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The durab111ty of drsposable coveralls must be/examlned L

I3

. before recommendations dan be made' about thelr %se

farmers worklng w1th pest1c1des. The purpose of th1s study

B 4

- was to examlne the effect of abra51on on the pehetrat;on ‘of

Htrlvallate -aw ugh two ' disposable /goverall fabrlcs: 1.
? ; :’ .. N . " 0 . - B
KleenguatdO EP Sné . Tyvek@, both are 7100% spunbonded.;

~ ' ., .“. 5 B ) ' PR B

olef1n fabrlcs. =t }‘w .

“Testlng wasfconducted,on'two-laboratory instruments: 1.
“the Brushvpilling'Tester{ and‘z.lthé Tdber Abraser in'orderf "
to establish laboratory abras1on whlch.51mulated abra51on‘

‘ observed on Kleenguardo EP -coveralls after 12 hours"' use\

O ——
in a field trlal. The laboratory abrasion was evaluated

£

'through tensile strength tests’ and Visual observatlons of

’ " ),

‘scannlng electron mlcroscope photos. ‘Thev»Brush Pilling .

K

Tester produced abra51on on Kleenguard® EP more 'S mllar to

that obser@ed on fleld trial garments than did the Taber

v

Abraser. 'Sahanexo-coand Tyvek®, a156 ’-included in the
‘\\ - / _.- ) ] . . . ’v . )
abra51on test1ng,-was‘remoyed*from the study bécausk the

_Brusﬁ P1111ng Tester only sqratched 1ts surface. Tyvek

Kleenguard0 EP spec1mens abraded at 0, 3 and d\mlnutes

-

the Brush P1111ng Tester gere contamlnated with 0.5 mL of &

flEld strength drlutxon of tr1-allate. The percentage of
{

; pest1c1de penetratlon through the coverall fabrlc to a 100%

cotton- under layer was analysed by gas- chromatography.

. The mean percentage “of tri- allate whlch penetrated,

<

~ ;vif"_ R \ “’
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both fabiids was less than l( even after abrasion. The

.penetration- of tri- allate through Tyvek' » however,. was-
"about three ' txmes hlgher thad the penetratlon thxough
'Kleenguard@ EP.« There was ‘a 51gn1f1cant 1nczease 1n~the;x
"penetratlon of tr1 allate through KleehguardO EP . ae ;he

leve; of abra31on increased, For. Tyvek®, tuere was no

51gn1£icant ‘difgqrehee :in peSficide pénétfation at all

three levels of abrasion. ‘ L L

c 8 .. . 4
— M '

~-pesticide pen¥tration 1ncreased sxgnlflcantly when the

g

~initial thicknees of ‘unabraded Kleenguang EP" decreased,v
but- there was no cor;elatlon be;weEn thickness and

penetratjon:when the fabric'was‘héfPebraéeq. At all three
‘levels of abréSion\lgp>‘Tyvek® pesticide .penepration \
. .. - a . . .
increased as the initial thlckness of the spe01men‘

: decreaséd%' There was no 51gn1f1cant correlatlon between_

the “initial yelght of, the specimen’i'and_ pesticide

Apenetration for either fabric. . _ _ o .
-'_ A - . N ‘-
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thelr use or "the group of“organlsms they are desaqned to‘

) ‘. . : EETET T
‘has depended— 1n5reas1ngly upon the exten51ve'fuseiﬁof‘;

\

f : ' . ‘ N ‘
1. TINTRODUCTION

,1'1 Background

"pesticide" 1s a general term for a wide vabaety of

chemical compounds whlch are used "for controlllng,

N S
preventing, destroylng, repelllng or mltlgatlng any pest"

d(Ware, 1978, -p.9). Pe§t1c1des are classifled accordlng to

v
‘\‘

control ' The méjorﬁ classes of
insecticides, vhe;oicides and fungicides
: L

‘Over the »last four decades, agr@cuit £3

pest1c1des. In the Unlted StatesJ 196 4 m1111on kllograms

;of herb1c1des and 26.8 mllllon kllograms of.1nsect1c1des

were jused__on Crops. in. 1982 (Young, 1987) In 1985,

'Canadian-'farmers spent - approxmately $689 mllllon »gf

..pesticides (Agrlculture Economlc Statlstlcs, 1987) The'

“.benefit

“vyields; blemlsh free produce and decfeased losses durlngv

,'growth (harvestlng and storage.i Pest1c1des are;justlfied

e

L B o
N ‘.q * - . e : " v - . . ¥

as 1ndxspens1ble components of a crop productlon program

-

de51gned (\o prov1de the nutrltlonal needs of ‘a rapldly

growing world populat1on (Ware, 1978- BarronS; 1981) ’BUtt

—— .

of pestlc;de .use in agrlculture are h1gh crop

there are also risks . 1nvolved in the heavy appllcatlon of

°

pest1c1des., The'lnd1v1duals who formulate, manufacture,

,—f«‘— - - '



IR Ty
‘. . ‘ IS . . ,
'mix.and\load and apply pest1c1des, as well as those who’

harvest by hand, " compr1se the group at greatest risk of
both acute’ and’ chronic pest1c1de polsonlng because they

- expérience repbated :exposure Vt '*the' toxic chemncals

[N

(Easter, 1982)¢ This hlgh {15k group 1s very large- in the‘.

United States an - estlmated,A four 'to~ “five mlllron

’agrlcultural .workers come into .direct\ contact »With

-

.pe’ticfdes (Slnclalr, 1985) . ' This. f1gure exc.ludes those

3

1nd1v1duals 1nvolved in pest1c1de manufacture.

The relatlonsh1p between pestlclde use and cancer has

been the su?}ect %fd several 1nvestlgatlons.' Burmelster,i
R_Everett, Van/Ller and_Isacson (1983) Ylinked eleyated cases.
: 1amon§f Iowa ;farmers of. non- Hodgkln [ lymphoma (NHL) to
v:herbicide ‘use and multiple meeloma to herbicide andf

insecticide use, ' Kansas wheat farmers who mixed and

a ,’ -

,applled herb1c1des themselves and’ those who did not wear

~

protective equlpment had hlgher rates of NHL. ‘The risks.

also 1ncreased " .as the years of herbicide use and, the

Y

number of days of pest1c1de exposure per year 1ncreased,‘

"(Hoar et al., 1986)- A high use of 1nsect1c1des and'

E

herb1c1des by Wlscon51n farmers was stgnlf}cantly related

“to. uan ‘elevated 1n01dence of retlculum—cell sarcoma, “a

-

-subtype of non- Hodgkln S lymphoma (Cantor, 1982)

The publlc has become 1ncrea31ngly concerned about the

o possibility of cancer and other chronrc effects resultlng

from re51dues of pest1c1des in food The adverse effects of:

pest1c1des on soil’ fertlllty ‘andl -non- target organlsms~are

1



. : ' . .
major concerns as- well (Barronsh_lsél). . stent Spring

TEarson; 1962) was one of the earliest documentations of
'the;dangers of massive pesticide use, Carson states} "we

have pUt poisonous“and'biologically potent chemicals‘into

“ ]
the. hands of " persdhs largely or wholly 1gnorant of their
potential’ for-,harm. oue [and] we have allowed these .

»

o chemicals - to be ' used with little or no advance
investigatioé of theirfeffect en soil, water, wildlife éﬁd_

‘man hinself" (p. 12).. RIS

» '~ R o "'v..

By definition, pest1c1des are p01sons, but the degree

\

\
of tox1c1ty to humans varies greatly among the qlasses of

(l
vt‘

','pest1c1des and thef~mechanlsms by which 'the partlcular

chem1ca1 compounds produce thelr effects. .0f the ma]or‘
~ T : '

classes of pestlcades, insecticides are  most “toxic " to
humans because they are anlmal poisons and man . belongs to
‘. .

-
—

the. anlmal class (Hussaln, 1983)
The toxicity ‘and chronlc effects of pest1c1des are
determuned through varlous experlments on” animals and the

_results ‘of’ the tests are extrapolated to humans. Toxicity.

8

ﬁls expressed as the LD50 ‘whlch "1s the one single dose of
"the pestlclde that w1ll klll 90% of a group of test anlmals‘

'when the’ pest1c1de is given ... orally coad The LD50

>USually measured’ ~as. the amount in mllllggams of actlve-

ingredient of the nearly pure pesticide Per kilogram.of

body‘weight'of-aninal“ﬁ(HuSSain, 1983, p; 1)' The lower
the LDSO' the" hlgher the tOXlClty ?;d the lower the safety

of the pest;clde.. The symptoms of estlclde poisoning vary



- from ‘mild~xeactions (headaches, ‘skin rashes, "

usea)
to sevete reactions {vomiting, change in\ heart rate,

- o
1 .. . .

convulsions and  even death) (Hussain,' 1983). . These

reactions generally occur w1th1n 12 hqurs of ~exposure,

thtle is known about the long term effects of contlnuedr

exposure bo ‘small ‘quanities of pestlcldes.

L Undoubtedly, pest1c1d§s wlll continiue to play ‘a major

-

role in agrlcultural p;oductlon, but the redd&tzon of the o

_adverse effects of pest1c1des on humans and the enV1ronmentr

4

1s‘of wvital importance. A ,reduction may be achxeyed‘ln

part th?bu%h' the diségke:y and . u%ilization of more

Y . . . - ' : . ‘ o
effective, more selective and safer pest1c1des and the

1ncreased use of 1ntegrated pest management prograMs which

utlllze : tlmed pestlclde appllcatlons for 1ncr%ased

‘effectiveness; along w1th cultural blologlcal and genet1c

methods of pest control (Barrons, 1981).
| « It is also 1mperativenthat the accidental,exposure of}

pest1c1de workers be reduced. The effect of pest1c1des on’

the hearth of agricultural workers in partlcular has becomei

a 51gn1f1cant governmental and‘public concernt Researchers
+ : / .

EperceiVe the need to " provide adeqnate gu1de11nes ana

recommendations for the selection and care of clothing worn:

by pesticide workers-.in order tofincrease;the occupational .

health and safety of these workers.

o
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1.2 Pestici.de Exposure a‘a Absorptmn

Exposure to péstrcxdes occurs through 11) inhafgtzon;

(2) 1ngest10n- and (3) skfn absorption.  Wolfe, Durham and

Armstrong (1967) determlned 'that “the pr1nc1pal ;oute of

»

exposure is. through the Skln, they claim the' amount

N

. _ “ . -
.- absorbed in- the respdratofy‘tract ig generally much less

o

than that absorbéd derma}ly."Although chemicals which-are

t

-ﬂxnhaled are absorbed more rapldby and more completely than

, those absorbed through sk1n surfaces, “th e-.rﬁﬁplratory

-

exposUre for vaélous wark situations ranges frqm’bgly 0. 02%
to 5. 8% (mean 0.75%) of the total_exposure,_that ig, dermal

exposure accounts for 'approximately 95% of the total

exposure (Wolfe et al., 1967). Maibach, Feldm%nn}‘Milbyx

- . . . ’ . . . " )
and Serat (1971) determined that although the degree "of

penetration‘varied for di§€£}?“t parts of the body, "all

anatomic, sites studiedg;shgh’ significant .potentiai for

penetration  of pesticidesb and, hence, systematic

_intoxiﬁaffon" (p. 211).

Dermal-contamination can occur 1n two ways.  Either

A

the'pesticide comes into d1rect contact w1th e»posed skln
7

or the pest1c1de is absorbed 1nto sk1n that 1s ’in contact

wibh contamlnated clothlng. In thIS‘way, clothlng‘is an
important'factor in dermal exposure.. It can protect the

body by prov1d1ng a barrler between the skin' surface and

™~

‘the chemncal If it is tontamlnated, however, clothing can
‘contrlbute to’ dermal absorptlon and . contamination- long

,after appllcaxlon has ended.A-Clothingxhas been found to

o

~ 4 o . e

* s ° A * e
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pick Up and - retain pest1c1de residues from spray and drlft
durrng the appllcatlon process (:rndrey &'Rogillio, 1959:
Freed, Davxes, ‘Peters, & Parveen {980);' ‘Also, = Wicker,
{Wllllams, Bradle&’and Guthrie (1979)'found that crbthing_
worn by cotton scouts became contamlnated with pest1c1de
re51dues dlslodged rom folxage. The pestic1de may remain
‘blolnqlcally actlve 1ngthe clothing "(Freed.et al.; 1980).
Res1dues of' toxaphene, DDT and methyl par£§h1on remained
blologlcally actlve even after three launderlngs (Elnley,
'Metcslfe, McDermot,f 1974)._ ‘The clothlng,’worn by the -
pesticide worker does have an effect on the degree ' of -
‘dermal exposure: that is experlenced A '

~ . Protection from = accidental exposure is vitally
important ;for pesticide workers, but for al number of
reasons, -a fulLy effectlve protectlve program has not yetr
been .achieved. First,’ many pestlcrde workers do not
'sufficiently reduce their exposure when usfng pesticides.
Typical workers wear ordlnary work clot%es when handling,

m1x1ng—and applylng pest1c1des (Davies, Enos et al., 1982;

'
1

Branson, Dejonge & Munsqn, '1986) . Recent research fxndlngs

suggest that‘theLtypfcsl’clothrng_worn by pesticide workers

. s o

may not provide adequate protection (Orlando, Branson,
B : ’ ' o .

Ayres .& Leav1tt, 1981; WiCker et al., 1979). Second,

spec1ally de51gned protectlve clothing is recommended, but‘
the 1dea1 protectxve garment has not yet been desxgngd -
Totally encapsulatlng s'lts of a moisture impenetrable

. § S ) [ . .

-

substaﬁce_ rduld offer ~ Eﬁe —highest level of protection

! .
. .
. Lo . . o
’ L
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(Stull, 1985), but they are neither comfortéble,;economical

nor functional; all of thsse.are important characteristics

'by pest1c1de workers. T e

-

in proteptive clothing, Third, any cloehing worn while
working.'with pesticides should be decontaminated after use;

however, not_-.all pestic}des' are‘ readily’ removed from

lfegular work Aclothingﬂ,or spec1a11y de51gned protective

Gcloéhing by ,Cleaning (Gaster, 1983 " Finley .& RQQIIIIO,

J
. ﬁ s .
1969; Kim, Stone, Coats'& Kadolph, 1986) Eurther research

must - be conddéted to provide adeqguate \guidelines and

recammen®ations for_the-selection'and care of clothing worn
N : : o L \

These issues explaln the parameters of the research

“that  has ,been conducted on- protectrve clothing for

pesﬁicide workers. Some studies centre on the typlcal.

clothing worn by pesticide worhers to determlne what the
r.

dangers of contamination are and to see What laundry

P

procedures best remove. pesticides - from contaminated

clothing.” oOther  research tests a variety of .fabric

4

structures to determine which types provide “the most

~protection, with the aim of producihg recommendations about

the tYpe of clo&hing Ythat should be worn. Recently,”

attention has been focussed upon the  use of disposable or

.limited-pse, nonwoven ‘cogeré;ls for work with pesticides,

There are many reasons for the eidtere§t in disposable
_ : e

¢

__ garments. These coveralls provide an extraf'layer of_

protectiors, but are 'lighterA in weight, and " hénce - more

comfortable_‘and‘ functionalv than traditional ‘impermeable



-

-’

protec;lve' clothing; they exhibit a  high da

resistance 'to chemical peretration; they are eco~omicallv'

- priced; angd they do not reguire decontam1nat10n ,j’gaski &
' : ' Ly S '
Nielsen, 1984). -
»'
¢ The advantages of {1sposable coveralls do e them

. before khowledgeable*'recommendations can be made about

thelr .use. In Alberta, depending'upon the size of a farm}

//‘ pest1c1de application may continue for 2-3 days or up to a

‘feek at a time. ' It does'not seem hnreasonable to assume
-&-

.that a,worker may w1sh to wear the same dlsposable coverall

N for thls _period and then dlscard it. "If thlS is the case,

how does wear affect the res1stance to penetpatlon of these

‘garments? ° What 1is the effect of abrasxon on pesticide-

penetration? - For what 1ength of time or to whatgpoint of

t

wear or abrasion - is the original' level of protectlon

maintained>. The durab111ty of dlsposable coveralls for
this,end use must be examlned.

The-purﬁose of tdis study was to examihe the effects
of abrasion on ‘the “penetration-'of a liquid pesticide

formulation, tri-allate, - through sekected ' disposable

garment fabrics, Two disposable garment fabrics were .

chosen, for the study: Kimberly-Clark's ‘Kleenguard® Extra

Protection (Ep) fabric and¥ Tyvek®, a. trademark of Du Ppont,

Saranex®-coated  Tyvek® fabric was also included in

abrasion testing,'because both Saranex® and Kleenguard® EPp

-
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are ;ecdmmendg@.by thé manufacturerd. for use wiqgtlfquid
 chemicals and pesticides. ofAthe many disposable garments
,.wHKEh are now'marketed,‘those maae‘ f;om Kleenguard? EP and
Tyvek® were. chosen because both ﬁypes‘ of garment were
determined,‘ in a' prélimihary survey, to be readily

available to Alberta farmers from local stores. ,Aiso, the

— .

relationship between pesticide penetration and abrasion has
not been reported for either fabric., The study of this
) .

rélation hip contributes to previous research ©n nonwoven

|
disposables.

':This g;ojeét 'addresses two areas which' Moraski and
ﬁieléen (1984) indicate' are current researchﬁ needs in
protective clothiﬁg’ foro'p?sticiae workers. The research
‘needs are stated as follows: (1) TO condqét‘ 1ab6ratqry

evaluation of the permeability and penétra;}bn‘of various

fabrics by different classes of pesticides and formulation

types. The pesticide chasen for'this study, tri-allate,

L

has not been used previously in penetration studies.
(2). To determine the effeéts.ﬂof material durability’ and

degradation or'wear-on';he_erficacy of protective clothgng.w

* .

1.3 Problem Statement

- -~

To determine  the effect of . abrasion on pesticide

penetration through selected disposable‘Jggment fabrics.

1.4 Objectives ' i)

The® primary objective of this research is. to

contribute to. the development ‘of - recommendatlons and

L #
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guidelines for the “selection and care of Elothjng for

pesticide users,
» 4 . ,
The specific ob}eé\ives are as follows:

)
~

1., To compare the effectiveness 'of two abrasion
© - instruments, in ‘terms of tensile strength tests and
visual appearance, at simulating field trial abrasion.

2. To usé one ’ laboratqry abrasion instrument to produge
two .levels of abrasion which simulate moderate and
severe levels of abrasion on field trial garments.

3. To determine :the effect of .three levels of abrasion on
thHe penetration of a liquid pesticide formalation
tprough selected disposable garment fabrics. -

’ .
4. To compare the resistance 'to penetration of two
‘ disposable garment fabrics. ' .
5. To determine the relationship between the initial
weight , of the fabric specimen and pesticide:
penetration. ' :

S s
:

6. To determine the relationship - between -the initial
thickness® of the fabric specimen and  pesticide

penetration, .

. ”
1.5 Assump?uonsb ,
1. The pesticide and concentration used in this study are
representative of - those used commercjally- in agri-
cultural production. R : '
2.. The contamination procedure approximates a liquid spill
er splash ‘which may occur during mixing and loading
of pesticides prior to field application. :
1.6 Limitations

1. Only one pesticide and one formulation were tested.

2. Only a field strength dilution of the pfsticide
formulation was tested.

3. .Only t&o*ﬂiSposable'éarment fabric%'were tested. .

4. Only one underlayer fabric was used.



5.

»
*

Because of the comblex.nature of abrasive wear- the
abrasion produced in this study ' cannot predict, or be
equated to, actual wear effects in specific end uses.

. ?
The effect of the pressure of spray o‘ penetration 1is
not addressed by the csntamination procedure used.

»

11
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2. REVIEW OF LITERATURE

- 4
The purpose of this study was to examine the effects

of abrasion on the penetratio; of a liquid pesticide
formulation through sélected disposable or limited use
.garment fabrics.

