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Abstract

Aquatic toxicity of municipal wastewater was evaluated in an acute toxicity test using water flea, Daphnia magna as an
freshwater aquatic experimental animal model. Toxicity test were performed on samples of both untreated (raw) and treated
wastewaters were collected Manisa municipal effluents. Undiluted untread and treated effluents were very toxic to D.
magnaand cause to death of all exposed daphnids. Dilution of wastewaters was observed to decrease percentage of influence
of biological toxicity based on dilutional rate. Acute toxic effect of untreated wastewater on D. magna was more than that of
treated wastewater. In addition, the longer the period of exposure to D. magna, the more significantly toxic effect increased.
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Tiirkiye Tathsu Kladoseranlar1 Uzerine Belediye Atiksu Aritma Tesisisi Atiklarinin Toksisite
Degerlendirmesinde Bir Test Tiirii Olarak Daphnia magna

Ozet

Evsel atiksularin sucul toksisitesi, bir tatlisu sucul deneysel hayvan modeli olan su piresi Daphnia magna akut toksisite
kullanilarak degerlendirildi. Toksisite testleri hem aritilmanmis (ham) ve hem de artilmis Manisa evsel atiksulari ile
gerceklestirildi. Hig seyretilmeyen aritilmamis ve aritilmis atiksular D. magna tizerine ¢ok toksik oldugu ve maruz kalan tiim
dafnidlerin 6liimiine neden oldu. Atiksularda seyrelme yapildiginda seyrelme oranina bagli olarak biyolojik toksik etkinin
azaldig1 goriildd. Yine aritilmamus atiksularm D. magna iizerine akut toksik etkisi aritilmis atiksulardan daha fazla bulundu.

Ilave olarak D. magna’ nin atiksulara maruz kalma siiresi arttikca toksik atkinin de belirgin bir sekilde artig1 bulundu.

Anahtar Kelimeler: Su piresi, akut toksisite, evsel atiksu.

Introduction

Urban activities are a major source of pollution
in aquatic ecosystems. Many freshwater ecosystems
are increasingly degraded due to the input of
wastewater-borne pollutants (Fent, 1996; Wang et al.,
2003; Nakada et al., 2006; Lindgvist et al., 2005).
Excessive discharge of some constituents, such as
suspended solid, nutrients, microorganisms and toxic
compounds from municipal wastewater into aquatic
ecosystems cause water quality is not suitable for
survival or growth of aquatic organisms. Municipal
wastewater contains a broad spectrum  of
contaminants (Rowsell et al., 2010). They can
contain: 1) suspended solids; 2) disease-causing
pathogens (e.g., bacteria and viruses); 3) decaying
organic wastes; 4) nutrients; and 5) about two

hundred different identified chemicals (Environment
Canada, 2001).

Most wastewater treatment plants not treat all
types of contaminants and a high part of emerging
compounds especially organic chemicals and their
metabolites may escape elimination in treatment
plants and enter the aquatic environments. A number
of studies have demonstrated the occurrence of
organic contaminants in municipal wastewater
treatment plant effluents. These studies mostly
concered with occurance of pharmaceuticals, personal
care products, diagnostic imaging contrast agents,
estrogens and pesticides in wastewaters (Paxéus,
1996; Ternes, 1998; Daughton and Ternes, 2000;
Ternes et al., 1999; Boyd et al., 2003; Lindstrom et
al., 2002; Lishman et al., 2006; Odjadjare and Okoh,
2010; Rowsell et al., 2010, Zein et al.,2015).
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Hazard assessment of municipal wastewater in
Turkey is based on physicochemical parameters e.g.
total suspended solids (TSS), biological oxygen
demand (BOD), chemical oxygen demand (COD) and
pH. Bioassays for evaluating treated municipal
wastewaters are not used. However, the complexity of
wastewaters limits analyses of all chemicals and these
give rise to the suspicion of the safety of wastewater
treatment plants effluents. At the same time volume of
effluents is too much. For this reason, toxicity tests
have been carried out to assess the potential effects of
wastewater discharges on aquatic life. One of the
most internationally used bioassays for monitoring of
effluents is the acute toxicity test with daphnid
cladocerans and in particular that performed with
Daphnia magna. Standard methods have been
developed for this assay that were gradually endorsed
by national and international organisations dealing
with toxicity testing procedures, in view of its
application within a regulatory framework (Persoone
et al., 2009).

