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Abstract. Deep groundbased spectra of Hubble V and Hubble X, the two largest and brightest H ii regions in
the Local Group dwarf galaxy, NGC 6822, are presented. The extinction, excitation and ionization are studied
on scales as small as 4 pc. The chemical composition of some elements within the regions as well as possible
small scale variations in the abundances of helium, nitrogen, oxygen and neon over the face of the two regions
are investigated. The detection of the emission lines [OI] and [ClIII] are probably related to shock-heating from
gas ejected from supernova explosions and planetary nebula ejections, respectively, although the contribution to
the total ionization is very small. No significant differences in chemical composition was found between Hubble
V and Hubble X. However, some small scale variations in the abundances of oxygen, and possibly nitrogen and
helium, over the face of both H ii regions were noted, although different physical conditions could apply within
the regions, such as local fluctuations in the temperature.
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1. Introduction

Much effort has been devoted to the study of the chemical
abundances of dwarf irregular galaxies (dI) (e.g. Pagel &
Edmunds 1981; Ferguson et al. 1998). Most investigations
focused on the measurement of the oxygen abundances
of H ii regions, with subsequent interpretation within the
closed box model of chemical evolution (Tinsley 1978). It
is usually assumed in these studies (Kinman & Davidson
1981; Shield 1990; Dinerstein 1990) that the metallicity of
the H ii regions is homogeneous on both small and large
scales.

In contrast to the spiral galaxies, where important gra-
dients in the chemical abundances are found (e.g. Belley
& Roy 1992), the situation of the chemical homogene-
ity of the ISM in dI is still under debate. The absence
of strong dynamical instabilities in dI, e.g. turbulent gas
motions, make the mixing of the elements less efficient
(Roy & Kunth 1995). To add to the complexity, the inter-
nal dynamics and star formation triggering processes and
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environments could imply a very different history of chem-
ical evolution for each galaxy.

For a number of galaxies studied, the difference
in the oxygen abundances comparing H ii regions are
smaller than the error in the measurements, e.g. DDO 50
(Masegosa et al. 1991) and NGC 2366 (González-Delgado
et al. 1994), while for some others the differences are
larger, e.g. IC 10 (Lequeux et al. 1979) and WLM (Hodge
& Miller 1995). One reason for the lack of agreement could
be the relatively poor quality of the data used in the abun-
dance determinations. This situation is greatly improved
with the new observational facilities currently available
and new studies of galaxies undergoing star formation,
such as NGC 4214 (Kobulnicky & Skillman 1996) and
NGC 5253 (Kobulnicky et al. 1997), have been carried
out. For these two galaxies, no inhomogeneities along the
slit were found, and only a local enhancement of nitrogen
was detected in NGC 5253.

This paper focuses on the distribution of chemical ele-
ments within two H ii regions of the dI NGC 6822. Similar
studies were carried out by Kobulnicky & Skillman (1996)
and Kobulnicky et al. (1997). The main difference be-
tween the latter studies and the present investigation is
that, here, the metallicity determination has been limited
to the locations in the H ii regions where the emission
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line [OIII]λ4363 Å was detected, while in previous stud-
ies the determination of the abundances were extended to
the whole region observed. For those locations where the
[OIII] line was not detected, Kobulnicky et al. used an em-
pirical method in the derivation of the oxygen abundances
based on a typical value of the electron temperature. If
the uncertainties associated with the abundances from
the empirical methods are too high, no firm conclusions
on possible abundance variations can be drawn. Another
difference between the investigations by Kobulnicky &
Skillman (1996), Kobulnicky et al. (1997) and the one
presented here, concerns the size of the galaxies involved.
Both NGC 4214 and NGC 5253 have optical radii of 5–
6 times larger than NGC 6822, the galaxy which is the
subject of this investigation, and the size might play an
important role in the chemical homogenization of the ISM.
In order to bring more clarity to the problem of the pres-
ence or absence of chemical inhomogeneities, good quality
data, such as is presented here, should be included in the
investigation. Another investigation is presently being un-
dertaken by the authors which includes some other dwarf
galaxies, such as IC 4662 and IC 10.

NGC 6822 (DDO 209) is a Local Group dI with a
barred structure (de Vaucouleurs et al. 1991). NGC 6822
was chosen because of its proximity to the Galaxy, which
makes this object one of the best candidates for a thor-
ough study of chemical composition. NGC 6822 is one
of the best studied Local Group dI (e.g. Marconi et al.
1995; Gallart et al. 1996; Petitpas & Wilson 1998; Cohen
& Blakeslee 1998). This galaxy is also the closest dI to the
Milky Way at a distance of 0.48 Mpc (Hidalgo-Gámez &
Olofsson 1998). The absolute magnitude is Mb = −14.75
and the optical radius is 1.08 kpc (Hidalgo-Gámez &
Olofsson 1998). Recent observations at many different
wavelengths have been performed; radio (Israel 1997), in-
frared (Gallagher et al. 1991), UV (Longo et al. 1991) and
X-ray (Eskridge & White 1997). A total of 157 H ii regions
have been catalogued throughout the galaxy (Hodge et al.
1989).

The two largest and brightest H ii regions, located
at the northern part of this elongated galaxy, with only
320 pc separating them, are the ones under study here:
Hubble V and Hubble X. They have been selected be-
cause their large sizes and high surface brightnesses of-
fer a unique opportunity to study possible variations in
the chemical abundance of the elements within the H ii

regions. Even though they are the brightest regions in
NGC 6822 they are not comparable in luminosity to the
most powerful and bright H ii regions observed such as
the Orion nebula or 30 Dor. The Hα luminosity of Hubble
V is 4 1038 erg s−1, which is only about 5% of the Orion
complex (Hodge et al. 1989). These authors also deter-
mined the optical sizes, which are 112 pc for Hubble V
and 143 pc for Hubble X.

The oxygen abundance of these two H ii regions have
previously been determined by e.g. Peimbert & Spinrad
(1970), Lequeux et al. (1979), Pagel et al. (1980), Talent
(1980), Skillman et al. (1989). In all these studies,

Table 1. Coordinates and position angles of the H ii regions
observed. The standard position angle of EFOSC1 is 270o

H ii region α δ PA

Hubble V 19h44m57s −14◦43′41′′ 270◦

Hubble X 19h44m48s −14◦44′30′′ 270◦

relatively old instrumentation was used. Even though the
mean chemical abundances of many elements of Hubble V
and Hubble X agree well with the ones determined in
those investigations (see Sect. 5.4), the older instrumen-
tation could not allow spatially resolved studies of the
abundances.

Because of the good quality of the data presented here,
a two-dimensional mapping of Hubble V and Hubble X of
regions of 4 pc could be performed and therefore details
on small scales could be resolved. Apart from a determi-
nation of the elemental abundances of the two regions,
a mapping of the extinction, excitation and ionization
throughout both regions is possible, as well as a study
of the spatial distribution of chemical elements through-
out the regions. This concerns in particular nitrogen and
oxygen which are the elements with the most reliable data.

The next section is devoted to the description of the
acquisition of the data and its reduction. In Sect. 3 the
analysis is outlined. Section 4 is devoted to the extinc-
tion determination as well as the correction for underlying
stellar absorption in the spectra. The results and discus-
sions are presented in Sect. 5. Conclusions are presented
in Sect. 6.