The literature review is composed of three
sections. In the ‘first section, reasons for the recént
interest. in disposable garments for pesticide workers are
presented. . In the second ' séé;ion, penetration 15
defined, the factors which-\affect penetration are

discussed, and the methods used in penetration studies to

contaminate specimens are reviewed. The third section

—

includes a definition of abrasion, as well as a discussion.
of the types of abrasion, the effects of abrasion on
fibers, vyarns, fabrics and finishes and a di$Cussion of
relevent abrasion studies.! Also, the limitations of

abrasion test methods are presented.

2.1 Disposable Garments
.In most cases, the garments which are Elassified as
. Y
"disposable” are constructed from spunbonded, nonwoven

fabrics of olefin fibers: polypropylene or .polyefhylene.

The fabrics, which are produced directly from fibers

rather than 'yarns, are manufactured rapidly and

— -

economically and therefore are suitable for using once and

then discarding - (Joseph, 1981). An alternative name,



e

'

v"l1m1ted use garments, empha51zes ; the fact 'that -the
\ .

garmenta are not ma e to be durable for more than a llmlted

B Lo ,7) . .

,_wearrng,»

'ﬁeCently,' ‘researchers - have. become ~increasingly

Y

1nterested in the . use of drsposable coveralls for pest1c1de :

g Vworkers.»;In 1984, Laqu}ln, Easley, Gold and Hill stated :

. “that drsposable coveralls are ‘a means of protectlon which
- @ -

‘,lshould be con51dered ufor'FVthe“ peStIClde appllcator.f
Orlando et al. (1981) tested the pest1c1de penetratqon of
tho dlsposable | garment f:brlcs, Tyvek® (spunbonded, lQEf

‘; :polypropylene) and CrowntexO (a 51nglej ply polyprOpylene'

:web lamlnated between two layers of fac1al grade tlssue),

:In 1986, Branson et al de51gned and tested three prototype
f .

N

.

w,therr resistance: to»_penetratlon. of pest1c1de laden soil

dust  (Kawar, Gunt.her.v,"vSerat- and Iwata, 1978) - staffs,

‘DaVis ‘and:fétevensl (1982) evaluated “the resrstance?tto;‘

@est1c1del penetratlon og; four 'types ofL lrghtwelght*

spunbonded olefln (SBO) fabrlcs._‘ The olefln fabrlcs are

coated w1th polyethylene and perforated SBO" (p, 392) .ln

)

/ .
,polyet lene coated SBO and a whlte,g llghtwelght,' water

'repellent cellulost1c [51c] were worn in a fleld test to

protectlve garments for pest1c1de users. One of the test“

%abrlqgQwiﬂ'TyvekO L Nonwoven fabrlcs have been tested for”~'

e descrlbed yas-' ordlnary whlte SBO, whlte' and yellow SBO’"

13

o

thg sag; study, jackets made from the white SBO, the ellow1""

determlne worker~ acceptance._ Lloyd, Bell Howarth and“r

SamUels (1985) evaluated Kleenguard® Extra Protectlon (EP”QI
. . ) ) » 1‘74, o

Pl o o ‘g »;'.“], -
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coveralls for the protectlow of pest1c1de spray. operators.
a '

In pest1c1de penetratlon studzeg

; Hobbs (1985) 1ncluded'

RRETI

seven types of nonwoven fabrlcs ana Leonas (1985) 1ncluded g~

six nononen fabrics.. . '~ﬁ”j a @
i

i"

There, are.a number of reasons for thlS recent research

on dlsposable~ garments.‘ Flrst, the edeflnxtlon - of
2 '
protectlve clothing “for pest1c1de‘ workers prev1ously

L 3 .
included the recommendatlon that the clothlng be of B

* washable fabfic (Easter, 1983), however, research has not

yet developed procedures for decontamination which aroe

effective for all pesticide classes, formulatior -
strengths in combination with all fabrib andvfiber types.

Second,’ln studles of pest1c1de penetratlonﬁthrough garment

¢

e fabrics, ' nonwoven disposable fabrics gener%lly have

achieved .much greater resistance! to penetration than

regular..clothing ‘fabrics. 'Third, in wear - trials,

llghtwerght dlsposable garments are more comfortable than_

;v1nyl,coated xmpermeable garments.

8

2:1.1 _Decogtamination ofzpesticidesyfrom,fabricf

various care pfocedures - have béen examined  to
. . K S / ) , %

§

‘determine  which . are most ' effedtive = in pesticide

decontaminatidn. The Care"proceduges include ‘laundry

varlables such as wash temperature (Easley, Laughlin, Gold.,

t& SChmldt, 1982; Easter, 1982--K1m et'al;' 1986; Lillieh5

Livingston & Hamilton, 1981 ngaﬂls’ 1985), detergent type

A\
(Easley, Laughlln, Gold & SChm1 _1982; Krm;et al., 1986);

, pretreatments (Krm et alw,-1986; Rigakls,‘l§85),'prerlnses
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(Janacek, Fleeker, .& ‘Olsen, ‘1984)->and ’multihle vashes
-(Rinley,u Metcalfe; & McDermott, '1974; Rigakis, IQéS).
-Variations. in drylng (Fehrlnger,‘h L985)'d and storage-
tedhnidues (Fehringerj'réss-lxim} Stone‘eysizer, 1982) have;
:aiSO been researched. The combined results df these testsl
¥re inCOnclusive. 'No'one decontamxnatlon system_has been
found. which is effectlve"for all pesticides tested
Research contznues'to be conducted in search of ‘the most
=effectlve decghtamlnatlon technlques. ’ . : o

Slnce décontamlnatlon'studlee\cannbt he‘condncted,forb
all'{types of pest1c1des, researcherg have ”attempted lto
"simplify the 1ssue by determlnlng whether pest1c1des wlthln

chemical classes exh1b1t similarities in their =ease .of

[ e

removal fron.ﬁabrtcsf Keasghallﬁ'Laughlin and(GQld (1984),
istudied the‘removal during lannderine of three chemical
classes of ineecticides:VdrganOphosphates,‘carbamateé and
organochlorines; " The ~ resuits_ Qere ‘inconclueiyel .In
,generald the relatiVen ditficulty 'ofif removal._ is
organochlorlnes'> organophosphates > carbamatesrebut there

were also s1gn1f1cant dlfferences between pest1c1des within
.each class. Easley,‘Laughlln, Gold & Tupy (1981) studled
‘three{ formulatxons of pest1c1des. They found that ,the 3
‘emu151f1aple concentrate ‘(EC) fornulat1on .dwas more
difficult ‘tp> remove ‘than  the wettable powder .or
encapsuiated formulatlons. Researchers are'ncw concludﬁng
‘uthat the water solublllty of the formulation is an

’;mportant factor 1n laundry removal (Keaschall, Laughlin & f
L} . . a3 ". < ‘ ‘

N . \
S ey
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Gold, 1984). The emUlsifieble'concentrate is"an . oil-based

‘formulation, which is difficult to remove 'by””laundering

because of its low water solubility..' In most laboratory:

studies 7 fielad etrenéth dilution - of the pesticide 'is
usgd. In'the\concentrated form,. less than 20% of methyl

‘parathion was removed by launderlng (Easley« Laughlxn, Gold,

& Hill, 1982).' As a result,- rec0mmendatlons have been made -

" that clothing contamibatéde with concentrated pesticide

e Lt
formulations should be discarded. Although these studies

are nbt - extensive, they ¢ do "suggest that simple

decontamination recommendations which  apply’ to all

pesticides cannot be made.

Effective decontamination procédures also vary with

. X &
' fabric geometry . and fiber content, There is some

1nd1catlon that pest1c1de removal from ‘fabric is dependent

 upon . factors 51m11ar to those affectlng the _removal of

~other soils. The oleophlllc or hydrophlllc cbaracte:istic

of the fiber type affects the-retentlon of. 61;{ or éa;er

,mh.

.

0

based 50115. . Easter (1983) found’ that' Goretex"’ (a three

layered fabrlc of polytetrafluor&ﬁ?hyleﬂe f1lm lamlnated

:between woven nylon and: a nylon trlcot 11ner) retalned more

Guth10n® (an. o1Ly based EC 1nsect1c1def th}g dld cotton.
.In contrast, 100% cotton fabric retained more . CaptanO (a
funglc1de in -an aqueous guspen51on of - partlcles) than did
the Goretex® fabric. The clay—llke part1cles in the
formulat1on of CaptanQ may have become bound to the cotton,:

~

The surface of a cotton fiber has - manyucrev;ces‘where

v
-

N\
N
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particulate soil .may become trapped. The ‘0il * based -

v

(1982) found that&a@achlor was more readily removed . from

' . o L T o o
Guthion® was bound to the oleophilib, hydfophobicr zylon

&

outer layer of Goretex®.

Fabrlc geometry, 1nclud1ng factors such as fabric

¢

we1ght, weave'strUcture and yarn QW1st, contributes 'to the

ease of pesticide removal in laundering. Kim et .al.

lightweight=ootton than- from heavyweightbcotton; These

11m1tat10ns and problems of decontamlnatlon demonstrate one

reason for the 1nterest in dlsposable garments. > A garment

LY e
P

.whlch can be dlscarded aftgr use w1ll av01d the decontamln—

at:on issue effectlvely. i

2.1 2 Pest1c1de penetratxon through d1sposable coveral
fabrlcs

o . The re51stance _of a fabric to penetration " of

17

°pest1c1des is an 1nportant factor in dermal protectlon fort”ﬂ

¢

pest1c1de WOrkers.' In several studles, nonwoven: dlsposable

b

fabriCS"have prov1ded greater reszstance - to .pesticide )

H‘

penetratlon than fabrﬂcs typlcal of regular-work ciothfng.

Orlando ‘et ,al, (1981) 5tested the penetratlon of the

1nsect1c1de Guth10n®° through seven fabrlcs. g anluded in'

these fabrlcs were 100% cotton chambray (a typlcal .shirt
fabrlc) and ;PyVekQ (a spunbonded olefln). The Tyvek® fabric
o

gave sabout 25 tlmes more protectlon than the 100% cotton.

Sfalff et al. (1982) 1ncluded four types of spunbonded

-~ olefins (SBO) and ‘a pant welght 10 oz. cotton drlll in a

study on pestlclqe perietration. The mean&penetrat1on,by
. : \. . . _4. , ' '. .w;"

\" LR
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elght pesticide Sprays applled as lxght and heavy drifts
- was s1gn1f1cant1y‘#ess for the regular SBO and the whlte

'polyethylene -coated SBO than the- cotton. Howeyer, the

yellom polyethylene—coated SBO and.the perforated SBo did"

not prov1de resistance to penetratlon gqual to the cotton .
fabrlc.v.’ In this study, no one fabric re51sted all”’

formulatlons of all eight pesticides tested Penetration

appeared, to depend upon the ‘actlve' 1ngredient, ‘the,

3

formulatlon and appllcatlon reglmen of the pest1c1de, as

o

yell as the fabrlc type. Stull (1985) observed that no one

su1t materlal bas‘ been vdgyelopéd' whicb will 'reslst all’

chemicals. . |
Kawar‘et al. }&938) tested kaitted woven and nonwoven

fabrlcs for their resistance to pest1c1de laden dust
partlcles from soil and foliage. - The_ knltted fabrlc ‘ ,
allowed dust penetratlon of 87% to 96§ ‘and 'the -woven fabr1c -
allowed 0.3% to 5. 8% penetratlon. Thernonwovens allowed
less than 0.5% of the ‘dust through:‘ ’

- Hobbs' (1985) determined that , ®f’seven‘nononen ahd
'four woveb fabrics tested Spub-laced -nonwovens'with a
vfluorocarbon flnlsh - were resistant. to: aerosol penetrat1on
by both water base and 01l-base"spray emulsxons. ; ln a
study- conducted, by Leonas (1985) _tyo,'spuhbonded olefin
fabrics wlth= impermeable‘ coatiﬂ?s- (Saranex® and‘.“

polyethylebe) provided excellent,'protectron aga1nst ﬁall-

' four pesticides tested. " Both an urtreated; nonwoven 100%

)

spunbonded olefin . (Tyvek®) and ‘a .three layer  composite



..pesticide workers.

s

nonwoven 3 of spunbonded/ meltblownv spunbonded (SMS)

-
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poly?rppylene flbers, with a fluorocarbon flnlsh pr0v1ded'.

[y

excellent resistance to two pest1c1des.'
In summary, the potential for nonwovens Eo'proVide

more , 4§rmal ptotection than regular work clothlng is an

imporaht reason,for-thelr use in protective clothiﬁg.for

. \ SN PRI
.Z;l.B | jorker acceptability
Tragitionally,t protective clothing for | pesticide
agplicators has cbnsisted of: rubberizedacctton.Ccveralls
or nfaingear; vinyl‘coated nylon garments (Staiff et ai.,
19825 or polyvimylﬂachlorlde (PVC) coated ‘jackets _and

trousers (Norton and Drake, 1995) Although these fabrlcs

.prov1de much greater protebtlon from pest1c1de penetration

than regular wark clothlng (Dav1es, Enos et al., 1982) the

" vapour impermeable garments become very uncomfortable in

Hhot temperatures. QAAs *a result, ‘there is a’ tendency for.
workers to d1scard the garments in hot condltlons dnd risk .
pest1c1de porsonlng. Staiff et .al. (1982) claim. that
"Spraymen .f, would rather risk exposure to pest1c1des than
swelter in misery and r‘tk possible heat strq&e’due to

,wearlng ‘ conventlonal protectlve clothing" (p. 391).

-

Similar attltudes - were discovered by . henryr (1980) .-
' Michigan fruit growers, fylly - aware of the ‘hazards of
handling'pestlcides, reflused’ to wear protective clothing‘

‘becalse currently available garments lacked  .thermal -

comfort. Branson et- al. {(1986) summarized the prohxem by

k4

A

’4
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‘noting ‘that "there is 'a need for glothing that  offérs

thermal and soC1al aéceptablllty as well asrﬁehemlpal

\\

. 43 ‘ . -
protection to those “individuals occupati%nally exposed ‘to

pesticides" p. 27). ‘

‘Several studies have oeen-conducted to determine the

physical and perceptual thermal comfort of y@rious
, ) . o

disposable garments. Staiff et \al, (1982) - dlsgllbuted

@

white'spuhbonded olefin (SBO), yellow polyethylene coaled

1y

SBO ana white, lightweight, water repellent cellulOstle

[51c] Jackets to orchard applicators for evaluation durlng
use. The white SBO and the cellulg;tlc jackets were
—percelved - .to  be very ﬁcomfortable. ‘Although the
. polY?%hylene coateo SBO jackets were considered to be
oooler than convent10na1 protectlve.garments, some- users
?geported that these jackets were still too hot to be worn
in very high - temperatures. .In prellmlnary testlngp
however, Kawar et al. (1978) found coveralls made from one
nonwoven fabrlc to be no 1ess comfortable thanﬁllght welqht
icottoh work clothes.  The nature of the comfort tests and
“the* fiber oontent' of the. fabrlc were not stated in the
report. 'In a user evalqation of TyvekQ, Stormshed® 'la
composite "fabric contaiﬁing' vapor-permeable‘ polyurethane
film) and Goretex® (a comp051;e fabric contalnlng a vapor-
‘permeable Vfloorocarbon film), the Tyvek® garments were

' considbred‘h}ghly satisfactory“gneJonge, 1983). Branson

et al. (1986) evaluated the thermal response of subjects”

to prototype garments of Tyvek®, Goretex® and 100% cotton

o , : .
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7 .
. chambray. Thermal response was measured’ in a contrdlled

environmental chamber by physiological measures of skin and

rectal‘temperathresland two .perceptual measures of thermdl

~sensation and thermal comfort. -In this study, Tyvek® was
perceived as’ heing vless comfortable than doreter and
“cotton. The results of the phy51ologlca1 tests correlated
“well with the perceptual tests: the sub;ects wequng Tyvek® -

garments exhlblted sxgnlflcantly hidher skin: temperatures
’ =R
‘' than subjects wearing Goretex® and cotton. In contrast,

T there : was no signlflcapt - dlfference in mean skin
temperatures ‘and mean thermal comfort responsges for
subjects weariqg the Goretex®.and cotton garments. ~ The

. . excellent test results _of Goretex® have fcaused many

R

researchers 'to become interested in this fabric for
protective garmehtsr Goretex® has been shown to be a good
barrfer to'several pesticides, but decontaminau&9n can be a

problem (Egster, 1983); and because the fabric is
,r o . . ' :
' expensjve, ‘it cannpot be <onsidered disposable, In a

. -

laboratory analysis of the thermal comfort of fabrlos}

spun-laced nonwoven fabrics with a' fluorocarbon finish

tfanked-highest.in terms of water vapour permeability and

agr permeability 1in a tesf"’of 7 nonwoven and"4 woven ‘f¥f

fabrics (Hpbbs, 1985)". | o
\fjﬁﬁizadvantages of disposable garments for oesticide

workers. " cannot be  denied: tﬁey ~do not requzre

decontamination after use;. - they ' are ' relatively

: / _ _ - )
. comfortable; and. their /resistance to penetration of

.o
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- pesticides is good. . Despite these adyvantages, two

limitations of disposable coveralls must be observed.

First, proper use of these garments for pesticide spraying

purposes would srequire disposal - at an adequate waste

]

disposal site. It would be most logical énd conveﬁient_to

dispose of the garments in the same locations where empty
pesticide containers are disposed., .Second, - these
garments cannot be considered ~the solution to all

situations. Freed et ai; {1980) obsqued.that a limited-

; use garment is not appropriate to the needs of all users.

They. state, "the <clothing is intended for relatively few’

wearings and.- then [is] discarded. . Such ‘practice would

_probably be foilowed for the most 'part in the" éffluent

western countries such as the United States, but may not be
observed in the less developed countries of the world where

conservation and ‘reuse are an economic necessity" (p. 160).

2.2 Penetration of pesticides Through Fabric

i

In most studies, the - penetration of. the pesticide

formulation.through a fabric structure 'is defined as the

[ 4

amount of the appliéd pesticide_which‘ﬁésses.through the

upper layer fébrfcf—the fabric being, tested--and is

‘deposited on an underyayer.(Laughlin‘et al,, 19845. The

penetration of a 1liquid through a fépric"strpcﬁure is

dependent dpon‘(l) the intetfacial surface tension between

‘the 1liquid and the fabric and (2) aap;llafy forces or

wicking. o

3
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2.2,1 Interfaébal tension | : J,
Orlando et al. '(1981) state that the "interfacial

' tension between fabri¢ sdrfaces and the' pesticide emulsion

can influence paséage qf pesticide sprays" (p. 627) through

, )
fabric structures., They discovered ' that® pesticide
4 .

LN .
penetration through ~f1uoro¢a:bon treated - 100% cotton -

.chambtay was significantly légglthan E?uémgh tpe un;reated
chambréy. In explanation <5%?fﬁis fiﬁding,' they stated,
"fabric with a fluorocarbon fifish will lower the surface
free energy‘of the fabric struéture, thereby increasind the

difference ﬁetweep the surface energy of the pesticide
. -

spray and the  fabric, whe increase in the interfacial .

i .
tension between the -two substances should decrease the
:( - .

lilelihood of pénetration" '(p.' 627) .

t : .
Interfacial tension describes the forces which act at

the junction between phases

area. of a liquid, im anl air/liquid interface, is

cha}acterized by "unbalanc - forces. of molecular

attraction" which cause "the mo ules at the surface [to

be] attracted into the body of the 1liquid because the

attraction of the underlying molecules is greater than the

atractiog by the vapor molecules" (D niels & Alberty,11966.

p. 277). The cohesive forces of thé'diquid reduce the

-

surface area and produce an arrangement of low free energy.

