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We determined oxygen abundances for the sample of SDSS galaxies with high masses using R3D, S3D, R2D, S2D,
N and O3N2 calibrations. We investigated redshift–metallicity relation for oxygen abundances obtained by each
calibration. We found that for galaxies with high stellar masses oxygen abundance obtained using all calibrations
is increasing on the time interval from z = 0.5 to z = 0. However, the values of oxygen abundance enrichment
rate significantly depend on adopted calibration and ranges from ∼ 0.1 dex per unit redshift for R calibration to
∼ 0.5 dex per unit redshift for O3N2 calibration.
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introduction

Quantitative studies of oxygen abundance and its
time evolution in the Universe is important for un-
derstanding the mechanisms of galaxies formation.
However, precise estimation of the oxygen abun-
dance in the galaxies at high redshift is a challenging
task. It is impossible to use direct Te method for
calculation chemical abundance of distant galaxies
as auroral lines, which are necessary to apply direct
method, are too faint to be detected in spectra of
these galaxies. Oxygen abundances calculated using
strong lines methods (calibrations) also have large
uncertainties up to 0.7 dex [7].

Previous studies have shown increasing of oxy-
gen abundance with time. Kobulnicky [8] estimated
the oxygen enrichment rate using R23 calibrations
from KD02 and M91 as 0.14–0.19 dex per unit red-
shift for the sample of 204 galaxies at z < 3. Oxy-
gen enrichment rate obtained by Lilly [11] with R23-
calibration appears to be significantly lower, about
0.08 ± 0.06dex for over the last half of the age of
the Universe. More recent study by Pilyugin [18] us-
ing C-method shows that oxygen enrichment rate de-
pends on the galaxy mass: for galaxies with masses
10.25 < log(M/Msun) < 10.75 it is 0.456 dex per
unit redshift, for 10.75 < log(M/Msun) < 11.25 –
0.325 dex, and for 11.25 < log(M/Msun) < 11.75 –
0.250 dex. Thus, the value of the oxygen abundance
rate is still under debate.

In this study we are going to examine oxygen en-
richment rate during last few Gyrs using both well-
known and recently developed calibrations.

Throughout the paper, we will be using the fol-
lowing notations for the line fluxes:

R2 = [O ii]λ3727+λ3729 = I[O ii]λ3727+λ3729/IHβ,

R3 = [O iii]λ4959+λ5007 = I[O iii]λ4959+λ5007/IHβ,

N2 = [N ii]λ6548+λ6584 = I[N ii]λ6548+λ6584/IHβ ,

S2 = [S ii]λ6717+λ6731 = I[S ii]λ6717+λ6731/IHβ

sample of galaxies

We selected galaxies with measured fluxes of the
emission lines [O ii]λλ3727,3729, [O iii]λλ4959,5007,
[N ii]λ6584, [S ii]λλ6717,6731, Hβ ,Hα, redshifts and
stellar masses from the Sloan Digital Sky Survey
(SDSS DR12, [2]) We consider only galaxies with
signal-to-noise ratio > 5 in each of lines listed
above. We used photometric masses from SDSS
DR12 database table stellarMassStarformingPort
obtained by the Portsmouth method, which fits stel-
lar evolution models to the SDSS photometry [12].
We used classical BPT-diagram [O iii]λ5007/Hβ –
[N ii]λ6584/Hα, suggested by Baldwin, Phillips and
Terlevich [1] to separate spectra of H ii regions from
other emission-line objects. The positions of objects
from our sample on the BPT diagram are shown in
Fig. 1. Dashed line corresponds to dividing line be-
tween starforming and AGN-like objects suggested
by Kewley [6]. Dividing line suggested by Kauffmann
is shown by solid line [5]. H ii regions lie below the di-
viding line. In this study we used more strict criteria
for selecting H ii regions suggested by Kauffmann [5].
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Fluxes in emission lines were corrected for interstel-
lar reddening using analytic approximation of Wit-
ford’s interstellar reddening curve from the work [4].
The extinction coefficient CHβ was found using rela-
tion between intensities of lines Hβ and Hα. Oxygen
abundance calibrations obtained for low density H ii

regions. Thus, despite the fact that majority of ex-
tragalactic H ii regions have low density, we adopt
the intensity ratio [S ii]λ6717/[S ii]λ6731 as an elec-
tronic density indicator in H ii regions [15] in order
to select only low density objects. Using the condi-
tion 1.25 < F[S ii]λ6717/F[S ii]λ6731 < 1.5 we excluded
objects with high electronic density and significant
part of objects with unreliably measured lines.
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Fig. 1: BPT-diagram for our sample of SDSS galaxies.
Dashed line corresponds to dividing line between star-
forming and AGN-like objects suggested by Kewley [6].
Dividing line suggested by Kauffmann is shown by solid
line [5].

oxygen abundances

We calculated oxygen abundance values 12 +
log(O/H) for each object of the sample using 6 cali-
brations. We apply two widely used calibration pro-
posed by Pettini & Pagel [14]. N -calibration:

12 + log(O/H) = 8.90 + 0.57N2, (1)

where N2 = log([N ii]λ6584/Hα). And O3N2-
calibration

12 + log(O/H) = 8.73 − 0.32O3N2, (2)

where

O3N2 = log (([O iii]λ5007/Hβ)(Hα/[N ii]λ6584)).

