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PREFATA

Dezvoltarea sistemelor de colectare a apelor uzate in peste 2300 aglomerari
umane cu populatia intre 2000 — 10 000 locuitori echivalenti impune, in perioada 2015 —
2018, constructia unui numar insemnat de statii de epurare care vor trebui sa rezolve
epurarea avansata in conditiile unor costuri si consumuri energetice acceptabile pentru
populatie.

Sesiunea stiintifica organizata de Asociatia Romana a Apei privind tehnologii noi de
epurare a apelor uzate, eveniment ce face parte din amplele manifestari EXPOAPA 2012,
reuneste 27 lucrari stiintifice in cadrul carora se dezvolta:

4 Modelarea proceselor de epurare biologica;
4+ Rezultatele studiilor pe instalatii pilot privind eliminarea fosforului din apele uzate,
utilizarea turbei in epurarea apelor uzate;

Dezinfectia apelor uzate epurate prin utilizarea dioxidului de clor;

Problemele managementului namolului cu studii fundamentale privind influenta in

culturile agricole;

4 O serie de tehnologii performante din care amintim reactoarele cu functionare
secventionala care admit alimentarea continua printr-un selector anaerob cu
recirculare namol;

4 Studii si cercetari valoroase privind monitorizarea compusilor farmaceutici din apele
uzate urbane, solutii de indepartare a micropoluantilor organici si degradarea
insecticidelor pe baza de HCH.

+
+

In sectiunea ce are ca tem& “Soluti moderne de colectare a apelor uzate in
comunitati mici” sunt cuprinse lucrari ce analizeaza;
I Solutii optime pentru retelele de canalizare, cum ar fi: sisteme prin vacuum, sisteme
cu pompare; acestea putand oferi avantaje importante in configuratii dificile de
amplasament pentru retelele gravitationale.

Nu n ultimul rand, in cadrul volumului de fata, sunt prezentate elemente ale operarii
unor statii de epurare existente, recent date in functiune, ce aduc cate ceva din experienta
exploatarii (SC Apaserv SA Satu Mare, SC RAJA SA Constanta).

Rezolvarea epurarii apelor uzate in comunitatile urbane sau rurale din Romania
reprezinta o problema tehnica, institutionala si de costuri de mare amploare. Aceasta
trebuie sa se bazeze pe:

» folosirea tehnologiilor de varf care sa garanteze eficienta proceselor in realizarea
parametrilor de calitate a apelor epurate, reducerea volumelor de namol produse si
stabilizarea namolurilor in reactoarele biologice;

m analiza si dezvoltarea optjunilor de epurare extensive (filtre cu vegetatie, iazuri
biologice) adaptata conditiilor unor amplasamente favorabile;

Bk conducerea automata a proceselor prin dotarea cu aparatura de masura si control
on-line, ca element fundamental al realizarii eficientei in conditiile variatiei in timp si
spatiu a parametrilor de calitate a apelor uzate influente.

Dezvoltarea tehnica a stafiilor de epurare trebuie sa se incadreze in conceptul
general de dezvoltare durabila in relatie cu: problemele conservarii resurselor, reducerea
necesarului specific de apa, dezvoltarea sistemului separativ de canalizare si minimizarea
influentelor asupra mediului inconjurator.

Prof.Univ.Dr.Ing. Marin Sandu
Presedinte CTS — ARA



FOREWORD

The development of the wastewater collection systems in over 2300 human
agglomerations with population between 2000 — 10 000 equivalent inhabitants imposes,
for 2015 — 20218, the building of a substantial number of wastewater treatment plants,
which will have to solve the advanced treatment with costs and energy consumptions
affordable for the population.

The scientific session organized by the Romanian Water Association on new
technologies for the wastewater treatment, event within EXPO APA 2012, comprises 27
scientific papers where are treated the following:

+ Modeling of the biological wastewater processes;

4 Results of studies on pilot installations on phosphorus removal from wastewaters,
peat use for wastewater treatment;

4 Disinfection of treated wastewaters by using chlorine dioxide;

4 Sludge management problems with essential studies on their influence on cultivated
soils;

+ A series of performing technologies eg. sequential operating reactors which allow
continuous power through a anaerobic selector with sludge recirculation

4 Valuable studies and research on monitoring the pharmaceutical compounds in
urban wastewaters, solutions to remove the organic micro-pollutants and
degradation of HCH insecticides.

In the session “Modern solutions for wastewater collection in small communities”
are included works that highline:
1 Optimal solutions for sewerage networks as: vacuum systems, pumping systems;
these offering important advantages in difficult difficult site configurations for
gravitational networks.

Not in the least, the conference volume presents operating elements in existing
wastewater treatment plants, recent functioning data, all bringing something from the
operational experience (Water Company Satu Mare, Water Company Constanta).

Solving the wastewater treatment in Romanian urban or rural communities is a
technical and institutional problem which implies substantial costs. This should be based
on:

» usage of leading edge technologies that can guarantee process efficiency to reach
the quality parameters of the treated wastewaters, reduction of produced sludge
quantities and sludge stabilization in biological reactors;

e analyses and development of the extensive wastewater treatment options
(vegetation filters, biological ponds) adapted to favourable site conditions;

» automated process management by equipping with measurement and online tools,
as a fundamental element for achieving efficiency in the conditions of variable time
and space of the quality parameters of the influent wastewaters.

The technical development of the wastewater treatment plants must be done in the
framework of sustainable development general concept in relation with reduction of the
specific need of water, sewer separation system development and minimizing the
influences on the environment.

Marin Sandu, PhD. Eng.
CTS - ARA President

\
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Evolutia tehnologiilor de epurare a apelor reziduale provenite de
pe vatra centrelor populate

Mirel 1., Florescu C., Staniloiu C., Isacu M.
Universitatea Politehnica din Timisoara

Abstract

This paper shows the evolution of technologies for wastewater treatment from the hearth of population centers,
used over time, in order to combat or prevent human illness and pollution of natural emissaries.

These waters contain mainly settable and not settable solids materials (oils, fats, etc.), dissolved and
undissolved organic compounds, pathogenic and nonpathogenic bacteria, acting for their separation, adequate
treatment technologies designed to ensure quality requirements imposed by that natural emissaries are the
main resources for water supply of human communities and industries.

Wastewater treatment appeared from the need to achieve a clean and healthy living environment in each
community, using for this purpose, depending on quantity and quality of drainage water, treatment methods
and procedures specific to each stage / period of development of human societies.

Treatment technologies, developed over time, starting from the simplest to the most sophisticated/ advanced
reproduce for the most part natural phenomena that occur in self-purification processes of watercourses.
Surface water courses acts as the transport of waste, the decomposition of organic substances and dilution or
even decomposition of chemical and physical impurities.

Evolution of wastewater treatment technologies was made in accordance with legislative regulations specific
to each stage of social development.

Keywords
Legislative, surface water, societies, treatment, wastewater.

CONSIDERATII DE ORDIN GENERAL — SCURT ISTORIC

Din cele mai vechi timpuri colectivitagile umane s-au stabilit in vecinatatea surselor de apa sau de-a
lungul cursurilor de apa. Fiecare colectivitate s-a dovedit a fi preocupata de rezolvarea problemelor
de alimentare cu apa si a celor de salubrizare a asezarilor omenesti.

Asezarile umane dezvoltate in bazinele superioare, din vecinatatea izvoarelor, au fost si cele care au
contribuit la poluarea emisarilor. Pe masura ce colectivitatile s-au dezvoltat, s-a accentuat poluarea
cursurilor de apa dar si pericolul de Tmbolnavire a oamenilor, ciuma si holera contribuind la
disparitia a multor colectivitati.

Pentru evitarea acestor neajunsuri au fost necesare masuri de combatere si de prevenire a poluarilor
permanente si a celor accidentale. Astfel, la Ninive si Babilon s-au construit canale si sanfuri care
aveau drept scop indepartarea reziduurilor lichide si solide. In Egipt, cu cca. 4500 ani in urma, s-au
construit canale deschise pentru evacuarea apelor uzate. Grecii §i romanii au construit retele de
canalizare care deserveau colectivitati foarte mari. La Roma, in anul 514 i.e.n., s-a construit primul
colector, cunoscut sub denumirea ,,Cloaca Maxima”. Evul mediu a reprezentat perioada cea mai
putin propice dezvoltarii in acest domeniu iar canalele existenete au fost distruse, deseurile au fost
aruncate pe strazi la intimplare, contribuind deseori la imbolndvirea populatiei. In aceastd perioada
oamenii nu se imbaiau toatd viata. Ca urmare a acestei conceptii de viata, activitagile in orasele din
Evul Mediu se desfasurau in totala lipsa de igiena, iar epidemiile secerau regiuni intregi, facand sute
de mii de victime [1], [19].

Odata cu inceputul industrializarii si dezvoltarii oraselor, necesitatea de a construi canale colectoare
pentru apele uzate a devenit din ce in ce mai acuta. Astfel, in Anglia, in anul 1531, in timpul lui
Heinrich al VIII-lea, s-a elaborat prima legislatie privind evacuarea apelor menajere si meteorice.
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La Paris, 1n secolul al XVII-lea, s-au construit primele retele de canalizare (cca. 3 km), astfel incat
in jurul anului 1850 lungimea acestora atingea cca. 100 km.

In aceasi perioada, se infiinteazi in Anglia ,.Consiliul de Sanitate Publici” cu scopul de a stabili
reglementarile de asanare a oraselor, aspect ce a determinat, ca in anul 1866 sa apara ,,Sanitary
Act”, lege care stabilea principiile privind construirea canalizarilor cat i normele pentru mentinerea
in stare curata a raurilor, lege, care cu unele mici transformari, este i astazi in vigoare.

La noi in tara, constructia colectoarelor de canalizare a inceput in anul 1928, in Bucuresti, prin
constructia primelor canale de evacuare a apelor uzate de pe strazile Smardan, Coltei, Batistei si
,,Biserica Enei” in raul Dambovita.

Cel de al doilea canal pentru colectarea apelor uzate, menajere si pluviale, s-a construit pe ulita
"Targului din Afarda”, azi Calea Mosilor, canal prevazut cu haznale zidite, tot din piatra, si acoperite
cu gratare din fier.

In anul 1881 si apoi in 1889, Primaria orasului Bucuresti ii solicita inginerului elvetian Buerkli
Siegler sa elaboreaze un proiect de canalizare in Bucuresti, pe baza unor principii moderne. Acest
proiect prevedea constructia a doua colectoare de-a lungul canalului Dambovita la care se racordau
doud canale perpendiculare, proiect care a fost reluat in anul 1909 de catre prof. ing. Dionisie
Ghermani. Dupa aceste proiecte s-au executat pana in anul 1940, circa 100 km colectoare principale
si circa 500 km de colectoare secundare [1], [6].

In paralel cu lucririle de canalizare executate in Bucuresti, s-au realizat constructii similare si in alte
orase din tara. Astfel, in anul 1912 sunt finalizate retelele de canalizare si statia de epurare a apelor
uzate din orasul Timisoara.

Realizarea intr-o conceptie unitara si a lucrarilor de canalizare in Romania, s-a putut face prin
elaborarea unor reglementari legislative evidentiate prin: Legea nr. 8/1974 privind ,,.Legea Apelor”
si Legea nr.9/1978 privind ,,Protectia Mediului Inconjurator[32],[33,[37],[38].

In prezent, Romania dispune de o serie de reglementiri legislative, inspirate din Directivele
Comunitatii Europene privind Legea Apelor, Legea Protectei Mediului Inconjurator etc.[22], [23],
[24], [26], [27], [28], [31].

AUTOEPURAREA CURSURILOR DE APA

Autoepurarea se defineste ca fiind capacitatea pe care o are cursul natural de a neutraliza
impuritatile ajunse in el si de a stabili echilibrul ecologic existent anterior impurificarii.
Autoepurarea se realizeaza prin: procedee fizice (dilutie, amestec, mineralizare, sedimentare,
coagulare, dizolvare de oxigen, degajare de gaze in aer, procese influentate de radiatia solara si de
temperatura apei); procese chimice (neutralizare, oxidare, reducere, floculare, precipitare, adsorbtie,
absorbtie, descompunere fotochimica etc); procese biologice (biocenoza proprie, filitrare, consum
sau secretie de substante toxice); procese bio-chimice (in cadrul ciclurilor azotului, sulfului si
carbonului  pe  baza  activitdtii  unor  microorganisme specifice, aerobe si
anaerobe)[1],[2],[3],[5],[8],10].

Autoepurarea este influentata negativ de curgerea lenta si netrubulentd, de temperaturile joase si
inalte, de marimea concentratiilor de substante organice, de concentratia si volumul de oxigen din
apa etc.

Apa cursurilor de suprafatd indeplineste rolul de transport al deseurilor, de descompunere a
substantelor organice, de dilutie sau chiar de descompunere a impuritatilor din apele de scurgere.
Dupa varsarea/deversarea apelor uzate menajere in cursurile de suprafatd incep procesele naturale
de autoepurare. Autoepurarea cursurilor de apa se realizeaza in mod natural, nefiind folosite in acest
scop instalatii sau constructii speciale. In cadrul proceselor de autoepurare, actioneaza factori de
naturd fizicd (sedimentarea, greutatea specifica, vascozitatea, luminozitatea, temperatura si
caracteristicile hidraulice), factori de natura chimica si factori de natura biologica [1],[3],[4],[6],[7]-
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Principalele fenomene care intervin indeosebi in timpul autoepurarii cursurilor de apa sunt: dilutia;
amestecul si mineralizarea.

Dilutia sau gradul de dilutie d este dat de raportul dintre debitul emisarului Q si debitul apelor uzate
q exprimat prin relatia:

d=Q/q (1
In cazul amestecului incomplet al celor doua feluri de apa, se determina dilutia reala d; cu relatia:
di=aQ/q )

in care: a este coeficientul de amestec, care pentru amestecul complet se considera a = 1, iar pentru
amestecul incomplet se considera a= 0,7 - 0.8; Q - debitul de calcul al cursului de apa, considerat ca
debit mediu lunar minim, cu asigurarea de 95%; q — debitul de calcul al apelor uzate, considerat ca
debit maxim zilnic.
In cazul amestecului complet, concentratia medie de materii C,m (suspensii, substante toxice in apa
etc.) in apa amestecata (emisar si ape uzate) se determina cu relatia:
Cam=(CQ+cq/Q+q) 3)
in care: C este concentratia medie de materie in apa emisarului; ¢ - concentratia medie de materie in
apa uzata menajera.
Amestecul se datoreste in cea mai mare parte turbulentei apei, realizandu-se complet pe distante, cu
atat mai scurte cu cat gradul de dilutie este mai mic. Amestecul cat mai complet si rapid se poate
asigura prin utilizarea unor instalatii performante de dispersie.
Coeficientul de amestec a se poate determina cu formula lui I. D. Rodziler, iar coficientul a cu
formula lui V.A.Frolov [1],[6],[13]:
a=(1-e")/(1+Q/qe™™) (4)
a=&¢ (Dr/g)"” (5)
in care: L este distanta intre sectiunea de evacuare a apelor uzate menajere si sectiunea de calcul; o -
coeficient care ia in considerare conditiile hidraulice de amestec; & - coeficient care depinde de
modul in care se face evacuarea apelor uzate; ¢ = L/l - coeficientul de sinuozitate a raului, dat de
raportul dintre distanta intre sectiunea de evacuare a apei uzate si sectiunea de calcul L si distanta
intre aceleasi sectiuni in linie dreapta 1; Dr = v H/ 200 - coeficient de difuzie turbulenta; v - viteza
medie a cursului de apa in in zona considerata; H - adancimea medie a cursului de apa in zona
considerata.
Caracteristicile hidraulice (debitul, adancimea, latimea, panta, viteza de curgere a apei, curentii
ascensionali sau laterali in albie, relieful fundului cursului de apa care determind vartejuri,
neregularitatea §i intensitatea vartejurilor etc.), influenfeaza amestecul apelor uzate cu apele
cursurilor de suprafatad. Amestecul complet are loc in timp la o anumitd distantd de punctul de
varsare, iar pana la punctul de amestec complet numai o parte din debitul cursului de apa, denumit
debit de dilutie (axQ), se amesteca cu apele uzate [1],[6],[7],[13],[25].
Distanta de amestec se poate determina cu relatia:
L.=[23lg(aq+q/l-a)ql’ o (6)
Distanta de amestec complet poate avea uneori valori foarte mari, ceace conduce la formarea in
lungul emisarului a unei benzi de apa uzata, care da un aspect neplacut apei emisarului,
impiedecand si intarziind in acelasi timp dezvoltarea normala a procesului de autoepurare, ce s-ar
putea realiza in cazul unui amestec complet, chiar imediat dupa evacuarea apelor uzate.
Transformarile care conduc la autoepurarea emisarilor sunt de natura fizico- chimica si biologica,
iar cele mai importante procese sunt cele biologice si biochimice care contribuie in cea mai mare
msura la mineralizarea materiilor organice din apa, prin intermediul bacteriilor bacteriilor aerobe si
anaerobe [6],[13],[20].
In zona in care se produce mineralizarea, flora bacteriana se dezvolta rapid si se formeaza depozite
imense, care la ape mari sunt transportate pe distante foarte mari, unde descompunerea continua,
determinand asa numitele zone de impurificare secundara.
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Factorii care actioneaza si influenteaza transformarile biologice din apa emisarului sunt :oxigenul,
temperatura; luminozitatea si pH-ul.
Autoepurarea in conditii anaerobe are loc sub actiunea unor protozoare si a unor bacterii anaerobe,
care isi preiau oxigenul necesare vietii din descompunerea unor substante oxidate (sulfati, carbonati,
nitrati etc.). In lipsd partiald sau totald de oxigen se dezvolta fenomene de putrefactie alcituite din
procese de oxidare si de reducere.
Apa unui curs de suprafatd poate contine oxigen dizolvat in cantitdti corespunzatoare solubilitatii
acestuia la temperatura respectiva. La deversarea apelor de scurgere ce contin substante organice
incepe sa se consume din oxigenul dizolvat pentru mineralizarea acestor substante
[1LI2L3LI7113].
In prima faza de oxidare, viteza consumului de oxigen al cursului de apa, poate fi proportionald cu
cantitatea de substante organice care se gasesc in apele uzate si naturale :
Li=Lox 107%™ (7
Xi=Lox (1-10%*" (8)
in care: L este consumul primar de oxigen ce mai este necesar apei, dupa ce s-a scurs timpul t, de
pana la 20 zile; X; - consumul primar de oxigen, efectuat in timpul t; K; - viteza consumului de
oxigen, care depinde de natura reactiei in conditiile in care se desfasoara; t — timpul consumului de
oxigen, in zile; Lo = L; + X; - consumul primar total de oxigen in timp de 20 zile a cursului de apa
cu apa de scurgere.
Viteza de dizolvare a oxigenului in cursul natural de apa este proportionala cu deficitul de oxigen,
adica cu lipsa de oxigen pana la cantitatea corespunzatoare saturatiei complete la temperatura
respectiva, procesul de reaerare putand fi exprimat prin relatia:
D, =Dy x 10%**! 9)

in care: D, este deficitul de oxigen din apa cursului de suprafatd dupa timpul t de la inceperea
procesului, In mg/l; Dy — deficitul de oxigen din cursului de suprafata la inceputul procesului, in
mg/l; Ks - constanta vitezei de dizovare a oxigenului, in zile™; t — timpul de completare a oxigenului
prin reaerare, in zile.
Luand in considerare consumul de oxigen si completarea acestuia se obtine relatia:

D, = (K;x Lo)/(Kz — K}) x (107 ** - 1072 *Y + D, x 107> (10)
Derivand relatia (10) in raport cu t si anuldnd rezultatul, se obtine timpul critic (t.) si deficitul
critic de oxigen (D), exprimat prin relatiile:

ter = lg { K2 / K] X [1 — Do X (K2 — K])/ K] X Lo]}/ (K2 — K]) (11)

D = (K1 x Lo)/(Kz — Ky) x (1075 %2 1072 %) 4 Dy x 1072 (12)
Protectia calitativa si cantitativa resurselor de apa este reglementata de legislatia europeana si cea
romaneasca [22],[26],[27],[28],[29],[30],[36].
In figura 1 sunt evidentiate reglementirile actuale privind conditiile de calitate impuse cursurilor de
suprafatd pentru captarea apei in scopul potabilizarii precum si conditiile impuse la deversarea
apelor uzate menajere.

IND

.

NTPA 002/05

NTPA 002/05 NTPA 011/02

L458/02; L3MIO5S
‘bS.E NTPA 001/05

N _SE
ko)

\
T e N
NTPA 013/02
NTPA 013/02 NTPA 013/02
Lo 1km

L

Fig. 1 Reglementari legislative pentru prelevari si deversari de ape uzate
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Prelevarile de apa pentru potabilizare si deversareaapelor uzate in cursurile de suprafata trebuie
facuta cu respectarea reglementarilor legislative romanesti si europene, astfel incat in sectiunea de
prelevare a apelor uzate epurate sa se asigure aceleasi conditii calitative ca in sectiunile de prelevare
pentru apa de alimentare, iar tronsonul cursului de apa cu lungimea L, necesar derularii proceselor
de autoepurare, sa constituie coeficientul suplimentar de siguranta, pentru situatiile de criza (avarii
in statiile de epurare,deversari accidentale etc) [28],[29],[31].

EVOLUTIA TEHNOLOGIILOR DE EPURARE
Scheme tehnologice de epurare

In figurile 2 — 10 se prezintd o succesiune a schemelor tehnologice de epurare a apelor uzate
menajere,aplicate n raport cu cerintele si reglementarile diferitelor etape de dezvoltare a societatilor
umane.

Schemele tehnologice redate in figurile 2 si 3 sunt concepute numai cu treapta mecanica/primara cu
fermentarea namolurilor pentru producerea de biogaz in metantancuri ,sau fara producere de biogaz,
cu fermentarea namolurilor in decantoare cu etaj. Schemele tehnologice redatate in figurile 4 si 5,
completeaza treapta mecanica cu o treapta biologica/ secundara, constituita din bazine de aerare cu
namol activat, cu scopul de a se imbunatati conditiile calitative ale apelor epurate. Epurarea
biologica se poate asigura in constructii pentru epurare in conditii apropiate de cele naturale
(campuri de irigare, campuri de infiltrare) sau arificiale (filtre biologice de mica si mare incarcare,
filtre biologice turn, bazine de aerare,iazuri biologice, santuri de oxidare, puturi absorbante, fose
septice etc.).

Ape uzate

I Gréstar 3 Zdrobitor

Emisar ¥
Fig. 2 Schema tehnologica de epurare Fig. 3 Schema tehnologica de epurare
mecanica cu producere de biogaz mecano-chimica
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Fig. 5 Treapta de epurare biologica cu producere de biogaz

Tehnologiile de epurare, dezvoltate in ulimii 20-25 ani s-au axat pe eliminarea compusilor de azot si
de fosfor prin introducerea, in fluxul tehnologic a unei trepte biologice de epurare avansat/tertiara
(Fig.6). Epurarea avansata se poate aplica dupa epurarea mecanica/primara, ca o completare a
epurarii biologice/secundara sau dupa epurarea secundara, ca treapta tertiara [16], [17], [31].
Epurarea avansata/tertiara se poate realiza prin: metode fizice (filtrare prin mase granulare si
micorofiltrare); metode fizico-chimice (coagulare chimica, adsorbtie,spumare, electroliza, osmoza
inversa, distilare, inghetare, schimb ionic, oxidare chimica si electrochimica etc.); metode biologice
(bazine de activare/ nitrificare-denitrificare, bazine de defosforizare, bazine cu namol activat, filtre
biologice, biofiltre, irigare cu ape uzate iazuri de stabilizare etc).

Tehnologiile de epurare avansata, redate in figurile 7 si 8 (pentru sistemul unitar si separativ de
canalizare), au fost prevazute cu linii de producere si utilizare de biogaz, sistem aplicat pentru
retehnologizarea si a modernizarea statiilor de epurare existente. In cazul statiile noi proiectate,
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tehnologiile de epurare avansata, prevad o tratare separata a namolurilor rezultate, cu sau fara
producere de biogaz [34],[35],[16],[17].
In conditiile in care criza energetica se accentuiaza si sunt promovate formele alternative de energie
(solara, eoliana, geotermala, biomasa/biogaz etc.), s-au conceput pentru epurarea apelor uzate,
tehnologii bioenergetice, prin care sa se asigure, in paralel cu epurarea avansata si captarea de
biogaz din biomasa apelor de scurgere.

