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EFFECTS OF ARSE~IU.U, DIPS 0~ WOOL. 

I. INTRODUCTION. 

The problems relating to the various processes in the 
manufacturing of woollen materials have during recent years received 
a great deal of consideration, particularly those processes which 
involve the use of chemical substances injuriow-; to the wool fibre, 
and which may modify certain natural properties of wool, thus 
interfering with the ultimate usefulness of the finished fabric. It is 
a well-kno\l·n fact that the main qualities of wool only become fully 
revealed at the spinning and dying stages, while from the wool­
grower's point of view the relative resistance to the conditions leading 
up to those stages is an important factor. Again, the amenability 
of different wools to such processes must reflect back on their produc­
tion. 'fhe aim of the producer should, therefore, be focussed, not only 
towards the production of a wool fibre of desired length and general 
quality, but alRo towards the_preservation of those natural properties 
which determine its value as a textile material. 

Of the various factors which influence or modify the physical 
and chemical properties of the wool fibre, the " ·ool producer is in 
the first instance concerned with the effect of .-arious chemical 
preparations in the form of dipping .fluids. It is uo exaggeration to 
state that the very existence of a wool-bearing sheep industry in 
South Africa is dependent on the effective combating of various 
external parasites. It was soon realize(l that the deleterious effect 
of uncontr-olled parasitic infection "·as a far more serious factor in 
wool production than the damage whiQh might concei,-ably be wrought 
by the chemicals used as dips. To illustrate this, '"e have reproduced 
two photographs, one of a sheep ba<1l:5· infected with scab 
(-Pso?'O]Jtes communis) (Fig. 1), and the other (Fig. 2) of a staple 
of wool showing the effect of scab as also the healthy ne'Y growth 
after the animal had been cured by dipping in a lime-sulphur 
solution. -

FIG. 1. 
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Fra. 2. 

These photographs speak for them::;eh·es. Hence it is only 
natural to find that all initial efforts were mainly rlirected towards 
the finding of effieaciou,; clips, and that the possible effect of such dips 
on the fibre was allmie<l to r ecede into tllf' hack-gTmljHl. 

The selection of the ch emicals u ;;erl as rlips is in the fir:;t instance 
conholled h.v the nature of the parasite to be exterminated . '.rhus 
lime-sulphur is hi ghly ef!-ic<lciou;; ag-ai11 St :;cab, but quite ineffective 
against ticks. On the ot he1· hand, wd i um a r~enite is sme to kill the 
tick, but is not of much use in combating seal> . In the Jn·e:;ent paper 
we prOJlOSe to rl ea l only \Yith those a r ,;enical dips most wideb· used for 
sheep <lipping, namel)·, ar:;enite of ;;oda, use<l fm h<"k <lestruction 
(HearhYater), and Cooper's Po"·der dip m;ed rwimm·ily against scab. 
HoweYer, in r eYiew ing the worl,; <lone on the effect of these <lips on 
the fleece in general and on the >Yool filne in ]Jarticular, it would 
appear deRirable to include also other rlip,; for the sake of comparison. 

In ] 9VJ te;,;t:-; were carrierl out h)· the 1T nion D epartment of 
Agriculture to determine the possible effect of such rlips as Cooper's 
Dip, Lime and Sulphur (lips, Little's dip , tobac('O extract , etc . , on the 
scouring, combing, Rpi uning, dying and finishing propertiefl of the 
dipped wools. Samples of the clipped and unclippe<l >Yools \Yete 
submitted to the B1 ad ford 'l'echnical College and Lee<ls L niwrsity 
to be put through the different processes of m anufacture . 'l'he 
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completion of the study of the samples submitted was unfortuuuiely 
delayed for many years, and it was not until 1926 that a report by 
Hollis "·as submitted to the Department. The conclu sions arrived at 
by Hollis as a result of this study may rOJweuiently be summari zed 
as follows : -

(1) Dips have some detectable injurious action on wool. 
(2) Staining action by the dip does occm, and in some cases the 

discoloration is permanent. 
(3) Dipped wools scour less easily than undipped wools. 
(4) To some extent dipping seemed to affect the affinity of 

wool for different dyes, though the results were often 
con trac1ictory. 

(5) Defects in the fibre due to inegular application and 
penetration of the dipping fiuid could not be definitely 
shown, although it was suggested that this irregularity 
was probably the cause of irregular dying of the finished 
material. 

In 1915, Green, basing his study on macroscopic and microscopic 
examinations of the pure wool fibre, made some observations on the 
effect of lime-sulphur dips on wool. \\Tools subjected to more seYere 
tests in which clean wool samples were steeped into solutions of 
lime-sulphur of varying concentrations (1-8 per cent . polysulphide 
sulphur), showed rapid swelling and pronounced structural changes 
with the higher concentrations and long exposure; while the usual 
concentrations and the short immersion period of two minutes showed 
no detectable effect on the wool, no difference being noticeable between 
dipped and undipped samples. 

In 1981 further sheep aud " ·ool clipping experiments \Yere 
carried out at the Bathurst Experimental Farm, these experiments 
extending OYer a period of 12 months. Dm·ing this time groups of 
80 sheep were dipped regularly eYer;r week, one group being clipped 
in a 0 ·16 per cent. solution of sodium arsenite, another group in pure 
'"ater, and the third group remaining undippecl for the purpose of 
control. The object of this experiment \Yas to determine (1) whether 
)ferino sheep rould '"ithstand and adapt themselves to such regular 
dipping, and (2) the e-ffect of such dipping on the fl eece. It \\as 
found that the proress of reg·ular dipping lutd no effect on the c·on­
clition of the sheep, but produced mar];:e(l changes in the wool. The 
staples from the clipped sheep "·ere for the most part harsh nnd 
inela~tic to the feel. The foreign matter ronsiRhng of Ran(l and (lirt 
also extended more or less throughout the length of the staple 
instead of being restricted to the tip, producing a g-eneral clis­
colorntion nncl rlullness. This effect nppeared to he as marked 
with the " ·nter (lipped sheep ns '"ith the arsenite clipped animab. 
On tbe other hanrl, dipping appeared to haYe no effect on fibre 
finene~s anti contour, altl10ug-h the ar~enite of so(la did appear to 
lower the brea king strength of the fibre. Ramples of thefle wools were 
forwanlecl to us for the rhemical stud~' of damage, but unfortunately 
the samples \Yf'l'e found to be u seless since not sufficient rare had 
been exen·iserl in dassific·ation and "ampling-. 
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From this brief reYiew it will be ;;een that Yery little attention 
has been paid to the possible effect of dipping- on the wool fibre. 
Regarding the chemical effects of dip constituents on the fibre we 
know practically nothing. It is true that at one time certain bu:"\·ers 
and manufacturers in the textile trade raised a great outcry against 
the use o£ certain dips in South Afriea, but this outbur~t ean onl5· 
be ignmed since it was based on misunderstanding and ignoranee 
regarding the most elementary chemical principles. In the present 
pape1· we have concerned ourselves only \Yith the chemical examina­
tion of dipped fibres. Physical measurementfl such a,; elasticity, 
breaking strength, etc., haYe not been undertaken, since other 
anangemenis have been made for .~uch physical stu(lie,;. 

II. EXPERIMENTAL TECHNIQUE. 

SeYeral aspects o£ the effect of dips on the \\·ool fibre haYe been 
studied. These include the effect of dipping on hygroscopieity, the 
adherence of dip constituents to the \\·ool fib1·e, t he effect o£ clipping 
on the :vield of clean wool , and the effect of such clips on the sound­
ness of the wool fibre. 

(a) :JioisTnm DETERHIKATJO.x. 

The analytical sample \\·as obtainen by taking :;mall sub-samples 
from the original sample. One or t\YO grams of the ~ample thus 
obtained \Yere weighecl out into a , mall weighing bottle with ground 
glass stopper. Three to four of these weighing bottles were then 
slipped into the Yaruum tube of the appa1·atus reproduced below 
(Fig. 0). 

Moi.stu:roe J>ete,mi 
A ppa:r>a.:tus 

FIG. 3. 
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The moiHture was expelled unde1· Yacuum by heating to 
104-105° C. by means of toluol Yapom·. Constant weights "·ere 
usually obtained after about 16 hours heating. 'l'he weighing bottles 
"·ere then closed, allowed to cool in a rlesiceator, and \Yeighed, the 
moisture being calf'ula ted from the loss in \Tt>i gh t. 

