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ABSTRACT

Guia is located in Estoril coast, the coastal region west of Lisbon (Portugal) in the northern side of the Tagus
estuary. SANEST is the operator company responsible for a sewage system composed by a 25 km long gravity
trunk sewer parallel to the coastline, an underground treatment plant and a 2.8 km long submarine outfall. The
outfall operates since 1994 and discharges approximately 170 thousand m® per day. The total population of the
area drained by the Guia system is about 720 thousand population equivalent and can reach 920 thousand by the
year 2020.

A monitoring program was set up by SANEST to survey the impact of the effluent disposal on the quality of
receiving waters and is supported by a mathematical model. The monitoring program includes measurements of
physical, chemical, biological and microbiological properties in the effluent and in the receiving waters, as well
as assessment of the sediment properties. This paper presents methods and results for the effluent chemical and
microbiological quality as well as for the receiving water column.

The treatment plant is being upgraded to fulfil a primary treatment level out of the bathing season and a more
sophisticated treatment, including disinfection during the bathing season to comply with the European
Commission Decision n° 2001/720/EC. This paper describes the current situation with only a preliminary
wastewater treatment before effluent disposal. The results show that the legal values are always respected and
that the plume of the outfall is only identifiable by faecal bacteria, in the vicinity of the discharge, at mid water
and close to the bottom. One km away from the diffuser, at mid and bottom water, faecal coliforms present a
reduction of about _ of the concentration found at the outlet of the outfall and are hardly detectable at about 8 km
from the diffuser.

The success of the system is due to the high depth of the discharged zone (40 m), which promotes initial
dilutions up to 1/1000 and to the strong currents (residuals up to 10 cm/s) induced by the tide, the density and
wind and also to the wave climate, which induces strong ressuspension of the sediments (velocities induced by
the waves are typically above 20 cm/s and very often reach 60 cm/s).

INTRODUCTION

The hydrodynamic conditions of the western coast of Portugal - which result from the tides, wind and coastal
density currents, associated to wind wave action - are among the most favourable of European coastal waters for
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dilution and dispersion of waste water. Classified as less sensitive area by INAG (Portuguese Water Institute), it
is a convenient zone for the location of a submarine outfall.

SANEST is the operator company responsible for the management of a wastewater system that includes a 25 km
long trunk sewer parallel to the coastline, an underground treatment plant and a 2.8 km long submarine outfall.
The outfall operates since 1994 and discharges in the Atlantic Ocean, approximately 170000 m’® per day. The
dimension of the SANEST Wastewater System can be assessed by the size of the total population served by the
System, which is about 720 thousand population equivalent and it is expected to reach 920 thousands by 2020.
The urban wastewater undergoes a preliminary treatment in a Wastewater Treatment Plant constructed
completely underground at Guia near Cascais, (Fig 1). Presently the treatment scheme includes just a step-screen
to remove solids smaller than 3mm and a grit removal, prior to disposal of the effluent through the Guia
Submarine Outfall, at 40m deep and 2.8 km offshore.

In order to verify that this discharge does not adversely affect the environment Sanest set up a monitoring
program runned by independent state laboratories and universities, with the support of the Portuguese Navy. The
monitoring program includes measurements of physical, chemical, biological and microbiological properties of
effluent samples and receiving waters, as well as measurements of the sediment properties

This program started up in 1994. Initially large seasonal campaigns were carried out. Since 1999 reduced but
more accurate monthly studies have been introduced. Results of the monitoring carried out by INETI (state
laboratory) from 1999 to 2001 are presented in this paper concerning the wastewater treatment plant effluent
(WWTP) and the receiving waters.
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Figure 1: Localization of Guia Submarine Outfall

SAMPLING METHODS

WWTP
Composite samples of treated effluent were monthly taken with an automatic sampler.
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Receiving waters

Every month, the water column was sampled in 7 points at three depths (surface, middle and bottom), for
microbiological analyses and at sampling stations 1, 8 e 14 for chemical parameters. Surface waters were
sampled for chemical parameters at points 5, 6, 10 and 12. Sample points are schematically represented in figure
2. Samples of surface water were taken at point M, 8 km far away the outfall. Samples were collected with a
rosette of eleven Niskin bottles of 2.5 L. A CTD is coupled to this rosette allowing a continuous profile for
salinity, temperature and turbidity of the water column. This task was carried out with the support of the
Portuguese Navy.

Stormy weather in December 1999, November and December 2000 and January 2001 made impossible the
sampling.
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Figure 2 - Sampling points of the monitoring program.
ANALITICAL METHODS

Most of the analytical determinations were accomplished at INETI by accreditated laboratories according to ISO
17025.

Table I presents all the parameters and the correspondent analytical method for the effluent characterization,
All parameters and methods concerning receiving waters are resumed in table II. pH was determined in situ and
temperature and salinity were provided by the CTD profile.
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Table I — Parameters and methods for effluent characterization

Parameter Method
Ammonium NP 4319
Anionic surfactants ME 200.05
AOX DIN EN 1485
BOD ME 200.11
COD NP 4329

Escherichia coli

1SO 9308-1: 1990

Faecal streptococci

ISO 7899-2: 1984

Kjeldahl nitrogen NP EN 25663
Metals TXRF

Nitrates NP 4338 -1
Nitrites NP EN 26777
Qils and greases SMEWW, 5520C
Organochlorine pesticides 1A/QO0

PCB 1A/Q0

pH NP 411

Total and faecal coliforms

1SO 7899-2. 2000

Total dissolved solids

SMEWW, 2540 C

Total phosphorus SMEWW, 4500-P D
Total suspended solids SMEWW, 2540 D
Toxicity (Dafnia magna) 1SO 6341: 1996
Toxicity (Microtox) 1SO 11348-3: 1998

SMEWW - Standard Methods for the Examination of Water and Wastewater

ME — INETT's essay method

NP — Norma Portuguesa (Portuguese Standard)
TXRF — Total Reflection X Ray Fluorescence

Table II — Parameters and methods studied in the receiving seawater

Parameter — Sea Water

Method — Sea Water

Ammonium Aminot et Chaussepied (AAS)
Chlorophyll a SMEWW 10200
Dissolved Oxygen NP 4329

Escherichia coli

1SO 9308-1: 1990

Faecal streptococci

ISO 7899-2: 1984

Metals TXRF

Nitrates SKALAR 461

Nitrites SKALAR 21625
Phosphates Strickland & Parsons (AAS)
Total and faecal coliforms 1SO 7899-2. 2000
Transparency Secchi disc

NP — Norma Portuguesa (Portuguese Standard)
TXRF — Total Reflection X Ray Fluorescence AAS — Atomic Absorption Spectrometry
SMEWW - Standard Methods for the examination of Water and Wastewater
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RESULTS

Effluent of the WWTP

Analytical results are shown in figure 3 and 4 representing 3 years of wastewaters sampling: 1999, 2000 and
2001 for BODs and COD.

BODs and COD values are typical of medium concentration untreated urban wastewater (Metcalf and Eddy,
1987), and are flow rate dependent once the SANEST wastewater system is not completely separate and also
collects some storm water along with residential, commercial and industrial wastewaters, contributing to effluent
dilution in the months where the precipitation is more significant. It was possible to reach a significant
correlation between COD and BODs of the effluents.

Except for total dissolved solids (TDS) where the effluent shows strong concentrations, all the other physic-
chemical parameters analysed in effluent samples are typical of medium concentration of untreated urban
wastewater.

A large variety of physic-chemical components can be found in Guia wastewater although in low concentration,
sometimes conferring toxicity to the effluent.
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Figure 3 - BOD: in the effluent disposed off
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