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RESUMEN

Se ha determinado la abundancia de ox́ıgeno para una muestra de 15 galax-
ias espirales tard́ıas, tanto enanas (dS) como Sm normales. Los espectros se han
obtenido de la base de datos del SDSS. Excepto tres de estas galaxias, el resto
no tiene determinaciones previas de su contenido qúımico. La ĺınea prohibida del
ox́ıgeno a 4363 Å no se pudo detectar excepto para cuatro galaxias. La abundacia
para las otras galaxias se determinó usando los métodos semi-emṕıricos. Los resul-
tados indican que la mayoŕıa de las galaxias dS tienen abundancias menores que la
solar mientras que las Sm pueden tener abundancias mayores.

ABSTRACT

Oxygen abundances have been determined for a total of 15 late-type spiral
galaxies. The intensities of the emission lines were determined from the spectra
retrieved from the SDSS data-base. Only three galaxies have abundances previously
reported in the literature. For four of them the forbidden oxygen line was detected
in the spectra but the Te determined for three of them is larger than 20,000 K. The
chemical abundances for the other galaxies were determined with semi-empirical
methods. The values indicate that, in general, the oxygen abundance of dS galaxies
is smaller than for Sm ones.

Key Words: galaxies: abundances — galaxies: spiral — H II regions

1. INTRODUCTION

The existence of dwarf spiral galaxies (dS) has
been controversial since the very begining. Reaves
(1956) classified four galaxies of the Virgo cluster
as dwarf spiral galaxies, although he said that “the
existence of these objects has not been established”
and their existence “is inferred by analogy with the
dwarf variants of normal ellipticals and irregulars”.
But, the distance to the Virgo Cluster was estimated
to be smaller than 3 Mpc at that time. Sandage,
Binggeli, & Tammann (1985), from their study of
the luminosity function in the Virgo cluster, claimed
that although there was previous evidence of small
Sm galaxies, none Sa to Sc dwarf galaxy was ever
discovered there. Finally, Edmunds & Roy (1993)
concluded that a spiral structure could not exist for
galaxies less luminous than MB = −17. In spite of
this, there are 12 galaxies classified as dwarf spirals
in the UGC (Nilson 1973). In later years some dwarf
early-type spiral galaxies have been discovered by

Schombert et al. (1995), and Hidalgo-Gámez (2004;
hereafter HG04) reclassified a total of 111 galaxies
late-type spirals, with optical radius smaller than
5 kpc and absolute magnitude lower than −18 as
dS.

The properties of these late-type dS were dis-
cussed in detail in HG04 in order to see if they were
different from the Sm of larger size. Among other re-
sults it was found that colors of the dS galaxies were
bluer than normal-size Sm but their star formation
rates were very low (Reyes-Pérez & Hidalgo-Gámez
2008). Very few of the dS galaxies in the Hidalgo-
Gámez sample might be located inside clusters or
large groups of galaxies and the number of barred
galaxies is lower than among normal Sm galaxies.
Few of these dS galaxies show a clear spiral pattern.
Instead, torn off arms, not well defined, are observed
and most of the time only one arm is detected.

In a previous investigation, Hidalgo-Gámez &
Olofsson (2002) determined that the integrated oxy-
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gen abundances of Im galaxies were smaller than the
abundances of classical Sm galaxies by a factor of
0.2 dex. In recent years, the abundance has been
determined for a total of 18 dS galaxies and the re-
sults were that most of them have low, or very low,
abundances, lower than 12+log(O/H)=8.2, similar
to those of Im and slightly smaller than those of
Sm galaxies, and only one galaxy, UGC 7861, might
have oversolar abundance (see § 6.1). This is not
expected because of the a priori different star for-
mation histories of these types of galaxies. It is sup-
posed that the star formation (SF) in spiral galax-
ies is continuous due to the dynamical spiral arms,
while it proceeds in bursts, separated by 108 years,
in Im galaxies (Carroll & Ostlie 2007). Therefore,
the metal content should be larger in the former
than in the latter, if the same IMF works in both
types of galaxies. Moreover, these galaxies seem to
have different environments in the sense that irregu-
lar galaxies often are companions of normal size spi-
ral galaxies while dS seem to be isolated or in small
associations (HG04), which might influence the star
formation rates. Therefore, it might be of the ut-
most importance to understand such a coincidence
in the metallicity range between the dS and the ir-
regular galaxies. If this situation still holds when
more galaxies are included, different conclusions can
be attained: the spiral arms of the Sm and dS might
not influence the SF; or the IMF might differ for Im
galaxies, favoring the existence of a large number of
massive stars, which produce and release heavier ele-
ments, as oxygen. Or, all these galaxies are really the
same kind of galaxies, and the classification scheme
is too detailed. Or, there are some other differences
in the evolution of late-type galaxies. Therefore, a
larger sample of late-type galaxies with well deter-
mined oxygen abundances must be considered before
indulging in any further speculation on their evolu-
tion.

The main goal of this investigation is to increase
the sample of dS galaxies with oxygen abundance de-
terminations in order to verify if there are dS galax-
ies with oversolar abundances, as any other typical
spiral galaxy (Skillman et al. 1996) or all of them
have undersolar values, as the Im. The description
of the sample used here is presented in § 2 while the
analysis of the spectra is given in § 3. In § 4 the dif-
ferent methods for the abundance determination are
described and the results on the oxygen abundance
for this sample are presented in § 5. Finally, a dis-
cussion on some interesting results and a comparison
with previous results are given in § 6. Conclusions
are outlined in § 7.

2. THE SAMPLE

In order to get a large sample of late-type spiral
galaxies with known abundances, the SDSS data-
base1 was searched. Both, the dS galaxies from
the list of HG04 and a comparison sample (here-
after, the Sm sample), which consists of Sm with
r25 > 5 kpc and MB < −18, are cross-correlated
with the SDSS database. Only the spectra of those
galaxies with information on the equivalent width
(EW) of Hβ and Hα lines as well as on the oxygen
lines at λ, λ 4959,5007 Å were retrieved. These make
up a total of 23 galaxies. When the spectra were ana-
lyzed, the Hβ could not be detected in eight of these
galaxies, although a positive value of the EW was
stated in the data-base. In all these eight galaxies the
error associated with the EW(Hβ) values was larger
than the canonical value of the EW. Moreover, all
these eight spectra were very noisy. For one galaxy,
UGC 7780, no emission line could be detected and
the spectrum resembles that of a cold star instead of
an Hii region. Then, these galaxies were not consid-
ered for the chemical abundance determination and
the final sample consists of a total of 15 galaxies, 7
dS and 8 Sm, which are shown in Table 1. Only three
of these galaxies have previous abundance determi-
nation: UGCA 294 (Shi et al. 2005), UGCA 322
(Pilyugin & Thuan 2007), and UGC 7861 (Mous-
takas et al. 2010). They are included here for the
sake of completeness and comparison.

2.1. The dS sample

As previously said, a total of seven dwarf spiral
galaxies have been studied here. Their main char-
acteristics are summarized in Table 1. From it, it is
clear than UGC 6205 and UGC 9597 are among the
largest galaxies in the dS sample but they are not
very bright. UGC 9597 is located in a small associ-
ation with two more galaxies (Garcia 1993) while
UGC 6205 seems to be isolated. Its gas mass is
0.45×109 M⊙ and the number of Hii regions is small;
only 9 regions were detected in the Hα image (Reyes-
Pérez 2009). The spiral structure of this galaxy does
not show any disturbance in any of the bands (V , R
and Hα) observed. UGC 8285 is also located in a
small association (Fouqué et al. 1992) and it is also
large as compared with the average dS population.

