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1m EJ;'l!'E::;T ,m' LAURYL P.ENTAc..1ILORHIENOL ,TREATMENT ON 'I'HE RESIS'fANCE 0]<' m~LlJIIED

CANVAS FIRE HOSE ro L~.rT/',CK BY ji'UNGI

Report ,of Special Investigation for the Ministry of Works.

,Introduction

, " Various tests on unlined canvas fire h9s\l treated >lith sodium
pent.ach.lcr'phena'te 'wer-e carried out in' 1945 ~ 1) and it lias shown from
soil burial tests ,that the treatment improved the mildew resistance of
the ,hose.

In September, '1952, the 1unistry of Works: asked the Joint Fire
Research Organization 'to determine the effect of lauryl pentachlorphenol
treatment on resistance to mildell 'and the serviceability of fire hose.
FTevious tests had sl;J.m;m burnettizing to gi.ve .no protection against
Chaeto~ium globosum,~2). The hose for t.he tests Has supplied by four

,manufacturers each of Whom supplied one t£eated'and one untreated
,sample. Details of the hose are 'given in Table 1. ". ,. .

'~ods of testing'

(a) Bursting pressure
•

Three 3 ft. long ,specimens of each type Of, hose,~ere, attac~ed in
turn to a pressure head connecbed.vto a hydr-au.ld,c accumul.abor, Each
specimen was allowed to soak at a pressure of 100 lb./sg,.in. for 30 minutes
arid .the pr-esaure was then increased at the rate of '/00: lb./sq,. in. per
minute until failure occurred. The results of these tests' are, given in
Table ,2.

(b) Percolation

:b'or the' percola~;i.on tests ,three specimens, each 3 ft. 'long, of .each
type of hose were conditioned, in an atmosphere of relative. humidity
60 per cent and temperature 1050]<' until'their weights remained constant
over a period of 24 hours •. The specimens Were then filled with. Hater and
the pressure lias gradually increased to,a value of 100 lb./sq.in. over a
period of2 minutes. The quarrti.ty of '7ater which had percolated through
the hose was measured at the ends of further periods ,of, 5;10,15, 20,30 &45
minutes, the pressure being maintained at 100 lb./sq.in. throughout the
test•. The results of these tests are given in Table 3.", '

; .
. .< c)' Mildew resistance

(i) Chaetomium globosum

'" .

The resistance to mildell attack of each type of hose was assessed
'from' the 'loss of tensile strength of warp apecimens exposed forvnrious

" periods, to a culture of Chaetomium gloi.2.~~. FTeparation 'of ,the culture
and exposure of the specimens Here carried out by the b&cology Section
of the :b'orest FToducts, Research Labor-atory of the Department of,Sc~entifie

~dA~~~:tn): Research and>the method used vias based upo~, tha\desCribed

,The" warp, tensile str,engthwas determined by cutting 1 inch wide'
specimens from each type of, hose and producing strain over a six inch,
length at the rate of it inches per minute. The tests were performed
on wet specimens which had been soaked in water for 24'houis.
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A number or the strips to be lsed for tensile strength tests were
leached for 6 hours in an aspirato~ bottle in which the water,was changed
complet.ely appr-oxdmabe'l.yf'our- timef per mmute; After drying, both
leached and unleached specimens were exposed to fungal attack for periods
varying from 2 to 16 days, the endbof the specimens being coated \7ith'
wax to restrict the attack to the bentral portion.

I " '
The' specimens Here sprayed Iiith a suspension of spores from an

atomizer spray and placed so that the central portions made contact with
a culture: of spores growing on 2 ifci1 squares of ~ilter paper. This
cu Lbur-e.ihed been allowed to grow for 3 days at 30 G in a carbohydrate
free'inorganic agar of pH 6'8. Al~ specimens were' dried after the
appropriate incubation period and later soaked i In water for the 24. hours

" ,
prior to the strength tests. ,The mean values of the tensile strengths
of mildewed and un-mildewed hose al-e given in Tables 4.A, 4.l3, 4.C and 4D.
The average of results for treated and urrtr-eaced hose is shown. graphically
in Figures 1-4..