(b) EsTIMATION oF ARSENIC IK WooL. 
The same method of sampling \Yas used for determining the 

arsenic in the wooL The method used \Yas that cleseribecl by Ureen 
(1918) for the determination of arsenic in organic materials. FiYe 
gTam samples were weighed out into a silica dish, ancl thoroughly 
v;·etted with <;a . 30 c.c. of a 20 per cent . magnesium nitrate. 'rhe 
dish was then kept on a sand-hath until complete dryness and theu 
igni.ted in an electric oven at a temperature just appl'Oa<'hing a dull 
red heat. The ash was chssoh·ed in c-a. 20 c.c. of a l in 3 sulplnuic 
acid, transfen ed to a 100 c.c. measuring flask, ancl made up to 
YOlume. Of this solution 10 to 60 c.c. aliquots wpre used for the 
actual arsenic determinations. The arsenic · \nJ::; e\·olved as AsH,, 
:md absorbed in a ca. K / 50 solution of sih·er nitrai e. In this 
solution the arsenious acid formed was then htntied with ~ / 495 
iodine, after disposing of the sih·er nitrate by adding sodium hif'al'­
bouate and excess potassium iodide. 

] c.c . N /495 J thus giYes 0·1 mgm. As2 0 3 • 

(c) EsTDlATIOK OF \VooL GREASE, tl'C'IXT AKn D11n. 

'l'he method using a so:s:hlet extract-or as described by Bonsma 
(HHO) was h ied out. It was found, ho\\-eYer, that this method was 
inapplicable especially to sub-samples taken hom dipped wool~:!, 
since t he dirt became distributed throughout the entire wool mas. 
EYen remoYal of the sample hom the soxhlet anti ''"ashing in a 
basin with water fa[led to g ive a pedectly clean ''"ool. It ''"ns, 
therefore, decided to go back to the older and pedwps more crULle 
method of washing the wool in open basins. 'l'he results were cer­
tainly more satisfactory for our purpose. A 26 g-m. sample v;·us 
dried for 24 hours in a steam oven, and t hen placed in a large 
porcelain dish and coYered with benzol which had bet>n reclistillecl. 
The \Yool was carefully tri.tumted "·ith a fmeeps, thoroughly 
squeezed out, and tl1e proce,;s repeated in a second dish ''"ith her;h 
benzol. Usually this washing process was repeated a third tinw. 
The washing;; were then f'ollectecl in a di;;tillation fla sk and the 
large excess benzol removed by distillation, thus concpntrating the 
grease extract do"·n to about 100 c.c. This conc-Putrntecl solution 
was then filtered through a weighed quantitatiYe filter into a 250 
e.c. measuring flask, and the sludge remaining on the filte1· \Yell 
''"asht>d \Yi.th benzol. The filtrate was tben made up to volume with 
lwnzol. In thiH solution the grease was cletennint>cl by pipeiti11g 
out 100 c.c. into a ''"eighecl eYaporating clisb, clriYing- oft the benzol 
on the steam bath, and weighing the residue. Iu another aliquot 
the arsenic was Cleterminecl by eYaporating off the benzol, eYapora­
ting clov;·n \Yith magnesium nitrnte, an(l ig11iting. For the rest the 
s:nne procedure was follo\\-etl as described under the determination 
of arsenic in wool. In the case of wool Clipped in Cooper's clip ilJe 
free sulphur extracted v;·ith the grease "·as fudher llet erminecl in a 
third aliquot by using both the Riming-ton-Beneclict-Denis (1930) 
n n d ]Jeroxicl e fusion methods. 
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Having 1·emovecl the grease, the dried wool was next washed 
several times \Yith distilled water as above, the \Yashings collected, 
eYaporated clown to about 100 c.c. and again macle up to a definite 
volume after filtering through a second \Yeighecl quantitatiYe filter. 
In an aliquot of this solution the suint \Yas determined by evapora­
ting clown on a steam oven to constant weight . In a second aliquot 
the arsenic was cletenninecl by the same method as described for the 
wool. 

For determining earth, sancl and other impurities the t\\·o 
•veighed filters containing these substan ces, as well as any remaining 
plant material subsequently removed by hand, we1·e transferred to a 
weigh ed plat inum clit>h , and h eated in a steam bath to constant 
weigh t . The arsenic in this residue was determined as already 
described by evaporating dO\nl with a solution of magne:;ium nitrate 
and igniting. 

The clean \vool obtained by this process is allo"·ecl to dry in the 
atmospher e, and then weighed. At the same t ime its moisture con­
tent is determined on a small ~:>ample . All figures may thus be 
calculated, either on an absolutely chy basis , or on a basi s of the 
same moisture con( ent throughout. 

(d) .EsTniATION OF UnLOREE. 

The chlmine in the ra\Y wool was det ermined by the usual m icro­
titration method in use in this Instit ute (:Malan and v. d. Ling-en, 
1901) by eYaporating clo\\·n 2 gm. " ·ool in a platinum dish with 
10 c.c. of a 10 per cent. calcium acetate (ch lorine-free) solution and 
igniting at a lmv temperature. The extract of t h e ash in a 5 per 
cent. nitric acid solution was filt ered t h rough a. small filter and 
ma de up to a conYenient Yolume. Of this an a liquot \Yas titrated 
by adding excess K / 25 silver nitrate, shaking briskly to coagulate 
the sih·er chloride formed , and then titrating back wit h K /50 
ammonmm sulphocya.nide , with a solution of ferric alum as 
indicatm. 

(e) CriE.\llCAL Esn~IATIO~ OF DAMAGE. 

I u cons irle1·ing the methods available for determining quau­
titatiYely the deg-ree of damage of wool fibre::;, seYe1·al methods \Yere 
studied, including that of Sauer (1916) anfl t he two D.I. methods 
rleseribed b:-' Kra is and Schlebe1· (1929) . Of t hese the Pauly­
Rimington rliazometric method and the borax method as described 
b.\· Krais anrl Schieber (1929) were found to give the most reliable 
results. 

The method of Pauly (1904) i,; ba::;ecl on the coupling of r·ert ain 
amino-ac-id residues with p-phenyl cli azonium sulphonate thereby 
producing a n intense reddish-brown coloration. This reaction h as 
been made quantitative by Rimington (1930) by di~:>so!Ying the diazo 
colouring fonnecl in alkali, and matching the solution thus obtain ed 
against a stanclarcl solution of " New Acid Brown S ". ':' In this 
wa~· the number of units of dam ag'e roulcl he rlei erminecl for each 
,\"0:11. 

*"We are indebted to the ·w ool Industries R esearch Association, Torridon, 
Leeds, fo r pbeing a CJUantit~· of t his d~·e at our disposa l. 
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In the borax method as modified for our purpose, 26 c.c. of a 
boiling 2·5 per rent. borax solution was allowed to act for half an 
hour on 100 mgm. wool, and the amount of nitrogenous material 
thus extracted calculated as a percentage of the total uitrogen 
present. The extract was filtered, made up to a known volume, and 
the nitrogen in a suitable aliquot determined by the micro­
kjeldahlization method of Falin (1919). The ammonia so formed 
was micro-distilled over with caustic soda by the method used by 
l!'olin and Svedberg (19!i0) for urea determinations, and determined 
by nesslerization in the usual way. The total nitrogen in the wool 
was determined by the ordinary macro-Kjeldahl method, using 
copper sulphate as catalyst. 

In the Sauer method described by Krais and Schleber (1929) 
the amount of extractable nitrogen is determined by allmving a 
mixture of N /2 potassium hydroxide and a 1 per cent. hydrogen 
peroxide to act on the wool for 3 clays at room temperature. In our 
micro-modification of the method 100 mgm. wool was allowed to 
soak for a period of three clays in a solution consisting of 8 c.c. 
water, 10 c.c. of a 1 .per cent hydrogen peroxide, and 2 c.c . of a 
N /2 potassium hydroxide contained in small Erlenmeyer :flasks, the 
:flasks being closed with thistle funnels containing a very dilute 
solution of sulphuric acid. 'rhe extract was again filtered, the 
solution in the thistle funnel added, made up to a definite Yolume, 
and the nitrogen in an aliquot determined by micro-kjeldahlization, 
distilling over with caustic soda, and nesslerization. The " soluble 
nitrogen " was again calculated as a percentage of the total nitrogen. 

