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The insecticidal properties of two fibre-reactive
organophosphorus esters, Q-ethyl-S-n-propyl-
O-(4-(2-(3-viny/sulphonylpropionyljoxyethyl)-
thiophenyllphosphorothionothiolate and O-ethy/-S-n-
propy!l-OQ-(4-(2-(3-vinylsulphonylpropionyl)oxyethyl)-
thiophenyllphosphorothiolate, have been determined
against a number of keratin-digesting insects. Both
compounds were effective against the more common
textile pests at relatively low application levels; however,
considerably higher levels were required to control the
feeding damage due to Hoffmannophila pseudospretetla.
Generally, the insecticidal activity of the phosphoro-
thiolate was greater than the activity of the phosphoro-
thionothiolate; however, this was offset by the greater
susceptibility of the phosphorothiolate to hydrolysis
during application from a dyebath. The application of
these compounds during dyeing and other textile
processes was examined.

INTRODUCTION

For many years dieldrin provided a low-cost treatment for
the protection of wool and other keratinous materials
against insect damage. However, as a result of recent legis-
lation restricting its use, together with the discovery of
dieldrin-resistant strains of the common c¢lothes moth and
case-bearing clothes moth [1, 2}, this cheap insecticide is
now being withdrawn in most countries.

Commercial products currently used to protect wool are
effective, but are also expensive. This has given new
impetus to the search for a novel, economical, and ecologi-
cally suitable insecticide for use on wool. Various members
of the organophosphorus class of insecticides have been
evaluated [3-7]. These insecticides have the advantage of
low cost and good insecticidal activity against textile pests
but lack the necessary fastness to confer long-term protec-
tion to wool.

Recently ithas been shown thatthe fastness properties of
these compounds can be improved by covalent bonding of
the insecticide to wool [8-10].

The concept of improving the durability of certain chemi-
cal finishes on wool by the use of fibre-reactive groups is
well known [11]. These groups are designed to bind the
desired chemical, e.g. dye chromogen, irreversibly to the
wool; however, if an arganophosphorus insecticide is
bound in such a way its insecticidal activity is lost. In this
case, when the organophosphorus compound is released
in the insect gut during digestion of the wool it is attached
to either an amino acid or a peptide residue (Figure 1). The
ionic groups present on these residues prevent the
organophosphorus compound from penetrating the mem-
brane that surrounds the insect’'s central nervous system
[12]; thus it cannot exert its toxic action.
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Figure 1 — A diagrammatic representation of the release
activation of an organophosphorus insecticide covalently
bound to wool

This problem is overcome by incorporating a labile link-
age between the insecticidal and fibre-reactive portion of
the molecule. Such a labile bond must be readily cleaved in
the insect during digestion of the wool, yet be sufficiently
hydraolytically stable to allow the compounds te be applied
to wool in a boiling acidic dyebath. Furthermore, the func-
tional group remaining on the insecticide must have low
polarity for high insecticidal activity to be retained (9].

From the fibre-reactive organophosphorus esters
examined to date it has been found that these requirements
are best met by a carboxylic ester bond [9, 10, 13-16]. In
these earlier studies various combinations of fibre-reactive
groups and organophosphorus insecticides were evalu-
ated. The present paper describes the results of application
to wool of two of the most promising compounds.

EXPERIMENTAL
Materiais
A soap-scoured undyed plain-weave fabric of 135 g/m?,
made from 64s-quality merino wool was used.
0-Ethyl-S-n-prapyl-0-(4-(2-(3-vinylsulphonylpropionyl)-
oxyethyl)thiophenyl)phosphorothicnothiclate [16] (com-
pound A, Figure 2} and O-ethyl-S-n-propyl-0-(4-(2-(3-vinyl-
sulphonylpropionyljoxyethylithiophenyljphosphorothio-
late [16] (compound B, Figure 2) were dissolved
(10% wt/wt) with ethoxylated nonylphenol containing
30 ethylene oxide units (Teric N30, ICI{A)) (3% wt/wt) and
calcium dodecylbenzene sulphonate {Alkanate CS, ICI (A))
{7% wt/wt) in xylene to make an emulsifiable concentrate.
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Figure 2 — Fibre-reactive insecticides

