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Abstract

Biodegradability of pollution contained in examinedustrial wastewater was assessed
according to methodology based on Zahn-Wellens (@B02B) test. The following
kinds of wastewater were examined:

- metal industry wastewater from aluminium presgarandry;

- wastewater from industrial waste treatment prsess such as: filtration waste,
chemical reagents, coolants, water emulsions, a#t@s and other industrial wastes,
galvanising waste treatment processes sludge.

Samples COD value decrease in the subsequent daiye experiment proves that
organic substances contained in the examined wattewundergo gradual
biodegradability in aerobic conditions. The highdsiodegradability degree of
aluminium pressure foundry wastewater equal 65.786 noted during 28 day of the
experiment. However, the minimum biodegradabiliégbe equal 80% after 13 aeration
days, which in Zahn-Wellens test allows to detemmihe examined substance to be
biodegradable, has not been achieved. Meanwhilan-Xéellens test conducted for
wastewater from industrial waste treatment procesbewed that in the day 14 of the
process, high (87.1%) organic substance degraddégree, measured with COD value
decrease, was achieved. Further aeration of theplsamdid not increase
biodegradability, which equalled 87.9% after 28slay
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1.INTRODUCTION

Simultaneous treatment of industrial and municyvastewater is limited by
industrial wastewater biodegradability degree [Mypaj, 2008].

Wastewater biodegradability may be estimated througlue of COD/BOR
guotient. It is assumed that quotient COD/BOB 2.5 points to slow
degradation and large amount of non-degradabletasutess, while value <1.8
shows substance biodegradability. However, thergnetation of the results has
merely illustrative character, since it prove relafor substrates consisting of
only bio-oxidizable substances which may be oxidgeantitatively with
chemical substances. In regards to wastewater ino/gaalso non-degradable
compounds, slowly degradable compounds, or biodeda compounds not
marked with the dichromate method, such assessofigrintents is frequently
misleading. In the aforementioned cases, COD fasticalculation provides
better wastewater content characteristics. Thecbdsiision is based on
determining biodegradable and non-biodegradable @@Etions in the total
COD of the wastewater [Myszograj et al., 2017].

Wastewater COD with division of fractions may bdcatated in a simplified
way using the following formula [Ptuciennik-Koropgdzet al., 2017]:

COD =S, +S + X¢+ X,,mg0, /dm® (1)
where:
Ss— COD of solved organic easily biodegradable compou
S — COD of solved organic non-biodegradable compound,
Xs— COD of organic degradable suspension,
X;— COD of organic non-biodegradable suspension.

Biochemical tests offer more options of wastewateiodegradability
assessment. A correct test type is selected damgeod the analysis objective.
Examined compound low concentration and biomassuiation are used to
assess organic compounds processing in surface aatk its influence on
sewage self-treatment. Examined compound concamtraand microflora
inoculation will be significantly higher, howevef,test purpose is a prognosis
of biochemical degradation of the examined substamdiological wastewater
treatment plant. Biodegradation tests may be cdaedun both water and
ground environments [Klimiuk, Lebkowska, 2004].

Research on biochemical degradability of non-vidatirganic compounds
solved in water should be conducted utilising suiregg confirmation, and
simulation tests. Screening tests utilise low iration and typical analytical
methods to assess biochemical degradability. Sodmstais considered
biodegradable if solved organic carbon value dese®dy 70%, and BQDor
produced CO2 by 60%, after 28 days of the experinierthe case of negative
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tests results or low results precision, additiarmadfirmation tests are conducted,
the duration of which must not exceed 28 daysidlhjit a compound should be
considered biodegradable if its concentration desge at least by 20%. If the
decrease does not reach this value, the examitstbsice should be considered
non-biodegradable and constant in the environnigotdegradation simulation
tests consist primarily of tests presenting dedradan reactors with active
sludge [Klimiuk and tebkowska, 2004]. Table 1 presebiodegradation
standards for screening, confirmation, and simmtatiests acc. to OECD
((Organisation for Economic Cooperation and Devaiept).

