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ABSTRACT

Acidified 2,4-dinitrophenylhydrazine (DNPH) solution, or DNPH-impregnated cartridges are commonly used for the collection of automotive exhaust carbonyl compounds. There are some DNPH-carbonyl compounds in not in use DNPH cartridges and DNPH solution. Furthermore, concentrations of automotive exhaust carbonyl compounds are decreasing according to improvement of the purification technology for automotive exhaust. Automotive exhaust carbonyl compounds become to be difficult to be analyzed with DNPH collection method, because of these two reasons. It is thought that reliable analysis of acrolein in automotive exhaust is very difficult because concentration of DNPH-acrolein in extracted solution is not stable. Furthermore, it is found out that DNPH-acrolein in DNPH-cartridge is disappeared for short time storage in this research. 

Recently, O-(4-cyano-2-ethoxybenzyl)hydroxylamine (CNET)  has been developed for the purpose of carbonyl compounds collection reagent with low concentration of contaminations of DNPH-carbonyl compounds. We applied this reagent for collection of automotive exhaust carbonyl compounds. CNET cartridge is compared with some kinds of DNPH cartridges and DNPH solution for collecting many kinds of automotive exhaust. In this result, concentration levels of contaminative CNET-carbonyl compounds in a not in use CNET cartridges are lower than DNPH cartridge on the market. Furthermore CNET-acrolein concentration is not decreased so fast in the CNET cartridge at room temperature and CNET-acrolein concentration is not decreased at 278K for several hours. When carbonyl compounds concentrations are high, correlations of CNET collection and DNPH collection are good. In the case of low concentrations, CNET is superior to DNPH as collection reagent of carbonyl compounds. For the purpose of automotive exhaust acrolein collection, CNET is better than DNPH. 
INTRODUCTION

Prompted by potential health concerns and origin of photo chemical smog, the past several years have witnessed a growing interest in the measurements of carbonyl compounds measurements, both ambient and from some emissions sources. It is thought that automobile is one of the important origin of carbonyl compounds1). 

Acidified 2,4-dinitrophenylhydrazine (DNPH) solution, or DNPH-impregnated cartridges are commonly used for collection of automotive exhaust carbonyl compounds2) collection. There are some DNPH-carbonyl compounds in DNPH cartridge as interferences components.

Automotive exhaust carbonyl compounds become to be difficult to be analyzed, because their concentrations are decreasing and these concentrations are close to background carbonyl levels according to increasingly automotive emissions control approaches.

In this paper a new reagent, namely O-(4-cyano-2-ethoxybenzyl) hydroxylamine (CNET), was tested against traditional DNPH approach for automotive carbonyl determinations. We applied this reagent for collection of automotive exhaust carbonyl compounds.

O-(4-CYANO-2-METHOXYBENZYL) HYDROXYL-AMINE
Sumika Chemical Analysis Service have developed a new derivative reagent O-(4-cyano-2-ethoxybenzyl) hydroxylamine3) as shown in Fig.1 for improve these problems. 

The special features of CNET compared with DNPH is CNET combined to catalytic acid directly, then derivatives of collected carbonyl compounds (CNET-carbonyl compounds) are stable because CNET-carbonyl compounds  are not directly touched to acid. Furthermore, although CNET-carbonyl compounds can be extracted by acetonitrile from cartridge, CNET bonded with acids can not extract from cartridge. When CNET cartridge is extracted by acetonitrile, all blank CNET-carbonyl compounds are extracted from cartridge. It’s a reason of blank CNET-carbonyl compounds concentrations are low in the cartridge. 

Another feature of this regent is CNET-carbonyl compounds can be analyzed by HPLC-UV also similar to DNPH -carbonyl compounds.
experimental

week points of dnph cartridge

Cartridge is far more robust and easier to handle than previous impinger approach. But, DNPH cartridge has some problems of impurities issues and degradation of acrolein quickly in the cartridge after collection. 

Cartridges to cartridge variations of blank carbonyl compounds concentration have now become important for determination of low level exhaust carbonyls. 

[image: image1.emf] 

NC CH

2

ONH

2

OEt

NC CH

2

ON

OEt

C

R1

R2

.

