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2-Mercaptobenzothiazole and zinc dialkyldithiocarbamates are commonly used sulfur-containing
rubber vulcanization accelerators known to cause allergic contact dermatitis. Exposure to these
agents occurs through clothing such as undergarments and shoes, latex medical devices and latex
and nitrile gloves. A simple, inexpensive screening method for total sulfur accelerator and a high
performance liquid chromatographic speciation method were developed in the present study. These
methods were applied to screen and quantify the sulfur accelerator content from 38 brands of ‘off-
the-shelf’ latex and nitrile gloves obtained from commercial vendors. It was found that accelerator
levels ranged from not detectable to 7.35 mg/g in the gloves analysed. Brands were found to contain
single and multiple accelerator species within the glove. Powdered gloves had significantly higher
accelerator levels than powder-free gloves from the same manufacturer; however, these chemical
accelerators do not preferentially partition to the powder. The present analytical methodology is
suitable for both manufacturing quality validation purposes, as well as for accelerator allergy
research.
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Latex-induced dermatological problems are com-
mon among health care, food industry and con-
struction workers. Irritant dermatitis and allergic
contact dermatitis (ACD) have been associated
with chemical accelerators present in latex and
nitrile gloves, clothing (eg. underwear and
shoes) and other medical/personal care devices
(condoms, catheter tubes, bandages, etc.). In a
study of hospital employees who used gloves,
24.4% reported glove-induced symptoms (1).
Over 10% of these subjects were patch test
positive to rubber-related chemicals. If this is
reflective of the entire health care industry of
approximately 8 million workers, approximately
200 000 health care workers are sensitized to chem-
ical accelerators from latex. Thiuram (23.3%)
and 2-mercaptobenzothiazole (MBT, 20.9%)
latex accelerator-induced ACD were reported to
be prevalent in student athletes with eczematous
skin lesions (2). Conde-Salazar et al. (3) reported
that 25.9% of Spanish construction workers/
patients with cutaneous lesions or a clinical his-
tory consistent with occupational dermatitis were
patch test positive to latex chemicals and 23.7%
specifically to thiurams.

Development of ACD occurs in two phases. The
first phase, termed induction, involves antigen
presentation and development of antigen-specific
T-cells. It is thought that this immunological sen-
sitization, while asymptomatic, persists for life.
The second phase, termed elicitation, occurs
with re-exposure to the antigen and development
of ACD. Allergic contact dermatitis manifests
within 24–48 h of exposure. It is treatable and
usually transient. The level of exposure required
to elicit an ACD response is less than that
required for induction, thus reduction of expo-
sure to levels that protect against elicitation of
ACD will also protect a worker from becoming
sensitized.
The accelerator content of commercially avail-

able gloves is not routinely measured and the
level that can elicit ACD under normal usage
conditions is not known. Emmett et al. (4)
reported in a titration patch test study of rubber
sensitive subjects that the highest concentration
of MBT that did not elicit any reaction in ACD
subjects was 1.45 mg/cm2. A similar study of
threshold determination for zinc dialkyldithiocar-
bamate (ZDTC) was not found in the literature.
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Several issues concerning the applicability of
patch testing for determination of safe acceler-
ator levels in gloves include difference in allergic
sensitivity between the back versus hands, the
48 h. occluded exposure time, effect of exposure
matrix and interpretation of a positive reaction at
low doses. It is also generally believed that the
dose required for elicitation of ACD response is
inversely related to the degree of sensitization.
Knudsen et al. (5) developed a complex high

performance thin layer chromatography method
(HPTLC) analysis of accelerator content in latex
gloves. This method involves acetone extraction,
evaporation, reconstitution in chloroform,
sample spotting and application of hexane/
toluene ethyl acetate eluent to the HPTLC plate
and subsequent development for analyte detec-
tion by sequential spraying of the plate with
dithizon and then 2,6-dichloroquinone-4-
chlorimide. Additional plates were run for con-
firmation of thiurams using development with
copper sulfate. Gloves were selected for analysis
based on manufacturers’ indicated accelerator
content. Multiple accelerator contents were
reported from their analyses, with the major
(>1 mmol/g glove) accelerants being zinc dipenta-
methylene dithiocarbamate, zinc diethyldithio-
carbamate (ZDEC), zinc dibutyldithiocarbamate
(ZDBC) and zinc mercaptobenzothiazole
(ZMBT). Quantification was based on gas chro-
matographic mass-spectrometric detection fol-
lowing derivatization with trifluoroacetic
anhydride. Total accelerant levels from <1–15.9
mmol/g glove were found in the gloves analysed.
The present study describes a modification of a

