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A B S T R A C T 

We derive the metallicity (traced by the O/H abundance) of the narrow-line region (NLR) of 108 Seyfert galaxies as well as 
radial metallicity gradients along their galaxy discs and of these of a matched control sample of no acti ve galaxies. In vie w of 
that, observational data from the SDSS-IV MaNGA surv e y and strong emission-line calibrations taken from the literature were 
considered. The metallicity obtained for the NLRs was compared to the value derived from the extrapolation of the radial oxygen 

abundance gradient, obtained from H II region estimates along the galaxy disc, to the central part of the host galaxies. We find 

that, for most of the objects ( ∼ 80 per cent ), the NLR metallicity is lower than the extrapolated value, with the average difference 
( 〈 D 〉 ) between these estimates ranging from 0.16 to 0.30 dex. We suggest that 〈 D 〉 is due to the accretion of metal-poor gas to 

the AGN that feeds the nuclear supermassive black hole (SMBH), which is drawn from a reservoir molecular and/or neutral 
hydrogen around the SMBH. Additionally, we look for correlations between D and the electron density ( N e ), [O III ] λ5007, and 

H α luminosities, extinction coefficient ( A V 

) of the NLRs, as well as the stellar mass ( M ∗) of the host galaxies. Evidence of an 

inverse correlation between the D and the parameters N e , M ∗, and A v was found. 

Key words: galaxies: abundances – galaxies: active – galaxies: evolution. 
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 I N T RO D U C T I O N  

mission-line intensities present in the optical spectra of active 
alactic nuclei (AGNs) and star-forming regions (SFs) are essential to 
stimate the physical properties of the gas phase, such as metallicity, 
hemical abundances of heavy elements (e.g. O, N, S), electron 
emperature, and electron density of these objects. In particular, due 
o their high luminosity and prominent emission lines, AGNs play a 
ey role in studies of the chemical evolution of galaxies along the
ubble time. 
Oxygen abundance is usually used to estimate gas-phase metal- 

icity of SFs (e.g. Kennicutt, Bresolin & Garnett 2003 ; Hagele et al.
008 ; Yates, Kauffmann & Guo 2012 ) and of AGNs (e.g. Storchi-
ergmann et al. 1998 ; Dors et al. 2015 , 2020b ; Re v alski et al. 2018 ;
lury & Moran 2020 ; Dors 2021 ). This is due to the oxygen is

he third most abundant element after hydrogen and helium and 
t presents prominent optical emission lines ([O II ] λ3726, λ3729, 
O III ] λ5007) of its most abundant ions (O 

+ , O 

2 + ) measured in
ost part of the spectra with high signal-to-noise ratio. In fact, 
killman & Kennicutt ( 1993 ) and Dors et al. ( 2020b ) found that

he ion abundances with ionization stage higher O 

2 + do not exceed 
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5 per cent and ∼ 20 per cent of the total O/H abundance in SFs 
nd AGNs, respectively. Therefore, such as in Krabbe et al. ( 2021 ),
ereafter we use metallicity ( Z ) and oxygen abundance (in units of
2 + log(O/H)) interchangeably. 
The metallicity has been estimated preferably by 

omparisons between observational emission-line ratios (e.g. 
O II ]( λ3726 + λ3729)/H β, [O III ] λ5007/H β, [N II ] λ6584/H α)
ith those predicted by photoionization models. One of the first Z
eterminations in AGNs was carried out by Ferland & Netzer ( 1983 ),
ho compared observed and model predicted optical emission-line 

atios of low-ionization nuclear emission-line regions (LINERs) 
nd Seyferts using the CLOUDY code (for the updated version, 
ee Ferland et al. 2017 ). These authors found that the observed
mission-line ratios were well reproduced by photoionization 
odels with metallicity in the range 0 . 1 � ( Z/ Z �) � 1 . 0. After

his pioneering work, several studies have been performed with the 
oal to estimate Z in AGNs located at low (e.g. Stasi ́nska 1984 ;
erland & Osterbrock 1986 ; Storchi-Bergmann et al. 1998 ; Gro v es,
eckman & Kauffman 2006 ; Feltre, Charlot & Gutkin 2016 ; Castro

t al. 2017 ; P ́erez-Montero et al. 2019 ; Carvalho et al. 2020 )
nd high redshifts (e.g. e.g. Nagao, Maiolino & Marconi 2006 ;
atsuoka et al. 2009 , 2018 ; Dors et al. 2018 , 2019 ; Nakajima et al.

018 ; Mignoli et al. 2019 ; Guo et al. 2020 ; Ji et al. 2020 ) by using
hotoionization models. Particularly, Storchi-Bergmann et al. ( 1998 ) 
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roposed the first theoretical calibrations between strong optical
mission-line ratios and metallicity, thus allowing estimations of Z
n large samples of AGNs and the development of new calibrations
e.g. Dors et al. 2014 , 2019 ; Castro et al. 2017 ; Carvalho et al. 2020 ;
ors 2021 ). Storchi-Bergmann et al. ( 1998 ) found that the Z -values
f seven Seyfert 2 nuclei, derived from their calibrations, are in
greement (within an uncertainty of ∼0.2 dex) with those inferred
rom extrapolation of the oxygen abundance gradient to central parts
f the hosting spiral galaxy. Thereafter, Dors et al. ( 2015 ) performed
imilar analysis but for a larger sample of AGNs (12 Seyfert 2) and
tar-forming nuclei (33 objects). Dors et al. ( 2015 ) found that direct
entral oxygen abundances (i.e. estimates based on emission-line
atios from the nuclei) in some high-metallicity galaxies tend to be
ower than the extrapolated abundances. 

The existence of lower oxygen abundances in the narrow-line
egion (NLR) of AGNs compared to the extrapolated value of
bundance gradients is very important in chemical evolution studies
f galaxies, since it indicates that the nuclear region could have
istinct chemical evolution as compared to the disc. This discrepancy
an be due to the following physical processes: 

(i) Spiral galaxies in the local universe can be accreting metal-
oor gas from the outskirts of the disc on to the centres, a process
ore common at very high redshift (e.g. Cresci et al. 2015 ; Gillman

t al. 2021 ). Ho we ver, cases at lo w redshift have also been reported
n dwarf galaxies, e.g. in NGC 2915 (Werk et al. 2010 ) and NGC
449 (Kumari, James & Irwin 2017 ). 
(ii) The gas phase of AGNs can have a distinct depletion of oxygen

n to dust grains (e.g. Sternberg, Genzel & Tacconi 1994 ; Usero et al.
004 ) in comparison to the one in disc H II regions (of the order of
.1 dex; e.g. Esteban et al. 1998 ; Meyer, Jura & Cardelli 1998 ; Izotov
t al. 2006 ; Jenkins 2009 ; Whittet 2010 ). 

(iii) There is metal-poor inflow of gas that can be originated from
he capture of low mass companions to the nuclear region that ends up
eeding the supermassive black hole (SMBH; e.g. Storchi-Bergmann
t al. 2007 ). 

To investigate which of these processes are acting in AGNs it is
ecessary to estimate the metallicity in the entire galaxy, i.e. to con-
ider estimates along the disc and in the nuclear region. S ́anchez et al.
 2014 ), by using observational data of galaxies (0 . 003 � z � 0 . 02)
elected by the Calar Alto Le gac y Inte gral Field Area (CALIFA)
urv e y (S ́anchez et al. 2012 ), derived the oxygen gradients in about
00 spiral galaxies. Ho we ver, the analysis carried out by S ́anchez
t al. ( 2014 ) was mainly based on galaxies containing star-forming
uclei. Another example is the CHAOS survey (Berg et al. 2015 ;
roxall et al. 2015 , 2016 ; Berg et al. 2020 ; Skillman et al. 2020 ;
ogers et al. 2021 ), which has the selection criterion to observe
nly galaxies with star-forming nuclei. Ho we v er, surv e ys such as
ydney Australian Astronomical Observatory Multi-object Integral
ield Spectrograph (SAMI; Croom, Lawrence & Bland-Hawthorn
012 ), although not dedicated to chemical evolution studies has
rovided valuable information on the nature of AGNs and their host
alaxies (e.g. Comerford & Greene 2014 ; Allen et al. 2015 ; Hampton
t al. 2017 ). 

In this work, we used data from the Mapping Nearby Galaxies at
pache Point Observatory (MaNGA) surv e y (Bundy et al. 2015 ). We
ere moti v ated to consider these data due to the existence of pre vious
alaxy selections by Rembold et al. ( 2017 ), which included a large
ample of objects with confirmed AGNs and their control sample
ontaining non-active galaxies. This advantage provides an excellent
pportunity to compare the direct AGN estimates with those obtained
rom oxygen extrapolation gradients, as they cover larger parts of
NRAS 513, 807–821 (2022) 
he disc in galaxies, including the nuclear region. Additionally, it
s useful to compare metallicity estimates in AGNs hosts sample
ith a sample of control galaxies, in order to verify if there is any
if ferent ef fect on the metallicity gradient between them. This paper
s organized as follows: In Section 2 , a brief description of the sample
f objects is presented as well as the methods used for estimating the
xygen abundance of the AGNs and the oxygen abundance gradients
f the sample. In Section 3 , we present the results and discussion. In
ection 4 , the summary and the conclusions are presented. 