2. Observations

Continuum-subtracted Hα images of Hubble V and
Hubble X are presented in Figs. 1a and b. The obser-
vations were carried out on the 10th of August, 1997
with the ESO 3.6 m telescope at La Silla, Chile. EFOSC1
was used to obtain spectra as well as Hα and continuum
images. The coordinates for the spectroscopical slit po-
sition centers and position angles are given in Table 1.
The images were used as an aid for positioning the slit.
A 512 × 512 pixel CCD (No. 26 in the ESO-listing) was
used as a detector. The total field-of-view of the CCD is
5.′2 × 5.′2 and the pixel size is 27 µm. Two grisms were
used for the observations. They covered a range in wave-
length between 3720–5530 Å in the blue (grism 6) and
5150–6900 Å in the red (grism 10). The resolution was
8 Å for both grisms. The original starting wavelength of
the grism of the blue spectral regions was 3740 Å and, in
order to include the forbidden emission line [OII]λ3727 Å,
a displacement towards the blue was introduced which re-
sulted in a central wavelength of 4500 Å. The slit, with
a width of 1.′′5 (in order to match the seeing conditions)
and a length of 3.′1 for the blue (the movable slit) and 3.′9
for the red, passed through the H ii regions in the E-W
direction. For the standard stars the slit was opened to
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Fig. 1. The continuum-subtracted Hα image of a) Hubble V
and b) Hubble X. North is up and east to the right

5′′. The total integration time for Hubble V was 50m in
the blue and 40m in the red and for Hubble X, 40m and
30m, respectively. For the target objects, the blue and red
spectral regions were observed consecutively in order to
ensure that the same location in each H ii region was ob-
served. Two subexposures were obtained in order to check
for cosmic events. The sky was clear at the zenith posi-
tion but there were some clouds just above the horizon.
The seeing conditions were stable throughout the night,
in particular during the observations of NGC 6822 with
a seeing of 1.′′25. The airmasses were 1.22 and 1.09 for
the blue and the red, respectively, for Hubble V. The cor-
responding values for Hubble X were 1.03 and 1.06. The
observations were performed outside the paralactic angle.
Due to the rather low air masses, small, or no corrections
for differential refraction were applied. It was found, fol-
lowing Table 2 of Fillipenko (1982), that the loss of light
in the vicinity of [OII]λ3727 Å was 2%. In such cases,
corrections were made.

The data was reduced with the software package
MIDAS. Bias and flat-fielding were performed in the
standard way, with bias-frames and continuum lamps.
Considering the negligible changes in the flat frames over
several consecutive nights, a single flat frame for each

Table 2. The maximum uncertainties in the intensities of the
emission lines of the 3r-spectra. These uncertainties correspond
to the spectra at the edges of the H ii regions

Line Hubble V Hubble X

(Å) (%) (%)

[OII]λ3727 61 41

[NeIII]λ3869 53 44

HeI λ3889 81 47

[NeIII]λ3970 75 50

Hδ λ4102 73 68

Hγ λ4340 64 19

[OIII]λ4363 75 85

HeI λ4471 67 68

Hβ λ4861 15 12

[OIII]λ4959 22 33

[OIII]λ5007 8 6

HeI λ5875 81 49

[NII]λ6548 94 94

Hα λ6563 16 6

[NII]λ6583 29 91

HeI λ6678 40 42

[SII]λ6716 67 29

[SII]λ6730 80 41

grism was used, averaging a total of 19 and 23 flat-frames
for the blue and red spectral regions, respectively. No sky
flats were performed and the spectral response of the CCD
was corrected by averaging the values in the spatial direc-
tion. The final frames, obtained by dividing the normal-
ized flat-fields by the averaged ones, were completely flat
along the spatial direction but with some small structures
in the spectral direction, even though the median was 1.00
in all cases. All the flat-frames were observed through the
1.′′5 slit. He-Ar lamps were used for the wavelength calibra-
tion. Due to the long exposures needed in order to obtain
a high signal-to-noise ratio, 2–3 arc-frames were obtained
during each night, with different inclinations in order to
check for flexures. No flexures were found along the lines,
nor in the arc-frames or in the sky lines observed in the
spectra. The calibrations resulted in rms of 0.28 and 0.40
using the blue and red grisms, respectively. The sky sub-
traction was performed using the batch in MIDAS, where
four points were needed. The method defined two regions
of the sky, normally one at each side of the emission re-
gion. Hubble V was quite well centered on the slit and
there was a sufficient number of pixels for an accurate
sky subtraction. In the case of Hubble X, a displacement
was evident towards one edge of the slit and only 20 pix-
els were available near this edge. In any case, due to the
large number of pixels at the other edge, an acceptable
sky subtraction could be performed. Only the sky lines
located near 6300 Å remained. The flux calibrations were
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performed with spectra of the standard stars LTT 1788
and LTT 1020. The accuracy of the calibrations was 5%
in the blue and 8% in the red spectral region. The atmo-
spheric extinction correction was made using the tables of
La Silla.

3. Analysis of the data

3.1. The handling of the data

One of the main goals of this paper is to study the spa-
tial distribution of chemical elements within the H ii re-
gions. The two-dimensional spectra (Figs. 2a and b, only
available electronically) were divided into three-row spec-
tra (hereafter, 3r-spectra). The spatial resolution of three
pixels corresponds to a seeing of about 1.′′5, since the
pixel size is 0.′′61/pixel for EFOSC1. A 3r-spectrum cor-
responds to a linear scale of 4.3 pc at the distance of
NGC 6822. The total number of 3r-spectra covering the
H ii regions was 44 for the blue and 54 for the red spec-
tral regions of Hubble V. The corresponding numbers for
Hubble X were 34 and 33. The number of 3r-spectra are
based on different lines in each spectral range, Hα in
the red and [OII]λ3727 Å in the blue, which are, nor-
mally, the most conspicuous emission lines in this type
of object. A crucial task is to ascertain that, using both
grisms, the pointing is towards the same location within
the H ii regions. The alignment of both the blue and the
red was performed with the aid of the continuum between
5200 Å and 5400 Å which is the range where the blue
and the red regions overlap. A displacement of 15 pix-
els resulted for Hubble V between the blue and the red.
Even though the overlapping was not perfect this resulted
in a deviation of less than one pixel. The situation is
more favourable for Hubble X where a displacement of
only one pixel was necessary in order to align both the
and the red. The problem with overlap is quite common
when one-arm spectrographs are used, such as EFOSC1.
This is due to small movements of the observational setup
(instrument+CCD+telescope) between the observations
using the blue and the red grisms.

The faintest lines were considered real detections when
the intensity was 1σ higher than the average noise level
in the vicinity of the line. Moreover, in order to estimate
the uncertainties due to the determination of the contin-
uum level and to avoid misidentification of noisy peaks
with weak lines, each 3r-spectrum was analysed several
times using several different continuum levels. Only spec-
tral lines which were detected in two of these were consid-
ered real detections.

At the resolution of 8 Å it was found that
some of the emission lines were blended, especially
[SII]λλ6716,6730 Å, [NII]λ6548 Å with Hα as well as
[OI]λ6300 Å with [SIII]λ6312 Å. For the blended lines a
special routine in the software was used which fits two
Gaussian profiles to the doublet to provide the intensity
of each line. These intensities were compared with those
obtained from the transition probability between lines of

Fig. 3. The spatially-averaged spectrum of a) Hubble V and
b) Hubble X. The figures are scaled in order to emphasize
weaker spectral features

the same ionization stage and the total intensity of the
doublet. Differences in the intensity values were added to
the uncertainties (see Sect. 3.2). In most cases, the agree-
ment was good. A set of intensities, normalized to the Hβ
emission line, for each 3r-spectrum was finally obtained.
Due to a difference of half a pixel between the blue and the
red spectral regions of Hubble V, the red region of each
3r-spectrum was normalized to the Hα line intensities.

Another point of interest is how to derive the aver-
age metallicity for each H ii region. In order to reach
an average, new spectra were obtained by summing all
the rows where the emission from the forbidden line
[OIII]λ4363 Å was detected. These are named spatially-
averaged spectra, and refer to the total nebular emission
from each H ii region within the slit. They correspond to a
total of 51 rows for Hubble V and 33 for Hubble X, which
give total physical sizes of 215 pc and 139 pc, respectively.
The spatially-averaged spectra are presented in Figs. 3a
and b.
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3.2. Errors in the continuum and line intensities

For any conclusive answer regarding possible variations in
the chemical abundance in H ii regions, a careful estimate
of the uncertainties of the continuum and line intensities
is of the utmost importance. In this analysis, different
sources of uncertainty have been considered: uncertain-
ties in the level of the spectral continuum with respect
to the line, uncertainties due to the different corrections
(in particular the extinction correction), uncertainties in-
troduced by the reduction procedure and uncertainties
due to the blending of spectral lines. The uncertainty in-
troduced by photon counting was found to be very small
in the parts of the spectra devoted to the analysis. This
is due to the low level of noise and this possible source of
error is therefore neglected.

It was noticed that the major contributor to the un-
certainty for each 3r-spectrum was the determination of
the continuum level. The uncertainties were estimated
using the dispersion of the raw intensity of each line. Even
though the uncertainties associated with the extinction
correction were important and accounted for in the error
analysis, they were in most cases smaller than the uncer-
tainties associated with the continuum.

