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Introduction

Nitrobenzenes are used as precursors for the production
of numerous industrial chemicals including polyurethane,
pesticides, azo dyes, explosives, and pharmaceuticals.
These compounds may be released into the environment
by production plants through wastewater discharge and
may contaminate ground and surface waters that sur-
round these plants. Since ground and surface waters serve

as sources of drinking water, human exposure to nitroben-

zene compounds has raised concerns among regulatory
agencies throughout the world. The U.S. Environmental
Protection Agency (U.S. EPA) considers nitrobenzene and
its derivatives to be likely human carcinogens' and the
World Health Organization’s International Agency for
Research on Cancer (IRAC) considers nitrobenzene a
Class 2B carcinogen.? The Chinese Ministry of Environ-
mental Protection promulgated Hygiene Standards for
Domestic Drinking Water (GB 5749-2006) to limit the
concentration of nitrobenzene compounds in environmen-
tal waters and have recently added a standard method for
detection of 15 nitrobenzene compounds in drinking
water (HJ 648-2013)* for compliance monitoring (Table
1).

Gas chromatography with electron capture detection
(GC-ECD) is typically used for sensitive determination

of nitrobenzene compounds in environmental waters.*>
Solid-phase extraction (SPE) is often used prior to
chromatography to extract and concentrate the analytes
by using a vacuum manifold.* Vacuum manifolds require
the manual addition of sample, elution solvent, and
extraction solvent by an analyst. Both analyte recovery
and reproducibility may be highly variable when using
this technique and analytical results may be compromised

due to this variation. The challenges associated with

manual SPE steps can be overcome by automating sample
and solvent delivery processes to maximize analyte
recovery and improve reproducibility of the extraction
process. This application note demonstrates the use of
automated SPE with GC-ECD for the determination of 15
nitrobenzene compounds in finished drinking water. The
automated Thermo Scientific™ Dionex™ AutoTrace 280
Solid Phase-Extraction instrument was used in conjunc-
tion with the Thermo Scientific™ TRACE™ 1310 gas
chromatograph using an Instant Connect micro

ECD. This work optimizes SPE and gas chromatography
conditions and the results show high sensitivity (MDL of
0.02 ug/L) for the 15 nitrobenzene compounds specified in
H]J 648-2013.



Table 1. The 15 nitrobenzene compounds for Chinese Method HJ648-201.
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Equipment, Consumables and Reagents

Dionex AutoTrace 280 SPE Instrument

Thermo Scientific TRACE 1310 GC-ECD

Consumables
e Thermo Scientific™ TraceGOLD™ TG-1701MS GC
column 30m x 0.25mm x 0.25um (P/N 26090-1420)

e Thermo Scientific™ Dionex™ Chromeleon™
Chromatography Data System (CDS) 7.2.1
(P/N 43280015)

e SPE Cartridges (P/N 60107-206)
Hypersep Retain PEP or equivalent SolEx HRPHS
cartridges (P/N 088127)
The HRPHS stationary phase is a neutral resin com-
prised of a high-surface-area, divinylbenzene-based
particle grafted with a polyvinylpyrrolidone polymer.

Reagents

e Methanol: chromatographic grade Fisher A452-4
e Acetone: chromatographic grade Fisher A949-4
¢ Hexane: chromatographic grade Fisher H302-4

e Standards of all the 15 nitrobenzene compounds in
this work were purchased from the Chinese Institute of
Metrology, concentration: 100 pg/mL

¢ Anhydrous sodium sulfate: analytical reagent, Beijing
Chemical Reagent Factory

e Sodium chloride: analytical reagent, Beijing Chemical
Reagent Factory

Conditions

Dionex AutoTrace 280 SPE Instrument

Flow Rates mL/min
Condition 15

Load 10
Rinse 10

Elute 5

Condition Air Push 15

SPE Parameters

Push Delay 5s
Air Factor 1.0
Autowash Volume 1.0mL
SPE Method
Step Step Description Volume Solution
1 Condition cartridge 5mL
Methanol
2 Condition cartridge 5mL
Ethyl Acetate
3 Condition cartridge 5mL
n-Hexane
4 Condition cartridge 5mL
Ethyl Acetate
5 Condition cartridge 5mL
Methanol
6 Condition cartridge 5mL
Deionized water
7 Load 550 mL
Sample
8 Rinse 5mL
Deionized water
9 Dry Cartridge 10 min
Nitrogen Gas
10 Elute 10 mL

n-Hexane/Acetone (9:1)

Clean the sample tubes with 30 mL of methanol for each
channel, then flush the sample tubes with 100 mL of DI
water to ensure the solvent is flushed away and no air
bubbles remain in the sample tube.



