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Abstract Wastewater disposal in coastal waters causes
widespread environmental problems. Secondary treat-
ment is expected to reduce the adverse effects of insuf-
ficiently treated wastewater. The environmental impact
of sewage disposal via 18 wastewater treatment plants
was analysed using the benthic opportunistic poly-
chaetes and amphipods (BOPA) index. In previous stud-
ies this index proved to be an effective tool for moni-
toring sewage pollution. The impact of these discharges
was highly related to treatment level, which ranged from
pre-treatment to biological, as well as to flow rates and
outfall position. Locations affected by pre-treated waste-
water showed environmental degradation, especially
marked near outfalls with higher flow rates. At most
locations, biologically treated wastewater did not cause
a significant impact and an improvement in ecological
integrity was detected after this secondary treatment had
been implemented. The impact of discharge was highly
related to chemical oxygen demand (COD), suspended
solids and nutrient concentrations, which are all lower in
biologically treated wastewater. A ‘moderate’ ecologi-
cal status was observed not only near sewage outfalls
with high wastewater flow rates (>1,500,000 m3/month)
with a COD over 200 mg/l but also near those with
lower flow rates but with a COD over 400 mg/l. To
reduce the impact of sewage disposal, it is necessary to

carry out adequate treatment, have site outfalls deep
enough, and implement water recycling.
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Introduction

Growing urban development and population of coastal
areas entail increased anthropogenic impact on marine
environments. Among these pressures, domestic and
municipal wastewater disposal constitutes the greatest
volume of waste discharged to the marine environment
(Islam and Tanaka 2004); consequently, outflows from
municipal sewage treatment plants present a widespread
environmental problem in coastal waters. These efflu-
ents are often released via outfalls into shallow subtidal
habitats (Koop and Hutchins 1996). They contain or-
ganic contaminants, faecal sterols, heavy metals, bacte-
ria, nutrients and large amounts of suspended and par-
ticulate organic matter (Moon et al. 2008). They may
alter the organic content and biochemical composition
of sediments and produce an organic enrichment, whose
later degradation may lead to lower oxygen concentra-
tions and hypoxia, with profound effects on ecosystem
functioning (Diaz and Rosenberg 1995; Gray et al.
2002).

The Urban Waste Water Treatment Directive 91/271/
EEC (UWWTD 1991) was developed to protect the
environment from the adverse effects of wastewater
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Fig. 1 Study area. a Location of the 18 pipelines. b Sampling
stations of location 2 (the colour of the circle is related to distance
from outfall and treatment level (black impact of pre-treated

wastewater, grey impact of biologically treated wastewater, white
control). UTM coordinate system. Grid zone 30 S
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discharge. This directive recognised the general need for
secondary treatment of urban wastewater to prevent envi-
ronmental impact. Its implementation will therefore lead
to an increase in the level of wastewater treatment in the
near future. The measures proposed in this directive are
expected to improve the quality of coastal waters. A
comprehensive assessment of these management policies
will be necessary to assess their efficacy in furthering the
protection of ecological and biological communities in
marine and coastal waters (Stamou andKamizoulis 2009).

One of the indicators most widely used in marine
environmental assessment is the state of benthos.
Benthic organisms make good ecological indicators
because they are relatively sedentary and are thus
unable to escape from deteriorating water/sediment
quality. They show marked responses to stress,
depending on their species-specific sensitivity/
tolerance levels, and play a critical role in cycling
nutrients and materials between the underlying
sediment and overlying water column (Gray et al.