Ill. MATERIAL USED IN INVESTIGATION. 

Two sets of materials were used in the present investigation­
viz. wool samples obtained from actual clipping trials, and wool 
samples from undippecl sheep for in-vitro studies. 

The first set of samples was obtained from clipping· experiments 
carrie(l out at the Grootfontein School of Agriculture. Seven 
groups, each consisting of 50 unshorn :Merino "·ethers, uniform m 
age and wool, were subjected to the following treatment:-

Lot CC3-clippecl 3 times in Coopers. 
Lot C3-clipped 3 times in Coopers. 
Lot C2-clippecl 2 times in Coopers. 
Lot As3-c1ippecl 3 times in Arsenite of Soda. 
Lot As2-clipped 2 times in Arsenite of Soda. 
Lot C (100 animals) used as control and not dipped. 

~ o definite order was observed in clipping the various groups, 
except that Lot CC3 were always put through the clip prior to Lots 
C2 ancl C3. The clips were prepared freshly for each clipping, the 
interval between the first and second clipping being 10 days, and 
that bet"·een the second and third 14 days. 

With both the sodium arsenite and the Cooper's clip the strength 
of the bath "·as regulated to sbmY 0 ·16 per cent. As2 0,. throughout 
the experiment, si:s: animals being lo"·erecl into the bath at a time 
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and kept immersed for It minutes. The weather conditions remained 
good, bright sunshine prevailing throughout the course of the 
experiment. Two days after the third and last dipping, however, 
heavy rains were experienced amounting to 2 · 8 inches. Just prior 
to the first clipping a shoulder sample was taken from each sheep . 
A similar set of samples was taken three months after the first 
dipping, or more than two months after the last dipping. Thereupon 
the sheep were shorn, the wool yields noted, and each fleece 
examined in the usual commercial way, observations being made as 
to soundness, colour, quality and feel. The live weights of the 
animals were also controlled by weighing the animals just prior to 
clipping, 10 days after the last dipping, and again just prior to 

shearing. The shoulder samples taken >veTe forwarderl to us for 
chemical examination. unfortunately the individual sheep "·ere not 
numbered, so that it was impossible for us to determine the relation 
of the dipped wool to the unclipped sample from the same animal. 

This omittance on the part of those responsible for the experiment 
at Grootfontein made an accurate determination of the effect of 
dipping on the wool most difficult. The results of this part of our 
investigation must, therefore, be regarded merely as preliminary 
and indicative. For more accurate data these and other dipping 
experiments will be repeated at Onderstepoort in the near future. 

The second set of samples, which were used for in-Yitro studies 
in the laboratory, were obtained from sheep at Onderstepoort which 
had not been clipped, at least not during the period of growth of the 
fleece in question. These samples were selected most carefully, in 
a manner to be described more fully later. 

IV. INVESTIGATION OF CROOTFONTEIN SAMPLES. 

Before proceeding to deal with the results of our chemical 
investigation of the samples submitted, it is perhaps advisable to 
state briefly what observations were made at Grootfontein. '' In 
Table I the average live weights of the different groups throughout 
the course of the experiment have been recorded. 

'fABLE I. 
Live IV e·ights iu Pounds . 

Date. CC3. C3. As3. C2. As2. I Control. 

I 

I 
4.12.31 .... .. .... 57·4 59·0 59·7 59 ·2 59·2 58·7 
8. 1.32 ..... .. .. . . 56·9 58·2 59·6 60·7 60·9 59·8 
14.3.32 . . . ....... 65·3 65·9 67·4 68·6 68·3 

I 
66·7 

It will thus be seen that the process of clipping had no noticeable 
effect on the animals themselves. In Table II have been recorded 
certain observations made on the fleece at shearing. 

*The dipping experiments as well as the examination of the fleeces at 
Grootfontein "·ere made bv Mr. G. S. Mare, Sheep and ·wool Research 
Officer, Grootfontein. · 
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Lot. 

CC3 . . ... . . . .. . .... . 
C3 .. . .. . ..... . . . . . 
As3 ........ . .. . .. . 
C2 .............. . . 
As2 ........... . .. . 
Control. .......... . 

TABLE IL 

Average yield 
per animal 

(grease " ·ool in 11">.). 

7· 34 
7·50 
7·41 
7·44 
7·53 
7·95 

Some fleeces shom"d break I! 

Sound 

Colour. 

Least attraeti,·e. 
l•'aidy attrativc. 
\ "cry attr-active . 
l•'airly attracti ,-e. 
\ "cry attractive. 
~'fost attractive. 

The yiel<l in raw wool from the eon(rol group thus exceeds the 
yields from all the othm· groups, the di:fferenGe, however, being- very 
small. In fact, t he loss of suint clue to dipping may, under 
circumstances, aGco u.nt for a more marked lo::;s in raw yielrl than that 
exp1·essed in the aboYe table. 'l'he mm·e unattractiYe appearance of 
the fleece::; from lot CC3 may be a ·cribed to the depo::;it of sulvlnn 
and arsenic sulphide especially noticeable in a freshl-'- prepared 
bath of Cooper's clip, the animals emerging from it being quite 
yello"-. As rlipping proceeds this staining effect gradually 
diminishes, probably due to t he chemical action of the suint in 
solution on t he arsenic sulphide forming soluble thio-;nsenites. It 
\\'ill be l'ememherecl that lot CC3 \YeJ·e ah·ays put tlu-ough the freshly 
prepared wash prior to lot c:3. \\Thethe1· t he brea kti i Jl t he ~tu pleti 
noted in some fleeces from lot cc:J can be a;;cribed to the effect of 
the yell mY deposit on the fleer·e ra nnot be an ~,1·ered at t hi,; stage, aR 
obviously further study is necessary. 

Having thus briefly r eferred to the ob,;enations made at Uroot­
fontein, we may now proceed to describe more fully our chemical 
study of the samples. 

(a) EFFECT OF DIPPIKG o~ I-IYGHoscoriCITY oF \Yoor .. 

Duplicate moisture determinations were made on samples of ra'" 
wool from both dipped and undipped fleeces by the methorl already 
described. After romplete "ch')·ness " the wool sample;; in the 
weighing bot tle,; wen' placed open in a desieca tor l'Ontaining water, 
and left to condition in thi~ ~ahuated atmo;;ph E'l'e for two days. 
The fluctuations in room tempera bne \\·er e :;mull. These re~ults 
have been tabulate<l in Table Ill, eolmuus :2 awl 4 representing t he 
percentage reg-ain at normal abnOt>Jl heri c tempera( ure and humidity. 
and columns 8 and o 1epreseuti11g the percentage of reabRorbecl 
moisture at 100 pet· cent . humidity and atmospl1E'rie tE'm perature. 
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TABLE III. 

Effect on Hyg1·oscopicity-Raw Wool. 

Group. 

CC'3 .. .............. . 
C3 ...........•..... • . 
As3 ................. . 
C2 .................. . 
As2 ................ . . 
Control. ........... . . 

Before dipping. 

Percentage 
regain. 

6·63 
6·89 
6·55 
6·64 
6·34 
6·50 

Percentage water 
reabsorbed 

at 100 per cent. 
humidity. 

30 ·30 
27·30 
26·30 
28·50 
28·65 
30·63 

After dipping. 

Percentage 
regain. 

6·21 
5·60 
6·44 
6·99 
5·95 
6·36 

I 
Percentage water 

reabsorbed 
at 100 per cent. 

humidity. 

21·68 
18·75 
19·10 
18·85 
20·08 
29·38 

Except in the case of lot 03 there is no appreciable difference 
between dipped and undipped samples at atmospheric humidity. 
However, at 100 per cent. humidity raw wools show a decided change 
in their absorptive capacity for moisture on being dipped. 'l'he 
absorption capacity for undipped wools is here more than 30 per 
cent. higher than that for dipped wools. The main reason for this 
change may be ascribed to the fact that some of the more hygroscopic 
constituents of the suint are removed from the wool in the process 
of dipping. As will be shown later, most of the more readily 
removable suint constituents are removed by the second clipping, 
there apparently being no appreciable difference in the suint content 
of twice and thrice dipped wools. In parallel with this, there is no 
appreciable difference in hygroseopicity between twiee and thrice 
dipped raw \Yools. 