The reduction procedure can also introduce uncertain-
ties. From our analysis it has been estimated that an im-
portant source of uncertainty in the resulting intensities
is the deviation of the response curve of the standard star
from the observed flux data. The deviations were esti-
mated to be 8% in the vicinity of the Hβ line, 4% close to
[OII]λ3727 Å and the [OIII]λ5007 Å line and 20% close to
[SII]λ6716 Å.

For the blended lines an additional error term was
added. In this case, the lines were deblended by a special
routine in the software. This term takes into account the
goodness of the deblending procedure performed by the
software. Uncertainties of 49% for [NII]λ6548 Å, 16% for
[SII]λ6716 Å and 36% for [SII]λ6730 Å were obtained for
Hubble V. The corresponding uncertainties for Hubble X
were 54% for [NII]λ6548 Å, 6% for [SII]λ6716 Å and 9%
for [SII]λ6730 Å.

All these uncertainties were summed for each spec-
trum. Table 2 presents the error percentage of the emis-
sion lines for each region. It should be noted that these
numbers correspond to those 3r-spectra with the lowest
signal-to-noise ratio in the emission line [OIII]λ4363 Å.
Therefore, they must be considered as the maximum sta-
tistical errors affecting the 3r-spectra. These spectra con-
tain, mainly, the outer part of the H ii regions and the
errors at the central parts, which will be the regions un-
der consideration in this investigation (see Sect. 5.3), are
smaller.

Systematic errors are much more difficult to assess.
These should, in particular, be introduced during obser-
vation. A possible source of error is bad columns on the
CCD. No evidence of systematic errors was found during
the course of this work although systematic errors cannot
be completely ruled out.

4. The correction for extinction and underlying
stellar absorption

In order to derive the abundances of the elements from the
intensities of the lines, two main corrections must be ap-
plied: the spectra must be corrected for underlying stellar
absorption and extinction.

4.1. The correction for underlying stellar absorption

The absorption features arising from the stellar compo-
nent can severely affect some emission line intensities. The
absorption affects, mainly, the Balmer lines but other lines
are also affected. In this analysis, an elaborate absorption
correction was applied. The line intensities were corrected
using the expression of McCall et al. (1985)

log I(λ) = log Io(λ)+
Av,c

8
[f(λ)−f(Hβ)]− log

(
1 +

Ev
eβ

)
where Io(λ) is the normalized intensity, f(λ) is the ex-
tinction law, Ev is the emission equivalent width of the
line used in the reddening correction, eβ is the absorption
equivalent width of Hβ and Av,c is a coefficient defined as

Av,c =
−8.0

[f(λ)− f(Hβ)]
log

 1 + Ev
e(λ)

1 + Ev(Hβ)
eβ


where Ev(Hβ) is the emission equivalent width of Hβ and
e(λ) the absorption equivalent width of the Balmer lines.
The emission equivalent widths of the Balmer lines are
obtained from spectra. A synthetic model of spectral evo-
lution (Olofsson 1995), with a metallicity of 40% of the
solar value and an age of a single burst of star formation
of 6 Myr, was used for the absorption values. Star forma-
tion under the assumption of a Salpeter initial mass func-
tion (Salpeter 1955) was assumed. The model was chosen
according to the metallicity values available in the litera-
ture (e.g. Pagel et al. 1980) and the ages of Hubble V and
Hubble X determined by Wilson (1992) (see Sect. 5.3.2).
This approach is more preferable than direct measure-
ments, due to the weakness of the absorption features in
the 3r spectra, especially in the Hγ line (the line used
for the reddening correction in Hubble V, see Sect. 4.2).
When measurable, typical values of 2–3 Å were obtained.

Following the absorption correction a new normaliza-
tion to the Hβ line and a reddening correction was applied.

4.2. The extinction correction

Besides the dust within the Galaxy, which has not been
corrected for in this analysis since this is only a matter of
scaling, dust could reside within the emission region itself.
In addition, dust may be uniformly distributed outside the
nebula but within NGC 6822, and made up of clumpy dust
grains (Caplan & Deharveng 1986). Since the extinction is
wavelength dependent, it will affect the relative intensities
of the lines and for an appropriate determination of the
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physical properties of the H ii regions, a correction for this
effect should be applied. There are two different methods
at hand. The first is based on a comparison of the intensi-
ties from the radio continuum and e.g. the optical Hβ line.
Since the extinction is negligible in the radio wavelength
region, the total extinction in the Hβ line is obtained di-
rectly (see e.g. Skillman 1984; Masegosa 1988 for details).
The second method is based on the Balmer emission line
decrement. The strength of the Balmer lines depends only
weakly on the electron temperature (Te), thus the ratio
between observed and theoretical line intensities gives a
measurement of the amount of extinction.

In this investigation, the Balmer decrement is used for
the extinction correction. The expression used was

Cβ = −(f(λ)− f(Hβ))−1 ln
(I(λo)/I(Hβo))
(I(λ)/I(Hβ))

where Cβ is the extinction coefficient in Hβ and f(λ) is
the extinction law. I(λo)/I(Hβo) is the observed intensity
of the line relative to Hβ and I(λ)/I(Hβ) is the theoretical
value determined for an optically thick gas (Brocklehurst
1971). The most often used extinction laws are the ones of
Whitford (1958) and the Whitford modified law (Savage
& Mathis 1979), although some others have been proposed
(e.g. Costero & Peimbert 1970; Schild 1977). As has been
claimed, the difference in the intensity of the lines as a
result of the use of different extinction laws is usually not
significant compared to the uncertainties associated with
the observations (McCall et al. 1985; Masegosa 1988). In
this study the Whitford modified law was used.

Due to the overlapping problem in the spectra of
Hubble V mentioned previously (see Sect. 3.1), the ex-
tinction coefficient was determined from the intensity of
the Hγ line instead of the Hα line. Following the redden-
ing correction of the lines, the red part was normalized by
the theoretical value of the ratio Hα/Hβ. Case B recombi-
nation was assumed with an Te of 10 000 K, which is close
to the Te determined with the use of the oxygen lines for
both regions. For Hubble X, the extinction coefficient was
determined using the Hα line.

As Caplan & Deharveng (1986) pointed out, the best
way of distinguishing between internal and external ex-
tinction is by comparing the extinction derived from the
optical Balmer decrement and the radio wavelength re-
gion. The latter part of the spectrum is evidently not
attainable in this investigation. In order to obtain some
clues about the location of the dust in the two H ii regions,
the Cβ , based on the Hγ line, and the Hα/Hβ emission
line ratio, normalized to their corresponding maxima, are
compared (Figs. 4a and b for Hubble V and X, respec-
tively). The Cβ derived from the Hγ line is preferred since
the Cβ based on the Hα line mimics the behaviour of
the Hα intensity, independent of the origin of the extinc-
tion. Although only a limited amount of information could
be extracted, some conclusions could be drawn. While
the Hα/Hβ ratio is approximately constant throughout
Hubble V, the Cβ varies. The same is true for Hubble X.
This is an indication of external extinction because, if the
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Fig. 4. a) The extinction across the face of Hubble V. The ex-
tinction coefficient, Cβ (——), based on the Hγ line is shown,
as well as the non reddening-corrected Hα/Hβ emission line
ratio (· · ·). East is to the left. The high peaks at the edges are
probably an effect of the poor signal-to-noise ratio in the outer
parts of the H ii region. b) The same for Hubble X. The extinc-
tion coefficient, Cβ (——), based on the Hα line, is visualized
in this case

extinction would be internal to the nebula, these two pa-
rameters should follow a similar behaviour. It must be
pointed out that the zero values in the Cβ in Figs. 4a
and b are mainly due to the fact that, for these spec-
tra, no extinction correction was made due the low signal-
to-noise ratio. Therefore, the zero points for the extinc-
tion are arbitrary. From the figures, it is also possible to
draw some conclusions about the distribution of the dust.
The situation is quite similar in both regions, with non-
distinct clumps present in Hubble X and a big clump of
dust throughout most of the eastern part of Hubble V.

