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ABSTRACT

We present results from integral field spectroscopy with the Potsdam Multi-
Aperture Spectrograph at the 3.5m telescope at Calar Alto Observatory of the intense
star-forming region [HL90] 111 at the center of the starburst galaxy IC 10. We have
obtained maps with a spatial sampling of 1′′ × 1′′ = 3.9 pc × 3.9 pc of different emis-
sion lines and analyzed the extinction, physical conditions, nature of the ionization,
and chemical abundances of the ionized gas, as well determined locally the age of the
most recent star-formation event. By defining several apertures, we study the main
integrated properties of some regions within [HL90] 111. Two contiguous spaxels show
an unambiguous detection of the broad He ii λ4686 emission line, this feature seems
to be produced by a single WNL star. We also report a probable N and He enrichment
in the precise spaxels where the WR features are detected. The enrichment pattern is
roughly consistent with that expected for the pollution of the ejecta of a single or a
very small number of WR stars. Furthermore, this chemical pollution is very localized
(∼ 2′′ ∼ 7.8 pc) and it should be difficult to detect in star-forming galaxies beyond
the Local Volume. We also discuss the use of the most-common empirical calibrations
to estimate the oxygen abundances of the ionized gas in nearby galaxies from 2D
spectroscopic data. The ionization degree of the gas plays an important role when
applying these empirical methods, as they tend to give lower oxygen abundances with
increasing ionization degree.

Key words: Stars: Wolf-Rayet – ISM: H ii regions – Galaxies: abundances, dwarf,
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1 INTRODUCTION

Dwarf and irregular galaxies are ideal laboratories to study
the interaction between massive stars and the interstellar
medium (ISM). Indeed, massive stars do not only provide
the energetic radiation that ionizes the H i clouds into H ii

regions, but they also inject mechanical energy into the sur-
rounding medium, both via strong stellar winds and super-
nova explosions, which create shells and bubbles and may in-
duce the birth of new stars. The effects of the massive stars
in the ISM are especially strong when they are gathered
together in large clusters; their actions can even affect the
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nearby inter-galactic medium (IGM). Strong star-forming
regions, which may be found in galaxies covering a wide
range of masses, may enrich both the ISM and the IGM.
Actually, it is still unclear whether the chemical enrichment
provided by massive stars is an instantaneous event or if the
new synthesized heavy elements must cool before becom-
ing part of the ISM (e.g., Tenorio-Tagle 1996; Kobulnicky
& Skillman 1996, 1997, 1998; Kobulnicky et al. 1997; Henry
et al. 2000; van Zee & Haynes 2006; López-Sánchez & Es-
teban 2010b). All these processes have a large effect on the
formation and evolution of galaxies.

Nearby dwarf galaxies have the advantage that they
can be observed at high spatial resolution and even, in some
cases, their stars are resolved. This allows a detailed ana-
lysis of the interplay between the neutral and ionized com-
ponents of the ISM and the massive stars (e.g., Thurow &
Wilcots, 2005; van Eymeren et al. 2009a,b; 2010, Monreal-
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Figure 1. (Left) False-color image of IC 10 obtained combining data provided by Gil de Paz, Madore & Pevunova (2003) in B (blue), R

(green) and Hα (red) filters. The FoV is 6.1′×6.0′, which covers the majority of the BCDG as it is seen in optical light. Notice the long
and extensive ionized gas emission throughout all the galaxy. The main star-forming region is shown by a white box. (Right) Enlargement
of the main star-forming region within IC 10 showing the pure Hα emission (continuum-subtracted) of the galaxy (Hunter & Elmegreen
2004). Its FoV is 63′′×63′′. The blue box corresponds to the field of view of the IFU used with PMAS, which has a size of 16′′×16′′ and
covers the intense star-forming region [HL90] 111c (Hodge & Lee 1990, see their Fig. 2b). The identification of the different H ii regions
follows the names given by these authors. The positions of the individual WR stars known in IC 10 (Crowther et al. 2003) are shown by
stars. Three of them, [MAC92] 24 A, B and C (yellow stars), are located at the center of our observed area.

Ibero et al. 2010) and constrains the kinematical and chem-
ical evolution of the galaxies. Recently, our group confirmed
a localized chemical enrichment in the nearby (4 Mpc) blue
compact dwarf galaxy (BCDG) NGC 5253 (López-Sánchez
et al. 2007). The nitrogen pollution (and probably also he-
lium) found in a particular area of the galaxy seems to
be a consequence of the ejecta of Wolf-Rayet (WR) stars.
Evidences of possible nitrogen pollution has been only re-
ported in some few starbursts, but the majority of them
also showing WR features (Kobulnicky et al. 1997; Pustil-
nik et al. 2004; James et al. 2009; López-Sánchez & Esteban
2010a,b). However, NGC 5253 remains as the only known
star-forming galaxy where a localized chemical enrichment
has been definitively established (Walsh & Roy 1989; Kobul-
nicky et al. 1997; López-Sánchez et al. 2007; Monreal-Ibero
et al. 2010).

The advent of the 2D spectroscopy allows to explore this
issue more efficiently, as this technique permits to record si-
multaneously the optical/near-infrared (NIR) spectra of re-
gions within the galaxies without the limitations of long-slit
observations. In particular, integral field spectroscopy (IFU)
of dwarf, star-forming galaxies provides a very powerful tool
to constrain the physical, chemical and kinematical proper-
ties of the ionized gas within these objects (e.g., Garćıa-

Lorenzo et al. 2008; Lagos et al. 2009; Cairós et al. 2009a,b;
2010; James et al. 2009; 2010), to look for the places where
massive stars are located, to study the underlying stellar
population and its kinematics via the analysis of the contin-
uum and the absorption lines, and finally to combine all the
results to understand the feedback between massive stars
and the ISM (e.g., Thurow & Wilcots, 2005; Kehrig et al.
2008; Alonso-Herrero et al. 2009; Bordalo, Plana & Telles,
2009; Monreal-Ibero et al. 2010). Here, we present an opti-
cal 2D spectroscopical analysis of a particularly interesting
and intense star-forming region within the nearest starburst,
the galaxy IC 10. Although our main aim is to look for a
localized chemical enrichment within the H ii region as a
consequence of the massive stars, we will also analyze the
extinction, ionization structure, chemical abundances and
age of the most recent star-formation burst in this particu-
lar area of IC 10.

Sometimes defined as an irregular galaxy, IC 10 (Fig. 1)
actually is the only known starburst within the Local
Group. Because of its low mass (Mateo 1998), high star-
formation activity (i.e., Hodge & Lee 1990; Leroy et al.
2006), low metallicity [12+log(O/H)=8.26, Skillman, Ken-
nicutt & Hodge 1989; Garnett 1990; Magrini & Gonçalves,
2009], its very extended, clumpy, and peculiar distribu-
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tion of neutral gas (Shostak & Skillman, 1989, Wilcots &
Miller 1998; Juette et al., in prep), high far-infrared emis-
sion (Melisse & Israel 1994), non-thermal radio-continuum
emission (Yang & Skillman, 1993), and the relatively impor-
tance of its young stellar population (i.e., Sakai, Madore &
Freedman 1999; Borissova et al. 2000; Hunter 2001; Vacca,
Sheehy & Graham 2007) which includes a large number of
WR stars (Massey, Armandroff & Conti 1992; Massey &
Johnson 1998; Massey & Holmes 2002), IC 10 is usually
classified as a BCDG (Richer et al. 2001). The high carbon-
rich WR stars to nitrogen-rich WR stars ratio in IC 10 (the
WC/WN ratio), which is unusually high for its metallicity
(Crowther et al. 2003), suggests that the galaxy has experi-
ence a brief but intense galaxy-wide burst of star-formation
within the last 10 Myr. The starburst was probably trig-
gered by gas falling in from the large, extended H i reservoir
(Saito et al. 1992; Wilcots & Miller 1998).

The determination of the distance to IC 10 has been
challenging because of its proximity to the Galactic plane
(l = 119.0◦, b = −3.3◦). Recently, Vacca et al. (2007) and
Sanna et al. (2008) used the tip of the red giant branch
(TRGB) to compute a distance of 0.79 and 0.81 Mpc, re-
spectively, to this galaxy. Throughout this paper, we will
consider that IC 10 is located at 0.80 Mpc, and hence the
spatial scale is 1′′ = 3.88 pc.

The structure of this paper is the following. In §2 we
describe the observations and the reduction procedure. §3
presents the measurements of the emission lines and how the
reddening correction was performed. §4 contains the analysis
of the ionized gas (extinction, physical conditions, nature
of the ionization and chemical abundances) as well as the
localization of the WR stars and the determination of the
age of the most recent star-formation event. §5 discusses the
two main results found in our analysis: the detection of a
probable N and He enrichment in the precise place where
the WR features are detected and a warning about the use
of empirical calibrations to estimate the oxygen abundances
of the ionized gas in nearby galaxies from 2D spectroscopic
data. We summarize our conclusions in §6.