Apart from the effect of suint and other constituents of raw wool, 
there is also the possibility that the '"ool fibre itself is so affected 
by the clip that its hygroscopicity may be changed. According to 
Tanzer (1930) the treatment of wool with alkalis and acids results in 
a loss of weight, together with a loss in affinity for moisture. 
Speakman (1931) showed that the treatment of wool with sodium 
sulphide does not result in any noticeable change in hygroscopicity 
for humidities below 100 per cent.; at 100 per cent. humidity, 
however, a small change in mDisture affinity was noted, the untreated 
wool absorbing less moisture than the treated wool. 

In order to determine whether any such change in the absorptive 
capacity of the wools had occurred as a result of dipping, the wool 
samples under investigation were carefully degreased and clestiintecl 
by washing in benzol and distilled water respectively. The moisture 
cDntent of the atmosphere eonclitioned samples werf again determined, 
and the dry wool again allowed to reabsorb moisture in a desiccator 
at 100 per cent. humidity . The results so obtained have been 
tabulated in Table IV. 
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rrABLE IV. 

Effect on H ygroscopicality-Clean TV ool. 

Before dipping. I After dipping. 

Group. Percentage water Percentage water 
Percentage reabsorbed Percentage reabsorbed 

regain . at 100 per cent. regain. at 100 per cent. 
humidity. humidity. 

---· - -----
! 

CC3 . . . . . ........... . 10· 19 27·0 9·63 26·3 
C3 .. . .. .. ....... . ... . 8·87 27·0 9·26 26·5 
As3 ... . . .. ...... . .... 9·55 27·4 9·42 25·5 
C2 ............ . ... . . . 9·60 27·2 9·79 26 ·8 
As2 . . ......... . . . ... . 9·57 27·5 9·37 27·0 
Control. .... . . . . . . . .. 10·08 27·2 10·06 27·5 

The relatively small changes in hygroscopicity shmn1 by the 
variously treated wools measured at atmospheric humidity we do not 
propose to discuss here, since such changes can be stressed only when 
working under carefully regulated conditions of humidity in a 
specially equipped laboratory. The results at 100 per cent. humidity, 
however, show that th e effects of clipping on the wool fibre were so 
small or of su ch a nature that they are not reflected by its affinity 
for moisture. 

(b) AnHERAKCE oF Drr CoNSTITUENTS TO 'VooL. 

Ar senic determinations " ·ere made on the raw wool, on the suint, 
grease, sand and other impurities, and on the clean fibres by the 
methods already described. In Table V these determinations have 
been recorded , all figu res being expressed as mgm. As20 3 per 
100 gm. of the original 1·aw wool. 

TABLE V. 

A1·senic Adluer·iuy to TVool. 

Control. 

Wool constituent. CC3. C3. As3. C2. As2. Before At shearing 
dipping. time. 

--------1----1·---11---·1-----:----:----- -----

45·0 I 
10·0 

Suin t .. ..... . ... . 
Grease . . ... . . .. . . 
Impurities ...... . 
Clf a'1 fibre .. . ... . 

109·0 
30 ·0 
21·8 
21·0 

97·0 
27·0 
18·3 
14·0 

53·0 
15·0 
29·0 
16·0 

52·5 
24 ·8 
6 · 5 

16·0 
6·2 

19·0 

0·0 
0·0 
0·0 
0·0 

5·0 
0·0 
0·0 
0·0 

---- ----·l---- l----l----:----1·---·1---- l----
TOTAL .. . , . . . 181• 8 156·3 113·0 99·8 80 · 2 0·0 5 · 0 

R~v-,-v·-oo-1-. -. -.-.-.-. -. - l-1-9_0_· 0-~ 1-1o--o-.-0-1_1_1_5_· -0-l--1-0_0_· 0--SQ.O-~- 0 · 0 5 · 0 
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These results are significant, especially if it be remembered that 
the wool sample;; ''"ere taken more than two months after the last 
dipping. 'l'he fact that the CC:3 S?mple shows the highest arsenic 
content is in agTeement with the suggestion that t he free arsenic 
sulphide suspend ed in a freshly preparell wash of Cooper's dip is 
deposited as sueh in the fleece. In fnct, the sampleR clipped in 
Cooper's are throughout high er in arsenic than those dipped in 
arsenite of Ro cla, clue mainly to this clepositation of the insoluble 
ingredients of Cooper's dip powder. The small quantit;i' of arsenic 
found in th e control sample taken at the condusion of the dipping 
experiment, suggests that the un(li:pped sheep of the control group 
had come into contact with freshly dipped :>beep, thus cau~ing slight 
contamination. It should further be noted that at least half of t h e 
total arsenic in the raw wool is in a faid~· soluble f<lnn, being 
remoYecl along with the suint. A fairly appreciable percentage, 
hmYeYer, is or becomes Yen· dosel)· <liiHoc iate(l wi th the dean fibre, 
being· fixecl in such a way that it cannot be remoYecl by mere " ·ashing 
in water. \Vhether this arsenic enterR ih e fibre during the actual 
dipping process, or wheth er it enter~ during the period bet11·een 
(lipping and Rhem·ing, or whether i t becomes fixed in the fibre only 
in t he actual process of suint extra ction in the laboratory, it is most 
cliffi cult i:o say. 

J n onler to (l etenniue how th i ,.; a 1 > 1 >are n tly fix eel art>enic is n ffeci ed 
b:--- the process of scouring, 26 gm. samples of the ra\1· wool:; 11·e1·e put 
t hrough three successiTe baths of about JO litre capacity, containing 
in onler solutions consisting of Q·:1G per cent. soap ancl 0·17 per cent. 
~a 2C03 , 0 ·30 per cent. soap and 0·10 per cent . :Na 2 C03 , and pur e 
11·ater 1·e.·pectively. The temperatureR of the fh·st two baths were 
49° and 45° C. respech,ely, the third bath containing water bei ng 
at onlinary temperature . The wool was washed for two minuteR in 
each of these baths, and subsequently t horoughly rinsed \l·ith clean 
"·ater. 'l'he amounts of arsenic 1·emaining fixed in the fibre haYe 
been tabulated in Table YI. 

TABLE YI. 
ArsPnic in Scoured I i'ools . 

Jfgm. As20 3 
Smnple. per 100 gm. 

scoured wool. 

CC3... .. . . . . . . . . . . . . .. . . . •• J~·O 
C3. . .. . . . . . . . . . . . . . . . . . . . . . . l+·O 
A3.. ... ... . . . . • . . . . . . . . . . . . . .1 :3 · 0 
C2 . .................... . . . , . 12· 0 
As2 . . ..... .. ...... ... . ... . .. 11· 5 
Control. ... . .... . . ... . . . . .. . 

Comparing the results thus obtained 11·ith those tabulated in 
rrable y for t he clean fibre, and rememlJering that in th ese wools 
t he clean fibre only amounts to about 50 per cent. of the ra" · wool , 
we obsene that more than half of the appm·ently fixed arsenic is 
remoYed by the scouring process. Ho11·eyer, speaking relatiYely, a 
still fair!:-· appreciable quantity r emains fixecl even in the scourecl 
fibre . Th e fate of this arsenic we hope to innst igate still further, 
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if possible tracing it throughout the whole of the manufacturing 
process up to the finished and 'Yorn product. \Ye feel it our duty, 
here, to sound a note of warning to buyers, manufacturers, and 
others concerned in the wool trade, not to resort to rash speculations 
regarding the interpretation of this arsenic in the textile trade. It 
is entirely unjustified to rush to the conclusion that this arsenic is 
bound to have some ill effect on the person wearing garments made 
from such wool. Such a conelusion can only be justified when based 
on the experimental facts of further research into the problem. vVhat 
is more, South African " ·ool-bearing flocks are not, as a rule, clipped 
in arsenical preparations, the official dip recommended against scab 
being a solution of calcium polysulphides containing no arsenic. The 
arg·cnnent of ill effects to human health, if it shmdd be proved by 
further research, would be applicable, as far as srab eradication is 
concerned, only to arsenic-contai:p_ing preparations. 

In examining the grease obtained from wools 
clip, it was observed that this grease was to an 
contaminated with free elementary· sulphur. 
following results were obtained : -

eli ppecl in Cooper's 
appreciable extent 
On analysis the 

Sample CC3 ..... . 
Sample C3 
Sample C2 ... 

3·10 per cent. sulphur. 
2·22 per cent. sulphur. 
1·09 per cenL sulphur. 

