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PARAQU.AT: PENETRATION THROUGH PROTECTIVE CLOTHING MATERIALS

FROM A MALAYSIAN 'GRAMOXONE' FORI,IULATION

SUMMARY

To provide information on the efficiency of various protective clothing
materials against paraquat penetration from a GRAMOXONE formulation, the
penetration rates and break-through times of paraquat have been determined
for the fol I owing materi als:

o a)

b)

c)

d)

e)

f)

Po I yethyl ene-coated

Saran-coated IYVEK

TYVEK

KIMGUARD

COROVI N

Unfinished cotton

(yel Iow) TYvEK

o

GRAM0X0NE was applied to these materials as the concentrate (200g

paraquat ion/1) and as the spray-strength dilution (2-5g paraquat ion/t).

The two coated TYVEK materials (a and b) were found to have resistance
(<0.05uS paraquat ion/ml determined'in the receptor so'lutions) to both

GRAM0XONE applications throughout the 6 hour exposure time.

KII'IGUARD material (d) had a limited resistance with break-through times
of (0.5 hr for the concentrate and <0.5-4 hrs (mean 2-Z hr) for the
spray dilut'ion. The penetration rates were 269-9e4ug cm-2hr-1
(mean 608pg .*-2t"-1) for the concentrate and 0-08-2.43ug cm-zhr-l
(mean 1.01pg .r-2h"-1) for the spray ditution.

The remaining materials, TYVEK (c) C0R0VIN (e) and unfinished cotton (f)
displayed little resistance to paraquat penetration from either the

concentrate or spray di l ut'ion.
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1 INTRODUCTION

The permeabi l ity of 6 different materi als (Potyethylene-co.ated (yeilow)
TYVEK; Saran-coated TYVEK; TYVEK; KIMGUARD; C0R0VIfi; unfinished cotton)
to paraquat has been examined. The materials viere mounted in horizontal
glass diffusion cells (Fig 1). The GRAMOXONE was appiied to the materials
both as the concentrate (2009 paraquat ion/l) and as the spray strength
dilution (2.59 paraquat ion/l) in water-

2 MAIERIALS ANO I4ETHOOS

2 .L Reagent s and Test Materi a'l s

?-l-l GRAIIOX0NE (200g paraquat ion/l; Malaysian formulation,
Division ref: SA83/85) was supplied by PIant Protection Division. The

formulation was g'iven the Central Toxicology Test Substance code number

Yooo61/071/001 ) .

2-L-Z Paraquat dichloride analytical standard (gg-ef purity) was

obtained from P'lant Protection 0ivis'ion and given the Central Toxicology

Test Substance code number Y00061/01010L2-

2-L -3 Samples of protective clothing materials:
a) Polyethyiene-coated TYVEK

b) Saran-coated TYVEK

c) TYVEK

d) KIMGUARD

e) coRotlIN

f) Unfinished cotton

?.1.4 Sodium dithionite solution: 0.59 sodium dithionite was dissolved
in LM sodium hydroxiCe (15mI) and made upto 50ml with distilled water.

6S27A141cTL/P/t467 2
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2-Z Analytical Procedure

2-2-L Spectrophotometer Conditions:

I nstrument

Scan Range

Scan Speed

Chart Speed

Absorbance Range

Band l,lidth

Cel 1s

Pye-Unicam SP8-100 UV/visible, double beam, recording

spectrophotometer

420-370nm

Znmlsec )10nm/c,
5 sec/cm)

1.0

lnm

Lcm path length, silica micro-cells

2.2.2 Oetermination: 50ul of freshly prepared sodium dithionite
solution were added to a 0-25m1 sample (collected as described in Section

2.3.1). The sample was then transferred to a spectrophotometer cell
and its spectrum recorded between 420-370nm, using as a reference 0.25m'l

0.9fl physiological sa'line similarly treated with 50u1 of sodium dithionite.
t{here a peak $ras seen at 396nm, a base line was drawn under the peak and

its height at 396nm measured. Thjs peak height was compared against that
of a similarly treated standard solution (lug/ml) to calculate the

concentration of paraquat in the sample solution.