Insect Testing

Testing against insects was performed in this laboratory

using the larvae of the insects listed below according to

AATCC Standard Test Method 24-1977 [17]. By this

method, wool is considered resistant to insect attack if the

feeding damage does not exceed 8 mg, provided that the

feeding damage to an untreated control is 30 mg or more.

{a) Case-bearing clothes moth, Tinea transiucens Meyrick,
strains resistant and susceptible to dieldrin

(b} Common clothes moth, Tineofa bisselliella Hummel,
strains resistant and susceptible to dieldrin

{c) Furniture carpet beetle, Anthrenus flavipes Le Conte

(d) Variegated carpet beetle, Anthrenus verbasci Linné.

Testing against the larvae of the insects listed below was
performed at Ciba—Geigy, Basle, Switzerland, according to
the Swiss Association for Standardisation leaflet
195901/1971, using baited fabric samples treated with
insecticide.

{a) Common clothes moth, Tineola bisselliella Hummel

(b} Furniture carpet beetle, Anthrenus vorax Waterhouse
(syn. flavipes)

{c) Black carpet beetle, Attagenus piceus Oliver.

Testing against the larvae of the fur beetle, Attagenus
peliio Linné, was performed at Huntingdon Research
Centre, England, according to the British Standard 4797
{1972) and testing against the brown house moth, Hoff-
mannophila pseudospretelfa Stainton, was performed at
Lincoln College, New Zealand, according to the AATCC
Standard Test Method 24-1977 [17], using ten larvae (six to
eignt weeks old, each weighing approximately 15 mg and
estimated to be fourth or fifth instars). To allow for the
different living conditions required by this insect, the tests
were carried out at 21°C and 90% RH.

Dyebath Application

The insecticides were applied to wool (25 g} in an Ahiba
Turbomat laboratory dyeing machine at a liguor-to-wool
ratio of 20:1. The wool was wetted out and the liquors
containing the appropriate auxiliaries were circulated
through itat 40°C for 5 min. The insecticide, emulsified with
water (50 ml) and dyes predissolved in hot water, was
added to the bath. The liquor was circulated at 40°C for a
further 10 min and then the temperature of the bath was
raised to 100°C over 30 min and held at 100°C for the
appropriate time. At the end of the dyeing cycle the wool
samples were removed, rinsed briefly in cold water, hydro-
extracted and air dried. When reactive dyes were used,
the wool samples were rinsed with aqueous ammonium
hydroxide (sp.gr. 0.880, 1% o.w.f., in 500 ml H,0) at 40°C for
20 min.

Chemical Analysis

The phosphorus ester of compound A on the wool was con-
verted to O-ethyl-S-methyl-S-n-propylphasphorodithioate
and the phosphorus ester of compound B on the wool was
converted to O-ethyl-O-methyl-S-n-propylphosphorothio-
ate. These derivatives were then determined by gas
chromatography [14, 16]. The amount of insecticide co-
valently bound to the wool was determined by removing
loosely bound insecticide by Soxhlet extraction of the
fabric with a mixture of dichloromethane, methanol and
water (92:6:2) prior to analysis of the wool.

Analysis of Dyebath Liquors

Samples of the dye-liquors were taken at the appropriate

time and cooled to 0°C, and an aliquot (25 ml) was extracted

with dichloromethane (5 ml) containing the appropriate
internal standard. This solution was centrifuged for 3min at

1200 rev./min and the fibre-reactive esters were deter-

mined by h.p.l.c. on a column {25x4.6 mm internal diame-

ter) packed with LiChrosorb Si 60 (10 um), using a u.v.

detector at 254 nm, as follows:

Compound A: mobile phase — dichloromethane+heptane+
isobutanol {50:50:1} internal standard — 4-({methylthio)-
o-cresol

Compound B: mobile phase — dichloromethane+aceto-
nitrile (92:8) internal standard — 2, 4-dimethoxyphenyl-
sulphonamide.