2 OBSERVATIONS AND DATA REDUCTION

The massive star-forming region [HL90] 111 (Hodge & Lee
1990), also known as [LMR79] #1 (Lequeux et al. 1979),
within the starburst galaxy IC 10 was observed on 2007 Oc-
tober 14 at Calar Alto Observatory (Almeŕıa, Spain), using
the 3.5m Telescope with the Potsdam Multi-Aperture Spec-
trometer (PMAS, Roth et al. 2005; Kelz et al. 2006). PMAS
is an integral field spectrograph, with a lens array of 16×16
square elements, connected to a bundle of fiber optics, whose
256 fibers are re-arranged to form a pseudoslit in the focal
plane of the spectrograph. We used the standard lens array
IFU of 16×16 arcsec2 field of view (FoV) with a sampling
of 1′′ which, at the distant to IC 10, provides a spatial sam-
pling of 3.88 pc/′′ and a FoV of 62.1×62.1 pc2. Most of the
optical range was covered with the V600 grating using two
grating rotator angles: −72, covering from 3500 to 5070 Å;
and −68, covering from 5700 to 7150 Å. The effective spec-
tral resolution was 3.6 Å. The blue and red spectra have
a total integration time of 1800 seconds in both cases. The
position of the IFU covering the massive star-forming region

Figure 2. Hα flux map of the intense star-forming region
[HL90] 111 (Hodge & Lee 1990) from our PMAS data, which has
a size of 16×16 pixels (each pixel has a size of 1′′ × 1′′). The flux
is in units of erg cm−2 s−1 and it is not corrected for extinction.
The positions of the broad He ii λ4686 emission feature, which
indicates the presence of WR stars, are shown by a star (strong
blue WR bump) and a cross (detection of the blue WR bump).
The o symbol indicates the position of a tentative detection of
the nebular He ii λ4686 emission line. The four different regions
used to perform a more detailed analysis of the ionized gas are
also shown.

[HL90] 111 is showed in Figure 1. Its center has the coordi-
nates α=00h 20m 27.s9, δ=59◦ 17′ 35.9′′ . The reconstruction
of the Hα map using our 2D PMAS spectroscopy (Fig. 2)
very nicely matches the Hα image provided by Hunter &
Elmegreen (2004) and showed in the right panel of Fig 1.
The PMAS data showed two spaxels which poor light trans-
mission, [1,15] and [8,16], which we will not consider in our
analysis.

The giant H ii region [HL90] 111c (see Fig. 1) harbors
one of the brightest WR stars in the galaxy, that was named
[MAC92] 24 by Massey et al. (1992). Originally identified as
a WN star by Richer et al. (2001) because of the detection
of the broad He ii λ4686 emission and the lack of the C iv

λ4650 emission, some authors suggested that this object is
a blend of several stars (Massey & Holmes 2002; Crowther
et al. 2003; Vacca et al. 2007). In particular, Crowther et al.
(2003) noted that there were three closely spaced sources,
[MAC92] 24A, B, and C (see Fig 1), all located within 1′′−2′′

at the south of [HL90] 111c. Later, Vacca et al. (2007) used
ground-based laser guide star adaptive optics at the Keck II
telescope to resolve [MAC92] 24A in at least three bright,
blue sources and [MAC92] 24B into two blue sources, sug-
gesting that there are at least four robust WN candidates
in the field. This hypothesis should be confirmed using op-
tical spectroscopy. And, indeed, our 2D PMAS spectra in-
dicate the detection of the blue WR bump precisely at the
two spaxels where the WN star candidates [MAC92] 24 B,C
should be located. Their position is indicated with a star
(spaxel [11,8], which shows a strong blue WR bump) and
a cross (spaxel [11,9], where the WR bump is also detected
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but not as intense as in the previous position) in Fig 2, as
we discuss below. The maximum of Hα emission provided
by our 2D spectroscopic data is located just 1′′ − 2′′ at the
north of the position of the WR stars, and it coincides with
the center of the intense radio-continuum source reported
by Yang & Skillman (2003), [YS03] 001744.6+590101.

Calibration images were obtained during the night:
arc lamps for the wavelength calibration and a contin-
uum lamp needed to extract the 256 individual spectra on
the CCD. Observations of the spectrophotometric standard
stars BD +28o4211, Feige 110 and G 191-B2B (?) were used
for flux calibration. The absolute error of this calibration was
of the order of 5%. Night was photometric and the typical
seeing during the observations was 1′′.

The data were reduced using the iraf
1 reduction pack-

age specred. After bias subtraction, spectra were traced on
the continuum lamp exposure obtained before each science
exposure, and wavelength calibrated using HgNe arc lamp.
The continuum lamp and sky flats were used to determine
the response of the instrument for each fiber and wavelength.
Finally, for the standard stars we have co-added the spec-
tra of the central fibers and compared with the tabulated
one-dimensional spectra.

The effect of the differential atmospheric refraction
(DAR) is negligible because of both the low airmass (be-
tween 1.08 and 1.11) in which IC 10 was observed and the
short exposure time (∼1 hour).

3 LINE MEASUREMENTS

We measured all the emission lines detected in the spectra:
hydrogen Balmer lines (Hα, Hβ, Hγ, Hδ, and, in some cases,
H8 and H9), helium lines (He i λ4471, λ5875, λ6678 and
λ7065) and the typical collisional excited lines of metallic
elements: [O ii] λλ3724,29 (blended), [O iii] λλ4959,5007,
[N ii] λλ6548,83, [S ii] λλ6716,31, [Ar iii] λ7136 and
[Ne iii] λ3869 and λ3967 (blended with H7). Figure 3 shows
an example of the spectra provided by our PMAS observa-
tions in which all important emission lines are labelled. It
corresponds to the spectrum obtained in the region with the
maximum of Hα emission (spaxel [11,12]).

Line fluxes were measured integrating all the emission
between the limits of the line and over a local adjacent con-
tinuum. All these measurements were made with the splot

routine of iraf and using our own scripts to automatize the
process (see details in Mesa-Delgado et al. 2009). However,
because of the faintness of many of the emission lines, a vi-
sual inspection of the spectra was needed to get a proper
estimation of the adjacent continuum and the line flux in
these cases. We want to emphasize here the importance of
this manual step because, although automatic procedures
usually work well when measuring high signal-to-noise emis-
sion lines, they could give a wrong estimate of the flux of
faint emission lines.

The errors associated with the line flux measurements
were determined following the error criterion described in
Mesa-Delgado, Esteban & Garćıa-Rojas (2008). The final

1
iraf is distributed by NOAO which is operated by AURA Inc.,

under cooperative agreement with NSF.

Figure 3. Example of the optical spectrum obtained at the cen-
ter of the BCDG IC 10 using a single fiber of our PMAS data.
In particular, we plot a spectrum with a high S/N, which corre-
sponds to the maximum of Hα emission (spaxel [11,12]). The most
important emission lines are labeled. The spectrum has been cor-
rected for radial velocity, but not for extinction or sky emission.
In particular, note the Hg i contamination at λ4359.

error of a line was the quadratic sum of the error in its flux
measurement and the error in flux calibration. In order to
avoid spurious weak line measurements, we imposed three
criteria to discriminate between real features and noise: 1)
line intensity peak over 2.5 times the sigma of the contin-
uum; 2) FWHM(λ) > 1.5×FWHM(H i) and FWHM(λ) <
FWHM(H i)/1.5; and 3) F(λ) > 0.001×F (Hβ).

All line fluxes of a given spectra have been corrected
for extinction using the theoretical Hα/Hβ ratio expected
for case B recombination given by Storey & Hummer
(1995) assuming the physical conditions of Te=10000 K and
ne=100 cm−3, the expected values for region [HL90] 111 in
IC 10 (see §4.2), [Hα/Hβ]theo=2.86. We used the reddening
function, f(λ), normalized to Hβ derived by Cardelli et al.
(1989) to correct for reddening each emission line, following
the expression

I(λ)

I(Hβ)
=

F (λ)

F (Hβ)
× 10c(Hβ)×f(λ), (1)

being I(λ) and F (λ) the real and the observed fluxes, respec-
tively, of the emission line and c(Hβ) the reddening coeffi-
cient derived from the Hα/Hβ ratio. As we describe below
–and as it should be expected for IC 10 because of its very
low Galactic latitude– the reddening correction is fundamen-
tal to get a proper estimation of the line fluxes, and indeed
the derived c(Hβ) almost always provides values higher than
1.0 dex.

Unfortunately, the Hg i λ4358 telluric emission was
completely blended with the faint [O iii] λ4363 aurorar line,
which has a redshifted wavelength of λ4359 in IC 10. Using
the regions with the faintest ionized gas emission (AP 2, see
below), we have estimated an average value of the Hg i λ4358
line flux of 1.8×10−16 erg cm−2 s−1 for each spaxel. In these
resolution elements, and assuming an electron temperature
of Te ∼10000 K, we estimate that the [O iii] λ4363 line flux is
∼80–100 times fainter than that measured for the Hg i λ4358
line flux and hence completely negligible. However, the con-
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Table 1. Dereddened line intensity ratios with respect to I(Hβ)=100 for the integrated spectrum of the intense star-forming region
[HL90] 111 at the starburst galaxy IC 10 and the regions we specifically analyse within it. Other interesting properties derived from
these data are also listed.

