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Abstract. Recent abundance determinations of galactic H II regions and
planetary nebulae are reviewed. The presence ot O/H and N/H abundance
gradients is well established; there is observational evidence indicat-
ing the presence of N/S, He/H and C/H abundance gradients. Some implica-
tions of these results are discussed.

1. 1NTRODUCTION

The presence of abundance gradients of O/H, N/H and N/S in external
galaxies is now well established (e.g. Searle 1971, Benvenuti et al.
1973, Shields 1974, Comte 1975, Peimbert 1975, Smith 1975, Sarazin 1976,
Jensen et al. 1976, Collin-Souffrin and Joly 1976). Recent observations
of the interstellar medium indicate that a similar situation prevails

in the Galaxy. It is the purpose of this review to discuss these obser-
vations.

2. PLANETARY NEBULAE, PN

A review of PN abundance determinations is presented elsewhere (Peimbert
1978a). Barker (1974, 1978), D'Odorico et al.(1976),.Aller (1976),
Torres-Peimbert and Peimbert (1977) and Kaler (1978) have studied the
presence of abundance gradients in the Galaxy. To study the presence of
abundance gradients in the disk of the Galaxy from PN it is necessary to
select Type II PN which are of population I and that apparently have not
been affected by considerable helium enrichment due to their own stellar
evolution (Peimbert 1978a). Based on these considerations the results
for PN of Type II by Torres-Peimbert and Peimbert (1977) are presented
in Table I and Figure 2.

Kaler (1978) has rediscussed the He/H abundance ratios from a larger
sample of PN than those used in previous studies and confirms that there
are systematic abundance differences as reported by D'Odorico et al.
(1976) and Torres-Peimbert and Peimbert (1977), he finds that the He/H
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abundance ratios diminish with increasing distance above the galactic
plane, with increasing radial velocity and with increasing distance to
the galactic center. Kaler attributes the radial gradient as due mostly
to an excess of population II PN in the anticenter direction and not to
the presence of an interstellar gradient.

In the solar neighborhood the N/O abundance ratio in PN of Type II
is larger than in H II regions by about a factor of four while the O/H
abundance ratio is similar (Torres-Peimbert and Peimbert 1977), this
result agrees with the idea that PN are producing nitrogen without
affecting their O/H ratio and consequently that their O/H ratio can be
used as a tracer of Interstellar medium abundances at the time the
parental star was formed. In Figure 2 we present the N/O versus O/H plot
for PN of Type II.

There is some controversy regarding the carbon abundance in PN, the
faint permitted lines in the visual indicate carbon overabundances with
respect to the solar value (Torres-Peimbert and Peimbert 1977, Aller
1978, Shields 1978), while the ultraviolet C III and C IV lines indicate
more normal abundances (Bohlin et al.1978, Pottasch 1978). In gas rich
regions where star formation has not been appreciable one would expect
the C/H and O/H gradients to be similar, as more gas condenses into stars
the C/H gradient should become less steep than the O/H gradient because
some C is transformed into N, nevertheless if stars like PN are ejecting
carbon rich material produced in them then the C/H gradient could be
steeper than the O/H one. Panagia et al. (1977), Tinsley (1978) and
Mallik (1978) have studied the relevance of the PN enrichment of the
interstellar medium under various assumptions regarding the N and C
overabundance as well as the rate of PN formation.