R1COR2

, H

+

[image: image2.emf]1

10

100

1000

1 10 100 1000

Acetaldehyde concentration collected into DNPH

cartridge (ppb)

Acetaldehyde concentration collected into CNET

cartridge (ppb)

DNPH Short cartridge

DNPH Long cartridge

DNPH Solution

[image: image3.emf]Apparatus Shimadzu LC-10A

Flow rate 1mL/min
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Nowadays the concentrations of automotive exhaust carbonyl compounds become not to be different from concentration level of interferences components included in the cartridge on the market. If concentrations of interference carbonyl compounds are constant, then it is not so difficult to get correct concentration of these carbonyl compounds. But, blank concentrations of carbonyl compounds in the cartridge are not stable, and then we cannot get reliable concentration of carbonyl compounds in exhaust gas from clean exhaust car. Blank concentrations of carbonyl compounds show tendency to increase in the summer season.

Table 1 shows analytical condition of DNPH-carbonyl compounds and table 2 shows analytical condition of CNET-carbonyl compounds.

BLANK carbonyl compounds IN THE dnph cartridge

Table 3,4 show examples of blank concentrations of carbonyl compounds in the Sep-Pak DNPH- Silica (Long Body) made by Waters of different lot and same lot respectively. In this result, concentrations of blank carbonyl compounds bounded to DNPH such as DNPH-formaldehyde, DNPH-acetaldehyde and DNPH-acetone are high, and another DNPH bounded carbonyl compounds are not so high. DNPH-acetone and methylethylketone-DNPH are not only in the blank cartridge but also include contamination of experimental room for extraction. 

Average concentration of blank DNPH-formaldehyde is 0.0827 g in the cartridges of different lots and 0.0672 g in cartridges of same lot. Average blank concentrations of DNPH-acetaldehyde and DNPH-acetone are 0.0644 g and 0.252 g in cartridges of different lots and 0.0746 g and 1.06 g in cartridges of same lot respectively. Standard deviation of blank DNPH-formaldehyde is 0.0367 g in cartridges of different lots and 0.0219  g in cartridges of  same lot. Standard deviation of blank DNPH-acetaldehyde is 0.0079 g in cartridges of different lots and 0.0119 g in cartridges of same lot. It is thought that these two data are almost same level too.
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g/cartridge