λ0 Ion f(λ) [HL90] 111 AP1 (c) AP2 (hole) AP3 (d) AP4 (WR 24) F90 F92

3728.00 [O ii] 0.322 260±48 171±25 223±78 205±41 158±60 142±32 127±23
3835.39 H9 0.299 29.2±6.7 19.0±4.9 ... ... ... ... ...
3868.75 [Ne iii] 0.291 36.0±9.4 32.5±5.4 ... 38±20 ... ... 26.6±9.2
3889.05 H8 +He i 0.287 19.2±5.0 20.5±4.1 ... ... ... ... ...
3970.07 [Ne iii]+Hǫ 0.266 28.7±6.1 35.5±4.3 ... 34±20 ... 32±19 32±10
4101.74 Hδ 0.230 43.4±4.7 38.1±3.5 ... 36.3±8.0 ... ... 33.3±8.0
4340.47 Hγ 0.157 60.0±5.0 57.5±4.2 62±26 53.7±7.3 59±11 58±11 51.8±5.9
4363.21 [O iii] 0.151 2.42 2.9 2.0:: 3.0 2.5: 2.7: 2.9:
4471.48 He i 0.116 5.0±1.5 5.2±1.2 ... ... ... ... ...
4685.60 He ii neb. 0.050 ... ... ... ... 6.3±2.1 14.9±5.3 ...
4685.60 He ii WR 0.050 ... ... ... ... 89.9±8.5 ... ...
4861.33 Hβ 0.000 100.0±7.2 100.0±5.8 100±12 100.0±4.6 100±6 100±7 100±4
4958.91 [O iii] -0.026 105.2±5.8 125.4±6.3 99±17 123.4±8.3 120±14 126±12 133±8
5006.84 [O iii] -0.038 313±16 373±18 289±41 367±22 344±30 383±30 400±21
5875.64 He i -0.203 14.8±1.9 12.93±0.87 15±4 14.2±1.7 17.1±4.1 12.8±2.8 13.7±1.1
6548.03 [N ii] -0.296 6.32±0.72 3.91±0.48 ... 5.06±0.70 ... 3.2±1.3 2.90±0.42
6562.82 Hα -0.298 261±17 273±20 259±40 270±17 267±22 259±22 283±16
6583.41 [N ii] -0.300 20.5±1.6 12.5±1.1 17.3±5.9 16.38±1.4 17.2±3.1 9.8±2.2 9.09±0.78
6678.15 He i -0.313 3.29±0.31 3.09±0.29 ... 3.00±0.50 4.3±1.5 ... 3.35±0.31
6716.47 [S ii] -0.318 16.2±1.1 8.64±0.70 18.7±4.1 13.45±1.26 10.9±2.5 7.1±1.7 6.76±0.56
6730.85 [S ii] -0.320 11.94±0.83 6.44±0.52 14.1±3.4 9.5±1.0 6.1±1.7 5.1±1.3 5.10±0.46
7065.28 He i -0.364 2.70±0.25 1.76±0.23 ... 1.34±0.50 ... ... 1.83±0.36
7135.78 [Ar iii] -0.374 9.85±0.75 10.40±0.96 7.8±2.8 11.0±1.2 9.7±2.1 9.7±1.7 11.08±0.81

N. fibres 254 24 10 11 2 1 1
F (Hβ) [10−15 erg s−1 cm−2] 219.9±8.5 64.6±2.3 1.98±2.4 11.5±0.53 1.123±0.069 1.97±0.13 4.11±0.17

c(Hβ) 1.42±0.05 1.43±0.08 1.43±0.09 1.34±0.04 1.24±0.04 1.15±0.04 1.49±0.02
Wabs [Å] 2.2±0.3 2.4±0.3 0.6±0.2 1.9±0.2 0.6±0.1 0.9±0.2 2.2±0.2
−WHα [Å] 264±8 557±16 69±6 375±11 94±6 97±7 937±44
−WHβ [Å] 39.8±2.4 88.3±3.6 10.0±1.3 57.7±3.6 11.3±1.1 14.9±1.3 167±8
−WHγ [Å] 13.81±0.12 28.8±2.6 3.3±0.9 19.3±1.9 3.2±0.6 5.7±2.3 38.4±1.1
−WHδ [Å] 6.8±1.1 11.4±1.3 ... 9.9±1.2 ... 3.02: 17.7±4.5

AHα [mag] 2.49±0.09 2.51±0.14 2.51±0.16 2.35±0.07 2.18±0.07 2.02±0.07 2.61±0.04
I(Hα) [10−14 erg s−1 cm−2] 1547±45 485±19 14.5±0.9 70.0±2.4 22.3±1.1 7.55±0.42 36.1±2.4
L(Hα) [1036 erg s−1] 1185±64 371±34 11.1±1.3 53.6±4.5 17.1±1.5 5.78±0.54 27.6±2.4
MH II [M⊙] 17600±950 5510±510 165±19 796±67 254±22 86±8 410±36
MH II/area [M⊙ pc−2] 4.60±0.25 15.3±1.4 1.10±0.13 4.81±0.40 8.43±0.73 5.71±0.53 27.2±2.4

tribution of the [O iii] λ4363 line to the Hg i λ4358 line
flux is important in the brightest regions of the nebula. In
these cases, and applying the same method, we estimate that
F ([O iii] λ4363)∼0.4–0.6×F (Hg i λ4358). The contribution
of the aurolar line is even more important when integrating
the line fluxes of several fibers, as we do in several defined
apertures. Hence, we will use the derived average value of
the Hg i λ4358 line flux to get a estimate of the flux of the
[O iii] λ4363 line within these areas.

4 RESULTS

The reconstruction of the Hα map using our 2D PMAS spec-
troscopy is shown in Fig. 2. This map corresponds to the
area named as [HL90] 111 by Hodge & Lee (1990). We dis-
tinguish a very strong star-forming region at the NW (region
c), which has a size of ∼ 10′′ ×6′′. Other fainter H ii regions
are located at the E (knot d) and in the SW corner (knot a),
this last one is only partially covered by our FoV (see Fig. 1).

An important feature is a kind of hole located at the south
of the brightest star-forming region. Indeed, there is an arc-
like filament of ionized gas (knot e following Hodge & Lee
1990) connecting the SW tip of the brightest star-forming
area (c) with the H ii region located at the east (d). The
minimum of Hα emission (the hole) is located between all
these three structures.

We have integrated the spectra within several regions
to analyse in detail the properties of the ionized gas and
to maximize the signal-to-noise (S/N) ratio of the 1D-
spectra. Figure 2 shows the position of these regions: AP 1
(which corresponds to the brightest star-forming region,
[HL90] 111c), AP 2 (which corresponds to the hole of Hα
emission), AP 3 (which corresponds to [HL90] 111d) and
AP 4 (which integrates the spectra of the two spaxels where
the WR features are detected). For these four regions we
measured all the line fluxes following the same procedure
explained before. We also carefully analysed two individ-
ual fibers: #90 (spaxel [11,10]), where a tentative detection
of the nebular He ii λ4686 line is found, and #92 (spaxel
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Figure 4. (Left) Map of the reddenning coefficient, c(Hβ), derived from the Hα/Hβ ratio in the field observed in IC 10. (Right) Density
map derived from the [S ii] λ6716/λ6731 ratio. The Hα contours are overlaid in both maps. Symbols are the same that in Fig. 2.

[11,13]), which corresponds to the maximum in the Hα emis-
sion and hence to the fiber where emission lines have the best
S/N ratio.

Because of the stacking of the spectra, some emission
lines that were not easily observed in the individual spa-
xels (i.e., H9, H8, Hδ, [Ne iii] λ3869, [Ne iii] λ3967+Hǫ,
He i λ4471) are now clearly distinguished. That allowed us
to perform a more accurate determination of the redden-
ing coefficient within these areas. We considered all avail-
able H i Balmer line ratios (Hα/Hβ, Hγ/Hβ, Hδ/Hβ, and
also H8/Hβ in the brightest region) and applied the formal-
ism explained in López-Sánchez (2006) and López-Sánchez
& Esteban (2009) to simultaneously derive c(Hβ) and the
equivalent width of the absorption in the H i lines, Wabs,
which we assumed to be same for all H i Balmer lines. Ta-
ble 1 shows the dereddened line intensity ratios and their
associated errors, as well as the adopted f(λ) of each emis-
sion line, measured for the total integrated spectrum, the
four regions we have carefully analyzed, and fibers #90 and
#92. In this table we also include other important quanti-
ties such as the size of the extracted aperture, the observed
Hβ flux (uncorrected for extinction), the adopted values of
c(Hβ) and Wabs, and the equivalent widths of the H i Balmer
lines. Colons indicate errors of the order or larger than 40%.
As explained before, the contribution of the Hg i λ4358 line
flux to the [O iii] λ4363 line flux was subtracted assuming
the average value of the Hg i λ4358 line and the number of
fibers used to get the integrated spectrum of the region.

The Hα map obtained using 2D spectroscopy allows us
to determine the total luminosity and the mass of the ionized
gas within these regions. The extinction-corrected Hα flux
was determined considering

I(Hα) = F (Hα) × 10c(Hβ)×[f(Hα)+1] = F (Hα) × 10AHα
/2.5.

(2)
The value of the extinction in the Hα line, AHα, was com-
puted in each region considering the value of the f(Hα) pro-
vided by the Cardelli et al. (1989) extinction law and the
c(Hβ) derived in our analysis, AHα = 1.755×c(Hβ), and it is
tabulated in Table 1. The total Hα luminosity was computed

assuming a distance to IC 10 of 0.8 Mpc, the uncertainty of
L(Hα) also includes the uncertainty in the distance. We esti-
mate a total Hα luminosity of (1.185±0.064)× 1036 erg s−1.
Using the Calzetti et al. (2007) calibration between
L(Hα) and the star-formation rate (SFR) we derive
SFRHα = (6.28 ± 0.34) × 10−3 M⊙ yr−1. This value corres-
ponds to a SFR density of 1.64 × 0.09 M⊙ yr−1 kpc−2, and
confirms the starburst activity that the center of IC 10 is
experiencing.

Finally, the mass of the ionized gas, MH II, was com-
puted using the expression provided by Pérez-Montero
(2002), MH II = 1.485×10−35L(Hα)×(ne/100), where ne is
the electron density (in cm−3) derived from our spectro-
scopic data (which was always 100 cm−3) and the result is
obtained in solar masses. The derived values of L(Hα) and
MH II of each region are also included in Table 1. We es-
timate a total ionized gas mass of (1.76 ± 0.10) × 105 M⊙

within all the observed field. Table 1 also lists the ionized
gas mass per surface area, MH II/area. As expected, it has a
minimum value of 1.10 M⊙ pc−2 in the hole but it reaches
the maximum values in the strong star-forming region, which
has MH II/area=15.3 M⊙ pc−2.

