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Heavy metals In sediments — monitoring the quality of the
marine environment
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The Hydrographic Institute conducted the Program “Monitoring the Quality of the Marine Environment” during the period 1985-2010.
Sediment samples were collected in four different areas, each corresponding to a different estuarine area of relevant economic, social, and
ecological importance at Portugal Continental Coastal areas : POLAveiro (mouth of Vouga river and other minor rivers); POLTejo (mouth of | * / i
Tejo river); POLSado (mouth of Sado river) and POLFaro (Formosa lagoon, complex and extended coastal area of small islets, dunes and P
bars).

This paper aims to present metals concentrations (Al, As, Cd, Cr, Cu, Fe, Hg, Mn, Ni, Pb and Zn), grain size and total organic carbon in
sediments collected in 35 annual stations (POLAveiro—10, POLTejo—10, POLSado-5 and POLFaro—10 stations) during almost 20 years.

The results are analyzed taking into account statistical analysis (average and range values and principal components analysis - PCA ),
Sediment Quality Guidelines (SQGs), Environmental Assessment Criteria (OSPAR, 2008) and Portuguese legislation for dredging purposes.
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POLFaro presents the metals lower values when comparing to the other locations. By

contrary Aveiro, Tejo and Sado shows higher values connected with anthropogenic local

contaminations.
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According to the Portuguese legislation criteria, the average concentrations of As, Cr, Cu,
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Hg, Zn and Pb in some of the studied stations fall within class 2 (implying some restrictive
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rules). POLSado and POLFaro for As, and in all areas for Cd and Ni fall within class 1.
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+ POLFARO presents all the average concentrations within class 1, except for station 9
14 oLrare / (concentrations within class 2), related with the higher silt+clay fraction (40-60%).

A e

5
&
foe]
©
© _|
(2]
Latitude (N)
w
w ~
~ [
| |
[+
) 8
A}
o2
é@j‘% g
o
%« )
A
©
Latitude (N)
- 5
| &
1 &
+ ®
% m |
ﬁ\) w
5]
/jg ;
=
) .
g ¢
Q.
- o
Latitude (N)

Latitude (N)

37—

]
n
Conclusions:
36.9 I I T 383 \ \ T I I I I I 36.8 I I I T \ : I I T T
93 92 91 9 -89 88 87 -86 -85 -8.05 -7.95 -7.85 -7.75 -7.65 -7.55 93 92 91 -9 89 -88 -87 -86 -85 -8.05 -7.95 -7.85 -7.75 -7.65 -7.55 93 92 91 9 89 88 87 -86 -85 -8.05 -7.95 -7.85 -7.75 -7.65 -7.55
Longitude (W) Longitude (W) Longitude (W) Longitude (W) Longitude (W) Longitude (W) - - . . .
Cu (1987-2010) Hg (1987-2010) - n (19872010 The spatial pollution status was evaluated in the four different areas:
Decreto-Lei 1450/2007 Decreto-Lei 1450/2007 Portuguese Legislation
Class1 = sg 1o <as POLAwiro  POLTejo  POLSado  POLFaro Class1 & =0 to <05 POLAwiro  POLTejo  POLSado  POLFaro Decreto-Lel 1450/2007 POLAwilo  POLTejo  POLSado  POLFaro
- B ) Class 1 >=0 to <100 . . - .
Class2 @ >=35 to <150 n= 242 135 91 162 Class2 @ =05 to <15 n= 242 134 92 162 ~ _ POLA I htl ” t d th C Z H d A t t 2 d 1 5
Class 3 . >=150 to <300 Class 3 ‘ >=15 to <3 g:aSSi : z:égg :0 :?ggo n= 241 134 92 159 u Vel rO S Ig y po u e WI u, n, g a n S S a Ion a n
Class 4 @ >=300 to <500 awverage 27 36 61 13.2 Class4 @ >=3 to <10 awverage 0.403 0.586 0.280 0.072 CIass4 ° >-1500<1 o, awrage 200 184 208 42
ass = 0
Class 5 . >=500 to <750 range <5-799 <5-348 <5-558 <5-72 Class 5 . >=10 to <15 range <0.0075-10.7 <0.0075-5.77 <0,0075'2,13 <0.0075-0.302 Class 5 . >=5000 to <7500 range <2-5021 12.3-499 11.6-999 <2-180 - -
= POLTejo - higher values of As, Hg, Pb and Zn
/4 4