Fastness Testing

Methods employed for hand laundering, dry cleaning and
accelerated light exposure have been described previously
[18-20}.

Application by Padding

Samples of wool (10x30 cm) were padded with aqueous
emulsions of compound A (1.25g/l} or compound B
(0.65 g/I) (pH 4.5, 80% expression) and either stenter dried
(120°C for 5 min) or autoclaved (100°C for 20 min).

Application during Oxidative Bleaching

Method 7

Wool (25 g) was placed in a bath (20:1, liquor:wooi) at 45°C
containing tetrasodium pyrophosphate (2 g/} and H,0,
(30% wt/vol., 20 g/1) at pH 8.5 the liquor circulated for 10
min, the insecticide added, and the treatment continued at
45°C for 5 h. The wool was then removed, rinsed and air
dried.

Method 2

Wool (25 g) was placed in a bath (20:1, liquor:wool) at 40°C
containing H,0, (30% wt/vol., 20 g/1} and Stabilizer AWN
(Sandoz) (1 ml/l) at pH 7. The liquor was circulated for
10 min, the insecticide added, and the bath raised to 70°C at
1°C per min and held at 70°C for 40 min. The wool was then
removed, rinsed and air dried.

Application during Reductive Bleaching
Method 1
Wool {25 g) was placed in a bath {20:1, liquor:wool) con-
taining sodium dithionate (5 g/1) at 20°C, the liquor circu-
lated for 5 min and then the insecticide added. The bath was
raised to 60°C and held at this temperature for 1h,
Leucophor PAF (1% o.w.f.} was added, and the temperature
of the bath was raised to 70°C and held at this temperature
for a further hour.
Alternatively, the
Leucophor PAF.
Method 2
Wool (25 g) was placed in a bath {20:1, wool:liquor) con-
taining zinc formaldehydesulphoxylate (5 g/1) and formic

insecticide was added with the
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acid (to give pH 2.75) at 50°C. The liquor was circulated for 5
min and the insecticide added. The temperature was raised
to 80°C and held for 30 min, the pH was adjusted to 4, and
after a further 5 min the wool was removed and rinsed.

Application during Printing
Wool fabric was screen printed with a print paste (84%
o.w.f.) composed of Carbolan Blue B ({ICl}) C.I. Acid Blue
138) {1%), thiodiglycol (5%}, urea (5%), Indalca PA 3 (Cesal-
pinia) (10% solids) {60%), compound A (0.12% as a 10%
emulsifiable concentrate) or compound B (0.6% as a 10%
emulsifiable concentrate}, and water to 100%.

The fabric was steamed at 100°C for 30 min and unfixed
dye was removed by sequentially rinsing the fabric at 40°C
with water and agueous acetic acid, pH 5.

Simulation of Tape Scour

To simulate the conditions of a tape scour, wool (2 g) was
sequentially immersed for 15 s with minimum agitation in
the fallowing aqueous solutions (80 ml): {a) sodium carbo-
nate (1% wt/vol.) and an ethoxylated nonylphenol contain-
ing eight ethylene oxide units (Lissapol TN 450, ICl (A))
(0.2% wt/vol.) at 60°C, (b) water at 60°C, (c) water at 20°C
and (d) an aquecus emulsion of compound A {0.1% wt/vol.)
or compound B (0.05% wt/vol.) at 50°C for times ranging
from 2 to 60 s.

Between each immersion the wool was squeezed in a
laboratory pad mangle to give 80% pick-up. After immer-
sion in the insecticide emulsion, the wool was squeezed
and dried at 120°C for & min.