4.1 Reddening map

Left panel of Fig. 4 shows the map of the reddening coef-
ficient derived in IC 10 using the Hα/Hβ ratio. c(Hβ) has
values between 1.0 and 1.8 dex. These values correspond to
an extinction in the V -band, AV , between 2.15 and 3.86 mag
or, equivalently, a color excess, E(B − V ), between 0.69
and 1.25 mag. The integrate value of the extinction in the
V -band is AV = 3.05±0.11 mag. These values nicely match
previous values of the extinction given in the literature (e.g.,
Lee, Freedman & Madore 1993; Vacca et al. 2007; Lozinskaya
et al. 2009). These values confirm the high extinction exist-
ing in the direction to IC 10, but because of its very low
Galactic latitude we know that a very important fraction of
the observed extinction is due to the Galactic ISM. In any
case, assuming that the Galactic extinction is mainly con-
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Figure 5. Comparison between the c(Hβ) derived from the Hα/Hβ ratio (x-axis) and that derived from the Hγ/Hβ ratio (y-axis). The
x = y is plotted with a discontinuous red line. (Left diagram) c(Hβ) derived no considering H i Balmer lines absorptions. (Right diagram)
c(Hβ) derived assuming an absorption of Wabs=2.2 Å in the H i Balmer lines.

stant in all the observed region, we appreciate that the dust
within the star-forming region has a rather inhomogeneous
distribution. In particular, we note the the lower values of
c(Hβ) are located near the WR stars, at the SE of the bright-
est H ii region, that show c(Hβ) between 1.0 and 1.3 dex.
The maximum values of the reddening coefficient are found
at the NW of the brightest star-forming region, which has
values between 1.5 and 1.8 dex. Other areas (at the south
of the hole and in the knot a at the SW corner) also show
a high extinction. The average value we determine for all
the observed region is c(Hβ)=1.42±0.05 dex. This peculiar
distribution suggests that the dust around the massive stars
has been evacuated by interstellar winds and/or radiation
pressure or partially destroyed. Although this effect has not
been investigated in detail, there are indications of decreas-
ing values of the extinction around young stars in the Orion
Nebula Cluster (Hillenbrand 1997).

We compared the reddening coefficient derived from the
Hα/Hβ ratio with that estimated using the Hγ/Hβ ratio in
those fibers in which Hγ is properly measured (52% of the
spaxels). The left panel of Fig. 5 plots the c(Hβ) values de-
rived in each case. As we see, although the correspondence
between both values is relatively good, the c(Hβ) derived
from the Hγ/Hβ ratio is systematically lower than that com-
puted using the Hα/Hβ ratio. This effect is consequence of
the H i Balmer lines absorptions of the underlying stellar
population. The right panel of Fig. 5 plots the c(Hβ) values
derived in each case when considering a H i Balmer lines
absorption of Wabs=2.2 Å, the value we derived iteratively
for the integrated spectrum of the observed field (see Ta-
ble 1). Indeed, the correspondence between both c(Hβ)s is
much better when Wabs is taken into account, although the
dispersion of the data is slightly higher because of the higher
uncertainty in both the Hγ fluxes and equivalent widths.

4.2 Physical conditions of the ionized gas

Because of the faintness of the auroral lines and the conta-
mination of the Hg i λ4358 telluric line, it was not pos-
sible to derive a temperature map from our PMAS data.
We used the [S ii] λ6716/λ6731 ratio to derive the bidi-
mensional map of ne, assuming a Te=10500 K. Lower val-
ues of the [S ii] λ6716/λ6731 ratio indicate higher values in
ne. We used the temden task of the nebular package of
iraf (Shaw & Dufour 1995) with updated atomic data (see
Garćıa-Rojas et al. 2005). This map is shown in the right
panel of Fig. 4. Purple and blue points indicate the places
where the electron density is in the low limit, ne.100 cm−3

([S ii] λ6716/λ6731 ratios between 1.40 and 1.32). As we
see, these colors are the predominant in the observed region.
However, we note some places with electron densities be-
tween 100 and 400 cm−3([S ii] λ6716/λ6731 ratios between
1.32 and 1.10). Hence, these regions have a higher gas den-
sity than that found in the surrounding ISM. It is important
to note that the three regions with the highest electron den-
sity are precisely located in the places where we find the
maximum of the reddening coefficient (left panel in Fig. 4).

For the integrated spectra, we derived the flux of the
auroral [O iii] λ4363 line by subtracting the expected flux
of the telluric Hg i λ4358 line considering the number of
fibers used in each region. We then applied the temden

task of the nebular package of iraf to derive the Te[O iii]
in each region. For AP 2, which integrates the flux of the
faintest regions of the nebula, the value derived for the
[O iii] λ4363 line is just a residual value. In all cases, Te[O iii]
is around 10500 K, in agreement with previous results found
in IC 10 (i.e., Garnet 1990; Crowther et al. 2003; Lozinskaya
et al. 2009), so we are quite confident in the validity of our
decontamination of Hg i emission. Using the relation be-
tween Te[O iii] and Te[O ii] provided by Garnett (1992),
Te[O ii]=0.7×Te[O iii]+3000, we have estimated the elec-
tron temperature for the low-ionization potential ions. We
compile the electron temperatures derived in each of the
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Figure 6. Emission line ratio maps with Hα contours overlaid into the IC 10 PMAS field of: (tot left) [O iii] λ5007/Hβ, (top right)
He i λ5876/Hα, (bottom left) [N ii] λ6583/Hα, (bottom right) [S ii] λλ6716,6731/Hα. All maps have been corrected for reddening using
the c(Hβ) value derived from the Hα/Hβ ratio. Symbols are the same that in Fig. 2.

regions in Table 2. This table also lists the electron density
computed for each region using the [S ii] λ6716/λ6731 ratio.
In all cases, this ratio provided a density which was below
the low-density limit, ne<100 cm−3, and hence we always
considered ne=100 cm−3.

4.3 Nature of the ionization

Figure 6 shows the emission line ratio maps we ob-
tained for the analyzed region in IC 10. All maps
have been corrected for reddening using the c(Hβ) value
derived from the Hα/Hβ ratio. We show the maps
corresponding to [O iii] λ5007/Hβ, [N ii] λ6583/Hα,
([S ii] λ6716+λ6731)/Hα, and He i λ5876/Hα. White colors
indicate regions in which the studied emission line was not
detected or it was too noisy.

As we see, the maps are showing the ionization struc-
ture of the giant H ii regions in the center of IC 10. That
in specially evident in the brightest star-forming region

[HL90] 111c and in the H ii region located at the SE,
[HL90] 111d, both show the maxima of the [O iii] λ5007/Hβ
ratio at their centers, while the maxima of the low-
ionization potential ion ratios is located surrounding those
central bright areas. This effect is clearly noticed in the
[O iii] λ5007 / [O ii] λ3727 radio map plotted in Fig 7, which
shows the higher values at the center of the strong star-
forming regions. This result is very important and should be
taken into account, as we will see below, when using empiri-
cal calibrations to get the chemical abundance of the ionized
gas. It is also interesting to note that the highest values of
the [O iii] λ5007/Hβ ratio is close to the maximum of the
Hα emission, but they are not completely coincident.

We have also analyzed the diagnostic diagrams plot-
ting two different excitation line ratios for classifying the
excitation mechanism of the ionized gas, as initially pro-
posed by Veilleux & Osterbrock (1987). Figure 8 plots
the typical [O iii] λ5007/Hβ versus [N ii] λ6583/Hα and
[O iii] λ5007/Hβ versus ([S ii] λ6716+λ6731)/Hα diagrams
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Figure 7. Map of the dereddened [O iii] λ5007 / [O ii] λ3727 ratio
computed in the intense star-forming region [HL90] 111 within
the starburst galaxy IC 10. The contours of the Hα emission are
overlaid. Symbols are the same that in Fig. 2.

for all the spaxels for which we have a good measurement
of these lines. In these diagnostic diagrams, H ii regions and
starburst galaxies lie within a narrow band, but when the
gas is excited by shocks, accretion disks, or cooling flows
(in the case of AGNs or LINERs) its position is away from
the locus of H ii regions. We used the analytic relations
given by the photoionized models provided by Dopita et al.
(2000) for extragalactic H ii regions (that assume instanta-
neous star-formation within star-forming regions) and the
Kewley et al. (2001) models for starburst galaxies (which
consider continuous star formation and more realistic as-
sumptions about the physics of starburst galaxies). In some
way, the dividing line given by the Kewley et al. (2001) mod-
els represents an upper envelope of positions of star-forming
galaxies. The left panel of Fig. 8 includes the empirical rela-
tion between the [O iii] λ5007/Hβ and the [N ii] λ6583/Hα
provided by Kauffmann et al. (2003) analysing a large data
sample of star-forming galaxies from the Sloan Digital Sky
Survey (SDSS; York et al. 2000).

Kewley et al. (2006) suggested that those objects be-
tween the theoretical line computed by Kewley et al. (2001)
and the empirical line found by Kauffman et al. (2003) may
have a composed nature, i.e., they may be ionized by both
massive stars and AGNs. However, Pérez-Montero & Con-
tini (2009) showed that objects located in this area may also
be pure star-forming galaxies but with a high N content. In
our case, all data points (even those spaxels for which a pos-
sible N enrichment has been detected, see § 5.1) lie within
this area, but below the Kewley et al. (2001) theoretical line.
This clearly indicates that photoionization is the main exci-
tation mechanism of the gas. The position of the data points
in the [O iii] λ5007/Hβ versus [N ii] λ6583/Hα diagram per-
fectly matches with the predictions given by the Dopita et
al. (2000) models. In the case of the [O iii] λ5007/Hβ ver-
sus ([S ii] λ6716+λ6731)/Hα diagram, the data points also
agree well with these models, but the data tend to move
to the predictions of the upper envelope given by Kewley

Figure 8. Comparison of some observational flux ratios obtained
for all available spaxels with the diagnostic diagrams proposed by
Dopita et al. (2000), blue continuous line (D00), and Kewley et
al. (2001), red discontinuous line (K01). The left panel also shows
the empirical relation provided by Kauffmann et al. (2003) with
a dotted-dashed dark yellow line (Ka03).

et al. (2001) in points with log([O iii] λ5007/Hβ)<0.5 and
log([S ii] λ6716+λ6731)/Hα> −0.8.

