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INTRODUCTION

It has long been known that wool and other animal fibres are subject
to attack by the larvae of certain moths and beetles and it is normal
for articles on the topic of mothproofing to start with a quotation
from the Old Testament to demonstrate the antiquity of the prob-
lem. It is believed that the larvae of the wool damaging pests origin-
ally evolved a modified digestive system so that they might exist on a
diet or carrion or other dead protein material, such as feathers or
insects.

This ability to digest and derive nourishment from highly cross-
linked protein matter is certainly unusual. Generally speaking, diges-
tive enzymes cannot easily break down the keratin of wool fibres
because the disulphide cross-links of cystine prevent access of the
active site of the enzyme molecule to the peptide bonds linking the
protein main-chains, It is widely accepted that the wool-digesting
insect larvae have developed an alkaline reducing region in the gut,
which is capable of breaking disulphide bonds. Enzymatic digestion
of the separated protein chains can then proceed more readily. The
recent finding by Hammers et al. [1] of large quantities of intact
cystine in the excrements of species of wool damaging insects of
several different genera may, however, call this hypothesis into
question, unless the reducing region in the gut is followed by an
oxidising region.

INSECT PESTS (See Figure 1)

Wool digesting insects are members of two orders: moths (Lepidop-
tera) and beetles (Coleoptera). The important wool-damaging
species are:

Tineola bisselliella, Hummel. (Common or webbing clothes
moth)

This pest is distributed world-wide as a single species and is widely
employed as a test insect, although generally speaking it is the most
susceptible of the wool damaging insect species to mothproofing
agents.

Tinea spp. (Case bearing clothes moth)

Several species of the genus Tinea exist in sub-tropical and temper-
ate areas of the world. Identification of individual species is a task
for the skilled taxonomist.

Hofmannophila pseudospretella, Stainton. (Brown house
moth)

In contrast to the clothes moth species of the family Tineidae
described above, this moth belongs to the house moth (Qecophori-
dae) family which are general scavengers existing on a diet of both

animal and vegetable origin. Only during the last decade has this’

moth become a significant pest to wool textiles in the moist, temper-
ate climates of New Zealand and Western European coastal areas
{2,3], and it is likely that the larvae prefer a cereal diet to one of
keratin. Recognition of the wool damaging propensity of this species
has led to specific developments in insect resist agents during the
last decade.

Anthrenus spp. (Varied carpet beetles)

Like the case bearing clothes moths, several species and varieties of
this pest exist in sub-tropical and temperate regions. The species
which is most widely employed for biological testing of insect proof-

ness is the sub-tropical fumiture carpet beetle, Anthrenus flavipes
(Le Conte).
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Attagenus spp. (Fur beetles)

There are two important species of Attagenus — Attagenus piceus
(Oliver), the black carpet beetle, also known as Attagenus mega-
toma and a native of Japan — and Attagenus pellio (L), the furrier’s
beetle, which is indigenous to North America. Both species are now
widely distributed.
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Figure 1-Principal insect pests of wool textiles

INSECT RESIST AGENTS
In commoen parlance the term mothproofing agent is applied to
those compounds used by the wool textile industry to prevent
damage by insect pests; the term insect resist agent is now preferred
in order to acknowledge the role of beetle pests. The abbreviated
version IR agent will be employed as appropriate in this review.

The early history of the development of insect resist agents has
been reviewed by Moncrieff [4]. More recent reviews have been con-
tributed by McPhee [5], Mayfield [6], Shaw and White {7], Haas [8],



Reinehr et al. [9], Wolf, Hammers and Altenhofen [10] and Taylor
[10a). This review will, therefore, be confined to the more important
aspects of the evolution of IR agents, and to a discussion of the
agents which have been commercially successful in recent times.

Currently, the wool textile industry applies insect resist agents
mainly to carpet wools; it is estimated that about 85% of the sales of
these agents are into the carpet sector. The agents should be cheap
and co-applicable in dyeing, scouring oi other finishing processes.

It is, undoubtedly, absolutely necessary to treat susceptible pro-
ducts such as carpets and upholstery fabrics, and other products
which may be stored for long periods (e.g. blankets, winter under-
wear and uniform fabrics). It is a widely held view that treatment of
these more susceptible products will reduce the probability of insect
colonies becoming established in the home and such items as
apparel in everyday use will thereby be less likely to suffer damage.

Modem insect resist agents

IR agents should be applicable in many different processes and be
able to withstand hydrolytic decomposition in boiling dyebaths. On
the treated wool they must exhibit adequate wet- and lightfastness
to meet the end-use requirements of the particular type of textile
product to which they are applied. For carpets, the main product
area, these fastness requirements are modest, but for those product
areas where stringent fastness requirements exist, it is normal prac-
tice to apply an initial excess of IR agent to compensate for sub-
sequent losses.

A further important requirement is that the IR agent should be
safe in use, i.e. during mill application and in the consumer situa-
tion, and also should pose no environmental hazards. Since these
agents are biologically active they attract the attention of authorities
and organisations responsible for worker and consumer safety and
environmental protection. The latter point is exemplified by the strict
contrel in the UK of IR agent discharge into sewers; local water
authorities set consent limits for the maximum permitted concent-
ration of IR agent in the sewage discharge of mills and these are
reviewed at frequent intervals.

