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Abstract Ten sites along the Tecate River, Mexico were

sampled to evaluate the cadmium, lead, nickel and chro-

mium concentrations in sediments. The result shows

contamination for cadmium in most of the sites, where

two sites were class 4 (polluted to strongly polluted)

according to geoaccumulation index proposed by Muller.

Two sites were found polluted for all the heavy metals

analyzed (Cr, Cd, Pb and Ni), indicating the effect of

anthropogenic activities. A correlation between Ni and Cd

concentration had been found indicating a common

source. These metals are usually used in electroplating

industry. The results of this study can be used for decision

makers to prioritize measures to control the pollution for

these metals.

Keywords Heavy metals � Tecate River � Sediment �
Pollution � Sewage

Introduction

The occurrence of elevated concentrations of trace metals

in sediments found at the bottom of the water column can

be a good indicator of man induced pollution rather than

natural enrichment of the sediment by geological weath-

ering (Davies et al. 1991, Chang et al. 1998). It is well

known that an important proportion of metals are asso-

ciated with suspended or bottom sediments dependant of

sorption processes (Irion 1991; Wang et al. 1997). The

accumulation of metals in sediments is controlled by a

number of environmental factors that include pH, Eh,

anthropogenic input, the type and concentration of organic

and inorganic ligands, hydraulic processes within the

stream and the available surface area for adsorption

caused by the variation in grain size distribution (Axt-

mann and Luoma 1991; Davies et al. 1991; Sondi et al.

1994).

The Tecate river is part of the Tijuana River Basin

(4,430 km2), which is a binational basin shared by Mexico

and the US (Fig. 1). The major part of this basin is in

Mexico (72%). The Tecate River in natural conditions is

an ephemeral stream this means that water flows only in

storm water events and its associated floods. However,

discharges from wastewater treatment plants located in

Tecate have produced a perennial stream of poor water

quality downstream from these discharges. The average

discharge is 170 L s–1, of which 150 L s–1 comes from

the municipal wastewater plant and 20 L s–1 corresponds

to a brewery company. Discharge from the municipal

wastewater plant has a very low quality. The average

concentration of chemical demand of oxygen (COD) was

approximately 528 mg L–1 and the biochemical demand

of oxygen (BOD) was 183 mg L–1 in the period from

January 2002 to June 2004. The low quality of the mu-

nicipal wastewater plant of Tecate is because the waste-

water generation has exceeded the capacity of the plant.

However, there are plans to update the capacity of the

plant to cope with this problem. Conversely, the discharge

from the brewery company has a good quality with an

average BOD of 23 mg L–1 in the same period (Ponce
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2004). The main industry in Tecate is the maquiladora

sector (in-bond manufacturing and assembly plants)

According to INEGI (2001) they encompass mainly basic

metallurgy industry and furniture manufacturing. A great

number of these basic metal industries use electroplating

processes, so their wastewater or storm water can be a

heavy metal source.

Placchi (1998) evaluated the heavy metal concentra-

tions in runoff in the upper Tijuana River Basin, as well

as in the Tecate River. As expected, the highest levels of

heavy metals were found in the sites with urban and

industrial land use. The storm water runoff in the urban

site contained Cd (0.4–1.6 lg L–1), Cr (33–104 lg L–1),

Pb (3–41 lg L–1) and Ni (91–215 lg L–1) and the maxi-

mum concentrations found in the industrial site were for

Cd (16 lg L–1), Cr (36 lg L–1), Pb (40 lg L–1) and Ni

(22 lg L–1).

Meyer and Gersberg (1997) stated that in the period

from 1989 to 1997, the concentration values in the top

3 cm of sediment from 40 sites in the Tijuana River

Estuary increased approximately four times for cadmium,

copper and nickel. In the case of lead and zinc the con-

centrations were threefold higher. All are attributed to the

increment of the maquiladora industry in the Tijuana River

Basin. However, Weis et al. (2001) indicated that the load

of heavy metal to the estuary has not shown any consistent

long-term increment trend. It may reflect the recent pro-

gress in pollution prevention in the basin.

This study reports data on Cr, Ni, and Cd and Pb levels

in sediments the Tecate River in order to identify polluted

zones.

Methods

Ten sites along a 14 km long stretch of the Tecate River

were selected for the present study. The site characteristics

are shown in Table 1. The sampling events were conducted

in August and November 2003. These dates represent the

dry season and the wet season. The samples of the first 5–

10 cm of the river deposits were taken from the middle or

banks of the active river channel. The samples were ana-

lyzed also for pH, texture and organic matter content. In

addition three samples were taken from three different

undisturbed sites. These samples were analyzed and the

average was taken to be the natural concentrations for the

metals analyzed for the fraction <63 lm.

