d a t a  processed using other software. 

1.9 The macro also provides graphical summarises of the d a t a  in 
LEAF 2.DOO for the area, aspect r a t i o  and orientation 
measurments. These are in the form of histograms which are set 
to have a logarithmic x-scale in 40 classes, and have an 
arithmetic y-scale showing class scores as percentages of the 
total. The histograms also provide rudimentary statistical data 
on mean, median, variance, shewness, k u r t o s i s .  The software 
provides an option for  a screen dump of the histograms on the 
dot-matrix printer or fo r  a print out of the numerical class 
scores. However, it is anticipated that users will prefer to 
generate their own stats and graphical o u t p u t  based on t h e  ASCII 
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files. 

2 LEAFSPOT macro listing 

2.1 The macro program listed below carries out the  operations 
described above, and is  given t h e  name LEAFSPOT. It was written 
in Kontron Interpreter language b y N . J .  Fortey in September 1991. 
The macro r u n s  on t h e  K ~ n t r o n  computer under MS-DOS, and is saved 
under the. path D:\COLOUR\MACROS. 

2.2 The following reproduces +be macro in the version run an 
25th September, 1991. 

~. . . . . . . .. .. - ._ ... . . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# # 
# LEAFSPOT # N.J.Fortey: begun Aug.6th 1991 
# # 
# #I macro to measure spray damage in leaves 
# 
# # 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
# 
# For full use ensure that a Bernoul l i  image library disc is loaded 
# and that a formatted floppy d i s c  is loaded for  saving data files. 
# 
# 
# 
write "LEAFSPOT MACRO" 
write 'I I* 

# # # ~ # # # # #  initialisation #########  
vmcset 1,l 
measstop 
resetpar 
fo r  (irn=l;imt=8;im=im+l): clearimovl im 
tvof f 
set f r ame 'I F5 1 2 'I 
display 1 
loadlut "grey" 
setimpath *If: [images" 
########  set up scaling factors ######### 
ans: =O 
write 'I I' 

read "edit scaling (1/0) ",ans 
if ans>=l 
write I' 

tvon 
write "set up reference scale on microscope" 
paUSt2 
t v i n p  1 
scalgeorn 1, "leafspot",-ON,-QN 
clovl 1 
endif 
########  create databases ######## 
ansl: =o 

# using 35 mm transparencies of damage spots in leaves 
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write 'I " 
read "erase and recreate databases (1/0) ",ansl 
if ansl>=l 
DBerase "leaf 1" 
DBerase "leaf-2' 
I n i t Q b j  AREAPT FIELDCOUNT 
P n i t O b j  AREA, FSHAPE, ANELEDMAX 
global SAMPNO 
SAMPNO: = " 
fvleaf 1 [ 3 =SWPNO, AREAP, FIELDCOUNT 
fvLeaf-2 [ 3 =AREA, FSHAPE, ANGLEDMAX 
D B c r e a t e  " lea f  I", "fvleaf 1" 
D B c r e a t e  "leaf-2", I "fvleaf-2" - 
write " " 
write "old D B a s e s  erased, new D B a s e s  createdn 
else 
SAMPNO: = " 
endif 
# # # # # # # #  s e t t i n g  up the  image ######## 
ansl: =1 
write It 

read "live image (1) or image from disc (0) ',ansl 
if (ansl>=l) 
~ # # ~ # # # #  obtain image from microscope ####### 
tvon 
write It 

write "live image - check illumination and focxs' 
w r i t e  I' I" 

pause 
tvaver 1,11,4,4 
# # # ~ # # # #  save image to Bernoulli ~ # # # # ~ # # # #  
ans2 : =O 
read "save image to Bernoulli (l/O) ",ans2 
if ans2>0 
imr =*'image" 
read " e n t e r  image name ",im 
s t a r i m  i m , l  
endif 
########  obtain image from Bernoulli d i s c  ######## 
else 
ans4: =o 
read "print image directory (l/O) It , ans4 
if ans4>=1:dos "DIR F:/IMAGES >PRN" 
im : = " image" 
read "'enter name of image", i r n  
getiim im,l 
endif 
########  set up image title ( S a p  + up to 8 chars) # ~ # # # # # # #  
read "enter sample no. <=8 chars ",SAMPNO 
SAMPNO="Samp"+SAMPNO 
########  revise scaling factor ######## 
# ans5:=0 
# read "'check scaling factor (1/0) ",ans5 
# if ans5>=l 
# scalgeorn 1, "leafscale",_PN,-ON 
# c lov l  1 

I1 

11 
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# endif 
########  process image in plane 1 to binary resul t  in plane 6 ######## 
normim 1,2,0 
# # ~ # # # # #  choose preset segment level or do interactively # # ~ # # # # #  
ans7:=l 
write I' 

read '*automatic thresholds ( 1/01 " , ans7 
if ans7>=1 
dis2lev 2,3,130,255, - ON,-OFF 
else 
dis2lev 2,3,130,255, I ON,-ON,l 
endif 
fill 3,6 
# scrap 4 , 6 ,  OFF,0,9, ON, ON 
identframe 6T7, - ON, 0, ';180, z80,16 , 16, -OFF, -OFF.-ON 
display 7 
# binary with holes filled 
DBopen "leaf - 1" "'fvleaf * 1" 
Measf 7 
DBappend "leaf 1" 
DBclose "leaf it* 
outlist **leaf-"', OFF 
identframe 6 , 7 ,  - 0~,4,488,488,12,12,dON, * OFF, * ON 
DBapen "leaf 2", " fvleaf  2" 
DBsetinfo "leaf 2", SAMPNO 
measobj 7, "leaf-2". - ON 
DBclase "leaf  2" 
outlist v'leaf-2r* OFF 
outhist "leaf-2":7;AREA1',40, ON, OFF,2,-0N,-ON, , I , ,SAMPNO 
outhist "Leaf~2","FSKAFE",4~,~O~,~OFF,2, ON,_ON, , ,, ,SAMPNO 
outhist "leaf-2",  - "ANGLEDMAX",40,_oFF,-OF~,Z0 - ON, ON, I , , ,SAMPNO 
display  1 

~ # # # # # # # # #  copy LIB files to floppy # # ~ # # # # # # # #  
ans4: =o 
read "copy DB files to floppy (1/0) ",anS4 
if ans4>=l 
write 'I It 

write "source files are D:/COLOWR/DATA/LEAF_l.DOO and , . . L E A F  - 2,DOO" 
pause 
dos 
endif 
write I' 'I 

write "program ended - set up new image f i e l d  and press F9" 

loadlut: regrey" 

3. Operating instructions 

3.1 The rnacra is intended to allow non-specialist s ta f f  to carry 
out counting of damage spots in a routine and automated fashion. 
However, a degree of familiarity w i t h  t h e  image analyser is 
necessary, and therefore new operators must receive adequate 
training before proceeding to use the macro. F o r  the purpose of 
the present report it will be assumed t h a t  the operator is able 
to switch on the  Rantron Image Analyser and can set up t h e  
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petrological microscope and Bernoulli disc drive (if required). 
The macro is stored under the COLOUR directory on drive C, which 
must be chosen at the start up menu (enter 2 and press RETURN). 
A f t e r  the s t a r t  up menu, the IBAS first menu appears, at which 
press F2, which moves the software into IBAS program mode. Load 
the macro itself by pressing CONTROL-L, then highlighting 
= g m  and pressing ENTER. 