Modern IR agents fall into two categories: those which have been
developed specifically as [R agents for wool and have no uses in
other fields, and a second class whose members have agricultural
pesticides as active ingredients but may be specially formulated for
wool textile application. Presently available members of the former
group of IR agents are usually anionic polychlorinated aromatic
compounds (Products 1-7, Table 1}. Members of the latter group
are based on synthetic pyrethroid insecticides (Products 8-15, Table
1). It is probable that both classes of IR agent enter the insect’s sys-
tem only through the digestive tract because it can readily be
demonstrated that mothproofed wool has no insecticidal activity
towards insect species which do not ingest the fibre.

With a total market size of about 1000 tonnes p.a. [9] it is now
unlikely that a novel IR agent specific to wool could be economically
marketed, bearing in mind additional factors, such as the costs of
registration and ecotoxicological testing. The available market is
simply not big enough to support the cost of such testing. As a con-
sequence, new developments in IR agents for wool are likely to
follow developments in pesticide chemistry in the agrochemical
industry [7].

Lipson and Hope [11] were the first to demonstrate that the
highly hydrophobic pesticides developed by the agrochemical
industry could be applied to wool in dyebaths, provided they were
formulated as emulsifiable concentrates. In hot aqueous dyebaths
the wool is swollen and the pesticide emulsion destabilised, hence
exhaustion of the pesticide from the dyebath and deposition within
the fibre can occur, resulting in acceptable fastness properties.

The first such pesticide emulsion to be applied commercially in
this way contained dieldrin (1). Although dieldrin was widely used in
industry during the 1960s and 70s, its high mammalian and fish tox-
icity, coupled with extraordinary persistence in the environment, has
now led to an almost universal ban on this product. Since 1983,
dieldrin has no longer been allowed for the protection of Wool-
mark(R) products against insect pests.

TABLE 1

Commercially available insect resist agents

Active ingredient

Product Manufacturer Year of
Systematic % in introduction
or trivial product (if known)
name

1. Mitin FF high
conc. CGY Sulcofenuron 80 1939

2. Eulan U33 BAY
3. Eulan WA new BAY

Chlorphenylid 33 1958
Chlorphenylid 20 1961

4. Mitin LP CGY Chlorphenylid 12 ca
Flucofenuron 8 1972
5. Molantin P Chemapol  Chlorphenylid 32

6. Eulan BLS BAY Trichlorobenzene-
N-chleromethyl
sulphonamide 15
Chlorphenylid 165

Sulcofenuron 14.5

7. Mitin 4108 CGY

8. Perigen Wellcome Permethrin 10 1980
9. SMA-V Vickers Permethrin 20 1980
10. Antitarma NTC Dalton Permethrin 7 1982
11. Mitin BC CGY Permethrin 10 1982
12. Mitin AL CGY Permethrin 5 1983
Hexahydro-
pyrimidine
derivative 5
13. Eulan SP BAY Cyfluthrin 3 1982
14. Cirrasol MPW  ICI (Aus.) Cyhalothrin 56 1985
15. Eulan SPN BAY Permethrin 10 1687

o
Cl
ClO 1 dieldrin
cl
Mitin FF high conc. (CGY)
This product contains the active ingredient sulcofenuron (I1} (80%
wt/wt) and has been used as an IR agent since 1939; although rela-

tively expensive it is employed where very good fastness to washing
and light is demanded (e.g. uniform fabrics).

SO,H

R
NHCONH Ci i sulcofenuron
L,

Cl

Of all the products available, Mitin FF is the only one which pos-
sesses substantivity for the fibre in a manner analogous to that of
anionic wool dyestuffs; this property is conferred by the sulphonate
residue which imparts water solubility.

Eulan U33, Eulan WA new (BAY)

The active ingredient in these products is chlorphenyfid (III}. Eulan
U33 contains 33% wt/wt and Eulan WA new 20% wt/wt of this
active ingredient.

Clses

o I chlorphenylid

NHSO,CH,C

The chloromethylsulphonamide side chain of chlorphenylid
imparts water solubility under alkaline conditions. These products
are formulated as solutions of the sodium salt at about pH10 which,
on acidification for application to wool, form a milky dispersion of
the free sulphonamide:

NaOH  _
Ar-NHSOCHCI = Ar-N-80,CH,CINa”
3

Water insoluble form Water soluble form
In the past it has generally been accepted e.g. [12] that chlorphe-
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nylid behaves like a colourless acid dye, being adsorbed initially by
electrovalent forces from acidic aqueous solution. However, recent
work by Wolf and Zahn [13] has indicated that the predominant
mechanism of uptake by the fibre may be via a combination of weak
non-polar interactions and hydrogen bonding forces involving the
un-ionised sulphonamide (as for disperse dyes), and that direct
adsorption of the anion may play a relatively minor role.

Chlorination of the molecule is the last stage in the manufacture
of chlorphenylid; as a result the product contains a mixture of
isomers of compounds with different levels of chlorination. Several
workers [ 14-17] have isolated and characterised these components
and have shown that Eulan WA new and U33 consist mainly of the
hexa- and pentachloro-derivatives.

Mitin LP (CGY)
This product is a mixture of chlorphenylids {12% wt/wt) and a
second active ingredient known as flucofenuron (V) (8% wt/wt).