A number of species of Daphnidae family are
used for toxicity test very common. Besides they are
well recommended for testing (USEPA, 2002), the
organisms are generally available throughout the year
and easily cultured in the laboratory. In addition to
this, daphnids are sensitive to a variety of pollutants
and have been widely used as the biotests organisms
for evaluating different toxic substances (ISO, 1996;
Sarma and Nandini, 2006; Sanchez- Meza et al.,
2007; Oral et al., 2007; Tatarazako and Oda, 2007).

In this study, a common species such as the
freshwater flea D. magna (Cladocera, Crustacea) was
used to assess the acute toxicity of untreated and
treated wastewaters from the municipal wastewater
treatment plant in Manisa, Turkey. The objective of
this study was to investigate the safety for discharging
municipal wastewaters effluents into fresh water
organisms to protect aquatic biota and achieve water
quality standards.

Materials and Methods

Manisa Municipal Wastewater Treatment Plant
(MMWTP) provided treatment to wastewater from
approximately 332.346 residents and discharges to
Gediz River. In 2007, the average daily flow of
MMWTP was 7000 m*/day. Samples of raw influent
and mechanically and biologically treated effluent
from MMWTP were collected in June 2007. The
samples were transferred to the laboratory in cooled

box and stored in darkness in refrigerator (+4°C) prior
to chemical analyses and performance of bioassays.
The bioassays were performed within a week.

All chemical analysis of MMWTP influents and
efluents were performed in accordance with Standard
Methods (APHA, 1998).

In this research, D. magna were cultured and
handled according to the procedures outlined in the
U.S. Environmental Protection Agency (USEPA)
manual (USEPA, 2002). The acute and whole effluent
toxicity tests performed followed the U.S.EPA
guideline (USEPA, 2002). Four replicates of five
neonates (less than 24 h old) were used for each
treatment and control without feeding. The test
concentrations ranging from 0.1% to 100% were set
by dilution of untreated (raw) and treated wastewater
effluents. In each treatment schedule 20 daphnids
were scored for their frequencies of immobilized
daphnids.

TU=100Cs, (1)

The toxicity data were classified according to
the hazard classification system for wastewaters
discharged into the aquatic environment as shown in
Table 1 (Persoone et al., 2003).

The LCs, values were determined at 24, 48, 72
and 96 hours by probit analysis. The calculations were
done using Probit Programme Version 1.5, which is
available in USEPA (USEPA, 2002). Following to
this, toxicity values (LCsy) were transformed into
Toxic Units (TU) according to the equation 1.

Results
Wastewater Characterization

A large amount of municipal wastewaters are
discharged directly or indirectly into the water bodies
in Turkey. 63.3% and 36.4% of wastewaters are
discharged into the recipient environment treated and
untreated, respectively. Almost half of municipal
wastewaters (49.6%) is dumped into freshwaters such
as rivers, lakes, reservoirs and dams (TurkStat, 2013),
with great amount various contaminants in municipal
wastewaters becoming a major threat to freshwater
organisms in particular. Water fleas, as D. magna, are
small inverte brate crustaceans and a key source of
food for many fish in fresh water ecosystems. 41.24%
of all known species of fish are found in fresh water
(Marzan et al., 2014), which indicates that the subject

Table 1. Hazard classification system for waste waters discharged into the aquatic environment (Persoone et al., 2003)

TU Class Toxicity Symbol
<04 Class | No acute toxicity ©
<04<TU<1 Class Il Slight acute toxicity ®
1<TU<10 Class 11l Acute toxicity 2
10<TU <100 Class IV High acute toxicity 22
TU > 100 Class V Very high acute toxicity 222
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is of increasing importance.