(Barrow, 1973).‘ . In a similar way, a high interfacial .

tension between a liquid and a fabric surface means that

the attraction between adjacent liquid molecules is greater

ottman, 1975). The surface

23
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thap(Mhe attraction between the liquid . and the fabric

surface, The liquid beads up 'on the fabric surface and
little wettlng pccurs. The opposite is true fdr low

1nterfac1al tension. In this case, the liquid spreadé out.

over the surface. Measurement of the contact angle between

a liquid droplet and a fabric surface is a means of

quantifiying the interfacial tension between the liquid and

“the fabric. The size of. the angle detérmines the
“wettability of the material by the liquid. Leonas
&

(1985) found that - spray ratings of droplet size and
formation and the surface energy of twentyrthree fabrics
L}

did not necessarily predict pest1c1de penetratlon rates,

She hypothe51zed that thls inconsistency may have been due

to testing procedures. Penetration is also a function of

time. The repellency test rating and the surface energy’

were determined within 30 seconds while t penetration was

LY
measured after ohe hour. Leonas also .found. that a

fluorocarbon finish "did not increase resistaﬁce“\to

pesticide penetration for éll fabrics or all’ pest1c1de5'

and in explanatlon, she” SUggested that the surface energy

was not altered in all casesa _ Other researcbers have

o

studied the ability of a repellent finish to reduce

pesticide penetration through a fabric structure (Davies,

Freed et al., 1982; Freed et al,, 1980).J The Kleenguard®

EP fabric used-. in thls study has an oil-water repellent

finish. )

/

[
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2.2.2 cCapillary forces and wicking | . AN

Peéztrakion of a liquid.pesticide formulation through
‘a fabric: stfuéture dépends in part upon capillaiy actio@.
Most fabric structures contain very small channels between‘k
fibérs and yarns, ahd‘a liquid can force its‘way into thgse
capiilaries (Morton‘é‘ﬂearle, 1975) . = Orlando et;al.‘(1934)
state "the processA of penetration through the interior
yarés of a fabric is largely governedvby capillary forces
owing to the tight pac&ing of fibers: the yarns act as
wicks" (p. 619)?& Raheel and Gitz (1985) define wicking as
the rate at which "a fabric transports liquid Qater Tor
solution) froﬁ' one surface to athe other. It invdlves
migration of a liquid vertitally througp the interfiber’}nd ’
interyarn capillaties of the fabrich (p. 276) .

e

- THe rate of wicking is affected by the weave of a
fabric. Orlando et al.,(lQBi) state that“azfightly-goven
fabrié with long smooth fibers 'wické' mére quickly ané
easilyithan a fabric with either randomly arranged fibers
in its yarns or ir fabrics with&ut yarns" (p. 619). ‘This
effécé of fabric 'weave on wicking was observed by 'Raheel
. and Gitz (1985). They observed that "gﬁﬁer 10 min., ciﬁxon
broadcloth exhibited a statistically significant ... higher
wicking level in bdph warp ?Pd filling directionskcompared
to t&ill and popliﬁ“ (p. 276)1 Of these threé fabrics, the
broadcloth hhd the tightest weave. Leonas'KIQQS) observed
that the meitbloﬁn ,faye; of @icfofiné fibers in one

nonwoven fabric she tested may trap - the pesticide to



~
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’

prevent its movement through the fabric.

2.2.3 dther'factOIs in penetration.

ofhgr factors are known té affect the penetrat@on of
liquids through tgxtile Structures. These factors are: the
droplet s?ze, velocity and pressure of the.liduid and tipme
of contact between the liguid and Xhe surface, Orlando et
al. (1981) hypothesized that body pefspiration and abrasion
may affect penetration levels. TheyAélsé considered the
éffect of the underlayer on pénetration, Euggesting that
some fabricé, such as gauze, may increase wicking thro;gh

¢

: . &
the upper fabric. Laughlin et al. (1984) found a higher

level bf’pesticide deposition on sweatshirt fabric than any

©other underlayer\f%bric evaluated in their study. They
proposed that ‘the acrylic/cotton fabric, - known for good
wicking tendéhcies, -enhanced the movement of pesticides

from the outer garment layer to EQg‘uhderlayer.

2.3 Methods of>Speéimen Contamination

d

Research procedures used to collect' pesticide.

penetration data® include both field tests and laboratory

. experiments. Although both 'field studies and laboratory

studies are valuable methods of data collection,~they may
not produce similar results, Orlando et al, (1981) observed
,that'a "laboratory mét{od of comparing fabric penetration

- 4 &
does not replicate field evaluations" (p. 628). The field

’

study 1is employed because contamination occurs in a

realistic situation and the amount and distribution of "

T\
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- dep051ted on each spec1men as it moﬁes.along a conveyor ’

Ca T e R N

’the”Eontaminanﬂ can be asSéSsed. However,‘it-is not pos-

q

b S

°51ble to control the amount of contamlnatlon each Spec1meﬂ

j‘recelves. In fl%;d tests,/hpagshes of gauzep‘or fabrlc:

Al . ™, f. . -
. . . . [

. : : R v ) ‘ . :
(Serat, van Loon & Serat, 1982)7 blotter paper (Hansen,

‘Schneider, Olivekégeejz 1978), filter" paper (Norton &
‘Drake1?1985) or alpha cellulose pads (Dav1es, Freed et al.

1982} ‘arg attacped to the' out51de and/or:_’ 1n51de ofu

)

el

the subject proceeGSAthrough thefact1v1t1es of 'a typical
o N B

. work routlne.. , Serat et al. (1982) demonstrated that
'patches used in fleld studles are not rellable collectors
of 1mp1nglng pest1c1de sprays or dlsloged follar re51dues"‘

vbecause substantlal quantltles ogkthe chemlcals [are lostf

.

rw1th1n four to 51x hours" (p.,227). L L L P

"I

The adwantage of‘ laboratory »studles'ifs Mthat, thei

G-

"‘variables affectlng 'penetratlon ,are fknOWﬁ'-andl-can‘. be

«fcontrolled - Prlmarlly, ; _two 2_ methodsﬁ oﬁ;lé spec1men

~Orlando et. ‘al. (1981)w developed .:hé. "Beltsmille
.Experimental Sprayer" .ih ‘an~‘effort ‘to establlsh a

‘0

‘\

rcontamlnatlon ar/‘used in laboratory studles on pestlblde»

standard1zed,, reproduc1ble 1abo5ator$) method tog measure

I

L

'_belt. -The;spray continues for -9 .seconds. Ahlimproved"‘

yersion‘OEthis}chamber]was»used bY'Leonasp(IQ&S)a'other.

B

v;él”w

.'subjects"clothlng. KThe SpeC1mens become contamlnated as;,

‘penetratlon. o A quantlty of “the l1qu1d formulatloanis“f

'elther»i'(l) $prayed or (2) plpetted onto 1thef75pecimen.:pd

pest1c1de penetratlon. ,In thlS system, 0.5 ml of spraydisfﬁ”“'V*



\
al (1982) and Dav1es, Enos. e

)’.

employed a tlmed appllcatlon ofs the spray. These sprayan».

-

sp;aylng systems are- used by-SiZedetval.u(1§805,>6taiff et

1{ (1982). All researchers

technlquesﬁ are de31gned to 51mulate contamlnatlon whlch,

. ’x_; : -g '

may result from pesticide spray durlng appllcatlon.
Leughlin Q% al, ’(1984)’ contamlnated speC1mens by

pipetting 0.2 ml of the pesticide formulation »onto ‘the

":}’ ; .. : : . : 4

fabric' surface} o Thea« téchnique:‘srmulated contdmlnatlon"e:

which nap occurnnfrom ‘liquid spiils or splashes during.-

xmixing 'and loading procedures i prior to appllcation.v

o Plpettlng and saiaylng procedures test the penetratlon of
vlquld’ pesticide formulatlons through fabrlc structures

Kawar et 51. 1978 tested the penetratlon of'pest1c1de

perticles by shaking pestic1deAcoﬁtahlnated.sdust through

.fabrici spec&mens stretched . ins a holder. f ;
2.4 Abrasion
‘Stanley Bhdker'(1951) deflned abra51on by establlshlng
‘a dlstlnCtlon between the serv1ceab111ty" and abra51onj
re31stance" of fabrlcs, statlng that "serv1ceab111ty should_
'-relate to the overall durablllty o t.ext:lvle materlals under
4‘cond1t10ns of 1ntended use."Abrasion resistance',‘on the .
other hand, should be restrlcted in meanlngoto ‘the ab111tyA
\o{ faoglc to w1thstand dlrect rubblng under cond1t1%ss
of 1ntended use" (p 453).:In - this deflnltxon, ;abrasion
W1is iny one of the factors whlch contrlbute to the wear . .
"performance‘ﬂ;orvdurablllty of -a. materlal - NcNally and‘.,
McCord ~(1966)'_def1ne ebra51ve' wearp asn."the~ physical

a c



q‘y, = .

destruction of fibers, yarns'and fabrics resulting from the

* contact with and relative motion of. a'textile‘surface'over
that of another surface"qg;>. 721) Whlle the two prev1ous_
deflnltlonsvempha51ze a.rubblng contact between surfaces in

the defrnltlon of abrasxon Booth (1969) descrlbes it fn a

]

more general sense: abrasxon is the repeated application of‘

'observe that in wear condltlons, abrasion may or may not be

4textlle.. o o o . : ;,ﬁ -

the SZEdomlnant factor in fabrlc fallure. They call thls

“the weakest 11nk pr1nc1ple" w(p 701), Fallure of the
: fabrlc is determined by the feature which, fails first.
Depending upon fabrlc charaoteristios such as htensile

;z-Strength or tear strength, the weak point will wvary from

) 2 :
one fabric to another. In summary, -abrasion is one qof t?é

stresses thatta textrle 1s exposed to, whachvmer-or may not

predomlnate in- \the serv1ceab1k1ty or durablllty of that

£

3

2.4.1 .TYpesvor abrasion

Fabrics can be'subjected " to three types of abrasion:,
. . o , )

jlatwor plane abra51%?~ flex abrasion; ﬁnd‘edge abrasion

(Joseph 1981) Flat .or plane raSiqm occurs.ﬁhen a flat

"aréa of the mater1a1 is’ rubbed ‘Flex abra51on results from

L 4

other fabrlcs. Edge abra51§h wh1ch occurs at -areas lxke'
collars, ‘folds and-cuffs, is affected by the same factors’

appllcable to’ both flex damag%'and the rubblng ‘of  a flat

3

£ o
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stress. Sarma, Majl, Ranganathan and Chlpalkattl (1968). '
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surface '(Bcoth, 19693‘ Josépﬁ, 1981) . In a garment, -a |

complex mixtulle of all types of abrasion occurs. B
. e . _ -

2.4.2 Effects of abrasion L S

-

Abrasion causes the component' fibers and yarns of a

-

fabriclto break down. The effects on fabric. structure can
'1ncJude~ frlctlonal wearv_tutt:;c, and plucklng or snagglng .
of fibers and yarns (Galbralth 1975) . Flbr1llat10n and.f--
transverse cracking may also occur  in the fibers‘ ané
eventually, as tse'yarnsware.rabbed*aWay,ttears; hb;es and
splits_bccur in the fabric, ‘Abrasicn.may'cause‘a repellent
finish . on a fabric' to wear away} and as a cresuit,ﬂf,

penetration may occur . more readily (McNally & . McCord,

1960). PiiLing is a common effect of abrasicn, most often
N S .

associated with synthetics and staple flb'.' Both the

conditions and type of abr@danb - as’ Well~ as fabric

. ﬁr‘ : v e
Characteristics will affect the type'ofAdamage which.occu}s/

to the fabric str@cture., - SRS , B -

2.4.3 Pactors affect@ng abrasion

CharacteriStics'of'the'Abradant..In his classic . work

cﬁ abrasion, Backer (1951) .stated thatvcharacteristics-oft
the abradant will affect the kind of abrasion that is
broduced; ‘he described three‘tYpes of abradants. - First,
an apradaﬁt with a smooth surface will subject the'fiber‘thA
fricticnal -wear. - Kirkchd (1974) called _this type of
_abrasiQhAadhesivé wear.'Second, an‘abradant with sharp“bat‘

)

small surface projections relative to the fiber diameter



-&

will cause surface cuttrng of the flbers. And third, when

'the surface pro;ectlons of the ‘abradant are large’ compared

to the frber d1ameter, the frbers w111 be plucked, cau51ng‘

'
rupture oﬁ«the~¢1ber or’ slrppage from‘the yarn (p. 455).

‘”is in this latter case that' pilling 'can occur. ~Several
researchers observed that prlling ‘occurred when fibers,

particularly synthetic fibers}'were teased up out of the

Pabtic structure. Instead of breaking off or wear ing away

with rncreased abras1on, these plucked-flbers tangled to

form pills (Galbralth et al., 1969; Warfield et al. 1977).
. o

».Character1st1cs of the Fabrlc. Various characteristics of

the ﬁebrrc also w111 affect the abra51on whlch results.

[N

Backer and Tanenhaqs.n(IQSl) argued that ,the ‘degree  of

abrasive wear between_two surfaces js dependent upon’ the -

&

—

load’ between them'endbwhen fabric. characteristics such as
) S ] .

=
a

weave 'structure,_ yarn “diameter, fabric thlckness, yarn

IS N

*the amount of gabrasron that is produced will be affected

Ericson and Baxter (1973) relaced the fabrlc structure of

spunbonded nkooJ@n fabr1c to .abrasion resistance. They

<

measured leament separatlon, which is the distance between

)

-flbers: in; the spunbonded web. - It is the fllament-
,separatlon whlch affects’the unlformlty or non udlformlty

-of the web. High "blotch" areas and "ropes" can occur where

fllaments are massed together on the other hand, thin

areas occur where fllaments are spreadfapart. The data were

soﬁewbat scattered,uas is = typical of -’abrasion,results,'

~

twist and cr1mp 1nte¢change contrlbute to reduce the load,

31



but an approximately linear relatlonehlp was established
between abrasion reSLStance and fxlament separatlon.

Fabric characteristics have aleo been associated w1th
pill formatlon "the‘formetlo;,of fuzz has.been attr1buted
to 1nterf1ber friction and ‘bending ~ stiffness of fiBeEs}
the_entanglement'of fibers .is strongly affectedjby fiber

>
c 4

linear density, c¢ross-sectional shape, ‘and .stiffness and

the pill wear-off is influenced - by the abrasion
resieténce, bending stiffness ,and =~ flex-life of fibers" :
(Goswami et al., 1980). - Galbralth et al. (1969)

. identified two fabrlc characterlstlcs as - contrlbutors to

.

: pill ‘fotmatlon' in synthet/i"cs:a longer fiber lepgthAnand
greater strength. |

2.4 4 The mechan1smkof p1111ng B
Brand and Qﬁqhnfalk (1967) dividéd ;the ,processv df
piliing into thfee"stages- (l). fibers  are drawn to the
fabric surface as a result of some Techanlcal action epd
+ these form a fuzz- (2) the f%\f entangles into pllls 4add
(3Y the pllls wear off under contlnued ‘mechanical actlon

. (pe 119). yA;mathematlcal model-of pllllng Was~proposeé

fifs;{by-Brand and ‘Bohnfalk [1967) and later SimplI}ied by '

. conti and Tassinari (1974)

Wo—2 Ly — 'y
: N pillable fuzz . pills ° . pills worn off"
Where: : . o o
a = the rate of pill build up and
w =

the rate of pill wear off

32
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In this model::the rate of pilling .at each step depends

upon\the\ipmber of pills at that given stage And a rate

constant‘for that step. ~With thé model established, each

aspect can be measured and p1111qg resxstance results can

be compared .among different fabrlcs. In some studles, the .

‘number‘-of .pills -are _counted. after various periods of

mechanical action until plll_wear;offpis completed (Conti
. 7 . - :
& Tassinari, 1974).

w0

. . . L
In -a 1980 study, researchers Goswami, Dubf%tgL and

Vigo suggested that the bntanglemant of fibers into'pills‘

appeared to be a "result of the 1nterlock1ng of the surface

~scale like- structure produced by slow and gradual cycllc

tor51onal-wdeformatlon of . the fibers" (p. 481).. They
observed helical lines and cracks on tBRe polyester fioer

skin which’ caused an entanglemant of the flbers, resulting

/ -
. .

. in plllrn@, much in the way that the scales on. wool fibers

contrlbute to pill formatlon. _
\

* In response to this paper, Cooke (198l)?argued that in .

the Goswam1 et al. SEM photos, pllls‘ examined from.wprn

garments did not demonstrate ~torsional lfatigue damaée

© within establvished pills; in fact, "the fatigue damage

within pllls appeared to be either transverse cracklng or

k1nk band cracking with a- certaln amount of skln sheddlng
h ]

—

in the ¢rack’ zones" so that the "link between tor51onal
. e c.“'/ ' - ' '

E)
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determinle

.
\

'fatigue and pill 1n1t1atlon 1s extremely tenuous" (p. 364)

hvadentl ;the mechanlsms of p111 formatlon are st i ‘being

and disputed. : . -
& o ' 'y

. Baird, Hatfield and Morris (1956) observed that fibers

protruding from the. fabric surface formed _pills and in

loosely constructed fabrics, rubblng raised fdbers to the

‘surface where they were readlly avallable for plll.

formation.  Spunbonded,: nonwoven fabtics such as the

?

. Y - _ . .
Kleenguard® and  Tyvek® used -in thls . study, age

L]

particularly loose structures, where flbers krechot held

"tightly in. yarns. or a weaveApattern; they tend to. be heat

_ melded. or bonded in regular patterns. The fibers are
' . ' ’ _ .. -~
rigidly held in the' bonded areas, but they ‘are loose
: . _ . . -

&

reverywhere else.

Gintis and Mead (1959) argu¥d that lodse fiber ends

- .

on the surface do not become: involved Ln p111 formatlon

because they can allgn themselves in the direction of the

" force, thereby mlnlmlzlng the effect of the force; on the
other hand, a loosened loop w111 ;plt}ate pill formation,

because it cannot give with the abrasion: initially, both

ends are held. Cooke (1983) carried the argument further
! ' | :

.

ahd'_noted‘that if.two (or moreﬂ loose  fiber ends became

3
*

) \entangled, then they would‘-no longer be able to align

'themselves with the abradant force and pllllng would begln.i

Cooke [ observatlon appears reasonableh although it is

‘possfble that the researchers Were' working with different

types of abradants ‘and/or different types?of fabrics. The

L
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(e.g. unidirectional wvs.
4

d1rect1on ‘of the abkxadant

rotatlonal) and the frequency and proxlmlty of the free
.flber edds ‘would appear to-affect thelr 1nvolvement in p111
formation. 'In. any case, both f1ber ends and loops are
‘readily available “in  a’ nonwoven : structdre su¢h  as
Kleenguard® EP .or Tyvek®, _ S o
2.5 Abrasion Test Methods ' SN
2.5.1 Types of abrasion‘ test insrruments

Man§ abra51on test 1nstruments have been developed in
an attempt to' 51mulate types of abra51ve wear, Bird
K(l984b) observes that the first ‘recorded attempt to
51mulate wear od textlles was in 1858 and 51nce that time
over 100 abrasron machines havey been' developed. In
general, the insrruhents varj~in several;ways: |
1. the type (plane or fle;),,direction‘(unidirectional ~y or
multidirectional), and manner (fr-otlonal adhesive or
abras1ve) of abrgglon or rubblﬁg that is produced |
"2, the® mount_or backlng for thenspec1men,
3. the.material.used,to~produoe the abrasion (e.qg. abra ivé'

paper, steel'blade‘or emerxfcloth);

4. the'Load;aHd/or'ieas{odhplaced on the \specimeﬁ being.
‘ PSR, )

tested;-

5. the'manner in‘whioh:the end poinf is assessed; and‘

6. the manner‘ in 'wnéch . the abrasion is assessed (Bird,

1984b) . o | |
,oe

. £oon s Lo . . i i
This varlablllty\among, testing instruments is 1llustrated

~



) : : .
in a study conducted by Galbraith et al. (1969) who used

the Accelerotor, Schieffer, and Stoll (inflated diaphragm)

.

abrasion testers to produce nine progressive levels of
abra51on damage to 100% cotton and 100% nylon fabric. 1In
'th;s study, the three instruments differed greatly ind the
tygz and rat of fabric damage which they \oaused; The

"researchers concluded that the "three instruments would

'measure dlfferenx facets of a fabric's total abrasion
) i ~_ - - Co ’

—

4 e

'fresistance" (p. 337). Similarly, in a study'conducted by
) ' . AN " '

Bird (1984a) the. Stoll (flex), Martindale a_nd Accelerotor
abrasion instruménts\did not rank the 64 fabrics‘test%d in
the same order. On the other hand, Bird (1984b), in a
thoropoh review'oﬁ laboratory abrasion testers,'states;that
some Sresearchers found :1ncreased corre&ation between
machlnes of s1m11ar actrons and abradants. The issue is
compllcated further when the ab111ty of an abrasron tester;
to predict or 51mplate real life" wear is considered.
'ny astud;iesy\do not attempt"‘to relate the abrasion tes‘ting"
to actual Wear of the'fabrics- rather, they use the testing
; only as a means of comparlson among fabrlcs (Blrd, 1984b) .
| As mehtroned.abote, a variety of methods is used to
evaluate the abraé@on and»to determine the end point'of:an
abrasion test.‘ Abrasion can be evaluated by subjectiVe and
‘objecti}e means. Subjective means ©f . evaluation depend
on visua{ ohservationsJ of ;he"changes in the fabrrc

appearance. ohservations arev made through’ m1croscopes

(Galbraith et}al., 19692 and scannlng electron microscopes
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(SEM) (Raheel & Lien, 1985).  Evaluations are made of the
pilling and: fuzzing onvﬁhe .fabric surface, colour changes
.are %ated and the overall fabric integrity *is noted
(Waifield, Blias & Galbraith, 1977{ including observations
of the changes in-the-yarns and fibers (Greaves, léél).
Objective Am\etﬁéds oéﬂ‘ ev;a"_l‘uating the abrasion " include
measurements of the - residual 'bfeakiﬁg load affd ﬁhe
percentage loss 1in the .breaking load or tensile strength
(Raheel,  1983; Galbraith, 1969); the change fn thickness;
pe}cen; weight loss from the abradedlarea (Lloyd et al.;
1985; Warfield, et al., 1977); or changes  in fabric
: ’ .

weight, thHread county, yarn strength and elbngatioﬁ. Elias
et al. (1977) .measured the length dist?ibution of fibers
removed from yarn segments. Idéally, the e§aldation wouid
b? used ;o cfelate ‘thg simulated abtasionl éroducsd by a g
machine to abrasion produced in actual wear situations.