Another indicator of internal extinction is the possi-
ble correlation between the emission line ratio [OIII]/[OII]
and Cβ (González-Delgado et al. 1994) because the dust
could be mixed with the ionized gas. Such a correlation
does not exist, either for Hubble V or for Hubble X. The
linear correlation coefficients are found to be rl = 0.05 and
rl = 0.01, respectively, which confirms the external origin
of the reddening.
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Table 3. Extinction coefficients, Cβ , derived from the Balmer
lines of the spatially-averaged spectra with non-corrected line
intensities

line Hubble V Hubble X

Hα 2.0 ± .4 -

Hγ 1.92 ± .04 1.16 ± .07

Hδ 2.05 ± .05 0.99 ± .01

H9 5.21 ± .07 5.08 ± .01

H10 5.28 ± .08 4.84 ± .01

H11 5.23 ± .08 3.22 ± .01

H12 5.03 ± .08 5.82 ± .02

The extinction coefficients for all the Balmer lines in
both regions were determined from the spatially-averaged
spectra. The results are presented in Table 3. There
are some indications of decreasing values with increasing
wavelengths. However, some exceptions, especially for Cβ ,
based on the Hδ/Hβ ratio in Hubble X, are seen. The in-
creasing values of Cβ toward shorter wavelengths is prob-
ably a result of underlying stellar absorption and cannot
be explained by the uncertainties in the measurements,
which are much smaller.

The colour excess E(B − V ) (de Vaucouleurs et al.
1991) determined in this investigation for the two H ii re-
gions correspond to 1.8 mag and 2.5 mag, respectively, in
the B-band. These rather high values indicate the presence
of a dust component external to the regions but internal
to the galaxy. The absorption within the Galaxy in the
B-band is only 0.86 mag. The E(B − V ) values derived
by Wilson (1992) and Marconi et al. (1995) agree with
the high values obtained here, but do not agree with the
E(B − V ) values obtained from previous spectroscopical
investigations.

We emphasize the use of the Hγ emission line in the
reddening correction of Hubble V instead of Hα due to the
lack of a perfect overlapping between the red and the blue
part of the spectrum. It is well known that the Hγ line is
more affected by underlying stellar absorption, but com-
paring the values of the extinction coefficients (Table 3)
determined with all the Balmer lines observed, no signifi-
cant differences are obtained, with the exception of spec-
tral lines with wavelengths shorter than Hδ.

All results presented in the following sections include
error estimates associated with the reddening correction.

5. Results and discussion

5.1. The ionic chemical abundances

Only those 3r-spectra for which the emission line
[OIII]λ4363 Å was detected were used in the determina-
tion of the chemical abundances. In Sect. 5.3 a discussion
of the limits of the signal-to-noise ratio is presented. The
total number of 3r-spectra was 17 for Hubble V and 16 for
Hubble X. A five-level atom two-zone model was used to

derive the chemical abundances (Bergvall 1999). The Te

in the high ionization zone (O++) is estimated using an it-
erative process based on the [OIII] line ratios (Osterbrock
1989). This method is often referred to as the temperature-
sensitive method. The temperature of the low ionization
zone (O+) was estimated using the relation of Vila-Costas
& Edmunds (1993).

The output from the model are the Te of the high and
low ionization zones of the nebula, the ionic abundances
of the lines as well as the total oxygen abundance and the
abundance ratio log(N/O). Also, the oxygen abundance
from semiempirical methods (Skillman 1989; McGaugh
1994) are provided for comparison. The electron density,
Ne, of the regions is determined from the ratio of the lines
[SII]λλ6716, 6730 Å. In cases of a poor signal-to-noise ratio
in these lines, or if the lines where not properly resolved,
the Ne was assumed to be 100 cm−3. This value is typical
for this class of objects.

No error estimates were used in the derivation of these
quantities; instead an alternative approach was made. The
intensity of each line was increased by its error percent-
age. With these updated intensities, new ionic abundances
were obtained and the uncertainties were estimated from
the difference between the two values.

It may appear that applying a two-zone ionization
model to individual H ii regions of less than 5 pc in
size could give unrealistic results, since in the most un-
favourable cases, a large portion of the ionization zone
could reside outside the region considered. This would
of course result in erroneous emission line ratios. As a
check, new frames covering the pixels corresponding to
four individual consecutive spectra, randomly chosen, for
Hubble V and Hubble X, respectively, were obtained and
two new sets of intensities were derived, as previously de-
scribed (see Sect. 3). The chemical abundances were com-
pared with the average values of the abundances derived
from the four individual spectra. While the average oxy-
gen abundance is 12+log(O/H) = 8.16 for Hubble V, the
oxygen abundance derived from the individual spectra is
8.20. For Hubble X, the value is 8.10 in both cases. These
results indicate that the differences are smaller than the
errors in the abundance determinations.

5.2. The derivation of the atomic chemical abundances

The atomic abundances of the elements are derived from
the ionic ones and the ionization correction factors (ICFs)
which take into account the non-observable ions for each
element.

For some elements, such as oxygen, no correction needs
to be applied since all important ionization stages are
within the wavelength range studied.

5.2.1. Helium

The ICF for helium is somewhat problematic since quite
contradictory results exist. Izotov et al. (1997) proposed
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that no ICF was necessary for helium. On the other hand,
Pagel et al. (1992) proposed the following expression

ICF = 1 + η(0.005 + 0.001η)

with η = O+

S+
S++

O++ (V́ılchez & Pagel 1988). The [SIII] abun-
dances could be obtained from the intensity of the line
[SIII]λ6312 Å, assuming the temperature for this region
to be the same as that for the O++ region. One problem
is that this line is blended with [OI]λ6300 Å and could af-
fect the ionic abundance as well as the ICF. Another flaw
is the absence of the lines at [SIII]λ9069, 9532 Å in the
spectra used in this analysis. Even though a determination
of the intensity of [SIII]λ6312 Å could easily be obtained,
the uncertainties imposed using this line would not allow
an accurate determination of the ICF. As a consequence,
no ICF was applied in the determination of the helium
abundance of the objects.

5.2.2. Nitrogen

The most commonly used ICF for nitrogen is
N(O)/N(O+) (Torres-Peimbert & Peimbert 1977)
because of the affinity of the ionization potential be-
tween the two species, and also because of the lack of
more highly ionized nitrogen in H ii regions when only
photoionization prevails. Garnett (1989) studied the
applicability of this ICF and concluded that it could be
applied to regions with metallicities lower than that of
the LMC (12+log(O/H) = 8.3).

5.2.3. Neon

A derivation of the total abundance of neon can also
be problematic since, in this investigation, only Ne++

appears in the wavelength region observed. The ICF pro-
posed is based on the proximity of the ionization potentials
between neon and oxygen and is given by

ICF =
N(O)
N(O++)

(Peimbert & Torres-Peimbert 1977). The main problem is
that for low excitation objects, this ICF predicts an un-
derestimate of the (Ne/O) ratio (Masegosa et al. 1994).
In order to clarify this situation a correlation between
the Ne++ and the O+ abundances was obtained for both
Hubble V and Hubble X. The linear correlation coeffi-
cients were rl = 0.10 and rl = 0.17, respectively, and it
was therefore concluded that the suggested ICF could be
applied.

5.3. The spatial distribution

In order to check for the reliability of the results, the
signal-to-noise ratio of each 3r-spectrum are plotted in
Figs. 5a and b (only available electronically). The signal-
to-noise ratio of the three emission lines, Hα, Hβ and
[OIII]λ4363 Å, follows a similar behaviour and only the

Table 4. Line intensities, normalized to Hβ, and total er-
ror estimates of Hubble V and Hubble X, averaged over the
whole of each region. The flux in the Hβ line is given in units
of erg s−1 cm−2

Ion λ (Å) Hubble V (±) Hubble X (±)