simple quantitative spectrophotometric screening
method for total sulfur accelerant and speciation
of the native individual accelerants by high per-
formance liquid chromatography (HPLC) that
was described previously (6). Accelerant content
of commercially available ‘off-the-shelf’ medical
exam latex and nitrile gloves and several latex
gloves from a local hardware store were assessed.

Methods

Materials and reagents

Zinc diethyldithiocarbamate, zinc dimethyldithio-
carbamate (ZDMC), sodium diethyldithiocarba-
mate (NaDEC), cobalt chloride hexahydrate and
HPLC grade acetonitrile (ACN) were obtained
from Aldrich (Milwaukee, WI). Zinc dibutyldithio-
carbamate, tetraethylthiuram disulfide (TETD)
and 2-Mercaptobenzothiazole were acquired from
Chem Service (West Chester, PA). Distilled water
used throughout was purified by aMilliporeMilliQ
system (Molshiem, France). All solvents used for

HPLC were filtered (0.22 mm membrane) and
degassed by sonication under vacuum for 10 min
at ambient temperature. Cobalt chloride was pre-
pared as a 420-mmol/l solution in water. A 500-mg/
ml ZDMC solution was prepared in ACN.
Stock solutions (1000 mg/ml) of TETD and

MBT were prepared in ACN and ZDBC in
500 mg/ml ZDMC-ACN solution. Stock solutions
of ZDEC (1000 mg/ml) were prepared in each ACN
and ZDMC-ACN. Combined 1:1 ZDEC/ZDBC,
ZDMC/TETD and ZDEC working standard
solutions were prepared by the appropriate
dilutions in ACN and/or 500 mg/ml ZDMC-ACN
to yield final concentrations of 31.3, 62.5, 125, 250
and 500 mg/ml. 2-Mercaptobenzothiazole standard
solutions were prepared in an analogous way using
ACN to give final concentrations of 1.95, 3.91,
7.81, 15.63, 31.25, 62.5 and 125 mg/ml (additional
standards, 0.24, 0.49 and 0.98 mg/ml were prepared
for low level MBT determinations using a 100 ml
HPLC injection). Visible chromatographic peaks
below the lowest standards were not quantified
by extrapolation but are noted as not quantifiable
(NQ). 38 brands of gloves from 17 different manu-
facturers were purchased from commercial vendors.

Instrumentation

Absorbance measurements of cobalt(III) dialkyl-
dithiocarbamate (DTC) complexes were carried
out on a Beckman DU 800 Spectrophotometer at
320 and 370 nm.
The HPLC methodology for determination of

ZDTCs from latex has been previously reported
(6). HPLC analysis was performed on a Shimadzu
system consisting of two LC-600 pumps, SIL-
10AD auto-injector, LPI–6B interface and SPD-
M10A Diode Array Detector. An injection
volume of 10 ml was used and separations per-
formed on a 5-mm particle size, 250 � 4.6-mm
Supelco Discovery C18 column (Bellefonte, PA)
at a flow rate of 1 ml/min. An absorbance at
260 nm was used for the UV detection of ZDTC
complexes and 320 nm for MBT. The elution gra-
dient profile started at 85% ACN/water and was
increased at a rate of 5%/min for 3 min before
being held at 100% ACN for 11 min.

Extraction of whole gloves

Each glove was weighed before being cut into
approximately 1-cm strips then extracted using
ACN (10 ml/gram glove) for 17 h on a shaker
(250 r.p.m) at room temperature. Glove powder
was removed from extracts by centrifugation at
1000 � g for 10 min. Extraction efficiency was
determined using 5 different brands of latex and
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nitrile gloves, each. The percent extraction effi-
ciency is 99.6 ± 4.6% and 94.7 ± 13.1 for latex
and nitrile, respectively. Extraction efficiency
correction factors were not applied to accelerator
content measurements presented due to the excel-
lent observed partitioning into the ACN.