(ii) Aspergillus. niger

Without' prior sterilisation, three 2 Lnch squares of hose 'of each
type were sprayed with a spore suspension of ~pergillus niger and were
firmly pressed dovm on to petri dish cultures of this fungus, on 2 per
cent malt agar. The cultures, whi6h were three days old, were incubated
at 250C for 32 days. The condition of some of 'the ,samples after

,I incubation is shown in Plate 1, and'ithe makes "" identified in Table 5.

, (d) Lnuryl pentachlorphenol content
,' I' ,. .

, -, The· estimation of the lauryl penbachkor-phenoL content of the hose
'was carried out by the Government· Chemists Department of the !.lini§try
of Works ,:the method used is descr:i!bed in Appendix I. The results of
the estimation are given in Table 6., '

Discussion

•

,.

II

I!

',!', ' The results of the bursting pressure, percolation, and mildew
'resistance tests -have been ,analysed\ statistically. ~'or the final
per-co.Lation and, the strength of' the hose these analyses were based ~n

the logarithms of the results, and the results of the various tests

are dJ.(·asC)ussed below,' . " ['

Bursting pressure '

Statistical analysis shows tha"' for the three flat woven hoses
-there was no consistent change in the bursting strength due to the
rot-proofing treatment. For the t~ee samples of one make of circular
woven hose however rot-proofing treh'cment increased the bursting strength
by an average of 90 lb./sq.in.

'I The results :i,n Tables 4.A, 4B, tC and 4D show that the initial
strength'of,treated hose was somewhat lower than that of untreated hose.

II': This hoj';ever"does not appear to have af'f'ected the bursting strength.

, (b) Percolation·

I The measurements of percolation showed the customary large
variation between samples of the sanle make of hose and a ,statistical
analysis of the final rates of perco.Lct aon showed that there was no
significant difference due-bo the t±1eatm'ent or between the' fciur makesof hose, .
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(c) i~ldew resistance_.....-.. --,

(i) Chaetomi\.!!il. globosum

The -f'ouz- mekes of hose behaved sami Lar-Iy up to 8, days of incubG:',ion.,
A statistical ana.iya.i.s of, the results (see Appendix II) showed 'that :,Llie
leaching had no ef'f'ect on the milde:-/ resistance of -the hose. A f'eafur-e
of int~'$st .shovm by the sta~isti~il a~1alysis ~s bhat , as in the prehous
tests \ 2) the second end third order ~nterc,cho"s, '7 hen pooled
"orlt·-·th",·'r ~y'v<"'~ v·\,..; ",11C A ,'hu' C'" "~ s-1 fi~"-";.·;'''; -." ~~+l'" (,',--.",.' J···~r .J.~·,'..,··l "'n°v u..... ..... t;:< .• ,-,.. ,.,.. .......~- v. ~ .. ""'>::.0 .... -..;;"......... ..." .••~v rI ,.j"""'''''''C "'~ ,_..~ v ..... .

v.:lri~~tioii between three specimens frUil the scmo 1cilG-th. r-i; \/.1.8 f'or
-this r-eason thL~t the number of' apecd.mens t ested for GL\C}1' condition i'h1.3

reduced from '6' to 3 thuu' h:"lvi11g the Lxbour i,,;'olvcd Ln 'oho 'costs. It
is possible in future teztf1 th;:t u tur-ther ccononyon :,h"seor o',her
'lines C2,n be nchdeved, '

E'igures 1, 2, 3 and 4 show the follOl7ing f'e a..cures of interest:,

"

=

would vary linearly wi"Lhtime.

,'1'he lauryl pentachlorphenol trentment reduces the rate of
deterioration of the hose when attacked by Omet?!~~ ~122?~~J by a
factor of over 4 (see Table?); the 'rate of deterioration being defined
as _ -!. cA5 ,Ylhere "s II is the strength at any ,time-.