4.4 Chemical Abundances

Because of the lacking of an individual estimation of the
electron temperature, we are not able to map the chemical
abundances using the direct method. We will discuss in §5.2
the effects of using empirical calibrations to map the che-
mical abundances of an H ii region or a starburst galaxy
using 2D spectroscopy. Here we analyze the chemical abun-
dances obtained from the integrated spectra of the areas we
described in Fig. 2.

We used the iraf package nebular to derive ionic
abundances of N+, O+, O2+, S+, Ne+2, and Ar+2 from the
intensity of collisionally excited lines. We assumed a two-
zone scheme for deriving the ionic abundances, adopting
Te[O iii] for the high ionization potential ions O2+, Ne+2,
and Ar+2, and Te[O ii] for the low ionization potential ions
O+ and S+. The errors in the ionic abundances have been
calculated as a quadratic sum of the independent contribu-
tions of errors in flux, ne and Te.

To derive He+/H+, we used three observed lines of He i

at λλλ4471, 5876, and 6678, weighted by 1:3:1. Case B emis-
sivities for the Te[O iii] and ne assumed for each region, were
taken from the collision-less (low-density limit) calculations
by Bauman et al (2005) using an on-line available code2. The
collisional to recombination contribution was estimated from
Kingdon & Ferland (1995), using the interpolation formula
provided by Porter et al. (2007). The effective recombina-
tion coefficients for H+ were taken from Storey & Hummer
(1995).

2 Available at http://www.pauKy.edu/∼rporter/j-resolved
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Table 2. Physical conditions and chemical abundances of the ionized gas for the regions analyzed in IC 10 using our PMAS data.

Region [HL90] 111 AP1 (c) AP2 (hole) AP3 (d) AP4 (WR 24) F90 F92

Te [O iii] [K] 10600±600 10600±600 10500±1000 10700±800 10500±1000 10500±1000 10500±800
Te [O ii] [K] 10400±400 10400±400 10400±700 10500±600 10400±700 10400±700 10400±600
ne [cm−3] 100 100 100 100 100 100 100

12+log(O+/H+) 7.96±0.12 7.78±0.10 7.89±0.24 7.84±0.12 7.74±0.19 7.70±0.20 7.65±0.13
12+log(O++/H+) 7.96±0.06 8.03±0.07 7.94±0.10 8.01±0.07 8.02±0.08 8.05±0.09 8.07±0.08
12+log(O/H) 8.26±0.09 8.22±0.08 8.22±0.17 8.23±0.09 8.20±0.12 8.21±0.13 8.21±0.09

log (O++/O+) 0.00±0.13 0.25±0.12 0.04±0.25 0.17±0.14 0.28±0.20 0.36±0.21 0.42±0.15
12+log(N+/H+) 6.54±0.05 6.33±0.05 6.49±0.15 6.43±0.05 6.49±0.10 6.24±0.11 6.19±0.06
12+log(N/H) 6.84±0.08 6.78±0.09 6.81±0.20 6.90±0.10 6.95±0.17 6.75±0.18 6.76±0.12
log(N/O) -1.42±0.12 -1.45±0.11 -1.41±0.24 -1.41±0.13 -1.26±0.20 -1.46±0.21 -1.45±0.15

12+log(S+/H+) 5.77±0.04 5.50±0.04 5.75±0.09 5.67±0.05 5.54±0.09 5.41±0.09 5.40±0.05
log(S+/O+) -2.19±0.16 -2.28±0.14 -2.14±0.33 -2.17±0.17 -2.20±0.28 -2.29±0.29 -2.25±0.18
log(N+/S+) 0.77±0.09 0.83±0.09 0.74±0.24 0.76±0.10 0.95±0.19 0.83±0.20 0.79±0.11

12+log(Ne++/H+) 7.50±0.16 7.45±0.19 ... 7.50±0.25 ... ... 7.38±0.21
12+log(Ne/H) 7.80±0.16 7.65±0.18 ... 7.73±0.25 ... ... 7.52±0.21
log(Ne/O) -0.46±0.23 -0.58±0.24 ... -0.51±0.30 ... ... -0.69±0.27

12+log(Ar++/H+) 5.90±0.08 5.92±0.09 5.81±0.16 5.94±0.10 5.90±0.13 5.90±0.13 5.96±0.09
log(Ar++/O++) -2.06±0.14 -2.11±0.16 -2.13±0.26 -2.07±0.17 -2.12±0.21 -2.15±0.22 -2.11±0.17

12+log(He+/H+) 10.99±0.04 10.98±0.03 11.03±0.11 10.99±0.04 11.09±0.05 10.97±0.09 10.99±0.03

We computed the total abundances of O and N, adopt-
ing O/H = O+/H+ + O+2/H+ to determine the total oxy-
gen abundance and the standard ionization correction factor
(ICF) by Peimbert & Costero (1969), N/O = N+ /O+, to
compute the total nitrogen abundance. For those regions in
which we have a detection of the [Ne iii] lines, we computed
the total neon abundance applying the ICF proposed by Pe-
imbert & Costero (1969), Ne/O = Ne+2 /O+2.

We derive a total O abundance of
12+log(O/H)=8.26±0.09 for all the observed region.
The derived N/O and Ne/O ratios, log(N/O)=−1.42± 0.12
and log(Ne/O)∼ −0.42, are the typical values expected for a
galaxy with the metallicity of IC 10 (Izotov & Thuan 1999;
Izotov et al. 2004; López-Sánchez & Esteban 2010b). These
results are very similar in the regions AP 1 –[HL90] 111c,
the brightest star-forming region–, AP 2 –the Hα hole–
and AP 3 –[HL90] 111d–, but they slightly differ in the
AP 4 region, which only considers the emission in those two
fibers where the WR stars are detected. We will discuss this
intriguing result in Sect 5.1.

4.5 Wolf-Rayet content

We have clearly detected the blue WR bump in two adja-
cent fibers (spaxels [11,8] and [11,9]). This position coincides
with one of the WR stars catalogued within [HL90] 111c
(see Fig.1, right) in the most recent WR stars catalogue
of IC 10 (Crowther et al. 2003), [MAC92] 24C. We have
also a tentative detection of the nebular He ii λ4686 line in
spaxel [11,10], which corresponds to the position of the WR
[MAC92] 24B. However, we do not observe any WR feature
at the position of [MAC92] 24A (spaxel [10,10]) or in the
position of RSMV 23 (spaxels [2,14] and [2,15]), although
the S/N ratio of this last region is relatively low.

We have added the spectra of the two spaxels where the
blue WR is observed (AP 4) and carefully analysed the prop-
erties of the integrated spectrum. The emission line fluxes

are listed in Table 1, and the derived physical and chemi-
cal properties of the ionized gas are given in Table 2. For
comparison, we have also analyzed two nearby fibers, the
adjacent position to the detection of the blue WR bump
(F90, which corresponds to the spaxel [11,10], where there
is a tentative detection of the nebular He ii λ4686 line), and
the fiber with the maximum of the Hα emission (F92, which
corresponds to the spaxel [11,12]).

In our case, the blue WR bump we detect in AP 4 is es-
sentially constituted by the stellar, broad, He ii λ4686 emis-
sion feature. Figure 9 shows a detail of this spectrum in the
4620–4750 Å range, showing a prominent bump. We do not
detect the C iii/C iv λ4650 or the C iv λ5808 (the red WR
bump) and hence we agree with the results found by other
authors (Crowther et al. 2003; Vacca et al. 2007) that the
observed WR features are originated by a WN star. Both the
strength of the broad He ii λ4686 emission and the absence
of the N v λ4604 emission indicate that this is a late-type
WN star (WNL).

We have followed the method described in López-
Sánchez & Esteban (2010a) to estimate the flux of the blue
WR Bump. We fitted a broad and a narrow Gaussian for the
stellar and nebular He ii λ4686 lines. Figure 9 shows the re-
sult of this fitting, including the residual spectrum after sub-
tracting the best-fit model to the observed spectrum. The
best-fit model values are FWHMHe II broad=8.12±0.76 Å,
FHe II broad=(8.76±0.79)×10−16 erg s−1 cm−2 for the
broad component and FWHMHe II narrow=5.4±0.9 Å,
FHe II narrow=(6.1±1.0)×10−17 erg s−1 cm−2 for the narrow
component.