3.2 The macro follows a sequence of steps, some of which require 
a response from the operator where a choice of options is 
available or data has to be entered from the keyboard. Numerical 
results ( n o t  the images themselves) are saved in ASCII format on 
the 5 . 2 5 "  floppy disc. 

3 . 3  Once loaded, the macro is started by pressing F9. The 
sequence of user-interactions is then as follows. Screen messages 
are  shown in italics. Where a yes/no response is needed the 
convention is that l=ye.s and O=no, and the screen message will 
show a default response which can be selected by simply pressing 
ENTER. The alternative is selected by overtyping the default and 
pressing ENTER. 

(1) e d i t  sca l ing  ( I / O )  

LEAFSPOT allows the area of each damage spot to be measured in 
real units (mm), The default answer is 0. Entering 1 selects the 
scaling programme, The use of this general purpose utility should 
have been covered during training and is not described here; if 
problems arise help from the  image analysis supervisor should be 
sought .  

(2) erase and recreate databases (l/O) 

Numerical data  from LEAFSPOT is held in two IBAS database files 
which are stored on hard d i s c  directory C:\COLOUR\DATA). When 
work on a new sample is begun these files should be cleared by 
the erase and recreate operation selected here by e n t e r i n g  1. The 
d e f a u l t  is 0. 

(3) l i v e  image (1) or i m a g e  from d i s c  (0) 

LEAFSPOT allows work on a new image ob ta ined  via the video camera 
(enter 1, the d e f a u l t )  or an old image stored on Bernoul l i  disc 
(0). 

(3a) If 1 is entered, first t h e  l i v e  video image is displayed 
and the program pauses, allowing you to check t h a t  the correct 
field of view is selected, the illumination is correct and the 
focus is sharp. The program then captures f o u r  consecutive scans 
of the image and divides the result by four  to reduce random 
noise. You then have the option to save t h e  digitised image on 
the Bernoulli. If you do this, ensure that you give the image an 
unique name to avoid t h e  danger of overwriting a previously 
stored image. 
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(3b) If 0 is entered you will have to specify the name under 
which the image has been stored. To help do this an additional 
option will print the Bernoulli image directory "F:JIMAGES" on 
the dot-matrix printer (remember to set the printer up f L , r s t ) .  

( 4 )  enter sample no, c-- 8 chars 

The label entered at this point as appended to the database files 
to identify them. 

( 5 )  automatic thresholds (1/0) 

A t  this point the input digitised image is normalised (see 
Kontron User Handbook) and the normalised image is  displayed. 
Entering t h e  d e f a u l t  1 causes segmentation of this at pre-set 
grey levels 130 and 255. Entering 0 allows the operator to select 
segmentation grey levels using the mouse, The automatic option 
has proved adequate f o r  most cases, but the interactive mode can 
be of help where unusually high background grey tones are  
encountered. 

(6) The macro now automatically carries o u t  f i e l d  and object 
measurements and stores the data in t h e  c3atabase files. These 
files are  displayed i n  t u r n .  A t  e a c h  data  display, press ESCAPE 
to turn the display off. The program then goes on to show 
histograms and summary stat is t ics  of the AREA data (in units 
defined by the scaling), the FSHAPE data (aspect ratio), and the 
ANELEDMAX data (orientation of l onges t  diameter). In practise, 
displaying the histograms becomes slow as the data files become 
long, and a simple modification (not shown above) allows this 
part of the macro to be avoided if the user wishes. 

The default Q moves the program to its end w i t h  no f u r t h e r  
action. T h e  data  files are retained in RAM until they are erased 
or the computer is turned off. Entering 1 brings a pause at the 
message : 

source f i l e s  are D:/COLOUR/DATA/LEAF - 3.000 and ... LEAF - 2.000 

The program then drops temporarily into DOS, A t  the DOS prompt 
the user enters 

CONVERTA -F D:/COLOUR/DATA/LEAF - *,DO0 A:/ 

This causes the database files to be written in ASCII format anto 
the floppy in drive A, changing the f i l e  ending from DO0 to FRE.  
It is then necessary to RENAME these files with unique (e.g. 
sample number) names, r e m e m b e r i n g  that the names must conform t o  
DOS filename conventions. Once t h i s  has been done the user must 
enter EXIT to return to the macro. 
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( 8 )  program ended - s e t  up new image f i e l d  and press F9 

The macro ends by prfnting this message, prompting t h e  user to 
move to a new image area and start t h e  macro again. R e m e m b e r  that 
new data will be appended to t h e  existing data files until the 
files are erased and recreated. 

21 October 1991 
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APPENDIX 2 VAPOUR PRESSURES OF PESTICIDES IN CURRENT USE 



Rc! .?rWce 

1 
2 
6 
3 
3 
5 

Reference 

1 
5 

2 , 9  

1.9 
2 . 9 3  
2 h 7 0  
2.9 

2 0  
2 0  
20 

FClL$S 
No r e p o r t e d  cases of vapour d r i f t .  

