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Abstract

Aromatic amines are widely used in personal care products and human exposure to this class 

of chemicals is widespread. Bioanalytical methods to determine trace levels of aromatic amines 

in human urine are scarce. In this study, a liquid chromatography-tandem mass spectrometry 

(LC-MS/MS) method was developed to determine 39 primary aromatic amines (AAs) along 

with nicotine and cotinine in human urine. Chromatographic separation of the 41 analytes was 

achieved on an Ultra biphenyl (100 mm x 2.1 mm, 5 μm) column. Mass spectrometry was 

operated in electrospray ionization positive ion multi-reaction monitoring (MRM) mode. The 

method exhibited excellent linear dynamic range (0.1-50 ng/mL) with correlation coefficients (r) 

>0.999 for all analytes. Urine samples (2 mL) were hydrolyzed using 10 M NaOH at 95 0C 

for 15 h and target analytes were extracted using methyl-tert-butyl ether (MTBE). Addition of 

15 μL of 0.25M HCl to the sample extracts improved the recoveries of several target analytes. 

The method was validated through the analysis of fortified quality control (QC) samples and a 

certified standard reference material (SRM). Relative recoveries (%) of target analytes fortified 

in QC samples were in the range of 75-114% for 37 of the 41 analytes while the other analytes 

exhibited lower recoveries (16-74%). The limits of detection (LOD) and limits of quantification 

(LOQ) of target analytes were in the range of 0.025-0.20 ng/mL and 0.1-1.0 ng/mL, respectively. 

Intra-day and inter-day precision of the method assessed through the analysis of fortified urine 

QC samples at three different concentrations were <11.7% and <15.9% (measured as RSD), 

respectively. The method was applied in the analysis of urine samples from the general population 

and known smokers; aniline, para-anisidine, para-toluidine, ortho/meta-toluidine, 3-chloroaniline, 
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4-chloroaniline, 3,4-dichloroaniline, and 4,4'-methylenedianiline were found in all smoker’s urine 

at sum concentrations ranging from 0.04 to 9.16 ng/mL.
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1. Introduction

Primary aromatic amines (AAs) are chemicals containing an aromatic ring directly bonded 

to an amine functional group (−NH2) at ortho, meta, or para positions [1, 2]. Aniline is the 

parent compound from which hundreds of AA derivatives are manufactured. The estimated 

annual global production of aniline was 8.4 million tons in 2020 [3]. AAs are used in 

the production of dyes and pigments, polyurethane, rubber, pesticides, and pharmaceuticals 

[4-6]. AAs are major ingredients in formulations of dyes and pigments which are extensively 

used as colorants in hair dyes, leathers, printing inks, paints, lacquers, metal finishes, and 

paper products [7]. Widespread use of AAs in consumer products led to their ubiquitous 

environmental occurrence [8, 9]. Human exposure to AAs is prevalent because of these 

chemicals’ occurrence in tobacco smoke and personal care products. Besides tobacco 

smoke, heated cooking oil, diesel engine exhaust, hair dyes, food and water contribute 

to human exposure to AAs [10]. Occupational exposure to AAs has been linked to acute 

methemoglobinemia, hemolysis, dermatitis, and cancer, particularly, bladder cancer [11, 12]. 

Carcinogenic potential of hair dyes containing AAs was reported in vitro [13-15]. Many 

AAs have been reported as potent mutagenic, carcinogenic, and hemotoxic agents. The 

World Health Organization (WHO) and the International Agency for Research on Cancer 

(IARC) listed several AAs as known carcinogens in humans [16, 17].

Although interest in the development of reliable and sensitive analytical methods 

for the determination of carcinogenic AAs has increased, the polar nature of these 

chemicals poses challenges for trace analysis. Gas chromatography (GC) coupled with 

mass spectrometry (MS) has been used in the determination of AAs in hair dyes, 

henna, cigarette smoke, air, water, sediment, textiles, and polyamide spoons [18-21]. 

Nevertheless, GC-MS based methods involve a time-consuming derivatization step [22]. 

Recent developments in chromatography column chemistries enable sensitive analysis of 

AAs by liquid chromatography-tandem mass spectrometry (LC-MS/MS) methods [23]. LC
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MS/MS methods have been used in the determination of AAs in kitchen utensils, textiles, 

cigarette smoke, mainstream water pipe smoke, polyurethane, food contact materials, and 

paper products [24-30].