Apa ___ | Treaptd o] Treaptd Tm§mé ‘ Emisar
uzata primara secundari tertiard
Namol
in exces
Namol primar | Tratarea Nomol
Retineri Nisip namolului [— tratat
de pe
gritare

Fig. 6 Schema tehnologica de epurare avansata a apelor uzate
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Fig. 7 Schema tehnologica de epurare a Fig. 8 Schema tehnologica de
apelor uzate colectate in sistem separativ epurare a apelor uzate colectate
de canalizare in sistem unitar

Schemele tehnologice, redate in figurile 9 si 10, includ pe fluxul tehnologic, in locul decantoarelor
primare, grupuri de digestoare/fermentatoare, dispuse in serie sau in paralel, cu scopul de a capta o
parte din potentialul energetic al biomasei din apele uzate in paralel asigurarea conditiile de calitate
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pentru apele epurate, impuse prin reglementarile legislative romanesti si europene. Energia termica
sau electrica obtinuta din producerea biogazului poate diminua consumul de resurse conventionale.

3 Treapta . . . . Decantor .
Apa —> P ~. |>\Digestor > Digestor 3 Bazin de activare 3 - » Emisar
Uzata mecanica secundar

¥
&

Fig. 9 Schema de epurare bioenergetica cu digestoare in serie, cu bazine de activare si decantoare

secundare

Namol fermentat

Apa Treapta
Uzata mecanica

Bazin de activare Emisar

o| Decantor
secundar

» Namol fermentat

Fig. 10 Schema de epurare bioenergetica cu digestoare in paralel

Evolutia tehnologiilor de epurare de mica capacitate

Statiile de epurare de capacitate mica au stat la baza studiilor si cercetarilor din domeniul epurarii
apelor uzate comunale. Din cele cateva exemple, redate in figurile 11- 14, se evidentiaza faptul ca
ideea epurarii biologie a apelor uzate, a fost prezenta deja la inceput de secol doudzeci, urmarindu-
se obtinerea unui efluent de calitate si chiar utilizarea apelor uzate in agricultura.

De remarcat, este efortul depus, cu aproape o suta de ani in urma, pentru realizarea unor instalagi de
calitate, functionale si fiabile. Materialele utilizate fiind de reguld metalul, (fonta), lemnul si
betonul.

10
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Fig. 12 Cazan de epurare

Fig. 14 Reactoare de epurare monobloc, cu filtrare
biologica si bazin de fermentare anaeroba a namolului

In cadrul lucrarii se prezinta evolutia tehnologiilor pentru epurarea apelor reziduale provenite de pe
vatra centrelor populate, utilizate pe parcursul timpului, cu scopul de a combate sau de a preveni
imbolnavirea oamenilor si poluarea emisarilor naturali. Aceste ape care contin, in principal, materii
solide sedimentabile si nesedimentabile (uleiuri, grasimi etc.), compusi organici dizolvati si
nedizolvati, bacterii patogene si nepatogene, comportd pentru separarea lor, tehnologii de epurare
adecvate, menite sa asigure conditiile de calitate impuse prin reglementarile legislative romanesti si

curopene.

11
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Epurarea apelor uzate menajere a aparut din necesitatea de a se realiza un mediu de viata curat si
sanatos in cadrul fiecarei colectivitati, folosindu-se pentru acest scop, in functie de cantitatea si
calitatea apelor de scurgere, metode si procedee de epurare specifice, pentru fiecare etapa/perioada
de dezvoltare a societatilor umane.

Tehnologiile de epurare, dezvoltate pe parcursul timpului, reproduc in cea mai mare parte
fenomenele naturale care au loc in cadrul proceselor de autoepurare din cursurile de apa. Apa
cursurilor de suprafata asigura transportul deseurilor, descompunerea substantelor organice, de
diluare sau chiar de descompunere a impuritatilor chimice si fizice.

Evolutia tehnologiilor de epurare a apelor reziduale a fost ficut in concordantd cu cerinfele si
reglementarile legislative specifice etapelor de dezvoltare sociald, urmarindu-se asigurarea
conditiilor cu privire la igiena si sandtatea oamenilor, refacerea si protectia mediului inconjurator.
Tehnologiile bioenergetice propuse in cadrul lucrarii, asigura atat, cerintele de calitate impuse
pentru apele epurate, cat si recomandarile Uniunii Europene cu privire la valorificarea energetica a
biogazului din biomasa continuta in apele uzate menajere.

Procesele de autoepurare in cursurile de apa, reprezinta un factor de siguran{d pentru protectia
mediului, si Tn mod deosebit a resurselor de apa in cazul unor avarii tehnologice/poluari accidentale.
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Urban wastewater disinfection with chlorine dioxide

Belluati M.!, Balacco V.!
'CAFFARO BRESCIA S.p.A, Via F.Nullo 8, 25126 Brescia (IT)

Abstract

Disinfection of wastewater is important in preventing the spread in aquatic environments of pathogenic micro-
organisms. Although the sewage treatment processes can reduce both the pathogens content of raw sewage and
the bacterial nutrients needed for continuous pathogens existence, the resulting effluent still contains some of
the micro-organisms originally present. Unless protective measures are taken, the remaining micro-organisms
in the effluent constitute a potential hazard to man and ecosystem. In the last years chlorine dioxide has
received increasing attention as a wastewater disinfectant alternative to chlorine. Chlorine dioxide is a
powerful bactericide over a broad pH range, is more effective than chlorine in inactivating viruses, and does
not react with ammonia to form chloramines or with organic material to form toxic chlorinated compounds.
Besides new chlorite-based safe technologies for producing purer chlorine dioxide have been developed and
can contribute to the respect of the imposed limits and of the environment.

This paper will also compare CIO2 versus alternative wastewater disinfection technologies based on the safety,
vulnerability and the production of disinfection by-products, while considering the effectiveness, reliability and
cost of each technology. Increasing public attention and tighter regulation on DBPs, along with the safety
concerns associated to the existing chlorination systems, require a more comprehensive evaluation of
wastewater disinfection systems when designing a new facility or upgrading an existing plant.

Keywords
Wastewater, disinfection, environment, chlorine dioxide, ozone, hypochlorite, PAA

INTRODUCTION

Wastewater can be regarded as an additional water resource and its reuse for different purposes can
lead to a great saving of clean water supplies. One of the primary public health considerations in
the sanitary treatment of municipal wastewater is the prevention of diseases which are caused by
pathogenic micro-organisms or by toxic substances. Although the sewage treatment processes can
reduce both the pathogen content of raw sewage and the bacterial nutrients needed for continuous
pathogens existence, even when the treatment processes are under optimal operating conditions, the
resulting effluent still contains some of the micro-organisms originally present in the raw sewage.
Unless protective measures are taken, the micro-organisms remaining in the treated effluent
constitute a potential health hazard to man and ecosystem. Disinfection of wastewater has long been
practised to reduce the microbiological contamination to different levels according to the discharge
point or the reuse of the treated effluent. Chlorine has been historically the favourite disinfectant by
virtue of its bactericidal effectiveness, low cost and relatively long-lived residual. However
chlorination has been found to result in the formation of trihalomethanes and other chlorinated
organic compounds undesirable from the viewpoint of public health and water pollution control in
general. Thus there is a need to find a substitute for chlorine, a substitute effective as bactericide
under the conditions encountered in practice, that does not participate in side reactions that yield
undesirable by-products and has no residual toxicity to aquatic organisms in receiving waters, safe
and ease to be installed in the existing wastewater treatment plants.
Chlorine dioxide (Cl0,)is an attractive alternative to chlorine because it:

e is a powerful disinfectant over a wide range of pH

e does not react with ammonia to form chloramines

e does not react with organic material to form some classes of chlorinated organic compounds

hazardous to health ( e.g. trihalomethanes)
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edoes not react with bromides to form bromine and bromates and does not promote the
formation of brominated organic compounds

e oxidises iron and manganese

edoes not “attack” fatty acids and does not produce haloacetic acids, at the concentrations
normally used in wastewater treatment.

Here are presented some results on ClO2 wastewater disinfection in comparison with other
disinfectants. (ref.1 and 2)

EXPERIMENTAL PART
A) CHLORINE DIOXIDE AND SODIUM HYPOCHLORITE IN URBAN
WASTEWATER DISINFECTION

The municipal plant (about 220,000 equivalent inhabitants corresponding to a maximum load of
26,400 Kg COD/day) uses a conventional sewage-treatment system based on screening, aeration in
grit chamber and biological oxidation through activated sludge, secondary clarification, and
chlorination. (Table 1)

Table 1. Physico-chemical, chemical and microbiological characteristics of the sewage before the

disinfection
Parameter Min Max Data Mean Standard
No. error
Temperature °C 139  20.8 36 17.3 0.4
pH 6.88  7.43 36 7.15 0.02
Electrical conductivity mS/cm 0.61 1.88 36 1.16 0.07
Dissolved oxygen % 3 77 36 54 4
Turbidity NTU 2 54 36 12 2
TSS mg/1 3 56 34 14 2
T0C mg/l1 C 5.5 18.5 32 9.6 0.6
COD mg/L O, 7 126 32 30 5
AOX pg/1Cl 21 47 30 29 1
NH," mg/1 3.7 17.9 36 10.6 0.7
NOy mg/IN 0.02  0.49 36 0.28 0.02
Br’ mg/1 0.04 1.02 18 0.57 0.09
Total coliforms Log (CFU/100 3.1 6.7 36 53 0.2
ml)
Fecal coliforms Log (CFU/100 3.1 6.3 36 4.9 0.2
ml)
Fecal streptococci Log (CFU/100 3.1 5.5 36 4.2 0.1
ml)
Escherichia coli Log (CFU/100 2.7 6.1 36 4.7 0.2
ml)

The two different disinfectants, sodium hypochlorite and chlorine dioxide, were tested sequentially
as experimental conditions varied. Chlorine dioxide was produced on site with a small generator
(maximum capacity: 45 g/h) by mixing NaClO2 6-8% and HCI 10%. Diluted solutions (1.3 - 11.5
g/1) of sodium hypochlorite were prepared freshly and introduced in the sewage flow at the entrance
of the premixing chamber by a metering pump. In this research were studied the effect of
disinfectant concentrations (0.5, 0.9, 1.7, and 3.6 mg/l on average) and reaction times (14, 23 and 37
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min on average) on microorganism reduction and sewage chemical characteristics. Aliquots of the
sewage were collected in glass bottles at the inlet and outlet of the pilot plant, stored at
approximately 4°C and analyzed in the laboratory. Sampling operations were repeated three times at
each experimental condition to determine the reproducibility of the results. About 0.50 g of sodium
sulfite were introduced in every bottle containing the disinfected wastewater to reduce the residues
of the oxidizing agents. Some aliquots were also acidified with 1 ml of sulfuric acid 4.5 N per 250
ml of water. Total organic carbon (TOC), chemical oxygen demand (COD), adsorbable organic
halogens (AOX) and ammonia were determined in the acidified samples, while other parameters
were dosed in the remaining samples. All these determinations were carried out as indicated in
literature (Standard Methods APHA, 4500-CI G, 1998). For microbiological analyses three
replicated samples were collected at the inlet and at the exit of the pilot plant in 500-ml
polypropylene sterile bottles containing 1 ml of sodium thiosulfate 100 g/l (to reduce any
disinfectant residue) and analyzed within 24 hours. The determination of the microbiological
parameters examined in this research was carried out on three dilutions of each replicated sample
according to Italian IRSA CNR methods. The results of microbiological analyses carried out on
sewage before and after the two disinfection treatments were correlated to the products of the
biocide initial concentration (CO) and the contact time (tR) as suggested by Collivignarelli et al.
(Collivignarelli et. al., 1998). The disinfectant actions of the two reagents against three
microbiological parameters (fecal coliforms, fecal streptococci, Escherichia coli) are not
significantly different each other. On the contrary, the bactericide activity of the chlorine dioxide
against total coliforms seems slightly greater than the corresponding hypochlorite action in all
CO-tR range studied (Fig 1a,b,c,d). The regression coefficients were used to calculate the minimum
concentrations of NaClO or ClO2 (Table 2) necessary to reduce the level of each microbial
indicator below the limits specified in the Italian normative in force (Legislative Decree 152/99).
The limit values for N/NO were calculated by dividing Italian legal limits for fecal indicators (Nlaw)
by the corresponding average concentrations (geometric means of NO values) in the examined
sewage.

Table 2. Minimum initial concentration of disinfectant necessary to reduce the microbial
parameters at the levels established by Italian normative. (Co mg/L, Tr in min)

Table 4. Minimum initial concentration of disinfectant necessary to reduce the microbial
parameters at the levels established by Italian normative. *

o e CO,min at
Parameter Disinfectant Log(Cotr) min te = 20 te = 30
Escherichia NaClO 1.2 (0.2) 0.7 (0.4) 0.5 (0.2)
coli ClO, 1.1 (0.3) 0.6 (0.4) 0.4 (0.3)
Law 152/99 NaClO 0.7 (0.4) 0.5 (0.2)
ClO, 0.6 (0.4) 0.4 (0.3)
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The persistence of the two biocides at the exit of the pilot plant was studied as a function of their
initial concentrations and contact times. No chlorine dioxide residue was found in the disinfected
sewage after the contact times investigated. This finding is consistent with the sewage ClO2
demand (mean: 6.9 mg/l; standard error: 0.7 mg/l) that was always greater than the initial
concentration of the biocide introduced. On the contrary, the concentration of total chlorine in
sewage disinfected with NaClO was always detectable even though it resulted less than the
corresponding values associated to chlorine no-demand. In any case total residual chlorine detected
in wastewater treated with chlorine dioxide (Figure 13) was considerably less than the
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corresponding level found at the exit of the pilot plant during NaClO tests (line slopes: 0.201 and
0.85, respectively; standard errors: 0.007 and 0.02, respectively). (Fig.2)

4.50 -

2y

3.00 -

1.50 -

e

d
4.5

Initial disinfectant concentration (mg/l)

Fig. 2 Total residual chlorine in the disinfected sewage as a function of the initial disinfectant
concentration. A total concentration determined at the exit of the pilot plant in the sewage treated
with NaClO, e total concentration determined at the exit of the pilot plant in the sewage treated
with ClO,, o fraction introduced by the generator in the sewage treated with ClO,.

Figure 3 shows the residual concentrations of chlorite and total chlorine in sewage treated with
chlorine dioxide and the corresponding contribution from the ClO2 generator as disinfectant
dosages increased in the sewage. Figure 2 also depicts the total residual chlorine trend obtained in
sodium hypochlorite disinfection tests. The analysis of Figure 2 suggests that about 74% of the
initial CIO2 concentration in the sewage was reduced to chlorite (line slope: 0.74; standard error:
0.05) while the fraction introduced by the generator was negligible.

3.00 -

2" (ng)

2.00 -

1.00 -

i

4.0
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Fig. 3 Residual chlorite in the sewage disinfected with chlorine dioxide as a function of the initial
disinfectant concentration. e total concentration determined at the exit of the pilot plant, o fraction
introduced by the generator.

AOX concentration in the sewage before and after the disinfection treatment was determined as the
biocide dosage and the contact time. Increments of AOX level in the disinfected wastewater were
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calculated by subtracting the initial concentration detected at the entrance from the corresponding
concentrations measured at the exit of the contact basin. The experimental values were diagrammed
as a function of the initial concentrations of the two disinfectants (Figure 4). A progressive
increment of the AOX content was found when increasing quantities of each disinfectant were
added. The halogenating action produced by NaClO was remarkably greater than the corresponding
action shown by ClO2. In both cases, the increment of AOX resulted correlated to the organic
content in the sewage (Figure 5).

60 -

pgll)

40 -

20 4

]

0.0 1.0 2.0 3.0 4.0 5.0

Initial disinfectant concentration (mg/l)

Fig. 4 Increment of AOX concentration due to sewage disinfection as a function of the initial
concentration of the disinfectant. A NaClO, e ClO,.
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B) COMPARISON BETWEEN CL0, AND OTHER DISINFECTANTS (PAA AND 0O3)
IN THE DISINFECTION OF MUNICIPAL WASTEWATER.

A test was carried out in order to evaluate the effectiveness and the technology of some disinfection
processes (Cl02, peracetic acid, ozone) by means of pilot plants fed with the same effluent in exit
from the final sedimentation basins. From the analysis of the data obtained in different periods of
the year- winter and summer- to take into consideration the variations due to environmental and
climatic factors, the operating conditions have been determined for both the periods (the winter
values are in brackets) to obtain a reduction of the microbiological contamination that permits the
respect of the Italian limits (about 1.5 log of inactivation) and those required to have a 2 log
inactivation. (tab.3 and figures 6).

Table 3. C*t values to respect the limits of the Italian Law 319/76

C t C*t inactivation
(mg/L) (minutes) (min* mg/L) (log unit)
Peracetic acid 1 20(15) 20 (15) ~1.5
Chlorine dioxide 1.5(1.2) 13 19 (16) ~1.4
ozone 3(2.5) 20 60 (50) ~1.5
4,00
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Fig.6 Effectiveness of Cl0,, O3 and peracetic acid evaluated for total and faecal coliforms and
faecal streptococci.

On the basis of the experimental data reported in Fig.6, it was possible to identify the dosage to
have a 2 log inactivation. (table 4)

Table 4. C*t values to obtain 2 log inactivation

C (mg/L) t (minutes) C *t (min* mg/L)
Peracetic acid 2.5-3 20 50-60
Chlorine dioxide 1.5-2 (1.5) 20 30-40
ozone 5.5-9 20 150-180

Chlorine dioxide and peracetic acid are effective with C*t values lower than ozone by virtue of their
higher solubility in water and selectivity. The more accentuated slope of the interpolation line of
the experimental data obtained with C102 compared with ozone and peracetic acid means that a very
small increase in its C*t value allows a remarkable improvement in the disinfection yield. The
Ames test has shown that all the disinfectant treatments seem to produce a light level of mutagenic
activity, higher for chlorine dioxide and ozone. In all the cases has been observed the presence of
direct mutagens because the addition of S9 always permits a decrease in the mutagenicity.

Table 7. Mutagenicity expressed as mutagenicity ratio in winter period of municipal
wastewater treated with 1.2 mg/L ClO,

Sample L / plate TA98-S9 TA98+S9 TA100-S9
Untreated water 0.25 1.4 - 1

0.5 0.9 0.6 tox

1 tox 1.3 tox

1.5 tox 1.1 tox

Treated water 0.25 2 - 1.3
0.5 2.5 1.5 1.4

1 0.9 1.6 1.4

1.5 tox 1.8 tox

The toxicity test on fishes (Oncorhynchus mykiss), performed in conformity with the IRSA/CNR
method according to which at least 50% of the fishes must survive after 24 hours at a temperature of
15°C in aerated conditions in the effluent diluted 1:1 with standard water, gave the results reported
in the table 5.
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Table 5. Toxicity test on fishes (IRSA/CNR method)

Raw effluent | Peracetic acid 1 mg/L Cl0, 03
1.5 mg/L 3 mg/L
Survival % 90 65 80 100

CONCLUSIONS

The results here presented indicate that chlorine dioxide can be really a valid alternative disinfectant
for wastewater treatment, able to meet the requirements of more stringent legislation.

In particular:

a) Chlorine dioxide and sodium hypochlorite have similar bactericide power against the four
organisms (total coliforms, fecal coliforms, fecal streptococci, Escherichia coli). However, if the
comparison is made taking into account the different equivalent weight of the two disinfectants, it is
evident that the first biocide is more effective than the later. It follows that the initial equivalent
concentration of NaClO in the sewage should be about twice as big as the ClO2 equivalent
concentration to obtain the same microbial removal.

b) As regards inorganic by-products and residues, the minimum initial concentration of sodium
hypochlorite necessary to meet microbial legal requirements has produced a residual concentration
of total chlorine greater than 0.2 mg/l, which is the current maximum allowable concentration. On
the contrary, such a limit has never been exceeded when the corresponding ClO2 concentration was
initially present in the sewage. On the other hand, the use of chlorine dioxide as disinfectant has
resulted in the introduction of other inorganic chemicals (e.g., chlorite and chlorate) .

¢) An increment of the background concentration of halogenated by-products was detected in the
effluent disinfected with C1O2. However, the AOX production operated by ClO2 was significantly
less than the amount generated by NaClO in the same experimental conditions.

d) In comparison to PAA and ozone, a very small increase in chlorine dioxide C*t value allows a
remarkable improvement in the disinfection yield.

e) Chlorine dioxide shows a very low impact on the treated water and on the receiving streams.
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Abstract

ICEAS™ wastewater treatment technology is a technology developed by Xylem Inc.

The wastewater treatment system has the improved advantages of the classical SBR system but also allows
high flexibility in operation and adaptability to flows and pollutants variation.

The effluent complies with high quality standards.

Keywords
ICEAS™, microbiology, sequential process

DESCRIEREA SISTEMULUI SBR
Procesele biochimice din bazinele cu functionare secventiala (SBR) simuleaza fenomenele din
bazinele cu namol activat; avantajele sunt date de reducerea volumelor construite prin comasarea
fazelor anaerobe, anoxice, aerobe si sedimentare.
Daca in bazinele cu namol activat procesele de aerare si decantare au loc in acelasi timp, in bazinele
cu functionare secventiala acestea au loc secvential.
Procesul care se desfasoara intr-un bazin cu functionare secventiald este alcatuit din 5 etape (fig. 1):
I. Umplere
e obiectiv: addugare de substrat (apa uzata sau apa uzata decantatd primar);
e se realizeaza ridicarea nivelului apei in  bazin de la 25% din
capacitate (la sfarsitul etapei de stand-by) la 100%;
e durata etapei este circa 25% din durata unui ciclu;
II. Reactie (acrarea apei)
e obiectiv: completarea  reactiilor  biochimice care au fost initiate in
timpul etapei de umplere;
e durata etapei este =~ 35% din durata unui ciclu;
III. Decantare:
e obiectiv: separarea solidelor din apa, pentru limpezirea acesteia;
e durata etapei este =~ 20% din durata unui ciclu;
IV. Evacuare apa limpezita
e obiectiv: evacuarea apei limpezite din bazin;
e durata etapei de evacuare poate fi cuprinsa intre 5...30% din durata unui ciclu (0,25h +
2,0h), cu o valoare uzuala de 0,75h;
V. Evacuare namol (stand-by)
e obiectiv: permite celei de-a doua unitati sa realizeze etapa de umplere;
e evacuareca namolului in exces se realizeaza la sfarsitul fiecarui ciclu;
e durata etapei de evacuare este = 5% din durata unui ciclu;
Procesul de epurare biologica din bazinele cu functiune secventiald nu necesitd recircularea
namolului.
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Fig.1 SBR — schema clasica.

DESCRIEREA SISTEMULUI ICEAS™

Procesul ICEAS™ (Intermittent Cycle Extended Aeration System) este o tehnologie imbunatatita a
sistemului SBR(Sequencing Batch Reactor) ce permite ca intregul proces sa aiba loc intr-un singur
bazin, asigurand alimentarea continua inclusiv 1in timpul fazelor de sedimentare si evacuare ale
ciclului. Acest proces este un sistem complet automatizat, care raspunde la variatiile de debit si
incarcari, este usor de extins si produce un efluent de calitate superioard. Procesul ICEAS™
necesitd o suprafatd mai mica de teren si mai putin echipament, deci se reduc costurile de investitii
si exploatare producand in acelasi timp un efluent de calitate mai buna in comparatie cu sistemele
conventionale utilizate la epurarea apelor uzate din mediul urban si industrial.
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In cadrul acestui sistem compact, egalizarea fluxului, oxidarea biologicd, decantarea secundara si
eliminarea nutrientilor biologici au loc in acelasi bazin, reducand sensibil costurile investitiei.
Regimul normal de lucru asigura nitrificarea/denitrificarea fara a fi nevoie de reactivi si echipament
suplimentar.

ICEAS™ este o tehnologie imbunatatita a reactoarelor cu functionare secventiald. Fiecare ciclu
cuprinde trei etape de baza (fig. nr.2), periodice:

1. Etapa de aerare;

2. Etapa de sedimentare;

3. Etapa de evacuare efluent.

7

Acrare Decantare (aerare opritd) Deversare apa epuratd

Fig. 2 Etapele procesului ICEAS™.

Destagurarea procesului este sincronizata automat cu ajutorul unui automat programabil.