NHCONH CFy
@ IV flucofenuron
C1

The reason for using a mixture of active ingredients is to increase
the effectiveness of the formulated product against beetles and so
give a better balance of mothproofing and beetle-proofing. (Most
single component IR agents are significantly more effective against
moths than against beetles.)

Molantin P (Chemapol)

The active ingredient in this product is a mixture of chlorphenylids
but there is evidence that the overall degree of chlorination is lower
than that of the chlorphenylid mixture present in the previously
described Bayer and Ciba-Geigy products [17a]. Higher application
levels of Molantin P are required to give the same insect resist effect
as the more highly chlorinated products.

Eudan BLS (Bay)

Eulan BLS is specifically manufactured for application from solvent
and is now used mainly for IR treatment of carpet yarns in conjunc-
tion with solvent scouring and milling carried out batchwise in speci-
ally constructed machinery. A more detailed description of solvent
IR treatment is given later in this review. The active ingredient of
Eulan BLS is believed to be the compound shown in formula V.

cls

v trichlorobenzene-N-chloromethyl sulphonamide
NH,SO,CH,C1
Mitin 4108 (CGY)
This IR agent is available only in Japan and PR China. It contains a
mixture of chlorphenylids (16.5%) and sulcofenuron {14.5%).

Perigen (Wellcome), SMA-V {Vickers), Mitin BC (CGY)

Antitarma NTC (Dalton} and Eulan SPN (BAY)

The active ingredient in the above products is the synthetic pyreth-
roid permethrin (VI). All are formulated as 10% wt/v liquids with the
exception of SMA-V, which is a 20% wt/v product, and Antitarma
INTC, which contains 7% active ingredient.

CH3_ CHay © @
¥
17 A(COOCH v

The synthetic pyrethroids are a series of insecticides whose mole-
cular structure is related to the pyrethrins, natural insecticides found
in the flower-heads of the daisylike pyrethrum plant, Chrysanthe-
mum cinerariaefolium, which is cultivated commercially in certain
areas of the world. The most important of the six recognised insecti-
cidal components of pyrethrum extracts is pyrethrin I, shown in
formula VII.

permethrin
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Q/\/\I VIl pyrethrin |

The natural pyrethrins are unsuitable for wool insectproofing
applications because of their photochemical and hydrolytic instabi-
lity. The development of the synthetic pyrethroids by progressive
modification of the pyrethrin chemical structure has been described
by Elliott [18] and has resulted in an important class of agrochemi-
cals of greater photochemical and hydrolytic stability than the
natural pyrethrins. Although the more recent synthetic pyrethroids
have much higher insecticidal activity and greater stability, they still
retain the low mammalian toxicity of the natural products.

The first commercial insectproofing agents based on synthetic
pyrethroids were introduced in 1980. Perigen (Wellcome) and
Mothproofing Agent 79 (Shell) both contained permethrin as active
ingredient. The Shell product is now withdrawn in UK, but a similar
product is formulated and distributed by Vickers under the trade
name Vickers SMA-V. The development of these new insectproof-
ing agents is described in detail in the literature [19-24].

Although the fish toxicity of the pyrethroids as a class is very high,
it has been shown that a high proportion of the residual permethrin
in mill effluent is removed if (as is normal in Western Europe) the
effluent is subjected to settling and biological treatment before dis-
charge to surface waters [19]. Permethrin is a highly active insecti-
cide and is effective at 0.015-0.02% on weight of wool (ow.w.).
Uptake of the active ingredient by the wool in dyebath treatment is
very efficient. For all these reasons, the levels of permethrin entering
surface waters as a result of insectproofing are extremely low.

The major advantage of the pyrethroid-based IR agents is their
ability to control the larvae of Hofmannophila pseudospretella at
economic application levels [2,3]. This property is unique to the
pyrethroids.

Mitin AL (CGY)}
This product [9,25] contains a mixture of two active ingredients —
permethrin and a specially developed hexahydropyrimidine deriva-
tive (HHP) (VI11).

CH

%N P
O:(N}CONH—QCI
-
CH, © cl

VIl hexahydropyrimidine derivative

De Sousa et al. [9,26] claim that pyrethroid based IR agents have
two potential disadvantages, the so-called ‘beetle gap’ and the
potential for resistance to build up in the target species (see also
refs. [27,28]). The ‘beetle-gap’ refers to the borderline effectiveness
of pyrethroids against a particular variety of Anthrenus beetle —
Anthrenus flavipes var. seminiveus (Casey). With Mitin AL, Ciba-
Geigy claims to have combined the excellent moth protection of
permethrin with improved Anthrenus beetle protection from the
HHP component.

Eulan SP (BAY}
The active ingredient in this product is the pyrethroid insecticide
cyfluthrin (IX) (3% wit/v).

CHJ CHJ

ool 1600

Eulan SP shares with Mitin AL and the permethrin-based IR
agents the ability to control Hofmannophila pseudospretella at
economic application levels.

IX  ofluthrin

Cirrasol MPW (ICI Australia)

This [R agent is not available outside Australia, but was recently
introduced into that country by ICL. Its active ingredient is the syn-
thetic pyrethroid cyhalothrin (X).