mg/ml

Form

Acet

Acrolein

Acetone

Propion

Croton

Meta

MEK

Butyl

Benz

Varel

Tolu

Hexy

No.1

0.0980

0.0820

0.0055

1.0325

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0075

0.0000

0.0000

No.2

0.0810

0.0750

0.0000

1.0200

0.0000

0.0000

0.0000

0.0205

0.0000

0.0000

0.0165

0.0065

0.0295

No.3

0.1000

0.0765

0.0000

1.0390

0.0000

0.0000

0.0000

0.0155

0.0130

0.0130

0.0000

0.0080

0.0090

No.4

0.0575

0.0750

0.0000

1.0330

0.0000

0.0000

0.0000

0.0560

0.0000

0.0000

0.0000

0.0000

0.0250

No.5

0.0595

0.0655

0.0000

1.0320

0.0000

0.0000

0.0140

0.0175

0.0000

0.0000

0.0000

0.0000

0.0180

No.6

0.1235

0.0710

0.0035

1.0360

0.0000

0.0395

0.0000

0.0500

0.0000

0.0000

0.0395

0.0000

0.0105

No.7

0.0700

0.0715

0.0000

1.0065

0.0000

0.0000

0.0060

0.0615

0.0000

0.0000

0.0000

0.0000

0.0180

No.8

0.0625

0.0685

0.0000

1.0145

0.0000

0.0000

0.0000

0.0440

0.0000

0.0000

0.0130

0.0000

0.0220

No.9

0.0535

0.0680

0.0115

1.0350

0.0000

0.0000

0.0070

0.0385

0.0000

0.0000

0.0090

0.0000

0.0060

No.10

0.0525

0.0740

0.0065

1.0510

0.0000

0.0000

0.0000

0.0830

0.0000

0.0175

0.0000

0.0000

0.0105

No.11

0.0560

0.0635

0.0000

1.0805

0.0000

0.0000

0.0000

0.0740

0.0000

0.0110

0.0195

0.0000

0.0000

No.12

0.0470

0.0840

0.0000

1.0755

0.0000

0.0000

0.0035

0.0485

0.0000

0.0000

0.0000

0.0000

0.0135

No.13

0.0620

0.0890

0.0000

1.0835

0.0000

0.0000

0.0000

0.0665

0.0065

0.0000

0.0075

0.0040

0.0000

No.14

0.0620

0.0755

0.0000

1.1080

0.0000

0.0000

0.0000

0.0520

0.0000

0.0000

0.0045

0.0000

0.0065

No.15

0.0425

0.0425

0.0000

1.1010

0.0000

0.0000

0.0000

0.0500

0.0000

0.0155

0.0000

0.0000

0.0000

No.16

0.0495

0.0755

0.0000

1.0895

0.0070

0.0000

0.0000

0.0435

0.0000

0.0000

0.0160

0.0000

0.0165

No.17

0.0850

0.0965

0.0020

1.0845

0.0000

0.0000

0.0000

0.0635

0.0045

0.0000

0.0110

0.0045

0.0105

No.18

0.0480

0.0895

0.0000

1.1020

0.0000

0.0000

0.0000

0.0670

0.0000

0.0000

0.0085

0.0085

0.0000

Standard deviation

0.0219

0.0119

0.0032

0.0332

0.0016

0.0093

0.0038

0.0221

0.0034

0.0062

0.0102

0.0031

0.0092

Average

0.0672

0.0746

0.0016

1.0569

0.0004

0.0022

0.0017

0.0473

0.0013

0.0032

0.0085

0.0018

0.0109

Rlative standard deviation

(%)

33

16

199

3

424

424

222

47

257

196

120

175

85

SD:Standard deviation  RSD: Relative standard deviation  Form: Formaldehyde  Acet: Acetaldehyde  Propion: Propionaldehyde  Croton: Crotonaldehyde  Meta: Metacrolein

MEK: Methylethylketone  Benz: Benzaldehyde  Varel: Varelaldehyde  Tolu: Tolualdehyde  Hexy: Hexy aldehyde



DNPH-ACROLein disappears in the cartridge

Fig 2, 3 show stabilities of DNPH-carbonyl compounds in the DNPH cartridge. To evaluate the stabilities of DNPH-carbonyl compounds in the cartridge till extraction, add 0.4-0.9 g of them into DNPH cartridges and keep at the room temperature, then these DNPH-carbonyl compounds are extracted by 5mL　acetonitrile. The contents of DNPH-acrolein and DNPH-formaldehyde decreased. Especially, DNPH-acrolein decreased immediately, after storage for only 3 hours, DNPH-acrolein  disappeared.
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g/cartridge
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Form