In order to characterize the water quality
parameters of MMWTP influents and efluents, such
as pH, COD, BODs and TSS were measured. Results
of chemical analyses of wastewaters are presented in
Table 2. One of the important parameters in municipal
wastewater is pH, whose measurements show that
there were no significant differences between treated
and untreated wastewaters in pH value with optimum
intervals. According to results of COD and BOD
examination, their values in wastewaters of MMWTP
decrease after treatment, which proves that the system
works well. Following the treatment process, both
COD and BOD values were found to be within the
discharge limits in Turkey (Turkish Official
Newspaper, 2004). Measurement of TSS values
indicated that they were within the standard limits of
wastewater discharge in Turkey both in treated and
untreated wastewaters with a significant reduction in
TSS value only after the process. On the other hand,
chemical characteristics of MMWTP waste effluents
tested in the study are consistent with the regulation
of effluent discharging criteria of European Union
(EU) (1991 ) (Table 2). Values of treated MMWTP
effluents were in agreement with EU discharge limits.

The mean untreated wastewawater COD, BODs
and TSS were found to be 288.0 mgO,/L, 96.0
mgO,/L and 57.3 mg/L respectively. After treatment
all were observed as 44.2 mgO,/L, 16.0 mgO,/L and
26.5 mg/L respectively. The findings revealed that the
mean percentage removal in COD, BODs and TSS
after treatment procedure were found to be 84.7%,
83.3% and 53.8% respectively.

Whole Effluent Toxicity Test

Results  of  physicochemical  parameters
measured in wastewaters showed a significant
decrease in the values while those of toxicity tests on
D. magna did not indicate such a reduction (Table 3).
None of D. magna individuals allowed to live in
100% untreated and treated wastewaters managed to
survive even in the shortest time of testing.

However, the value of toxicity in immobilized
D. magna was defined as LCsyand TU varying with
testing time (Table 4).

Although all the MMWTPs wastewaters were
discharged under the regulations for the conventional
water quality standards, revealed toxicities in the
whole effluent toxicity tests with D. magna. In
addition, biological toxic effect increased based on
the duration of the test. LCs, value of the tests
performed with untreated wastewater was 24.9 after
24 hours while it dropped to 15.8, 12.7 and 11.3
following 48, 72 and 96 hours, respectively.
Accordingly, TU values were measured as 4.0, 6.3,
7.9 and 8.8 after 24, 48, 72 and 96 hours, respectively.
Toxic effect of treated waters on D. magna
immolization was less than that of untreated waters on
it. However, toxic effect of treated wastewaters on D.
magna increased in longer periods, which was similar
to that of untreated wastewaters on it. Although LCs
value was 32.9 following 24 hours, it decreased to
29.4, 25.1 and 23.8 after 48, 72 and 96 hours,
respectively. Consequently TU values were found as
3.0, 3.4, 4.0 and 4.2 after 24, 48, 72 and 96 hours,
respectively (Table 4).

Discussion

Consequences of the study on acute toxicity of
treated municipal wastewaters on D. magna in Korea

Table 2. Chemical characteristics of untreated and treated wastewaters collected from MMWTP

COD BODs TSS pH
mgO,/L mgO,/L mg/L
Untreated WW 288.0 96.0 57.3 7.3
Treated WW 44.2 16.0 26.5 7.5
Discharge limits in Turkey ( Turkish Official Newspaper, 2004) 180.0 50.0 70.0 6-9
Discharge limits EU (91/271/EEC) 125.0 25.0 35.0 -

Table 3. Mortality of D. magna exposed to different concentrations of both untreated and treated wastewaters collected from