 M E T H O D O L O G Y  

e selected from the MaNGA data base (Bundy et al. 2015 ) a sample
f spiral galaxies hosting AGNs. The emission-line intensities of the
GN and strong-line calibrations proposed in the literature were
sed to estimate the oxygen abundances of these objects. In addition,
mission-line intensities of star-forming regions located along the
isc were used to calculate the oxygen abundance gradient in each
alaxy of the sample, and calibrations available in the literature
ere also considered. In the subsequent sections, a description of

he methodology adopted to obtain the observational data and the
bundance values are presented. 

.1 Obser v ational data 

he sample of galaxies studied here comprise both galaxies hosting
GNs as well as a sample of control galaxies selected as in Rembold
t al. ( 2017 ). For each AGN, two control non-active galaxies
atching the AGN host stellar mass, morphology, distance, and

nclination were chosen. After the release of the MaNGA Product
aunch 8 (MPL-8; Gunn et al. 2006 ; Smee et al. 2013 ; Drory et al.
015 ; Law et al. 2015 , 2016 ; Yan et al. 2016 ; Blanton et al. 2017 ;
ake et al. 2017 ; MPL-8, Aguado et al. 2019 ), the number of

bserved AGNs with MaNGA has grown to 170 AGNs and 291
ontrol galaxies as described in Riffel et al. ( 2021 ). We classified
he nuclei (central region with 2.5-arcsec diameter) and the regions
long the disc of the galaxies according to their emission-line ratios
n the diagnostic diagram [O III ] λ5007/H α versus [N II ] λ6584/H α,
roposed by Baldwin, Phillips & Terlevich ( 1981 , hereafter called
PT diagram) and on the WHAN diagram proposed by Cid Fernan-
es et al. ( 2010 ). 

First, to classify the regions in the sample as AGN-like and H II -like
bjects, we used the theoretical and the empirical criteria proposed
y K e wley et al. ( 2001 ) and Kauffmann et al. ( 2003 ), respectively.
hese criteria establish that regions with 

og([O III ] λ5007 / H β) > 

0 . 61 

log([N II ] λ6584 / H α) − 0 . 47 
+ 1 . 19 (1) 

nd 

og([O III ] λ5007 / H β) < 

0 . 61 

log([N II ] λ6584 / H α) − 0 . 05 
+ 1 . 3 (2) 

re classified as AGN-like objects, otherwise, as H II -like objects.
dditionally, we applied the criterion proposed by Cid Fernandes

t al. ( 2010 ) to separate AGN-like and LINER objects, given by 

og([O III ] λ5007 / H β) > 0 . 47 + log([N II ] λ6584 / H α) × 1 . 01 , (3) 

here the values satisfying the abo v e criterion correspond to
eyferts, otherwise, they are classified as LINERs. Secondly, for each
paxel of the objects of our sample, the WHAN diagram proposed by
id Fernandes et al. ( 2010 ), which takes into account the equi v alent
idth of H α versus the [N II ] λ6584/H α line ratio, was considered



AGN metallicity based on MaNGA 809 

Figure 1. [O III ] λ5007/H β versus [N II ] λ6584/H α diagnostic diagram for the AGN sample. The green (Seyfert 2) and the black points (Seyfert 1) correspond 
to the emission-line ratios of the AGNs, obtained by summing the fluxes of all spaxels within an aperture of 2.5 arcsec in diameter in the central region of each 
galaxy. The blue and grey points are star-forming and transition re gions, respectiv ely, whose emission-line ratios were obtained from each spaxel of the data 
cubes. Black and green lines correspond to the empirical and theoretical criteria to separate AGN- and H II -like objects proposed by Kauffmann et al. ( 2003 ) and 
K e wley et al. ( 2001 ), i.e. equations ( 1 ) and ( 2 ), respectively. The red line represents the criterion proposed by Cid Fernandes et al. ( 2010 ) to separate AGN-like 
and LINERs (equation 3 ). 
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o classify AGN-like and H II -like objects. This same procedure 
as been previously illustrated and applied in do Nascimento et al. 
 2019 ). 

After applying the aforementioned classification criteria, we 
elected the Seyfert-type galaxies for our analysis using the final 
ample that consist of 98 Seyfert 2 and 10 Seyfert 1 1 galaxies as
ell as their respective control galaxies (145 in the total) for this

tudy. Among the 108 Seyfert galaxies, 71 are also classified as
eyfert using Sloan Digital Sky Survey (SDSS; York et al. 2000 ),
II/Baryonic Oscillation Spectroscopic Surv e y (BOSS) collaboration 
ata, and flux measurements from Thomas et al. ( 2013 ) – the
rocedure originally used to identify the AGNs in the first paper 
f our series (Rembold et al. 2017 ). The remaining 26 are classified
s LINERs on the basis of SDSS-III data. The larger number of
eyfert nuclei identified in the MaNGA data than those obtained 
sing the 3.0-arcsec diameter SDSS-III fiber measurements, which 
s likely due to the better angular resolution of MaNGA. As gas
urrounding the Seyfert region frequently shows LINER excitation 
e.g. do Nascimento et al. 2019 ), the larger aperture of the SDSS-III
ata should be including more of the surrounding LINER region, as
ell as the possible contribution of emission from gas ionized by 
 xtra-nuclear evolv ed stars, mo ving the borderline objects from the
e yfert re gion to the LINER region of the BPT diagram. The radial
 The Seyfert 1 classification was obtained by visual inspection of all nuclear 
pectra, looking for the presence of broad components in H α and other 
almer lines. 

f  

t
c
p

 

t  
xygen gradient in each object co v ers a region measured in ef fecti ve
adii ( R e ) ranging from ∼0.5 to ∼2.5 (see also Mingozzi et al. 2020 ).

The median point spread function (PSF) of the MaNGA datacubes 
s estimated to have a full width at half-maximum (FHWM) of about
.5 arcsec (Law et al. 2015 ), which can be considered the resolution
lement in the data. The redshift values of our sample are in the range
 . 02 � z � 0 . 08. Assuming a spatially flat cosmology with H 0 = 71
m s −1 Mpc −1 , �m 

= 0.270, and �vac = 0.730 (Wright 2006 ), each
esolution element represents a region with diameters in the range 
1-4 kpc at the distance of the MaNGA sample. Thus, since H II

e gions hav e typical sizes of tens to a few hundreds parsecs, each
esolution element spectrum comprises the flux of a complex of H II

egions (Belfiore et al. 2017 ), and the physical properties derived
epresent an average value of these regions (e.g. Hagele et al. 2008 ;
rabbe et al. 2014 ; Rosa et al. 2014 ). Ho we ver, this fact has little

nfluence on the radial oxygen abundance in spiral galaxies because it
s expected that H II regions located at similar galactocentric distances 
resent about the same metallicity (e.g. Kennicutt et al. 2003 ) and
imilar stellar content (e.g. Dors et al. 2017 ; Zinchenko et al. 2019 ).

Following Ilha et al. ( 2019 ), the emission-line fluxes from the
aNGA data cube were obtained by fitting a single-Gaussian 

omponent using the Gas AND Absorption Line Fitting (GANDALF; 
arzi et al. 2006 ) routine. The choice of this routine was due to the
act that it fits both the stellar population spectra and the profiles of
he emission lines, after the subtraction of the stellar population 
ontribution. A detailed description of the fitting procedure is 
resented in Ilha et al. ( 2019 ). 
In Fig. 1 , we present the BPT diagram for the central region of

he AGN and all other spaxels for the AGN and control sample that
MNRAS 513, 807–821 (2022) 
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orrespond to H II and transition regions. The red line – marking the
eparation between Seyfert and LINER excitation – was obtained
rom K e wley et al. ( 2006 ); the green line – marking the separation
etween the transition and AGN regions – was obtained from K e wley
t al. ( 2001 ); and the black line – marking the separation between
he starburst and transition regions – was obtained from Kauffmann
t al. ( 2003 ). Black circles and green triangles correspond to the
mission-line ratios for the AGNs, obtained by summing the fluxes
f all spaxels within a central aperture of 2.5-arcsec diameter. The
eyfert 2 galaxies are represented by the black circles and Seyfert 1
y the green triangles. Blue points are star-forming regions and grey
oints are transition regions. The diameter of the AGN nucleus of
he galaxies is based on a fixed angular diameter of 2.5 arcsec and it
anges from ∼1 to ∼6 kpc according to the distance of each object.
hus, for some AGNs, an extended emission is observed. 