Table. 1. Biodegradation standards of biochemical tests &mcOECD [Klimiuk,
tebkowska, 2004]

Standard No. | Title

‘Screening’ tests

301A RWO die-Away

301B Modified Sturm test (CO2 emission)

301C MITI*

301D Closed Bottle test

301E Modified OECD ‘screening’ test

301F Manometric Respiratory Test
Confirmation tests

302A Modified SCAS** examination

302B Zahn-Wellens test / EMPA***

302C Modified MITI (II) test
Simulation tests

303A Aerobic wastewater treatment. Examination usinghected

devices
303B Susceptibility to ground-specific biodegradation

* - Ministry of International Trade and Industryapan
** . Simulation half-constant test with active diye,
*** . Swiss Federal Laboratories for Materials Saie and Technology, Switzerland

2. ZAHN-WELLENS TEST

Zahn-Wellens test is one of the methods of substaswsceptibility to
degradation by microorganism, occurring in largeargilies during the
conducted test. The examination lasts for 28 dayscansist of regular control
of COD or TOC indicator value. Zahn-Wellens testamducted in reactors of
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volume from 1 to 4 dfh The containers should be air-tight and equipped i
aeration and mixing devices. The contain the exathgubstance, nutrients, and
the sludge. Reactors contents are incubated fata®8. Test stand should be
placed in diffuse light or darkness, and environtrtemperature should equal
20-25°C. The results are presents as biodegradat@mime curve.

Degradation percentage value, achieved after 28, daygalled “biodegradation

in Zahn-Wellens test” and expressed by the follgdormula:

Rt(%) = {1_ ﬁ} 100 (2)
AT “BA

where:

C, — COD or TOC value in sludge supernatant of thenméred sample at the end of

aeration period, mg/din

Cg — COD or TOC value in the zero sample during sargplthering, mg/dn

Ca — COD or TOC value in the examined mixture, marldd after start of the

experiment, mg/drh

Csa _n‘FCOD or TOC value in the zero sample, marked f&r atart of the experiment,

mg/dnn.

The method is utilised in the case of organic arfusts which in concentration
used in the test:

- are water-solvable in experimental conditions,

- have very low vapor pressure value in experimeamaditions,

- do not inhibit bacteria growth,

- absorb only in limited range in the experimewtatditions,

- do not undergo foaming losses.

3. METHODOLOGY

Biodegradability of pollution contained in examingdiustrial wastewater was
assessed according to methodology based on Zahe&W¢OECD 302B) test.
The examined samples consisted of:

- metal industry wastewater from aluminium presstoandry. Production
processes, besides aluminium alloys, utilise aldwidants, form separators,
adhesion preventers, cleaning agents, and syntlatiéshes;

- wastewater from industrial waste treatment preegssuch as: filtration waste,
chemical reagents, coolants, water emulsions, estes and other industrial
wastes, galvanising waste treatment processesesludg
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Biodegradation tests were conducted on the follgwg@mples:

- sample 1 - examined wastewater from aluminiunsguee foundry, mixed in
1:1 volume ratio with dewatered active sludge frbiological wastewater
treatment plant, washed in a basic solution oetteemined substrates;

- sample 2 - examined wastewater from industriadtevdreatment processes,
mixed in 1:1 volume ratio with dewatered active dgje@ from biological
wastewater treatment plant, washed in a basic isnlubf the examined
substrates;

- sample 3 - examined wastewater from aluminiumsguee foundry of
theoretical oxygen demand equal ca. 1200 mg/dmixed with a nutrient
solution.

In order to control test procedure simultaneousighwhe conducted test,
a control substance meeting criteria of considerdmdegradability was being
examined:

- sample 4 - solution with test substance, glucok#)eoretical oxygen demand
equal ca. 1200 mg/din

The examined samples were aerated for 28 days napetature 20-25°C.
Organic substances degradation process was mahitgremarking COD in
samples on day 1, 2, 3, 5, 7, 9, 11, 14, 19, 2d,Zhof the experiment. The
process was additionally controlled through soleeggen content, pH, and
specific conductance measurements.

Analytic marking was conducted in accordance withe tapplicable
methodology.

