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Understanding the short-term consequences of Mediterranean rivers' streamflow (mostly 

determined by seasonal climatic conditions and demand of fresh water to irrigate cultivation 

fields) is necessary for the assessment of the trace metals spatial distribution on the GoC 

continental shelf. This study highlights the importance of the basin characteristics, river flows 

and season in the dispersion of pollutants, and the exporting role of the GoC towards 

neighbouring seas. The Guadalquivir estuary seems to supply an important metal enrichment to 

the GoC continental shelf that can be transported onto the Mediterranean Sea. 
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Table 1. Average concentration and flux ± standard deviation of metals measured in February and July 

2016 of the Guadalquivir, Guadiana and Tinto-Odiel estuaries. Units of metal concentration in nM and 

flux in pmol seg-1 

Estuary Mon

th 

Fe Ni Co Cu Mo Cd Pb Zn V 

Concen

tration 

          

Guadalq

uivir 

Febr

uary 5.93±2.4

1 

18.20±7

.03 

    

1.00±0.

12 

43.73±1

1.35 

104.33±

11.23 

0.55±1

1.23 

0.21±

0.03 

57.13±6.

44 

19.68±7

.51 

 July 6.72±3.5

1 

16.72±7

.99 

1.36±0.

33 

29.27±7.

02 

85.07±5.

67 

0.29±5

.67 

0.16±

0.04 

22.93±2.

20 

19.99±6

.48 

Guadian

a 

Febr

uary 

5.69±1.5

6 

5.20±0.

37 

0.83±0.

07 

11.12±1.

87 

88.16±8.

04 

0.30±8

.04 

0.04±

0.01 

10.86±0.

95 

19.52±5

.71 

 July 334.53±3

58.11 

3.85±0.

82 

1.16±0.

37 

11.15±3.

97 

80.87±7.

05 

0.16±7

.05 

0.29±

0.28 

15.63±3.

75 

19.97±3

.81 

Tinto-

Odiel 

Febr

uary 

4.75±1.0

8 

11.98±6

.87 

14.45±

11.95 

103.98±

56.73 

117.70±

2.75 

3.67±2

.75 

0.66±

0.03 

445.85±3

00.36 

12.95±6

.11 

 July 492.42±2

20.89 

4.05±0.

92 

3.57±1.

47 

83.45±2

6.45 

81.17±1

2.28 

1.45±1

2.28 

3.00±

0.73 

144.10±5

4.18 

18.74±3

.46 

           

Flux            

Guadalq

uivir 

Febr

uary 

151.20±6

1.60 

464.19±

179.30 

25.46±

3.03 

1115.57

±289.50 

2661.23

±286.47 

14.04±

1.29 

5.33±

0.77 

1457.39±

164.32 

502.02±

191.46 

 July 197.50±1

03.16 

491.79±

234.96 

39.94±

9.69 

860.66±

206.34 

2501.75

±166.81 

8.51±2

.21 

4.63±

1.20 

674.43±6

4.62 

587.83±

190.57 

Guadian

a 

Febr

uary 

122.27±3

3.47 

111.69±

7.89 

17.92±

1.46 

238.83±

40.09 

1893.19

±172.71 

6.34±0

.54 

0.80±

0.18 

233.16±2

0.44 

419.16±

122.55 

 July 4298.64±

4601.64 

49.42±1

0.58 

14.96±

4.76 

143.24±

51.00 

1039.22

±90.54 

2.05±0

.36 

3.78±

3.57 

200.86±4

8.17 

256.58±

48.95 

Tinto- Febr 35.70±8. 90.08±5 108.69 782.05± 885.24± 27.58± 5.00± 3353.39± 97.38±4
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Odiel uary 10 1.68 ±89.91 426.65 20.68 19.45 0.25 2259.07 5.99 

 July 3144.65±

1410.66 

25.87±5

.87 

22.80±

9.41 

532.95±

168.92 

518.39±

78.42 

9.24±5

.88 

19.16

±4.66 

920.23±3

46.02 

119.70±

22.09 
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Location Cd Co Cu Fe Mo Ni Pb V Zn Reference 

