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Secretariat, are described in the paper.

Rapid and reliable procedures for the chemical analysis of insect-resist agents, or mothproofers, on wool have
been developed. These methods, based on chromatographic analysis (using g.l.c. and h.p.l.c.), are routinely
employed by many laboratories for the quality control of insect-resist agents on wool textile products. Full
details of the procedures used to determine the traditional agents, recognised by the International Wool

INTRODUCTION

This paper describes the methods used by the Inter-
national Wool Secretariat (IWS) for the chemical analysis
of the insect-resist agents Eulan BLS (BAY), Eulan WA
New (BAY), Eulan U33 (BAY), Molantin P (Chemapol},
Mitin 4108 {(CGY), Mitin LP (CGY) and Mitin FF High
Conc. {CGY). These agents are established mothproofers
and have been available for several years. For this reason
they are referred to as the traditional insect-resist agents;
their chemical compositions are well documented and
have been summarised previously [1]. The most important
structures are reproduced in Figure 1.

Several methods have been published describing the
chemical analysis of these agents on wool products [2-11].
Until recently the only methods generally available were
those published by the chemical manufacturers|2,3].
These relied on hydrolysis followed by diazotisation to

generate coloured products, which were estimated colori-
metrically. These methods suffered from a lack of
specificity due to interference from other coloured
products. In the last decade the use of chromatographic
techniques has revolutionised the chemical analysis of
these agents, and many methods have been pub-
lished [4-11]. These chromatographic methods form the
basis of the IWS Woolmark test method for insect-resist
agents on wool textile products [12].

The agents are extracted from the treated wool by
carefully selected solvents and, with the exception of Mitin
FF High Conc. (Figure 1, structure 1), injected directly into
a liquid chromatograph. In the case of Mitin FF High
Conc. it is necessary to hydrolyse the wool in alkaline
solution to convert the agent to 3, 4-dichloroaniline. This
hydrolysis product is removed from the alkaline solution
by distillation and analysed directly by high-performance
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Figure 1 — Chemical structures of the major traditional
insect-resist agents

liquid chromatography (h.p.i.c.). Direct analysis of the
active ingredient of Mitin FF High Conc. is not possible, as
quantitative extraction from the wool fibre is difficult and
requires the use of extraction solvents that are incompat-
ible with the chromatographic and detection systems.

Part 2 of this paper will describe the chemical analysis
of a new class of insect-resist agents, the pyrethroids, by
h.p.l.c. and gas-liquid chromatography (g.l.c.).

EXPERIMENTAL

Apparatus

The following is a list of apparatus necessary for the

analytical methods described:

(a} Single pump h.p.l.c. with variable wavelength u.v.
detection

(b) Stainless steel column (25x0.46 c¢cm) packed with
5 wm Hypersil C8 (MOS) packing material

{c) Round-bottomed flasks (250 m!)

(d) Pressure equalisation separating funnels (100 mi)

(e} Splash-head adaptors for separating funnels

{f) Reflux condensers

(@) Culture tubes (125x10 mm) with PTFE-lined screw
caps and PTFE tape

(h} Snap-cap glass vials (20 ml)

{iy Hartley funnel filtration equipment and glass fibre
(GF/F) filters

(i Fluoropore sample filters {0.5 wm) and luer syringe

(k) Volumetric flasks (50 and 100 ml class B)

{) Pipettes {class B}

(m) Shaking water bath, capable of maintaining a rate of
approx 200 strokes per min.

Reagents

All reagents are analytical grade unless stated otherwise:
(a) Water (deionised and distilled in glass)

(b) Methanol
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{c) Acetic acid (glacial)
(d) Commercial formulations of the insect-resist agents to
be analysed.

The acetate buffer solution is made by dissolving 5 g
potassium hydroxide in 50 ml water and slowly adding
20 ml acetic acid (glacial); this is diluted to 100 ml with
water. The 3% ammonium hydroxide extraction solution
is prepared by dissolving 30 ml ammonium hydroxide
(0.880) in methanol and diluting to 1 1 with methanol. A
solution of 2.5 mol/l potassium hydroxide solution is
prepared by dissolving 140 g potassium hydroxide in 800
ml water and diluting to 1 | with water.

Standard solutions

External standard calibration solutions are prepared from
commercially available formulations as described below.
The use of standards prepared from the pure active
ingredients is not considered to be necessary for routine
analysis.

Eulan BLS, Eulan WA New, Eulan U33, Molantin P, Mifin
4108, Mitin LP

Commercial insect-resist agent (10 ml) is dissolved in 1 |
methanol. Working standards are prepared in the range
0.10 to 0.50 ml/l by dilution with 3% ammonium
hydroxide in methanol. Each standard solution is acidified
by the addition of 2 ml acetic acid (glacial) to 50 ml
working standard, and mixed well. These standards are
equivalent to 0.2-1.0% by volume o.w.f. insect-resist
agent.

Mitin FF High Conc.