Determination of approximate total
sulfur-containing accelerator content

Aliquots (600 ml) of the extracts and ZDEC stand-
ards were treated with CoCl2 (6 ml 420 mmol/l),
mixed then incubated in a water bath for 2 h at
50�C. Samples of the derivatized solutions
(100 ml) were then taken and diluted with ACN
(1:20) prior to measuring their absorbance on a
UV spectrophotometer.

Combined extraction and determination of total
accelerator content from glove finger tips
(modified screening procedure)

2½ cm of the glove finger tip of the middle finger
was trimmed from the glove, weighed, cut into
small pieces and transferred into a 3.6-ml poly-
propylene tube. Acetonitrile (2.5 ml) containing
4.2 mmol/l CoCl2 was added to each tube and the
extraction/reaction was allowed to proceed for
2 h. An aliquot was removed, placed into a
microcentrifuge tube and centrifuged for 5 min
to remove powder. Samples of the derivatized
solutions (100 ml) were then taken and diluted
with ACN (1:20) prior to measuring their absorb-
ance on a UV spectrophotometer as above.

HPLC determination of sulfur-containing
accelerator levels

Filtered glove extract samples were subjected to a
preliminary HPLC run (conditioned by two 50 ml
injections of a saturated ZDMC solution in ACN
to complex and prevent interference from nickel
in hardware components) to screen for the
presence of ZDMC and other target accelerator
species. Zinc dimethyldithiocarbamate was not
detected in any of the sample extracts.
To determine ZDEC and ZDBC levels, 600 ml

aliquots of the glove extracts were taken and
added to tubes containing 300 mg ZDMC(600 ml
aliquots of 500 mg/ml ZDMC taken down to dry-
ness under a constant stream of nitrogen at
30�C). The tubes were then shaken until ZDMC
redissolved. Prior to analysis, samples were then
filtered and the HPLC conditioned by three 50-ml
injections of a saturated ZDMC solution in
ACN. Levels of MBT were determined from
fresh aliquots of glove extract in the absence of
any added ZDMC. All determinations were made

in duplicate from 2 separate gloves from the same
lot for each brand tested.

Accelerator distribution study

Samples (1 g) were taken from 3 different areas
of several brands of glove (wrist, palm and fin-
gers) and extracted in ACN (10 ml) as described
above. Extracts were then treated with cobalt
chloride to determine total sulfur-containing
accelerator content as previously described (with
the exception that results were quantified using a
1:1 ZDMC/TETD standard curve).

Time course study for extraction of accelerators
from latex and nitrile gloves

Approximately 20 g of glove material from the
fingers was obtained from each brand of glove
investigated and cut into approximately 3 mm
strips. Duplicate 2 g samples were than taken and
extracted in 20 ml ACN at room temperature for 1,
2, 4, 8 and 23 h. At each time point 600 ml aliquots
of extract was taken and treated with cobalt chlor-
ide and accelerator content determined as men-
tioned above. The combined ACN-Co(III)
solvent finger tip-extraction time course was run
but with time points between 5 and 240 min. For
the combined ACN-Co(III) extraction latex glove
finger tips were cut into small pieces, all pieces
pooled andmixed. Two, 250 mg, finger tip samples
were weighed out from the pooled lot for analyses
at each time point.

Results

Analytical methodology

The present methodology utilizes both an initial
quantitative screening method for the presence of
sulfur accelerators followed by HPLC speciation
and quantification. Extraction of the sulfur accel-
erators proceeded rapidly in ACN with >85%
partitioning to the solvent by 1 h at room tem-
perature and >95% within 4 h. Similar results
were obtained when ACN-Co(III) was used as
the extraction solvent (Fig. 1). An exhaustive
time course study on gloves of different thick-
nesses and textures was not performed and
some inter-brand variation may be expected.
Figure 2 is the absorbance spectra of ZDEC,

