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Abstract
Personal air exposure to monocyclic aromatic amines (MAA) is a growing concern, in large part, due to their
ubiquitous presence in the general environment and their potential health risk for bladder cancer. It is unclear
what other sources of airborne MAA are for general population, due to low concentrations in the air. Detecting
“trace” levels of MAAs requires a sensitive analytical method and field evaluation. In this study, an analytical
method was developed to detect 2,3-dimethylaniline [2,3-DMA]; 3,5-DMA; and 3-ethylaniline [3-EA] in general
air environment. During a 12-hr sampling periods, the estimated limit of quantifications (LOQs) were less than
4.13 ng/m3 for 2,3-DMA; 3,5-DMA; and 3-EA. Desorption efficiencies (recovery rates) were at least 89% with 1
ng of each 2,3-DMA; 3,5-DMA; and 3-EA per tube. The storage effect for three MAAs showed that all three
MAAs remained above 60% on the sorbent tubes and filters over 10 days. A field study was conducted in Seoul,
Korea to validate sampling method in a real-world busy street with traffic, an office near the same street, and a
residential home away from the busy street. Gas-phase 2,3-DMA was detected only in the indoor home sample
(3.26±0.60 ng/m3), and 3,5-DMA was not detected in all samples. Particle-bound 3-EA was detected in the street
(10.92±4.73 ng/m3), office (9.47±6.11 ng/m3), and residential home (7.53±4.17 ng/m3). The results suggested
that the proposed analytical and field sampling methods can useful for environmental exposure assessment of
these MAAs.
Keywords: monocyclic aromatic amine, analytical method, field evaluation, urban air, exposure assessment
1. Introduction
The health effects of 2,3-dimethylaniline (2,3-DMA); 3,5-dimethylaniline (3,5-DMA); and 3-ethylaniline (3-EA),
a class of aromatic amines (AAs), are a growing concern due to their similar chemical structures to carcinogens
such as aniline and 2,6-dimethylaniline (Gan et al., 2004; Skipper et al., 2006). Exposure to these compounds
can be ubiquitous because these AAs are widely used in work places as well as general environments as dyes,
pharmaceuticals, cosmetics, agricultural pesticides, antioxidants in polymers, and motor fuels (Kutting et al.,
2009; Skipper, Kim, Sun, Wogan, & Tannenbaum, 2010; Angerer, Ewers, & Wilhelm 2007; Scherer, 2005).
Personal exposure assessment to airborne AAs has been conducted in work places in the past 20 years (Ward et
al., 1996; Talaska & Al-Zoughool, 2003). Occupational exposure studies found that aniline and benzidine, a
class of AAs, were associated with increase risk for bladder cancer in dyers, painters, and hairdressers (Naito et
al., 1995; Sathiakumar & Delzell, 2000; Talaska, 2003). In the general environment, previous exposure studies
found that smoking contributed to increase in indoor concentrations of some AAs such as aniline and
4-aminobiphenyl (Van Hemelrijck, Michaud, Connolly, & Kabir, 2009; Hammond et al., 1993). Recent exposure
studies, however, suggested that a set of specific AAs including 2,3-DMA; 3,5-DMA; and 3-EA may not be
attributed to tobacco smoke (Gan et al., 2004; Skipper et al., 2010). Unlike aniline and 4-aminobiphenyl, the
environmental sources of personal air exposure to these compounds are still unknown and very little is
understood about the airborne concentrations that potentially put an individual at risk for bladder cancer, because
of lack of robust methods for quantifying AAs in air.
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Few studies have tried to measure airborne 2,3-DMA; 3,5-DMA; and 3-EA in general environments worldwide
(Palmiotto, Pieraccini, Moneti, & Dolara, 2001; Zhu & Aikawa, 2004; Ning et al., 2005). Furthermore, few
studies have successfully detected airborne concentrations of these chemicals due to the absence of a sensitive
method that can detect trace levels in the air. In addition, while these compounds can exist in the air as gas-phase
and particle-phase, only one study has examined both gas-phase and particle-phase of these compounds (Akyuz,
2008). It is clear that a significantly more sensitive, rapid, and simple method is needed to allow for robust
measurements of these compounds for the general population.
In this study we developed an analytical method to detect low levels of airborne gas and particle phase of
2,3-DMA; 3,5-DMA; and 3-EA. We also evaluated the feasibility of detecting ambient AAs in a real-world
urban environment.
2. Methods
2.1 Sampling Locations
Sampling locations in Seoul Korea were a street vendor booth on a street with busy traffic (Gangnam St.), an
office located on the same street (first floor), and a residential home located 5 km east from the Gangnam site.
Gangnam Street is an 8-lane road which supports all types of vehicles including passenger cars, taxis, as well as
diesel-powered buses and trucks. Sampling was conducted from September 23 to October 1, 2010. Street vendor
booth samples were collected for 7 days, office samples were collected for 3 days, and residential home samples