Reactorul este alimentat continuu cu ape uzate brute, indiferent de procesul periodic care se
desfagoara in momentul respectiv—aerare, sedimentare sau decantare. Influentul este admis continuu
in compartimentul de pre-reactie, unde 70% - 80% din CBOs solubil este absorbit de biomasa.
Acest compartiment actioneaza ca un selector organic, marind eficienta sistemului si prevenind
dezvoltarea microorganismelor filamentoase.

Utilizarea unui perete deflector pe sub care se desfasoara curgerea permite admisia continud §i
simultand a influentului in toate unitatile ICEAS™, indiferent de etapa de epurare, ceea ce elimind
necesitatea utilizarii unor conducte de distributie a influentului, supape de control automat precum
si cabluri de comanda, inclusiv riscul de tulburare a procesului in caz de defectiune. Influentul poate
curge gravitational, printr-un canal prevazut cu praguri simple de deversare, in bazine.

Admisia continud a influentului, mareste capacitatea procesului de epurare de a face fata
incarcarilor soc, deoarece debitele de varf sunt distribuite simultan in toate bazinele, nefiind
concentrate doar intr-unul singur, ca la sistemul de umplere in serie.

Peretele de pre-reactie permite scoaterea din lucru a unui bazin, din motive de intretinere, debite
scazute ale apelor sau incarcari scazute. Vanele aflate in distribuitorul de la admisia influentului
permit oprirea unui bazin fara a iIntrerupe procesul continuu de admisie a influentului in bazinul
(bazinele) care continua sa lucreze.

Compartimentul de pre-reactie formeaza o zona de selectie biologica. Materiile organice brute intra
in contact cu namolul activat Tnainte de a patrunde In compartimentul principal de reactie. Acest
contact accelereaza procesul biologic de epurare.

Admisia continuda a influentului pe parcursul fazelor de sedimentare si decantare furnizeaza
nutrienti organici si o sursa de carbon pentru biomasa din zona anoxica favorizand procesul de
denitrificare. Sistemul ICEAS™ poate satisface cu usurinti si chiar depasi cerintele pentru efluent
de 10/10 mg/1 pentru CBOs/SS si 2 mg N-NHy4/1 .

Apa uzata influenta partial epurata va trece apoi pe sub deflectorul de pre-reactie in compartimentul
principal de reactie. Peretele deflectorului (fig. nr.3)impiedica producerea unor scurt - circuitari pe
perioada fazei de decantare.
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Fig. 3 Reactorul ICEAS™

Evacuarea namolului in exces se face ciclic (proces controlat de un automat programabil si un releu
de timp). Evacuarea se realizeaza prin intermediul unei pompe submersibile montate pe radierul
fiecarui bazin. Pompele de namol in exces montate in fiecare bazin, trimit namolul in bazinul de
stocare namol printr-o conducta PEID, fard a fi nevoie de conducte de recirculare a namolului
activat; fiecare bazin este echipat cu 2 mixere submersibile pentru denitrificare.

Ciclurile modulului biologic se bazeaza pe timp, mai mult decat pe nivel. Operatorul poate modifica
sistemul de comanda foarte simplu, introducand sincronizarile evenimentelor din timpul procesului
prin intermediul comenzilor cu afisare pe ecran. Procesele cu comenzi bazate pe nivel adesea
necesita revizuiri mai complicate ale programului de comanda care sa se adapteze la conditiile
schimbatoare din cadrul procesului. Debitul aerului se regleaza la fel de usor cu ajutorul contoarelor
de timp ale suflantelor de la comenzile PLC pentru nivele optime ale oxigenului dizolvat, din bazin
Fiecare bazin este echipat cu un senzor de oxigen dizolvat care in orice moment indica valoarea
oxigenului dizolvat din apa uzatad si care totodata porneste si opreste suflantele in functie de
necesarul de oxigen.

Starile alternante aerobe si anoxice din timpul perioadelor de aerare si sedimentare/decantare pentru
fiecare ciclu de lucru, favorizeaza nitrificarea si denitrificarea.

Procesul ICEAS™ nu necesita linii de recirculare ale ndmolului activat. Namolul generat in urma
procesului este bine stabilizat, deoarece procesul are loc 1n regim de aerare extinsa, cu timp mare de
retinere a particulelor solide. Biomasa se afld in stare anoxica si anaeroba pe perioada fazelor de
sedimentare si decantare ale fiecarui ciclu de lucru, utilizand apele uzate influente continuu in statie,
ca sursa de carbon pentru conversia NOs. Stabilizarea namolului din bazine apare ca rezultat al
starii repetate aerate/neaerate a namolului.

Comenzile procesului includ contoare ale pornirilor pompei de ndmol care permit operatorului sa
deverseze namolul dupa 0-120 minute, perioada fara aerare, asigurand concentratiile optime de
particule solide in instalatiile de prelucrare a namolului. Pentru pornirea / oprirea pompelor de
namol 1n exces si a mixerelor pentru denitrificare s-au prevazut regulatoare de nivel.

Sistemul de actionare a deversorului SAEAL(Sistem Amovibil Evacuare Apa Decantatd) se
monteaza pe pasarela bazinului, nu in bazinul propriu-zis. Aceasta permite accesul si service-ul de
pe pasarela fira acces in bazinul ICEAS™.
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In pozitia de stationare dintr-un sistem cu alimentare gravitational, deversorul oferd protectie contra
revarsarii in caz de intrerupere a alimentarii.

Deversorul este confectionat din otel inoxidabil si este destinat regimului de lucru prelungit, fara
intretinere. Constructia solida a fost testata in multe statii pentru conditii de vreme rece, pentru
functionare in conditii dure. Toate etansarile si lagarele sunt cufundate in lichid si sunt fabricate din
material sintetic pentru o durata de viata cat mai lunga.

Intreg procesul de epurare biologica este condus de un tablou de control si automatizare echipat cu
automat programabil. Procesul ICEAS™ este astfel conceput incat si permiti o extindere
simplificata, deoarece fiecare bazin formeaza o unitate modulara de epurare. Ciclul de lucru este
destinat functiondrii fara suprapunerea perioadelor de aerare, folosind doua suflante care sa
alimenteze cele doud bazine.

PARAMETRII DE DIMENSIONARE REACTOARE BIOLOGICE SECVENTIALE

In tabelul nr. 1 sunt prezentati parametrii de dimensionare ai sistemelor de epurare secventiale,

Tabel 1. Parametrii de proiectare reactoare biologice[i][ii] .

Nr Sistem de Sistem de epurare cu
rt. Parametru proces epurare nam lap tivat Sistem SBR
crt. ICEASTM ol activ

0 1 2 3 4

1 | Perioada ciclu 3—4h - 6—12h

2 | Bazin de omogenizare Nu este necesar Nu este necesar Necesar penj[ru

umplere rapida

3 | Admisie Continua Continua Discontinua

4 | Index volumetric namol 100110 150 - 200 120 - 200
(cm’/g)
Incarcarea F/M

5 (ke CBOs/kg s.u.7i) 0.05-0.15 0.2-0.5 0.04-0.12

6 | Varsta namolului (SRT) 16 — 25 10— 14 10 —30

7 | Concentratie biomasa 5.00 — 8.00 1.00 - 3.00 3.00 - 5.00
(kg/m’)
Productie specifica de

9 | namol (kg s.u/kg CBOs 1.0 1.50 1.10
redus)
Consum energetic

10 (kWh/kg CBOs redus) 0.80 1.60 1.50
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COMPARATIE PROCESE SECVENTIALE

3000 3

2500

2000

1500 +
= Aer (Nm3/h)

1000 - ® Presiune (mbar)

Debit aer/ presiune

500

ICEAS Max ICEAS Min SBR Max SBR Min

Tip proces de epurare

Fig. 4 Consumul de aer necesar in cazul proceselor ICEAS™/SBR pentru o statie de epurare cu
nitrificare-denitrificare de capacitate 2 500 m’/zi.
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W]
~J
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ESBR
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10 A

Varsta namolului(zile) Procentde umplere (%) Diametru bazin(m)

Fig. 5 Parametrii sisteme SBR*/ ICEAS™ pentru o statie de epurare de capacitate 2 500 m’/zi.
*Sistemele clasice SBR sunt dimensionate conform ATV-DWA-M210.
In figurile 4 si 5 se poate observa in cazul sistemelor tip ICEAS™ o reducere cu 21.3 % a
consumului de oxigen maxim necesar proceselor de nitrificare-denitrificare precum si o reducere a
diametrului bioreactorului cu 18.4 % fata de sistemele SBR clasice.
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CONCLUZII

Sistemele de epurare ICEA

STM

volumelor construite si avantajul flexibilitatii in operare.

In tabelul 2 sunt prezentate avantajele si dezavantajele sistemelor SBR/ ICEA

sunt competitive cu procesele SBR clasice dar au avantajul reducerii

STM

Tabel 2. Avantaje si dezavantaje sisteme SBR/ ICEAS™,

Nr. . . .
crt Sistem de epurare Avantaje Dezavantaje
necesitatea unui sistem sofisticat
. . de control si operare , in special
egalizare debite, decantare ope ; p
. . . . pentru capacitat: mart;
primara, epurare biologica si ibilitatea d
osibilitatea de evacuare a
decantare secundara p lului pe d th Cl; © d
. . . . namolului pe durata fazei
realizate intr-un singur bazin pe du crde
reactor: decantare (dependent de tipul
1 SBR clasic e . . sistemului de evacuare apa
flexibilitate in control si . !
limpezita);
operare; ) ) .
.. . risc de colmatare a dispozitivelor
economii de energie prin N
. de aerare pe durata ciclurilor de
reducerea unor echipamente; )
operare ( dependent de sistemul
de aerare).(iii)
alimentare continua, epurare
biologica si decantare
secundara realizate intr-un
singur bazin reactor;
sistem de control
nesofisticat datorita
alimentarii continue;
economii de energie prin ¢ in cazul capacitatilor mari poate
P [CEAS™ reducerea echipamentelor; conduce la preturi de investitie
sistem performant de ridicate;
decantare ce evita evacuarea
spumei sau a namolului;
posibilitatea de adaptare la
variatii mari ale debitelor si
incarcarilor (debit orar
maxim de ploaie si un bazin
in functiune).
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Abstract:

Biological processes, whether aerobic or anaerobic, are the most complex of modern science. This occurs
because the parameters of a different nature: chemical, physical, biological. For modeling these processes are
made physical considerations, chemical and biological that appear in the equations that describe the process.
Studies have failed to look at the issue of biological reactors in all its complexity. Thus, all kinetic reactions of
processing organic materials analyzes the process only the pure organic, without being able to watch all the
microorganisms that appears and perform biological degradation. The number of parameters, from involved
reactions, the variety of the species of bacteria is very large and complicates the problem very much. Thus a
precise description of these complex systems is almost impossible. Therefore we use the modeling of simple
processes.

A very important factor in modeling biological processes is determining the composition of wastewater.
Because it is impossible to take into consideration all the detectable compounds, they are grouped according to
their characteristics. Generally ,in modeling of biological treatment there are three groups: bacteria, organic
matter and compounds of nitrogen.

This work presents two models of the biological treatment process of wastewater. The first model is a
simplified model of the process, includes an aerobic tank. The second model shown is based on ASM1 (actived
Sludge No. 1) developed by the IWA (International Water Association) and includes a process that is carried
out in two tanks (one anaerobic and one aerobic). Based on these models can be designed more efficient
installations in terms of capacity treated.

Keywords
Wastewater, model, aeration, sludge

INTRODUCTION

The activated sludge model (ASM) applies especially to complex biochemical reactions of various
contaminants in wastewater and treatment systems of microbian wastewater.

The activated sludge process is widely used in wastewater treatment plants to reduce the levels of
effluents in contaminated wastewater from both sectors municipal and industrial. The process take
place generally in two units: an aerated biological reactor, in which bacteria are used to degrade
pollutants, and a unit decantation (or sludge), the activated sludge is decanted at the bottom of the
unit. Activated sludge, with the mixed liquid is recirculated from the bottom of the sludge in the
biological reactor. The mathematical model is an important tool for the scientific research and
technological development, the means of treating industrial wastewater. These mathematical models
are not only for preparing the experimental data, carried out also advanced calculations and
prediction.

In the past, the ASM1 model was investigated by direct integration of the governing equations. This
approach is consuming time, the regions parameters of interest (in terms of quality of effluent
leaving the plant) can be determined only by laborious and repetitive calculations.

In this paper the simplified model presented is based on ASM1 with activated sludge, the aerobic
process COD is separated into easily biodegradable dissolved organic, inert soluble organic,
biodegradable organic particles, organic particles slowly biodegradable and inert powders in
suspension produced by heterotrophic biological degradation. Simplified model improves the speed,
due the smaller number of parameters, with a simulation result similar to a model used by ASM 1.
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But it is highly necessary to adjust the model parameters because the industrial wastewater
parameters are different.

THE DEVELOPMENT MODEL OF ACTIVATED SLUDGE ASM

There are almost one hundred years since the activated sludge method was successfully developed
in 1913 in the UK. Applies in urban waste water treatment widespread because of efficiency of the
treatment and an easy management sludge. Has been found several advantages of the activated
sludge process. The researchers developed the mathematical model of activated sludge, in order to
improve the application of wastewater sludge in the industry. Several models ASM have been
developed by IAWQ according to this situation. Then, the activated sludge model made a great
progress in the world especially by using the microbial reaction mechanism, through practical
application of the model and software development, thus has accumulated valuable experience [1].
Biochemical processes that appears inside the reactor are modeled using model No. 1 of activated
sludge (the ASM1), which was developed by Henze et al. [2]. This model is an internationally
accepted standard for the modeling of the activated sludge. It describes the request of chemical
nitrogen and oxygen in treatment processes with suspended growth, including nitrification and
denitrification mechanisms. The model was found to provide a good description of the activated
sludge process, on condition that the wastewater were characterized in detail and are household or
municipal, but not industrial.

The ASMI1 models are composed from thirteen components, five stoichiometric coefficients,
fourteen kinetic parameters and eight reactions.

The ASMI includes eight processes that are fundamental to the activated sludge process. They are:
aerobic and anoxic growth of heterotrophic biomass,death of heterotrophic, aerobic growth of
autotrophic biomass, decomposition of autotrophic biomass, ammonification of soluble organic
nitrogen and hydrolysis of both captive organic particles as captive organic nitrogen.

International Water Association (IWA), provides typical values of ASM parameters for treatment
method of activated sludge of the urban wastewater. These typical values are the average results
determined from many experiments. However, there are no reference relations for the parameters of
industrial wastewater.

Table 1. Lists sequentially all parameters that must be determined.

Symbol Name

Yy The rate of occurrence by heterotrophic
bacteria

3 Biodegradable organic materials slightly
soluble

By The degradation coefficient of

heterotrophic bacteria
X; Inert particles COD
Ny The hydrolysis correction factor Hypoxia
uH The optimal linear method

K. Hanes method

K; The maximum rate of hydrolysis

K Half saturation coefficient of organic

matter slowly biodegradable

Table 1. List of determined parameters of industrial wastewater
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Previous studies have only research just using the direct integration model of the equations
governing. Such an approach is consuming time, as regions parameters of interst (in terms of
effluent quality leaving the bioreactor) they can be determined only by laborious and repetitive
simulations.

Two extensions have been developed by the ASM1 model. The ASM2 model that incorporates the
biological assimilation of phosphorus [3]. The ASM3 model provides an alternative for
heterotrophic bacteria, it is suitable for operating reactors near starvation conditions, in which the
heterotrophic bacteria offers an alternative source of organic material [4]. Van Veldhuizen, et al.,
has developed a model based on aerobic and anoxic biological mechanisms of removing
phosphorus through experiments on them. They have combined the ASM1 model to test the effect
of application of their model in wastewater treatment plants. They concluded the influences
concentration of the effluent and efficiency (production) of sludge by stoichiometric coeficient,
kinetic parameters, influent composition, structure of the hydraulic model and sensitivity of the air
flow, fluid mixed (combined) and recycled sludge [5].

Xiaodi Hao, et al., used a coupled ASM 2d model and Delft model for phosphorus removal to study
the two processes (BNR) to remove nutrients, UCT and A2N. They estimated the effluent quality,
sludge production and oxygen situation in different SRT conditions and temperature, with this
application process. Their study shows that these two processes can be evaluated by this coupled
model [6].

Zhao Hong, et al., Used ASM 2, SPM (simplified process model) and NN (neural network model)
to simulate the kinetics of the nutrients in removal SBR process [7]. The results show that the ASM
2 model was the most suitable to simulate this process. However, a coupled model NN and SPM
can provide a good prediction in different process conditions. As a potential model, is suitable for
online prediction and process control of the activated sludge system.

Koch G, et al., applies the ASM 3 model in the installation of the urban wastewater treatment in
Switzerland. They obtained a series of kinetic parameters and stoichiometric coefficients from their
experience to adjust The ASM3 model [8]. They have shown that the simulation of sludge
production and denitrification using the adjusted ASM3 model was better. But it could not
accurately predict the rate of phosphorus, removal because of the low rate of phosphorus removal
and complex process of the system.

Andreottola. G, et al., proposed a modification of the ASM1 model by separating the stage of the
nitration reaction in two stages of reaction, nitrosation and nitration. Then they optimized the
modified model using the method of the smallest square. This modified model works much better
than the dynamic model ASM1, in simulation of SBR process[9].

Furthermore, many researchers have created models based on the series model ASM such as ROM
(reduced order model), SIPHOR model, SLM (simplified linear model), and so on.

Simplified mathematical aerobic model with activated sludge

In this paper, we propose to present a simplified mathematical aerobic model with activated sludge
for a higher speed calculation based on the premise of a better simulation result.
Easy model is based on a reactor of constant volume and a completely mixed system.

Assumptions

One reactor with a continuous mixed system tank (CSTR) can provide an ideal system to study the
microbial growth model due to its simple characteristics. Undertaken: (1) CSTR is at a normal pH
and temperature conditions; (2) microbes are in a normal state, (3) concentration of contamination
is variational with fixed components; (4) is enough food for microbes in CSTR; (5) there is no other
biochemical reaction in the separator, except for a solid-liquid separation device [10].
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Reactor and balance equations

Figure 1 is a CSTR reactor with a schematic diagram of a function cycle. There is only one output
for particles material in the reactor. Fa este debitul de iesire. Microbial concentration and
concentration residues from output flow are the same as in the reactor. There are two exits from the
separator. One of them is the phase of light output. Outflow contains suspended material which will
be circulated to the reactor.X indicates particle components. S are the soluble components
Conditions values are constant, such as influent flow, concentration, pH, temperature and other
environmental conditions.

Fin
Ssi Xsi Fa Xob Fe Xbhe
Sil X ssXs ¥ L7 g ve
Xpi R, — Sie Xie
P Xpe
sepdrator
reactor F,, ew  Fbhw
Fr Xbkr Ssw Xsw
Sw Xiw
Ssr Ksr Xpw
Sir Xir
Xpr

Fig. 1 CSTR schematic structure [10].

At steady state, there are: 5. =5, ,5; =52 , Xop = X = 0, 51 Xy = Ay

F,- Xorer)

Recycling ratio is /%,
bR

-"';F.- , and microbian concentration is
Flow balance equation is:

For reactor F.+E=F

(1)

For separator F, +F,,. +F =z

(2)

Mass balance equations (material) of the components are
[variation of components] = [the influent] - [the effluent] - [abandonment] + [variation in the
reactor]

3)

For soluble organic matter readily biodegradable
VR(ZE) = FinSei = ESee = FouSa + VRES,
(4)
After the wastewater is concentrated in the separator, &, 5. + £S5, * F.5;.. So, we obtain the
equation (5).
VR(ZY) = FuSui — BSe + VRS,
(5)

For soluble inert material, the mass balance equation, is the equation (6)

(6)

Because the inert material is not joining the reaction, means F,3;, + FaypJiyee = Fee , p5; = 0 and
VR (i—{] =0.So we can get F;,,5.: = £.5...

34



Conferinta Tehnico-Stiintifica
“Tehnologii noi de epurare a apelor uzate”

For organic matter particles slowly biodegradable, is the equation (7).

25) = FpSu — FuSue — FopSaw + VRX %

vR (S

If the separator completely finished the separation, then we obtain F,X;, =0 . If X; may
remain long enough in the CSTR reactor to achieve complete biodegradability, then X, =10
otherwise it will become inert particulate matter. So, we have the equation (8).

VR(ZZ) = BoXo: + VRX,

=

(8)
For inert material particles, is VR (':J_I"_':x

= FiXpi = FaXpe — FayeXgye + VRPX,

Under the precondition of completely biodegradable, it is assumed that all aspects of inert
organic particles produced by the decomposition of heterotrophic bacteria areF;Xy; = 0, F Xy, =0,

il
"y

into the flow of influence. So heterotrophic inert particles from the equation of balance of the
decomposition is determined by the equation (9).

X

VR ( "2) = —Fop Ko + VRO,
)

There are three subprocesses in CSTR system under ASM conditions, which takes into account
readily biodegradable issues produced by the heterotrophic growth and slowly biodegradable
problems from biodegradable particles of the material. There is no COD lost in the process of
decomposition, without electrons acceptor. The decay rate is constant under every environmental
conditions. Microbial from the influent is not considered because it is too small compared to the
microbial produced in the process. The main function of Salk alkalinity is an alarm to the low pH.
In this preliminary study, Salk alkalinity was not considered. The three subprocesses are the
following:

Aerobic growth of heterotrophic bacteria. Heterotrophic bacteria based on soluble elements
increasing with dissolved oxygen. The growth will be stopped when the concentration of dissolved
oxygen was reduced. Readily biodegradable matter and dissolved oxygen are two key factors on the
growth of heterotrophic aerobic bacteria.

Decomposition of heterotrophic bacteria. All decomposition mechanisms have been expressed in an
expression rate under aerobic conditions. The expression and concentration of activated sludge is
the first order of the reaction.

After degradation of heterotrophic bacteria, the product of slowly biodegradable XP particles will
be hydrolyzed and will release the same amount of readily biodegradable COD. This is actually
intended as inert matter according to age sludge from the activated sludge system, due to low
degradation rate. This means that the microbes are not all activated sludge.

CONCLUSIONS

This simplified model can be applied after an advance.correction. Adjusting parameters is very
important, difficult and time consuming to correct the process, particularly to adjust the experiment
parameters.

The results of model calibration depend on the number of experimental data and accuracy.

Using ASM models leads to a better understanding of activated sludge processes, to the creation
and simulations of models by which can control better these processes.

The mathematical model is an important tool for scientific research and technological development,
into the means of treating industrial wastewater.
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Studii experimentale pe instalatia pilot de epurare 4-6 LE
(Laboratorul de Alimentari cu Apa si Canalizari — Facultatea
de Hidrotehnica). Teste de precipitare a fosforului cu
reactivi chimici

Stanescu I.*
*preparator inginer, Departamentul de Inginerie Hidrotehnica,Facultatea de Hidrotehnica, UTCB.

Abstract

The research consists of experimental studies on the pilot installation for the chemical reduction of phosphorus
by using different chemicals. The chemical removal of phosphorus from wastewater can be achieved by
orthophosphate accumulation inside of the precipitates. The phosphates can be accumulated intracellularly in
the sludge biomass or inside the chemical precipitates. Between 4 — 8 weeks chemical challenge experiments
are reported herein in which the pilot installation was charged daily with different aluminum and ferric salts
and a poly-aluminum chloride by alternatively dosing. Throughout the experimental studies the wastewater
quality indicators such as : COD and nitrogen compounds were investigated in order to confirm the results
according to NTPA 001/2002 for these parameters. The chemical removal of the phosphorus has led to best
results for poly-aluminum chloride PAX 18 with residual concentrations of Total Phosphorus up to 1 mg/L,
according to NTPA 001/2002.

