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Marine sediments in Coastal regions near large
urban and industrial ateas usually contain
heavy metal concentrations several times hig-

Se estudia la distribución y el contenido de Fe, Zn. Mn. Pb.
Ni, Cd, Ag. As y Hg en sedimentos superficiales de tres
localidades de la costa de Chile (Bahía Concepción, Bahía
San Vicente y Golfo de Arauco). Se utilizaron curvas
acumulativas para separar las poblaciones de sedimentos.
Se determinaron Niveles Naturales y calcularon los co
rrespondientes Factores de Enriquecimiento (FE). Las
concentraciones de metales en sedimentos entre las locali
dades estudiadas fueron docimadas utilizando un Análisis
de Varianza (ANOVA) de una entrada y los patrones de
distribución fueron determinados mediante Análisis Fac
torial de Correspondencias. Los resultados indican la pre
sencia de dos poblaciones de sedimentos mezcladas en
diferentes proporciones, las que caracterizan cada una de
las áreas estudiadas. El FE indica que en general las con
centraciones de los metales estudiados están dentro del
rango natural, excepto cerca de los puertos pesqueros en
Bahía Concepción y Bahía San Vicente. En el Golfo de
Arauco los niveles de metales corresponden a los natu
rales, excepto Hg y As. Se discute la distribución de los
metales considerados en relación a la actividad antropogé-
nica y procesos naturales.

The concenlration and distribution of Fe, Zn, Mn, Pb, Ni,
Cd, Ag. As, and Hg were studted in surface sediments
from three Coastal locations (Concepción Bay, San Vicen
te Bay and Gulf of Arauco) of Chile. Cumulative curves
were used to differentiate sediments populations. Back-
ground levels of the metáis and Ennchment Factors (EF)
were determined. A one way ANOVA to compare sedi-
ment concentrations belween locations and correspon
dence analysis to eslablish the distribution pattern of me
táis. were used. The resuhs revea) (he occurrence of two
sediment populations which are mixed in different pro-
portions characterizing each of the three studied areas.
The EF valúes show that, in general, the concentration oí
heavy metáis in the sediments of the three investigated
areas lies within the range of the natural levels except in
locations near fishmg ports (i.r., Concepción and San
Vicente Bavs). Distribution patternsare discussed in rela-
tion to anthropogeme activities and natural processes.
The metal content in sediments of the Gulf of Arauco
correspond to the background levels, except for Hg and
As.
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her (han natural levels, indicating their ant-
hropogenic origin (Chester and Voutsinou,
1981; Meyerson el al., 1981).

Knowledge of concentrations and distribu
tion of heavy metáis in sediments permits i) an
assessment of their availability in the marine
ecosystem (Cosma et al., 1982) since their in
clusión in sediments represent an important
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STUDY AREA

The investigation was conducted in three dif-
ferent Coastal environments of Concepción
región, namely, Concepción Bay, San Vicente
Bay and Gulf of Arauco (Fig. 2).

Concepción Bay (160 Km2) is located at
36°40' S.; 73°02' W. Industrial wastes and
sewage of 500,000 inhabitants of Tomé, Pen
co, Lirquén and Talcahuano cities are dum-

ped into Coastal waters. Urban and industrial
wastes oí Concepción City are also discharged
into the bay through the waters of the Anda-
lién river wich flows into the southeast area of
the bay.

San Vicente Bay (11.5 Km2) is located al
36°44' S.; 73°09' W. Urban wastes of 250.000
inhabitants of Talcahuano City as well as in
dustrial wastes are directly discharged into
ibis area. The unioading of crude oil and iron
ore for and oil refinery and a Steel mili plant,
respectively, and the presence of harbour
facilities result in a heavy ship traffic in the
bay. Finally, wastes from the oil refinery are
transponed and discharged through Estero
Lenga into the Southern end of the bay.

The Gulf of Arauco (492.5 Km2) is situated
between 36°48' S. and 73° 10' W. Small cities
such as Coronel, Lota and Arauco (a total of
150,000 inhabitants) and a pulp and paper
industry, a coal mine and lumber processing
industries dump their wastes directly into the
Coastal waters. In addition, urban and in
dustrial wastes of Concepción City are dis
charged into the Bío-Bío river which flows
into the northern zone of the gulf.

