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Abstract 

The amounts of total and sorbed Al, Ba, Cr, Fe, Mn, Ni, and V present in three 
sediment cores from the South of the Gulf of Mexico (N1, N2, and N3) were 
determined. Of the three samples studied herein (N1. N2, and N3), one of 
them (N2) is associated to a natural “chapopotera”. ICP/MS analyses show that 
total concentrations of Al, Fe, Mn, Ba, Cr, Ni, Pb, and V for N1 and N3 were 
found to be ca. 4.2, 2.3, 206.5, 165, 91, 72, 14 and 97 mg kg-1, and ca. 5.2 (Al2O3), 
4, 401.50, 269, 89, 62, 18, and 118 mg kg-1 for N2. As evidenced by the correla-
tion matrices, there is a positive association among metals distribution, except 
for the case of Mn, regardless of the sediment core. Nevertheless, Cluster and 
Principal Components Analyses denote variability in metal-spatial distribu-
tion, signature variability in the composition of the water column. Magnitude 
values for the enrichment factor (EF) relative to background values found in 
the Southern Gulf of Mexico (bulk seawater) for Al, Fe, Mn, Ba, Cr, Ni, Pb, and 
V were estimated. The outcome of this work show distinctive EF values, ran-
ging from moderate to high EF values, regardless of the core source.
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Introduction

Metals are pivotal to biogeochemical processes, thereby 
the importance of understanding their partitioning 
mechanism(s) in marine sediments; particularly so in 
either mineral surfaces or biological matrices. In the 
former case, metal sorption in marine sediments will 
vary depending on pH, redox potential, and the com-
position of suspended solids (Kitano and Fujiyoshi, 
1980; Hakansson et al., 1989; Calmano et al., 1993; Wie-
chula et al╆╇やｲｰｰｰ《╆や*-や²æØやœ̶mØ°やª̶±Ø╇やßØ²̶œ±や¹ıœœやı-²Ø°̶ª²や
¹ı²æや©°º̶-ıªやß̶mØ°や 〉æ³ßıªや ̶ªıŁ《╇や 〉)4–, S=), and react 
with other metals, prior to entering to the trophic chain 
(Ford and Ryan, 1995; Bosecker, 1997; Schippers and 
Sand, 1999; Gutjahr et al., 2007; Sparrevik et al., 2009; 
Scholz et al., 2009). Three main rivers, namely, Grijalva, 
4̶-や1ØŁ°©╇や(©-¾ÀœØ¾╇や5©-̶œÀ╇や̶-Łや$©̶n̶ª©̶œª©±やŁ°̶ı-や
to the South of the Gulf of Mexico. These rivers carry 
high contents of suspended solids. Such high turbidity 
æ̶±やÆØØ-や̶m°ıÆ³²ØŁやı-や¬̶°²や²©やªæ̶-ºØ±やı-や²æØやœ̶-Łや³±Øや
and deforestation (Vázquez et al., 2006; Vela, 2005). In 
particular, recent reports provide evidence to show wa-
²Ø°やı-S©¹±やŒ°©ßやª©̶±²̶œや°ıµØ°±や̶-Łやœ̶º©©-±やª©-²̶ı-ı-ºや
suspended solids concentrations as high as ca. 10439 
ton d–1 (PEP-UNAM, 2008; Scholz et al., 2009), with 
ªæØßıª̶œやª©ß¬©-Ø-²±やŒ©³-Łやı-や²æØやŁØØ¬や¾©-Ø╇や┚やｳ╇ｰｰｰやß╆や
The presence of high amounts of suspended material 
æ̶±やÆØØ-やØ¼¬œ̶ı-ØŁやÆ½や²æØやı-S©¹±や©Œや²æØや$©̶n̶ª©̶œª©±や
and Grijalba-Usumacinta rivers in light that marine 
currents are responsible for distributing particulated 
coastal supplies into the deep zone (Vazquez and Alex-

ander, 2008). Other anthropogenic-borne sources of 
particulated material prevailing in this geographical 
region include the presence of the oil industry and im-
minent natural oil spills commonly referred as “chapopo-

teras”, marine-transit discharges, or atmospheric 
precipitation of Pb, Ni, Ba, V, SOx and NOx particles 
(Prospero, 1999; Prospero et al., 2004). All these input 
sources ensure the continuous accumulation of metals 
at the sediment-water pore interface. The purpose of 
this work was to study the spatial distribution of Al, Ba, 
Cr, Fe, Mn, Ni, Pb and V, in three distinct sediment en-
vironments in from the South of the Gulf of Mexico. 
5æØや±²³Ł½や¹̶±やª©-Ł³ª²ØŁや²©やÆØmØ°や³-ŁØ°±²̶-ŁやßØ²̶œ±や
partitioning as characterized by Cluster and Principal 
Component Analyses based on Enrichment Factor (EF) 
determinations.