RESULTS AND DISCUSSION

insecticidal Activity

The minimum level of insecticide on the wool required to
inhibit the feeding damage caused by some of the major
textile pests is given in Table 1.

TABLE 1

Insecticidal Activity of Fibre-reactive Esters

Minimum level of insecticide (% wt/wt)
required to inhibit feeding damage

Insect
Compound A Compound B
Tineola bisselliella 0.03 0.01
(resistant)
Tineola bisseliielfa 0.04 {0.05)* 0.007 (0.02)*
{susceptible)
Tinea transiucens 0.05 0.007
{resistant)
Tinea transiucens 0.05 0.007
(susceptible)
Tinea dubiella 0.06 0.02

Anthrenus flavipes
Anthrenus verbasci

0.008 (0.025)*
0.008

0.008 (0.01}*
0.01

Attagenus pellio 0.02
Attagenus piceus 0.05* 0.05*
Hoffmannaphilia 0.15
pseudospretella

* Determined by Swiss normal test procedure SNV Test Method 195 901
using baited fabric samples

Except for H. pseudospretella, relatively low levels of
these compounds are required to be present on the wool to
control feeding damage.

As the compounds are chemically bound to the wool they
cannot act as contact poisons but must be released in the
insect gut during digestion of the wool. A study of the frass
of H. pseudospretella lavae feeding on wool has shown that
a considerable portion of the ingested wool was not

48 JSDC Volume 99 February 1983

digested [21], and it is probable that the lack of susceptibil-
ity of H. pseudospretella to the fibre-reactive insecticide
was due to some difference in the biochemistry of digestion
of this insect compared with the common keratin-digesting
insects. A similar lack of susceptibility of H. pseudospretelia
to the stomach-poison mothproofing agents Euian WA new
and Mitin LP has alsc been observed [22, 23].

Although infestations of this insect are capable of caus-
ing considerable damage to wool products, it has not been
considered a major textile pest because its larvae require
an undisturbed environment of high humidity (>80%) for
their relatively long development {24].

Significant differences in the minimum ievel of both
compounds required to control 7. bisselliella and A.
flavipes were observed when both the SNV and AATCC test
methods were used. This may have been due to the more
severe conditions of the SNV method, which uses a baited
fabric sample, or to differences in the insect colonies in the
different laboratories.

Dyebath Application

Both compounds, when prepared as emulsifiable concen-
trates, were readily applied to wool from a dyebath. Rapid
exhaustion and fixation to the wool was observed to occur,
particularly with compound A.

The difference in the rates of exhaustion were thought to
be related to the different water solubilities of these com-
pounds {compound A 1 p.p.m. at 20°C, compound B 72
p.p.m. at 20°C). Although the exhaustion rates were high,
the levelness of the application throughout the package
was excellent, even at very slow circulation rates of the
dye-liquar.

As shown in Figures 3 and 4, maximum exhaustion and
fixation occured shortly after the dye-liquors reached the
boil. The losses that occurred after reaching the boil were
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Figure 3 — Application of compound A to wool from a
dyebath, pH 4.5
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Figure 4 — Application of coampound B to wool from a
dyebath, pH 4.5



TABLE 2

Application of Fibre-reactive Insecticides during Dyeing

Insecticide on wool

Degree of reaction

{% of applied (% of applied

insecticide) insecticide)
Dyeing
Dyebath  time Compound Compound Compound Compound
Class of dye pH {min) A B A B
Acid Ievelling“’) 28 90 85 52 76 42
Acid milling™® 45 80 91 49 73 40
5.5 60 81 47 68 38
6.5 60 65 43 49 34
1:2 Metal-complex'® 6.0 60 85 55 70 43
5.0 120 82 KE:| 69 31
5.0 180 77 26 67 22
Reactive'? 5.5 40 70 62 62 52
4.0' 90 75 50 60 a1
4.0 90 83 52 71 43

{a) Lissamine Yellow 2G (i{Cl, C.I. Acid Yellow 17) (2% o.w.1.}

{b) Coomassie Orange G (ICi, C.I. Acid Orange 33) (2% o

.w.f.) and Albegal SW (CGY) (1% o.w.f.}

(¢} Irgalan Brilliant Green 3GL (CGY, C.I. Acid Green 57) {1% o.w.f.), Alhegal A (CGY) (1% o.w.f.} and Albegal C {CGY)

(0.1% o.w.f.)