TABLE VII. 

Effect on lVool Corzsfihwnts. 

Group CC3. 
I 

Group C3. I Group As3. 

Before. After. Before. I After. Before. After. 
--------

Moisture . . ... ..... 5·85 6·23 5 ·30 6·45 6·05 6·15 
Grease ............ 14·27 16·38 14·38 15·42 15·40 13•20 
Suint ........ . ..•. 6·77 3·51 6·86 3·20 7·66 3·19 
Impurities ... ..... 25·68 23·46 24·90 23·74 22·50 25·90 
Clean fibre ........ 46·16 50·48 49·07 50·92 48·83 50·66 

TOTAL .....••. 98·73 I 100·06 I 100·51 99·73 
I 

100· 59 99· 10 

Group C2. 
I 

Group As2. 
I 

Control. 

Before. After. Before. I After. Before. I After. 

Moisture .... ...... 6 ·54 6·23 5·62 5·96 6·17 5·98 
Grease ............ 13·90 13·88 13·60 14·02 13·96 14·65 
Suint ............. 7·11 3·17 7 ·29 3·22 6·94 6·77 
Impurities .. . ..... 23·88 28·32 24·53 27·60 24·15 26·72 
Clean fibre ........ 47·80 49·91 48·27 49·60 46·27 48·28 

TOTAL ..... ... 99·23 101·51 99·31 100·83 99·47 102·40 
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The sulphu1· eontent:-; h ere giveu were cakulaterl on a raw wool 
bat>is, so that the grease obtained from the dipped CC3 sample 
contained close ou 20 per eent. of free sul1Jhur. As \\-ill be sho,nl 
presently this sulphur causes a quite noticeable rise in the apparent 
grease C{mtent of the wool as determined by the usual soh ·ent extrac­
tion method. It is also interesting to note that normal r aw wool, 
yielding around 50 per cent. of clean fibre, contain s only from 1·5 
to 2 · 0 per cent. sulphur consisting chiefly of cystine sulphur, while 
in the case of \Yool CC3 the free sulphur alone amounts to OYer 
3 per cent. 

(c) EFFBCT OF DIPPING ON RAw vVooL CoNS'lTl'CEKTS. 

The grease, suint, impurities, and clean fibre contents in raw 
\vool were determined by the methods already described . 'l'he results 
obtained h ave been tabulated in Table VII . 

All the figures in the above table have been calculated on a ra"· 
wool basis. It will be seen that there is no significant difference in 
the analysis of the samples before dipping. The p1·ocess of obtaining 
samples, rep1cesentative of t he group as a whole, by the method of 
sub-sampling thus far used, is therefore apparently fully justified. 
It would fmther appear that the selection of the sheep for the 
clipping experiments was highly efficient, since all groups show a 
fairly uniform fleece analysis (shoulder port ion). It is also evident 
that there is little, if any, difference in the yield of clean fibre 
between the dipped and undipped wools . The sm all increase in t.h e 
grease content of wools dipped in Cooper's dip is in all probability 
due to the sulphur contaminating the grease, as we have already 
pointed out. There is, however, a marked decrease in the suint 
content of all the dipped wools, this decrease roughly amounting to 
about 50 pe1· cent. There is, therefore, no doubt that the process 
of dipping results in the washing-out of some of the suint in the raw 
wool. However, this leaching out process is apparently limited, 
since it is not appreciably greater for wools dipped three times than 
for wools dipped twice. 

Exad ly the same effect is obserYed "·hen the chlorine contents 
of the different wools are compared. This can best be illustrated by 
grouping together the suint and ehlorine contents with the 
hygroscopicity of the different wools at 100 per cent. humidity-

TABLE VIII. 
Leachin,q Effect of Dipping. 

--==-----==~--============~~~==~==~~~================ 

Before dipping. I After dipping. 

Group. 
Percentage Percen tage H ygros- Percentage I Percentage H ygros-

I 
Suint. Chlorine. copicity. Suint . Chlorine. copicity. 

I 

. ~~--7--:--
----- -·-·---------- - - - -----

0 ·22 30·30 3-74 1 0·14 21·68 
.. 1 7· 24 0·21 27·30 3·42 0 · 12 18· 75 
.. 

I n; 0·20 26. 70 3. 39 0. 13 19. 10 
.. 0·20 28·50 3·38 0·13 18·85 
. . 7·72 0·21 28·65 3 ·42 0·13 20·08 
.. 7·39 0·20 30 ·63 7·19 0 ·21 29·38 

CC3 ..... . 
C3 .. .... .. 
As3 ...... . 
C2 ...... . . 
As2 ...... . 
Control .. . 

I 
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(d) EFFECT OF DIPPING ON vVooL FIBRE. 

The wool samples in question were investigated for soundness or 
damage by both the Rimington-Pauly diazometric method and the 
Sauer method. Due to the fact that the individual samples com­
prising the larger group samples had not been numbered , and also 
on account of certain important sampling considerations to be dis­
cussed later, twenty individual sub-samples, carefully degreased and 
desuinted, "·ete examined from each group . 'l'he results obtained 
by the Himington-Pauly method-expressed in Rimington units of 
damage-haYe been tabulated in Table IX as aYerage figures for 
each Aet of 20 determinations. 

TABLE IX. 
Dama_qe by Rirnington Method. 

Group. 

CC3 ........... . ......... .. .. . . ... · . . ... . 
C3 ............... . .. . ............ ... .. . . 
As3 . . ..... . .......... . .. . · . · · · · · · · · · · · · · 
C2 ...... .. . . .......... . ..... . . . ... . . .. . . 
As2 ............. . ............... . ..... . . 
Control. . . .... . .... . . . .. . . . . ...• . ....... . 

Before dipping. 

45 · 0 
47·1 
41 · 0 
40·2 
45·0 
44·2 

After dipping. 

63·2 
48·7 
54·0 
41·2 
40·0 
40·0 

If these aYerage figures can be relied on to o·ive anythino· like 
an exact reflection of the true state of affairs, "e ~lUst conclud~ that 
only the "·ools 003 and As3 show any detectable damage. However, 
oonsidering t he remarkable sensitivity of the Rimington method 
under certain conditions, this damage would appear to be insignifi­
cant, and it is highly doubtful whether it can ever be recognized in 
indushial processing and manufacture. In the case of tlie As2 
wool the fibre has rather been improved than damaged. 

The results obtained by the Sauer m ethod confirm these observa­
tions. Damage was here calculated to represent the percentage of 
the extractable nitrog-en of the total nitrogen in the wool. The 
result~ thus obtained have been tabulated in Table X, representing 
aYerage figures from 20 determinations obtained as above. 

TABLE X. 
Dama_qe by Saum· Method. 

Before dipping. 
I 

After dipping . 

Groups. 
Total Extracted Damage I Total Extracted I Damage 

Nper cent. N per cent. per cent. N per cent. Npercent. per cent. 
------ --

CC3 ..... . .... .. .. 14·0 1·75 12·5 13·9 2·00 14· 2 
C3 ........ . ....... 14·8 1·74 ll· 8 14·9 2·03 13 · 6 
As3 ......... . . . ... 14·0 1·84 12 · 7 14·5 2·91 20 ·1 
C2 ...... . . ........ 14·0 1·65 11 ·4 14·6 1·35 9 ·5 
As2 .. .. .. ... ...... 14·1 1 · 85 13·4 14·1 1·90 13 ·4 
Control. . . .... . ... 14·0 1·75 12· .~ 14·0 1· 85 13 · 2 
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The fluctuations in the total nitrogen content must be ignored 
since the different groups "·ere analysed at different periods under 
different humidity conditions. For each group, ho"·eyer, all t he 
samples, including those for the determination of damage, ''"ere 
weighed out at the same time, so that the percentages of dalllage are 
still strictly comparable. 

