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HELD ON 28 JANUARY 1988 AT JEALOTTS HILL

Those present: W D McClellan - Chairman

T F Tadros ) J R Heylings ) CTL
C Sales )
M R Parham ) C A Spinks )
@ S Hayes ) Jealott's S J McClellan ) Fernhurst
J Burns ) HiN B Domayne-Hayman )
M Moore )
B Young ) C Finch ) Goldsboro

1.  INTRODUCTION (WODM)

Six meetings of the Workgroup have been planned for 1988. The majority
will be held at Jealott's Hill and will discuss progress in the Multiple
Emulsion Programme, One or two meetings will be held at CTL where the
research programmes involved in Gastrointestinal Absorption of Paraquat
and Herbicidal Chemistry will be discussed. The relevant people will

be informed of the dates of the CTL meetings in due course.

It was agreed to continue the smaller technical meetings at Jealott's
Hill, to plan, co-ordinate and report work on a shorter term,

2.  FORMULATION UPDATE (CS/TFT)

During December, five replicates of the multiple emulsion formulation
5% B246, Diesel, 1% NPE 1800 (Code 26/08-12) were studied to determine
if there were any differences between the formulations over a period of
several weeks after preparation.

Dialysis

Paraquat leakage from the five replicate formulations was low (0.2-1.2%).
No significant differences were observed between the samples and they
generally stabilized with time. A comparison between one day old samples
of Diesel and Isopar formulations showed that PQ leakage is lower with
Diesel formulations. An NPE B system gave an intermediate result. This
is in general agreement with the toxicological data generated in 1987.
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Diesel oil

Questions were raised last year about the batches of diesel oil used,

the suppliers, and the possible effects of additives on the behaviour

of the multiple emulsions, 01d and new batches of Exxon diesel were
studied along with Phil1ips diesel with and without additives. NMR studies
have shown no differences between samples. Mass specroscopy and surface
tension studies are also being done.

Rheotogy

Differences in viscosity between replicate samples has been observed in
the past. Smaller dropiets in the emulsion tend to increase the viscosity
. and this may be related to the ultimate dispersability. Quantification
: of viscosity will be investigated.

Process

The mixing of the emulsion was described. The primary emulsion can be
produced in a few minutes then any extra energy is dissipated as heat.
Generally, increasing the speed of mix increases viscosity. Recent studies
have however demonstrated that the system is quite robust. The secondary
emulsification process is more difficult to control and would be improved
by reducing the number of satellite droplents. A collaboration with

John Middieton (Runcorn) and the use of static mixers to give uniform
droplet sizes 1s being undertaken.

Gels

The use of gels in the multiple emulsion formulation is being examined.

This will provide a physical barrier to reduce PQ diffusion and may improve

the toxicology of Isopar systems. Polymethacrylic acid and cross-1inking
. agents may be useful. Gels can be used both in the external phase as

well as the internal phase. Furthermore, certain agents will gel

effectively at low pH (as exists in the stomach). In this context,

improved safening of the product may come from this type of approach,

ACTION: Charles Finch to report back to TFT on any areas of methodology
which may help the emulsion programme. In particular physico-
chemcial parameters which may be crucial in the formulation
process.,
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3. TOXICOLOGY UPDATE (JRH)

The new members of the group were briefed on the progress to date for
{dentifying a safer paraquat formulation. With the exception of one batch
of formulation 26 (5% B246, Diesel, 1% NPE 1800), where paraquat leakage
was higher than normal, this multiple emulsion has proved the least toxic
during the first year of the programme. The safening factor is probably
around 6-fold on a dose basis in dogs compared with GRAMOXONE.

Some debate has arisen as to the usefulness of the rat as a primary screen
(prior to dog studies), therefore the power of this test has been examined
in a controlled study which has just been completed.

Rat studies

The purpose of the rat study in the past has been to screen out any
paraquat formulations which would be 11kely to be toxic to dogs. A single
dose level found previously to be non-toxic with our good emulsions was
chosen for this purpose. There is full agreement that survival rate at

a single dose level will in no way detect small differences between
formulations., However, i1t will give an indication if the emulsion has
broken down. In order to detect smaller changes in the formulation, it
was appropriate to examine the power of the rat test at multiple doses
with internal and external standards.

Using ten animals at six dose levels the LD50 for 5% B246, Diesel, 1%

NPE 1800 was approximately 190mg/kg. An emulsion standard with PQ in

the external phase and GRAMOXONE UK as a commercial standard gave very

similar LD50 values of 90 and 80mg/kg respectively. Interestingly, the

LD50 value of 190mg/kg is so close to the screen dose (200mg/kg) that

it 1s not surprising that high variability was found in the five replicates
) of formulation 26. The data obtained with GRAMOXONE however was very

similar to previous studies during 1987 which suggests 1ittle change in

biological response.

Future

In order to obtain a more accurate picture of the toxicity of each emulsion
formulation we plan to screen at three dose levels between a predicted
LD10 and LD90. Results will be compared with a contemporary standard

by statistical analysis. In addition, we have two dog colonies comprising
a total of 18 animals. Control responses with Tow doses of GRAMOXONE

have been established recently in all animals and we are ready to examine
th? mos: promising emulsion formulations in the dog as soon as they are
selected.

ACTION: JRH to test future emulsion formulations in the rat and dog as
appropriate.
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4. BIOLOGY UPDATE (JB/MP)

The characteristics of five replicates of formulation 26 (Batches 08-12)
were presented. Physical differences between the formulations were
observed. Generally, they all caused filter blockage and this deteriorated
with time, The herbicidal efficacy generally decreased with time but

no direct correlations were observed.

One point raised was the efficacy of the formulation with and without

Agral. It is still not known how much Agral is required, and since the
ingredients of the formulation have surface active properties themselves
it was agreed that an experiment without Agral is needed for comparison.

Certain tests are required to examine the sprayability of the multiple
emulsion in more detail. These include analysis following dilution, filter
blockage tests and a determination of what actually reaches the leaf
surface, It was also suggested that the spray droplets be analyzed.
Testing a multiple emulsion with PQ in the external phase should be
considered also to examine the influence of the emulsion components on
herbicidal efficacy.

ACTIONs MP/JB to compare herbicidal efficacy of a selected emulsion with
and without Agral and also with PQ in the external phase.

BY/TFT/CS to 1ook at tests of filter blockage.

5. GENERAL DISCUSSION - PROGRAMME OF WORK (ALL)

Two major approaches will be followed in 1988 with the goal of improving
dispersibility of the multiple emulsion without hopefully compromising
toxicology to unacceptable levels. These will be based on (i? Isopar
formulations and (ii) Diesel/Gel formulations. They should have stability,
in the first instance, of at least three weeks. Physical tests of the
formulations will detect unsuitable systems, Selected formulations will
then be sent to CTL for more extensive toxicology following discussion

at regular technical meetings. It is hoped that by the autumn of 1988
that we will be in a position to select a formulation for Field Trials.
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6. TRC REPORT

The next TRC meeting is to be held during the last week of March. The
format of the Workgroup's contributions was suggested to be as followss

Introduction - WDM
Formulations - TFT/CS
Biology - MRP/JB
Toxicology - JRH
Economics/

Business Level - BD-H
Patents - HS/JP

Development - CAS

Contributions should outline the progress made to daté in the multiple

emulsion programme.

A draft report should be sent to WDM by 12/3/88

(for circulation to HS/LLS) and final report by 20/3/88,

DR JON R HEYLINGS

Biochemical Toxicology, CTL
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MINUTES OF THE SEVENTH MEETING OF THE ABSORPTION OF PARAQUAT - SAFER

F N HELD ON AT JEALOTT'S HILL
Those present: J M Fua - Chairman
J R Heylings - CTL
B Domayne-Hayman - Fernhurst
W D McClellan ) M R Parham )
T F Tadros ) J Burns )
C Sales ) M Moore ) Jealott's
S Hayes ) B Young ) Hi1l
J Eshelby )
1. MATTERS ARISING

The improvement of an in vitro system to examine leakage of paraquat from
Multiple Emulsion FormuTations was discussed. At present, a simple
dialysis technique is used to assess PQ leakage. Charles Finch at
Goldsboro may be able to improve dialysis testing with a more sophisticated
technique. JRH raised the issue of mimicking body temperature in the
assessment of PQ leakage which may give more reliable predictions of
toxicology. It was also agreed that in vitro systems currently in use at
CTL may be useful to study formulations in vitro.

ACTIONS: CS to run dialysis experiments at 379C.JRH to send plans of CTL's
in vitro systems.

2, TRC REPORT - PROGRESS AND ISSUES (WDM)

The Multiple Emulsion programme to develop a safer paraquat formulation has
. two major objectives. The first being a 'PREMIER® formulation and the
second an 'ACCEPTABLE' formulation as outlined below.

Objectives

(i) Develop a premier formulation which will maintain existing
registrations by producing a significant increase in the survival
rate from poisoning and which does not incur an unacceptable cost
penalty. The target profile for this formulation is:-

a) Toxicity/safety
- 10x reduction in formulation toxicity of Gramoxone
- Inclusion of at least one alerting agent

b) Economic
- Formulation and packing VPC penalty to ICI less than
£1000/TE ion.

@ Plant Protection Division
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¢) Biological
- Field herbicidal activity »90% 'Gramoxone!
- Tank mix compatability with other herbicides
- Dispersibility acceptable to Field Applicators

(i1) Develop an acceptable formulation to add to the ‘Basket Options!
ready availabTe,

a) Toxicology
- 5x reduction in formulation toxicity of 'Gramoxone’.

b) Formulation Options
- One which is stable only 1f wetter necessary to achieve good
biological results is added after dilution in the spray tank.

- One which requires a specific chemical stimulus to revive
biological activity from a reduced toxicity paraquat formulation.
This would require a twin pack on unimix pack.
¢) Economic
. - Both options would probably have higher costs penalties than the
premium formulation profile, but the assessment of its commerical
value would have to be assessed on a situation by situation basis.

Business Need - BD-H

(i) 1987 Sales - 15TE £192 million
(i1) Regulatory concerns have led to significant reductions in group
profit by reduced sales and/or increased costs.
(Japan, Germany, Switzerland, Egypt, France)
(ii1) Currently - reactive strateay (Exec - 1985)
- Alternative formulations ("on the staff; basket")
- None currently available 1s economically acceptable.
(iv) Multiple Emulsion
- 10 objective: < £1,000/TE ion -
- 20 objective: candidate for 'basket of formulations' (twinpack)
Formulation (T F Tadros)
(i) Description of progress from last TRC.
(i1) Future work

a) Improve present formulations based on Isopar M and Diesel ofl
(objective: 2-3 formulations for field trials by autumn 1988)

b) Continue research improving formulation in (a).
c) Investigate twin-pack concept

d) When field candidate finalised - build in stench, colour and/or
emetic. )
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e) Other effort
WRC - Micro encapsulation
ERC - Model GI tract system (better in vitro)
Univ Strathclyde - Fundamental Research

Toxicology - JH/LLS

(i) Research aspect - understand basic mechanisms of Gastro-
intestinal absorption of paraquat in various species.

(i1) Toxicology support for multiple emulsion formulation
~ Tested first in rat
- lead formulations more extensively tested in dogs

(i11) Future work
- Continue research aspects
- Continue toxicology testing of new multiple emulsion formulations
with improved dispersibility
- Assess toxicology of alternative formulations that may develop
in the study

. Biology - M R Parham
(1) Review of studies highlighting poor sprayability
(11) Developed high throughput herbicide bioassay for new formulations
(i11) Basic activity of Multiple Emulsions (ME)
- ME similar to 'Gramoxone’ in glasshouse
- Isopar >diesel
- Small field test agrees with glasshouse

(iv) Sprayability - all tested to date have unacceptable spray
characteristics,

Patents - J Downes
(i) Priority specification application was filed 13 January 1987

. (i11) Overseas application claiming the formulation process were filed in
December 1988,

- European patent application
- National applications

USA South Africa
Canada New Zealand
Japan Hungary
Australia Israel

etc

(i11) 1ICI's freedom to manufacture and sell ME formulations of paraquat.

There is a risk of infringing EXXON's patent 4244816 expiry date
12 January 1988. The risk can not be determined until final
formulations are decided upon.

-3-
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TRC Recommendations - Proposed

(i) That the current level of resources at CTL and in PPD are maintained
through 1089 to ensure the maximum possible success in achieving the
two main objectives for the Multiple Emulsion Formulation.