{d} Lanasol Red 6G (CGY, C.I. Reactive Red 54) (1% o.w.f.) and Albegal B {CGY) {1% o.w.f.}

{e) Lanasol Red 6G (4% o.w.f.) and Albegal B (2% o.w.f.}
{f) Lanasol Red 6G {4% o.w.f.)

due to hydrolysis of the carboxylic and phosphorus ester
bonds of the compounds. The phosphorus ester of com-
pound B was much more susceptible to hydrolysis than the
phosphorus ester of compound A [16], and hydrolysis of
this group accounts for the lower levels of compound B
deposited on the wool.

The effect of applying these compounds under a variety
of conditions typically used to dye wool is shown in Table 2.

The two factors that had the largest effect on the pick-up
of the insecticide were the pH of the dye-liquor and the
length of the dyeing cycle. The lower amounts of insecti-
cide deposited onthe wool with increasing pH and length of
dyeing cycle were attributed to the hydrolysis discussed
above and were most apparent for compound B. These
losses of compound B could be reduced if the insecticide
was added towards the end of the dyeing cycle (Figure 5). In
this case level application was obtained, with 70% fixation
occurring after 15 min. Slightly higher fixation could be
obtained at lower temperatures, e.g. 75% at 80°C, but a
longer time in the dyebath was required, e.g. 40 min.

The presence of dyes and appropriate levelling agents
was found to exert a negligible effect on the application of
these compounds. However, when compound A was

100 Dye liquor at 100°C, pH 4.5
1. Insecticide on the woaol
2. Insecticide fixed 1o the wool

3. Insecticide in the dye-tiquor

Insecticide, %

1 A

L 1

50 60

10 20 30 40

Time in dyebath, min

Figure 5 —Application of compound Bto woolattheendofa
dyeing cycle

applied in the presence of a fibre-reactive dye, the applica-
tion efficiency was slightiy decreased. This effect was not
observed at the lower application level used for compound
B and appears to be a function of the levelling agent,
Albegal B, rather than competition with the fibre-reactive
dye [9].

The presence of various spinning oils on the wool had
little effect on the application of these compounds.

Effect of Insecticides on Dye Uptake

As these compounds exhaust rapidly onto the wool, it is
possibie that they could adversely affect the uptake of dyes.
This would be most apparent when wool is dyed with a
mixture of two dyes having significantly different molecu-
lar weights [25]. When wool was dyed with a mixture of a
phthalocyanine dye, Cibacrolan Blue 8G, and an azo dye
with a smaller molecule, Drimalan Yellow F-3GL, co-
application of the compounds A or B resuited in some
retardation of uptake of the larger blue dye. Similar com-
petitive effects were also evident when woaol was treated
with the pyrethroid Perigen. When mixtures of dyes having
similar molecular weights were used, compounds A and B
had a negligible effect on the rate of dye uptake.

