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Abstract
Objectives: We assessed dermal exposure to N,N- dimethylacetamide (DMAC) in a 
spray worker by utilizing a combination of personal exposure monitoring, biological 
monitoring, and glove permeation monitoring. We also determined the protective 
effects of chemical protective gloves (CPGs).
Methods: Surveys with and without CPG usage were performed on different days. 
In the survey with CPG usage, the worker had worn leather gloves over the CPG. 
Personal exposure monitoring and glove permeation monitoring were performed 
using 3M Organic Vapor Monitor 3500 and PERMEA- TEC Pads respectively. 
Urinary concentration of DMAC and its metabolites (N- methylacetamide [NMAC], 
N- hydroxymethyl- N- methylacetamide [DMAC- OH], S- (acetamidomethyl) mercap-
turic acid [AMMA]) were measured in the before- shift and end- of- shift samples col-
lected from the worker.
Results: Personal exposure DMAC concentration in the survey with CPG usage 
(0.32 ppm) was twice that in the survey without CPG usage (0.15 ppm). However, 
urinary concentrations of DMAC- OH and AMMA in the end- of- shift samples in 
the survey with CPG usage (DMAC- OH, 0.74 mg/g creatinine; AMMA, 0.10 mg/g 
creatinine) were lower than those in the survey without CPG usage (DMAC- OH, 
1.27  mg/g creatinine; AMMA, 0.24  mg/g creatinine). Urinary concentrations of 
DMAC and NMAC were below the limit of detection in all samples. DMAC con-
centrations in PERMEA- TEC Pads that were used in the surveys with and with-
out CPG usage were in the range of 0.3- 2.1 µg/sample and 16.4- 1985.2 µg/sample 
respectively.
Conclusions: The combination of CPG usage and leather gloves was effective in 
preventing dermal exposure to DMAC.
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1 |  INTRODUCTION

N,N- dimethylacetamide (DMAC) is a highly polar solvent 
that is miscible with both hydrophilic and hydrophobic sol-
vents. DMAC is used as a reaction solvent in the production of 
synthetic fibers, resins, and medical chemicals because of its 
high boiling point, flash point, and thermal and chemical sta-
bility.1 However, human studies in Japan and other countries 
have reported the incidence of toxic hepatitis in workers who 
are exposed to DMAC present in acrylic and urethane fiber 
plants.2- 4 In industrial settings, DMAC is mainly absorbed 
through the lungs and skin.5 A study conducted among human 
volunteers showed that dermal absorption accounted for 40% 
of the total DMAC vapor absorption.6 The occupational ex-
posure limit (ie threshold limit value- time- weighted aver-
age, TLV- TWA) of DMAC recommended by the American 
Conference of Governmental Industrial Hygienists (ACGIH) 
is 10 ppm,7 which is not recommended by the Japan Society 
for Occupational Health (JSOH). ACGIH also recommends 
30 mg/g creatinine for urinary N- methylacetamide (NMAC), 
one of the urinary metabolites of DMAC, as the biological 
exposure index (BEI) for DMAC and classifies DMAC as a 
substance with “potential significant contribution to the over-
all exposure by the cutaneous route”7

Biological monitoring is useful in assessing worker ex-
posure to DMAC because it reflects total absorption into the 
body regardless of the route of exposure. However, biological 
monitoring alone cannot isolate the dermal exposure. The as-
sessment of dermal exposure is crucial because it enables the 
selection of appropriate chemical protective gloves (CPGs) 
and ensures their proper use. However, to the best of our 
knowledge, there are no published studies on the assessment 
of dermal exposure to DMAC among industrial workers.

The present study aimed to assess the dermal exposure of 
a spray worker to DMAC by combining personal exposure 
monitoring, biological monitoring, and glove permeation 
monitoring. In addition, the protective effects of CPG usage 
were investigated using this approach.