1988; Dauvin et al. 2007). Several biotic indices
have been developed to summarise information
provided by the status of these benthic communities
(see summary in Diaz et al. 2004). These indices are
useful tools for communicating with managers. They
reduce the complexity of scientific data, integrate
different types of information and produce results
that can easily be interpreted from the perspective of
water quality management (Wilson and Jeffrey
1994; Rakocinski et al. 1997; Chainho et al. 2007).
Among these indices, the benthic opportunistic
polychaetes and amphipods (BOPA) index shows a
response to pollution due to sewage discharge, being
an effective tool for monitoring it (de-la-Ossa-
Carretero et al. 2009, Ganesh et al. 2014). The
BOPA index is based on the principle of antagonism
between sensitive and opportunistic species.
Opportunistic polychaetes are resistant, indifferent
or favoured by organically enriched sedimentary
matter, whereas amphipods make up an abundant

Table 1 Characteristics of the sewage outfalls analysed: location,
treatment, diffuser length, outfall depth, average monthly flow and
averages of water quality measurements: pH, conductivity,

turbidity, suspended solids, biological oxygen demand (BOD),
chemical oxygen demand (COD), phosphates and nitrates

Location Treatment Diffuser
length (m)

Outfall
depth (m)

Flow
(m3/month)

pH Cond.
(μs/cm)

Turb.
(NTU)

S.S.
(mg/l)

BOD
(mg/l)

COD
(mg/l)

1. Vinaroz Pre-treatment 105 16 226,799 7.5 2608.8 217.5 262.5 358.6 624.1

2. Benicarló Pre-treatment 88 15 502,612 7.6 10538.6 153.4 266.7 209.7 479.2

3. Peñíscola Pre-treatment 66 15 247,283 7.3 5789.7 81.8 110.5 106.7 220.9

4. Alcossebre Pre-treatment 120 14 54,190 7.5 2382.5 154.9 228.9 252.2 448.5

5. Torreblanca Biological 76 14 43,256 7.6 3050.1 5.4 9.9 10.3 34.8

6. Oropesa Biological 120 21 161,906 7.6 8090.2 39.6 64.6 32.1 97.2

7. Castellón Biological 336 15 1,343,367 7.6 3628.1 11.4 16.4 19.2 54.0

8. Canet Pre-treatment 60 16 126,963 7.6 3356.3 102.7 251.8 138.1 383.0

9. Horta Nord Physico-chemical to
biological

200 19 833,885 7.5 2417.6 16.7 23.2 50.6 104.8

10. Vera Pre-treatment 108 17 2,362,568 7.4 2208.1 65.3 82.3 21.1 48.5

11. Pinedo Primary to biological 1112 19 4,073,794 7.6 2139.6 9.3 15.1 16.1 40.2

12. Gandía Biological 77 17 1,439,840 7.7 7726.0 4.4 11.9 12.1 39.1

13. Oliva Biological 104 16 118,423 7.6 1502.6 9.8 13.5 19.1 41.3

14. Javea Biological - 19 136,981 7.5 1468.4 3.2 5.8 7.5 28.1

15. Moraira Pre-treatment to
physico-chemical

65 27 29,674 7.5 3618.8 39.8 65.7 96.5 388.0

16. Calpe Biological 14 30 166,311 7.6 3511.7 4.0 6.3 8.0 33.4

17. Albufereta Biological - 9 583,916 7.8 3032.4 14.4 25.9 23.8 80.9

18. R. de León Biological 151 6 2,306,784 7.9 3266.6 12.1 29.4 21.9 67.2

Annual average of monthly samples. Data from CONSOMAR S.A. and Entitat de Sanejament d’Aigües. Location 9 and 15 updated
treatment in 2006 while location 11 updated it in 2005
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and ecologically important zoological group that is
highly sensitive to contaminated sediments (Dauvin
and Ruellet 2007).

The wastewater treatment plants (WWTPs) of coastal
cities discharge sewage effluents via marine outfalls,
producing significant concentration levels of biological
oxygen demand (BOD), total nitrogen and total phos-
phorus in the coastal waters of the Mediterranean Sea
(Stamou and Kamizoulis 2009). The extent of level of
treatment at these plants ranges from pre-treatment,
which only permits the extraction of large-particle
suspended solids and some compounds, to biological
treatment, where organic matter is oxidised and nutrient
concentrations are reduced (Zarzo Martínez 2008).
Moreover, an effort was undertaken in recent years to
improve the wastewater treatment structures in some of
these plants. The effect of these discharges on the envi-
ronment is expected to be related to both the wastewater
treatment system employed and the flow rates. The main
objective of this study was to evaluate the environmen-
tal effects of applying different treatment systems and
their relation with the flow and quality of discharged
wastewater by using the BOPA index as an indicator of
benthic community condition.

