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INTRODUCTION: Background and objectives
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- Estuaries are located between the open ocean and the continent. 
Thus, trace elements can be exchanged between the estuary and the 
sorrounding ambients through various frontiers.
- This study will be focused in the sediment-water interface and the
exchanges of trace metals that can occur there.

- The geochemistry and redox procceses that will be involved in the
sediment-water interface will directly affect the fluxes between the
porewaters and the overlying waters.
Objectives:

1) Describe and study the different redox conditions in the 
sediments

2) Study trace metal concentrations and variations in the sediment 
and porewaters

3) Estimate trace metal fluxes in the sediment-water interface



STUDY AREA : Vigo Ria 



MATERIAL AND METHODS: Sampling strategy

Three different seasons during 2004:

-Winter (February)

-Spring (May)

-Summer (July)

15 cm

Rouvilloise



MATERIAL AND METHODS: Sampling strategy 
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MATERIAL AND METHODS: Sample pretreament



MATERIAL AND METHODS: Overlying and pore waters
WATER

Filtration       0,2 μm

UV digestion 
(Achterberg and van den 

Berg, 1994)

Co, Cu, Fe, Ni & V

Cathodic Stripping
Voltammetry 

(Cobelo‐García et al., 2005)

Anodic Stripping
Voltammetry (Gardiner 

and Stiff, 1975)

Cd, Cu Pb & Zn

F‐AAS

Fe&Mn



MATERIAL AND METHODS: Sediments
SEDIMENTS

Freeze‐dried

Sieved
(≤2000μm)

ICP‐OE ICP‐MS

Al, Fe, Mn, 
Ti, V &Zn

Cd, Co, Cr, 
Cu,Ni, Pb & 

U

100 mg

Enzymatic
Digestion (24 h)

(Mayer et al., 1995)

ICP‐OE ICP‐MS

Al, Fe, Mn, 
Ti, V &Zn

Cd, Co, Cr, 
Cu,Ni, Pb & 

U

100 mg

Total Digestion (till
dryness) (HNO3 :HF)
(Biscombe et al., 2004)

ICP‐OE ICP‐MS

Al, Fe, Mn, 
Ti, V &Zn

Cd, Co, Cr, 
Cu,Ni, Pb & 

U

100 mg

Partial Digestion (24 h) 
(HCl 1M)

(Bryan and Langston, 1992)



MATERIAL AND METHODS: Sediment-water fluxes prediction

Φi
=

VIW

(VIW + VS )

VIW = interstitial water volume

Vs    = sediment solids volume

Ds
i  = Φ2 D0

i D0
i = Difussion coefficient of metal at a given Temperature 

(calculated from Li and Gregory (1974) )

x
Cow

CiwΦ

Ji = - Φ
Ds

i

dCi
dx

Ji    = Trace metal flux ( 10-6 nmol m-2 d-1 )

Φ = Sediment porosity

Ds
i = Difussion coefficient of metals (cm2 s-1)

Ci   = (overlying water – interstitial water) concentration (nM)

x   = distance between overlying and interstitial waters (cm)

Fick´s law



RESULTS AND DISCUSSION: Ambient characterizationMiddle axis Winter
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Fe (II) + S2- Fe S
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RESULTS AND DISCUSSION: Sediment

-12

-10

-8

-6

-4

-2

0

0 10 20 30 40 50Ni (ug/g)Middle axis

-12

-10

-8

-6

-4

-2

0
0 20 40 60 80

Cu (ug/g)

Winter

Spr ing

Summer

Winter Labi le

Spr ingLabi le

Summer Labi le

Winter Enzymatic

Spr ingEnzymatic

Summer Enzymatic

-12

-10

-8

-6

-4

-2

0
0 20 40 60 80 100

V (ug/g)

-9

-8

-7

-6

-5

-4

-3

-2

-1

0
0 10 20 30 40 50

Ni(ug/g)Below bateas

-9
-8
-7
-6
-5
-4
-3
-2
-1
0

0 20 40 60 80

Cu (ug/g)

-9

-8

-7

-6

-5

-4

-3

-2

-1

0
0 20 40 60 80 100

V (ug/g)

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0
0 10 20 30 40 50

Ni(ug/g)Bouzas shipyard area

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0

0 10 20 30 40 50 60 70 80

Cu (ug/g)

-10

-9

-8

-7

-6

-5

-4

-3

-2

-1

0
0 20 40 60 80 100

V (ug/g)



RESULTS AND DISCUSSION: Estimation of Copper Fluxes (10-6 nmol m-2 d-1 )

Cu

-0.60 -0.48
-72.22

5.61 35.14 -6.96

20.93
21.42 1.91

Winter
Spring
Summer



Ni

5.67 29.77
5.11

50.32 17.27 25.89

15.15 54.01
20.41

Winter
Spring
Summer

RESULTS AND DISCUSSION: Nickel Fluxes (10-6 nmol m-2 d-1 )



V

48.18 60.26
138.20

135.61 136.23 98.07

46.99 54.90
114.18

Winter
Spring
Summer

RESULTS AND DISCUSSION: Vanadium Fluxes (10-6 nmol m-2 d-1 )



CONCLUSIONS

- Porewater dissolved metal levels are, in general higher in the 
shipyard area than in the middle axis and below bateas. Probably due 
to anoxic conditions below bateas that precipitate the dissolved 
metals into the particulate phase.

- Particulate metal levels are, usually higher in the shipyard area than 
below bateas or the middle axis.

- The lability of trace metals in the solid phase is higher for copper 
than for nickel or vanadium.

- Trace metal fluxes (Cu and Ni) are higher in the shipyard area than 
in the middle axis or below bateas. In the case of V the highest fluxes 
were found in the middle axis.
- All this reactions between solid-liquid phase in the sediment and the 
subsequent fluxes are controlled by the redox conditions present in 
each area.
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CERTIFIED REFERENCE MATERIALS

Waters

Sediments



pH MEASUREMENTS
Middle axis
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Fe y Mn labile in the sediment
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-8

-7

-6

-5

-4

-3

-2

-1

0
65.0 75.0 85.0 95.0 105.0

Mn (ug/g)

D
ep

th
(c

m

Shipyard area Winter

-8

-7

-6

-5

-4

-3

-2

-1

0
6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0

Fe (mg/g)

D
ep

th
 (c

m