\f, IN-VITRO STUDIES ON THE WOOL FIBRE. 
With the object of obtaining a somewhat cleaTer .insigllt into 

the vaTious factors which might be responsible for damage to the 
fibre in the process of dipping in the usual arsenical clips, the matter 
was fuTther followed up, testing out some of the more obYions 
factors unde1· laboratory conditions of control. For this purpose a 
special parent sample of unclippecl wool was used. Even then Yarious 
difficulties "·ere at first encountered, it being impossible to obtain 
reprocluceable results. Having satisfied ourselves that the methods 
of determining damage "·ere highly reliable, our attention ,,-as next 
directed to the difficult question of wool sampling. It was soon 
found that the chemical methods used were so sensitive that they 
were able to reflect appreciable differences in the fibre, not onl)· in 
different pa1-ts of the fleece, but also in the different staples from the 
same part of the fleece. In addition to this, all tips are normally 
fa1· more seriously damaged than the rest of the fibre. 1' h.is 
difficulty of sampling was eYentually overcome by the followmg 
method:-

From a carefully removed shoulder portion of the fleece one 
gram staples were selected and the tip portions remoYed b:v cutting 
about hal£ an inch from the tip, all staples being cut the same length 
as measured from the skin end. These staples were tied up with 
cotton thread, and carefully cleaned in benzol and distilled water, 
avoiding as far as possible all felting of the fibres. The indiviclual 
analytical samples were obtained from these staples by talDng small 
sub-samples from each staple in such a way that the thus obtained 
composite analytical sample amounted to about 0 ·10 gram. That 
such samples are representative and reproducea ble , the following 
table will show. 

TABLE XI. 
Uniformity of Samples of Rimington Method. 

Sample. 

I ...... . .... .. ... . .. . ........ . 
2 .•.... . ................•. . .... 
3 ............................ . 
4 ..... .... ' ' .... ... .. ' .... ... . 
5 ........................... . . 
6 ......... . .... .... ... . ... ... . 
7 ....... . ...... .............. . 
8 ............................ . 

AvERAGE ........ ...... . 

Colorimetric readings. 

5·0 
5·0 
5·0 
5·0 
5 ·0 
5·0 
5·0 
5 ·0 

5·0 
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Wool. 

9·5 
10·5 
10·5 
10·0 
9·0 
9·5 

10·5 
10·0 

9·81 

Rimington 
units of 
damage. 

52·6 
47·6 
47·6 
50·0 
55·5 
52·6 
47·6 
50·0 

50·4 



EFFECTS OF ARSE~ICAL DIPS OX \YOOL. 

(a) EFFECT OF SomuJr ARsEKITE AKD CooPER's PmYDER DIP 

OK 'YOOL. 

A seties of experiments "·as made by heating 0·1 gm. samples 
of the wool "·ith 20 c.c. solutions of pure sodium arsenite (approxi­
mately K a 2HAs03 ) and Cooper's Powder Dip at the concentrations 
normally employed in the field. The results obtained with the usual 
bYo minute immersion revealed no measurable damage, and need not 
be giYen here. In a second series of expe1·iments the "·ool samples 
"·ere immersed in these solutions for two hours, and the damage 
studied by the Rimington methocl. The results haYe been tabulated 
in Table XII. 

TABLE XII. 

In.fltience of Cooper's and Sodi111n Arsenite. 

Treatment. 
Strength of 

solution pH of solution. 
(Percentage As 20 3 ). 

Damage 
(Rimington 

units). 

---- ---------- - ------- - - --------1-------

Untreated sample .......... . 
Sodium arsenite ...... ... .. . 

,. ,, .. .. ... . ... . 
Cooper's powder .. ........ . . 

0·08 
0·16 
0·24 
0·13 (soluble) 
0·07 ( ) 

!!·57 
9 ·90 

10·24 

50·4-
52· 6 
52·6 
55·5 
50·0 
50·0 

It '"ill thus be seen that no damage can be demonstrated, not 
eYen after two hours immersion. The above results, however, have 
been obtained with a fairly pure sample of sodium arsenite. In 
order to determine whether these results may in any way be 
in:fluenred by the proprietary brands of sodium arsenite in use, the 
effect of various brands of sodium arsenite was further studied, using 
solutions containing 0 ·lG per cent. As2 0 3 , and immersing for two 
hours. 

TABLE XIII. 

]"'fleet of P?'OpTietm-y Arsenite Hwnds. 

Brand. 

Kynoch ... . . . ..... . ..... . 
Protea . ...... ... . .... . .. . 
Conquest. ... ..... . ..... . 
Steward ................ . 

P ercentage As 20 3 

in solution. 
pH of 

solution. 

1

- -----

0·16 
0·16 

I 
0·16 
0 ·16 

9 ·3 
9·3 
8·9 
$·9 

Dam1g3 
(Rimington units). 

58·7 
. 52·6 

50·0 
50·0 

These figures show that all the proprieta1·y brands studied are 
quite safe as far as damage to the wool fibre is concerned. 
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It might, howe.-er, be argued that under certain conditions, clue 
to faulty preparation of the dipping bath, the concentratiou of the 
clip ·wash may rise above the specified strength. Accordingly this 
point "·as also in.-estigate<l, the concentration of the solutions being 
increased from 0 · 08 to 1· 6 per cent. As2 0 3 , ani! the " ·ool samples in 
each case being immersed for two hours . 

TABLE XIV. 
I n/ltlence of concentration 011 Da ma.r;e. 

Concentration 
(Pcrcentag~ As20 3). 

0-08 
0·16 
0·24 
0·80 
1·60 

pH of 
solution. 

9·6 
9·9 

10·2 
ll·O 
ll·1 

Damage 
(Rimington unit s). 

52·6 
52·6 
55-5 
77·0 
83·0 

'rhese results sho-w that as a result of immersien for two hours 
in a solution of sodium arsenite containing 0·8 per cent. and more 
As2 0 3 , the wool is clearly damaged. But even then it is extremely 
doubtful whether any measurable damage will occur when the wool 
is immersed for the usual two minutes. What is of definite interest, 
however, is the observation that this increase in damage coincides 
''"ith a definite increase in pH or hydroxyl ion concentration. It is 
a well-kno"·n fact that caustic alkalis have a deleterious effect on 
the wool. It is, therefore, very important that the effect of increas­
ing hydroxyl ion concentration on the wool fibre should be further 
studied. The importance of this aspect of the matter is not limited 
to the use of substances "·ith alkaline reaction such as dips, but 
applies with equal force to certain stages in the industrial processing 
of the wool. 

For this and other reasons a series of experiments ''"as made 
using solutions of sodium arsenite of increasing hydroxyl ion con­
centration. The concentmtion of the arsenite was kept constant at 
0 ·1G per cent. As2 0 3 , but the pH of the solutions was so changed h.Y 
the addition of sodium hydroxide as to .-ary from 9-9 to 12·4. In 
order to determine the possible effect of the arsenite ious on the \Yool, 
these experiments were repeated with solutions -of pure sodium 
hydroxide of hydroxyl ion concentrations covering the same range 
as the arsenite solutions. The hydroxYl ion concentrations of the 
arsenite solutim1R were determi-ned -~lectrometrically using the 
morlifiecl quinhydrone electrode described by Davis (1931). 'rhe 
hydroxyl ion concentration,; of the solutions of pure i-iodium 
hydroxide were calculated theoretically assuming solutions weaker 
than tenth normal to be eompletel~' dissociated. All sampleR \Yere 
immersed for two hours at mom temperature. The determination of 
rlamage was made both by the Rimington dia<~ometric method and 
by the D.I. borax method. 'rhe results thus obtained have been 
tabulated in Tables XY and XVI. 
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TABLE XV. 
Effect of NaOH on VVool. 

Treatment. pH. 

------1--------

Riiilington method damage. I Borax method *damage. 

l. .......... . . 
2 ........... . . 
3 ........ ... . . 
4 ....... . ... . . 
5 ............ . 
Untreated .... . . 

Treatment. 

10·4 
11·9 
12·4 
12·6 
13·0 

49·5 
60·6 

166 
250 
500 
50·4 

TABLE XVI. 

4 ·0 
4·3 
4 ·4 
5 ·8 
6·8 
4·0 

Effect of A1·senite+NaOH on Wool. 

pH. Rimington method damage. Borax method *damage. 

- ---- - - - - - ------------------------ -- - ---

l . . •.• . . ... .. . . 
2 ...... .. .... . 
3 ... ......... . 
4 .... .... . .. . . 
5 ............ . 
Untreated .. .. . . 

9 · 9 
10 ·3 
11·3 
12·0 
12·4 

47·6 
55·5 
76·9 

166 
250 
50 ·4 

3·9 
4·3 
4·7 
5 ·2 
6 · 1 
3·8 

We note that both the lEming-ton and the Borax methods 
demonstrate a steady rise in damage with rise in pH. 'l'he tables 
also show that this increase in the units of normal damage becomes 
noticeable only after the pH 1·ises above a certain critical limit 
lying in the neighbourhood of 10 · 3. These results are thus in agree­
ment with the observeu t relation between hydroxyl ion concentration 
and tensile strength. 