Using the reddening coefficient derived for AP 4
and its relation with the extinction at λ4686 –
assuming the Cardelli et al. (1989) extinction law
with RV =3.1–, Aλ4686 = 2.625×c(Hβ), and considering
the distance to IC 10, we derive a total luminosity
of LHe II,broad = (1.35 ± 0.17) × 1036 erg s−1 for the broad
He ii λ4686 emission. We can use this value to compute
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Figure 9. (Top) Spectrum, in the 4620–4750 Å range, obtained
adding the two fibers (spaxels [11,8] and [11,9]) in which the blue
WR bump is observed (AP 4). The red dotted line represents
the position of the He ii λ4686 emission line, the black dashed
line represents the continuum fit. The best fit to the observed
spectrum (blue continuous line) is shown with a black continuous
line, and it is composed by the superposition of a broad and
a narrow He ii λ4686 lines, following the method explained in
López-Sánchez & Esteban (2010a). (Bottom) Residual spectrum
after subtracting the best-fit model to the observed spectrum.

the total number of WR stars in the burst. For this, and
following López-Sánchez & Esteban (2010a), we consider a
metallicity-dependence of the WR luminosities. Using the
relation between the luminosity of the He ii λ4686 line and
the oxygen abundance (their Eq. 7), we estimate that a
single WNL with the metallicity found in IC 10 –which
we assume to be 12+log(O/H)=8.25–, has a luminosity of
LWNL(He ii λ4686)= 1.27×1036 erg s−1. Hence, the blue WR
bump observed in this position of IC 10 should be produced
by a single WNL star and not by four, as Vacca et al. (2007)
suggested from their optical/NIR images. This conclusion is
essentially the same in the case of considering the luminosity
of a WNL star with a solar metallicity to the broad λ4686
flux, LWNL(He ii λ4686)= 1.6 × 1036 erg s−1 (Crowther &
Hadfield, 2006), which gives ∼1.19 WNL stars within this
starburst.

To estimate the WR/(WR+O) ratio we also fol-
low the prescriptions given by López-Sánchez & Este-
ban (2010a). We determine this ratio within the intense
star-forming region. The total number of ionizing pho-
tons is Qtot = LHβ/4.76 × 10−13 = 2.84 × 1050 s−1, and the
η(t)=O7V/O parameter (Vacca & Conti 1992; Vacca 1994;
Schaerer & Vacca 1998), which depends on the age of the
burst, is η ∼ 1. Hence, applying Eq 10 of López-Sánchez &
Esteban (2010a) considering NWNL=1 and NWCE=0, we es-
timate a total number of O stars of 26 and a WR/(WR+O)
ratio of 0.037. This value agrees with that determined in
other WR galaxies with a similar oxygen abundance (see
Fig. 5 in López-Sánchez & Esteban 2010a).

Fiber 90 (spaxel [11,10]) does not only shows a tentative
detection of the nebular He ii λ4686 line, but it also shows a

Figure 10. Map of the equivalent width of the Hα emission,
WHα, derived in the intense star-forming region [LMR79] #1
(Lequeux et al. 1979) from our PMAS data. The contours of the
Hα emission are overlaid. Symbols are the same that in Fig. 2.

clear broad Hα component underlying the narrow, nebular
Hα emission. These kinds of features are rather common in
extragalactic H ii regions (e.g., Firpo et al. 2005; 2010) and
starburst galaxies (e.g., Mendez and Esteban 1997; Homeier
& Gallagher 1999). Our analysis of the emission-line profiles
within the center of NGC 5253 also indicated that they were
composed by a narrow and a broad components. In our case,
we estimate that the extinction-corrected flux contained in
this broad Hα component is (8.3±0.7)×10−15 erg s−1 cm−2,
which is ∼11 % of the flux measured in the narrow line. This
value indicates that this component contains a mass of about
∼9.5 M⊙. The estimated FWHM of the broad Hα compo-
nent is ∼40 Å, which indicates a velocity of ∼1830 kms−1.
This so high value of the velocity suggests that the flow
should be related to a remnant of a recent SN explosion that
has still not produced an observable chemical enrichment.

4.6 Age of the starburst

Figure 10 shows the map of the equivalent width of the Hα
emission, WHα, derived in the intense star-forming region
[HL90] 111 from our PMAS data. As we see, the maximum
values of WHα are found at the west of the central star-
forming region, which shows WHα between 850 and 1000 Å.
Using the STARBURST 99 stellar population synthesis
model (Leitherer et al. 1999) with an instantaneous burst
with a Salpeter IMF slope (α=2.35) with Mup=100 M⊙ and
Z=0.008 Z⊙ –which corresponds to an oxygen abundance of
12+log(O/H)=8.26 considering a solar oxygen abundance of
12+log(O/H)=8.66 (Asplund, Grevesse & Sauval 2005)–, we
derive an age between 3.3 and 4.2 Myr for the most recent
starburst. The eastern areas of this intense star-forming re-
gion shows values around WHα∼600–700 Å, which are trans-
lated to an age of ∼4.7 Myr. Similar values are found at the
central region of the smaller star-forming region at the east
(knot d). The arc-like structure at the south has WHα∼300-
500 Å.
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Figure 11. [N ii] λ6583 / ( [S ii] λ6717 + [S ii] λ6731) line
intensity ratio map derived for the strong star-forming region
[HL90] 111 within the starburst galaxy IC 10. The contours of the
Hα emission are overlaid. Symbols are the same that in Fig. 2.

It is interesting to note that the places in which the
WR features are detected have relatively low values of WHα,
∼100 Å, which yields to an age of ∼6.2 Myr for the most
recent star-formation event. That age is older that that we
should expect for a WR star, as the most massive, luminous
and hot O stars evolve to the WR phase between 2 and 5 Myr
since their birth, spending only some few 105 years before
they explode as type Ib/Ic supernovae (Meynet & Maeder
2005). Hence, the star-formation activity may not be strictly
instantaneous but it has probably had some continuous rate.
Maybe, the detected WR star was formed somewhat later
after the majority of the stellar population in the area. Fur-
thermore, as we are considering very small spatial scales
(1′′–3′′ ∼3.9–11.6 pc), the WR star has also very probably
moved3 form its birth place (maybe at the northern areas of
the giant star-forming region?) to its actual position.

5 DISCUSSION

5.1 A possible localized chemical pollution

by a Wolf-Rayet star?

The only confirmed case of localized chemical pollution by
WR stars in a starburst region to date is the center of the
BCDG NGC 5253 (Walsh & Roy 1989; Kobulnicky et al.
1997, López-Sánchez et al. 2007). This object shows a clear
enhancement in the N/H ratio (and also in the He/H ra-
tio) in a small region, which is consistent with the chemical
pollution expected by the contribution of just a few (1–2)
evolved (WR) massive stars (López-Sánchez et al. 2007).
There are some studies that also suggest that starbursts in
which WR stars are detected may show an enhancement in
their N/O ratio (Pustilnik et al. 2004; Brinchmann et al.

3 A star with a proper movement of 20 km s−1 will move ∼10 pc
in 1 Myr.

2008; James et al. 2009; López-Sánchez & Esteban 2010b).
Recent 2D spectroscopical data (Pérez-Montero et al. 2011)
also report very high N/O ratios in BCDGs with WR stars.
However, in these cases the chemical pollution by the WR
stars detected in the central region seems not to be able to
explain the large enhancement of nitrogen found through-
out the BCDG. Similarly, Amoŕın, Pérez-Montero & Vı́lchez
(2010) used SDSS data to find that, at a given metallicity
the so-called green pea galaxies display systematically large
N/O ratios compared to normal galaxies, but these spectra
are not deep enough to detect WR features.

In this case, our 2D spectroscopic PMAS maps of the
strong star-forming region [HL90] 111 within IC 10 sug-
gests the detection of a localized high N/O ratio at the po-
sitions where the WR features are detected (AP 4). Fig-
ure 11 shows the [N ii] λ6583 / ( [S ii] λ6717 + [S ii]
λ6731) line intensity ratio map. Because of the faintness
of the [O ii] λ3727 doublet, the [N ii] λ6583 / [O ii] λ3727
line intensity ratio map shows a very low S/N in a large
number of spaxels where the surface brightness of the neb-
ular gas is low, and hence it is useless for our purposes.
Considering only the spaxels with higher S/N ratio, the
average value of the [N ii] λ6583 / [O ii] λ3727 ratio is
∼0.07. Spaxel [11,8], labelled with a cross in all maps and
where some He ii λ4686 emission is observed, has a very
uncertain detection of the [O ii] λ3727 doublet. However,
spaxel [11,9] (labelled with a star and where the highest
He ii λ4686 emission is observed) seems to have a slightly
higher [N ii] λ6583 / [O ii] λ3727 ratio, ∼0.10, but because
of the high uncertainty this value is not significant. On the
other hand, the [N ii] λ6583 / ( [S ii] λ6717 + [S ii] λ6731)
ratio, which is well measured in almost all spaxels, in-
dicates a rather clear increasing of its average value
(∼0.85) precisely at the two spaxels where WR features
are detected. Indeed, spaxels [11,8] and [11,9] show a
[N ii] λ6583 / ([S ii] λ6717+[S ii] λ6731) ratio of 1.11 and
1.01, respectively, with a typical uncertainty of ±0.12.

It is interesting to note that, the He i λ5875/Hα ra-
tio map (top right panel in Fig. 6) also shows an enhance-
ment of the emission at the same position. The average He i

λ5875/Hα ratio is ∼0.046 but spaxels [11,8] and [11,9] have
a ratio of 0.071 and 0.058, respectively, with an error of only
±0.007. It is possible that we are detecting at this position a
localized enhancement of both nitrogen and helium, which,
if true, is very probably connected with the detection of WR
features at those precise spaxels.

We further investigate this very intriguing result via the
careful analysis of the chemical properties of the integrated
spectrum obtained adding both spaxels (AP 4). As control,
we also study the adjacent spaxel [11,10] (F90), which has
enough S/N ratio to perform such analysis. Table 2 com-
piles all the chemical abundances and ratios derived for
these two regions. As we see, and besides the errors, AP 4
possesses, systematically, higher N/O, N+/S+ and He+/H+

ratios (−1.26, 0.95 and 11.09, respectively) that those val-
ues derived for any other aperture or spaxel, which have
an average value of −1.44, 0.79, and 10.99, respectively. We
also notice that the S+/O+ –two elements of similar nucle-
osynthetic origin– ratio remains practically the same for all
regions including AP 4, showing a average value of −2.22.
Hence, although we cannot definitively confirm that there is
a localized chemical pollution in nitrogen in those two spax-
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els because of the relatively high uncertainties, all evidences
point out that it is very probably there. We must empha-
size that the helium enrichment is indeed confirmed within
the errors, because the average value of 12+log(He+/H+) is
10.99 ± 0.03 while that measured in AP 4 is 11.09 ± 0.05.