Material and methods

Three sediment cores were collected on board of the 
B/O (Oceanographic Vessel) Justo Sierra which belongs 
to the Universidad Nacional Autonoma de Mexico 
(UNAM). The collection sites for the sediment cores 
¹Ø°Øやœ©ª̶²ØŁや̶²や²æØやŒ©°ØŒ°©-²や©Œや²æØや$©̶n̶ª©̶œª©±や̶-Łや
(°ıł̶œµ̶ま6±³ß̶ªı-²̶╆や5æØや±ı²Øや¹̶±や̶TØª²ØŁやÆ½や̶や-̶²³°̶œや
oil spill (Figure 1).

The cores (N1, N2, and N3) were collected in 0.01 m3 
boxes. Each core was 12 cm in diameter. The cores 
thickness varied from 12 to 31 cm. The cores were col-
lected using hydraulic PVC tubes. The tubes were 
washed with an acid solution and water Type III (mil-

Resumen

Se determinaron las cantidades total y adsorbidas de Al, Ba, Cr, Fe, Mn, Ni, y V 

presentes en tres núcleos de sedimentos del Sur del Golfo de México (N1, N2 y 

N3). De las tres muestras estudiadas en el presente documento, una de ellas (N2) 

se asocia a las chapopoteras naturales. El análisis en ICP/MS demuestra que las 

concentraciones totales de Al, Fe, Mn, Ba, Cr, Pb y V para el N1 y N3 son 4.2, 2.3, 

206.5, 165, 91, 72, 14 7y 97 mg kg–1, y para N2 son 5.2 (Al2O3), 4, 401.50, 269, 

89, 62, 18, and 118 mg kg–1. Como se evidencia por las matrices de correlación, 

existe una relación positiva entre la distribución de los metales excepto para el 

Mn, independientemente del núcleo de sedimentos. Sin embargo, el Cluster y aná-

lisis de componentes principales denotan la variabilidad de la distribución espacial 
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de magnitud para el factor de enriquecimiento (EF) de Al, Fe, Mn, Ba, Cr, Ni, Pb, 

y V, relativos a los valores del fondo que se encuentran en el sur del Golfo de Mé-

xico (mar grueso). Finalmente, el resultado de este trabajo muestra valores y com-

portamiento distintivos del EF, que van de moderados a altos, independientes de 

su fuente principal.
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lipore, Milli-Q) prior to use. The sediment cores were 
stored in plastic bags right after collection. Plastic bags 
¹Ø°Øや©¬Ø-ØŁや°ıºæ²やÆØŒ©°Øや³±Øや²©や¬°ØµØ-²や©¼½ºØ-やŁıT³-
sion and a subsequent plausible metal-oxidation. In all 
samples, the supernatant water from the core top was 
removed. The cores were then sealed and cap-closed 
³±ı-ºや5ØS©-やª½œı-ŁØ°〉±《╆や"œœやª©°Ø±やª©œœØª²ØŁや¹Ø°ØやøØ¬²や̶ ²や
4°C prior to analyses (Figure 1).

The sediment samples were obtained by sectioning 
the cores at 0.5-cm regular intervals for N1 and N2, and 
1.0-cm regular intervals for N3. Twenty six samples for 
N1, 64 for N2, and 30 for N3 were obtained. The depths 
selected for this study were 2100 (N2), 250 (N1), and 15 
m (N3). Sections of dry sediment were homogenized 
with an agate mortar and stored in high-density plastic 
jars. For determining total-metals contents, dry-sedi-
ment samples were digested in a 1:1 HCl: HNO3 mix-
ture inside a CEM MARS 5 microwave, according to a 
method reported by Tessier et al. (1979); De Lorenz 