Acet

Acrolein

Acetone

Propion

Croton

Meta

MEK

Butyl

Benz

Varel

Tolu

Hexy

0.0915

0.0555

0.0000

0.2970

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0505

0.0570

0.0000

0.2930

0.0000

0.0000

0.0030

0.0000

0.0000

0.0000

0.0000

0.0000

0.0185

0.0860

0.0540

0.0000

0.2875

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0100

0.0000

0.0000

0.0605

0.0565

0.0000

0.2860

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0565

0.0550

0.0000

0.2725

0.0000

0.0000

0.0000

0.0050

0.0000

0.0000

0.0000

0.0070

0.0260

0.0365

0.0580

0.0000

0.2790

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0110

0.0000

0.1430

0.0590

0.0000

0.2730

0.0040

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0230

0.0690

0.0630

0.0065

0.2925

0.0000

0.0000

0.0000

0.0000

0.0000

0.0105

0.0000

0.0000

0.0000

0.0715

0.0755

0.0000

0.2775

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0070

0.0665

0.0675

0.0000

0.2850

0.0000

0.0000

0.0000

0.0000

0.0000

0.0110

0.0000

0.0000

0.0000

0.2015

0.0690

0.0000

0.2845

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.1025

0.0695

0.0000

0.1165

0.0000

0.0000

0.0000

0.0185

0.0000

0.0075

0.0000

0.0000

0.0000

0.0740

0.0820

0.0000

0.1095

0.0000

0.0000

0.0050

0.0240

0.0000

0.0050

0.0000

0.0000

0.0225

0.0780

0.0675

0.0000

0.1120

0.0000

0.0000

0.0000

0.0355

0.0000

0.0000

0.0000

0.0000

0.0000

0.0755

0.0695

0.0000

0.1105

0.0000

0.0090

0.0000

0.0260

0.0000

0.0090

0.0000

0.0000

0.0000

0.1185

0.0690

0.0000

0.1145

0.0000

0.0000

0.0065

0.0470

0.0000

0.0000

0.0000

0.0000

0.0000

0.0645

0.0605

0.0000

0.1105

0.0000

0.0000

0.0000

0.0335

0.0000

0.0000

0.0000

0.0125

0.0000

0.0610

0.0575

0.0000

0.1130

0.0000

0.0000

0.0000

0.0470

0.0000

0.0215

0.0000

0.0000

0.0000

0.0665

0.0670

0.0000

0.1100

0.0000

0.0000

0.0000

0.0425

0.0000

0.0000

0.0000

0.0000

0.0205

0.0810

0.0750

0.0000

1.0200

0.0000

0.0000

0.0000

0.0205

0.0000

0.0000

0.0165

0.0065

0.0295

SD

0.0367

0.0079

0.0015

0.1998

0.0009

0.0020

0.0019

0.0180

0.0000

0.0058

0.0042

0.0040

0.0110

Average

0.0827

0.0644

0.0003

0.2522

0.0002

0.0005

0.0007

0.0150

0.0000

0.0032

0.0013

0.0019

0.0074

RSD (%)

44

12

447

79

447

447

257

120

-

181

318

215

150

SD:Standard deviation  RSD: Relative standard deviation  Form: Formaldehyde  Acet: Acetaldehyde  Propion: Propionaldehyde  Croton: Crotonaldehyde  Meta: Metacrolein

MEK: Methylethylketone  Benz: Benzaldehyde  Varel: Varelaldehyde  Tolu: Tolualdehyde  Hexy: Hexy aldehyde
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Fig.4 shows stability of carbonyl compounds in the CNET cartridge at room temperature.  CNET-carbonyl compounds are added 0.4-0.9 g into CNET cartridges and keep at the room temperature, then these CNET-carbonyl compounds are extracted by 3mL acetonitrile. In this case, CNET-formaldehyde is stable in the cartridge for 4 hours. CNET-acrolein in the CNET cartridge decreased about to 70% after storage for 4 hours.  In these results, stability of acrolein in the CNET cartridge is better than in the DNPH cartridge, although stability of acrolein in the CNET cartridge is not sufficient level.
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Fig.5 shows stability of CNET-acrolein in the cartridge at 278K, 298K and 333K. Storage at 333K. CNET-acrolein in the cartridge disappear only 4 hours storage at 333K. 298K storage result is similar to room temperature storage result. And then, CNET-acrolein in the cartridge is stable for 6 hours storage at 278K. To get reliable result, when automotive exhaust collection, keep cartridge body temperature low. And after automotive exhaust sampling, cartridge stored fewer than 278K is important to get reliability result.
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BLANK carbonyl compounds IN THE CNET cartridge

 Table 5 shows blank concentrations of formaldehyde, acetaldehyde and acetone. These cartridges include 6 lots. Lot of C2 is same with lot of C1, this cartridges were kept for 1 month in the refrigerator at 178K. Other carbonyl compounds are not detected in the CNET cartridge. 
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Lot No. Form Acet Acetone Lot No. Form Acet Acetone Lot No. Form Acet Acetone