(11) That the best candidate formulation(s) available 1n 4Q88 be taken
forwards to a state of "Commercial readiness" as quickly as
possible. This formulation would become part of the options
available to product management in their defence of paraquat
strategy.

(i11) That the resourcing and future of the Multiple Emulsion Research
programme be critically reviewed at a TRC in 1Q89.

(ivi That the current level of basic research into the understanding of
the absorption of paraquat be continued at CTL through 1Q89. This
should also be critically reviewed at the TRC (1Q89).

. 3. FORMULATION UPDATE (CS,SH,JE,THT)
Three of the objectives for 1988 for the Multiple Emulsion Programme in
Formulation Research are (i) Diesel based formulation (ii) Isopar M based
formulations and (ii1) work of gels.

(1) Diesel Multiple Emulsions (CS)

The objective of Diesel based systems is to produce a sprayable
(minimum 3 weeks), stable formulation having a reduced toxicity
factor for field testing in August/September 1988.

There are three main areas of optimisation. Firstly, the secondary
emulsifier in terms of concentration and ethylene oxide chain
Tength. Secondly, the NaCl concentration i1s being optimised.
Thirdly, the Yolume Fraction which was initially @7 = 0.65, #2 =
0.38 1s also being optimised. Successful formulation is assessed by
microscopy, dialysis, dispersion and rheology prior to toxicology
and phyto-toxicity testing. It has been found that the relationship

. between the secondary emulsifier concentration and salt molarity is
crucial.

Structuring of the external phase 1s being actively pursued. Agents
such as PVA, Kelzan, Bentopharm, CMC, Guargum etc, are being
evaluated. To date the PVA and Kelzan systems show the best
dispersibility properties.

variation of volume fraction can also be crucial. For example,
reduction of g (0.5-0.38) gives better dispersibility with NPE
1800. Also variation of the electrolytes in the external phase.
Normallly, PQ2* is balanced with Nat. Studies with other
e1§ctro1yte§ such as NHuC1, Cac1¥, 2H90, A1C13, 6H20 and CgHsN.HCI.
A1°* and Ca<* give better stabilisation than Na* and better
dispersibility.
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(11)

(111)

", 4,

Other ideas tried have been omission of the secondary emulsifier,
addition of sucrose, NaCl in the internal phase, inclusion of
NPE1800 in the 011 phase and replacement of the external aqueous
phase by a polar solvent eg. PEG 200.

Isopar M Multiple Emulsions (SH)

The objective of Isopar M Systems 1s to retain the good sprayability
characteristics but to reduce toxicity of these formulation types.
One approach has been to use the non-polar hydrocarbon chain polymer
E475 since Isopar M of1 1s non-polar and better solvation should
occur. In order to optimise the system five variables were chosen
(1) ratio of primary emulsifiers B246:E475, (i1) NaCl
concentration; (111) NPE 1800 concentration; (iv) Primary volume
fraction, and (v) primary emulsifier concentration.

These variables were optimum (as measured by PQ leakage 1n dialysis
experiments) at 9:1 B246:E475, 2M NaCl, 1% NPE 1800, 0.625 ﬁ and 10%
Primary emulsifier.

Future work with Isopar M systems will involve changing the
secondary emulsifier and different physical measurements to assess
PQ leakage.

Gel incorportion into Multiple Emulstions (JE)

Another approach to improve toxicity with dispersible/sprayable
Multiple Emulsion formulations of PQ is to incorporate a gel. Gel
coating of the droplets will aid dispersion properties and geliing
at low pH may reduce bioavailability following oral ingestion.

Polymethacrylic acid (Versicol K11 or K13) obtained from Allied
colloids Ltd have surface active properties. Versicol K11 gels at
acidic_pH in the presence of A1°*. These systems are broken by NaCl
but A13+ can be used to structure the gel very well. The gel is
1ikely to be on the surface of the emulsion droplets. This idea
will also be used in Diesel based systems to hopefully reduce PQ
leakage.

OPTIMISATION OF THE ISOPAR M (MM/SH)

A new approach to improving the chances of finding the best combination of

variables in the Multiple Emulsion Formulation was presented by Malcolm
Moore (Statistics Section). This has been applied to our Isopar M Systems
based on dialysis of PQ data, together with a number of component
variables. Five of these were chosen and related using contour diagrams:

Variables Optima
1. Ratio of primary emulsifier B246/E47 9:1
2. NaCl concentration . M
3. NPE 1800 concentration 1%
4, Primary volume fraction 0.625°
5. Total primary emulsifier concentration 10%
-5 -
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The principle of this fractional factorial design is that representative
points on a grid can be used to build up a pattern of optimisation., By
taking a small number of experimental points the relative importance of
each variable can be assessed. This process is repeated until the optimal
point 1s reached. Results suggest that variable 4 (primary volume
fraction) is very important. This assumes that low dialysis figures for PQ
leakage predict Tow toxicity in animal studies.

5. TOXICOLOGY UPDATE (JRH)

A total of 15 new Multiple Emulsion Formulations of Paraquat have been
tested at CTL in March - April 1988. Unlike last year, more extensive
acute toxicity 1n the rat is carried out prior to dog studies. The
Formulations represent a range of new variants which have been shown to be
of Tow PQ Teakage in dialysis tests and 1ikely to have better sprayability
characteristics than our previous safest Emulsion formulation 26 (B246,
diesel, NPE 1800, 2M NaCl). Al1 the formulations contain 100g/1 (10%)
paraquat fon.

Rat Studies

. Although rodent species differ in pharmacokinetic terms to that of dog and
man, the more toxic formulations can be filtered out by acute toxicity
studfes fn rats. Our present study design, based on statistical analysis
of median lethal dose, compares each formulation at dose Tevels in a total
of 15 animals. The test 1s standardised with Gramoxone in monthly
contemporary studies. Thirteen of the 15 new formulations gave a dose-
related effect with median lethal dose ranging from 150-250mg/kg PQ*+
following a single oral dose. Only 6 of the Multiple Emulsions showed a
significant safening worthy of further study 1n the dog.

Dog Studies
This year, six Multiple Emulsion Formulations of paraquat have been studfied

in dogs.

Code Formulation Dog Studies
mg/kg

57/01 B246, Diesel, NPE C, 1.5M NaCl 8, 16

58/01 B246, Diesel, NPE C, 1.5M NaCl, Kelzan 8, 16

60/01 B246, Diesel, NPE C, 1.5M NaCl, Kelzan + PVA 8,

63/01 B246, Diesel, NPE C, 1.5M NaCl 8%,

65/01 B246, Isopar, NPE 1800, 2M NaCl, Versicol 8, 16%,

69/01 B246, Diesel, NPE 1800, CaCl2.2H20 8%,

(¥ in progress)

The above Formulations are primarily all Diesel oil based. Our strategy at
CTL 1s to commence dosing with any new formulation at a known sub-lethal PQ
dose (8mg/kg). Thus, 1f the Emulsion completely breaks down, the animal
will be symptom-free but blood profiles will indicate no reduction in
Gastrointestinal absorption of paraquat. Such formulations are not re-
tested at higher dose levels.
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Results to date with 4 Emulsion formulations have been encouraging at
8mg/kg. Two formulations have been advanced to 16mg/kg still without any
symptoms of paraquat intoxication. Contemporary controls with Gramoxone in
a total of 10 dogs gave very similar results despite one colony being one
year older and, importantly, there was no difference in plasma PQ profile
when dogs were dosed by capsule or gavage tube. At 8mg/kg the
Kelzanformulation (58/01) resulted 1n Tower blood PQ levels compared to its
contemporary control (57/01).

At 16mg/kg, these two formulations were non toxic and gave similar PQ
levels in 3 dogs each., Addition of polyvinyl alcohol (PVA) to this
Emu]iion type did not alter plasma PQ profile seen at 8mg/kg with 57/01 or
58/01.

The fourth new Emulsion tested in dogs (65/01) was a new concept. It is
based on Isopar M oil and NPE 1800 as secondary emulsifier. Previous
Isopar M formulations had good dispersibility characteristics, but were
invariably toxic. In addition, polymethacrylic acid (Versicol K11) was
used in the formulation., Versicol may coat the droplets and gels at low
(gastric) pH. At 8mg/kg this formulation (65/01) gave reduced plasma PQ

. (both peak and AUC) compared to 8mg/kg PQ as Gramoxone, and was, in fact,
the lowest AUC value of all the Emulsions currently under test. A dose
level of 16mg/kg is scheduled for the beginning of June.

ACTION: JRH to co-ordinate the toxicological testing of Emulsion
Formulations of Paraquat and to establish 11kely safening
factors over Gramoxone in the dog.

6. BIOLOGY UPDATE (MP)

Since the Tast meeting held on January 28 there has been no testing of
Muitiple Emulsion Formulations for Herbicidal activity.

ACTIONS: MP/JB to test a single Isopar-based Formulation (65)
for herbicidal activity in the Glasshouse. BY to check the
dispersibility of Formulation 65.

7. STRATEGY FOR 1988 (A11)

. It was agreed that further batches of Formulation 65 would be prepared then
tested simultaneously at CTL and for Herbicidal activity at Jealott's Hill.
Research on diesel/gel based systems and inclusion of emetic in the
formulations would be pursued. The extent of Biology testing will depend
largely on the success of dispersion and sprayability of new formulations.

8. ANY OTHER BUSINESS (A11)

The use of a biodegradable shell around PQ was discussed. Such a
formulation could be reactivated on the plant leaf by sunlight. It was
generally thought that the amount of material needed and manufacturing
technology would impose high cost penalties to such an approach.
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Use of non-emulsions to safen PQ was also raised. Solid formulations,
Dextrans, other sugars etc. may still be feasible but the main stream
effort will remain on the Multiple Emulsion Programme.

The issue of patents was discussed with reference to Formulations which gel
at Tow pH. Companies 1ike SDS (Japan)_ could well be close to our idea.

ACTION: THT to discuss this with John Downes.

DR JON R HEYLINGS
BIOCHEMICAL TOXICOLOGY, CTL
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COMPANY SECRET  This document has been
circulated by

PARAQUAT STRATEGIC
ACTION COMMITTEE

‘ougiet 07 A o

MINUTES OF THE EIGHT MEETING OF THE ABSORPTION OF PARAQUAT - SAFER
FORMULATION WORKGROUP HELD ON 26TH JULY 1988 AT JEALOTT'S HILL

Those present: J M Fua - Chairman
. J R Heylings - CTL
E C Paterson - Fernhurst
C A Spinks - Fernhurst

T F Tadros) M Moore)

C Sales ) J Burns) Jealott's Hill
S Hayes ) B Young)

P K Thomas)

1. MATTERS ARISING

Dialysis experiments are used to determine the leakage of paraquat from the

. Multiple Emulsion formulation. Concern had been raised at the last meeting
as to the effect body temperature may have on the leakage of the Isopar and
Diesel systems when compared with conventional room temperature
estimations.

A new method was consequently developed by the Formulation Group to measure
dialysis in a water-jacketed chamber connected directly to a
spectrophotometer for PQ estimation. Isopar M systems surprisingly showed
faster rates of PQ leakage at 20°C compared with 379C. Diesel systems gave
a similar result but this was not as dramatic over the first 2 hours. It

-1 -

@ Plant Protection Division

Heylings Dec Exhibit 04
CONFIDENTIAL - PARAQUAT LITIGATION SYNG-PQ-03714647



was suggested that the temperature-related release of PQ could be due to
different surfactant solubilities and alteration in osmotic balance of the
formulation. It will be of interest to examine Tower temperatures to see
if there is a trend.

ACTION: SH to further investigate the relationship between temperature and
leakage over a range of temperatures,

2. TRC - OCTOBER 1988 (JMF)

The TRC meeting has been scheduled for 10/10/88. The proposed areas for
the meeting are as follows:-

1) Safer Formulations

2) Gastrointestinal Absorption
3) New Antidotes

4) Alternative Chemistry

These were the original prososals agreed in October 1986. However, the
majority of the Workgroups effort since this time has centred on the
Multiple Emulsion programme.