A Y ~ X Y U I H - S O D I W H  

s v P ( a P a )  Temperature ("C) 
RF.NTh%ONE 

Temperature  ("C) R e f e r e n c e  1 

20 

2 0  
2 
5 

2 5  
2 5  

N L L S s  
NU repor ted  case5 of vapour d r i f t  

R e f e r e n c e  

1 
5 

s V P ( m F a )  l'ernpersture ("C) 

- - - 20 
20 
20 

1 
2 
5 

Ttmpcrarure ('C) lief e r e n c e  

1 
5 

nefexcnce s v P (mr'a) 
0 . 3 2  
0.07 
U .  3 2  

30 
20 
30 

1 '  
2 
5 

I 
2 
5 

BROMACXL 
Reference s v P (mPa1 Temperature ('C) 

0.033 25 
4 . 2 7  10.' 2 0  
2 . 9  10'2 2 5  
107 100 
0.033 25 0.04 20 

0.04 20 
5 . 0  10"= 2 0  
0.0399 20 
7.60 10.' 10 
0.040 20 

0 + 0 4  20 

0 . 1 8 7  30  
3 .  a"t 5 0  

20 
20  
2 0 

1 
2 
5 

m;es 
110 r e p u r t s  or  vapour d r i f t  damage i n  s p i t e  o f  lr iqh C V F .  
E r r o r  i n  value f c r -  s V P y i v e n  hy r c f c r v n r e  ( 2 ) .  



CIUPY RALX D 

S V P ( m P a )  Temperature ('C) Reference 

1.6 25 1 
1.6 25 3 

S V P ( m P a )  Temperature ('C) Reference 

1.6 25 1 
1.6 25 3 

100 
2 0  
100 

I 

Photodcgratla t inn 
n/a 

go- 
Volatile, but no vapour damage reported. 

CYMJXZIHE 

S V P (mPa) Temperature ("C) Reference 

200 10.' 20 1 - 2 
213 10"' 2 0  5 

EiXs23desradiLiAD 
n/a 

2.1 
159960 
2.1 

20 1 
20  2 
10 

CYCTAXYDIM 

s V P (mPa) 
CILWRI DAZQH 

S V P ( W a )  Temperature ( ' C )  iief erence 
Temperature (T) Reference 

I 
70 
20 
2 (I 

1 
2 
5 

mt,es 
Error i n  S V P value qiven i n  reference (2) 

CH[DHUTOI.URON 

s v P (mrd) Tenper&ture ( 'Cl Reference 

0.017 

0.0048 
4 . 8  1 0 '  

2 0  1 
3 0  2 
:n 5 

2 , 4 - 0  

s v P (nlPa)  ClfLL1RPROPILA.M 

S V P ( m P a )  Temperature ( ' C )  Rcf RrBnce 

Temperature ( " C )  RPf crcnce 

eater 
180-1690 

acid 
53 10' 
0.125 

i S O [ J r O p y l  
1.4 10' 
159.96 
186.62 
1394+65 

butoxyethyl 
0.60 
226.6 

l-butyl 
0.46 
1.27 
2.68 
7.78 
519.87 
>=13.3 3 
52.12 

ethyl 
3 1 4 . 6 4  
1532.45 
185.29 
114.64 
J46.63 
1532.95 
33.0 

I -hepty l  
179 I 96 
3.33 

methyl 
14.26 
43.86 
170.62 
>=14.66 
>;-266.60 
206.62 
3 692 I 9 x 
302.59 
15.4b 
43.32 
158.63 

25 3 - 
1 . 3 3  
1.33-0.1 - 

1 .  
2 
3 
3 
5 

2 5  
25 160 

20 
1 

Ph9t.QrlWX a~W20!2 
Marchrterrc  ct_ aJ. ( 1 9 8 8 )  pp.92-93.100-101 
Hiller and Crosby (19113) p.716 
CrOsby ( 1 9 7 6  ) yp. 8 6 3-864 

2 5  
2 5  
2 5  
2 5  

1 
7 
7 
7 

pr- 
No reports of v a p o u r  drift damage.  

25 
25 

8 
8 

CHMRSULYURON 

S V P (mpa)  'T'ernperiitur'e ( " C )  Rcf ercnce 16 
25.4 
34.6 
44 
25 
38 
25 

25 
2 5  

1 3.0 10~' 
3 + 1  10.'. 

Photodeqradation 
n/a 

25 
25 
25 
25 
25 
25 
25 

< 6 Y  10' 
1 3 3 3 0  
r67 10' 

phot  ode4 radb t i on 
n/a 

40 
20 
40 

3 
2 
5 

25 
2 5  

8 
8 

Nk!LG 
~ i g h l y  volatile: soil incorporated. 

17.6 
25 
34.6 
20 
38 
25 
2 5 
25 
17.6 
2 5  
3~ . a  

8 
8 
U 
8 
8 
R 
8 
8 
7 
7 
7 
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DTCAMRA 

s V P (mPa) Tenperarure ( " c )  Reference 7 b '! . 9 3 
9 1 . 4 4  
2 0 6 . 6 2  

1 6 9 2 . 9 1  
60.0 

306.59 

1-0Cty1 
>*3.60 
2 . 0  

2-propyl  
1 3 9 9 . 6 5  
1 5 9 . 9 6  
1 9 0 . 6 2  
5.85  
2266100 
2 2 2 6 1 1 0  
2172790 

n-tslltyi 
0.44 
1.09 
3 . 1 5  
7 . 7 6  
1 . 1 8  
5.4 

39 
28 
2 5  
25 
2 5  
25 

4 . 5  
4 9 3  
4 . 9  10' 
4 9 3  
4 . 5 4  
2.67 

25  
20 
2 0  

2 5  
2 5  

- 

3 8  
2 5  

8 
H PhQLQ!3eBr3axLien 

n/a 

F I X 3 3  
Reported S V P values vary greatly: lower f i g u r e s  are prohah ly  
correct. This compound h a s  the potential to cause vapour drift 
damage. May also r e l e a s e  volatile m a t e r i a l  following plant 
uptake, by e v a p o t s a n s p i r a t i o n  (Anon., 1 9 8 4 ) .  

2 5  
2 5  
2 s  
2 5  
1 8 7  
187 
187 

I)TClIIDDEHTL 

S V P (mpa) Temperature ( " C )  Reference 1 6  
2 4 . 2  
3 4 . b  
4 4 - 0  
2 5  
2 0  

7 
7 
7 
7 
7 
10 

0.073 
3 7 . 3  
7 3 . 3  
0.4 
6 6 . 6  
3 8  

20 
30 

20 

2 0  

- 
20  

1 
2 
3 
3 
3 
10 n-heptyi 

2 6 . 6 6  
17Y.YG 

2 5  
2 5  

7 
7 Pho todcnrada t  5 on 

P1 immer (1970) p.54 , & I  
i s o b u t y l  
9 . 7  

butyl 
6 . 8  

2-but o x y c t h y  l 
0 . 6 1 3  

2-ethylhexyl 
0 . 4 4  

i.89-octY 1 
2.3 

2 5  9 m 
Wide range  of  published S V P values suggenta errors. 