METHODS AND MATERIALS

Sediment samples were collected at 9 stations
in Concepción Bay, 6 stations in San Vicente
Bay and 6 stations in Gulf of Arauco (see Fig.
2) using a 0.1 m2 Smith-Mclntyre grab entire-
ly coated with epoxy paint. A teflon spatula
was utilized to discard a thin surface layer of
each sediment sample and to subsample the
upper 5 cm of sediments. The subsamples
were placed in precleaned heavy plástic bags
and maintained at 0o C (packed in ice) and
then transponed to the laboratory within a
few hours to be stored at - 18°C until analysis.
Three replícate aliquots from each subsample
were analysed separately.

The metal concentration (except Hg) were
measured according to the analytical proce-
dures recommended by Anderson (1974).
Briefly, 5 g of sample for the analysis of non-
volatile metáis were dried to constant weight
at 105°C for 48 hours. The dried samples
were manually powdered and homogenized
with a mortar and pestle. Prior to drying,
rocks, shells and visible organisms were remo-
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reservoir of metáis from which they can even-
tually flow through the water sediment inter
face (Meyerson el al., 1981) and ii) detection of
pollution processes in aquatic Systems (Fost-
ner and Wittman, 1979).

The Concepción región (Fig. 1) isoneofthe
most industrialized and progressive zones in
Chile with a population of approximately 1.5
millions inhabitants, 60 per cent of whom live
mainly near the cities of Concepción and Tal
cahuano. In this area, domestic and industrial
wastes. both solid and liquid are discharged
directly and indirectly (through the Bío-Bío
and Andalién rivers and Estero Lenga) into
the Coastal waters without appropiate treat-
ment (Fig. 1).

The work described here is part of a broad
“base line study” carried out in April of 1979
in the littoral of Concepción región, which had
as its main aim the analysis of sea water, sedi
ments and a ribbed mussel (Aulacomya alee)
samples for potential pollutants suchs as heavy
metáis, pesticides (DDT and DDE), petroleum
hydrocarbons and detergents (Alkyl Benzene
Sulphonate and Linear Alkyl Sulphonate).

No previous Information was available on
the presence of heavy metáis in littoral sedi
ments from Chile, except for Hg. Hoffman
(1978) reported a concentration level of 0.045
ppm Hg in sediments of San Vicente Bay and
very high concentration of Hg in stations near
the site of discharge of a petrochemical plant
into Estero Lenga (265.5 ppm Hg). Accor-
dingly, the focusof this paper was to study the
contení and distribution of Fe, Zn, Cu, Mn,
Pb, Ni, Cd, Ag, As and Hg in surface sedi
ments from the littoral of Concepción región,
and try to determine the degree to which lítese
sediments could have been affected by heavy
metal contaminación.
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are found in San Vicente Bay and the lowest in
Concepción Bay.

A comparison of the average concentration

RESULTS
Heavy Metal Concentration
Table 1 shows the contení of heavy metal in
surface sediments from the three studied
areas. The average concentration of Fe. Zn,
Cu, Pb, Cd, and As are higher in Concepción
Bay followed in a decreasing order by San
Vicente Bay and Gulf of Arauco. However,
the highest averages of Ag and Ni are obser-
ved in San Vicente Bay and the lowest in Gulf
of Arauco. The highest valúes of Mn and Hg

Background Levels
and Enrichment Factors

1 n order to compare the degree of metal enrich
ment of sediment in the three studied areas
it is necessary to estímate the background
levels (BL) of each metal for the whole area.
To obtain the BL the methodology suggested
by Sinclair (1976) was followed for a small
number of samples. The assessment of the
number of sediment populations in the an

tive three areas reveáis that such concentra-
tions are different from each other for all the
metáis (ANOVA, P < 0.05; FC>FI) except for
Zn (Table II). In addition. the comparison of
the average concentrations on the basis ofarea
pairs (Table III) indicates that the samples
from Concepción Bay vs San Vicente Bay be-
long to different sediment populations, at
least for Cu, Mn. Pb, Ni. Cd. As and Hg.
Statistically Fe, Zn and Ag belong to the same
sediment population. In Concepción Bay vs
Gulf of Arauco only Mn and Hg concentra
tions belong to the same population. San Vi
cente Bay vs Gulf of Arauco present metal
levels which are not significantly different. ex
cept Mn and Ni.