TABLE 3

Effect of Mothproofing Agents on the Uptake of Dyes

Concentration of dye in liquors after dyeing

{ma/1)
Dye 1*in Dye 2tin

NH,OH NH,OH

Dyebath rinse Dyebath rinse
Dye only 15.8 33 33 2.6
Dye+compound A 41.8 5.2 58 3.2
Dye+compound B 34.4 4.3 54 3.0
Dye+Eulan WA new  16.5 3.7 3.7 3.1
Dye+Mitin LP 19.8 4.0 4.1 4.9
Dye+Perigen 26.8 3.9 4.0 3.6

* Cibacroian Blue 8G (CGY, C.I. Acid Blue 185)

1 Drimalan Yellow F-3GL (S, C.l. Reactive Yellow 69)
The dyes (Cibacrolan Blue BG (1% o.w.f.} and Drimalan Yeilow F-3GL (1%
o.w.l.)); Albegal B {1% o.w.f.) and the appropriate insectproofing agent
{compound A (0.1% o.w.f.), compound B (0.05% o.w.f.), Eulan WA new
(0.4% o.w.f.), Mitin LP (0.35% o.w.f.) or Perigen {0.2% o.w.f.}} were added
to the dyebath at pH 5, and the wool dyed at 100°C for 1 h
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TABLE 4

Fastness of Fibre-reactive Insecticides

Amount of Insecticide on wool (% o.w.1.) after
insecticide Amount Amount
applied* exhausted reacted 10 10 dry Exposure
(% o.w.f.) (% o.w.f.) (% o.w.f.) washes cleanings to light
Compound A 0.10 0.091 0.070 0.064 0.071 0.038%
Compound B 0.05 0.024 0.021 0.020 0.022 0.015

* Compounds were applied in a dyebath at 100°C for 60 min, pH 6
+ 0.005% o.w.f. of the corresponding phosphorothiolate ester was found to be present on the wool

TABLE 5

Feeding Damage to Wool Treated with Fibre-reactive
Insecticides

TABLE &

Application* of Fibre-reactive Insecticides to Wool/Nylon
(80:20) Blend

Feeding damage (mg)

A. flavipes T. bisselliellat T. translucens+

Wool treated * with 1.4 2.2 2.2
0.1% (o.w.f.) of A

After 10 washes 2.3 4,7 3.1
10 drycleans 2.3 4.4 3.0
Exposure to
light 2.1 25 3.1

Wool treated with 2.1 1.0 0.4

0.05% (o.w.f.) of B

After 10 washes 2.3 4.0 1.4
10 drycleans 0.8 1.0 0.9
Exposure to
light 2.6 3.6 1.5

Untreated wool 49.4 41.1 38.9

* Insecticide applied from dyebath for 60 min at 100°C, pH 5
t Dieldrin-resistant strain

Fastness Properties of the Insecticides
With all the dyebath applications, a small proportion of the
insecticide remained unfixed and was readily removed by
Soxhlet extraction. After ten hand-wash cycles or ten
commercial dry-cleaning treatments, the amount of insec-
ticide remaining on the wool was similar to the amount
remaining after Soxhlet extraction, indicating that these
processes removed only the loosely bound compound.
Exposure to light considerably reduced the amount of
compound A and, to a lesser extent, the amount of com-
pound B on the wool (Table 4), but did not affect the resis-
tance to insect damage. Analyses of the woal treated with
compound A indicated that some photo-oxidation of the
—P =S group had occurred, producing small amounts of the
more insecticidally active phosphorothiolate esters:

S 0
SCH, __ hv SC.H
_Ll/ : 0] _||:!/ °
S OCH, ™SocH,

Wool/Nylon Blends

When compounds A and B were applied to wool/nylon
blends they preferentially partitioned onto the wool, enabl-
ing the treatment levels to be reduced. This contrasts with
the commercial anionic mothproofing agents Eulan WA
new and Mitin LP, which preferentially partition onto the
nylon leaving the wool undertreated [26]. -
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Amount of insecticide
{% of application level) on

Wool

Nylon

Exhausted Fixed Exhausted Fixed

Compound A** 85 67 10 5
Compound A+

Erional NW (CGY) (1g/1} 94 70 3 1
Compound B*** 52 43 3 o1
Compound B+

Erional NW {CGY) {(1g/1) 53 45 2 1

* Applied in dyebath, 100°C for 60 min, pH 4.5
** Compound A applied at 0.1% o.w.f.
*** Compound B applied at 0.05% o.w.f.