1Funding for the SDSS and SDSS-II was provided by the
Alfred P. Sloan Foundation, the Participating Institutions,
the National Science Foundation, the U.S. Department of En-
ergy, the National Aeronautics and Space Administration, the
Japanese Monbukagakusho, the Max Plank Society, and the
Higher Education Funding Council for England. The SDSS
was managed by the Astrophysical Research Consortium for
the Participating Institutions.
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TABLE 1

CHARACTERISTICS OF THE GALAXIES IN THE SAMPLE

Galaxy D r25 MB M(Hi) ρs Barred

Mpc kpc arcmin−1
· · · (109 M⊙) (M⊙ kpc−2) · · ·

UGCA 294 9.7 1.02/0.7×0.4 −14.9 0.12 36.7 No

UGC 9018 6.4 1.54/1.7×1.3 −14.7 0.13 17.45 No

UGC 7861 8.2 2.61/1.27×1.2 −16.7 0.49 22.9 X

UGC 8285 26.4 4.32/1.7×0.4 −16.7 0.52 8.87 No

UGC 9597 23.1 4.75/0.93×0.4 −15.3 — — No

UGC 5242 24.8 4.86/0.77×0.4 −16.6 0.80 10.8 B

UGC 6205 18.9 4.99/1.8×1.4 −16.5 0.45 3.96 No

UGC 6399 17 6.81/2.5×0.6 −17.03 0.69 4.74 No

UGC 3947 52.2 6.93/0.6×0.4 −16.79 1.35 8.95 No

UGC 9452 29 7.32/0.77×0.3 −16.9 — — No

UGC 9381 40.4 8.1/0.44×0.3 −16.1 2.07 10.0 No

NGC 3669 31.5 10.25/0.77×0.55 −19.5 5.34 16.2 B

UGC 1693 52 11.4/3.5×2.6 −16.96 — — No

UGCA 322 25 12.9/2.2×0.5 −19.22 6.70 12.8 X

NGC 5630 41.3 13.44/2.05×0.65 −19.6 5.15 9.07 No

In Column 1 the name of the galaxy is listed while the distance, the optical radius and the absolute
magnitude are listed in Columns 2, 3, and 4. The HI mass and its surface density, determined as
explained in HG04, are shown in Columns 5 and 6. Finally, Column 7 shows if the galaxy is barred
(B), weak barred (X) or it has no bar (No).

On the contrary, UGC 9018, UGC 7861 and
UGCA 294 are small galaxies. UGC 7861 is a
low-luminosity, small galaxy in interaction with
NGC 4618. In spite of this interaction, the HI ve-
locity field and the rotation curve of the galaxy are
regular and well-defined (Gil de Paz et al. 2005). Re-
cently, an extended UV emission, four times larger
than the optical disk, has been detected on the top
of the low surface brightness optical disk (Gil de Paz
et al. 2007). UGCA 294 is the smallest galaxy in the
present sample, with an optical radius of 1.02 kpc at
a distance of 9.7 Mpc (HG04). Despite its low ab-
solute magnitude, it is classified as BCG (Kong &
Cheng 2002). UGC 9018 is as tiny as UGCA 294
(r25 = 1.02 kpc, HG04), and dim (MB = −14.90,
HG04). It is located in an association along with
other four galaxies (Garcia 1993).

Finally, UGC 5242 is a barred galaxy with an
optical size, at the 25th isophote, of 4.86 kpc and
located at a distance of 24.7 Mpc (HG04). Despite
being in the Vorontson-Velyaminov catalogue (1974),
it is not classified as a peculiar or interacting galaxy.
It does not show disturbances in its morphology, al-
though the spiral structure is not very well defined,
as is clearly seen in the optical images provided by
SDSS.

2.2. The Sm sample

The eight galaxies in the Sm subsample are less
heterogeneous, as can be seen in the second part of
Table 1. Half of them are not very large, and not
very bright (for being non-dwarf). One of them,
UGC 9381, is classified as a non-dwarf candidate by
Whiting et al. (2007) in their survey of the dwarf
galaxy population of the Local Group. This is quite
surprising because none of the galaxies in the Sm
subsample are really nearby, the closest one being lo-
cated further than the Virgo Cluster. In addition to
being smaller, these four galaxies have less gas mass
than the other, larger, Sm galaxies. Two of them
are located inside small galaxy associations (Gar-
cia 1993), with another three galaxies (NGC 3996),
and seven galaxies (UGC 1693). On the contrary,
UGCA 322 is listed in the AMIGA catalog, an indi-
cation of its isolation. Only NGC 3669 is classified
as strong barred, while UGCA 322 is considered as
weak barred (de Vaucouleurs et al. 1991).

3. ANALYSIS OF THE SPECTRA

The calibrated spectra for all the galaxies were
retrieved from the SDSS data-base and analyzed by
the authors. All these spectra pertain to the center
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part of the galaxies except for two of the galaxies for
which the spectra are slightly off-centered. As the
SDSS fiber size is 3′′ and the smallest angular size is
30′′, they all covered a tiny part of the galaxies. For
four galaxies more than two spectra are marked in
the image, but only one can be retrieved. In those
case, it is supposed that those spectra stem from the
centered fiber.

In order to analize these spectra the authors used
the subroutine ALICE with the MIDAS software.
The emission lines were detected by eye and fitted
with the INTEGRATE command. All the lines were
measured twice, except when the measurements dif-
fered by more than 50%. In this case, a third value
was obtained. The quality of these spectra is very
heterogeneous. Some of them have very good S/N,
as UGC 9018, while in most of them the S/N ratio
diminishes towards the blue part of the spectra, mak-
ing difficult the detection of the lines of this part of
the spectra, including Hβ. The INTEGRATE com-
mand gives both the total flux in the line and the
equivalent width and the continuum. Therefore, two
different measurements of the flux can be obtained.
They can be compared and their differences can be
computed as part of the uncertainties in the inten-
sity, the so-called σf (see below). From these two
sets of fluxes, an averaged value was determined for
each of the lines. The usual procedures of normal-
ization and correction were applied to these values.
The extinction correction was performed using the
extinction coefficient defined as (Aller 1984)

Cβ =
1

f(λ)
ln

F (Hα)/F (Hβ)

2.86
, (1)

where 2.86 is the theoretical I(Hα)/I(Hβ) ratio at
10000 K for case B of recombination (Brocklehurst
1971), f(λ) is the Whitford modified extinction law
(Savage & Mathis 1979), and F (Hα)/F (Hβ) is the
observed Hα/Hβ ratio. Five galaxies show an ob-
served Balmer decrement smaller than the theo-
retical one: UGCA 294, UGC 9597, UGC 9018,
UGCA 322 and UGC 9452. There must be sev-
eral reasons for such values. Firstly, we checked the
extinction using another software (Dypso at STAR-
LINK), just to verify if this could be a problem of the
fitting of the lines or the continuum. However, the
same result was obtained with the intensities deter-
mined with Dypso, with a Balmer decrement smaller
than the theoretical. Therefore, this should be real
and not an artifact of the software used.

A wrong Balmer decrement must be an indi-
cation of an odd flux calibration. As the data
were calibrated from the SDSS group and we re-

trieved the complete reduced and calibrated data
sets, this cannot be avoided. The flux calibration
performed by the SLOAN team can be checked from
the ratio of the lines [Oiii]λ5007/[Oiii]λ4959 and
[Nii]λ6583/[Nii]λ6548. Both ratios should be about
3. It can be determined from Tables 2 and 3 than
these values are about 3, as expected, for these five
galaxies. Therefore, the flux calibration cannot be
responsible for the small Balmer decrement of these
galaxies unless the flux calibration is wavelength-
dependent, which is very unlikely.

