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Hand protection is recognized as the first line of defense against chemicals or
biological fluids for workers who handle these agents. Several million people
annually are exposed to a variety of hazardous liquid chemicals such as pesticides
or other toxic chemicals ( NIOSH, 1979). Hands are especially prone to attack by
chemicals since many industrial operations may involve prolonged contact of a
gloved hand with toxic chemicals. Protective gloves must exhibit chemical
barrier characteristics, physical and chemical integrity under use conditions, and
not hinder dexterity. By the same token, full body protection is crucial for
individuals who are occupationally exposed to chemicals. Many agriculturists,
structural pesticide applicators, and lawn care workers prefer their everyday
clothing. It is important that their clothing retain the initial level of protective
efficacy after abrasion that may occur due to repeated wear and launderings.

Selection of chemical protective clothing (CPC) presents intricate problems
because many parameters are involved. Chemical permeation tests (Jencen and
Hardy, 1988; ASTM, 1991a) provide the most rigorous of all chemical resistance
tests and measure the diffusion of chemical vapor on a molecular level through
the polymeric material over a relatively short period of time. This
characterization technique applies to any film-based material or adsorbent-based
material. However, it does not adequately take degradation of the material into
account. Liquid penetration testing ( ASTM, 1991b) provides information on
wetting or repellency property of materials. This type of testing is appropriate for
the evaluation of material performance against liquid chemicals.

Some physical/mechanical property changes that determine material degradation
include weight, thickness, strength, toughness, flexibility, puncture and abrasion
resistance. Thus, a material’s resistance to degradation when exposed to a target
chemical or other environmental exposure conditions, as well as its resistance to
chemical penetration and permeation will determine the degree of chemical
protection it will provide. Material degradation testing is most useful when
retention of specific physical properties is desired for multiple use items or as a
screening technique for other chemical barrier testing techniques. Indeed the CPC
material’s chemical composition, thickness, interaction time with the target
chemical and its concentration, as well as temperature are all capable of
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influencing the degree of protection it can provide. Earlier, we have reported the
effects of pesticide chemicals, sunlight and concomitant heat on structural
integrity of various glove materials (Raheel and Dai, 1997a , and b). This study
focuses on the effects of chemical interaction and low temperature on various
glove materials; as well as the effects of abrasion that may occur due to repeated
wear and laundering, on barrier efficacy of a number of fabrics used as full body
protective clothing.

MATERIALS AND METHODS

The glove materials and their characteristics are given in Table 1. Also, apparel
fabrics of various fiber contents, weights, geometries, and applied finishes were
evaluated for pesticide retention and transport on secondary surface before and
after abrasion. Fabric characteristics are given in Table 2.

The pesticide chemicals included carbaryl, a carbamate insecticide, and atrazine, a
chlorinated triazine herbicide. Both pesticides were in flowable liquid formation.
A 5% solution of each was prepared using distilled water.

To determine the resistance of glove materials to degradative effects of pesticide
chemicals, we used a modified ASTM Test Method for Rubber Property - Effect
of Liquids D471-79 ( ASTM, 2001). Glove samples were exposed to pesticide
solutions for 8 hr. The effects of chemical exposure were assessed in terms of
weight and thickness change, effect on tensile strength and elongation, flexural
rigidity, and puncture resistance. Standard methods of the ASTM (2001) were
used for testing tensile, elongation, and flexural rigidity properties. Puncture
resistance was assessed according to the method described by Lara et al. (1992).
All tests were performed in triplicate except thickness change for which an
average of ten tests performed at difference areas of the test sample are reported.
Student’s #- tests were performed to discriminate significant changes in properties
between the control and treated samples. Statistical significance of data are
reported at o < 0.05.

Glove materials, PVC, latex, natural rubber, neoprene, nitrile, and Viton® were
kept at -3°C for ten days. After conditioning the samples at ambient temperature
for 24 hr, their flexural rigidity, puncture resistance, and tensile properties were
evaluated as per standard methods of the ASTM described earlier.