Material and methods

The autonomous community of Valencia (eastern Spain,
western Mediterranean) is a coastal region with a high
population density along its 518-km coastline. The pres-
ent study analyses 18 locations affected by sewage
discharge with different flow rates and wastewater treat-
ment. These discharges are at Vinaroz (location 1),
Benicarló (2), Peñíscola (3), Alcossebre (4),
Torreblanca (5), Oropesa (6), Castellón (7), Canet d’en
Berenguer (8), L’Horta Nord (9), Vera (10), Pinedo (11),
Gandia (12), Oliva (13), Javea (14), Moraira (15), Calpe
(16), Albufereta (17) and Rincón de León (18) (Fig. 1).
Wastewater was discharged through submarine pipe-
lines onto soft bottoms from 6 to 30 m in depth.
Treatment plants at locations 1, 2, 3, 4, 8 and 10 used
pre-treatment only, including an automated mechanical-
ly raked screen, a sand catcher and a grease trap.
Secondary treatment, consisting of biological process-
ing of activated sludge, was applied at locations 7, 12,
17 and 18, with extended aeration method at locations 5,
6, 13, 14 and 16. The procedure was updated to activat-
ed sludge at locations 9 and 11 and from pre-treatment

to physico-chemical treatment by settling at location 15
during the sampling period (Table 1). Monthly data of
flow and water quality of sewage discharge (suspended
solids, BOD, COD, phosphates, nitrates and turbidity)
were provided by CONSOMAR S.A. and Entitat de
Sanejament d’Aigües (Table 1).

For each location, impact and control distances were
established, with two sites at each distance following the
coastline in order to maintain a constant depth at each
location (Fig. 1b). All samples were collected in summer
over 5 consecutive years (2004–2008). Four Van Veen
grab samples (400 cm2) were obtained at each station.
Three samples were sieved through a 0.5-mm screen
and preserved in 10 % formalin to study the benthic
community, counting the total abundance and differen-
tiating the abundance of Amphipoda from the opportu-
nistic Polychaeta. Another sample was used to charac-
terise the sediment. Grain size was assessed by standard
sieve fractionation (Holme and McIntyre 1984). Redox
potential and pH were measured using a Crison 507 pH
meter. The organic content of dry sediment was estimat-
ed as weight loss after ashing.

BOPA index was calculated for each sample accord-
ing to the guidelines of Dauvin and Ruellet (2007):
BOPA= log[(fpop/(fa +1)+1], where fpop is the oppor-
tunistic polychaete proportion of total fauna (0–1) and fa
is the amphipod proportion of total fauna (0–1). The
BOPA index ranges from 0, where there are no

Table 2 Results of ANOVA for BOPA index values for the
factors: location, impact, year and site

Source df MS F p

Location 16 0.0366 7.73 0***

Distance 1 0.3029 64.02 0***

Year 4 0.0240 8.84 0***

Location× distance 16 0.0216 4.56 0.0001***

Year × location 64 0.0054 2.01 0.0004***

Year × distance 4 0.0083 3.05 0.0190*

Location× distance × year 64 0.0044 1.62 0.0104*

Site (location × distance) 34 0.0047 8.20 0***

Year × site (location×distance) 136 0.0027 4.70 0***

Residual 680 0.0006

Total 1019

F of each factor =MS factor/MS residual

df degrees of freedom, MS medium squares, p level of signifi-
cance, ns no significant difference