(2004); Vázquez et al. (2004), and (2006); PEP-UNAM, 
〉ｲｰｰｸ《╆や .Ø²̶œや ®³̶-²ıRª̶²ı©-や ¹̶±や ª©-Ł³ª²ØŁや ³±ı-ºや ̶-や
ICP/MS and Atomic Absorbance equipped with an im-
pact cell and an automatic sampler. All experiments 
were analyzed randomly and by duplicates. The ana-
lytical recoveries relative to standard solutions (High-
purity standards; Lot number 830702, Cat. Number 
CRM-MS-S) for total-metal determinations were 91.5% 
for Al; 94.5% for Ba; 98.4% for Cr; 99.5% for Fe; 95.4% 
for Mn; 95% for Ni; and 97.5% for V. For sorbed metals 
determinations, the analytical recoveries corresponded 
to ca. 96% for Al; 93% for Ba; 87% for Cr; 98% for Fe; 
85% for Mn; 91% for Ni; and 95 % for V.

Results and discussion

Our results show atypical values for all metals studied. 
The magnitude values for the concentrations of total 
metals revealed a broad distribution for FeT (total Fe), 

Hkiwtg"30"Nqecvkqp"qh"ucornkpi"rqkpvu"kp"vjg"Uqwvjgtp"Iwnh"qh"Ogzkeq"*U90"Uwrrngogpvct{"Kphqtocvkqp"Ugevkqp+
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MnT , BaT , and Al T.  Mean values obtained indicate a 
higher data dispersion for the 50 and 75% quartiles, 
along with a concomitant negative data slanting. A 
comparison of the degree of data dispersion for the con-
tents of sorbed and total metals for N1 shows a greater 
magnitude value for the contents of sorbed metals. A 
comparison between data trends obtained for N1 and 
/ｲや±æ©¹±や̶やŁıTØ°Ø-ªØやı-や²æØやŁı±²°ıÆ³²ı©-や©Œや²©²̶œやßØ²̶œ±や
perhaps because of its proximity with natural “chapopo-

teras” (Scholz et al., 2009). The concentrations of MnT, 
are higher in magnitude for N2. Also, the distribution 
of sorbed metals was also found to vary from N1 to N2. 
The distribution of the data for sorbed metals in N2 was 
found to present a greater dispersion. This is particu-
larly the case for either sorbed Ni (Nia) or V (Va), argu-
ably due to the presence of “chapopoteras”. Also, sorbed 
Fe (Fea), Mn (Mna), and Ba (Baa) were found to present 
lower magnitude values in N1 compared to N2 (S1, 
Supplementary Information Section).

Overall data trends showed higher dispersion val-
ues for N1. Finally, the amounts of Fe, either in dis-
solved (Fes) or sorbed (Fea) form, were found to 
surpass in magnitude those registered for any other 
metal. This was found to be the case in either N1 and 
N2. Total Ba (BaT), Cr (CrT), Pb (PbT), and Mn (MnT) 
magnitude values were found to be similar in N2 and 
N3. By contrast, total Fe (FeT), Ni (NiT), and V (VT) 
magnitude values in N3 were found to be higher rela-
tive to those found for N1 or N2. Total Fe (FeT), Mn 
(MnT), Ba (BaT), and V(VT) mean ± S.E. values indicat-
ed a greater data dispersion between the 50 and 75% 
quartiles, along with a concomitant negative slanting 
of the data (S2 and S3, Supplementary Information 
Section).

The partitioning behavior of metals in the environ-
ment depends on the enlargement on their intrinsic 
reactivity, as well as biogeochemical conditions. In 
particular for Al, a conservative element, the environ-
ßØ-²̶œやŒ̶²Øやı±やª©-±²°̶ı-ØŁやÆ½やŁıT³±ı©-や̶-Łや¬°Øªı¬ı²̶-
²ı©-まŁı±±©œ³²ı©-や °Ø̶ª²ı©-±や ¬°©ªØ±±Ø±や 〉$̶±ªæØm©や ̶-Łや
Wollast, 1979; Carroll et al., 2002). For these reasons, 
various researchers have suggested the usage of Al as 
an indicator of anthropogenic activity (Rubio et al., 
2000; Rubio et al., 1998; Covelli and Fontolan, 1997; 
Balls et al., 1997; Marcet et al., 1997; Ryan and Windom, 
1988). Pertinent herein is the fact that Al is found in 
abundance in native clay minerals from the South of 
the Gulf of Mexico (Scholz et al., 2009; PEP-UNAM, 
2008; Váz quez et al., 2000). The variability observed 
for the Cr distribution among sediment cores can be 
̶m°ıÆ³²ØŁや ı-や ¬̶°²や ²©や ²æØや ¬°Ø±Ø-ªØや ©Œや Øı²æØ°や ©°º̶-ıªや
ß̶mØ°や〉4̶œ©ß©-±や̶-Łや'š°±²-Ø°╇やｱｹｸｴ《╇やı°©-や̶-Łやß̶--