.2 Gas-phase metallicity determinations 

e estimated the gas-phase metallicity in relation to the solar value
 Z/ Z �) for each AGN and the oxygen radial gradients along the disc
f each galaxy of the sample. 
In the AGN and in the disc, H II region spectra of our sample

mission lines sensitive to the electron temperature (e.g. [O III ] λ4363,
N II ] λ5755) were not detected and, consequently, it was not possible
o calculate the elemental abundances by using the T e -method.
herefore, the O/H abundance or the metallicity was calculated

hrough calibrations based on strong emission lines. Several authors
av e inv estigated the O/H discrepanc y values obtained when distinct
ethods are assumed and differences up to 0.6 dex have been

ound for H II regions (e.g. K e wley & Ellison 2008 ; L ̀opez-Sanchez
t al. 2012 ; Pe ̃ na-Guerrero, Peimbert & Peimbert 2012 ). Almost the
ame discrepancy (i.e. up to 0.8 dex) is also derived for metallicity
GN estimates taking into account different methods, being the
ighest discrepancy values derived for the low-metallicity regime
12 + log (O / H) � 8 . 5; Dors et al. 2020b ). 

F or H II re gions, there seems to be a consensus that reliable
alibrations are those that produce O/H values similar (or near)
o values derived through the T e -method (see Peimbert, Peimbert
 Delgado-Inglada 2017 ; P ́erez-Montero 2017 for a re vie w). For
GNs, it is available in the literature theoretical (Storchi-Bergmann
t al. 1998 ), semi-empirical (Castro et al. 2017 ; Carvalho et al.
020 ; Dors et al. 2021 ), and empirical (Dors 2021 ) calibrations
etween strong optical narrow emission lines and the metallicity
r abundances. The recent empirical calibration for AGNs proposed
y Dors ( 2021 ) requires measurements of the [O II ] λ3727 2 emission
ine, which is not available in our data. Thus, it is not possible to
se this calibration in our study. It is beyond the scope of this work
o investigate the O/H abundance discrepancy estimations in H II

egions and AGNs derived when distinct methods are considered.
o we ver, it is worth to stress that the abundance v alues deri ved in

his work can vary according to the calibrations assumed. In what
ollows the calibrations used to estimate the radial O/H abundance
radients and the AGN metallicity in our sample are presented. 

.3 H II region calibrations 

ince the pioneering work of Pagel et al. ( 1979 ), several authors
ave proposed calibrations between strong emission lines and O/H
bundance for H II regions. In particular, the first empirical calibration
NRAS 513, 807–821 (2022) 

 [O II ] λ3727 corresponds to the sum of the λ3726 and λ3729 emission lines. 

[  

t  

a  
onsidering O/H abundances derived through the T e -method was
he one proposed by Storchi-Bergmann, Calzetti & Kinney ( 1994 ),
here the N2 = log([N II ] λ6584/H α) line ratio was considered as
etallicity indicator. Afterwards, Pilyugin ( 2000 ), Pilyugin ( 2001 )

mpro v ed this methodology taking into account the [O II ] λ3727 and
O III ] λ5007 emission lines. 

In order to derive the oxygen abundance of H II regions along the
alaxy disc of our sample and for the control sample (in the nuclei
nd in the disc H II regions), we considered the assumption that
alibrations based on O/H calculated via the T e -method (empirical
alibrations) more reliable in comparison with theoretical calibra-
ions. In this sense, we assumed the following empirical calibrations
roposed by P ́erez-Montero & Contini ( 2009 ): 

2 + log (O / H) = 8 . 74 − 0 . 31 × O3N2 , (4) 

here 

3N2 = log 

(
([O III ] λ5007 ) 

(H β) 
× (H α) 

([N II ] λ6584) 

)
. (5) 

his relation is valid for 12 + log (O / H) � 8 . 0. The O3N2 index
as introduced by Alloin et al. ( 1979 ) as a metallicity indicator.
he other calibration considered in this work is based on the N2
arameter: 

2 + log (O / H) = 9 . 07 + 0 . 79 × N2 . (6) 

The distribution of O/H values along the disc of the Seyfert 2
alaxy MaNGA ID 1-210646 as well as for its two control galaxies
re shown in the second column of Fig. 3 . Analogous figures to
ig. 3 are available as supplementary material for the remaining
alaxies. The O/H values obtained from the abo v e relations (i.e.
quations 4 and 6 for all the spaxels were used to obtain radial
bundance gradients along the disc of each galaxy, following the
ethodology proposed by Riffel et al. 2021 ). Thus, we have obtained
ean azimuthal values and standard deviations for O/H in radial bins

f 2.5 arcsec along the galaxy discs. Thereafter, we used the following
elation to fit the radial abundance distributions: 

 = Y 0 + g rad Y × R , (7) 

here Y is a given oxygen abundance [in units of 12 + log(O/H)], R is
he galactocentric distance (in units of arcsec), Y 0 is the extrapolated
alue of the gradient to the Galactic Centre ( R = 0), and grad Y is the
lope of the distribution (in units of dex arcsec −1 ). The third column
n Fig. 3 shows these gradients for the Seyfert 2 galaxy with MaNGA
D 1-210646 and its control galaxies. 

.4 AGN calibrations 

he O/H abundance in each AGN was derived using its measured
mission-line ratios and two calibrations, one proposed by Storchi-
ergmann et al. ( 1998 ) and the other recently proposed by Carvalho
t al. ( 2020 ). In what follows, descriptions of these calibrations are
resented. 

.4.1 Stor chi-Ber gmann et al. ( 1998 ) calibration 

torchi-Bergmann et al. ( 1998 ), by using a grid of photoionization
odels built with the CLOUDY code (Ferland et al. 2017 ), pro-

osed two theoretical calibrations between the emission-line ratios
N II ] λ6584/H α, [O III ] λ5007/[O II ] λ3727, and [O III ] λ5007/H α and
he metallicity (traced by the O/H abundance). These calibrations
re valid for the range of 8 . 4 ≤ 12 + log (O / H) ≤ 9 . 4 and the O/H
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Figure 2. Electronic density distributions obtained within the 2.5-arcsec 
central region for the 107 AGNs of our sample. The distribution for Seyfert 1 
and Seyfert 2 are represented in black and green colours, respectively. 
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bundances obtained from these calibrations differ by only ∼0.1 dex 
Storchi-Bergmann et al. 1998 ; Dors et al. 2020b ). 

In this work, we used only one calibration proposed by Storchi- 
ergmann et al. ( 1998 , hereafter SB 1 ) because the [O II ] λ3727 is not
vailable in our data set. The SB 1 calibration is defined by 

2 + (O / H) SB 1 = 8 . 34 + (0 . 212 x) − (0 . 012 x 2 ) − (0 . 002 y) 

+ (0 . 007 xy) − (0 . 002 x 2 y) + (6 . 52 × 10 −4 y 2 ) 

+ (2 . 27 × 10 −4 xy 2 ) + (8 . 87 × 10 −5 x 2 y 2 ) , 

(8) 

here x = [N II ] λλ6548,6584/H α and y = [O III ] λλ4959,5007/H β.
n order to take into account the dependence of this relation on the gas
lectron density ( N e ), we applied the correction proposed by these
uthors: 

og (O / H) SB98f = [ log (O / H) SB 1 ] −
[

0 . 1 × log 
N e ( cm 

−3 ) 

300 ( cm 

−3 ) 

]
. (9) 

The electron density ( N e ), for each object, was calculated from
he [S II ] λ6716/ λ6731 line ratio, using the IRAF/TEMDEN task and
ssuming an electron temperature of 10 000 K. 