Another situations can be invoked, namely scat-
tered light which increased the intensities of the blue
lines, particularly the Hβ intensity (O’Dell et al.
2011) or a loss of Hα intensity because of differ-
ential refraction or a similar problem. In order to
check these values, other Balmer lines were consid-
ered when detected. In one galaxy, UGCA 322, the
observed Hγ/Hβ and Hδ/Hβ ratios are exactly the
theoretical ones. This could be an indication that the
blue light is more intense than the red one. Then,
a different approach were considered. We decided to
fix the Hα/Hβ ratio to 2.86 for all these five galax-
ies, and determined the Hβ intensity from it. As we
said before, the S/N decreased towards the blue part
for all the spectra; then the Hβ intensity is always
more uncertain than the Hα one. With this new Hβ
intensity, a new set of normalized intensities was ob-
tained. These values will be used in the abundance
determination.

Finally, the uncertainties were determined from
the sum in quadrature of the Poisson noise (σc), the
extinction correction (σe), and the differences in the
flux determinations as described above (σf ), using
the following expression

σ =
√

(σc)2 + (σe)2 + (σf )2 .

4. ON THE OXYGEN ABUNDANCE
DETERMINATION

The final value of the intensities are listed in
Table 2 for dS galaxies and in Table 3 for Sm
ones. It can be seen that the oxygen forbidden line
[Oiii]λ4363 is detected in four galaxies and the stan-
dard method can be used to determine the abun-
dance (e.g., Osterbrock 1989). The main caveat is
that the intensity of this line, normalized to Hβ, is
quite large for UGCA 322. As this is not the usual
situation because normally [Oiii]λ4363/Hβ is of the
order of 0.05 (see the classical work of McCall, Ryb-
ski, & Shields 1985), the standard method is not used
for this galaxy. It is interesting to notice than the
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TABLE 2

CORRECTED INTENSITIES OF THE EMISSION LINES OF THE dS GALAXIES IN THE SAMPLE

Line UGC 7861 UGCA 294 UGC 8285 UGC 9597 UGC 5242 UGC 6205 UGC 9018

[Oii] λ3727 0.9±0.4 2±1 3±1 1.7±0.5 3±1 3±1 1.7±0.8

H11 λ3771 · · · · · · · · · · · · · · · · · · 0.062±0.001

H10 λ3798 · · · · · · · · · · · · · · · · · · 0.099±0.001

[Neiii] λ3869 · · · · · · · · · · · · · · · · · · 0.537±0.007

He i λ3889 · · · · · · · · · · · · · · · · · · 0.301±0.004

[Neiii] λ3970+H7 · · · · · · · · · · · · · · · · · · 0.387±0.005

Hδ · · · · · · · · · · · · · · · · · · 0.383±0.005

Hγ · · · 0.45±0.05 · · · · · · 0.65±0.09 · · · 0.636± 0.007

[Oiii] λ4363 · · · 0.15±0.09 · · · · · · 0.15±0.02 · · · 0.084±0.001

He i λ4471 · · · · · · · · · · · · 0.13±0.03 · · · 0.053±0.001

[Arvi] λ4711 · · · · · · · · · · · · · · · · · · 0.007±0.001

Hβ 1.00±0.02 1.00±0.07 1.00±0.03 1.0±0.4 1.0±0.1 1.0±0.1 1±0.01

[Oiii] λ4959 0.34±0.03 1.3±0.1 0.51±0.07 0.40±0.01 0.74±0.09 0.7±0.1 1.87±0.02

[Oiii] λ5007 0.99±0.08 3.7±0.2 1.6±0.1 1.39±0.05 2.5±0.3 2.7±0.3 5.1±0.1

[Cliii] λ5517 · · · · · · · · · · · · · · · · · · 0.005±0.0001

[Cliii] λ5530 · · · · · · · · · · · · · · · · · · 0.004±0.0001

He i λ5875 · · · 0.16±0.01 · · · · · · 0.15±0.02 · · · 0.119±0.002

[Oi] λ6301 · · · 0.061±0.004 · · · · · · 0.10±0.01 · · · 0.015±0.001

[Siii] λ6312 · · · · · · · · · · · · · · · · · · 0.020±0.0001

[Oi] λ6363 · · · 0.039±0.03 · · · · · · · · · · · · 0.007±0.001

[Nii] λ6548 · · · 0.026±0.002 0.087±0.005 · · · 0.07±0.001 · · · 0.018±0.005

Hα 2.86±0.07 2.86±0.2 2.86±0.1 2.86±0.05 2.86±0.3 2.86±0.3 2.86±0.03

[Nii] λ6583 2.00±0.04 0.12±0.03 0.35±0.09 0.40±0.01 0.22±0.03 0.70±0.08 0.055±0.001

He i λ6678 · · · · · · · · · · · · · · · · · · 0.027±0.0001

[Sii] λ6717 0.92±0.03 0.31±0.02 0.65±0.04 0.56±0.06 0.49±0.06 0.8±0.1 0.094±0.002

[Sii] λ6731 0.67±0.01 0.24±0.02 0.43±0.03 0.52±0.02 0.35±0.04 0.53±0.07 0.068±0.001

He i λ7065 · · · · · · · · · · · · · · · · · · 0.018±0.0005

[Ariii] λ7136 · · · · · · · · · · · · · · · · · · 0.074±0.002

He i λ7281 · · · · · · · · · · · · · · · · · · 0.005±0.001

[Oii] λ7320 · · · · · · · · · · · · · · · · · · 0.021±0.0003

[Oii] λ7330 · · · · · · · · · · · · · · · · · · 0.017±0.0001

He i λ7499 · · · · · · · · · · · · · · · · · · 0.013±0.001

[Siii] λ9065 · · · · · · · · · · · · · · · · · · 0.144±0.005

Cβ 2.09±0.05 0.00 0.65±0.03 0.00 0.31±0.04 1.2±0.1 0.00

S/N (5007) 2.5 186 17 3.4 75 11 1378

The identification of the line is given in Column 1 while the names of the galaxies are given in Column 2 to 8. The
extinction Balmer coefficient and the S/N in the vicinity of Hβ are given in the last two rows for each galaxy. See text
for the detailed explanation of the determination of the uncertainties.

forbidden oxygen line [Oiii]λ4363 equivalent width
is provided by the SDSS data-base for another three
galaxies of this sample. In all these galaxies the EW
of the line is smaller than its uncertainty, or the flux
of the line is larger than the flux of Hβ. We were
very careful when these three galaxies were analyzed
to look for this line but it could not be detected
in any of them. As the SDSS analysis procedure is
quite automatic we think that this information does
not correspond to any emission line, but it is due to
noise, and we did not consider such intensities in this
investigation.