ganese oxides (Williams et al., 1974; Vázquez et al., 
2000, 2004 and 2006), or iron-calcareous residues (Jick-
ells and Knap, 1984). In deep zones, Cr becomes im-
mobilized when reacting with aqueous Fe (II) (Lan et 

al.,やｲｰｰｶ《╆や*°©-や°Ø̶ª²±や²©やŒ©°ßやı-±©œ³ÆœØや±³œRŁØ±や〉)³°²-
gen et al., 1990; Carol et al., 2002). Data showing high 
concentrations of soluble iron, however, is explained 
by the sorption–desorption processes coupled with 
metal complexation by bioorganic compounds. The 
variability observed for the amounts of soluble Mn is 
explained in part by the formation of manganese ox-
ıŁØ±や ©°やß̶-º̶-Ø±Øや ©°º̶-ıªまß̶mØ°や ª©ß¬œØ¼Ø±╆や (ıµØ-や
that the sampling sites are biologically active (An-
±ªæ³nやet al., 2005), we do not discard the notion that 
Mn (III) becomes the predominant species. The vari-
ability observed among the contents of Ni can be ex-
plained by the interaction(s) with sulphide species or 
©°º̶-ıªやß̶mØ°や〉/ıま0.《╉やÆı©²³°Æ̶²ı©-╉やŁØ±©°¬²ı©-╉やßı-
gration of Ni from the deep zone to the surface; bio-
transformations; or the ionization of NiCO3 species at 
the core deep zone (Williamson and Wilcock, 1994). 
Variations in Pb accumulation observed in the core 
deep zones can be explained in part by the formation 
©Œやı-±©œ³ÆœØや1Æや±³œRŁØ±╇や1Æま©°º̶-ıªやß̶mØ°やª©ß¬œØ¼Ø±や
(Huerta and Morse, 1992; Vázquez et al., 2004), or 
PbCO3. Nevertheless, the high amounts of source Pb 
observed throughout the core are an indication of un-
dersaturation with respect to pyrite or other insoluble 
±³œRŁØ±や 〉)³Ø°²̶や̶-Łや.©°±Ø╇やｱｹｹｲ《╆や5æØやµ̶°ı̶Æıœı²½や ı-や
the amounts of soluble V registered can be explained 
by the complexation with organic compounds origi-
nated the nearby “chapopoterasちや 〉4ªæ©œ¾や et al., 2009). 
Vanadium is found in the environment primarily as 
V(V). Vanadium (V) interacts with a variety of organic 
compounds including humic and fulvic acids, and 
minerals, most importantly with iron oxides (Van and 
Jawoski, 1980).

Ogvcn"Fkuvtkdwvkqp"cpf"Rtkpekrcn""
Eqorqpgpv"Cpcn{ugu

Core N1. The normalization of total metals data trends 
for Cr (CrT), Ni (NiT) and V (VT) in N1 did not show 
±ıº-ıRª̶-²や ªæ̶-ºØ±や ÆØª̶³±Øや ̶-²æ°©¬©ºØ-ıªや ̶ª²ıµı²ıØ±や
provided the lack of variation with depth (Figure 2). On 
the other hand, normalized BaT values present changes 
throughout the core perhaps due to the supplies of bar-
ite (BaCO3; PEP-UNAM, 2008). Normalized FeT and 
MnT values show changes along the core. Variations in 
the concentration of these redox-active metals (Stumm 
and Morgan, 1996) is related to diagenetic processes, 
which are strongly dependent on the concentration of 
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dissolved O2, pH, and EH values (Finney and Huh, 
1989). At the same time, the high FeT and MnT values 
reported (Figure 2) in the core-upper layer(s) is consis-
²Ø-²や¹ı²æやı-¬³²±やŒ°©ßや²æØや$©̶n̶ª©̶œª©±や3ıµØ°╆

