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ABSTRACT: Telone is a potent volatile liquid chlorinated
hydrocarbon pesticide based on 1,3-dichloropropene that is
applied without dilution for fumigation purposes, and so
poses an inhalation and air pollution threat, as proven by
past monitoring. 1,3-Dichloropropene also causes allergic
skin effects, is absorbed through the skin, and metabolites
have been shown to be excreted after skin absorption, so
making it a skin exposure threat too, one that may become
most important in the situations of adequate respirator pro-
tection or cleaning up spills. It is often coformulated with
agents like chloropicrin, a chemical warfare agent, to substi-
tute for methyl bromide fumigant. The aim of the study was
to assess if nitrile and laminated gloves provided adequate
protection against Telone C-35 EC™, using an ASTM-type
I-PTC-600 permeation cell containing disposable (Safe-
skin™) and chemically-resistant (Sol-Vex™) nitrile and lam-
inated (Barrier™ and Silver Shield™) glove materials with
hexane liquid collection. Analyses of cis- and trans-1,3-di-

chloropropene and chloropicrin in the collection fluid at
various times were performed on a moderately polar capil-
lary column, using gas chromatography–electron capture
detection by the internal and external standards methods.
Both nitrile materials were degraded by the formulation and
pure chloropicrin, and so were unsuitable for protection.
Both laminated glove materials offered some protection with
Silver Shield™ the better, since less mass had permeated by
8 h, but the extent of protection was still inadequate, as
illustrated by a risk assessment of the skin exposure situa-
tion. It is recommended that Viton gloves be worn rather
than the laminated ones when Telone C-35 EC™ is handled.
Laminated gloves may protect against pure chloropicrin.
© 2005 Wiley Periodicals, Inc. J Appl Polym Sci 100: 18–25, 2006
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INTRODUCTION

Telone is the commercial name of the nematicidal/
fungicidal/insecticidal fumigant that contains the ac-
tive ingredient 1,3-dichloropropene (DCP; CAS RN
542–75-6). The latter is a colorless liquid of boiling
point of about 108°C, with a vapor pressure at 25°C of
34 torr, a log Kow of 1.82, and a water solubility of 2.8
g/L at 20°C.1 It is a mixture of cis- and trans-isomers,
the ratio varying with chemical supplier.2 Quantifica-
tion involves adding the isomer contents.2 DCP and its
mixtures with such other active ingredients as chlo-
ropicrin (trichloronitromethane; CAS RN 76–06-2)3

are primarily used as alternatives to methyl bromide,
due to the latter’s 2005 cut-off under the Montreal
Protocol.4 Telone caused air pollution problems after

spraying in Central California that led to its with-
drawal in 1990 in California, but it was reinstated in
1995.5,6 Telone is also an animal carcinogen,7–13 but
benefits have been adjudged by EPA to outweigh the
risks,14 as did Dow Chemical.15 The California EPA
public health goal for drinking water is 0.2 �g/L
based on cancer, and 90 �g/L based on noncancer
effects.16 The 2004 American Conference of Govern-
mental Industrial Hygienists (ACGIH) recommended
threshold limit value (TLV) for personal breathing
zone air sampling over 8 h is 1 ppm (v/v) � 4.54
mg/m3 (skin) set on irritation effects,17 as is the Per-
missable Exposure Limit (PEL) of the Occupational
Safety and Health Administration (OSHA), and Rec-
ommended Exposure Limit (REL) of the National In-
stitute for Occupational Safety and Health (NIOSH).18

The risk of skin exposure to a volatile solvent like
DCP is often discounted because of the known inha-
lation exposure. DCP does cause skin irritation, aller-
gic contact dermatitis, and is absorbed through the
skin.1,19–21 There were at least 19 reportable spills that
involved Telone, in 2001.22 There are no peer-re-
viewed literature data on the type of glove appropri-
ate to protect against DCP exposure. North Safety
Products does recommend 10- or 12-mil Viton gloves,
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which resist for at least 8 h, and secondarily 13-, 16-,
17-, and 32-mil butyl gloves that exhibit a 1.3 h break-
through time and a 192 �g cm�2 min�1 permeation
rate.23 Although Ansell does not provide information
for DCP,24 it does not recommend nitrile, unsup-
ported neoprene, polyvinyl chloride, natural rubber,
or neoprene/natural rubber blend for protection
against trichloroethylene, ethylene dichloride, and for
perchloroethylene except for nitrile where the break-
through time is 300 min. and the permeation rate is
0.9–9 �g cm�2 min�1. All three compounds can be
resisted by Barrier™ laminate and supported polyvi-
nyl alcohol, though not the latter for aqueous solu-
tions. As trichloroethylene has a water solubility at
25°C of 1.1 g/L25 and that for perchloroethylene is 0.15
g/L25, these two analog compounds are more nonpo-
lar than DCP of water solubility 2.8 g/L at 20°C. As
ethylene dichloride (1,2-dichloroethane) has a water
solubility of 8.7 g/L at 20°C25, it is more polar than
DCP. The implication is that nitrile has the best but
still not promising chance to be protective other than
the more expensive laminate and Teflon-based gloves
for situations involving organic and aqueous solution
exposures. A cis,trans-dichloroethylene mixture de-
graded butyl, natural rubber, and neoprene gloves,
while it broke through gloves of polyvinyl chloride in
�1 min, nitrile in 7 min, polyvinyl alcohol in 14 min,
and Viton™ in 57 min, and through Lifeguard™ re-
sponder material in �180 min.26 Similarly, cis-2,3-di-
chloroethylene degraded butyl, natural rubber, neo-
prene, nitrile, polyvinyl alcohol, and polyvinyl chlo-
ride, with breakthrough for gloves of polyvinyl
chloride in 1 min, neoprene in 5 min, butyl in 19 min,
and Viton™ in 101 min.26 Since dichloroethylene is
more polar than DCP, the breakthrough times for DCP
will be longer, and this emphasizes that only Viton™
and probably laminates may adequately protect
against Telone™. There are some permeation data for
chemically-resistant fabrics. DuPont27 lists immediate
breakthrough time (�10 min) for Tychem CPF 2, Ty-
chem SL, and Tychem CPF 3, but more protection by
Tychem F (25-min breakthrough and permeation rate
1.6 �g cm�2 min�1) and Tychem Responder (break-
through time �480 min with permeation rate �0.1 �g
cm�2 min�1). The permeation of DCP vapor across
plastic films used to enhance the fumigant effect and
for storage purposes has been investigated.28,29

