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Abstract

Concentrations of Al, Fe, Mn, Zn, Cu, Ni, Cr, Hg, Pb and Cd in superficial
sediments of river Sinu were studied. Samples were collected in 10 sampling
stations downstream from Urra 1 dam, taking into account two sampling
periods, one during rainy season and the other during dry season. Metal
concentrations were determined by spectrophotometry or by voltametry,
they were normalized with regard to aluminum concentrations, which is a
conservative element. It was observed that there was a high concentration of
Cu, Ni, Cr and Zn for both sampling periods, which suggesting a common
origin. Furthermore, a high level of heavy metal sediment concentrations was
pointed out by the enrichment factor test for each of the evaluated elements,
except Fe. Places receiving a high impact of floodplains exhibited a larger
concentration of heavy metals in sediments, as compared to other basin
areas, which is associated with sulfate decrease and sulfides formation and
subsequent release and availability of heavy metals.

----- Keywords: heavy metals, sediment, river Sinu, flood, Colombia

Resumen

Se evaluaron las concentraciones de Al, Fe, Mn, Zn, Cu, Ni, Cr, Hg, Pb y
Cd en sedimentos superficiales del rio Sini. Las muestras se recolectaron
en 10 sitios de muestreo aguas abajo del embalse de Urra I, considerandose
dos periodos de muestreo, uno en época de lluvia y otro en época seca. Las
concentraciones de los metales se determinaron por espectrofotometria de
absorcion atomica o por voltametria y se normalizaron con respecto a las

*  Autor de correspondencia: telefax: + 57 + 4 +786 01 46, correo electronico: jhon.feria@gmail.com (J. J. Feria).
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concentraciones del aluminio, por ser un metal conservativo. Se observo una
fuerte correlacion entre las concentraciones de Cu, Ni, Cr y Zn para ambos
periodos muestreados, sugiriendo un origen comun. Adicionalmente, el factor
de enriquecimiento indico para todos los elementos evaluados, a excepcion
del Fe, concentraciones enriquecidas de metales pesados en los sedimentos.
En los sitios que reciben el impacto de los suelos inundados, existe una mayor
concentracion de metales en los sedimentos, comparada con otras zonas de
la cuenca, lo cual se asocia con la reduccion de sulfatos y la formacion de

sulfuros y la subsecuente liberacion y disponibilidad de metales pesados.

----- Palabras clave: metales pesados, sedimentos,
inundacion, Colombia

Introduction

Heavy metals exist in the environment as a
result of natural processes and as pollutants
derived from human activities [1]. Heavy metals
are stable and persistent pollutants in aquatic
environments. The importance of metals like Zn,
Cu, Fe, and Mn is that they are essential for the
metabolism of organisms, the problem with them
being the narrow border between their necessity
and toxicity. Other heavy metals like Cd, Hg,
Cr and Pb can have a similar extreme level of
toxicity, even in low concentrations under given
conditions; therefore, they require monitoring in
delicate water systems [2, 3]. River sediments
are deposits of heavy metals since they are more
easily retained or accumulated than in water [4],
which is why they should be considered of high
scientific interest [5].

Distribution of heavy metals in bottom sediments
is affected by the mineral composition and
the composition of suspended material, by the
anthropogenic influence and in situ processes
like sediment deposition, absorption and
enrichment by microorganisms [5]. It is thus
convenient to monitor the behavioral pattern of
conservative elements and grain size indicators
in order to detect whether or not they follow
the same geographic distribution pattern than
those elements potentially contributed by human
activities [6]. The latter can be achieved thanks to
the normalization of the studied metals as related
to a conservative metal that is abundant and
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scarcely influenced by different human activities.
Frequently, normalization of metal concentrations
is done bearing an element of reference, such as
Al, Fe, Li, and Sc [7, 8].

Several indexes are used in order to estimate
the degree of metal pollution in sediments,
among which enrichment factor stands out due
to the relationship it establishes between the
element concentration in samples and element
concentrations with their background values,
which has been previously normalized to the
element of reference [6].

The purpose of the present study was to assess the
baseline of heavy metals for sediments of river
Sinu, quantify their enrichment factors along the
river course, establish the degree of pollution and
determine their origin.