Normalized FeT and MnT values show changes 
along the core. Variations in the concentration of these 
redox-active metals (Stumm and Morgan, 1996) are re-
lated to diagenetic processes, which are strongly de-
pendent on the concentration of dissolved O2, pH, and 
EH values (Finney and Huh, 1989). At the same time, the 
high FeT and MnT values reported (Figure 2) in the core-
upper layer(s) are consistent with inputs from the Coa-
n̶ª©̶œª©±や3ıµØ°╆

"や±ıº-ıRª̶-²や±²̶²ı±²ıª̶œやª©°°Øœ̶²ı©-や〉p < 0.05, n = 26) 
(Table 1) between normalized total metals at 0-13 cm 
ŁØ¬²æやÆØª©ßØ±やØµıŁØ-²╆や5æØ±Øや °Ø±³œ²±や Œ³°²æØ°や ª©-R°ßや
²æØやıŁØ̶や©Œや²æØやØ¼ı±²Ø-ªØや©Œや̶や±ıº-ıRª̶-²や±³¬¬œ½や©Œや±³±-

¬Ø-ŁØŁや±©œıŁ±やŒ°©ßや²æØや$©̶n̶ª©̶œª©±や3ıµØ°や̶-Łの©°や̶²-
mospheric particles (PEP-UNAM, 2008; Vázquez et al., 
2000). Cluster and Principal Components Analyses for 
total metals (S4, Supplementary Information Section) 
further suggest the prevalence of similar geochemical 
¬°©ªØ±±Ø±や©ªª³°°ı-ºや̶²やŁıTØ°Ø-²やª©°ØやŁØ¬²æ±╆や-ıøØœ½╇や̶や
-©-まæ©ß©ºØ-Ø©³±や Łı±²°ıÆ³²ı©-や ©Œや ©°º̶-ıªや ß̶mØ°や ©Œや
showed about microenvironments with varying “re-
dox” potential values.

Our results for absorbed metals provide an indica-
tion that the accumulation of Cr (Cra) and Ni (Nia) is 
best explained by anthropogenic activities (Figure 3). 
With respect to Baa, Fea, Mna, Pba and Va, visible changes 
are present along the core. Correlations with statistical 
±ıº-ıRª̶-ªØや 〉p < 0.05, n = 64) (Table 1), except for Ba 
(Baa) become evident, in consistency with the anthropo-
genic activities from the petroleum industry.

Hkiwtg"40"Pqtocnk¦gf"vqvcn"ogvcnu"vq"Cn
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Core N2. Cluster and principal components analyses of 
normalized data for total metals in N2 are explained 
because prevailing similarities between geochemical 
processes with depth. Data conglomerates become evi-
dent (S4, Supplementary Information Section). Normal-
ization on the accumulation of total metals show similar 
changes for all metals with depth (Figure 3) A high cor-
relation of normalized-total metals, except for BaT and 
MnT (p < 0.05, N = 64) (Table 1) (PEP-UNAM, 2008) was 
observed.

Normalization of data trends for sorbed metals 
±æ©¹や±ıº-ıRª̶-²やªæ̶-ºØ±や̶œ©-ºや²æØやª©°Ø╆や%̶²̶やµ̶°ı̶Æıœ-
ity becomes more notorious compared to N1. This is 
particularly true for the cases of Baa and Fea, The close 
proximity of natural “chapopoteras” and high concentra-
²ı©-±や©Œや©ıœやŁØ°ıµ̶²ıµØ±やı±や²æ©³ºæ²や²©やı-S³Ø-ªØや²æØやª©ß-
partmentalization of metals.

Magnitude values for Fea serves as an indication of 
metal mobility with depth. By contrast, obtained val-
ues for Cra and Nia suggest variations to a lesser de-
gree and, thereby, a lower mobility. Particularly so, for 
the case of Nia. Hence, natural “chapopoteras” have an 
ØTØª²や ©-や ²æØや Ø-µı°©-ßØ-²̶œや ß©Æıœı²½や ̶-Łや ª©ß¬̶°²-
mentalization of Cra and Nia. Variations in Va magni-
tude values determined along the core is in agreement 
with vanadium input originated from natural “chapopo-

teras”, arguably in the form of either vanadium-por-
phyrin or vanadium-non-porphyrines complexes 
(Fish and Komelenic, 1984). The behavior of Pba de-
-©²Ø±やœımœØやªæ̶-ºØ±や̶œ©-ºや²æØやª©°Ø╇や¹ı²æや̶ªª³ß³œ̶²ı©-や
in the deep zones only (Balsam et al., 2007).