0.0056 0.0091 0.2973 0.0148 0.0141 0.1460 0.0096 0.0121 0.4907

0.0042 0.0036 0.2635 0.0093 0.0096 0.0820 0.0057 0.0053 0.5689

0.0049 0.0023 0.3582 0.0308 0.0117 0.1140 0.0095 0.0100 0.5059

0.0144 0.0135 0.2866 0.0479 0.0259 0.1863 0.0097 0.0115 0.4980

0.0226 0.0110 0.3311 0.0084 0.0152 0.0800 0.0075 0.0095 0.5020

0.0120 0.0147 0.1176 0.0092 0.0000 0.0672 0.0055 0.0295 0.0853

0.0110 0.0030 0.1384 0.0072 0.0131 0.0415 0.0068 0.0270 0.0619

0.0083 0.0036 0.1060 0.0061 0.0235 0.1889 0.0056 0.0279 0.1234

0.0109 0.0031 0.1444 0.0108 0.0000 0.0922 0.0052 0.0302 0.0473

0.0195 0.0035 0.1445 0.0095 0.0116 0.0657 0.0065 0.0276 0.1735

0.0048 0.0000 0.0784 0.0094 0.0068 0.1113 0.0008 0.0251 0.0732

0.0095 0.0101 0.1184 0.0100 0.0096 0.1292 0.0071 0.0268 0.1362

0.0083 0.0129 0.1198 0.0102 0.0066 0.1117 0.0060 0.0263 0.1658

0.0157 0.0110 0.1425 0.0088 0.0082 0.1214 0.0120 0.0265 0.2121

0.0112 0.0158 0.1130 0.0089 0.0064 0.1041 0.0071 0.0274 0.0782

0.0060 0.0065 0.0796 0.0151 0.0084 0.1384

0.0054 0.0000 0.0509 0.0086 0.0077 0.1139

0.0330 0.0000 0.2153 0.0092 0.0090 0.1113 SD 0.0077 0.0092 0.1295

0.0075 0.0000 0.1075 0.0085 0.0087 0.1195 Average 0.0105 0.0118 0.1681

0.0073 0.0000 0.0779 0.0097 0.0069 0.1063 RSD　％ 73 78 77

Form: Formaldehyde   Acet: Acetaldehyde  SD: Standard deviation  RSD: Relative standard deviation
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 Average blank concentration of formaldehyde is 0.0105 g in the CNET cartridge and those of acetaldehyde and acetone is 0.0118 g and 0.168 g, respectively.  Standard deviation of blank concentration of formaldehyde, acetaldehyde and acetone are  0.0077 g , 0.0092 g, and 0.130 g, respectively. Blank concentration level and standard deviation of blank formaldehyde and blank acetaldehyde are lower than those of DNPH cartridges although blank concentration level and standard deviation of blank acetone is almost same level. The reason why blank concentration level and standard deviation of blank acetone are almost same for DNPH and CNET is that there are possibilities of acetone blank caused from contamination of extraction room.

comparison of result of automotive exhaust carbonyl compounds results

Automotive exhaust carbonyl compounds were collected into DNPH cartridge or acidified DNPH absorbing solution, and into CNET cartridge simultaneously and these results were compared. Sep-Pak DNPH- Silica (long body)  was used for collection of motor cycle exhaust, Sep-Pak DNPH- Silica (short body) is used for collection of diesel exhaust, and acidified DNPH absorbing solution was used for collection of gasoline fueled car exhaust because their concentrations are very low. Formaldehyde blank level in the acidified DNPH absorbing solution is 0.0051g/mL,and blank acetaldehyde and acrolein are not detected. Formaldehyde, acetaldehyde and acrolein are selected for this estimation because these 3 carbonyl compounds are main carbonyl compounds include in exhaust from automobiles and are being watched with keen interest for mobile source air toxics.
Automotive exhaust formaldehyde
 Fig.6 shows correlation of concentrations of formaldehyde in automotive exhaust collected into DNPH and CNET cartridge. Diesel exhaust, motor cycle exhaust and gasoline fueled car exhaust are compared. In this result, slope is 1.13, intercept is -5.28 and correlation coefficient is R2=0.998. In this result, correlation of CNET collection and DNPH collection is good, but data of under several ppb is little bit different because concentration of formaldehyde collected into DNPH cartridge was high by existence of blank formaldehyde. This is a reason why intercept was minus. Concentration of formaldehyde decreased in DNPH cartridge after collection (Fig.2 and 3). Usually, the derivatives of carbonyl compounds collected into cartridge are extracted with acetonitrile within 0.5 to 2 hours after sampling of exhaust gas. In the preservation of DNPH cartridge for 0.5 to 2 hours, concentration of formaldehyde decreased 5 to 15%. This result might be a reason why slope is 1.13.