.4.2 Carvalho et al. ( 2020 ) calibration 

arvalho et al. ( 2020 ), by using a diagram [O III ] λ5007/[O II ] λ3727
ersus [N II ] λ6584/H α, compared observational data of 463 Seyfert 2
uclei ( z � 0.4) with photoionization model predictions built with 
he CLOUDY code (Ferland et al. 2017 ), which considered a wide
ange of nebular parameters. From this comparison, they obtained a 
emi-empirical calibration between the N2 = log([N II ] λ6584/H α)
ine ratio and the metallicity Z given by 

 Z/ Z �) = 4 . 01 N2 − 0 . 07 , (10) 

alid for 0 . 3 � ( Z/ Z �) � 2 . 0. The metallicity results obtained
rom the e xpression abo v e can be converted into oxygen abundance
y 

2 + log ( O / H ) C = 12 + log 
[
( Z/ Z �) × 10 log (O / H) �

]
, (11) 

here log (O / H) � = −3 . 31 is the solar value (Alende Prieto, Lam-
ert & Asplund 2001 ). The N2 index has an advantage o v er other
etallicity indicators because it involves emission lines with very 

lose wavelength: Thus, N2 is not strongly affected by dust extinction 
nd uncertainties produced by flux calibration (Marino et al. 2013 ) 
s the O3N2. Ho we ver, due to the fact that N2 and O3N2 indices
nvolve the ions N 

+ , O 

2 + , and H 

+ that have different ionization
otentials, i.e. 29.60, 54.93, and 13.6 eV, respectiv ely, the y hav e a
igher dependence on the ionization degree of the gas phase than 
ther indices, for instance, N2O2. Recently, Kumari et al. ( 2019 )
uggested that O3N2 index can be used as a metallicity tracer of
he diffuse ionized gas (DIG) and of low-ionization emission regions 
LI(N)ERs] in passive regions of galaxies These authors also pointed 
ut that the O3N2 could also be extended for metallicity estimates 
n Seyferts. Further calibrations involving the O3N2 could produce 
dditional gas-phase metallicity estimations in Seyferts, supporting 
he results obtained in this work, hence it is used as the H II region

etallicity diagnostic. 
Regarding the electron density effect on the strong-line cali- 

rations, in general, NLRs of AGNs present higher N e values in 
omparison with the ones in the gas phase of H II re gions. F or
nstance, Copetti et al. ( 2000 ), adopting the [S II ] λ6716/ λ6731 as
n N e indicator, derived electron density values for a sample of
alactic H II regions in the range of N e ≈ 20 − 400 cm 

−3 (see also,
rabbe et al. 2014 ; Mora et al. 2019 ; Buzzo et al. 2021 ; Rosa et al.
021 ). On the other hand, electron density estimates in AGNs based
n [S II ] λ6716/ λ6731 and [Ar IV ] λ4711/ λ4740 line ratios by Congiu
t al. ( 2017 ) show values ranging from ∼200 to 13 000 cm 

−3 (see also
reitas et al. 2018 ; Kaddad et al. 2018 ; Re v alski et al. 2018 ; Mingozzi
t al. 2019 ; Davies et al. 2020 ). It is worthwhile to state that some
mission lines with low critical density N c (e.g. the [O II ] λ3727 and
S II ] λ6716 lines have N c = 10 3.7 and 1600 cm 

−3 , respectively; Vaona
t al. 2012 ) are used in AGN strong-line methods (SB 1 ; Castro et al.
017 ) and can suffer collisional de-excitation. Therefore, it is more
mportant to consider electron density effects on oxygen abundance 
btained through strong-line methods for AGNs rather than for H II

e gions. In an y case, the empirical H II re gion calibrations proposed
y P ́erez-Montero & Contini ( 2009 ) and the semi-empirical AGN
alibration proposed by Carvalho et al. ( 2020 ) are obtained by using
bservational data of large samples of objects, with a wide range
f nebular parameters. Therefore, in these calibrations, effects of 
lectron density N e (as well as reddening correction, gas ionization 
egree, etc.) on emission-line ratio intensities are considered in 
ntrinsic way. On the other hand, the theoretical SB 1 calibration was
ased on photoionization models, which the electron density was 
n input parameter. Therefore, these authors proposed a correction 
echnique to take into account the N e effect on the resulting O/H
bundances. Ho we ver, since typical N e values in NLRs are around
00 cm 

−3 (see e.g. fig. 2 of Dors 2021 ), the use of equation ( 9 )
mplies a correction in the total oxygen abundance of only ∼0.02
e x. Moreo v er, ev en considering the highest N e value found by Dors
 2021 ) for a large sample of Seyfert nuclei, i.e. N e = 2250 cm 

−3 ,
he O/H correction according to equation ( 9 ) is ∼0.1 dex, i.e. lower
han the uncertainty of ∼0.2 dex in abundance estimates derived 
rom strong-line methods (e.g. SB 1 ; Denicol ́o, Terlevich & Terlevich
002 ; Marino et al. 2013 ). Thus, electron density has a marginal
ffect on the abundances derived from our sample. 

We define the discrepancy D (in dex) as being the difference be-
ween the O/H abundance of the AGN (derived from SB 1 or Carvalho
t al. 2020 calibrations) and the intersect oxygen abundances derived 
MNRAS 513, 807–821 (2022) 
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Figure 3. Surface distribution of the gas abundances for the Seyfert 2 galaxy MANGA ID 1-210646 (top row) and its two controls (bottom rows). The tick 
marks in the maps are separated by 5 arcsec. The left-hand column shows the SDSS-IV images in the bands gri with the MaNGA footprint o v erplotted in pink 
for the AGN (top panel) and its controls (bottom panel); central column: the metallicity distribution derived assuming the Carvalho et al. ( 2020 ) calibration for 
the AGN region (top row) and the P ́erez-Montero & Contini ( 2009 ) calibrations for the H II regions in the disc of both the AGN and control galaxies (bottom 

rows); right-hand column: mean azymuthal profile and standard deviations of the oxygen abundance (in units of 12 + log(O/H)). The profile in blue was obtained 
from equation ( 4 ) and the one in orange was obtained from equation ( 6 ), and are plotted versus the galactocentric distance R (in units of arcsec). In the top panel 
showing the AGN gradient, the central values obtained from the calibration proposed by Carvalho et al. ( 2020 ) and Storchi-Bergmann et al. ( 1998 ) are shown 
in red point and pink cross sign point, respectively. 
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rom the radial abundance gradients: 

 = [12 + log (O / H) AGN ] − [12 + log(O / H) 0 ] , (12) 

here 12 + log (O / H) 0 ≡ Y 0 . 

 RESULTS  A N D  DISCUSSION  

n Fig. 2 , we present the electron density distribution obtained within
he 2.5-arcsec central region, for the 108 Seyfert galaxies. The
lack and green distributions represent the results for Seyfert 1 and
e yfert 2 nuclei, respectiv ely. The maximum and minimum values,

aking into account the total sample of Seyfert 1 and Seyfert 2,
re 696 and 35 cm 

−3 respectively, with the mean value of N e ≈
60 cm 

−3 and a median value of N e ≈ 240 cm 

−3 . The range of
 e v alues deri ved from our sample is some what lo wer than the
 e values obtained by Dors et al. ( 2020a ), who derived the range
00 � N e (cm 

−3 ) � 10 000 and an average value of ∼650 cm 

−3 ,
or a sample of 463 Seyfert 2 nuclei whose data were taken from
he SDSS DR7 (York et al. 2000 ). Ho we ver, only 15 per cent of
he objects considered by Dors et al. ( 2020a ) present higher N e 

alues than the maximum value derived from our sample. Vaona
t al. ( 2012 ) selected about 2700 spectra of Seyfert nuclei from
DSS DR7 (York et al. 2000 ) and, among other nebular properties,
NRAS 513, 807–821 (2022) 
stimated N e mainly based on the [S II ] λ6716/6731 line ratio. These
uthors derived a range of values similar to the estimations by Dors
t al. ( 2020a ) and an average value of N e ∼ 250 cm 

−3 , whereby most
f the objects ( ∼ 2300 galaxies) show values lower than 500 cm 

−3 ,
hile higher electron density values greater than 1000 cm 

−3 were
erived from only 97 ( ∼ 3 per cent ) objects (see also Zhang et al.
013 ). Thus, the discrepancy in N e values above is probably due to
he distinct and larger sample of objects considered by Dors et al.
 2020a ) and Vaona et al. ( 2012 ). It is worth mentioning that the N e 

alues obtained from our sample are well below the critical density
alue ( N c ) of the emission lines considered in this work. In fact, the
mission line with the lowest N c is [S II ] λ6716 ( N c ∼ 1600 cm 

−3 ,
aona et al. 2012 ), indicating that the collisional de-excitation is
egligible in this case, which also does not affect the emissivity of
he lines and, consequently, the chemical abundance estimations (for
 detailed discussion on electron density effects on AGN abundance
eterminations, see Dors et al. 2020a ). 
We derived spatially resolved maps and radial chemical abun-

ance profiles for the AGN together with controls and showing
he corresponding maps for the galaxy with MaNGA ID 1-210646
AGN) and its controls in Fig. 3 . The maps for the remaining objects
re shown in Figs A1–A72. The radial profiles were corrected for
rojection, using information about the major and minor axis (from

art/stac771_f3.eps
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DSS galaxy image, obtained from the MaNGA’s drpall table) to 
etermine the inclination of the galaxies. The inclination angle of 
he AGN sample and their controls range from 1 ◦ to 70 ◦ (the control
alaxies were chosen to match each of the selected AGN hosts). We
ere able to obtain the O/H radial gradients for 61 galaxies containing 
GNs (from a total sample of 108 galaxies hosting AGNs) and for
12 control galaxies (from a sample of 145 control galaxies). The 
hemical abundance profiles shown in blue and orange in Figs 3 and
1–A72 were derived by using the calibrations (equations 4 and 6 

rom P ́erez-Montero & Contini 2009 ). The dashed lines represent 
he fits of the points by equation ( 7 ). The blue and orange points
epresent the mean values, with standard deviations, considering 
ll spaxels (both from control and AGN galaxies) divided in bins
f 2.5-arcsec width. The slopes of the gradients in each galaxy 
nd extrapolated abundances [ Y 0 ≡ 12 + log(O / H) 0 ] to the centre
galactocentric distance R = 0) are listed in Table 1 . 