The Iimit of determinatfon using this procedure was 0-05ug paraquat/ml

2.3 Penetration Measurements

2.3.1 Procedure for all Materials: Glass diffusion cells (Fig I)' in

which the material under investigation forms a horizontal membrane

separatlng the "donor" and "receptor" chambers, were used to measure

penetration rates . 2-54cn2 of the material surface was available

for exposure and all experiments were conducted at Z?"C x L"C-

The receptor chambers were fi'tled with a recorded vo'lume of 0-9f,

phys iolog'ical s a'l j ne wh ich was stirred throughout the expeliment -

$527t, i4f,

o

o

crL/ P / 1457 3

sY

Case ID: 220300429
Control No.: 26064959



o

All the materjals were exposed to 0.5mi of GRA[*'I0X0NE concentrate (2009

paraquat ion/'l) and spray strength dilution (2-5g paraquat ion/I), which were
pl'aced in the donor chamber of the cel'l-

At recorded intervals duplicate samples (0-25m1) were taken, and replaced
by a single addit'ion of saline (0.5m1). The samp'les were placed in
small glass vials and stored at 4"C to await ana'lysis by spectrophotometry.

2.3.2 Procedure'used to confirm Break-through Times for TYVEK, C0R0VtN

and unfinished cotton: l,lith the above materiais the donor applications
penetrated too fast to determine break-through times or penetration
rates. To attempt an assessment of the break-through time, the test
material was laid on top of a filter paper and then clamped between two

donor chambers- 0.5m1 of either GRAM0X0NE concentrate or the spray
djlution was app'lied to each material, and the f ilter paper be'low was

observed to detect appearance of formulation penetrating the test
material; this was therefore a qualitative assessment.

2.3.3 Calculation: The time-course and penetration rate, with
correction for the volume of sample removed, were calcu]ated as follows:

Receptor Vo'lume = V

Sample Vo'lume = s

O Concentration in samples at: tl, tZ, t3..
are Cl, C2, Cj

Thus the amount of paraquat removed from the receptor at:
t, = crs etc

The total amount of paraquat having passed through the materiai at:
t, = ctv
tr= crV + clS

tr=crV*c1s*.2,
tO=cOV+cls*.Zs*ca.
etc

55?70i43
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Results were plotted as "the total amount of paraquat ion absorbed versus

t ime" .

The slope of the'linear region of this plot, corrected for the area of
the epidermal membrane, gives the rate of absorption of paraguat ion per

cm2 of materi al -

The break-through time'is not ca'lculated but is defined as the time of
the appearance of detectaile amounts of paraquat in the receptor chamber.

3 RESULTS

It was intended to run all the experiments for 6 hrs, hourever, only
the Polyethylene-coated TYVEK, Saran-coated TYVEK and KIMGUARD had

sufficient resistance to the penetrations of paraquat ion from the

formulations to allow the full time course to be sampled. For both the

coated TYVEKS, no determinable amounts of paraquat (<0.05u9/ml) from

either formu'lation were seen in the receptor so'lutions after 6 hr-
KIMGUARD material displayed break-through times for paraquat of (0.5 hr
for the concentrate and between (0-5-4hr (mean 2.2hr; SD t 1-8 hr) for
the spray d.ilution. fhe penetration rates of paraquat ion through this
material were 269-924vg.r-2h.-1 (mean 608ug cm-2trr-I SD t 328ug

.r-2hr-1) from the concentrate and 0,08-2.43ug .r-zhr-1 1r"un
1.01ug .r-2hr-1; SD t 1.25ug *-2nr-1) from the spray di lution.

Both the GRAMOX0NE concentrate and its spray dilution penetrated the

TYVEK, COROVIN and unfinished cotton almost irrnediately and thus the
penetration rate was too fast to measure apart from one TYVEK sample

[witn tne spray dilution donor which llas measurab'te up to t hr (417ug

.r-2 t',r-l). Th'is rapid penetration was confirmed by using the second

procedure (Section 2-3-2), when the formulations were seen to wet the

fllter paper immediately they were appl'ied to the material. tlhile the

break-through tirne was almost instantaneous this procedure gave a visible

65:iu i44
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impression of the penetration rate, indicating that the formulation
penetrated the TYVEK at a slightly slower rate than through unfinished
cotton, and Corovin showed no apparent resistance with penetration of the

formu'lations occurring inrnedi ately after appl ication.

fhe results for al'l materials are displayed in fables 1 and 2.