Pables IV, V and VI show the inter-
element correlation coefficients for heavy me
táis in sediments of Concepción Bay, San Vi
cente Bay and Gulf of Arauco, respectively. In
Concepción Bay 20 of 45 possible correlations
of metal concentrations are significant at 5%
level. In San Vicente Bay 25 of 45 correlation
are significant (P<0.05). The number of posi-
tive correlations between the two bays is simi
lar; however, they do not correspond to the
same metáis. Finally, 32 of45 possible correla
tions are significant for the Gulf of Arauco.

In San Vicente Bay the correlation matrix
shows the formation of two groups of metáis,
i>..onegroupcomposed by Fe, Zn, Cu, Pb. Cd
and As, and another group composed by Mn,
Ni. Agand Hg. indicating that Mn is negative-
ly correlated with all the other metáis. The
Gulf of Arauco shows a higher and more uni-
form correlation than the other two areas in-
vestigated.

Heavy metal and sediments of chilean coast. Salamanca el al.

ved from the samples. The sediments were
prepared for analysis by hot acid digestión
(95°C for 5 hours) using a 1:1 mixture of
concentrated HNO3-HC1 under continuous
shaking. After cooling, 20 mi of distilled water
were added and the digestate was filtered
through acid washed Whatman N" 42 filter
paper and dilute lo a known volunte.

The final Solutions were analysed by atomic
absorption using wavelengths and procedures
recommended for a Perkin Elmer model 306
spectrophotometer, with an air-acetylene fía
me.

Total Hg was determined by routine coid
vapour atomic absorption spectrometric pro-
cedure (Eganhouse etal., 1978) using a Perkin
Elmer model 303 spectrophotometer.

The concentration of trace metáis were de
termined from the corresponding standard
curves and measured as ppm on a dry weight
basis. All acids used were Merck Suprapur;
Super-Q water was used to prepare all stan-
dards by dilution of 1000 ppm stock Solutions.
The glassware and sample containers were
pre-cleaned by soaking in a 6% HNO3 solu-
tion for longer than 24 hours and, then rinsed
with deionized-distilled water.

The metal contení for each area were com
pared using a one way ANOVA and possible
relationships between the different heavy me
táis were exploring using the correlation coef-
ficient (r) of Pearson (Sokal and Rohlf, 1969).
Sediment populations were determined by
means of cumulative frequency probability
plots (Sinclair, 1976). Correspondence analy
sis (Malgrem etal., 1978; Flos, 1980) was used
to establish possible relationships among the
heavy metal concentration or distributional
patterns in all the station of each location.
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alysed samples is performed by plotting the
individual cumulative frequencies of metal
concentrations on a probability paper. This
permits to select the lowest populación as be-
ing the BL for the area. The geometric mean
plus two standard deviations are considered
the threshold that sepárate normal valúes
from upper anomalous concentrations
(Hawks and Webb, 1962).

The calculated BL of heavy metáis for the
investigated areas are presented in Table Vil.
Enrichment factors (EF = ratio between each
concentración exceeding the upper limic of
the BL for each geographic area and máx
imum BL) were calculated and are shown in
Table VIH.

Correspondence analysis was used to esta-
blish possible relationships between stations
on the basis of their heavy metal contení. Figs.
3-a, 3-b and 3-c present the station grouping
of Concepción Bay, San Vicente Bay and Gulf
of Arauco, respeclively, resulting from the
multivariate analysis.

In Fig. 3-a the First two axes explain 93.32%
of the variance found in Concepción Bay. Fig.
3-b shows the distribution of stations in San
Vicente Bay on the two principal axes, which
explain 97.71% of the total variance. Fig. 3-c
presents the grouping of stations in the Gulf
of Arauco, the First two axes explain 82.71%
of total variance of concentration.