2 5  9 
nlCBlaRI'ROP 

5 V P (mPa) Temperature ( " C )  Reference 25  9 

trace 
t i -ac@ 

room 
20 

20  

1 
2 2 5  9 

10 20 10 

Phofoacgr B Q B  t,d,oo 
Naxcheterre CL d. (1988) p . 1 1 0  

Que Hce and Sutherland ( 1 9 8 1 )  p p . 1 1 7 - 1 6 2 ,  165-167,  170-173 
Plimmer ( 1 9 7 0 )  p . 6 1 , 6 2  

P O k S  
A l l  esters arc volatilc, even though the SVP is low i n  some 
c a 5 c 5  (Xiree7e b West ( l se ' / / a ,b) ;  Breeze ( 1 9 8 8 a ) :  Breeze 

Crosby ( 1 9 7 6 )  pp.853-856 

(3990):Rreeze & Rensburg ( 1 9 9 2 ) :  Benoet ( l V U 0 ) ;  Uue Wee & 
Sutherland (198)); Rnrrsburcj 6 Breeze ( 1 9 9 0 ) ;  SavOry  ( 1 9 7 3 ) ;  
Zinmcraan, I l i t c h c o ~ k  6 Kirkpatrick (1953) 1 .  Salts axe non- 
volatile, t l u t  the DHA salt may photodccompose i n  t h e  Same way 
a5 MCPA (111'osby & Bower5 ( 1 9 8 5 ) )  to release the free a c i d .  
This  is p h y t o t o x i c  (Brcezc b Hrnsbury ( 1 3 9 1 ) .  Vapour 
concentratinns in the a i r  following sprdyiny h a v c  been reported 
by Parwell, Robinson, Pone11 6 Arlwras ( 1 9 7 6 ) .  GroVcr, Shewchuk, 
Cessna, Smith 6 Hunter ( 1 9 8 5 ) ,  and Quo tine & Sutherland ( 1 9 8 1 ) .  

Temperaturm ('C) Rcf  ercnce 

20 1 
2 - 

P%L!z3 
Ndy have potential for vapour drift. U h L h W N  

s v 1' (mPa) Tcrnpexature (T)  Reference 

1 
7 

DIVENZOQUhT 

S V P (mPa)  'I'emperature ( ' c )  Referonce 

1 

Temperature (OF) Rcforcnce S V P (mPa) 

1 
2 

S V P (mPa) Temperature ("c) He f erence 
." 1 

Fhvt Qdtgudddat i on 
n/a  

Temperature ( 'c )  RoX rrence 

room 1 
t r a c e  
trace 

room 
20 

Phat&e4rad&im 
Marcheterre et, aJ+ (1988) p . 1 1 3  
Crosby ( 2 9 7 6 )  pp.861-862 

20 
2 0  

3 



S V P (mPa) Temperature ( " C )  

c o . 0 1 3  - 

PhQ!Y*Li!!.ltiQ!a 
Crosby ( 1 9 7 6 )  pp.879-880 
Akhsvein and Linscott ( 1 9 6 8 )  p.120 

Re f frcnce 

3 '  
2 

Rcf crence 

lrsrns 
Hay have potential to cause vapour d r i f t :  herbicide f o r  grass  
control. 

DIUROH 

FLWROXYPYR S V P (mPa) Temperature ( ' C )  

0.41 50  
4.13 10.' 20 
2 . 1  i n - 2  2 5  
0.413 50 

Ftinto&.o&t&n 
Marcheterre af &. (1988) p p . 9 2 - 9 3  
Cro~by (1776) p . 8 6 6  

H @ f  erencc 5 V P (mPa) Temperature ("C) 
2 
b 
3 

3 

N QLes 
Possible unconfirmed report o f  vapour drift d m a p  to 
glasshouse-grown tomatoes. Lahoratary vapour phytotoxicfry 
shown by Breeze (I908b) On tomato f o r  a 4 8  h exposure to 6 pq 
L-'. 

E r n  

s v P (m!'a) Temperature ("C) 

POSMINE-AKYONILIM 

S V P (mPa) 

0.53 

phorodeqradation 
n/a 

4 , s  10' 
lO66.4 

20000 
6530 
4660 
3 8 4 0  
4670 
:9995 

2 . 8  i n '  

2 5  
2 0  
2 5  
20 
2 5  
2 5  
2 0  
2 0  
2 0  

Temperature (T) Reference 

25  1 

mgxodesradalion 
Harcheterre d. (1988) P.101 
Crosby (1976) p . 8 6 7  

GLYPtiOMTE 

s v P (mPa) Temperature ( " C )  Reference 

- 1 
2 - 

w e a r a d a t i o n  
n/a 

N!xX5 
Probably entirely f r e e  from risk o f  vapour drift. 

Nm&s 
Highly volatile but soil-incorporated. 

FI?iOFUMESATF: 

S V P (mPa) Temperature ( " C )  Reference 

1 
2 

s v P (mPat Temprrature ("C) Hef erence 

2 5  
20 

8 6  
20 

1 
2 

0.081 
0.037 

*todearadation 
n/a 

FEHOW R O P  [-ETtWI.] 

S V P [ m P a )  Temperature ( ' C )  

19 in- '  20 

m u s r 3 & . . m  
n/a 

IUAZAPYR 

S V P (mPa) Temperature ('F) Reference 

+" ... 1 

hef erence 

3 

phD!2Q&WS i&xi!2n 
Mdlllpudi, stout, dafunha and ~ c e  (1991) pp.412-417 

T O X Y N I L  

S v P (mPa) Temperature ( " C )  Reference 

PRHUROH 

S V P ( m P a )  Temperature ( " C )  Reference 

21 
0.11 
21.3 

60 
20 
CO 

+. 

0.083 20 
1 
2 

I 

2 
3 

I'hnfndegx PP P f i P n  
Crosby (1976) pp.870-871 

mfea 
Has potential to cause vapour drift damage, a l t h o u g h  no 
confirmed reports. savory (1973) found no effects in a 
laboratory study. 

crosby (1476) ~ ~ 8 6 3 , 8 6 6  

Reference 

1 
2 Temperature ( ' C )  Reference 

20 
20  
20 

3 
2 
10 

4 



ISOXAAEH 

S v P (mpa) Temperatrlre ( ' C )  

- 
PTl QL*Bd.l?rian 
n/a 

R e f  ererice 

1 '  

Fief erence 

i 
2 

HECOPROP 

Reference S V F (mPa) TCmperatUre ( " C )  

1. 
2 

10 
im-octy1 
4 . 5  2 0  

v a p o u r  -damage to o i  1 seed rape crops. 
introduced (Campbell & Jonss (1985)). 