In graphs I and II the influence of pH on the soundness of the 
fibre has been illustrated graphically . Both graphs, i .e., both the 
Riming-ton and the Borax method, present tb.e same picture. We 
note that both methods show that in a m<edium of equal pH the 
solution of arsenite plus sodium hydroxide shows a greater damage 
effect than the sodium hydroxide alone. It would, therefore, appear 
as if the negative arsenite ions exert some effect of their own. \iV e 
suggest that this behaviour of the arsenite ions is closely connected 
with the absorption and apparent fixing of some of the arsenic by 
the wool fibre. vVhether we are here dealing with mere absorption, 
or whether the arsenic enters into chemical combination with certain 
free amino-acid groups of the keratin molecule it is most difficult 
to say. 

*This nitrogen includes that extracted by the sodium hydroxide and sodium 
arsenite solutions. 

tCompare: Bulletin of 'Vool Industries R esearch Association , Torridon, 
Vol. 3, No. 1, p. 23 (1932). 

290 



H. A . HAMllROCI{ AND T . J. WILI\EN-JORDEN . 

soo 

400 
1 

GRAPH J. L 300 

lOO 
As1 03 +M .. ; I 

roo 
/ v) 

I 

~ _/ 
v l -D--·-··------o -- ---- - --- - --o-- i 

p/1 10·0 11•0 12·0 13'0 

I 
7 

I GRAPH J[ 
I 

6 0 

V/ 
5 

fl s, OJ + Na Olji. 

~ ~aOH -"----R:.------------+ ----- -- .. ----------- "V' 

3 

~ 

1 

pH 10-D 11'0 f,t•O 13·0 

291 



EFFECTS OF ARSENICAL DIPS 0~ WOOL. 

(b) THE INFLUENCE OF SuNLIGHT ANJJ ULTRA-VIoLET RADIATJON AS 

A FACTOR IN DrPPING RELATED TO FIBRE D.uiAGE. 

In considering the effect of dipping on the soundness of . the 
wool, there is one very im_portant factor ''"hieh must not be lost s1ght 
of. Up to the present we have been stuclying the direct effeet of 
certain dips 011 the " ·ool fibre, concentrating on the <lireet effect of 
such dips as the primary cause of fibre damage. There is, however, 
also the possibility that the dipping effeet may be only a secondary 
factor in wool damage. By this is meant that the process of <lip]Jing 
may serve to bring out certain dorn:mnt ehauges in the fibre which 
had been caused by influences other than clipping. As one of the 
most potent of these outsi<le influen ces \1·e venture to suggest the 
effect of sunlight, or more J!articularly the ultra-violet portion of 
the sun's speetrum, on the fiee<~e. :From mea surements 011 the ultra­
violet radiation intensity of South African sunlight by Osborn (1932), 
it has been found that the ultra-violet radiation in South Africa is 
decidedly high, particularly so on the high inland plateaux. 
N aturallv sueh radiation would in the first instance effect the outer­
most ex1~·osed portion of the fleece, and it is by no means improbable 
that the photo-chemical action thus produced is the 1wimary cause of 
the intense weathering of the tip portions of the fleece. In how far 
sue h radiation might affect the more inner portions of the fleece is 
most difficult to say, since we ao not know to what extent the raw 
wool mass is opaque to ultra-violet radiation. Naturally the degree 
of penetration would depend on the nature an<l structure of the 
fleece. 

1. 2.. 3. 4-. s. G. 7. 8. 

That sunlight, and more particularly the ultra-violet radiations, 
do affect wool and woollen goods is a daily observed occurrence and 
well known. vVhat is not generally realized however is the close 
beari_ng this effect of sunlight may have OI; dipping' questions in 
relatiOn to fibre <lamage. 'ro stress these considerations more 
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effectively, we have studiecl the effect of sunlight and ultra-violet 
radiation in conjunction "-i th the a1·senical dips. For this purpose 
two sets of experiments wer e made. I n the first ;;et samples of the 
clean fibre were exposed for an hour to the racliations of a quartz 
mercury-a1·c lamp at a cl i;;tance o,f 18 in ches, aml subsequently 
immersed in solutions of Cooper's (0 · n per cent. soluble As2 0 _,), 
a nd sodium arsenite (0 ·l(i per cent. As 2 U3 ) as well as in pure water 
for two minutes . 

l u the second set the \\·ool ,.;ample,.; 11-e1:e fiTst immen;ed in the 
tlame sol utions of Cooper',.;, ,.;odimil artlenite, a nd \\·ate1· for t1Yo 
minutes, and then while still \Yet sub jected to t he ultra-viole.t 
radiation for an hom. The resultil obtained in c1u plicate have been 
tabulated in 'l'able XYII and illust.-atecl graphically in Uraph III. 

Experiment. 

l. .. - . .. .. - . . . - .. 
2 .. - .. . .• . -- . . - .. 
3 . . . ... . - .. - . . . . -
4 . .. .. . .. - .. - ... -
5 . .... . .. . 
6. - . .. . .. . - . . . . - . 
7 ... -- . . - . - - - . . .. 
8 ... .. 

TABLE XVII. 
Uelatwn of Clt1a-Violet to JJippi ll_(j. 

Treatment. 

Control- not exposed and not t reated ... . . .. . 
Exposed, but not t reated ...... . . .. .. . . . . 
Exposed and t hen t reated with wate r. ...... . 
Exposed and t hen t reated with Cooper's .. . . . 
Exposed and then t reated IYith arsenite ... . . . 
First treated with Cooper's and then exposed. 
F irst treated with a rseni te and then exposed . 
First treated with "'ater and t hen exposed ... 

D amage 
(Rimington units). 

50 ·4 
86·8 

105 ·3 
76·9 
86 · 8 
62 · 5 
71·4 
83·3 

Comparing these figure;; fol' c1amage " ·ith t ho;;e for the same clips 
m Table XII, it immediately becomes evident that the ultra-violet 
treatment of the \Yool definitely affects the sounclne;:;s of the fibre. 
J:<;xperiment :2 shows t hat me1·e exposure alone already affect<> the 
fibre, although this effect JJw~· be latent, and Experiment 8 sho\Y~ 
t hat t hi s racliation effed remains t he same, \Yheth er the wool is 
exposed in the dry or '"et state . Conside1·ing the \1-ools fir;;t exposerl 
and subsequently b ·eatecl " ·ith the dip~ , we observe the most inte1·esting 
fact t hat the treatment \Yith pure water produces appr eciably mOl'e 
clamage than eithe1· the Cooper's clip or t he wclium arsenite. Exactly 
the Hame phenomenon it> ohserYed with " ·ools fir st treated and th en 
exposed. This obsen-ation g·a ins in p ractical importanc.;e " -hen we 
recall that the dipping- exper imen ts caniecl out at Bathurst r;howecl 
t hat t he wool sufferecl at least a,.; much by clipping in \Yater as by 
clipping in RO(lium arsenite. \Ve are not in a position at t he 
moment to give a full explanation o£ t his highl:v inte1·e,.;ting 
observation . However , it seems fea;; ible to assume that the ex posure 
of t he " ·ool fibre to ultra-Yiolet racliations directly affects t he keratin 
1nolecule. \Ve venture to suggest that these Tacliation;:;, probably by 
1·esonation , set up abnormally Yiolen t oscillations within certain parts 
of the molecule, the more <1ishu·bec1 g-roup;; in t he molecule becoming 
eith er totally detach ed or greatl~- loosened. Thi~:> would explain the 
obr;ervation of R:'lrritt aucl :King (1929) t h at the mere exposure of 
,,-ool to ultra-Yiolet ra<liation causes a losr; in the sulphur-content of 
t he ,,·ool. A part from the sul11 bur totally cletaehecl, a still greater 
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proportion becomes loosened to such a degree that the exposed wool 
was found to lose about 11 per cent. of its sulphur on subsequent 
treatment with a very dilute alkali. "\Ve have shown the same to 
hold true for at least a portion of the nitrogen in the keratin molecule, 
as the following results will show :-

Exposure. 
Percentage N. extracted 

(Sauer method). 
Percentage of total 

N. in wool. 

----- ------ - ------------ 1---------
Unexposed . .................... . 
Exposed t hr. at 1 fL. ........ . . 
Exposed t hr. at 1 ft . ..... . ... . 
Exposed 1 hr. at ca. 1 t ft ...... . 