3. H II REGIONS

Recently several investigations devoted to the study of abundance gra-
dients across the disk of the Galaxy have been carried out, the results
are presented in Table I. We decided to combine the results of all the
observers and redetermine the N/H, O/H and Nt/S* abundance gradients
considering only those objects in which the electron temperature had
been determined observationally, the results are presented in Table I
and Figure 1. The reduction procedure, that includes ionization correc-
tion equations, spatial temperature fluctuations (t2= 0.035 was adopted)
and atomic data, was the same for all the abundance determinations. The
logarithmic abundance gradients from this sample were computed and are
presented in Table I, equal weight was given to all the points and in
those cases where the same object was observed by different groups we
considered the results as independent. To compute the N/H gradient the
results for NGC 2359 were not considered because the central star, WR
of type N5,is losing mass at a very high rate, and this material is
probably nitrogen rich.
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TABLE I

Solar Neighborhood Abundance Gradients*

Object He/H  C/H O/H N/H Nt/st  Objects with  Refer-
observed Te ence
PN -0.02 -0.06 -0.18 15 (1)
H II -0.0k 0 (2)
HII -0.02 -0.13 -0.23 -0.09 5 (3)
H II 0.00 -0.04 -0.10 -0.05 5 (L)
H II -0.11 -0.11 -0.06 i (5)
H II -0.09 -0.09 -0.12 -0.05 L (6)
H II -0.10 -0.1k4 -0.05 18 (7)

% Given in d log(X/Y)/dR kpe~!.

(1) Torres-Peimbert and Peimbert 1977, (2) Sivan 1976, (3) Peimbert

et al.1978a, (4) Hawley 1978, (5) Talent and Dufour 1978, (6) Peimbert
and Torres-Peimbert 1978, (7) this paper.
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Figure 1. Oxygen and nitrogen abundances versus galactocentric
distance for galactic H II regions. The solid lines represent
the least-squares solution. For the nitrogen solution NGC 2359
was not included.

There are three possible explanations for the scatter in the abun-
dances at a given R present in Figure 1: a) observational errors due to
the faintness of the auroral lines needed to determine the electron
temperature, b) inadequate abundance determination procedures, i.e.
improper ionization correction factors or temperature distribution scheme,
c) real abundance differences. In Figure 1 some of the points represent
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the same object observed by different groups which implies that the
scatter due to observational errors amounts to 0.2 dex. We cannot rule
out the absence of real abundance differences between H II regions at
the same galactocentric distance, these differences, if present, cannot
amount to more than a factor of two. Chevalier (1978) has studied the
problem of element mixing in the interstellar medium and possible causes
for abundance differences at a given galactocentric distance.

If instead of fitting an exponential curve to the observations we
do a linear fit with the data presented in Figure 1, it is found that
0/H= 0 for R= 15.77 kpc and N/H= 0 for R= 1L4.25 kpc. These fits are
reasonably good and imply that very little star formation activity has
taken place at galactocentric distances larger than R= 15 kpc. In this
review it has been assumed that Rg= 10 kpc.

It is relatively easy to observationally determine N*/S* abundance
ratios in H II regions and therefore to derive its gradient in the
Galaxy and other galaxies, this ratio is almost independent of electron
temperature, reddening, and instrumental correction. Theoretical models
(Peimbert et al. 1974, Hawley and Grandi 1977) predict that in those
regions where N is once ionized not only S* but also s** is present and
consequently to derive the N/S gradient from Nt/S* observations it has
to be shown that N/S is proportional to N¥/St. Since the S/0 ratio is
almost the same in the Orion nebula, the SMC and the IMC H II regions
(Pagel 1978) we would expect the O/H and S/H gradients in the Galaxy to
be similar. Consequently the validity of the d log (Nt/S*)/dR=
d 1log(N/S)/dR relation depends on the similarity of the Nt/S* and N/O
gradients. From Tables I and II it follows that this is indeed the case
and that the Nt/st gradient is a good indicator of the N/S gradient.

To obtain the He/H abundance ratio in H II regions it is necessary
to estimate the amount of neutral helium present in them. This estimate
is based on the ionization degree of other elements that can be observed
in several stages of ionization. The best results are obtained from
objects of relatively high degree of ionization with a negligible amount
of He® and from observations of different points with varying degrees of
ionization within the same H II region. Peimbert et al. (1978a) have
found a log(He/H)/dR= -0.02+0.01 while Hawley (1978) does not find such
a gradient. Shields and Searle (1978) from their observations and
independently from those of Smith (1975) obtained a similar He/H gradient
in M101l to that derived by Peimbert et al. for the Galaxy (see Table II).
The helium abundance differences found in PN and H II regions in the
Galaxy and other galaxies correspond to 2gAY/AZg 3.5.