The sample preparation was carried out using the

method described by Binning and Baird (2001). The sam-

ples were dried at 80�C for 48 h. The fraction <63 lm was

used for the analysis of the metals. The fine grain sizes

(usually <63, <20 or <2 lm) are routinely used for the

analysis of trace metals and it is assumed the metals are

found in these fractions. Two grams of the sample was

placed in a 250 mL beaker with 20 mL of aqua regia (1:3

HNO3:HCl) and allowed to stand overnight; a 5 M HNO3

solution was added and the samples were allowed to stand

overnight and then were filtered through Whatman No 41

filter paper. The filtrates were transferred to a 100 mL

volumetric flask and made up to the mark with 0.5 M

HNO3 solution. The water samples for metal analysis were

prepared using nitric acid digestion 3030E (APHA 1995).

A hundred milliliters of a well-mixed sample were trans-

ferred to an Erlenmeyer flask and 5 mL of HNO3 was

Fig. 1 The study area. Tecate

River and the Tijuana River

Basin
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added. The mixture was brought to slow boiling and

evaporated on a hot plate to about 10–20 mL. The

remaining solution was transferred to a 100-mL volumetric

flask, diluted to the mark and mixed thoroughly.

The heavy metal determinations of the solutions were

conducted using an atomic absorption spectrophotometer

with a graphite furnace. Quality control was provided by

parallel analysis of prepared spiked matrix samples with a

certified standard from Environmental Research Associates

(ERA 508). Sediment samples were spiked with a known

concentration of the certified standard and treated in the

same way as the samples. The percentage of recovery

ranged from 87 to 95% for metals and the variation coef-

ficients ranged from 5 to 14%. The sediment particle

analysis was carried out by the pipette method (Rowell

1994).

Results

Results of a t-test showed that there was no significant

difference (p > 0.05) between the two sampling events for

lead, nickel and chromium and a significant difference for

cadmium. This means that Cd concentrations in the first

sampling are higher than in the second sampling. This may

be due to rainfall producing a higher flow in the river,

leading to a disturbance of the river base and the transport

of sediment downstream. Cadmium in the runoff has been

found associated to an appreciable degree with colloidal

material (Harrison and Wilson 1985), which can be easily

transported by the river flow. Cadmium is utilized by the

electroplating industry, which discharges their treated

effluents to the municipal sewers and the Cd present in

water may adsorbed in organic matter suspended in the

wastewater discharged to the river due to the poor treat-

ment. Table 2 shows the heavy metal concentration, or-

ganic matter, pH and the silt plus clay content of the ten

sites.

Table 1 Sampling sites characteristics

Sites Coordinates Altitude

(m)

Land use and site characteristics

S1 34�34.303¢
116�37.397¢

514.33 Mixture industrial, commercial and

residential

S2 32�34.082¢
116�37.998¢

513.72 Mainly commercial and industrial.

S3 32�33.902¢
116�38.281¢

496.34 Industrial and commercial, located by

an industrial discharge.

S4 32�33.848¢
116�38.512¢

495.43 Mainly residential

S5 32�33.316¢
116�38.9401¢

494.51 Residential, located about 100 m

upstream of the discharge of the

municipal wastewater treatment

plant

S6 32�33.058¢
116�39.131¢

486.28 Residential with no paved streets,

located 100 m downstream of the

municipal wastewater treatment

plant.

S7 32� 32.888’

116� 39.835’

479.88 Shanty settlement without public

services

S8 32�33.279¢
116�40.466¢

476.83 Located in the outskirts of the town

and downstream of factories,

located by a highway.

S9 32�33.279¢
116�43.865¢

210.37 Rural

S10 32�33.019¢
116�47.922

154.88 Rural

Table 2 Concentrations of heavy metals in sediments, percentage of organic matter (OM) and silt + clay and pH (heavy metal concentrations in

mg kg–1)