Thé'end point of an abraéion test can.be set:i at an
arbitrary 1level, éqch as 400 <cycles on the Stoll
Quartermaster (Raheel & Lien, 1982) 5 az timed intervals
(Shealey, 1965; Warfield & Stone, 1979); at a point of
specified destruction: such as fabric rupturb, i.e.; the>
qycieé'f%equired for failufe .of the fabric (Miller,
friedmah & Tu:ne%,‘l983; Eiicson &.Baxter, 1973). Lloyd ef
al., (1985) set cycles on the Taber Abraser at 300, 1000 and

a

. : . \ {
2000 cycles, ending the test when holes appeared on*®

Lo ’ s 7 . ; : ‘.
Kleenguard® EP. In some cases the end point is determined

in;part by the téséing instrument and in other cases a



readily distinguishable point is chosen., . ¢
~

2.5.2 .Lin}tations of abrasion test methods /

Abrasion tests have several. inherent limitations,,

Conditions of the teét‘and changes in the abradant during
specific tests cause vqpiations in.abrasion test results,
The Annual Book of ASTM ®tandards kl983) states that "all
the test methods and ins uments so far developed for
abrasidn résistance may show a highfdegree of vafiability
in results obﬁaihed by different operators and in different
laboratofies"; 'algo, "technicians frequently ‘fa}1 to'/get
good agreement>betweén results obtained on the same type of
testing instrumept both within,and between laboratorieé ‘and

. the precision of these methods is uncertain" (p. 1011).

- A secondpproblem’with abrasion test methods is ‘that

/

the results do not correlate well with actual wear
conditions., Many studies have compared abrasion test
results on a variety of test instruments to determime which

best reproduces field wear. Kirkwood (1974) cdmpafed the

38

N . . . , . "' . ,
abrasion results of the Accelerotor, Schieff@r, Stolll

\(flex) and Taber abrasion instruments. The Accelerotor best

reproduced the:surface characteristics of field wear in the

I

three”fabfiés'analyZedI "Raheel and Lien (1982) found the

results of the Stoll flex abrasion under wet-cbnditions to

’bg similar to- that of multiple washings; In contrast,
- :
Lord (1971) reported that not one of 15 laboratorylabrasion

tests on 7 commonly used machines was capable of predictiny
N



-

°

wear in five bedsheet fabrics. Abrasion is just one of the
’ N .
factors which ajuses fibers to wear out and the actual

contribution of abfasion alone is not known (McNally &

McCord, f9§b). According tg Galbraith (1935) "actual

wear usuallyf[includes] vee mechah&?al stresses other than
rubb&gg” (p. lék)'and no one aSrasiBh instrument has been
devised which will either simulate or correlate with all pf
.ﬂthg varibus types of abrasive stresses (Morton & Hearle,
1975) or other types of stresses in wear. Despite these

’festrictfons, abrasion testers are a useful method to

simulate wear,i¥_the laboratory.

39
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3.  MATERIALS AND METHODS

3.1 Exﬁerimental'Design

The dependeht variaple ié the percentagg of pesticidé
which penetrated throﬁgh the upperQFfabric layer of a
two-layer assembly to the. under layer of fabric.  The

independent variables are e upper layer fabrics (two

variations), and abrasion® e levels),

l. Fabrics
a. Kleenguard® Extra;Protection (EP)

3

b. Tyvek®:
2. Abrasion

a. 0 minutes (no abrasion)

b. 3 minutes bfushing and 2 minutes pilling on
the Brush Pilling Tester :

1

€, 6 minutes brushing and 2 minutes pilling on.
the Brush Pilling Tester

o.
'

TN

3.2 F;btics Py

The inadéquate,prétection from pesticide§ provided by
régular'&ork clofhing has led reséarchers and agricultﬁral
workér? alike to consider thé use, of specially designed
protectiQ;_garmemts (Davies, Freed et al.; 1982; Braqson
et al.,N?1986). Kleenguard® and Tyvek® garments"wefe

selested "for ‘this';study because théy are readily
‘ . .

available to farmers in Alberta. A prgliminéry survey on

the'availability of prot?ctive‘garments, distributed to

63 District ﬂome‘@aonomist@) in Alberta, indicated that



. Kleenguard® EPpP coyeralls were‘available‘in local stores‘in

'jCOveralls-

)

51des, lt is calendered on one 51de only, and th;$9515§ 1s‘

: 3
calendered 51de of the fabrlc was abraded and place8 face

&

49 (93%),: the agrlcultural districts " and Tyvek®

coveralls. were avallable in 12 {25%) districts. There

were 48 responsesr ' :

Y

Slnc@-they are. economlcally prlced these'garmentsv‘

can be ‘discarded after. use, ‘and therefore, do not . requlre»

launderlng or other - decontamlnatlon. Agrlcultural workers
A . . . .

.1n Alberta) have indicated kan -interest in ‘disposable

garments.for this reason. The.laundering of contaminated
garments ‘in a separate wash load and' the suhsequent
decontamlnatlon of the washlng mach he requires excess

water whlch is not ava11able~ to -those_ living “in areas

'“ecommunlcatlon, June 10, 1986).

The - fabrics .usedyin ‘ thi§>study/are from. two

1. KleenguardQ‘Extra Protectlon (E?) COVerail;

[ ?he'f whlteb coverall’ is ‘made  of nonwoven,‘lOOQf

>

where water is 'in 11m1ted supply {B. Eggertson, personal

- 41
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ki

polypropylene and 1s manufactured by Klmberly Clark ‘The o }e

79

fabrlc (Plate 1) has a three layer constructlon- two outer

layers of spunbonded polypropylene and- an ~1nne@’layer of

L Y

. mlcroflne, meltblown:polypropylene (SMS).: The EP coverall’

i
|

Although ‘the fabrlc has a. repellent ; f1n1sh | on both

- ls vspec1ally treated;;to resist lquld penetration.fw

placed to the outsldei in. ’coverall constructlon Thef“

\

-

< .
Sl .
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Plate 1. Kleenguard'
7 fabric with no abrasion
~showing the bonding" '
pattern and smooth surface
of the flbers o :

&

Plate 3 Modemate pllllng
on - Kleenguaf&® EP fabric
Jed in the” fleid show-
Toosened and flattened
ELbers Sk ~

MiPléte 2

Tyvek® fabrlc with
no abrasion, showing the,
bonding pattern and the
arrangeément. of regular and
microfine flefS

.

Plate 4

Very severe pllllng
dn Kleenguard® EP fabric
abraded: in the field show-
ing entanglement of fibers



up in;the penetration study.

Cost of coverall: approximately $7.00 - $10.00
2. Tyvek®
Tyvekw a 'trademark&of E. I. Du Pont de -Nemours, is

‘ manufactured 1nto garments by a ‘variety of companres. The
Q .

fabric (Plate 2) 15'spunbonded, 100% olefin, The fabric

used in this’ study ‘'was supplied by Seams Enterprises,

Ltd., Brockv1lle, Ontarlo. ®

" Cost of Coverall; $7.00 - $lO 00 - R
Saraner—coated Tyvek® (from, here on, :Saranex®) -

s

was also 1ncluded in the~‘abrasion testing because it is
recommendéd by “the mannfacturer ~for use with liquid

'pest1c1des.,The fabrlc was later omitted from the study

for several re@sons. it could not be abraded on the Brush

a,Pllllng Tester- the cost* of the«cdverall is higher than

.the 'l‘yvekO or Kleenguard® EP ($25 00 -~ $35 00) and 1t

I
is readlly avallable in only one distgict 1&“ Alberta.
”

Also, the impermeable Saraner coat1ng “may cause the

d‘
coverall to be uncomfortable in hot weather.* In-a test

.of water vapour 5ransm¢ss1on, based on\ ‘the. ASTM Test

Method E96-80," SaranexO transmltted water vapour at a rate

oo

_.& ‘in 3 contrast to‘ 85.36 g.h l =2

,Kleagguardo @PQM (H. Perklné, ‘ ‘personal commdnicationr‘ o

M

Septembero 1987) . '_For these reasons, it is unl1kely that

'_farmers ‘would choose Saranex® coveralls for peat;crde‘

. . ) - ' ! " ; o
use.” 4 : -.,‘Qﬁéi
| The Saranex® fabric i¥ Tyvek®, 100% spunbonded olefin,

?"\v\ o . ) L

for .
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coated with Saranex®, a saran £ilm ‘.produeed-by Dow =
Chemical, wgicn provides -the TyvekQ with?extra Chemical
resistance. ° The §aranex®—eoated TyvekQ fabric used in
this ~;tudy ~ was ~ supplied b& 1§ro~?ec-Tion' tGarments,
'VanCduver} Britiéh Columbia. |

‘A 100% cotton tw111w4?123)from Testfabrlcs Inc,) was
v

used for the underla‘gﬂfﬁ¥5& twill rbpresented a fabric

Sy ,
commonly used in g&rments “such as jeans, that. may
typically " be worn under-_af dxsposable coverall, The:

functlon of the underlayer was to collect: any pest1c1de_ ‘
. ,
”re51due which penetrated through the upper layer. The

g N

effect of the underlayer on penetratlon was not examined 7%

)

5 in  this study. ' o .

T23.3 " Fabric Preﬁaratibn
%Ar' ' The fabrlc was not laundered prlor to.contamlnatlon or
" “the abrasion treatment. The manufacturers recommend that
_the Kleenguard@ EP‘fabric not be laundered because the
*quld barrler propertles will ‘not be retalned " The
'spec1mens were cut from yardage in squares measuring 23 «x
23 cm, Thrs spec1men 51ze is re&urred by the ASTM D 3511
- 82-test method (Plllrng Res1stance‘and Other Relatea
’Surface Changes of Textlle Fabrlcs~:Brusn Pilling Tester
Method) . All specimens were weighed prior.to'the abrasion__
treatment. The 45 KleénguardQ EP specimens used in this
‘study weighedbbetmeen'2'?887g'and 2. 52539 (mean: ‘2. 4090g,'

' SD. O 0398) All 45 Tyvek® spec1mens welghed ‘between

1. 5441 g and 1. 8054 9 (mean: 1.6775 g; SD. 0 0638). \Two




%7tbiCkn655 measurements (Table 3.3) are reported: one taken

o
-

at the centre of the specimen;uand the second, an“average v
of five measurements taken around the 'centre of the
speciften.  Thickness measurements were made with a (&R,

Tester Model (CS-55., (Custom Scientific Instruments)

I . .
accordlng to CGSB Can 2-4.2 37TM77 (Method of Test for

Fabr1c-Th1ckness) with the small foot (dlameter 28 mm) and

no weights added to produce a pressure on .the spec1men of .

\S«“'

0.838 kPa.

TABLE 3.3 INITIAL THICKNESS (cm) OF SPECIMENS (n=45)

‘ - |
MEAN .. .
THICKNESS |~ * . AN*

FABRIC AT CENTRE 4 -8D . THICKNESS - SD .

0 . N R \}*\ BN . . N . ..
‘Kleenguard®EP  0.0378  "0.0025  0.0368 0.0157

it B , ' X ® T . X
Tyvek® ©0.0196  *0.0030 . oO. 019; 0.0028

* Average of f1ve measurements taken around the centre ﬁ?

. of spec1men.‘ .

3.4 Abrasion . . L

4 In a prellminary freld trial, 40 Alberta farmers were“
glven Kleenguard° EP coveralls to wear ﬁpr an 8ﬁ hour
_perlod vdunng the 1986 sprlngu spraying ‘seaso" These
Acoveralls ;weré then ‘analysed for siéns of wear and

abrasion;- The coveralls were worn for 1 .o 32 hours,»w1th

an average of 12 hours of wear. Farmers Yere ‘told to

remove the coveralls if they tore or if a major sp111

occurredf * Many farmers wore the coveralls longer than

-requested, whlch suggests elther a m1sunderstand1ng of the



requirements of the study .or satisfaction with the

3

coverall (H. éerkins,'personal communicatioh,. August 10,
. R ¢

'1987) . Two judges ranked the abrasion obseryed in\

de51gnated areas of the coveralls using thdvfollow1ng f1ve

levels or degrees of abra51ve wear: =

i

- 5. no abrasion

4. slight abrasion . N broken fibers, fuzzing,
T no pilling ‘
3. .moderate abrasion fibers tangled apd I
' ‘ : . ‘beginning to pill-
2. severe abrasion - pill formation .
l. very severe abrasion larger, -more severe pllls,
: ' holes

: besignated'areas included upper torso front and back,
" lower torsoﬁfront and back, right arm front andgback}

left arm front and back, right thigh front and back, left

thigh front and back, right lower leg front and back, and -

left lower legﬁfront and back.

Laboratory abrasion' instruments were used to try to

‘reblicate the' type of abrasive wear found on the‘

Kleenguardo EP coveralls worn in the field., Two

-

1nstruments were used to 'produce the abrasion: 1) the

7Taber Abraser and 2)‘ the Brush Pilling. Tester. _The

testlng a w1th the Taber Abraser,-'Model ‘174 (Taber

‘Instrument Corporatlon) was conducted according to the-

ASTM test method D' 3884 -80 (Abrasxon Re51stance of Textlle

Fabrlcs--Rotary Platform Double“Head Method) 'The CS-10

wheel was used with a load of 250 grams on the spec1mens.
- TWO. . levels of abras1on con51sted of 100 and 300 cycles.

The. abrading wheels hk‘hwere resq&faced (25 cycles on

resdrfacing-disc) after every 300 cycles.)Thé“ASTM~Test

46

7



. ‘ ‘ . . ' o .
Method D 3511-82 (Pilling Resistance and Other .Related

. Surface “Changes of Textile Fabrics: Brush Pilling Tester

method) was modified tp produce four levels of abrasion on

the Brush pilling Tester, Model .C5-53 (Custom Scientific

Instruments). Brushlng ‘times of 2, 3, 4, and 6 mlnutes of

brushlng were followed by 2 minutes of p1111ng time. The
test ‘fabric . was pilled Wlth specimens of 100% cotton

twill. Lint was removed from the brushes gfter each test

and protrudlng bristles: were cllpped aé fequired./oy For

R \‘ kgt
both tests, all specimens were condltloned prlor

test for at least two hours in standard conditions of 21°C"

and  65% RH.

(",Twoj methods were used to evaluate the specimens
abraded in the Slaboratory: la'residualltensile strength

ang 2. visual evaluation of scanning electron'miCtoscope

(SEM) photos.  "The abrasion . study was conducted on

RleenguardP EP, Saranex® and Tyvek® fabrice. KleenguardQ

EPrspecimens taken from garments worn in the field trial-

‘and  Kleenguard® EpP specimené abraded on ‘the abrasion
ifstruments were compared_visually,in'ofder‘to obtain a

similar appearaqce. The Kleenguard® EP fabric abraded in

the laboratory - was ‘used as a reference standard, or

‘indlcator, and both other fabrlcs were abraded for the-

same length of t1me or numbe: of cyclﬁ!

47

. -The residual t e ile strength of the abraded epecimens“’

‘was detefmined in-accordance with ASTM. Test Method D 1682-
.64, (Bpeaking ﬁoad and'EIOngation bf Textile Fabnics) on ah

N A :



lnstron model 4202 (Instron Corporatlon). The specimens

were condltloned, and cut into 2.3 cm strips in the

lengthwise direction of the fabric, The. clamps were lined

with cork to prevent spebim n slippage during the tensile

test. Spec1mens abraded on the Brush Pllllng Tester were,

tested with an initial clamp separatlon of 7.5 cm and for
\ _

o™~

specimen size, the inital clamp separatiqg was 2.5 cm.

*

For comparative purposes, spec1mens from the fleld trlal;

garments were also tested at these two clamp separatlons.
Specimens abraded on the Brush Pilling Tester and
Taber Abraser were compared visually with worn areas found

on garments., Representativetabraded)samples were observed
with the aid of a Camﬁt{dged Stereoscan 100 Scannipg
’ .

Electron Microscope (SEM) Spec1mens approx1mately 1 cm

were mounted on stems,’ silver conductive  paint was

*

painted around the outside of the stems "and then the

specimens were sputter coated w1th gold.

The Brush Pllllng Tester was chosen for laboratory
» abra51on in this study because it produced abrasion more
51m11ar to that found on the fleld tr1a1 garments, both in
terms of the degree of abrasxon and the range of - abra51on
than d1d the Taber Abraser. | Two levels of a‘asmn were
used in the study. three mlnutes ‘brushing time with two

'minutes pilling time and six minutes brushing time with

two minutes pilling tlmeu The two levels approximate the

moderate and severe levels of abrasion found on the field

Taber ‘Abraser abraded specimensn becagse of the smallér

5

48



trial garments, although éssumptioné cannot be made about
.direct cofrelationsg‘ While the majority of the
specimens subjected to- the Bfush Pilling Tester were

/ abraded to a degree typical of that level, some sbeciméns
2 ~ . .

were 'abraded more or less severely than typical. To

'reduce the variability of the abrasion levels used ‘in the

penetration study, three trained judges selected
Kleenguard® EP  and Tyvek® specimens .. which were
representative of the Ewo levels of abrasion, rejecting

Specimens which appedred to be more or less abraded than

-~

typical. Saranexﬂl wads not used -in the pesticide

&

penetrationjstudy»becausq\it could not be abraded on the

-

Brush Pilling Tester.

3.5 Pesticide. o S v
\

The fabric specimens weré\contaminated‘with tri-allate
(Avadex ‘ BW®) , manhfactured \by Monsanto tanada, Inc.
yrl-allate 1s used. in Alberta for the control of wild oats

in cereals. \
-

'Molgcular Formula: C10H16C1§§OS

.Mélecu;ar Weight: 304.7 \

A\

_ Structural Formula: ' N Cl

\

CH3)2CH]2NCO;

-

Formulation: ' Emulsifiable concentrate. The

. ° product used in\ this study was

: calculated as containing 423.6 g
of actiye ingredi?pt/liter.

Stability: ' stable to light,- |
: o ‘Decomposition temper?ture >200°C

\

49



Toxicity: Acute oral LD50 £}61{72165
. : mg/kg (rat) ’
' : The product may cause eye
1rr1tat1on.

Solubility:‘ . 4 mg/L in water at 25°C,
o soluble in most organic solvents.