4 OISCUSSION

No paraquat (<0.05u9/ml ) was found to have penetrated polyethylene-coated

and Saran-coated TYVEK during the 6 hr exposure time- KIMGUARD material

had a short resistance to paraquat ion from the concentrate (mean break-

through time (O.shr; mean penetration rate 608ug .r-Zh.-1) and the

spray dilution (mean break-through time 2.2 hr; mean penetration rate

1.01ug *-2h"-1). TYvEK, C0ROVIN and unfinished cotton offered

Iittle resistance to ejther formulation, the breakthrough times being

immedi ately after appl ication-

These data would indjcate that both po'lyethylene-coated and Saran-coated

TYVEK w'ill offer spray operators protection against both concentrate

GRAI'IOX0NE and the spray strength dilutiott.

From the results obtained, TYVEK, COROVIN and unfinished cotton cannot be

recommended for protective clothirrg for use during the application of

GRAMOXONE.

Rl.l/DC/SJS (81e)

4-12.85
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PARAQUAT: PENETRATI0N THR0UGH PR0TECTIVE CLOTHIIIG T,IATERIALS

FROM A MALAYSIAN 'GRAMOXONE' FORMULATION

FIGURE 1
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PARAQUAT: PENETRATION THROUGH PROTECTiVE CLOTHING FIATERIALS
FROM A MALAYSIAN 'GRAMOXONE' FORMULATION

TABLE 1

PENETRATI0N 0F PARAQUAT FRoM ,GRAI,!0X0I{E' CONCENTRATE (2009 pq2+/l)

(0.5 mi n Too fast to measure

<0
(o

-01ug cm 2

.o5ug/mt )

I
ND

*

hr based upon the analytical limit of determination

For TYVEK, COROVIN and unfinished cotton, the dye in the formulation
lvas seen in the receptorirnmediately after application to the donor
and thus the absorption rate was to fast to measure.

6527 0 1 47

Materi al

Break-through Time Absorption Rate

(ug.r-2n"-11

Individual Cel 1 Mean Individual Cel l Mean

Polyethyl ene-coated
IYVEK

( Yel 1 ow)

)6 hr
)6 hr
)6 hr

)6 hr
ND

ND

ND

ND

Saran-coated
TYVEK

)6 hr
)6 hr
)6 hr

)6 hr
ND

NO

ND

ND

TYVEK*
<0
<0
<0

5
5
5

m'l
mi
mi

n
n

n

(0.5 min Too fast to measure

KIMGUARD

(0.5 hr
(0-5 hr
(0.5 hr

(0.5 hr

269

9?.4

633

608
SD 328

COROV I N*
<0
<0
<0

5
5
5

m1

m'l
m't

n
n
n

(0.5 min Too fast to measure

Unfinished Cotton*
<0
<0
<0

5
5
5

mi
mi
ni

n
n
n

cTL/Pl1467 8

sY

Case ID: 220300429
Control No.: 26064959



MATERIALS

IABLE 2

PENETRATI0N 0F PARAqUAT FRoM'.GRAM0X0FIE',.,SPRAY
,L

STRENGTH DILUTION (2.5S Pq../I)

1.01
SD r I.'25

- -2 -1ND.: <0.Olug cm-(hr-r based upon the analytjcal limit of det.hrmination
(0 -O5rrb/ml )

* Foi- TYVEK, COROVIN and unfinished cotton in aIl, eicept:.one TYVEK' '**
celJ,^^ the donor'solution had been completely absorbed through the
material -

** The donor. was,completely absorbed at t hr therefore only measured upto
that time

6ti:7u i r,B

pARAQUhi: PENETRATI0N THROUGII, PR0TECTIIIE; cLoJHIltG'
FROM A MALAYSIAN'GRAMOXONE,.'FORI,IULATION

t

o

Materj al

Ereak-through Time
Absorp?ion. Rate

(ug cmilhr-1)

Indivldual Cel I Mean Indlvidual Cel I 14ean

Po lydthyl erie-coated
TYVEK

(.Yq.llow) '

>6 hr
)6 hr
>6 hr

>6 hr
Nt)
ND

ND

NO

Saran-co-ated
. IY.YEK

)6 tir
>6 hr.
)6 hr

)6 hr
NO

NO

t{D

ND

TYVEK*

K IMGUARD

-(1s mt n( 5 min( 5 min
<15ni n

417**

Ioo fost to metsur€)
)

(0.05 hr"i'n"

4hr

?-2 hr

sD I jI.8

2.43
.. .0.-50

0-08

COROVI N*

(5 min
(5 min
(5 min

(5 min Too fast to measurd

t/nf t ni shed 'Cotton*
(5 min
(5 min
(5 min

(5 min Too fast to measure
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