CH3 CH3

oo Dol
a- COOCH X

Novel insect resist agents and recent developments

cyhalothrin

Fibre-reactive IR agents

During the review period a number of publications from CSIRO
Division of Textile Industry [29-31] have described the develop-
ment of fibre-reactive organophosphorus-based IR agents, the appli-
cation to wool of two of these compounds (XI} and (XII} was
described by Jones [32].

”/.OC H

i
CH,=CHS0,ICH,L,COICH, s — ¥
=/ TSC.H,

X Oethyl-S-n-propyl-O-(4-(2-(3vinylsulphony}-propionylloxyethylithiophenyl)-
phosphorothionothiolate

O 2 U OCyH,
CHy— CHSO,CH,),LOICHy) s{_\fop
=/ " scH,

Xl Oethyl-S-n-propyl-O-{4-(2-(3-vinylsulphonyl-propionyllexyethyl)thiophenyl)-
phosphorothiolate

The vinylsulphone groups of these compounds react with nucleo-
philic sites in the wool fibre, fixing the agents to the fibre through
covalent bonds so that they are extremely durable to wet treatments.
Once fixed on the wool they are, however, deactivated and are only
re-activated (made toxic) when the digestive processes in the insects’
gut split the ester bond. Phosphorothionothiolate {XI) and phos-
phorothiolate esters of 4-(2-hydroxyethyl)thiophenol (XII) gave the
best overall performance, conferring durable insect-resistance on
wool at application levels of 0.1 and 0.05% {o.w.w.) respectively [6].

Figure 2 is a schematic representation of the steps involved in the
release of the organophosphorous insecticide in the insect’s gut,
emphasising the importance of the labile ester group.

These fibre-reactive IR agents were not introduced commercially,
presumably because no markets other than insectproofing of wool
could be found for them.

Insecticide

Fibre Insect digestion

reactive
group

-0

Wool NHa " CO»

Insecticide inactive due to
presence of ionic groups

Release mechanism required

Active
nsecticide
Labile

hond A e S
fnsect digestion

Figure 2-Schematic representation of the release of active organo-
phosphorus pesticide from fibre-bound reactive insect resist agent

Alternative Pyrethroids
Many alternative pyrethroids have been evaluated as potential IR
agents for wool [25.33], including decamethrin {deltamethrin) {XIII)
[24], fenvalerate (XIV} [34,35], fenpropathrin {XV) [23,34,35] and
cyphenothrin (XV1) [34].

Before these candidate IR agents are accepted in the market
place, tests such as light and wet fastness have to be carried out. In

the case of deltamethrin there is already published evidence [24]
that its lightfastness is unsatisfactory for application to wool in
economic concentrations.

CH] CH;

COOCHO O
@Q o

deltamethrin

XNV fenvalerate

ch eH,
SO O
C'-:FLHA\COOCH XV fenpropathrin
CH CH
CHa\ RO @ O
CHy 4" COOCH XV1  cyphenothrin
Other proposed IR agents

Other products evaluated as IR agents for wool, which have as yet
found no industrial usage, include derivatives of organo-phos-
phorus compounds [36-38], triphenyl tin compounds [39],
quaternary ammonium salts [40-42]), imidazoles [{43], benzimida-
zoles [44], carbamates [45] and precocenes (anti-juvenile
hormones) [46].

APPLICATION METHODS FOR IR AGENTS

Application during dyeing -

Whenever it is possible to apply IR agents during dyeing, this should
be the method of choice. All that is necessary is to add the appropri-
ate quantity of IR agent to the dye bath along with the dyes and
auxiliaries. All dyeing methods which give satisfactory dyeing will
normally result in satisfactory insect resistance, although it should be
noted that exhaustion of IR agents may be inhibited by certain dye-
ing auxiliaries [21,23,47] and some agents may be destroyed if pro-
longed boiling of the dyebath is carried out for shade-matching
purposes [48].

IR agents applied during dyeing have better wet fastness and
lightfastness properties than can be achieved by any other method,
and although the wet fastness requirements in carpets — the main
end-use for insectproofed wool — are not high, this method of appli-
cation is still to be recommended whenever its use is practicable.

Blends of wool and polyamide fibres are commonly used in the
carpet sector. In the UK, for example, a wool-rich polyamide blend
predominates (80:20, woolnylon). In many cases these blends are
union dyed, mainly in yarn form, and the IR agent is applied at this
stage. Mayfield [12] has clearly demonstrated that the chlorphenylid
derivatives (Eulan WA new/UJ33, Mitin LP, Molantin P) partition in
favour of the polyamide component in the 80:20, wool/nylon blend
in the approximate ratio of 4:1. The corresponding ratio for the pyr-
ethroid based agent Perigen, was 4:3, indicating a clear advantage
for this type of product in the treatment of wool/polyamide biends.
Mayfield [12] also showed that the chlorphenylid agent absorbed by
the polyamide portion was ineffective against insect pests.

A significant proportion of wool tufted carpet production cutside
UK is manufactured by the so-called dry-spun route and
undoubtedly there are technical difficulties both in applying IR
agents and in achieving adequate fastness properties in cases where
Berber blends containing only a small proportion of stock-dyed
wool are involved. In these cases it is common to apply IR agent by
the unsatisfactory ‘spinning lubricant’ method. (See below).