3.,4-Dichloroaniline (0.162 g} is dissolved in 10 ml acetic
acid (glacial) and diluted to 1 | in a volumetric flask.
Working standards are prepared in the range 0.003 to
0.020 g/1 by dilution with water containing 5 ml acetate
buffer solution per 100 ml. These standards are equivalent
to 0.25 to 1.65% o.w.f. Mitin FF High Conc. Standard
solutions should be freshly prepared each day.

Procedure

Eulan BLS, Eulan WA New, Eulan U33, Molantin P, Mitin

4108, Mitin LP

After conditioning the wool sample at 20£2°C and

65+2% r.h. for 24 h, 0.5 g is weighed into a culture tube

{125% 10 mm) fitted with a PTFE-lined screw top. Each

colour in multi-coloured products should be analysed

separately, unless the product is known to be piece

treated, To this are added 10 ml of the extraction solvent

(3% ammonium hydroxide in methanol), the screw

threads wrapped with PTFE tape and the cap screwed

down. This is heated in a shaking water bath for 1 h at

80°C and allowed to cool. The extract is then acidified

with 0.4 ml acetic acid (glacial) and filtered through a

fluoropore filter (0.5 um). The filtrate is analysed by

h.p.l.c. under the conditions described below:

(a) Column: 25x0.46 cm {i.d.) steel packed with 5 um
Hypersil C8 (MOS)

(b) Eluent: water/methancl (25:75) for Eulan WA New,
Eulan U33, Molantin P, Mitin 4108 and Mitin LP

{c) Eluent: water/methanol {40:60) for Eulan BLS

(d) Additions (per litre of eluent): 1 ml acetate buffer
solution, followed by filtration and degassing through



a glass-fibre (GF/F) filter

(e} Flow: 1.80 ml/min

() Temperature: 40°C

(g) Detection: u.v. at 230 nm for Eulan BLS, Eulan WA
New, Eulan U33, Molantin P, Mitin 4108; u.v. at 245
nm for Mitin LP

(h) Range: 0.20 A1eim f.5.4.

(1) Injection volume: 20 ul

(i) Determination limit: <0.01% by volume o.w.{.

To calibrate the system three calibration standards are
analysed in the range 0.2-1.0% by volume o.w.f.
insect-resist agent, under the same h.p.l.c. conditions as
the wool sample extracts. The peak heights, areas and
retention times of the characteristic peaks are measured
for the particular agent under analysis (Table 1). A
calibration graph is prepared for each characteristic peak
by plotting the peak height against concentration of
insect-resist agent for each standard solution.

TABLE 1

Retention times of the characteristic peaks

Retention time (s)

Eulan WA  Molantin Mitin Eulan
Peak name New type® P LP BLS
Tri-CSD® 225
Tetra-CSD 250 250 250
Penta-CSDe 335
Penta-CSDte 350 350 350
Hexa-CSD 420 420 420
DTMDU« 460
CSBé 488

{a) This includes Eulan U33 and Mitin 4108

{b) CSD is polychloro-2-chloromethylsulphonamidophenyl ether (structure V)
{c) These represent structural isomers of penta-CSD

(@ DTMDU is 4,4'-dichloro-3,3’-trifluoromethyldiphenyl urea (structure IIy

(e) CSB is 2-(chloromethylsulphonamido)-trichlorobenzene (structure !11)

The concentration of insect-resist agent, based on each
characteristic peak in the sample extract, is calculated by
comparison with the calibration graphs. The overall result
is arrived at by the application of weighting factors to the
individual results. These weighting factors are calculated
from the calibration standards as follows. The peak areas
of the characteristic peaks in a calibration standard are
designated as A1, Az, A3 ... An, and the corresponding
weighting factors as Wy, Ws, W5 ... W,. Then Eqn 1 can
be written:

An

n= 1
W A1+Az+Az+....+A, ()

The weighting factor for each characteristic peak in
each calibration standard can thus be calculated, and
hence the mean values of the weighting factors from these
results. In the case of Eulan BLS only one characteristic
peak is found, and in this case the weighting factor is 1.00.

The weighting factors are applied to an individual result
by multiplying it by its weighting factor and summing the
totals, which represents the true result for that sample. An
example should make this method of calculation clear.

A series of Eulan WA New calibration standards gave
mean weighting factors of:

-~ W (tetra-CSD)=0.237
~ Ws (penta-CSD)=0.634
— W3 (hexa-CSD)=0.129

These factors were applied to the three individual
results for a given sample extract and the results totalled to
give a final result for the percentage of insect-resist agent
on the fibre (Table 2). The final result was 0.4% by
volume o.w.f. Eulan WA New.

TABLE 2

Example of calculation of insect-resist agent

Individual Weighting Weighted
Component result factor result
Tetra-CSD 0.35 0.237 0.083
Penta-CSD 0.40 0.634 0.254
Hexa-CSD 0.48 0.129 0.062
Total 1.000 0.399

All results are expressed as percentages by volume o.w.f.