Fig. 3 and A1–A72 show, in the left-hand panels, the SDSS image
n the bands gri of each galaxy with the MaNGA footprint o v erplotted
n pink, and in the central panels, maps of the oxygen abundance
istribution (in units of 12 + log(O/H)) along the galactic discs. 
The white regions in these maps represent the spaxels classified 

s transition objects or LI(N)ER-like objects (see also Kaplan et al. 
016 ) for which the calibrations used in this work can not be applied.
lthough recent studies (Kumari et al. 2019 ; Wu 2020 , 2021 ) have

nvestigated metallicity deri v ation in these object class, we did not
btain any estimate for them. For about 43 per cent of the AGN
ample it was not possible to obtain the radial abundance gradient 
ue to the fact that the spaxels in the disc are not classified as SF-like
bjects in the diagnostic diagram (see Fig. 1 ), i.e. they are classified
s transition or AGN-like objects. These objects may include disc 
egions with a composite ionization source, such as shocks mixed 
ith ionization from a young stellar cluster (e.g. see Allen et al. 2008 ;
osa et al. 2014 ). Transition objects are indeed expected to have a

tellar cluster–AGN mixing as their ionizing source (e.g. K e wley 
t al. 2006 ; Wu et al. 2007 ; Davies et al. 2014 ). Although recent
tudies have proposed methods to estimate the metallicity in this 
lass of objects (i.e. composite objects; see e.g. Wu 2020 , 2021 ), we
id not estimate the abundances for them because the main goal of this
ork is the comparison between AGN and H II region metallicities. 
Regarding the metallicity gradients presented in the right-hand 

anels of Fig 3 and A1–A72 (for the AGN host disc and its control
alaxies), we can state that: in the AGN host disc, the metallicity
radient is comparable to that found in the control galaxies; although 
e have used two different calibrations for the H II regions – the blue
rofile derived from the O3N2 index (equation 5 ) and the orange
rofile from the N2 index (equation 6 ) – show similar gradients that
re mostly ne gativ e. Our main findings are as follows: 

(i) ∼66 per cent of the galaxies containing AGNs have negative 
adial gradients when these are derived via O3N2 and N2 indices 
i.e. the O/H abundance decreases as the galactocentric distance 
ncreases); 

(ii) ∼25 per cent of AGN hosts have positive gradients, indicating 
n increase in metallicity as we mo v e a way from the central re gion;
nd 

(iii) ∼9 per cent of the AGN host sample present flat gradients. 

These results are confirmed by the histograms shown in Fig. 4 ,
omparing the central extrapolated abundances and the gradient 
lopes of the AGN hosts (blue line) 

with those from their control galaxies (light green dashed lines). 
If galaxies evolve as a closed system and are formed according to

he inside-out scenario (e.g. Moll ́a & D ́ıaz 2005 ), ne gativ e abundance
radients are expected. In fact, this feature is commonly found 
n most discs of spiral galaxies (e.g. Shaver et al. 1983 ; van Zee
t al. 1998 ; Kennicutt et al. 2003 ; Pilyugin, V ́ılchez & Contini
004 ; Dors & Copetti 2005 ; S ́anchez et al. 2014 ; Belfiore et al.
017 ; Mingozzi et al. 2020 ; Skillman et al. 2020 ). Ho we ver, some
ele v ant processes could affect the galaxy evolution resulting in
adial gradients that differ from the expected negative abundance 
radients. For instance, some galaxies are formed and evolve in 
 complex environment (galaxies can have a nurture evolution; 
ee Paulino-Afonso et al. 2019 and references therein), with gas 
irculating inside, outside, and around them, making galaxies evolve 
n short time-scales (Somerville & Dav ́e 2015 ). This cycle includes
odified star formation, accretion, mergers, and the way each action 

mpacts the galaxy is unique. If metal-poor gas accretion is deposited
irectly into the centres of galaxies, it should act to dilute the central
etallicity, flatten, or push do wn negati ve gradients (Simons et al.

020 ), producing a break in the gradients at small galactocentric 
istances. 
The histograms in Fig. 5 show the oxygen abundance distributions 

alculated within the inner 2.5 arcsec of each galaxy, i.e for the
GNs and their control galaxies (which ha ve star -forming nuclei),
hose O/H values were derived by using the calibrations described 

n Section 2 . In the left- and right-hand panels of Fig. 5 , the AGN
bundances calculated by equations ( 9 ) and ( 10 ) are represented
n red and pink colours, respectively. Distributions for the control 
ample are represented by the hatched area (in light green) and the
bundances are estimated using equation ( 5 ). In both panels of Fig. 5 ,
t can be seen that the results indicate that control galaxies present
/H abundance values higher than those derived for AGNs. 
In Fig. 6 , the 12 + log (O / H) values obtained from the AGN

alibrations (see Section 2.4 ) are plotted against those inferred 
rom the gradient extrapolations. The Y 0 values (see equation 7 )
f the metallicity gradients were determined from the H II region
alibrations based on O3N2 (left-hand panels) and N2 (right-hand 
anels) indices proposed by P ́erez-Montero & Contini ( 2009 ). In
eneral, it is possible to verify that, even considering the errors in
he estimates, i.e. of the order of ±0.1 dex (e.g. DTT02; Marino
t al. 2013 ), the direct estimations for AGNs (derived through SB 1 

nd Carvalho et al. 2020 calibrations) are lower than the estimates
btained from the gradient extrapolations for the high-metallicity 
egime (12 + log (O / H) � 8 . 6). Our findings reveal that: 

(i) ∼80 per cent of the metallicity values of AGNs, derived from
he SB 1 and Carvalho et al. ( 2020 ) calibrations are lower than those
btained via extrapolation methods (using both the N2 and O3N2 
elations for the H II regions to derive the disc gradients); 

(ii) ∼15 per cent of the metallicity values obtained for the AGNs
re similar (within the uncertainties) to those obtained via the 
xtrapolation estimates; and 

(iii) for ∼5 per cent of the sample, we found the AGN metallicities
erived from the calibrations above higher than the values derived 
rom the extrapolations. 

In Fig. 3 , both the O/H radial gradients and the estimates for the
GN (based on SB 1 and Carvalho et al. 2020 calibrations) for the
eyfert 2 galaxy with MANGA ID 1-210646 are shown. It can be seen

hat a break in the radial gradient at small galactocentric distance is
bserved when considering the values based on the AGN calibrations, 
hile the difference between the two values (or discrepancy) D is of

he order of 0.5 dex (see also Fig. 7 ). In summary, there is a clear
endency of the AGN oxygen abundance (or metallicity) to be lower
han the extrapolated O/H value for the high-metallicity regime. 
MNRAS 513, 807–821 (2022) 
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Table 1. Parameters for the 107 Seyfert galaxies of our sample of AGNs in MaNGA-MPL8-. 