TRACE 1310 GC-ECD Conditions

Thermo Scientific™ TraceGOLD™ TG-1701MS
30mx0.25 mm x 0.25 um

(14% Cyanopropylphenyl Polysiloxane) (P/N:
26090-1420)

OR

TraceGOLD TG-5MS 60 m x 0.25 mm x 0.25 um
(5% diphenyl / 95% dimethyl polysiloxane)

(P/N 26098-1540) Carrier Gas Nitrogen
(99.99% purity)

1.0 mL/min, constant flow

TraceGOLD TG-1701MS
50 °C (0 min), 10 °C/min to 100 °C (3 min),
3 °C/min to 125 °C (0 min), 8 °C/min to 250 °C

TraceGOLD TG-5MS
60 °C (0 min), 15 °C/min to 180 °C (5 min),
4 °C/min to 230 °C (5 min)

Instant Connect Split/Splitless injector

Column

Column Flow

Oven Temperature

Injector Type

Injector Mode Splitless (1 min), then split flow of 15 mL/min,

constant septum purge
280 °C
Detector Temperature 300 °C

Injector Temperature

Standard and Sample Preparation

Standard Preparation

A stock standard solution was prepared by adding ethyl
acetate to 10 mL volumetric flask and diluting to

10 pg/mL. Stock solutions were stored at 5 °C.

Calibration standard solutions were diluted from standard
stock solutions (10 pg/mL) with ethyl acetate to 5, 10, 20,
50, and 100 pg/L

Sample Preparation

Accurately measure 500 mL of tap water and place in a
1 L vial. Add 1 mL methanol + TmL ethyl acetate, shake
evenly and store ready for testing.

The standard was added to the water samples before
loading onto the SPE cartridge (Figure 1).

Results and Discussion

This experiment also investigated the elution efficiency of
methanol, ethyl acetate, dichloromethane, n-hexane and
acetone in different proportions. The results showed that
a preparation of n-hexane and acetone (9:1) produced the
highest elution efficiency using the lowest quantity of
elution solution.

Optimization of Chromatographic Conditions 5
Selecting the Chromatographic Column

This experiment investigated the use of both the
TraceGOLD TG-1701MS mid-polarity and the Trace-
GOLD TG-5MS low polarity GC columns. When using
an oven temperature ramp up to of 250 °C, all 15
nitrobenzene compounds specific in Chinese Method HJ
648-2013 can be separated in less than 30 minutes. Using
the TraceGOLD TG-5MS with an oven temperature ramp
to 230 °C will further reduce the run time to 20 min while
maintaining good chromatographic resolution.” While
both columns where able to resolve the 15 nitrobenzene
compounds, the TraceGOLD TG-1701MS were used for
the remainder of the experiments due to cost
considerations.
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Figure 1. Spiked tap water samples.
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Figure 2. Separation of 15 types of nitrobenzene on TraceGOLD TG-5MS (a) and TraceGOLD TG-1701MS
(b) GC Columns.



Standard and Spiked Chromatograms

A chromatogram of the 15 nitrozobenzene compounds in a 0.5 pg/mL standard
solution is shown in Figure 3. Figure 4 shows the separation of 15 nitrobenzene
compounds in spiked (0.1 pg/L) domestic drinking water. The chromatogram in
Figure 4 shows that the 15 nitrobenzene compounds are well resolved and not
affected by the background.

Peaks: 1. nitrobenzene 6. p-nitrochlorobenzene 11. o-dinitrobenzene
2. o-nitrotoluene 7. o-nitrochlorobenzene 12. 2,4-dinitrochlorobenzene
3. m-nitrotoluene 8. p-dinitrobenzene 14. 3 4-dinitrotoluene
4. p-nitrotoluene 9. m-dinitrobenzene 15. 2,4,6-trinitrotoluene

5. m-nitrochlorobenzene  10. 2,6-dinitrotoluene
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Figure 3. Chromatogram for 0.5 pg/mL mixed standard solution.
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Figure 4. Spiked chromatogram (spiked volume 0.1 pg/L).