»

(Alberta Agrlcdlture Guide, 1984). D
Although Avadex Bw® is not con51dered a hlghly

toxic pestlctde formulatlon, in a survey of 187 Alberta
g D :
farm fam11193, Avaqex BW® was ‘listed as one of the three

¥ / M

pestaz@des MOst ﬁrequently assoc1ated with symptoms of
/ d .
_moderate pest1c1de p01son1ng., Only one case of severe

}

-

pesticide p01son;ng was rqporﬂed and the besticide was not
named (Rigakis, et al., 1985). [
3.6 Contamination of the Féhtic
For pesticide contamination, an 8‘”cm square _specimen
bf Tyvek® or KleenguardeEP was cut * from the centre of
the abréded vspecimen ‘and- used . as the upper iayer.- The
specimen was sandwiched together with an 8 cm squSré
underlayer of 100% cotton twill, and;'é 12 cm square of
aluminum foil - placed directly beneath the cotton under
layer to trap any formuiatién 1which ”paésed through the
undér;layetu Masking.tape (2.5‘cm‘wide)_was placeq over
the bptgr 0.5 cm.edge of the ﬁppgt layer fabric and the.
72 cm extension of the aluminum foil, The’masking_tape
héld. the"three layersf“secufely together anah prevented .
penetration of the pest1c1de to the under layer around the .

out51de edge of - the -upper layer fabrlc. A similar

technique was :used by Leonasz(1985).
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The specimens were placed horizontally on tle floor of

"a fume hood which was covered with a laQer of aluminum
foil., Clean foil was laid down fofveach replication to
preWent Cross contamination from one specimen to
another. fhe‘ specimens were contaminated by pipetting

with an Oxford micrbpipette 0.5 mL of field strength tri-

. . . /
allate (9 mL of concentrate in 200 mL of distilled water)

onto‘the centre of the upper fabric, from a height of 2.5
cm, Although ;ther procedores are used to simulate
contamination which might occur through efposure to spray
during . . pesticide’ application (érlando et al., 1981),
pipetting sinulates a liquid spill or splash  which may
occur during mixing and loading Or equipment repair.” ‘A
magnetic stirrer provided uniform Eagitation of /the

pesticide dilution during the contamination process., The

contaminated specimens were dried horizontally for 5§

hours, at ‘room temperature 121323fg). The upper and under

layers ;ere separated by outting around the inside~edge of
maskin@Ntape. The solssors were rinsed in acetone after
separatien. of each specimen  to prevent cross-
contamination. The\ upper layer fabric was placed in a
labelled v1a1, and the under layer and f01l were placed in
‘a second labelled vial. The specimens were' stored- in a
refrigerator; for no .longer than one week,. prior to

extraction.

51
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Fifteen specimens ~(five per replication) of’each

fabric type were evaluated for each of the three levels of\‘

abrasion (Table 3.6). 90 specimens were analysed.

TABLE‘j.Q 'NUMBER OF SPECIMENS, ANALYSED FOR PESTYICIDE |

PENETRATION
~ s kY
FABRICS .
KLEENGUARD®EP TYVEK®
L J
LEVEL DF : : ' -
ABRASION' (min) 0 3 6 0 3 6
’ ‘ .
$ OF SPECIMENS 5 5 5 5 5 5 "
# OF REPLICATIONS 3 3 3 3 3 3
N . . - “ . N .
TOTAL SPECIMENS 45 o 45
3.7 Extraction
The  under layer fabric " and aluminum foil were

»extracted as descrlbed below ‘and analysed together u51ng a‘f

procedure which proved effective in prellmlnary research.
" The upper layer was analysed for control purposes only.
1. Thg specimen was placed in a 500 mL erlenmeYer flask.,

The screw cap of .| the flask was lined with foil to
. . //‘\,/ -
prevent contamination. ®

°

2. 100 mL of distilled-in-glass acetone was added, and

i - {
the Flask was shaken/for 15 minutes on a Wrist Action

Shaker to facilitate traction, V .

3. The acetone was decanted quantitatively to a boiling
. . . , . “ /

fask. . SR
Y ' ) ' ‘ \



4. Steps 2 and 3 were repeated.

5. The erlenmeyer flask was then rinsed with 75 ml, of

acetone and this extract also was added quantitatively to
. - ¢ - W . .

the boiling.flask.x ' . /

6. The three combined extractions were flash evaﬁorated.

7. ‘The concentrated pesticide was diluted in hexane "in -

o ,

preparation for injection on the gas chromatograph;'

3.8 Gas Chromatogr Ana1y31s s

~ A Hewlett-Packafd ' 5710A gas chromatograph equipped
with a nitrogen/phosphorus Flame Ionlzatlaﬂ Detector was
N \

used for the anaIQEis. The chromatograph was: equ1ppedu

l-»

with a 0. 64 cm by 122 cm glass e€olumpn packed WIth 5% OV e o

e
-, oy

gas chrom Q. ' The carrier: gas was helium at. 30 mL/mln

Operating temperatures were-

Oven: 175°C

“Injection Port: 200°C

ot

Detector: _ 300°¢

-

T
Two injections were made for each specimen arfgd

were averaged. Injectlons‘ of the standard w;reémadefazgi‘
after every two. s§ec1men injections. The a”)
pest1c1de extracted “from. the spec1mens was exp 1
mllllgrams per spec1ﬁen. The total amount of Ef;
(milligrams) -delivered to the upper layer
calculated by ana1y51ng 0.5 mL of the foqmulatlzﬁ £
L4

lnto five 500 mL erlenmeyer flasks for each rep

The percent. trl—aLIate which denetrated throuégf



;,u/
a

t

under ‘layer fabr'ic was calculated from this value 4§€e

sectfog‘3.9.3).

3.9 Calculations o

Each specimen was contaminated with 0.5 mL of a
field bstrength dilution af Avladex 'Bwﬂ Ea tri-allate
forhulation). In the concgntratpd Avadex BW® formulation
there ~are 453.6 grams of i-allate (the active
ingredient, a.i.) "ber 1litre. 'Niné milliliters of the
concentrated formula was diiuteh;to 200 mL with distilled
watér. Thus, each‘200 ﬁL of tﬂe diluted formula contained
$.812 g of active ingredient.,
3.9.1 Grams tri-allate in 0.5 B, d%?ution "

Each specimen was contaminatéd with 0.5 mL of the

' > ‘ ’
~ - diluted formule. Let Y equal the amount of active

““ingredient (g) in 0.5 mL of-the diluted formula: -

e ~

T Y/0.5 mL

3.812 g ai/200 mL

Y

9.531 x 1075 g
Thus, theoretically,,eacp specimen is contaminated wit

9.531 x 1073 @, of tri-allate, or 9.531 ng,

i

3.9.2 Penetration (mg)
The amount of tri—allate”(mil;igrams) which penetratedz

through the disposable coverall fabric to the unde; layer



o . . s - S L,
: 'ﬂ' was ;SaloUIated . from -the Yecordey' charts of the gas
M;‘ ‘ Chromatbgraoh:usingfthe equation: ““ ‘ |
_ \ o D o N \
R o N
. . : ' Tostd std :
- - .+ PH _SPEC  injected oonc
-t mg iy PH STD < (mL) . g/mL) ‘
Sl tri-allate = a - Xx-1000. where
! S I " specimen 1n1ected (mL) o '
g SR dllutlon factor of spec1men (mL)
S ;\,ag\.".‘oq' I
PH SPEC . = peak helght of .specimen’ (mm) =*kt RO
., PH STD' . =, peak helght of the standard (mm) S~

S , 3.9.3° Penetrat1on (%)

The amount 'of *ﬁrl allate which penetrated through

_the upper layer and was deposﬂted on the under 1ayer was

¢

expressed as a percentag y of the total amount of trl-'

- ',\ R , 1 .
. el l'-] S . - . ' ‘ ‘
' Ql}ateg(ﬁhich.‘Wasa applied ‘to the upper layer *fabrlc:/3
8 . s - - / ‘ . - ‘ . . )
| ?ENE?RATION (%) = UN/TOTAL X 100 . .*\
5 'yﬁ ‘ the : amount "of  tri- allate _ (mg)
\ Lk '[extracted from under«leyer spec1men
,;} - BT, @OTAL = the amount’ of tri- alllate (mg) ‘
. ©.7 - extracted from 0.5 mL dilution
T ~ deliwered directly into-a 500 mL
' ) . Do _erlenmeyer flask
~ . 3.10 ¢ statistical Analysis .
' ﬂThe°effeot of'abrasion[ n~f1eld trlal garments was

o L~

fnstruments through - comparrson of residual- ten511e
- .

P
analy51s of .

e

)dlf erences exxste

e
i

e means wgfekfeparated by Dunca 's Multlple Range Test.

T 40 w

S - .

' strength measuremeBEsu\ The tensile data were subjected to -
"among the abrasion treatments, ‘the}

- The two fabrlcs, Kleen;uafd® EP and :,Tyvek®l were .

'comparpd» to' abra 1%n ' produced ' by , two g'laboratory :
: . b} .

.vanlance : tests ‘and , when 51gn1f1cant"



L

analysed sepatately for the effect of ‘abfasion’ on the

:.percentage of pest1c1de penetratlon.

were subjected to one-way analy51s of #

-

ance . tests and

Student- Newman- Keuls Multlple Range Test was -used ag a

post hoc test when 51gn1f1cant between-group lbarianée

.exisged. ,' A two way ANOVA was performed on measurements

L3

of the dependent varlable, pest1c1de penetratlon, by the

independent variables ,abras1on (three levels) ' and fabric

(Tyvek® : Kleenduard® -EP) Log transformatlons of  the

-~

Kleenguard® EP data were requ1red to achleve homogenelty

'of varlance. The correlatlons between 1n1t1a1 thlckness,

'and 1n1t1a1 weight and pest1c1de penetratlon were measured‘

wlth Pearson s Correlatlon Coeff1c1ents. . In all cases,

Sy . '

indication of significance - was set‘ at 95@' probabilify.v

‘The ,SPSSX computer program was used to calculate the

stratistics. -

56
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4. RESULTS AND DISCUSSION
The purpose of thls study was to determlne the effects
of abrasion on the penetratlon éf‘.an . emu151f1ablev

cdncentrate formulatlon of . tr1 allate through- selected

dlsposable coverall fabrlcs. The relatxonshlp-hetween the

(”,1n1t1a1 thrckness and. 1n1t1al 'welght of the fabrit
'specimens and pest1crde penetrat1on was also observed in

'order to determlne the effect of fabric: varlablllty on the

penetratlon results. Comparative testlng was conducted to

A Y :
establish - laboratdry .abrasion whlch ‘slmulated abrasion

) observed on Kleenguard® EP garments after they were worn 1n_

a field xrlal 4

l4.1 Qbra§;pn on Field TriaLVCOveralls“ ) . o

Thirty—thfee"K%eenguard® EP coveralls were.examined

for wear and . abra51on after they were. worn by Alberta |

farmers for an average “of 12 hours if a fie;dé#triall

»

Abrasmon was observed 1n‘de31gnated ‘areas "which " included
# - . "

'opper,tor§O"front and back, lower torso front.and;backQ

. ) . L7
right and left arm  front and back, rlght and. left thlgh‘.*

Doy

‘front andhback,fand rlght and left lower leg front and

back. A summary of theuobservatlons 1s ‘recorded 1n]Table

4.1, ATh de51gnated areas of abra51on are grouped  for

‘»Slmpl1c1ty of 1nterpretatlon e, g. rlght and. left “thigh

v

front are de51gnated as thlgh front and the values for the

two areas have been averéged) ,
. ' 7o L



L::were the garment areas showyng moderate to. severe pllllngr‘

4

‘ TABLE'4.1 LOCATION AND SEVERITY OF ABRASION ON FIELD
- TRIAL COVERALLS

% ABRADED AT - '%rABRAbED.

LOCATION.' " § ABRADED* LEVELS 3 =1 AT LEVEL 1
ARM FRONT  °°  50.0 . . 6.0 | .-
- ARM BACK | 92.4 38.4 . -.
 THIGH FRONT 86.4 . © 60.6 -
" THIGH BACK . . £71.2 ~ 41.0 6.1
4 ’ .
. LOWER TORSO BACK - 87.9 . 57.6° 6.1
UPPER TORSO BACK 24.2 6.0 ‘ -
. . o ' ' - * \ ’
_'LOWER TORSO FRONT 66.7 , 21.2 -
UPPER TORSO FRONT 57.6 o ‘ - 3.0 . -
VISUAL SCALE ' | g ' °
‘.w ' ,. Lo . ’ . = ! - ) ’
5 = NO PILLING B % S T
4 = SLIGHT PILLING S R N
3 = MODERATE PILLING * e . . C
2 = SEVERE PILLING E L ron .
:l,s VERY SEVERE PILLING . :
* 3 Abradedris percehtage of 33‘cbveralls abraded
~in a given location and/for at a given level ; o
r The'abrasion on the Eield trial Coverall* was‘expressed . tf
SN
in terms of p1111ng because thlS term best descrlbes the L
‘visual appearance of the abra51on.~f All 33 coveralls were;»f,ﬁs{,
fabraded in at least  oOne . de51gnated area and" all rfr
.designated areas were abraded on Ti some " of the. .
coveralls; ranging from a 1ow of Q4 2% ‘on the upper torsoi .
back to a hlgh of 92.4% on the a’" ;ck., The thlgh front,
arm back and lower torso back ere the areas whlch were”'
consrstently abraded - on "the rnajorlty ;;of the coveralls.qf IR
Rt
The thigh’ front (60. §%) .and the 1owe5gg@rso back (57. 5%yf“'&;ﬁ
. &



<L)

B 4 .
,(levels‘3 to 1) 1n more than 50% of the«garments, while
bhe arm front and thigh back were abraded to this extent 1n

p@rok1mately 40% of the -garments. - Very severe pllllﬂg

59

(lével 1) was noted only on the thigh back'and_lower torso - .

.y

‘\:\ . . ] . . > . N ‘e .
backy, Both areas weré abraded in only 6.1% .or two of the
o : oo i .
T, "y o . N .
33 garments, . . I , .
. . é/] ‘ R : ¢ . ‘.
. . . R ' ‘
There was' no significant correlatioq between abrasion

on theﬂcoverallssﬁnd the length of time that the coveralls

were wpnp.", Blrd 11984a) .obServed that personal

-dlfferehces, bo&ﬁﬁln behav1our and body bu1ld, affect the
.. <

degree of weﬂi produced ‘on a.garment. In this study7

neither \the environment nor the activities of the

K

-,

participamts was coﬁtrolled;w"personal differences

)

undoubtedly contribUted to!the abrasion patterns.

4.25 Comparlson of Abra81on on Field Trial Coveralls
w1th Abra31on Produced by Laboratory Instruments

ol

,.;a,

EE

A Although Kleengua.rd0 EP, Saranex® and Tyvelk® speC1mens
were® all fhcluded in the abrasron testlng conducted on’
laboratory 1nstruments, only Kleenguardﬁ.EP specrmens were
actually compared ‘to the spec1mens cut from fleld tr1al

coveralls ln statlstlcal tesbs. : Tyvek® ~and Saranex®

»

»garments were not worn in the fleld tr1al The abrasion

f\ueference or. standard to establish the  levels of abra51on

" chosen £o _rthls 'study. , In- thls way, the laboratory

ﬂabra51on was based upon the kind and degree of: abra51on

&
whlch was produced in actual ‘wear 51tuatlons.

JéEguardQ EP fleld tr1a1 garments was used as a

W
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znot 51gn1f1cantly dlfferent. fF;nal

4.2.1 Compar1son of f1eld trial abrasion with abras on
produced by the Brush Pilling Tester

P

Spec1mens abraded by the Brush Pilling‘ Tester (2-6

mln brushihg tlme, 2 ,mln pilling time) were ‘tested for

Are51dual breaking strength. The results are ‘presented in..

Table 4;2;1~ SPecimens représenting- the five levels of

abrasion were. cut from the Kleenguard® EP field trial

" garments and testedfforiresidual tensile Strengthbin the |
same manner (Table '4;2,1), In both the' field trial and‘
1aboratory' abraded specimens, there was a ‘reduction in

. tensile strength as the abrasion level 1ncreased. The mean

tensile strength ranged from 41. 59 N (no pllllng) to 26.59

N (very severely pllled) for field trlal specimens and from

‘»
37.28 N (2 minutes brushing) to 26.09 N (six 'minutes

brushing) for specinens abraded on ¢the Brush Pllllng

Tester.  In terms of tensile strength, field trial

{

specimens with no pilling (level 5) . and slight pilling

(level 4) were -~ significantly différent  from laboratory

specimens, abraded at’ all levels - on. the Brush Pilling

" . Tester. The tensile strength of f1eld trial specimens

judged -to have- slight pilling (level 4) and moderate

pilling (level 3) was not 51gn1f1cantly different from the"
strength of laboratory spec1mens given 2 and 3 mlnutes

-brushlng time on the Brush Pllllng T@ster. ‘Field trial

specimens with severe p1lllng ~(level 2) and laboratory

spec1mens g1ven 4. mlnutes on the ﬁusb Pl},-'

kY

. : ALY,
(level l)”*on f1eld trlal‘ specxmens

e Ty

. Y
Tovey ®

. & "

AL

e ‘e

60
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specimens glven 6 M1nutes on the Brush Pllllng Tester were:

‘not’ 51gn;flcanﬁuﬁ"dxfferent. | , N ‘
f}l‘ 'TABLEA.2. 1 TENSILE STRENGTH OF KLEENGUARD® EPISPECIMENS ' o
~ ABRADED ON THE BRUSH PILLING TESTER AND IN THE FIELD TRIAL

.
»

NUMBER OF . BRUSH -TIME/ MEAN TENSI o .
SPECIMENS ABRASION LEVEL STRENGTH ) SD (N) GROUPINGS

S u 0 min ° 41.59 5.00 . A?} =3
B 2 min o3t.28 5.20 B ]
14 3 min © 35.81 3.3 B |
11 4 min - - 31.00 412 - c )
16 : 6 min ) . 26.09 . 4.73 ' D
12 . . level 4  38.65 td4.81 | AB 7
15 . levél 3 37;os'v. . 5.49 B
16 . level 2 32.18 4.02°  c |
17 - level 1 e : 26.59 4.81 D {

CLAMP SEPARATION ON INSTRON"7 5 cm

LEVEL OF ABRASION ON FIELD TRIAL SPECIMENS

"5 ='no pilling ' ‘ 3

4 = slight pilling . , o

3 = moderate pilling : L, ‘ o
2 = severe pilling ’ T - -
1 ;Lyery severe pilling - . , Y \ '

*

ggoups designated with the same letter are not
51gntf1cant1y dlfferent

. 3 . -
The'SaraﬁexOT"%abric could ,net be abraded by the

brush apparatus on the Brush lllng Tester in the brushlng

I3

tlmes used 1n thls study. Even after 6 mlnutes' brushlng

time, only a few random sc;%téhes wggre produced on 0the

Pk LB , u
(S reason, Sara ex®°‘

surface o& the Saraqex@’ \coagi

'“_was not tested for tén51le Streﬁgqh aff?g abr‘"ﬂf on the ,3 PR

C -



"Brush Pilling Tester. .

Tyvek® specimens were -abraded on the Brush- Pilling‘

-

Tester at-o, 3 and 6 minutes of brush1ng tlme. The mean

~ten51le s;;ength values (Table 4.2.2) ranged from 39.30 N

(no brushlng) to 35. 94 N (& m1nutes) Although the mean

. ﬂ" . .
tensile. strength value of spe01mens given 3 minutes'

62

brushing time dropped below that of specimens. given 6

minuteS¢ 38.66 N, there ''was, no 51gn1f1cant dlfference

among the mean tensileé strength values for spec1mens glven

0, 3-and 6 m1nutes brushlng time. -

TABLE 4.2.2 TENSILE STRENGTH OF TYVEK® SPECIMENS ,ABRADED,
ON THE BRUSH PILLING TESTER

NUMBER OF I,BRUSHING:" MEAN TENSILE

SPECIMENS  TIME (min)  STRENGTH (N) SD_(Nj  GROUPINGS
.10 0 o 39.300 7 4.99 A*
9 . 3 0 35.94 s5.42 oA
‘10 6 - . . 38.66  7.71 . A

'CLAMP SEEARATION ON INSTRON: 7.5 cm

* Groups de51gnated with the same letter are not
51gn1f1cantly different .