Chloropicrin is not only a pesticide (rodenticide,
fumigant, insecticide, nematicide, bactericide, fungi-
cide, herbicide), but it has also been used as a chemical
weapon “tear agent”.3 It is a colorless liquid of boiling
point of about 112°C, with a vapor pressure at 0°C of
5.7 torr, and a log Kow of 2.09, with water solubility of
1.62 g/L at 25°C.3 In the past, it has often been applied
as pesticide with methyl bromide and sulfuryl fluo-
ride. It is now increasingly used with DCP as a methyl
bromide substitute.4 Chloropicrin is not an animal

carcinogen,30 though it is mutagenic in the presence of
glutathione.31 The ACGIH recommended TLV for per-
sonal breathing zone air sampling over 8 h is 0.1 ppm
(v/v) � 0.7 mg/m3 set on irritation effects17 as is the
OSHA PEL, and the NIOSH (10-h exposure) REL.18

Studies on chloropicrin vapor permeation through
polyethylene and other plastic films are avail-
able.29,32–35 No reports of permeation of liquid chlo-
ropicrin through glove materials have been published.
DuPont has indicated that Tychem™ F suit material
resists27 permeation for 480 min with a permeation
rate �0.1 �g cm�2 min�1. Neoprene gloves are rec-
ommended in the Toxic and Hazardous Chemicals
Safety manual.3

The present study sought to demonstrate the pro-
tective capabilities of nitrile and laminates against a
liquid DCP/chloropicrin formulation. This is the first
study to report permeation of two active ingredient
pesticides in the same mixture.

EXPERIMENTAL

Chemicals

Telone C-35 EC™ [EF-1499](nominally 60.5% 1,3-DCP,
33.3% chloropicrin, and 6.2% “inert ingredients”) was
provided by Dow AgroSciences (Indianapolis, IN).
cis-DCP (97%) neat standard was obtained both from
Aldrich (Milwaukee, WI) and Chem Service (West
Chester, PA). trans-1,3-DCP (97%) and chloropicrin
(98%) neat standards were obtained from Chem Ser-
vice. 1,2-Dichlorobenzene (99%) for use as an internal
standard (IS) and trichloronitromethane (98%) for per-
meation challenge studies were from Aldrich. Optima
methanol, Optima hexane, and concentrated nitric
acid (for cleaning glassware) were purchased from
Fisher Scientific (Tustin, CA). Helium (99.999%), 5%
methane in argon, and nitrogen (99.999%) were ob-
tained from Air Liquide (Long Beach, CA). Personnel
wore laboratory coats, charcoal-lined disposable res-
pirators, double SafeSkin™ gloves, and worked in
fume hoods whenever possible.

Gloves

The gloves utilized were 11-mil thick and 33 cm in
length embossed unsupported/unlined powderless
Sol-Vex™ nitrile (catalog no. 37–145) and Barrier™
laminate from Ansell (Coshocton, OH) and disposable
powderless unsupported/unlined Safeskin™ nitrile
exam gloves (Kimberley Clark, San Diego, CA) of
unspecified thickness and 24.1 cm in length. Silver
Shield™ laminated gloves were purchased from
North Safety Products (Cranston, RI). The Material
Safety Data Sheet (MSDS) for Telone C-35 EC™
states36 “Use protective clothing impervious to this
material.”
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Equipment

The gas chromatograph (GC)–electron capture detec-
tor (ECD) was a Hewlett–Packard 5890 with a splitless
30 m 32 � 0.25 mm DB-1701 (1-�m film) chemically
bonded, fused-silica capillary column (Alltech, Fol-
som, CA) and a constant-current pulse modulated
63Ni-ECD, whose signal was displayed on a Hewlett–
Packard 3396 integrator (Agilent Technologies, Palo
Alto, CA). The temperature of the injector was 180°C,
and that of the detector was 260°C. The flow of 5:95
methane/argon carrier column gas was 0.80 � 0.05
mL/min, 2.5 � 0.2 mL/min for septum purge, 40 � 3
mL/min for detector makeup, and 4.0 � 0.3 mL/min
for anode purge. The column was held at 80°C for 3
min, and then heated at 10°C/min to 200°C. The re-
tention times of the cis- and trans-DCP isomers were
5.184 and 5.902 min, respectively, with complete res-
olution. Chloropicrin eluted at 6.77 min. 1,2-Dichloro-
benzene eluted at 6.33 min.