Following exposure, AAs are metabolized in the body and excreted in urine as free, sulfated, 

acetylated and glucuronidated conjugates [31]. The biological half-lives of AAs are on the 

order of few hours to few days [32]. For instance, benzidine (i.e., p-diaminobiphenyl) and 

its metabolites (N-acetyl and N,N-diacetyl benzidine) were found in urine of workers from 

dye manufacturing industries [33]. Earlier methods of analysis of AAs in urine involved 

derivatization followed by GC-MS detection [33, 34]. Studies have reported the occurrence 

of AAs in urine and blood of occupationally exposed populations and smokers [31, 35-37]. 

The earlier studies on exposed populations were focused on select carcinogenic AAs such as 

o-toluidine, 4-aminobiphenyl, 2-naphthylamine, and benzidine [35].

Several AAs are used in the production of azodyes for application in leather, textile, and 

paper industries. Azo dyes can reductively break down to an array of AAs in human bodies 

and in the environment [38, 39]. The potential health risks of AAs has resulted in US Food 

and Drug Administration’s (FDA) regulations on aromatic amines in azo food dyes (21 CFR 

74.705 and 21 CFR 74.706) and European Union’s (EU) listing of 22 AAs as hazardous 

compounds for use in consumer products (REACH legislation, Section 43 of Annex XVII) 

[13]. A few studies reported that azo dyes used in textiles are the sources of AAs in the 

environment [40-42]. There is a considerable interest in the assessment of human exposure 

to AAs arising from azo dyes.

The aim of this study was to develop a comprehensive analytical method capable of 

measuring 41 AAs simultaneously in human urine using LC-MS/MS (Table 1 and Table S1). 

Nicotine and cotinine, two markers of tobacco smoke exposure, were also included in the 

method as we envisaged that these two analytes could be determined in the same method. 

The chromatographic method was optimized to achieve ideal retention and resolution of 

all 41 analytes in a single analysis. Several sample extraction methods were examined to 

achieve maximum efficiency, accuracy, precision and sensitivity for simultaneous analysis of 

41 analytes. To the best of our knowledge, this is the first comprehensive study to determine 

39 AAs and two tobacco exposure biomarkers in urine, which can be applied in large scale 

human biomonitoring programs to assess exposure to these carcinogenic chemicals.

2. Materials and Methods

2.1. Chemicals and reagents

Forty three native (unlabeled) and 18 isotope labelled analytical standards (Table 1; 

chemical names and their abbreviations are shown) of 95-99% purity were purchased from 

Toronto Research Chemicals (TRC; Toronto, ON, Canada), AccuStandard (New Haven, CT, 

USA) and Sigma-Aldrich (St. Louis, MO, USA). HPLC-grade water, methanol, acetone, 

acetonitrile, methyl tert-butyl ether (MTBE), and dichloromethane (DCM) were purchased 

from J. T Baker (Center Valley, PA, USA). Synthetic urine was purchased from Cerilliant 

(Round Rock, TX, USA). HPLC grade diethyl ether was purchased from Alfa Aesar 

(Tewksbury, MA, USA). Analytical grade ammonium formate (HCOONH4), acetic acid, 
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formic acid (HCOOH), 30% ammonium hydroxide in water (NH4OH), sodium chloride 

(NaCl), sodium hydroxide (NaOH), hydrochloric acid (37% v/v) and dimethyl sulfoxide 

(DMSO) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Screw cap glass tubes 

(16 x 100 mm) were purchased from Fisher Scientific (Waltham, MA, USA). Solid phase 

extraction (SPE) cartridges, Nexus® ABS Elut 3 cc (60 mg) from Agilent Technologies 

(Santa Clara, CA, USA) and Oasis® HLB 3 cc (60 mg) and Oasis® WCX 3 cc (60 mg) from 

Waters corporation (Milford, MA, USA) were used in the study.

2.2 Preparation of analytical standard solutions

Individual stock solutions (1 mg/mL) of AA standards were prepared by dissolving 5 mg 

of each native compound in acetonitrile except for 2,4-DAT, 2,6-DAT, and 3,4-DAT, which 

were dissolved in water. 2,4-DAAS, and 3,4-DAAS were dissolved in methanol. Stock 

standard solutions were diluted in respective solvents to yield final concentrations of 100, 

10, 1, 0.1 and 0.01 μg/mL. A mixture of standard containing all target analytes was prepared 

at 100 ng/mL in water: methanol (9:1 v/v). Isotope labelled internal standards were prepared 

similarly in acetonitrile. The standard solutions were stored at −20°C until further use.