Our results show a lack of correlation between nor-
malized absorbed metals data trends (p < 0.05; n = 64). 
However, data trends for Vaや±æ©¹や̶や±ıº-ıRª̶-²やª©°°Øœ̶-

Hkiwtg"50"Pqtocnk¦gf"cduqtdgf"ogvcnu"vq"Cn
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tion with data trends for Cra and Fea, in consistency 
with the idea of supplies in the deep zone originated 
from the Grijalva River (Table 1; PEP-UNAM, 2008; 
Vázquez et al., 2000).

Core N3. Normalization of data trends for total 
metals show variations for the Fe/Al and Mn/Al ratios, 
in consistency with normalized data trends for N1. 
5æØ±ØやR-Łı-º±やª̶-やÆØやØ¼¬œ̶ı-ØŁやı-や¬̶°²やÆØª̶³±ØやÆ©²æや
zones receive water supply from the Grijalva River 
(Figure 1). Perhaps the decreases in magnitude values 
©Æ±Ø°µØŁやª̶-やÆØや̶m°ıÆ³²ØŁや²©や°Ø̶ª²ı©-±やÆØ²¹ØØ-や'Øや̶-Łや
Mn with HS–, S=, and/or other metals (Stumm and Mor-
gan, 1996).

The Ba/Al ratio shows variations probably because 
the formation of Ba-carbonates (e.g., BaCO3) or sulfates 
(BaSO4; Hurtgen et al., 1999). The Cr/Al ratio presents 
similar variations, with no indication of the presence of 
Cr in the beaches of Tabasco (Vázquez et al., 2006; 

Fuschsman et al., 2007). The Ni/Al and V/Al ratios pres-
ent similar variations along the core and in agreement 
with those observed for N1. The Pb/Al ratio in the top 
(5 to 6 cm) show high values that may be a result of an 
unusual Pb supply originated from either the Grijalva 
River, the atmospheric supplies, or the oil-industry re-
lated activities (Varela, 2007). Furthermore, a correla-
tion analyses of normalized data for total metals, 
namely Fe/Al with Mn/Al, Ni/Al with V/Al, and Ni/Al 
¹ı²æや7の"œや¹Ø°ØやŒ©³-Łや²©やÆØや±²̶²ı±²ıª̶œœ½や±ıº-ıRª̶-²や〉p < 
0.05; nや└やｲｴ╉や5̶ÆœØやｱ《╆や5æØ±Øや°Ø±³œ²±やŒ³°²æØ°やª©-R°ßや̶-や
ı-S³Ø-ªØや©Œや±ØŁıßØ-²±や©°ıºı-̶²ØŁやŒ°©ßや©ıœや¹Øœœ±╆や"ŁŁı-
tional cluster and principal components analyses for 
normalized data of total metals reveal four conglomer-
ates formed by the Fe/Al, Mn/Al, Ni/Al and V/Al ratios, 
¹æıœØや ²æ©±Øや¬°Ø±Ø-²ı-ºや-©や±²̶²ı±²ıª̶œや±ıº-ıRª̶-ªØや¹Ø°Øや
found to be the Pb/Al and Ba/Al ratios (Balsam et al., 
2007), (S4, Supplementary Information Section).