D1SCUSSION
In Concepción Bay there is noclear formation
of groups of correlated metáis as compared to
the other two studied areas. The Fe/metal co-
rrelation used to indicate common origen
(Chen, 1976) reveáis that Fe is negatively co
rrelated only with Mn, suggesting different
metal sources. On the other hand, Mn is nega
tively correlated with the majority of the stu
died metáis, except Ni, Cu and Hg. Eighty
percent of the bottom of Concepción Bay, in-
cluding its central portion, is composed of
black, reducing, H2S-smelling sediments (Ga
llardo et al., 1978). This could imply that the
metáis form stable metallic sulphides as solid
phase, resulting in the strong correlation ob-
served in the sediments.

In contrast to Concepción Bay, the sedi
ments of San Vicente Bay are composed main-

ly of Fine sand Filling its central portion, and
anoxic sediments are only present near the
fishing port and outside the bay. However,
water oflow oxygen contení (less than 1 ml/1)
is observed within the bay from September to
April (Universidad de Concepción, 1980) en-
hancing the possibility of the formation of
metallic sulphides as solid phases. This might
explain some of the observed correlations. In
this bay the group composed by Fe, Zn, Cu,
Pb, and As (correlation matrix) according to
the Fe index reveáis that this group has a
common origen, although the detection of the
groups of metáis could also represen! a mixtu
re of two populations of sediments in the bay.
The second group of metáis could be determi-
ned by the effluents of a iron-steel mili plant, a
petrochemical complex and sewage dischar-
ged into the bay.

In the case of the Gulf of Arauco Fe is
positively correlated with all the metáis, sug
gesting that they have a common origin con-
forming a sediment population which could
beconsidered as the least influenced by poten-
tiai sources of pollution. The latter could be
explained by the fact that: i) the Gulf of Arau
co presents the largest surface area compared
to the other studied areas and ii) there are only
three potential sources of pollution; inputs
carried by the Bío-Bío river, a coal mine ex-
ploting off shore coal seams and a pulp mili
plant.

The sediments in the Gulf of Arauco are
composed mainly of sand, sandy mud and a
small proportion of anoxic mud in the central-
north area of the gulf (Alarcón, 1970). From
September through May the bottom waters
exhibit a very low dissolved oxygen contení,
less than 1 ml/1 (Alarcón, 1970) which could
determine and/or enhance the formation of
metallic sulphides. This would particularly oc-
cur in the muds and sandy mud areas accoun-
ting for approximately 50% of the bottom of
the gulf.

The results of the EF show that in Concep
ción Bay the most enriched metáis are As and
Cd in the 8 and 6, respectively, of the investi
gated sampling stations. Station 1 presents
concentrations well above the máximum BL of
Zn, Cu, Pb, Cd, As and Hg. The station is
located near the Fishing port suggesting the
influence of anthropogenic activities. Fe, Mn,
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of (he Bío-Bío river (1NTEC, 1980), particu-
larly during the winter time when (he surface

of Arauco do not surpass their BL except As
and Hg.

Tabla IX, reveáis that the Gulf of Arauco
contains the most natural sediment popula-
don. San Vicente Bay and Concepción Bay
show various degrees of akeration, being
more significant for San Vicente Bay. Howe-
ver, it is a fací that metal enrichment occurs in
very localized areas (Le., near fishing facilities)
except for Cd and As in Concepción Bay and
Ni and Hg in San Vicente Bay.

CONCLUSIONS
In general, the results of the correlation ma-
trix show that there is not a single process
determining the distribution and/or enrich
ment of metáis in the sediments of the three
studied areas. From the analysis of the metal
concentration on the probability paper, it can
be concluded that the samples of metáis are
composed of two sediment populations (lower
and upper populations), except Ni which is a
mixture of three sediment populations (Table
IX).

In general, the geometric mean of the lower
population agrees very well with the geomet
ric mean of Fe, Zn, Cu, Pb, Cd and Ag in the
Gulf of Arauco. The geometric mean of Mn.
As and Hg in Concepción Bay agrees with the
geometric mean of the lower population. This
would confian that the metal contení of the

Heavy metal and sediments of chilean coast: Salamanca el al.

Ni and Ag show valúes that do not exceed the
BL.

In addition, the correspondence analysis
shows the presence of three groups of stations
in Concepción Bay. The First group, compri-
sed of stations 2, 4, 5, 6 and 7, is situated in
the center of the bay and coincides with the
presence of the black reducing (H2S-smeling)
muds, which might explain its distribution.
Station 1 is not related with any other station
indicating that the content of heavy metal
could be influenced by the fishing port, where
the highest EF valúes are found. The third
group is composed by stations located outside
the bay.