2 |  SUBJECTS AND METHODS

2.1 | Study design and subjects

The subjects were one worker engaged in spray painting and 
two clerical workers as controls. The duration of their work 
shift was 8 hours: from 9:00 to 17:00. The spray painting work 
was carried out once during the work shift, and the time spent 

on it was approximately 60 minutes. During spray painting, 
the worker was exposed to paints containing DMAC (20%- 
30%), antimony trioxide (1%- 10%), molybdenum disulfide 
(1%- 10%), N- methylpyrrolidone (1%- 10%), xylene (1%- 
10%), and 1,4- dioxane (40%- 50%). An enclosed local ex-
haust ventilation system was installed at the site where spray 
painting work was performed. With the spray gun in his right 
hand and the object to be painted in his left hand, the worker 
painted the object using spray gun toward the enclosed local 
exhaust ventilation system. The spray worker did not use any 
protective mask. Personal exposure and biological monitor-
ing were conducted in both spray worker and clerical work-
ers. Meanwhile, glove permeation monitoring was performed 
only for the spray worker. Surveys with and without CPG 
usage were performed on different days. The spray worker 
wore two layers of cotton work gloves in the survey with-
out CPG usage, and DAILOVE 640 (DIA RUBBER CO. 
Ltd.) gloves in the survey with CPG usage. In the survey 
with CPG usage, to improve the handling of the object to be 
painted, leather gloves were worn over the DAILOVE 640. 
The worker judged DAILOVE 640 to be the easiest glove 
for carrying out spray painting work among our prepared 
three types of CPGs (DAILOVE 640 and DAILOVE T1- N, 
DIA RUBBER CO. Ltd; Butyl glove B- 131, Kure Grinding 
Wheel Co. Ltd). DAILOVE 640 is made of butyl rubber 
and is commercially available as a permeation- resistant and 
solvent- resistant CPG. No permeation resistance test data 
for DMAC toward DAILOVE 640 are shown. However, ac-
cording to the permeation resistance test conducted by the 
manufacturer based on the permeation resistance test (JIS 
T8030) specified by JIS T8116, the permeation time of N,N- 
dimethylformamide, which has a similar structure as that of 
DMAC, was over 480 minutes.8 In addition, the area swelling 
ratio, which indicates the solvent resistance of the protective 
gloves, is 1.0, indicating that DAILOVE 640 has a high sol-
vent resistance.9

2.2 | Glove permeation monitoring

The time taken for glove permeation monitoring was ap-
proximately 60  minutes, which was the time spent on the 
spray painting work. PERMEA- TEC Pads (SKC Inc; No. 
769- 3050) were used to measure the permeation amount of 
protective gloves worn by the spray worker. PERMEA- TEC 
Pads consist of a patch that can be attached to the skin, an 
activated charcoal cloth, and CLI's micro- encapsulation de-
tection indicator that changes the color from white to brown 
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when an organic solvent comes into contact with the center 
of the activated charcoal cloth (Figure 1). Immediately before 
the start of the spray painting work, the worker wore the inner 
gloves with the PERMEA- TEC Pads attached to the back of 
the hand (two areas) and the palm (six areas). Immediately 
after the spray painting work was completed, a change in the 
color of the indicator was confirmed by the investigators, and 
the PERMEA- TEC Pads were removed from the worker's 
hands, stored in a cold box, and taken back to the laboratory. 
The pads were analyzed according to the method used by 
Creta et al,10,11 with minor modifications; the activated char-
coal cloth was carefully removed from the PERMEA- TEC 
Pads and placed in a test tube. Acetone (2 mL) containing 
N,N- diethylacetamide (DEAC, 90.09  mg/L) as an internal 
standard (IS) was added to the test tube, and the tube was 
allowed to stand for 1 hour to extract DMAC. Afterwards, 
the extract was passed through a 0.22 µm filter to prepare a 
sample solution.

DMAC was determined using an HP6890 gas chro-
matograph equipped with a 5973N mass spectrometer 
(GC- MS, Agilent Technologies). A 30 m × 0.25 mm. DB- 
WAX capillary column with 0.5- µm film thickness (Agilent 
Technologies) was used. Helium was used as the carrier gas 
at a flow rate of 1.0 mL/min. The temperatures of the injec-
tion port and transfer line were set at 250 and 230°C respec-
tively. The oven temperature was set at 40°C for 1 minute and 
then increased to 200°C for 1 minute at a rate of 10°C/min. 
Samples (1 µL) were injected in pulsed splitless mode (pulse 
pressure: 25 psi, pulse time: 1 minute). The mass spectrome-
ter was operated in electron impact (EI) mode at an electron 
energy of 70  eV. The ion source and quadrupole analyzer 
were maintained at 230 and 150°C, respectively. The ions of 
m/z 87 and 44 were selected as the quantifier ion and quali-
fier ion, respectively, for DMAC. In addition, the ions with 

m/z 115 and 58 were selected as the quantifier ion and qual-
ifier ion, respectively, for DEAC. The limit of quantification 
(LOQ) was 1.0 µg/sample.