Study areas

The river Sint1 basin is located in the northwest of
Colombia, in South America, more specifically in
the southwest area of the Colombian Caribbean
coast, within the departments of Cordoba and
Antioquia. It originates in the Paramillo massif,
which ranges between 7° 8’ 9” and 9° 27’ 2”
north latitudes and 75° 55° 31” and 75 © 58° 18”
west longitudes. The river Sint is the main water
system in the department of Coérdoba, since
besides fertilizing its valley - which is the stage
of an intense agricultural and livestock activity -
it represents an important supplier of fish species,



thus becoming one of the main ecosystems of the
Colombian Caribbean coast.

The river is stored by the Urra 1 hydroelectric
dam, within coordinates 8° 01" 10” north latitude
and 76° 12” 08” west longitude. Along its course,
river Sinu has a complex interaction with streams,
marshes and swamps that flow into it and regulate
its level pikes during maximum flood periods [9].

Materials and methods

Using a Van Veen dredge, samples of superficial
sediments were collected in eleven stations
located beside the river course, downstream
from the Urrd 1 dam during both of the climatic
seasons of the region, rainy season (November
2007) and dry season (February 2008), analyzing
the concentrations of Al, Fe, Mn, Zn, Cu, Ni,
Cr, Hg, Pb and Cd for each station. In order to
determine the background values, one core of
T1 station was selected, trough a PVC tube of 7
cm in diameter, with a depth of 40 cm and 3 cm
sections each. The fresh solid material was stored
in plastic containers and was refrigerated at 4°C
degrees until its processing at the laboratory. All
samples were dried at room temperature with the
purpose of preventing mercury volatilization due
to heating [10]. Samples were crushed with a
stainless-steel mill, subsequently sieved through
a 60um mesh and then made homogenous
in order to ensure sample representativeness
according to the procedure explained by Avila
and Zarazua [11]. For determining total metal
concentrations, 1 gram sample (dry weight) was
digested with HNO,/HCI (3:1) for two hours or
until the complete consumption of the sample
[12, 13]; Hg was digested with H,SO,/HNO,/
KMnO, [14]. Metal contents were determined
by atomic absorption spectrophotometry with
air-acetylene flame (Fe, Mn, Ni, Cr), acetylene-
nitrous-oxide flame (Al) or cold vapor (Hg) and
by voltametry (Pb, Cd, Cu, Zn). Quality control
was performed by triplicate analysis of a standard
sediment sample (International Atomic Energy
Agency, IAEA - 405). Accuracy, expressed as
recovery average, ranged between 97.1% and
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99.1%, and precision, as variation coefficient,
between 1.4% and 3.1%.

Presence of heavy metal pollutants in river
Sinu sediments was assessed normalizing metal
concentrations with aluminum concentrations.
Correlation matrixes were likewise established
between heavy metals in order to identify their
type and possible characteristics common to
pollution sources. For assessing the Enrichment
Factor (EF), concentrations of given elements
existing in the environment were compared
with those normally expectable if anthropic
contribution were excluded, that is, within the
regional background. It is calculated as follows:

EF = [Metal/Al] / [Metal/Al]

Sediment Background

Depending on the EF values found for each of
the studied metals in river Sinu sediments, they
were classified in groups of moderately enriched
elements (FE<1), enriched elements (1<FE<2)
and highly enriched elements (FE >2), [15]. A
p< 0.05 significance criterion were used for the
dispersion statistical analysis and ANOVAS.

Figure 1 show the location of the monitoring
stations considered in the present study.

Results and discussion

All collected sediment samples had a sandy
texture, mainly made up of sand coming from
rivers of a high sediment dynamics like river Sinu,
which registers rates up to 4.2x10° tons per year
of suspended load [16]. Average concentration of
suspended sediment in river Sina (349.0 mg/L) is
higher than that of rivers like the Amazon (156.2
mg/L) or the Orinoco basin (195.7 mg/L) [17].

Table 1 presents results for both climatic seasons.