This method of calculation allows the result for a
multi-component insect-resist agent to contain contri-
butions from all the active ingredients, and also compen-
sates for any differences in the proportion of active
ingredients between the standards and the extracts of the
test specimens.

Mitin FF High Conc.

After conditioning the wool sample at 20+2°C and

65+2% r.h. for 24 h, 0.5 g is weighed into a 250 ml

round-bottomed flask. Each colour in multicoloured

products should be analysed separately, unless the

product is known to be piece treated. To this 140 ml 2.5

mol/l potassium hydroxide solution, a few anti-bumping

granules and a few drops of silicone anti-foam are added.

The splash-head adaptor, pressure equalisation funnel

and reflux condenser are assembled as shown in Figure 2.

The tap of the funnel is then opened and the contents of

the round-bottomed flask heated under reflux for 1 h,

after which the tap is closed and approx. 90 ml of the

distillate is collected in the funnel. Acetate buffer sclution

(5 ml) is added and the solution made up to 100 ml with

water. The distillate is immediately analysed by h.p.l.c.

under the conditions described below:

(a) Column: 25x0.46 cm (i.d.) steel packed with 5 um
Hypersil C8 (MOS)

(b) Eluent: water/methanol (50:50)

(c) Additions (per litre of eluent): 1 ml acetate buffer
solution, followed by filtration and degassing through
a glass fibre (GF/F) filter

(d} Flow: 2 ml/min

(e} Temperature: 40°C

(f) Detection: u.v. at 247 nm

g) Range: 0.20 Ajcm f.5.d.

h) Injection volume: 20 ul

i} Retention time; 440 s (3,4-dichlorcaniline)

i} Determination limit: <0.01% by weight o.w.f. Mitin
FF High Conc.

To calibrate the system three calibration standards are
analysed in the range 0.25 to 1.65% o.w.f., as already
described for the other agents.

The concentration of Mitin FF High Conc., based on
the characteristic peak for 3,4-dichloroaniline, is calcu-
lated as already described for the other agents. The
weighting factor for Mitin FF High Conc. is 1.00.
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TABLE 3

Analytical results for the traditional agents

Level of agent found (% o.w.f.}

Application  Eulan WA Molantin Mitin Mitin FF

level {% o.w.f) New P LP High Conc.
0.10 0.090 0.095 0.080
0.20 0.205 0.170 0.180 0.190
0.30 0.270 0.270 0.310
0.40 0.380 0.340 0.365 0.390
0.60 0.560 0.510 0.550 0.580
1.00 0.910 0.900 0.850 1.050

TABLE 4

Analytical results for Eulan BLS

Application level Level of Eulan BLS found

Round-bottomed flask (% o.w i) (% o.w.f)
Potassium hydroxide 0.046 0.052
solution (2.5 mol/l) ’ ’
mo Sample 0.093 0.086
0.139 0.146
0.186 0.192
" , 0.278 .
Figure 2 — Extraction equipment for the analysis of Mitin FF High 0.464 8 ig:
Conc. on wool - -
TABLE 5
Statistical data
Eulan WA Mitin FE
Statistic New Molantin P Mitin LP Eulan BLS High Conc.
Mean variation —0.0636 -0.120 —0.095 0.025 —0.049
Standard deviation 0.0835 0.0447 0.0484 0.0717 0.0821
Test statistic {two sided 264 6.00 6.80 121 1.46
Degrees of freedom 11 4 11 11 5
t (1% level from tables} 311 4.60 3.11 3.11 4.03
Bias indicated {99% confidence) No Yes Yes No No
RESULTS CONCLUSIONS

To ensure that these methods give reliable results,
standardised blended wool tops separately treated with
the insect resist agents Eulan WA New, Molantin P, Mitin
P, Eulan BLS and Mitin FF High Conc. were prepared.
The preparation of these wools has been described in
detail elsewhere [14]. The results for the analysis of these
standardised wool tops, against the theoretical (applied)
levels, are given in Tables 3 and 4.

These results were analysed statistically for bias, using
the Student ftest[13,14] and the statistical data are
presented in Table 5.

The results show no evidence of bias (at the 99% level)
for the analysis of Eulan WA New, Eulan BLS and Mitin
FF High Conc. by these methods. Although bias is
indicated for the analysis of Molantin P and Mitin LP, this
is probably due to the incomplete exhaustion of these
agents from the dyebath. The large negative values for the
mean variation from the theoretical levels (—12% and
—9.5% respectively) support this observation. An ex-
haustion level of around 90% is consistent with our
experience of the application of these agents onto wooal,
under laboratory conditions.

The h.p.l.c.-based methods for the chemical analysis of
the insect-resist agents Eulan WA New, Molantin P, Mitin
LP, Eulan BLS and Mitin FF High Conc. on wool are
sufficiently rapid and reliable for the routine quality
control of wool products treated with these agents. In
addition they can be used to qualitatively identify
unknown agents within the traditional class of insect-resist
agents.
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