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Summary 

 

Traditionally, sediment quality assessment has been based on numerical SQGs (sediment quality 

guidelines) which were derived by different regulatory boards on the basis of pertaining 

ecotoxicological studies. Since, for obvious reasons, such studies are conducted on a limited number 

of freshwater ecosystems; important natural differences between water bodies may be overlooked 

during the development phase of SQGs. Such a situation can result in an attempt to endorse SQGs 

which are unrealistically low (or, at the opposite, too high) for a given ecosystem. The concepts of 

“good ecological status” and “reference site” are therefore gaining increasing importance in an attempt 

to overcome the limitations of this numerical approach. With these two concepts, the definition of 

“sediment quality” acquires a flexible dimension which should allow an appropriate and specific 

evaluation of the overall ecological quality for any given ecosystem.  

 

In this presentation, three chemically based quality assessment strategies are compared with an in 

situ index of biological quality (Mayfly Average Scores) in order to identify the possible links between 

“classical” sediment chemistry and ecological responses from the macroinvertebrate community. 

Results show that the two approaches agree only to a limited extent. Although the new European 

Framework directive stresses the importance of biological indicators, an adequate knowledge of 

sediment chemistry still appears important for both the choice of appropriate reference sites and the 

implementation of remedial actions in at polluted sites.  
 

 

Figure caption  (left-right; top-down) 
 

Figure 1. Example of sediment quality assessment in the river Po using the Waboos computer 
programme (Bakker and Venema, 1997) 
 
Figure 2. Summary figures for the river Po basin and location of sampling sites along the river Po. 
Flow regime measured downstream site 10 over the sampling period (September 1996-March 1997) is 
shown in the box. 
 

Figure 3. Classes of integrity (MAS+ index) of the mayflies communities in the river Po over the 
sampling period. 
 

Figure 4. Comparison of measured nickel concentration with consensus based sediment quality 
guidelines (MacDonald D.D., Ingersoll C.G., Berger T.A. 2000). 
 

Figure 5. Spatial variation of Cumulative Threshold Effect Concentration (CTEC) index in the river Po 
over the sampling period. 
 
Figure 6. Enrichment factors for Cd, Cu and Ni in the river Po calculated with respect to concentrations 
measured at the reference site 1. 
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Davide Vignati*
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RIVER PO

Length : 646 km

Basin : > 70,000 km
2

(1/4 of Italian territory)

Flow : 1500 m
3
 s
-1

 at Pontelagoscuro

Agriculture :    35% of national total

Industry :    37% of national total

Stockbreeding :   55% of national total

STUDY AREA

Site Class 0 Class 1 Class 2 Class 3 Class 4

1 Cd, Cr, Cu, Hg, Pb,

Zn

Ni

2 Cd, Hg, Pb Cr, Zn Cu Ni

3 Cd, Hg, Pb Cr, Zn Cu Ni

4 Cd, Cr, Hg, Pb, Zn Cu Ni

5 Cd, Cr, Cu, Hg, Pb,

Zn

Ni

6 Cd, Cr, Cu, Hg, Pb,

Zn

Ni

7 Cd, Hg, Pb Cr, Zn Cu Ni

8 Cd, Cr, Cu, Hg, Pb,

Zn

Ni

9 Cd, Hg, Pb, Cr Zn Cu Ni

10 Cd, Hg, Pb, Cr Zn Cu Ni

COMPUTERISED SEDIMENT QUALITY

ASSESSMENT5

Class 0 = pristine environment

Class 1 = enrichment above natural background

Class 2    low to moderate pollution (additional studies

Class 3    required)

 Class 4 = heavy pollution (start remedial action)
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*Present address: Institute F.-A. Forel, Route de Suisse 10, 1290 Versoix,

Switzerland

e-mail: davide.vignati@terre.unige.ch

COMPUTERISED ASSESSMENT:

measured metal concentrations are

normalised to a standard reference sediment

containing 25% of fine material (< 2µm) and

10% organic matter (expressed as LOI).
Standardised concentrations are compared

with built in quality criteria (Dutch

regulations) and a quality index (from 0 to 4)

is calculated for each metal.

CONSENSUS-BASED1 TECs and PECs:

measured metal concentrations are compared
with TECs (Threshold Effect Concentrations

= rare toxicity) and PECs (Probable Effect

Concentrations = frequent toxicity) derived

from existing databases (mainly American

and Canadian).

ENRICHMENT FACTOR: concentrations

measured at different sites along the Po are

normalised to a reference site (site 1) within

the river basin.
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LINKING ECOLOGICAL QUALITY AND CHEMISTRY

The MAS
+
 (Mayfly Average Score)

2
 index was applied at each

site to evaluate the differences between the expected and the

observed structure of mayfly communities. Class 1 corresponds

to an unaltered natural community; while class 6 indicates the

complete absence of mayflies. Cumulative Threshold Effect

Concentration (CTEC) indexes, defined as the sum of the ratios

of measured concentrations versus TECs for each metal, were

used to get an indication on the overall chemical quality of

river Po sediments. Results of ecological and chemical quality

assessment agree only to a limited extent.

CONTEXT

Lack of toxicity in laboratory tests does not

necessarily reflect a good ecological status in the

field. At present, numerical concentration

sediment quality guidelines (SQGs) can be

effectively used for predicting sediment toxicity

in laboratory experiments
1
, but do not have a

direct link with indicators of in situ ecological

quality such as biotic indexes. Furthermore,

SQGs for trace metals do not generally consider

the natural differences in background levels

which often exist among freshwater ecosystems.

Some results from a recent integrated study

conducted by IRSA-CNR on the quality of river

Po sediments are used to compare 3 chemically

based sediment quality assessment strategies

with an in situ ecological quality index (MAS
+
,

Mayfly Average Score)
2
.

Measured metal concentration

Consensus-based TEC
CTEC index = Σ

METHODS

SAMPLING : collection of composite sediment samples at 10

sites along the main course of the river (red spots in the Study

Area) using a Ponar grab sampler
3
. Sampling periods : Sept.-

Oct. 1996 and Feb.-Mar. 1997

CHEMISTRY : mineralisation with a mixture of HNO3, HCl,

and HF acid under microwave assisted digestion
4
.

Cd, Co, Cr, Cu, Ni, Pb analysed by GFAAS

Fe, Mn, Zn analysed by FAAS

Hg : determined on solid samples after thermal

decomposition at 750° C using an automated analyser

(AMA254, FKV, Bergamo, Italy).

BIOLOGICAL QUALITY : Collection of benthic organism

using multi-plate artificial substrata (sites 5 to 10) or a surber

net (sites 1 to 4)
2
.
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Different quality assessment strategies do not always lead to

the same conclusions either. Computerised quality assessment

identifies a moderate widespread risk from Ni and Cu
contamination; while the use of consensus-based guidelines

indicates possible toxicity from Ni, Cr and, to a lesser extent,

Cu and Zn. These findings are not confirmed by the
calculation of metals enrichment factors which show only

moderate and local enrichment for Cr, Cu, Ni, Pb, and Zn. On

the contrary Cd and Hg concentrations are often much higher
than those measured at the reference site.
This study on the Po suggests that validation of sediment

quality guidelines to real field situations should be

conducted in addition to, and independently from,

laboratory-based experiences. Furthermore, at least for some

metals, specific sediment quality guidelines seem to be

necessary for the river Po basin. In this sense, future studies

should give particular attention to background levels and

bioavailability of Ni and Cr in the river Po ecosystem.
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