Automotive exhaust acetaldehyde
Fig.7 shows correlation of concentrations of automotive exhaust acetaldehyde in automotive exhaust collected into cartridge. When concentration of acetaldehyde is low, some analytical results of collected into acidified DNPH absorbing solution were under detection limit. In this time, "0" cannot be drawn on this figure because logarithm axis is adopted. In this case, 0 ppb is changed to 1 ppb and plotted on this figure. In this result, slope is 0.951, intercept is -0.61 and correlation coefficient is  R2=0.997. In this result, correlation of CNET collection and DNPH collection is good, but CNET collection result was little bit low at data of under several 10 ppb and acetaldehyde was not detected under several ppb by DNPH collection. 


Automotive exhaust acrolein
Fig.8 shows correlation of concentrations of automotive exhaust acrolein. When concentration of acrolein was low, some analytical results obtained by DNPH cartridge　collection were under detection limit. In this time, 0 ppb is changed to 0.1 ppb and plotted on this figure. In this result, slope is 1.94, intercept is -0.92 and correlation coefficient is R2=0.946. In this result, correlation of CNET collection and DNPH collection is not so good, because concentration of acrolein decreased in the DNPH cartridge till extraction after sampling. Although, in case of automotive exhaust collected into acidified DNPH absorbing solution, correlation with CNET collection was very good, Because concentration of acrolein collected in acidified DNPH absorbing solution did not decrease so fast, although number of data  were only three.
Conclusion
Automotive exhaust carbonyl compounds become to be difficult to be analyzed, because their concentrations are decreasing and these concentrations are close to background carbonyl levels according to increasingly automotive emissions control approaches.  Furthermore DNPH-acrolein decrease in the cartridge and disappeare for several hours storage. 

Sumika Chemical Analysis Service have developed O-(4-cyano-2-ethoxybenzyl)hydroxylamine (CNET) for a new derivative reagent  for improve this blank problem in DNPH cartridge. 
Blank levels of carbonyl compounds in the CNET are lower than those of DNPH cartridge, then when concentration of carbonyl compounds are low, analytical results of CNET cartridge are better than DNPH. And CNET-acrolein concentration does not decrease in the cartridge after collection for several hours at 278K. 
In the case of carbonyl compounds concentrations are low or collection of acrolein, CNET is superior than DNPH. We can get reliable analytical results using CNET cartridge for automotive exhaust carbonyl compounds collection.
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Fig.1 Chemical reaction of  O-(4-cyano-2-ethoxybenzyl)hydroxylamine and carbonyl compounds
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Fig.7 Correlation of automotive exhaust acetaldehyde concentrations.








Table 1 Operating condition for the liquid chromatography of DNPH-carbonyl compounds analysis.
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Table 2 Operating condition for the liquid chromatography of CNET-carbonyl compounds analysis.
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Table 4 Blanks of carbonyl compounds blanks in Sep-Pak DNPH- Silica (Long Body) cartridge (Same lot)
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Table 3 Blanks of carbonyl compounds in Sep-Pak DNPH- Silica (Long Body) cartridge (many lot)
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Fig.4 Stability of carbonyl compounds in the CNET cartridge


Storage at room temperature.
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Fig.3　Stability of DNPH-carbonyl compounds in the DNPH cartridge


Storage at  room temperature, Sep-PakTM DNPH -Silica (Short Body) (Waters)
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Fig.2　Stability of DNPH-carbonyl compounds in the DNPH cartridge


Storage at room temperature, Sep-PakTM XPoSure Aldehyde Sampler (Waters)








Storage time (hours)
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Fig.5 Stability of acrolein in the CNET cartridge


Storage at 278k, 298K, 333K
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Fig.8 Correlation of automotive exhaust acrolein concentrations.














Table 5  Blank carbonyl compounds in the CNET blank cartridge.
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Fig.6 Correlation of automotive exhaust formaldehyde concentrations.