The observation that the best overall fastness performance can be
achieved only by dyebath application of IR agent has led to a
method invelving overtreating a portion of a dry-spun wool blend in
the dyebath and blending with untreated wool to give the ‘normal’
overall treatment level [491. If a sufficient proportion of the blend is
of dyed wool, this method presents no technical problems. If only a
very small fraction of the blend is dyed — the remainder being
undyed wool - then some of the undyed wool must be treated with
IR agent in a blank dyebath. In laboratory trials, it was found possible
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to blend untreated wool and overtreated wools up to a maximum
blend ratic {untreated:overtreated} of 40:1 before serious insect
damage occurred, provided the amount of IR agent on the total
wool was sufficient to control the insect pests. The results of this
work are summarised in Table 2. The effectiveness of this method of
insect proofing has been demonstrated both for intimate fibre
blends and blends produced by folding overtreated and untreated
yarns.

In mill conditions, it may be that such high blend ratios as 40:1
cannot be used with safety, but ratios as high as 10:1 have been
used successfully in full-scale practice.

TABLE 2

Insectproofing by blending overtreated and untreated
wools: minimum effective concentrations (MEC) required
to control three insect species

IR agent MEC - % required to control:
Tineola Tinea Anthrenus
bisselliella translucens flavipes
Perigen
— on 100% treated
wool 002 0.02 0.04
— on overtreated/
untreated blend® (.03 0.025 0.05
Eulan U33
— on 100% treated
wool 009 012 0.12
— on overtreated/
untreated blend®  0.14 0125 012

* Levels of IR agent on total weight of wool on intimate blends in blend ratios up to 40:1
untreated:overtreated

Application during scouring

Insectproofing during scouring is the second most important tech-
nique used in industry. Carpet wools may be proofed in continuous
processes during raw-wool scouring, or more commonly, when the
yarns are scoured in hank form. Blankets, upholstery fabrics, and
uniform fabrics may be proofed in batchwise treatments during the
scouring of piece goods.

These treatments are carried out at lower temperatures and for
shorter times than dyebath proofing processes. Therefore, the IR
agent does not penetrate 50 deeply into the wool fibres; as a conse-
quence its fastness is lower and higher levels of IR agent should be
applied to compensate. For carpet yarns, proofing during yarn
scouring has become more important as the fashion for Berber-style
carpets has grown. These yams are composed, at least in part, of
undyed wool, and treatment of the yarns with IR agent during the
process of scouring to remove spinning lubricants is a convenient
method of proofing. Scouring is normally done in hank form, the
hanks being carried through the machine by tapes or brattices. The
machine normally has four bowls in which the yarns are immersed
in turn and then passed through a mangle. The first two bowls con-
tain alkali (sodium carbonate or bicarbonate) and detergent, the
third is used for rinsing with water, and the fourth contains acid and
IR agent. Although the time of immersion of the yarns in the last
bowl is very short {between 10 and 90s depending on the type of
machine and the speed at which it is operated) and the temperature
is relatively low (usually below 50°C), significant exhaustion of the
IR agent onto the yarn takes place. IR agent and acid are added to
the bowl continuously, preferably by metering devices, to keep con-
centrations in the last bowl and uptake by the wool constant.

The importance of controlled metering of both IR agents and
acid to the last bow! of the scour set in achieving level application of
IR agent and reducing costs by avoiding overuse of agent, has been
emphasised by Shaw et al. [50,51]. In mill conditions, gravity feed
controlled by needle valve and rotary gap-meter has been found
more reliable than the more usual metering pump installation. Both
arrangements tend to suffer from malfunctions due to fibres and
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other foreign bodies entering the metering device, but the former
has the advantage of a visual indication of flow rate, provided by the
gap-meter.

Figure 3 shows the effect of a successful optimisation of a
selected mill’s tape scouring process. Before optimisation, the mill
was adding IR agent manually at twice the required rate of uptake in
an attempt to ensure that all yarn was treated at least to the required
level. This strategy was not always entirely successful (Figure 3 [a])
and there was a build-up of IR agent in the treatment bath and
wastefully high uptake by the yarn in the later stages of the run. After
the installation of metering devices for IR agent and acid feed, and
optimisation of processing conditions, the situation was greatly
improved (Figure 3 [b]). It was possible to obtain consistent uptake
and to reduce the feed rate of IR agent by 33%, thus effecting con-
siderable savings in chernical costs.

(a) 1.0
0.8
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Required level
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Figure 3-Optimisation of tape—scour application of IR agent (a)
Before optimisation, using manual addition of IR agent (b) After
optimisation, using metered feed of IR agent and acid

(The two lines on each plot — open points and filled points —
represent resuls from separate runs)

Temperature also has an important effect on the uptake of IR
agent in the scouring bowls, as shown for Eulan WA new in Figure
4. It has been suggested [52] that bowl temperatures of 50°C should
be employed in order to achieve better penetration and wet fastness
properties of the IR agent. Temperatures in excess of 50°C are not
recommended as colour bleeding from the hot yarn could occur
during treatment. Thermostatic controls should therefore be
installed on the IR agent bath.