2.3. Quality control samples

Laboratory quality control (QC) samples were prepared in triplicate for optimization of the 

sample extraction. QC samples include reagent blank (HPLC-grade water used in place of 

urine), matrix blank (synthetic urine) and matrix spike (synthetic urine fortified with target 

analytes). QC samples were prepared by fortifying native and internal standards to yield 

final concentrations of 5, 10 and 20 ng/mL. The QC samples were then vortex mixed and 

stored at 4°C until further use. Reagent blank and matrix blanks were analyzed as a check 

for background levels of contamination and matrix effects.

2.4 Sample extraction

Urine samples or fortified QC samples (2 mL) were transferred into a screw cap glass tube 

and subjected to alkaline hydrolysis by the addition of 50 μL of 10 M NaOH solution (pH 

>10). After vortex mixing for 1 min, samples were placed on a hot plate at 95°C for 15 

h. Samples were then brought to room temperature, and target analytes were extracted by 

liquid-liquid extraction (LLE) with 2 mL of MTBE. The mixture was shaken in an orbital 

shaker at 180 strokes per min for 10 min (Eberbach Corp., Ann Arbor, MI, USA) and 

centrifuged at 4000 rpm for 10 min at room temperature (24°C). MTBE extract containing 

the target analytes was transferred into a polypropylene tube and the extraction was repeated 

with 2 mL of MTBE. Both extracts were combined and 15 μL of 0.25 M HCl was added 

prior to evaporation to near-dryness under a gentle stream of nitrogen. The residue was 

re-dissolved in 200 μL of water:methanol (9:1, v/v) and transferred into a LC vial with 300 

μL glass insert. We also examined week cation exchange and reverse phase SPE but those 

methods did not yield optimal extraction efficiency. Extraction protocol pertaining to SPE 

are given in the supplementary information (SI).
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2.5. LC-MS/MS

An ultra-high performance liquid chromatography (UHPLC, Shimadzu LC-30 AD; 

Shimadzu Corporation, Kyoto, Japan) coupled with electrospray ionization triple quadrupole 

mass spectrometry (Sciex Triple Quad 5500, ESI-MS/MS; Applied Biosystems, Foster 

City, CA, USA) was used for the identification and quantification of target chemicals. 

Chromatographic separation was achieved on an Ultra BiPh column (100 mm x 2.1 mm, 5 

μm; Restek, Bellefonte, PA, USA) connected to a Betasil C18 guard column (20 mm x 2.1 

mm, 5 μm; Thermo Scientific, West Palm Beach, FL, USA). The mobile phase consisted of 

0.1% formic acid in water:methanol (95:5, v/v) (A) and 0.1% formic acid in methanol (B), 

pumped at a flow rate of 0.3 mL/min. The gradient program was as follows: 0.0 min (95% 

A), 0.01-2.50 min (95-58% A), 2.50-6.50 min (58%-25% A), 6.50-8.70 min (25-5% A, hold 

for 1 min), and 9.70-10.0 min (5-95% A, hold for 2.50 min) with a total run time of 12.5 

min. The LC column was set at room temperature (22°C) and the auto sampler temperature 

was set at 15 °C. The sample injection volume was 5 μL.

The mass spectrometer (MS) was operated in electrospray positive ionization mode and 

data acquisition was performed under multiple reaction monitoring (MRM). Compound 

specific MS/MS parameters, declustering potential (DP), entrance potential (EP), collision 

energy (CE), and collision exit potential (CXP) were optimized for each target compound 

by directly infusing individual analytes into the MS at 10 ng/mL using an in-built syringe 

pump. The optimized MS parameters for target analytes are presented in Table 1. The 

electrospray ionization source was operated at 4.5 kV and 500 °C. The curtain gas flow rate 

was set at 10 psi and collision gas, nebulizer gas and ion source gas flows were set at 8, 30, 

and 30 psi, respectively.