N2 O3N2 12 + log(O/H) 
ID Slope (O/H) 0 Slope (O/H) 0 O/H) C (O / H) SB98f 

(1) (2) (3) (4) (5) (6) (7) 
1-44303 − 0.004 ± 0.001 8.80 ± 0.018 − 0.007 ± 0.002 8.78 ± 0.017 8.65 8.58 
1-460812 − 0.004 ± 0.005 8.79 ± 0.087 − 0.006 ± 0.006 8.67 ± 0.121 8.63 8.60 
1-24148 – – – – 8.79 8.80 
1-163966 − 0.002 ± 0.001 8.80 ± 0.008 − 0.006 ± 0.001 8.81 ± 0.012 8.71 8.71 
1-149561 – – – – 8.61 8.52 
1-295542 – – – – 8.55 8.45 
1-24660 − 0.003 ± 0.002 8.81 ± 0.033 − 0.007 ± 0.001 8.80 ± 0.018 8.67 8.58 
1-258373 0.002 ± 0.001 8.74 ± 0.011 0.001 ± 0.002 8.78 ± 0.023 8.61 8.54 
1-296733 – – – – 8.65 8.66 
1-60653 0.0002 ± 0.001 8.75 ± 0.014 0.0005 ± 0.001 8.73 ± 0.018 8.56 8.52 
1-109056 − 0.006 ± 0.003 8.77 ± 0.036 − 0.005 ± 0.001 8.66 ± 0.014 8.62 8.62 
1-210646 − 0.006 ± 0.0004 8.75 ± 0.004 − 0.010 ± 0.001 8.75 ± 0.011 8.56 8.47 
1-248420 − 0.005 ± 0.001 8.82 ± 0.009 − 0.012 ± 0.003 8.85 ± 0.025 8.67 8.59 
1-277552 − 0.007 ± 0.001 8.75 ± 0.012 − 0.005 ± 0.001 8.68 ± 0.016 8.58 8.44 
1-96075 − 0.003 ± 0.001 8.77 ± 0.006 − 0.007 ± 0.004 8.79 ± 0.034 8.67 8.56 
1-558912 – – – – 8.70 8.62 
1-269632 – – – – 8.63 8.52 
1-258599 – – – – 8.51 8.50 
1-121532 – – – – 8.60 8.59 
1-209980 0.010 ± 0.005 8.46 ± 0.071 0.003 ± 0.002 8.48 ± 0.029 8.65 8.57 
1-44379 0.002 ± 0.002 8.72 ± 0.025 − 0.002 ± 0.001 8.70 ± 0.011 8.73 8.69 
1-149211 – – – – 8.41 8.49 
1-279147 – – – – 8.59 8.51 
1-94784 − 0.002 ± 0.001 8.77 ± 0.010 0.005 ± 0.001 8.72 ± 0.011 8.76 8.71 
1-339094 – – – – 8.58 8.57 
1-137883 – – – – 8.58 8.58 
1-48116 − 0.0003 ± 0.001 8.81 ± 0.008 0.003 ± 0.001 8.76 ± 0.005 8.61 8.54 
1-135641 − 0.002 ± 0.001 8.82 ± 0.017 − 0.001 ± 0.001 8.82 ± 0.013 8.66 8.78 
1-248389 – – – – 8.82 8.89 
1-321739 − 0.0004 ± 0.0003 8.71 ± 0.013 − 0.0004 ± 0.0004 8.65 ± 0.013 8.59 8.54 
1-234618 − 0.0004 ± 0.0001 8.74 ± 0.006 − 0.0004 ± 0.0001 8.67 ± 0.008 8.57 8.59 
1-351790 – – – – 8.47 8.67 
1-23979 – – – – 8.51 8.49 
1-542318 – – – – 8.69 8.62 
1-279676 − 0.004 ± 0.003 8.80 ± 0.031 − 0.008 ± 0.005 8.77 ± 0.054 8.64 8.62 
1-519742 − 0.017 ± 0.007 8.76 ± 0.039 0.010 ± 0.012 8.56 ± 0.063 8.59 8.63 
1-94604 − 0.022 ± 0.008 8.81 ± 0.063 − 0.017 ± 0.003 8.67 ± 0.020 8.67 8.61 
1-37036 – – – – 8.71 8.64 
1-167688 – – – – 8.56 8.62 
1-279666 – – – – 8.68 8.63 
1-148068 0.003 ± 0.001 8.73 ± 0.017 − 0.006 ± 0.001 8.83 ± 0.015 8.71 8.60 
1-603941 − 0.008 ± 0.001 8.77 ± 0.007 − 0.012 ± 0.001 8.79 ± 0.017 8.61 8.54 
1-153627 − 0.004 ± 0.0005 8.80 ± 0.006 − 0.006 ± 0.001 8.75 ± 0.019 8.55 8.58 
1-270129 0.003 ± 0.001 8.74 ± 0.006 0.001 ± 0.002 8.77 ± 0.020 8.67 8.56 
1-298938 − 0.009 ± 0.001 8.80 ± 0.017 − 0.008 ± 0.002 8.70 ± 0.030 8.61 8.54 
1-420924 − 0.003 ± 0.001 8.79 ± 0.014 − 0.002 ± 0.001 8.78 ± 0.016 8.63 8.55 
1-626658 − 0.005 ± 0.002 8.79 ± 0.015 − 006 ± 0.002 8.79 ± 0.024 8.67 8.60 
1-603039 − 0.001 ± 0.001 8.81 ± 0.012 0.002 ± 0.0005 8.74 ± 0.005 8.60 8.51 
1-43868 0.017 ± 0.003 8.64 ± 0.062 − 002 ± 0.001 8.82 ± 0.021 8.70 8.74 
1-71987 – – – – 8.62 8.57 
1-121973 – – – – 8.75 8.68 
1-122304 – – – – 8.66 8.56 
1-174631 – – – – 8.49 8.58 
1-617323 − 0.001 ± 0.002 8.82 ± 0.020 0.003 ± 0.003 8.77 ± 0.032 8.64 8.62 
1-176644 − 0.008 ± 0.004 8.77 ± 0.053 − 0.013 ± 0.003 8.79 ± 0.044 8.74 8.66 
1-177972 – – – – 8.55 8.55 
1-179679 0.016 ± 0.004 8.68 ± 0.029 − 0.005 ± 0.002 8.81 ± 0.014 8.75 8.76 
1-196597 − 0.0005 ± 0.002 8.79 ± 0.040 − 0.001 ± 0.001 8.72 ± 0.017 8.66 8.61 
1-210020 − 0.007 ± 0.003 8.86 ± 0.075 − 0.005 ± 0.001 8.70 ± 0.032 8.59 8.56 
1-201392 – – – – 8.63 8.54 
1-209707 – – – – 8.51 8.51 
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Table 1 – continued 

N2 O3N2 12 + log(O/H) 
ID Slope (O/H) 0 Slope (O/H) 0 O/H) C (O / H) SB98f 

1-209772 – – – – 8.67 8.60 
1-633942 − 0.006 ± 0.001 8.82 ± 0.010 − 0.005 ± 0.001 8.77 ± 0.015 8.74 8.70 
1-277257 0.0005 ± 0.001 8.72 ± 0.018 0.004 ± 0.002 8.59 ± 0.027 8.60 8.63 
1-298778 0.002 ± 0.001 8.78 ± 0.004 0.013 ± 0.005 8.70 ± 0.032 8.77 8.78 
1-299013 − 0.012 ± 0.001 8.85 ± 0.012 − 0.018 ± 0.003 8.84 ± 0.026 8.67 8.72 
1-323794 0.001 ± 0.002 8.66 ± 0.037 0.001 ± 0.001 8.59 ± 0.030 8.54 8.53 
1-384124 – – – – 8.63 8.60 
1-405760 – – – – 8.61 8.58 
1-625513 − 0.009 ± 0.001 8.84 ± 0.016 0.008 ± 0.001 8.76 ± 0.023 8.57 8.52 
1-519412 – – – – 8.45 8.46 
1-547402 − 0.001 ± 0.003 8.88 ± 0.72 − 003 ± 0.003 8.59 ± 0.069 8.47 8.52 
1-175889 0.002 ± 0.001 8.73 ± 0.010 0.001 ± 0.002 8.75 ± 0.030 8.59 8.54 
1-605353 − 0.008 ± 0.002 8.84 ± 0.020 − 0.011 ± 0.003 8.82 ± 0.029 8.77 8.86 
1-232143 − 0.011 ± 0.001 8.73 ± 0.013 − 0.015 ± 0.001 8.73 ± 0.010 8.45 8.46 
1-251458 0.001 ± 0.001 8.77 ± 0.008 − 0.001 ± 0.004 8.82 ± 0.023 8.69 8.64 
1-298298 − 0.004 ± 0.001 8.75 ± 0.011 − 0.004 ± 0.001 8.72 ± 0.013 8.57 8.61 
1-380097 − 0.002 ± 0.0004 8.78 ± 0.003 0.001 ± 0.003 8.74 ± 0.023 8.60 8.51 
1-31788 0.002 ± 0.001 8.79 ± 0.008 0.0002 ± 0.002 8.75 ± 0.022 8.56 8.49 
1-46056 – – – – 8.54 8.54 
1-114252 – – – – 8.64 8.57 
1-150947 0.008 ± 0.003 8.67 ± 0.034 0.010 ± 0.002 8.57 ± 0.018 8.55 8.50 
1-604912 0.002 ± 0.004 8.82 ± 0.056 − 0.003 ± 0.003 8.78 ± 0.037 8.58 8.53 
1-145679 0.003 ± 0.001 8.74 ± 0.013 0.003 ± 0.003 8.76 ± 0.036 8.78 8.69 
1-163789 − 0.048 ± 0.002 9.09 ± 0.017 − 0.043 ± 0.008 9.02 ± 0.071 8.65 8.59 
1-635348 – – – – 8.76 9.00 
1-153901 – – – – 8.62 8.53 
1-201969 − 0.014 ± 0.007 8.88 ± 0.029 − 0.006 ± 0.002 8.95 ± 0.084 8.73 8.66 
1-196637 – – – – 8.64 8.59 
1-229862 − 0.001 ± 0.002 8.80 ± 0.015 − 0.012 ± 0.011 8.83 ± 0.087 8.66 8.65 
1-229731 0.003 ± 0.0003 8.74 ± 0.003 0.0004 ± 0.001 8.79 ± 0.009 8.69 8.62 
1-264729 − 0.001 ± 0.0004 8.70 ± 0.023 − 0.001 ± 0.0002 8.63 ± 0.009 8.54 8.53 
1-268479 − 0.012 ± 0.003 8.87 ± 0.030 − 0.015 ± 0.002 8.82 ± 0.021 8.68 8.56 
1-295041 − 0.002 ± 0.001 8.80 ± 0.009 − 0.020 ± 0.003 8.84 ± 0.025 8.58 8.54 
1-281125 – – – – 8.16 8.42 
1-298498 – – – – 8.31 8.41 
1-297172 – – – – 8.61 8.55 
1-317962 – – – – 8.58 8.47 
1-318148 – – – – 8.33 8.45 
1-379811 – – – – 8.51 8.47 
1-605069 – – – – 8.62 8.56 
1-376346 – – – – 8.63 8.55 
1-382697 – – – – 8.55 8.51 
1-382452 – – – – 8.59 8.56 
1-403982 − 0.004 ± 0.006 8.81 ± 0.050 − 0.001 ± 0.001 8.70 ± 0.008 8.68 8.68 
1-605215 − 0.005 ± 0.001 8.82 ± 0.007 − 0.012 ± 0.001 8.80 ± 0.011 8.63 8.57 
1-457424 – – – – 8.72 8.79 
1-537120 – – – – 8.73 8.69 

