
Environmental Geochemistry and Health (1997), 19, 57±62

Impact of nickel mining and metallurgical

activities on the distribution of heavy metals in

sediments of Levisa, Cabonico and Nipe Bays,

Cuba

Humberto GonzaÂ lez*, Marta RamõÂ rez and Ibis Torres

Centro de IngenierõÂa y Manejo Ambiental de BahõÂas y Zonas Costeras, Apdo. 17029, CP 11700, La

Habana, CUBA

At MayarõÂ zone, northeast Cuba, important lateritic deposits have been exploited since 1943. Themineral is used as

raw material in a nickel-processing plant which discharges its untreated solid and liquid wastes into Levisa Bay.

Similarly to the adjacent Nipe and Cabonico bays, fluvial currents from themining areas convey a significant mineral

load into this bay. To assess the environmental impact caused by the mining and the metallurgical activities, the

distribution of Ni, Co, Fe, Mn, Cu, Pb and Zn was investigated in surface and core sediment samples. Uni- and

multivariate statistical methods as well as different indices and pollutant factors were used to interpret results.

These revealed significant environmental impacts in some areas of the three bays with high concentrations of Ni,

Co, Fe and Mn, whose values are up to two orders of magnitude greater than the zone baseline levels. The metal

concentrations decreased with increasing distance from discharges. A comparison with other Cuban bays and

coastal zones, confirmed that the main source of metal pollution in these three bays was not urban and industrial

activities, but lateritic mining and metallurgy.
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Introduction

Nickel lateritic mining and metallurgical activities
are carried out in tropical and subtropical areas.
Carey (1981) stated that the major potential envir-
onmental impact of these activities was the in-
creased load of minerals discharged into different
water-bodies by rivers flowing through the mining
areas. These discharges are favoured by the open-
cut methods used in lateritic deposits. Air-borne
particles, solid tailings and liquid wastes generated
by nickel-processing industries can also be impor-
tant sources of heavy metals for the aquatic envir-
onment.

At MayarõÂ zone, northeast Cuba, important lateri-
tic deposits have been exploited since 1943. The
mineral, which is rich in a number of metals in-
cluding Fe, Ni, Co and Mn, is used as raw material
in a nickel-processing plant (carbonate-ammonia
leaching processing). The industry discharges its
untreated liquid wastes into the adjacent Levisa
Bay. Solid tailings are dumped in a coastal area
where a dam was recently built to protect the bay.
Rivers flow into Levisa Bay from the mining areas
in the nearby mountains, and also into the adjacent
bays of Nipe and Cabonico.

A research project, with CEPPOL-UNEP's sup-
port, was undertaken to assess the environmental
impact of nickel mining and metallurgical activities
in this coastal area. A further step will be the
evaluation of a heavy metal mass-balance in the
ecosystem.

Materials and methods

The study area comprises the bays of Nipe, Levisa
and Cabonico. These bays are typical semi-en-
closed water bodies, which do not favour the
exchange of water with the open sea, which would
dilute pollutants from rivers and urban-industrial
sources. Antilla, Guatemala and Felton towns, in
Nipe Bay, and Nicaro town in Levisa Bay, are
potential sources of pollution in addition to those
produced by mining and metallurgical activities.
During three sampling campaigns (May and No-
vember 1992 and April 1993), 83 surface sediment
samples and one sediment core (station 23) were
collected in a network of 53 sampling stations
covering all the area (Figure 1). According to the
initial results, 14 stations, representative of zones
with different pollution levels, were always
sampled. The methodology employed throughout
the research has been described elsewhere (GonzaÂ -
lez, 1989). Briefly, samples were lyophilized and the
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fraction < 63 �m was separated by means of nylon
sieves. This fraction was digested with HNO3/HCl
(McKown et al., 1978) and analysed by flame
atomic absorption spectrometry with deuterium
background correction. Precision (n = 4) was
periodically checked and was better than 8 %.
The metals to be determined were chosen taking
into account:

(1) Cu, Pb and Zn are considered to be ubiquitous
indicators of human activities (FoÈ rstner and Witt-
mann, 1979; Salomons and FoÈ rstner, 1984; Vout-
sinou-Taliadouri et al., 1989). However, they are
not typical components in the laterites of the area
so they should be good indicators of any heavy
metal pollution in this ecosystem not associated
with nickel laterite mining and metallurgical activ-
ities.

(2) Fe, Ni, Co and Mn are typical components of
laterites but they are not considered as good in-
dicators of human activities. For these reasons,
they should reflect only the pollution caused by
mining and metallurgical activities in the study
area.