San Vicente Bay shows that the most enri-
ched metáis are Ni and Hg in 5 of the 6 sam-
pled stations. Similarly to Concepción Bay the
station that presents valúes exceeding the
BL is station 8, located near the fishing facili
ties. Only Mn and Pb do not exceed the BL.

Effluents from an iron Steel mili plant and a
chloro-soda petrochemical complex are dis-
charged into the bay and this could be a possi-
ble explanation for the observed mercury en
richment of its sediments. On the other hand,
shipping activities related to the unloading of
iron ore for the Steel mili plant might also
contribute to the enrichment of the heavy me
tal content in the sediments of the bay.

In San Vicente Bay the correspondence
analysis show the presence of a group of sta
tions comprised by stations 1,2,3 and 4 which
are situated in the center of the bay, being
related by their spatial proximity and similar
water circulation. In fact, Silva et al. (1977)
reponed a counter clockwise gyre in (he cen
ter of the bay. Station 8 resembles station 1 of
Concepción Bay since it is also located near the
fishing port presenting the highest EF valúes
for all the metáis (except Mn and Ni).

The Gulf of Arauco presents anomalous
valúes only for As and Hg in the station 6 and
6-9, respectively. Station 9 is located at the
mouth of the Bío-Bío river and station 6 is
located in the central-north portion of the
gulf. The high concentration of Hg could be
related to the comparatively high content of

waters of the gulf are transponed southward
by the North wind.

In Gulf of Arauco, the correspondence
analysis show the presence of a group com
prised for stations 16, 18 and 21 which could
be influenced by the wastes of a pulp and
paper industry. The analysis separates station
9 located at the mouth of the Bío-Bío river,
which makes it completely different to the oth-
ers. Station 6 is located at the center of the gulf
far from any source of pollution. Station 12 is
located near Coronel city where there is coal
mining activities which dump wastes directly
into waters of the Gulf.

However, it is important to point out that
the description of the grouping given above
would rather correspond to potential pollu
tion processes since the EF valúes reveal that
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Gulf of Arauco lies within the BL and that the
sedinientsofSan Vicente Bayand Concepción
Bay would be the most altei ed. resembling the
possible effect of anthropogenic inputs.

The mean concentrations of Fe, Zn, Cu,
Mn, Pb, Ni, Cd, Ag and Hg can be compared
with the valúes reponed for some other areas
of the worid (Table X). The data indicate that
the trace metal concentrations observed in
marine sediments of the three studied areas
are a little higher than the valúes detected for
sediments of Pagassitikos Gulf (Chester and
Voutsinou, 1981) and Kuwait (Anderlini et al.,
1982) which are regarded as unpolluted areas.
On the other hand, the comparison of trace
metal content between Chilean marine sedi-
ments and those of Thermaikos Gulf, re
garded as “polluted sediments” by Chester
and Voutsinou (1981) show lower concentra
tions in the Chilean system for some metáis
such as Cu, Cd.

Finally, the valúes obtained in this study
present metal concentrations in sediments
much low'er than those found by Hershelman
etal. (1981)in Palos Verdes Península,Califor
nia, which were regarded as polluted, reflect-
ing the effectof the discharge of treated muni
cipal (domestic and industrial) water wastes
vía submarine outfall. I n general, the siluation
of the investigated areas in the present study
could be considered as intermediate relative to
pollution processes compare with others areas
in the worid.

It is importan! to mention that the results
presented in this paper should be regarded as
preliminary, and that more detailed studies
musí be carried out in the future to establish
the real effect of anthropogenic activities vs
natural processes such as biolurbation and
sedimentation rates that would explain the
distribution and concentration could of heavy
metáis found in the sediments of the three
investigated embayments.
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Fig. 1. Study area showing the industrial and shipping aciivities and major urban localities.
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Fig. 2. Sampling stations in the three studied ateas.
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TABLE I