Based on the A4267 line of C II, transition 4f2F0-332D, Peimbert
and Torres-Peimbert (1978) have obtained the carbon abundance from three
H II regions and derive the gradient given in Table I. It is very dif-
ficult to obtain the C/H abundance in H II regions from observations in
the optical region since AU26T is typically about 400 times fainter than
HR in H II regions of the solar neighborhood. '
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TABLE II

Abundance Gradients in m1o01¥

He/H 0/H N/H nt/st Reference
-0.06 -0.09 -0.03 Smath (1975)
+0.01  -0.15 -0.14 -0.04 Hawley (1978)
-0.02 -0.08 -0.15 =-0.07T Shields and Searle (1978)

* Given in d log(X/Y)/dR kpc~' and evaluated at a
distance comparable to that of the solar neighborhood.

The very large C/N ratio in the solar neighborhood (Peimbert and
Torres-Peimbert 1977, Lambert 1968) coupled to the similarity between
the C/H and O/H abundance gradients implies that: a) only a small amount
of carbon has been converted into nitrogen by a secondary mechanism and
b) stars like PN, have ejected to the interstellar medium a small amount
of carbon, produced in them, as compared to that ejected by massive stars.
Furthermore the C/H abundance gradient implies that it the fraction of
carbon embedded in CO molecules is the same in all the Galaxy the
estimated amount of Hp, molecules tor the Galaxy based on the CO distri-
bution should be reduced by a factor of two to three (Gordon and Burton
1976, Peimbert 1978b).

In Table II we present the abundance gradients for MIOl they are
in good agreement with the galactic ones particularly those derived by
Shields and Searle (1978). From an analysis of radio recombination lines
Churchwell and Walmsley (1975) and Churchwell et al. (1978) have found
a positive electron temperature gradient in the Galaxy extending tfrom
5 to 13 kpc, from their model calculations an increase in Z of about a
factor of 2 from R= 13 to R= 5 kpc is required; this variation corre-
sponds to d log(0O/H)/dR ~ -0.03 which is in good agreement with the
results by Hawley (1978) but is significantly smaller than the other
values given in Table I. Considerable work has been done on CNO iso-
topic variations in the interstellar medium (see Linke 1977 and
references therein), significant differences have been found mainly
between the solar neighborhood and the galactic center but no clear-cut
results on isotopic abundance distributions across the disk of the
Gal have been found with the exception of a practically constant
2o/B e ratio. Audouze et al.(1976) have computed simple models of
galactic chemical evolution that are in agreement with the 2 o/B¢ obser-
vations and that predict a substantial N/O gradient.

4, DISCUSSION
A relationship of the type [N/0]= a[O/H] with o= 1 is predicted by

simple models with instant recycling approximation assuming nitrogen to
be of secondary origin (Talbot and Arnett 1973). In Figure 2 we show
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the N/O versus O/H plot for the galactic H II regions, the data show a
value of o close to 0.4 in poor agreement with the theoretical prediction.
Furthermore a very poor fit is provided by more precise models that drop
the instant recycling approximation (Talbot and Arnett 197L4) presented