The organic matter (OM) content was derived from
the ignition loss at 550 8C after 3 h. This was used
as a normalising variable to distinguish anomalous
concentrations of metals in sediments due to the
tendency of organic matter to form associations
with different metals. Laterites, solid tailings and
industrial wastes generated by the Levisa nickel-
processing plant have principally an inorganic

composition (Astorga and Moner, 1988). All data
were standardised prior to statistical processing by
means of multivariate statistical methods (cluster
and principal component analysis). Different pol-
lution indices were calculated and used in this
study, that of Papakostidis et al. (1975), and ur-
ban-industrial pollution (UIP), mining pollution
(MP) and global pollution (GP) indices, the last
three established by us as:

UIP = [Cu] + [Pb] + [Zn] ; MP = [Co] + [Fe] +
[Mn] + [Ni], and GP = UIP + MP

The enrichment factor (EF) and percentage of
anthropogenic contribution (% AC), (Donard,
1983) were determined for sediment cores.

Results and discussion

Table 1 summarises the results of metal concentra-
tions in surface sediments in 1992. The results
allowed recognition of two groups:

Group 1: Co, Ni, Fe and Mn. The spatial distribu-
tion patterns showed considerable heterogeneity.
The greatest concentrations were found at stations
16, 17, 18, 14 and 15, all influenced by the indus-
trial wastes, and at stations 5, 22, 48, 49 and 52,
near the mouths of the rivers draining the mine
areas.

Group 2: Pb, Cu and Zn. There are lower differ-
ences in extreme values and greater homogeneity in
their distribution.

Figure 1 Nipe, Levisa and Cabonico Bays: sampling stations.
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An analysis of each bay demonstrated the impor-
tance of the different pollution sources. At Nipe,
station 40 receives urban-industrial wastewaters
from Guatemala town and is influenced by the
MayarõÂ River discharges. These also affected sta-
tions 46 to 49. The same influence was observed at
station 52 near the mouth of Cajimaya Rivulet.
Table 2 confirms that mining activities were the
principal cause of pollution in this bay and they
were strongly correlated with Co, Fe, Mn and Ni
but not with the typical indicators of human activ-
ities, i.e., Cu, Pb and Zn. At Levisa, the sediment
core sample (Table 3) showed a generally uniform
distribution of metals from the surface to the
bottom of the core. Only Ni correlated inversely
with sediment depth (p < 0.01) and showed en-
richment factors and % of anthropogenic contri-
bution slightly greater than the other metals. The
location of the sampling station, the length of the
core and the metal concentrations, similar to those
at stations which are most remote from pollution
sources, allowed us to consider this group of values
as background levels for the area. It was possible to
divide the bay into four zones regarding the level of
pollution: (a) Heavily polluted zone: by industrial
wastes (stations 16, 17 and 18) that discharged in
1988 a daily average of 72 kg of Co, 207 kg of Mn,
860 kg of Ni and 20 ton of Fe, mainly in dissolved
form (Astorga andMoner, 1988). Station 22 can be

Table 1 Concentrations of metals (�gg-1) and organic
matter in surface sediments of Nipe, Levisa and Cabonico
bays.

May 1992 November 1992

Nipe
n 25 8
Co 21/12±50(44) 57/19±154(74)
Cu 20/9.6±40(35) 27/20±36(19)
Fe 4.8/1.7±11.3(50) 8.7/5.0±17.6(46)
Mn 631/241±1306(46) 781/237±1689(56)
Ni 481/141±2088(87) 673/120±1413(61)
Pb 4.3/2.5±5.6(21) 18/12±25(20)
Zn 55/28±96(29) 57/40±73(21)
OM 14.7/8.3±21.3(33) 15.1/11.8±19.1(17)

Levisa and Cabonico
n 21 14
Co 68/7.7±324(117) 102/11±544(133)
Cu 13/4.1±28(49) 30/1±66(66)
Fe 3.3/0.6±22.7(73) 10.5/0.04±34.3(92)
Mn 984/125±2957(71) 910/187±2969(99)
Ni 1694/69±4764(80) 1318/30±4472(105)
Pb 7.4/4.6±10(16) 20/11±31(33)
Zn 55/7.9±129(58) 65/2±174(78)
OM 16.7/10.0±23.0(19) 13.8/6.6±23.7(37)

n = number of samples; Fe and organic matter (OM) in %;
mean/range(coefficient of variation in %)

Figure 2 Results of a principal component analysis for the sampling stations.
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included because it has received the discharges of
minerals transported by the Levisa River for more
than twenty years. (b) Polluted zone: by the influ-
ence of the sources mentioned above. It included
stations 15, 14, 13, 6, and 21 and also station 5 in
the mouth of theManatõÂ River. (c) Transition zone:
formed by stations 20, 19, 12, 11 and 10. (d) `Clean'
or non-polluted zone: included stations 9, 8, 23, 7,
4, 3 and 1. At Cabonico, mining discharges
through the Cabonico River have increased the
concentrations of Ni, Mn, Co and Fe in bay surface

sediments which are mainly clayey and reddish.
Only at station 2, the most remote from the river,
the levels of metals can be considered as `back-
ground' for the zone.