2.6. Method validation

Two different calibrations, first with standards dissolved in water:methanol (9:1, v/v) 

(solvent calibration curve) and second with standards fortified in urine matrix (matrix

matched calibration) were developed. The solvent calibration was used to determine the 

linear relationship between instrumental response and true concentration of analytes. A 

nine-point solvent calibration, at concentrations of 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, and 50 

ng/mL with 10 ng/mL of internal standards, was prepared for each analyte. A weighted 

linear regression was used to fit the calibration curve and the regression coefficients were 

>0.999 for all analytes. For the preparation of matrix-matched calibration, synthetic urine 

was fortified with target analytes at concentrations ranging from 0.1 to 50 ng/mL with 10 

ng/mL of internal standards and passed through the entire analytical procedure (including 

LLE). The analytical method was validated for accuracy, precision (intra- and inter-day 

variances), limit of detection (LOD), and limit of quantification (LOQ) using QC samples 

fortified at three concentrations (5, 10 and 20 ng/mL) of analytes, as described below. Urine 

samples collected in 2020 from 20 healthy volunteers from Albany area of New York state 

were analyzed to demonstrate the feasibility of the method
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3. Results and Discussion

3.1 Optimization of LC-MS/MS conditions

For the optimization of MS/MS parameters, individual analytes (prepared in water: 

methanol, 9:1 v/v), at a concentration of 10 ng/mL, were infused directly into the MS 

operated in electrospray positive ionization mode. The signal intensity of majority of the 

analytes was poor when the precursor ion (Q1) scan was performed. This suggested that the 

analytes protonated poorly under the mobile phase conditions of water:methanol mixture. 

Addition of 0.01% formic acid in water significantly enhanced the signal intensity of 

precursor ions. An earlier study showed that pH of mobile phase solvents significantly 

influenced the MS detection of aromatic amines [43]. Therefore, mobile phase additives 

such as formic acid are required to enhance ionization and to improve signal intensity of 

AAs. Following Q1 scan of each analyte, the most abundant product ion (Q3) was selected 

through the product ion scan. Optimization of MRM parameters such as CE, DP, EP, and 

CXP was achieved for each analyte to obtain the highest sensitivity (Table 1).

Following optimization of MS parameters for individual analytes, chromatographic 

separation of the mixture of 43 analytes was examined. Because AAs require acidic 

conditions for efficient ionization, C18 columns were deemed unsuitable for optimal 

retention and separation of analytes. Biphenyl columns have been reported to offer better 

interaction between the aromatic group and the stationary phase and have recommended 

for the analysis of polar compounds [44, 45]. An Ultra BiPh column (Restek; 100 mm 

x 2.1 mm, 5 μm) was selected for chromatographic separation of AAs and the mobile 

phase conditions were optimized subsequently. Various mobile phase additives such as 

formic acid, acetic acid, and ammonium formate were tested for optimal chromatographic 

performance. Among them, 0.1% formic acid in both aqueous and organic mobile phases 

exhibited suitable retention and peak characteristics (shape and intensity) in comparison to 

acetic acid (data not shown). However, 0.1% formic acid did not provide chromatographic 

separation of structural isomers (e.g., ortho-TD and meta-TD). A recent study reported 

chromatographic separation of isomers with the mobile phase solvent containing ammonium 

formate buffer at pH 3.5 [42]. Nevertheless, addition of ammonium formate in the mobile 

phase reduced the signal intensity of several AAs targeted in our study (Fig. 1). Then, we 

examined a combination of water, methanol, and acetonitrile as mobile phase solvents with 

0.1 % formic acid as the additive. Separation of target analytes except for two structural 

isomers of 2,4- and 3,4-DAAS and ortho- and meta-TD was achieved with 0.1% formic acid 

in water:methanol mixture (95:5, v/v) (A) and 0.1% formic acid in methanol (B). These 

two isomers of two AAs did not separate under various combinations of mobile phases 

and gradient elution. Therefore, concentrations of these two analytes were reported as the 

sum of two isomers. Total ion chromatogram (TIC) of target analytes under optimized 

chromatographic conditions (as described in section 2.2) is shown in Fig. 2.

3.2 Sample preparation

Because AAs are excreted in urine as free as well as N-acetylated, glucuronidated and 

sulfated conjugates, a deconjugation step was needed to determine total concentrations of 

analytes. Whereas enzymatic hydrolysis is used in the deconjugation of glucuronide and 
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sulfated metabolites, acidic and alkaline hydrolysis were also used to release acetylated and 

glucuronidated forms of metabolites [35]. We used alkaline hydrolysis to deconjugate bound 

forms of AAs in urine, as reported earlier [31, 35]. The reaction involved addition of 15 μL 

of 10M NaOH to 2 mL of urine followed by incubation at 95° C for 15 h (details in section 

2.4). A similar approach has been used in the analysis of AAs in urine by the U.S. Centers 

for Disease Control and Prevention (CDC) [46].

