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ABSTRACT 

A simple, rapid, and sensitive method for determining 10 
arylamine compounds in wastewater sample using solid-phase 
extraction (SPE) and high performance liquid chromatography 
(HPLC) with UV detection is developed. An SPE procedure is 
described for cxtracting and preconcentrating the arylamines on 
Sep-Pak C18 cartridges with methanol as solvent. A mobile 
phase gradient of acetonitrile-water was used for the separation 
and determination of the arylamines. 
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718 ZHAO ET AL. 

The detection limits of the compounds were in the range of 
0.1-1.5 pgL. Recoveries were 84-107% for 10 arylamines at 
concentration levels of 20 pg/L with relative standard deviations 
of less than 8% (n = 4). 

INTRODUCTION 

Arylamine compounds are valuable chemicals in many areas of industry 
and research; in the meantime, they are also an important class of 
environmental water pollutants. These compounds may enter the environment 
directly as industrial discharges or indirectly from pesticide degradation. Many 
of these compounds are highly toxic and carcinogenic.’ Some of the arylamines 
have been included in the present priority pollutant list of National 
Environmental Protection Agency in China. For this reason, there is a need for 
relatively specific, sensitive procedures which can be utilized in the routine 
analysis for these compounds in the environment, especially in aqueous 
environmental samples. 

Several arylamine compounds such as aniline, benzidine, and halogenated 
anilines in environmental waters were determined by liquid chromatography. ;-’ 
However. few liquid chromatographic procedures have been established to 
determine a large group of arylamine compounds in polluted waters. With the 
rapid growth of industry. it is an urgent task to develop a convenient and 
sensitive method for monitoring toxic and carcinogenic arylamines in industrial 
wastewater. Sample preparation is an important step in the analysis of complex 
water matrices for such organic pollutants as arylamines. Considerable 
attention is now being paid to SPE as a way to isolate and concentrate desired 
components from a sample matrix. As an inexpensive and convenient method 
for sample extraction and preconcentration, SPE is suitable for extracting 
arylamines from environmental water The aim of the present work 
was to develop a method based on SPE and HPLC, that allowed the separation 
and detection of arylamines in wastewater generated from the manufacture of 
dyes. 

EXPERIMENTAL 

Apparatus and Materials 

All HPLC studies were performed using an SP-8800 liquid 
chromatograph (Spectro-Physics. USA) equipped with an SP-8800 ternary 
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gradient pump, a Hypersil BDS, 5 pm particle diameter, 200 x 4.0 mm 
stainless steel column, a GL605 injector valve (10 pL loop), a spectra 100 UV- 
Vis detector. A WDL-95 workstation (Dalian, China) was utilized to control 
the system and for acquisition and analysis of data. Disposable ODs reversed 
phase cartridges (500 mg, Sep-Pak C18, J & W, USA) and an SPE vacuum 
manifold system (Dalian Chromatography Research Center, Dalian, China) 
were used to extract and preconcentrate the arylamines from water samples. 

Chemicals 

All reagents were “Analytical reagents” grade. Methanol, acetonitrile, 
aniline, benzidine, and quinoline were obtained from Beijing Chemical Plant 
(Beijing, China). Other arylamine compounds studied were obtained from 
Sigma (St. Louis, MO, USA). 

Deionized water was purified in a Milli-Q filtration system (Millipore, 
USA) to obtain LC-grade water for preparing mobile phases and standard 
solutions. HPLC mobile phases were filtered through a 0.45-pm HA filter 
(Millipore) and degassed. 

Stock standard solutions of the arylamines were prepared by dissolving 
arylamines in methanol, the concentrations of the analytes being 100 m a .  A 
working composite standard solution was prepared by combining an aliquot of 
each of the stock solutions and diluting the mixture with methanol. These 
solutions were stored in dark glass bottles at 4°C. 

Sample Collection 

Wastewater samples were collected from the aqueous eMuents (after 
secondary treatment) in a dye processing plant in Dalian city. All samples 
were collected during winter 1996 and were stored in a refrigerator at 4°C until 
extraction. All samples were extracted within 24 hours of collection and then 
analyzed. 

SPE Procedure 

The SPE sample preparation procedure was conducted as follows. 
Aqueous solutions of aqlamines were adjusted to pH 10 with 0.1 M K2C03. A 
disposable ODS reversed phase cartridge was activated by rinsing with 5 mL of 
methanol, which was subsequently displaced with 3 mL of water. 30-200 
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Table 3 

Linear Gradient of the Mobile Phase 

Time Acetonitrile, YO Water, YO 

0.0 
8.0 
16.0 
20.0 

70 
70 
10 
1 0 

milliliters of the aqueous sample were added and allowed to percolate slowly 
through the activated cartridge at a flow rate of approximately 10 mL/min 
using a glass syringe. The cartridge was then washed with 5 mL of distilled 
water (discarded) and then eluted with 1 mL of methanol. The eluate was 
analyzed using HFLC. 