S oU:
The r-at.es of, deterioration appear to be approximately proportional

'to the strength remaininr; at any time: ,complete proportionality would ' ,
be in accordm1ce with,the law

- ct.!> -e, *S
cJ-.l::"

so that' Log e"s"

This is seen to be so except' in two 'instances. 'I'he first isat ,"
short periods of Lncubat i on where the rates of deterioration of tre£'.ted",
and'tintreated hose are siniilar. '~',1is initial deviation from the ,-'.",
exponentic:llG.w,'is probably due to an ini',ial e~'fect in mildeYling, v •

treatment, 'l'he second occurs n:f"ter oj 6 days Lncubatfon in the case 'qf" I

makes A and D where the .atreng'th after "16 days incubation is less than"
that giver! 'by theexponentinl Law, It is of interest that in makes ,jJ

and 0 the content of lauryl pentachlorphenol was only a little below,
1 per cent but in makes A WId D it Has 0.55 per cent and 0.35 per cent
respectively and the reduction in strength was greater for the hose'
with the low pentachlo,phenol content. Tlus suggests that the rate of
deterioration increased after a tiiC,e dependent on the lauryl lientachlor
phenol content. Until ,the' strength 0; the hose was reduced to approximately
one-third of)its initial value the percentage content of lauryl pentachlor
phenol does not appear- to have been critical against Chaetomf urn. 8d:.?bostim ,
providing it is over 0'35 per cent. ~his might then be rege.rded as the
minimum effective, concentration.

(ii) Aspergillus niger

The condition of each group of tl1ree samples was' uniform after
incubation. All untreated samples were heavily overgrovlIl by the test
fungus. None of the preservative treated samples shoned any fungal
growth and all had inhibited growth of' the f'ungus on the surrounding
agar to some extent; this was most marked in the case of leached s ampLes
of hose BLT.

Very,moist areas on the treated samples show as dar-k patches in
Plate 1;

'/

(a) There is some evidence that, the pentachlorphenol reduces the
~ensile strength of the hose fabric but there. is no evidence the.t the ,
bursting strength of, the flat v.oven hose is ai'f'ected, On the other
handrthe bursting strength of' the one .samp'Ie of circular woven hose was
increased.
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(b) The pez-co.la't i.on riDS, rot observed to be D.ffected by the
.'treatment. I

(c) •The 6 hour period of leaching had no effect on the milder!
resistance of the hose.

.,". \

" ..
..~.

(d) (i) The resistance Of' hose to attack by Chaetomium g1.obcsmn
Ls-dmproved when treated Hith lauryl pen tachl.or-pheno'l , a content of
only O· 35 per cent of 'chis chemical being sufficient to delay rapid'
deterioration until the strength of the hose was reduced to apprqximately'
one-third of its initial value. . I .' ' .

(d) (ii) Lauryl penta.chlorpheriol treatment markedly'; reduces 'th~":.,
" . ::.,' ~.':' . "

growth?f I Asp~!:k~llu,." nig,eE.' . , ,

Ac!mowledgmen_t!!.
,I

Thanks are due to the Director. of thel'orest Pr-oducts'Laboratory
II . I ' .of the Department of pcientific and Ipdustrial Research, to
'I Iiir. J. G. Savory for his assistance with the mildewing of hose samples,

and to Hr. H. W.-Squance of the GovertJment Chemists Department of the
, ],jinistry of Works who undertook the m~asurements of pentachl.orphenol

content. ¥~. Smith assisted with the experimental' work.
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. , 'I'ABLE. 1

Details: of hose

'l.'ypeof
. weave'

'Hemarks

Rcit-prooi'ir,s tret\·b'.1cnt on 'hose
F~t:rt-:proo:::'ing tror'.tme'.1t. on yarn

!1 II II I ~ "

!

A
B 
C 
D -

l!'lut
l:'L-:.t
In!lt

. Circular

TABLE 2

It II II

.,.

II

'-

Bursting ,pressure ,- Ib./sq.in.

, ,

I
,

i "

i',1ake I Condition 11lean of
I three testsj

"

A Tre'ated 440 :,
Untreated l~65 :

, ,

'.' , .
365B Treated,

Untrreatied ': 415
I

C Treated 415
Untreated 385,. ,

"
\

D Treated' 715
I Untreated . 625' '

j
;,

6' value :;:' 20'on ' mea.n

, ,

, Ii',1061/1/25
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Initial and ~inal,percolation gal./5 min.