Linearity, Spiked Recovery, Reproducibility
and Test Limits

Calibration solutions were prepared in the following
concentrations: 5, 10, 20, 50 and 100 pg/L and the
solutions analyzed using the above method to investigate
linearity for each component within a concentration range
of 5-100 pg/L. The test results showed a good linear
relationship for the 15 components between 5 pg/L and
100 pg/L. The linear correlation coefficients were all
greater than 0.99 (Table 2). Mixed standard solution was
added to the water samples (spiked concentrations: 0.02,
0.1,and 0.5 pg/L) to investigate the spike recovery rates
of the 15 types of nitrobenzene. Results showed that spike
recovery rates for each component are between 81.3%

Table 2. Linearity, detection limits and reproducibility (RSD, n=3).

Number

Compound

Linear Equation

and 97.8%, and are in compliance with routine analysis
detection requirements. Concentration levels of the

spiked samples were measured for 0.02 pg/L, 0.1 pg/L,
and 0.5 pg/L three times in parallel. The RSD value was
between 2.2% and 8.6%, in compliance with stability
requirements. Detection limits were calculated for each
component using three times the signal-to-noise ratio with
the instrument detection limits for each component

0.1-2 pg/L (Table 2).

Recovery Rate/%

0.02pg/L | 01 pg/L | 05 pg/L

Instrument
Detection
Limit/pg/L

RSD/%

1 Nitrobenzene Y =(0.062 + 0.0040)*X 0.99928 88.2 88.9 92.6 1 4.3
2 0O-nitrotoluene Y =(-0.0015 + 0.0003)*X 0.99967 81.3 93.5 95.4 2 8.4
3 M-nitrotoluene Y = (-0.0052 + 0.0021)*X 0.99392 89.3 89.8 95.8 06 6.3
4 P-nitrotoluene Y =(0.069 + 0.0005)"X 0.99733 88.5 99.3 97.8 1 5.4
5 M-nitrochlorobenzene Y =(0.0156 + 0.0075 </pt354>)"X | 0.99928 86.0 90.6 89.9 015 3.8
6 P-nitrochlorobenzene Y =(0.0163 + 0.0056)"X 0.99803 87.5 98.8 951 015 34
7 0-nitrochlorobenzene Y =(0.0268 + 0.0064)"X 0.99821 85.2 96.7 92.4 015 3.2
8 P-dinitrobenzene Y =(0.0228 + 0.0065)X 0.99715 93.2 88.4 98.6 012 4.5
9 M-dinitrobenzene Y =(0.0276 + 0.0074)*X 0.99901 83.3 88.5 90.7 0.1 8.6
10 2,6-dinitrotoluene Y =(0.0028 + 0.0024)*X 0.99964 95.3 89.8 95.7 0.2 7.3
1 0O-dinitrobenzene Y =(0.0325 + 0.0070)*X 0.99898 88.5 89.3 99.8 01 2.2
12 2,4-dinitrotoluene Y =(0.0150 + 0.0041)*X 0.99744 94.0 90.9 89.3 0.2 3.8
13 2,4-dinitrochlorobenzene | Y = (0.0185 + 0.0062)"X 0.99979 90.5 88.8 901 01 44
14 3,4-dinitrotoluene Y =(0.0390 + 0.0081)*X 0.99826 93.2 957 96.4 01 35
15 TNT Y =(0.0177 + 0.0056)*X 0.99914 974 95.4 88.9 01 41
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Figure 5. Chromatograph for water samples for a certain area, one of which contained

2,4-dinitrochlorobenzene.

Actual Sample Determination Results

The extraction and chromatographic methods were used
to carry out determination on water samples taken from
the Beijing Quig River. 2,4-dinitrochlorobenzene was
discovered in one of the water samples at a concentration
of 0.137 pg/L (Figure 5).

Conclusion

The Dionex AutoTrace 280 SPE instrument can be used to
extract and concentrate trace organics in liquid samples
such as environmental waters. The extraction method
used in this application note used the Dionex AutoTrace
280 SPE to carry out conditioning, rinsing, elution, and
collection processes on the SPE Cartridge, reducing
manual intervention and the time taken to manually load
the samples. The extraction time was calculated to be

50 min per 500 mL water sample, which saves 5 hours
over the manual extraction method for six samples. As a
result, the Dionex AutoTrace 280 and TRACE 1310 GC
with electron capture detection are suitable for carrying
out extraction, analysis, and detection of nitrobenzene
compounds in environmental water samples. The experi-
mental results show that the method offers high
sensitivity, good reproducibility, good linearity, good
recovery rates, and reliable results for determining
nitrobenzenes and completely satisfies all requirements for

detecting nitrobenzenes in drinking water.