No variations in metal concentrations were
observed in relation to year season. However,
differences did occur in relation to their location:
stations showing higher concentrations were
located near Urrda 1 dam (E1 y E2) and those
stations located in the lower basin zone (ES,
E9 and E10). High metal concentrations were
found in E9, probably due to the contributions
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of La Doctrina irrigation district, which
employs fertilizers in agricultural practices.
Superphosphide and other phosphorate fertilizers
have high concentrations of Cr, Cu, Ni, Pb y Zn,
whilst calcium-based fertilizers have a higher
concentration of Pb and Zn [18, 19]. Although
it is not simple to make an overall comparison,

taking into account the differences likely to
appear due to distinct digestion methods and
grain size for analysis, table 2 shows heavy metal
concentrations for metals of different origin with
the purpose of comparing metal concentrations in
sediments of river Sint and assessing its degree
of pollution.
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Figure 1 Location of the study area and the samples
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Table 1 Concentrations of heavy metals in river Sinu sediments (dry weight)

Season stations Fe (%) Mn (mg/kg) Hg (mg/kg) Cu (mg/kg) Zn (mg/kg)
Rainy  Dry Rainy  Dry Rainy  Dry  Rainy Dry  Rainy  Dry
E1 2.36 268 3115 2534  0.15 0.15 314 40.5 85.4 69.2
E2 2.81 307 2397 3282 021 0.16 80.4 75.5 67.2 72.6
E3 0.50 - 103.5 - 0.19 - 15.4 247
E4 3.46 326 4483 4356 020 0.18 48.2 51.5 69.5 72.9
E5 4.68 062 1277 6817  0.20 0.22 15.7 13.3 30.9 17.5
E6 249 259 1887 2940  0.13 0.18 10.5 18.5 255 90.6
E7 2.58 215 1288 7108  0.12 0.17 12.2 18.2 29.0 80.7
E8 3.45 369 7355 4437  0.31 0.17 56.4 65.2 78.2 90.6
E9 3.56 347 1014 3366  0.10 0.18 1102 1120 118.0 1049
E10 2.98 328 4110 2128  0.14 0.17 54.8 51.7 83.6 78.1
Table 1 Continuation
Season stations Ni (mg/kg) Pb (ug/kg) Cd (ug/kg) Cr (mg/kg) Al (%)
Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry
E1 3111 3278 2467 2808  3.37 3.92 1.64 1.88 1.17 1.36
E2 2566 3736 1763 16.18  2.27 264 1739 1316  1.66 1.73
E3 11.22 - 13.54 - 242 - 0.95 1.34
E4 2487 3633 1839 2253 284 3.06 7.28 8.82 1.76 1.47
E5 1225 3.7 1858 1785 146 1.07 045 <040 1.23 1.18
E6 5.69 3.60 11.27 1630 119 169 <040 <040 117 0.98
E7 15.3 837 2079 1820 212 1.93 0.40 0.32 1.32 1.43
E8 2147 5314 2689 1734 326 225 1532 2093 213 213
E9 50.75 69.20 2115 2142 285 2.05 285 4006 299 2.84
E10 3269 4364 1010 1395  2.00 240 5.18 11.43 1.67 1.67

The generality of the average concentrations of
Pb, Cd and Zn in river sediments, are of the same
order of a few contaminated sediments (Table
2). For Mn, the USEPA has reported values up
to 1,100 mg/kg are considered non-contaminated
sediments [ 12] concentration is greater than those

found in this work. Hg concentrations are slightly
higher than the concentration given by the EPA
for non-contaminated sediment (0.17 mg/kg), but
is kept in a range between 0.10 mg/kg and 0.31
mg/kg, with tendency to be less than or equal to
the reference value along the river.
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Table 2 Heavy metals concentrations in sediments of different localities