In any case, the main caveat with these data is
that the oxygen lines [Oii]λ, λ3726,3729 (hereafter
[Oii]λ3727) are not detected for any of the studied
galaxies, mainly because these are nearby objects
and the wavelength coverage of the SDSS starts at
3800 Å. This is quite troublesome, because without
the intensity of this line the oxygen abundance relies
on only two semi-empirical methods. In some other
investigations (e.g., Kniazev et al. 2004) the oxygen
lines at λ, λ7320,7330 Å were used, but such lines are
also absent for most of the galaxies in this sample.
Therefore, it might be interesting to find a way to ob-
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TABLE 3

FLUXES, ABSORPTION AND EXTINCTION CORRECTED, OF THE EMISSION LINES OF THE Sm
GALAXIES IN THE SAMPLE

Line NGC 3669 NGC 5630 UGC 1693 UGC 6399 UGC 9381 UGCA 322 UGC 3947 UGC 9452

[Oii] λ3727 0.8±0.2 0.6±0.2 1.3±0.9 0.19±0.07 3±1 2.8±0.9 2±1 3±1

He i λ3889 · · · · · · · · · · · · · · · 0.18±0.01 · · · · · ·

[Neiii] λ3970 · · · · · · · · · · · · · · · 0.13±0.01 · · · · · ·

Hδ 0.30±0.04 0.19±0.07 · · · · · · · · · 0.25±0.03 · · · · · ·

Hγ 0.50±0.04 0.4±0.1 · · · · · · · · · 0.58±0.01 · · · 0.57±0.08

[Oiii] λ4363 · · · · · · · · · · · · · · · 0.88±0.01 · · · · · ·

Hβ 1.00±0.1 1.0±0.3 1.0±0.2 1.0±0.04 1.0±0.1 1.00±0.01 1.0±0.3 1.00±0.02

[Oiii] λ4959 0.15±0.04 0.23±0.08 0.4±0.1 0.19±0.07 1.0±0.1 0.888±0.003 0.5±0.1 1.00±0.04

[Oiii] λ5007 0.89±0.02 0.9±0.3 1.2±0.3 0.6±0.2 3.0±0.3 2.62±0.03 1.8±0.5 3.05±0.1

He i λ5875 · · · 0.09±0.03 · · · · · · · · · 0.137±0.003 · · · 0.18±0.02

[Oi] λ6301 0.09±0.04 0.12±0.04 · · · · · · · · · 0.073±0.002 · · · 0.15±0.02

[Siii] λ6312 · · · · · · · · · · · · · · · 0.032±0.002 · · · · · ·

[Oi] λ6330 · · · 0.03±0.01 · · · · · · · · · 0.027±0.003 · · · 0.12±0.01

[Nii] λ6548 0.23±0.04 0.19±0.06 · · · · · · · · · 0.088±0.003 · · · · · ·

Hα 2.86±0.06 2.86±0.9 2.86±0.7 2.86±1 2.86±0.3 2.86±0.04 2.86±0.7 2.86±0.1

[Nii] λ6583 0.75±0.04 0.7±0.2 0.6±0.1 0.7±0.2 0.40±0.06 0.282±0.004 0.7±0.2 0.27±0.02

He i λ6678 · · · · · · · · · · · · · · · 0.036±0.001 · · · · · ·

[Sii] λ6717 0.74±0.04 0.6±0.2 1.1±0.2 1.2±0.4 · · · 0.415±0.003 1.0±0.3 0.42±0.02

[Sii] λ6731 0.54±0.04 0.5±0.1 0.7±0.2 0.6±0.2 · · · 0.290±0.002 0.7±0.2 0.31±0.01

[Oii] λ7320 · · · · · · · · · · · · · · · 0.024±0.002 · · · · · ·

[Oii] λ7330 · · · · · · · · · · · · · · · 0.026±0.006 · · · · · ·

Cβ 0.47±0.04 0.17±0.05 1.13±0.2 0.3±0.1 2.2±0.2 0.0 0.6±0.1 0.00

S/N(5007) 15 31 7 3 5 335 30 43

The identification of the line is given in Column 1, the names of the galaxies are given in Column 2 to 8. The extinction
Balmer coefficient and the S/N in the vicinity of Hβ are given in the last two rows for each galaxy. See text for the
detailed explanation of the determination of the uncertainties.

tain information on the intensity of the [Oii] doublet.
This could be done through the relationship between
the intensities of [Oiii]λ5007 Å and [Oii]λ3727 Å.
Such a relationship can be obtained directly from
photoionization models (Mart́ın-Manjón et al. 2008)
and it has been used as a diagnostic diagram (e.g.,
Baldwin, Phillips, & Terlevich 1981). In the present
investigation, we used the relationship obtained from
a sample of 438 star-forming galaxies studied by Kni-
azev et al. (2004) from the DR1-SDSS. For a com-
plete description of this sample the reader is referred
to Hidalgo-Gámez & Ramı́rez-Fuentes (2009). Such
a relationship, which is shown in Figure 1, follows
the equation

log
[OII]

Hβ
= −2.82

(

log
[OIII]

Hβ

)2

+2.39 log

(

[OIII]

Hβ

)

− 0.0542 , (2)

with a rather large dispersion, of around 35%, for
values between 0.8 > log[Oiii]λ5007/Hβ > 0.6, but

smaller outside this range. Kobulnicky, Kennicutt,
& Pizagno (1999) proposed a similar procedure for
high redshift galaxies, for which the oxygen line
[Oiii]λ5007 is not detected. They did not give any
equation to compare it with but they obtained a sim-
ilar plot in both shape and dispersion to the one
in Figure 1. Although the dispersion of such a re-
lationship is large, a value for the intensity of the
[Oii]λ3727 can be obtained and, therefore, the abun-
dances for all the Hii regions can be determined. In
order to check how reliable the abundances deter-
mined with these intensities are, several tests were
performed. First, the intensity of the oxygen lines
measured from the spectra were compared to the in-
tensities determined from equation 2 for the galax-
ies from Kniazev et al. Although the values are
very similar, still there are some discrepancies. The
next step is to compare the standard method abun-
dance determined with both sets of [Oii]λ3727 line
intensities (Figure 2). The differences between them
are smaller than the canonical uncertainty of the
sample, which is about 0.08 dex (Hidalgo-Gámez &
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Fig. 1. The [Oii]/Hβ vs. [Oiii]/Hβ intensities from a
sample of 438 star-forming galaxies. The largest disper-
sion is found in the range 0.4 < log([Oiii]/Hβ) < 0.6, and
is about 35%.

Fig. 2. Comparison of the abundances determined with
the [Oii] intensities obtained from equation 2 vs. the
abundances determined with the [Oii] intensities mea-
sured from the spectra. The thick lines are the typical
uncertainties around the value (see text for details).

Ramı́rez-Fuentes 2009). This is also true when the
semi-empirical methods (R23 and P ) are used for the
abundance determination. Then, it can be concluded
that although the uncertainties in the [Oii]λ3727 line
might be larger than the usual ones, the abundances
determined from these values are quite correct.

Once the intensity of the [Oii]λ3727 Å line was
obtained the abundances were determined. As pre-
viously said, the oxygen abundance has to be de-
termined with the semi-empirical methods for 12 of
the galaxies while the standard method can be used
for only three of them. The expressions by Aller
(1984) were used in the determination of the electron
temperature and the oxygen abundance. Concerning
the semi-empirical methods, four different ones were
used here to determine the oxygen abundances: the
R23 proposed by Pagel et al. (1979) and lately cal-
ibrated by McGaugh based on his photoionization
models and given by Kobulnicky et al. (1999) as

Zl = 12 − 4.944 + 0.767x + 0.602x2

− y(0.29 + 0.332x − 0.331x2) , (3)

Zu = 12−2.939−0.2x−0.237x2−0.305x3−0.0283x4

−y(0.0047−0.0221x−0.102x2−0.0817x3−0.00717x4),
(4)

for the low and the high metallicity branch, re-
spectively, with y = log([Oiii]5007 + [Oiii]4959)
/([Oii]3727) and x = log R23. The second method
used is the so-called P method, as calibrated by Pi-
lyugin & Thuan (2005), with the following equations
for the low and high metallicity branches

Zu =
R23 + 726.1 + 842.2P + 337.5P 2

85.96 + 82.76P + 43.98P 2 + 1.793R23
, (5)

Zl =
R23 + 106.4 + 106.8P − 3.4P 2

17.72 + 6.6P + 6.95P 2 − 0.302 R23
, (6)

with P = ([Oiii]5007 + [Oiii]4959)/([Oii]3727). The
next one is the O3N2 method, based on the correla-
tion between the oxygen and nitrogen most bright-
est lines ratio and the oxygen abundances (Pettini &
Pagel 2004) and is given by

12 + log(O/H) = 8.73 − 0.32 O3N2 , (7)

with O3N2 defined as log ([OIII]/Hβ)
([NII]/Hα) .