The extraction efficiencies of LLE and SPE methods were tested using fortified sample 

matrix. Because SPE can purify the sample extract while selectively enriching the 

analytes of interest, three different cartridges were tested: Oasis® WCX (3cc) cation 

exchange, Nexus® ABS Elut (3cc) polymeric reverse phase, and Oasis® HLB (3cc) 

hydrophilic-lipophilic balance stationary phases. Neutralization of basified urine sample 

with concentrated HCl was required prior to the passage of samples through cation exchange 

cartridge. The recoveries of target analytes were poor (<50%). The basified urine samples 

were diluted with water prior to passage through HLB and ABS Elut cartridges. Under basic 

conditions, the target analytes were expected to be in neutral form and thus hydrophobic 

interaction between the analyte and the polymeric stationary phase was envisaged [47, 48]. 

Although ABS Elut cartridge presented optimal recoveries (80-120%) for most analytes, 

noisy baseline with remarkable matrix effect was found (data not shown), which was due to 

the presence of residues of NaOH in the sample extract. It was found that SPE cartridges 

present challenges to extract all analytes from the basified urine and therefore a LLE 

method, as described below, was developed.

3.3 Optimization of liquid-liquid extraction

The choice of extraction solvent, volume and extraction duration were optimized to achieve 

maximum recoveries of target analytes from the sample matrix. For the optimization of 

extraction solvent, MTBE, DCM, MTBE+DCM (1:1 v/v), and acetone+DCM (1:1 v/v) were 

tested. Three milliliters of the solvent were added to 2 mL of the basified urine and extracted 

for 30 min, by shaking in an orbital shaker. All four combinations of solvents yielded 

recoveries >70% for eleven analytes while the remaining analytes presented a recovery in 

the range of 0-60%. It was also found that some analytes were lost during the nitrogen 

evaporation step. Fifteen microliters of concentrated 0.25 M HCl in water was added to the 

extract, as a keeper solvent prior to nitrogen evaporation. Following the addition of 0.25 

M HCl, the recoveries of analytes in all four extraction solvents increased significantly and 

were in the range of 70-120%, except for 2,4-DAT, 3,4-DAT, O-AAT, and 4-AAB whose 

recoveries were in the range of 0-50%. Aniline showed recoveries at 140%, which was 

thought to be due to the conversion of certain diamines into aniline.. Although all of the 

solvent combinations yielded similar recoveries, MTBE was selected due to its relatively 

lower toxicity [49]. The enhancement in signal intensities of AAs following the addition 

of 0.25 M HCl into MTBE extract was significant . In further steps, extraction time was 

optimized by shaking sample-solvent mixture in an orbital shaker at 180 strokes per min 

for 5, 10, 15, 20, and 30 min. Although all target analytes were recovered within 5 min, 

we selected an extraction duration of 10 min to ensure complete recoveries. The volume of 

extraction solvent was optimized by extraction of fortified urine matrix with 1, 2, and 3 mL 
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of MTBE. Most analytes were recovered in 2 mL of MTBE within an extraction duration of 

10 min. Nevertheless, we selected two sequential extractions with 2 mL of MTBE each time.

The recoveries of 2,4-DAT, 3,4-DAT, O-AAT, 4-AAB, , and aniline were above or below the 

optimal range of 80-120% but they were consistent (n=3). It has been reported that 4-AAB 

can be reductively cleaved to aniline [42]. This explained poor recoveries for 4-AAB and 

higher recoveries for aniline. Therefore, aniline was analyzed in urine separately without the 

addition of other target analytes and recoveries of >90% was found for this compound (Table 

2). 2,4-DAT and 3,4-DAT recoveries were low (30-48%), but were consistent and similar to 

those reported in an earlier study [50].

3.4 Method validation

Linear dynamic range, selectivity, accuracy, precision, and sensitivity of the method were 

determined by following validation guidelines [51]. In this study, 18 of the 41 target analytes 

had corresponding isotope labelled standards. We used alternative IS for remining analytes 

that did not have labelled IS, but with properties similar to those of target compounds. 

To determine the selectivity of the method, reagent blank and matrix blank samples were 

analyzed along with fortified urine samples at all calibration levels (from 0.1 to 50 ng/g). 

No interference was found at the retention times of target analytes except for O-AAT, 

3,4-DCA, and nicotine which were found at concentrations of 0.114, 0.081, and 0.102 

ng/mL, respectively.. These three analytes were present in the background at trace levels, 

as described earlier. A nine-point matrix matched calibration curve (0.1 - 50 ng/mL, n=3) 

was analyzed by following the method developed here to determine the linearity range 

of each analyte. Excellent linearity (correlation coefficient (r) range 0.9990-0.9999) was 

found for all analytes (Table 2). Accuracy and precision of the method were determined 

by analyzing fortified QC samples (matrix spike) at three concentrations (5, 10, and 20 

ng/mL). Triplicate extractions were performed and the extracts were injected in duplicate 

daily for 3 days. At all three levels, the recoveries of 2,4 and 3,4-DAT were from 28.9% 

to 48.5% with an intra-day RSD of 2.71%-5.92% and inter-day RSD of 3.89%-9.70%. 

