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Abstract During 2004 the spatial distribution of total Hg
in sediments from Todos Santos Bay, Baja California,
México was studied to evaluate the degree of environ-
mental impact in this bay. The results showed low
concentrations and no Hg enrichment at any site. These
findings suggest natural levels of Hg in the water of Todos
Santos Bay. The regional distribution of Hg/Fe shows
lower values in the East and higher in the West of the bay.
No significant correlations (p < 0.05) were found between
Hg and organic matter or particle size, suggesting that the
distribution of Hg is not controlled by these variables.
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There is a globally distributed variety of anthropogenic
sources of Hg to the environment. However, a high pro-
portion of the direct inputs to aquatic systems have been
controlled in the majority of the developed countries
(Fitzgerald and Lamborg 2003). In contrast, anthropogenic
inputs of Hg via emissions to the atmosphere are currently
of great concern. Due to Hg emissions to the atmosphere,
which are associated with coal burning and high tempera-
ture processes (waste incineration), Hg global cycling have
been significantly altered (Fitzgerald et al. 1998; Mason
et al. 1994). The high volatility of elemental Hg (main
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form Hg in atmosphere) (Mason et al. 1994) and large
residence time in the atmosphere (Gustin et al. 1999),
allows this element to be widely distributed across the
earth. Once in the atmosphere, Hg oxidation in both clouds
(Munthe 1992), and aerosols (Mason et al. 1992), will
transform Hg into the ionic form Hg?* which will be
eventually removed through dry or wet deposition to soils
or sediments (Schroeder and Munthe 1998). Then, sedi-
ments act as sinks of Hg through biologically or abiotic
mediated reduction of Hg”*, resulting a supersaturation
with a posterior evasion of Hg® (Amyot et al. 1997; Kim
and Fitzgerald 1986) and/or methylation of Hg*", resulting
in the accumualtion of highly toxic methymercury
(MMHg) in sediments which eventually could be bioac-
cumulated in biota.

The Bay of Todos Santos is located 100 km south of
the US-México border, on the Pacific coast of the Baja
California Peninsula. This bay has an area of 330 km?
and an average depth of 50 m (SEMAR 1974). The
bottom sediments are composed of mixture of mud (silt—
clay) and sand (Emery et al. 1957). Adjacent to the bay
is the city of Ensenada with a population of 400,000
inhabitants. This bay is exposed to potential pollution
through domestic and industrial effluents, shipping and
fishing traffic, and associated pollutants from agricultural
run-off from various point sources (Romero-Vargas
1995). The bay can be considered a region whose sedi-
ments trace metals levels are relatively low, except for
the zone encompassed by the 1.15 km? port zone and
marina (Romero-Vargas 1995). No information has been
published to date concerning values of Hg in the bay
sediments. This study investigates the spatial distribution
of total Hg in surficial sediments of Todos Santos Bay in
order to evaluate the degree of environmental impact and
to provide baseline measurements for monitoring purpose
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Fig. 1 Study area in Todos Santos Bay, Baja California, México

in this bay. Also this work reports measurements of
organic matter and grain size to analyze the influence of
these variables on the concentration and distribution of
Hg in sediments.

Table 1 The geographic positions in the sampling sites

Geographic position

Sampling sites Latitude Longitude
1 31.903 116.804
2 31.840 116.810
3 31.758 116.816
4 31.785 116.749
5 31.802 116.766
6 31.830 116.753
7 31.822 116.737
8 31.824 116.704
9 31.830 116.704
10 31.843 116.671
11 31.830 116.651
12 31.829 116.640
13 31.840 116.649
14 31.817 116.670
15 31.788 116.688
16 31.767 116.716
17 31.735 116.763
18 31.773 116.681
19 31.808 116.647
20 31.779 116.654
21 31.756 116.666
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Materials and Methods

During April 2004, sediment samples were collected at 21
stations throughout Todos Santos Bay (Fig. 1). The geo-
graphic positions in the sampling sites are shown in
Table 1. Samples were collected using a Van Veen grab
from which a surficial sediment sample (~90 g) was taken
with a plastic spatula from its central part. The sediment
was stored in previously acid-washed 50 mL polypropylene
centrifuge tubes and kept a —20°C upon return to the lab-
oratory. For total Hg determinations, 0.5 g of dry sediment
was weighed into 30 mL precleaned acid-washed pyrex
flasks and digested in 3 mL of trace metal grade concen-
trated HNO3, 9 mL concentrated HCI and 5 mL K,Cr,O;
The acidfied samples were heated and maintained with
constant reflux for 4 h at 100 £ 5°C. The sample digest
solutions were placed in polypropylene centrifuge tubes,
and 50 mL of deionized water was added. Hg was deter-
mined by Cold Vapour-AAS with a Varian SpectraAA 220
equipped with a vapor generator VGA-77. The detection
limit obtained for Hg was approximately 9 ng g~". For total
Fe determinations, 1.5 g of wet sediment was digested with
2.5 mL of trace metal grade concentrated HNO5; and 10 mL

Table 2 Concentrations of total Hg, Fe, organic matter (OM), and
mean grain size (MGZ) in sediments (dry weight)