Keywords
Chemical reduction, phosphates, research, wastewater

INTRODUCERE

Studiul tehnologiei statiilor de epurare de capacitate mica este impus de obiectivele asumate de tara
noastra in conformitate cu Tratatul de Aderare.
Conform Programului Operational Sectorial pentru infrastructura de Mediu (POS Mediu), Axa
Prioritara 1 in Romania este “Extinderea si modernizarea sistemelor de apa si apa uzata” si are ca
obiective : asigurarea serviciilor de apa si canalizare la tarife accesibile, asigurarea calitatii
corespunzatoare apei potabile in toate aglomerarile umane, imbunatatirea calitatii cursurilor de apa,
imbunatatirea gradului de gospodarire a namolurilor provenite de la statiile de epurare a apelor
uzate.
Pe fondul dezvoltarii zonelor de locuit, prin atentia acordatd calitatii mediului si avand in vedere
noile cerinte din ce in ce mai restrictive, atat cu privire la emisiile de substante poluante, cat si la
controlul acestora, colectarea si evacuarea apelor uzate in mediul natural iIn comunitatile mici a
devenit o problema de actualitate.
Principalele considerente tehnico-economice ce trebuie avute in vedere la proiectarea statiilor de
epurare de capacitate micd, sunt: constructie simpld preuzinatd si usor de montat; siguranta in
exploatare; costuri de investitie §i exploatare; consum de energie; personal pentru exploatare;
automatizarea proceselor tehnologice; spatiu ocupat redus.
In Laboratorul de Alimentiri cu Apa si Canaliziri al Departamentului de Inginerie Hidrotehnica a
fost pusa in functiune o instalatie pilot de epurare cu urmatoarele caracteristici:

_ Debit influent: 0.6....1.4 m*/zi;

- Locuitori deserviti : 4 — 8 L.E;
Instalatia pilot de epurare este compusa dintr-un bazin compartimentat prin pereti despartitori si
sisteme hidraulice: zone de denitrificare, nitrificare si decantare secundard. Schema tehnologica a
instalatiei pilot este prezentata in Fig. 1.1:
Procesul tehnologic de epurare se desfasoara astfel:
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Apa uzata este admisa in zona de denitrificare (2), concentratia de oxigen dizolvat fiind
mentinuta sub 0.5 mg/L; amestecul apei brute cu namolul recirculat se realizeaza cu difuzori
cu bule medii (6); volumul zonei de denitrificare reprezinta 30% din volumul total al statiei;
Amestecul de apa — namol trece in zona de nitrificare (3) unde se formeaza namol activ cu o
biocenoza aeroba, concentratia in oxigen dizolvat fiind mentinuta la 2.5 mg/L; aerarea se
realizeaza cu difuzori de bule fine (7);

In decantorul vertical (4) apa este evacuati prin deversare (8) iar nimolul este recirculat in
zona de denitrificare printr-un sistem air — lift;

Namolul de recirculare este asigurat de un dispozitiv hidroejector cu aer (fig. 1.2, pct.5)

Influent i .!m =~ e
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Fig. 1.1 Instalatia pilot de epurare — schema tehnologica

Legenda:

1 — gratar cos 6 — difuzori bule medii
2 — zona denitrificare 7 — difuzori bule fine

3 — zona nitrificare 8 — deversor apa epurata
4 — decantor secundar 9 — eliminare plutitori

5 — conducta recirculare namol 10 — perete submersat
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DETERMINARI EXPERIMENTALE
Instalatia pilot de epurare a functionat continuu in perioada septembrie 2011 — noiembrie 2011,
timp In care s-au urmarit:

= Variatiile calitatii influentului si efluentului;

= Eficientele in indepartarea substantelor organice;

= Eficientele in indepartarea compusilor pe baza de azot;

» Eliminarea fosforului prin precipitare cu diferiti reactivi chimici;

= Stabilitatea In timp a proceselor de epurare.
In perioada de functionare a instalatiei de epurare s-au ficut determiniri privind calitatea
influentului si efluentului si s-au efectuat analize pentru indicatorii:

Temperatura si pH (SR —ISO 10523:2009);

Consumul chimic de oxigen (CCO-Cr, SR —ISO 6060 : 1996)

Continutul de azot amoniacal (metoda fotometrica); Hach DR 3800
Continutul de ortofosfati; metoda fotometrica — teste cuveta — Hach DR 3800

b

Instalatia de epurare a fost pusa in functiune la inceputul lunii septembrie 2011, fiind alimentata cu
apa uzatd la debit zilnic continuu Q = 1.44 m’/zi. Pe tot parcursul lunii septembrie statia a
functionat in conditii de aerare intense mentindnd o concentratie a oxigenului dizolvat O.D. = 2.5
mg /L. In zona de nitrificare a fost setat un program de aerare alternativ respectiv 40 minute aerare
continud si 20 minute repaus. Pentru dezvoltarea rapida a biomasei s-a adaugat zilnic in bazinul cu
namol activat un amestec microbian Bichem 1008 (Novozymes Biologicals), capabil sa dezvolte o
activitate microbiana pentru biodegradarea compusilor organici din apele uzate, de tipul : CBO,
CCO, hidrocarburi alifatice si aromatice, acizi grasi, proteine si grasimi.

Dupa o perioada de o luna, considerata ca si perioada de amorsare, s-au incercat teste de precipitare
a fosforului prin dozarea secventiald a reactivilor chimici de precipitare direct in zona de nitrificare.
Dozarea s-a realizat cu o pompa dozatoare Grundfos Digital Dosing Pump DDA. In paralel cu
urmarirea concentratiei de P — Total influent/efluent s-a urmarit si reducerea biologica pentru
indicatorii de calitate : CCO —Cr si NH,4'.

PRECIPITAREA FOSFORULUI

Precipitarea fosforului cu fier.
Reactia generalizata intre ionul de Fe*" si ortofosfati este:

Fe’® + H,POY > ¢ FePO, +nH* (1.1)

Sarurile de fier utilizate pentru precipitarea chimica a fosforului au fost: clorura ferica si sulfatul
feric. Reactia intre clorura ferica si fosfat este:

FeCl3 + PO <> FePO4 L +3CI~ (1.2)

Raportul molar Fe/P este 1/1; raportul masic pentru Fe/P este 1,8/1 iar pentru FeCls/P este 5,2/1 .
Reactia intre sulfat feric si fosfat este :
Fe,(50,); + 2P0~ — 2FeP0, + 3507 (1.3)

Testele de precipitare cu clorura ferica au urmarit eliminarea fosforului total la diferite doze, pentru
care s-a stabilit valoarea P-total initial din influent, determinanadu-se doza optima la un raport
masic egal sau mai mare fatd de cel stabilit prin reactie, stoichiometric ( a se vedea reactia 1.2).
Conform acestei reactii raportul FeCls: P = 5.2. Solutia de clorura ferica folosita pentru precipitare a
avut o concentratie de 8.2 %(solutia initiala stoc a fost diluata din 41% pentru a se putea incadra in
domeniul de dozare al pompei) si o densitate de 1.44 g/cm’. Dozarea a inceput cu un exces de 20%,
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urmand 50% si respectiv 75% fata de acest raport, astfel ca rapoartele masice intre clorura ferica si
P —total au fost de : 6.4; 7.8 s19.1.

Testele de precipitare cu sulfat feric au urmarit eliminarea fosforului total la diferite doze, pentru
care s-a stabilit valoarea P-total initial din influent, determinanadu-se doza optima la un raport
masic egal sau mai mare fatd de cel stabilit prin reactie, stoichiometric ( a se vedea reactia 6.7.
Conform acestei reactii raportul Fe,(SO4);: P = 6.4. Rapoartele masice intre clorura ferica si P —
total au fost de : 7.36, 9.6 si 10.8. Solutia de sulfat feric folosita pentru dozare a fost o solutie de
concentratie 42% si densitate 1.53 g/cm’.

Precipitarea fosforului cu aluminiu.

APP* + H PO ™3 ¢ AIPO4 + nH* (2.1)
Ionii de aluminiu reactioneaza cu ionii de fosfat si formeaza fosfatul de aluminiu:
AP* + PO > AlPO4 | (2.2)

Un mol de aluminiu reactioneaza cu un mol de fosfat iar raportul masic Al/P este 27/31, deci 0,87/1
. Uzual, aluminiul se foloseste in precipitarea fosforului sub forma sulfatului de aluminiu hidratat.
Reactia sulfatului de aluminiu cu fosfatul este urmatoarea:

Al,(SO,),-18H,0 + 2 PO>" — 2AIPO, ¥ + 35S0 +18H,0 (2.3)

Un mol de sulfat de aluminiu reactioneaza cu doi moli de fosfat, contindnd 62 g de fosfor si rezulta
doi moli de fosfat de aluminiu. Raportul masic este 10.7/1. Aceste valori sunt teoretice. In practica,
datorita reactiilor complementare care au loc, cantitatile de sulfat de aluminiu sunt mai mari.

Testele de precipitare cu sulfatul de aluminiu au urmarit eliminarea fosforului total la
diferite doze, pentru care s-a stabilit valoarea P-total initial din influent, determinanadu-se doza
optima la un raport masic egal sau mai mare fata de cel stabilit prin reactie, Al(SO4); 18 H,O: P =
10.7:1 Concentratia solutiei de sulfat de aluminiu hidratat cu 18 molecule de apa a fost de 10%.

Precipitarea fosforului cu policlorura de aluminiu (PAX 18)

Testele de precipitare cu policlorura de aluminiu PAX 18 au urmarit eliminarea fosforului total la
diferite doze, pentru care s-a stabilit valoarea P-total initial din influent, determinandu-se doza
optima la un raport masic egal sau mai mare fata de cel stabilit prin reactie, stoichiometric. Produsul
PAX 18 contine un procent de 9% Al si conform ecuatiei 2.2, 1 mol de aluminiu reactioneaza cu un
mol de fosfat conducand la un raport masic Al : P =0.87 : 1. Dozarea s-a realizat pentru rapoarte
masic corespunzatoare Al : P =0.87, 1.05, 1.3. (Produsul PAX 18 a avut o densitate de 1.356 g/cm3 .

METODA DE ANALIZA

In evaluarea eficientei statiei pilot de epurare s-au urmdrit indicatorii de calitate astfel :

1. CCOCr — metoda de determinare pentru acest indicator a fost metoda standard conform SR
—1S0O 6060 : 1996

2. NH; - metoda de determinare pentru acest indicator a fost metoda teste cuveti amoniu
Hach Lange — LCK 302, LCK 303; domeniu de masura 47 — 130 mg/L NH4-N, respectiv 2 —
47 mg/L NH4 — N.Aparatura : Hach DR 3800

3. P — total — — teste cuvetd Hach Lange —Metoda LCK 348 — domeniu de masura 0.5 — 5.5
mg/L PO4 — P; Aparatura : Hach DR 3800. Metoda de analiza constd in metoda acidului
ascorbic. Testul utilizat masoara toate formele de fosfor din proba supusa analizei
(ortofosfatul, fosfatul condensat si fosfatul organic). Aceasta metoda se realizeaza initial
prin descompunerea termica si acidifierea pentru a converti toate formele la ortofosfat. Apoi,
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ortofosfatul este masurat prin metoda acidului ascorbic. Deoarece proba nu este filtrata.
Procedura masoara atat ortofosfatul dizolvat cat si pe cel din suspensii. Metoda acidului
ascorbic se bazeaza pe reactia acidului ascorbic si a molibdatului de amoniu cu ortofosfatii
din proba pentru a forma un compus de culoare albastra. Intensitatea culorii este direct
proportionald cu cantitatea de ortofosfat din apa.

REZULTATE EXPERIMENTALE

In tabelul 1.1 sunt prezentate valorile pentru cei trei parametrii : CCO-Cr, NH," si P — total
(influent/ efluent) si tipurile de reactivi chimici folositi pentru precipitarea fosforului.

Parametru CCO-Cr NH," P - PO, Reactiv chimic,
precipitare P

Data influent efluent influent efluent influent Efluent

18-Oct 2011 267 334 41.2 2.2 3.94 3.8 FeCl;
19-Oct 2011 290 36 48.5 1.3 3.98 3.62 FeCl;
20-Oct 2011 200 41.5 42.6 1.2 3.76 1.76 FeCl;
21-Oct 2011 500 18 32.5 1.4 3.47 1.57 FeCl;
22-Oct 2011 480 67 44.5 1.2 4.71 1.41 FeCls
24-Oct 2011 288 54 44.7 1.4 4.25 1.29 FeCl;
25-Oct 2011 389 64 33.7 1.2 4.39 1.22 FeCl;
26-Oct 2011 279 45.6 40.1 1.9 4.07 1.3 FeCl;
27-Oct 2011 367 59 53.7 1.1 4.05 2.24 FeCl;
28-Oct 2011 325 44.3 16 1.2 4.23 2.83 FeCl;
29-Oct 2011 549 57 41 1.2 5.78 2.67 FeCl;
31-Oct 2011 723 53 51 1.1 6.17 1.47 FeCl;
1-Nov 2011 723 329 44 1.2 7.2 2.18 Fe,(SOy);
2-Nov 2011 444 31.3 55 1.2 6.35 2.48 Fe,(SOy);
3-Nov 2011 402 57.8 45 1.1 5.83 1.96 Fe,(SOy);
4-Nov 2011 388 63.5 43.3 1.3 5.78 1.33 Fe,(SOy);
5-Nov 2011 298 40.1 44.2 1.2 4.93 1.13 Fe,(SOy);
7-Nov 2011 259 47.8 441 1.3 5.08 1.18 PAX 18
8-Nov 2011 268 58.9 41.2 2.2 4.74 1.09 PAX 18
9-Nov 2011 260 51.5 48.5 1.3 4.98 1.15 PAX 18
10-Nov 2011 255 47.8 42.6 1.2 5.13 1.06 PAX 18
11-Nov 2011 280 42 46 1.8 4.23 1.17 PAX 18
12-Nov 2011 275 47 45 1.87 3.18 1.28 PAX 18
14-Nov 2011 425 174 53 2.2 4.47 1.44 ALy (SO4)3
15-Nov 2011 360 114 51.5 1.9 6.19 1.96 ALy (SO4)3
16-Nov 2011 289 44.5 44.3 1.2 5.87 1.56 ALy (SO4)3
17-Nov 2011 276 43 43.3 1.15 4.6 1.59 ALy (SO4)3
18-Nov 2011 258 39.7 45 1.11 3.98 1.29 ALy (SO4)3

Tabel. 1.1 Valorile parametrilor de calitate pentru influent/efluent
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Eficienta statiei pentru reducerea biologica a substantelor organice si a compusilor cu azot.

Figurile 3.1, 3.2. 3.3 si 3.4 descriu variatia indicatorilor de calitate CCO-Cr si NH;  pentru

influentul si efluentul instalatiei pilot, respectiv eficientele de eliminare pentru cei doi parametri.
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Fig. 3.1 Variatia concentratiei CCO Cr pentru influent/efluent, Fig. 3.2 Eficienta de eliminare a

substantelor organice (CCO-Cr)

NH,*, mg/fL

Variatia concentratiei de amoniu
60

influent/efluent

o A N ™~
SN AV MY
30 \/ L
20 f NTPAOO02
Y
R e u =

0 2 4 6 & 10 12 14 16 18 20 22 24

Numar de probe momentane
=t influent =——m=—efluent — = NTPAD0l = = NTPAQD2

26

Eficientade reducere a a indicatorului NH ,*, %

==
L=}

=
ca

o
~J

==}
[=1

Lo
cn

g

o
s}

o
=]

Eficienta de eliminare a amoniului

/

"'--_______-

4 6 8 10 12 14 16 18 20

Numar de probe

22

24

26

Fig. 3.3 Variatia indicatorului amoniu pentru influent/efluent, Fig. 3.4 Eficienta de eliminare pentru

indicatorul amoniu.

Rezultatele testelor de precipitare a fosforului pentru instalatia pilot de epurare.

Figurile 4.1, 4.2, 4.3, 4.4 descriu variatia parametrului P-total , valori influent si valori efluent dupa

adaugarea reactivilor de precipitare clorura ferica, sulfat feric, PAX 18 si respectiv sulfat de

aluminiu.
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Fig. 4.3 Variatia concentratiei P-total, precipitare cu PAX 18, Fig. 4.4 Variatia concentratiei P-total
influent/efluent, precipitare cu sulfat de aluminiu.

Eficientele de eliminare a fosforului total pentru cei patru reactivi chimici folositi sunt prezentate in
figura 4.5.
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Eficientele de eliminare a P-ului
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Fig. 4.5 Eficienta de eliminare a fosforului total pentru cei patru reactivi chimici folositi: clorura
ferica, sulfatul feric, policlorura de aluminiu PAX 18 si sulfatul de aluminiu.

CONCLUZII

Programul de cercetare a cuprins urmatoarele etape:
= Prelevare de probe de apa bruta (influent) si apa epurata (efluent);
= Determinarea indicatorilor de calitate pentru influent si efluent: CCO-Cr, azotul amoniacal
si fosforul total

Dupa efectuarea analizelor si dupa realizarea eficientelor de eliminare pentru indicatorii mai sus
mentionati, s-au constatat urmatoarele:
» Influentul are incarcari organice mari (CCO-Cr = 500 mg/L) si un continut al azotului
amonical care depaseste limitele impuse de NTPA 002 -2002 : 30 mg/L
= Eficientele optime de eliminare a substantelor organice si a compusilor pe baza de azot sunt
de 90 % la substantele organice si 98 % la azotul amoniacal (Fig. 3.3 si Fig. 3.4), iar
valorile celor doi indicatori se incadreaza in limitele impuse de NTPA 001 — 2002.
= Eficientele eliminarii fosforului prin procese de precipitare chimica a variat pentru cei patru
reactivi chimici utilizati, pentru care s-au stabilit diferite doze optime conform testelor
experimentale realizate;
= Consumurile energetice specifice : 0.9 — 1.4 kWh/m’;
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Concluzii privind dozele optime de reactivi de coagulare.
Figura 4.6 descrie eficientele de reducere pentru indicatorul P — total prin precipitare cu reactivii
chimici utilizati: FeCls, Fe,(SO4)3 , PAX 18 si sulfat de aluminiu.
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Fig. 4.6 Doza optima de reactiv de precipitare pentru eliminarea fosforului total.

Se observa o eficientd maxima de reducere a P-total pentru policlorura de Aluminiu PAX 18. Doza
corespunzatoare unei reduceri de 100% este valoarea de 9.6 g PAX18/ g P-total.

Valorile P -total din efluent in urma precipitarii cu PAX 18 s-au incadrat in limitele impuse de
NTPA 001- 2001.

Testele experimentale pentru ceilalti reactivi : sulfatul feric, sulfatul de aluminiu si clorura ferica au
condus la o eficientd medie de 70%, respectiv s-a obtinut o valoare de 78% pentru clorura ferica,
corespunzatoare unei doze de 7.8 gFeCl; pentru precipitarea unui gram de P (aceastd valoare
corespunde unui adaos de 50% fata de valoarea stoichiometrica).
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Abstract

Environmental contamination with pharmaceuticals as results of urban WWTPs effluents discharges into
receiving water bodies became a constant interest for specialists, in the last years. Even the amounts of
pharmaceutical compounds being introduced into the environment is likely low, their continuous discharging
might cause adverse effects on aquatic and terrestrial organisms.

The main causes are the lack of specific analytical methods for compounds monitoring, and also the low
efficiency of the applied urban wastewater processes to eliminate these organic micropollutants.

The paper presents some of our results from research activities conducted in two directions: monitoring and
treatment possibilities of urban effluents in order to evaluate the concentration level of pharmaceuticals
(influent/effluent) and mitigate the specific micropollutants, respectively.

Analytical determination of some pharmaceuticals (anti-inflammatory, antiepileptic drugs) from
influents/effluents of three urban WWTPs was carried out by high performance liquid chromatography
(HPLC) emphasizing in time evolution (9 months) of the pharmaceuticals in wastewater and their removal
efficiencies were evaluated.

The removal of residual pharmaceuticals and biodegradation byproducts from urban WWTPs effluents are
possible to be achieved by activated carbon adsorption, membrane processes (adsorption + ultrafiltration,
reverse osmosis) and advanced oxidation processes (homogeneous or heterogeneous media) based on
ozonation, Fenton reagent, UV photocatalysis (UV/H,0,, UV/TiO,).

Keywords
Pharmaceutical drugs, urban effluents, monitoring, treatment

INTRODUCTION

In recent years, the occurence and fate of pharmaceutical compunds (PhCs) in the aquatic
environment have raised great concern. The amount of pharmaceutical compounds being introduced
into the environment is likely low. However, due to their continuous introduction into the
environment and synergic effects through combined parallel action, even compounds of a low
persistence might cause adverse effects on aquatic and terrestrial organisms /1/. Numerous papers
reported the level of pharmaceuticals in wastewater, aqueous and solid environmental matrices.
Typical sources of PhCs are sewage effluents and hospital waste. Effluents from sewage treatment
plants contain a variety of PhCs, which are not completely removed in urban wastewater treatment
plants (WWTPs) and are released into receiving water systems. Antibiotics, anti-inflammatory,
antiepileptic drugs are some of the most representative pharmaceutical compounds found in urban
WWTPs influents and effluents/2-4/. Extensive research regarding the concentrations of
pharmaceuticals in the environment has focused on their occurence in surface water samples
affected by WWTPs effluents /5-7/.

The occurrence of emerging or newly identified contaminants in drinking water resources is of
continued concern for the health and safety of consuming public

The main objectives of the research presented in this paper were to verify the occurence and fate of
some anti-inflamatory drugs (acetaminophen, ketoprofen, naproxene, diclofenac, indomethacine,
ibuprofen), and a neutral antiepileptic drug (carbamazepine) in WWTPs influent and effluent
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samples and to evaluate the treatment possibilities in order to mitigate/remove the specific
micropollutants.

EXPERIMENTAL
Chemicals and reagents

Analysis of studied compound (six anti-inflamatory drugs and one antiepileptic drug) was
performed by a validated method based a HPLC-MWD determination. Chemicals, reagents and
materials with high purity degrees are used in anlytical investigations:
— carbamazepine, diclofenac, ibuprofen, ketoprofen, naproxen, indomethacine and
acetaminophen (< 99.9 % purity) — Sigma Aldrich/Germany;
— HPLC-grade acetonitrile, methanol, water, and ethyl acetate potassium dihydrogen
phosphate (99,995 % purity) —-Merck/Germany;
— oasis HLB cartridges (60 mg/3 mL) for solid phase extraction — Waters/USA;
— glass microfibre filters —-Whatman/UK.

Equipment

Analytical determination was performed on an Agilent 1100 (Agilent Technologies, USA) system
equipped with a degasser, quaternary pump, autosampler, column thermostat and multiple
wavelength detector (MWD). The separations were performed on a LiChrosphere® 100 RP-18
analytical column (125 mm length, 4 mm i.d; 5 pm particle size) from Merck/ Germany protected
by a LiChrosphere® 100 RP-18 (4 mm x 4 mm i.d., 5 pm) guard column.

Wastewater samples

Influent and effluent samples were collected monthly from three urban wastewater treatment plants
in the Pitesti, Brasov and Targu Mures areas. Each bottle was filled to the top to reduce headspace
and transported to the laboratory. Samples were stored at 4 °C until analysed. All samples were
analysed within 3 days. Fifty four influent and effluent samples were collected from January till
September 2011. All the applied treatment flows are based on conventional processes including:
physical-chemical step (settling, flotation) and biological step with activated sludge in tree culture.
The removal rate of PhCs along the treatment steps is also evaluated.

RESULTS AND DISCUSSION
Occurrence of pharmaceuticals in WWTPs influents and effluents
All monitored pharmaceutical compounds were found in the influents and effluents from the three

WWTPs studied in concentrations higher than the detection limits of the method. The concentration
range, and average values are presented in the table 1.

47



Conferinta Tehnico-Stiintifica
“Tehnologii noi de epurare a apelor uzate”

Table 1. Concentrations of the analyzed pharmaceutical compounds in WWTPs

Pharmaceutical Influent Effluent
compound/ Concentration Average Concentration Averatge
WWTPs range (ug/L) (ng/L) range (ug/L) (ng/L)
Acetaminophen
Pitesti 6.00-29.59 14.37 0.51-29.34 6.68
Brasov 0.41-24.56 13.12 0.08-17.55 7.22
Tg-Mures 0.29-32.18 9.78 0.19-2.80 1.03
Ketoprofen/
Pitesti 0.66-18.14 7.03 0.25-4.87 2.97
Brasov 1.26-21.66 9.20 0.33-4.24 2.13
Tg-Mures 0.15-10.51 3.17 0.19-1.47 0.68
Naproxene/
Pitesti <0.04-0.68 0.28 <0.04-0.37 0.10
Brasov <0.04-0.67 0.23 <0.04-0.24 0.13
Tg-Mures 0.13-0.74 0.40 <0.04-0.50 0.16
Diclofenac/
Pitesti 2.30-22.04 8.20 0.65-16.68 4.62
Brasov 0.43-13.34 6.96 0.30-5.40 2.72
Tg-Mures 2.14-10.59 5.96 0.55-3.36 2.12
Indomethacine/
Pitesti <0.06-3.37 1.52 <0.06-1.75 0.78
Brasov <0.06-3.63 1.52 <0.06-0.84 0.23
Tg-Mures 0.11-3.80 1.64 <0.06-0.58 0.27
Ibuprofen/
Pitesti <0.16-99.33 34.55 <0.16-25.84 11.41
Brasov <0.16-31.20 18.97 <0.16-20.00 10.60
Tg-Mures 0.22-35.13 10.93 <0.16-1.55 0.81
Carbamazepine/
Pitesti 0.07-5.24 0.89 <0.04-0.51 0.14
Brasov <0.04-9.46 1.46 <0.04-6.39 0.93
Tg-Mures 0.05-6.96 1.27 <0.04-0.22 0.15

As can be seen in the Table 1, all of the pharmaceutical compounds monitored were detected in the
analyzed wastewater samples.