Calibration 

Standard solutions containing mixtures of 10 a q  lamines 11 ere prepared at 
five concentration levels in the range of 0 1-100 mg/L These solutions were 
analyzed by HPLC with UV detection at 254 nm The compounds nere 
identified and quantified by comparing their retention kalues and integrated 
peak areas with those of known external standards 

RESULTS AND DISCUSSION 

Chromatographic Conditions 

The niobilc phase used for the separation of the arylaniines was 
acetonitrile-water solutions. The linear gradient programme is given in Table 
1 .  The chromatogram of a standard mixture of 10 arylamines tinder the 
optimized chromatographic conditions are shown in Figure 1 

Optimization of SPE Conditions 

Methanol is often used as a sohent in SPE of polar compounds such as 
It t+as observed that best reco\erics of anlamines from \vater samples * 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
2
2
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



ARYLAMINE COMPOUNDS IN WASTE WATER 72 1 

10 

I 4 

0 5 10 15 20 

t, min 

Figure 1. Chromatogram of a Standard Mixture of Ten Arylamines. Conditions: 
Hypersil BDS (200 x 4.0 mm) column; Mobile phase, gradient of acetonitrile/water, see 
Table 1; Flow rate, 0.8 mL/min; UV detection, 254 nm; Injection volume, 10 pL. Peaks: 
1 .  aniline, 2 .  benzidine; 3. o-anisidine; 4. quinoline; 5 .  o-toluidine, 6. 4,4- 
methylenedianiline, 7. 3,3’-dimethoxybenzidine; 8. 3,3’-dimethylbenzidine; 9. 4- 
aminobiphenyl; 10. N, N-dimethylaniline. 

arylamines were achieved with 1 mL of methanol. The optimal pH of the 
extractive solutions prior to SPE was pH 10. The selection of volume of water 
sample flow through the SPE cartridges indicated that the best recoveries were 
achieved with 200 mL, of water samples for most of the arylamines studied. For 
the extraction of aniline, the recovery declined when the sample volume was 
more than 30 mL, which is associated with the relatively high solubility of 
aniline in water. 

Retention Time, Linearity and Detection Limit 

It is shown from Figure 1 that the ten arylamines of interest are well 
separated from one another. With the preconcentration step considered, the 
enrichment factor for each arylamine is 200 (30 for aniline). Arylamines in the 
concentration range of 0.5-200 F~!L. (5-200 pg/L for aniline) in water samples 
could be determined with relative standard deviations of 0.8-16.3% 
(Correlation coefficient r 2 0.995). 
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Table 2 

Retention Time and Detection Limit 

Compound Retention Time Detection Limit” 
(Min) (PLg/L) 

Aniline 
Benzidine 

o-Anisidine 
Qm noline 

o-Toluidine 
4.4 ’-Meth\ lenedianiline 
3.3’-Dimethoybenzidine 

3 3’-Dirnethylbeniidine 
4- Aminobiphenyl 

N.N-Dimeth!laniline 

4.9 
5.5 
6.4 
6 9  
7.4 
8 . 2  
10.6 
11.3 
14.9 
15.3 

1.5 
0.1 
0.3 
0.3 
0.3 
0.2 
0.3 
0.2 
0.1 
0.1 

* Signal-to-noise ratio = 3: 1 

The retention times and detection limits of the separated arylamines arc 
listed in Table 2. The detection limits are based on the signal-to-noise ratio of 
3 : 1. A relatively high detection limit (1.5 pg/L) was obtained for aniline due to 
its high solubility in water. For the other arylamines, the detection limits are in 
the range of 0.1-0.3 pg/L. 

Determination of Arylamine Compounds in Wastewater 

The proposed method was used to determine the arylamines in a 
wastewater sample. collected from the aqueous effluent (after secondary 
treatment) of a dye processing plant in Dalian city. The concentrations of 
arylamines in the sampled wastewater are listed in Table 3. In the 
chromatogram of the wastewater sample no significant interferences were 
observed. 

The mean recoveries (n = 5)of the arylamines in the fortified wastewater 
sample were in the range of 84-107%, which indicated that the proposed 
procedure is suitable for determining arylamines in wastewater sample. 
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ARYLAMINE COMPOUNDS IN WASTE WATER 723 

Table 3 

The Concentrations of Arylamines in Wastewater 

Compound concentration Mean Recovery** 
(PLgn) (Yo)  

Aniline 
Benzidine 

o- Anisidine 
Quinoline 

o-Toluidine 
4,4 ’ -Methylenedianiline 
3,3 ’-Dimethoxybenzidine 
3,3 ’-Dimethylbenzidine 

4-Aminobiphenyl 
N,N-Dimethylaniline 

62 
23 

ND* 
ND 
47 
ND 
MI 
ND 
ND 
126 

84 
92 
107 
96 
91 
92 
97 
89 
92 
102 

* Not detected. 
** Based on the fortification of the sample with 2OpgL of each 
arylamine. Relative standard deivations were less than 8% (n=4). 

CONCLUSIONS 

This study established an HPLC method for separating and determining 
10 arylamines in wastewater samples. These compounds were separated by an 
SPE procedure using methanol as solvent. 

The SPE technique had the advantage of being a rapid, convenient. and 
inexpensive method for the extraction and preconcentration of such 
complicated samples as wastewater. The developed chromatographic method 
allowed sensitive and selective determination of arylamines in wastewater 
samples at or below pg/L level. 
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