Finally, the N2 method is based on the rela-
tionship between the oxygen abundance and the
[Nii]/Hα ratio and was calibrated by Denicoló, Ter-
levich, & Terlevich (2002) as

12 + log(O/H) = 9.12 + 0.73 N2 , (8)

with N2 defined as log [NII]
Hα .

One of the problems with two of these semi-
empirical methods is that they are bi-valuated. This
means that there are two zones of metallicity for
the same value of the R23 value, the so-called low-
metallicity and high-metallicity branches (Edmunds
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& Pagel 1984). As the abundances are determined
from different equations for the low and the high
branches, an a priori criterion is needed in order to
determine in which of these two regions the abun-
dance of the Hii region studied is. The most widely
used criterion is based on the log([Nii]/[Oii]) ratio.
When this ratio is higher than −1.0, the region is
considered of high metallicity. One might think that
considering the uncertainties in the [Oii] intensities,
this ratio could be lower (or higher) than −1.0 and
the region might be on the high (or low) metallicity
branch. In this sense, the abundances determined
with the N2 and the O3N2 methods were a guess
on the metallicity branch and in most of the cases
the values agreed with the ones determined from the
log([Nii]/[Oii]) ratio. Following Pilyugin & Thuan
(2005), the separation between the two branches is
at 8.2 dex.

Another concern about the semi-empirical meth-
ods is their dependence on other parameters beside
the oxygen abundances, such as the ionization tem-
perature (Olofsson 1997), or the nitrogen content for
those relying on the intensity of the nitrogen lines
(Stasińska 2008). The dependence on the ionization
parameter has been studied, among others, by Mc-
Gaugh (1991) and in the expression used here such
dependence is taken into account through the y pa-
rameter. Pilyugin (2001) said that the P parameter
takes into account the ionization parameter. There-
fore, the abundance determinations provided here
should not be ionization parameter dependent. An-
other problem affecting only the O3N2 calibration
is that it is saturated near the solar abundance (Erb
et al. 2006) and, it might not be very reliable for
larger abundances.

In Hidalgo-Gámez & Ramı́rez-Fuentes (2009),
the accuracy of two of these methods was studied.
They focused on the R23 and the P methods be-
cause their sample did not include the intensities of
the nitrogen lines. Their main conclusion was that
although the new calibration of the P method gives
values of the metallicity closer to those obtained with
the standard method in general and with lower dis-
persion, there are other problems such as the bi-
modal distribution of the abundance (see Figure 2
in Hidalgo-Gámez & Ramı́rez-Fuentes 2009), the dis-
continuity in the abundance (see Figure 4 in Hidalgo-
Gámez & Ramı́rez-Fuentes 2009) and the fact that
between 7.95 dex and 8.2 dex the P method is unde-
fined, which makes the P method not completely fa-
vored there. For a deeper discussion on this issue, the
reader is referred to the original paper by Hidalgo-
Gámez & Ramı́rez-Fuentes (2009). The precision

of the O3N2 and N2 methods was not studied by
Hidalgo-Gámez & Ramı́rez-Fuentes (2009), as previ-
ously said, and we are going to relay on the results by
Denicoló et al. (2002) and Pettini & Pagel (2004), re-
spectively. The typical uncertainty is, in both cases,
about 0.2 dex. In spite of all their caveats and de-
pendences, the semi-empirical methods are widely
used in chemical abundance determinations of spiral
galaxies (e.g., Skillman et al. 1996; Márquez et al.
2002).

Therefore, all together, up to five different abun-
dances are available for all the galaxies in the sam-
ple and a reliable value can be inferred from them.
The uncertainties in the oxygen abundances were
obtained from the uncertainties in the line intensi-
ties. New values of the abundances were computed
using the intensity+uncertainty for each line. The
difference between these two values is considered as
the uncertainty, and is shown in Table 4 after the
nominal abundance value. These uncertainty values
are increased with the statistical dispersion of each
method, giving a final uncertainty which is shown in
parentheses in Table 4. For the R23 and the P meth-
ods we follow Table 2 in Hidalgo-Gámez & Ramı́rez-
Fuentes (2009), while for both the N2 and the O3N2
such dispersion is quoted as 0.2 dex, as previously
said.

5. RESULTS

The oxygen abundances determined with the
semi-empirical methods are shown in Columns 2, 3,
4, and 5 of Table 4 along with the dispersion among
them (Column 6). In Column 7 the oxygen abun-
dances determined with the standard method are
listed.

The first interesting result from Table 4 con-
cerns the abundances determined with the standard
method (hereafter, the standard abundances). All
of them have very low values, but for UGC 9018.
However, for UGCA 322 the abundance could not be
determined as the high intensity of the [Oiii]λ4363
line gives a negative electron temperature. The val-
ues for UGC 5242 and UGCA 294 are not reliable
because they are very low, mainly due to the low
S/N of the spectra at this wavelength. UGC 9018
is the galaxy with the largest S/N of the sample,
and the lines were very well outlined. In this case
the standard abundance is very similar to the values
determined with the semi-empirical methods (here-
after, the semi-empirical abundances).

Concerning the semi-empirical abundances, it is
very interesting to see that there are important dif-
ferences in the values. In Column 6 of Table 4 the
dispersion among the semi-empirical abundances (σ)
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TABLE 4