4. RESULTS

Samples of the examined substrates characterisgdhigh concentration of
organic pollution, COD of respectively 33500 and489mg/dni, BODs
respectively of 5124 and 1580 mgfjrand low concentration of nitrogen and
phosphorus. Solutions pH value was within neuaalge and did not point to
necessity of pH correcting before conducting tise te

Pollution biodegradability, estimated on the ba$i€OD/BOD; quotient value,
showed substrates resistance to biochemical dagyad# both cases, values
of the calculated COD/BO{yuotient was higher than 2.5 and equalled 6.5 for
wastewater from aluminium foundry and 4.4 for indiat waste treatment
processes wastewater. Tables 1 and 2 present phyaied chemical
characteristics of wastewater from aluminium presgaundry and wastewater
from industrial waste treatment processes.
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Table 1 Physical and chemical characteristics of mixed wastewater from aluminium
pressure foundry (sample 1)

.1 Total J‘ -
parameter| pH Conductmtysuspensio BODs COD Nog Cl Pog
unit - uS/cm mg/dm | mg/dn? | mg/dn? | mg/dn? | mg/dn? | mg/dn?
value 7.10 1106 520 5124 33500 98.8 11|12 755

Table 2 Physical and chemical characteristiok wastewater from industrial waste
treatment processes (sample 2)

parameter| pH| ConductivilyTOCsupe | BODs | COD | N-NH, | P-PQ¥ | Py

unit - uS/cm mg/dm | mg/dn? | mg/dn? | mg/dn? | mg/dn? | mg/dn?

value 7.51 14330 2009 1580 6943 90.3 0.01 0.4p

In order to unequivocally determine substratestmotcal degradability, Zahn-
Wellens test was conducted. Tests results arengezsby tables 3 and 4.

Table 3 Physical and chemical parameters of wastewatan fabuminium foundry
(sample 1) in the subsequent days of Zahn-Wellkests t

Parameter|  Start 51315 TeS; dayll 13 19 21 2
m(;%?ﬁ 14068 | 12737 12366| 11924| 10638| 9289| 8812| 6057| 5103|4909 4823
pH 710 | 741 | 7.41| 712| 741 7.427.11|7.10| 7.12| 7.14] 7.15
Coﬂgi/‘?:q’ity 1106 | 1103| 106§ 1063 1058 104ED38|1032|1023|1009| 998

Table 4 Physical and chemical parameters of wastewatem findustrial waste
treatment processes (sample 2) in the subsequgsibfi@ahn-Wellens test

Test, day
Parameter Start
11 2] 3 5] 7] 11| 14| 19] 21 28
cob 3395 | 2843| 2665| 2474| 1099| 878 | 667 | 368| 464 | 449| 398
mg/dn?
pH 685 | 7.66] 751 742 7.67 747 6b2 7/10 684 76.9.10
COB‘;‘;E:}'WV'W 8130 | 8130| 8130| 8390| 8450 | 8420 8560 | 8600 | 9050| 9260 | 10150,

In the subsequent days of the experiment, samp@® @alues decreased,
which proves that organic substances in the examsbstrates undergo
gradual biodegradation in aerobic conditions. CCllug in wastewater from
the foundry decreased from initial 14068 mgldmn4823 mg/drf) while COD
of industrial waste treatment processes wastewdemreased from 3395
to 398 mg/dm Substrates degradation process curves presents. Fi
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Fig. 1. Substrates degradation curves during Zaletiens test (samples 1 and 2)

Received substrates biodegradation curves (Figprésent biodegradation
degree increase in the subsequent days of the ieger The highest
biodegradation degree of aluminium pressure foundhgtewater equal 65.7%
was noted during day 28 of the experiment. Meareyhdlahn-Wellens test
conducted for wastewater from industrial wastetineat processes showed that
in the day 14 of the process, high (87.1%) organlistance degradation degree,
measured with COD value decrease, was achievedhdfuaeration of the
samples did not increase biodegradabiliBuring Zahn-Wellens test, the
examined substance is considered biodegradabfeeif 88 days of aeration, its
degradation equals minimum 80%. In the case of emager from industrial
waste treatment processes, degradation during dagqialled 89.1%, thus
reaching its maximum value, while the aluminiumgstge foundry wastewater
did not achieve minimum degradability degree. Oy Hé of the experiment, its
biodegradability degree equalled 56.9%. Test reqfltsamples 3 an 4 present
tables 5 and 6. Aluminium pressure foundry wastewhiodegradation degree
in a sample of initial COD content equal 1200 mg/dianged within range
from 20 to about 4% during test duration.
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Table 5 Physical and chemical parameters of aluminium pres®undry wastewater