*p< 0.05, **p< 0.01, ***p < 0.001
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Fig. 2 Means and standard errors of BOPA values for each
location (1–18), each year (2004, 2005, 2006, 2007, 2008) and
each distance from outfall. Black circles impact of pre-treated
wastewater, gray circles impact of biological treated wastewater,

black triangles impact of primary treated wastewater, gray trian-
gles impact of physico-chemically treated wastewater, white cir-
cles control. ns no significant difference. *p< 0.05, **p < 0.01,
***p< 0.001
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opportunistic polychaetes, to 0.30103, where there are
only opportunistic polychaetes, reflecting the most dis-
turbed situation. Thresholds presented by de-la-
Ossa-Carretero and Dauvin (2010) for BOPA were
used to establish the ecological status of each station
from a pristine ecosystem state to a highly degraded
state, namely ‘high’, ‘good’, ‘moderate’, ‘poor’ or
‘bad’.

BOPAvalues were examined using four-factor analy-
sis of variance (ANOVA)with year, location and distance
as orthogonal and fixed factors and site as a factor nested
in location and distance. Prior to ANOVA, the homoge-
neity of variance was tested using Cochran’s test. Data

were
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

X þ 1ð Þp

transformed when variances were sig-
nificantly different, and if the variance remained hetero-
geneous, untransformed data were analysed by reducing
the significance level. A Student-Newman-Keuls (SNK)
test was used to determine which samples were implicat-
ed in the differences.

The correlation between BOPA values and
wastewater parameters (flow, pH, conductivity, tur-
bidity, suspended solids, BOD, COD, phosphates
and nitrates) and those for the sediment was de-
termined using Pearson correlation, testing the
probability of each coefficient.

Statistical analysis was performed using the R soft-
ware (R Development Core Team 2009) and with the
aid of the GAD (Sandrini-Neto and Camargo 2011) for
ANOVA.

Results

The ANOVA of BOPA values detected significant dif-
ferences in interaction among the three factors:
location×distance×year (Table 2). The BOPA values
for location 18 were not calculated at some stations due
to low abundance (n<20 individuals), so this location
was excluded from ANOVA in order to maintain a
balanced model.

At locations where wastewater was only pre-treated,
a significant increase in BOPA values was detected at
the stations closest to the outfalls at locations 1, 2, 8 and
10 during some of the sampled years. This increase was
detected only during all sampling campaigns at location
2 (Fig. 2).

A significant increase in BOPAwas also detected at
the stations of locations 9 and 11 during 2006, when
wastewater was only physico-chemically and primary
treated, respectively. In the case of locations with

Fig. 3 EcoQ status for stations close to outfalls in each location and year. UTM coordinate system. Grid zone 30 S
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biological treatment, a significant increase in BOPAwas
detected only at locations 6 and 17 (Fig. 2).

Most of the locations were classified as of good or
high ecological status throughout all sampling periods
(Fig. 3). A moderate or poor status was detected for
3 years at location 2 (2005, 2007 and 2008) and location
8 (2004, 2005 and 2007), while a moderate or bad status
was assigned in 2004 to locations 9, 10 and 11, improv-
ing to a high or good status from 2005 to 2008. A
moderate status was also assigned to locations 6 (year
2008), 17 (year 2004) and 18 (year 2005).

A strong positive correlation was found between
BOPA values and chemical oxygen demand, while a
moderate positive correlation was obtained between
BOPA and biological oxygen demand, suspended
solids, phosphates, flow and nitrates (Table 3).
Figure 4 shows these correlations between BOPAvalues
and the flow and quality of wastewater discharged.
BOPA index values increased with higher values of
flow, suspended solids, BOD, COD, phosphates and
nitrates. Only a few locations did not fit this pattern for

some parameters. In the case of BOD and COD, loca-
tions 8 and 17 showed low values of both parameters,
but BOPA was high; while in the case of nitrates and
phosphates, locations 11 and 18 presented high values
of nutrients, but BOPAwas low.

The BOPA index responded to changes in wastewa-
ter flow rate and COD. A moderate status was obtained
with high flow rates (>1,500,000 m3/month) whose
COD was over 200 mg/l (Fig. 5). However, these high
BOPA values were also obtained with lower flow rates
of wastewater (<1,000,000 m3/month) with a COD over
400 mg/l. BOPA values that established a high or good
status were obtained for water with low COD (<200 mg/
l) or flow rates under 125,000 m3/month.