O-AAT and 4-AAB recoveries ranged from 12.1% to 45.4% with RSD values <16%. For 

the remaining 37 analytes, recoveries were in the range of 55% to 115% and RSD values 

<14% (Table 2). Isotopic dilution method of quantification accounted for the low recoveries 

encountered for some analytes. The LOD and LOQ values were calculated from the matrix 

matched calibration that yielded signal to noise ratio of 3 and 10, respectively. The LODs 

and LOQs of targeted chemicals were in the range of 0.025-0.20 ng/mL and 0.1-1.0 ng/mL, 

respectively (Table 2).

Matrix effect (ME) was assessed by post extraction spiking method and calculated by 

comparing the analyte peak area in pure solvent to that of an urine extract spiked with 

analytes. The ME (%) was calculated using the following formula:

ME ( % ) = A − B
A X 100

Where A is the peak area of an analyte fortified in water:methanol mixture (95:5, v/v) and 

B is the peak area of an analyte fortified in a real urine extract that passed through all 
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analytical steps. The results are presented in Table S2 (Supplementary Information). ME 

for the majority of the analytes fell between 20% and 50%. However, quantification of 

analytes was through isotopic dilution and matrix matched calibration curves, which allowed 

correction for ME in real urine samples.

3.5. Quantification of AAs and tobacco components in urine

The developed method was applied in the analysis of AAs in 20 urine samples from healthy 

volunteers in the Albany area of New York state. Similarly, urine samples from three 

known smokers, and a certified smoker’s urine reference material (NIST SRM 3672) were 

analyzed. Out of 39 AAs, ten AAs namely, aniline, p-anisidine, o-anisidine, p-TD, o/m-TD, 

4-CA, 3-CA, 3,4-DCA, MDA, 2,4-DAT were found in urine from healthy volunteers at a 

mean concentration ranging from 0.03 to 2.11 ng/mL. Two tobacco biomarkers (nicotine 

mean: 69 ng/mL (SD: ± 133 and cotinine mean: 245 ng/mL (SD: ± 473.6) were also 

detected at notable concentrations in urine samples from healthy volunteers. It is likely that 

some of the urine donors were smokers. Among all AAs analyzed, 2,4-DAT was found at the 

highest concentration (9.10 ng/mL) (Table 3). Aniline, p-anisidine, p-TD, o/m-TD, 4-CA, 

3-CA, and 4,4'-MDA were found in certified smoker’s urine reference material, along with 

two tobacco biomarkers (Table 3). o/m-TD concentration in (known) smoker’s urine was 

4.41 ng/mL whereas that in the general population was 0.63 ng/mL.

4. Conclusions

Here we describe an isotopic dilution, LC-MS/MS method to quantify 44 primary aromatic 

amines and two tobacco components simultaneously in human urine. Alkaline hydrolysis 

followed by LLE with MTBE yielded acceptable recoveries for 37 target analytes. The 

developed method is selective and sensitive with acceptable levels of accuracy and precision. 

The method was successfully applied in the determination of AAs in real urine samples 

and a NIST SRM 3672. Concentrations of select AA were significantly higher in smokers 

than in non-smokers. The method can be applied in large scale biomonitoring studies to 

assess human exposure to primary aromatic amines. In addition, we also examined for the 

presence of acetylated and hydroxylated metabolites of select AAs in smoker’s urine extract 

using predicted MRM transitions. Acetylated and hydroxylated metabolites were found with 

marked peak intensities. In an earlier study, we reported the occurrence of hydroxylatted 

metabolites such as N-acetyl-para-aminophenol and p-aminophenol, which are non-specific 

metabolites of AAs [52,53]. Further studies are needed for the determination of acetylated 

and hydroxylated metabolites of AAs in human urine.
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Refer to Web version on PubMed Central for supplementary material.
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Highlights

• An LC-MS/MS method was developed for simultaneously analysis of 39 

aromatic amines in urine.

• Alkaline hydrolysis followed by liquid-liquid extraction offered optimal 

accuracy and precision.