Alternative Methods of Application

Although most mothproofing agents are applied to wool in
a dyebath, there is an increasing demand for their applica-
tion during other wet processes, e.g. tape scour, loose-
wool scour, or carpet printing. In general, conventional
mothproofing agents applied under these conditions — low
temperature, short immersion time — exhibit considerably
poorer wash-fastness properties. A number of different
methods for applying these fibre-reactive compounds were
briefly investigated {Table 7).

TABLE 7

Other Methods of Application of Fibre-reactive Insecticides

Fibre-reactive insecticide on wool
{% of applied amount}

Method of application Compound A Compound B
After Fixed After Fixed
treatment treatment
Pad-steam 100 81 100 72
Pad-steam (10% urea) 100 82 100 81
Pad—dry 100* 43 100 42
100** 53 100 58
Pad—dry—steam 100 74 100 68
In print paste*** 98 74 91 77
During oxidative bleaching
Method 1 22 15 7 6
Method 2 51 42 35 30
During reductive bleaching
Method 1t 67 50 47 22
Method 1% 78 64 63 42
Method 2 82 " 70 56

* pH of aqueous extract of wool=4.9
** pH of aqueous extract of wool=7.5
**+ Amount applied=amount on wool before excess dye removed during
washing-off
t Insecticide added at start of bleaching
1 Insecticide added with flucrescent brightener



The best fixation levels were achieved by a pad—-steam
sequence. A short steaming time (15 min) was required to
give high levels of fixation, this time was shortened (7 min}
in the presence of urea. The pad-stenter—dry sequence
produced significant fixation. The extent of this fixation

- was influenced by the pH of an aqueous extract of the wool.

‘

Subsequent autoclaving also increased the level of fixation.

High levels of fixation were also obtained when these
compounds were applied in printing pastes.

However, the insecticides could not be satisifactorily
applied during oxidative bleaching of the wool, but signif-
icant levels of fixation were obtained when they were
applied with a fluorescent brightener after reductive
bleaching with sodium dithionate or when applied with zinc
formaldehydesulphoxylate.

The application of these compounds to wool from a com-
mercial tape scour could not be evaluated owing to insuffi-
cient insecticide. However, when small samples of wool
were treated in batches under conditions that simulated
those found in a tape scour, a low degree of exhaustion of
these compounds onto the wool in the times usually
encountered for the passage of the wool through a tape
scour bowl was observed (Table 8). This uptake, together
with the modest degree of fixation that accurred on drying,
should allow these compounds to be applied in this man-
ner.

TABLE 8

Uptake of Insecticide under Simulated Tape-scour Condi-
tions

Level of insecticide Fixation

on wool (%) (% of amount on wool)
Immersion
time Compound Compound Compound Compound
(s) A* BY A B
5 0.08 0.03 51 56
10 0.10 0.05 49 59
20 0.13 0.06 52 62

* Concentration of compound A in the last bowl=0.1% wt/vol.
t Concentration of compound B in the last bow!=0.05% wt/vol.

CONCLUSION

The fibre-reactive organophosphorus esters O-ethyl-S-n-
propyli-O-(4-(2-(3-vinylsulphonyipropionyljoxyethyl)thio-
phenyl)phosphorcthionothiolate {(compound A) and O-

ethyl-S-n-propy!-0-{4-(2-(3-vinylsulphonylpropionyl)oxy-
ethylithiophenyl)phosphorothiclate} (compound B} may
be used to protect wool from insect damage.

Both compounds were readily applied to wool during
dyeing and the resistance to insect damage conferred to the
wool was durable to the effects of washing, dry cleaning
and exposure to light. Compound B was generally more
insecticidally active towards textile pests than compound
A. However, compound A was more hydrolytically stable.
The long-term stability of these compounds on wool is
currently being evaluated and will be reported later.

* * *
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