CONCEPCION BAY

Sta. Fe CuZn Mn Pb Ni Cd Ag As Hg

SAN VICENTE BAY

GULFOF ARAUCO

13

6
9

12
16
18
21

1
2
3
4
5
6
7

10
11

1
2
3
4
5
8

4.20
3.26
3.60
2.20
2.27
2.96

142.6
92.9
70.6
91.6
91.7
92.7
95.2
74.1
74.6

91.8
21.4

77.6
47.5

76.8
76.8
63.1
31.1
31.1
44.4

CONCENTRATION OF HEAVY METALS IN SURFACE
SEDIMENTS OF CONCEPCION BAY, SAN VICENTE BAY

AND GULF OF ARAUCO
(CONCENTRATIONS IN ppm, DRY WEIGHT. EXCEPT FE IN %)

41.0
11.3

67.9
37.0
32.0
39.5
42.0
47.3
37.0
30.5
35.6

20.8
21.6
21.2
22.4
29 0
51.4

40.3
23.0
46.3

8.1
6.1

17.9

23.6
16.6

220.7
220.7
283.3
241.3
233.1
212.0
228.8
270.6
300.8

245.7
31.5

577.6
546.4
515.3
444.3
313.5
436.1

472.2
95.6

269.5
364.9
330.3
154.0
162.4
260.7

257 0
85.7

74.2
42.8
20.0
31.4
40.0
51.3
51.4
20.0
30.2

40.1
17.3

22.4
8.6

20.0
8.6
8.6

20.0

17.4
13.9

24.0
20.0
24.0
24.8
24.0
24.0
28.0
21.0
23.1

23.7
2.2

24.0
24.8
24.8

9.6
8.8

12.8

17.5
7.9

6.27
2.04

2.24
1.33

2.33
2.20
2.40
2.43
3.10
5.88

2.50
1.87
1.87
0.94
0.94
1.25

2.33
0.31

1.87
2.50
1.87
1.87
3.75
3.12

3.2
3.3
2.5
2.8
8.6

14.5

5.8
4.8

0.37
0.37
0.35
0.34
0.49
0.37

0.38
0.05

0.25
0.15

0.36
0.11
0.12
0.14
0.13
0.18
0.20
0.11
0.09

0.16
0.08

3.98
4 17
3.73
4.30
4.43
4.42
4.74
3.92
3.95

4.28
3.62
3.29
3.35
3.00
6.28

27.7
12.0

11.4
11.4
10.0
11.4
14.3
45.6

14.7
6.8

73.6
50.6
46.4
40.0
27.2
36.0

4.70
2.08
2.64
1.35
1.05
1.64

3.06
1.42

2.81
2.50
2.18
1.90
2.50
2.50
2.50
1.87
2.18

2.50
0.79

53.9
21.3

45.6
15.9

7.76
5.58
4.12
8.87
9.16
7.04
5.86
3.82
4.24

16.5
4.9

5.8
4.8

57.3
55.2
61.8
55.2
61.8

174.3

22.3
20.7
9.5

15.7
21.8
15.7
19.6
11.8
11.8

0.39
0.17
0.46
0.10
0.12
0.26

1.56
0.62

15.4
3.9
4.7
2.0
4.8
4.1

X 4.18
SD+0.32

X 3.08
SD±0.77

X 3.97
SD±1.21
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TABLE 11 TABLE III

Metal Fe MetalFt

Table IV
CONCEPCION BAY CORRELAT1ON MATRIX

AsNi CdPbCu MnFe Zn

1.000

*Undtrlmed numbers are significan! valúes (P < 0.05).

Table V
SAN VICENTE BAY CORRELATION MATRIX

Ni Cd AsPbFe Cu MnZn

1.000

*Undrrlined numbers are significan! valúes (P < 0.05).

14

ANOVA OF METAL
CONCENTRATION

CONS1DERING THE THREE
STUD1ED AREAS

.184
1.000

.921
1.000

.070

.945
1.000

.842

.973
1.000

3.55
id.
id.
id.
id.
id.
id.
id.
id.
id.