The normalisation of metal concentrations to those
of organic matter showed that pollution by organic
matter is not a problem, since laterites are mainly
inorganic material. Table 4 shows the results of
surface sediments collected at selected stations at
all sampling periods. There was a clear difference

Table 2 Nipe Bay: correlations among metals and pollution index (contents normalized vs organic matter): May 1992 /
November 1992

Cu Pb Zn Co Fe Mn Ni

UIP xxx/x xxx/xx xxx/x x/NS x/NS NS/NS NS/NS
MP NS/NS NS/NS NS/NS xxx/xxx xxx/x xxx/xx xxx/xxx
GP xx/NS NS/NS xx/NS xxx/xxx xxx/x xxx/xx xxx/xxx

xxx, p < 0.001; xx, p < 0.01; x, p < 0.05; NS, not significant.

Table 3 Heavy metal concentrations (�gg-1; Fe in %) in sediment core.

X Range CV% EF % AC

Co 12 10±13 9 1.0±1.3 0/23
Cu 13 10±16 14 0.8±1.2 ±31/18
Fe 3.41 1.76±4.12 18 0.5±1.2 ±99/15
Mn 178 153±204 8 0.9±1.2 ±13/15
Ni 304 244±374 11 1.0±1.5 0/35
Pb 3.5 2.3±4.8 19 0.6±1.2 ±56/19
Zn 34 29±41 11 1.0±1.4 ±3/27

CV%, coefficient of variation.
EF, enrichment factor.
% AC, % of anthropogenic contribution.

Table 4 Mean concentrations (�g g±1) of selected metals in sediments from stations sampled in May and November 1992
and April 1993

Bay and station number Cu Co Mn Ni

Nipe
30 23 38 601 433
46 32 53 992 897
51 20 46 582 694
52 25 113 1394 1893
53 18 36 581 417

Levisa
3 9 31 335 408
5 34 129 870 1740
12 8 38 370 600
13 12 91 653 1183
17 58 583 3185 6787
20 13 95 588 1449
22 31 154 2258 4662
23 13 25 203 458

Cabonico
2 18 31 389 418
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between `clean' and heavily polluted sediments but
not among some transition and polluted stations
which suggested the necessity and usefulness of a
surveillance network to evaluate changes in metal
concentrations at the study area. The differences in
concentrations of Co, Mn and Ni at polluted and
clean sites were up to 23, 16 and 17 times greater,
respectively, while for Cu this ratio was only 7.
These findings corroborated lateritic mining and
metallurgical activities as the main sources of metal
pollution in these three bays.

Figure 2 is an example of the usefulness of statis-
tical methods for a proper interpretation of the
results. In a principal component analysis, the two
first components allow us to explain 82 % of the
total variance. The most important of them, C1,
was more influenced by the component elements of
laterites (Fe, Ni, Co and Mn); the contrary oc-
curred in component 2. The most affected stations
(such as 17, 22 and 16) have an opposite behaviour
to the ones considered clean (such as 1, 2, 3 and 34).

Some other Cuban zones with different levels of
metal pollution have been studied using the same
methodology, for which a comparison is fully
valid. These include semi-enclosed bays: ManatõÂ
(HernaÂ ndez and GonzaÂ lez, 1993), Nuevitas (Her-
naÂ ndez and GonzaÂ lez, 1990), Havana, Santiago de
Cuba and Cienfuegos (GonzaÂ lez, 1991); open
shape bays: Matanzas and CaÂ rdenas (GonzaÂ lez,
1991) and littoral zones of Havana City (GonzaÂ lez
and Torres, 1990; GonzaÂ lez and Brugmann, 1991)
and Moa (MartõÂ nez et al., 1993). For Pb, Cu and
Zn, excepting some results of these two latter at
heavily polluted stations, the concentrations in the
studied area were similar to those in non-polluted
sites in Cuba. On the contrary, the concentrations
of Ni, Co, Fe and Mn were up to one or two orders
of magnitude greater than those reported for other
bays or coastal areas receiving untreated mixed
urban and industrial wastewaters. In Cuba, similar
or greater concentrations were reported only at
Moa Bay, another area polluted by lateritic mining
(MartõÂ nez et al., 1993). These results confirmed
nickel mining and metallurgical activities as the
cause of heavy metal pollution in the studied bays.

Preliminary results (MartõÂ nez et al., 1994) on biota
have shown alterations in several natural commu-
nities. A lack of structural equilibrium in zooplank-
ton was observed at stations more influenced by
the metallurgical activity, and the values of diver-
sity were similar to those reported for other Cuban
bays affected by pollution. In station 17, where the
highest metal concentrations were reported, there
was meiobenthos absence. Rhizophora mangle
seems to be a useful bioindicator of heavy metal
pollution.

Conclusions

Nickel mining and metallurgical activities have an
important environmental impact in Nipe, Caboni-
co and Levisa Bays, reflected by elevated concen-
trations of Ni, Fe, Co and Mn in their sediments.
Levisa Bay is the most affected because it receives
the influence of both sources: minerals coming
from mining areas and solid tailings and liquid
wastes produced by the nickel-processing plant.
Nevertheless, in all bays the concentrations of
metals in the sediments decrease with increasing
distance from discharges.
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