Make A Make B Mo'1lce C Make D

1.280.26! 0.79 0.20
i

I .... J I.
: .; I

Initial r Pinal I Initial i F:tnai '
, I

Treated Untreated

, .

Untreated

I
,

Initial
!

Final:,

-2.61 0.24

1.51 0.30

5.45 '/ 1.49

I
I

TreatedUntreated'
/
!~reat¢Untreated

" : \
F'inal IInitial: I<'inal Initial I l"inal Initial I J<"inal Initial,,

I , I i

0.80 0.27 1.08 I 0.11 1.4-0 0.10 .o. 73
,

0.13I
,,

/ i , I ,
1.73 I 0.15 . 1.36 I 0.15 3.25 0.30 0.55 0.13

I I
'1.90 0.19 1.33

.,
0.13 1.15 I 0.10 ,1.68 0.22I i I I .. ,

I I !

i

, I

0.09

0.38

0;47

Treated

1.00

3.80,

3.85

Initial' i Final I
0.95 -

0.20

2.90

0.73

i,
0.27

0.18

0.60

0.55

The initial rate is derived f'r-om the percolation f'r-om 0 to
5 ,minutes and the ~inal rate ~rom the mean percolation f'r-om
the 31st to the 45th minute.

. , .

-- -' --~ -.----
--~ --"- ==- -- - ----
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TABLE 4.~

Warp tensile strength after various periods of incubation - lb. per in.

, Make A .

963
830
:432
106

'Unl,eached

--.-,_._----

-,--------;

_ ....__~ -J

'/

trea.tedPeriod of
. Treated Un

incubation .-
(days) Leached Unleached. Leached·

0
,

823 885 927
2 --- --- 822
4 695' 862 365
8 .r 584 498 55

16 245 91
_.

TABLE 4:i3

l/arp tensile strength after various periods of incubation - lb. per in •

• Make B .

--
Feriod of Treated, Untreated:,

incubation -----,--
(days) Leached Unleached Leached Unleached

.
0 727 723 855 905
2 - 835 :772--- ---
4 542 567 ,334 458
8 506 320 83 .120

16 337 310 --- ---
I

TABLE 40

'!arp tensile strength ,after various periods of, incubation - ~b. per in.

Make 0

892
'546
296

26

Unleached

-----I

---'-----_.---:

._,--......:.._-- '

ntr-eated iFeriod of Treated U

incubation --,
(days) Leached Unleached 'Leached

0 758 770 925
2 --- .--- 536
4 756 616 368
8 450 429 65

16 278', 370 ---
--
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I
; TABLE 4D

Warp tensile strength after various periods of incubation - lb. 'per in.

, , Hake D

j

..... ' ,

,
":, Treated

,.
UntreatedFeriod of

incubation
(days) 'J J

Leached Un.Leac ed Leached j Unleached-
I, -

.. f.
.-

..
798 ' 7900 905 840 '

2 . --- 812 .
594---

4 527 '585 32"/ 397
8 '421 486 31

\

104 '

I 16 25 158 iI --- ---
I !

..:
, '

I
TABLE 5

Id . ~J:l' t' I f' kesent,.,oa 'jn 0 rna es

- Make Condition, Ref. 1~0. on. Plate 1

A ' Treated ELF,
Untreated BLO

B Treated BLR
, '.. -Untreated BLQ

\
, .

C Treated BLT.
Untreated BLS

n I· Treated ELV"
I Untreated ' E1TJ
I,

.~

TABLE 6
,

- ,".,
Lauryl pentachlorpheno~ content of treated hoses

I

I

.. I

1

;1
II, .

'"1.'- :

• 4 -.. • _.~.

.':... .T

Make'
.. '/ L.lp. c.P•

I content
I' ct. .", ..

A
I '

,- p.,55
,B p.95

C o.eIn p.35. .. "1 ..

-
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TABLE 7

Rate of exponential deterioration
R. I 0<5

defined as f<, ~ -.s .;;Zt; and is
straight lines in ¥igures 1-4.

of hose

calculatedJrom the

- I
Condition of hose (day)-1Make

, . Treated 0.08-
A

Untreated 0.40
I-

Treated 0.07

B

Untreated 0.35
~

,
Treated 0.08

C

Untreated 0.37

Treated .0.09
D .:

Untreated 0.35 ,
.,

, !