Other esters have been 

LINUROH 

s v P (mpa) Temper atllre ('C 

2 . 0  2 4  
1.15 2 0  
1.2 2 0  
2 . 0  2 4  
1 . 4 7  2 4  

Reference 

1 
2 

Temperature IT) 

-570 
++ 

Reference 

1 
2 

5 v P (mPa) 
KCLLes 
Probably has potential to cause vapour damage, although no 1 3  
confirmed reports froin the field. 

Temperature ( 'C )  

2 0  

Reference 

1 

HCPA 

s v P (&a)  Temperature ( ' C )  

0.2 21 - - 
HCPA-thiaethyl 
21 2 0  

2-butoxyethy1 

Tcmperature ( "C) 

20 
2 0  

Reference 

& 

Reference 

1 
2 

HWVXVRON 

S V P (mPa) 

4 . 3  
4 . 3  10.' 

- I  

6 3 9 . 8 4  2 5  
1.07 2 5  

Temperature ( ' C )  

20 
%U 

2-pr0pyl 
2 8 7 9 . 2 8  

methyl 
109.0 

2 5  

2 5  

2-ethylhexyl 
0.760 25 

KETRIBUZIN 

5 v P (mPa) 

C1.3 
0.147 

jsrs-octyl 
3 . u  20 TWipesa t ure ( ' c  ) Reference 

20 I 
2 0  2 

w P t L Q P 2 d ~ X ~ ~ 3 ~  
Esters havc potential to cause vapour drift damage. A l s o  see n/a  
Crnsby 4 Bowers (1985) for release of free a c i d  from DNA salt. 

ncm 
S V P (mPa) Temperature ('C) R e f  crcncc 

KETSULFWRON-M~fYI.  

S V P (mPa)  

77 

Temperature ( 'c )  

2 5  

Reference 

1 
1 
2 

Yaf.$s 
Reported 5 v P may be incorrect.  



HONULINUROH 

S V P ( m P a )  'Tempera t u re ( "C ) Reference 

PICMKhn 

Reference 

1 
2 
6 
3 
3 

6 5  
2 0  

1 

PROM W R Y H  

s v P ( m P a )  Temperature ("C) Reference 

3 
2 
3 

0.133 
0.21 
0.133 

20 
20 
2 0  

'I'crcpex- 3 ture ( ' C  ) R e f  e r e n t e  
P R O P A C m R  

S V P (mPa) Teaperatme ( 'Cl 

30.6 2 5  
0 . 3 2  20  
3 0 . 6  2 5  

P h n M e Q r a d a t  ion 
nja 

2 0  
2 0  

1 
2 Reference 

1 
2 
3 

P A M Q U A T  

5 V P (mPa) Temperature ( ' C )  Reference 

trace room 1 - 2 

WQt- 
Crosby (1976) p.877 
hknaveln and Linscott ( 1 9 6 E )  p.120 

DAOPKhU 

Temperature  ('C) s v P (mPa)  

r n A s g z n d a &  
Marcheterre d. ( 1 9 8 8 )  p . 1 0 1  
Crosby (1976) p.864 

R E f  erence 

I 

PHOPYZAMIDE 

V P (rnPa) Temperature ("F) Reference 

P E N D I X m L I W  

S V EJ ( m P a )  Temperature ( 'C)  Reference 

25  
20 

1 4 . 0  
2.0 

2 5  
2 0  

1 
2 

L w ~ a ~ L i P I l  
Harcheterre $5 d+ ( I s e s )  pp .68-69  

&Le3 
Detected In atmospheric fog (tlotfelty, Seiber 6 Liljedani 
(1987)). although no reports a t  vapour damage in the field. 

PYRIDATI! 

s v P (rnP3) Ternperay-re ( ' C l  Kc-ferer!re 

133 10A* 1 

PMTACHIOONOPHLHOL 

s v P ( r r P U ?  Temperature ( "F )  Reference 

I6 10' 
8.13 

100 
20 

1 
2 

PhsAgrlwgBstZPn 
Harcheterri et &. ( 1 Y E 8 )  p . 7 1 . 7 5 - 8 0  
Miller and Cror.by (1983) p . 7 1 0  
Crasby ( 1 3 7 6 )  p p . 8 6 0 - 8 6 9  
Plimmer (1970) p p . 6 3 - 6 4  

EQlXz 
Nay have potential to C d x S ?  vapour dkmage. hut no repor:, 
c a s e s .  

P U M W E D I P M  

s v P (mPa) Temperature ( ' C )  Reference 

1 . 3  10'' 2 5  1 
2 - 

Pl:Q&!kSl&lQn 
n i a  

6 



TRI-AXJATE 

S V P (rnPa) Temperature  ( " C )  Reference Iiefexencc S V P ( m P a )  

HI0 10.. 
8.13 ]U"* 
2 . 0  10- 
8.13 10.' 
8.13 10.. 
1 . 2 3  10 -' 

0 . 1 2 0  
8 . 3  10-4 

4 . 8 0  10-1 

T ~ J  mpr x i> t ur e ( 'C  ) 

20 
20 
25 
20 
20 
10 
3 U  
5 0 
2 0  

2 5  

20 
25 
20 

- 
6 
1 
I 
7 
7 
7 
10 

W C S  
H i g h l y  v o l a t i l e  but so i l  i n c o r p o r a t e d .  rr!sFuorar.rriltinn3tiQLl 

H d r c h e t e r r e  gt, i d j .  ( 1 9 P R )  pp. 105-106 
Croshy (1Y7C) pp.M74-M75 

s v P ( m P a )  TcmperatUR ( *C)  R e f e r e n c e  SODIUM CHIfiRATE 

S V F (mPa) l e m p e r a t u r e  ( ' C )  R e f e r e n c e  

- 1 

P h Q . t C w d a U n  
n/a  

0.168 
0.079 

25 
20 

1 

Pmt9l?sx.&~&lhn 
n/a  

Faks 
XeKJUrted to cause vapour damage, especially on woody 
perennials. Grout care needed i n  use. 