in Figure 2.
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Figure 2. Relative nitrogen abundance N/O versus oxygen abun-
dance. Broken and full curves show theoretical predictions by
Talbot and Arnett (19T74) for MESF and simple models respectively.
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Figure 3. Oxygen abundances plotted against the astration
parameter, log(ln 1/u), for H II regions in the Galaxy. Hori-
zontal bars represent the correction for H, molecules after
Gordon and Burton (1976). Broken and full curves 'show theoret-
ical predictions by Talbot and Arnett (1974) for MESF and
simple models respectively.
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Some support for the galactic result is given by Smith (1975) who
obtained a value of a v 0.5 for the H II regions in M33 and M101,
however Shields and Searle (1978) find a= 0.8+0.3 for MLOl. In Figure 2
we have also plotted the H II region values derived for the irregular
and dwarf blue galaxies: NGC 6822 V, LMC, SMC, II ZwkO, IT Zw70, and
NGC 4u4u9 (Peimbert and Spinrad 1970, Peimbert and Torres-Peimbert 197k,
1976, Dufour 1975, Dufour and Harlow 1977, Aller et al. 1977, Pagel
et al. 1978, Peimbert et al.1978b). The N/O versus O/H relationship is
almost flat with av 0.2 again in disagreement with the predictions for
simple models. A possible explanation, not the only one, is that in these
objects nitrogen is mostly of primary origin with a primary production
close to log N/O ~ =1.7. This is a very modest ratio about 1/5 of the
Orion nebula value.

Another interesting difference present in tigure 2 is that H II
regions in irregular and dwarf blue galaxies have a smaller N/O ratio
for a given O/H ratio than galactic H II regions. A possible explanation
is that the galactic initial mass function (IMF) is different to those
of irregular and dwarf blue galaxies or that infall in the Galaxy of
material with pregalactic abundances has reduced the O/H ratio of regions
with substantial amounts of nitrogen produced by secondary mechanisms.

An excellent discussion on the implications of abundance gradients
for galactic enrichment models has been made by Pagel et al. (1978).
They have tested simple models of galactic chemical evolution in the
instantaneous recycling approximation (Schmidt 1963, Talbot and Arnett
1971, 1973, Searle and Sargent 1972, Pagel and Patchett 1975, Audouze
and Tinsley 1976) by means of the equation

log Z= log p + log(ln 1/u) (1)

where it has been assumed -that gas changes into stars according to a
constant IMF in an isolated zone, Z is the mass-fraction of heavy elements
in the interstellar gas, p the yield and u the ratio of the remaining
mass of gas to the total mass of the zone., Pagel et al., find that

equation (1) is not in contradiction with the observations of the Mage-
Llanic Clouds, on the other hand tor the H II regions in the Galaxy
observed by Peimbert et al. (1978a) they find that the fit is very poor
since for very different O/H ratios u is almost the same.

In Figure 3 we present the O/H ratio versus log(ln 1/u) for those
H II regions in Figure 1 and Table I. The values of u were obtained from
Gordon and Burton (1976) and Innanen (1973), in the galactocentric range
of interest the correction due to molecular hydrogen is small. The ad-
ditional data confirms the result of Pagel et al. (1978) that the O/H
ratio is independent of u and that there is no agreement with simple
models of galactic chemical evolution.

It is a pleasure to acknowledge several discussions as well as com-

munications prior to publication by R.J. Dufour, S.A. Hawley, J.B. Kaler,
B.E.J. Pagel, L. Searle, G.A. Shields, J.P. Sivan, R.J. Talbot, D.L.
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Talent, S. Torres-Peimbert and B.L. webster.

REFERENCES

Aller, L.H.: 1976, Publ. Astron. Soc. Pacific 88, pp. 5Thk-584,

Aller, L.H.: 1978, in Y. Terzian (ed.), "Planetary Nebulae'", IAU Symp.
76, ReideL, Dordrecht.

Aller, L.H.,Czyzak,S.J.,and Keyes,C.D.: 1977, Proc. Natl. Acad. Sci. Tk,
pp. 5203-5206.

Audouze,J.,Lequeux,J.,and Vigroux,L.: 1976, RGO Bull. No. 182, R.J.
Dickens and J.E. Perry (eds.), Herstmonceux, pp. 81-86.

Augouze, J. and Tinsley,B.M.: 1976, Ann.Rev.Astron.Astrophys. 1k, pp.
3-79.