Site Hg (ng g~  Fe (%) OM (%) MGZ (¢)
1 20.66 1.28 0.40 3.19

2 63.47 2.17 0.78 4.29

3 *ND 4.01 2.03 5.03

4 13.19 3.70 2.74 5.13

5 41.40 1.81 0.50 3.47

6 16.51 1.06 0.40 3.17

7 26.74 2.56 0.96 4.41

8 20.84 2.66 1.07 4.44

9 *ND 1.04 0.14 3.23

10 *ND 1.72 0.60 3.71

11 *ND 1.44 0.52 3.92

12 14.69 1.58 0.31 3.88

13 *ND 1.41 0.48 3.41

14 11.24 1.03 0.23 3.14

15 10.80 1.51 0.38 3.78

16 *ND 2.02 0.74 4.38

17 19.88 2.90 0.57 3.98

18 *ND 1.06 0.28 331

19 *ND 1.23 0.19 3.11

20 16.92 1.05 0.31 3.42

21 *ND 0.54 0.19 2.76
Mean 23.03 + 1520 1.08 £091 0.66 £ 0.64 3.77 £ 0.65
Range 10.8-63.47 0.54-4.01 0.14-2.74  2.76-5.13

*ND = Not detectable
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HCI following the method 3050B described by US-EPA
(1996). Iron concentrations of the digested solution were
measured using a Smith Hieftje 12 Thermo Jarrel Ash (TJA)
AAS using air-acetylene flame. The detection limit obtained
for Fe was approximately 0.8 pg g~'. Blank samples and
certified reference material for marine sediment MESS-3
(National Research Council of Canada), were routinely
analyzed with each batch of samples to evaluate the accu-
racy and precision of the analytical methodology. Certified
and measured values were in general agreement, with
recovery efficiency of approximately 98% for Hg and 90%
for Fe. Organic matter and grain size determinations were
done according to Mook and Hoskin (1982) and Daessle
et al. (2002) respectively.

Results and Discussion

The total Hg concentration and percentages of Fe, organic
matter and grain size (®) results are summarized in

Table 2. Sediment Hg concentration ranged from 10.8 to
63.5ng g~ ' dry weight with an average value of
23.0 ng g~ . The higher concentrations of Hg were found
in the northwestern part of the study area (Site 2;
63.4 ng g~ ' d.w.) and near the islands (Site 5; 41.4 ng
g ' d.w.). The average Hg concentration found in the
Todos Santos Bay is similar to that in La Paz Lagoon
(20 ng g~ "), Baja California Sur, México (Kot et al. 1999).
The Hg concentrations in surficial sediments of our study
area were lower than typical background values for
uncontaminated marine deposits; the background level for
Hg in sea sediments is reported between 50 g g~' and
80 ng g~ ' (Fujii 1976) and baseline levels of total Hg in
uncontaminated sediments are in the order of 30 ng g~ '
(Bryan and Langston 1992). Estimated from core horizons,
deposited before the sediment was impacted by human
activities, baseline Hg levels in San Francisco Bay are
60 ng g~' (Hornberger et al. 1999) and 59 ng g~ in the
Yatsushiro Sea (Tomiyasu et al. 2000). The concentrations
of Hg in this study are also lower than the average
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abundance of this element in sedimentary rocks (0.4 pg g~
! (Turekian and Wedepohl 1961). Therefore, we conclude
that the sediments from Todos Santos Bay are not Hg
contaminated and that the Hg concentrations are within the
natural range for marine sediments and provide a baseline
for studying the impact of future industrial activities in this
area.

To exclude variability due to grain size differences and
to better compare site-to-site variations in Hg concentra-
tions in the sediments, Hg was normalized with respect to
Fe. Iron is abundant in fine-grained sediments in particular
and in the continental crust in general, it also has a reactive
fraction associated with particle surfaces like other con-
taminants and is thus commonly used for normalizing
purposes (Daskalakis and O’Connor 1995). The regional
distribution of Hg/Fe ratio in sediment shows lower values
in the east (11) and higher (16) in the west of the study
area. The maximum (18) is located near Todos Santos
Island (Fig. 2a).

The mean organic matter measured in surficial sedi-
ments is 0.7%, ranging 0.1%-2.7%. The organic matter
spatial distribution is shown in Fig. 2b; an increase toward
the bay’s deeper zones (between Punta Banda and the
islands) is evident. Low organic matter values in the
samples may be the result of marine sedimentation and
mixing processes at the sediment water interface where
the rate of delivery as well as rates of degradation by mi-
crobially mediated processes can be high (Canuel and
Martens 1993). The sandy nature of this bay supports this
observation. The surface sediment grain-sizes vary from
medium-sand (lower depths) to silt (mud) toward the bay’s
central zone (deeper areas). The spatial distribution of the
grain size is shown in Fig. 2c. The grain size distribution is
in agreement with results from previous research that
indicates the dominance of medium sand in the basin’s
shallow zones and an increase of mud toward in deeper
zones (Riveroll-Schroeder 1985). In this study no signifi-
cant correlations (p < 0.05) were found between Hg
concentrations and organic matter or particle size, sug-
gesting that the distribution and abundance of Hg is not
controlled by these properties. Nevertheless, the organic
matter and particle size do show a significant positive
correlation (r* = 0.903), indicating the concomitant depo-
sition of organic matter and fine sediment particles in the
same sites, with low hydrodynamic movement.

In order to identify Hg-enriched sediments in the study
area, Fe was used as a reference element and plots of Hg to
Fe concentrations were made (Fig. 3). The baseline Hg—Fe
obtained (BL-MEX) was compared with that reported by
Schiff and Weisberg (1999) for the Southern California
Bight (BL-SC). Baselines are defined as the relationship
between the abundance of Fe and Hg in non impacted sites.
The results showed no Hg enrichment at any site. This
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Fig. 3 Mercury—iron plots (BL-MEX) overlaid with reference ele-
ment baseline in Southern California (BL-SC) (Schiff and Weisberg
1999). Sites which fall with the prediction interval are considered un-
enriched; sites which lie above the prediction interval are considered
enriched

points to low natural background levels of Hg in the waters
of Todos Santos Bay as well as limited anthropogenic
inputs.
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