Agilent Technologies Model Number 6890N Net-
work Gas Chromatograph/Agilent Model Number
5973 Network Mass Selective Detector (MSD) was
equipped with a HP 5-MS 30 m � 0.25 mm (0.25-�m
film) fused-silica capillary column. The system was
basically used to confirm purity and identify formu-
lation components. The MSD was a quadrupole with
an electron multiplier detector operated over the m/z
range 50–550 for scan mode analyses. The tempera-
ture of the injector was 200°C and that of the transfer
line was 210°C. The 70-eV ion source was held at
250°C. The flow of helium carrier was 0.50 � 0.05
mL/min. The purge delay was 3 min. The column
temperature program was initial temperature 80°C for
3 min (the same as the solvent delay time) and then
heating at 5°C/min to 200°C for 10 min. The retention
times of the cis- and trans-DCP isomers were 3.86 and
4.08 min, respectively, and were not completely re-
solved. Chloropicrin was resolved from the DCP iso-
mers.

Infrared (IR) spectra were obtained with a Avatar
360 Fourier transform (FT) spectrometer system (Ther-
moNicolet, Madison, WI), a single-beam FTIR spectro-
photometer using reflectance mode and operated with
OMNIC 6.0a software controlled by Windows 98. The
crystal was diamond in a single-reflection horizontal
attenuated total reflectance mode. The spectral range
was 4000–600 cm�1. The number of scans was 128.

ASTM-type I-PTC-600 permeation cells were from
Pesce Lab Sales (Kennett Square, PA). The moving
tray shaker water bath used for immersion of three
permeation cells simultaneously was a Fisher Scien-
tific model 125, no. 429. Three copper metal tubes (23
cm � 15 cm OD � 133 mm ID) were mounted on the
two rails of the shaker after hacksawing 1-mm wide
grooves in the bars and using emery paper to smooth
the jagged edges. Three-prong clamps allowed sus-

pension of three permeation cells above and into the
bath water as desired. A micrometer screw gauge
(L. S. Starrett Co., Athol, MA) was used to measure
glove thickness before and after experiments to indi-
cate glove swelling or shrinkage. Vernier calipers (Mi-
tutoyo, Japan) allowed measurement of the glove di-
ameters cut for permeation studies.

Chromatographic analyses

The formulation sample was diluted into the GC–ECD
working linear range of the cis- and trans-DCP and
chloropicrin, and the 1,2-dichlorobenzene IS in hexane
added to each vial to a concentration of 7.0 ng/�L.
The amounts of cis- and trans-DCP and chloropicrin in
the sample were determined in triplicate by the
method of internal standards. The DCP content was
obtained by summing the isomer amounts, and cor-
recting for the fraction injected, and the dilution fac-
tor. Total chloropicrin was obtained after interpolation
by correcting for fraction injected and dilution.
GC–MS analyses in the scan mode allowed identifica-
tion of other compounds in the formulation. Neat
chloropicrin was analyzed by GC–ECD and GC–MS as
for the formulation analysis.

Permeation procedure

The detailed procedure is provided elsewhere,37,38

and is based on the standard ASTM F739–99 perme-
ation method.39

In summary, glove materials cut from out-of-the
box gloves were conditioned at least for 24 h in a
desiccator with (55 � 1)% relative humidity (saturated
aqueous sodium dichromate). The material was held
between two Teflon™ gaskets and the Pyrex™ cham-
bers by a uniform torque. A volume of 10-mL hexane
was added as the collection medium, and then 10 mL
of neat formulation was pipetted into the challenge
chamber. Three permeation cells were immersed into
the water bath at (30.0 � 0.5)°C and horizontal shak-
ing speed of 8.4 � 0.5 cm/s begun to ensure no con-
centration gradients in the challenge and collection
sides as confirmed by prior challenge solution opacity
observations at different shaker speeds. Initially,
0.1-mL samples were withdrawn every hour, and de-
posited into 1-mL vials with Teflon-lined screw caps.
After adding 1,2-dichlorobenzene internal standard in
hexane to a vial concentration of 7.0 ng/�L, aliquots of
1 �L were injected into the GC–ECD, and quantitation
of cis- and trans-DCP and/or chloropicrin done by the
method of internal standards except in the case of the
formulation where the internal standard interfered
and the external standards method was used. The sum
of the isomer DCP in each sample corrected for frac-
tion injected and dilution factor yielded the sample
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total DCP content. Correction for the fraction taken
from the collection side gave the collection side mass.

Quality assurance procedures included tests for
leaking of the assembled permeation cell, and chal-
lenge and collection side solvent back diffusion.37,38

Aliquots of 1-mL challenge solution were obtained
fresh, before the permeation began, and from it after
each permeation run. Blank runs in triplicate involved
no challenge solvent with hexane in the collection
side.

Infrared reflectance experiments

Reflectance spectra of both the challenge and collec-
tion sides of the conditioned and unconditioned
gloves of the same lot were examined before a perme-
ation experiment. The negative control exposure situ-
ation to account for any solvent effects was to expose
a specimen of the same conditioned glove to air on the
challenge side and hexane on the collection side for
the appropriate time. The glove specimen examined
for permeation after experiments was dried to con-
stant weight in the constant humidity desiccator be-
fore being examined on both sides.