3

C4.2.2 Comparlson -of field tr1a1 abrasion w1th abra31on
' ‘produced by'the Taber Abraser

Kleenguard® EP spec1mens were abraded for 100 and 300
cycies on the Taﬁer Abraser and then tested for re51dual
;gten51le strength MTable 4. 2 3) accordlng to a modzflcatlon
?of ASTM Test Method D1682 64 (Breaklng Load and Elongatlon
tof Textlle Fabrlcs) : ~The iclamp separatlon was 2.5 cm

'frather' than the _standard 7.5 ém which was. used - for
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specimens abraded on the Brush Pilling Tester. ‘Specimghs.‘
represent1ng the five levels of abrasion were cut from the
KleenguardO EP field trial garments and tested for residual
tensile strengt?zfg the same manner (Table 4.2.3)3

The'ﬁean tensile s;rengthAdecreased as the amount of
abresioh increased for Kleeriguard® EP specimens abraded
both in the wear trlal and on the Taber Abraser. There was
no 31gn1f1cant dlfference in tensile strength for fie;d
trlal spec1mens wlthout pilling (0 cycles) and specimens
w1th slight pilling (level 4). There ‘was no 51gn1f1cant
difference in tens1le strength. for field trial spec1mens
»w1th moderate pllllng (level 3) and field trial specimens.
w1th severe pllllng. (level 2). Flgally there was no
__51gn1f1cant difference in the ten51le strength of spec1mens
abraded at 100 and 300 cycles on the . Taber Abraser and
zfield trial specimens with very sevehezéilling (level 1).

B Lloyd;i‘Bell; Howarth and Samuels (1985) - tested
Kleenguard® EP on the Taber Abrasef with somewhat different
results. They used~£he-Taber“Abraser, with S-35 tungsten-
carbide: abrading wheels .and a mass- of 500» g. The . .

specimens wefe'observed after 300, 1000 and 2000 cYé€3s,

after which the appearance was desgxibedv as "scuﬁs

"well wornﬂ)‘andb"holed", consecutively. . These alf;'

vvety descriptive Oor precise terms; ‘but the iﬁ@ressibn
) . - . “6‘ B c 4

'certaidly is that, at 300 and 1000 cycles, the fabric was
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: TABLE 4.2.3 TENSILE STRENGTH OF KLEENGUARD0 EP SPECIMENS

i
.

ABRADED ON THE TABER ABRASER AND IN THE FIELD TRIAL

; ‘CYCLES/ :

NQMBER.OF ABRASION MEAN'TENS;LE | :
SPECIMENS = LEVEL STRENGTH (N) ' SD (N) GROUP INGS
12 0 cycles 46,2§ . 6.18 A*

12 4100 cycles 31.20 3.04 c

11 300 cycles . 29.04 . ' 3.92 e

11 1e§;1 . 4571 s5.40 oA
10 level 3 | 40.51 vo3.63 B

12 level 2 39.04 © 7.06 B

8 level 1 26.98 4.61 c

3

" CLAMP SEPARATION ON INSTRON: 2.5 cm

LEVEL OF ABRASION ON FIELD TRIAL SPECIMENS

ol SRV RN, |
nm uw un y

no pilling

slight pilling
moderate pilling
severe pilling

very severe pilling

* groups de51gnated with the same letter are’ not

significantly different , ‘k\\\// .

damaged but not so severely as to obtain holes. The $-135

7

‘tungsten carbide wheel is described in the manufacturer s

1litera;ure_ as eﬁzkely to produce "a severe.cutting and

\

tearing,action of the specimen surface ... [to be))s. used

64"

\ P o v , |
only on tough resilient material". The CS-lO wheel used in .
\

this' study

A

mild ‘abrading action".. 1In contrast with the Lloyd et al

study, hole
300

appear to be

‘cycles

were produced on some samples after *100 and
f abrasfon with the CS-10 wheel. This would

<T<extreme caée of a lack of reproducibility

is descrlbed as an abradant which produces,"a'
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between labs and testing instruments; the . S-35 abrasive
wheel should produce - ‘ severe damage, sooner, than the

CS-10 wneel, In persoqpa cor}eepondence, Lloyd clafified

the terms they used: "scuffed" means considerable damage

/-

EO-the fabric surface and "holed" meant a tear or rip right
throudh the material. What 'is most informative, however,

is that in repeat ﬁests,.they ‘found holes occurred qfter

200-300 cycles,: Probably the most ‘significant factor

contributing to the difference in results between the two
studies is. the manner in which the specimen was smounted.
Lloyd explained that the specimens were not clamped to the

Airculating disc, in the standerd manner, because t

~tends to cause "rucking"; rather, they were secured "to-a

thin cardboard base-plate by means of a light tacky

3

adhesive'which then allows the’abrasive wheels to pass over
“the surface of the material without bumplng" (G. A. Lloyd}
; personal communlcatlon, June 18, 1987) . Since the two

S;udies were not conducted using the same  testing

conditions,, direct comparisons of the results cannot be

made.,
There was a slight increase in tensile strength with an
increase in abra51on for Saranex® specimens abraded on

the Taber braser (Table 4.2.4). ‘Although the mean’

tensile streéngth increased ffom 76..52 N for controls to

P '

180.74 N for.~ 300 cycles of abrasion, '‘'there ‘was no

‘significant differehce in the mean tensile strength of

specimens given 0, 100 and 300 cycles of abra51on.

&3

h5
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TABLE 4.2.4 TENSILE STRENGTH OF SARANEX° SPECIMENS ABRADED
ON THE TABER ABRASER :

r

NUMBER OF CYCLES OF MEAN TENSILE

SPECIMENS ABRASION STRENGTH (N) SD (N) .., GROUPINGS
9 0 76.52 6,08 ° - Aw
8 100 79.26 9.12 o

“;10 S 300 80 .74 .. 8.24 “k A

CLAMP SEPARATION ON INSTRON: 2.5 cm

* groups designated with the same letter are not
.significantly different : »

A

The mean - tensile strength decreased as abrasion

. . ]
,increased for Tyvek® specimens abradéd on the Taber ‘Abraser

s

(Table 4.2.5). There was
- the unabr : Specimens (57.89 N) -and specimens

given
/

fifferent.
TABLE 4.2.5 TENSILE STRENGTH OF TYVEK® SPECIMENS ABRADED
ON THE TABER ABRASER

0 cycles of abrasion {45.01 N), but the controls:

00 cycle specimenS'(Sl.SO N) were p6t significantly

'NUMBER OF CYCLES OF: MEAN-TENSILE. e

SPECIMENS  ABRASION  STRENGTH (N)  SD /(N) GROUPINGS
g- 0 57.89. 10.88 - A*
8 - 100 : 51.50 12.32 ' A
12 300 45.01 7.28 “B\\
| . | I )
CLAMP SEPARATION ON INSTRON: 2.5 cm R /‘

* groups de51gnated with the same 1etter are not
51gn1f1cantly different -

66

significant ‘difference between
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K@.z.a biscussion of tensile strength testing

Tensile strengthvmeasurements¢are frequently used as an

evaluation of‘abrasiye damage (Bird, 1984a; Waffield et

L

al., 1977; Galbraith et.al., 1969). In this study, there

was a loss in tensile strendth in most cases as the d@éree
Iof abrasion .increased. This battern Qas al§o observed by
Warfield et al, (19753»‘who found a genéral trend. toward
-losses in fiber strength as a result of abrasion. Bird
(1984a) also observed a relaiionshipA between tensile

strength, and abrasion. Testing ' 64 woven fabrics on three

abrasion instruments, namely the Martindale, Stoll (flex)

é

and Accelerotor, Bird found Qeft,yarn tensile strength an

important fa;tor in abrasion'resistéﬁce;

Not all levels of;abrasion tested produced significant
di¥ferences in residual t%nsile strength within speéific
abrasion treatments or betweeﬁ~ abrasion ' treatmept
p;écedures. In _Spst, cases, the stanaard deviatieon in
ﬁensile strenéth was very large, whether the specimens were
abraded in the labogator; or in the field, . This large
variabiLity.is gypica} and arises - fromxaé.leaét three
possible‘sourcés: 1. the variability in the nonwoven fabric

itself; 2. the tensile strength test; and 3. the

abrasion test. ‘These three sources make it difficult to

" detect significant differences 'among various levels of
‘ iy - .

abrasion. - o
In terms of .€he residual tensile strength, the abrasion
produced with the 'Brush'PilluTester is within the range

- i - * /«‘
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1

w fa

e

i

of the abra519n found on garments from the wear tr1a1 In

L]

contrast,' as few as 100

cycles on the Taber Abraset;

¢

produced a reduced tensile strength similar to 'that found

on faeld trial specimens abraded at level 1 kvery Severe

pilling), a degree of abrasion found only in two areasbdf

68

#

field trial qoveralls and in only 6% (i.e. two out of 33) ;

of the coveralls (Table 4.1).

In/ summary, a range of .

abrasion co(ulcﬁ*'*be produced on the Brush Pilling Testem

ok

that was noi possm},e on thi Taber raser; ‘ (

\ -

N‘Saranerw‘abrlc was abraded more succes;kullx on the,

,"'!

oo

fﬁaber Abrasen,,than on the Brush Pill}ng Tester, though in

terms of teﬂsxle strength the abrasionkwas'not significant

R

“

- ?

‘4

'on elthermlnstrument.b The ingrease 1n tensxle strength
' , ?

observed“wltq ’Sa{,ahexO when abraded on the Taber Abraser

™
‘m -3

can be rglated to an 1ncreased moblllty of the fibers after

L4 (’

abra51on.qf Infﬁﬂthe contgél
S | R
1mmob;l;zed 4by the coatihg

3'% “ ¢

lengthw;ée Shared the ten51le load. . The abrasion treatment///

fabric, the fibers wer'e

and only those fibers 1lying

’

reduceé the«coatlng and the flbers could then allgn in the

»" . %

dlrecglon of the4‘ten511e“stress,~thus sharing .the load.

i

Tyvek® was ‘abraded by

severely_Qas Kleenguard® EP.

. Taber Abraser was there a

i e
strength,

both instruments, but not as

Only at 300'cycles dn the

e
1

significant change in tensile
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f;.z 4 Visual Evaluatlon SEM

'characterlstlcs

f;ﬂ S In thvs study,‘the scannlng electréh mlcroscope (SEM)

"observatlons were sxmpllfled to pertaln to two aspects

N -
p

'C'L. ¢haracterlst1cs of the general fabrlc appearance and

chan%’s ln that';appearance w1th abra51on— jand 2.

' ‘surface appearance w1th aBraSLOn., R 2 Hj

~ ' .

ffvthe flber surface and changes in the’

69 N (’

{

EO

~

'_".Kleenguard0 EP: In Kleenguapd® EP controls (plate ~1);‘

I mashed or flattened 1n areas.,i\ S h

1a became a tangledwmass (plate 4) The surface of some fleer;u

o«

~ ':u-‘

TR "

‘flbers were arréhged 1n the randqm web in criss~CrOSSed,'

layers whlch“‘were bonded together at;regular EinterVals(

7StruCture-0f»ﬂ

out and ‘above the fabrlc surfac

Lo

- )

¢t LR
’\

Each faber surface 'was smooth and’ had a round cross-.
P - : ' . . ‘. i ' . g > '

B

( . L)

m f'In fleld trlal spec1mens, at sllght and moderate levels

p}llrng,g very llttle change ‘hadt occurred ”tO” the

',t o

fabrlc (plate 3) Some frbers were pulled

h " '.

areas where the loosened flbers 11e above the bonded spots.

'fThese 1oosened flbers were not hlghly thsted or tangled"ﬁ

«

.w1th each other.v In general the surface of ¢he fﬁbersﬁ

°

s Y S .
. was st1ll smooth, though some loosaned flbers seemed to. be.

LA S
1

- . . Y '
v N
. el

As the abraslon 1ncreased in severlty, to the severe;

v

o . b 3 .
'and very severe lewels of plllang levqls 1 and 2), the

- .-

flbersqywerer pulled up’ out of the fabrlc structure 'gnd:

\ ' J\ !

S e
thls can be observed 1n o

a4

exhvblted cross—marklngs (Plate 5}," a- dlstrnctlve changejl

fro a'(&)"\e : ergf/nal flbers. TR T

Vg S TR R



Plate 5 Crossmarklngs on'
‘surface of Kleenguard® EpP-

at very severe ljvel

’flbers after 4 m1nutes~
-abra51on by the Brush

| Pllllng ﬂester ;f

flberﬁhabradgh in the fleld

‘Kleénguard@ EP. fabr1c after
6 minutes .abrasien by the '
Brush Pllllng Testnr LT | i

.&

¥

£
v.

*100 cycles abra51on by the ‘

ﬂf'} Taber AbrasQr._‘ L
"‘.,l‘vhu'f"r - 7‘ . DR o STRTE



wt,fuﬁgf surﬁaces had become cross marked (plate 9).,.

- a

Wmlcroflne f1bers from the 1nner layer to the surface (plat

(

.jspec1mens abraded on‘ the Brush Pllllng Tester. At 2 ~and

»

-3ﬁam1nutes“ ush;ng tlme, ,llttle change occurred to the

“structure of the fabr1c 'only a small perCentage of the

.

,frbers were pd@ied up from the fabric structure and they"

'Y

were_.npt hlghly tWISted ‘or tangled.  Some mashlng and

a'Flattenlng of flbers was observed but’ in general, 'the

flber surface was stlll smooth { After 4 to 6 minutes of

‘brushlng,’ the fibers were~-a tangled mass, the original.

P

The abra51on produced by the Taber A@iaser is srmllar

to that observed at the more extreme levels of the field

trlal speclmens and the Brush Pllllng Tester. ' At both 100

l.-»

f and'300 cycles (plate 8) the frbers were a tangled mass and

}.

A'~very s1m1ﬂar pattern developed on Kleenguard® Ep

structure of " the fabr1c was destroyed (Plate 6) and-the

'-flber surface was c!oss—marked (plate 7L,//’ffi’

71

T

The overall appeayance of the abra51on produced by the -

.Taber Abraser- d» ered sxgnlflcantly from that'4of ‘the'

1 4
abra51on produced in the fleld and: on th@ Brush\\\&lling

Tester- the ralsed flbers tended “to be twisted or spun into

ERE T ' V »

73'he'\abras1on 1nstrumentf"*_the\ speclmen j’revolves

g
,h%rlzontally,, at rlght angles to the abra51on wheels.

’,Also, the abra51on produced by . the Taber Agraser tend%d to

. ®

'yarn" (plate“rﬁ? Thls seems t& be a pecullarlty of the_

e K ) B ‘
penetratev deeper ’1nto the fabrlc‘ s;ructure, : pullliz“



€y .9 en-
the“surface of Kleenguard®

"EP f1bers after 100 cycles,

of abrasion by the Taber
Abraser.

I T

plate 11° Meltblowh micro-
‘fine” fibers from inner
~layer of Kleenguard® EP
fabric pulled out to n
"surfa after 300 cycles
Tg§ 5

abras
’,Abraser

by the Tabef

ﬁut ’ Kleenduard‘ EP
ﬁlberé twisted into "yarn"

,Plate 12 Kleenguard® EP

fabric gbraded by the Brush =
P1111ng Tester for . 4 m1nutes~
showing mashed and flattened
‘fibers lying in. front of a.’

torn melded spot

after 7300 cycles of abra51on¥”
by~ the Tabes Ahmaser e

o> .



v

L@ ~ 9 L o : . - s
Mashed and "flattened fibers were observed, to,
varying 'degress, “on the -majority of abraded specrmens

,(plate 12).. 1In plate 12, mashed and flattened fibers can

-

be seen in the foreground ,and’ a melded area, 1n the prbcess

04

of belng torn apart, is lin the background. The cause_of

\
fthrs fiber modlficatloni cannot'vb ndetermined ~without -

>

'further reseach but several causes ‘seem p0551ble. 'FirSF,’

~

o W
",‘\1t is poss1ble Ehat heat of frlction a.pressure %may

J)

flber chaage- however, it is unllkely that ‘the

R , |
instrdments would, prOduce the heat required._

cause,

abras in

} l . “ Ql. . ]
Second, it ‘is p0551ble that&some of these fibers have been\-‘?

torn from “the bonded areag‘ Qhrough the cowrse of the

| abrasion. " As suggested 1E>plate\12,kthe}"abr1c structure.
' ndld tend to break at,the melded" p01nts.:In that\casgyﬁthe‘yiai\
'flber mgdeflcatlon was ‘caused.not'by~the abrasion process, ‘

but,' rather, by the .bonding' process duﬁldg fabr1c>
formatlon. The action of the -abradant se?arated and tore\

- - ) t

apart the melded areas, ‘k : B
. \ o ‘ . ot

The t&ngled massing of flbers observed in this study at{

ki
K}

more severe leveks‘of ab5551on was dlscovered in a wool and
r

polyester blend fabrlc by Cooke ,(lésﬁ) who 'calls it

complete fabrlc breakdown" "‘ The fabric structure df

b 0:0_'

spunbonded nonwoven fabrlcs such as KleenguardO EP would

e —

Qeem to contrfbute to the development of these"ﬁsuper—
~pllls,. The fact that éﬁe flbers are not heid tlghtly 1d

_yarns or a woven structure, means that they are lodﬁe and
e ] 2 ; . ~. ™
readily avallable for entanglement. ,Sucqe531ve,layers of
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fibers in "’th,e fabric web .can’ be- pluc.k/ed‘ 'up ang - tan'gled 2

.together', causu}g a complete breakdown of t*he.‘or'iginql' 8

fabrlc structure. The fibers in the nonwoven sStructure are

held together only by spots ? bonding. ‘ 4

'In this 'study, the most .common evidence of fiber .

- . L

-fatigue observed . on the . ‘Kleenguard® Ep
. L e -‘ .

hor'izont'al cross-markings. ©.Tucker suggested N

¢ . ¥

were a wrlnkllng M the' flber skin ofr surt N

the wrepe‘ated %pll@atlon .of res ‘,'fg_n'd .,'re,}ea-a

frOm' the ‘abrasive. sour c ey
. . " ’ - '

.. communication, September 9, /AUSNERENEN ‘_Gosw'ami-.et fa,l.. observed

‘,)," face ofv polyester fibers.

-

helic)}l cross-markings on ‘thgl

tw1sts=1n the flbrlls of drawm and tw1sted polyethylene

p{ulell and Whlte '(1976) observed regular, heli cal

-

f1bers. Kitao,’ Spru1ell and White (197Wd twist marks .

on drawn and tw1sted polypropylene lements( that were,

less unlform \__,jhelr appearanceﬁﬁthan those obferved by.

‘SZe et al . Bosley “{1968) 1dent1f1ed shearmgﬁ" stress as :

f”the cause "Sf»' ob»l_ivrque st aln marfklngs 1n poly(ethylene

A7ee 0D N

,'-terephthalat\e) f\-ibé»rls.f ‘ The;' cross- ma/kmgs ) on_ the

~Kle%enguard®- ,fgp fi,bérs_ ‘are/not -Splral‘ Uian:d_ gor 'tlj\.a't

»

r‘eaSon dd not }appearv to be caused by dlrect ,t'wisvting”-’

. e _ o4

along the léngth of: the flbers.. The appe'ar'ance ‘of the =

4

cross marks seems g

< <.

"‘ be more 51m11ar to what Ford (1963)

'cal”ied tran5verse llnes or straln bands Ford suggested

w

th . the straln rate o‘f 'the flber and the tlme under - the.

bload may be 1mportant factors in the formation of . the -

s I . P e e : e
.. ) ’ ' , S o ’
¢ - : B : P

Fo Yoo IR
; T B . * .
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”

‘

of

_ the fleld tr1al spec1mens judged to be severely or. very

LR , 750
; . ] } g M 3 '
transverse bands th bands may be connected w1th str,e_ss
decay cite B : e . ” .
’I‘he !«fiber deformation e’vident in plate- 5 was unlque to \\s

-

severely pllled (levels 2 ahd 1) ’ In this case, the f1ber

sk1n appears to have .cracked and Spllt expo/ung the inner

&

4
cor,_e,. ThlS f;benr damage appears to be more-severe than

any "k.observed on spec1mens from, the %t&:m test methods
] - ’ .