Discussion

The environmental impact of sewage discharge
depended on treatment level and flow rates. Increased
BOPA index was detected mainly at locations where
wastewater was not secondary treated. This adverse
effect was more pronounced with higher flow and worse
wastewater quality, as occurred at location 2
(flow > 500,000 m3/month, COD > 450 mg/l).
Pre-treated wastewater is usually characterised by defi-
cient values of quality indicators, such as high BOD,
COD or nutrient concentrations. Increased organic car-
bon, nitrates and phosphates levels lead to eutrophica-
tion (Gray et al. 2002), favouring opportunistic poly-
chaetes (Del-Pilar-Ruso et al. 2010). Later degradation
of this organically enriched wastewater could lead to
hypoxia. The lack of oxygen causes adverse effects on
the benthic fauna, such as changes in the density and
species composition or mortality of sensitive species
such as amphipods (Diaz and Rosenberg 1995). This
situation was reflected in BOPA index values. The
BOPA index was shown to respond correctly to degra-
dation produced by sewage discharges in both the west-
ern (de-la-Ossa-Carretero et al. 2009) and eastern
Mediterranean Sea (de-la-Ossa-Carretero et al. 2012),
Psyttalia outfall (Athens, Greece), as well as in a tropical
area (Visakhapatnam, India) (Ganesh et al. 2014).
Inclusion of biotic indices inmonitoring programs could
be useful when making recommendations for manage-
ment decisions regarding future wastewater treatment
strategies.

BOPAvalues were strongly related to effluent quality
parameters such as COD. In this way, the BOPA index

Table 3 Pearson correlation and Bonferroni probabilities of
BOPA values with studied wastewater factors (conductivity, tur-
bidity, suspended solids, BOD, COD, phosphates, nitrates) and
sediment parameters (granulometry, percentage of organic matter,
pH and redox potential)

r p value

Flow (m3/month) 0.40 0.00

pH 0.15 0.30

Cond (μs/cm) 0.12 0.39

Turb (NTU) 0.15 0.27

SS (mg/month) 0.41 0.00

BOD (mg/month) 0.48 0.00

COD (mg/month) 0.52 0.00

P (mg/month) 0.37 0.00

N (mg/month) 0.41 0.01

% Mud 0.03 0.81

% Fine sand 0.18 0.19

% Medium sand −0.20 0.15

% Coarse sand −0.12 0.40

% Gravels −0.07 0.63

% Organic matter −0.10 0.58

pH 0.29 0.15

Redox potential 0.11 0.47

Cond conductivity, Turb turbidity, SS suspended solids, BOD
biological oxygen demand, COD chemical oxygen demand, P
phosphates, N nitrates
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did not reveal a significant impact at locations where
pre-treated wastewater showed better quality parame-
ters, e.g. locations 3 (COD 220.8 mg/l) and 10 (COD
48.53 mg/l), or where flow rates were low, e.g. location
4 (flow<60,000 m3/month). Biological treatment at
locations where it was implemented allowed a mean
90 % reduction in suspended solids, 91 % in BOD and
88 % in COD, 65 % in nitrates and 78 % in phosphate
concentration in the effluent, thus requiring less envi-
ronmental degradation of discharged sewage. Other
studies have also reported lower marine environmental
impact on comparing biologically treated effluent with

pre-treated or primary treated (Del-Pilar-Ruso et al.
2010, Shuai et al. 2014). However, an increase in op-
portunistic polychaetes was detected in areas adjacent to
outfalls from primary treatment WWTPs. This increase
was not detected near WWTPs with secondary waste-
water treatment (Shuai et al. 2014).