Slightly contaminated sediments

Fe Cu Mn Zn Pb Ni Cd
% mg/kg
Barbate Estuary (Spain) 2.79 35.90 294.10 82.00 32.60 35.40 1.15
Guadalquivir Estuary (Spain) 2.71 61.7 468.2 12280 634 39.8 1.95
Saint Laurents Estuary (Canada) 31.10 - 121.00 2540 23.00
Ems Estuary (Germany) 31.50 - 253.00 63.00 28.70 1.07
Cafios Bahia Cadiz (Spain) 3.42 36.90 34190 27190 62.70 1.66
Guadiamar river place lower (Spain) 3.03 10.00  283.00 50.00 28.00 20.00
Highly contaminated sediments
Agrio river (Spain) 1200 1,100.00 420.00 4,300.00 1,966.00 32.50 19.70
Guadiamar river place upper (Spain) 419  3,650.00 1,169.00 3,400.00 280.00  55.00 12.00
Rin Estuary (Netherlands) 294.00 - 2,420.00 533.00 54.00 14.00
Moca Estuary (Netherlands) 160.00 - 1,5616.00 382.00  44.00 28.00
Ria de Huelva (Odiel river, Huelva, Spain) 1,829.00 139.00 2,749.00 864.00 6.73

Source: Adapted from Cabrera, 1987 [20]

The concentrations of Cu, Cr and Ni were higher
at stations E1, E2, E8, E9 and E10. For station E1
and E2 may be due to industrial waste generated in
the process of constructing the dam, because Ni and
Cu is used in alloys (Monel: 66% Ni - 32% Cu) and
together with Cr, are used to prevent corrosion. For
stations E8, E9 and E10, could be explained by the
contributions of the lagoon complex of lower Sint,
where fertilizers is widely used. The presence of Pb,
Zn and Cu at station E4 could be explained by the
dumping of domestic sewage from the municipality
of Tierralta, located near the station. Fe and Al, are in
relatively uniform concentrations in the sediments
along the river, but Al tends to increase at stations
ES, E9 and E10, perhaps due to the influence of the
lagoon complex of lower Sinu under the high rate
of sediment input.

After normalizing metal concentrations in relation
to Al concentration, all coefficients of variation are
higher than 35% and there is no linear tendency
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between the concentrations of each normalized
metal per station, neither for dry season nor rainy
season, which supports the affirmation that the
presence of these metals in sediments is due
to external contributions on the course. Higher
correlation coefficients corresponding to Mn, Cu,
Cr, Ni y Zn, values which were strongly affected
by the high concentrations of these metals in the
stations under the influence of Ciénaga Grande
del Bajo Sinu (E8, E9 y E10), which reflects the
climatic changeability of floodplain areas that may
influence the availability of metal trace, due to the
processes that affect its concentration in this type
of aquatic environment, such as sediment oxidation
by floods, resuspension and drainage of sediments,
which ultimately leads to the formation of sulphides
and subsequent release of heavy metal [21].

The results of correlations among target metals
are shown in tables 3 and 4, where correlation
coefficients are also displayed.
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Table 3 Correlation coefficients for metals during rainy season

Al Cd Cr Cu Fe Hg Mn Ni Pb
Cd 0.355
Cr 0.285 0.271
Cu 0.871 0.321 0.505
Fe 0.300 -0.209 0.156 0.283
Hg -0.049 0.233 0.672 -0.027 0.115
Mn 0.152 0.509 0.628 0.142 0.218 0.675
Ni 0.757 0.417 0.086 0.846 0.229 -0.379 0.037

Pb 0.206 0.637 0.198 0.094
Zn 0.745 0.579 0.294 0.844

0.287 0.263 0.332 0.109
0.290 -0.092 0.337 0.947 0.256

The bold values mean a high positive correlation, p<0.05

Table 4 Correlation coefficients of metals during dry season

Al Cd Cr Cu Fe Hg Mn Ni Pb
Cd -0.525
Cr 0.984 -0.452
Cu 0.890 -0.243 0.942
Fe 0.635 -0.134 0.716 0.724
Hg 0.306 -0.609 0.338 0.154 0.322
Mn -0.163 -0.481 -0.263 -0.447 -0.501 0.468
Ni 0.856 -0.148 0.908 0.905 0.885 0.165 -0.572
Pb -0.136 0.726 -0.125 -0.065 -0.227 -0.332 -0.102 -0.030
Zn 0.933 -0.679 0.875 0.674 0.464 0.448 0.114 0.679 -0.159