The highest values of concentrations of investigated pharmaceuticals were found for ibuprofen in
Pitesti WWTP influent of 99.33 pg/L in April and 84.26 ug/L in July. Ibuprofen was the
pharmaceutical compound present at the highest concentration level in all wastewater samples,
suggesting its widespread and frequent use. These results are in agreement with data reported by
other authors in wastewater samples from Sweden /8/ and Spain /9,10/.

Temporal evolution of the pharmaceuticals during the sampling period

The temporal evolution of the concentration of the pharmaceutical active compounds in influent and
effluent wastewater during the monitoring period can be seen in Fig. 1-3. Each point shows the
momentary concentration of the collected sample. An increased concentration in influent and
effluent wastewater of ibuprofen, acetaminophen, diclofenac and ketoprofen was observed in the
coldest period of the year which correspond to the period January-March (months 1-3) and that can
be associated to the increase of drugs consumption. Generally, the lowest concentrations of the
pharmaceuticals were recorded in June and July in all the three WWTPs studied.
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Fig. 1 Temporal evolution of the pharmaceuticals concentrations in the Pitesti WWTPs
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Removal of the pharmaceutical compounds in the WWTPs

Removal rates of each pharmaceutical compounds in each WWTP studied during the nine months
monitoring period are presented in Fig.4. Removal rates of acetaminophen ranged between 37 %
and 90%. Removal rates ranging from 75% to 86% were observed for naproxen, and for
indomethacine from 56% to 94%. It was reported that analgesics such as naproxen and ibuprofen
are removed from wastewater mainly due to their bio-degradability /11/. Partial removal of
carbamazepine, a compound with poor biodegradability at low concentration, was Removal rates of
ketoprofen and diclofenac varied significantly between WWTPs in the ranges 24-76% and 48-84%,
respectively. Similar removal efficiencies of ketoprofen and diclofenac were reported at different
WWTPs /12/.
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Fig. 4 Removal efficiencies (%) of the investigated pharmaceuticals in the three WWTPs

Treatment possibilities of wastewater containing PhCs

The most frequent research techniques for removing PhCs fall into three categories: physical
removal (GAC adsorption, membrane processes), biodegradation and advanced oxidation processes
(AOP).

Rejection by membrane

The membrane processes are gaining wide use for contaminant removal in advanced water and
wastewater treatment. Compared to conventional processes, its remarkable advantage is the high
quality of effluent, including extremely low organic concentration, and removal of microbes and
viruses without chemical disinfection. Studies have discovered that the rejection efficiency of PhCs
by membranes strongly depended on micro pollutants physical-chemical properties, such as
molecule weight, K., water solubility, electrostatic property and so on micro-pollutants rejection
by the membrane processes has a very wide range, from 10% to greater than 99.9% taking into
account the relationship with membrane types. PhCs retention by the membrane processes is
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mainly due to size exclusion, charge repulsion, and adsorption. In comparing membrane types over
most cases, micro-pollutants rejection rate by reverse osmosis is the highest, followed by
nanomembrane types, then ultra-membranes, with the rejection of micro-membranes as the lowest
/1/.

AOPs (Advanced Oxidation Processes)

AOPs are oxidation methods based on the intermediacy of highly reactive species such as hydroxyl
radicals in the mechanism leading to the destruction of the target pollutant. Key AOP include
heterogeneous and homogeneous photocatalysis based on near UV or solar visible irradiation,
electrolysis, ozonation, the Fenton reagent, ultrasound and wet air oxidation /12/.

Ozonation seems to be the dark oxidation method most used in the removal of these new emergent
pollutants. The pollutants removal were obtained by using ozone dose from 0.1 to 30mgL™.
Removals higher than 90% were reached for several compounds such as anti-inflammatories,
antibiotics, antiepileptics and natural and synthetic estrogens.

UV/H,0; and TiO, photocatalysis are the light oxidation processes most used to destroy PhCs.
Removals higher than 98% were obtained using TiO; photocatalysis for estrogens and antiepileptics
/13/.

In table 2 are summarized representative literature results on the AOPs applied for several
pharmaceuticals.

Table 2. Removal efficiencies of several PhCs by AOPs

PhCs Initial Water matrix AOP % removal
concentratio
n
2 ug/L Drinking water | O3/H,0,=2:1, Os=Img/L, Tr=10 |Complete
min
15 mg/L Distilled water | 200 mg/L TiO,/Artificial sunlight | Complete in 60
2 ;
Antiiflamatory at 750 W/m min
drugs 50 mg/L Fresh water Photo-Fenton in solar pilot plant | Complete in 100
Diclofenac min

50 mg/L Distilled water |Sonolysis at 617 kHz, 90 W in the |85% in 30 min
presence of 100 mg/L TiO,

0.3-3.8 ng/L | Raw river 1.5-2 mg/L Ozone as part of Complete in 20
water conventional drinking water min
Antiepileptic treatment plant
drugs 240-710 Surface water | 10 mg/L H,O,/UV(200-300 nm) | 90% at 853
Carbamazepi ng/L mJ/cm®
ne 4.2 mg/L Lake water 100 mg/L TiO,/Artificial sunlight |75% in 9 min
with 0.5 mg/L
NOM
10 mg/L Distilled water |1 g/L TiO,/UV (125 W) r(lil(i)rrlnplete in 20
Lipid regulator

Clofibric acid | 179 mg/L Distilled water |Electrolysis over boron-doped Complete in 7
diamond at 100 mA/cm” and 1 min
mM Fe*'
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215-320 Distilled water |1 M H,O,/UVC (17 W) 90% in 60 min
meg/L 0.01 mM Ozone Complete in 20
min
27 ng/L Deionized 1.5 mg/L Ozone 99% in 1 min
water
Contraceptive |0.5 mg/L Distilled water |Electrolysis over boron-doped Complete in 8
drugs diamond at 25 mA/cm®, pH=10 |min
17pB-estradiol and Na,SOq4
0.8 mg/L Acetonitrile/wa | TiO; film/UV (125 W) 50% in 2 min
ter
CONCLUSIONS

The main remarks taking into account the results of our investigations are, as follows:

the urban WWTPs effluents represent a major pollution source of natural water supplies
with pharmaceutical compounds;

the spectrum of compounds is continually expanding and the analytical methods necessary
to detect compounds at trace level concentrations (ng-

the legislative frame must be developed in order to contain regulations regarding maximum
admitted concentrations for emerging pollutants;

the advanced removal of organic micro-pollutants can be achieved by an integrated
treatment technology based on AOPs pre-treatment, biodegradation and membrane
processes.
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Abstract

During the last two decades, environmental regulations have become more stringent because of increasing
concerns about protecting human health and the environment against pollution with various toxic contaminants
such as HCH insecticides, especially Lindane (y-HCH isomer). Due to their high resistance to microbial
degradation, these compounds with carcinogenic and mutagenic properties can be accumulated in the
environment, polluting groundwater and surface water.

Since the application of classical treatments can not allow easily degradation of HCH isomers, development of
stronger water treatment techniques like Advanced Oxidation Process (AOPs) is necessary.

Combination of H,O, with Fe*' under UV-VIS irradiation, the so-called solar-Fenton process is one of the
AOPs successfully applied, which can significantly enhance degradation of many refractory organic
compounds, based on the oxidant action of  in-sifu generated OHe radicals upon pollutants.

It was investigated the degradation of Lindane and other HCH isomers from wastewater by solar-Fenton
process and the assessment of the working parameters on the degradation efficiency. The photooxidadation
experiments were performed at pH=3 and tens pg/L pollutants initial concentrations, in a solar photoreactor.
The main element of reactor is the battery collector consisted of 26 borosilicate glass tubes connected in series.
These components were mounted on the plain surface of a reflector made of aluminum sheet. To insure the
proper light irradiance, the reflector was installed on a frame coupled to a computer-based - two axes
automatic system which follows the sun according to the astronomic algorithm.

Based on the obtained results it was established the treatment solution for advanced degradation of HCH
isomers from wastewater up to the limits imposed by national and European legislation for surface receivers (<
0.042pg/L).

Keywords
HCH isomers, solar-Fenton process, wastewater treatment

INTRODUCTION

The application of organochlorinated insecticides in agriculture is a well-established effective
practice for crop protection against pests and certain vectors of disease/1/. y-HCH, also called
Lindane, the effective component of HCH technical insecticide, had been widely used in agriculture
worldwide since 1940s. It is estimated that around 10 million tones technical HCH were used
between 1947 and 1997/2/. The technical HCH has been gradually banned in the developed
countries since 1970s and in developing countries since 1980s due to its proven adverse effect on
human and animal health and to serious environmental problems /3/. It was widely detected in soil
and water, also due to its slow transformation in the environment /4,5/. As a result, there is a need to
develop technological approaches for rapid degradation of Lindane in water, of which advanced
oxidation processes are promising methods. Although this insecticide exhibits very slow rate of
direct photolysis, it does react rapidly via *OH radicals. In aqueous solution, Lindane can be
degraded by H,0, assisted photolysis or photocatalysis in the presence of polyoxometalates
PW,,040> or TiO, /6-10/. In addition, the photochemical conversion of Lindane in the presence of
humate-coated a-Fe,O3 has been reported/11/.

Another study indicates that a combination of H,O, and solar irradiation in the presence of Fe**, the
so-called solar-Fenton process, can significantly enhance decomposition of many refractory organic
compounds. Until now, the solar-Fenton process has been applied for the degradation of other
classes of pesticides and refractory compounds/12,13/. The acceleration of organic compounds
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degradation is produced by the photoreduction of iron aquacomplex, which provides a new
important source of OHe radicals.

In the present study, we investigated the Lindane degradation from groundwater by solar-Fenton
process. The influence of working conditions: Fenton’s reagents dose, pollutant concentration,
irradiation time on the process efficiency was investigated. Based on the results obtained, we
proposed a technological solution for advanced degradation of Lindane from tens of ug/L to MAC
for surface water ( <0.02 ug/L).

EXPERIMENTAL SETUP

Solar pilot installation for water treatment by photocatalysis

The experiments were conducted in pilot installation with recirculation (Vow=6.4L). Water to be
treated was continuously pumped at 90L/h through the feeding /recirculation column, solar reactor
and heat exchangers, after Fenton reagents (H,O, and FeSO,) were added. The main element of
solar reactor is the battery collector (Viy=5.4L, A= 1.53 m’) with 26 borosilicate glass tubes
connected in series. These components were mounted on the plain surface of the reflector made of
aluminum foil on glass fiber. To insure the proper irradiance throughout the experiment, the
reflector was installed on a frame coupled to a computer-based - two axes automatic system which
follows the sun according to the astronomic algorithm. The equation for calculation of solar energy
accumulated at different irradiation times is:

Air

En =Ep_1 + Aty xTpeqpn X
Viotal

where:

En 1 = solar energy accumulated at different irradiation times n and n-1, [kJ/L];

At, = irradiation period = t, — t,i, S;

Imean = average irradiance during At,, [W/m’]:

Aj; = irradiated area, [mz].

Characteristics of polluted water
The experiments of advanced oxidation were conducted on groundwater samples from a monitoring
well belonging to SC OLTQUINI SA, a company processing Lindane. For physical-chemical
characterization of water samples were applied the following analytical methods: gas-
chromatography (Lindane, ¥ HCH), ion- chromatography (Cl, SO4*), molecular absorption
spectrometry (Fe*"), gravimetry (suspended solids) and COD-Cr.
Characterization data showed in table 1 emphasize a high level of HCH isomers of tens of pg/L
(MACsphch = 0.042 pg/L). Lindane is present at concentrations 1700 x higher than MAC for surface
water (0.02 ug/L).

Tabel 1 Physical -chemical characterization of groundwater

Indicator UM Variation domains
pH - 6.97-7.27
Cr mg/L 170-196
SO~ mg/L 35-52
Fe mg/L 0.09-0.1
Suspended solids mg/L 44-52
COD mgQO,/L 70.4-78.8
yHCH(Lindane) ug/L 18.01-34.01
>HCH ug/L 52.25-68.68
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RESULTS AND DISCUSSIONS

Organic pollutants degradation by solar-Fenton process is based on the oxidizing effect of OHe
radicals, in-situ generated by decomposing H,O,, under catalytic action of Fe*".

Fe’" + H,0,— Fe(OH)*" + OHe»

In the presence of sun light, the photoreduction of Fe(OH)*" species assures Fe*" regeneration and
supplementary OHe radicals, which accelerates the process of pollutant degradation.

Fe(OH)*" +hv — Fe*" + OHe + OH

Influence of Fe2™ concentration and irradiation time

Considering that Fe*" is the photocatalyst for generation of OHe radicals, this parameter was studied

on Lindane turnover in order to establish the optimum degradation conditions.

The experiments were performed under certain operating conditions: pH=2.5-3; [Lindane], = 34

ng/L; SHCH=68.68 pg/L; [Fe’'] = 15-50 mg/L; [Fe* |:[H20,] = 1:8; tir = 50-200 min; Imeq =

30W/m’. The analysis of the results, presented in table 2 reveals the following aspects:

— increasing photocatalyst concentration and irradiation time had a positive effect on Lindane
degradation as well as on other HCH isomers, due to increasing absorbance of light which
intensified the in-situ generation of free OHe radicals;

— degradation of other HCH isomers is higher than Lindane due to its high resistance of this
isomer to oxidation;

— the highest degradation efficiencies of 96-98% of HCH were recorded at [Fe”"]= 50mg/L si ti
= 200min.

Table 2. The influence of photocatalyst concentration and irradiation time on the Lindane
degradation efficiency. [Lindane]y = 34.01pg/L; [Fe*']:[H,0,] = 1:8

!L(w FEE_, Hg{}g, Li].'ldﬂ].'l, EH(.H. E, NLindan: | T THCH: N=202-
min mgL | mgL ug/L ug/L kIL %o % %o

0 15 70 3401 63.63 - - - -
30 =] 10.15 11.32 2222 7016 | 8332 =08.57
100 <1 8.01 9.76 51.29 73.52 | 8379 =08.57
150 <1 8.74 9.12 8228 7431 | 86.72 =08.57
200 ! 5.67 5.86 105539 | 7452 | 87.10 =08.37
0 25 125 401 63.63 - - - -
30 3.50 3.91 6.9 20.83 82.62 | 89.93 87.20
100 2.33 261 3.22 531.00 | 9231 | 9531 98.14
150 1.62 2.40 272 8496 | 9294 | 96.04 98.70
200 =1 2.24 240 11516 | 9341 | 96.51 =089.20
0 50 250 401 63.63 - - - -
50 11.51 3.48 4.04 2488 | 8977 | 9412 8540
100 7.43 1.41 1.69 3580 | 9584 | 9734 97.03
150 438 1.25 1.37 93.60 | 96.33 | 95.00 88.25
200 213 1.18 1.23 12645 | 9652 | 98.21 89.14
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Influence of H,O;, concentration and irradiation time

Taking into account that the level of OHe radicals depends on hydrogen peroxide concentration, the
influence of H,O, variation on Lindane and others HCH isomers degradation was studied.

For advanced oxidation of HCH isomers (tens pg/L) different doses of H,O, were applied according
to the molar ratio [Fe*]:[H,0,] = 1:8-1:25 and also different irradiation times = 50-200 min at the
optimal photocatalyst dose established in previous experiments and Ipeq= 30 W/m”.

The experimental results presented in table 3 and 4 are emphasizing the following aspects:

the increases of H,O, concentration and Fe®" concentration have similar effect on pollutant
degradation;

extension of samples irradiation time between 50 and 150 min. has a positive effect on
pollutants degradation; this is more pronounced in the first 50 min. of irradiation and is
significantly diminishing later, due to decrease of substrate concentration;

at identical conditions of operation the degradation efficiencies of pollutants decrease with
increasing of their concentration and [Lindane]/[ ZHCH] ratio; this is due to formation of
degradation intermediates which compete with HCH isomers for OHe radicals consume, as well
as higher resistance of Lindane to oxidation, compared to the other HCH isomers;

Involvement of *OH in secondary reactions is sustained by the evolution of H,O, consumption,
which increases with pollutant concentration; this effect is pronounce for prolonged irradiation;
Advanced degradation of HCH isomers with more than 99.9% efficiency is recorded after
applying doses of H,O, between 500-750mg/L and irradiation times of 150min., the remanent
pollutants concentrations complying with discharging limits for surface water (Lindane < 0.02
ng/L, THCH < 0.042 pg/L).

Table 3.The influence of H,O, concentration and irradation time on the
Lindane degradation efficiency. [Lindane], = 18.01ug/L;[Fe* ]=50mg/L

ti. | [Fe1[H:0:] | H;O:, | Lindan, | ZHCH, E. Niindaps | MEHCH: | MH202
min mg/L ug/L ug/L kJL %o % %o
0 1/8 250 18.01 52.25 - - - -
30 16.15 1.16 1.58 2423 93.57 96.98 93.54
100 12.30 1.04 1.25 36.18 9412 97.61 95.08
150 10.90 0.98 1.07 90.72 9432 97.95 95.64
200 9.97 0.95 0.98 11872 | 94.72 98.12 96.01
0 116 500 18.01 52.25 - - - -
50 38.15 0.16 0.33 22.73 99.10 99.37 92.37
100 31.25 0.07 0.12 51.93 99.60 99.77 3.75
150 28.60 0.02 0.02 7779 99.89 99.96 94 28
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Table 4. The influence of H,O, and irradation time on the Lindane degradation efficiency.
[Lindane]o = 34.01pg/L;[Fe* ]=50mg/L

L}Im [E'Ez_].-"l__['lgﬂgl Hgﬂg: Li].'ldﬂ].'l: EHEH. E: NLindan: 1| zHCH: MNH202.
min mg/L ug'L ug/L kJ/L EL) %o %o
0 1/8 250 34.01 65.68 - - - -
30 11.51 348 4.04 24.88 89.77 9412 | 9540
100 7.43 141 1.69 35.80 95 84 9734 | 97.03
130 438 1.25 1.37 03.60 96.33 9800 | 98125
200 2.15 1.18 1.23 126.45 96.52 98.21 | 99.14
0 116 500 34.01 63.65 - - - -
30 29.00 0.96 1.29 29.01 97.18 98.12 | 94.20
100 17.03 0.37 0.69 66.47 0831 9900 | 9639
150 9.15 0.32 0.37 83.75 99.07 9946 | 98.17
200 6.40 0.13 0.13 117.22 9052 0981 | 98.72
0 1725 750 34.01 65.68 - - - -
30 30.14 046 0.73 2832 9863 0893 | 9334
100 37.534 0.03 0.16 32.17 99.92 9978 | 9499
130 26.25 0.02 0.03 87.76 9094 99956 | 96.30

Technological solution for advanced degradation of Lindane from water

Based on the experimental results in solar photocatalytic pilot installation (Vir= 5.4L), it was
established the technological flow sheet and the optimal operating parameters for efficient
degradation of Lindane and other HCH isomers from tens of pg/L to concentrations under MAC.
The proposed technological flow sheet has the following steps:

— pretreatment through settling, applied optionally to remove solid suspensions over 60mg/L;

— solar photocatalysis (pH=2.5-3; Fe*" = 50 mg/L; H,O, = 500-750 mg/L; ti/ug HCH

removed = 6 min; Ipneq= 30W/m®);
— photocatalyst precipitation ( pH=7-7.5) and filtration.

CONCLUSIONS

- the solar-Fenton process can be considered an efficient and cost effective method for advanced
degradation of organochlorinated insecticides from water;

- high visible light absorbance of ferrihydroxo species, allows the replacement of UV sources
with solar natural light. Use of solar light ensures the Fe** photocatalyst continuously
regeneration in the OHe generation process, which has positive influence on pollutant
degradation efficiency and it is a cost effective technology;

- photodegradation of Lindane from tens pg /L levels up to discharging limit into surface water
can be performed by applying the following treatment flow: pretreatment (optional applied) —
advanced oxidation (solar Fenton system) - precipitation-filtration.
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Experiences with decentralized wastewater treatment units in the
Netherlands

Boele de Jong J, Hoenderdos P.

HISTORICAL VIEW

In the mid 90’s almost 100% of the domestic users in the Netherlands were connected to a sewerage
system.

During the preceding years many small wastewater treatment plants (those for small villages and in
rural areas with capacities les than some 5.000 PE) were shutdown and the scale of sewerage
systems was enlarged.

In the Netherlands this was possible as the country is flat and the population density is high with
exception of some agrarian and touristic areas.

But especially in these areas isolated farms and touristic centers had no connections due to the high
costs of connections to the main pressure pipes.

At that time (1998) the government decided that also these users had to be connected to the larger
sewerage systems or had to have their own private wastewater treatment.

It took several years - until the beginning of this century - until the legislation was mature. In 2009
the latest adjustments and details were regulated based on experiences of the preceding years.

The objectives were clear, standards (for effluent etc.) were set and the financing was organized.

Three levels of treatment were distinguished based on the effluent from the treatment:
Class I: effluent from improved septic tanks

Class II: high yield biological treatment

Class III: effluent in accordance with standards for bigger systems.

Afmitech Friesland was one of the innovative companies who developed their own system with
special focus on the small seize and still full biological treatment.

Other companies on the market tried to be successful with downsized bigger treatment plants or
with improved septic tanks.

A certification system was developed and a few systems among which those of Afmitech Friesland
were actually certified.

However: many projects were executed by the larger engineering companies and investment costs
were in many cases of more importance than quality of the process or operating and maintenance
costs.

Nevertheless Afmitech Friesland has since 2000 installed more than 400 units ranging from 5 to
200 population equivalents.
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And also for industrial applications Afmitech Friesland has installed several units (among which
also IBS systems for larger capacities).

During these years quite some experience has been obtained with respect to process quality, O&M,
costs etc.

Looking backwards the critical success factors of the products and projects can be determined.
The conditions, experiences and critical success factors of the following projects in the Netherlands

will be discussed to some extend during the presentation.

Basic scheme of the Bever IIIA and IBS decentralized wastewater treatment units
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PROJECTS

The island Tiengemeten

Tiengemeten is located in the province South-Holland and is a part of the municipality Korendijk.
In 1990 it was decided to transform the agricultural function of the island into a unique nature
resort. It is now the biggest nature development project of the Netherlands after buying out the
landowners.

The dimensions of the island are about 8.5 kilometers in length and 3 kilometers width. Actually,
there was no direct connection from the island to the sewerage system and wastewater treatment on
the mainland. But recently (2009) Afmitech has installed one unit, which is meant for the whole
island. A total of 9 sewage pumping stations are transporting the wastewater of over 150
recreational households towards a decentralized wastewater treatment installation.

Yearly some 30.000 tourists are visiting the island.

By commission of the municipality of Korendijk the decentralized wastewater treatment installation
was erected by Afmitech Friesland BV and consists of a dug in treatment plant with a diameter of
2.8 meters, a total height of 6 meter and sticks 2 meter above ground level. In the high season this
installation processes more than 22 m? of wastewater a day. Furthermore, a buffer pump sump and
an excess sludge sump, which are completely buried, are applied. The remote control is performed
by CARS telemetry system and is designed and built by YP Telemetry BV in Drachten in
conjunction with Afmitech Friesland BV.

Success factor for this application is the flexibility of the system: the wastewater load is
unpredictable (weather conditions, season, type of visitors).
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Bungalow and recreating park “Speelmansplaten”

Speelmansplaten is located in the province Zeeland and is a part of the municipality Tholen. In
2011 a project development agency started building of 80 bungalows and a restaurant.
Speelmansplaten is part of the road on the dike “Oesterdam” through the water “Oosterschelde”
between the city’s Tholen and Bergen op Zoom. There was no direct connection to any wastewater
treatment plant. The first idea was to construct a wastewater pressure pipeline of about 7 kilometers
to the central sewage treatment plant of the city Tholen.