were collected for 6 days. Street vendor booths are ubiquitous in this area, and the booths are typically located
about 1 m from the car lane. The samplers were deployed on the outside wall of the booth in sequential 4-hr
intervals from 07:00 to 19:00 (12 hrs). The concentrations of AAs for the street vendor booth were reported as a
12-hr integrated sample by combining the three samples for each day. For the office measurement, a sampler was
deployed on a desk between 08:00-18:00 (10 hrs) for 3 days. For indoor home sampling, a sampler was deployed
in a living room at 06:00 and removed 20:00 (14 hrs) for 6 days. The inlet of all samplers in each location was
placed approximately 1.5 m above ground level.
2.2 Sampling Equipment
To collect particle bound AAs, we used 37 mm glass fiber filters treated with 0.26 N sulfuric acid in polystyrene
cassettes assembled by the manufacturer (SKC Inc., Eighty Four, PA). Gas phase AAs were collected using
XAD-7 sorbent tubes coated with 10% phosphoric acid (SKC Inc., Eighty Four, PA). The cassette and sorbent
tube were attached in series to a low flow sampling pump (SKC Inc, Pocket Pump 210 series, Eighty Four, PA).
The sampling flow rate was calibrated at 200 mL/min prior to field sampling and then measured after field
sampling. At the end of each sampling period samplers were capped and stored at ambient temperature until
transport to the Seoul Metropolitan Government Research Institute of Public Health and Environment
(SMG-RIPHE). A field blank was used at each location for each sampling day.
2.3 Reagents
A standard stock solution was prepared by adding 1 mL of 2,3-DMA (99%); 3,5-DMA (98%); and 3-EA (98%),
separately, into a 10 mL volumetric flask. Reagent grade methanol (ACS reagent grade (GC) > 99.8%,
Sigma-Aldrich, St. Louis, MO) was added into the volumetric flask to make 10 mL of stock solution with 100
mg/mL for each compound. 2,3-DMA; 3,5-DMA; and 3-EA were purchased from Sigma-Aldrich (St. Louis,
MO). The concentrations of standard solution ranged from 0.025 ng/L to 4.9 ng/L. Internal standard
(aniline-2,3,4,5-d5 solution, Supelco, Park Bellefonte, PA) was separately prepared and added into all standard
solutions to a concentration of 0.5 ng/L. Desorbing solution was prepared by adding ammonium hydroxide (5.0
N in water, Sigma-Aldrich, St. Louis, MO) to methanol at 0.2 N concentrations. Internal standard was added into
the desorbing solution.
2.4 Sample Extraction
To assess ambient concentrations of AAs, we used a modification of the National Institute of Occupational
Safety and Health (NIOSH) 2017 method for particle bound AAs and Occupational Safety and Health
Administration (OSHA) PV2079 method for gas phase AAs. Glass fiber filters taken from the polystyrene
cassette were transferred to 4 mL amber vials. Sorbent tubes were opened and the front and back section of each
tube were placed in separate 4 mL vials. Each amber vial was desorbed with 2 mL of the desorbing solution. The
vial was sealed immediately and sonicated in a water bath (Branson, Model 2510, Danbury, CT) for 1 hour to
extract AAs. After cooling the vials to room temperature, the aliquots were filtered through 0.25µm
polypropylene syringe filters (Whatman, Puradisc 13, Clifton, NJ) into 2 mL amber vials. The filtered aliquots
were analyzed by Gas Chromatography (GC).
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2.5 Analytical Conditions
An Agilent 7890A GC coupled with 5975C XL MSD (Agilent Technologies, Palo Alto, CA) was used for AAs
analyses. AAs were separated on a 30 m × 0.25 mm i.d. × 250 nm film thickness Agilent DB-5 MS Column
(Palo Alto, CA) with the following oven temperature program: initial temperature was set at 50 °C for 2 min,
increased to 110 °C at 3 °C/min and finally increased to 280 °C at 30 °C/min holding at 280 °C for 6 min.
Temperatures of the sample inlet and MS source were 280 °C and 290 °C, respectively. Flow rate on the column
was 1.1 mL/min. Selected Ion Monitoring (SIM) mode was used for MS operations.
3. Results
3.1 Validation of Analytical Method
Instrument detection limit (IDL) was determined with a standard solution of 0.025 ng/L for each alkylaniline in
7 replicate analyses (Table 1). The IDL was determined by multiplying three times the standard deviation (SD)
of the 7 replicates. IDL ranged from 0.02 to 0.18 ng/L for all three AAs. The limit of quantification (LOQ) was
estimated by (3.3 × IDL)/0.144 m3 of air assuming a 12-hr sample at 200 mL/min. The estimated LOQs ranged
between 0.46-2.06 ng/m3 for 3-EA; 3.21-4.13 ng/m3 for 3,5-DMA; and 1.83-2.25 ng/m3 for 2,3-DMA.
Desorption efficiency was tested for the three AAs by spiking 1 ng per tube and filter. The desorption efficiency
ranged from 89 to 118%. To determine precision, both sorbent tubes and glass fiber filters were separately
spiked with a 1l of standard solution containing 0.5 ng/L of each AA. Precision was reported as percent
relative standard deviation (% RSD). Precision for each AA was less than 10% except for gas-phase 3,5-DMA
(12%).
Table 1. Summary of analytical condition, instrument detection limit (IDL), estimated limit of quantification
(LOQ) and precision
Compound

