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Fig 2. Concentration distributions of representative compounds measured in indoor and outdoor air. F ormaldehyde, acetaldehyde, nonanal, formic acid and
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Tablel. Concentrations of carboxylic acid, carbonyl compounds, ozone, acid gases and basic gases in

indoor and outdoor air in 60 houses

compounds mean geometric mean median max. min. V 10
I O 1 0 I O 1 0 1 O

Formic acid 22 07 na na 1.8 0.0 8.1 7.7 0.0 00 3.0
Acetic acid 17 15 16 14 16 14 34 38 62 52 1.1
Formaldehyde 12 24 87 23 94 23 38 6.2 0.6 1.0 5.0
Acetaldehyde 12 3.8 16 34 17 33 150 17 1.7 1.4 32
Acetone 45 7.1 20 6.5 16 6.9 1000 17 39 28 6.3
Acrolein 0.0 0.1 na na. 0.0 0.0 0.6 6.8 00 00 na

Propanal 12 09 na na 1.5 09 53 22 0.0 0.0 14

Butanal 1.8 1.4 1.6 1.1 1.6 12 56 7.1 04 03 1.3
Crotonaldehyde 1.4 1.0 na na 1.1 0.6 39 38 0.0 0.0 1.5
Benzaldehyde 2.4 1.2 1.9 n.a. 1.7 0.9 16 5.0 0.7 00 2.1
i-Pentanal 0.5 0.3 na na. 0.0 00 - 38 43 00 0.0 1.5
Pentanal 1.1 0.8 na na. 1.0 08 33 2.5 0.0 00 1.4
o-Tolualdehyde 0.1 00 na na 0.0 0.0 4.2 0.0 0.0 0.0 na

p-Tolualdehyde 0.6 0.1 na na. 0.0 00 14 1.3 0.0 00 11

Hexanal 3.1 0.8 na. na. 29 09 10 1.6 0.0 00 3.7
2,5-DMBA 1.6 14 na na 1.5 1.1 59 51 0.0 00 1.1
Heptanal 1.6 01 na na 12 0.0 8.0 1.7 00 00 19

OPA 09 1.1 na na 0.0 0.0 20 34 00 00 09
Octanal 17 07 na na 1.5 09 64 22 0.0 00 2.3
Nonanal 4.7 2.1 4.3 n.a. 44 20 12 4.1 1.7 00 2.3
Decanal 1.4 00 na pna 0.0 00 72 0.0 00 00 na

Ozone 52 39 42 35 4.1 39 31 70 1.2 1.8 0.1
Hydrogen chloride 56 33 43 na. 42 29 24 11 07 00 1.7
Nitrogen dioxide 280 34 100 29 76 31 1400 91 56 36 8.2
Sulfur dioxide 1.0 25 mna na 00 00 16 25 0.0 0.0 0.4
Ammonia 31 5.5 16 5.0 16 47 770 19 2.8 1.3 5.6

Concentration units are in pg/m’, I: indoor air, O: outdoor air, n.a.: not available
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Characteristics of Indoor Gaseous Air Pollutants in Winter

Tomomi Yamapa', Mayu Onta’, Shigehisa Ucrrvama', Yohei Inaga!, Sumio Goto® and
Naoki Kunucrta'

'Department of Environmental Health, National Institute of Public Health, Wako-shi, Saitama 351-0197, Japan

*Department of Life and Environmental Science, Azabu University, Sagamihara, Kanagawa 229-8501, Japan

Abstract :

Key words :

There are many gaseous air pollutants found in indoor air. It is very important to precisely
measure the concentration of these compounds in order to evaluate the risk to human health
and to reduce their concentrations. A diffusive sampling device is suitable for measurement
of indoor air, because these are small, light, and can be used without a power supply for the
pump. In this study, representative gaseous air pollutants in winter indoor and outdoor air
were measured using diffusive sampling devices. Furthermore, the relationship between
gaseous air pollutants, secondary formation mechanism, and the outbreak source were
examined. The indoor concentrations of aldehydes, nitrogen dioxide and ammonia were
higher than outdoor concentrations. By contrast, indoor concentrations of ozone were lower
than outdoor concentrations. The indoor concentrations of nitrogen dioxide in 43% houses
exceeded the maximum limit stated by environmental law (60 ppb). It was suggested that
the main emission sources of nitrogen dioxide are kerosene and gas stoves. In addition,
it was suggested that carbonyl compounds are formed by interactions between volatile
organic compounds (VOCs) and ozone from outdoor air. Formic acid was estimated to be
formed by the oxidation of formaldehyde with ozone, because a positive correlation between
formaldehyde and formic acid, and an inverse correlation between formaldehyde and ozone,
were observed in indoor air.