Also, we will apply new calibrations developed by
Pilyugin & Grebel [16], which based on the set of 313
H ii regions with metallicities calculated using direct

method. Three-dimensional R-calibration (hereafter
R3D-calibration):

12 + log(O/H) = 8.589 + 0.022 log(R3/R2)+

+ 0.399 logN2 + (−0.137 + 0.164 log(R3/R2)+

+ 0.589 logN2) logR2

if logN2 < 0.6 and

12 + log(O/H) = 7.932 + 0.944 log(R3/R2)+

+ 0.695 logN2 + (0.970 − 0.291 log(R3/R2)−

− 0.019 logN2) logR2

if logN2 ≥ 0.6. And three-dimensional S-calibration
(hereafter S3D - calibration):

12 + log(O/H) = 8.424 + 0.030 log(R3/S2)+

+ 0.751 logN2 + (−0.349 + 0.182 log(R3/S2)+

+ 0.508 logN2) log S2

for logN2 < 0.6 and

12 + log(O/H) = 8.072 + 0.789 log(R3/S2)+

+ 0.726 logN2 + (1.069 − 0.170 log
(

R/S2

)

+

+ 0.022 logN2) log S2

if logN2 ≥ 0.6.
There are also two two-dimensional calibrations

for the upper branch (logN2 ≥ 0.6) have been pro-
posed in [16]. Two-dimensional R-calibration (here-
after R2D):

12 + log(O/H) = 8.589 + 0.329 logN2+

+ (−0.205 + 0.549 logN2) logR2

and two-dimensional S-calibration (hereafter S2D):

12 + log(O/H) = 8.445 + 0.699 logN2+

+ (−0.253 + 0.217 logN2) log S2

redshift – metallicity relation

Oxygen abundance of a galaxy depends on its
mass, redshift, starformation rate (SFR), environ-
ment, etc. [9, 17, 18]. However, mass–metallicity
correlation is the most prominent and confirmed by
many observations during several decades [3, 10, 19].
It should be noted that studies of the SDSS galax-
ies sample over a wide range of redshifts are often
affected by selection effect. The sample of low-mass
SDSS galaxies at high redshifts is incomplete due to
severe difficulties with observations of such galaxies
in the scope of this survey. Oxygen abundance of
low-mass galaxies is also depends on SFR and envi-
ronment [17, 18]. In order to avoid these effects we
consider only massive galaxies. For that purpose we
selected the subsample of SDSS galaxies with stellar
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masses log(M/Msun) higher than 10.25. This sub-
sample contains 1700 objects. For this subsample we
approximated the relation between metallicity and
redshift z with function 12 + log(O/H) = az + b for
each calibration. Coefficient a corresponds to the
oxygen enrichment rate per redshift unit, b – oxy-
gen abundance at z = 0. Values of the coefficients
for oxygen abundance obtained with each calibra-
tion are presented in Table 1. Fig. 2 shows redshift–
metallicity relation for our subsample. Triangles cor-
respond to galaxies, solid lines represent an approx-
imation of redshift–metallicity relation.

Table 1: Subsample of galaxies with stellar masses
log(M/Msun) ≥ 10.25.

Calibration b a Err b Err a

R3D 8.597 −0.110 0.004 0.032

S3D 8.627 −0.280 0.004 0.030

R2D 8.626 −0.178 0.003 0.026

S2D 8.630 −0.252 0.003 0.028

N 8.686 −0.149 0.003 0.021

O3N2 8.808 −0.496 0.005 0.041

For our subsample of galaxies with high masses
we obtain the smallest value of enrichment rate
a = −0.110dex per unit redshift for R3D-calibration
and a = −0.149 for N -calibration. R2D and
both of S-calibrations provide intermediate values
of a: −0.178, −0.280, and −0.252dex, respectively.
Maximum value of a = −0.496dex was obtained
for O3N2-calibration. Systematic errors of oxygen
abundance enrichment rate are less than 0.05 dex in
all cases.

The oxygen abundance for galaxies with high
masses at z = 0 ranges from 8.597 dex for R3D-
calibration to 8.808 dex for O3N2-calibration. N -
calibration also gives increased value of oxygen abun-
dance of 8.686 dex. In paper [13] it was shown
that there is danger of discrepancy between real
oxygen abundance and one, calculated using ON-
calibrations (without using of sulfur strong lines).
But the unique correspondence disappears only for
5% of H ii region models. Oxygen abundances cal-
culated with S2D, S3D and R2D-calibrations are
well-agreed and are 8.630, 8.627 and 8.626 dex, re-
spectively. It should be noted that S2D-calibration
is not based on usage of oxygen lines, but shows
good agreement with three-dimensional calibrations,
which take into account oxygen lines [16].

conclusions

We determined oxygen abundances for the sample
of galaxies with stellar masses log(M/Msun) higher
than 10.25 using R3D, S3D, R2D, S2D, N , and

O3N2-calibrations using sample of SDSS galaxies.
We investigated redshift–metallicity relation for oxy-
gen abundances obtained by each calibration.

We confirmed that for galaxies with stellar masses
log(M/Msun) > 10.25 oxygen abundance is increas-
ing on the time interval from z = 0.5 to z = 0
However, the values of oxygen abundance enrich-
ment rate significantly depend on method of abun-
dance calculation, i.e. adopted calibration. The min-
imal oxygen abundance enrichment rates, in range of
−0.1 . . . − 0.2dex, were obtained for R3D, R2D, and
N -calibrations. The higher values of oxygen enrich-
ment rates, −0.25 . . . − 0.3dex, were obtained when
using S3D and S2D calibration. Applying O3N2
calibration leads to the highest value of oxygen en-
richment rate of almost −0.5dex. We also obtained
oxygen abundance for galaxies with high masses at
z = 0, which is about 8.60 for R and S calibra-
tions, ∼ 8.7 for N -calibration, and ∼ 8.8 for O3N2-
calibration.
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Fig. 2: Redshift–metallicity relations for the subsample of galaxies with stellar masses log(M/Msun) ≥ 10.25. Metal-
licity calculated using R3D, S3D, R2D, S2D, N and O3N2-calibrations. Solid line represents the best-fit of the
redshift–metallicity relation.
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