The bold values mean a high positive correlation, p<0.05

Two groups of highly correlated metals were
found in correlation coefficients exceeding 0.65
during both sampling sessions, the first group
is made up of Al, Cu, Ni y Zn for rainy season,
and dry season registers a similar pattern but for
the adding of Cr. A second group of correlated
elements corresponds to Cd and Pb for both
sampling periods, this could be due to its similar

chemical behavior, having a similar ionic radius
[22]. It must be highlighted that Hg only shows
a significant correlation with Mn in the rainy
season, since Mn oxides exhibit strong affinity for
adsorption and absorption of Hg and Cr [23] as
well as Mn and Cr correlate for the same period.
Therefore, correlation coefficients of metals in
sediments show strong affinity among them, thus
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pointing to a common polluting source [24]. High
values in found coefficients are probably due to a
similar origin of metals, either for contribution of
pollutants or the soil lithology, or else as a result
of a similar pattern of metals. The highest metal
concentrations occur in floodplain areas, which
are prone to sediment formation with high levels
of organic matter, when flooding is long enough
in these soils, they can be the ideal ground for
sulfate reduction and the formation of acid
volatile sulfides, causing subsequent release and
availability of heavy metals [25]. On the other
hand, concurrence of Cu, Zn, Al, Cd, Mn and Cr
may also be accounted as a similarity of origin
as by-products of P-based fertilizers [18] or by
mining. Mining grounds were not found along the
river course in previous studies and, according to
other studies, fertilizers widely used in the river
valley do not contain correlating heavy metals
as active ingredients [26], which suggests a
continuous lithological contribution to sediments
in the river basin. Background values of indicator
T1 as described in table 5 were selected for the
calculation of enrichment factors.

Table 5 Background values selected for station T1

Metal Concentration in Indicator

Al (%) 0.70 £ 0.06

Fe (%) 1.63+0.08
Mn (mg/kg) 49.6 +3.27
Cu (mg/kg) 16.6 + 1.58
Zn (mg/kg) 14.1 £ 0.67
Ni (mg/kg) 3.94£040
Cr (mgl/kg) 2.61+0.31
Hg (mg/kg) 0.05 +0.004
Pb (ug/kg) 9.00+1.20
Cd (uglkg) 0.30 £ 0.00

Mean concentration + Standard deviation

Figures 2 and 3 show enrichment factors found
for the sampled events
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Figure 2 Enrichment factors for sediments of river
Sinu during rainy season
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Figure 3 Enrichment factors for sediments of river
Sind during dry season

Highly enriched metals in river Sini sediments
are Cd, Mn and Ni, whilst those simply considered
as enriched are Cr, Cu, Hg, Pb and Zn, the former
showing a tendency to moderately enriched
during rainy season and the latter to grow highly
enriched during dry season.

Those Enrichment Factor (EF) values approaching
1 in both situations are considered to indicate, to a
large extent, a natural source; whereas EF values
exceeding 1.5 suggest that these come from other
anthropogenic or natural source that depends on
aluminum-silicate fraction [6], in such a way that
availability of heavy metals - except for Al and
Fe, which are conservative elements - is likely
to occur as a result of contributions external to
them, such as large sediment contribution from
erosion due to sudden level shifts in the river
course, which constitutes a more severe damage
to aquatic environments. If intensive use of
agrochemical fertilizers in regional agriculture is



added, one more contribution to yet high erosion
can be identified, since river Sint valley is made
up of excessively pastured crop and forest lands
[26].

Another possible source of metal enrichment in
sediments - especially in stations E1, E2, E3 y
E4, is the influence of Urra 1 dam, which floods
7400 Ha, thus accelerating washout and metal
release processes and other constituent elements
of the affected soil, spreading them downstream
from the dam.

Conclusions

Presence of heavy metals in river Sind is mainly
due to soil washout, especially in floodplain areas,
where metal availability is higher, in addition to
erosion processes occurring in the river banks,
which yield a large sediment contribution to the
course. Highly toxic heavy metals, like Pb and
Cd, were found in insignificant concentrations.
However, the stations affected by the dam and
dumping of Ciénaga Grande del Bajo Sinu,
show higher concentrations of metals. Except for
conservative elements Al and Fe, the rest of heavy
metals studied in sediments show enrichment in
their concentrations.
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