Barker,T.: 1974, Ph.D. Thesis, Univ. California, Santa Cruz.

Barker,T.: 1978, Astrophys. J. 220, pp. 193-209.

Benvenuti, P.,D'Odorico,S.,and Peimbert, M.: 1973, Astron. Astrophys. 28,
pp. 4h7-L55.

Bohlin,R.C.,Harrington,J.P.,and Stecher,T.P.: 1978, Astrophys. J. 219,
pp. 575-584.

Chevalier, R.A.: 1978, Mem. Soc. Astron. Italiana, in press.

Churchwell,E.,Smith,L.F.,Mathis,J.,and Mezger,P.G.: 1978, preprint.

Churchwell,E.and Walmsley,C.M.: 1975, Astron. Astrophys. 38, pp. W451-k454,

Collin-Souffrin,S.and Joly,M.: 1976, Astron. Astrophys. 53, pp. 213-225.

Comte,G.: 1975, Astron. Astrophys. 39, pp. 197-205.

D'0Odorico,S.,Peimbert, M.,and Sabbadin,F.: 1976, Astron. Astrophys. 47,
pp. 341-3ky, .

Dufour,R.J.: 1975, Astrophys. J. 195, pp. 315-332.

Dufour,R.J. and Harlow,W.V.: 1977, Astrophys. J. 216, pp. T06-712.

Gordon, M.A. and Burton,W.B.: 1976, Astrophys. J. 208, pp. 346-353.

Hawley, S.A.: 1978, Astrophys. J., in press.

Hawley, S.A. and Grandi,S.A.: 1977, Astrophys. J. 217, pp. L420-L2kL.

Innanen,K.A.: 1973, Astrophys. Space Sci. 22, pp. 393-k41l.

Jensen,E.B.,Strom,K.M.,and Strom,S.E.: 1976, Astrophys. J. 209, pp. T48-
769.

Kaler,J.B.: 1978, preprint.

Lambert, D.L.: 1978, Monthly Notices Roy. Astron. Soc. 138, pp. 143-179.

Linke,R.A.,Goldsmith,P.F. ,Wannier,P.G.,Wilson,R.W. ,and Penzias,A.A.:
1977, Astrophys. J. 214, pp. 50-59.

Mallik,D.C.V.: 1978, in E. Basinska-Gresik and M. Mayor (eds.) "Chemical
and Dynamical Evolution of our Galaxy", IAU Coll. 45, in press.

Pagel,B.E.J.: 1978, Monthly Notices Roy. Astron. Soc. 183, pp. lp-lp.

Pagel,B.E.J.,Edmunds,M.G. ,Fosbury,R.A.E. ,and Webster,B.L.: 1978, preprint.

Pagel,B.E.J. and Patchett,B.E.: 1975, Monthly Notices Roy. Astron. Soc.
172, PpP. 13-,40.

Panagia,N.,Bussoletti,E.,and Blanco,A.: 1977, in J. Audouze (ed.),
"CNO Isotopes in Astrophysics", Reidel, Dordrecht, p. L5.

Peimpbert, M.: 1975, Ann.Rev.Astron.Astrophys. 13, pp. 113-131.

Peimbert, M.: 1978a, in Y. Terzian (ed.), "Planetary Nebulae", IAU Symp.
76, Reidel, Dordrecht, pp. 215-223. '

Peimbert, M.: 1978b, in E. Basinska-Gresik and M. Mayor (eds.) "Chemical
and Dynamical Evolution of our Galaxy", IAU Coll. L5, in press.

Peimbert,M., Rodriguez,L.F.,and Torres-Peimbert, S.: 1974, Rev. Mexicana

https://doi.org/10.1017/50074180900014686 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900014686

CHEMICAL EVOLUTION OI' THE GALACTIC INTERSTELLAR MEDIUM 315

Astron. Astrof. 1, pp. 129-1L1.