—.649
— .663
-.570
1.000

.915

.994

.986
-.264
1.000

ANOVA OF METAL CONCENTRATION
CONSIDERING THE RELATION

BETWEEN AREA PA1RS

.533

.556

.566
— .663

.504

.305
1.000

.860

.982

.997
-.383

.989
-.438
1.000

3.7
2.7
3.6

21.1
7.5

14.9
12.0
4.7

12.8
8.9

.113
-.213
-.414
1.000

0.3*
0.6
4.7

44.7
7.2

17.2
11.2
0.3

18.0
33.0

14.9*
11.4
5.9
0.1

11.5
5.1

18.0
10.0
18.0
2.3

.737

.895

.969
-.553

.923

.536

.957

.759
1.000

2.3**
1.2
0.2

16.8
0.2

15.1
1.1
5.2
0.0
4.2

Fe
Zn
Cu
Mn
Pb
Ni
Cd
Ag
As
Hg

Fe
Zn
Cu
Mn
Pb
Ni
Cd
Ag
As
Hg

Fe
Zn
Cu
Mn
Pb
Ni
Cd
Ag
As
Hg

Fe
COB/GAR

Fe
SVB/GAR

Fe
Zn
Cu
Mn
Pb
N¡
Cd
Ag
As
Hg

Fe
COB/SVB

.400

.924

.888
—.745
1.000

.575

.178

.145
-.145

.278
1.000

.057
-.318
-.471
-.889
-.343
1.000

.576

.759

.615
-.811

.788

.126

.681

.757
1.000

Hg

-.255
-.070

.135
—.731

.011
-.473

.096

.841

.373
1.000

Ag
.350
.725
.702

— .642
.872
.205
.339

1.000

Ag
.176
.410
.592

-.783
.469
.690
.547

1.000

Hg
.127
.933
.906

-.558
.871
.362
.412
.677
.562

1.000

COB: Concepción Bay; SVB: San Vicente Bay.
GAR: Gulf of Arauco.
Fe: Calculated factor; Ft: Tabulated factor.
*Ft = 4.67; **Ft = 4.96; P < 0.05.

Fe: Calculated factor; Ft: Tabulated fac
tor P < 0.05.



GULF OF ARAUCO CORRELAT1ON MATRIX

Ni CdFe Zn Cu Pb AsMn

1.000

Table VII

XMáx.Min.Metal

Table VIII

AgNiMnArea Fe

COB

1.1‘”l.l'8’1.0‘”1.7<”l.l'8’SVB

1.4'”GAR

.901
1.000

CALCULATED BACKÓROUND LEVEL (BL) OF
HEAVY METALS FOR THE INVESTIGATED

AREAS. (CONCENTRAT1ONS ARE EXPRESSED
IN ppm, EXCEPT Fe EXPRESSED IN %)

.917

.785
1.000

.718

.867

.709
1.000

0.66
13.82
8.52

93.10
8.48
4.67
0.86
0.40
1.81
0.03

.764

.437

.759

.364
1.000

5.65
103.61
50.61

741.60
47.98
30.20

5.30
3.45

10.87
0.34

.885

.964

.877

.897

.455
1.000

2.4“’
1.7'”
1.5'”
1.3“’
1.2'”

.925

.775

.803

.430

.705

.727
1.000

1.4'”
l.l'8’
1.1‘”
1.1“’
1.0‘”
1.4'”
1.2'”

ENR1CHMENT FACTORS (EF) OF METALS IN SED1MENTS
OF THE THREE INVESTIGATED AREAS PARENTHESES

SHOW STATION NUMBERS

2.34
42.66
15.13

242.70
14.10
10.70

1.99
1.41
3.63
0.11

♦COB: Concepción Bay; SVB: San Vicente Bay; GAR: Guif of Arauco.
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Fe
Zn
Cu
Mn
Pb
Ni
Cd
Ag
As
Hg

Hcavy metal and sedimcnts of chilean coast: Salamanca et al.

Table VI

.763

.571

.559

.153

.618

.462

.912

.775
1.000

As

2.1“’
2.0'”
1.9'”
1.8'7’
1.4*®’
1.1'"”
1.1“”
1.3"”

Cu

L?”
Hg

1.1“’
Zn

L4“>

Hg

.850

.610

.953

.572

.890

.709

.736

.742

.548
1.000

Ag

.976

.946

.867

.709

.615

.914
934

1.000

Pb

1.5'”
l.l'7’
1.1*”

Cd

1.7'”
1.6“’
1.5“’
1.3'”
l.l'7»
1.1'”