Shaw et al. [50] point out the problem of co-precipitation which
can arise when the cationic antistatic agent Disperstat W
{Stephenson Bros.) [53,54] is co-applied during scouring with IR
agents of anionic character (Eulan WA new, Eulan U33 and Mitin
LP). Attempts to apply Disperstat W from the same scouring bowl as
the IR agents will result in precipitation of the highly non-polar ion
pair shown in Figure 5. If the IR agent and antistat are applied
sequentially under scouring conditions, the ion pair will be formed
on the fibre surface, where it will lead to rapid soiling. In the dye-
bath, it is possible to combine anionic insect resist treatment with a
low temperature post-dyeing antistat treatment without promoting
undesirable soiling of the product. However, it should be noted that
the efficacy of all anionic IR agents, including Mitin FF, against
Tineid moths is reduced in the presence of Disperstat W [55], pre-
sumably because the complex formed is not broken down in the
insect's digestive system and the IR agent does not therefore
become available to the insect. When using Disperstat W or similar
products, it is probably advisable therefore to achieve insect resis-
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Figure 4-The influence of bow! temperature on the uptake of Eulan
WA new in continuous tape—scour application (Immersion time 30s,
acetic acid 1g/1, Eulan WA new 1g/1)

tance by applying non-ionic IR agents such as the pyrethroids, which
show no reduction in efficacy and can be co-applied in the scour.

It is interesting to note that the active ingredient of Disperstat W,
tri{octyl/decyl)methylammonium chloride, was shown by Tolgyesi
et al. [41] to be an effective insect resist agent at 0.4-0.6% ow.w.
{test species T. bissellielia and Attagenus piceus). It would appear
that the anionic IR agent and the cationic antistat exert a mutually
antagonistic effect in terms of insect resistance.

- +
Ar-NHSOpCHpC1 T=——== Ar-N-S02CH2C1 + H

v
tEulan-Disperstat jon pair

Figure 5-The ion pair formed when chlorphenyiid-containing IR
agents and Disperstat W are applied in the tape-scour

Application by addition to spinning lubricants
In terms of the volume of woo! treated, this is the third most impor-
tant method used for IR treatment of carpet yarns but is confined to
so-called dry-spun yarns, which are carded and spun with such low
additions of lubricant that scouring is regarded as unnecessary. The
IR agent is mixed with the spinning oil and water, and the mixture is
applied to the loose wool in the normal way. The fastness of IR
agents applied in this way is lower than when any other method is
used, because the treatment is largely superficial. It is usual to apply
higher amounts of IR agent to compensate for the lower fastness.
Application of IR agent from spinning lubricant cannot be recom-
mended for quality products because of the lack of fastness of the
finish. The method also has other potential disadvantages in that
mill operatives and consurmers may be exposed to direct contact
with IR agent. Althcugh modern IR agents are not even regarded as
harmful according to accepted definitions, such exposure should be
avoided if at all possible.

Application from solvent

Eulan BLS (BAY) (V) is an IR agent specially manufactured for
application in solvent-processing machines. When this agent is
mixed with water and the mixture dispersed in solvent {usually
perchloroethylene), it exhausts rapidly onto wool placed in the sol-

+ .
CH3N(CgH17)3 (1

vent {56). The main outlet for Eulan BLS is for the treatment of
carpet yarns in conjuction with solvent scouring and milling.

Significant quantities of woal carpet yarn are processed in batch
solvent machinery and this is a convenient methaod for scouring and
feiting carpet yarns, especially where water is scarce or expensive.
However, the uptake of Eulan BLS may be adversely affected by the
surface - active auxiliaries used in scouring and felting, so it is impera-
tive to carry out the proofing as a separate process after the scour-
ing/felting bath has been dropped. If possible the yarns should be
rinsed in clean solvent to remove residual surfactants before immer-
sion in the IR agent bath. At the very least, the yarns should be well
centrifuged to remove as much auxiiiary as possible.

Allanach [57] has critically assessed perchloroethylene (solvent)
insect resist treatments with Eulan BLS in terms of the influence of
added water and three surface active auxiliaries. He confirmed the
retarding effect of the auxiliaries and noted that added water pro-
moted exhaustion of the IR agent. However, even with the optimum
water addition of 2-3% oww., utilisation of the IR agent (ie.
exhaustion onto the wool) reached a maximum of only 40%. In all
conditions, the uptake of Eulan BLS was grossly unlevel, although
in view of the remarks made previously in relation to blends of
proofed and unprocfed wool, this may not be important in terms of
practical insect resistance.

A further disadvantage of Eulan BLS is its relative ineffectiveness
against beetle pests. In order to obviate this problem, Allanach [57]
has developed a system for the application of permethrin or other
pyrethroid-based IR agents from perchloroethylene, using a dip-
extract procedure. Normally, if application were carried out at
ambient temperatures in a non-swelling solvent such as perchlor-
oethylene, surface deposition would occur, leading to poor wet and
lightfastness of the IR agent. However, Allanach demonstrated that
if the wool yarn contains residual water (15% oww.) from the
scouring/milling process, or failing that, if water is added as an
emulsion before the yarn is immersed in the IR agent solution, then
adequate fastness properties can be obtained because under such
conditions, the solvent and the IR agent are able to penetrate the
wool fibres,

TESTING FOR INSECT RESISTANCE

Biological test methods

The traditional test method for insectproofness of wool textiles con-
sists of exposing samples of the textile under test to larvae of the
chosen test species under controlled conditions, then applying
some means of assessing the damage caused and comparing this
assessment with criteria of acceptability specified in the test method.
Different test methods may require the use of different insect
species or may allow a choice. Assessment of damage may be made
by measuring the weight loss of the test specimens, by weighing the
frass (excrement} produced by the insect larvae, by visual assess-
ment of cropping and holes, or by some combination of these
methods. Table 3 summarises the more important and most widely
used test methods. The interested reader is referred to reviews by
Waelchli [58], Kuehne [59] and Mayfield [6].