. Timetable

Final Draft - 6/9/88 (Decide on Presenters)
Steering Group Meeting - 13/9/88

Typing - 26/9/88

Report Issue - 3/10/88

ACTION: Contributors to send Jee Mok final drafts by September 6th.
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3. FORMULATION RESEARCH (CS, SH, PT)

(1) Diesel Systems

The Diesel based Multiple Emulsion Formulations of Paraquat are being
further developed to improve their dispersion properties in water.
Addition of Versicol K11 to the formulation coats the surface of the drops
and may be useful to improve the toxicity of the more dispersible Diesel
Emulsions. Alteration in volume fraction, electrolyte and secondary
emulsifier have been examined. The Calcium based system (69/01) has good

. dispersibility properties at volume fractions of ﬁ~| 0.65 and f 0.38. The
stabi1ity of this formulation is being examined (-5 to 500C) for larger
batches. Preliminary data suggest good stability. Up to three months
sprayability tests have also been carried out on these systems. They
disperse well but flocculate to some extent. This may not be a problem
with certain knapsack spraying where there are no fine filters.

(11) Isopar M/Versicol Systems

The addition of polymethacrylic acid (Versicol K11) to the Isopar system
has been studied. This material, in the presence of a cross-l1inking agent
(eg. A13+) will produce a gel at low (gastric pH) but remains in solution
at neutral (tap water pH). Formulations 64 (no Versicol) and 65 (1.5%

. Versicol) have been compared. These Multiple Emulsions are stable for
2-3 weeks. Thereafter they become very 0ily and more difficult to dilute.
Other Yersicols have interfered with the formation of the Emulsion.
However, by varying the secondary emulsifier or the electrocyte used,
better overall dispersion/stability properties may be found.

(1i1) variation of the Electrolyte

Use of Ca2+ in place of Na* in the external phase has produced interesting
results both in the physical properties of the Multiple Emulsion and in
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Toxicology (See Section 5). Calcium-balanced systems have improved the
dispersion and stability properties of Diesel Emulsions {as described
above). The cation balance the PQ** in the internal phase osmotically to
prevent disruption of the droplets. However, each cation has different
osmolarity versus molarity curves. Thus, at 1.5M, Ca2* has a greater
osmotic effect than Na* at the same molar concentration. Other cations
never previously tried in a Multiple Emulsion formulation have therefore
been examined. These include Ba2+, Mg2+, A13+, and Fe3* (all as
chlorides). Barium systems were poor. The other systems are to be sent
for toxicological evaluation. Another possiblity is to use diquat in the
‘ external phase. A 1.5M concentration of DQ is insoluble in the external
phase but further work is in progress with lower concentrations of diquat.

ACTION: Examples of Emulsions based on different electrolytes to be sent
to CTL.

(iv) New Isopar M Systems

The Isopar M Multiple Emulsions generally have better dispersion properties
in water compared to Diesel based Emulsions., A variety of new approaches
are being examined to optimize this Emulsion type. For instance, the NPE
1800 can be replaced with other secondary emulsfiers eg. synperonics A7-
A50, NP8-NP50, Tweens, Pluronics etc. The leakage of such systems is being

. compared. The process for making the primary and secondary emulsions can
be varied. For instance at f] = 0.54 large droplets are produced,
viscosity 1s low but there is high leakage of PQ. In the secondary
emulsfication the speed and time of mixing can alter the final leakage. It
may be useful to centrifuge the formulation and compare the fraction
compositions of oi1, foam, emulsion and water to predict behaviour of the
formulation.

(v) Inclusion of Emetic

Any potential commercial formulation would probably contain the safening
agents currently present in Gramoxone. It is useful to know at this early
stage whether addition of the emetic (PP796) in any way compromises the
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formulation of a Multiple Emulsion and its ensuing toxicology. A 2 gram
per litre PP796 formulation has been made using an Isopar M System.

ACTION: The concentration of emetic should be agreed with the Yalding
group ie. whether it is relative to the amount of bipyridyl or final volume
of concentrate (THT).

(vi) Twin-Pack Emulsions

There are several advantages to the development of a separate pack system.

' A primary Diesel oil based Emulsion can be made which is stable for a
relatively long period of time. It can then be easily mixed with the
external phase containing surfactant and remain stable/sprayable for at
Teast 24 hours. The primary is probably our safest formulation tested so
far in dogs. On mixing with surfactant, a Multiple Emulsion is formed
which previous trials have shown to be significantly better to handle when
sprayed within hours of preparation. Addition of alkyl glucoside to the
external (separate) phase greatly improves the dispersion properties and
this can be optimised with regard to storage stability and ease of
dispersion in water, Furthermore, the volume fractions can be altered to
optimise the relase of PQ following addition of water,

There was considerable debate as to whether the paraquat-containing part of

. the separate pack would contain 10 or 20% PQ ion. For instance, if there
is a 131 ditution of primary emulsion with external phase, the final
concentration would be 5% PQ. This would hopefully counteract the loss 1n
safening once mixed.

The issue of cost associated with such a formulation was raised. Separate
packs or a vessel which pre-mixed the phases when opened would be
associated with a cost penalty. However, if sold separately the PQ-
containing part would be the one used as a suicide agent and this would
hopefully meet our safening criteria. The major problem appears to be
ensuring that the two phases are mixed before any water is put into the
spray tank.
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4. TOXICOLOGY OF THE MULTIPLE EMULSIONS (JRH)

(1) Isopar M/Versicol System

Formulations 64 (No versicol) and 65 (Versicol) based on Isopar M have been
extensively studied in rats. At least three batches of each formulation
have been given orally to 5 rats at 150, 175 and 200mg/kg. The overall
survival rate was much higher for the Versicol containing formulation (54%)
compared with the control Isopar M formulation (29%). The first dog study
has recently been completed with Formulation 65. It showed a clear

. reduction in plasma PQ at 8mg/kg (c.f. Gramoxone). At 16mg/kg it was non-
toxic suggesting at least 2 fold safening. In vitro studies at CTL have
also demonstrated that formulation 65 disperses well at pH's above 4. At
pH3 it begins to coagulate slightly. At pH2, the formulation gels
instantaneously on addition to water (1:50) and a large amount of
flocculated material is left after shaking. Formulation 64 dispersed very
well in water over a pH range 1-7. Interestingly, the prevailing gastric
pH in dogs and man is lower than the rat so this effect may well be more
successful in higher manmals compared to rats. The mechanism of reduced
toxicity will be further evaluted if we can confirm a reduction in plasma
PQ levels in the dog with fresh batches of Emulsions 64 and 65 at higher
dose levels. Research studies have suggested that the gelled formulation
will empty from the stomach at a slower rate thus avoiding high plasma

. peaks which are a feature of toxic paraguat formulations.

ACTION: Formulations 64 and 65 to be compared directly in the dog (JRH).

(i1) New Diesel based Systems

Since the May 6th meeting, ten new diesel based formulations have been
tested in rats at CTL. Most of this group have been relatively more toxic
than previous B246/Diesel/NPE 1800 Emulsions. Generally, they offer
greater dispersion properties in water but most have had insufficient
safening in
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rats worthy of submission to dog experiments. A good proportion of these
formulations have calcium in place of sodium in the external phase. The
least toxic calcium-based formulations 69 and 82 have been looked at in the
dog to check examples of this new series in our most predictive model. At
8mg/kg, formulation 69 had a similar plasma profile to the same dose of
Gramoxone. Formulation 82 gave a lower plasma PQ AUC at 8mg/kg and will be
re-tested at 16mg/kg in August.

ACTION: Formulation 82 to be further evaluated in dogs at higher dose
Tevels (JRH).

(111) Twin-Pack Systems

Formulation 75, a Primary Emulsion of B246 and Diesel o1l gave our best
result of 1988 in rat studies. This formulation was also mixed with
external phase containing alkyl glucoside and fnstantly formed the Multiple
Emulision (code 77). This was then dosed to rats within 10 minutes of
mixing. Mortality rate was significantly higher on a mg/kg basis at all 3
dose levels than the Primary system alone. The same procedure was carried
out in dogs with 75 and 77 at 8mg/kg. As found in rats the Primary
Emulsion gave a much Tower plasma PQ AUC compared with the freshly prepared
Multiple Emulsfon. However, both results demonstrated clear safening
factors compared with Gramoxone. This relative difference is currently

. being compared at 16 and 32mg/kg in the dog.

ACTION: Primary Emulsion to proceed at higher dose levels in dog studies
with the Multiple Emulsion one dose level behind (JRH).

5. BIOLOGY STUDIES AND FIELD TRIAL CANDIDATES (JB)

Only a 1imited amount of work has been undertaken by Weed Science since the
last meeting. Formulations 64 and 65 (Versicol) have been tested in the 4
species bioassay versus Gramoxone, Data was compared with the old 'bronze®
standard B246/Diesel/NPE 1800 system. The large scale batches
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(formulations 64/03 and 65/03) were dispersible and were as good as the
bronze standard in glasshouse studies. The smaller batches of the same
formulation had poorer herbicidal activity and caused filter blockage at
the high rate. It is generally felt that a Field Trail will demonstrate
more accurately the herbicidal efficacy of our best Multiple Emulsions.

There was considerable debate as to which Emulsfons should be submitted for
Field Trial testing this Autumn. THT proposed that we 1nclude
Formulation 82 (The Calcfum based Diesel system) in order to test our most
dispersible/stable Dfesel system. JRH suggested that we should only submit
Emulsions with a clearly defined safety factor in the dog. Data would ve
. available soon as to the safety 1imits of Formulation 82, It was agreed
that the Primary Emulsfon (Twin Pack) probably offers the best short-term
hope and should be evaluated in the Field, The Versicol systems based on
Isopar M are also worthy candidates. By September we will have more dog
toxicology and results of spray testing/herbicidal activity on which to
base our final judgement.

ACTION: A separate discussion on Field Trial candidates shoulid be arranged
(OWF).

6. OTHER PARAQUATS (ALL)

. Some new sulphated sugars which may bind bipyridyls effectively have
arrived through ICI Japan. A separate meeting (possibly the Steering
Group) will discuss what action will be taken with these agents.

ACTIONs EP to take this issue to the Steering Group.

7. FUTURE MEETINGS

The next meeting of the Workgroup 1s scheduled for September 6th 1988.

DR JON R HEYLINGS
BIOCHEMICAL TOXICOLOGY, CTL
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CONFIDENTIAL - PARAQUAT LITIGATION

r

o PARAQUAT STRATEGIC
RE& SEP 1,04 ACTION COMMITTEE

MINUTES OF THE NINTH MEETING OF THE ABSORPTION OF PARAQUAT - SAFER

FORMULATION WORKGROUP HELD ON 6TH SEPTEMBER 1988 AT JEALOTT'S HILL

M Fua - Chairman
R Heylings - CTL

Those present:

) J Burns )
G ) B W Young) Jealott's Hill
E Hayes ) A Chapple)
K ) M Moore )

Q

1. MATTERS ARISING

Dialysis experiments to study leakage of MEF's at a variety of temperatures
have not yet been done.

ACTION: SH

The concentration of emetic (PP796) in a 100g/1 Multiple Emulsion
Formulation should be established.

ACTION: ThT

2. NEW FORMULATIONS (CS, SH, PT)

(i) Potential Field Trial Candidates

A variety of MEF's have been established as potential Field Trial
candidates following extensive toxicology. Prior to selection, Glasshouse
studies have been run by weed science in addition to tests of sprayability
(see sections 3 and 5). The formulations under consideration are
abbreviated to a code as follows:-

-1 -

@ Plant Protection Division
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Code Primary Secondary 0i1 Electrolyte
82 B246 NPE 1800 DIESEL CaC1p
87 B246 NPE 1800 ISOPAR NaCl
89 B246 NPE 1800 ISOPAR NaCl
VERSICOL K11
26 B246 NPE 1800 DIESEL NaC1
(JF10991)
75 B246 - DIESEL -
77 B246 SEPARATE DIESEL NaC1
NPE 1800
920 B246 NPE 1800 DIESEL MgC1o
It was decided that 4 formulations (82, 87, 75 and 90) should be tested in
the Field to compare with data already generated in the Glasshouse tests.
Three rates will be used, the middle rate with and without Agral.
ACTION: Formulation and Weed Science to coordinate arrangements for the
Field Trial to take place by the end of September.
(i1) Electrolytes in the external phase of Diesel systems
Since the last meeting more extensive studies have been carried out with
. calcium and magnesium based MEF's. The Mg versions of B246/Diesel/NPE 1800

have proved much Tess toxic and the concentration of this electrolyte has
been varied to optimize this property. Generally, both Ca and Mg systems
give Tow PQ dialysis values (<7%). Also, they are good dispersers in
water, The problem now is to reduce post-diTution flocculation. This may
be overcome by incorporating other polymers to the system or mixing NPE
1800 with NPEC. Anfonic surfactants or combinations of B246 with Arlacel
83 or Span 80 may also reduce flocculation.