", '..

.1



APPENDJR I

I '
ESTIMATIon ,O~' THE LAURYL ?ElfrACIiLORPJIDTOL CONTENT

!'Reagents

OP CAi\1VP.S HOSE

•
1'1.
12 •
'3.

4 Normal caustic' soda.
Hydrochlori.c acid (concentrated).
N/10 Hydrochloric acid.
Chloroform (pure).,
Copper-pyridine reagent. ,

Dissolve 3.0g pure copper sulphate (euS04. 5 H20) in 60 ml water.
,To 6 ml of this solution add iwme~i~tely before ,use 4 ml pure
pyridine. It is essential thht th": pyridine should be of the

, highes~ quality. I' , '
1,'16. Prdrnar'y standard " '

Dissolve 0.6g Pentachlorphenol' (recrystallised from benzene) and
i 0.4g lauric acid in about 100lml ~~ter and 8 ml N, caustic soda.

'

II, Make up to 1 litre with water. This solution is .etabl.e for many
I months if sto,red in a"well-stblPperCd, bottle in the dark.

'Method,
Weigh out 5,Og of canvas hose cut in pieces about ~ inch square and

place them in a 1 litre round bot~om glass flaIDc fitted by means of a
ground glass joint with a Liebig ~ype condenser. Add to the flask
60 ml, 4N caustic soda and boil under reflux for 2 hours. "Ylash dovm
the condenser into the flask vdthla 'little water and add further water
to a total, of 150 ml, f'o'LLowed by 75 ml h,ydrochloric acid (cone).
By means of a connector with' ground glass joints turn the condenser
into a p6sition~or distillation dnd distil until at least 200 ml of
distillate have been collected. Transfer the distillate' to a 500 ml
separating funnel. 11ash the condJnser and receiving flask with , ,
chloroform and transfer the rlashirygs to the sepni-ating f'unne l , using
a total of 40 ml chloroform. Shake well and allow to separate.
Run off the chloroform layer 'into 10. 100 ml separ-atLng funnel and add
10 ml of the copper-pyridine rec,g~nt. Shake and allow to separate.
Run off the chloroform, layer through a filter paper into 0. 50 ml
calibrated flask; ",iash thEf coppe~-pyridine r-eagent with, a .f'ur-ther-
5 ml of chloroform and run through the filter p~per intd the 50 ml flask.
Bulk to the mUrk with chloroform.

Compare the colour of the chloroforn solu~;ion rlith that produced by a
known quantity of the standard solutio,1 t:t'eated as follows:-

Take a, known quantity of starhara s,:>lution, add one tenth the
volume of N/10 Hydrochloric 'acid ~.na. bulle to 250 ml wi.th water.
Extract Hith 40 ml chloroforin arvl separ-at e. Add 10 ml of
copper-pyridine reagent to t:he ch.Lor'of'orm layer, shake and
separate. Run off the ch'Lo'rof'orm layer through a filter paper
into a 50 ml calibrated flask. Wash the copper-pyridine reagent
with a further 5 ml chloroform and run through the filter paper
into the 50 ml flask. Bulk to the mark ydth chloroform.

50 ml of primary standard sOlltion is equivalent to 1 per cent
Lauryl Pentachlorphenol on the sample of canvas hose.

A blank determination on the ~eagents should be cnrried out and
I

due allowance made for any colour ,produced.

F!11061/1/25
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APPENDIX II

STATISTICAL ANALYSIS m', STREl'TGTH '''G!'TEEt INCUB!,TION PERIODS 01" OJ 4 .~lID

8 DAYS

ANALYSIS 'UIIDEflTPlCElT Oil LOGlO (STREi'lGTH ll'l lb/in.)

!, Sum of Degrees of Mean
i"actor squares freedom squares

\ T rot-proofing 4. 137 1 4.14
treatment "

L Leachin" 0.011 'I 0.011
0

I Incubation 12.177 2 6.09
period

M i~fakes ' 0.185 3 0.062
.