However, the high costs for the pressure pipeline (seven times higher) in comparison to a
decentralized wastewater treatment unit made them change teir mind. Moreover, the wastewater
treatment plant of Tholen was already at its maximum load. Thus the authorities decided to treat the
wastewater whit a decentralized wastewater treatment system of Afmitech. Other decentralized
systems dropped out due to lesser process specifications.

The decentralized wastewater treatment installation was erected by Afmitech Friesland BV and
consists of a dug in treatment plant with a diameter of 3.6 meters, a total height of 6,5 meter and
sticks 2 meter above ground level. In the high season this installation processes 40 m* of wastewater
a day. Furthermore, a 20 m’ buffer pump sump and a 20 m’ excess sludge sump, which are
completely buried, are applied. The remote control is performed by CARS telemetry system and is
designed and built by YP Telemetry BV in Drachten in conjunction with Afmitech Friesland BV.

Sneekerhof Marina

Sneekerhof marina is located at the Princess Margrietkanal near the village of Jirnsum and is a part
of the municipality Boarnsterhim (province Friesland).

This turnkey project includes the erection of a wastewater treatment installation type Bever II1A
near the toilet and shower building and the installation of a grease trap to benefit the restaurant, a
pumping station at the west side near the houseboats and holiday chalets and a pressure pump unit
near the houseboat of the administrator at the east side. The excavation work for this project is
conducted in cooperation with a local contractor.

The wastewater treatment installation consists of a dug in wastewater treatment plant with a
diameter of 2.4 meters, a total height of 5.6 meters and sticks 1.5 meters above ground level. In the
high season this installation processes 16 m* of wastewater a day. Furthermore, a buffer sump and
an excess sludge sump, which are completely buried, are applied. The system also consists of a
grease trap for the restaurant, a pumping station and a pressure pump unit.

Community and diary farm near Arad (Romania)

In November 2009 Afmitech Friesland from the Netherlands has placed a wastewater treatment
system in Romania. The system that has been placed is a Bever IIIA and will treat the domestic
wastewater of a community of approximately 180 persons. Besides the domestic wastewater the
system also treats the wastewater of the dairy farm itself, excluding flush water from the milk
parlor. The wastewater treatment of the community near the farm was part of the permit needed for
the establishment of the dairy farm.

The wastewater treatment system is placed in the outskirts of the city Arad in the west of Romania.
The Bever IIIA works according to the biological ‘activated sludge’. With this principle bacteria
that live in the wastewater are used to decompose the wastewater. The buffer pump sump for the
influent wastewater and the excess sludge sump for the secondary surplus sludge has been installed
by the client. A telemetry system with a GSM mobile signal, type “Cars”, is applied for managing
the remote control from distance.
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The used treatment plant has a diameter of 2.8 meters, a total height of 6 meter and sticks 2 meter
above ground level. The buffer pump sump and an excess sludge sump, who are completely buried,
are applied. These sumps each have a volume of 20 m’.

The nominal load with normally domestic wastewater is 18 m’ a day. But this system is designed
and tested for a structural load from 7,5 up to 27 m’ a day. This big structural range from 40% up to
150% is possible because of the buffer pump sump in relation with a intellectual, bus easily,
aeration and surplus sludge discharge system. Incidental is a load up to 200% possible.

Two mechanicals of Afmitech Friesland installed and started up the system into three day’s. This
was possible with thanks for perfect pre works of the client. By arrival of the mechanics the influent
buffer pump sump en excess sludge sump were already placed. Also the piping from the community
and the 380/400 volts electric cable were prepared. A local constructor did the assistant with a
digging crane. The active sludge, 7 m’, for starting up the Bever system was arranged by the
wastewater treatment system of the city Arad.

EVALUATION AND DEVELOPMENT TRENDS

In the beginning of 2011 an independent consultant has made an evaluation — initiated by 18
municipalities and 3 water boards - of the installed systems in the Netherlands with respect to
technical issues, operating costs, effluent output and customer satisfaction.

Some 1,600 individual (from single units to decentralized systems) wastewater units were evaluated
of which some 60 of Afmitech.

The results of this evaluation show a variety of defects of the installations especially of the more
simple and cheaper types. The systems of Afmitech Friesland were assessed as one of the best.

The effect of continuously improving the process and technical quality of the units can also be seen
by the latest trends.

The first installations are now at the point to be replaced, especially those with poor process quality
resulting in effluent that doesn’t meet the standards.

Afmitech Friesland is making good profit of this trend.

Although in a country like the Netherlands the market for new wastewater treatment plants is very
limited, Afmitech Friesland had recently obtained new projects of which the one on Tholen has
been described.

New challenges are in countries like Romania where authorities and experts — among which
engineering companies — should not make the same mistakes as were made in the Netherlands by
focusing on investment costs instead of on quality of process and O&M and on total costs of
ownership.
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Sectiunea 2:

Solutii moderne de colectare si epurare a apelor
uzate in comunitati mici
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Retelele de canalizare sub presiune — solutie rationala pentru
colectarea si evacuarea apelor uzate menajere produse in
localitatile rurale

Perju S.', sorin.perju@utcb.ro, Tudor G.” , george.tudor@wilo.ro
'Sef lucréri, Departamentul de Inginerie Hidrotehnica, Universitatea Tehnica de Constructii Bucuresti
*Director Statii de pompare prefabricate, WILO Romania s.r.l

Abstract

In recent years, together with the social and economical changes, the concern for the water and wastewater
supply systems has arisen up. At present, the investments in the water and wastewater supply sector are
allocated to the rehabilitation and the development of the water supplies and sewerage systems in towns and to
the accomplishment of new water supply and sewage systems in the rural areas. For the rural areas the
execution and the performance of the sewerage system is designed according to the wastewater flows, the
discharge in the collector system depending on the geographical area. Thereby, this paper describes the best
option for the development and execution of the sewerage systems in terms of cost-effective option and
minimal exploitation.

Keywords
Sewerage system functioning, underpressure sewerage network, wastewater

INTRODUCERE

Parte integranta a infrastructurii hidroedilitare a localitatilor, constructia retelelor de canalizare
constituie o prioritate majora a programelor de dezvoltare durabild, deoarece pe de o parte asigura
un nivel de civilizagie mai ridicat pentru locuitori, iar pe de altd parte rezolva unele dintre
problemele legate de protectia mediului, prin evacuarea controlatd a apelor uzate rezultate in urma
folosintelor de apa a consumatorilor casnici si industriali existen{i pe raza localitatii respective.
Avand 1n vedere importanta, necesitatea si raspandirea acestor retele, preocuparile proiectantilor si
specialistilor din domeniu au fost orientate pentru perfectionarea si dezvoltarea unor solutii
rationale pentru constructia si exploatarea retelelor de canalizare. Tematica s-a dezvoltat continuu,
motiv pentru care pana in prezent, in acest domeniu pe langad o bogata literatura de specialitate s-au
dezvoltat si o serie de noi concepte de realizare si functionare a retelelor de canalizare cu ajutorul
carora pot fi rezolvate problemele privind colectarea si transportul apelor de canalizare provenite
din cadrul aglomerarilor urbane.

In prezent, in Romania datorita urbanizarii excesive si a cresterii cerintelor de apa, retelele de
canalizare tind sd devind sisteme complexe de mare intindere, cu costuri de exploatare foarte
ridicate, motiv pentru care nevoia de reabilitare/extindere si regandire a acestor retele devine o
problema deosebit de importanta in cadrul optimizarii atat a costurilor de investifii si a cheltuielilor
de exploatare si intretinere, precum si cea a rezolvarii problemelor legate de sanatatea locuitorilor si
de protectie mediului Inconjurator.

Masurile de protectiec a mediului pe care trebuie sa le indeplineascd Romania pentru a se alinia
normelor europene, prevad realizarea pand la sfarsitul anului 2018 de sisteme centralizate de
alimentare cu apa potabila si canalizare, care sd fie corect si eficient exploatate [1]. Functionarea
corecta si eficientd a sistemului de alimentare cu apa nu poate fi realizata fara asigurarea colectarii
si epurdrii apelor uzate din localitate, motiv pentru care va trebui construita simultan cu sistemul de
alimentare cu apa si sistemul de canalizare. In acelasi timp, datoritd faptului ¢ termenele sunt
foarte scurte, realizarea si implementarea acestui deziderat necesita un efort deosebit atat din punct
de vedere financiar, cat si tehnic, deoarece complicatiile legate de realizarea unor asemenea sisteme
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in mediul rural (pentru aproximativ 40% din populatia tarii) sunt mult mai mari comparativ cu
sistemele de canalizare din zonele urbane (in orage populatia este obisnuitd cu un asemenea sistem,
intretinerea sistemului este mai simpla, costurile de exploatare sunt mai mici, iar resursele
financiare ale populatiei sunt mai mari, ceea ce face ca sistemul de canalizare sa fie mai sustenabil
comparativ cu cel din zonele rurale).

ASPECTE CONSTRUCTIVE SI FUNCTIONALE ALE RETELELOR DE CANALIZARE

Retelele de canalizare constituie obiectul cel mai dezvoltat al sistemului de canalizare si sunt
constructii de mari dimensiuni, a caror lungimi, In mod normal sunt egale cu lungimea strazilor pe
care sunt amplasate imobile cu functionalitate casnica, sociald, economica etc. Solutiile care pot fi
adoptate pentru realizarea retelelor de canalizare au fost dezvoltate in timp, pe masura ce a fost
nevoie de rezolvarea unor cazuri practice, functie de caracteristicile zonei canalizate, de importanta
obiectivelor existente in localitate, de calitatea apelor de canalizare, de materialele si tehnologiile
existente.

Retea de canalizare gravitationala

Conceputa si dezvoltata de cel putin 4.000 de ani, reteaua de canalizare gravitaionald, are o larga
aplicabilitate, fiind practic cel mai utilizat sistem de colectare, evacuare si transport a apelor uzate
produse din aglomerarile urbane. Modul de functionare al acestor retele de canalizare poate fi
realizat total gravitational, dar exista si retele care nu pot functiona fara o pompare succesiva (in
statii de pompare, simbolizate SP in figura 1).

Atunci cand vom decide conceperea unei retele de canalizare pentru care se adoptd curgerea
gravitationald cu nivel liber intr-o localitate rurald, vom constata cd unele aspecte ce tin de
functionarea corecta a retelei nu pot fi realizate, deoarece exista o serie intreaga de restrictii ce nu
pot fi indeplinite in exploatare. Ca urmare, vom constata ca in reteaua de canalizare, viteaza apei nu
poate realiza valoarea minima de autocuratire de 0,7 m/s cel putin odata pe zi, astfel incat sa se evite
colmatarea colectoarelor de canalizare [2]. Acest inconvenient este generat de urmatoarelor aspecte:

e debitele de ape uzate sunt foarte mici;

e diametrul minim al tubului colector trebuie sa fie de 250 mm, indiferent de marimea
debitului, conform standardelor si normativelor tehnice in vigoare;

e conform SR-EN 752, panta colectorului trebuie sa fie 1/DN, deci minimum 4%.;

e pentru un tub/colector din PVC, pentru a avea o viteza de peste 0,7 m/s, ar trebui ca debitul
la sectiune plina sa fie de cel putin 35 I/s; la o localitate cu 5.000 de locuitori (o localitate
mare), pentru un debit specific de 100 l/om-zi, respectiv un coeficient de variatie zilnica egal
cu 1,3 si un coeficient de variatie orara egal cu 2, valoarea totald a debitului abia atinge 15
I/s (s1 aceasta in punctul final, inainte de statia de epurare);

e racordarea la retea se realizeaza in timp, datorita situatiei financiare precare a locuitorilor
din mediul rural, motive pentru care functionarea si sustenabilitatea sistemului de canalizare
devine incerta;

e cste posibila introducerea in reteaua de canalizare a unor ape neconforme, deoarece educatia
folosirii corecte a canalizarii este intr-o faza incipienta;

e cxistenta unui numar ridicat de statii de pompare reduce semnificativ siguranta functionarii:
o avarie (lipsa de energie) la o treaptda de pompare poate bloca o mare parte a retelei,

materialul din care sunt realizate retelele de canalizare (PVC, PAFSIN, beton etc.) are o mare
influenta: retelele de canalizare realizate din materiale plastice (PVC, PAFSIN) prezinta o serie de
avantaje, fiind net superioare retelelor de canalizare realizate cu tuburi din beton. Avand o
rugozitate mult mai mica (PVC, PAFSIN) comparativ cu betonul, retelele de canalizare din
materiale plastice asigura o curgere mai buna, evitandu-se depunderile si inceperea fermentarii apei
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uzate in colectoare. Totodatda sunt mult mai rezistente la agresivitatea solului si a apelor de
canalizare [6].
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Fig. 1 Sistem de canalizare cu functionare gravitationald si pompare succesiva
Retea de canalizare functionand sub vacuum

Pentru zonele in care terenul este plat, debitele sunt mici si foarte variabile, nivelul apei subterane
este ridicat, sau acolo unde costurile de exploatare si intretinere a retelei de canalizare gravitagionale
sunt foarte mari, solutia ce poate fi adoptata pentru canalizarea apelor uzate menajere o poate
reprezenta reteaua de canalizare sub vacuum (figura 2).

Fig. 2 Schema canalizarii functionand sub vacuum
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Prima retea de canalizare sub vacuum a fost construita in Olanda, in anul 1863, fiind realizata din
tuburi de azbociment, cu supape mecanice si pompa de vid actionatd de o masind cu aburi. De
atunci si pand in prezent, progresul tehnic in acest domeniu a condus la realizarea unor sisteme de
canalizare moderne, construite din conducte de polietilend elastice, imbinate cu fitinguri prin
procesul de electrofuziune, pentru care vidul necesar se produce cu cele mai moderne pompe de vid
in statii complet automatizate, iar supapele de vacuum functioneaza pneumatic, prezentand
fiabilitate mare in exploatare. Astfel In numeroase tari ale lumii, printre care Japonia, Marea
Britanie, Irlanda, Venezuela, Ungaria, Polonia, SUA etc., functioneaza deja sisteme de canalizare
sub vacuum [3].

Functionarea retelelor de canalizare sub vacuum este dependenta de: marimea pierderilor de
vacuum 1in regim static si dinamic de functionare, produse de lifturile conductelor vacumate; de
numarul si distanta dintre lifturi; de tipul si locul de formare a dopurilor/acumularilor de apa; de
tipul de revenire si refacere a vidului, de modul de executie, exploatare si intrefinere a sistemului
[4].

In tara noastra sunt incepute citeva astfel de sisteme (la Bors sistemul ar trebui sa fie functional
deja), iar experienta se va extinde probabil, datorita avantajelor pe care le prezinta:

e diametre mici ale tuburilor colectoare: 90+200 mm,;

e curgerea apei prin canalizare este guvernata de vacuumul de la capatul aval al colectorului,
fiind independenta de panta terenului;

e cxtindere retelei se poate realiza progresiv (dupa o solutie generala din faza de proiect);

e lipsa mirosului, deoarece tot sistemul este etans si aerul evacuat la statia de vacuum este
filtrat pe carbune activ;

e functionarea este dinamica, deoarece supapele amplasate in camine se deschid la colectarea
unui volum de 40 de litri de apa; miscarea repetat violenta a apei si aerului produce o
solicitare a tubulaturii; tuburile vor trebui constituite din materiale mai bune (PVC PN6);

e adancimea de executie depinde, in principal, doar de adancimea de inghet;

e se evitd racordarea frauduloasa, deoarece gaurirea colectorului genereaza automat
dezamorsarea intregului sistem;

e se poate amplasa mai aproape de reteaua de apa potabild, deoarece exfiltratiile din canalizare
sunt practic zero;

e are o singura statie de pompare, a carei siguranta in functionare poate fi controlata.

Pot fi mentionate cateva dezavantaje ale sistemului:

e este privit cu neincredere, ca orice lucru nou;

e aparent, are un consum mai mare de energie, din cauza pompei de vacuum, care are un
randament mic; un calcul corect in aceleasi conditii comparativ cu o canalizare
gravitationald arata ca dezavantajul nu este semnificativ;

e executia retelei trebuie facuta in bune conditii, deoarece functionarea etansa este esentiala;
etangeitatea trebuie verificata la vacuum, lucru care nu se face la canalizarea gravitationala;

e functionarea dinamicd (din punct de vedere hidraulic, miscarea este nepermanentd si
bifazica) solicitd materialul conductei, care de regula este din PE tuburi sudate cap la cap;

e nu se poate aplica in conditiile unui teren foarte denivelat, unde vacuumul depaseste 8m CA.

Retea de canalizare functionand sub presiune

Dezvoltata relativ recent (35 ani), tot in tarile din vestul Europei, retelele de canalizare sub presiune
sunt retele hidraulice de tip ramificat, care constituie o solutie rationald si viabla pentru colectarea,
transportul si evacuarea apelor uzate menajere din zonele a caror configuratie topografica prezinta
variatii importante a formelor de relief. figura 3.
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Fig. 3 Schema instaltiei de racordare la reteaua de canalizare sub presiune

Functionarea unei astfel de retea, figura 4, este determinata de presiunea data de pompele amplasate
in caminele de racord realizate si montate corespunzator. Functionarea pompei existente in caminul
de racord, este automatizatd, prin prezenta unui senzor de nivel care comanda pornirea pompei si
oprirea acesteia dupa o perioada de timp prestabilita, functie de nivelul apei acumulate in camin.
Apa uzata de la fiecare consumator, sau un grup de consumatori apropiati, se acumuleza in caminul
de racord; cand caminul se umple cu apa, aceasta este pompata in conductele retelei de canalizare.

nel

Statie de
epurare

Fig. 4 Schema retelei de canalizare functionand sub presiune

Calculele de dimensionare a conductelor retelei de canalizare se realizeaza astfel incat viteza
minima de curgere a apei in conducte sa corespunda valorilor prezentate in tabelul 1.
Tabel 1. Viteza de curgere a apei functie de diametru

Pozare conducte | Dn [mm] \[/rlrt;sz]a

100 0.70

150 0.80
conducte pozate | 200 0.90
orizontal 250 0.95

300 1.00

400 1.10
conducte pozate vertical 1...1.50
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Diametrele conductelor colectoare a retelelor de canalizare sub presiune au valori mici (intre
50...150mm); in sectiunea aval colectorul final deverseaza fie direct la statia de epurare sau daca
sistemul de canalizare este partial sub presiune deversarea se poate realiza intr-un camin de vizitare
al sistemului de canalizare gravitationala cu nivel liber.

Statiile de pompare functioneaza aleatoriu; racordarea unui utilizator nou nu este posibila fara
acceptul supervizorului retelei; reteaua fiind inchisd si etansa, nu produce miros; mai mult decat
atat, pentru protejarea pompelor si colectorului de infundarea cu materiale grosiere, au fost realizate
pompe cu tocator (pompe cu rotoare speciale cu dispozitiv de faramitare a materialelor grosiere
mari). Cheltuielile aferente consumului de energie este unul modest, de exemplu in tabelul 2 se
prezinta analiza costurilor energetice pentru o casa unifamiliald deservita de 1 statie de pompare tip
WS-WILO.

Tabel 2. Analiza cheltuielilor energetice

Gospodarie in care locuiesc 4 persoane Cantitatea de apa uzata = 0,48 m’/zi

Camin de racord echipat cu pompa tip WILO avand:

Q=8mc/h; H=18 m si P=1,5 kW

Costul energie electrice e = 0,65 RON/kWh

Cantitatea de ape uzate produsa intr-un an C =0,48 x 365 =175 m’/an

Volumul util al SP Vutil = 180 litri = 0,18 mc

Numarul de volume util /zi 0,48 /0,18 = 2,67 =3 V utile /zi;

Timp de functionare al pompei pt a pompa un Vutil 0,18 /8 =0,0225 hx 60 = 1,35 min

Timp de functionare al pompei pt 1 zi 1,35 min x 3 V utile = 4,04 min/zi

Consum energetic / zi 4,05 x (1,5kW/60) = 0,10 kWh/zi

Consumul enegetic anual ce=0,1 kWh x 365 = 36,5 kWh/an

Cheltuieli energetice anuale Ce = 36,5kWh x 0,65 RON = 23,73 RON
/ an

Costul unitar a energiei electrice pe mc apa uzata - 23,73 0136 RON /'

Caminele de racord care de fapt constituie o ministatie de pompare, reprezinta o constructie
prefabricata din PEHD, complet echipata cu pompa cu rotor tocator si instalatie hidraulica aferenta
compusa din conducta de refulare, clapet de sens si robinet, figura 5.

ventilatie

conexiune
electrica

intrare

L4

volum de
urgenta

volum util

volum
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Fig. 5 Elemente componente a caminului de racord
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Dimensionarea unei astfel de retele ridicd unele probleme, deoarece modul de restituire a apei
potabile folosite si transformate in apa uzata este necunoscut. Pentru a elimina acest inconvenient
cercetarile si experienta dobanditd din exploatarea unor astfel de sisteme de canalizare
implementate de catre Compania WILO [5], a condus la dezvoltarea unei metode de determinare a
debitelor de dimensionare a conductelor colectoare sub presiune, folosind o curba de simultaneitate
pentru calculul debitelor de ape uzate, figura 6.
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CONCLUZII

Sistemele pentru colectarea, evacuarea si transportul apelor uzate menajere tind sa devina sisteme
complexe de mare intindere, extrem de necesare aglomerarilor urbane. Aceasta necesitate deriva
mai mult din faptul ca dezvoltarea si extinderea acestor retele contribuie la cresterea nivelului de
trai al comunitatii, si reducerea riscului de poluare a terenurilor localititilor respective. In acest
sens, constructia retelelor de canalizare constituie o oportunitate pentru administratorii localitagilor
urbane §i rurale, iar preocuparile acestora pentru gasirea unor solutii tehnice optim economice
constituie o prioritate pentru sustenabilitatea sistemului. Aparitia unor tehnologii noi de executie
precum si diversitatea productiei de noi echipamente si materiale ofera posibilitatea tratarii acestor
probleme la un nivel superior, care sd permita indeplinirea cerintelor de proiectare, exploatare si
intretinere a sistemelor de canalizare. Tematica s-a dezvoltat continuu, motiv pentru care astazi, in
acest domeniu, pe langa o bogata literatura, s-au dezvoltat si perfectionat noi solutii de functionare a
retelelor de canalizare. Printre solutiile nou implementate se numara si retelele de canalizare sub
presiune, retele care prezinta o serie intreaga de avantaje pentru zonele in care relieful terenului sau
nivelul ridicat al apelor subterane impiedica constructia si functionarea retelelor de canalizare cu
scurgere gravitationala.
Principalele avantaje pe care le prezinta retelele de canalizare sub presiune deriva din faptul ca:
e costurile de investifie sunt mici, datorita faptului ca spre deosebire de retelele
gravitationale volumele de pamant excavate/umplutura sunt mult mai mici
(conductele colectoare sunt montate la adancimea de inghet), diametrele
conductelor sunt mici (50...150 mm), nunecesitd camine de vizitare/inspectie;
¢ lipsa mirosului, deoarece tot sistemul este etans;
e adancimea de pozare depinde, in principal, doar de adancimea de inghet;
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e restrictii de montaj a conductelor colectoare sunt mult mai permise fata de reteaua de
apa, deoarece sistemul este sub presiune si este etans;

o flexibilitate In ceea ce priveste topologia si traseele conductelor colectoare;

e sunt evitate racordarile frauduloase, sistemul fiind sub presiune racordarea se poate
face doar cu aprobarea operatorului de retea;

e are avantajul ca este colectata doar apa uzata, menfinand in acest fel o concentratie
ralativ constantd, la intrarea in statia de epurare, pentru principalii indicatori de
calitate (MTS, CBOS5, CCO, N, P);

e consumul de energie redus (3...4 kWh/lund/4PE);

e costuri de intretinere mici (mentenanta constd in verificarea anuald a pompei,
robinetului si clapetului de sens de catre operatorul retelei);

¢ induce o responsabilitate mai ridicatd a consumatorilor de apa (se evita deversarea in
canalizare a resturilor vegetale, uleiuri, grasimi, reziduri menajere)

Pentru zonele rurale, s-a constatat ca functionarea retelei gravitationale este complicata; asigurarea
unei exploatari adecvate este greu de realizat, motiv pentru care implementarea retelelor de
canalizare sub presiune reprezintd una dintre cele mai fiabile solutii. Informatiile necesare
proiectarii unei astfel de retele constau in: studii topografice pentru cunoasterea exacta a cotelor
geodezice si a amplasamentului gospodariilor ce urmeaza a fi racordate la reteaua de canalizare;
cunoasterea numarului de gospodarii si a numarului de locuitori pentru determinarea debitelor de
calcul; cunoasterea gradului de ocupare a localitatii (permanent-sezonier); conditiile climatice ale
zonei (adancimea de 1inghet si, temperatura medie a zonei); tipul de consumatori (casnici-
industriali).
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Abstract

Rural areas of Romania are aligned in a development program with sewage and treatment plants systems.
Eastern Romanian part has a fragmented landscape consisting of hills, plains and plateaus. Localities are
grouped in number of 2 to 5 on a commune from an administrative point of view. Local topography and
landscape influences the design and location of the sewage system and waste water treatment plants. A
commune with 2 to 5 localities is equipped with a waste water treatment plant. This solution is not always the
most efficient from the economical perspective. Research shows that optimal economic and operational
solutions provide several commune or localities coupling to a treatment plant location. This requirement can
not be accomplish in many situations because of the landscape, investment distribution and policy makers.
Zonal protection of the environment is a factor influencing the location, structure and functional design and
operation of a wastewater treatment plant.