Columns . (1) Galaxy identification in the MaNGA surv e y. (2)–(3) slope ( grad Y , in units of dex arcsec −1 ) of the oxygen radial 
gradient and the extrapolated value of the gradient to the Galactic Centre ( R = 0) considering the fit of the equation ( 7 ) to the 
abundance estimates along the entire disc of each object and the (O/H)-N2 calibration (equation 6 ). (4)–(5) Same than for the 
columns (2)–(3) but for estimations from (O/H)-O3N2 calibration (equation 6 ). (6)–(7) Estimates of 12 + log(O/H) for the nuclear 
region of each galaxy obtained through the calibrations proposed by Carvalho et al. ( 2020 ) and SB 1 , respectively. 
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The abo v e result is in agreement with some results found in
revious studies. For instance, Dors et al. ( 2015 ), who used long-
lit spectroscopic data obtained by Ho, Filippenko & Sargent ( 1997 ),
ound that the metallicity in the NLR (derived from SB 1 calibration) 
nd in star-forming nuclei, whose metallicity was estimated by 
sing the C -method (Pilyugin, Grebel & Mattsson 2012 ; Pilyugin 
t al. 2013 ), are close to or slightly lower than those obtained
y the extrapolation method in the regime of high metallicity, i.e. 
2 + log(O/H) � 8 . 6. These authors pointed out that metal-poor gas
ccretion is less evident for galaxies with low metallicity, where the
etallicity of the accretion material is similar (or not so different) to

hat of the gas phase in the central regions, therefore, not producing
ignificantly metallicity change. The opposite, probably, occurs for 
GNs with high metallicity, where the infalling poor metallicity 
as and the one in the galaxy differ considerably. This scenario
xplains the result shown in Fig. 6 . S ́anchez et al. ( 2014 ) found,
MNRAS 513, 807–821 (2022) 
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Figure 4. Left-hand panel: distribution of nuclear chemical abundance obtained using the extrapolation method for AGNs and their control galaxies. Both were 
obtained from the use of the N2 calibration in the H II regions. Right-hand panel: histogram of the slopes of the abundance gradients for the AGNs compared to 
those from their control galaxies. AGN are shown in blue and the controls in light green dashed lines. 

Figure 5. Histograms showing the central oxygen abundances distribution for the AGNs compared to that of the control galaxies. In the left-hand panel, the 
AGN abundances were obtained using the Carvalho et al. ( 2020 ) calibration (red open histogram) and in the right-hand panel using the SB 1 calibration (pink 
open histogram). The control galaxies are represented by the hatched histogram in light green. 
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or ∼10 per cent of the objects of the their sample, observational
vidence of lower central oxygen abundances than those inferred
rom the O/H gradient extrapolation to the central parts of spiral
alaxies and suggested that a possible explanation is the addition of
etal-poor gas to the centre of the galaxies. 
To verify if the result shown in Fig. 6 is dependent on the

alibration assumed to derive the O/H gradients in our sample,
ther empirical calibrations were also considered. In particular, we
NRAS 513, 807–821 (2022) 

a

onsidered the empirical calibrations proposed by DTT02: 

2 + log (O / H) = 9 . 12 + 0 . 73 × N2 , (13) 

nd by PP04: 

2 + log (O / H) = 8 . 90 + 0 . 57 × N2 , (14) 

nd calculated the radial gradients for all objects in our sample. 

art/stac771_f4.eps
art/stac771_f5.eps
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Figure 6. Left-hand panels: 12 + log (O / H) calculated from Carvalho et al. ( 2020 ) (top panel) and SB 1 (bottom panel) versus 12 + log (O / H) 0 calculated from 

the O3N2 calibration for the H II regions of PMC09. Right-hand panels: 12 + log (O / H) calculated from Carvalho et al. ( 2020 ) (top panel) and SB 1 (bottom 

panel) versus 12 + log (O / H) 0 calculated from the N2 calibration for the H II regions of PMC09. The solid line represents the equality between the estimates. 

Figure 7. Radial profiles of 12 + log (O / H) obtained by using three different metallicity calibrations for star-forming regions. The lines represent linear 
regression to the points (not shown): The brown, dark cyan, and orange lines represent linear regressions to the O/H abundance estimates for disc H II regions of 
each object obtained assuming the calibration by Denicol ́o et al. ( 2002 , hereafter DTT02) (equation 13 ), Pettini & Pagel ( 2004 , hereafter PP04) (equation 14 ), 
and P ́erez-Montero & Contini ( 2009, hereafter PMC09) (equation 6 ), respectively. The red point and pink cross sign points represent the abundances for AGN 

calculated via Carvalho et al. ( 2020 ) (equation 10 ) and SB 1 (equation 8 ) calibrations, respectively. The error in O/H abundances derived from strong emission 
line line calibrations is of the order of ±0.1 dex (DTT02). 
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In Fig. 7 , we show the abundance gradients as well as the nuclear
bundance values for three AGN hosts, with MANGA ID’s 1-44303, 
-270129, and 1-251458, which are representative of the abundance 
rofiles observed in our sample. The resulting O/H gradients based 
n the three calibrations abo v e are represented by lines with different
olours. These gradients were extrapolated to the zero galactocentric 
istance ( R = 0). In Fig. 7 , the 12 + log(O/H) values obtained for
he AGNs using the Carvalho et al. ( 2020 ) and SB 1 calibrations are
lso indicated as a red dot and purple cross, respectively. It can be
een that, independently from the calibration considered to derive the 
radients in the AGN, with the exception of the object 1-251458, for
hich the SB 1 calibration produces a high O/H value, we confirm 

hat the extrapolated values are usually higher than those derived 
rom the AGN calibrations. Moreo v er, the error associated with O/H
stimates from calibrations based on strong emission lines is of the 
rder of ±0.1 dex (e.g. DTT02; Marino et al. 2013 ), lower than the
v erage discrepanc y 〈 D 〉 (see belo w) deri ved for our sample. The
est of the objects (not shown) were subjected to the same process as
hose in Fig. 7 and yielded similar results. 

As discussed previously, there are several physical processes that 
an produce a decrease (or different O/H abundances) in the O/H
bundance (or Z ) in the central parts of galaxies in comparison with
hat obtained from the gradient extrapolation. The simplest scenario 
ppears to be the accretion of metal-poor gas into the nuclear region,
.g. via the capture of a gas-rich dwarf galaxy, which is a process that
an lead to the triggering of nuclear activity in galaxies, as discussed
n Storchi-Bergmann & Schnorr-M ̈uller ( 2019 ). A molecular (e.g.
iffel et al. 2008 ; Riffel, Storchi-Bergmann & Winge 2013 , Moir ́e
t al. 2018 ) and/or neutral gas (e.g. Allison et al. 2015 ) reservoir can
hus form in the surroundings of the SMBH, feeding it. 
MNRAS 513, 807–821 (2022) 
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Figure 8. Left-hand panels: electron density (in units of cm 

−3 ) for each AGN NLR and the logarithm of the stellar mass of the hosting galaxy versus the 
difference D (in dex, equation 12 ) between the O/H abundance of the AGN (derived from Carvalho et al. 2020 calibration – equation 10 ) and the intersect oxygen 
abundances derived from the radial abundance gradients – blue symbols for the H II O3N2 calibration and orange symbols for the N2 calibration of PMC09. 
Right-hand panels: as in the left-hand panels but for the logarithm of the luminosity of [O III ] λ5007 and H α as well as the extinction A v (in units of magnitude) 
of the AGNs. Blue and orange lines represent a linear regression to the corresponding points. The linear regression coefficients as well as the Pearson correlation 
coefficients ( R ) and p -values for the blue points are listed in Table 2 , while those for the orange points are listed in Table 3 . 