OXYGEN ABUNDANCE FOR THE GALAXIES IN THE SAMPLE

Galaxy R23 P N2 O3N2 σ Standard

UGCA 294 8.0±0.3 (0.3) 8.1±0.1 (0.2) 8.1±0.05 (0.2) 8.1±0.03 (0.2) 0.04 7.1±0.1

UGC 9018 8.1±0.1 (0.3) 8.0±0.2 (0.3) 7.87±0.02 (0.2) 7.95±0.01 (0.2) 0.08 8.00±0.1

UGC 5242 8.0±0.1 (0.3) 7.9±0.2 (0.3) 8.3±0.2 (0.4) 8.2±0.2 (0.4) 0.15 6.89±0.09

UGC 7861 8.93±0.06 (0.2) 8.7±0.1 (0.2) 9.00±0.01 (0.2) 8.68±0.01 (0.2) 0.1 · · ·

UGC 9597 8.86±0.04 (0.3) 8.6±0.1 (0.2) 8.5±0.1 (0.3) 8.4±0.1 (0.2) 0.2 · · ·

UGC 8285 8.67±0.05 (0.2) 8.2±0.1 (0.2) 8.45±0.01 (0.2) 8.37±0.02 (0.2) 0.2 · · ·

UGC 6205 8.6±0.1 (0.3) 8.3±0.1 (0.2) 8.67±0.07 (0.3) 8.40±0.05 (0.2) 0.15 · · ·

UGCA 322 8.0±0.2 (0.3) 8.3±0.1 (0.3) 8.39±0.01 (0.2) 8.30±0.01 (0.2) 0.15 · · ·

UGC 9452 8.1±0.1 (0.2) 8.0±0.2 (0.3) 8.38±0.04 (0.2) 8.25±0.02 (0.2) 0.14 · · ·

UGC 9381 8.6±0.1 (0.3) 8.3±0.1 (0.2) 8.50±0.08 (0.3) 8.30±0.06 (0.2) 0.1 · · ·

UGC 3947 8.7±0.1 (0.3) 8.4±0.2 (0.3) 8.7±0.1 (0.3) 8.4±0.1 (0.3) 0.06 · · ·

UGC 1693 8.9±0.1 (0.3) 8.6±0.2 (0.3) 8.6±0.1 (0.3) 8.5±0.1 (0.3) 0.15 · · ·

NGC 5630 9.0±0.05 (0.2) 8.8±0.05 (0.2) 8.68±0.08 (0.2) 8.56±0.04 (0.2) 0.15 · · ·

NGC 3669 9.0±0.03 (0.2) 8.77±0.06 (0.1) 8.69±0.04 (0.2) 8.6±0.56 (0.2) 0.15 · · ·

UGC 6399 9.06±0.04 (0.2) 8.9±0.4 (0.5) 8.7±0.2 (0.4) 8.6±0.1 (0.3) 0.2 · · ·

The name of the galaxy is listed in Column 1, while the abundances obtained with the semi-empirical methods
are listed in Columns 2 to 5 along with the uncertainties derived from the uncertainties in the line intensities. In
parentheses is given the total uncertainty, where the statistical uncertainties for each method are considered (See text
for details). Columns 6 shows the dispersion among all the previous values. Finally, for those galaxies where the
abundance could be determined with the standard method, the values are shown in Column 7.

is listed. The dispersion is larger than 0.1 for all ex-
cept three galaxies. Actually, UGCA 322 has a dif-
ference of 0.39 between the highest and the lowest
abundance value. Thus, it is very difficult to get a
single value of the oxygen abundance.

Another interesting result is that there is no clear
pattern in the abundances, in the sense that the val-
ues determined with one particular method are al-
ways the highest or the lowest. In the values of Ta-
ble 4, the R23 gives the highest abundance for nine
out of the 15 galaxies, but for one galaxy it is the
lowest. Therefore, it cannot be concluded that the
R23 abundances are the highest. The only statement
that can be made is that neither the P method nor
the O3N2 one gives the highest abundance for any
galaxy. In the case of the O3N2 method the value is
quite reasonable because it is saturated for oversolar
values. Then, this value is just an lower limit for
four of the galaxies (UGC 7861, NGC 5630, NGC
3669, and UGC 6399) which have clearly supersolar
abundances. It would be very interesting to know
the spectral characteristics of the galaxy for which
the R23 method is an upper limit, but this is out of
the scope of this investigation.

Considering this, it is very difficult to say which
metallicity a galaxy has. The only thing that can
be said is that five out of 15 galaxies have at least
three out of the four values of abundances similar or
lower than the LMC abundance (Rodriguez & Ru-
bin 2003), four out of 15 have real oversolar abun-
dances and the other six galaxies have abundances
between the solar range and the LMC. Although
these abundance ranges can be large and undeter-
mined, the interesting point is that such abundances
are quite robust in the sense that they are not af-
fected by the extinction (or absorption) corrections
or any other procedures. Actually, the difference be-
tween the oxygen abundances for the five galaxies
with troublesome Balmer decrements only differ in
the second decimal value, compared with the non-
extinction corrected ones. The results for the oxygen
abundances are interesting because for all the galax-
ies presented in this investigation, the abundances
are obtained from the center of them, according to
the information provided by the SDSS, where the
higher abundance is expected. Therefore, and con-
sidering the existence of (steep) abundance gradients
in dS galaxies (Hidalgo-Gámez & González, in prepa-
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Fig. 3. Oxygen abundance vs. the optical size of the
galaxies studied in the present investigation. The trian-
gles are the Sm galaxies and the stars the dS ones. The
solar and LMC metallicities are shown as horizontal solid
lines. It is clear that the majority of the dS galaxies have
subsolar abundance, while most of the Sm galaxies have
solar and oversolar abundances.

ration), the average values should be even lower than
those obtained here.

The other interesting result is that the number
of low-metallicity galaxies, being those galaxies with
abundances similar to, or lower than, the abundance
of the LMC, is very similar for both samples. On the
contrary, the number of dS galaxies with oversolar
abundances is small, (just one galaxy, UGC 7861)
while four out of eight Sm galaxies have oversolar
abundances. Actually, UGC 7861 might not be a
good example, because although it is classified as a
star-forming galaxy, its [Nii]/Hα ratio is larger than
that for the other star-forming galaxies (see next
section). This result is shown in Figure 3, where
a representative oxygen abundance for each galaxy
(just considered for the sake of clarity without any
other purpose) is plotted against the optical radius
of the galaxies. The LMC and solar metallicities are
shown as horizontal solid lines. The result is similar
when other abundances are considered, as can be in-
ferred from Table 4. The main differences are those
of the R23 abundances, which give a large number
of dS galaxies with oversolar abundances and those
of the O3N2 which give a lower number of galax-
ies with undersolar abundances, as expected. It is
clear from this figure that dS galaxies are, in gen-

Fig. 4. The [Oiii]/Hβ vs. [Nii]/Hα diagram for late-
type galaxies. The galaxies studied in this investigation
are presented as star symbols (dS) and triangles (Sm).
Crosses are the Sp galaxies from McCall et al. (1985),
while diamonds are Im galaxies and plus signs are dS
from the literature (see text for references).

eral, less metallic than Sm ones. This result is sim-
ilar to what was previously found, namely, that the
majority of the dS galaxies have low abundances (see
next section). Note that no abundance determina-
tion method yields really high values of oxygen for
the galaxies studied here (as is the case e.g. for the
galaxies in the Virgo Cluster [Skillman et al. 1996]
which show values of up to 9.4 dex).

Finally there is another important result. As pre-
viously said, the fluxes seem to be very odd show-
ing low values of the Balmer decrement. Although
the galaxies with these low values do not show
any discrepancy in the [Oiii]λ5007/[Oiii]λ4959 and
[Nii]λ6583/[Nii]λ6548 ratios, there are other galaxies
for which these ratios are as large as 5.9 (NGC 3669).
In order to check the reliability of the abundance
values, a new metallicity was determined where the
[Oiii]λ5007/[Oiii]λ4959 ratio was forced to be 3. The
new value of the abundance does not differ by more
than the nominal uncertainties from the ones listed
in Table 4. Therefore, the oxygen abundances deter-
mined in this investigation are very robust.

6. DISCUSSION

As previously said, UGC 7861 shows a very large
([Nii])/Hα ratio. In order to check if these values
are normal for this sample of galaxies, the diagnostic
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Fig. 5. The [Oiii]/Hβ vs. [Sii]/Hα diagram for late-type
galaxies. Symbols as in Figure 4.

diagrams can be studied. The diagnostic diagrams
presented by Baldwin et al. (1981) are based on
the [Oii]/[Oiii] ratio. As we have used the intensity
of the [Oiii] line to determine the intensity of the
[Oii] line, we preferred not to use any of these dia-
grams. Instead, we will consider the diagrams pre-
sented by Veilleux & Osterbrock (1987). Figure 4
shows the log([Oiii])/Hβ vs. log([Nii])/Hα. Along
with the data from the galaxies studied in this in-
vestigation, we included data from a sample of Im
galaxies (Hidalgo-Gámez & Olofsson 2002, and ref-
erences therein; Hidalgo-Gámez 2006, 2007), from
the sample of dS published in HG04, and the Sm
galaxies from McCall et al. (1985), named Sp in
Hidalgo-Gámez & Olofsson (2002). Although this
investigation is about 35 years old, its data still hold.
The solid line is the division between the AGN and
the normal Hii galaxies, according to Veilleux & Os-
terbrock (1987). Only UGC 7861 among the small
galaxies and other three Sp galaxies are inside the
AGN locus. The other diagnostic diagrams can be
explored in order to see if those galaxies are real
AGN, or if there is another explanation for the large
[Nii]/Hα ratio.