Keywords
Economic effieciency, performance, rural areas, structure, technological lines, wastewater treatment plant

INTRODUCERE

In perioadd actuali de dezvoltare a Romaniei s-a extins proiectarea si executia sistemelor de
canalizare Tn mediul rural. Acestea deservesc localitatile grupate pe comune, obiective cu profil
economic, agricol sau social. In perioada 1989-2005, dinamica retelelor de canalizare a prezentat
variatie neuniforma in teritoriu, datoritd in special absentei unui program de investitii sustinut, care
sa fie corelat cu realizarea sistemelor de alimentare cu apa potabild . Aceasta corelare nu se poate
realiza decat in contextul unui plan de dezvoltare a comunei si localitatilor bazat pe concepte
moderne, care sa aiba ca obiectiv dezvoltarea tehnico-economica, dar si protectia mediului si
sandtatea oamenilor.

Dotarea comunelor si satelor Romaniei cu sisteme de canalizare a evoluat foarte lent in perioada
1989 - 2010, in comparatie cu evolutia alimentarilor cu apa. Aceasta situatie prezinta o discordanta
in programul de modernizare a mediului rural cu retele hidroedilitare. Localitatile rurale grupate pe
comune din punct de vedere administrativ prezinta o serie de particularitati din punct de vedere a
amplasamentului, reliefului, hidrografiei, drumurilor de acces etc., care influenteazd in mod
semnificativ modul de concepere a sistemului de canalizare, respectiv a statiei de epurare.

Tendinta actuala este de grupare a localitatilor pe statii de epurare. In unele zone de amplasament,
sistemele de canalizare a localitatilor rurale prezinta o pozifie izolata fatd de statiile de epurare
existente in zona, sau de un emisar viabil, situatie in care este necesara realizarea unei statii de
epurare se ridici o serie de probleme complexe cu influentd asupra mediului. In alte situatii,
sistemele de canalizare rurale pot fi deservite de statiile de epurare existente in zond, la parametri
functionali impusi solicitati (debite de ape uzate, grad de epurare, mod de evacuare a apei tratate
etc.).

O situatie speciala o prezinta localitatile rurale care impun o anumita configuratie a sistemului de
canalizare s1 o pozitie speciald a statiei de epurare. Rezolvarea unor astfel de situatii implica o
analizi complexa si studii detaliate in amplasament. In situatii aseminitoare se incadreazi si
obiectivele izolate cu sectii de productie industriald sau agro-industriald, care impun realizarea si
exploatarea unei statii de epurare.

Sistemele de canalizare realizate pentru localitdtile rurale individuale sau grupate pe comune
prezinta propria lor refea de colectoare, constructiile anexe, statii de pompare, statiile de epurare etc.
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Avantajul unui astfel de sistem de canalizare, respectiv a unei statii de epurare, poate fi dat de
modul modern de concepere si realizare, precum si de utilizarea unor materiale si tehnologii de
executie noi.

Exploatarea sistemelor de canalizare si a statiilor de epurare aferente localitatilor rurale se
realizeazad de cele mai multe ori de catre firmele specializate judetene sau urbane, iar in unele
situatii de firme locale. Gestionarea procesului de exploatare implicd pregatirea unui personal
calificat pe diverse domenii, avand in vedere si tehnicile noi utilizate in depoluarea apei uzate,
evacuarea apei epurate si monitorizarea functionarii sistemului de canalizare.

O importantad deosebitd trebuie acordata componentei legislative pentru realizarea si exploatarea
sistemelor de canalizare si a statiilor de epurare realizate in mediul rural, care trebuie corelata cu
legislatia de dezvoltare si administrare a localitatilor rurale.

Caracteristici geomorfologice cu influenta asupra infiintarii sistemelor rurale de alimentare
cu apa in zona Moldovei

Asigurarea conditiilor sanitare adecvate societatii umane si dezvoltarea economica impune
realizarea echiparii tehnico-edilitare a localitatilor rurale. In acest cadru intr si realizarea sistemelor
de canalizare a apelor uzate menajere si constructia statiilor de epurare pentru diverse obiective 1n
mediul rural. Existenta sistemului de alimentare cu apa va realiza o imbunatatire a infrastructurii
localitatilor grupate, in general, pe comune si posibilitatea extinderii activitatilor economice,
comerciale si turistice in spatiul rural.

Existenta sistemului de canalizare va determina cresterea gradului de confort a locuintelor si
implicit a gospodariei rurale. Totodata, protectia mediului in zona va fi mult mai eficienta,
asigurand reducerea poluarii cu nitrifi a apei subterane. Prezenta sistemului de canalizare va
determina si dezvoltarea economica existentd dar si de perspectiva a localitatii sau comunei. Ultima
decada este caracterizata prin realizarea unui numar mare de sisteme de canalizare in mediul rural al
Moldovei. Stratul de apa freatica din zona colinard si de ses a Moldovei este puternic poluat de
nitriti, cloruri, sulfuri, in mare parte determinati de evacuarea necontrolatd a apelor uzate menajere,
precum si a celor de la cresterea animalelor. Totodata, apa freatica este infestata in unele zone cu
substante organice provenite din evacuarile necontrolate de la populatie si centrele de productie.

In zona Moldovei se remarca formele de relief rezultate in urma unor procese de versant (aluneciri
de teren, prabusiri de straturi, siroiri ori crearea de organisme torengiale sub forma de ravene).

O particularitate importanta a zonelor de amplasament a sistemelor de canalizare din Moldova este
reprezentata formatiunile colinare si de dealuri mici. Amplasamentele de acest tip impun un mod
dificil de structurare a sistemelor de canalizare clasice (sisteme gravitationale). Zona luata in
analiza, din punct de vedere geologic, face parte din cadrul unitatii structurale denumita Platforma
Scitica. Soclul este alcatuit din roci cristalofiliene si sedimentare vechi. Peste soclu se gaseste
cuvertura Platformei Scitice, in grosime de 1000 m, fiind alcatuita din argile, gresii, calcare, marne,
nisipuri.

Stratigrafic, depozitele sedimentare de cuvertura apartin Bassarabianului, Cherssonianului,
Meotianului si Cuaternarului. Cherssonianul este reprezentat litologic prin argile, marne cenusii,
compacte, micacee $i nisipuri cenusii in grosime de cateva sute de metri. Meotianul, este
reprezentat prin argile, nisipuri si rare intercalatii lentiliforme de gresii calcaroase cimentate.
Cuaternarului ii revin formatiunile aluvionare, deluviale, proluviale de pe cursul raurilor si
loessoide de pe versanti. Tectonic, depozitele sedimentare pastreaza caracterul specific de
platforma, fiind monoclinale.

Caracteristicile geotehnice si hidrogeologice influenteaza direct modul de amplasare si adaptare la
teren a constructiilor si instalatiilor din cadrul sistemului de canalizare, precum si cele ale statiilor
de epurare. Trebuie de mentionat ca relieful de tip colinar din aceasta zona teritoriala prezinta un
potential ridicat de alunecare, fapt ce determind un risc mare in exploatarea constructiilor si
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instalatiilor. Prezenta ravenelor si a cursurilor de apd nepermanente impune luarea unor masuri
suplimentare la realizarea colectoarelor, a colectoarelor principale si a celor de evacuare la statia de
epurare.

Infiintarea sistemelor de canalizare pentru localitatile rurale impune o serie de particulariziri pentru
a se corela cu formele de relief, cu caracteristicile geotehnice si hidrogeologice variabile 1n
amplasament, pe modul de a depasi obstacolele, forme de relief, cursuri de apa, toate acestea
influentand investitia initiald si cheltuielile generate de procesul de exploatare. De multe ori, pentru
suprafata relativ redusa de teren amenajata, investitia de baza prezinta valori destul de ridicate.

Particularitati actuale in structurarea unui sistem rural de canalizare

Un sistem de canalizare realizat intr-o localitate rurald prezinta in structura sa elementele specifice
sistemului clasic, de tip gravitational, dar cu o serie de diferentieri in privinta amplasarii
colectoarelor, a numarului de statii de pompare, caracteristicilor subtraversarilor etc. Caracteristicile
zonei colinare implicd moduri variate de amplasare a retelei de colectoare pentru acoperirea
suprafetei canalizate.

Realizarea unui sistem de canalizare in mediul rural implicad actiunea in conlucrare a factorilor
administrativi, tehnici si politici. Proiectarea si executia acestora s-a realizat in mod diferentiat in
timp si in teritoriu. In zona rurald a Moldovei s-au realizat sisteme de canalizare de tip gravitational,
cu toate cd in unele situatii un alt tip structural de sistem ar fi fost mult mai eficient (sisteme prin
vacuumare, sisteme sub presiune sau mixte etc.).

O particularitate in zona analizata este datd de amplasarea in teritoriu a localitatilor rurale, unde
modul de cuplare administrativ nu corespunde unor cerinte tehnice de realizarea a sistemului de
canalizare si in special a statiei de epurare.

Dezvoltarea economica viitoare si prognoza demografica a zonelor amenajate trebuie luate in
considerare la conceperea si realizarea statiilor de epurare. Localitatfile amplasate la limita
drumurilor internationale si nationale si in aproprierea oragelor mari prezintd o dezvoltare mai
accentuata comparativ cu celelalte. De asemenea, numarul locuitorilor este in crestere.

Localitatile aflate la distante mari de orasele dezvoltate, precum si de caile de transport principale
prezintd o putere economici sensibil diminuati si o imbatranire accentuatd a populatiei. In multe
cazuri subiectivismul manifestat in studiile de fezabilitate determind supradimensionarea sistemului
de canalizare, cu implicatii asupra costurilor de realizare, dar mai ales de exploatare.

In stadiul actual de proiectare a sistemelor de canalizare in mediul rural, cu particularizare pe zona
de dealuri de 1ndltime medie si micd, se disting cateva cazuri de concepere a acestui ansamblu.
Caracteristicile tehnico-economice ale acestor cazuri de concepere si realizare influenteaza modul
de structurare si exploatare a sistemului de canalizare realizat in mediul rural:

Cazul 1. Sistem de canalizare propriu unei comune formata din ,,n” localitati si avand realizata propria
statie de epurare. Caracteristicile acestui sistem sunt urmatoarele:

o localitatile comunei sunt grupate teritorial si se afla la distante mici intre ele;

o distantele intre localitdfi sunt relativ reduse, fapt ce faciliteaza realizarea unor
colectoare de evacuare fiabile din punct de vedere tehnic, sau a unor conducte de
refulare cu consum energetic redus;

o statia de epurare ocupd o pozitie centrala in teritoriul ocupat de localitafi si la
cotd minimd pentru a asigura functionarea gravitationald a colectoarelor de
evacuare;

o 1n zona se afld un emisar disponibil pentru a prelua apa depoluata fara restrictii
din punct de vedere a protectiei mediului;

o exploatarea statiei de epurare si a sistemului de canalizare se realizeaza de regia
de specialitate judeteana sau regionald, sau de o firma cu pregatire 1n acest scop.
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Cazul II. Sistem de canalizare propriu unei comune formata din ,,n” localitati si evacuand apa uzata
in statia de epurare a unui centru urban din zona. Caracteristicile acestui sistem sunt urmatoarele:

@)

@)

localitatile sunt grupate teritorial si se afla la distante mici de un centru urban
dotat cu o statie de epurare;

investitia in sistemul de canalizare este sensibil redusa fatda de primul caz de
proiectare;

colectorul de evacuare este amplasat la limita sau pe drumul care realizeaza
legatura cu centrul urban, iar transportul se realizeazd gravitational sau mixt
(gravitational + pompare);

exploatarea statiei de epurare si a sistemului de canalizare se realizeaza de regia
de specialitate judeteana sau regionald, sau de o firma cu pregatire 1n acest scop.
aceasta poate fi situatia cea mai favorabild pentru exploatarea retelei de
canalizare, dar si a statiei de epurare urbana;

cazul acesta de proiectare este aplicat in zona Moldovei si prezinta rezultate
favorabile in privinta costurilor de exploatare, dar si a calitatii procesului de
tratare a apei uzate.

Cazul III. Sistem de canalizare propriu a doua comune formate din ,,n”” localitati si avand realizata o
statie de epurare comuna. Caracteristicile acestui caz de proiectare sunt urmatoarele:

@)

@)

@)

localitatile celor 2 sau 3 comune sunt grupate teritorial si se afla la distante mari
de un centru urban dotat cu o statie de epurare;

populatia aferentd celor doud comune prezintd un numar redus, fapt ce
influenteaza valoarea debitelor evacuate in refeaua de canalizare si receptate de
statia de epurare;

distantele intre localitdfile rurale sunt relativ reduse, fapt ce faciliteaza evacuarea
cu un consum material si energetic redus, precum si realizarea in comun a statiei
de epurare;

cazul de proiectare de acest tip este aplicat in zona Moldovei si prezinta rezultate
favorabile 1n privinta investifiei si a costurilor de exploatare;

exploatarea statiei de epurare si a sistemului de canalizare se realizeaza de regia
de specialitate judeteana sau regionald, sau de o firma cu pregdtire in acest scop.
o dificultate in acest caz de proiectare o reprezintd neconcordanta intre acordarea
fondurilor de realizare a sistemelor de canalizare pe comune.

Cazul IV. Sistem de canalizare propriu unui numar de localitati rurale ce apartin mai multor comune
si care utilizeazd o statie de epurare comuna. In acest caz, o comuni poate avea sistemele de
canalizare a localitatilor cu evacuare la doud statii de epurare. Situatia este impusa de relieful
terenului, distantele de transport si de investitiile de realizare si cheltuielile de exploatare.
Caracteristicile acestui caz de proiectare sunt urmatoarele:

@)

localitatile ce apartin a 2 sau 3 comune pot fi deservite de 2 sau trei statii de
epurare dispuse in teritoriu in scopul limitarii distantelor de transport si a
cheltuielilor mari cu pompari peste forme de relief;
din punct de vedere tehnic este mai eficient de grupat un numar de localitati
rurale pe statie de epurare care realizeaza un optim tehnico-economic;
din punct de vedere administrativ si financiar, cazul de proiectare ridica o serie
de probleme:
= realizarea proiectului §i a investifiei este variabild in timp in functie
actiunile primariei in acest sens si de modul de accesare si acordare a
fondurilor;
* modul de repartizare a cheltuielilor nu este intotdeauna convenabil
administratiei locale, independenta in luarea actiunilor in acest sens si de
prioritatile prevazute in planul de dezvoltare a comunei,
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= factorul politic are o influentd mare in activitatea administratiei locale,
precum si in acordarea fondurilor, aspect ce nu faciliteaza aplicarea unei
solutii optim tehnice si economice;
= rezolvarea unor situatii de decalaj a repartizarii investitiilor se poate
rezolva prin proiectarea unei stafii de epurare modulatd si care va fi
executata in functie de accesarea fondurilor.
o exploatarea statiei de epurare si a sistemului de canalizare se realizeaza de regia
de specialitate judeteana sau regionald, sau de o firma cu pregdtire in acest scop.

In acest context sistemele de canalizare realizate, sau posibil de realizat in mediul rural prezinti o
serie de particularitati in modul de structurare pe localitdti, precum si pe ansamblul comunei. La
realizarea proiectelor pentru sistemele de canalizare si statiile de epurare trebuie luate in
consideratie urmatoarele:

>

Conceperea unei scheme de amenajare optime din punct de vedere tehnic si economic in
concordantd cu conditiile impuse de teritoriu, factorii de protectie a mediului, investitia
initiala, cheltuielile de exploatare si procesul de exploatare.

Proiectarea sistemelor de canalizare si a statiilor de epurare in mediul rural trebuie
realizate In coordonare cu regiile ce detin sistemele de alimentare cu apa pentru a asigura
functionarea si exploatarea in conditii optime. Sistemele de canalizare vor fi realizate de
tip unitar.

Proiectarea statiilor de epurare pe module functionale pentru a valorifica accesarea
variabild a fondurilor, racordarea in timp a localitatilor si asigurarea unui proces de
exploatare optim. In proiectare trebuie abordate structuri moderne de realizare a liniilor
tehnologice si cu un consum energetic diminuat.

Proiectarea trebuie sa realizeze o statie de epurare intr-o conceptie moderna, care sa fie
viabila pe o perioada de 30...40 de ani, fara a implica in viitorul apropiat aplicarea unor
lucrari de modernizare si reabilitare tehnologica.

Statia de epurare sa fie modulata pe linii tehnologice ce permit tratarea la acelasi pret de
cost a apelor uzate indiferent de debite si concentratii.

Realizarea unei tehnologii cu un consum energetic minim, cu folosirea energiei verzi
neconventionale n procent maxim si valorificarea energetica a produselor secundare din
statia de epurare.

Realizarea unei tehnologii in statia de epurare care sa foloseasca o cantitate cat mai mica
de reactivi.

Realizarea unei investitii, conform normelor romanesti si a celor din comunitatea
europeand, de calitate ireprosabild, cu grade de risc minime, de fiabilitate maxima, usor
manevrabilad si modulatd pe variatia de debite si concentratii.

Valorificarea prezentei in teritoriu a unei stafii de epurare urbane si racordarea
sistemelor de canalizare rurale la aceasta, daca se obtine o solutie tehnico-economica
optima.

In multe situatii, repartitia fondurilor are la baza criterii politice si nu criterii tehnico-
economice, respectiv ingineresti din domeniul canalizarilor, fapt ce nu permite realizarea
unor solutii adecvate pentru localitatile rurale. Se poate mentiona situatii in care s-au
proiectat si realizat sisteme de canalizare in localitafi rurale care nu aveau sistematizate
si amenajate drumurile la cota definitiva.

Realizarea unor sisteme de canalizare si a statiilor de epurare in mediul rural impune
folosirea unui personal ingineresc de proiectare calificat si a unor firme atestate pe acest
domeniu. In multe situatii, sisteme de canalizare si statiile de epurare realizate in stadiul
actual nu indeplinesc conditiile de calitate tehnicd pentru concepere, mod de proiectare,
cerinte minime de exploatare, cheltuieli energetice etc. Situatiile negative prezente in
mediul rural in ultimii ani aratd modul de proiectare si realizare ale unor sisteme de
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canalizare si a unor statii de epurare neconforme normelor ingineresti specifice acestui
domeniu.

» Realizarea unei legislatii adecvate modului de concepere a sistemelor rurale de
canalizare, care sa reflecte particularitatile de amplasare in teritoriu si sa reglementeze
modul de concepere, realizare si exploatare.

» Pentru zone teritoriale ar trebui realizate planuri de ansamblu privind realizarea statiilor
de epurare care sa deserveasca un numar de localitati rurale la standarde de calitate si cu
cheltuieli de exploatare adecvate procesului tehnologic.

CONCLUZII

= Realizarea sistemelor de canalizare in mediul rural se afla intr-o continua dezvoltare in
Romania i impune o analiza complexa privind modul de concepere si proiectare, in scopul
obtinerii unui randament ridicat in tratarea apei uzate, la o investitie cat mai scazuta in
realizarea si exploatarea retelei de colectoare si in special a statiei de epurare.

= Modul de structurare a unui sistem rural de canalizare este determinat de particularitatile de
relief a amplasamentului, starea strazilor si a drumurilor, emisari, consumuri energetice,
conditii de protectie a mediului etc.

= Fazele de studiu si proiectare trebuie sa realizeze o statie de epurare intr-o conceptie
modernda, care sd fie viabila pe o perioada de 30...40 de ani, fara a implica in viitorul
apropiat aplicarea unor lucrari de modernizare si reabilitare tehnologica.

= Statiile de epurare trebuie realizate in baza unor tehnologii cu un consum energetic minim,
cu folosirea energiei verzi neconventionale In procent maxim si valorificarea energetica a
produselor secundare.

= Statiile de epurare pentru localitatile din mediul rural trebuie realizate modulat si prin
utilizarea solutiilor cele mai moderne, care permit o exploatare in sistem cat mai
automatizat.

» Firmele de proiectare in domeniul sistemelor de canalizare si a statiilor de epurare ar trebui
atestate tehnic in scopul obtinerii unor concepte si solutii optime conform cerintelor de
amplasament si de exploatare, precum si la folosirea eficienta a investitiilor.
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Abstract

To meet the needs of both growing population and water quality criteria, governments and companies are
under pressure to commit financial resources to upgrade, expand and develop wastewater treatment facilities.
Cost-effective technologies are needed to accomplish this task. One cost-effective alternative is the use of
vacuum sewage system and compact wastewater treatment plants with biofilm carrier. The vacuum technology
is a special drainage procedure which might, under certain circumstances, be considerably cheaper than the
conventional gravity lines sewage system. A fixed biomass system which has recently aroused interest in the
field of wastewater treatment is the MBBR technology (Moving Bed Biofilm Reactor). Its principle is the
growing of a fixed biofilm on plastic elements which move freely in the biological reactor.

Keywords
Compact wastewater treatment, mobile artificial support, vacuum sewage system, wastewater

INTRODUCERE

Primul pas spre epurare este colectarea apelor uzate, care se face prin sisteme de canalizare. Ele pot
fi mai simple la poluantii industriali sau foarte vaste si complicate in cazul canalizarii localitatilor,
deoarece trebuie sa fie preluate apele uzate de la un numar foarte mare de surse. Apele acestea
trebuie apoi conduse la statia de epurare, de unde apoi de regula sunt restituite in emisar, de obicei
un rau.

Un studiu recent, prezinta situatia canalizarii din Romania. Este prezentata rata populatiei care este
conectata la serviciul public de canalizare in fiecare judet din tara. S-a realizat si un top al judetelor
dupa rata canalizarii, precum si o hartd nationald. Surprinzator, nu Bucuresti este pe prima pozitie la
rata persoanelor conectate la canalizarea publica. Judetul cu cea mai mare rata de conectare la
reteaua de canalizare este Cluj. Astfel, 89,9% dintre clujeni sunt deserviti de sistemul public de apa.
A doua pozitie este ocupatd de Bucuresti; 89% dintre bucuresteni (1.730.009 de persoane dintr-un
total a populatiei de 1.944.451 de persoane) sunt racordati la sistemul de canalizare. Bineinteles,
predomina judetele mari, dar sunt si surprize, cum sunt Braila sau Tulcea. Pe ultimul loc se afla
Ilfov (19,5%), lucru aproape normal dat fiind ritmul asiduu de constructii din ultimii ani din aceasta
zona. Harta canalizarii (figura 1) cuprinde date, cu rolul de a arata faptul ca gradul de conectare la
canalizare nu este specific unei anumite zone.
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CAT DIN POPULATIA FIECARUI JUDET ESTE CONECTATA LA
SISTEMUL DE CANALIZARE (% din totalul populatiei)
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Fig. 1 Conectarea populatiei la sisteme de canalizare

Explozia demografica, standardele de calitate tot mai ridicate corelate cu preturile de productie si
desfacere din ce in ce mai mari, fac ca industria roméneasca sa se confrunte cu o competitie dificila
- necesitatea cresterii eficientei si a reducerii pretului de cost. In acest context, agentii economici
care 1n activitatea lor de productie genereaza ape uzate sunt nevoifi sa apeleze la tehnologii de
epurare cat mai eficiente cu un cost cat mai redus.

Se poate afirma faptul cd managementul poludrii apelor, se confruntd cu numeroase si variate
probleme, de cele mai multe ori unice. In cele ce urmeaza se prezinta 2 tehnologii moderne
destinate canalizarii si epurarii apelor uzate.