Site Pb Cd Ni Cr %OM pH Silt + clay

(%)
1 2 1 2 1 2 1 2 1 2 1 2

S1 0.09 ND 2.79 2.05 ND ND 6.23 6.77 0.21 2.70 8.10 8.26 15.36

S2 11.52 9.53 4.64 2.53 16.65 9.87 9.02 7.02 1.56 4.54 9.97 8.32 34.99

S3 28.00 2.56 2.14 1.95 5.54 2.75 5.34 3.85 0.21 0.80 9.37 9.19 9.81

S4 0.32 3.13 1.49 ND 0.00 0.00 12.71 2.86 0.27 3.24 9.24 9.79 7.99

S5 2.99 1.47 ND ND 0.00 0.00 9.25 5.05 0.52 0.56 8.42 9.19 12.13

S6 1.80 0.95 1.35 1.46 1.87 2.25 2.86 2.67 0.27 1.35 8.30 8.51 4.68

S7 2.70 0.92 2.59 1.54 4.73 1.95 3.11 2.91 0.45 0.96 8.07 8.23 6.00

S8 11.00 0.52 5.24 ND 12.56 ND 5.82 3.35 1.29 0.44 7.66 8.08 9.97

S9 2.40 0.84 2.06 ND 3.10 ND 3.07 3.50 0.07 0.07 8.39 7.72 10.21

S10 4.07 0.00 1.88 ND 4.95 ND 3.29 1.62 0.38 4.40 8.87 7.75 7.57

% OM Percentage of organic matter

1, Sampling at August; 2, Sampling at November
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The average and ranges for the two sampling events in

mg kg–1 were as follows: Pb 4.5 (0–11.5); Cr 5 (1.7–12.7),

Ni 3.3 (0–16.7) and Cd 1.23 (0–5.25). In water samples

only cadmium was detected with an average concentration

of 54 lg L–1. The small amounts or absence of dissolved

metals in water samples may be related to the pH values

observed in the Tecate River. At pH 8.0, most metals are

precipitated in the sediments as metal hydroxides.

The sediment pH in most of the sampling sites was

alkaline and it was found that the discharges of the brewery

have increased the sediment pH in a stretch of the river

(site three and four) in which the values were between 9.2

and 9.8. This may be as a result of the NaOH used to clean

the process pipes.

The role of organic matter and sediment grain size in

relation to the accumulation of heavy metals to the sedi-

ments has been emphasized (Davies et al. 1991, Sakai et al.

1986, Thorne and Nickless 1981). Increases in heavy metal

concentrations are associated with finer grain sediments

sizes and organic matter and this can be seen at site two

where the highest concentrations of heavy metals were

found and the highest percentage of silt plus clay (35%)

and organic matter (1.56%) were also found in this site.

Site two is located in an urban area with a mix of resi-

dential, commercial and industrial land uses. It should be

pointed out that this site is adjacent to a parking lot for

lorries of a brewery company.

The highest concentration of lead was also found in site

three (28 mg kg–1) adjacent to a treated wastewater dis-

charge from a brewery. Therefore, it can be seen that this

discharge is contributing in the lead accumulation in sed-

iments at this point. Site two also showed high concen-

tration of lead with respect to the other sites (9.5 and

11.5 mg kg–1). This can be the result that these sites being

downstream of a high traffic street.

Correlations

The correlation coefficient value denotes if there is a

relationship between two groups of values. Table 3 shows

the correlation coefficient values between heavy metals and

other physicochemical parameters such as percentage of

organic matter and sediment particle size.

There was a high correlation between nickel and organic

matter, as well as cadmium. However, for the second

sampling there was no correlation between these heavy

metals concentrations and percentage of organic matter.

In the case of the correlation between heavy metal and

fine size particles (clay + silt), there was a high correlation

between lead and nickel in the second sampling repre-

senting the rainy season (95 and 85%, respectively). This

suggests that concentrations of these metals could be linked

to particulate matter transported in storm water runoff from

urban and industrial areas.

Correlations between metals indicate whether there is

any common source of pollution. In the first sampling event

(dry season), Tables 4, 5 shows the matrices of correlation

values between metals for the sampling events. For the first

event a high positive correlation was found between nickel

Table 3 Correlation coefficient values for heavy metal concentrations and sediment characteristics

Pb Cd Ni Cr

1 2 1 2 1 2 1 2

Organic matter 0.24 0.48 0.75 0.25 0.89 0.43 0.28 0.19

Silt 0.18 0.88 –0.13 0.57 –0.02 0.87 0.32 0.72

Clay 0.34 0.78 0.04 0.27 0.07 0.67 0.09 0.59

Silt and clay 0.23 0.95 –0.09 0.53 0.09 0.85 0.27 0.71

1, sampling at August; 2, sampling at November

The bold values mean a high positive correlation

Table 4 Correlation coefficient values for metals in the first sam-

pling event

Pb Cd Ni Cr

Pb

Cd 0.32 1.00

Ni 0.48 0.85 1.00

Cr –0.04 –0.05 –0.01 1.00

The bold values mean a high positive correlation

Table 5 Correlation coefficient values for metals in the second

sampling event

Pb Cd Ni Cr

Pb 1

Cd 0.48 1

Ni 0.91 0.711 1

Cr 0.53 0.581 0.50 1

The bold values mean a high positive correlation
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and cadmium, indicating a possible common source that

could be the electroplating industry, because this type of

industry uses these metals and it is the predominant

industry in the study area. Lead is used in welding opera-

tions in the electronic manufacture industry, although its

use is diminishing due to its substitution in these processes

by other less toxic materials.

