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Abstract

Aim of this study was to evaluate the ecotoxicity of nmipal sewage sludc
conditioned with polyelectrolytes, taken from sédglcsewage treatment plant. Using
bioindication analysis overall toxicity was assessehich allows to kno' the total
toxicity of all the harmful substances containegéwage sludge, in many cases ac
synergistically. To prepare a sample of sludge tf@ basic test, all analyses w
performed with a ratio of liquid to solid of 10Wéter extract)Daphria pule» biological
screening test was used. A dilution series of atemextract of sludge were prepare:
include within its scope the lowest concentratioat tauses 100% effect and the higl
producing less than 10% of the effect within a #pEd range of the assay. The resi
of the test were read after 24 and 48 hours. Baseithe research and analysis of
results it proved that the sewage sludge conditionéh polyelectrolytes exhibit th
characteristics of ectmxic.

Keywords: sewagsludge, conditioning, ecotoxicity, water extraDaphnia pule,
bioindication analys

1. INTRODUCTION

There are numerous processes that can be usedeao cip wastewat
depending on the type and extent of contaminatastewater can be treatec
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wastewater treatment plants which include physichémical and biological
treatment processes.

Municipal effluent is treated in numerous ways dejieg on its composition,
mainly to remove bioactive materials from the wakmvironmental issues have
brought about increasing pressure to remove alh soaterials including
suspended solids coming from sewage treatment $goce

Polyelectrolytes are commonly used in wastewatsatinent plants for sludge
conditioning and in the water treatment stationdie Tmain application
of polyelectrolytes in potable water production is coagulation and
flocculation. Water production processes are ugdeallowed by sedimentation
and filtration, flotation may be an additional watéreatment process.
Polyelectrolytes have been used in water treatmestesses for at least fifty
years [9]. Sewage sludge obtained from the diffeseparation processes has
very high water contents (97-99%) and must be &irtboncentrated to
minimize weight and transportation costs [1,8,Rflyacrylamide is a polymer
(-CH,CHCONH,-) formed from acrylamide monomers. While polyaarglde
itself is relatively non-toxic, its monomer (acmylale) is a highly toxic
compound.

Concerns have been raised that polyacrylamide irsedhstewater treatment
may contaminate effluents with acrylamide, a knawaurotoxin. In a study
conducted in 1997 the effect of environmental ctiows on polyacrylamide
was tested, and it was shown that degradation lghprylamide under outdoor
conditions may de-polymerise to form acrylamide ,I8}. Acrylamide was
classified as a cancerogenic substance which caustagienic effects [6].

2. METHODOLOGY

The aim of this study was to evaluate the ecottiof municipal sewage
sludge conditioned with polyelectrolytes (catiopiglyacrylamide), taken from
a selected wastewater treatment plant. The fugbat was checking whether
acrylamide penetrates into the effluent and natemalronment. To evaluate the
ecotoxicity of sludge, a method based on organiBaughnia pulexwas used
[13].

The bioindication analysis was conducted on theirenmental samples:
sewage sludge (water extracts from sewage sludgkjiltrate from the press.
Bioindication analysis was performed in two stadeghe first stage screening
assay was performed. Toxicity of raw samples waessed. If the test result
was not greater than the effect of the control dajpe sample was considered
to be non-toxic. However, if the effect was sigrafit - then a second stage of
analysis was conducted - a test of dilutions.ltves assess the level of toxicity
of the sample, so that samples can be comparedeaith other as well as to
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analyze e.g. change in toxicity in time. The liviogganisms vary in their
sensitivity to particular groups of toxic substagcand even within populations
of the same species there can be great variatiorsemsitivity. Dozens of
different bio-indicators were used but only somettedm gained international
acceptance.

In the studies was used DAPHTOXKIT F pulex bioassayis is a test using
Daphnia pulexshellfish. DAPHTOXKIT F procedure was performed@mling
to the ISO 6341 standard procedure [5,7].

2.1. Characteristic of chosen wastewater treatment plant

This study was carried out on the sewage sludgeseterfrom wastewater
treatment plant, with an average daily capacitynfrbs,000 to 18,000 ffday.
The wastewater was supplied with sewer system emsported by waste
removal cars. The amount of wastewater transfdogedars is approximately
1% of all wastewater [16]. At the treatment plastalso treated industrial
wastewater, it estimated 5.6% of wastewater intlue@hosen plant is
a mechanical-biological treatment plant with insexh biogenes removal. The
mechanical part includes a stepped grating wheliglssare blocked, sand
separator where the mineral fractions are stoppeldtlze initial sedimentation
tanks, where insoluble organic fraction are remov@dspension). The
biological part is represented by chambers of atgiy sludge and biological
phosphorus removal [2]. Biological treatment isdsh®n the technology of
sludge treatment in the chambers of nitrificationd adenitrification and
biological phosphorus removal in anaerobic chambBislogical phosphorus
removal is aided by the addition of chemical pritatjipn of iron sulphate (PIX)
[10]. Sludge dewatering process is aided with delsteolytes.