TxL 0.035 1, 0.035
1'xI 5.040 2 2.52
Txi,{ 0.201 3 0.067
LxI 0.006 2 0.003
LxM 0.153 3 0.051
lxi'I 0.171 6 0.029

TxLxI o.0l,B '2 0.024
IxLxl,[ 0.105 6 0.018
Txlxii! , 0.156 6 0.026
LxTxM 0.101 3 0.034

TxLxlx.ivI o. '135 6 ' 0.023,
--

Variation i
between 1.201 I 96 0.0125!

specimens' i,
I

None of the second order interactions ere significant compared with,
the third order interaction and the poo.Ling of all thes'e gives a variance
of 0.024 with 23 degrees of, freedom TIhich is £~gnificantlygreater than
the variation between specimens

This value was therefore used to e stirr"..',' the significance of the
other variances.

Of the first order interactions other' than the "Treatment x Incubation"
interaction only the "treatment x makes" and "leaching x makes" interactions
are large although their, significance does not reach the 5 per cent level.

, The "Treatment x 'Leaching", "Leaching x incubation", and "incubation x makes"
interactions can be pooled with the residual to give a residual of 0.024
with 32 degrees of freedom and the significa.'l.ce level of the "leaching x
makes" interaction is then fCUild to be approximately 12 per cent. I

Subsidiary analyses for the separate makes of hose do not, however, show
any marked effect due to leaching. 'I'he large magnitude of the "treatment x
makes" interaction which has a significance level of approximately 7 per
cent might mean that the difference between treated and untreated'hose
varies significantly between the four makes of hose. 1>n inspection of the
results hmvever does not indicate that this difference is correlated with
the differences in pentachlorphenol content or with the method of applying
the treatment i.e. yarn treated and hose treated fabric.

I
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The -f'ac't that the main "Treatment" ef'f'ec t is not significantly
larger bhan the s'i.gndf'Lcant, "treatment x incubation" interaction is
due to the treated liose being'wcclcer before mildewing but'strongerafter
4- and 8 days mildewing.
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FIG.2. THE VARIATION OF TENSILE STRENGTH WITH

PERIOD OF INCUBATION. MAKE B.



1000

IJ

.
c-.0
I

J:
~
(,!)

z
UJ
a::
~

'. en

UJ
...J
en
Z
UJ
~

800

600

400

200

100

80

60

20

;
!.., I,

e~
..

--~~- - ---- - --

~
~

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

I-

\ r-.r-,

\
<,

<,
<,I-

~\ ,

1\ !

I- \ !
i

\
. ,S~~~~~~, I

I-
.. 0\' I,

.. ,
'-

,
i
I
I
I

I

\
I,

,
I- -

I

•
\

2 4 6 8 10 12
PERIOD OF INCUBATION - doys

14 16

0>------<0

ll. Ie

,
Untreated

Treated

FIG.3. THE VARIATION OF TENSILE STRENGTH WITH

PERIOD OF INCUBATION. MAKE C.
•J.o::.\"1 F.//. /58



I,

•

c-.D
I

:r:
~
C)
z

, . w
a:
~
l/l

W
..J
l/l
Z
W
~

1000

800

600

400

200

100

80

60

40

20

-----

~ ... -

~
----- --- ------

r-,
----- -- ....r-.I-

<.
1------ <,

~ I

~.I-l- '." ...

1\
......

<,
"

"<,
.............

\
\

- \
- \

\
- . \

.
I-

-

I
I

I
2 4 6 8 10 12

PERIOD OF iNCUBATION - days

o 0 Untreated

~ K Treated

14 16

FIG.4. THE VARIATION OF TENSILE STRENGTH WITH
PERIOD OF INCUBATION. MAKE D.

. , •••• _ ~ D 1~t:1



·';••
r

•
I~..

..

..
•

•
;

..

o
w

~



~'
[

croWN COPYRIGHT RESERVED
NegEl.tlve No(s)

"

, i·

!,
(
I
"

!i
i!

~ 'i
\ ':

I
~

f..
r
~

~,

;,

I ••
I . •

l
; .

~
,I I

'!
, .

II,
l ;

t, . ,
•

'I:'
t

t \.