Fe
Zn
Cu
Mn
Pb
Ni
Cd
Ag
As
Hg

★Underlined numbers are significant valúes (P < 0 05).
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Table IX

Metal LOP COB SVBUPP GAR

Table X

Ni Cd ReferenccsAreas Pb AsFe Zn Cu Mn Ag Hg

Kuwait 97.0410 23.045.0 21.0 1.51.5

38.021.0 754 20.021.0

107.0 24.0 966 82.0 70.0

1.0332.0 164.0 102.0 52.0 12.0 5.4

248 6.27 2.33 16.5 0.16 This paper.91.8 41.0 20.1 23.74.18

3.06 2.50 5.8 0.38 Idem.77.6 45.63.97 27.7 472 17.4

Idem.0.253.08 53.9 23.6 257 14.7 17.5 2.24 1.56 5.8

16

Chester and Vout-
sinou, 1981.
Idem.

Palos Verdes
Península
Concepción
Bay
San Vicente
Bay
Gulf of Arauco

COMPARISON BETWEEN AVERAGE HEAVY METAL CONCENTRATION
IN MARINE SEDIMENTS FROM THE STUD1ED AREAS

AND OTHER ZONES OF THE WORLD
(ppm, DRY MEIGHT, EXCEPT Fe in %)

3.93
80.35
36.30

478.60
45.72

24.0/48.9
5.37
2.45

14.79
0.35

4.18
91.80
41.00

245.70
40.10
23.70

6.27
2.33

16.50
0.16

3.97
77.60
27.70

472.20
17.40
45.60

3.06
2.50
5.80
0.38

3.08
53.90
17.90

257.00
14.70
17.50
2.24
1.56
5.80
0.25

2.34
42.66
15.13

242.70
14.10
10.70

1.99
1.41
3.63
0.11

Pagassitikos
Gulf
Thermoikos
Gulf

Fe
Zn
Cu
Mn
Pb
Ni*
Cd
Ag
As
Hg

Hershelman et al.,
1981.

Anderline et al.,
1982.

GEOMETRIC MEAN OF THE TWO SEDIMENT
POPULATIONS PRESENT IN THE WHOLE

AND THE THREE STUDIED AREAS.
(CONCENTRATION EXPRESSED IN ppm.

EXCEPT Fe EXPRESSED IN %)

LOP: Lower valué population; UPP: upper valué popula-
tion; COB: Concepción Bay; SVB: San Vicente Bay;
GAR: Gulf of Arauco.
*Ni is composed of a mixture of three populations.
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20. El título debe ir todo escrito en letra mayúscula y expresar el contenido real del trabajo. Si incluye un
nombre genérico o específico se indicará el rango sistemático inmediatamente superior.
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1,

párrafo): negrita cursiva

9.
En manuscrito

RECOMENDACIONES PARA PRESENTAR LOS
MANUSCRITOS A GAYANA

2.
3.
4.
5.
6.
7.
8.

no se señala
se subraya tres veces: VALQ
se subrayan dos veces: Material estudiado
no se señala
se subraya una vez: Bromus berterianus
se subraya cuatro veces: BROMUS
se subraya con una línea ondulada: Nota.:
se subraya dos veces, con una línea recta y otra
ondulada: Bromus racemosus

señalan en el original como sigue:
Nombre

Redonda
ALTA
Versalitas
baja
Cursiva
ALTA CURSIVA
negrita
negrita cursiva

INTRODUCCION, MATERIALES Y METODOS, RESULTADOS, DISCUSION, CONCLU
SIONES. AGRADECIMIENTOS, BIBLIOGRAFIA, son títulos y se escribirán con MAYUSCU
LAS (AGRADECIMIENTOS).
Subtítulos: VERSALITA
Nombres de los géneros y de las especies (cuando encabezan un
Nombres de sinónimos: cursiva
Nombres científicos en el texto: cursiva
Material estudiado: ALTA (8/10)
Indice de nombres científicos: ALTA (8/10)
En el índice de nombres científicos los nombres válidos en negrita cursiva y los sinónimos en
cursiva.
Los tipos de letra se
Tipo impreso
Un probable origen
VALD
Material estudiado
a) crecen bien
Bromus brrtmanus
BROMUS
Nota:
Bromus racemosus