(111)  Isopar M Systems

Since the discovery of the safening properties of Mg in diesel MEF's, this
has now been incorporated in Isopar M systems. A variety of MgClp
molarities and different volume fractions have tried to optimise such a
system. For instance, 0.75M MgClp gives the Towest dialysis values. The
first toxicological results on Isopar-Mg systems are reported in Section 3.
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Inclusion of 2g/1 emetic (PP796) 1n Isopar M MEF's has not significantly
altered dialysis values. At this stage there have been no compromises in
the formulation with emetic included.

The differences in toxicology between Isopar M and Diesel oils remains.
The use of other 0ils eg. Exxsol D80 (<1% aromatic), Escaid 100 (25%
aromatic) or mixtures of these oils are being examined to investigate the
importance of aromaticity of the oil.

A new method of assessing the MEF's by centrifugation is being explored.

For instance, a change in aromatic content of the oi1 may alter the
separation of fragments.

(iv) Primary Emulsions and Twin Packs

The 100g/1 Primary Diesel Emulsion has performed well in spray tests
herbicidal studies and in toxicology where it is probably at Teast 6x
safer than Gramoxone. However, there are strong commercial drawbacks 1n
the introduction of such a formulation. Firstly, it has to be mixed with
external phase prior to water (hence 1t would probably have to be a
twin-pack). Secondly, 1f the final mixed concentrate has to be 100g/1 then
the Primary Emulsfion part of the pack would have to be 200g/1.

High strength MEF's are more process sensitive. A 200g/1 primary can be
made, but the secondary process formed on mixing with external phase makes
this a difficult approach, Use of ether sulphate instead of alkyl
glucoside may improve the process.

ACTION: Formulation to continue work on Diesel and Isopar M systems to

hopefully reduce flocculation problems. The amount of effort by the group
to produce a high strength Primary Emulsfon will be reviewed (ThT).

@ 3. SPRAYABILITY TESTING (AC, BY)

An extensive report on a small number of Multiple Emulsion Formulations has
outlined the varfous criteria which are important in assessing the
sprayability of the formulation. These are based on subjective
assessments. The move from the Glasshouse to the Field can present its own
problems in terms of how the MEF {s handled. There was considerable debate
around the interpretation of experiments performed on a small scale and how
the MEF's are 1ikely to behave under Field conditions. Obviously, the
ultimate goal of this programme 1s to produce a good diluter with no
flocculation and no trace of formulation on the filters. The objective of
sprayability tests 1s to see how close we are getting to a sprayability a
"practical” MEF,

Compared to formulation research, toxicology and glasshouse studies, there
has been very little done on tests of sprayability. What we do know is
that the present generations of MEF's dilute much better than previous
standards. Assessing the degree of flocculation after dilution is not
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easy, but the group agreed that a much more rational approach to such
assessments is paramount if the project is to succeed. To make the step
from Laboratory to Farmer with a formulation which has the potential of
being 10x safer than Gramoxone is not going to be made in a few weeks.
Field Trials at least will tell us whether particular MEF's are unlikely to
be practical.

The recent sprayability studies attempted to rank 4 formulations from the
point of view of Field Trial spraying (82, 87, 89 and 26). The "twin-pack"
formulation was also examined. They were ranked from best to worst: 87,
82, 89, 26 (see key on Section 2 for formulation details). With respect to
the twin-pack (75), no problems are expected from the point of view of
Field trial spraying. The sprayability studies suggest that more recent
formulations are better in terms of sprayability, compared with our
original standard JF10991 (26). However, these formulations still need to
be improved to be acceptable under all conditions. The proposed Field

. Trial will provide more data on how close we are to achieving a sprayable
formulation.

ACTION: A quantitative method for assessing sprayability should be used
to more accurately distinguish between different formulations (BY).

4, TOXICOLOGY OF NEW EMULSIONS

Since the 26th July meeting a further 13 new Multiple Emulsions have been
tested in rats. Four dog studies have examined the absorption from our
least toxic formulations.

(i) Primary Emulsion (75)

This remains our least toxic Emulsion tested to date in both rats and dogs.
. The latest dog study has confirmed that this formulation has at least a 6x
safety factor over aqueous paraguat. Three dogs have received 8, 16, 32
and 48mg/kg with no signs of toxicity and plasma AUC values are all below
25ug/m1/hr (1ethal values are above 40pg/ml/hr). This formulation has also
been mixed with external phase NPE 1800 to produce the 50 g/1 sprayable
multiple Emulsion (77). Test so far have shown this product to be safe at
8, 16, and 24mg/kg with AUC values still below 30pug/ml/hr at 24mg/kg.
Thus, the pre-mixed twin-pack product has probably an intrinsic 3x safety
factor (doubled to 6x since it has been diluted 1:1 already).

(i) Diesel Based Emulsions (82,90)

Formulation 82 contains calcium in the external phase. Recent dog studies
have shown this formulation to be safe at 16mg/kg (AUC = 32). The next dog
study at the end of September will test the 4x level (32mg/kg).

Formulation 90 is identical apart from CaClz being replaced with MgClj.
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As a new variant this formulation was first tested in rats. To our
surprise, formulation 90 was non-toxic at screen dose levels in a total of
15 rats. Dose levels were pushed to 200mg/kg with 1/10 mortality and 2/5
mortalities at 250mg/kg (LD50 for Gramoxone in rats is about 90mg/kg).
Further rat studies with MgClp or CaClp added to aqueous paraquat clearly
demonstrated that calcium enhances paraquat toxicity in this species and
increased blood levels of the herbicide upto 5 fold. Magnesium added to
Gramoxone had no such effects. Our first dog study with Emulsion 90 (Mg)
gave our lowest AUC value at 16mg/kg observed since the programme started
(13ug/ml/hr}. The next study is arranged for October 18th at 32mg/kg.

(iii) Isopar M Based Emulsions (87,89)

Formulation 87 and 89 are based on the more "sprayable' Isopar M system.
. The only difference between them is that 89 contains the gel Versicol K11,
The principle being that at stomach pH the K11 will produce an irreversible
gelled formulation but remain a solution in tank mixes. Emulsions 87 and
89 were compared at 16mg/kg in dogs. Neither was toxic at this level but
interestingly the plasma profile over 24 hours differed quite markedly.
The Versicol Emulsion showed no early high plasma paraquat peaks and spread
the response over a longer time period. This response could be beneficial
in treating poisoned victims and would make emesis much more effective.
The Isopar M system is currently being tested at 24mg/kg. Experiments last
year found the Emulsion to be lethal at 32mg/kg.

(iv) Emetic in Isopar M Emulsions

The first study with 2g/1 PP796 included in an Isopar M MEF was successful.
The emulsion was not compromised at this concentration of PP796 and no
differences in toxicology were observed in rats at 3 dose levels in a
controlled study.

(v) Electrolytes in Diesel Formulations

Our previous Diesel systems have always contained sodium chloride as an
osmotic balance to the paraquat. Following the recent observations with
Calcium and Magnesium salts a further 3 cations were examined. Barium
chloride did not produce an Emulsion, iron and aluminium chloride did, but
they were found to be more toxic to rats in a Diesel Emulsion when compared
with standards. A approximate ranking of the toxicity of various ions and
their dilutability in water is as follows:-

Safening Mg > Na > Ca » Fe » Al

Dilution Ca = Mg > Na
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Magnesium and Calcium systems are osmotically the same, but from rat
studies magnesium offers a better safety factor.

Further studies are in progress which are examining the optimal molarity of
MgClz in Diesel systems. Furthermore, MgCl2 has now been incorporated into
Isopar M systems. Research studies are also in progress to examined the
role of calcium and magnesium in the absorption of paraquat from the
Gastrointestinal tract.

ACTION: The Field trial candidates 75, 82, 87, 90, are to be examined in
further dog studies to qualify their safety factors (JRH).

{sopgr M systems with MgCl> are to be tested along with new synthetic oils
JRH). _

o 5. BIOLOGICAL DATA (JB)

Since the last meeting 4 Emulsion formulations have been studied in the
Glasshouse (82, 87, 89 and 75). The standard JF10991 (26) was also
included for comparison. They were compared with standard technical
paraquat both with and without Agral. Generally, all the MEF's behaved
well as regards herbicidal efficacy although some small differences were
observed between species. The primary Emulsion 75 was the best of the
group in these studies. Formulations 82 and 87 were equivalent to standard
paraquat. Emulsion 89 was better on dicots than grasses but Agral improved
the grasses kill. It was agreed that the magnesium formulation be tested
and the Diesel-calcium and Isopar M formulation repeated.

6. SCREENING STRATEGY (MM)

The strategy of producing a safer, stable dilutable, sprayable and cost-
. effective Multiple Emulsion was discussed. At the outset of the programme
the Toxicological criteria was the most important. This has moved towards
other criteria such as sprayability and commerical factors without
hopefully losing the necessary degree of safening. At present, dialysis is
used as a criteria for likely safening. This correlation is not strong
with small values of paraquat leakage but has been useful in detecting
toxic, high leakage emulsions. Obviously, better use of this data together
with other factors such as a rheology, inversions, herbicidal efficacy and
sprayability will improve the screening of new Emulsions.

ACTION: MM to collate information on toxicology, dialysis, biology and
sprayability for data analysis.
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7. TRC MEETING

Final arrangements for the October 10th meeting were discussed. An outline
for presentation was suggested.

1. Introduction JMF
2. Recommendations -

3. The Business Case EP/CAS
4, Formulation Research THT/CS
5. Toxicology JRH

6. Biology/Spray testing JB/MP
7. Patents JD

8. Resourcing Level ALL

. 8. NEXT MEETING

The next meeting of the workgroup will be held on October 27th, 1988
(Entomology Meeting Room, Jealott's Hil11).

/5%5244.ﬂéylzé%g515b¢j§/7
DR JON R HEYLINGS
BIOCHEMICAL TOXICOLOGY, CTL
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A PARAQUAT STRATEGIC
ACTION COMMITTEE

MINUTES OF THE TENTH MEETING

OF THE ABSORPTION OF PARAQUAT - SAFER FORMULATION WORKGROUP
HELD ON 27TH OCTOBER 1988 AT JEALOTT’S HILL

Those present: J M Fua - Chairman

Th F Tadros

‘ C G Sales
P K Thomas
S E Hayes
M Moore

)

)

; Jealott’s Hill
J Burns ;

)

)

)

B Young

E Paterson

r Fernhurst
C A Spinks

J R Heylings CTL

1. FEEDBACK ON THE TRC (JMF)

There was general agreement from the five members of the Workgroup
who attended the 10th October TRC that the meeting had gone very

. well. A1l our recommendations were met with full approval, in
particular, the facility to utilize at least 12 Field Trials next
year.

Certain issues discussed at the TRC included the cost of B246,
the nature of the oil and the final paraquat concentration of
the product.

(i) Cost of the B246 Polymer

The forecasted cost of a Multiple Emulsion Formulation (MEF) is
almost entirely based on the cost of the primary emulsifier B246.
This is an ICI polymer and it is expected that initial costings
exceed a final tendered price. Furthermore, it may be possible
to reduce the concentration of B246 in the Emulsion by 0.5-1%
without altering any of its properties.

-1 -

@ Plant Protection Division
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(i1)  Nature of the oil

The favourite candidate at the moment is Diesel oil. Obviously
a Soya oil product would be more suitable for EPA approval but
there are major differences in toxicology of the MEF when such
alterations are made. We are investigating other synthetic oils
at the moment in an effort to replace Diesel. Territorially,
introduction of a Diesel-based MEF to the Far East is less of

a Regulatory problem than say the USA.

(i) inal oncentration

Throughout the programme it has been agreed that a commercial

. MEF is going to be a 100g/1 or 10% paraquat product. Higher
strength MEF will be more difficult to prepare and dilute.
Furthermore, certain territories would probably never allow a
return to 20% formulations.

2. NEW MULTIPLE EMULSION FORMULATIONS (CS, SH, PT)

(1) Diesel 0il Formulations

The calcium (82) and magnesium (90) diesel systems have been stored

at 50°C for 3 months. There were no problems associated with

the dilution of the MEF’s after this time. The present problem

is to overcome the coagulation which occurs following dilution.

Addition of PEG 200, 600, kelzan, urea, sucrose, rhodopol etc.

to the internal phase to reduce the osmotic influence of PQCl2
. is being investigated to reduce this coagulation. Furthermore,

alteration of pH in both phases is being studied. This will alter

the solubility of the MEF components. Other ways of approaching

the problem are to introduce a charge on the Emulsion droplets

using anionic/cationic surfactants or insoluble salts.