2.2. Polydectrolyte

In the selected sewage treatment plant FLOPAM F@D48lyelectrolyte was
used. Flopam consist of cationic polyacrylamidedldant. Polyacrylamide is a
water-soluble polymer with the ability to enhandec€ulation of suspension
solids. It is grouped in a class of compounds farrbg the polymerization of
acrylamide [4]. Pure polyacrylamide is a homopolymokidentical acrylamide
units. Polyacrylamide can be formulated with copmys to give specific
charges and the molecular weight which give poljaonide its various
characteristics. Because sludge is negatively eldaripe Flopam with positive
charge is widely used in dewatering process. Catipolyacrylamide can have
the effect of charge neutralization and absorplicdge in sludge dewatering.
Polyacrylamide is toxic to aquatic wildlife, its k§g¥or Danio rerio (96h) equals
10-100 mg/L, EG, for Daphnia magna48h)~ 50 mg/L [3]. Polyacrylamide
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does not show bioaccumulation in aquatic envirorifiers caused by presence
of dissolved organic carbon and hydrolysis process.

2.3. Samplepreparation

Before placing the organisms in the solution, séaddmedium was aerated,

aeration time was about 15 minutes. Aeration waserhout using an air pump

to the aquarium. Hatching of the test organismsabédbree days before the start

of the toxicity test, and process consist of steps:

» the contents of one vial with ephippia was pounedh@ micro sieve,

» ephippias were gently rinsed with tap water to mlate any traces of
storage medium,

» ephippias were transferred on the Perti dish withm of aerated standard
medium,

e Petri dish was covered and organisms were inculfared2 hours at 20-
22°C in a continuous light of 6000 lux [5].

24. Test solutions preparation

Sewage sludge (conditioned with FLOPAM FO 4800 elggtrolyte) was
filtered, next the filter cakes was dried, afteatfhdry mass of sewage sludge
was calculated. Water extract from sewage sludgedeae in the ratio 1:10 (to
homogenization). The test range was establishéleipproximate toxicity (in
order of magnitude) of pollutants is known, thigpstan be omitted and it can
be proceed the final test. Test wells were filledhwmedium and the test
organisms were transferred into, and then incubat@zurred.

The test results were read after 24 hours and 46haf incubation, the number
of killed or immobilized organisms was recorded,réation to other vessels
active in each well. The total number of killed @amimobilized organisms for
each concentration of toxins was calculated.

The quality control test was performed, accordmgvhich the number of killed
and immobilized organisms should not exceed 10%eatontrol wells.

2.5. Assessment of ECx, value

The term half maximal effective concentration £g@efers to the concentration
of a toxicant which induces a response halfway betwthe baseline and
maximum after a specified exposure time.sgEi6 commonly used as a measure
of acute toxicity of environment pollutant. For teetclarity in the following
discussion we use the abbreviationsi@ the case of environmental samples,
the ratio of the Eg; is quite inconvenient, since the higher thesgz@e lower
toxicity, which might be confusing. Thus, the £®@alue was converted per
toxicity unit TU, which do not have mentioned draegks.
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Toxicity unit could be calculated according to fhemula [11]:
TU = (1/ECs5p) X 100 (2)

Toxicity intensity is divided for 5 classes:

I.  No acute toxicity test - no toxic effect observed,

II. The low acute toxicity - at least one test dematstt the effect of the test
in the range of 0,4 <T«lL,

[ll. Acute toxicity - at least one test demonstratedetiect of the test in the
range 1 <TW10,

IV. A high acute toxicity - at least one test showeal éffect of the test in the
range 10 <TWY100,

V. Very high acute toxicity - at least one test showles effect of the test in
the field: TU> 100.

2.6. Reading of theresults

Reading of the results shall be in accordance thighprocedure: after 24h and
48h incubation [5]. Then the number of organismiedior immobilized with
respect the other active floating in each well $thdne noted and recorded in the
Scorecard. The total number of organisms killed anchobilized for each
concentration of toxins was calculated and the medme of the % effect was
calculated also.

2.7. Control test

To validate the performance of the tested organisemsitivity procedure, the
test with the reference solution of toxic potassidinhromate KCr,O; is
recommended to perform. Test is invalid if contrartality >10 % or if > 10 %
of controls show overstressed behavior (e.g., inilitgh The chosen control
group was considered to be healthy and suitableéesd (mortality in the
validation assay was less than 10%) [5].

3. RESULTS

So far, it has not been constructed the apparayusieans of which it would be
possible to conduct toxicity testing of chemicalmpmunds. Only living
organisms at different levels of the organizatialtow to assess the biological
activity of the tested material. By bioindicationadysis the overall toxicity is
assessed, which allows to know the total toxicityalb the harmful substances
contained in sewage sludge, in many cases actimgygigtically.
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Earlier studies on effluent test using differetaphnia species showed that
macro-invertebrates could be used as a sensitdieaitor for effluent toxicity
study [13].