(Effects Range-Low)/ ERM (Effects Range-Median) and TEL (Threshold Effects Levels)/ PEL (Probable Effects Levels) (Long et al. (1995) and MacDonald et a/. (1996). Both approaches » POLFaro — Lower values of metals
derived from statistical analysis of empirical data that associate chemical concentrations of contaminants to biological responses. These two sets of SQGs allow to classify the degree of
sediment contamination according to three ranges of concentration that are related to the frequency of occurrence of adverse biological effects on benthic organisms: low range, within The hig her values observed are associated with pOtentiaI poIIution due
which adverse effects occur rarely (<ERL or TEL); middle range, within which adverse effects occur occasionally (ERL-ERM or TEL-PEL) and upper range, within which adverse effects occur
frequently (>ERM or >PEL).

= POLSado - higher values of Cu, Hg, Pb and Zn
For estuarine and marine sediments the applicability of Sediment Quality Guidelines (SQGSs) is a widely used approach to predict adverse biological effects in contaminated sediments: ERL

to anthropogenic industrial discharges and human activities.
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:ﬁc;vpaf;itpeois 0.11<mERMq <0.5: 0.1 1<mPELq_<1.5 24-32% of toxicity - medium - low risk* with strong anthropogenic industrial influences (POLAveiro, present low levels of metal Contamination, but with some localized
POLTejo and POLSado (Table 2).

Table 3 — Environmental Assesment Criteria hlgher values.

EAC (OSPAR 2008) POLAveiro PO LTejo POLSado POLFaro
(ow) _ (oW 151 1 0 oL S0l 2 3 S o)l 2 3 4 8 o 10A 26 30 32) Enyvironmental Assessment Criteria (EACS) represents the
as |1 10 -------- -------- _ o .
o | 10 0 [N T T T T T 1T 1 Il Bl contaminant concentration in the environment below Data in Table 4 with mean ]
e T ------ -- . . which no chronic effects are expected to occur in marine ’ Table 4 — Heavy metals concentrations
Hg | 005 [ | | | [ ] | P maximum and minimum values e = = 0 — -
R [] | species, including the most sensitive species. _ Area mole  (mokg)  (mgkgh  (mgkg)  (mgkg)  (mgkg) Reference
Pb ° 50 ------ -- - . . ShOWS the concentrations Of POLAVveiro <0.3-53 <1-78 <5-799 <0.0075-10.7 <2-5021 <2-187 This study
Zn 50 500 Table 3 shows the EACs for the sampllng stations; the h tals i di £ POLTejo 0.879-50 1.34-238 <5-348 <0.0075-5.77 12.3-499 <2-332 This study
. . . o €avy metals In sediments POLSado 2.35-35 <1-121 <5-558 <0.0075-2.13 11.6-999 <2-113 This study
Concentrations below EAC - present no significant risk to the environment - values between low and h|gh criteria prevalls, POLFaro £ th it POLFaro <0.3-18.3 <1-88 <5-72 <0.0075-0.302 <2-180 <2-81 This study
ShOWS the Iower EACS vaIues rom otner sites. Sado estuary 1.1-50 0.6-63 1-150 0.02-0.7 2.1-507 2-69 Caeiro. S. et al. 2005
. . Ria Aveiro - - 3.0-45.6 - 51-589 6.0-26.4 Monterroso. P. et al 2003
Concentratlons Of some metals Douro estuary - 64-142 6.21-120 0.083-0.353 107-336 21-105 Oliveira et al 2011
. . . Mondego estuary - 52-70 8.92-29 0.027-0.28 79-139 12.4-43 Oliveira et al 2011
are hlgher In POLAVGIFO and Tejo estuary - 40-116 25-77 0.367-2.46 160-495 27-169 Oliveira et al 2011
Ria Vigo - sandy