Peimbert, M. and Spinrad, H.: 1970, Astron. Astrophys. 7, pp. 311-31T.

Peimbert, M. and Torres-Peimbert, S.: 19Tk, Astrophys. J. 193, pp. 327-
33k,

Peimzert, M. and Torres-Peimbert, S.: 1976, Astrophys. J. 203, pp. 581~
586.

Peimbert, M. and Torres-Peimbert, S.: 1977, Monthly Notices Roy. Astron.
Soc. 179, pp. 217-23k.

Peimbert, M. and Torres-Peimbert, S.: 1978,in preparation.

Peimbert, M.,Torres-Peimbert,S.,and Rayo,J.F.: 1978a, Astrophys. J. 220,
pp. 516-52L,

Peimbert, M.,Torres-Peimbert,S.,and Rayo,J.F.: 1978b, in preparation.

Pottasch, S.R.: 1978, preprint.

Sarazin, C.L.: 1976, Astrophys. J. 208, pp. 323-335.

Schmidt, M.: 1963, Astrophys. J. 137, pp. 758-T69.

Searle, L.: 1971, Astrophys. J. 168, pp. 327-3L1.

Searle, L. and Sargent, W.L.W.: 1972, Astrophys. J. LT3, pp. 25-33.

Shields, G.A.: 1974, Astrophys. J. 193, pp. 335-342.

Shields, G.A.: 1978, Astrophys. J. 219, pp. 559-56k.

Shields, G.A. and Searle,L.: 1978, Astrophys. J., in press.

Sivan, J.P.: 1976, Astron. Astrophys. 49, pp. 173-177.

Smith, H.E.: 1975, Astrophys. J. 199, pp. 591-610.

Talbot,R.J. and Arnett,W.D.: 1971, Astrophys. J. 170, pp. Log-u22.

Talbot,R.J. and Arnett,W.D.: 1973, Astrophys. J. 186, pp. 51-6T7.

Talbot,R.J. and Arnett,W.D.: 1974, Astrophys. J. 190, pp. 605-608.

Talent, U.L. and Dutour,R.J.: 1978, private communication.

Tinsley, B.M.: 1978, in Y. Terzian (ed.) "Planetary Nebulae', IAU Symp.
76, Reidel, Dordrecht.

Torres-Peimbert, S. and Peimbert, M.: 1977, Rev. Mexicana Astron. Astrof.
2, pp. 181-20T7.

https://doi.org/10.1017/50074180900014686 Published online by Cambridge University Press


https://doi.org/10.1017/S0074180900014686

316 M. PEIMBIRT
DISCUSSION

Tinsley: You showed a plot in which O/H does not vary with &n(1l/u) in
the way simple models predict, and you mentioned that infall could
solve the problem. It is true that with infall there need be no corre-
lation between abundances and gas fraction. However, in order to get
an abundance spread, some parameter must vary from region to region.
One possibility is that the IMF varies, and another possibility is that
the ratio of star formation rate to infall rate varies. In particular,
infall leads to a limiting abundance of a given element which is the
product of its yield (dependent on the IMF) and the ratio (star forma-
tion rate)/(infall rate).

Wollman: As one moves toward the center, is there a preferential set-
tling of heavier material into the plane? Might this account for an
abundance gradient? The abundance of neon within the central parsec of
the Galaxy is apparently not more than about three times the adopted
solar abundance.

Peimbert: Since the observations come from HII regions that are lo-
cated very close to the galactic plane, <'z|> v pc, the effect that you
mention will produce a negative gradient. I think that theoretical
quantitative predictions should be carried out considering at least the
following elements: H, He, C, N, O, Ne and S. The optical results are
not in contradiction with the results for the galactic center. There
are theoretical models of the chemical evolution of the Galaxy that
predict a maximum in the O/H ratio in the 2 to 6 kpc range. More ob-
servations in the infrared are needed to obtain the galactocentric dis-
tribution of chemical abundances.
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