indoor air pollution, diffusive sampling devise, ozone, secondary formation.
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Review «
Derivatization of carbonyl compounds with 2,4-dinitrophenylhydrazine and
their subsequent determination by high-performance liquid chromatography*

Shigehisa Uchiyama*, Yohei Inaba, Naoki Kunugita

Department of Environmental Health, National Institute of Public Health, 2-3-6, Minami, Wako City, Saitama 351-0197, Japan

ARTICLE INFO ABSTRACT

Am‘c{e history: Derivatization of carbonyl compounds with 2,4-dinitrophenylhydrazine (DNPH) is one of the most widely
Received 10 August 2010 used analytical methods. In this article, we highlight recent advances using DNPH provided by our stud-
Accepted 26 September 2010 ~ ies over past seven years. DNPH reacts with carbonyls to form corresponding stable 2,4-DNPhydrazone

Available online 20 October 2010 derivatives (DNPhydrazones). This method may result in analytical error because DNPhydrazones have

both E- and. Z-stereoisomers caused by the C=N double bond. Purified aldehyde-2,4-DNPhydrazone

geyyv 0?5: " demonstrated only the E-isomer, but under UV irradiation and the addition of acid, both E- and Z-isomers
crivatization were seen. In order to resolve the isometric problem, a method for transforming the C=N double bond
Carbonyl compounds . . A .. . I
Carboxylic acids of carbonyl-2,4-DNPhydrazone into a C-N single bond, by reductive amination using 2-picoline borane,
2,4-Dinitrophenylhydrazine has been developed. The amination reactions of C1-C10 aldehyde DNPhydrazones are completely con-
Isomerization ) verted into the reduced forms and can be analyzed with high-performance liquid chromatography. As a
Reductive amination new application using DNPH derivatization, the simultaneous measurement of carbonyls with carboxylic
Ozone ' acids or ozone is described in this review.

© 2010 Elsevier B.V. All rights reserved.
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1. Introduction Lo X X
a causal association between leukemia and occupational expo-

sure to formaldehyde” [5]. It is a great public health problem
whether there is an association between formaldehyde exposure
and leukemia. IARC classification of formaldehyde has started con-
troversial discussions. Recently, some new epidemiological reports
including meta-analysis were published [1,3,6-10]. The two stud-
ies [7,8] found an elevated mortality rate from myeloid leukemia in
individuals occupationally exposed to formaldehyde. In addition,
formaldehyde affects indoor air quality, and is known to trigger
acute adverse health effects such as skin, eye, nose, and throat
irritation. It has been reported that formaldehyde is significantly
mper is part of the special issue “Enhancement of Analysis by Analytical associated with a higher risk of the “Sick Building Sym,lr(.)m? (SBS)”
Derivatization”, jack Rosenfeld (Guest Editor), [11-}3]. Acetgldehy@e, an analogue of formaldehyde, is listed as
* Corresponding author. Tel.: +81 43 279 6764; fax: +81 43 279 6764. possibly carcinogenic to humans (Group 2B) by IARC. Ethanol in
E-mail addresses: uchiyama@niph.go.jp, ucym@tu.chiba-u.ac.jp (S. Uchiyama). alcoholic drinks is mainly oxidized in the liver by alcohol dehydro-

Carbonyl compounds such as aldehydes and ketones have
received much attention as hazardous substances in studies of
environmental and biological chemistry. Long-term exposure to
relatively high levels of formaldehyde is known to increase
the risk to human [1-4]. In 2004, the International Agency for
Research on Cancer (IARC) reclassified formaldehyde as a human
carcinogen that causes nasopharyngeal cancer and also con-
cluded that there is a “strong but not sufficient evidence for

1570-0232/$ - see front matter © 2010 Elsevier B.V. All rights reserved.
doi:10.1016/j.jchromb.2010.09.028
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Fig. 1. Scheme of the derivatization reaction of DNPH with carbonyls.

genases to acetaldehyde. Acetaldehyde is subsequently oxidized to
acetic acid by aldehyde dehydrogenase 2 (ALDH2). Approximately
40% of Japanese have single nucleotide polymorphisms (SNPs) of
the ALDH2 gene. The ALDH2 *2 allele produces an inactive protein
subunit, which in unable to metabolize acetaldehyde. Exposure to
high levels of acetaldehyde may be responsible to increase the risk
of head and neck cancer and esophageal cancer [14-16]. Estima-
tion of aldehydes is also the most common approach for the study
of lipid peroxidation [17]. Malonaldehyde can be very useful as a
presumptive marker for the development of oxidative stress in tis-
sues and plasmas [18]. Determination of hexanal as an indicator of
the lipidic oxidation state in some food samples has been presented
[17].