Goswami, Duckett and V».xgo (1980) ‘erved  a skin-

fe.d@ to cyclical oy |
torsmna‘l deformatlon. They _suggested that the "helical |

R/ LN R L]

. % g N .
core'p}"nomenon 1n polyester flbers"exp_.

cracksf* were 1n1t1ated by the complex roflmg actlon o“f the .

»

'began to .be .visible (plate 14) " Th

vsurface abras1on..aﬂ» the peelmgnoff qf the skin laye‘as,. .

L3
caused by ‘tshear ing- stress.

» . e

Saranex®: = After & mlnutes on the Bri‘:sh Pllllng Tester'

n'(plat'e '13) .only surface scratches appeared on the Saranehm :

J o
f~abr1c. In contrast, 100 and 300 cycles, on the Taber caus'e@ay"
the _coatlng, to begln to wear away. . While the surface of ..

the control~ fab‘rl'c was Unbroken @‘hd_smooth, after 100

NET - tY 4 : )
cycles,, the outline . of' the fibers eneath the coating .
effect., after 300 - -
0 SRR G

cycles remalned the same.‘,
The Saranex® coatfhg almost co pletely w1thstood the :
gabraﬁiva forces of . beth the Brush 1111ng Tester %md thex'
Taber Abraser under the glven testwng condltlons.;ﬁln thrs
:study Sarane:®' was more _durable o abraslon than_ the‘gJ
‘Tyvek®_ band-e‘vKlee’ng‘uard® ‘EP,F Presumably, va nnuqhvfpmore'



e R

Plate- 13 Scratches on the | Coating ,Sarqﬁnxm “%wgﬁ
sur face of Saranex? fabric &wpartlally ‘'worn away after lOﬂ
v after 6 m1nut§ abt#slon by cycles of abrasion by the
- o Brush PillfFhg. ’I‘ester~ : "‘abe’Abraser

‘Plate 15 'Tyvek® fabric =~ ‘plate 16 Tyvek® fibers

©, abraded for l6 minutes By ' ‘twisted into a "yarn" after

o the Brush Pilling Tester 100 cycles abrasion by the .,
showing® entanglemeént of - Taber Abraser '
fleL'S o

. .

e . b4 o '

»*
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abra51ve test or a longer abra51on time would be requ1red
t%hcause ;fabrlc ‘breakdown.,. The saran coating on

‘Saranex® " 'protected the fibers 1in }thej'nonwoven? fabrf"

‘ p , ; -
-structure, preve,tlng any fiber damage .or .pilling from
20y N W jer

N v .
' xthbuéh Saranex® is a nonwoven fabric and is

occurring.

considered a dxgpéﬁable fabrrc, “the thick saran coating.

"tq 3respend to abras1on in" a manner;

ﬁ&‘a’frtatlvely @;\iffe‘tenﬁ: f’rom that of9 Tyvek® or Kleenguard®
FR g 5

EP. ,Fcr the; asons, and because Saran_ex® is ‘more

expen51ve ' andgggﬁ‘ss readily "obtaﬁned, Saranex® was

IR SR | ) ' ) i} oo
ellm;nated figrﬁ?the project after abrasion . testing.
» ER o - )

Tyvek®: -In tHe Tyvek® control fabric, Wthh was not

™,

4
abraded‘ ;&LateLZ), fibers of varylng sizes, both regular
4 were randomly arranged in a web that was

,%’Qm'frtn;&efr'vals- After. 3 and 6 - mlnutes of
ol i r‘ ki
abra51on On theﬁgﬁush allllng tester (plate 15) the fibers

‘were puiled up cut Apf* the fabrxc structure,‘ and were
tangled %nd twtsted.¢ After lOO and 300 cycles of abrasronl
on the Taber Abraser (Plate 16), the f1bers were bp.ull,ed up

- out of the fébrlc structhre and twlsted 1nto a "yarn",
51m11ar ‘that obsetved on Kleenguard® EP specznens
'abraded by the Taber Abraser. '

: Bbth,aﬁrasidn instruments' caused“noticeable_damage»to=
thefabric surfacg‘appearance. ‘Af r abraslqp]%the regular’
pattern’ of melding was obscured Ry the flberi[that were

‘ pulled up out of the fabric. structure and tw1sted together;‘
.

\ )
The Taber Abraser caused more severe twlstlng of the fibers.

»



, _ _ . ' _ .
"were no cross-markings on the TyveR® fibers after ahsa51on.

4.2.5 | Summary of abrasion testing

at both the. 100 and 300 cycl s, than dzd the Brush Pllllng

Tester, Nelthef 1nstrhment

ndfiber!‘wxface. Unllke ‘the Kle nguard® EP fabric, there

. - —

-

Two abrasgbn - instruments were ested for ' their

simulation of field trial abrasion. e abrasion was

‘strength and subjectively by 'eXamining SEM\ photos.
anda o . _ \

Y

"in the

Although Tyvek® and Sarinex® fabrics were includ

ten%ilelT testing, . only | Kieenguard® EP: was pared
statistically to specimens 7abfaded in the' field.". Tyvek®

o e \

and Saranex® were fhot worn in a fleld tr1a1 : :!%;»3\‘

n'

Both methods of evaluatioh demonstrated that the Brush

Pilling Tester was better sulted than the Taber Abraser, in

this study, to 31mu1ate fleld trlal abrasjon., The mean

ten511e strength galues for KleenguardO RP on the Brush

—

P&lllng Tester fell into a patter® that . ‘was 51m11ar in

f -

range to that - produced in the tensile strength tests~of
» : - ‘
field trial. spec1mens. .The visual appearance of the

abrasion caUsed by the Brush Pilling Tester was. more

~

sed’notlceable damage to the‘

78

51m11ar to that of the field trial abrasron than was the

L

.Taber . abra51on.' The sever;ty of the Taber abrasion was

demonstrated in  both the objective and stjeCtive

‘evaluatidms. The mtensile vstrengtht of specimens abraded

only 100 cycles on the Taber was lower than all levels on

fleld trlal specimens except tHe most severe level.”

LEJ
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-QOmpéred to ,fiel%{'tiial _abrasion, the. éPéeérance of the
Tabef abrasion w;; more severe also, both in terms of the'
peculiar twisting of f¥ers into "yérns“’and the,depth of

v ' - , .
the damage, where microfine, meltspun fibers from the inner
layer were drawn out to ‘the surface. The abradant wheel

and conditions of the Taber test were chosen for their
. v - o » 2
relative;.gentleness in terms- of the degrees of abrasion
X - v#.’b‘ ) j?, . . L . -
.- possible on the “Taber Abraser, yet the results are still

too severe for the ;eauirements of thid study.
A S .
. .

A

4.3 Ppesticide Penptratibn

The'pé}centage of’ tri-allate which penetrat: rough

o » &

E@”'the disposable cOverall‘faBEics, Klé%ﬁéﬁard®,E? and Tyvek®,
- was vefy’ low at -all levels of abrasion tested.  Both'=es
fabrics maintained essentially 100% redistance to tri-
allate penetration, e§en aF thg; most severe }eve;' of
K!brasion ﬂ ( é Table 4.3.1 Mean Pgrc%nt Penetration of
N Tri—allate(i%fIndividual values fér pergent-penetration for
gll Qpeciméns aﬁélysed are afranged visually in-dotplé;s on
a scale from 0.00% to 1.80% pehetration (Eigﬁreg 4.3.1
aﬁ% 4.3.2[. The threé ‘abrasion ‘levels of Kleenguard® EP
and Tyvek® are displayed separételyl’(nefer to Appendix Ii
‘for individual values.) | . DA
‘ Se{?ral obse}vations can be - made about the Klgéngdard®
,EP\valuéé (Fig. 4.}.l)h' First, a géner;l trénd: is,féadi%x1
visible in the three ébfésion‘ treatments.  The perceht 
penettatioﬁ "of tri-allate incteased as the abrasion

. N -, . | ]
increased. ' second, there is a noticeable difference in the
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FIGURE 4.3.1 "DOTPLOT OF % PENETRATION OF TRIALLATE THROUG?'a
KLEENGUARD® EP FABRIC ,

/
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'FIGURE 4.3.2 DOTPLOT OF $ PENETRATION OF TRI-ALLATE THROUGH
‘ TYVEK® FABRIC

e o0 ° )
sesvoe ] ‘e . . .
[ --mmmnees B Bl Dot R P I
0 @:3 ., 2.6 2.9 1.2 1.5 1.8
Plot 4: Specimens with no-abrasion ' ' :
. s N
’ . A ,® . “ e o
. 4 [ B oo e o o T e ee ) ' , oo_T; B
B R BTl PO . P ——
g 0.3 . 4 ©90.6 . P.9 1.2 - 1.5 1.8
Plot 5: Speciméhs with 3 minutes abrasion - o ’
v e . | ¢ //
: 3
ot o ° °
CV‘ Lo ‘ . L% . o ove o« o <%
B el Doty A— | ==mmmmee e ey
(%] 9.3 - 0.6 Q.9 1.2 ‘ 1.5 '1.8

Plpot 6: Srecimehs with 6°minutes abrasion

s " " N L .
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'1dis;:§bution of values for the unabraded gontrol , as

compared to the two abraded levels. The values for the
controls are relatively tightly ,c¢lustered; ranging from
0.031% to 0.12%.  There are no outlying values. In the
tQé abrasion 'gfogps (3 and 6 mihuteé), the clusters of
percent ﬁenetration values are not as tight andlboth groups
have outl?ing. Qélues.' .‘Penetration through specimens
abraded 3 minuﬁes ranged from 0.037% to 0.87% ‘and the
peréent penetration values for 6 minutes ranged from 0.10%

to 0.97. For the Kféenguard@ EP fabric, the variability
v S , :

of ‘the fabric itself (as demonstrated by penetration -in

the unabraded fabric) is not as. sigrificant as that caused -

' /
by the abrasion.

THeregis no significant trend in the distribution of

. - ) JoF . .
the Tyvek® data (Fig. 4.3.2). There 1is a scatter in the
values from all three abrision levels. Penetration ranged

from 0.69% to 1.51% for .thvﬁppntrols, 0.48% to 1.62%

at 3 minuteé[ abféﬁion .and 0.64% to }.lo%-aﬁter 6.

. N -

mfnuteg' abrasion. In the case;of Tyvek®, the vatiapility

_df'the fabric had a greater- influ nce on the .distribution

. . - E .’ / Q N ) 't ! ]

agg%uegfbhaﬁﬁthe abrasion.treddent. - Y
- b T . . o

Ldg\giipsfqrmationsiwere per

ed on the Kleenguard®

_EP data to achieve homogeneity of variance; however, for

convenience of comparison to Tyvek®, .the results arJ

reported in non-transformed percent pénetration values

.

(Table 4.3.1).

v ! 4 ' g * ©
In a ogﬁlway ANOVA_test, all three levels of abrasion
»/- ) ’ - ST T ’
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méans we;e separated w1th Sbudent Newman KeuL s' Multiple ’ﬂﬁ
T o ‘ﬁflt

gnlflcant lncrease in, pest1cvde -
. Ceeg _). . o . N

Range,tesn.rThere was a

LN

'MEAN 3 L R
pENE‘I‘RATI“ON SD % GROUPINGS

<4 07 Lo
04307
'o 40

93
0\89

:3* groups deszgnatedmw1th the saﬁg letter are,not ffffﬂ“;
srgnlflcantl-@d*,ferent‘v o o . ’

51qnaflcant dlfference

9y

thé;i;.w

'vpesticrde

penetratlon for

}§e5t1c16e whlch penetrates a fabrh

i B o .‘,,

far smaller than the surface depos1t

to the'un erlayer,lSij}ﬁu

certalnly true of the fabr1cs tested -
both fabrﬁcs, the mean percept penetratlon of tr"'

* )

for all levels of abra51on, was less than 1%.;

v

5“.

A Kleenguard® , EP prOV1de 5 essentlally 100%



i:‘ .

[ . . ; TN

geven after 1t was abraded at 1eve1s 51mulat1ng moderaté and

-.Kl'eeng'ua\rd® EP 'after both levelsv'of abraszoé ‘ Desplte

K N

‘thi's, the mean penetratlon through Tyvek® at all levels of

abra51on is‘ hlgher' than'J that whlch penetrated through

!-

' Kleenguard0 EP, even at the most severe levef of abras1/p

- 'was: more reslstant than Tyvek to the pehetratlon of tr1-5

. ' d

T
In other words, even when lt was abraded‘ Kleenguard® EP

.,’,‘

-

I3

Tt ns posSible that the difference Cin ‘1nterfac1al

tensfon between the. fabrlcs and thi/pest1c1de/may have an o

’very severe.fleld tr1a1 'wear.~ In contrast, there ‘wasfiafg

vs1gn1f1cant 1oss: in the or1glna1 protection: prdwlded “Syi"';

effect on the dlfferent penetrat;on rates.‘ Durlng )theﬁ

©

icontamlnatlon procedure, droplets of the dllute tr1 allate

\_\ A I

formulat;on tended to bead up, oﬁ’“the surface.jof_ the‘

- ~— e
\

'ten51onr .In contrast,vthe droplets of tri- allate readlly

)spread odt and wetted the face of the Tyvek fabrlc,
sg

/
5ugqest1ng a lower 1nterfac1al‘ ten51on. \The Kleenguard®

‘jfabrlc used in this study _was coated wlth a ‘repellent

¢

V"Extra Protectlon“ f1n?Sh Wthh may contrgbute tb the high -

hsxgnlflcant at QSﬁ‘probab111ty.‘ When the maln effects were‘
/ ~ e

1nterfac1al tens1on aqd repellenoy olelted by thlS fabrlc.

The two way 1nt ract1on of abra51on (three 1evels) and

P

afabrlc (two fabrlc;) on percent tr1 allate penetratlon Wwas

'separated, the effect of the levels of abra51on was not

R

P S

Kleenguard® EP fabric;ufsuggesting“a- high interfacial

oy

31gn1f1cant, 9Kt the effect of the fabrlc wvas 51gn1f1cant.-

1
“

A
kta)
¥
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In other words, there lS a 31gn1f1cant dlfference'rn the

.. was 1ndependent of the abra51on treatment

‘l:examlne thas flndrng, correlatlons bétween ,hlckness and A
penetratlon were calculated ,‘The results are presented e
below. , _ o L ) " ‘

) e ' R ‘ ‘;,'_“,"

'b Effects of fabr1c welght and- thlckness on. penetratlon Thewr'g”,ﬂkf

., ;nltlal welght aof a}l— spe01mens was‘ méasured prlor"* : *\f

’ N e o o T R
to pest1C1de contam1nat10n.. AIS‘; thex-1n1t1al I hlckness S
of the spec1men was determrned by the calculatlon @f the IR

average ‘of f1ve thlckness measurements taken around' thet'
'spec1men . centre, where contamlnatlon would occur., fThe; (o
~\th1ckness at the centre of the spec1men was 1solated and'
R N . . . ) .
‘recorded separat ly to prov1de L a. segond- 1nd1cator Jof -
cw S ) _ . o o . .~- Coe . .
o thlckness.:~f E D U LRI .

For the Kleenguard® EP: unabraded controls, there was a

51gn1£1cant negatlve correlatlon (r%,-o 5085) between the 

E; average thlckhess and oercent penetratlon~ in othe; words,' ‘ '

2 the thlnneri the fabrlc,'the greater' th penetration ofe
]pestlcrde.-.There wasnlno 51gnlflcant correlat;on.between

| thxckness at the séecamen centre or. 1n1t1al welght of thev

spec1men and percent pest1c1de penetratlon..-After 3 and,G

PR

mlnutes of abra51on, . the percent trl allate penetratlon'

correlated w1th nelther thzckness~' (average;orfat;speclmen_ R

s - S o TRCE
‘ centre) nor 1n1t1aT=::T§ht.' S A _-A_,-A~-;

As observed ‘in .the dotplots and5'1n the ANOVA test,

\abra51on 51gn1f1cant1y 1ncreased she. pest1c1de penetratlonl

N
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. on Kleengu’ard0 EP.“hon this;fabnic,”abraslon contrlbuted B
AmoreJ;1gn1f1cantly tb pesticide7 penetrat}on dhaq,dld.thé; .mﬁ}&;
ldvariab}lity of the fabric 1tse1f 1t would appear'that;the
abras;ghxon the. Kleenguard® EP Eabrlc. was’severe enqugh_

to make the- var1ab111tyv yfnﬁpithe‘ fabric ' thickness'.

“insignificant in. terms' of its ‘effect’ on ' pesticidé

penetratlon.'. ° ',)'- N ," Ly ‘
) b " . - P . . . L. £ . . -’ ‘ g ‘
N For the TyvekO spec1mens whlch were not abraded there =~ | =
+ was . a 51gn1f1cant negatlve correlation”"‘(r’= -0 4§9D) '

: between the thickness at the centre of the ‘specmen and the

- perx nt‘ pestgc1de penetratlon. After three mlnutes of : o
abrasion, there was a 51gplf1cant inegatlve correlatlon

‘between thickness ~at the centre and percent tri-allate .

-penetratlon ( =~—0 6861) , and average thlckness and pércent

"fpenetratlon (r# -5‘2602) AAt»‘G mlnutes' abra51on, there K

i . R
was a significant negatlve correlatlon between average

.thickness~and percent penetratlon (r= -0.6072); - At all
. t' : k .
three levels of abra51on on Tyvek® the 1n1t1a1 welght of

the spec1men d1d s;gnlflcantly correlate 5w1th the

9

percent pest1c1de penetratlona,:

h
k)

At 'akl' ﬂhree \Fasion on Tyvek®' either = -
iy T ‘} \ ia, ' .

average thlckness ror the thlckness at the spec1men centre

_ . >

-51gn1f1cantly correlated- w1th the _gpercent penetratlon; o

rndlcatlng ‘that variability of the ~£abricl (spec1f1cally"
fabric 'thickness)‘ is'ja ,51gn1f1cant factor 1n pest1c1de

3

»hpenetratlon for this fabrlc. Thls trend was suggested by‘ '

the dotplot;\thé.correlatlon tests confirmednthat, cf,the'



’ : L e e
two .fabric -characéenlstics -tested;ﬁ‘thickneSS"'is “the
. —slgnlflcatt one. * ce oLt B s - SRR
N . N > 4\\ . . Y ..

treatment- .on awepgcimen measurlng 23 cm. square,’ whlch is an-

' A
“area much larger. than “the 8 cm sqware spec1men h’gd

. In thls study, 1n1t1al welght of the Specimen was not

a signigicant jlndlcator ,of pesth1de penetratlon’ for

i

either ,fabric.. This ‘result’ dlffens Brom the’ study of .

AN

-DeJonge and Anastasakls (1987) who found fabrlc weight a

: e |
betten predlctor of pest1c1de penetratlon than thlckness.-

vy e

_The welght of the fabrxc ‘was measured prlor to the abra51on

-

R v

-
-

pest1c1de penetratlon. vaen;,the varlaplllty 1ﬁ= fabric

. ' R " o i ' i a . ‘ . R . 4 “ . ..“ ' 87
A A} .
\ - - s R . ‘ . .

“~

]

~

welght“_over relatively small  areas on these nonwoven '

\ d . Lo .
fabrics\(as’suggested in the standard deviations . for the.

'welght ’measurements, Sectibn 3.5) it 1is poSsible “that

v \

fabric welght may have been a more SLgnlflcant 1nd1cator of *

¥
‘pest1c1de penetratlon,lf it had been measured on a smaller_

. . . S . o
specimen. R o o E o

=ty

‘For-both fabrlcs, prlox to abras1on, ‘the penetratlon of .

tri- allate lncreased as the thlckness of ;Hé- spec1men

&
‘decreased On Tyvek® spe01mens, the relatlonshlp between

~

'thlcknessz'and pest1c1de penetratlon was* malntalned even

5

after abrasion. In contrast,‘after abras1on, there was no

“

relatlonshlp between thlckness ‘and pest1c1de penetratlpn ‘on’

Kleenguard® EP. CItCis poss1ble that the Tyvek® fabrlc was

o . 1 5

more’ re51stant to the abra51on than was the Kleenguard® EP .