ChosenDaphnia pulexwas used to test the toxicity of sewage sludgatece
with polyacrylamide. Samples of filtrates from theess, water extract (from
sewage sludge) and effluents were tested. Thetseshdwed the following. The
averageDaphnia pulex toxicity in filtrates from the press, water extramnd
effluents was reported as 3.85-4.35, 3.2-3.6 (toxigt) and <0.4 (TU)
respectively.

Number of immobilizedDaphnia pulexorganisms, toxicity effect in percents
and EG, (half maximal effective concentration) values ol aamples
determined in this study and the corresponding TaXigity unit) values are
presented in Table 1.

Table 1. Results of toxicity tests &aphnia pulex

Type of Sample ir’r\:rli]rggﬁirzg(fj TOXiC(it% )effect ECso 1 /E(E()J*loo
sample conc. Daphnia pulex

(%) 24h 48h 24h 48h | 24h  48h  24h  4gh
° 100 20/20 | 20/20] 100 100 26 23 3.854.35
ﬁ 50 19/20 | 20/20 80 100
;,g, ﬁ 25 10/20 | 11/20 50 55
§ = 12.5 4/20 | 5/20 20 25
i 6.25 1/20 1/20 5 5

100 20/20 | 20/20] 100 100 31 29 3 3l
g’, .’g 50 19/20 | 20/20 95 100
3L 25 | 920 | 12/20] 45 60
% g 12.5 7/20 | 9/20 35 45
(‘},% i% 6.25 3/20 7120 15 35

100 420 | 3/20 20 15 B - <04 <04
= 50 3/20 | 3/20 15 15
E 25 2120 | 2/20 10 10
T 125 1/20 1/20 5 5

6.25 0/20 2/20 0 10

The polyelectrolytes toxicity could be masked kgxicity caused by ammonia,
metals or presence of other toxic impurities. Hinate authors believe that
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more discussion should be undertaken regarding lgmpazation of
polyelectrolytes during water purification processand the rate of acrylamide
penetration into effluents.

The validation studies indicated that the acutécityxtest can be considered as
high sensitivity analytical tools to detect commagvironmental concentrations
of the pollutants.

Acquired knowledge can be a valuable source ofrim&tion for researchers
working on the introduction of new, effective am$d harmful agents used to
sludge conditioning to improve the effectivenessheir drainage, as well as for
exploiters sewage being prepared in connection with legal regulations
concerning the disposal of sewage sludge.

4. CONCLUSIONS

According to the aim of investigation it was ohsest that two tested sewage
sludge samples have to be classified as toxic utelwsratory conditions:
filtrates and water extracts. The effluents have stmwn acute toxicity. The
conducted research allowed us to formulate thevallg conclusions:

1. Solutions of filtrates and water extracts were sifeed as toxic. Filtrates
from the press had a higher toxicity (3.855land 4.35Tky) than water
extracts (3.2Tkh, and 3.6 TUsy).

2. Investigated effluent samples showed very low tbxieffect (comparable
with fresh water), so it weren't classified as w§0.4TU).

3. Acute toxicity test usingDaphnia pulexcan be considered as suitable
analytical tool for micro pollutants detection andestigation.
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OCENA EKOTOKSYCZNGCI USTABILIZOWANYCH OSADOW SCIEKOWYCH
POCHODZACYCH Z KOMUNALNEJ OCZYSZCZALNISCIEKOW

Streszczenie

Celem pracy byta ocena ekotoksycario komunalnych osadéwsciekowych
kondycjonowanych polielektrolitami, pochagzch z wybranej oczyszczaléciekow.
Za pomog analizy bioindykacyjnej ocenia esiogélm toksyczndé¢, co pozwala na
poznanie sumarycznej toksyczob wszystkich szkodliwych substancji zawartych w
osadachsciekowych, w wielu przypadkach dziadaych synergistycznie. W celu
przygotowania probki osadéw do analizy wykonand msdstawowy przy stosunku
cieczy do fazy statej réwnej 10:1 (wwg wodny), uyto do tego przesiewowego
biologicznego testu oceny toksyczob na rozwielitkach Daphnia pulex Sere
rozcieiczen z wyciagu wodnego z osadOw przygotowano tak, aby obejnmewaloim
zakresem najuszy koncentragy wywolujaca 100% efektu i najwisza wywotujaca
mniej niz 10% efektu w okrdonym zakresie testu. Wyniki bagléestu odczytano po 24
i 48 godzinach. Na podstawie przeprowadzonych ibamtaz ocea wynikdw bada
wykazano, # osadysciekowe kondycjonowane polielektrolitami wykaz wjtasciwosci
ekotoksyczne.

Stowa kluczowe:  osadysciekowe, kondycjonowanie, ekotoksycZto wyciagi
wodne,Daphnia pulexanaliza bioindykacyjna
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