           
Torres Strait and 
Gulf of Papua      

0.01-
0.26 

 0.57-
15.52 

  16.02-
78.38 

   Apte and Day, 1998                   

New South Wales 
coast, Australia 

0-0.02  0-0.49   0-3.07 0.04  0-0.34 Apte and Batley, 
1998                     

Archelos estuary, 
Greece             

  10.7 2023.28  0-
22.49 

1.11  0-44.96 Dassenakis  et al., 
1997              

Weser estuary, 
Germany               

1.42  31.47 3.58  34.08 265.44   Turner et al., 1992                 

Six estuaries, 
Texas, USA 

  1.57-
20.46 

17.91-
268.58 

  0.27-
0.65 

 4.59-
185.04 

Benoit et al., 1994; 
Morse et al., 1993 

Tweed estuary, UK                    0.09-
0.29 

 7.71-
73.96 

     6.58-
29.06 

Laslett, 1995 

Humber 
estuary,UK                    

0.44-
1.96 

 11.8-
56.65 

     55.05-
229.39 

Laslett, 1995 

Humber estuary, 
UK                   

0.44-4  28.33-
158.94 

  42.6-
204.46 

  45.88-
313.5 

Comber et al., 1995 

Mersey estuary, 
UK                   

0.09-
0.98 

 12.59-
77.9 

  34.08-
178.91 

  99.4-
428.2 

Comber et al., 1995 

Scheldt estuary, 
Netherlands         

0.09-
0.27 

 4.72-
34.94 

     9.18-
351.74 

Zwolsman et al., 
1997 

Tay estuary, 
Scotland                

0.02-
1.07 

 7.08-
29.9 

  3.92-
15.33 

  6.12-
122.34 

Owens and Balls, 
1997 

Bristol Channel, Uk 3.56-
83.62 

 9.44-
84.98 

  3.41-
51.12 

1.69-
62.74 

 41.29-
672.89 

Abdullah and Royle, 
1974 

Poole Harbour, Uk 2.67-
373.6
3 

 3.15-
440.63 

     15.29-
10307.3
9 

Rainbow, 1990 

Derwent estuary, 
Australia 

        1 Coughanowr  et al., 
2015 

N Australian coast 
and estuaries 

0.01-
0.31 

0.09-
1.15 

2.33-
16.37 

1.43-
610.56 

 1.98-
9.41 

0.01-
0.27 

 0.15-
7.62 

Munksgaard and 
Parry, 2001     

Gironde estuary, 
France 

0.44-
3.56 

        Elbaz-Poulichet et 
al., 1987 

Gironde estuary, 
France 

0.09         Chiffoleau et al., 
1994 

Seine estuary, 
France               

0.7 1 10   20 1  50 Jouanneau et al., 
1990 

Loire river, France 0.21      0.4   Boutier et al., 1993 
Scheldt estuary, 
NL 

  13.5 61   48 7  van den Berg et al., 
1987 

Elbe, Germany 0.09-
2.14 

 7.87-
110.16 

   193.05-
1930.5 

  Mart et al., 1985 

Humber, UK 0.44-
1.96 

 11.8-
56.65 

  15.33-
107.34 

0.11-
2.99 

 55.05-
229.39 

Laslett, 1995 

Tees, UK 0.13-
0.86 

 7.71-
157.37 

  3.58-
17.04 

0.26-
3.96 

 10.71-
214.1 

Laslett, 1995 

Wear, UK 0.12-
0.52 

 5.19-
22.03 

  5.11-
49.41 

0.28-
2.65 

 7.65-
114.7 

Laslett, 1995 

Tyne, UK 0.1-
1.16 

 4.72-
25.18 

  4.77-
47.71 

0.28-
5.31 

 9.18-
382.32 

Laslett, 1995 

Tweed, UK 0.06-
0.29 

 7.71-
73.96 

  3.92-
13.8 

0.19-
0.82 

 6.58-
29.06 

Laslett, 1995 

Mersey, UK 0.08-
0.54 

 20.46-
51.93 

  13.63-
160.16 

0.15-
4.25 

 22.94-
259.98 

Laslett, 1995 

Morecambe Bay, 
UK 

0.08-
0.44 

 9.13-
29.9 

  6.82-
1380.1
3 

0.13-
1.25 

 21.41-
113.17 

Laslett, 1995 

Port Jackson, 
Australia 

8.9  47.212-
62.95 

393.912-
1378.69 

83.392-
104.23 

17.04 4.832-
9.65 

58.892-
137.42 

137.642-
581.13 

Jahan and Strezov, 
2017 

Port Botany, 
Australia 

  15.742-
141.63 

268.582-
9507.61 

104.232
-135.5 

17.04 4.832-
33.78 

78.522-
196.31 

61.172-
382.32 

Jahan and Strezov, 
2017 
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Port Kembla, 
Australia 

  62.95 143.242-
644.58 

93.812-
135.5 

 4.83 58.892-
78.52 

 Jahan and Strezov, 
2017 

Port Newcastle, 
Australia 

  78.68 143.242-
3419.87 

62.542-
104.23 

 4.83 78.522-
98.15 

152.932-
305.86 

Jahan and Strezov, 
2017 

Port Yamba, 
Australia 

 16.9
7 

629.47 286.482-
4834.38 

83.392-
104.23 

 24.13 58.892-
157.05 

168.222-
535.25 

Jahan and Strezov, 
2017 

Port Eden, 
Australia 

8.92-
62.27 

33.9
4 

 1683.08 83.392-
104.23 

153.35 4.83 78.522-
98.15 

15.292-
443.49 

Jahan and Strezov, 
2017 

Guadalquivir 
estuary, Spain 

0.19-
0.60 

0.83-
1.75 

20.6-
60.1 

2.60-13.1 74.8-
115 

7.85-
29.8 

0.10-
0.25 

12.3-
31.8 

20.2-
64.3 

This study 

Gudiana estuary, 
Spain 

0.13-
0.33 

0.72-
2.16 

7.12-
17.8 

3.35-974 67.2-
97.4 

2.57-
5.62 

0.03-
0.78 

12.5-
29.0 

9.01-
21.1 

This study 

Tinto-Odiel 
estuary, Spain 

0.6-
7.19 

1.92-
30.7 

50.4-
172 

3.02-919 47.8-
122 

2.20-
21.2 

0.63-
3.98 

7.50-
23.1 

92.4-845 This study 

Table 2 Range of dissolved metal concentrations (nM) in surface waters from estuaries and coastal ports 

elsewhere (min-max). 
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Highlights 

• High metal concentrations in the Tinto-Odiel estuary by historical mining activities 

• Metal concentrations in Guadiana and Guadalquivir mostly due to urban-agricultural uses 

• High fluxes of Ni (73%) and Cu (19%) from the Guadalquivir river to the GoC shelf 

• Metal pattern over continental shelf largely determined by the Guadalquivir fluxes 

• Net transport of trace metals from Guadalquivir river to the Mediterranean Sea 
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