(ii) tic 0i u

Progress has been made in optimizing the Isopar M system by varying
the magnesium molarity. The dialysis figures still do not predict
the toxicology very well since the least toxic Isopar MEFs
containing 1.75-2M MgClp are not the lowest dialysis figures.
Similarly, with the Exxol/Escaid mixtures a 3:1 ratio was Teast
toxic and had a 7% paraquat leakage. Improvements to reduce
flocculation are being studied using kelzan, PVA + NPE 1800 at

the moment.

Heylings Dec Exhibit 06
CONFIDENTIAL - PARAQUAT LITIGATION SYNG-PQ-03714634



-3 -
(iii) i ck/Primary Emuisio

The formulation of a high strength (200g/1) paraquat Primary
Emulsion is being pursued. Ether sulphate improves the
properties but ease of dilution with a separate external phase
is still a problem. A switch to another polymer, B261 improves
rheology and aids dilution of the secondary. This area of
producing a twin-pack 200g/1 Primary Emulsion will be continued
until the end of 1988.

ACTIONS: Formulation Group to continue research to optimize the
Diesel, Isopar M and Exxsol/Escaid systems. High strength
Primary Emulsions to be pursued at least until the end of

. the year.
3. TOXICOLOEY (JRH)

(1) Di s

At the last meeting Formulation 90 (B246/Diesel/NPE1800/1.5M
MgCl1z) had been identified as our most promising MEF. A study
was undertaken to find the optimum Mg concentration over a range
of 0.75-2M MgCl. There was a definite improvement in safening
with increasing Mg molarity across formulations containing 0.75,
1 and 1.5M with LD50 values of 150, 200 and >250mg/kg
respectively in rats. Interestingly, high molarities (2M MgClp)
reduced the safening slightly. It would be of interest to study
extreme ranges eg. 0.5 and 2.5M MgC1 to confirm this

. relationship. A repeat batch for Formulation 90 (batch 4) gave
jdentical results to batch 01 despite differences in formulation
age. Thus, LD50 for each was around 250mg/kg in rats.

Formulation 90/01 was tested in dogs at 32mg/kg. There were

no signs of toxicity and AUC values were Tow (mean = 28ug/ml.hr)
for this dose level. Thus, an intrinsic safety factor exceeding
4-fold has been identified with this MEF. The formulation is
scheduled for 48mg/kg in November.

(i1) Isopar M/Synthetic 0i1 Systems

Six new Isopar M MEF’s have been evaluated in rats with

MgCl, replacing NaCl in the external phase. As found with

Diesel - MEF’s, changing to this new electrolyte has safened

the more "sprayable" Isopar MEF. LD50 has risen from 150mg/kg
with NaCl1 to values above 200mg/kg with 1.75 or 2M MgCl,. Isopar
M systems have always proved more toxic than Diesel systems

in dogs. We have chosen our safest Isopar M/MgCl, formulation

in the next dog study.
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The use of the ’synthetic’ 0ils Exxsol and Escaid has given an
interesting profile of toxicity. A ratio of 3:1 (Exxsol:Escaid)
proved least toxic to rats (LD50 >200mg/kg) and were generally
less toxic than Isopar M systems. The electrolyte was switched
from Na to Mg and the safest example, formulation 102 containing
1M MgC12 was non-toxic to dogs at 16mg/kg. The molarity of

Mg has now been optimized at around 1.75M MgCl2 and will be
tested in dogs this month at higher dose levels.

ACTIONS: JRH to assess the relative toxicity of the Diesel,
Isopar and synthetic ofl systems in the dog.

4. SPRAYABILITY (BY)

None of the new formulations such as the Diesel/MgCls System (90)
has been tested for sprayability. This area is resource Timited
but has now been highlighted as an important area to develop
methods of evaluating sprayability of new Emulsion Formulations.
To this end a new member of the Group (Tim Bird) has been brought
into the team and will Took at this issue. In particular, new
sensible tests need to be developed. They should also have a
different emphasis eg. Knapsack versus recirculator.

ACTION: BY to investigate methods of improving the selection
of sprayable Emulsions.

5. WEED SCIENCE (JB)

Since the last meeting three Emulsion formulations have been
studied in Glasshouse trials. These were Emulsion 90 which
was estimated to be more than one month old. Also Emulsion 102
(1M MgC12 Exxsol/Escaid system) and 106 (2M MgCl2/Diesel system).
A surprising result occurred with Emulsion 90 in that it gave

a poor kill at the 100 level but was as good as the standards
at 200 and 400. The other magnesium systems gave adequate
herbicidal efficacy. Considerable debate ensued on the
reproducibility of the Glasshouse trials and just how much

use they are to distinguish between formulations. The major
problem appears to be the Tack of slots available to properly
co-ordinate work between Formulation and Weed Science Sections.
It was agreed that the poor efficacy of Emulsion 90 at the Tow
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level should be resolved to determine if ageing of the Emulsion
contributed to this result. Further action is already in
progress to address the issue of storage stability in Field
Trials and Toxicology.

Manpower in Weed Science is clearly limiting the number of
studies available for the Emulsfon Programme. Unless this is
satisfactorily resolved and there is someone exclusively
dedicated to Emulsion testing, we can only rely on Field Trials
to assess herbicidal efficacy.

ACTIONS: JMF to discuss the resource issue with WDM.
Formulation 90 to be tested fresh, 1 month old and
. 3+ months old to determine herbicidal efficacy, and
batch to batch variability (TFT).

6. REPORTING FORMAT/CRITERIA (MM)

Optimal use of our data is very important in assessing trends
and how each parameter relates to one another. Data from
toxicology, dialysis, herbicidal efficacy is being collated.

A test of sprayability would considerably enhance the comparison
of Emulsion formulations. No pattern between dialysis and
toxicology is clear and herbicidal efficacy data was considered
to be quite variable.

@ ANY OTHER BUSINESS (ALL)

The issue of packaging was discussed. For example if we
developed a Twin-Pack Primary Emulsion System, how feasible
are packs within packs. It was agreed that CAS and BY should
discuss this issue.

Dr Jon R Heylings
Bioc CTL
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|\ (MINUTES OF THE TWELFTH MEETING OF THE
' ~~~—"KBSORPTION OF PARAQUAT - SAFER FORMULATION WORKGROUP

HELD ON 24TH JANUARY 1989 AT JEALOTT'S HILL

Those present: H Swaine - Chairman

Th. F Tadros ) J M Fua )
M R Parham ) jealott's E Paterson ) Fernhurst
B Young ) HiTI J Verity
G G Sales )
M Moore ) J R Heyings ) cTL
LL Smith )

1. MATTERS ARISING

There were no matters arising and the Minutes of the meetings held
on October 27th and December 15th were accepted.

2. CHAIRMANSHIP OF THE WORKSHOP

Harry Swaine will be the new chairman of the technical workgroup.
He thanked Jee Mok for his efforts in 1988 during which time
significant progress had been made in the Multiple Emulsion
programme. It was also agreed that Jon Heylings will continue
to minute and report the meetings of the workgroup.

3. UPDATE ON FORMULATION PROGRESS (CS/Th.F.T)

(i) Flocculation

The major aim of the formulation group has been to reduce the
flocculation resulting from dilution of the Multiple Emulsion
Formulation (MEF) in water. One key feature here is to devise

a test which assesses the degree of flocculation so that only the
most suitable systems are evaluated at CTL. A measurement of %
creamed height following dilution may give an indication of the
degree of flocculation. Various types of profiles of % creamed
heights have been obtained by minor changes in the MEF composition
or process. Collaboration with University College London may
provide a new optical method for flocculation monitoring.

cont'd ......

@ Piant Protection Division
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A wide variety of components of the MEF have been varied in order

to reduce the % creamed height to a minimum. These include
different internal and external phase additives, altered pH, reduced
secondary volume fractions, temperature and paraquat concentration,
The most predominant effects occurred with reduced secondary volume
fraction, increased NPE 1800 or with Sucrose, PEG 200 and
propyleneglycol added to the internal phase.

(ii) Nature of the oil

It appears that the nature of the oil in the MEF is still crucial.
Soya bean o0i1 systems produce less creaming than diesel oil but
invariably have higher paraquat leakage characteristics and are
more toxic. A number of new oils can be tested such as mineral,
white, sesame seed, sunflower, cotton seed, castor, pine, silicone,
1inseed and rapeseed 0ils to hopefully identify an alternative
system which is as safe as previous diesel MEF's and has acceptable
@ dilution/spray characteristics. Furthermore, the diesel oil

- additives (antiwax, dispersants an viscosity modifiers) will be
evaluated in case they contribute to the general properties of
diesel-based MEF's,

(ii1) Scale-up experiments

An important part of the programme is to investigate how robust
the system is when scaled up from 200ml to 10 1itres. Large batch
volumes will be needed for the Field trials and sufficient will
have to be made for storage testing and toxicology testing. Three
different MEF*s have been scaled up to 10 1itres. These include
the diesel systems 90 and 121 and the exxsol/escaid system 132.
The main problems with scale up have been ensuring an effective
initial dispersion of the primary emulsion and avoidance of shear-
induced flocculation. The size of the droplets in the Emulsion
are critical to its stability and this has shown to be important
in the degree of safening the MEF exhibits in CTL rat studies.
Once optimized with respect to a number of variables, samples have

. been stored at -20-509C. There have been encouraging results to
date with 1ittle change in the 3 Emulsions from -10-509C. In order
to improve the process, various chemical engineering aspects of
process have been discussed. Insertion of baffles in the mixing
vessel will hopefully create turbulence and remove stagnation
points. The best and most consistent solution will be the use of
static mixers which John Middleton (Process Development, Runcorn)
is to design.

ACTIONS: The process will be optimized to reduce flocculation
as much as possible. Examples of scaled-up (10 1itres)
?EF;§hu}}l be sent to CTL for toxicological evaluation

cs * L ]

The nature of the flocculate and improved methods of its
measurements should be investigated (CS/Th.T).

cont'd .oe00s
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4, UPDATE ON TOXICOLOGY (JRH)

CTL Rat Studies

(i) Diesel MEF's

Since the meeting at the end of October 1988, a further 27 new
Multiple Emulsion Formulations have been tested in rats. Relative
degrees of safening have been determined using 3 dose levels with
5 animals at each dose. Formulation 90 has consistently given
us an acceptable degree of safening. Two separate batches
(01 and 04? gave oral LDgg values around 250mg/kg. This compares
with a contemporary Gramoxone control of 100mg/kg. Formulation
121 which differs from 90 only by reduction of the secondary volume
fraction has been extensively studied in the rat. The first batch
(01) prepared to 200ml1 also gave an LDgg of 250mg/kg. However,

. subsequent batches (02-07) made to different volumes and by
different processes gave LDgg values ranging from 150-200mg/kg
and were thus inferior systems. <In particular, batch 02 was
significantly more toxic than all previous batches of Formulation
121. This 1s unlikely to be poor reproducibility in the rat test,
since 121/02 also gave very high plasma values in the dog at 16mg/kg
(see below) and is 11kely to be an unstable batch. ({Note: since
this meeting a further batch of this MEF 121/08, made up to 10
1itres, has given an LDgg in excess of 200mg/kg, 13 out of 15
animals surviving 150-208mg/kg doses).

(ii) Synthetic oil MEF's

As an alternative to the diesel system, mixtures of Exxsol and
Escaid oils have been tested. Such systems with NaCl in the
external phase consistently gave LDsp above 150mg/kg. On switching
to MgClp LDgg values increased to around 200mg/kg and a ratio of
3:1 ExxsolsEscaid showed the best safening properties. Further
optimization was then made with respect to the MgClp concentration.
. This was best at 1.75M MgCl2 (Formulation 115/01?. More recently
the secondary volume fraction has been varied and the MEF scaled
up to 10 1itres. Currently Formulation 132/02 has an LDgsg of 200~
250mg/kg which is as safe in rats as our best diesel systems.

(iif) Isopar and Soya 011 MEF's

Four MEF's based on Isopar M have been examined. They were based
on MgClp with various primary volume fractions. Formulations 129/01
and 130/01 have LDgg's in excess of 200mg/kg, which is an
improvement over a?? previous Isopar M types. A Soya oil MEF
(133/01) was comparatively more toxic with an LDsp around 150mg/kg
and remains our least promising oil type.