Fabrics of different fiber contents, weights, geometries, and applied finishes were
subjected to 25 cycles of abrasion , using a Tabor abrader, according to ASTM
D3884-80 method ( ASTM, 2001). This level of abrasion was selected based on
visual analysis of reusable garment surfaces of pesticide applicators clothing after
30 repeated wear and launderings.
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Table 2. Fabric characteristics

Fabric Fabric Yarns/em  Yarn twist
weight  thickness turns/cm
Fabrics (g/m?) (mm) WxF WxF
Cotton broad cloth #419A* 115 0.215 57x25 9%x9
Cotton twill #423 295 0.495 33x24 7x5
Cotton poplin #407 222 0.363 44 x 23 7x5
P/C 50/50 poplin #7428 210 0.333 44 x 20 7x5
P/C 50/50, DP® #7428 210 0.337 44 x 20 7x5
P/C 50/50, SR® #7428 210 0.327 44 x 20 7x5
P/C 65/35 poplin #7402 180 0.274 44 x 23 7x5
P/C 65/35, DP #7402 183 0.274 44 x 23 7x5
P/C 65/35, SR #7402 183 0.274 44 x 23 7x5
P/C 65/35, Twill 257 0.451 20 x 23 5x4
P/C 50/50, Twill 216 0.420 28 x 21 7x6
P/C, 40/60, Twill 232 0.457 23x 18 5x4
100% Cotton, Twill 265 0.532 37x21 6x4
Spun Dacron #767 116 0.236 25x 19 8x7
Spun Nylon #361 150 0.325 21x23 6x8
Spun Orlon #864 140 0.325 19x 15 5x5
100% Olefin, Tyvek 40 0.091 - -

a - Testfabrics Inc., Middlesex, NJ, USA-Fabric numbers
b-DP = Durable-press finish
c- SR = Repellent finish

Liquid penetration tests on new and abraded specimens were conducted to assess
the effect of abrasion on barrier effectiveness of protective materials. Liquid
breakthrough ( capillary transport ) was measured using a TRI Liquid Break-
through Tester Model CS-244 (Custom Scientific). The barrier fabric (top-layer),
6.0 cm wide, was placed over 100% knit cotton fabric (sub-layer receptor), and 1
kilogram weight was attached to each end of the barrier fabric pulley system to
keep it in contact with knit cotton sub-layer in a reproducible fashion. The
pressure applied on fabric can be calculated by the equation:

P=W/rd ]
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where, W = weight in g, r is the radius of the anvil holding the fabric system, and
d is the width of fabric in cm. Thus the pressure on fabric system was 37.0 g/cm’

unless otherwise stated.

RESULTS AND DISCUSSION

Chemical Resistance of Protective Gloves: Among the gloves tested, two were
disposable type ( PVC and latex) and four were reusable. The reusable gloves are

expected to receive prolonged exposure to chemicals and the detrimental effects

Table 3. Percent change in physical properties of glove materials due to
pesticide solution exposure ( 8 hr )