A high correlation between nickel and lead was found in

the second sampling representing the rainy season. It can

indicate a common source of metal after the rain events

bring the storm water runoff. This common source may be

traffic because nickel can be generated by the wear of

bearings, bushings and other moving parts in engines,

while lead is used as a filler material in tires (Makepeace

et al. 1995).

Geoaccumulation index

The geoaccumulation index proposed by Muller (1979) has

been utilized to evaluate the pollution by heavy metals in

sediments (Audry et al. 2004; Santos Bermejo et al. 2003;

Munendra et al. 2002).

The index proposed by Muller (1979) is:

IGEO ¼ Log2

C:M

1:5 � C:B

where C.M is the concentration in the fraction analyzed of

the sample (<63 lm) and C.B. is the concentration in the

same fraction of the sediments in the background site and

the factor 1.5 is used to take into account the possible

litological variability).

The Muller index has seven classes depending of its

value: <0 or 0 no pollution, values from 0 to 1 not polluted

to moderately polluted (class 1), 1 to 2, moderately pol-

luted (class 2); 2 to 3, moderately polluted to polluted

(class 3); 3 to 4, polluted to strongly polluted (class 4); 4 to

5, strongly polluted (class 5); 5 to 6 strongly polluted to

very polluted (class 6); and >6 very polluted (class 7).

Table 6 shows the Muller geoaccumulation index for the

different sites and sampling events. Most of the values for

Pb were negative, which indicated no pollution in the sites.

According to these values site 2 and 8 fell in class 1 (no

polluted to moderately polluted) and site 3 fell in class 2

(moderately polluted) for Pb.

Site two and eight were class 4 (polluted to strongly

polluted) for cadmium, with exemption to site 5, the rest of

the sites fell in the class 2 and 3 in the first sampling,

indicating moderately polluted to polluted for cadmium.

For chromium the values of geoaccumulation index

showed values from 0.4 to 2.10 indicating values for not

polluted to moderately polluted. Site 2 and 8 were the only

sites for nickel to show a moderate pollution, the rest of the

sites were found not polluted for this metal.

The results showed that the sites with moderately pol-

luted to strongly polluted were site 2 and site 8. Although

site 3 can be pointed out as a moderately to polluted site for

Pb, Cd and Cr. Site 2 shows the impact of urban storm

water since this part of the river is dry for most of the year.

High metal concentration in site 8 may be the result of the

highway and industrial runoff.

The values of geoaccumulation of heavy metals in

sediments may be higher than the values found in this

study, but it is believed that the transport of the smallest

fraction of sediment downstream due to the river velocity

contributes to the accumulation of heavy metals in lower

parts of this basin such as the Alamar River zone.

Conclusions

The main sources of heavy metals in the Tecate River are

the urban and industrial wastewater. The main source of

heavy metals in wastewater seem to be the electroplating

industry since there was a high correlation between cad-

Table 6 Geoacumulation index

values of heavy metal in

different sites and sampling

sites

1, sampling at August 2,

sampling at November

NA not applicable because the

metal was not detected

Site Pb Cd Ni Cr

1 2 1 2 1 2 1 2

1 –6.40 NA 2.55 2.11 NA NA 1.57 1.70

2 0.68 0.40 3.29 2.41 1.01 0.26 2.10 1.75

3 1.96 –1.49 2.17 2.04 –0.57 –1.58 1.35 0.88

4 –4.49 –1.20 1.65 NA NA NA 2.60 0.46

5 –1.27 –2.29 NA NA NA NA 2.14 1.28

6 –2.00 –2.93 1.51 1.62 –2.14 –1.87 0.44 0.36

7 –1.42 –2.96 2.45 1.70 –0.80 –2.08 0.57 0.48

8 0.61 –3.79 3.46 NA 0.61 NA 1.47 0.68

9 –1.58 –3.10 2.11 NA –1.41 NA 0.55 0.75

10 –0.82 NA 1.98 NA –0.74 NA 0.65 –0.36
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mium and nickel concentrations, which are used in the

processes of this industry. Another important source of

metal may be the urban surface runoff, specifically from

industrial and junkyards. The results showed geoaccumu-

lation for cadmium in almost of the sampling points. The

highest geoaccumulation values were observed at site two

and eight (class 4). Only two of ten sites were considered

class 1 for nickel and lead and one considered class 2 for

lead based on the Muller geoaccumulation index. These

results showed that there is anthropogenic impact in the

sediment quality of this stream.
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