With the data collected in tables 1 and 2 we can make
a rough estimation of the mass of newly created He and N
(stellar yield) necessary to produce the observed overabun-
dances in region AP 4. These yields have been computed
considering the He and N abundances of region AP 1 as
reference. Therefore, we have assumed that the initial abun-
dances of the ionized gas at AP 4 are those measured at
AP 1 and that AP 4 has suffered a localized and very recent
increment of the He/H and N/H ratios. Finally, the em-
pirical stellar yields have been obtained multiplying those
He/H and N/H increments by the mass of ionized gas de-
rived for AP 4. The computed stellar yields are 28±16 M⊙

and 0.013±0.013 M⊙ for He and N, respectively. These num-
bers can be compared with those given in table 12 of López-
Sánchez et al. (2007), that includes the yields determined
for regions A and B of NGC 5253 as well as theoretical ones
from stellar evolution models and empirical determinations
for ring nebulae around Galactic WR stars. The yields found
in [HL90] 111c –although uncertain– are roughly consistent
with the scenario of chemical pollution by the ejecta of a
very small number of WR stars. The amount of He appears
to be rather high, in fact the ratio of He and N stellar yields
is about 2150, ten times higher than in the objects included
in the aforementioned table of López-Sánchez et al. (2007).

We must say that it is not the first time that a region
with a probably high N/O is reported in IC 10. Magrini &
Gonçalves (2009) used Gemini North Multi-Object Spectro-
graph to map the H ii regions and Planetary Nebulae (PN)
in the central 5.5’×5.5’ of IC 10. Their data suggested that
the H ii region [HL90] 120, with an oxygen abundance of
12+log(O/H)∼8.18, has a N/O ratio of ∼ −0.48 dex, but
the other H ii regions –which have an oxygen abundance
between 8.0 and 8.7) show N/O ratios of ∼ −1.25. However,
their data have high uncertainties (the majority of N/O val-
ues agree within the errors, see their Fig. 2), and hence this
result should be also confirmed. Furthermore, all the N/O
ratios these authors derived for their analyzed H ii regions
within IC 10 seem to be higher than those expected for their
oxygen abundance.

As Magrini & Gonçalvez (2009) pointed out, the H ii

region [HL90] 120 contains four known WR stars within 20′′

from its center, and hence the origin of the tentative high
N/O ratio may be some of these WR stars. In our case,
we notice that our possible detection of a high N/O and
He/H ratios are found exactly at the same position where
the WR features are located, indicating that, if real, this
chemical pollution is indeed very localized (∼ 2′′ ∼ 7.8 pc)
and therefore it should be very difficult to detect in fainter
and distant galaxies.

Some studies affirm that the more or less low and con-
stant values of the N/O ratio reported in BCGs is a con-
sequence of the fact that anything ejected by massive stars
–whether oxygen by type II supernovae or nitrogen in the
winds of WR stars– is too hot to be immediately incorpo-
rated to the ISM, and it needs to cool before mixing with
the existing nebular gas and appears in the optical spec-
trum (e.g., Kobulnicky & Skillman 1996, 1997, 1998; Kob-

ulnicky et al. 1997; Henry et al. 2000; Pilyugin, Thuan &
Vı́chez 2003; van Zee & Haynes 2006; Magrini & Gonçalves
2009; Lagos et al. 2009). However, as previously suggested
by Pustilnik et al. (2004) and López-Sánchez et al. (2007),
the presence of localized chemical enrichment in very young
starbursts indicates that the timescale of the process should
be very short. This agrees with the enrichment pattern ob-
served in Galactic WR ring nebulae (Esteban et al. 1992).
The statistical analysis performed by Brinchmann et al.
(2008) comparing WR and non-WR galaxy data from SDSS
observations also yields to a similar conclusion. The recent,
more detailed, analysis of a sample of WR galaxies per-
formed by López-Sánchez & Esteban (2010b) also reported
high N/O ratios in 6 WR galaxies. These authors indicated
that the high N/O values should dilute in a quick period
because of both the decreasing of the star-formation activ-
ity and the releasing of new, fresh material which is dis-
persed and mixed with the existing gas of the galaxy. Fur-
thermore, the effects of the WR stars into the ISM are also
diluted because of aperture effects (López-Sánchez & Este-
ban 2009). Only very careful analyses of such systems (e.g.,
López-Sánchez & Esteban 2010b) will help to solve the puz-
zle of the high N/O ratios sometimes found in starburst
galaxies.

5.2 Use of empirical calibrations in 2D

spectroscopy data

We also study the results provided by the so-called empi-
rical calibrations of the oxygen abundance –see Kewley &
Ellison (2008) and López-Sánchez & Esteban (2010b) for
recent reviews– when analyzing data provided by 2D op-
tical spectroscopy, which in many occasions have a good
determination of all important nebular lines involved in the
most common empirical calibrations (i.e., [O ii] λ3727, Hβ,
[O iii] λλ4959,5007, Hα, [N ii] λ6583). Ratios between these
bright emission lines define the parameters R23, P , y, N2,
and O3N2 (see definitions in Appendix A of López-Sánchez
& Esteban 2010b). Empirical calibrations are very com-
monly used to get a rough estimation of the metallicity of
star-forming galaxies when the electron temperature of the
ionized gas cannot be determined (i.e., there are no detec-
tions of the faint auroral lines).

Although some precautions must be taken into ac-
count when analyzing star-forming galaxies with intermedi-
ate metallicities, 7.9.12+log(O/H).8.4, (Yin et al. 2007),
it seems that the combination of the R23 and an excitation
parameter (P or y) have the necessary information for the
determination of accurate abundances in extragalactic H ii

regions. The comparison between the oxygen abundances
provided by empirical calibrations and those determined
via the direct method performed by López-Sánchez & Este-
ban (2010b) concluded that the Pilyugin-method (Pilyugin
2001a,b; Pilyugin & Thuan 2005) is nowadays the best suit-
able empirical calibration to derive the oxygen abundance
of star-forming galaxies. However, the results provided by
empirical calibrations based on photoionization models (Mc-
Gaugh 1991; Kewley & Dopita 2002; Kobulnicky & Kewley
2004) are systematically 0.2–0.3 dex higher than those found
following the direct method. This results has been later con-
firmed by Moustakas et al. (2010), who found differences of
∼0.6 dex between both kinds of method. On the other hand,
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Figure 12. Maps of the oxygen abundance derived by empirical calibrations with Hα contours overlaid into the IC 10 PMAS field
of: (tot left) Pilyugin calibration (average value between Pilyugin, 2001a,b) using the R23 and P parameters, (top right) Kobulnicky
& Kewley (2004) calibration using the R23 and the y parameters, (bottom left) cubic calibration between the N2 parameter and the
oxygen abundance derived by Pettini & Pagel (2004), and (bottom right) cubic calibration between the O3N2 parameter and the oxygen
abundance derived by Pettini & Pagel (2004). Symbols are the same that in Fig. 2.

Table 3. Oxygen abundances, in the form 12+log(O/H), of the regions analyzed in IC 10 using our PMAS data determined using
empirical calibrations.

Method Parameters [HL90] 111 AP1 (c) AP2 (hole) AP3 (d) AP4 (WR 24)

Direct Te 8.26±0.09 8.22±0.08 8.22±0.17 8.23±0.09 8.20±0.12

P01 R23, P 8.15 8.12 8.10 8.13 8.11
PT05 R23, P 8.13 8.10 8.03 8.13 8.07
KK04 R23, y 8.25 8.17 8.00 8.22 8.10
PP04b N2 8.22 8.13 8.08 8.18 8.15
PP04c O3N2 8.20 8.11 8.07 8.15 8.12

Yin et al. (2007) indicated that the N2 and the O3N2 in-
dices are useful for calibrating metallicities of galaxies with
12+log(O/H)<8.5. López-Sánchez & Esteban (2010b) con-
cluded that the relations between these two parameter and
the oxygen abundance provided by Pettini & Pagel (2004)

give acceptable results for objects with 12+log(O/H)>8.0.
Pérez-Montero & Contini (2009) established that empirical
calibrations using the N2 parameter are not valid for objects
with 12+log(O/H).8.0. However, the effects of such empir-
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ical calibrations using 2D spectroscopic data have not been
explored so far.

Figure 12 shows the oxygen abundance maps of the ob-
served star-forming region [HL90] 111 within IC 10 derived
from four of the most common empirical calibrations: Pilyu-
gin (2001a,b), which involve the R23 and the P parameters;
Kobulnicky & Kewley (2004), which is based on the pho-
toionization models presented by Kewley & Dopita (2002)
and considers the R23 and the y parameters to iteratively de-
rive the oxygen abundance and the ionization parameter q;
the bicubic relation between the oxygen abundance and the
N2 parameter derived by Pettini & Pagel (2004); and the lin-
ear fit between the oxygen abundance and the O3N2 param-
eter also determined by Pettini & Pagel (2004). As the oxy-
gen abundance determined using the direct method in IC 10
is found between the low-metallicity –12+log(O/H)68.1–
and the high-metallicity –12+log(O/H)>8.4– branches, we
assumed the average value between the Pilyugin (2001a,b)
calibrations, but always the metallicity derived for the low
branch following the Kobulnicky & Kewley (2004) calibra-
tion. The four panels shown in Figure 12 have the same scale
in the oxygen abundance, between 8.0 and 8.4.