Vcdng"30"Ownvkrng"eqttgncvkqp"hqt"vqvcn"cpf"uqtdgf"ogvcnu

N1

 BA/AL1 CR/AL1 FE/AL1 MN/AL1 NI/AL1 PB/AL1 V/AL1

BA/AL1 1.000       

CR/AL1 0.543 1.000      

FE/AL1 0.525 0.992 1.000     

MN/AL1 0.484 0.963 0.982 1.000    

NI/AL1 0.54 1.000 0.992 0.963 1.000   

PB/AL1 0.589 0.957 0.940 0.907 0.957 1.000  

V/AL1 0.534 0.991 0.999 0.978 0.991 0.948 1.000

N2

 BA/AL2 CR/AL2 FE/AL2 MN/AL2 NI/AL2 PB/AL2 V/AL2

BA/AL2 1.000       

CR/AL2 0.873 1.000      

FE/AL2 0.911 0.982 1.000     

MN/AL2 0.166 0.237 0.229 1.000    

NI/AL2 0.856 0.968 0.961 0.380 1.000   

PB/AL2 0.888 0.942 0.935 0.172 0.892 1.000  

V/AL2 0.872 0.984 0.987 0.273 0.972 0.914 1.000

N3

BA/AL3 CR/AL3 FE/AL3 MN/AL3 NI/AL3 PB/AL3 V/AL3

BA/AL3 1.000

CR/AL3 0.807 1.000

FE/AL3 0.878 0.982 1.000

MN/AL3 0.177 0.262 0.299 1.000

NI/AL3 0.769 0.971 0.972 0.419 1.000

PB/AL3 0.800 0.958 0.928 0.119 0.875 1.000

V/AL3 0.813 0.992 0.989 0.321 0.990 0.924 1.000
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Cores N1, N2, and N3. Principal components analy-
ses of total metals data sets for the three cores show three 
ŁıTØ°Ø-²や º°©³¬ı-º±や 〉4ｵ╇や 4³¬¬œØßØ-²̶°½や *-Œ©°ß̶²ı©-や
Section). The core N3 shows a metal grouping, with the 
exception of Pb/Al and Ba/Al. A second group of con-
glomerates in N2 is observed, with the exception of Ba/
Al. A third metal conglomerate becomes evident for N1, 
with the exception of Mn/Al. The later results are ex-
plained in part by a higher input of Mn to N1 relative to 
N2 or N3 originated from heterogeneous-industrial ac-
²ıµı²ıØ±や̶ ²や²æØや$©̶n̶ª©̶œª©±や3ıµØ°やµıªı-ı²½や〉7À¾®³Ø¾やet al., 
2000; PEP-UNAM, 2008; Geissen et al., 2009). 

Finally, normalized data trends obtained for N1 
were found to be similar to those reported for the time 
±Ø°ıØ±や©Œや±²̶²ı©-±や-Ø̶°や²æØやı-S³Ø-ªØや©Œや²æØや$©̶n̶ª©̶œª©±や
River (PEP-UNAM, 2008). Likewise, normalized data 
trends obtained for N2 were found to be similar to 
those reported for the time series for stations near the 
“chapopoteras” (PEP-UNAM, 2008). Normalized data 

trends obtained for N3 were found to be similar to 
those reported for the time series of stations near the 
Grijalva River (Vázquez and Virender, 2004; Vázquez et 

al., 2006).

Ogvcn"gptkejogpv"hcevqtu"kp"octkpg"ugfkogpvu

Diverse methods have been proposed for evaluating 
the degree and enrichment of metals in marine sedi-
ßØ-²±や 〉4̶œ©ß©-±や ̶-Łや 'š°±²-Ø°╇や ｱｹｸｴ╉や "Æ°̶æıßや ̶-Łや
Parker, 2008). The simplest method for estimating the 
level of pollution factor involves the normalization of 
concentration values to grain size (Rubio et al., 2000). 
The Enrichment Factor (EF) is calculated on the basis of 
the AIT (where AlT is total aluminum and AlL is lixivi-
ate aluminum) values according to supplementary in-
formation (S6 Supplementary Information Section).

$̶œª³œ̶²ØŁや&'やµ̶œ³Ø±や̶°Øやªœ̶±±ıRØŁや̶ªª©°Łı-ºや²©や5̶-
ble 2 (Kumar and Edward, 2009).

Hkiwtg"60"Gptkejogpv"hcevqt"xcnwgu"tgncvkxg"vq"vjg"jqtk¦qp"qh"vjg"eqtgu
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Vcdng"40"Encuukhkecvkqp"qh"GH"xcnwgu"ceeqtfkpi"vq"Mwoct"cpf"
Gfyctf"*422;+

EF < 2 %ØRªıØ-²や²©やßı-ıß³ßやØ-°ıªæßØ-²

ｲや┙や'&や┙やｵ Moderate enrichment

ｵや┗や'&や┙やｲｰ 4ıº-ıRª̶-²やØ-°ıªæßØ-²

ｲｰや┗や'&や┙やｴｰ High enrichment

EF > 40 Extremely high enrichment

Our results for N1 (Figure 4) show that Cr and Ni pres-
ent a minimum enrichment, Fe and V a moderate en-
°ıªæßØ-²╇や̶-Łや#̶╇や.-や̶-Łや1Æや̶や±ıº-ıRª̶-²やØ-°ıªæßØ-²╆や
5æØや±ıº-ıRª̶-²やØ-°ıªæßØ-²や©Œや#̶╇や.-や̶-Łや1Æやª̶-やÆØやØ¼-
plained by industrial supplies and natural drainage re-
ªØıµØŁや Œ°©ßや ²æØや $©̶n̶ª©̶œª©±や 3ıµØ°╆や &¼ªØ¬²や Œ©°や ²æØや
case of Ba, data trends for all metals show decreases in 
EF values with core depth (Figure 4).