Figure 5 shows the log([Oiii])/Hβ vs.
log([Sii])/Hα diagram. The Hii region locus is
very well defined by the Sp galaxies from McCall
et al. (1985) sample (crosses) and only three
Sm and one Sp are located beyond the division
line. It is interesting to notice that there is no

Fig. 6. The [Oiii]/Hβ vs. [Oi]/Hα diagram for late-type
galaxies. Symbols as in Figure 4.

difference between the Im and the spiral galaxies in
this diagram. It is supposed that the spiral arms
increase the [Sii]/Hα ratio due to the shock waves
(see the classical work of Roberts 1969), but such
effect is not detected in the dS galaxies. This might
be an indication of the absence of shock waves in
these galaxies.

Finally, Figure 6 shows the log([Oiii])/Hβ vs.
log([Oi])/Hα diagram. As there is no information
on the [Oi]λ6300 line intensity for Sp galaxies (see
McCall et al. 1985), the Hii region locus is not very
well defined. Actually, there are only 11 data points
in this diagram, five Im and six spirals, which is a
very small sample. Anyhow, none of the galaxies but
one irregular are inside the AGN locus in this plot.

Then, only UGC 7861 might be an AGN can-
didate. As said, Moustakas et al. (2010) classi-
fied this galaxy as Star Forming on the basis of the
log[Nii]/Hα ratio alone. Moreover, it is classified as
peculiar at NED but its SDSS spectrum does not
show any peculiarity in the AGN sense (e.g., broad
recombination lines). Also the [Oiii])/Hβ ratio is
very small, which is another indicator of the absence
of an AGN (Osterbrock & Pogge 1985). Finally, in
the spectra published by Gil de Paz (2007) there is no
indication of an AGN embedded in the galaxy. Most
of them show low intensities of the [Sii] and [Nii]
lines but #7. Therefore, it can be concluded that the
large [Nii])/Hα ratio of this galaxy is not because of
its AGN nature but due to shocks or some other phe-
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TABLE 5

OXYGEN ABUNDANCES OF dS GALAXIES,
REPORTED IN THE LITERATURE (t > 2004)

Galaxy 12+log(O/H) Reference

NGC 625 7.69–8.37 S08

NGC 2552 8.18–8.44 PT07

UGCA 322 8.2 PT07

UGC 5666 7.83–7.99 C09

UGC 5692 7.95 C09

NGC 3510 8.59 KJG05

UGC 7861 7.79–8.53 GP07

UGC 7861 8.43–9.06 M10

UGCA 294 8.21–8.43 SKLC05

UGCA 442 7.72 S08

The name of the galaxy is presented in Column 1, the
abundance value in Column 2. References are given in
Column 3: S08 stands for Saviane et al. (2008), PT07
for Pilyugin & Thuan (2007), C09 for Crox et al. (2009),
KJG05 for Kewley et al. (2005), GP07 for Gil de Paz
et al. (2007), M10 for Moustakas et al. (2010), PTh07
for Pilyugin & Thuan (2007), and SKLC05 for Shi et al.
(2005).

nomena which increase the nitrogen line intensity.
However, its luminosity is higher than expected for
its rotational velocity, being located very far outside
in the Tully-Fisher relationship (Cárdenas-Mart́ınez
2011).

The log([Oiii])/Hβ vs. log([Nii])/Hα diagram
is quite interesting because it has also been re-
cently used as a metallicity discriminator (Asari et
al. 2007), with abundances increasing towards the
left-bottom part of the diagram. This is clear in
this figure, where the galaxies with the higher abun-
dances are located towards the bottom of the dia-
gram. Also, it can be seen that four of the galaxies
studied in this investigation have oxygen abundances
quite similar to the Im galaxies, lower than 8.4 dex,
while the rest of the galaxies are more metallic, sim-
ilar to solar. These results are in agreement with
those obtained in the previous section.

6.1. Comparison with other investigations

As previously noted, three of these galax-
ies, UGCA 294, UGCA 322, and UGC 7861,
have already published information on their abun-
dances. Shi et al. (2005) obtained a value of
12+log(O/H)=8.28 dex with the standard method
for UGCA 294. As said in § 4.1, the standard

method abundance of UGC 294 obtained here might
be too low, but the values determined with the semi-
empirical methods are very similar to the abun-
dances reported by Shi et al. (2005). Therefore, it
can be concluded that the standard abundance is not
real, but due to an overestimation of the [Oiii]λ4363
line, and that the oxygen abundance of this galaxy
is similar to the SMC.

Concerning UGC 7861, Moustakas et al. (2010)
obtained an oxygen abundance between 9.06 dex and
8.43 dex for UGC 7861 and Gil de Paz et al. (2007)
determined abundances between 7.79 and 8.53 dex,
in both cases with several semi-empirical methods
(see Table 3). Gil de Paz et al. (2007) observed
Hii regions mainly in the XUV disk while the SDSS
spectrum stems from the central part of the galaxy,
as does the spectrum from Moustakas et al. (2010).
Therefore, the higher abundances obtained in these
two investigations are expected. Finally, an abun-
dance of 8.2 dex is reported by Pilyugin & Thuan
(2007) for UGCA 322, which is very similar to the
value obtained in this investigation.

As mentioned in the introduction, there are al-
ready 18 dS galaxies with abundance determinations,
although most of them were not classified as dS by
the authors. In HG04 it is concluded, based on
nine dS galaxies (see their Table 4), that their oxy-
gen abundances are closer to the Im galaxies val-
ues, with normal spirals having, in general, higher
abundances (Dutil 1998). In recent years, the oxy-
gen abundances for another nine galaxies have been
determined (Table 5), which confirm the results of
HG04, ranging from 8.59 dex in NGC 3510 (Kewley,
Jassen, & Geller 2005) to 7.69 dex in NGC 625 (Sa-
viane et al. 2008). For most of them, the abundances
were not determined with the standard method, but
with any of the semi-empirical methods, as in the
present investigation. For two galaxies (NGC 2552
and UGCA 294) more than one of those methods
were used in the determination of the oxygen abun-
dances. And another three galaxies (NGC 5666,
UGC 7861 and NGC 625) have abundances values
determined for several of their Hii regions. With the
new abundances determined here the conclusion of
HG04 still holds completely, because there is only
one dS galaxy with oversolar abundance. It is also
important to notice that there is no galaxy with an
abundance lower than 7.8 dex, but this might be an
artifact of the semi-empirical methods (see Hidalgo-
Gámez & Ramı́rez-Fuentes 2009, for details).