Shaw et al. [67] have presented data showing the wide variability
of biological testing data among six laboratories using the ISO 3998
test [63]. The insect colonies in these laboratories were found to
vary considerably in their susceptibility to IR agents. In the case of
Tineola bisselliella there was a three-fold difference between the
levels of IR agent required to contro} the least susceptible and the
most susceptible insect colonies. In the case of Anthrenus flavipes
the difference was fourfold. In tests against T. bisselliella the relative
effectiveness of the IR agents did not vary among the laboratories
but this was not the case in tests against A. flavipes.

The Australian Standard biological test method [65] requires
regular comparison of laboratory insect colonies with wild strains of
the same species, and is unique in this respect. This precaution is
intended to ensure that changes in the susceptibility of laboratory
and/or wild strains of test insects do not render the test results
meaningless, for example, because of the development of the resis-
tance to IR agents in wild strains. In view of the variability in the bio-
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TABLE 3

Principal biological test methods for insect resistance

Method(s) of Test species Special Ref.
amage specified features

assessment
WTO Weight loss in Tineola bisselliella 60,61

comparison with Attagenus piceus

untreated controls and

controls treated with

dinitro-a-naphthol

(DAN)
AATCC For beetles, excrement Attagenus piceus 62
TM-24-1980 weight or fabric weight ~ Anthrenus flavipes

loss Tineola bisselfiella

For moths, fabric weight

loss only
IS0 3998-1977 Visual assessment of Attagenus piceus 63,64
(=BS 4797 cropping and holes Anthrenus flavipes
1978) Fabric weight loss Tineola bisseiliella

Tinea pellionella

Australian Visual assessment of Anthrenus flavipes Comparison of test 65
Standard cropping and holes Tinea translucens larvae with wild strains
AS 2001. Fabric weight loss {syn. metonella)
6.1.1980
Swiss Standard ~ Weight loss in Attagenus piceus Test samples baited with 66
SNV 195501 comparison with Anthrenus flavipes yeast suspension

untreated controls

Tineola bisselliella

logical test results described above, it would seem that this aspect of
the Australian test method should be more widely applied.

Chemical test methods

Chemical testing is quicker, more reproducible and cheaper than
biological testing and also gives more of the sort of information that
can be useful in developing application procedures. Chemical test
methods determine the amount of IR agent present on the wool,
whereas biological methods give a pass—borderline—fail assessment.
If the wool is overtreated, a biological method cannot give any infor-
mation on the degree of over-treatment, and this is obviously of no
use in determining the optimum or most cost-effective methods and
conditions for insectproofing [67,68].

The advent of sophisticated and accurate methods for the analyti-
cal determination of IR agents by gas chromatography or high per-
formance liquid chromatography has led to significant advances in
the application technology of IR agents, the determination of their
fastness properties and in the development of insect resist
standards.

There are occasions when the use of chemical testing is not
appropriate, however. If wool/polyamide blends have been treated
by union dyeing, and uptake of IR agent by the polyamide is greater
than by the wool (as is usual for anionic IR agents), then chemical
testing will give a falsely optimistic estimate of insect resistance. Also
in cases where anionic IR agents have been used in conjuction with
the cationic antistat, Disperstat W, unreliable results may be
obtained. Since MEC values for use in chemical testing are derived
from biological test results (see below), it is important to ensure that
these biclogical results are obtained using test insects whose suscep-
tibility to insect resist agents is comparable with that of wild strains,
and that MEC values are re-determined if there is evidence of resis-
tance developing in wild populations of wool-damaging insects.

For a given substrate type there is a reproducible relationship
between feeding damage in a biological test and the amount of IR
agent on the wool as determined by chemical analysis. Figure 6
shows a typical dosage—response curve for Eulan WA new analysed
by IWS Test Method 27 (h.p.l.c.) [69].

By use of this combination of chernical and biological testing, mini-
mum effective concentrations (MEC) have been determined for
each type of IR agent [67,68] using average values from interlabora-
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Figure 6-The relationship between biological and chemical test
results for insect resistance

tory trials, setting the MEC for control of T. bisselliella, T. pellionella
and Hofmannophilla pseudospretella at a feeding damage level of
5mg in the ISO 3998 test and for control of Anthrenus flavipes and
Attagenus piceus at 8 mg feeding damage.