2.3 | Personal exposure monitoring

To measure the DMAC concentration in the worker's breath-
ing area, the 3M Organic Vapor Monitor 3500 (3M) was 
placed on the chest of the spray worker and control workers 
immediately before the start of the day's shift (9:00). At the 
end of their shift (17:00), the 3M Organic Vapor Monitor 3500 
was removed from the worker's chest and taken back to the 
laboratory. Analysis of 3M Organic Vapor Monitor 3500 was 
performed according to the Organic Vapor Monitor Sampling 
and Analysis Guide.12 That is, dichloromethane (1.5  mL) 
containing DEAC (90.09 mg/L) as IS was placed in the 3M 
Organic Vapor Monitor 3500, and the monitor was allowed 
to stand for 1 hour to extract DMAC. The analysis conditions 
for the gas chromatograph were similar to those described in 
“Glove permeation monitoring.” The LOQ was 0.003 ppm.

2.4 | Biological monitoring

The amount of DMAC absorption in the worker was as-
sessed by measuring the concentrations of urinary DMAC 
and its metabolites (N- hydroxymethyl- N- methylacetamide 
[DMAC- OH], NMAC, and S- (acetamidomethyl) mercapturic 
acid [AMMA]). Urine samples were collected from the spray 
worker and the control workers immediately before the start 
of the day's shift (9:00) and after the end of the shift (17:00), 
stored in a cold box, and then brought back to the labora-
tory. The urinary concentration was measured according to 
the method developed by Yamamoto et al13 Urine samples 
were diluted 10- fold in formic acid, and 1- µL aliquots were 
injected into a high- performance liquid chromatography- 
tandem mass spectrometer (HPLC- MS/MS). DMAC and 
its metabolites were determined using the Shimadzu Nexera 
UHPLC/HPLC system with an LCMS- 8030 triple quadrupole 
MS with an ESI source (Shimadzu) in positive ion mode. An 
InertSustain C18 column (2.1 × 150 mm; 2 μm, GL Sciences 
Inc) was used with a column temperature of 40°C. A mixture 
of 10  mmol/L aqueous formic acid solution and methanol 
was utilized as the mobile phase using the following gradi-
ent: 1% methanol for 0.1- 10 minutes, 1%- 50% methanol over 
10- 15 minutes, 50% methanol over 15- 17 minutes, and 1% 
methanol over 17- 24  minutes. The flow rate was 0.2  mL/
min. A multiple reaction monitoring technique, optimized 
using standard solutions of metabolites, was applied to the 
fragment combination of each compound, as detailed below. 
The ions of m/z 88.1 and 46.1 were selected as precursor ion 
and product ion, respectively, and the collision energy was 

F I G U R E  1  Image showing PERMEA- TEC Pads (SKC Inc, USA; 
No.769- 3050)

Charcoal pad

CLI’s micro-encapsulation 

detection indicator
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−18  eV for DMAC. Similarly, they were 104.0, 44.0, and 
−14 eV for DMAC- OH; 74.3, 43.0, and −21 eV for NMAC; 
and 235.1, 164.0, and −11 eV for AMMA, respectively. For 
DMAC and each metabolite, the limits of detection (LODs) 
were from 0.02 to 0.05  mg/L. The urinary concentrations 
were corrected for creatinine concentrations.