[O II] 3727 1.6 .1 2.3 .1

H12 3750 0.020 .001 0.015 .001

H11 3771 0.027 .001 0.041 .008

H10 3798 0.040 .002 0.039 .003

He I 3819 0.007 .001 0.008 .006

H9 3835 0.063 .002 0.057 .006

[Ne III] 3869 0.376 .007 0.338 .010

He I + H8 3889 0.189 .004 0.207 .008

[Ne III] 3970 0.268 .003 0.258 .008

+ H7

Fe I 4002 - - 0.005 .002

He I 4026 0.016 .001 0.013 .001

[S II] 4068 0.009 .001 0.012 .006

+ 4076

Hδ 4101 0.253 .002 0.280 .006

Hγ 4340 0.469 .005 0.49 .01

[O III] 4363 0.055 .003 0.048 .001

He I 4471 0.039 .001 0.037 .003

[Fe III] 4658 0.002 - - -

+ C IV

[Ar IV] 4711 0.004 .001 - -

+ He I

Hβ 4861 1 .1 1 .1

He I 4921 0.011 .004 0.006 .001

[O III] 4959 1.7 .1 1.41 .08

[O III] 5007 5.1 .3 4.2 .2

[N I] 5198 - - 0.005 .001

[Cl III] 5517 0.001 .000 0.023 .001

[Cl III] 5537 0.003 .000 0.02 .01

HeI 5875 0.063 .001 0.120 .004

[O I] 6300 0.011 .007 0.029 .009

[S III] 6312 0.006 .004 0.012 .004

[O I] 6363 0.004 .001 0.009 .002

[N II] 6548 0.006 .004 - -

Hα 6562 1.50 .07 2.859 .400

[N II] 6583 0.031 .009 0.073 .008

He I 6678 0.016 .003 0.030 .005

[S II] 6716 0.05 .01 0.11 .03

[S II] 6730 0.03 .01 0.07 .02

Cβ 1.9 1.4

Ev(Hβ) 234 165

σ(l)4363 17 15

log F (Hβ) −12.16 −12.41
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Fig. 6. The fractional ionization of Hubble V a) and X b)
defined as; [OIII]/Hβ (——), [OII]/Hβ (— —) and [NII]/Hβ
(· · ·)

absolute values change. The physical size of each region
is measured from the geometrical center of the nebula de-
termined from the Hα emission in the spectra. The west-
ern part corresponds to positive values. A region between
−80 and −20 pc and −80 and −30 pc could be defined
for Hubble V and Hubble X, respectively, where log(σ(l))
is higher than 0.9 (based on the intensity of the Hα emis-
sion line) or 0.5 (based on the intensity of [OIII]λ4363 Å),
where the signal-to-noise ratio was considered acceptably
high for a meaningful analysis (Rola & Pelat 1994).

Therefore, the study of possible spatial variations in
the physical properties of Hubble V and Hubble X is con-
sidered limited by the signal-to-noise ratio obtained and
only applies to the parts of each H ii region where this
ratio is sufficiently high. It should be pointed out that
in the case of Hubble V (Fig. 5a) some limitations exist.
From the figure it is evident that the signal-to-noise ratio
of the [OIII]λ4363 Å line shows a steep gradient close to
−80 pc. Also, this line is practically undetected close to
−35 pc and closer to the geometrical center the signal-to-
noise ratio is generally low. The situation for Hubble X
(Fig. 5b) is more favourable.
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Fig. 7. The excitation parameter, defined as [OIII]λ5007/Hβ
(——), of Hubble V a) and Hubble X b). The strong western
peak evident in Hubble V is probably an effect of the low signal-
to-noise ratio. The non reddening-corrected Hα/Hβ ratio is
also presented (· · ·)

5.3.1. The ionization structure

The ionization structure of Hubble V and Hubble X was
studied. The low and high ionization zones are plotted in
Figs. 6a and b. They correspond to the regions of the max-
imum intensity of O+ and O++, respectively. A general
definition of a high ionization region could be those geo-
metrical locations where the ratio O++/O+ is higher than
unity. The high ionization region is limited to between−90
and −10 pc in Hubble V and to −70 and −20 pc in Hubble
X. In both H ii regions, the high ionization region coincides
with the peaks in the excitation parameter (see the next
section). It is also evident from Figs. 6a and b that the
O+ zone coincides quite well with the N+ zone. This gives
strong support for the use of the ratio N(O)/N(O+) as
an ICF for nitrogen (see Sect. 5.2.2).

5.3.2. The excitation structure

The excitation parameter is defined as the ratio of the
two emission lines [OIII]λ5007/Hβ. Peaks in the excitation
parameter are seen at −65 and −55 pc in Hubble V and
Hubble X (Figs. 7a and b), respectively. This could be an
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indication of the location of the OB association within the
nebula, which is ionizing the region.

When comparing the two regions, it is evident that
they show quite a high level of excitation, with Hubble V
displaying somewhat higher absolute values across the
face of the object. There could be two reasons for this:
The most recent episode of star formation is younger in
Hubble V or the ionizing stars are hotter, and therefore,
more massive. A comparison of the equivalent width of
Hβ, Ev(Hβ), supports the first possibility, provided this
parameter traces the age of the region for a given IMF
(Copetti et al. 1986). This is in agreement with the con-
clusion by Wilson (1992). The age of Hubble X is deter-
mined by the latter from colour-magnitude diagrams and
suggests that it is 1.6 Myr older than the age of the last
event of star formation in Hubble V. Also, the OB associ-
ation in Hubble V contains four more massive stars than
that of Hubble X.

The non reddening-corrected Hα/Hβ ratio is also pre-
sented in Figs. 7a and b. The Hα/Hβ ratios of both re-
gions are rather high, values of 5 and 4.5 for Hubble V and
Hubble X were derived, respectively. These numbers are
close to those reported in the literature for these regions.
Talent (1980) obtained non-corrected intensities of 5.4 and
4.5 for Hubble V and Hubble X, respectively. It should be
emphasized again that these values are not corrected for
galactic extinction (see Sect. 4.2).

The [OIII]/[OII] ratio is also an indicator of excitation
and has a maximum at −65 pc in the case of Hubble V.
The same number for Hubble X is −50 pc. These posi-
tions coincide very well with the maxima of the excitation
parameter and is expected since the O+-zone is largely
temperature independent.

5.3.3. Real abundance variations or local temperature
fluctuations?

It is well known that temperature fluctuations in the
nebular gas could mimic variations in the abundance of
chemical elements. Temperatures derived from the neb-
ular continuum are distinctly lower than those derived
from the collisionally-excited emission lines, which could
be the cause of the different temperature measurements
(Peimbert 1967). González-Delgado et al. (1994) studied
the giant H ii region NGC 2363 located in the irregular
galaxy NGC 2366. They compared the average tempera-
tures derived from the Paschen continuum emission and
the [OIII] lines and found differences of at least 2000 K
using the two methods. Liu & Danziger (1993) derived the
same result from a study of 14 planetary nebulae (PNe).
On the other hand, Liu et al. (1995) used only the Balmer
discontinuity in a study of the Orion nebula and found
that the temperature seems constant, close to 9000 K,
over a large portion of the nebula. Obviously, the situa-
tion is rather confusing and, in this analysis, insufficient
spectral information was available, e.g. from the Balmer
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Fig. 8. The electron temperature, Te, over the face of Hubble
V a) and X b). The horizontal lines (solid) correspond to the
average value (solid) determined from the spatially-averaged
spectra with a 1σ deviation (dashed)

or Paschen discontinuities and no such comparison could
be made.

5.3.4. Electron temperatures and oxygen abundances

Figures 8a and b show the distribution of the Te over the
face of Hubble V and Hubble X, respectively, for which
average values of 11 500 K and 12 000 K were derived. For
the spatially-averaged spectra, the Te are 11 800 ± 50 K
and 11 950 ± 600 K for Hubble V and X, respectively
(see Table 5) and are marked in the figures with hor-
izontal lines. The spatial distribution of oxygen, deter-
mined with the use of the temperature-sensitive method
(Osterbrock 1989) over the face of Hubble V is presented
in Fig. 9a. The same is given for Hubble X in Fig. 9b. As
expected, the Te and oxygen abundance are distributed
in the same manner. It is evident that some variations in
oxygen abundance are found. They could reflect real vari-
ations in oxygen abundance or small temperature fluctua-
tions. An average value of 8.15 is obtained for both regions,
which agrees well with the abundances obtained from the
spatially-averaged spectra (Table 5). We note the very
small uncertainties derived for the center of Hubble X.
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Fig. 9. The spatial distribution of (O/H) in Hubble V a) and
Hubble X b). The region with sufficiently high signal-to-noise
ratio is considered to be between −80 and −20 pc for Hubble
V and between −80 and −30 pc for Hubble X. The horizontal
lines correspond to the average value (solid) determined from
the spatially-averaged spectra with a 1σ deviation (dashed)

5.3.5. The spatial distribution of helium, nitrogen
and neon

In order to study metallicity gradients within extragalac-
tic H ii regions, the distribution of some other elements,
such as helium and nitrogen, should be investigated. Many
studies have been devoted to the abundances of these el-
ements in galaxies with moderately low metallicity, e.g.
Garnett (1989), Garnett (1990) and Izotov et al. (1997).
Apart from oxygen, only a few studies have been per-
formed on the variation and possible inhomogeneities of
these elements within the H ii regions (Kobulnicky &
Skillman 1996; Kobulnicky et al. 1997). Some other tradi-
tionally controversial topics, such as the origin of nitrogen
or the abundance of primordial helium, have been anal-
ysed instead.