The major reflectance peaks were tabulated from the
spectra obtained from 4000 to 600 cm�1. Difference
spectra for exposure situations of interest were also
measured, e.g., exposed and blanks. When areas ap-
peared visually homogeneous for a given glove side,
the reflectances at a minimum of three distinct posi-
tions were measured and the data averaged if statis-
tically homogeneous. The number of scans for each
measurement was 128 as a compromise between sen-
sitivity and analysis time. The tabulated data facili-
tated the characterization of changes in reflectance
minima and intensities and the appearance and dis-
appearance of reflectances before and after challenges
as well as possible detection of pesticide and its for-
mulation.

Statistics

Student t and analysis of variance (ANOVA) analyses
assigned statistical significance (P � 0.05) necessitated
at least triplicate samples in each experiment to define
arithmetic means, standard deviations (SD), and coef-
ficients of variation (CV). Linear regression analyses
allowed calculation of slopes and intercepts, their cor-
responding SDs, the correlation coefficient r, and P-
values.

RESULTS

Purity and formulation analyses

Chloropicrin showed a GC–ECD linear range from 0.2
to 3.6 ng, and that for the cis- and trans-DCP was 0.5–7

ng. The purity of the neat chloropicrin was (97.5
� 1.2)% not significantly different from the 98% nom-
inal purity. There was a very small molecular ion (m/z
163) in the mass spectrum, the base peak being m/z
110 (2 Cl), and with m/z 117 (3 Cl) next most abun-
dant. The major chloropicrin impurity was dichloro-
nitromethane. The purities of both neat cis- and trans-
DCP standards were confirmed, their major common
impurities (�2%) being 1,3,3-trichloropropene (cis-
and trans-isomers).

The DCP content of the formulation was shown to
be (59.50 � 0.98)% (w/w), the chloropicrin content
was (29.27 � 0.65)%, with the “inert content” (unac-
counted balance) being (11.23 � 0.67)%. Thus, al-
though the DCP content did not differ from the nom-
inal 60.5% at P � 0.05 (assuming the same relative
standard deviation for the latter as for the formulation
analysis), the chloropicrin content was significantly
lower than the nominal content of 33.3%. Similarly,
the unaccounted balance content was higher than the
nominal of 6.2%. The cis/trans-DCP isomer mass ra-
tios were (1.76 � 0.15)% (w/w).

GC–MS analysis of the formulation showed the
presence of 1,3- and 1,2-dichloropropane, 1,3,3-trichlo-
ropropene (cis- and trans-isomers), and allyl chloride,
all being reaction products of the chlorination of pro-
pylene, the usual method of synthesis of DCP.40 Iso-
mers of m/z 120 (trimethyl benzenes, methyl ethyl
benzenes, cumene, and propyl benzene) were also
present.

Glove permeation

The permeations of chloropicrin and formulation
DCP/chloropicrin through different gloves are sum-
marized in Tables I and II, respectively, in terms of
steady-state permeation rate Ps, the normalized break-
through time tb (time to reach 250 ng/cm2 for a closed
system), and the total mass collected at 8 h. The results
are the first in the peer-reviewed literature for Telone
C-35 EC™ and pure chloropicrin for disposable/
chemically-resistant nitrile, and laminated gloves.

Chloropicrin

Safeskin™ was degraded within 60 min. The amounts
collected were a result mostly of penetration rather
permeation, and were extremely variable. The other
materials were permeated early on, but Sol-Vex™ was
also penetrated after 60 min.

Table I shows that Sol-Vex™ was less protective
than the Silver Shield™ laminate. The permeation
through the nitrile glove contained two distinct
steady-state periods, the first phase (30–178 min) be-
ing 2.27 � 0.48 times faster than the second (232–480
min) on average. The average Ps of the first period was
also more variable (40%) than that of the second phase
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(25%). All the tb were less than 10 min. The average
mass in the collection side after 8 h permeation was
9.19 � 0.70 mg (8.7–10 mg), about (0.056 � 4)% of the
original challenge mass.

In contrast, only one steady-state phase (120–360
min) occurred for the laminated gloves, the average Ps

of 0.0340 � 0.0051 �g cm�2 min�1 having a CV of 15%.
The average mass permeated after 8 h was 84.3 � 13
�g with a CV of 15%, this being about (0.051
� 0.008)% of the original challenge mass. The tb values
were between 15 and 20 min. There were no signifi-
cant (P � 0.05) thickness and weight differences be-
tween pre- and postexposure glove specimens.

According to the 8-h permeated/penetrated mass
criterion, the laminated glove was 9190/84.3 �109
times more protective than the nitrile glove, but ac-
cording to the tb parameter there was not that much
difference in protectiveness. Since chloropicrin is not a
carcinogen,30 the tb criterion is not as important as the
exposure mass in risk assessment for the situation. The
laminated glove is on average more than 2.28/0.034
� 67 times more protective relative to the second
steady-state phase Ps of the Sol-Vex™ glove, and
about 5.24/0.034 � 154 times more than the first
steady-state Ps. The 8-h criterion is favored because

TABLE I
Permeation of Neat Chloropicrin at 30oC Through

Different Gloves in a ASTM-type I-PTC Permeation
Cell with Hexane Collection Fluid

Glove Run
Ps (�g cm�2

min�1) tb (min)

Mass in
collection
side at 8-h

(�g)

Sol-Vex™ 1 A. 4.56 (20–178) �10
B. 2.49 (178–480) 8,800a

2 A. 3.56 (30–176) �10
B. 1.62 (232–480) 8,770a

3 A. 7.58 (14–176) �10
B. 2.72 (176–480) 10,000a

Silver Shield™ 1 0.0394 (120–360) 15 97
2 0.0292 (120–480) 20 71
3 0.0334 (120–480) 20 85

The times in parentheses in the permeation steady-state
rate (Ps) column relate to the time period from which the
steady-state permeation rate was derived. The variable tb is
the normalized breakthrough time, the time to reach 250
ng/cm2.