Glove Pesticide Thickness Weight Flexural Breaking Puncture

Composition 5% soln. mm mg/cm2 Rigidity Load  Resistance
g-cm N N
Polyvinyl ~ Carbaryl +5.0 +0.8  -10.0°  -142°  +93°
Chloride +0.6 +0.01 +0.5 +3.8 1.7
(PVC) Atrazine -0.3 +0.4 -23.6° +9.4° +30.5°
10.04 +0.02 14 +1.2 +19
Latex Carbaryl -1.7 -5.1 -22.3% 0 .73 +38.1%
+0.02 +0.9 +1.2 +1.3 +2.3
Atfrazine -3.0 -5.7 -17.3* -4.0° +58.2%
+0.39 +0.1 +1.0 +0.9 +4.6
Natural Carbaryl -0.5 -0.2 -9.0° +2.7 4.7
£0.01 +04 +0.1 +1.2
Rubber Atrazine -0.9 -6.2 -14.7* -8.4° -3.2°
+0.01 +0.17 *0.7 +1.2 +1.1
Neoprene Carbaryl ND° ND -1.8 -4.0° 2.3
+0.7 1.0 +0.9
Atrazine -0.5 +0.1 -7.6° -7.5° -1.1
$0.01 +04 £19 0.1
Nitrile Carbaryl +0.6 +0.4 -12.17 +0.5 +5.0%
+0.01 +0.6 1.1
Atrazine +0.8 ND -16.1* 32 +14.1°
+0.03 +0.9 +1.2 +2.7
Viton® Carbaryl ND - ND -1.1 +0.3 +1.1
+0.0 +0.2
Atrazine ND ND -2.0 +1.0 +2.1
0.0 +0.7
a - significant at o0 £ 0.05 b - not detected
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of light and concomitant heat, or low temperature that may occur during use or
storage. Earlier, we have reported the results of irradiation and heat ( Raheel and
Dai, 1997, b). Results of chemical interaction as shown in Table 3, revealed that
glove materials exhibited differential chemical resistance as indicated by changes
in physical and mechanical properties. Latex and rubber glove materials showed
reduction in weight due to exposure to both pesticides. This indicates chemical
interaction between the pesticide chemicals and the glove polymer or filler,
henceloss of weight and thickness. There was a slight gain in weight and
thickness in PVC glove material indicating chemical diffusion and swelling.
Neoprene and Viton® did not indicate interaction with chemicals based on
physical property data. All glove materials showed reduction in flexural rigidity
which was statistically significant in the case of PVC, latex, rubber neoprene and
nitrile. The puncture resistance of PVC, latex, and nitrile gloves increased as a
result of chemical exposure, this corresponds with the decrease in flexural rigidity
of these glove polymers, hence increased flexibility and puncture resistance.
Neoprene and Viton® did not reflect significant change. However, natural rubber
did not show increased puncture resistance even though it had become limp due to
pesticide exposure, this result suggests polymer degradation. Thus, the disposable
gloves as well as natural rubber reusable gloves showed a much higher level of
chemical degradation compared to neoprene, nitrile and Viton®.

Effects of Low Temperature on Protective Gloves: The glove materials, PVC,
latex, natural rubber, neoprene, nitrile, and Viton® were kept at -3°C for ten
days. After the samples were conditioned at ambient temperature for 24 hr, their
flexural rigidity, puncture resistance, and tensile properties were evaluated. As
shown in Table 4, the flexural rigidity of latex, neoprene, nitrile, and Viton®
glove polymers was reduced, that is, they became limp, especially nitrile glove
material. Also, their puncture resistance decreased in the range of 2-38 %. As
shown in Table 5, latex, rubber, neoprene, nitrile, and Viton® glove polymers

Table 4. Flexural rigidity of glove materials after freezing at -3 °C for 10 days®

Flexural Rigidity

Glove Material Original Treated Change

g-cm g-cm %
PVC 0.121 0.117 2.91+0.7
Latex 0.039 0.036 -8.00+1.2°
Natural Rubber 1.340 1.303 292408
Neoprene 1.078 ~1.000 -5.62+0.9°
Nitrile 0.514 0.364 29.19+1.2°
Viton F-101  0.960 0.873 9.02+ 0.9°

a - Glove polymers conditioned for 24 hr at ambient temperature before testing.
b - significant at o0 £ 0.05

169



Table 6. Liquid retention and penetration in fabrics before and after abrasion

Atrazine®, 32.87°

Carbaryl®, 35.75°

Fabrics unabraded abraded® unabraded abraded®
% Liq. % Liq. |% Lig. % Lig. [% Lig. % Liq. |% Liq. % Liq.
reten- penetra-| reten- penetra- [ reten- penetra-| reten- penetra-
tion!  tion? tion tion tion tion tion tion