The emission lines used for a determination of helium
abundances are normally HeIλ4471 Å, HeIλ5875 Å and
HeIλ6678 Å. Other HeI (and, if present, HeII) lines can
also be used. Taking into consideration that some lines
could be affected by fluorescence and underlying stellar
absorption (Izotov et al. 1997), a weighted average value
for the helium line intensity was obtained. Only two of
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Fig. 10. The spatial distribution of (He/H), by number, in
Hubble V a) and Hubble X b). The horizontal lines correspond
to the average value (solid) determined from the spatially-
averaged spectra with a 1σ deviation (dashed)

the above mentioned lines were used for the abundance
determination. The line Heλ5875 Å was excluded from
the abundance determination due to its proximity to the
NaIλλ5890, 5896 Å lines. The latter can be of stellar as
well as interstellar origin.

Figures 10a and b show the spatial distribution of he-
lium, by number, over the face of both Hubble V and
Hubble X. The situation for Hubble V (Fig. 10a) is some-
what confusing. The figure shows strong variations in the
(He/H) ratio over the face of the object. In the eastern
part, the values are rather close to those predicted by the
hot Big Bang model. However, considering the low signal-
to-noise ratio in parts of the spectra of Hubble V, this be-
haviour is to be expected. The helium abundance within
Hubble X (Fig. 10b), on the other hand, is constant at
(He/H) = 0.10.

The distribution of nitrogen in both regions is pre-
sented in Figs. 11a and b. In the parts of the H ii regions
considered, the nitrogen abundance is more or less con-
stant, close to log(N/H) = −5.60 and −5.50 for Hubble V
and Hubble X, respectively. These values agree with those
derived from the spatially-averaged spectra (Table 5). The
derived numbers are rather typical for this class of ob-
jects (e.g. Izotov et al. 1997). Some variations could be
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Table 5. The spatially-averaged parameters derived for the
H ii regions Hubble V and Hubble X. The bottom row refers
to a determination of the oxygen abundance with the use of
the semi-empirical method (McGaugh 1994)

Hubble V Hubble X

Te(O
++) 11 800 (± 50) K 11 950 (± 600) K

Tion 48 500 (± 3900) K 46 000 (± 3100) K

12+log(O/H) 8.10 (± .03) 8.12 (± .04)

ICF(N) 3.2 (± .8) 5.0 (± .1)

12+log(N/H) 6.5 (± .2) 6.4 (± .3)

log(N/O) −1.58 (± .04) −1.7 (± .1)

ICF(Ne) 1.4 (± .2) 1.2 (± .3)

12+log(Ne/H) 7.3 (± .1) 7.4 (± .3)

log (Ne/O) −0.78 (± .05) −0.8 (± .2)

He/H 0.079 (± .002) 0.10 (± .02)

Y 0.240 (± .005) 0.289 (± .007)

12+log(O/H)sem 8.07 8.09

argued for, especially the overabundance of nitrogen close
to −30 pc in Hubble V (Fig. 11a). However, considering
the uncertainties, no firm conclusions regarding the pres-
ence of fluctuations in nitrogen abundance in the region
could be drawn, since this could be an effect of the low
signal-to-noise ratio.

The spatial distribution of neon over the face of the
two H ii regions is presented in Figs. 12a and b. The
lines used for the determination of the abundance of neon,
[NeIII]λ3869 Å and [NeIII]λ3970 Å, could be affected by
metal-line blanketing. Due to the relatively low metallic-
ity of these regions, this effect should not be too crucial
for this analysis, even though some uncertainties are intro-
duced. The average values obtained, log(Ne/H) = −4.70
and −4.60 for Hubble V and Hubble X, respectively, show
good agreement with the spatially-averaged abundances
(Table 5).

5.4. The spatially-averaged abundances of Hubble V
and Hubble X

As previously mentioned, a spectrum for each region
was obtained by summing all the pixels where the line
[OIII]λ4363 Å was detected. The total number of pix-
els for Hubble V and Hubble X corresponded to sizes of
75 and 67 pc, respectively. These two spatially-averaged
spectra were corrected for extinction and absorption as
described previously. Table 4 presents the intensities, nor-
malized to Hβ, and the total error estimate of each line,
as described in Sect. 3. The extinction parameters, deter-
mined using Hγ for Hubble V and Hα for Hubble X, are
also given. The equivalent width and the flux of Hβ as well
as the signal-to-noise ratio measured in the vicinity of the
line [OIII]λ4363 Å are presented in the table as well.
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Fig. 11. The spatial distribution of (N/H) in Hubble V a) and
Hubble X b). The horizontal lines correspond to the average
value (solid) determined from the spatially-averaged spectra
with a 1σ deviation (dashed)

The spatially-averaged abundances of helium, nitro-
gen, neon and oxygen are presented in Table 5, as well as
the corresponding ICFs. The abundance ratios log(N/O)
and log(Ne/O) are also presented. Finally, the Te and the
temperature of the ionizing radiation, Tion (see Sect. 5.5),
derived for the two regions are given, as well as the oxy-
gen abundances obtained with the semiempirical method
(McGaugh 1994).

The total helium abundance was obtained, as in the
case of the 3r spectra, from the weighted sum of the helium
abundance from the lines Heλ4771 Å and Heλ6678 Å. No
ICF was used for the reasons discussed in Sect. 5.2.1. Both
(He/H) and Y (the mass fraction of helium) are compiled
in Table 5.

The ratio log(N/O) has been determined for both re-
gions (Table 5). From a comparison with a sample of dI
(Garnett 1990) and blue compact galaxies (BCG) (Izotov
& Thuan 1999) it can be concluded that Hubble X has a
value slightly lower than the average derived from those
investigations, which is log(N/O) = −1.5.

The ratio log(Ne/O) is −0.78 and −0.8 for Hubble V
and Hubble X, respectively. A comparison of the sample
of dI by McCall et al. (1985) and BCG (Izotov & Thuan
1999) was made. It can be concluded that the spatially-
averaged ratio is normal for this type of object. One should
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Fig. 12. The spatial distribution of (Ne/H) in Hubble V a) and
Hubble X b). The horizontal lines correspond to the average
value (solid) determined from the spatially-averaged spectra
with a 1σ deviation (dashed)

also note the small difference in the total neon abundance
between the two regions which is in good agreement with
the results from the spatially-averaged oxygen abundance.

A number of studies focused on NGC 6822 was se-
lected for comparison, such as Peimbert & Spinrad (1970),
Lequeux et al. (1979), Talent (1980), Pagel et al. (1980),
and Skillman et al. (1989). The extinction coefficients and
the elemental abundances from those investigations are
presented in Table 6. The oxygen abundance is reported
in all the studies selected.

From an inspection of Tables 5 and 6 it is clear that the
abundances obtained in this study agree well with those
presented by Pagel et al. (1980). It should be pointed out
that despite the relatively high extinction found for both
regions, quite different from the one obtained by Pagel
et al. (1980), the Te’s and oxygen abundances for both H ii

regions are similar in both investigations. This is also true
for log(N/O) of Hubble X. The differences obtained in the
extinction values could be due to a different positioning
of the slit within the H ii regions.