3 |  RESULTS

Table  1 shows the amount of DMAC obtained from 
PERMEA- TEC Pads, personal exposure concentration of 

DMAC, and urinary concentrations of DMAC and its me-
tabolites in the survey without and with CPG usage. Figure 2 
shows the color change of the CLI microencapsulation detec-
tion indicator. In the survey without CPG usage, the amount 
of DMAC obtained from PERMEA- TEC Pads detected was 
greater than 1000 µg/sample in four areas (Figure 2: Nos. 5, 
6, 7, and 8) of the left palm in which the worker was hold-
ing the object to be painted, and the indicator showed color 
change from white to brown. Meanwhile, the right hand hold-
ing the spray gun had a DMAC amount of less than 100 µg/
sample at all measurement points. In the survey with CPG 
usage, the amount of DMAC was less than 1.0 µg/sample at 
all measurement points except one on the left palm (2.1 µg/
sample).

In both surveys, personal exposure concentrations of 
DMAC were lower than 1/30 of the TLV- TWA recommended 
by the ACGIH. The personal exposure concentration of 
DMAC in the survey with CPG usage was twice that of the 
survey without CPG usage. For control workers, it was below 
the LOQ (0.003 ppm) in both surveys.

The concentrations of DMAC and NMAC in the urine of 
the spray worker were below the LODs (0.02- 0.05 mg/L). In 
both surveys, the concentrations of DMAC- OH and AMMA 
at the end of the shift were higher than those before the shift. 
The urinary DMAC- OH concentrations at the end of the 
shift without and with CPG usage were 1.27 mg/g creatinine 
and 0.74 mg/g creatinine, respectively. The urinary AMMA 
concentrations at the end of the shift without and with CPG 
usage were 0.24  mg/g creatinine and 0.10  mg/g creatinine 
respectively. The control workers' urinary DMAC and its 
metabolite concentrations in both surveys were all below the 
LODs (0.02- 0.05 mg/L).

4 |  DISCUSSION

This study attempted to assess dermal exposure by combin-
ing three different monitoring techniques and found that this 
approach helped assess the protective effect of CPG usage. 
There are a few reports that used a similar approach. Pearson 
et al14 assessed the overall risk of occupational asthma in 
healthcare workers handling methylene diphenyl diisocy-
anate. Creta et al11 evaluated inhalation and dermal exposure 
to volatile organic compounds in workers from a factory 
producing fiber- reinforced thermoplastic composite panels. 
However, no studies have focused on assessing dermal expo-
sure to DMAC in a real- life working environment using this 
approach. To the best of our knowledge, this study is the first 
to demonstrate the usefulness of this combination approach 
for assessing dermal exposure and the protective effect of 
CPG usage in workers handling DMAC.

In both surveys, workers were exposed to low levels 
of DMAC, but urinary concentrations of DMAC- OH and 

T A B L E  1  Amount of DMAC adsorbed on the activated 
charcoal cloth of PERMEA- TEC Pads with and without chemical 
protective gloves usage, personal exposure concentration, and urinary 
concentration of DMAC and its metabolites

Without CPG 
usage

With CPG 
usage

Amounts of DMAC obtained from PERMEA- TEC Pads (µg/
sample)

Sampling points

1 16.4 0.3

2 266.3 0.8

3 79.6 0.3

4 48.4 0.4

5 1108.7 0.5

6 1103.7 2.1

7 1985.2 0.7

8 1644.8 0.4

Personal exposure concentrations of DMAC (ppm)

0.15 0.32

Urinary concentrations of DMAC and its metabolites (mg/L, mg/g 
creatinine)

Before- shift urine

DMAC <0.04, − <0.04, −

NMAC <0.05, − <0.05, −

DMAC- OH 0.12, 0.17 <0.02, −

(as NMAC) (0.09, 0.12) (<0.01, −)

AMMA 0.15, 0.21 <0.02, −

End- of- shift urine

DMAC <0.04, − <0.04, −

NMAC <0.05, − <0.05, −

DMAC- OH 1.53, 1.27 2.14, 0.74

(as NMAC) (1.09, 0.90) (1.52, 0.52)