(A) signifies the first steady-state phase and (B) the second
steady-state phase.

a Degradation by the end of the experiment.

TABLE II
Permeation of Total 1.3-Dichloropropene and Chloropicrin (CLP) at 30oC from Telone C-35 EC™ Through Different

Gloves in a ASTM-Type I-PTC Permeation Cell with Hexane Collection Fluid

Glove Run Ps (�g/cm2/min) tb (min)
Mass in Collection Side

at 8-hours (�g)

Sol-Vex™ 1 DCP: 3,360 (20–60) 16 741,000a

CLP: 1,153 (30–60) 26 20,700a

2 DCP: 3,458 (30–50) 15 1,029,000a

CLP: 1,153 (30–60) 28 17,500a

3 DCP: 3,096 (20–60) 15 676,000a

CLP: 949 (30–60) 20 19,300a

Barrier™ 1 DCP: A. 0.0603 (19–270) 10 95c

B. 0.831 (270–480) 980
CLP: A. 0.0112 (30–90) 25
B. 0.00357 (90–480) 10.7

2 DCP: A. 0.043 (30–270) �10 83c

B. 1.54 (360–480) 1,160
CLP: 0.00409 (200–480) 110 8.34

3 DCP: A. 0.0849 (30–360) �10 136c

B. 1.15 (360–480) 853
CLP: A. 0.0103 (70–120) 60
B. 0.00112 (180–480) 8.90

Silver Shield™ 1 DCP: 0.00422 (120–480) �120 22.3
CLP: 0.000330 (120–480) �120 2.48

2 DCP: 0.00349 (180–480) �120 13.2
CLP: 0.000665 (180–480) �120 2.53

3 DCP: 0.00362 (180–480) �120 21.8
CLP: 0.000603 (180–480) �120 2.64

The times in parentheses in the permeation steady state permeation rate (Ps) column relate to the time period from which
the steady state rate was derived. The variable tb is the normalized breakthrough time, the time to reach 250 ng/cm2.

(A) signifies the first steady state phase and (B) the second steady state phase.
a At 60 min.
b Degradation by the end of the experiment.
c At 270 min.
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this mimicks what would permeate in an 8-h work
day and is used in risk assessment.

The reflectance infrared investigation of the condi-
tioned Silver Shield™ gloves showed that the two
surfaces of the conditioned unexposed gloves differed
in their reflectance minima. Common minima (in
cm�1) were at 2916–2917 (strong aliphatic COH
stretch), 2848–2849 (strong aliphatic COH stretch),
1462–1464 (moderate COC stretch), 1367–1368 (very
weak CON stretch), 719–721 (moderate COF stretch),
and 729–730 (moderate COF stretch). The outer sur-
face showed additional minima (in cm�1) at 3345–3346
(broad hydrogen-bonded OOH stretch from 4600–
3200), 2306–2307 (very weak CAN stretch), 1703–1704
(moderate OCAO stretch), 1107–1108 (moderate
broadOOH bend with other weak minima near 1349–
1350, 1237–1238, and 947–951). Chloropicrin exposure
did not change these minima significantly, except the
minima at 719–721 and 729–730 cm�1 merged more
closely for the inner surface, and the OOH related
bands disappeared so leaving only a very weak broad
minimum at 1232–1235 cm�1 (weak OCF2/OCF3
wags) for the outer surface.

For Sol-Vex™ exposed to chloropicrin, new stronger
minima than the 969–970 cm�1 most intense one be-
fore exposure41 appeared for the outer side (in cm�1)
at 669–671, 857–859, 900–902, 707–709, and
1603–1605. These data are consistent with surface deg-
radation because the minima from 669 to 859 cm�1 are
consistent with carbon–chlorine bonds.

Formulation

The formulation caused Safeskin™ gloves to be de-
graded within the initial 60 min by permeation and
penetration. The extremely variable amounts collected
after 60 min of exposure were about on average: 880
mg for the cis-1,3-dichloropropene, 560 mg for the
trans-1,3-dichloropropene, and 280 mg of chloropicrin,
with an almost immediate tb after contact. These
amounts represent about 17% and 7.1% of the DCP
and chloropicrin challenge masses, respectively. It
was not possible to conduct valid permeation experi-
ments with Safeskin™ gloves because of the mi-
cropuncture effect of the DCP so leaving the material
swollen, deformed, and with microholes. Research pa-
pers on the infrared reflectance characteristics of these
Safeskin™ gloves have been published by our re-
search group.41,42

Table II presents the permeation data for chemical-
ly-resistant nitrile (Sol-Vex™), and two laminated
gloves, Barrier™ and Silver Shield™. There were no
significant (P � 0.05) thickness and weight differences
between pre- and postexposure laminated glove ma-
terials, and in infrared reflectance minima of the sur-
faces of the latter gloves.

For Sol-Vex™, the material did not remain flat but
bulged towards the collection side at the end of the
exposure period and therefore swelled significantly.
The average chloropicrin amount permeated after 1 h
of exposure to the formulation is greater (19,167/9190
� 2.1) than for pure chloropicrin alone through Sol-
Vex™ for 8 h. This implies influence of the more polar
and concentrated DCP. For Sol-Vex™ and Barrier™,
the tb for chloropicrin is always longer than for DCP.
There are two steady-state periods for the Barrier™
material (slow followed by a fast phase for DCP, and
usually the reverse for chloropicrin). There is only one
for Silver Shield™.