5.5. The temperature of the ionizing radiation

In order to more clearly understand the origin of some
features observed in the spectra of Hubble V and Hubble

Table 6. Elemental abundances of Hubble V (HV) and Hubble
X (HX) from previous investigations found in the literature
(determined with the use of the [OIII] lines). The marking
(*) refers to ionic abundance ratios. References: 1) Peimbert &
Spinrad (1970); 2) Lequeux et al. (1979); 3) Pagel et al. (1980);
4) Talent (1980); 5) Skillman et al. (1989)

1 2 3 4 5

Cβ HV 0.32 1.04

HX 0.75

Te(O
++) HV 12 180 11 510 11 000 11 410 11 450

HX 10 900 11 500 10 920

12+log(O/H) HV 8.09 8.20 8.19 8.28 8.22

HX 8.27 8.09 8.31

log(N/O) HV −1.77 −1.69 −1.7*

HX −1.74

log(Ne/O) HV −0.66 −0.85

HX −0.66 −0.75

N(He)/N(H) HV 0.094 0.081

HX 0.084

X, e.g. the state of ionization, the Tion was derived. This
was performed using a model of spectral evolution of
Olofsson (1997). The Tion was determined by compar-
ing the spectral energy distribution shortwards of the
Lyman limit at a given age of a single-burst stellar pop-
ulation and metallicity with model stellar atmosphere
spectra of Kurucz (1992) and Howarth & Lynas-Gray
(1989) at the corresponding metallicity in the tempera-
ture range 33 000–55000 K and log g = 4.0−5.0. This
was accomplished using a method of least square sum-
mation. The input to the model is the empirical oxy-
gen abundance, the line ratios R23 and R33, defined as
R23 = ([OII]λ3727 +[OIII]λλ4959,5007)/Hβ and R33 =
[OIII]λ4363/[OIII]λλ(4959+5007), as well as the number
of Lyman continuum photons, derived from the flux in
the Hβ emission line of the two regions. Weighted average
Tion’s are shown in Table 5, where those obtained from the
R23 ratio are given a higher weight due to the uncertainties
in the measurements of the [OIII]λ4363 Å line, which will
strongly affect the R33 ratio. As evident, the ionization
temperature is rather high (Tion= 48 500 and 46 000 K for
Hubble V and Hubble X, respectively). This could explain
the presence of emission lines such as HeIλ4026 Å and
[SII]λλ4068+4076 Å since these elements and ionization
stages have approximately equal ionization potentials.
The nebular [ArIV] line is present in the spectra which
is not the case for the nebular HeIIλ4685 Å line. This is
most likely due to the higher ionization potential of the
HeII line.

A comparison of a sample of BCG where HeII was de-
tected (Campbell et al. 1986) was made in order to deter-
mine how the Tion is linked to the appearance of HeII lines.
The Te’s were derived from Campbell et al. (1986) and
the Tion’s were taken from Cerviño & Mas-Hesse (1994).
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For the six galaxies where both temperatures were avail-
able, all except one (Tol 1004-296s), had Te’s higher than
13 000 K but the Tion’s proved to be very different ranging
from 38 900 K (Tol 1004-296s) to greater than 55 000 K
(Tol 1214-277). This indicates that the presence of HeII
in an H ii region is not necessarily related to a higher
Tion, and that there should be another parameter involved,
e.g. the metallicity (Cerviño & Mas-Hesse 1994; Olofsson
1997). In support of this is the fact that of the metallic-
ity of the six galaxies in Cerviño & Mas-Hesse (1994), all
except one, Tol 1004-296s, have 12 + log(O/H) ≤ 8.

5.6. A contribution from other sources of ionization?

The major source of ionization in this type of object is
photoionization by hot stars. However, a contribution to
the total ionization by other sources, such as PN ejection,
shock-heating from SN ejecta and non-thermal radiation,
cannot, a priori, be ruled out. The intensity of some
emission lines are strongly enhanced in the presence of
other sources of ionization. The emission lines [OI]λλ6300,
6363 Å and [ClIII]λλ5517, 5537 Å, are clearly present in
the spectra of Hubble V and Hubble X. The [OI] lines,
especially, indicate the presence of shock-heating or non-
thermal emission. The latter source can be ruled out due
to the absence of highly ionized species, such as FeX, or
broad emission lines, which are typical of active galaxies.

Considering the uncertainties associated with the weak
[OI] lines, their intensities measured in the H ii regions
studied here could be explained by pure photoionization
(Stasińska 1990) and therefore no correction for shock-
heating to the line intensities was considered necessary.

The [ClIII] lines are mainly reported in studies of PNe
(e.g. Saurer 1998) but also in some BCG, as evident in
the sample of Izotov et al. (1997). A possibility is that
these lines appear because of the high Tion in the regions.
The ionization potential of [ClIII] is about 40 eV, which
is smaller than that of He II (54.4 eV). In this case, the
lines could be ionized if the radiation is hard enough and
is observable only when the data is of sufficiently high
quality due to their low abundances.

In order to check whether PNe contribute to the
total emission, diagnostic diagrams of Baldwin et al.
(1981) were obtained for all the spectra where the lines
were present. The diagrams which included the emission
line ratios of [OII]λ3727 Å, [OIII]λ5007 Å, [OI]λ6300 Å,
[NII]λ6583 Å, Hα and Hβ were used. It was obvious that,
in all diagnostic diagrams, the observed line ratios were
located within the position of ordinary H ii regions ion-
ized by hot stars. The same is true for the spectra where
the [ClIII] line were detected. Even if the line ratios corre-
spond to H ii regions, the PNe could be positioned behind
these, considering the weakness of the [ClIII] lines. Thus,
the origin of the [ClIII] lines could be nebular or due to
PNe, but the relative amounts are difficult to assess. A
comparison with photoionization models does not give a
definitive answer due to uncertainties in the modeling as
well as in the measurements.

Whatever the origin of chlorine, the abundance of
[ClIII] can be estimated. These lines are not included in
the software used for the abundance determination, but
assuming that the Te is roughly the same as that for the
[OIII] region (Izotov et al. 1997), the expression for the
nebular P 3 transitions from Aller (1984) could be used.
The expression is

N(Xi)
N(H+)

= aLj(x, t)
√
tEo

4,210d/t
I(λ)
I(Hβ)

where t = 10−4/Te is the diagnostic temperature parame-
ter, a, d and Eo

4,2 are constants for each t and Lj(x, t) is a
tabulated function which depends on the temperature, the
density and the atomic transition. The numbers obtained
are N(Cl++)/N(H+) = 0.83± 0.2 10−8 and 8.55± 2 10−8

for Hubble V and Hubble X, respectively. One could spec-
ulate whether the higher abundance of Cl++ in Hubble
X could have implications for the star formation history,
e.g. the shape of the IMF, since PN ejection is restricted
to stars of low mass. A simple explanation could be an
excess of PNe in Hubble X, if a harder radiation field in
this region is ruled out. However, considering the uncer-
tainties involved, in combination with the fact that only
singly-ionized chlorine is observed, no conclusions regard-
ing the relative number of PNe between the two regions
can be drawn.

The abundances obtained can be compared to those
of a sample of BCG (Izotov et al. 1997). The average
value of Cl++ for the 11 galaxies where [ClIII] is de-
tected is 2.65 10−8, which is an intermediate value be-
tween those for Hubble V and Hubble X. Also, the ra-
tio log(Cl++/O++) can be determined. Values of −4.01
and −3.10 are obtained for Hubble V and Hubble X, re-
spectively. No direct comparison could be made with the
results of the sample of Izotov et al. because they used
the atomic abundances of chlorine but without giving any
details regarding the explicit form of the ICF used.

5.7. Small and large scale mixing of chemical elements

5.7.1. Small scale variations

There are some gaseous mixing processes which act on
scales of a few tens of parsecs. Local enrichment of gas
ejected at SN explosions may be the most important, but
also turbulent diffusion and fluid instabilities could have
an effect on timescales of 107–108 yr (Roy & Kunth 1995)
for H ii regions of sizes of the order of 1 kpc. The regions
studied in this analysis are about a factor of two smaller,
which suggests that the timescales involved should be
shorter by a factor of about ten. Even if turbulent dif-
fusion and fluid instabilities are considered more efficient
in large disk galaxies they cannot be completely ruled out
in the case of dwarf galaxies.

The most remarkable characteristic of the oxygen dis-
tribution in Hubble V (Fig. 9a) is a deviation from the
average value at −43 pc of 0.16 dex from the spatially-
averaged value. A similar behaviour is noticed in Hubble X
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Fig. 13. The spatial distribution of log(N/O) in Hubble V a)
and Hubble X b). The horizontal lines correspond to the aver-
age value (solid) determined from the spatially-averaged spec-
tra with a 1σ deviation (dashed)

(Fig. 9b) at −68 pc of 0.13 dex from the spatially-averaged
value. Considering the relatively small uncertainties mea-
sured at both locations, which included all the possible
sources of uncertainty affecting the determination of the
chemical abundances, the overabundances could not be
ascribed to uncertainties in the oxygen abundance. This
could represent real local overabundances of oxygen or
could be an effect of local temperature fluctuations. If local
enrichment from massive stars is the cause of the increase
of the oxygen abundance, neon should show a similar be-
haviour, due to the fact that both elements are, mainly,
the result of type II SN explosions with stars more massive
than ∼10 M� as progenitors. This is, however, difficult to
assess, due to the high uncertainties involved, especially
in the case of Hubble V.