Shaw et al. [68] have also carried out interlaboratory chemical
analysis trials using a series of test samples prepared by the follow-
ing method. Crossbred wool tops were treated in the dyebath with
relatively high levels of Eulan WA new, permethrin and Mitin FF
high conc. and well gilled (8-10 gillings) to ensure levelness.
Portions of each treated top were then well blended {by gilling} in
varying proportions with untreated top to give a series of samples
containing a range of IR agent concentrations. The following con-



clusions were drawn from the results of interlaboratory chemical
analysis:

(i) For pyrethroid based agents, either gas chromatographic
analysis with electron capture detection (GC/ECD) (69,70] or
high performance liquid chromatographic analysis (h.p.lc.)
[17,23,69,71] gives good results in terms of accuracy, precision
and interlaboratory reproducibility

(i) The chlorinated aromatic {chlorphenylid} based agents gave
good results using h.p.l.c. (17.23,69,72] in terms of accuracy,
precision and reproducibility
Colorimetric analysis {73] was found to give poor reproducibi-
lity and inaccurate results. George [74] has proposed a method
based on hydrolysis, extraction and u.v. spectrophotometry but
this has been crificised by Wimbush [75] on the grounds that
other compounds (e.g. dyes) are also extracted and interfere
with the u.v. absorbance
GC analysis [76] gave poor interlaboratory reproducibility but
undoubtedly at least one laboratory employs this method, modi-
fied to their own needs, with excellent results

(iii) Colorimetric analysis of the sulphonated polychlorinated aro-
matic Mitin FF [76) is likewise inaccurate and irreproducible.
Methods employing hydrolysis, followed by distillation [69] of
the amine produced, and then analysis by h.p.l.c. give accurate
results. George’s method [74)] has been proposed for this agent
and again criticised by Wimbush [75].

SPECIFICATIONS FOR INSECT RESISTANCE
As a result of the above interlaboratory work on correlating the

TABLE 4

results of biological testing with chemical analysis, MEC values have
been agreed between IWS and all the major manufacturers, formu-
lators and distributors of IR agents and form the basis of the Wool-
mark(R) specification for insect resistance [77].

For the purposes of the Woolmark labelling scheme the WS
moth resistance specification E-10 is applicable for wocl carpets,
blankets and upholstery fabrics and indicates the minimum effective
concentration (MEC) of each IR agent which should be present on a
product after cleaning and light fastness testing as specified in IWS
T™ 28 {78].

WS Technical Information Bulletin, TRB-3 [79] lists agreed
recommended application levels (RALs) for IR agents on wool
carpets, carpet yarns, rug yarns and upholstery fabrics. The RAL
value takes into account losses of IR agent during application,
requirements for different countries according to the prevailing
insect pests and losses of IR agent in simulated wet and light fast-
ness tests.

Five different levels of treatment on carpets, carpet and rug yarmns
and upholstery fabrics, are described which cover a variety of pos-
sible combinations of insect pests. These are explained in Table 4; in
this table, level 1 is a minimum worldwide Woolmark mandatory
requirement and levels 2, 3 and 5 are advisory requirements for par-
ticular climatic areas. Level 4 is a mandatory requirement in Austra-
lia, and advisory requirements 5 and 3 have been adopted as
mandatory in New Zealand and South Africa respectively.

Using chemical analysis, IWS operates an insect resistance quality
contro] scheme under its Woolmark policy which has greatly
assisted in the worldwide assessment of the efficiency of insectproof-

Recommended application levels of insect resist agents

for different climatic and geographical areas

Area in which product will be sold
is required

Insect species against which protection

Recommended
treatment level

Application levels to meet woolmark mandatory requirements in all territories except Australia, New Zealand

and South Africa

All countries except Australia, New
Zealand and South Africa

Tineola bisselliella

Level 1

Application levels to meet woolmark advisory requirements for different climatic/geographical areas

Moist, temperate climates, e.g. UK,

Tineola bisseiliefla

Level 2

Eire, N France, Belgium, Netherlands,
W Germany, Denmark, etc.

Warmer, drier climates, e.g. Central
and Southern Europe, USA, Japan,
etc.

General use when highest
economically practicable level of
protection is required or when product
will be widely exported

Haofmannophila
pseudospretelia
Tineola bissellielia Level 3
Anthrenus flavipes (Le Conte}

Tineola bisselliella Level 5
Tinea spp.

Anthrenus flavipes (Le Conte)

Attagenus spp.

Hofmannophila pseudospretelia

Application levels to meet woolmark manadatory requirements in Australia, New Zealand and South Africa

Australia

New Zealand

South Africa

Tineola bisselliella Level 4
Tinea spp.

Anthrenus flavipes (Le Conte)
Tineola bissellieila Level 5
Tinea spp.

Anthrenus flavipes (Le Conte)
Attagenus spp.

Hofmannophiia pseudospretella
Tineola bisselliella Level 3
Anthrenus flavipes (Le Conte)
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ing and in raising industrial standards. The results from the quality
control scheme are also used as a basis for identifying problem areas
and thereby planning technical service activities.

FUTURE PROSPECTS

Undoubtedly the biggest difficulties facing the continuing satisfac-
tory insectproofing of wool are related to environmental matters.
Pyrethroid insecticides are regarded as very safe from the point of
view of mammalian toxicity, but their toxicity to fish and to inverte-
brate aquatic life is relatively high. The polychlorinated aromatic
compounds fall into a class of chemicals which is increasingly being
restricted. Thus pressure will continue to come from the responsible
authorities for mills to reduce the concentrations of these agents in
effluents. The latest developments in this direction indicate that
even dyebath insectproofing, which has always been regarded as the
most environmentally acceptable method because of the very dilute
effluent it produces, may be at risk. If this indeed proves to be the
case, then insectproofing technology will have to undergo rapid and
revolutionary changes. Methods of treatment will have to be devel-
oped which produce zero discharge, or an effluent of such low
volume that it can economically be contained and disposed of
safely. Developments of this type are already under investigation.
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