Temperature  ( " C )  Ref ercncc S V P ( m P a )  
l ' R l t T A Z 1 H E  

S V F (mPa) Temperature  " C )  R e f e r e n c e  20 
25 

1 
2 
3 

3 3 1 3 0  
1 . 7 3  

1 
2 

TWwTAt4 

s V P (mPa) Temperature  ( 'C) !?efercnce 

- 1 

TEBWI11IURON 

S V I' (ml'a) 'Wmperature ( " C )  R e f e r e n c e  

W T  rr,mI.m 
s v P (rni'il) Temperature ["C) R e f e r e n c e  

11.7 25 1 
7.2 20 2 
15 20 6 
6 . 4 6  20  3 
3 2 . 3  30 3 
16.8 10' 80 7 
26.53 29.5 7 
2 9 . 1 5  29 7 
7 . 3 20 10 

Phntodecrrar?at ion 
Marcheterrc & +  (1988) pp.68-70 
Miller and Crosby (1983) p.721,727 
Crosby (1976) pp.872-873 
F r u L s t  & &. (1975) pp.465-468 
Woodrou, Crosby and Sciber (1983) pF.111-125 
Hangar and M i l l e r  ( 1 9 8 8 )  p p . 2 1 8 3 - 2 1 6 8  
woodrov, Crosby and Seibc"r- (1983) pp.311-125 

mtes 
High ly  volatile b u t  so i l  inCOrpOratcd. 

TEIUIACIL 

S V P (mPa) Temperature  ( * C )  R e f c r c n c e  

0 . 0 & 2 5  
+ 

. 0 . 0 6 4  

2 8 . 5  1 
2 
3 29.5 

TFR€NTliYIhZ.INE 

S v P (mPa) Temperature ('C) Reference 

20 
20 

1 
2 

0.15 
0.15 

p h p t o d e o r a d a t h  
n/a 

l'emgrrnture ("C) R e f e r e n c e  

20 
70 
20 

1 
2 
2 

7 



COPPER OXYCliIDRIOE 

S V P (rnpa) Temperature ('C) R e f e r e n c e  

1 

PhQta&nradation 
n / a  

Tempcrature ( " C )  R e l e r e n c e  

2 5  1 

CYWOXEJIIL 

s v P (mpa) Temperature ( " C )  R c f e r e n c e  

0 . 0 8  25 1 

PhctfQdesradsLbr 
n/a 

F e f c r e n c e  

1 
c 

D T C H W F L U M I D  

Temperature ( " C )  Refcrencc S V P (mPa) BENOWL 

s v P (mPa) ?+myerature ("C) 1 
2 
4 

0.133 20 
0 . 1 3 3  20 
0.133 20 

photodearadat ion 
n/a 

room 
20 

DICHLOROPHEH 

S V P (mPa) Temperature ("C)  Rcference 
nonr>l.rxux MIXTUHE 

s v P (mPa) Temperature  ( ' C )  Ref erencc 

1 1 3  10-6 2 5  
4.67 10"' 20 

1 
2 

Temperature  ( " C )  Rcf erence 
DICIrnRhW 

s v P (mPa) Temperature (T)  R e f e r e n c e  

0.16 2 0  1 
0.16  20 4 

Fhotodesradation 
n/a 

20  
20 

CAFTAFOL 

s v P (mPa) 

t r a c e  
t r a c e  

PAQS go esrad&&L!m 
n /a 

Temperature ( " C )  R e f e r e n c e  Temperature ( 'C )  R e f e r e n c e  s v P (mPa)  

- - 1 
t r a c e  4 

m a d e s r a d a r  1 on 
n/a  

room 
20  

1 
2 

CAWAU 

s v P (mPa) 'Temperature ( "C) 

< 1 . 3  2 5  
0.67 20 

" c1.33 15 
trace 

~Wux?ecjr aP B f i on 
Schwack and F l o s s e r - M u l l e r  (1990) 

25 1 
4 

3 
4 

WDF8ORPH 

5 V P (mPa) Temperature (T)  R e f e r e n c e  ChRBENI>A% 1 H 

5 v P (mpd) Temperature ("(I) 

< l o o  10-* 20 

Ref e r r n c e  

1 
2 

0 . 4 8  - 20 1 - 2 

dodemorph acetate 
2.5  20 1 

I Reference 



S V F ( m P a )  T e m p e r a t u r e  ( "C) 

0 . 2 6 7  25 
0 . 1 2 5  20  

PbQtQdrgrsd.a~sn 
n / a  

i;*lrWTDl XZOLE 

s v P (rnPd)  T c m p c r a t u r c  ('C) 
1 3  ruam 
1 3 . 3 3  20 

P hc? f wkg.gy&aLim 
n/a  

FENARI MOL 

S V P (mPa) T e m p e r a t u r e  ( ' C )  

0 . 0 1 2  2 5  
0,013 2 0  

Pheladesr 36 P t i e n  
n / a  

FENPROPIDlN 

s v F (mPa)  Temperature  ( " C )  

Wa8.d rsrad3Un 
n/a 

FENPROI'IHOWII 

s v P ( m P a )  T e m p e r a t u r e  ( ' C )  

Hef c r e n c c  

1 
2 

Aef erence 
1 
2 

R o t  e r e n c e  

I 
2 

R c f  c r e n c e  

1 

Ref e r e n c e  

1 

FENTIN ACPI'ATE 

S V P ( m P a )  Temperature ('C) Reference 

E'UKhlAXYL 

5 v P (mPa)  T e m p e r a t u r e  ("C j 

0.07 
0 . 0 7  

P h o t o d e q s P W  
n/a 

20 
2 0  

IWZALIL 

5 v P (mPa) T e m p e r a t u r e  ( " C )  

0.0093 20 
9 . 3 3  10.' 20 

PhQtQdK!LQ&GQIl 
n / a  

IPRODIONE 

S V P (mPa) T e m p e r a t u r e  ( " C )  

1 0 . 1 3 3  20 
~ 0 . 1 3 3  20 

PhmpQenr&&im 
n/a  

lCWM2EB 

S V P (mPa) T e m p e r a t u r e  (*C) 

1.9  
0 . 0 4  
0+18 

60 
20 
30 

1 
2 
4 

FENTIN f iYDN0XTI)B  

5 v P (mPc)  T e m p e r a t u r e  ( ' C )  Reference 

0 . 0 4 7  20 1 
4 - 

Phot9org"x3Pach  
n/a 

S V P ( m P a )  'Xrn~prrature ("C) R e f e r e n c e  

trace room 1 

rhB.tQoeBXddB Lim 
n/a 

POSETYL 

S V P (mPir)  T m p e r a t u r e  ( " C )  R c f c r f n c e  

trace room 1 

Ptl.!ZtJ?!,k&a f i 011 
n / a  

MmEB 

S V P ImPa) T e m p e r a t u r e  (T) 

nmcmous CAMRIDE 

S V P (mPa) Temperatwe ("c) 

M W A W Y I .  