RT (min)

M.W

Q1

Q2

3-EA

18.248

106

121

77

3,5-DMA

18.474

121

106

77

2,3-DMA

19.446

121

106

77

Media

IDL (ng/l)

LOQ (ng/m3)

XAD-7

0.02

0.46

6.6

Filter

0.09

2.06

8.8

XAD-7

0.18

4.13

12.2

Filter

0.14

3.21

4.7

XAD-7

0.11

2.52

7.1

Filter

0.08

1.83

3.1

Precision (% RSD)

3.2 Storage Effect
The stability of all three AAs on XAD-7 sorbent tubes and filters was tested at the UTSPH laboratory, to
examine when field samples should be analyzed after sample collection. Sorbent tubes and filters were spiked
with a 1l of standard solution containing 1 ng/L of each AA, and stored in amber jars for 1, 3, 5, and 10 days
at room temperature prior to being analyzed. The percent amount remaining of AA per storage days is shown in
Figure 1. The spiked AAs were retained at 75-97 % on sorbent tubes from day 1 to day 10 (Figure 1a). NIOSH
method PV 2079 reported that XAD-7 sorbent tubes spiked with 570 g (5 ppm) of aniline retained 81-87 %
after 7 days of ambient temperature storage. The three AAs spiked on glass fiber filters decreased to 72-78 % at
day 1, 62-68 % at day 5 and 59-72 % by day 10 (Figure 1b). Given our results, all field samples were analyzed
within 5 days of sampling.
3.3 Measurement of Alkylanilines in Urban Air
A total of 32 samples (16 particle phase and 16 gaseous phase) were analyzed for 2,3-DMA; 3,5-DMA; and
3-EA at three locations. Gas phase 2,3-DMA was only detected and quantified in 5 out of the 6 sampling
days in a residential home (Table 2). The average concentration of 2,3-DMA in the home was 3.78 ± 0.83 ng/m3.
Gas phase 2,3-DMA was not detected in either Gangnam Street and the office. Only particle bound 3-EA was
detected and quantified by GC/MS at all locations (Table 3). Average concentrations of particle bound 3-EA
were 10.92 ± 4.73 ng/m3 at Gangnam Street followed by the office (9.47 ± 6.11 ng/m3) and home (7.53 ± 4.17
ng/m3). 3,5-DMA was not detected in either of the particle bound or gas phase samples for all locations.
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Figure 1. Storage effect of 2,3-dimethylaniline; 3,5-dimethylaniline and 3-ethylaniline. Percentages of three
MAAs remaining in the XAD-7 tubes (Figure 1a) and glass fiber filters (Figure 1b) after different storage time at
room temperature
Table 2. Descriptive results of gas phase 2,3-dimethylaniline
Gaseous

9/23

9/24

9/25

9/26

9/27

9/28

9/29

9/30

10/1

2,3-DMA

(Thr)

(Fri)

(Sat)

(Sun)

(Mon)

(Tue)

(Wed)

(Thr)

(Fri)

Street (n=7)

ND

ND

ND

(NS)

ND

ND

ND

ND

(NS)

Home (n=6)

(NS)

4.46

4.65

(NS)

ND

2.95

2.87

3.95

(NS)

Office (n=3)

(NS)

(NS)

(NS)

(NS)

(NS)

(NS)

ND

ND

ND

Note: Not detected (ND); no sampling (NS).
Table 3. Descriptive results of particle-bound 3-ethylaniline
9/23