Table 2. Coefficients of the linear regression to the blue symbols (O3N2 
H II regions’ O/H calibration) shown in Fig. 8, the corresponding Pearson 
correlation coefficient ( R ), and the p -value. 

a b R p 

N e (cm 

−3 ) − 119 ± 194.1 268.8 ± 27.19 −0.08 0.54 
log( M /M �) 0.05 ± 0.57 10.84 ± 0.08 −0.01 0.93 
log L ([O III ]) − 0.79 ± 0.63 40.64 ± 0.09 −0.16. 0.22 
log L (H α) − 0.32 ± 0.83 40.49 ± 0.12 −0.05 0.70 
A v − 0.40 ± 1.58 1.78 ± 0.22 −0.03 0.82 
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Table 3. Coefficients of the linear regression to the orange symbols (N2 
H II regions’ O/H calibration) shown in Fig. 8 , the corresponding Pearson 
correlation coefficient ( R ), and the p -value. 

a b R p 

N e (cm 

−3 ) − 413.7 ± 161.2 313.8 ± 27.87 −0.32 0.01 
log( M /M �) − 1.15 ± 0.48 11 ± 0.08 −0.30 0.02 
log L ([O III ]) − 0.47 ± 0.56 40.62 ± 0.10 −0.11. 0.41 
log L (H α) − 1.25 ± 0.71 40.63 ± 0.12 −0.22 0.09 
A v − 3.35 ± 1.31 2.21 ± 0.23 −0.32 0.01 
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Some recent studies have pointed out that star formation inside
GN gas outflows (e.g. Gallagher et al. 2019 ) and/or supernova

xplosions in accretion discs can locally enrich the AGN and produce
ery high abundances, mainly in the broad-line regions (e.g. Wang
t al. 2011 ; Moranchel-Basurto et al. 2021 ). But, in our case, we find
ow metallicity in the NLRs of the sample, and, therefore, the most
ikely process is that we are observing an accretion of poor metal
as rather than a higher star formation rate in the innermost disc H II

egions. 
In order to investigate if there is any correlation between the

xygen discrepancy D , derived by using equation ( 12 ), and rele v ant
hysical properties of the AGN sample, in Fig. 8 , we plot the electron
ensity of the AGN NLR, luminosity of H α and the extinction
oefficient A v obtained within the inner 2.5 arcsec versus D . In
ddition, the luminosity of [O III ] λ5007 and stellar masses derived
rom SDSS-III data (Thomas et al. 2013 ) were also plotted versus D in
he second column of Fig. 8 . The blue and orange symbols represent
hich calibration was considered in the radial extrapolation: blue for

he O3N2 calibration and orange for the N2 calibration of PMC09. A
inear regression to the points in each plot of Fig. 8 was performed.
he best-fitting coefficients, the Pearson correlation coefficient ( R )
nd the p -value are listed in Tables 2 and 3 . The O/H abundances in
NRAS 513, 807–821 (2022) 
he AGNs were those obtained through Carvalho et al. ( 2020 ) because
his calibration considers a wider range of nebular parameters than
hat of SB 1 . Based on the linear fits, R and p -values and from the
nalysis of the plots in Fig. 8 , we can state that for the O3N2
alibration (represented by blue symbols), there is no correlation
etween the AGN and galaxy properties and D . The p -value confirms
hat R is not significant (considering the level of significance as p
0.05). On the other hand, for the N2 calibration (represented by

range symbols), there is evidence of a mild inverse correlation
etween the following properties and D : electron density, stellar
ass, and extinction A v . The cause of these inverse correlations is

ot clear. 
It is worthwhile to stress again that, the oxygen abundance

stimations via strong-line methods for H II regions and AGNs can
iffer from each other up to ∼0.8 dex (e.g. Kewley & Ellison 2008 ;
ors et al. 2020b ). Thus, to confirm the non-existence of correlation
etween AGN nebular parameters and D found abo v e, it is necessary
o estimate the O/H gradients and AGN abundances based on direct
stimations of the electron temperature, i.e. by using the T e -method
the most reliable method), which is not possible considering the
ata in this paper. 
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 SUMMARY  

e derived the metallicities of MaNGA AGN NLRs (traced by 
he O/H abundance) and the radial gradients of oxygen abundance 
long the disc for 98 Seyfert 2 and 10 Seyfert 1 host galaxies using
aNGA-SDSS-IV data cubes. The metallicities of the AGNs and 

n the disc of H II regions were obtained using calibrations based
n strong emission lines proposed in the literature. We derived for
ost galaxies clear O/H gradients, with the O/H abundance ratio de- 

reasing as the galactocentric distance increases. This characteristic 
s commonly found in the disc of spiral galaxies, which suggests that

ost spiral galaxies are formed according to the inside-out scenario. 
he oxygen abundances derived through emission lines of the AGNs 
nd based on two distinct calibrations are lower by an average value
 D 〉 of 0.16–0.30 dex (depending on the calibration assumed) than the
xtrapolated oxygen abundances to the central parts derived from the 
adial abundance gradients. We suggest that the difference 〈 D 〉 can
e due to the accretion of metal-poor gas to the AGN host – probably
ia the capture of a gas-rich dwarf galaxy, which builds up a reservoir
f molecular and/or neutral gas that will then feed the SMBH.
his gas will then trigger the nuclear activity via its capture by

he nuclear SMBH. We investigated correlations between D and the 
lectron density ( N e ), [O III ] λ5007, and H α luminosities, extinction
oefficient ( A V ) of the AGN as well as the stellar mass ( M ∗) of the
osting galaxy. We did not find any significant correlation between 
he aforementioned properties and D when the oxygen gradients are 
erived from O3N2 index. Otherwise, there is evidence of an inverse 
orrelation between the D and N e , M ∗, and A v when the N2 index
s used. The origin of inconsistenc y observ ed here, probably, it is
ue to the use of different metallicity indicators to derive the radial
radients. To confirm the deriv ed correlations, further inv estigation 
ith oxygen radial gradients and AGN estimations based on direct 
etermination of the electron temperature, i.e. by using the T e -
ethod, is required. 
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Figure S37. As Fig. 3 but for the AGN host 1-603039. 
Figure S38. As Fig. 3 but for the AGN host 1-43868. 
Figure S39. As Fig. 3 but for the AGN host 1-174631. 
Figure S40. As Fig. 3 but for the AGN host 1-617323. 
Figure S41. As Fig. 3 but for the AGN host 1-176644. 
Figure S42. As Fig. 3 but for the AGN host 1-179679. 
Figure S43. As Fig. 3 but for the AGN host 1-196597. 
Figure S44. As Fig. 3 but for the AGN host 1-210020. 
Figure S45. As Fig. 3 but for the AGN host 1-633942. 
Figure S46. As Fig. 3 but for the AGN host 1-277257. 
Figure S47. As Fig. 3 but for the AGN host 1-298778. 
Figure S48. As Fig. 3 but for the AGN host 1-299013. 
Figure S49. As Fig. 3 but for the AGN host 1-323794. 
Figure S50. As Fig. 3 but for the AGN host 1-405760. 
Figure S51. As Fig. 3 but for the AGN host 1-625513. 
Figure S52. As Fig. 3 but for the AGN host 1-547402. 
Figure S53. As Fig. 3 but for the AGN host 1-175889. 
Figure S54. As Fig. 3 but for the AGN host 1-605353. 
Figure S55. As Fig. 3 but for the AGN host 1-232143. 
Figure S56. As Fig. 3 but for the AGN host 1-251458. 
Figure S57. As Fig. 3 but for the AGN host 1-298298. 
Figure S58. As Fig. 3 but for the AGN host 1-380097. 
Figure S59. As Fig. 3 but for the AGN host 1-31788. 
Figure S60. As Fig. 3 but for the AGN host 1-150947 
Figure S61. As Fig. 3 but for the AGN host 1-604912. 
Figure S62. As Fig. 3 but for the AGN host 1-145679 
Figure S63. As Fig. 3 but for the AGN host 1-163789. 
Figure S64. As Fig. 3 but for the AGN host 1-153901. 
Figure S65. As Fig. 3 but for the AGN host 1-201969. 
Figure S66. As Fig. 3 but for the AGN host 1-229862. 
Figure S67. As Fig. 3 but for the AGN host 1-229731. 
Figure S68. As Fig. 3 but for the AGN host 1-264729. 
Figure S69. As Fig. 3 but for the AGN host 1-268479. 
Figure S70. As Fig. 3 but for the AGN host 1-295041. 
Figure S71. As Fig. 3 but for the AGN host 1-281125. 
Figure S72. As Fig. 3 but for the AGN host 1-382697. 
Figure S73. As Fig. 3 but for the AGN host 1-403982. 
Figure S74. As Fig. 3 but for the AGN host 1-605215. 
Figure S75. As Fig. 3 but for the AGN host 1-457424. 
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