The 8-h permeated masses are lowest for Silver
Shield™. Relative to Barrier™ and Silver Shield™ ma-
terials, the latter two materials relative to the 8-h per-
meated average mass of DCP through Sol-Vex™ were
1,995,000/998 � 2000 and 1,995,000/19.1 � 104,450
times more protective, respectively, with Silver
Shield™ being 998/19.1 � 52 times more protective
than Barrier™. On the basis of early average Ps, the
respective data become 3305/0.0627 � 52,700, 3305/
0.00378 � 874,000, and 0.0627/0.00378 � 17. On the
basis of average tb, it was found that Barrier™ permit-
ted a shorter tb relative to Sol-Vex™ for DCP, even
though it permeated far less at 8 h than Sol-Vex™ at
1 h. The average 8-h permeated mass for Silver
Shield™ for chloropicrin was 9.31/2.55 � 3.7 times
more than the average 8-h mass permeated through
Barrier™. It is to be noted that the average 8-h perme-
ated masses for pure chloropicrin through Silver
Shield™ of 84 � 13 (71–97) �g is much greater than
that permeated for the formulation challenge of 2.55
� 0.08 (2.48–2.64) �g.

Relative to the average Sol-Vex™ Ps, Barrier™ and
Silver Shield™ are 1085/0.00853 � 127,000 and 1085/
0.000533 � 2.04 million times more protective to chlo-
ropicrin, and Silver Shield™ is 0.00853/0.000533 � 16
times more protective than Barrier™. The latter is
about the same as for DCP. Thus both the 8-h perme-
ated mass and Ps methods agree that Silver Shield™ is
more protective than Barrier™ for both DCP and chlo-
ropicrin. The question of whether the extent of protec-
tion is adequate for human health will be discussed in
the following paragraphs.

Infrared reflectance data for the Barrier™ material
showed the common reflectance minima for both sur-
faces (in cm�1): 2915–2917 (strong), 2848–2849
(strong), 2162–2172 (very weak), 1462–1464 (moder-
ate), 1471–1472 (moderate), 1104–1106 (very weak),
717–719 (moderate), and 730–731 (moderate). Extra
minima shown by the outside surface were (in cm�1)
3428 (broad and weak), 1737–1741 (moderate), 1350–
1352 (weak), 1016–1018 (strong), and 668–670
(strong). The spectra are very close to those for Silver
Shield™ except for the strong 1016–1018 cm�1 mini-
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mum for Barrier™, and other diagnostic outer surface
peaks being at higher wave numbers.

The outer surface of the dried conditioned Sol-
Vex™ gloves after 1 h of permeation not only showed
a diagnostic intense nitrile glove minimum at 967–970
cm�1, but also had increased minima at 2924–2929
cm�1 and 2852–2857 cm�1, 1604–1609 cm�1, and
1130–1105 cm�1. There was a highly variable 1104–
1106 cm�1 minimum. For the inner surface, the major
new peak was 1602–1604 cm�1 (moderate), with in-
creased 2923–2929 and 2854–2856 cm�1.

DISCUSSION

There is no doubt from the above data that Silver
Shield gloves are more protective than Barrier gloves,
both being much more protective than Sol-Vex or
Safeskin nitrile gloves. The question is whether they
are protective enough.

Glove permeation skin risk assessment

The chemically-resistant nitrile gloves are unsuitable
for hand protection against Telone C-35 EC™, even
though they should be more protective than neoprene,
polyvinyl chloride, natural rubber, and neoprene/nat-
ural rubber blend, according to the chemical DCP
analogs examination of the Ansell Chemical perme-
ation chart as discussed previously.24 The major de-
terminant in a risk assessment is the carcinogen. The
DCP component is a known animal carcinogen
whereas chloropicrin is not. In addition, DCP is
present at higher concentration in the formulation
than chloropicrin.

Conservative risk assessment of wearing gloves in-
volves the assumption that 100% of the bioaccessible
mass to the skin over 8 h would permeate through the
skin. The 8-h mass collection parameter through the
1-in. diameter (5.07 cm2) circular piece of glove is
directly related to the potential risk of adverse expo-
sure over a workday. If the glove permeates equally
over all its surface and the average total surface area
for two hands and lower forearms is 2000-cm2 surface
area,43 an average of (19.1 � 5.1 �g � 2000)/5.07
� 7500 � 2000 �g would permeate through Silver
Shield™ gloves into the body.

According to CalEPA,16,44 its 0.2 �g/L water level
reflects 10�6 risk and a 2 L/day ingestion and 2 L/day
equivalent by inhalation relative to an endpoint of
urinary bladder carcinoma in female mice.8 Therefore
the whole body daily dose assuming 100% absorption
is (0.2 � 4) � 0.8 �g. This reference dose is much lower
than the Silver Shield™ daily skin permeation, from
just the hands and lower forearms calculated earlier.
Alternatively, a noncancer effect (body weight depres-
sion and hyperplasia of the nonglandular mucosa of
the stomach of rats) provides a reference value 450

times that of the cancer reference value for California
drinking water,16 leading to a noncancer reference
dose of 360 �g, still about 20 times lower than the
computed dose from the permeated Silver Shield™
gloves. If the acceptable risk is set at 10�3, the respec-
tive critical DCP doses are 800 and 360,000 �g, the
cancer dose still being lower than the average dose
permeated through Silver Shield™ gloves. However,
the noncancer threshold is now higher than the latter.
What is acceptable risk is clearly an important factor in
risk assessment, OSHA commonly tabulating cancer
risks in parts per thousand.45 Therefore, Viton™
gloves should be worn for protection from noncancer
and cancer effects of DCP. Excessive exposure may
still occur if this formulation is spilled on gloves ex-
cept for Viton™ or Teflon™, even if adequate respira-
tory protection is worn.