°

fabric. This is suggested 1n the results of the tenszle

tests; while there‘was'a significant loss-in strength,with B

3 .
. ' . . .
. . A

s



"increased abrasion for Kleenguard° EP speoimehs‘abraded on R

L O R
- ,
.

the - Brush Pilling Tester" tbere‘ Wae no s;gqxfacant

'Tdifferehce in tensile strength\.amonq' uhabraded Tyvek

. L

spec1mens and those abraded on the Brush lellng Tester.'_\

Alse, in v1sual observatlon -the abra51on on Tyvek0 d1d not

<. appear so be as severe as .that on the Kleenguard® EP.

— -

>

i

"fabrlc.a_The pills Were small and- the flbers were not

' severely‘ tanqled 'in the fuper pllls"’ observed on thel

-
.-
~

Kleenguar\iO ER fqbrlc (plate 4)~ L ‘.',k Y

Several othqr stud;es h&Xe exd”ﬁned the> penetratlon of

pesticides thrOugh nonwoven wfabrlgs. ' Using a spray

<

chamher, Hobbs (1985)‘tested malathion'penetrat{on'tho%gh‘

. , ? .
16 fabrlcs 1nclud1ng spunbonded polypropylene with. melt

-

of varlous welghts,_ A COmmerglaLﬂx.flnlshed SMB alldwed

a penetratlon of - 218. 3 ug/cm 'whlle 145.Y ug/c'h\2 of ‘the

pest1c1de formulatlon penetrated a regular unflngshed»SMB

LI

~blown fibers (SMB) .and spunbonded 1008 olefin (SBO) fabrics

of the same welght. 'The_SBo alleed a penetrationAof?17.8'-

. ‘\.! 5 M - . - - " -
ug/cm2 'A'Scotchg'ua'rd0 finish reduced the penetration of

malath;on through both\&abrlcs, %o, 16.5 ﬁg/cm2 for the

y :
SMB" and 5% 1 ug/cm2 for the SBO. -
e

Leonas (1985)‘ tested the penetration OF’4 pesticideeg

through twenty:threeﬁyfabrlcs ‘inciuding Tyvek® and_ a

—

polYpropylene fabrlc with a sandyich of spunbonded/ |

:' meltblown/ spunbonded \ffber layers (SMS) , a. constructlon

resisted the penetratlon of dlCOfOl - ~and ethlon. The

szmllar to that of’ Kleenguard® Bothe fabrlcs comp tely e

I



. P . Lo . ' .
- . . . i ) : ] L 89
. » . v

&.-Il R e

penetration of methyl parethion wasA similaq..for both “
fabrxcs, 9 5 ug/cm2 for Tyvek° and 8 5 ug/cm for the Su;‘&

'In contrast, ‘ approxrmately 8. 3 times more captan

L@

penetrated through Tyvek° than the SMsS fabrrc. X

Both - Hobbs and Leonas ,used fabrics srmxlar L0 those

' used in this study; hqwever, direct comparlsons cannot be.

‘made. becauseé both presented ,their results only as the

v

amount b{j péstrcxde that penetrated th tabrrcs and -

‘neither stated the total amount of pesticide that was

)

initially appl1ed to the upper fabric. For that reason,”

comparisons,!of the percentage. of pesticide penetration
“ [y — ‘. N

. ' S ot . ' e, o o . ) -' . "

cannot be 'made. Also, di¥ferences in the contamination

. ) v s . .
"techniquES; must be considered. . Like Hobbs, Leonas ‘used

o . . ) v -‘
gpraying chamber/ to contfminate specimens\ §£e.pressure ;

a

. of the spréy would ffect penetration of the iquids. One
__\4/

‘observatlon caQ,be ‘made about the results of these studies.
‘Unlike the ?esults fér trf- allate, KleenguardJlrke fébrlcs

did not slways allow a lower pest1c1de penetratron rate

* A

‘than Tyvek®. . T ‘1

s . . B B » . , 3 - . ."
"Two sglidies did use a contamination procedure srmrlar

r

.Ato the_pipetting prdeedure used in this study. " Laughlln et

al. (1984) pipetted 0.2 mL of .a.'drlUttpn -of m%thyl

Parath}on onton’TyAveko . Qf the pesticide applied, 0 lb%
penetrated to a 50/50 cotton/polyester poplln under layer,'
- and "another ‘leO% penetrated through -the .poplin to ;a

collector pad. The percentage penetration of methyl

‘parathion f(a total ef:O.Z%) was less than,dbut'reldtively'
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samzlar to, the penetratxon of tr1 allate through Tyvek° Ln'

4

~this Btudy (0. 9266%) . .

Staiff et al., (1982)f conthm'hated spuqbonded, lbb%

‘o%sfrp (SBQ), speciﬁens -wjfh
le’

§.2 mL gpf concentrated
parathion ”ih; the me;alfi concentrate . formulation..

After 3* minutes, . 33 14% of - t e peéticide\penetreted:the

" SBO. A max imum penetratlon of /50 3% occurred aSter }fT‘

In this study, the 'penetrationfpf parathion was much hlgher?‘“’ "
‘than tbat,Obéered,ﬁor’tridai ate or meglyl parathion on

ration .of the pesticide

. , . L)
.

similar fabric. " The ‘concer
formulation'may be  a féctor in the higher pehetration”rater
Also,'during the'penetration'test,‘Steiff et al, placed 50
,mL beokers over .the 0.2 mL "splash"‘to maintain constant

o

furface area and surface contact. This procedure would‘ ’

enhance penetrat1on. . ’h L ©

»In cohclusion, there\ was .a Signrficant difference in.
»the 'penetratibh of tri-allate through KleenguerdQ,EPKahd |
'TfueKO -although 'penetration was less than‘:l%' for . both
fabrics. Abrasion.‘caused a significant' increase”.in
~pest1c1de penetratlon through Kleenguard® EP, but it had no‘
51gn1f1cant effect on the penetratlon through Tyvek® <
At the most abraded level on Kleenguard® EP, however, the
penetration ofrtr1-allate'was about 2.5 tlmes less than the
penetration of tri-allete ’through Tyueh®“ ‘And finally,
fabrlc thlcknesé gorrelated w1th pest1c1de penetration— for

all three levels of abrasion on the Tyvek?® fabrlc, and. for

the unabraded - Kleenguard® EP fabric, but,after abra51on;

9
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fhere,&&éano fe;étionsﬁfp bgt&éeﬁ thicknéis-and pesticide
_penetration on. Kleenguard° EEP."" Thié"study ,gimulg}ed
lgvelq 'iof ‘abrasion ’whﬁch ﬁighe ' typicaily .occﬂ:' on
A‘dispOSabi; coveralls qfter apéroximately 12 houré of wear;

(4

if the coveralls were wo

the levels of abrasioﬁx and ,the rate of pesticide

[ o

penetration'may significantly increase,

LR /
‘- RSP

rn for a longer time period, both -

B 9 " P
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. coveéra 1@3{ N
study, x‘testi

[ - ‘ K}

5;1_‘Sum'a;y

The -urpose of thzs study was to examine the effect: of

abrasion Y on pesticide penetratlon through* d15poSable

-
¥

brics, Prior to the pesticide penet;at;on

- was . COnducted in order to establish

. . N | .
~ laporatory . abrasio ' imy ed abrasion obs"bed on

trial. - <,

~ they were worn in a field

/

iments tested, the Brush
VL

Of the two abrasion

Pilling Tester produced abrasion on Kleenguard®-EP more

similar to that. observed on garﬁents worn in the field
trial ‘than did‘the Taber Abraset, Both indterms of residugal
tensile strength and tbe'visual appearance as observed\in
scanning electron microscope pﬁotos. 'The abrasion on. the
Kleenguard® EP fabric, produced by the Taber Abraser, was

similar,.only “to" the most severe level d% field trial

,abrasion. Tyvek® was abraded by both instruments, but

not sxgn1f1cantly in terms of tensile strength, except at

1300 cycles on the Taber Abraser. Saranex® was not abraded'

‘from that produced in the field or by the Brush Pilling

51gn1f}cant1y by elther 1nstrument, and thetefore, was not

- 4
&

kncluded in the pesticide penetration study. In SEM

photos, - the abra51on produced by the ~Taber Abraser differed

‘Tester in three ways: 1. "the abrasive damage on the

2 T .
Kleenguard® EP fabric penetrated to the inner layer, where

92
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fhicrofine fibers were drawn out to the surface; 2, the

loosened fibers -on both Kleeaguard® EP. and Tyvek® were
; s ) ' .

spun ~ into a "yarn" by the  circular .motion of the
4 ' , o : ot
machine; and 3. the Taber Abraser caused the coating on

Saranex®-to begin . to wear away while the Brwsh Pilling

v .

Tgster'caﬁsed only random scratches on the surface of the

Saranex® fabric, evén after 6 minutes of brushing :Xme.
Ve

The mean percentage - of the dilute tri-allate

fbrmulatién’ .which penetrated both coverdll fabrics. was

L .

y . ' s .- . , .
: less than 1%, even after abrasion. The penetration of tri-

4

allate through Tyvek®, however, was about 2.5 times

--higher than the penetration through Kleenguard® EP at the

. " : - \ .

most abraded level. For Kleenguard® EP,. there was a
- e

significant increase in the penetration of tri-allate as

the level of aﬁrasion increased. For Tyvek®, there was no
- :

significant difference ~in pesticide penetration at all

three levels of abrasion. . .

et

The percentage of pesticide which ‘penetrated thropgh

e unabraded Kleenguard® EP fabric increased significantly

-when the initial thickness of the specimen decreased.

This correlation between-thickness and penetratiomwas not

significant when the fabric-was abraded at the two levels.
’ B ) . N A}

At .all three levels of abrasion 'on Tyvek®, pesticide

penetréfion increased as the 1initial thickness of the

~ v

specimen decreased. There wes no significant correlation
\ B . -

,betweén the initial wejight of the specimen and pesticyde

penetration for either fabric. ;

L3

T
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$S.2 Conclusions
| The levels o‘laprésiﬁn_used in the penetration study
were choseﬁfto simuiate modefate and verylse§ere‘ievels df"
abrasion typically found on Kle.enguardd‘D EP ooveralls,worh

fbr approximately one day in a "field trial.  In the

-

pesticide penetration study, both’ moderate and-very severe, '
abrasion caused a significant increase in the penetration:

. L3 . e
of dilute tri-allate through KleenguardOEP( At both levels

— -
- »
. -

of abrasion, there was. no significant increase in the

penetration of tri-allate through Tyvek®. 1In actual wear,

e levels should )

.

therefore, a‘Tyv‘ek® garment abraded at thes

maintain the protection_~Eo spills and splashes of-| the
oridNnal, unabraded garment if the condﬂtions of

~contémination are similar to those simulated in this
* L]

study. ° During a typical day's wear, ‘Kleenguard® EP

would begin to lose its original level of protection from
spills and splashes as the coverall became abraded.

Deépite this, even at ‘the most abraded level; Kleenguard®

/’—‘w« i .
EP stlill provided greater protection than -the “unabraded,
/ ' ' ,
. In the - conditions of this study, ¢ the

enetration of ‘tri-allate was:- approximatély 2.5 times -

.1~higher through Tyvek® than Kleenguard® EP at the moéﬁ
abraded"IEQei; Yet, according to.the results of‘ this
stgay, bo;h‘fabrics are likely to provide a ;eiativelykhidh

i . 6 '
.degree "of protection from spills ‘and splashes of tri-

7

.allate;. pPenetration 'even at the most -abraded level, was

L]

less ﬁhjn'l%. In other words, 99% of the dilute'tri—allate

P {
N - : /
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considerations when farmers select coveralls.

A}

r

-

i

1

. . .

T . N : . . ‘i
.

N

\

Y

did hot penetrate the fabrics, but simply stayed on the

fabric surface, ' During the contaminjdtion procedure, the

~dfoplets of pesticide ieﬁded{to bead up and then dr& on the

surface of the Kleenguard® EP. In actual wear conditions,

+

body movement would probably cause the droplets.to roll off

the fabric surface., 1In contrast, the droplets of pesticide
réadily spread out and wetted the surface qf Tyvek®, fhe
protection"of‘ either ‘fabric to spray or a contaminatibn
sohrcg that is atla greatér pressure than that used in this
stud& cannot be determined from this study.‘

In light of these results, farmers should be educated
¢ .

to recognize the signs of abrasion (fuzzing, pills, cuts,

holes, or thin spots) on their disposable coveralls. To

ensure the highjst protectiogi and safety while wearing

diéposgble coveralls, farmers should be warned to remove

coveralls- if they are noticeably abraded. Of the three
fabrics tested in the ;brasion stqdy, Kleenguard® EP is the
one' most likely to sugker agiasion in field conditions. On
the other hand, Saranex® would likely perform ‘better,

suffering less abrasion, than Kleenguard® EP or Tyvek®'in

. the wear conditions of farmers spraying pesticides. This

——

Study examined durability and repellency, but factors
: s :

_sugh  as comfort and. economics also are important

»

-

T,
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~penetration 'on

*

‘51 Recommendatrons ”‘ji:"' C
Thxs research was tonducted to study the relatronshlp

r

”ﬁ” abra51on and pest1c1de penetratlon. One of the

1

¢

abrasron found 'on‘ field trihl nonwoven garment§ Other ,f”
1?aspects of the study, such. as varlatrons 1n tn% pest1c1de"

"'and -th method of contamlnatlon, were held constant in

I . . e s

order to COntrol and 51mp11fy results .in. relatlon to the

Y v Y

abrasron. , fMany‘ other aspects of'l he ‘research requlre

further study “in’ order to completely understand the fabtors

E N

Nems of the project was" to flnd a Iaboratory method .

of abrb51on 1n the fleld,lthe 51mulatlon of t%at abra51on,‘.

\

dsfand 'the‘ relat;onshlp between -abraslon 'ahd,“pestrcrde

P ' T R

‘.disposable ooveralls. L

Cduld include= "“‘:.. oy : N '/,’f
. .

L. A dupllcatlon of the study, w1th other pestlcrdes and

other formulatlons of - pest1c1des,
&

.2.“Penetration ﬁstudies_,on abraded disposable:lggbrics ~in

. which  the effectsIIOE pressure‘ durlng :spraying are

. B ¢
LV N

"»simulated- both the pressure from ’the oontamlnatlon’

procedure and the pressure’ from the body undegneath~¢he

’.. w.

coveralls.' o R \'Wb'f, e R

\3.f‘Penetratimf-Studies on abraded dlsposable fabrics.in'

Y aced
whlch the effects of temperature are examlned

'laboratOry;; Speclmens taken from coveralls worn in-a fleld

-‘trlal (where the condltlons'» ofwspraylng are . malntalned

MR

ta

r¥.

>f'Further iresearch;_

R

4

iquf” abraslon- whlch *samulated ihf range ~and" type,_‘the.;**

“'4' Further teStlng f.,the- abra51on produced ~in'_ thét'f‘



,wlthout the use»of actual pestlcrdes) couldrbe ranked in

the same levels ~of abra51on used ~ in this study. The
. & . R Lo
: penetraflon stud; could then' bef ~ replicated. .on .these

'

,spec1mens. Comparlsons between the penetratldh of pest1c1de

through fleld tr1al and . laboratogg abraded specimens "

could be made, to further ~determine the effect1veness of

s 3

the; laboratory,,simulation of "field tréal ‘abrasion. 5.
i X . . N - .

‘Observatlon4m [ofu, agrlcultural , workers," _preferably’

R

~recorded on Vidéo tape, o in, the””procesS - of spraylngi

pe§t1c1des to determlne what factors ‘cause abra31on on the

comeralls. This 1nformatlon could be -used to 1mprove the

B

laboratory s1mulatlon of field abra51on.

6. A o.rllcatlon of the experlment u51ng other nonwoven

fabrics. : o
. . . v “ . . ' L B R )
7. Tyvek® and Saranex® could be 1ncluded in 4 fleld tr1al

~ °o

to determlne how abra51on affects the performance of th&.

S

fabrlcs.k C ‘ . PR

B}fﬁAnother aspect " of  the -dUrabrlty' of * the couerallg A

a " ;
B Y

: : . . S /
“could be examined by _testing the rate of pest1c1de //
o %, : o ’
. penetratlon through the seams on drsposable coveralls. ,”
’ N C &5 i L R o ) i /

. i
. = N . . . R N - /
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APPENDIX 1

DISPOSABLE COVERALL SURVEY

i



May 6, 1987

.
\

Dear District Home Economist;

A joint research project is now being conductcd by the:

Clothing - and *extiles Department at the University of
Alberta’ and Alberta ‘Agricul:ure to test disposable

: N . .

coveralls’ and disposable gloves for their usec .bys Farmers

‘Wwhen applying pesticides.. As a part of thié feseafgh. wé
_ | O

are interested in determining what types of disposable

- coveralls and gloves are teadily available to Alberta

farmers, should they desire to purchasge "these products.
You can assist us by determining what local stores in your

district carry disposable coveralls and gloves.  We require

. . '

information about the fiber type, design features, cost and
e

“the size ranges available. We have included an information

sheet about various disposable coverall fabrics to help you

v

. ‘ .
to evaluate the coveralls which you encounter, For vyour

%

convenience, a survey is enclosed for you to record this

information.

If you have any questions about this survey, pleasé call:

.

Bertha Eggertson 427-2412

Sherri Martin-Scott 432-7216

Please return the survey by June 1, 1987. Thank-you for

& -
your assistance, ) ' I
[ i

‘Sincetely,
- g ‘4 / . ' ’ i ﬁ ‘ .
C , Sherri Martin-Scott

5
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' DISPOSABLE COVERALL FABRICS C ‘-

. Kimberley Clark produces three 100% polypropylene
~disposable coveralls. \
l. Grey Kleenguard

- with b;ye stitching

A

2. .White Kleenguard ~ ‘ \
- with green stitching ‘ . '

3: White Extra Protection Kleenguard
- with red stitching’

These 9gyerafls cost approximately $7.00 - $10.00

Tyvek is a reglstered trademark of E. I. Dupont for
its 100%, spunbonded olefin fabric. This fabric is made ~
into coveralls by various companies; for example, Seam
Enterprises, Durafab, Pro-Tec- Tion, etc. .

There are at least three types of Tyvek coveralls ¢
which you may encounter: :

1. Regular Tyvek
- white ' ) N
- approximately $10.00 ‘

2. Polyethylene (PE) Coated Tyvek ]
.~ yellow oOr grey
- approximately $20.00 - $30. 00

3. Saranex Lamlnated Tyvek
" - white
-~ approximately $20. 00 - &&0 00
You may find disposable coveralls that are neither
Kleenguard nor Tyvek, made by manufacturer other than
those mentioned here. Indicate thesé coveralls on the

survey under the heading "Other". Y -
. z - \
- i . i .



DISPOSABLE COVERALL SURVEY

1. WHICH LOCAL STORES CARRY DISPOSABLE COVERALLS AND/OR
DISPOSABLE GLOVES?" o

t

2. WHAT BRANDS OF DISPOSABLE COVERALLS AND GLOVES ARE 1IN .
STOCK AT THESE STORES?

COVERALLS

indicate size
design features

Please check (/) fiber type in 'the appropriate column,
ranges available ' and

cost and designate

with codes listed below.

CODES FOR DESIGN FEATURES

Hood = H

Sleeve: Raglan
Fitted

Boots = B

Type pf closure:
{

R
F
Zipper = 2
Snaps = §

FABRIC TYPES \/>

MANUFACTURER

Kimberly Clark

Seam, Durafab,
Pro-Tec-Tion_

Grey Kleenguard

White Kleenquard -
(green stitching)

White Extra-Pro-
tectiof Kleenguard
(red stitching)

Tyvek Spunbonded
Olefin (white)

Polyethylene
Coated Tyvek
(yellow or grey)

Saranex Laminated
Tyvek (white)

DESIGN .- COST SIZES
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