S V P (mPa) Temperature (T) 

0 .293  20 
0.293 2 0  

Ph'hnX VOesrsdAthn 
n/a 

HYCMBUTANJL 

S V P (mPa) T e m p e r a t u r e  ( " C )  

213  2 5  

Phc?lWegr?&LLm 
n/a 

R e f e r e n c e  

1 
2 

R e f e r e n c e  

1 
2 

R c f e x r n c e  

1 

R e f e r e n c c  

1 
2 

R e f e r e n c e  

1 
2 

R e f e r e n c e  

1 
4 

R e f e r e n c e  

1 
4 

R e f e r e n c e  

1 
2 

R e f e r o n c e  

1 
2 

R e f e r e n c e  

1 

9 



HWMtTMOL 
s V P (mPa) 'Temperature ( " C )  

~ 0 "  0027 25 
1 . 1 2  l a - '  2 0  

Photod~x,#~2!Pt  iuu 
n i a  

OQUFWCE 

s V P (mPa) Tempereturc ('C) 

C0.13 20 

PtlQtaP~aradaTi Pn 
n / a  

R e  f P r L' nce 

1 
4 

Hnfercnce  

1 

Rcf CrenCe 

1 
2 

Refe rence  

1 

lief e r e n c c  

1 

PEHCDNAZOLE 

s V P (mpa) Tempera tu re  ("C) Rcferencr 

0 . 2 1  20 1 

PhQt  Q d G E w n o  
n / a  

PENCYOJRON 

S V P (mPa) Tempera tu re  ("C) ReferFtnCC 

41 za 1 

Emt. O!T r9r d d .i+Fsn 
n / a  

PFWI"TCMYX)I>OT'I3 CHOI, 

5 V P (InPa) Tempera tu re  ("C)  Re fe rence  

1 6  10' 

16 10' 
8.13 

100  1 
20 2 
100 5 

&Q.LOd e g r a a a b  
Marcheterre af d (198s) p .71 ,75-80  
H i l l e r  and  CrosSy (1983) p.716 
Crtisby ( 1 9 7 6 )  pp.EtG0-8bY 
rlimmer ( 1 9 7 6 )  p p . 6 3 - 6 4  

P i t  ENY IXERFURY ACWATE 

Tempera ture  ('C) Reference s V P ( m P 8 )  

1.2 35 s 
1 . 2  35 3 
1 . 2 0  35  4 

Hl&Qedayx.&=.* 
n i a  

- - 2 

I'ROCIILORhZ 

S V P (mPa) Tempera ture  ('F) R e f c r c n c e  

80 10-4 20 
8 . 0  1 0 . b  20  

E h a t s d n g r a d a t i o n  
n / a  

1 
2 

PROPhnOChlIB 

Tempera ture  ( 'C) Reference s V P (mPa) 

8 0 0  2 5  1 

PLOLQ$WKB.d3* 
n/a 

PHOPICONhLOLE 

Tempera ture  ( "C)  Xefercncc 5 V P (mPa) 

I 

I~YRAZOPIiOS 

5 v P (mPa) Tempera ture  ( " C )  R e f e r e n c e  

1 
2 

5 v P (mPa) Temperature ( ' C )  R p i r r e n c c  

SULIWUR 

S V P (mPa) Tempera tu re  ( ' F )  R e f e r e n c e  

0 .527  3 0 . 4  1 

EbQmQD9rnd a!AE 
n / a  

TECNAZISN E 

S V P (mPa) Tcmperature ("C) Reference 

v o l a t i l e  xoom 1 - 4 

Photo0 CU rL&.X2i Qn 
Wa. 

TIIIOPIIANATE 

1 
2 

Tempera tu re  (*C) Xeference s V P (mPa)  

I I I 

thiophanatc-methyl - 1 

l"ll<lt ad F.3JB&Ehn 
n/a 



TR I FOR1 NE 

s v P ( m P a )  Temperature ( ' C )  Reference 

0 . 0 2 7  2 5  
0 . 0 1 2  20 

Pfisrpcr W K  a d a b n  
n /a 

1 
2 

'kmperatrure (T)  Reference 

20  - 1 
2 

Temperature ( ' C )  Reference 

room I 

rcmperatul-c ( "c)  Rcference 

room 1 
.+ 2 

4 

Temperature IT) Reference 

2 0  1 

Reference 

I 
2 

Reference 

1 

11 



CARBAR Y L 

s v P (mPil) TcmperatUxC ( " C f  

<5.3 2 5  

667 26 
0.187 30  
1 7 . 3  30  
1 3 . 3 4 6  3 0  
C 6 6 7  26  

2 . P C  213 

2 . 8  213 

PhotodNIaaa.tm 
n /a  

Refe rence  Hcf erence, 

2 
3 
3 
3 
3 

M I l . K h Z  

s v P (mPa) Temperature  ( " C )  

0.051 2 0  
+" 

m m . r g r 3 d P t l a n  
n/a  

A%mrrH 11'1405 

S V P (mPaf Temperature  ( " C )  

0 . 0 0 4 9  2 0  

X'hQtQdCoradrlyiS?nLkD 
n /a  

CARIWPUFUN 

s v P (mPa) Tempera tu re  I T )  

2 . 7  3 3  
13.87 20 
2 . 1  2 5  
2 . 6 7  3 3  
2 . 6 7  3 3  

R e f  c r c n c e  

1 
2 

Reference 

1 
2 
i. 
3 
n 

Phofcd le s rada r im 
Raha and Das A S J ~  (1990) pp.99-106 Refe rence  

Refe rence  

1 

AZINPHOS 

s v P (mpa) Temperature  ( ' C )  

a z i n p h o s - e t h y l  
co.029 2 0  
0 . 0 2 9  20  

a z i  nptros-methy l 
c 1  2 0 
t r a c e  so 
<50.654 2 0  

PhQf Q q  PSUir laLiAm 
n /a  

Ref erencc 

1 
2 

0 . 5 3  213 
0 . 4 0  20  
0 . 0 2 2 7  2 5  
0 . 5 3 3  20 
0 . 0 2 3  2 3  

m2ude:qradatJ on 
n /a  

I 
2 
4 

CIIIDROPICRXN 

S V P (mPa) Temperature ( " C )  Reference 5 V P (mPa) 'Temperature ( " C )  Refe rence  
3 . 2  10" 2 5  
2 4  10) 20 
2 2 . 5  10' 20 
31.7 10' 50 
3 2 . 7 3  10' 25 
3 . 2  10' 2 5  