• A polar biphenyl column and mobile additive enhanced chromatographic 

separation and ionization.

• Eight aromatic amines were commonly found in urine of smokers at 0.04-9.16 

ng/mL.
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Fig. 1. 
Extracted ion chromatograms (XIC) of select primary aromatic amines injected (5 μL) at a 

concentration of 10 ng/mL spiked in water:methanol (9:1, v/v) analyzed with two different 

(ammonium formate versus formic acid) mobile phase additives.
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Fig.2. LC-MS/MS total ion chromatogram (TIC, A) and extracted ion chromatogram (XIC, B-D) 
of target analytes (41 AA, cotinine and nicotine) injected at (5 μL) at a concentration of 10 
ng/mL in water: methanol (9:1, v/v) analyzed under optimized conditions.
For the sake of distinction of analytes, extracted ion chromatograms were divided into 

three fractions (i.e., F1-F3) depending on their peak signal intensity and retention time. 

Compound number assigned on the peak are shown in Table 2.
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Table 1.

List of target analytes and their MRM parameters; precursor ion (Q1), product ion (Q3), declustering potential 

(DP), entrance potential (EP), collision energy (CE), and collision exit potential (CXP).

S.No Analyte Name Abbreviation Q1 Q3 DP(V) EP(V) CE(V) CXP(V)

1 aniline Aniline 94.0 77.1 80 8 25.0 10

2 2-naphthylamine 2-NA 144.0 127.1 80 8 32.0 10

3 para-anisidine p-Anisidine 124.0 93.0 100 10 22.5 10

4 ortho-anisidine o-Anisidine 124.0 109.0 80 10 23.0 10

5 2,4-dimethylaniline 2,4-DMA 122.0 107.0 100 10 22.5 10

6 2,6-dimethylaniline 2,6-DMA 122.1 105.0 95 10 22.0 10

7 para-cresidine p-CD 138.0 123.0 102 10 25.5 10

8 2-methyl-5-nitroaniline 5-NTD 152.9 107.2 81 7 23.7 7

9 para-toluidine p-TD 108.1 91.0 95 8 25.0 8

10 ortho/meta-toluidine o/m-TD 108.0 91.0 100 10 23.0 8

11 4-chloroaniline 4-CA 128.1 93.1 95 8 25.8 8

12 3-chloroaniline 3-CA 127.8 93.0 100 7.5 25.0 8

13 2,4,5-trimethylaniline 2,4,5-TMA 136.0 121.0 80 7 22.4 8

14 2,4,6-trimethylaniline 2,4,6-TMA 136.0 121.0 80 7 22.4 8

15 3,3'-dimethylbenzidine 3,3'-DMBD 213.1 196.0 100 8 29.0 8

16 4-ethoxyaniline 4-EA 138.1 110.1 100 7 20.0 8

17 3,4-dichloroaniline 3,4-DCA 162.0 127.1 100 10 28.0 10

18 1,3-phenylenediamine 1,3-PLD 109.1 92.2 100 10 22.0 10

19 4-chloro-o-toluidine 4-CTD 142.1 107.1 100 10 22.5 10

20 4,4'-oxydianiline 4,4-OD 201.2 108.0 100 9 25.0 10

21 4-aminoacetanilide 4-AA 150.9 109.0 100 5 23.0 6

22 4,4'-methylenedi-o-toluidine 4,4'-MTD 227.1 120.1 70 7 33.5 8

23 4,4'-methylenebis(2-chloroaniline) 4,4'-MBCA 267.1 231.1 100 9 29.3 10

24 2-aminobiphenyl 2-ABP 170.0 153.2 87 9 28.1 10

25 4-aminobiphenyl 4-ABP 170.1 152.2 100 10 41.0 10

26 benzidine BD 185.2 167.0 100 10 37.0 10

27 ortho-dianisidine o-DAD 245.1 230.2 100 7 26.0 8

28 4,4'-thiodianiline 4,4'-TD 217.1 124.1 100 10 30.0 10

29 4,4'-methylenedianiline 4,4'-MDA 199.0 106.0 100 10 21.0 8

30 3,4-diaminotoluene 3,4-DAT 123.0 106.1 90 7 25.0 8

31 2,4-diaminotoluene 2,4 DAT 123.0 106.0 100 10 21.0 10

32 2,6-diaminotoluene 2,6-DAT 123.0 106.1 90 7 25.0 8

33 3,4/ 2,4-diaminoanisole 3,4/2,4-DAAS 139.0 124.1 80 10 23.0 10

34 3-(3-aminobenzyl)phenylamine 3-3AB-PA 199.2 106.1 110 10 24.0 10

35 2,2'-dimethyl-(1,1'-biphenyl)4,4'-diamine DMBPDA 213.0 181.1 100 10 32.0 10

36 2-amino-6-methoxybenzothiazole 2-AMoBzT 181.0 67.2 100 10 60.0 10
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S.No Analyte Name Abbreviation Q1 Q3 DP(V) EP(V) CE(V) CXP(V)