Results for N2 at ca. 0.5 to 7.5, 18.0-27.0, and 30.0-
32.0 cm depth indicate high EF values, except for the 
case of Mn (Figure 9). These results can be explained by 
²æØやß̶-º̶-Ø±Øや©¼ıŁØ±やı-や©°º̶-ıªやß̶mØ°やßı-Ø°̶œı¾̶²ı©-や
or secondary environmental reactions (Luther et al., 
1997; Hulth et al╆╇やｱｹｹｹ╉や"-±ªæ³nや̶-Łや#œ̶-ª╇やｱｹｹｵ╉や"--
±ªæ³nやet al., 2005).

Results for N3 show EF values corresponding to 
±ıº-ıRª̶-²ま²©まæıºæやØ-°ıªæßØ-²や〉5̶ÆœØやｲ╉や'ıº³°Øやｴ《╆や5æØ±Øや
results are all based on the proximity of the coast to the 
sampling site; therefore, EF values provide an indica-
²ı©-や©Œや ²æØや ı-S³Ø-ªØやŒ°©ßや²æØや(°ıł̶œµ̶や3ıµØ°や©-やßØ²̶œや
accumulation in sediments. Barium, Fe, Pb, Ni, and V 
showed EF values that correspond to the category of 
±ıº-ıRª̶-²やØ-°ıªæßØ-²╇や̶-Łやß̶-º̶-Ø±Øや²©や²æØやª̶²Øº©°½や
of high enrichment.

5æØ±Øや°Ø±³œ²±やß̶½や-©²やÆØや̶m°ıÆ³²ØŁや²©や̶-²æ°©¬©ºØ--
ic activities, but to the diagenetic processes instead. In 
contrast, chromium showed and EF value that corre-
spond to the category of high enrichment. We explain 
²æØ±Øや œ̶mØ°やµ̶œ³Ø±やŁ³Øや ²©や ²æØや¬°Ø±Ø-ªØや©Œや ªæ°©ßı²Øや ı-や
the coasts of Tabasco (PEP-UNAM, 2008). The EF val-
ues determined in N3 for Cr were found to be high rela-
tive to those determined in N1 or N2 (Figure 4).

Conclusions

The metals were normalized with respect to Al, which 
maintains a natural change in the south of the Gulf of 
Mexico. The analysis of conglomerate and principal 
components allowed us to compare metal the three se-
diment cores obtained from in close proximity to the 
$©̶n̶ª©̶œª©±や 3ıµØ°╇や ̶や -̶²³°̶œや ｠chapopoteras” and the 
Grijalva River. Analyses of EF values showed that me-

tals present with the same core can present diverse en-
richment behavior. Value for EF of Mn in N2 is 
ª©-±ı±²Ø-²や¹ı²æや̶や±ıº-ıRª̶-²やØ-°ıªæßØ-²や-©²や̶m°ıÆ³²Øや²©や
anthropogenic activities (PEP-UNAM, 2008). Values EF 
for Mn accounts only import to Mn distribution. Either 
is necessary to distribute between Mn in geochemical 
processes and those introduced by the anthropogenic 
activity. In N3, EF values for CrT were found to be high 
perhaps due to the precipitation-dissolution processes 
of chromite in the coast of Tabasco.

Eqpvgpvu"qh"vjg"uwrrngogpvct{"kphqtocvkqp"ugevkqp

S1 Box plots of changes of total metals (T) and ab-
sorbed (L).

S2(a) Change of the horizon of the depth of the total 
metals (Ba and Al).

S2(b) Change of the horizon of the depth of the total 
metals (Fe and Cr).

S2(c) Change of the horizon of the depth of the total 
metals (Ni and Mn).

S2(d) Change of the horizon of the depth of the total 
metals (V and Pb).

S3(a) (b) (c) (d) Change of the horizon of the depth of 
the metal absorbed.

S4(a) (b) (c) Cluster diagram and major components of 
the total metals in the sediment cores (N1, N2 
and N3)

S5 Principal component analysis for the three cores.
S6 Formulae 1
S7 Location of sampling points in the southern 

Gulf of Mexico.
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