The case of exposure to chloropicrin alone is also
instructive. The California drinking water guideline
for chloropicrin is 50 �g/L, but is 7.3 �g/L in Florida.3

Assuming the same assumptions as for DCP, since
chloropicrin is volatile, the threshold whole body dose
is either 50 � 4 � 200 �g or 7.3 � 4 � 29.2 �g. From
Table I, the average chloropicrin mass that permeates
through Silver Shield™ in 8 h is 84 � 13 �g. If this
mass is 100% absorbed, the latter is below the Califor-
nia guideline but above the Florida one. Wearing Sol-
Vex™ gloves for just 1 h would cause an exposure that
would exceed both state guidelines even if there were
no concurrent inhalation exposure. Another scenario
is to base the calculation on a recommended air con-
centration. The ACGIH17 and OSHA18 recommend 0.1
ppm � 0.7 mg/m3, based on lung irritation. Assuming
an 8-h work day tidal volume45 of 10 m3 for moderate
workload, the threshold body dose is 7000 �g. This
exceeds the permeated mass over 8 h of wearing Silver
Shield™ gloves, but is still lower than the dose from
1 h of wearing Sol-Vex™ gloves of 9190 � 702 �g
(Table I). Silver Shield™ gloves are adequately protec-
tive against pure chloropicrin according to this sce-
nario.

CONCLUSIONS

While disposable and chemically resistant nitrile did
not protect at all against DCP in Telone-35 EC™ in
these ASTM-type permeation cell experiments, the ap-
parent better protection of laminated gloves was not
good enough even to protect against noncancer effects
as illustrated by a risk assessment except at higher
noncancer risks of 10�3 and 10�4. Thus, only Viton™
gloves should be worn for maximum safety when
handling this formulation. The results have relevance
to workplace and environmental situations where
spills occur, when handling the formulations, and
even when inhalation exposure has been controlled
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through the wearing of adequately protective respira-
tors.

We thank James Mueller of Dow AgroSciences for the for-
mulations.

References

1. Hazardous Substances Data Bank. 1,3-Dichloropropene; Na-
tional Library of Medicine: Bethesda, MD, 2004.

2. California Air Resources Board. 1,3-Dichloropropene Ambient
Air Monitoring Data in Merced County 1990; Toxic Air Con-
taminant Program, Department of Pesticide Regulation: State of
California, 1991; Appendix VI, p 15.

3. Hazardous Substances Data Bank. Chloropicrin; National Li-
brary of Medicine: Bethesda, MD, 2004.

4. Martin, F. N. Annu Rev Phytopathol 2003, 41, 325.
5. California Air Resources Board. 1,3-Dichloropropene Ambient

Air Monitoring Data in Merced County 1990; Toxic Air Con-
taminant Program, Department of Pesticide Regulation: State of
California, 1991.

6. Trout, T. California Fruit Tree Agreement Research Report 2003,
7(4), 1.

7. Van Duuren, B. L.; Goldschmidt, B. M.; Loewengart, G.; Smith,
A. C.; Melchionne, S.; Seldman, I.; Roth, D. J Natl Cancer Inst
1979, 63, 1433.

8. National Toxicology Program (NTP). Carcinogenic Studies of
Telone II in F344/N Rats and B6C3F1 Mice (Gavage Studies).
NTP: Washington, DC, 1985. NTP Technical Report 269.

9. Yang, R. S.; Huff, J. E.; Boorman, G. A.; Haseman, J. K.; Korn-
reich, M.; Stookey, J. L. J Toxicol Environ Health 1986, 18, 377.

10. Lomax, L. G.; Stott, W. T.; Johnson, K. A.; Calhoun, L. L.; Yano,
B. L.; Quast, J. F. Fund Appl Toxicol 1989, 12, 418.

11. Stott, W. T.; Johnson, K. A.; Jeffries, T. K.; Haut, K. T.; Shabrang,
S. N. Telone II Soil Fumigant: Two-Year Chronic Toxicity/
Oncogenicity Study in F344 Rats; Dow Chemical Company:
Michigan, MI, 1995.

12. Redmond, J. M.; Stebbins, K. E.; Stott, W. T. Telone II Soil
Fumigant: Two Year Dietary Chronic Toxicity/Oncogenicity
Study in B6C3F1 Mice; Dow Chemical Company: Michigan, MI,
1995.

13. Stebbins, K. E.; Johnson, K. A.; Jeffries, T. K.; Redmond, J. M.;
Haut, K. T.; Shabrang, S. N.; Stott, W. T. Regul Toxicol Pharma-
col 2000, 32, 1.

14. U.S. EPA. 1,3-Dichloropropene (Telone II) Proposed Termina-
tion of Special Review 12/99; US Environmental Protection
Agency: Washington, DC, Fed Register 2000, 65, 1869; Fed Reg-
ister 2001, 66, 58468.