As previously mentioned, an overabundance of nitro-
gen is detected at −30 pc in Hubble V (Fig. 11a). Also, at
this location, one sees a variation in the helium abundance
(Fig. 10a). The differences with respect to the average
values are 0.15 dex in the nitrogen abundance and 0.25
dex in the helium abundance. This location also shows
a difference in the log(N/O) ratio with respect to the
spatially-averaged value, evident in Fig. 13a. The distri-
bution of log(N/O) resembles that of log(N/H). At the
most western part, the large scatter is probably due to
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Fig. 14. The spatial distribution of log(Ne/O) in Hubble V
a) and Hubble X b). The horizontal lines correspond to the
average value (solid) determined from the spatially-averaged
spectra with a 1σ deviation (dashed)

the low abundance of oxygen. The high value of the oxy-
gen abundance at−45 pc corresponds to a low value in the
log(N/O) ratio, which indicates a real overabundances in
oxygen. Figure 13b shows the log(N/O) ratio for Hubble
X and it is clear that no major deviations from the average
value are found across the H ii region.

A possible explanation for the overabundances in he-
lium and nitrogen could involve Wolf-Rayet stars. It is
well known that winds from these stars could pollute the
ISM (e.g. Maeder 1991). As previously mentioned, features
typical of this type of star are absent from the spectra of
Hubble V and X. Considering the typical temperature of
the winds expelled from the stars, the cooling time needed
to observe the elements in the optical region is longer
(107 years) than the typical lifetime of the spectral fea-
tures, assuming a short episode of star formation (which
is of the order of 105 years). The lack of helium or nitro-
gen overabundances in the so-called Wolf-Rayet galaxies
(Kobulnicky et al. 1997) is suggestive of such a situation.

Figures 14a and b show the spatial distribution of
log(Ne/O) over the face of Hubble V and X, respectively.
A deviation from a constant value could be interpreted as
a variation in the distribution of oxygen or neon due to
mechanisms other than gas ejection from massive stars.
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The results show that the log(Ne/O) ratio is largely con-
stant, especially in Hubble X, which indicates a similar
origin for both elements. The local underabundance in
the log(Ne/O) ratios at −47 pc and −22 pc in Hubble
V could indicate a real depletion of neon, with respect to
oxygen. One can also note that these locations are not spa-
tially coincident with the higher-than-average locations in
oxygen abundance (Fig. 9a). This could rule out a local
enrichment from massive stars.

5.7.2. Large scale mixing of chemical elements:
A comparison between Hubble V and Hubble X

Another objective of this paper is to study possible varia-
tions in the chemical content, comparing H ii regions in dI.
A more detailed discussion will be presented in a second
paper (Hidalgo-Gámez et al. 2001).

Different mechanisms at different length- and
timescales are responsible for a chemically well-mixed
medium (Roy & Kunth 1995). Epicyclic mixing for rotat-
ing disk galaxies or the presence of bars and superbubble
expansion, among other phenomena, would erase any
abundance variations on timescales less than 109 yr. In
the case of low-mass dwarf galaxies, some of the above
mentioned mechanisms are less efficient or do not operate
at all and the mixing of the elements in the ISM would be
severely delayed. Other processes, such as selective loss
of chemical elements through galactic winds and the low
efficiency of mixing in a hot interstellar medium would
make the variations larger in dwarf galaxies with long
dormant phases between star-forming events.

The derived parameters for the two H ii regions are
presented in Table 5. It is clear that the oxygen abundance
in both regions is about the same, within the uncertain-
ties. For nitrogen and neon no major differences between
the regions are found. The situation for helium is different.
As evident from Table 5, the (He/H) abundance ratio in
Hubble V is about 2/3 that of Hubble X. This difference
is certainly larger than the uncertainties in the measure-
ments and should be considered real. The reason for the
different values derived is unclear, especially in light of the
fact that the other elements are similar if the two H ii re-
gions are compared. Uncertainties in the ICF can be ruled
out since no HeII lines are observed in either spectra which
implicate that the ICF should be close to one.

One possible explanation for the similarity in inter-
nal physical properties is probably the proximity between
Hubble V and X, about 320 pc. Both H ii regions are lo-
cated in the same part of the galaxy, the northern edge
of the bar. An argument favouring the efficient mixing of
chemical elements between these H ii regions is the ex-
istency of a bar which will flatten the abundance gradi-
ent, not only along, but also across the bar. Moreover,
from the properties of the OB associations found in NGC
6822 (Wilson 1992) the star formation processes are simi-
lar. Also, the star formation history of both regions could
be very similar. Israel et al. (1996) derived a recent star

formation rate of 0.02 M� yr−1 kpc−2 from infrared data
for both regions. With this in mind, and considering the
proximity of the two regions, it could be concluded that
the mixing of the elements in the medium in the vicinity
of Hubble V and Hubble X has been very efficient and the
abundances of chemical elements are very similar, with
differences of the same order as the error estimates.

Apart from possible inhomogeneities from previous
events of star formation in the region, ongoing events
could pollute the ISM of each region. Comparing the ages,
6.6 and 8.2 Myr, respectively, and the time the elements
ejected from SNe need in order to reach the temperature of
the ISM (typically of the order of 50 Myr), it is clear that
those elements are too hot to be observed in the optical
region. The possible chemical inhomogeneities detected in
the optical region will be due to poor mixing of the ele-
ments from previous star-forming events.

6. Conclusions

A detailed study of the distribution of helium, nitrogen,
oxygen and neon within the two major H ii regions, Hubble
V and Hubble X, in the dI galaxy NGC 6822 was made.
Due to the high quality of the data, elemental abundances
in regions of approximately 4.3 pc were derived. The study
of local enrichment in galaxies at small scales has been
made previously, mainly for oxygen. Studies of variations
in the helium, nitrogen and oxygen abundances in this
type of object on scales as small as 4 pc have not previ-
ously been reported in the literature.

Indications of variations in the chemical abundances of
oxygen, and possibly nitrogen, were found within the two
H ii regions. This could be real local chemical overabun-
dances or could simply reflect local temperature fluctua-
tions. Also, the extinction of Hubble V and Hubble X was
studied and indicated an origin external to the H ii re-
gions. The physical properties of Hubble V and Hubble X
are similar. This is related to the timing of the last episode
of star formation, the star formation rates and the chem-
ical abundances. This suggests that, due to the proximity
of the two H ii regions, they could have influenced each
other dynamically.
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404 A. M. Hidalgo-Gámez et al.: Chemical abundances of NGC 6822. I.

References

Aller, L. H. 1984, Physics of the gaseous nebulae (Reidel
Publishing Co., Dordrecht)

Baldwin, J. A., Phillips, M. M., & Terlevich, R. 1981, PASP,
93, 5

Belley, J., & Roy, J.-R. 1992, ApJS, 78, 61
Bergvall 1999, private communication
Brocklehurst, M. 1971, MNRAS, 153, 471
Campbell, A., Terlevich, R., & Melnick, J. 1986, MNRAS, 223,

811
Caplan, J., & Deharveng, L. 1986, A&A, 155, 297
Cerviño, M., & Mas-Hesse, J. M., 1994, A&A, 284, 749
Cohen, I. G., & Blakeslee, J. P. 1998, AJ, 115, 2356
Copetti, M. V. F., Pastoriza, M. G., & Dottori, H. A. 1986,

A&A, 156, 111
Costero, R., & Peimbert, M. 1970, Bol. Obs. Ton. Tac., 5, 229
Dinerstein, H. L. 1990, The interstellar medium in galaxies, ed.

Thronson, & Shull, 257
Eskridge, P. B., & White, R. E. III. 1997, AJ, 114, 988
Ferguson, A. M. N., Gallagher, J. S., & Wyse, R. F. G. 1998,

AJ, 116, 673
Fillipenko, A. V. 1982, PASP, 94, 71
Gallagher III, J. S., Hunter, D. A., Gillett, F. C., & Rice, W.

1991, ApJ, 371, 142
Gallart, C., Aparicio, A., Bertelli, G., & Chiosi, C. 1996, AJ,

112, 2596
Garnett, D. R. 1989, ApJ, 345, 282
Garnett, D. R. 1990, ApJ, 363, 142
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