The oxygen abundance map provided by the Pilyugin
(2001a,b) calibration (top left panel in Fig. 12) shows a
more or less constant value, although it clearly has lower
values in the high-ionization regions –12+log(O/H)∼8.13–
that in the low-ionization regions –12+log(O/H)∼8.21, but
both agree within the errors (±0.10 dex) and –although
slightly lower– with the value determined using the direct
method –12+log(O/H)=8.26±0.09. If using the Pilyugin
& Thuan (2005) calibration, the resulting metallicity map
has a similar structure to that shown in top left panel of
Fig. 12, but the derived values are systematically ∼0.05–
0.10 dex lower than those determined following the Pilyugin
(2001a,b) method. In any case, as we will discuss below it
is evident that there is some effect of the ionization degree
on the determination of the oxygen abundance and that this
calibration seems to be not suitable for looking chemical dif-
ferences smaller than ∼0.10–0.15 dex using 2D spectroscopic
maps.

The situation is somewhat similar when using the Kob-
ulnicky & Kewley (2004) calibration (top right panel in
Fig. 12). As we see, this calibration provides oxygen abun-
dances between 8.04 and 8.38, with the lower values lo-
cated again in the high-ionization regions. Spaxels which
have higher oxygen abundances following this method are
typically located in the external areas of the star-forming
regions, where the ionization degree is lower and the un-
certainty in the [O ii] λ3727 flux is higher. In any case, we
notice that the results derived from the Kobulnicky & Kew-
ley (2004) calibration have a higher dispersion that those
obtained following the Pilyugin method, and therefore this
calibration should be used with caution when analyzing the
chemical abundances of 2D spectroscopic maps.

The ionization structure of the giant H ii regions we
are observing with our PMAS data is indeed playing an im-
portant role in the determination of the oxygen abundances
using empirical calibrations. That is very evident when us-
ing the N2 and O3N2 parameters, which strongly depend
on the ionization degree of the gas. The oxygen abundance
map obtained using the Pettini & Pagel (2004) calibrations
involving the N2 (bottom left panel in Fig. 12) and the O3N2

Figure 13. Relation between the ionization degree, given by the

reddening-corrected [O iii] λ5007 / [O ii] λ3727 ratio (x − axis),
and the oxygen abundance (y − axis) derived from empirical cal-
ibrations for the spaxels that possess a good measurement of the
[O ii] λ3727 emission line. Different symbols and colors indicate
different empirical calibrations: Pilyugin (2001a,b) (blue crosses)
and Pilyugin & Thuan (2005) (black ∧); Kobulnicky & Kew-
ley (2004) using R23 and y parameters (purple x); and Pettini
& Pagel (2004) using the N2 (red circles) and the O3N2 (green
stars) parameters. The oxygen abundance determined in the re-
gion [HL90] 111 using the direct method, 12+log(O/H)=8.26, is
indicated with a black continuous line. The two black discon-
tinuous lines shows the uncertainty, ±0.09, of this value.

(bottom right panel in Fig. 12) parameters directly reflect
the ionization structure (see Fig. 7), having lower oxygen
abundances –12+log(O/H)∼8.10 and 8.05, respectively– in
the high-ionization region and higher oxygen abundances –
12+log(O/H)∼8.30– in the low-ionization areas.

The correlation between the ionization degree and
the results provided by the empirical calibrations is
shown in Fig. 13, that plots the reddening-corrected
[O iii] λ5007 / [O ii] λ3727 ratio versus the oxygen abun-
dance derived from empirical calibrations for the spaxels
that possess an useful measurement of the [O ii] λ3727 emis-
sion line. From this figure is evident that empirical calibra-
tions give lower oxygen abundances in regions with higher
ionization degree, with a monotonic increasing of the oxy-
gen abundance with decreasing ionization degree in all cases
except for the Pilyugin & Thuan (2005) calibration (which
changes this tendency for [O iii] λ5007 / [O ii] λ3727 .1.0).
Figure 13 also shows that the results provided by the Kob-
ulnicky & Kewley (2004) method have a higher dispersion
than those obtained using other empirical calibrations, and
that they tend to be between 0.1 and 0.2 dex higher than
the others.

However, when we integrate the individual spectra of
an H ii region, the result provided by the empirical calibra-
tions are closer to those derived from the Te method. Ta-
ble 3 lists all oxygen abundances determined using empir-
ical calibrations in all the regions analyzed here, including
all the observed area. As we see, Pilyugin (2001a,b) calibra-
tion provides a constant value of 12+log(O/H)∼8.12, that
is ∼0.14 dex lower than the oxygen abundance determined
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by the direct method. Pilyugin & Thuan (2005) calibration
provides somewhat lower values, 12+log(O/H)∼8.10. The
Kobulnicky & Kewley (2004) method gives a relatively good
value for the bright H ii regions –12+log(O/H)∼8.20–, but
the values obtained for the hole and AP 4 (the two spax-
els where the blue WR bump is detected) are much lower.
When integrating the flux of all the H ii region, the Pettini
& Pagel (2004) calibrations using the N2 and O3N2 indices
also provide oxygen abundances that agree within the errors
with those determined using the direct method.

Beside the ionization structure of the H ii regions, other
biases (such as the hardness of the ionizing radiation field,
the structural parameters of the H ii regions or the star for-
mation history of the host galaxy) may also affect to the
determination of the chemical abundances using empirical
calibrations (Stasińska 2010). Hence, we conclude that the
analysis of star-forming galaxies (and strong starbursting,
Wolf-Rayet galaxies in particular) using 2D spectroscopy
needs observations deep enough to detect –at least in the
brightest H ii regions– the faint auroral lines, if a good de-
termination of the chemical abundances and physical condi-
tions of the ionized gas is wanted to be achieved (e.g., James
et al. 2009, 2010). The deep observations will also provide
a better estimation of the [O ii] λ3727 flux, which is essen-
tial to precise the total oxygen abundance. In the case this
doublet cannot be observed, deep observations at λ7330 are
needed to get a good determination of the [O ii] λλ7318,7330
emission lines, which typically are 20–30 times fainter than
[O ii] λ3727, but this spectral range is very affected by tel-
luric lines. Oxygen abundance maps obtained using empiri-
cal calibrations may show features that are not related with
the actual metallicity distribution of a star-forming galaxy
but with the ionization structure within its giant H ii re-
gions.

6 CONCLUSIONS

In this paper, we present results from integral field spec-
troscopy of the intense star-forming region [HL90] 111 within
the starburst galaxy IC 10. This study is based on PMAS
data, which cover a wavelength range of 3500–7150 Å, with
an effective spectral resolution of 3.6 Å, and map an area
16′′ × 16′′ with a spatial sampling of 1′′ × 1′′, that corre-
sponds to 3.88 pc2 at the distance to IC 10. We obtain maps
of different emission lines and analyzed the extinction, phys-
ical conditions, nature of the ionization, and chemical abun-
dances of the ionized gas, as well determined locally the age
of the last star-formation event.

By defining several apertures, we study the main inte-
grated properties of some regions within [HL90] 111. For
the whole FoV, we derive an extinction in the V -band
of AV = 3.05 ± 0.11 mag, a total mass of ionized gas
of (1.76 ± 0.10) × 105 M⊙, a star-formation rate den-
sity of 1.64 × 0.09 M⊙ yr−1 kpc−2, an oxygen abundance of
12+log(O/H)=8.26±0.09 and a nitrogen to oxygen ratio of
log(N/O)=−1.42 ± 0.12. The age of the most recent star-
formation event is ∼3.3 Myr.

One of our main aims is to precise the places where
Wolf-Rayet stars are located via the detection of the blue
and/or red WR bumps. Only two spaxels show an unam-
biguous detection of the broad He ii λ4686 emission line.

This feature seems to be produced by a single WNL star,
its position coincides with [MAC92] 24B. We report a pos-
sible N and He enrichment at the precise place where the
WR feature is found. Moreover, the enrichment pattern is
roughly consistent with that expected for the pollution of
the ejecta of a single or a very small number of WR stars.
This result suggests that the fresh material released by
massive stars is quickly incorporated into the surrounding
ISM. Furthermore, this chemical pollution is very localized
(∼ 2′′ ∼ 7.8 pc) and it should be difficult to detect in star-
forming galaxies beyond the Local Volume.

The reddening coefficients derived from the Hα/Hβ and
the Hγ/Hβ ratios have a better agreement when the absorp-
tion underlying the H i Balmer lines is considered. We find
a correlation between the electron density of the ionized gas
and the reddening coefficient, indicating that denser regions
have higher extinction. Furthermore, the low reddening coef-
ficients computed around the spaxels where the WR features
are detected suggest that the gas surrounding the massive
stars has been evacuated or partially destroyed. In the spaxel
just to the north of the WR stars location we also detect a
broad Hα component underlying the nebular Hα emission
that may be related to a remnant of a recent SN explosion.

We discuss the use of the most-common empirical cali-
brations to estimate the oxygen abundances of the ionized
gas in nearby galaxies from 2D spectroscopic data. The
ionization degree of the gas plays an important role when
applying these empirical methods, as they tend to give lower
oxygen abundances with increasing ionization degree. We fi-
nally stress the importance of the detection of the auroral
lines to derive the electron temperature of the ionized gas
and obtain a precise map of the chemical abundances in
extragalactic H ii regions.
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en el rojo lejano, Universidad Autónoma de Madrid
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18 Á.R. López-Sánchez et al.

Schaerer, D. & Vacca, W.D. 1998, ApJ, 497, 618 (SV98)

Schaerer, D., Contini, T. & Pindao, M. 1999, A&AS 136, 35
Shaw, R.A. & Dufour, R.J. 1995, PASP, 107, 896
Shostak, G.S. & Skillman, E.D. 1989, A&A, 214, 33
Skillman, E.D., Kennicutt, R.C. & Hodge, P.W. 1989, ApJ, 347,
875
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