3·0 
4·0 
4·2 
4·6 

21 ·4 
29·3 
30 · 0 
32·9 

The explanation why water affects the exposed fibre to a much 
greater extent than solutions of sodium arsenite and arsenate also 
follows readily enough from this theory. By loosening certain parts 
or radicals of the keratin molecule, the exposed molecules obviously 
exist in a state of metastability. Assuming now this destablising­
action of the molecule to be reversible, it is obvious that under certain 
conditions the metastable form may be reconverted into the stable 
form. 'l'hus pure >vater detaches and dissolves the loosened portions 
of the molecule, whereas the presence of arsenite and arsenate ions 
in the water impedes this detaching action of the water, exerting 
their influence in the direction of resta bilising the metastable mole­
cules. Apparently this restabilising e:ffee;t is not limited to the anions 
of the arsenic acids, since in the course of our experiments it was 
found that the anion of borax exerts a similar effect. 

From Table XVII it will also be seen that the damage to the 
fibre is least in the case of Cooper's dip, especially where the wool 
was first treated and then exposed. It bas already been pointe(l out 
that immersion in freshly prepared Cooper 's eli p results in an 
appreciable deposit of sulphur and arsenic sulphide on the fibres. 
It was therefore suspected that the yellow film thus covering the 
fibres might conceivably act as an ordinary filter, greatly impeding 
the penetration of the ultra-violet to the ac-tual fibre. This suspicion 
was easily enough confirmed by treating a wool sample "·ith a clear 
filtered solution of Cooper's dip, thus preventing the formation of 
a yello"· film on immersion. 

TABLE XVIII. 

Influence of Stai11inr; Effect on Ultm-Yiolet Action. 

Treatment. 

Not treated and exposed ......... .... . .. . ..... ..... . . 
Treated with Cooper's and exposed . ............ .. ... . 
Treated with Cooper's clear filtrate and then exposed .. 
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'rhe fact that the wool sample treated with the clear filtrate of 
Cooper's dip showed appreciably more damage than the sample 
treated with the full dip in its original state, thus shows the light 
filtering effect of the yellow deposit formed, and explains why wools 
thus treated become more resistant to ultra-violet radiations. 
Similar observations have been made by Kertesz (1919) by protecting 
the fibres with a film of chromium salts. 

Having thus shown that the wool fibre can be protected to some 
extent against the action of ultra-violet light by the application of an 
artificial film, it appeared highly interesting to determine to what 
extent the natural grease and suint on the raw wool fibre would 
impede the penetration of such radiations. With thi;; object in 
view the influence of ultra-violet radiations on the wool in different 
stages of the process of cleaning was compared with that on the raw 
wool, the samples being exposed for one hour at a <listance 18 inches 
from a mercury-arc lamp. After exposure the ra''" and desuinted 
wools were degreased by \Yashing in ether, the degreased wool being 
desuinted with water . All the samples were finally washed in pure 
water. The results obtained in Rimington units of damage have 
been tabulated in Table XIX. 

Experiment. 

1 .... ...... .. . 
2 ........ . 
3 ...... .... ... . 
4 ...... . ..... . 
5 ............. . 

TABLE XIX. 
Protect'i?Je Influ ence of Grease, Suint, etc. 

Wool treatment. 

I 
Raw wool-unexposed ............. . .. ......... . 
Raw wool-exposed .. .......... .. . . . ....... . ... . 

Desuinted wool-exposed ................. . ..... . 

I 

Degreased wool-exposed .... . ......... . . .. . .. . . . 

Dagreased and desuinted wool-clean fibre-exposed 

Damage. 

53 
ca. 83 
ca. 83 
ca. 83 
ca. 100 

'l'he results show that the raw and partially cleaned ''"ools were 
slightly less affected by the ultra-violet treatment than the clean 
fibres. However, it is doubtful whether this apparent protective 
influence on the part of the grease and suint can be ascribed exclusive­
ly to their absorptive action of the ultra-violet . The possibility is 
by no means excluded that the suint in sol1~tion may reverse the 
initial phDto-chemical effect already referred to. We oonclude, 
therefore, that the protective influence of grease and suint against 
ultra-violet is, if anything, exceedingly small. 

The exposure of wool to actual sunlight produces exactly similar 
effects. In the first set of experiments both clean and raw wool 
samples were immersed in solutions of Cooper's (0 ·13 per cent. 
soluble As20 3 ), sodium arsenite (0·16 per cent. As2 0 3 ), and water 
for two minutes, and kept out of contact with direct sunlight. After 
three days the wools were again immersed in Cooper's, sodium 
arsenite and water, and kept for another three days. In the second 
set of experiments the wool Pamples were exactly similarly treated 
by immersing twice at au interval of three days, with the except.ion 
that these samples were for the whole of the six days during which 
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the experiment lasted exposed to the direct rays of the sun. The 
degree of damage was again measured in Rimington units, and 
the results illustrated gTaphically in Graph IV. 

Expe riment . 

l. .. . . . . . .. 
2 ... . 
3 ... . 
4 ... . 

.... . . 

I 
..... . 
...... 

" Coof>er>S Powd~,, J>ip 
., Wa.te,. 

2 

R4wWool 

GRAPH~ 

1'ABLE XX. 
Effect of Stmlight on lrool. 

Unexposed. 

Treatment. 
Clean Raw 
wool. wool. 

Not immersed- control..: ....... .. 32·3 45·5 
Immersed in sodium arsenite ...... 37·0 37·7 
Immersed in Cooper's ............. 30·3 42·5 
Immersed in water ..... ..... . ..... 40·0 

j 
37·0 

I 

Exposed. 

Clean Raw 
wool. wool. 

86·9 86·9 
64·5 80·0 
35·1 43·5 
83·3 62·5 

vYe note that in Experiment 1, 2 ancl 4 the exposed wools show 
a much greater damage than the unexposed wools, the damage in 
the case of the former being about <1ouble that of the latter. In the 
case of Cooper's powcler dip-experiment 3-exposure to sunlight 
seems to have had no effect. The reason for this we have already 
explained. These results also show that the protective influence of 
grease and suint is insignificant, the raw IYool often sho"·ing slightly 
more damage than the clean fibres. 

VI. SUMMARY. 

'l'he effect of the bYo arsenical (lips, vi:;;;. : Cooper's powder dip 
and sodium arsenite, on the fleece has been studied from several 
angles. 1'he process of dipping results in the leaching out of suint 
constituents, thereby influencing the hygroscopirity of the raw wool, 
especially at 100 per cent. humidity. The use of arsenicals as clips 
results in the eontamination of the fleece 'vith arsenic, Rome of this 
arsenic remaining in the fibres even after scouring. \Vhen using the 
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correct concentrations, the dips themselves do not cause any noticeable 
damage to the fibre, exc:ept that Cooper's dip tends to stain the 
fleece yellow by depositing its insoluble constituents. Should, 
however, the alkalinity of the dips rise above pH 10 · 3, the souJ_JAness 
of the fibres may be seriously affected. U ncler normal cond1hons, 
however, the undesirable effect of dipping on the fibre soundness 
must be ascribed to the J1rocess of clipping as such, and not to the 
use of the chemicals here studied. In-vitro studies have shown that 
this dipping effect in turn is merely a secondary cause of damage, 
the initiative and primary cause of fibre damage being the effect 
of the ultra-violet radiations of ordinary sunlight. In this respect 
arsenates an<l arsenites would appear to protect the fibre, rather than 
causing further damage, since pure water is appreciably more 
deleterious to such radiated wools than arsenite solutions . Cooper's 
dip renders additional protection to the fibre, the yellow film staining 
the fibres impeding the penetration of the ultra-violet rays to the 
fibre itself. The theoretical implications of these observations have 
been discussed and explained. The natural grease and suint on the 
fibres were not found to afforcl sufficient protection against the effects 
of sunlight. In how far these observations affect the fleece on the 
sheep's back must still be further investigated. It may be expected, 
however, that repeated dipping would aggravate this photo-chemical 
effect, since the staple-formation is thereby destroyed, thus exposing 
a greater portion of the -fleece to direct radiation. 
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