AMMA 0.29, 0.24 0.29, 0.10

Abbreviations: AMMA, S- (acetamidomethyl) mercapturic acid; CPG, 
chemical protective gloves; DMAC, N,N- dimethylacetamide; DMAC- OH, N- 
hydroxymethyl- N- methylacetamide; NMAC, N- methylacetamide.
Sampling point numbers correspond to the values shown in Figure 2.
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AMMA at the end of the shift were higher than those be-
fore the start of the shift. This indicated that DMAC was 
absorbed into the body of the worker. Considering that the 
spray worker did not use a protective mask, the respiratory 
tract and skin were believed to be the main routes of ex-
posure. The ACGIH recommends 30  mg/g creatinine for 
urinary NMAC as a BEI that corresponds to 10 ppm TLV- 
TWA. Based on this relationship, urinary NMAC concen-
trations corresponding to personal exposure concentrations 
in the surveys without and with CPG usage are estimated 
to be 0.45  mg/g creatinine and 0.96  mg/g creatinine, re-
spectively. The urinary NMAC concentration of BEI rec-
ommended by the ACGIH was determined based on data 
collected using the GC method. Therefore, that includes 
DMAC- OH thermally decomposed to NMAC in the injec-
tion port of GC.13 Meanwhile, urinary NMAC concentra-
tions converted from urinary DMAC- OH concentrations 
determined in the urine at the end of the spray worker's shift 
without and with CPG usage corresponded to 0.90  mg/g 

creatinine and 0.52  mg/g creatinine respectively. In the 
survey without CPG usage, the measured value (0.90 mg/g 
creatinine) of urinary NMAC was larger than the estimated 
value (0.45 mg/g creatinine) of that. It is no wonder that this 
difference occurred because although the BEI is 30 mg/g 
creatinine for urinary NMAC, the previous studies reported 
that the urinary NMAC concentrations corresponding to 
10 ppm of DMAC were 20- 62 mg/L or mg/g creatinine.5 In 
contrast, the measured value (0.52 mg/g creatinine) of uri-
nary NMAC in the survey with CPG usage was smaller than 
the estimated value (0.96 mg/g creatinine). Moreover, 60%- 
70% of the estimated value was attributed to respiratory 
uptake and was 0.58- 0.67 mg/g creatinine because experi-
mental exposure studies reported that 30%- 40% of NMAC 
occurred from dermal absorption.5,6 These estimated values 
attributed to respiratory uptake were close to the measured 
value. Therefore, this result indicated that the worker did 
not have DMAC absorption through the skin; however, the 
protective effects of DAILOVE 640 and leather gloves, 

F I G U R E  2  Appearance of the PERMEA- TEC Pads without and with the use of chemical protective gloves (CPG). Without CPG use: (A) 
back of the hands and (B) palm of the hands. With CPG use: (C) back of the hands and (D) palm of the hands. Values in the photograph correspond 
to the sampling point numbers listed in Table 1

12 4

3

5 6

7 8

Left hand

(A) (B)

Right hand Left hand Right hand

12 4

3

5 6

7 8(C) (D)
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independently, against DMAC were unknown, demon-
strating that the combination of these was effective. This 
finding was supported by the results of glove permeation 
monitoring using PERMEA- TEC Pads.

Furthermore, glove permeation monitoring provided im-
portant information for understanding the dermal exposure 
of workers to DMAC. We found that the dermal exposure 
level of the worker's left hand, in which he was holding 
the object to be painted, was higher than that of the right 
hand, in which he was holding the spray gun. Furthermore, 
the dermal exposure level of the left hand was higher on 
the palm than that on the back of the hand. It is possible 
to visually confirm the dermal exposure while working by 
checking color change in the PERMEA- TEC Pads indicator 
before and after working. Therefore, the indicator results 
not only allow workers and managers to choose the gloves 
best suited for protection and cost- effectiveness under ac-
tual use conditions but also make them aware of the dermal 
exposure risk. It can also motivate them to take preventive 
measures such as changing work procedures and methods 
and shortening their work time.

This study had some limitations. First, there was only one 
worker exposed to DMAC who participated in this survey. 
Second, PERMEA- TEC Pads cannot measure the absolute 
amount of DMAC absorbed by the body through the skin. 
Given that these limitations may have led to inaccurate re-
sults, further research is necessary to assess worker dermal 
exposure to DMAC more accurately.

5 |  CONCLUSION

Dermal exposure to DMAC and the protective effects of 
gloves of workers can be assessed by combining personal 
exposure monitoring, biological monitoring, and glove per-
meation monitoring. The results obtained by this approach 
can be helpful to selection of the appropriate CPG and its 
proper usage.
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