37 1,1-bis(4-aminophenyl)cyclohexane 1,1-BPCH 267.0 106.1 100 8 39.0 8

38 nicotine Nicotine 163.1 13.0 60 8 30.0 10

39 cotinine Cotinine 177.5 98.1 100 9 26.0 10

40 ortho-aminoazotoluene o-AAT 226.0 91.1 95 8 29.0 7

41 4-aminoazobenzene 4-AAB 198.1 77.0 100 10 24.0 10

Internal standards

45 aniline-d5 Aniline-D5 99.0 82.0 60 8 25.0 10

46 2-naphthylamine-d7 2-NA-D7 151.0 134.1 60 8 32.0 10

47 ortho-anisidine-d7 o-Anisidine-D7 131.0 113.0 80 10 24.0 8

48 2,3,4,5-para-anisidine-d4 p-Anisidine-D4 128.0 97.1 100 10 26.0 8

49 ortho-toluidine-13C6 o-TD-13C6 114.0 97.0 100 10 25.0 10

50 para-toluidine-d7 p-TD-D7 114.9 98.1 100 10 25.5 10

51 4-chloroaniline-13C6 4-CA-13C6 134.1 99.1 85 7 24.4 9

52 1,3-benzenediamine-d4 1,3-PLD-D4 112.9 96.2 100 10 22.0 9

53 2,6-diaminotoluene-d3 2,6-DAT-D3 126.2 109.2 95 10 22.0 10

54 2,4-diaminotoluene-d3 2,4-DAT-D3 126.2 109.2 95 10 22.0 10

55 3,4-dichloroaniline-d2 3,4-DCA-D2 164.1 129.1 95 8 28.8 10

56 2,4,6-trimethylbenzeneamine-d11 2,4,6-TMS-D11 147.0 130.2 95 10 24.5 10

57 benzidine-d8 BD-D8 193.0 176.0 100 10 28.3 10

58 2,4-dimethylaniline-d6 2,4-DMA-D6 128.1 111.2 100 9 24.3 8

59 2,6-dimethylaniline-d6 2,6-DMA-D6 128.1 111.2 100 9 24.3 8

60 4'-aminoacetanilide-2',3',5',6'-d4 4-AAD-D4 155.1 113.0 100 7 22.4 8

61 cotinine-d3 Cotinine-D3 180.2 101.2 100 9 26.0 10

62 nicotine -d3 Nicotine -D3 166.1 13.0 60 8 30.0 10
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Table 3.

Concentrations of primary aromatic amines measured in real urine samples by following the method 

developed in this study.

Sample 
type

Aromatic amines (ng/mL) Tobacco 
components

Aniline p-
anisidine

o-
anisidine

p-
TD

o/m
-

TD

4-
CA

3-
CA

3,4-
DCA

4,4'-
MDA

2,4 -
DAT

Nicotine
(ng/mL)

Cotinine
(ng/mL)

Urine 
samples 

from 
healthy 

adults (n 
=20)

max 1.50 1.01 0.21 0.08 0.63 0.28 1.01 0.72 0.42 9.10 446 1890

mean 0.65 0.13 0.06 0.03 0.16 0.10 0.29 0.20 0.13 2.11 69 245

median 0.53 0.01 0.04 0.03 0.08 0.07 0.27 0.11 0.08 0.47 0.38 0.43

Known 
smoker’s 
urine 1

2.74 0.37 <LOD 0.06 2.26 0.11 0.05 <LOD <LOD <LOD 807 127

Known 
smoker’s 
urine 2

3.47 0.39 <LOD 0.07 2.32 0.11 0.04 <LOD <LOD <LOD 720 123

Known 
smoker’s 
urine 3

1.16 0.83 <LOD 0.10 4.41 0.82 9.16 1.12 0.26 <LOD 1210 357

NIST 
SRM 

3672*
3.32 0.44 <LOD 0.27 4.57 0.16 0.26 <LOD 0.46 <LOD 725 1120

*
values are average of triplicate analysis.
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