MMWTP
Wastewater
Concentrations % Mortality %
24 h 48h 72h 96 h
Untreated Treated Untreated  Treated Untreated Treated Untreated  Treated
0 0 0 0 0 0 0 0 0
1 0 0 0 0 0 0 0 0
3 5 0 15 0 15 0 15 0
10 20 5 20 15 30 25 35 25
30 40 15 70 35 80 40 85 45
100 100 100 100 100 100 100 100 100
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Table 4: Toxicity evaluation of untreated and treated wastewaters collected from MMWTP using D. magna

Hour LCx 95% Confidence Limits TU Class Toxicity
Untreated

24 24.9 17.2-37.2 4.0 1] Acute toxicity
48 15.8 10.7-234 6.3 1] Acute toxicity
72 12.7 8.7-185 7.9 1l Acute toxicity
96 11.3 7.8-16.4 8.8 1] Acute toxicity
Treated

24 32.9 24.7 - 44.6 3.0 I Acute toxicity
48 294 21.2-414 34 I Acute toxicity
72 251 17.7 - 36.2 4.0 1l Acute toxicity
96 23.8 16.9-34.1 4.2 11l Acute toxicity

indicated that of TU values in five different municipal
wastewaters after 48 hours, only one wastewater TU
value exceeded 1 (1.31) while the other four TU
values remained below 1 (0.10-0.80) (Ra et al., 2007),
as compared to which treated wastewaters of
MMWTP were found to have significantly more toxic
effect on D. magna. Because municipal wastewaters
are complex mixtures, it is natural for them to show
different physicochemical properties based on time
and location, from which it could be concluded that
toxic effect remains variable as well.

The present study showed that municipal
wastewaters could be harmful to biota even if they
evidently met standards for wastewater discharge
limits, since measurement of sufficient amount of
physicochemical parameters requires determination of
standards of discharge limits. However, as we
previously cited, municipal wastewaters could include
complex toxic, carcinogenic and mutagenic organic
and inorganic substances which are all difficult to
determine (Ricking et al., 2003; Servos et al., 2005;
Cristale and Lacorte, 2015).

Zein et al. (2015) determined similar values of
toxicity removal for D. magna after primary and
secondary treatment. The potential impact of complex
chemical mixtures (e.g., treated wastewater) can
enhance the toxicity of exposure to the insecticide.
Complex chemical mixtures exposure in aqueous
systems is an input of contaminants in the
environment (Zein et al, 2015).

No significant reduction was observed for whole
effluent acute toxicity by luminescent bacteria assay
and cladoceran assay (Sun et al., 2015).

Feeding rate inhibition and oxidative stress of
effluent from a liquid crystal display (LCD)
wastewater treatment plant (WWTP) to D. magna
(reference species) and Moina macrocopa were
monitored and raw wastewater was acutely toxic to
both D. magna and M. macrocopa, but the toxicity
reached less than 1 TU in the final effluent (FE) as
treatment proceeded (Kim et al., 2012).

It has been reported that D. magna can be a
useful analytical tool for early warning system to
monitor of WWTP. Results of ecotoxicity tests
presented Daphnia mobility ranges from 0 to 100% at
the untreated and from 15 to 100% after treated

(Mendonga et al., 2013).

In conclusion, we claim and propose that
measurement of toxicity and monitoring of
physicochemical parameters be performed
simultaneously in large-scale treatment plants and that
discharge limits be standardized in view of protection
of biota in fresh waters. Furthermore, it should be
considered whether there are other possible
discharges into the recieving environment and if there
are what types and how much they are so as to protect
biota.

Based on the results of the study and on other
experiences, we reported that ecotoxicological tests
should be used for assessment municipal whole
effluents in Turkey since they help predetermine
whether municipal wastewaters are toxic in the
shortest time possible. Data of the present study on
water flea show that wastewater discharges into
receiving environment could enable us to understand
their toxic potential.

Municipal effluents which are treated and
compared with standards of permissible discharge
limits in Turkey have toxic potential to living D.
magna. Therefore, whole effluent toxicity tests are
needed to combine measurement of physicochemical
parameters with assessment to better protect the
quality of the fresh water environment.
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