Although BOPA values did not point to significant
degradation at locations with low outflow of pre-treated
wastewater, e.g. location 4 (flow<60,000 m3/month),
the BOPA index reflected a significant degradation at
other locations where a low pre-treated wastewater out-
f l ow was a l so reg i s t e r ed , e .g . l oca t ion 8

Fig. 4 Simple scatterplots. BOPA values are plotted against the
analysed water disposal measurements that showed significant
correlation: flow, suspended solids, biological oxygen demand
(BOD), chemical oxygen demand (COD), phosphates and nitrates.

Black circles impact of pre-treated wastewater, gray circles impact
of biologically treated wastewater, black triangles impact of pri-
mary treated wastewater, gray triangles impact of physico-
chemically treated wastewater, white circles control

 110 Page 8 of 11 Environ Monit Assess  (2016) 188:110 



(flow<130,000 m3/month), where the stations close to
outfalls were assigned a poor ecological status. Despite
the fact that more advanced treatment of discharges with
low flow rates could not produce significant environ-
mental benefits, we should be cautious in undervaluing
the improvement in treatment. Although updating the
treatment systems in more populated urban centres
should receive priority (Del-Pilar-Ruso et al. 2010),
urban wastewater presenting high values of suspended
solids, COD, BOD or nutrients should still be routinely
subject to secondary treatment before discharge.

The benefits of biological treatment were confirmed
in the case of location 11, where the highest flow was
discharged (flow > 4,000,000 m3/month), since its
WWTP corresponded to that of the most populated city
in the area, Valencia itself. While wastewater was only
primary treated during 2004, biological treatment was
established in 2005. This upgrade in the treatment sys-
tem was reflected in the ecological status of the stations,
since a significant increase in BOPAwas detected only

in 2004. The implementation of biological treatment
produced an improvement in environmental status from
bad to good, despite the high outflow. Similarly, an
improvement was also detected at location 9 after bio-
logical treatment began. Other studies showed such a
progressive improvement (Borja et al. 2006, Simboura
et al. 2014). The latter study detected a progressive
recovery in benthic communities after the finalisation
of the secondary treatment phase at Psittalia Wastewater
Treatment Plant (Athens), given that the organic load
was reduced directly after its implementation. However,
recovery of the affected communities can take several
years in areas with low hydrodynamism (Borja et al.
2006, Muxika et al. 2005) or indeedmay not be detected
inside harbours (Liu et al. 2011). The faster improve-
ment in our studied locations could be related to the
greater hydrodynamism and lower organic matter input.
These conditions facilitated cleaning the bottom and
removal of the surface layer, concealing the effects of
discharge (Cardell et al. 1999).

Fig. 5 Contour plot. BOPA values are plotted against flow and chemical oxygen demand (COD)
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In addition, the outfall depth also affects the
extent of degradation caused by wastewater. A
significant degradation was not detected at loca-
tions 15 and 16, with outfalls located at around
30 m in depth, despite the fact that wastewater at
15 was only pre-treated. In contrast, environmental
degradation was detected at location 17, where the
outfall discharged biologically treated water at a
shallower depth, 9.4 m. Marine outfalls are de-
signed to achieve an initial dilution related to the
time buoyant sewage reaches the surface or a
trapping level. Marine processes are harnessed to
assimilate, disperse and dilute sewage to accept-
able effluent levels (Echavarri-Erasun et al. 2010;
Xu et al. 2011). Therefore, deeper outfalls produce
less degradation than shallower. The sewage at
location 18 was also discharged into a shallow
area, 6.1 m deep. In this case, BOPA values were
not calculated for some years owing to low abun-
dance. This could be related to the outfall position
close to the Port of Alicante, which could reduce
hydrodynamic mixing and exchange rates of the
effluent. Poorly flushed waters can lead to hypoxia
or anoxia in the bottom water due to increased
inputs of sewage pollution (Cloern 2001; Xu
et al. 2011).

In conclusion, in order to prevent the environment
from being adversely affected by wastewater disposal,
three recommendations should be considered: reduce
wastewater flow with water reuse strategies; implement
secondary treatment according to both flow rates and
levels of suspended solids, COD, BOD or nutrients and
establish the outfall position at a depth where dispersion
and dilution are facilitated.
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