Cont'd esccee
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(iv) Miscellaneous MEF's

A further 10 MEF*'s based on diesel oil but with a number of new
variables such as changes in pH, sucrose, PEG, NPEC etc. included
have been studied. The most promising of these were 119/01 which
contains 20% PEG 200 (internal phase) which gave an LDgg around
300mg/kg. Also Formulation 127/01 containing 0.5M sucrose (internal
phase) which also had an LDgp close to 300mg/kg. If such MEF's
pass the other criteria of f?occu]ation/stability etc., they will
be pursued in dog studies.

CTL Dog Studies
(i) Diesel MEF's

Since the October 1988 meeting several more dog studies have
examined in more detail the 1ikely safening properties of our best
MEF's. Formulation 90 was progressed to 16, 32 and 48mg/kg. Plasma
. < paraquat AUC values increased from 13.7%4, 28.4%2.4 to 34.2%9.4ug/m]
x hr. respectively. AUC values in excess of 45ug/ml x hr. usually
result in toxic signs. One animal at 48mg/kg did not recover fully
and was terminated resulting in this dose becoming near LDgg.
A1l other animals at these three doses were symptom-free and remain
healthy. Thus, Formulation 90/01 has a 4x intrinsic safety factor.

Formulation 121/02 has been tested at 16mg/kg in 3 animals. High
plasma paraquat levels resulted in an AUC of 63.7%7.1ug/ml hr.

and loss of one animal. Formulation 121/02 was therefore offering
no significant safety margin. As described above there are probably
process difficulties with such MEF systems. Only when this is
optimized and rat studies show clear safety levels will this MEF

be repeated in the dog.

(i) Synthetic oil MEF's

The Exxsol:Escaid MEF 102/01 was tested in dogs at 16mg/kg and
gave no toxic signs and an AUC value of 26.3ug/ml x hr. Further

' modi fication of this system resulting in Formulation 115/01 was
tested at 24mg/kg. Again there were no problems and the AUC was
calculated at 22.1uyg/ml x hr, To date, we have at least an
intrinsic 3x safety factor with such systems.

General Comment

Both the Diesel and the Exxsol:Escaid systems are being made on

a larger scale for hopeful Field Trial testing. Until the process
and final composition of these formulations has been finalised

the rat test will be used to distinguish the differences in toxicity
of the MEF's and the final version will then proceed to the dog.

ACTIONs The relative toxicities of larger scale preparations MEF's
will be examined firstly in rats and finally in the dog
to establish safety margins (JRH).

cont'd ......
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5. SPRAYABILITY

No data was presented on sprayability of MEF's., During discussion
it was suggested that if the stored samples of MEF's met the
criteria of dilution and % creamed height that they should be sent
to Brian Young for sprayability testing. Concern was expressed

by Martin Parham that it is not just the amount of flocculation
whch is important in the assessment of sprayability but the nature
of the flocculate. For instance, a large amount of soft flocculate
may be less of a problem than a small amount of hard material.

It was agreed that we should 1ook at this in more detail.

Another issue which was raised concerned the use of Agral with
MEF systems. Previous Field trials with Formulation 90 suggested
that there were no flocculation problems when used with Agral,
Although the aim of the workgroup is to provide a "gold" standard
. MEF which can be used in all situations as a single pack, in reality
certain territories always use extra surfactant and some only use
certain types of spray equipment. The commercial requirements
should be spelled out more clearly in order for the group to direct
themselves to a specific end point.

ACTION: The territories to which the MEF's are aimed should be
clarified with respect to use of Agral and use of different

spray equipment (EP/JV).
6. FIELD TRIALS

Field trials are planned for 1989 with 2 MEF's. In order to select
the best systems a number of hurdles have yet to be overcome.
As regards the formulation, the major effort is to produce a
satisfactory scaled-up volume which will provide enough material

. from one single batch to cover the storage testing, toxicity
testing, spray testing and toxicology as well as the trials
themselves. The probable candidates will be variants of
Formulations 121 (Diesel) and 132 (Exxsol/Escaid). However, before
a decision is made on these trials the group felt that the following
criteria should be met:

THE SAME BATCH OF MULTIPLE EMULSION FORMULATION SHOULD HAVE
ACCEPTABLE STORAGE, DILUTION, SPRAY AND TOXICOLOGICAL PROPERTIES
PRIOR T0 FIELD TESTING.

COﬂt'd econoe
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7. MEETING DATES

The dates of the meeting of the Multiple Emulsion Workgroup during
1989 have been circulated. They are scheduled as follows:

Tuesday 11 April
Tuesday 20 June
Tuesday 12 September
Tuesday 7 November

A1l Technical meetings will start at 1.00pm in the Ento Meeting
Room at Jealott's Hill.

Dr Jon R Heylings
. Biochemicl Toxicology, CTL
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MINUTES OF PSAC TOXICOLOGY SUB-COMMITTEE MEETING
Fernhurst, 11 February 1991

PRESENT : G A Willis (Chairman) - PSS
J M Fua (Secretary) - RAD
R A Morrison - Herbicides, Products
N N Sabapathy - PSS
J Heyling - CTL
J D Pidgeon - Development
A J Starling - Development
G W Allen - Public Affairs
M R Thomas - Public Affairs
G R Farrell - BMW (Part-time)

The proposed agenda was accepted by all those who were present - Appendix I.

‘ 1. SPRAY DILUTION RECOMMENDATION FOR PARAQUAT

At the 30 March 1990 meeting, concern was expressed that the 1:40
solution was found to be unsafe following field operator-exposure
studies conducted in Malaysia. That meeting also noted that to spray
at these concentrations, knapsack sprayers have to walk at unrealistic
speeds when using flood-jets.

Mike Thomas stated that LV nozzles are being used with knapsacks in
parts of Africa and Latin America using spray volumes of 50 1/ha.
However in most LDCs farmers are using higher than 1:40 dilutions but
probably less than 1:100.

The committee made the following proposal :

“A minimum dilution of 1:100 should be recommended when using hand-held

equipment. For those territories that wish to use higher
concentrations, the local company must review its merits for so doing
¢ on an individual case basis."

The Committee noted that 1:40 dilution is deemed acceptable for
tractor-mounted sprayers.

Label recommendations should highlight linkage between higher volume
and greater bioefficacy.

ACTIONS : 1.1 GRF/NNS/GA to follow up on basis of product safety,
country specific needs and product stewardship in
implementing the above proposal.

1.2 MRT to contact Malcolm Ogilvy (PAS) to :
a) liaise with sprayer/nozzle manufacturers to

obtain their recommendations on nozzle for use
with paraquat.
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b) establish the distribution of low volume nozzles
by territories.

1.3 GWA/PSS to ensure that paraquat is not recommended
with CDAs as it will be impossible to enforce the
wearing of protective clothing.

1.4 MRT/NNS should establish the extent of paraquat usage
in amenity situations where odd equipment(s) and
application methods are used.

2. CONTAINER SIZE AND LABELLING

The Committee noted that paraquat business is being conducted in many

. parts of the world without due adherence to FAO Code of Conduct on
Labelling. R Morrison stated that the circumstances for such practices
are very wide-ranging; many of which are beyond ICI's control. The
meeting emphasised that in the event of any accident with paraquat, ICI
will be implicated irrespective of whether the material is ICI's or
not.

ACTION : GWA/RAM to Took into minimal Tabelling for bulk drums;
extent of decanting and re-packing at distributor/user
level and re-use of paraquat containers.

3. MAGNOXONE

Amanda Starling presented the development time-table for "Magnoxone".
Patent publication is expected end-1991. The programme for 1991 is as
follows :

a; prepare stable formulation
b) confirm bioefficacy and tox advantage
C

. if a) and b) above are fully satisfied, test market "Magnoxone"
in Surinam by Mid-1992.

NNS felt confident that, due to her small population (0.5 million), and
special use in rice and vegetables, stock management can be effectively
handled in Surinam.

There have been some queries from territories on the availability of
“Magnoxone”.

ACTIONS : 3.1 JDP/AJS/ to respond appropriately to territorial
queries - essentially it is not yet in development.

3.2 NNS to start planning by mid-1991 for eventual field
study in Surinam in mid-1992.

3.3 JDP to liaise with NNS in respect to concurrent
bioefficacy monitoring.
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4. THICKENED FORMULATIONS

Paraquat is facing a potential ban in Hungary due to the high incidence
of paraquat suicides in the country. Whilst Hungarian authorities
responded favourably to the Weedol formulation, this product is less
suited for larger-scale use on state farms. The French thickened
formulation would be more suitable and is being considered for Hungary.

ACTION : AJS/J Heylings to arrange for the Hungarian thickened
formulation to be tested at CTL.

5. UPDATE ON GI TRACT UPTAKE RESEARCH

Jon Heylings explained the background to the discovery of the
effectiveness of the magnesium salts in 'safening' paraquat during
. develoEment of the paraquat multi-emulsion project. MgS0, was effective
even when added directly to aqueous paraquat product (Gramoxone). It
is used as a purgative at 1.5M, eg Epsom Salts. Magnesium trisilicate
Mg,Si;05 on the other hand is used in pharmaceuticals as an antacid.
Mg,Si;05 reacts with the gastric acid in situ to produce a gel in the
stomach. Combining MgS0, and Mg,Sij0z we could gain a 5X safety over
paraquat alone. Secondly, by increasing PP796 emetic to 2.4 mg/1 in
Gramoxone will further increase safety by 5X. Therefore by combining
the Mg-salts with emetic, a 10-15X safety can be achieved. Proposed
composition of "Magnoxone" is presented in the table below.

Proposed Composition of "Magnoxone"
Paraquat dichloride 200g ion/1 -t ok
< Ae. LS L (,.Biil%
NN —P st 9 c

PP796 emetic A

Mg-trisilicate 100 g?] S
Mg-sulphate 100 g/1 B
Kelzan 3 g/l

Safening is achieved by a combination of increased emesis of the
'‘gelled' Mg-salts + Pq, purgation of any material entering the GI
tract, and reduced uptake due to Mg blocking uptake sites in the gut.

Jon Heyling also reported that the French thickened formulation of
paraquat has 10X safety factor.

GRF asked what ethical position ICI should now take in Tight of the
present evidence that PP796 at 0.5 mg/1 is insufficient in Gramoxone,
whereas 2.4 mg/1 will be 'safer'. The Committee noted that this issue
exists only if major fatalities are due to accidental paraquat
poisoning as it will not address the suicide problem.
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Due to the limitation of time, the meeting adjourned with the proposal
that it reconvene on 7 March to review the higher emetic Gramoxone
option and to discuss the remainer of the agenda item.

COPIES TO :

Those present+
. L L Smith CTL
H Swaine Formulation, Jealott's Hill

JMF/BJS/MINS1
18 02 91
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MINUTES OF PSAC TOXICOLOGY SUB-COMMITTEE MEETING
7 March 1991

Willis (Chatirman)
Fua

Scott

Heylings
Sabapathy

Allen

Starling

Thomas

Calderbank

Present

2P OZUTQE
QEZIOZDP

1. MINUTES OF MEETING OF 11 FEBRUARY AND ACTIONS ARISING THEREFROM

Minutes accepted with corrections to the value of PP796 to read g/l and
‘ not mg/l.

2. EMETICS ISSUE

Discussions centred around the question of whether the number of
fatalities from paraquat poisoning can be reduced by increasing the
concentration of emetic, PP796, in aqueous formulations of paraquat.

NNS estimated that over 70% of all cases of accidental ingestion of
paraquat survived, and the emetic contributes to this survival. NNS
does not believe that increasing PP796 in 'Gramoxone' will reduce
fatalities from suicide significantly, as doses ingested are 10-20 times
the lethal dose. After much debate on the ethical issue of "being seen"
to do something about reducing fatalities, the meeting adopted the
following position:

‘Gramoxone' has a proven track record of occupational safety, when used
as directed and in accordance with stated handling precautions. We are
not in the position to manage suicides - there are many other ways to

. address this problem other than increasing the emetic, eg reducing the
strength has been suggested/%estrictions on availability.

The Sub-Committee agreed that any change should be materially
significant in reducing suicides/fatalities. Therefore, the process of
evaluating 'Magnoxone' or any other "safer" paraquat formulation should
be gone through. Until this has been properly evaluated, we are not yet
in the position to make recommendations for increased emetic. However,
AJS felt that if we consider the emetic option, it is important that the
Sub-Committee is fully behind the proposal to help the "Business" move
forward with the plant capacity for PP796.
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3. POISONING STATISTICS (NNS)

We have collected data from a number of countries, which included
Malaysia, Fiji, Surinam, Hungary, etc. The number of incidences of
paraguat poisoning has plateaved since 1987/88. Perceptions in paraguat
safety has shifted to the occupational area in recent years. The
numbers are declining in the UK and Hungary, but increasing in some
Latin American countrties, which may be due to socio-economic pressures
in these countries.