15. Stott, W. T.; Gollapudi, B. B.; Rao, K. S. Rev Environ Contam
Toxicol 2001, 168, 1.

16. California EPA. Public Health Goal for 1,3-Dichloropropene in
Drinking Water; Office of Environmental Health Hazard As-
sessment, California Environmental Protection Agency: Califor-
nia, 1999.

17. American Conference of Governmental Industrial Hygienists
(ACGIH): 2004. TLVs and BEIs; ACGIH: Cincinnati, OH, 2004.

18. NIOSH. Pocket Guide to Chemical Hazards; Superintendant of
Documents, U.S. Government Printing Office: Washington, DC,
2004. DHHS (NIOSH) Public No. 04–140.

19. Kezic, S.; Monster, A. C.; Verplanke, A. J.; de Wolff, F. A. Hum
Exp Toxicol 1996, 15, 396.

20. Meulenbelt, J.; de Vries, I. Przegl Lek 1997, 54, 665.

21. Corazza, M.; Zionna, G.; Virgili, A. Contact Dermatitis 2003, 48,
341.

22. Toxic Chemical Release Inventory. TRI 2001, Releases Docu-
ment for 1,3-Dichloropropene; Specialized Information Services,
National Library of Medicine: Bethesda, MD, 2004.

23. North Safety Products. ezGuide Glove Selection Guide Results
for 1,3-Dichloropropene; North Safety Products: Cranston, RI,
2002. Available at www.northsafety.com.

24. Ansell. Ansell Protective Products Chemical Resistance Guide:
Permeation and Degradation Data, 6th ed.; Ansell Protective
Products: Coshocton, OH, 1998.

25. Verschueren, K. Handbook of Environmental Data on Organic
Chemicals, 2nd ed.; Van Nostrand Reinhold: New York, NY,
1983.

26. Forsberg, K.; Keith, L. H. Chemical Protective Clothing: Perme-
ation and Degradation Compendium; Lewis Publishers: Boca
Raton, FL, 1995; p 133.

27. DuPont. Permeation Guide for DuPont™ Tychem™ Protective
Fabrics; DuPont Personal Protection: Wilmington, DE, 2004.

28. Wanga, D.; Yatesa, S. R.; Gan, J.; Knuteson, J. A. Atmos Environ
1999, 33, 401.

29. Papiernik, S. K.; Yates, S. R. Environ Sci Technol 2002, 36, 1833.
30. National Cancer Institute (NCI); Bioassay of Chloropicrin for

Possible Carcinogenicity; Natl Cancer Inst Carcinog Tech Rep
Ser 1978, 65, 1.

31. Schneider, M.; Quistad, G. B.; Casida, J. E. Mutat Res 1999, 439,
233.

32. Muthu, M.; Narasimhan, K. S. In Majumder, S. K., Ed.; Pesti-
cides Symposium (Meeting 1964), 1968; p 54.

33. Sekiguchi, M.; Takahashi, I.; Yajima, Y. Jpn. Kokai Tokkyo Koho
1994, JP 06345605 A2 19941220 Heisei.

34. Takahashi, I.; Sekiguchi, M.; Igawa, N.; Kobayashi, T.;
Yonekawa, T. Jpn. Kokai Tokkyo Koho 1996, JP 08059405 A2
19960305 Heisei.

35. Iwamori, A.; Nozaki, S.; Imai, M.; Shimotori, H.; Sekiguchi, M.;
Takahashi, I.; Yajima, Y. Jpn. Kokai Tokkyo Koho 1998, JP
10072301 A2 19980317 Heisei.

36. Dow AgroSciences. Telone C-35 EC (EF-1499) Material Safety
Data Sheet; Dow AgroSciences, LLC: Indianapolis, IN, 1999; p 3.

37. Lin, Y.-W.; Que Hee, S. S. Appl Occup Environ Hyg 1998, 13,
286.

38. Lin, Y.-W.; Que Hee, S. S. J Hazard Mater 1998, 60, 143.
39. American Society for Testing and Materials (ASTM). Standard

Test Method for Resistance of Protective Clothing Materials to
Permeation by Liquids or Gases Under Conditions of Continu-
ous Contact, ASTM Method F739; ASTM: West Coshohocken,
PA, 1996.

40. Sittig, M. Pesticides Process Encyclopedia; Noyes Data Corpo-
ration: Park Ridge, NJ, 1977; p 173.

41. Zainal, H.; Que Hee, S. S. Appl Occup Environ Hyg 2003, 18,
658.

42. Phalen, R. N.; Que Hee, S. S. J Hazard Mater 2003, B100, 95.
43. Boogaard, P. J.; van der Waal, H. Biological Monitoring of

Dermal Exposure to 4,4�-Diamino Diphenylmethane (MDA) by
Determination of MDA in Hydrolyzed Urine–A Human Volun-
teer Study, Preliminary Internal Report; Shell Biomedical Lab-
oratory: Amsterdam, The Netherlands, 1994.

44. EPA. 1,3-Dichloropropene, Integrated Risk Information System
(IRIS); National Center for Environmental Assessment, Wash-
ington, DC, 2004. Section II.B.

45. OSHA. Occupational Exposure to 4,4�-methylenedianiline
(MDA); OSHA: Washington, DC, 1992. Section 6–VI. Risk As-
sessment, Fed Register 1992, 57, 35630.

PERMEATION OF TELONE C-35 ECTM AND CHLOROPICRIN 25