References

1.U.S. Environmental Protection Agency (EPA).
Nitrobenzene Quickview (CASRN 98-95-3). [Online]
http://cfpub.epa.gov/ncealiris/index.cfm?fuseaction=iris.

showQuickView&substance nmbr=0079 (accessed Aug
14,2014).

www.thermofisher.com/samplepreparation

2.TIARC. Agents Classified by the IARC Monographs,
Volume 1-110. [Online] http://monographs.iarc.fr/ENG/
Classification/ClassificationsGroupOrder.pdf (accessed
Aug 14, 2014).

3.Standards for Drinking Water Quality, Chinese Ministry
of the Environment Method. <GB-5749-2006>. People’s
Republic of China. [Online] http://www.codeofchina.
com/gb/medical/673.html (accessed Aug 14,2014).

4. Water Quality. Determination of Nitroaromatics by Gas
Chromatography, Tianjin Envionmental Monitoring
Center. <H]J 648-2013>. People’s Republic of China.
[Online] http://www.chinesestandard.net/PDF-English-
Translation/HJ648-2013.html (accessed Aug 14, 2014).

5. Nitroaromatics and Cyclic Ketones by Gas

Chromatography, United States Environmental
Protection Agency. <U.S. EPA Method 8091>. United
States of America. [Online] http://www.epa.gov/osw/
hazard/testmethods/sw846/pdfs/8091.pdf (accessed Aug
14,2014).

6.Ren Chaoxing, Xiang Tongling, Yang Jiahuan.
Simultaneous determining 9 types of nitrobenzene
compound in sea water using SPE-gas chromatography/
spectrometry. Mar Enviro Sci, 2012, 31(5): 743-745.

7.Jang-Yeun Horng, Shang-Da Huang. Determination of

the semi-volatile compounds nitrobenzene, isophorone,
2,4-dinitrotoluene and 2,6-dinitrotoluene in water using
solid-phase microextraction with a
polydimethylsiloxane coated fiber. J.Chromatogr., A.
1994, (678):313-318

8.Li Lirong, Wei Enqj, Shi Tingrui et al. Determining the
content of 15 types of nitrobenzene compound in water
using gas chromatography []J]. Phys. and Chem. Test.
Chem.,2011,47(12): 1436-143

©2016 Thermo Fisher Scientific Inc. All rights reserved. All trademarks are the property of Thermo Fisher Scientific and its
subsidiaries. This information is presented as an example of the capabilities of Thermo Fisher Scientific products. It is not
intended to encourage use of these products in any manners that might infringe the intellectual property rights of others.
Specifications, terms and pricing are subject to change. Not all products are available in all countries. Please consult your local

sales representative for details.

Australia +61 3 9757 4300

Austria +43 810 282 206

Belgium +32 53 73 42 41

Brazil +55 1137315140

Canada +1 800 530 8447

China 800 810 5118 (free call domestic)
400 650 5118

Denmark +45 70 23 62 60
Finland +358 9 3291 0200
France +33 160 92 48 00
Germany +49 6103 408 1014
India +91 22 6742 9494
Italy +39 02 950 591

Japan +81 6 6885 1213

Korea +82 2 3420 8600

Latin America +1 561 688 8700
Netherlands +31 76 579 55 55
New Zealand +64 9 980 6700
Norway +46 8 556 468 00

Singapore +65 6289 1190
Sweden +46 8 556 468 00
Switzerland +41 61 716 77 00
Taiwan +886 2 8751 6655
UK/Ireland +44 1442 233555
USA +1 800 532 4752

AN71304-EN 08/16S

Thermo

SCIENTIFIC

AThermo Fisher Scientific Brand


http://cfpub.epa.gov/ncea/iris/index.cfm?fuseaction=iris.showQuickView&substance_nmbr=0079
http://cfpub.epa.gov/ncea/iris/index.cfm?fuseaction=iris.showQuickView&substance_nmbr=0079
http://monographs.iarc.fr/ENG/Classification/ClassificationsGroupOrder.pdf
http://monographs.iarc.fr/ENG/Classification/ClassificationsGroupOrder.pdf
http://www.codeofchina.com/gb/medical/673.html
http://www.codeofchina.com/gb/medical/673.html
http://www.chinesestandard.net/PDF-English-Translation/HJ648-2013.html
http://www.chinesestandard.net/PDF-English-Translation/HJ648-2013.html
http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/8091.pdf
http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/8091.pdf

	OLE_LINK4
	OLE_LINK5
	OLE_LINK31
	OLE_LINK32
	OLE_LINK35
	OLE_LINK36
	OLE_LINK37
	OLE_LINK29
	OLE_LINK30