ACTION : NNS to make formal presentation at
- next Sub-Committee meeting

4. OCCUPATIONAL SAFETY

The perception of paraquat toxicity associated with suicides is now
increasingly having the effect of causing concern of its safety in

. occupational use. Safety in occupational use has been raised in many
countries at various levels. In some countries, legislation is being
amended to reclassify paraguat into categories that would make 1ts use
conditional (as specified in the amendments). Equally, there are
countries that want to implement restrictions of use (followlng EPA
regulations).

ICI has put up strenuous arguments in favour of the commendable safety
record in occupational use of paraquat. It has also embarked on major
stewardship programmes - including education and training - in many
countries to enhance the safe use of not only paraquat, but pesticides
in general. Positive contributions such as this, combined with the
benefits of paraquat to agriculture, has stood in good stead in the
defence of our position.

Continued support to authorities and a positive presence in our
operating countries is a vital proactive position that we must continue
to take in order to effectively rebutt the numerous allegations made
against paraquat. )

"' ACTION : NNS to prepare updated report om
paraquat poisoning

S TREATMENT OF PARAQUAT POISONING BOOKLET

Degree of success of recovery from paraquat poisoning is correlated to
the level of effort employed in treatment within the first two hours by
medical staff. Jon Heylings proposed that purgation with non-irritant .
material ghould be emphasised in the booklet.
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ACTION : a) NNS/GWA and supported by
Dan Ashdhown to ensure that all
NCs have sufficient stocks of
Fuller's Earth and booklets.

b) NNS/Jon Heylings to update
booklet

6. LEVEL OF STENCH

Stenching agent has caused resentment amongst applicators and dealers
(during storage) in some countries. NNS/AJS have recently sent
questionnaires to over 130 countries to check:

- concentration of stenching agent in their paragquat formulations/
products

- whether they have experienced problems
. Questionnaire attached. ( ﬂf’f‘“‘k‘;‘ | 3

7. BIOLOGICAL MONITORING

A Calderbank proposed that the "Paraquat Test Kit" be introduced to
monitor levels of exposure in operators/sprayers. The kit can
qualitatively detect paraquat in the urine (down to 1-2 ppm).

RCS and NNS expressed concerns and have reserxvations to wide
introduction of the kit in the field. There is tremendous potential for
errors to occur and wrong interpretation, due to the lack of clinical
controls in handling urine samples.

ACTION : Committee to await outcame of the
actions agreed at previous meeting
on survey of low volume/high
concentration (1:40) spraying of

. paraquat

8. ANY OTHER BUSINESS
8.1 US LEGAL RULINGS

GWA stated the case of legal action being taken by a LDC in the US Court
involving EPTC where the ruling was awarded in favour of the Plaintiff.
What is the potential for paraquat cases in LDCs being brought up in the
US Courts?

ACTION : NNS to check with M Herlihy what is
the present situation of court cases
in the USA
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8.2 PARAQUAT STUDY IN COLUMBIA

An IDRC funded study, conducted in Columbia, on the occupaticnal hazard
of paraquat use, has been published in "Pesticide Outlook™. The study
was conducted in a pottery making area and concluded that paraquat use
has an influence on the incidence of respiratory disorders. NNS stated
that the study has major flaws due to:

- poor protocol

- vague definition of "test" population

- no quantification of exposure levels

- method of test too general, eg lung function
- only questionnaire survey

The Colambian authorities have "distanced" themselves from this study.

ACTION s PSS to issue a note to clarify the
above situvation within the business

9. NEXT MEETING

The next meeting is scheduled for July.

JMF/EJH.
MINS1
Misc 10
9/4/91
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From : IC1 Plant Pratection Division SeT

. Fernhurst [ ' SRS
P J BRAMLEY Haslemere Surrey GU27 3JE
Herbicides Management
Telephone Haslemere (0428) 4061 Switchboard

To {_Redacted -EUPIl_ | Direct line
Telex 85827%1858512 f
Telegraphic Plantector Fernhurst Telex

See Attached Facsimile Haslemere (0428) 52922

Copies t0

.................... Y

{"Redacted - EU PIl |

Your ref Our ref Tel ext Date
RRyNaM [ Redacted - EU Pil} 11 February 1986
. MINUTES OF THE SECOND MEETING OF THE PARAQUAT STRATEGIC ACTIOR COMMITTEE (Held

on 24 January 1986)

I enclose a copy of the above for your interest. It is proposed to ﬁold the
next formal meeting in early April 1986. 1I will issue a meeting date and
detailed Agenda nearer the time. Ongoing developments in this area will
continue to be circulatd as appropriate.

1)@{' ey cé«—a,w.( e,j

————
from Dr Stuart Jaggers ]COPY

o i
———

For Actiﬁﬂ\‘ e

e
B[Fcrward;
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For Info
e m——————
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S - PrAC .

Acgistered in England No. 218018 Rq-“ﬁ'”%mwmé@mmwillbmk London SW1P 3UF
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Circulation
Dr D Cornthwaite : Directorate
Mr J R Finney ¢+ Directorate
Dr J T Braunholtz : Directorate
Mr J C Francis ¢ WER
Mr T C Frears ¢ EMA Region
. Mr D F Manning : FEP Region
Mr R A Woods : Americas
Dr A K Stapleton : Herbicides
Dr D B Brooks : Development Department
Mr C A Spinks : Development Department
Mr C S Major : Public Affairs
Dr T B Hart ¢ PSRG
Mr G A Willis' ¢ PSRG
Dr L L Smith : CTL
. Mr D J Viney : Product Supply Department
Mr B Swaine s Jealott's Hill
Mr M J Edwards : Yalding
_Mr P J Bramley ¢ Herbicides
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MINUTES OF THE SECOND MEETING OF THE COMPANY

SECRET
PARAQUAT STRATEGIC ACTION COMMITTEE

Held at Fernhurst on Priday, January 24, 1986

Present: =~
Dr A K Stapleton {Chairman) : Herbicides
Dr D H Brooks : Development Department
Mr C A Spinks : Development Department
Mr C S Major : Public Affairs
Dr T B Hart : PSRG
Mr G A Willis ¢t PSRG
Mr A J Robinson : Americas Region
Mr D F Manning : FEP Region
Mr T C Frears : EMA Region
Mr A G Potter : WER Region
Dr L L Smith s CTL
Mr D J Viney : Product Supply Department
. Mr P J Bramley (Secretary) : Herbicides
1 PARAQUAT REGULATORY POSITION

1.1 West Europe

GAW presented a summary of recent developments in Switzerland,
Netherlands, West Germany, Italy and Scandinavia. These had been

discussed at the Regulatory Fly-In held at Fernhurst in mid-January.
Details are attached in Appendix 1.

1.2 European Parliament

CSM indicated that representations by the chemical industry against the

recently drafted 'Resolution on agriculture and the environment' had

succeeded in removing named agricultural chemicals (including paraquat)
. from the text and deleterious references to the 'Dirty Dozen'. The

Environment Committee was still considering the document which will be
voted on shortly.

1.3 Japan

DFM summarised developments since the last meeting in November. It now
looks as. if the pro-dilute, 5% ‘Gramoxone' lobby in Japan was not
succeeding and that dilute 'Preeglox L' would be launched in early June
1986. The registration package should be ready by end-March 1986.
‘Gramoxone' sales were due to commence in Japan from late January 1986
once the restrictions/monitoring on availability had been instigated.
The forthcoming visit of Professor Naito (who is involved with the SDS
Biotech 'paste-like' granule) and the Guy's Hospital Paraquat Poigoning
Symposium pose potential problems in the defence area. Both are being
handled with the appropriate PPD resource inputs. CSM/GAW will produce

the note on the Japanese situation for internal ICI circulation once the
strategy looks clear.

ACTION : C S Major/G A Willis
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2 FPORMULATION DEVELOPMENT WORK GROUP

2.1 Solid Paraquat

The proposed two-part work programme for 1986 on solid paraguat was
approved. The extra resource needed to meet this programme will be
available from end-January 1986 (Appendix 2).

ACTION : WED, Yalding

This programme will cover evaluation of the new SDS 'paste-like' granule
under a secrecy agreement. ICI is required to report to SDS by end-
March 1986 when the agreement expires.

2.2 Thickened Formulation

The proposed two-part Yalding work programme for 1986 on the thickened
paragquat formulation developed by Sopra was discussed (Appendix 3). It
was agreed that the evaluation of such a formulation for international
. use (rather than just for France) was desirable as a means of increasing
the 'basket of options' for future product defence and in particular of
perhaps defending the 200 g/l strength form:lation. However, it was felt

that the proposed resource input of 1 man year (largely Experimental
Officer effort) may not be appropriate.

ACTION : D H Brooks/D J Viney to review

3 INCREASED EMETIC CONCENTRATIONS

GAW summarised the report of the Work Group (See Appendix 4). It is
hoped that France and Japan can be used to test the hypothesis that an
increase in the level of emetic concentration above the current 0.5 g/1
will lead to a reduction in poisoning mortality rates along the lines
indicated in animal experiments recently completed at CTL. LLS indicated
that the full CTL reports will be available shortly. Both markets will

provide experience from diluted formulations of paraguat. The Work Group
. is still looking for other suitable 'test' markets so as to ensure a
rapid and full data response.

ACTION : Regions to consider

4 GENERATION OF AGREED DATA BASES

4.1 Regulatory

Discussions with PSRG have led to the agreement that the following three
areas of work require addressing:-

{a) The parameters to include in the new 'Smart' system, being developed
to replace the 'Delta' system.
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(b) The checking of the present data base.
(c) Updating of the system.
The following parameters will be included in the new system:-

Chemical name
Trade name
Formulation number
Formulation type and concentration
Country
Regional code
Regulatory status
Restrictions
Submissions date
Registration date
Expiry date
Outlet (crops)
Tolerances
. Harvest intervals
Current (yes and no)
Comments (a field for further information)
Notification date

PSRG will have changed to the new system by early February. A copy of
the present print-out will be sent to all units for their updating.
Within two months, this updated record should be available. PSRG will
substantially update the record quarterly by using dedicated contract
resource.

ACTION : C A Spinks/M S5 Thomas by next meeting
4.2 Commercial
Investigation of available Group data on past sales of paraquat indicated
that it should be possible to generate sales histories back to 1980 by
major formuilation by market. This work should be completed in 2-3
months. The key requirement is an agreed Regilonally-owned, consistent
l‘. data base.

ACTION : P J Bramley/M S Thomas

5 SOILS WORK GROUP

on the basis of recent analytical work it is clear that the strong
adsorption capacity of some extremely sandy soils and highly organic
soils is capable of being exceeded if very high rates of paraguat are
applied annually.
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This fact, combined with the regulatory action which has been taken over
paragquat in West Germany and Holland makes it important that ICI's views
on this subject should be clear and explicit.

The key technical facts remain as follows:-

* On contact with soil, paraquat is rapidly and strongly adsorbed to
clay minerals. This process deactivates it and renders it
biologically inactlive. .

¢ Most soils can strongly adsorb and deactivate paraquat residues
resulting from hundreds or thousands of normal applications.

* sands and organic soils have the lowest capacities to deactivate
paraguat, but even these soils can deactivate residues resulting
from very many applications.

* Iong-term field investigations show that paraquat residfues in soil
are slowly decomposed.

. * The rate of decomposition means that the deactivation capacity of
almost all soils can never be exceeded as a result of the prolonged
use of paraquat.

* There is no risk that adsorbed paraquat residues will be leached out
of the soil, nor displaced by fertilisers or other agricultural
chemicals.

* There is no known case where the normal use of paraquat has led to the
deactivation capacity of any soil being exceeded, nor where paraquat
once adsorbed has been subsequently reactivated.

* Adsorbed paraquat residues are not taken up by crops and have no
effect on plants or crop yleld. They do not affect earthworms, micro-
arthropods or micro-organisms in the soil, nor do they alter the
availability of nutrients.,

* aAdsorbed residues therefore have no agronomic or environmental
. consequences.

Diquat is also rapidly and strongly adsorbed to clay minerals, however
its use pattern and rates preclude the possibility of a soil's strong
adsorption capacity being exceeded even on extremely sandy and highly
organic soils.