9/24

9/25

9/26

9/27

9/28

9/29

9/30

10/1

(Thr)

(Fri)

(Sat)

(Sun)

(Mon)

(Tue)

(Wed)

(Thr)

(Fri)

Street (n=7)

ND

ND

ND

(NS)

ND

5.46

13.86

13.44

(NS)

Home (n=6)

(NS)

ND

ND

(NS)

ND

4.44

12.27

5.87

(NS)

Office (n=3)

(NS)

(NS)

(NS)

(NS)

(NS)

(NS)

5.89

6.00

16.52

Particle 3-EA

Note: Not detected (ND); no sampling (NS).
4. Discussion
The estimated LOQs in this study ranged from 0.46 ng/m3 to 4.13 ng/m3 for three MAAs. The results in this
study demonstrate improved sensitivity to detect these aromatic amines using a GC/MS compared to previous
studies. For example, Research by Zhu and Aikawa (2004) reported LOQ values for 2-EA and 4-EA of 10 ng/m3
and 20 ng/m3, respectively (Zhu & Aikawa, 2004), Another study by Zhu, Newhook, Marro and Chan (2005)
reported a method detection limit of 1.2 µg/m3 for 3,5,-DMA (Zhu, Newhook, Marro, & Chan, 2005). The
desorption efficiency in this study was similar to other studies. For instance, NIOSH PV2079 method reported
average desorption efficiency of 92% for aniline and other environmental monitoring studies also reported
desorption efficiency ranges between 92 and 114% for some of methyl- and ethyl anilines (Akyuz, 2008; Zhu &
Aikawa, 2004; Zhu et al., 2005). The storage effects of the filters and sorbent tubes were similar to previous
studies. In a Canadian study, Zhu and Aikawa (2004) tested storage effects of desorption tubes spiked with 1 ng
of 2-EA and 4-EA (Zhu & Aikawa, 2004) and reported a retention of 60-80% after 5 days of storage.
In our field feasibility study, the detection of gas phase 2,3-DMA only in the indoor home samples suggest that
the source of 2,3-DMA is related to cooking or other domestic activities. A housewife reported that she used
vegetable cooking oils to fry food for meals at least once a day between 9/24-9/30. Other potential sources of
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2,3-DMA in indoor homes can be the use of paints, cleaning agents, pesticides, and smoking. However, none of
these potential sources were observed during the sampling period in the home.
Sources of airborne AAs can be emissions from industrial activities (Ge, Wexler, & Clegg, 2011), motor vehicle
exhaust, cooking, and biomass burning (He et al., 2010; Mohr et al., 2009; Sun et al., 2011). It is also possible
that ambient air AAs can be formed from photochemical reactions with volatile organic compounds (Sun et al.,
2011). Particle phase 3-EA in the non-smoking office and the home without smokers is likely derived from
infiltration of PM from ambient air. In this study the average ratios of indoor/ambient (Gangnam St.) of particle
bound 3-EA in home and office were less than 1. The results are consistent with a previous study reported the
indoor/outdoor ratio of aniline (0.93) in Canada (Zhu & Aikawa, 2004).
The analytical condition and field sampling method showed that the three AAs are present as both gas and
particle phase in ambient air and indoor air. This study provides the substantial evidence that general populations
are exposed to monocyclic aromatic amines not attributed to smoking. In future health studies, this exposure
assessment method can be useful to identify environmental exposure sources of MAA and to quantify the
relationship between exposure and bladder cancer risk.
5. Conclusion
We have developed a sensitive analytical method to measure airborne 3-EA; 2,3-DMA; and 3,5-DMA and
evaluated the feasibility of measuring these AA compounds in a real-world urban environment. Given the results
from 8 days of intensive gas and particle phase sampling at three different locations, we reach the following
conclusions: (1) limit of quantifications (LOQs) ranged 0.46-4.13 ng/m3 while those in previous studies ranged
10-20 ng/m3. (2) Desorption efficiencies ranged from 89-118% after spiking with 1 ng of each 3-EA; 2,3-DMA;
and 3,5-DMA per tube. (3) Low concentrations of AAs spiked on sorbent tubes and filters stored at room
temperature remained above 60% after 10 days. (4) Field investigation showed that particle bound 3-EA was
detected in indoor and outdoor ambient air. (5) Gas phase 2,3-DMA was detected only in the indoor home air
and its emission source was potentially cooking activities. In conclusion, the established analytical method and
field sampling strategy can be used for exposure assessment to these aromatic amines in general environment.
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