CottonBroad ,, 55 sg46  4026° 50.74¢ 39.02 60.98 37.05 62.95
Cloth
Cotton Twill 82.08 17.92 96.56° 344¢ 8873 1127 98.98° 1.02°
Cotton Poplin 71.85 28.15  92.70° 7.30° 7876 2124 73.85° 26.15°
PICSO/50 549 3751  82.10° 17.90° 5412 45.88 62.35° 37.65°
Poplin
PD/IS 5050, 5438 7560 2254 7746 3711 62.89 16.64° 83.36°
P/C 50/50, SR <1.00 ND  <1.00 ND  <1.00 065 <1.00 ND
PIC65/35 4088 59.12  53.75° 4625¢ 39.76 6024 47.77° 52.23°
Poplin
gg’ 65135, 3656 63.44 40.76° 59.24° 35.66 6434 40.80° 59.19°¢
P/C 6535, SR <1.00 ND  <1.00 ND  <1.00 030 <1.00 ND
PICOS/35 5560 4740 56.64° 4336° 45.11 5489 47.83 52.17
Twill
PICS0/50  9g71 129  7728°22.72° 9930 070  96.07° 3.93°
Twill
P/CA0/60 9671 129 9895 1.05 9931 069 99.97 ND
Twill

0
100% Cotton o9 46 060 9997 ND 9927 073 99.98 ND
Twill
Spun Dacron 18.54 81.46 8.56° 91.44° 23.60 7640 10.36° 89.64°
SpunNylon 1135 88.65 1254 87.46 690 93.10 440 9560
Spun Orlon  19.65 8035 12.77°87.23° 9.88 90.12 7.38° 92.62°
100% Olefin  <1.00 ND <1.00ND  <1.00 ND  <1.00 ND

Tyvek

a -5.0% Atrazine,or Carbaryl
b - Surface tension (dynes/cm)
e - significant at & < 0.05

¢ - 25 cycles of Tabor Abrader
d - Lig. contact time 1 min.
f - Not detected
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Table 5. Puncture resistance of glove materials after freezing at -3 °C for 10 days®

Puncture Resistance

Glove Material Original Treated Change
N N %

PVC 1.82 1.84 2.06£0.16
Latex 2.76 1.71 3827+2.1°
Natural Rubber 6.29 , 4.98 20.74+7.7°
Neoprene 13.50 9.41 -30.43+2.8°
Nitrile 13.29 10.86 -1829+1.9°"
Viton F-101  6.03 5.74 -534+0.6°

a - Glove polymers conditioned for 24 hr at ambient temperature before testing.
b - significant at ot < 0.05

showed a highly significant reduction in puncture resistance. However, there were
no significant changes in tensile property of the materials.

Effect of Abrasion on Barrier Properties of Protective Clothing: Pesticide solution
retention and penetration in fabrics was assessed before and after abrasion.
Results are shown in Table 6. In general, as expected, the woven fabrics allowed
much greater penetration of liquids than non-woven (Tyvek®) and repellent
finished fabrics. Also, significant differences existed due to fiber content, weight,
and geometry. Abrasion increased surface fuzziness in fabrics containing staple
fibers, especially cellulose fibers hence, there was an increase in liquid holding
capacity and less liquid penetration in cotton, and high cotton containing fabrics.
However, there was a much higher level of liquid penetration and transport on
secondary surface in synthetic fiber containing new and abraded woven fabrics
compared to cotton fabrics. This is due to their high wicking property. Durable
press (DP) finish imparted some hydrophobicity to cellulose fabrics, thus
reducing their liquid holding capacity which resulted in somewhat higher liquid
penetration compared to similar fabrics without DP finish. Repellent finished
(SR) fabrics maintained their excellent barrier property even after low level of
abrasion in this study, as did the non-woven Tyvek® fabric. Nevertheless, fabric
weight, geometry and repellent finishes were the overriding factors affecting
liquid retention and penetration.
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