The specific reaction of carbonyl compounds with 2,4-
dinitrophenylhydrazine (DNPH) forming the corresponding 2,4-
DNPhydrazones is one of the most important qualitative and
quantitative methods in organic analysis. This method has been
used to measure aldehydes and ketones in plasma [18-20], urine
[21-23] and other biological samples [24-26], as well as environ-
mental air [27] and water samples [28]. It was first published by
Allen [29] and Brady [30]. Carbonyl compounds react with DNPH to
form hydrazones as Fig. 1[31]. In the first step of the mechanism for
hydrazone formation, the amine attacks the carbonyl carbon. Gain
of a proton by the alkoxide ion and loss of a proton by the ammo-
nium ion form a neutral tetrahedral intermediate. The neutral
tetrahedral intermediate, called a carbinolamine, is in equilibrium
with two protonated forms. Protonation can take place on either
the nitrogen or the oxygen atom. Elimination of water from the
oxygen-protonated intermediate forms a protonated hydrazone
that loses a proton to yield the hydrazone. Hydrazone formation
is reversible. In acidic aqueous solutions, the hydrazone deriva-
tives are hydrolyzed back to the carbonyl compound and DNPH,
and then the reaction attains equilibrium. The main advantage of
the DNPH derivatization method is the ability to analyze various
aldehydes and ketones simultaneously in a complex mixture. Sam-
pling can be performed using acidic solutions of DNPH in impingers
[32] or with acidic solid sorbents coated with DNPH in a cartridge. A
number of cartridge devices containing solid sorbents coated with
DNPH have recently been provided for sampling aldehydes. The
solid sorbents include XAD-2 [33,34], silica gel [35,36], glass beads
[37], octadecylsilane bonded silica gel [38], Florisil {39], and glass
fiber filters [40]. In aqueous samples, an acidic solution of DNPH is
used to form the corresponding hydrazones followed by high per-

formance liquid chromatography (HPLC) separation and ultraviolet
(UV) detection at 360 nm (depending on the absorption maximum
wavelength of the hydrazones) [28,41-43] or mass spectrometry
(MS) [44-46]. Due to the importance of the method, it has been
introduced as a standard procedure by several national standard-
ization bodies. Recent research has resulted in the identification of
chemical interferences caused by the presence of ozone [47-49] or
nitrogen dioxide [50].

This review looks at the fundamental principles of and new
applications for the derivatization of carbonyl compounds with
DNPH; mainly through our studies over past seven years.

2. Isomerization of carbonyl 2,4-DNPhydrazones’

Usually, the DNPH derivatizations are performed under acidic
conditions and 2,4-DNPhydrazone derivatives are separated by
means of HPLC followed by detection using UV spectrophotometry
at 360 nm (depending on the absorption maximum wavelength of
the hydrazones). However, this DNPH derivatization method may
cause an analytical problem as 2,4-DNPhydrazones have both E-
and Z-stereoisomers due to the G=N double bond. Fig. 2 shows the
structure of E- and Z-stereoisomers of acetaldehyde DNPhydrazone.
The formation of isomeric 2,4-DNPhydrazones from unsymmetri-
cal carbonyl compounds in the liquid phase has long been known
[51-53]. Behforouz et al. [54] and Tayyari et al. [55] reported that a
trace of acid catalyzed the E-Z isomerization, which was detected
via melting point anomalies. However, until recently, this evidence
seemed irrelevant with regard to possible analytical problems it
would cause in the determination of aldehydes and ketones. Puri-
fied alkanal-2,4-DNPhydrazones demonstrated only the E-isomer.
However under UV irradiation and the addition of acid, both E-
and Z-isomers were seen [56]. The spectral patterns of Z-isomers
were different from those of E-isomers and the absorption maxi-
mum wavelengths were shifted towards shorter wavelengths by
5-8nm. Fig. 3 shows the variation of Z- to E-isomer ratios of
acetaldehyde and propanal DNPhydrazone derivatives with various
phosphoric acid concentrations. An equilibrium Z/E isomer ratio
was observed in 0.02-1% (v/v) phosphoric acid solutions. Propanal-
and other aldehyde-2,4-DNPhydrazone derivatives showed simi-
lar behavior. The isomer ratios of alkanal-2,4-DNPhydrazones are
listed in Table 1. In the case of acetaldehyde- and propanal-2,4-
DNPhydrazones, the equilibrium Z/E isomer ratios were 0.32 and
0.14, respectively. However, when irradiated with ultraviolet light