6.2. The role of nitrogen

As an interesting aside, we will discuss the
log(N/O) vs. 12+log(O/H) diagram. This is consid-
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TABLE 6

THE log(N/O) RATIO FOR THE GALAXIES OF
THE SAMPLE STUDIED HERE

Galaxy 12+log(O/H) log(N/O)

NGC 3669 8.7±0.09 −0.31±0.03

NGC 5630 8.76±0.10 −0.21±0.02

UGC 7861 8.82±0.07 −0.21±0.03

UGC 8285 8.4±0.01 −1.21±0.1

UGC 9597 8.6±0.03 −0.98±0.1

UGC 1693 8.65±0.02 −0.66±0.07

UGC 6399 8.82±0.05 0.12±0.02

UGC 9381 8.4±0.1 −1.05±0.1

UGC 5242 8.1±0.01 −1.25±0.1

UGCA 322 8.1±0.01 −1.20±0.1

UGC 3947 8.55±0.3 −0.83±0.09

UGC 6205 8.5±0.02 −0.84±0.08

UGC 9542 8.15±0.03 −1.21±0.1

UGC 9018 8.0±0.03 −1.84±0.2

UGC 9018 8.0±0.03 −1.74±0.2

UGCA 294 8.1±0.06 −1.56±0.15

UGCA 294 7.15±0.06 −1.4±0.1

The name of the galaxy is presented in Column 1, the
abundance value in Column 2. Columns 3 shows the
value of the log(N/O). Two values are presented for
UGC 9018 and UGCA 294, the first one determined
as described in the text and the second one determined
from the electron temperature. The differences for these
two galaxies are similar to the estimated errors.

ered to be an evolutionary diagram in the sense that
oxygen is released into the ISM at an earlier phase
than nitrogen, and therefore this ratio is smaller for
recent events of star-formation while, as the region
ages, the log(N/O) becomes larger (Pilyugin 1992).
Even without the [Oiii]λ4363 line, the log(N/O) ra-
tio can be obtained (Lee, McCall, & Richer 2003).
An electron temperature of the high-ionization zone
(T++

e ) is determined from the relation between this
parameter and the oxygen abundances (e.g., Figure 7
at McGaugh 1991). With this value, equations in
Table 1 in Vila-Costas & Edmunds (1993) can be
used in order to obtain an electron temperature for
the low-ionization zone (T+

e ). Finally, the ratio is
determined using equation 9 in Pagel et al. (1992).
No correction has been applied to the log(N+/O+)
ratio. These values are tabulated in Table 6, along
with their uncertainties.

An important caveat concerns the differences in
the log(N+/O+) ratio when different values of the

Fig. 7. The log(N/O) vs. 12+log(O/H) diagram for
late-type galaxies. Squares are BCG, pluses LSBGs, dia-
monds dwarf irregulars, crosses are late-type spirals. The
galaxies studied in this investigation are represented by
stars (dS) and triangles (Sm). The latter ones are plot-
ted along with their uncertainties. The secondary track
is clearly defined for high-metallicity galaxies while the
low-metallicity galaxies show a scatter diagram with a
large dispersion.

abundance are considered, as the abundance is used
to determine the T++

e value. Since there are im-
portant differences in the abundance determinations,
they must affect the log(N+/O+) ratio. This point
has been checked, and although differences have been
found in the ratio, the dispersion among the values
is very low, in general. Actually, these have been
considered as part of the uncertainties (see Table 6).

The log(N/O) vs. 12+log(O/H) diagram is
shown in Figure 7 for all the regions studied here
(squares) along with a sample of blue compact galax-
ies, low-surface brightness, dwarf irregular and Sp
from Hidalgo-Gámez & Olofsson (2002, and refer-
ences therein). It is claimed that nitrogen is a sec-
ondary element in spiral galaxies (e.g., Dı́az et al.
1991; Pagel 2003; Serrano & Peimbert 1983), being
related with the oxygen abundance, while it is pri-
mary in irregulars, showing a flat relation with the
metallicity (Izotov et al. 2006). This is not at all
the situation shown in the diagram (see Figure 7).
For metallicities higher than 8.3 dex there is a very
clear and steep relation (with a regression coefficient
of 0.94), indicating a secondary behavior of nitrogen,
irrespective of the morphological type. Actually, in
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addition to the Sm and dS, there are three BCG and
two Sp in this part of the diagram. For lower val-
ues of the abundance, a flat relation can be seen but
with a very large dispersion, at least 0.3 dex. This
could be seen also as mostly a scatter diagram, with
all types of galaxies there, due to the data-points in
the low-metallicity and high log(N/O) region (at the
top-left of the figure).

Then, it can be concluded that the secondary ori-
gin for nitrogen is related to the oxygen abundances
only, and not to the morphological type, because
there are Hii regions in spiral galaxies with log(N/O)
lower than −1.5. However, it cannot be said that
nitrogen in spiral galaxies is always secondary (Ser-
rano & Peimbert 1983), but only in those Hii regions
of high abundance. The consideration of nitrogen
as a secondary element in spiral galaxies might be
only due to the lack of low abundance regions de-
tected up to now in them. Though some authors
consider that nitrogen is a primary element in spi-
ral galaxies (Edmunds & Pagel 1984) or a mixture
of primary-secondary (Alloin et al. 1979), the data
presented in this investigation add evidence of the
combined origin of nitrogen (primary/secondary) in
spiral galaxies. In any case, the situation of the ori-
gin of nitrogen is very complex due to the time delay
between the release of nitrogen and oxygen (Pilyugin
1992), the inflow of primordial material that can al-
ter the ratio (Tinsley 1980), or even the existence of
a metal-dependent yield which might remove the pri-
mary behavior of nitrogen (Vila-Costas & Edmunds
1993).

7. CONCLUSIONS

New oxygen abundances have been determined
for seven dS and eight Sm galaxies using spectra
from the DR7 of the SDSS data-base. For three
galaxies, the standard method can be used because
the forbidden oxygen line [Oiii] λ4363 was detected.
The oxygen abundance determined for two of these
galaxies is too low, and not in agreement with the
values obtained with other methods. This could be
due to a false detection of the forbidden oxygen line
at λ4363 Å, which makes the electron temperature
higher than the real value. For the third galaxy the
metallicity is low, about 8.0 dex, but in the range of
the SMC abundances. For all the galaxies four dif-
ferent semi-empirical methods were used. It should
be noticed that for 12 galaxies these are the first
abundance determinations published.

From these results several conclusions can be ob-
tained:

1. Dwarf spiral galaxies show, in general, solar
or undersolar abundances. Only one out of seven dS

galaxies has oversolar abundances, less than 15%.
On the contrary, normal Sm galaxies usually have
solar or oversolar abundances (about 75%), with only
two out of eight galaxies having abundances lower
than the LMC.

2. The standard metallicities for two (out of
three) galaxies were quite unrealistic, with values of
about 7.0 dex. This could be due to a overestimation
of the [Oiii]λ4363 intensity due to noisy spectra.

3. UGC 7861 is quite an intriguing object. Based
on the position on the diagnostic diagrams and on
the spectral characteristics exhibited, it is concluded
that UGC 7861 is not an AGN, as suspected due to
its large log([Nii]/Hα) ratio. However, this galaxy is
much too luminous for its rotation velocity, but of
low metallicity for its luminosity.

4. The nitrogen behavior in (spiral) galaxies de-
pends on the metallicity. It is secondary for all the
galaxies with abundances higher than 8.3 dex and it
is primary for galaxies with lower abundances, what-
ever the morphological type of the mother galaxy.

5. Despite the odd fluxes found for some galax-
ies, with an [Oiii]λ5007/[Oiii]λ4959 ratio different
from the canonical value of 2.9, the abundances de-
termined with the semi-empirical methods are quite
robust.
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tions. A. M. H-G. thanks J. R. O’Dell and J. M.
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Hidalgo-Gámez, A. M., & Olofsson, K. 2002, A&A, 389,

836
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