TETD and MBT following reaction to Co(III).
Cobalt(III)-DTC complexes formed rapidly in the
presence of ZDTCs, but Co(III) complexed very
slowly to thiurams. Complexation of thiurams by
Co(III) was accomplished by incubation at 50�C
for 2 h. The spectra for Co(III)-ZDEC and
Co(III)-ZDBC were identical (data not shown).
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Both ZDTC- and thiuram-Co(III) turn the solution
to concentration-dependent shades of green.
Thiurams can qualitatively be distinguished from
ZDTC by their slow complexation (slow colour for-
mation and increasing absorbance at 320 nm over
time). Mercaptobenzothiazole does not complex to
Co(III), however, it absorbs highly at 320 nm. It can
be distinguished from both ZDTCs and thiurams
by its lack of absorbance at 370 nm (Fig. 2) and
lack of visible green colour. ZDEC, ZDBC,
TETD, TMTD and NaDEC standard curves
had relatively similar slopes [0.0023 ± 0.0003
absorbance units/(mg/ml)]. Mixtures produced
spectrophotometric absorbances in between that
of the individual components (data not shown).

2-Mercaptobenzothiazole absorbance at 320 nmwas
3.22–4.58 times higher than the Co(III) complexes.
Distribution of accelerator within 4 different

gloves (2 latex and 2 nitrile) was examined.
A gradient in accelerator content (per gram of mate-
rial) was noted in only one of the four gloves (Fig. 3).
Although the average accelerator content was similar
(2.29 versus 2.26 mg accelerator/g latex) for the
duplicates of the gloves displaying a concentration
gradient from the wrist to fingers, considerable varia-
tion was noted in the relative accelerator distribution
within these two gloves from the same lot.
A modified screening method in which the

extraction and derivatization steps were combined
(2 h, room temperature) was evaluated. A finger
tip (2.5 cm, middle digit) was used to reduce sol-
vent and CoCl2 requirements. Figure 4 is a com-
parison of screening gloves by assaying only the
middle digit finger tip using the modified screening
procedure versus the whole glove extraction
method. A strong correlation of r2 ¼ 0.89 was
found between whole glove versus finger-tip ana-
lyses. Partitioning of CoCl2 was noted into the
matrix of several nitrile gloves, presumably due
to the particular dye content. This altered the
visual appearance of the extract (shade of green)
but did not alter the spectrophotometric measure-
ment of the Co(III)-DTC complex.

Glove survey

Table 1 lists the results of the survey of acceler-
ator content from ‘off-the-shelf’ non-powdered
latex, powdered latex and nitrile gloves. Three
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non-exam gloves, purchased at a local hardware
store are also included (Stanley HandHelpers, Bag
O’Gloves and latex gloves). Total accelerator con-
tent extrapolated from a ZDEC/absorbance stan-
dard plot and specific accelerator type and amount
from HPLC analyses are provided. Each analysis
was run in duplicate (2 gloves from the same box).
Mercaptobenzothiazole, ZDEC and ZDBC, alone
or in combination, were found in measurable levels.
Levels ranged from non-detectable to 1.31, 5.17 and
4.59 mg/g latex for MBT, ZDEC and ZDBC,
respectively. The relative amount of accelerator con-
tent between powdered and powder-free gloves
from the same manufacturer was examined
(Table 2). The amount of accelerator found in pow-
der-free gloves was less than in powdered gloves
from every manufacturer (P ¼ 0.0456). Powder
(>5 mg each) was vacuumed off Safe Skin LPE
and Micro One gloves (3 each) onto preweighed
37 mm, 0.45 mm pore Telflon filters. Powder
amount was determined by the difference between
pre- and post-filter weight. Powder from Safe Skin
LPE did not have measurable levels of accelerator
(<14.6 mg accelerator/mg powder). Micro One
powder contained 15 mg accelerator/mg powder.

Discussion

Residual vulcanization accelerators are known to
produce latex glove-associated ACD; however,
threshold levels associated with this hypersensitivity
response are not known. A major obstacle in deter-
mining acceptable levels of accelerators within
gloves has been the lack of a widely acceptable
analytical chemical measurement method. Simple,
inexpensive screening methods have been developed
in this study for total sulfur accelerator content in
latex and nitrile gloves. Acetone has been commonly
used for extraction of accelerators from the latex

matrix, but accelerator stability is very limited in this
solvent (5, 7). Acetonitrile was used as the extraction
solvent due to its compatibility with analytes and
analytical methods. Approximately 95% of the
accelerator(s) are extracted within the first 2 h.
Interestingly, it takes an extended time to recover
the last few percent of residual accelerator. It is not
known whether this reflects surface accelerator
versus that trapped within the latex matrix.
The present methodology represents an expan-