POLTejo, than those found in /muddy 19.09/37.2 11.72/52.58* 7.93/42.44* - 30.68/158.38* 23.23/89.09* Rubio. B. et al 2000
- *Average values
\ POLFaro oo™ /
Factor Loadings, Factor 1 vs. Factor 2 Factor Loadings, Factor 1 vs. Factor 2
Rotation: Varimax normalized Rotation: Varimax normalized
Extraction: Principal components Extraction: Principal components POLFaro
10 e . : . . . 10 . : . . .
R G Accumulated Accumulated
0gr Variance - 75% Variance - 76% 1 )
08t The Quality assurance of the results
06 | . . T
N ' ° e the Quasimeme (Quality Assurance
£ 02 1 04t 2 A o of Information from Marine
i B Ho  Pb 1 ¢ A A A A 5 A A X A
ool Aoszng 1 O ” g A S % 2 8 % O Environmental Monitoring in Europe)
Ot ° POLTejo ® o{-0 ! g 8 e 5, 5 8 g A S . . -
02 S o H & X 0 8 8 o E 3 since the first round. Statistical
P g 8 © < o < § o o) . .
a4l | ooy _ N o . evaluation of the analytical results
POLTejo 2 . @ o is made using the Z-score statistical
0B 02 : . . : .
1 00.1 10 2 oo 02 04 s 1 19 POLAveiro A indicator established for each
Accumulated Accumulated ‘s3888888888 555588888888 333233 3 parameter.
ol Variance-79% | 10} Variance - 88% | : : : : : . : : : . 353823383858 3328283 83853385 038¢82585%83%85 | Z| <2 satisfactory
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% )
08t i | mFactor mFactor 2 ®mFactor3 | O As ACr OCr OHg XZn 2< IZI <3 QueStlonable’
RET ' _ _ _ _ _ | Z| >3 unsatisfactory
N ol _ PCA is a useful tool to determine the relationships between elements and properties of the
2 04t . . . .
b il sediments. This tool was applied separately for each sample areas. The data points are
02} - plotted along the first two components together with each variable contribution to the
02
sl | principal components, that explain most of the variations.
: 00 . . . . . . . . . . . . Gilyai . Coi . ; . Dai : C : .
POLSad Factor 1 relates flne fraCtlon Wlth dlﬂ:erent metaIS in POLFa rO, POLSadO and POLAVEer, but in _Referent_:es. CAEIRO, S.,_ Costa,_ M.H.; Ramos, T.B.; Fernandes, F.; Silveira, N.; Coimbra, A.; Medeiros, G.; Painho, M.. (2005) Assessing heavy metal contamination in Sado Estuary sediment: An
s ado POLFarO index analysis approach. Ecological Indicators, 5, 151-169.
-0, P g : g g ; g 02 4 : 1 . : 1 . . . . . . . . . RUBIO, B.; Nombela, A.; Vilas, F., (2000). Geochemistry of major and trace elements in sediments of the Ria de Vigo (NW Spain): An assessment of metal pollution. Marine Pollution Bulletin, 40, 968-980.
A 22 g0 0.2 04 Ua Lo 10 12 00 01 0'2 o3 04 05 06 07 08 05 10 1 POLTeJO Factor 1 Only shows the prlnCIDaI anthropogenlc contamination of metals and the fine LONG, E.R, MacDonald, D.D., Smith, S.L., Calder, F.D.. (1995). Incidence of adverse biological effects within ranges of chemical concentrations in marine and estuarine sediments. Environmental
Factor 1 Factor 1 ] .. . . Management, 19, 81-97.
fraction is in Factor 2 related with Cr, CU, Ni and TOC. MACDONALD, D.; Carr, R.; Calder, F.; Long, E.; Ingersoll, C. (1996) Development and evaluation of sediment quality guidelines for Florida coastal waters. Ecotoxicology, 5, 253-278.

MONTERROSA, P., Pato, P., Pereira, E., Vale, C., Duarte, A.C. (2003) Distribution and accumulation of metals (Cu, Cd, Zn and Pb) Marine Pollution Bulletin 46, 1200-1200.
CEMP Assessment Manual. 2008 Co-ordinated Environmental Monitoring Programme — Assessment Manual for Contaminants in Sediments and Biota. OSPAR Commission.

£ RCIIAC Understanding the sea
el | T for the benefit of all

P‘DE CERT/F
&\

;apce

001 \ QOA