PlmLQQCsmaation 
Wuodrow, Crosby and 

1 
2 
3 
3 
4 
5 

( 1 9 8 3 )  pp.111-125 

25  1 
2 0  2 

Temperature  ( * C )  Refe rence  

1 CIIILJRPYRE POS 

S V P (mPa) Tempera tu re  ( ' C )  Referenr.c 

2 . 5  2 5  
1.20 20  
2 . 4 9  25 
2 . 5 3  25 
1 . 2  2 0  

chlorpyrifos-methyl 
5.6 2 5  
2.67 20 

Eb.QLPd.esradatjon 
n/a 

Temperature  ('C) Refe rence  

25  1 

B 1 Ohl.+I.FTHR I N 

S V P (mPn) Temperature  ('C) l i e f c rence  

[ r s ) - c y c l o p c n t c n y l  isomcrs 
16 30 1 

( s ) - c y c l o l w n t c n y l  isomer - I 

CY E'LUTI~RIN 

s v P ( m m )  Tempera tu re  ( " C )  Rcf e r e n c e  

CYPWUJEII'IIRIN 

s v P (mPa) Tempera tu re  ( " c )  Hefc rcnce  

20 1 4 0  10." 
5 . 2 0  ID-' 20  

1 
2 

1 2  



DTMLX'?IOA7'E 

s v P (mPa) 

1.1 
0.55 
1.13 
3 3 3 0  
0.674 
0 . 3 7 3  
1.13 
1 1 3 3 0  
1 7 U G  
8 . 8 5  

4 . 4 8  
13.33 

Ehntr*d.s%3&~l2S1 
n/a 

Tcmpernture ( " C )  

2 5  
20 
2 5  
2 5  
15 
20 
20 
20 
2 0  
20 
20 
4 0  

Reference 

1 
z 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 

s v P (InPa) Temperature ('C) 

0.37 20 

r h p t  @d?Sradarion 
n / a  

1< t. f e rence 

.i 

2 

S V F ( & a )  'Temperature ( ' C )  

0 . 0 0 2  25 

&Qf pergr&aLiu 
n/a 

Re1 erence 

1 

UXSIILFOMN 

s V P (mPa)  Temperature ('C) R e f e r e n c e  5 V P (mPa) 

38  
3 7 . 3 2  
3 4 . 6  
3 3 . 1  
3 3 . 1  
97.3 
3 7 . 3  
98.7 
3 4 . 7  

Temperature ( " C )  

2 0  
2 0  
20 
2 0  
20 
20 
2 0  
30 
2 0  

Reference 

1 
2 
3 
3 
3 
3 
3 
3 
3 

24 
2 4 . 0  
23.99 

20 
20 
20 

1 
2 
2 

ENMSIJLLFAN 

s v P (mpa) Temperature ('C) Reference demetan-s-msthy 1 
48 20 
47.99 20 
47.99 20 

I 
2 
4 

dcmcton-s-methyl 
0 . 6 6  
0 . 6 7  
0.67 

photOdeQradat i On 
n/a 

sulphaxre 
2 0  
20 
20 

1 

4 

S V P (mPa) Temperature ( " C )  Reference 

26  
20 

1 
2 

DIAZIHON 

s v P (mPa)  

0.097 
18.66 
19 
18.66 
2.36 
4.19 
6.40 
9.75 
11.2 
18.1; 
11.2 
1 B . L b  

Photodeor2di.t.i.m 
n/a 

Temperature (T)  Reference s v P (mPa) Temperature ( ' C )  Reference 

2 0  I 
2 0  2 
20  6 
20 3 
2 0 J 
20 3 
2 0  J 
20 3 
% U  3 
20  3 
20 3 
2o 4 

20 
20 

~ % 3 J ? ' R m ' l l I O N  

Temperature ( " c )  Reference 5 v P (mra) 

18 20 
0 . 8 0  20  
8 . 0  2 0 '  20 
0 . 8  20 
7 . 2  20  
0.107 20 
0 . 4 2 6  25 

Eh9LmiWx3dati!m 
Millet and crosby (1983) p . 7 1 2  

D I  CHIDIWUS 

s v P (mPa) Temperature ("C) Reference 

1.6 10' 2 0  
1599.6 2 0  
1 5 9 9 . 6  2 0 

1 
2 
4 FENVhLEKhTE 

s v P (rnPfl) Temperature ("C) 13eferencc 

0 . 0 3 7  
*I. 33  

25 
2 0  

1 
2 

D'l FIJJBEHXlJltON 

S V P (rnPa) 'Sernpexbturc ("C) R e f e r e n c e  

I 
FONOFOS 

S V 1' (NIPa) Temperature ("C) Reference 

J 
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Reference 

1 
2 

Neferencc 

1 

fief e r e n c e  

1 

rhfc-rcncr  

1 
2 

3 
3 
3 
3 
4 

3 

Temperature ('C) Reference 
3 0 
7 0 

0.16 
0.04 

phc , tod fg raaa t im .  
n/a 

30 1 
2 

PIiORATE 

S V P (mPaj Temperature ('I: j 
TAR OILS 

s v P ( @ a )  Temperature ("C) Rcfcrcncc 

1 
8 5  
111.97 
112 
5 2 0  
7 3 . 8  
118 
5 2 5  
111.97 

2 5  
2 0  
2 I) 

2 5  
2 0  
2 0 
20 

36 

Temperature ( "C)  Reference 

30 
20 

1 
2 

Temperature ( " C )  R c f c r e n c c  

roum 1 
20 2 

4 
Reference 

TRTAZOPMOS 

S V P (mPa) Temperature  (T) Rc-f c r e n w  

smniwas 
5 V P (mPa) 'I'empcraturc ('C) R e f e r e n c e  

1 3  
10.09 

55  
20 

1 
2 

3 8 . 6 6  20  2 

primi phos-anthyl 
13 30 1 

2 TRI CHLORFON 

5 V P (mPa) 

1.0 
1 .OP 
1.04 
1.04 
0 . 9 4 6  
1.04 

P J ~ - t b & ~ & d n f i n n  
n/a 

Temperaturc ( "C )  Ref e r c n c e  

20 
2 0  
2 0  
20 
20 
2 0  

?'emperat.ure ('Cj R c f c r c n c e  

3 2 0  
20 
20 

1 
2 
3 

I'YR W W R T N  S 

S V P (mPal 

1 5  
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