(sample 3) in the subsequent days of Zahn-Wellkests t

Test, day
Parameter | S@t————T—3 T 27 71 o] 11| 18] 24 28
coD 1 I
1200| 974| 963| 93¢ 900 898 848 786 7BO 748 6b4
mg/dn?
pH 703 | 7.22| 7.26] 7.27] 733 7.3 739 740 743 7145 .45
Conductvity | \o 3| 434| 432 446 45p 444 441 446 449 44834
mS/cm

Table 6 Physical and chemical parameters of control samytle glucose reference

solution (sample 4) in the subsequent days of Zéfetiens test

Test, da
Parameter Star » day

1 2 3 5 7 9 11

15 24

28

399

COD mg/dni | 1282 1201] 1190 109p 1036 845 752 57B51 | 429
¢

pH 723| 7.28| 7.2 7.2% 7.1 7.05 6.8 7]02

7.03 4]

(.07.04

Conductivity

446 | 448 4520 47.0 483 550 575 585
mS/cm

58.5 §

8.8.2
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Fig. 2. Substrates biodegradation curves duringnZAfkellens test (samples 3 and 4)

However, COD decrease speed was the highest dimngrst 10 days of the
experiment. In subsequent days, it increased Maghitly, eventually reaching
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the maximum value. Meanwhile for the glucose te&itoon sample of the same
initial COD value equal 1282 mg/dniodegradation degree equal around 70%
during the last day of the process (Fig. 2).

5. CONCLUSIONS

1. The conducted Zahn-Wellens test proved degrhiyatfi aluminium pressure
foundry wastewater and of wastewater from industwaste treatment
processes in aerobic conditions.

2. Biodegradability degree after 28 test days dedab5.7% for aluminium
pressure foundry wastewater, and 88.3% for wasewimom industrial
waste treatment processes.

3. Substance is considered degradable if it un@srgpodegradation in at least
80% after 13 days of aeration. This condition walilied by wastewater
from industrial waste treatment processes.

On the basis of laboratory tests, process conditioinaerobic treatment of
wastewater from industrial waste treatment process®re determined.
Biodegradation on industrial scale conducted irystesn of submerged fixed-
bed rotating-discs reactors confirmed high effestrss of the method.
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TEST ZAHN-WELLENSA W OCENIE BIODEGRADOWALNGCI SCIEKOW
PRZEMYSLOWYCH

Streszczenie

Podatné¢ na biodegrada¢j zanieczyszcze zawartych w badanychsciekach
przemystowych oceniono zgodnie z metoglgpracowan na podstawie testu OECD -
Test Zahn —Wellens'a (OECD 302B). Badaniom poddano:

- scieki z przemystu metalowego z odlewnisréeniowej aluminium. W procesie
produkcyjnym oproécz stopow aluminium wykorzystywarsg $rodki smarne,
oddzielacze od formgrodki zapobiegajce przyleganiu, substancje czysg oraz
lakiery syntetyczne;

- odcieki z procesow unieszkodliwiania odpadéw prgstowych, takich jak: odpady
pofiltracyjne, odczynniki chemiczne, chiodziwa, dsjel wodne, odpady olejowe i inne
pochodzenia przemystowego, osady z oczyszcZareadw galwanizerskich.
Zmniejszenie wart@wi ChZT w probkach w kolejnych dobach prowadzerestu
swiadczy o tym,ze substancje organiczne zawarte w badanigbkach ulegaj
stopniowej biodegradacji w warunkach tlenowych. Weiszy stopié@ biodegradacji
sciekéw z odlewni ginieniowej aluminium wynoggy 65,7% stwierdzono w 28 dobie
prowadzenia testu. Nie uzyskano jednak progu milmiegp stopnia biodegradacji
wynoszcego 80% po 13 dobach napowietrzania, ktérysei¢eZahn-Welens'a pozwala
uzn& badam substanej za podaty na rozklad biologiczny. Natomiast test Zahn-
Wellens'a przeprowadzony dla odciekéw z proceséweszkodliwiania odpadéw
przemystowych wykazalze w 14 dobie procesu uzyskano wysoki (87,1 %) sfopi
rozktadu substancji organicznej, mierzony akniem wartéci ChZT. Dalsze
napowietrzanie probek nie wpkto na zwekszenie biodegradacji i po 28 dobach
wskaznik ten wynosit 87,9%.

Stowa kluczowe:  ChZT, substancje organicZa@ki przemystowe, odcieki
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