In order to ensure that no problems ever arise as a result of the strong
adsorption capacities of extremely sandy or highly organic soils being
exceeded, a precautionary statement should be added to paraquat product
labels during the normal process of label revision. The Technical Review
Committee of 12 July 1985 gave strong support to the recommendation that
the Soils Work Group should draft label recommendations covering the
further use of paraquat and paraquat mixtures. It was agreed that such
recommendations should be produced for wider internal discussion and that
the timing of the process would be governed by the regulatory climate in
Western Buropean countries.
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At subsequent meetings it has been decided that a proposal will be made
to the Regions for a 'blanket' statement to be placed on all paraquat and
paraquat/diquat mixture labels. Regions will be asked to justify any
specific exemptions. The label recommendation for paraquat-only products
will be something like:-

'To avold the possibility of crop damage do not apply more than an
average of 3 1 of product/ha/year on very sandy or organic soils'.

A draft of such a recommendation will be available in February 1986 and
responses from the Regions are planned to be available before end April.
Therefore by May 1986 an internally agreed amendment should be available
which can then be placed on lables in a timescale appropriate to the

regulatory strategies and label reprinting plans for all countries.
The Committee expressed concern at the possible commercial/regulatory

implications of such a label recommenation particularly in the current
regulatory environment for paraquat.

ACTION : C A Spinks to bring forward specific recommendations to the
Committee before finalising

OVERALL STRATEGY FOR THE INTRODUCTION OF PARQUAT/DIQUAT MIXTURES

The recent crisis in Japan has thrown into focus the current strategy for
introducing paraquat-diquat mixtures as one method of defending the
paraquat business in a particular market. In particular it revealed gaps
in PPD's data base on acute toxicity of the new liquid formulations and
on poisoning case histories. The crisis also highlighted the fact that
diquat is now being drawn into the regulatory limelight.

It was agreed that Herbicides Department and Development Department
should co-ordinate a review of the overall strategy of introducing these
liquid formulations covering:-

* Biological implications and field data base

* Toxicity implications and data base (including current CTL studies)

* Poisoning treatment

* Economic implications (active ingredient, formulation, packaging)

* pigquat toxicological and environmental data base (including soil)

It was proposed to bring this study forward to the next Paraquat
Strategic Action Committee meeting.

PIB/WIM ..., 11/2/8B6 ... A 601
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. APPENDIX 1 /2.3

CONFIDERTIAL

PARRQUAT RBEGISTRATION STATUS
As of 21 January 1986

WESTERR EUROPE
FRANCE

In October 1982, the Commission des Toxiques {regqulatory committee) recommended
that liquid formulations of paraquat should be limited to a maximum strength of
4%. [NB. A 4% liquid product had been on sale already to smallholders and the
20% into main agricultural and horticultural outlets.) The Commission's
recommendation came about because of concerns over poisoning incidents, mainly
in the Prench Antilles. The recommendation required the endorsement of several
ministries, including the Ministry of Agriculture, before a regulation could be
issued. The Ministry of Agriculture has refused to countersig. the proposal so

. far, on grounds of its present impracticability. Thus GRAMOXONE 2000 has
remained on sale. However, in principle (but see below), any new paraquat
registrations, whether of ICI or non-ICI products, would have to comply with the
4% proposal. The inclusion of colour, stench and emetic are mandatory.

As a further safening proposal, ICI SOPRA have introduced the French authorities
to the concept of a thickened formulation. The SOPRA proposal was to thicken
the 20% formulation but initial indications are that the authorities will seek a
concurrent reduction in paraguat content to 10-12% (but not down to 4%). Trials
using thickened material(s) are scheduled during 1986.

FEDERAL REPUBLIC OF GERMANY

Registrations in the Federal Republic run for a maximum of ten years, after
which they have to be renewed if sales are to continue. The registrations for
CRAMOXONE, GRAMOXONE $§ and DUANTI (eguals WEEDOL) have thus expired. The
authorities have refused to re-register them. The Federal Health Authority
. (BGA) gave its consent to continued registration, until October 1986, of
products containing up to 108 paraquat. However the regulatory agency (BBA)
refused to renew registrations “because of the behaviour of paraquat in soil®”.

At the centre of the dispute between ICI and the authority is the unwillingness
of the authority to accept the evidence for the degradation of paraquat in soil
in the field. The authority argues that use at the maximum permitted rate for
the duration of registrations hitherto has the potential, in extreme cases and
in the absence of any degradation, to saturate the deactivation capacity of
soils, leading to a potential for residual phytotoxicity, "an imminent hazard"
which the authority considers it needs to legiplate for. 1In this process, the
authority argues that it cannot differentiate between soil types.

The ICI position is that paraquat residues decline in soil in the field, albeit
slowly but nevertheless at a rate which will be sufficient to ensure that an
equilibrium is reached between annual addition rate and annual degradation of
the paraquat present, before the deactivation capacity is saturated in the
overwhelming majority of agricultural and horticultural soils. 1In extreme cases
of peats and of sands of less than 5% clay content, limiting the annual use rate
of paraquat would in practice obviate any possibility of the deactivation
capacity being exceeded. No practical example has come to ICI's attention where
the normal uses of paraquat have led to the deactivation capacity being exceeded
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and of consequent residual phytotoxicity.

ICI's objections to BBA abocut their decision were rejected. Therefore ICI had
no option but to take the matter to the Administrative Law Court. The case can
be expected to continue during 1986.

Meanwhile registrations of various paraquat:residuval mixtures, containing up to
108 paraguat, remain in place. They are scheduled to run until 1990.

THE NETHERLANDS

In 1985 The Netherlands finalised a policy document which decreed that
pesticides which are persistent in soil are fundamentally undesirable. This is
irrespective of whether or not that persistence is of any phytotoxicological or
other ecotoxicological consequence. The availability of (perceived)

. alternatives needed also to be considered when deciding on the registration/
re-registration of such compounds.

On this basis, the pesticlde registration committee (CTB) has formulated a
recommendation to the Deputy Minister of Agriculture that registrations of
paraguat- and diquat-containing products should not be renewed when they expire
in November 1988.

Despite a good technical-level meeting on paraquat and an ICI offer of labelling
restrictions to ensure no possibility of the soil deactivation capacity being
exceeded even in extreme situations, the committee has stuck to its position.
The need of paraquat in Dutch agriculture/horticulutre, and the availability of
(perceived) alternatives, will now have an important bearing upon the Deputy
Minister's decision.

In 1983 ICI Holland agreed that various municipal uses of GRAMOXONE should be
switched to WEEDOL to minimise any poasible consequences of humans and pets
gaining improper access to the undiluted 20% liquid during use by
municipalities.

SWITZERLAND

At the authoritiesg' reguest, ICI/Maag submitted in April 1985 the standard
review of paraquat residues in soil.

In December Maag learned that the Swiss authorities were planning to discontinue
all uses of paraquat and diguat because of concerns over soil persistence. A
meeting therefore took place between ICI/Maag and the authorities on 7 January.

Although the authorities have reached this view, they have not yet initiated the
process which would be needed to give effect to their view. At the 7 January
meeting, ICI agreed to make a further submission in Pebruary on points of
technical detail which arose during the discussion. On the basis of the
information provided by Maag, ICI has not identified any use situations which
would merit introducing a limitation on use. Nevertheless ICI indicated that it
would be prepared to conduct & survey (c/f other WER countries) of residues in
any situations which are of particular concern to the authorities and, if the
results indicated a need, to volunteer use limitations to preclude the
longer-term possibility of residual phytotoxicity. The Swiss activities have
been influenced by events in The Netherlands and Germany.
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In Switzerland, the authorities decided in April 1985 that the paraquat content
of registered products should be limited to 12%, effective from August 1986.
This move was initiated in the face of pressure concerning the toxicity of
paraquat and its abuse for suicides. Concurrently, Maag will be dropping the
trade name GRAMOXONE, and will replace the word paraquat with the systematic
chemical name, in an attempt to reduce the identification hitherto with the
product amongst those who are considering the act of suicide. The
classification system in Switzerland limits the availability of such products,
including GRAMOXONE, to bona fide agriculturalists and horticulturalists.

SCANDINAVIA

Denmark introduced a proposal five years .ago to re-register all existing
products before 1 January 1986. Those which had not been registered under this
new scheme by that date would cease to be registered on that date. In April

. 1983 the Danish regulatory body gave ICI Denmark notice that GRAMOXONE and
PRIGLONE (equals WEEDOL) would not be re-registered. ICI Denmark objected. In
December 1984 the Appeals Board instructed the regulatory body to reconsider its
decision, which it has not yet done. Meanvhile the re-registration process was
abandoned in November 1985 and all existing registrations continue without time
1imit. However it would be naive to think that pressures against continued
paraquat registrations in Denmark has subsided in the longer term. In 1983 the
regulatory body said that its decision was made mainly because of concerns over
toxicity and safety in use. A concurrent and similar decision on diquat was
made on environmental grounds. A perceived lack of need of paraquat, and the
existence of perceived alternatives, influenced the 1983 decision on the
compound. The regulatory body is expected to look again at paraquat in the
second half of 1986. It would not be surprising if they then take up issues of
soil persistence (c¢c/f Holland and Germany).

In view of official concerns over the toxicity of paraquat, ICI voluntarily
vithdrew GRAMOXONE registrations in Sweden, effective 31 December 1983, in the
understanding that a solid formulation (c/f WEEDOL) would be registered in its
place (NB. By many European standards, the Swedish uses would have been

. classified as smallholder.) In the event, the authority refused to register any
new formulation of paragquat, on the grounds of inherent toxicity and lack of
need, ie perceived alternatives. There is no effective appeals procedure in
Sweden.

In FPinland, the Pesticide Board, mainly on advice from the Board of Health
(Ministry of Health) have cancelled the acceptance and import of GRAMOXONE in
Finland., Registration continues until ARugust 1986, but obviously refusal to
re-register is the likely outcome. Consequently ICI can no longer export
GRAMOXONE to Pinland, but can continue to sell the product. The Pesticide
Board's decision is based on the 'toxicity of paraquat’, although there have
only been 2 suicide deaths in Finland in 20 years and no fatal accidents or
problemsg with use of the chemical. ICI has appealed against this decision,
through the distributor, Berner Osakeyhtio, and a decision on that is awaited.

Registrations in Norway are due to expire in 1986 and re-registration was
applied for recently, with no reaction at this very early stage.
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ITALY

The authorities called in an up-to-date submission of the compound in 1985. The
data are entering the re-evaluation process now. At this very early stage,
there are no indications of any issues arising, nor of their consequence.

SPAIN

The Authority has decided to conform to EEC registration standards by 1 January
1986 when Spain enters the EEC. They have decided that because paraquat is in
the most poisonous class in most EEC countries, it should similarly conform in
Spain. However, the fourth class category in Spain will restrict application to
approved contractors and damage our sales. We have agreed to re-submit a
paraquat dossier to obtain a proper review early in 1986.

UK, IRELAND, GREECE, AUSTRIA, PORTUGAL AND BELGIUM

Wo major registration issues to .report.

EEC

Attempts by Denmark and the Federal Republic of Germany in 1983 and 1984 to have
paraguat adopted as a candidate for inclusion in the EEC Prohibitions Directive

failed, PSRG is aware that recent attitudes toward soil persistence in Holland

and Germany could lead to the matter being re-opened.

OUTSIDE WER

USA

In 1982 paraquat was removed from the RPAR (Rebuttable Presumption Against
Registration) candidate list. It was returned to normal registration processes.
Registrations are conditional upon the outcome of the newly-avajlable
IBT-replacement and allied toxicological data. However, alongside other
chemicalg, paraquat has become involved in two other processes.

As a result of an out-of-court settlement of a case brought by the National
Resources Defence Council (NRDC, an environmental group), EPA agreed to
re-review the processes by which 14 chemicals, including paraquat, were removed
from the RPAR candidate list. This activity must be completed by 31 March 1986.
As part of this activity, EPA has re-evaluated the technical data base on
paraquat, including the newly-submitted toxicological data. The review
processes are understood to be complete and free of new issues, except under
toxicology where review of the new longterm rat study has led EPA to an interim
decision that paraquat should be regulated as an oncogen, due to the lung
lesions seen in the top dose females., However EPA has noted the difference of
opinion between the erstwhile Head of Pathology at the contract lab, LSR, and
the Head of Pathology at CTL over the interpretation of the lung lesions. (The
CTL interpretation is that the lesions shows no evidence of a compound-induced
tumorigenic response). EPA wishes to see this difference resolved before
finaliging its position in March 1986. To facilitat