sion over that which we previously reported for
assessment of ZDTCs from latex condoms (6).
Both cobalt and copper have been used as reagents
in qualitative spot test for dithiocarbamates (8).
Copper salts may provide an alternative reagent
to CoCl2 for spectrophotometric quantitative
screening of total accelerator content; however,
solvent compatibility, adduct stability and spectral
characteristics have not been evaluated for thiur-
ams and ZDTCs. Two variations of the total sulfur
accelerator screening spectrophotometric method
were evaluated. Extraction of the latex or nitrile
material by ACN, followed by derivitization with
CoCl2 allowed for assessment of the average accel-
erator content within the glove and ability to speci-
ate the accelerator from the same extract.
Extraction and derivitization can be combined;
however, several limitations apply to this modifica-
tion. In this combined procedure only finger tips
were analysed to limit the amount of CoCl2
required. Speciation by HPLC would require a
separate ACN extract. Measurement of thiurams
would require an extended reaction time or the
application of heat to the latex and nitrile materials
to facilitate reduction of the disulfide bond. It was
also noted that several of the nitrile gloves
adsorbed the cobalt. This did not interfere with
accelerator extraction or the formation of
Co(III)DTC complexes but did alter the colour
appearance (shade of green).
Interestingly, thiurams, the most commonly

reported cause of latex accelerator ACD, were
not detected in any of the recently manufactured
gloves.Mercaptobenzothiazole, ZDEC and ZDBC
were found alone or in multiple combinations in
nitrile, medical latex exam and non-medical latex
gloves. Latex accelerators were measured in the
part per thousand (by weight) range from many
of the gloves. Food and Drug Administration
(FDA) regulations require that accelerators not
exceed 1.5% by weight of rubber medical devices
(9). The glove with the highest accelerator con-
tent had approximately ½ the maximally allowed
accelerator content as free, extractable accelera-
tor. It must be noted that lot to lot variation in
accelerator levels were not assessed, and the levels
found in each particular brand may vary
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considerably between different lots. In addition,
the measured values represent extractable accel-
erator content but can not be interpreted as an
exposure dose. Exposure dose may vary greatly
with pattern of glove use and use conditions. The
survey of ‘off-the-shelf’ gloves does demonstrate
the wide range of residual accelerator levels in
gloves and that it is possible to find both pow-
der-free latex and nitrile gloves that do not contain
detectable residual accelerator.
Accelerator content was significantly lower in

powder-free gloves versus powdered gloves from
the same manufacturer. This is most likely attribu-
table to differences in manufacturing processes
between the two types of gloves. Manufacturing
processes to eliminate surface tack in powder-free
gloves may vary considerably between manufac-
turers. Halogenation of the glove surface is com-
monly used for powder-free gloves. Gloves are
processed in either chlorinated or brominated water
followed by an ammonia water or aqueous sodium
thiosulfate neutralization and water rinses (8). Such
processingmay conceivably leach out and/or oxidize
accelerators. The powder recovered from the highest
accelerator-containing powdered glove did have
measurable accelerator in the powder fraction. The
fraction of the total accelerator content found in the
powder fraction of that glove, assuming 100 mg
powder/glove, was a calculated 2.3%. This suggests
that these hydrophobic vulcanization accelerators
do not selectively partition to the powder, as do the
water-soluble latex protein allergens (10).
In conclusion, simple and inexpensive latex

accelerator screening and speciation methodolo-
gies presented are applicable for both industrial
quality control and health research purposes. A
survey of ‘off-the-shelf’ medical exam and hard-
ware store latex and nitrile gloves demonstrated a
wide range of accelerator levels ranging up to
several parts per thousand by weight.
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Table 2. Comparison of latex accelerator content in powdered and powder-free gloves from the same manufacturer

Powdered Powder-Free Difference*
Manufacturer (mg/g) (mg/g) (%)

Ansell 3.71 2.29 16.6
Allegiance 3.26 2.81 13.8
Fisher 2.99 1.21 59.5
Kimberly Clark 3.94 0.065 83.5
Microflex 6.88 4.55 33.9

*P ¼ 0.0456 paired T-test
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