SISTEME DE CANALIZARE CU VACUUM

Sistemul de canalizare cu vacuum este in esentd un sistem mecanizat de transport a apelor uzate.

Spre deosebire de canalizarea gravitationala clasica, sistemul foloseste presiunea diferentiald de aer
pentru transportul apelor uzate si toatd refeaua de canalizare este sub vacuum (sub o presiune
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Fig. 2 Elementele principale ale unei retele de canalizare cu vacuum
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Descrierea functionald a unui sistem este prezentata schematic in figura 2, unde se pot vizualiza
elementele principale ale sistemului. Cele trei componente majore ale sistemului de canalizare
vacuumatica sunt:

- Camera de colectare (camera vanelor, valva pneumatica de vacuum si controlerul supapei);

- Liniile de canalizare cu vacuum (include fittinguri specifice);

- Statia centrald cu vacuum (cu rezervoare si pompe de vacuum, pompe de canalizare, robineti,
senzori de nivel si presiune, panou de comanda si control).

Descrierea sistemului

Camera de colectare reprezintd o interfatd intre reteaua de canalizare aflatd sub vacuum si
gospodarie. Apa uzata este colectata gravitational de la consumator, iar apoi introdusa in sistem prin
intermediul camerei de colectare. Este transportatd prin reteaua de conducte etanse pana in
rezervorul de vacuum aflat langa statia de generare a depresiunii (statie de vacuum). Numarul de
consumatori racordati la o camera de colectare este cuprins intre 1 si 5 in functie de deschiderea
acestora la strada si de numarul de locuitori. Exista diferite tipuri de camera de colectare, care
variazd in functie de design (aspect si dimensiune) si de conditiile de incarcare (capace). in
principal, se utilizeaza pe cat posibil camerele de colectare de tip G (figura 3), ce se amplaseaza in
afara zonelor de trafic auto, dar se pot folosi si camere de colectare destinate exclusiv pentru astfel
de zone.

Fig. 3 Camera de colectare
1 - conexiunea la consumator; 2 - bazin de colectare; 3 - conducta senzor; 4 - conexiunea la
conducta de serviciu; 5 - camera vanei; 6 - vana pneumatica si controler; 7 - conexiune pentru
dispozitivul de curatare; 8 - tub admisie aer; 9 - conducta de acces la bazinul de colectare; 10 -
izolatie termica; 11 - capac.

Apa colectatd gravitational de la consumator este stocatd in bazinul de colectare al camerei de
vacuum. Pe principiul vaselor comunicante, nivelul apei uzate din bazin creste si in conducta senzor
(fig. 3) si in cea de aspiratie. Conducta senzor este inchisa cu un dop etans prevazut cu un tub intre
acesta si controlerul vanei de vacuum. Pe masura ce creste nivelul apei in conducta, la partea
superioard aerul se comprima generand o presiune simtita de controler. Acesta deschide vana de
vacuum punand in contact vacuumul din retea cu bazinul de colectare. In acest mod apa uzata este
colectata si transportata catre rezervorul statiei de vacuum. Vana de vacuum se afla intr-o camera
separata, deasupra bazinului de colectare si este controlatd pneumatic (nu necesita energie electrica
pentru functionare). Ea este montatd separat de bazinul de colectare pentru a ramane curata, uscata
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si a fi usor accesibila pentru intrefinere. Cand vana este deschisa apa uzata este aspiratd din bazin si
trimisa catre statia de vacuum.

Conductele sistemului de canalizare vacuumatica (fig. 4) creeaza o retea ce conecteaza camerele de
colectare la o statie centrald de vacuum. Un asa zis “profil dinfi de fierastrau” permite conductelor
sd urmeze panta de suprafatd si garanteaza crearea pungilor de apa necesare functionarii sistemului.

Fig. 4 Reteaua de conducte a canalizarii vacuumatice

Conductele canalizarii cu vacuum pastreaza profilul terenului. Acestea sunt pozate sub adancimea
de Inghet, cu o pantd de minim 0,2%. Profilul creat de aceste conducte capata forma unor dinti de
fierastrau cu ajutorul lifturilor plasate pe retea din maxim 100 in 100 m. Aceste lifturi sunt realizate
atat pentru revenirea la adancimea de inghef cat si pentru refacerea pungilor de apa necesare
transportului optim prin retea. Cu ajutorul lor se poate evita cu usurintd orice obstacol aparut pe
retea. Acest lucru nu este usor realizat in cazul canalizarii gravitationale, unde pentru evitarea unor
obstacole se poate ajunge la instalarea unor statii de pompare, care sunt necesare si in cazul in care
se ajunge la adancimi mari de sapatura.

Caminele de vizitare din cazul canalizarii gravitationale sunt inlocuite in cazul canalizarii cu
vacuum, de conducte de inspectie amplasate din 100 in 100 m. Conductele au diametrul mic si sunt
necesare pentru diagnosticarea cu precizie de pana la 1 m a eventualelor avarii aparute pe retea.
Conductele au o panta descendenta generala fatd de statia de vacuum cu exceptia ridicarilor
verticale care ajutd la mentinerea adancimilor mici ale santurilor. Nu exista camine de vizitare si
nici statii de ridicare pe intreg sistemul de canalizare cu vacuum.

Statia de vacuum (fig. 5) este alcatuita din cladirea care adaposteste pompele de vacuum si tabloul
electric de comanda si control, rezervorul de vacuum montat ingropat langa cladire si un sistem de
purificare a aerului evacuat din sistemul de canalizare, numit biofiltru.

Statia de vacuum este inima sistemului de colectare cu vacuum. Echipamentul instalat este similar
cu cel al unei statii conventionale de pompare a apei uzate sau a unei statii de ridicare, exceptie
fiind faptul ca vacuumul este aplicat rezervoarelor de vacuum etange. Statiile de vacuum mengin
vacuumul in sistemul de colectare prin intermediul pompelor de vacuum, colecteaza apele uzate in
unul sau mai multe rezervoare si deverseaza apoi apele uzate colectate catre stafia de epurare din
apropiere sau catre o alta retea de canalizare.

Rezervoarele de vacuum sunt facute din otel cu straturi protective. Acestea sunt terminatiile
sistemului de canalizare cu vacuum deoarece apa uzata este pompata afara din ele fortat, cu ajutorul
pompelor de apa uzata. Pompele de vacuum creecaza presiunca negativa (aproximativ -60 + -70
kPa). Rezervoarele cu vacuum pot fi localizate in interiorul cladirii sau ingropate in afara statiei de
vacuum. Din punct de vedere constructiv acestea pot fi verticale sau orizontale si in mod uzual se
monteaza ingropat langa statia de vacuum. Sunt confectionate din otel de 10 mm vopsite epoxi, iar
interiorul lor este realizat cu o vopsea cauciucatd. Recipientii sunt autoportanti si se pot ingropa
direct In pamant.
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Fig. 5 Statia de generare a depresiunii (statia de vacuum)
1 - cladirea statiei de vacuum; 2 - rezervor de vacuum ingropat; 3 - biofiltrul de aer;
4 - camera de colectare condens rezultat din biofiltru

Langa cladirea de vacuum se afla biofiltrul si camera colectoare, ambele fiind ingropate. Biofiltrul
este o constructie cilindricd sau rectangulara cu adancime mica de 1,5 m care este umplut cu
materiale care nu aduc prejudicii mediului inconjurator, precum scoarta de copac sau zegras.
Condensul din biofiltru este captat de o camera colectoare si introdus inapoi in sistem.

Elementele vitale din statia de vacuum sunt intotdeauna dublate pentru asigurarea functionarii
acesteia 1n orice Tmprejurare. De exemplu, intotdeauna este prevazuta o pompa de vacuum sau de
descarcare montata ca rezerva.

Fig. 6 Sistem de canalizare cu vacuum realizat in Dragomiresti Deal, Ilfov

In Roménia sistemul de canalizare cu vacuum este relativ nou. O aplicatie se regiseste in judetul
Ilfov, in localitatea Dragomiresti Deal (fig. 6). Sistemul realizat este unul relativ mic. Este vorba de
o extindere a sistemului de canalizare deja existent, pe o portiune de 3 km. Sunt racordate
aproximativ 190 de gospodarii.

MODULE COMPACTE DE EPURARE A APELOR UZATE

Tehnologia de epurare care foloseste elemente mobile purtatoare de biofilm are ca principiu de baza
dezvoltarea si fixarea unei populatii uriase de bacterii pe un suport artificial mobil. In acest mod se
poate elimina recircularea ndmolului activ.

Elemente de mici dimensiuni, realizate din materiale speciale cu densitatea apropiata de cea a apei,
sunt imersate in bioreactoare. Elementele sunt mentinute in suspensie si chiar amestecate cu ajutorul
bulelor de aer. Acest tip de suport este cel mai eficient, deoarece nu se colmateaza si spre deosebire
de contactoarele rotative nu necesita consum suplimentar de energie. Suprafata specifica a
elementelor mobile este foarte mare, la nivel mondial existand cateva modele de astfel de piese. O
parte dintre acestea sunt prezentate in figura 7.
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Fig. 7 Suport artificial mobil - exemple

Datorita suprafetei mari de expunere si fixare oferita de aceste elemente purtdtoare toate procesele
biologice sunt de circa 5 ori mai rapide si mai eficiente decat la sistemele clasice. Suprafata
specificd pe care se poate fixa biofilmul este de 850 m*/m’. Durata de viatd a suportului artificial
mobil este foarte lunga - 20 ani.

Aceste piese sunt fabricate din material cu densitatea apropiata de cea a apei. Aceasta le permite sa
pluteasca liber “Intre ape”, iar datoritd miscarii permanente de revolutie si a formei rotunde, sa nu
permitd aderarea nimolului, fiind un mediu necolmatabil - autocuratitor. in figura 8 este redat

bazinul de epurare biologica ce contine suport artificial mobil.

Fig. 8 Suport artificial mobil utilizat in treapta‘bd‘e epurare biologica

Elementele purtatoare se gasesc in toatd masa de lichid si sunt antrenate in miscare de catre bulele
de aer ce realizeaza oxigenarea apei uzate. In cadrul tehnologiei prezentate trebuie acordati o
atentie deosebita sistemului de aerare. Un sistem de oxigenare, situat la baza bazinului asigura
menginerea in suspensie a elementelor purtdtoare. Folosind aceasta tehnologie nu vor exista
probleme de colmatare si pot fi tratate ape cu mari incarcari organice. Tehnologia prezentata este
eficienta, nu necesita un volum mare al bazinului, iar mentenanta este scazuta.

Statia de epurare monobloc (figura 9) este prevazuta si cu o camera tehnica, unde se afla suflanta,
pompa de namol, debitmetrul pentru determinarea debitului de apa uzatd ce intrd in statie,
hidrociclonul si tabloul electric. Hidrociclonul este amplasat pe circuitul de namol si dirijeaza
namolul separat in functie de densitate; partea mai densa catre echipamentul de deshidratare/stocare
a ndmolului, iar partea lichida inapoi in primul bioreactor spre a urma din nou procesul de epurare.

Fig. 9 Statie de epurare compacta prevazuta cu decantor lamelar
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Namolul evacuat din statia de epurare este directionat catre sacii de deshidratare a namolului care
sunt instalati in apropierea modulului compact de epurare. Acestia sunt confectionafi dintr-un
material special care permite deshidratarea namolului in timp (prin material se scurge o parte din
apa continuta, naimolul devenind in acest mod mai concentrat). Cand un sac se umple acesta trebuie
inlocuit cu altul nou. Dupa concentrarea namolului, sacul este indepartat din instalatie (ndmolul este
trimis catre gospodaria de namol, depozitul de deseuri sau imprastiat pe camp). Sacul este apoi
spalat pentru desfundarea porilor, dupa care este refolosit.

Sisteme de flotatie pentru ape puternic incarcate

In cadrul epuririi unor ape uzate puternic incircate se poate introduce in fluxul tehnologic de
epurare si o treapta de flotatie. Flotatia este un proces de separare/epurare bazat pe utilizarea bulelor
fine de aer care se ataseaza la particulele solide in suspensie si le transportd apoi catre suprafata
libera a lichidului. Flotatia este utilizatd in principal pentru separarea particulelor de mici
dimensiuni cu viteze de sedimentare reduse (mirimea hidraulicd mici). In aceste cazuri se obtin
rezultate mai bune si eficiente mai ridicate daca se utilizeaza flotatie si nu sedimentarea. Prin
flotatie se separa atat particulele solide organice cat si anorganice. Bulele de aer de mici dimensiuni
care sunt formate/introduse in masa de apa uzata vor adera la particulele solide si se vor forma
flocoane. Prin aderarea la particulele solide se modifica densitatea, astfel incat complexul bule de
aer - particule solide va avea o densitate mai redusa decat in cazul separat numai al particulelor
solide. Flotatia necesitd generarea unor bule de aer fine care pot fi produse in mai multe feluri:
introducerea aerul dispersat in masa de apa uzatd; aplicarea tehnologiilor bazate pe vacuum;
introducerea aerului dizolvat in masa de apa.

In cadrul flotatiei cu presurizare aerul sub presiune este introdus in masa de apa uzati. Amestecul
de apa uzata sub presiune si aer se mentine intr-un bazin ermetic pentru o anumita perioada de timp
dupa care apa este depresurizatd (trece printr-o valva de reducere a presiunii) dupa care intrd in
unitatea de flotatie unde bulele foarte fine de aer (30 - 120 pm) sunt generate in masa de apa uzata.
La suprafata bazinului de flotatie suspensiile solide sunt indepartate cu ajutorul unui echipament
mecanic.

In cadrul unui proiect de cercetare s-a realizat, de citre DFR SYSTEMS, o instalatie de laborator de
flotatie cu presurizare. In figurile 10 si 11 se prezinta detalii din timpul realizarii echipamentului,
precum si schema de ansamblu a treptei de flotatie.

Fig. 10 Instalatia de flotatie - model de  Fig. 11 Sistemul de flotatie (schema)
laborator
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CONCLUZII

Sistemul de canalizare cu vacuum ofera o siguranta din punct de vedere ecologic neexistand
posibilitatea poluarii solului si apelor freatice. Vacuumul realizat 1n acest sistem ofera garantia certa
ca chiar si in cazul aparitiei unor fisuri apa uzata nu va fi exfiltrata. Din acest motiv la nivel mondial
se permite realizarea in acelasi sant a retelelor de apa potabila si canalizare prin vacuum. Statiile de
epurare monobloc au avantajul de a fi gata pregatite pentru instalare in locul dorit de utilizator. Ele
se transporta pe trailer direct de la fabricant si se racordeaza rapid la canalizarea utilizatorului.
Tehnologia prezentata este eficientd, nu necesitd un volum mare, iar mentenanfa este scazuta.
Sistemul complet de canalizare si epurare a apelor uzate prezentat in cadrul prezentei lucrari poate
conduce la economii semnificative - atat de timp cat si de capital.

MULTUMIRI

Rezultatele prezentate in acest articol au fost obtinute cu sprijinul Ministerului Muncii, Familiei si
Protectiei Sociale prin Programul Operational Sectorial Dezvoltarea Resurselor Umane 2007-2013,
Contract nr. POSDRU/89/1.5/S/62557.
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Abstract

In order to determine the efficiency of wastewater treatment for urban areas with less than 2.000 population
equivalent, since in lasi county exist urban agglomerations with cca 500 PE connected to sewerage systems, it
became necessary to change the traditional technologies with environmentally friendly alternatives. In these
cases, reducing operating costs can reach very high percentage compared to current records.

According to the studied variants, the use of peat in wastewater treatment can be implemented for localities
with small population equivalents and an effective solution for wastewater treatment plants with low flow rates
and high day time fluctuation.

In this study attention has been focused on the use of peat as an alternative to conventional biological treatment
processes, taking into account its physical and biological properties. Peat consists mainly of cellulose and
lignin fibers, components containing polar functional groups, groups resulting in a high cation exchange
capacity and adsorption properties. Peat also offers a large contact area which increases the hydraulic
conductivity and influence sadsorption. Micro-florain mature peat is largely composed of aerobic and
facultative aerobicheterotrophic bacteria from a large number of genera: Pseudomonas, Aeromonas, Bacillus,
etc. As specified in the technical literature, the total population recorded per gram of peat was measured at |
x10°CFU. Similarly, in mature peat there has been isolated a wide variety of organisms such as fungi, protozoa
and metazoa involved in the maintaining of a balanced micro-flora and a stable ecosystem.

These properties make of peat an effective material for wastewater treatment, capacity which was meant to be
evidenced in a pilot treatment plant located in Iasi WWTP.

Keywords
Alternative bio-technologies, peat, urban agglomerations of under 2000 PE.

INTRODUCTION

If for large urban areas, wastewater treatment is currently in compliance and optimization phase, the
wastewater treatment process for agglomerations featuring a small population equivalent is
hampered by technical and economic issues. In fact, for the small communities with limited
economic resources, the wastewater treatment in classic rehabilitated facilities is a major problem
related to operating costs that cannot be entirely recovered by means of new tariffs applied to
consumers for sewerage services. Moreover, the daytime fluctuation of released flows is causing
unnecessary costs due to the need to provide a continuous aeration, in order to maintain the required
biomass into the tanks.

Besides the cost issues other stringent problems are those related to the loads of released nutrients,
nutrients that cannot be removed at optimal efficiencies in conventional plants, even modernized
ones, but not endowed with a tertiary process stage. For small developing communities, with
scattered population, of under 2,000 PE, the current trend is to develop technologies for which
initial and subsequent operation and maintenance costs are as low as possible. Current research is
allowing in general the selection of "extensive" systems for rural communities, systems that in
general are involving lesser costs in terms of technology, monitoring systems, systems integrated
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into the natural landscape, but which are requiring larger operational sites than the "intensive"
conventional systems.

Among these “extensive” systems two categories are distinct: those that use fixed bacterial
cultures(sand filters, reed planted filters, compact filters (peat, etc.) and those that are using free
bacterial cultures (natural lagoons, aerated lagoons, macrophytes lagoons) [1]. All these systems
have great potential and may offer a number of advantages compared with conventional treatment
systems:

sreduced operating costs

sreduced power needs

sreduced maintenance needs

erobust processes capable of handling a wide variation of operating conditions
sintegration into the environment

elack of sludge and sludge management

Taking into account the specific climate of the area, the land that already exists within wastewater
treatment plants,the reducing of costs for subsequent planning, operation and maintenance and also
the features of the mainly domestic wastewaters, for the communities of under 2,000PE, for this
study has been chosen an “extensive”compact system, namely peat filters. In order to gather certain
data related to the feasibility of such methodsin the lasi county, depending on the wastewater’s
characteristics and the physical and geographical conditions, it has been considered necessary to
conduct a study in order to determine all specific parameters needed for the designing of an
ecological wastewater treatment process.

HISTORY

Peat has been used for wastewater treatment since 1891. In Italy, the director of the Institute of
Public Health of Romewas describing the use of aseptic tank in combination with a peat filter for
wastewater treatment [2]. Recent research and implementation of peat facilities have been
developed especially in Canada where many types of filters have been conceived: ECO-FLOC,
HYDRO-QUEBEC, PREMIERTECHQUEBEC [1]. Peat treatment systems based on peat filters
have been studied at the University of Maineby dr. JLBrooks (1984). These studies have been
focused either on natural wetlands or especially built peatbeds. The systems were featuring various
designs, but in general they have been described as peatbeds placed on a waterproof membrane and
a drainingbed, able to ensure the draining-off of the effluent. Different ways to supply these systems
have been investigated, and the studies have confirmeda high percentage of removal for faecal
coliform (99% reduction), BOD5(90%),COD-Cr (80%) and phosphorus (58-96%) [3]. The use of
peat in wastewater treatment facilities with mechanical and biological stages has been successfully
tested for many years (Farnham and Brown, 1972, Tiltonand Kadlec, 1972, Guntemspergenetal.,
1981, Nicholsand Boelter, 1982).

The design and operating principles of peat filters were presented by Brooksetal (1984) and
McKeeand Connolly(1995). Many of the systems tested on field in the early 1990s were built by
excavating the natural material and peat filling, the peat having the role of a drainage terrain — the
perforated pipes were crossing a peatbed instead of a gravel layer. In the past 15 years, a second
generation of peat bio-filters has been developed, facilities in which the peat isp laced in a module
that is fed periodically withs ewage, either by gravity or by pumping, the water being forced to
cross the peat layer from the upper zone towards the lower zone. These systems were using various
types ofpeat, mainly the sphagnum type peat[4]. The wastewater treatment in these facilities was
provided by a combination of physical processes (filtration and absorption), chemical processes
(absorption and ion exchanges) and biological processes (microbial assimilation).
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Table 1. Performances of peat biofilters— data resulted from relevant studies [5] Brooks et al., 1984

Parameters MU Study locations

Main Main Main
System description residential residential residential
Peat layer thickness M 0,7-1 0,7-1 0,3-1
Hydraulic load m’/m’.day 0,016 0,007 0,03
Temperature °C 2-14 3-20
pH pH units 5,4-6,4 5,8-6,5 5,3-6,4
Performances *
COD mg/1 82 (86%) 108 (82%) 121 (84%)
BODs mg/1 15 (94%) 14 (94%) 24 (91%)
TSM mg/1 16 (90%) 9 (88%)
Total nitrogen mg/1 8,1 (83%) 16.7 (76%) 20.3 (69%)
N-NO; mg/1 4,2 4.4 0.3
N-NH; mg/1 2,4 10.4 17.7
P mg/1 3.2 (58%) 14.9 (62%) 0.5 (96%)
Faecal Coliform CFU/100ml <1 16

*performances reported as effluent average concentrations (between brackets, the treatment
average efficiencies)

The technical literature states many examples related to the peat use in wastewater treatment plants
that have generated excellent results. A significant example s the Minnesota City area, where over
50,000 residences, commercial centres, schools, hotels, motels and hostels, are using peat based
domestic wastewater treatment plants. Also, cattle farms, rural milk processing factories, agro-
processing enterprises and slaughterhouses are using peat based sewage treatment systems. The
expanding of peat use in low rate flows wastewater treatment facilities (industrial and domestic
wastewaters) prompted the establishment of research and design centers, which are also monitoring
the small plants that use as natural source peat and reed lagoons.

The research conducted in these research centers, which have been developed in the USA, Europe,
and Australia, has shownt hat peat allows for excellent performance in wastewater treatment
processes. Thus, it was found that peat reduces the solids contentin sewage at a rateo f 85-90%, over
90% for BODS, the loads of faecal bacteriafor over 99.99% (without the use of anydisinfectant),
reduces the phosphorus contents with 30% in summer time and 60% in winter time, ammonia is
reduced by 60%, and much of ammonia is nitrified. Moreover, peat decreases the content of heavy
metals, pesticides, dyes and is neutralizing the detergents.Studies conducted and presented within
technical literature, regarding the performance of peat based wastewater treatment facilities, in
summer and winter, depending on how wastewater is supplied (gravity or pumping) have shown
that the differences are insignificant, as it results from data entered in the table below.

Table 2. Results for peat based wastewater treatment plants, in summer and winter, water supplied
by gravity and by pumping

Feedin Influent param., . Separation summe | Separation
type ¢ Parameter mg/1 ’ Winter effIi)c. % r effIi)c. %
Gravity TSM
38 2,9 92 3,4 91
«“ BODS 206 23 90 4,8 97
“ TP 10 7,2 32 6,3 37
«“ TN 75 27 62 49 30
“ TNH,4 64 20 67 28 53
“ TNO; 0,02 4,0 Partial 20 Partial
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nitrification nitrification
“ faccal 1,2.10° 13,1 99.9 8,0 99,99
bacteria
Pumping TSM 53 0,7 98 1,1 98
BODS5 283 1,5 95 1,5 95
TP 15 7,8 48 9,4 42
TN 92 77 17 72 91
TNH,4 844 13 84 12 86
TNO; 0,02 64 nitrification 60 nitrification
faccal 6.10° 4,6 99,99 8,8 99.99
bacteria

PROPERTIES OF PEAT

Peat is an organic material composed of partially fossilized plants, formed within a humid, with low
oxygen presence environment in which the matter accumulation rate is greater than the matter
decomposition rate. It has a good water retention capacity, a high adsorption surface and all its
physic-chemical properties are recommending peat as a material which that may by highly efficient
in the process of wastewater treatment. Peat is mainly composed of ligninand cellulose, compounds
that are containing polar functional groups, which are giving peat a high capacity of ion exchange
and adsorbent properties. The lignin functional groups are including alcohols, aldehydes, ketones,
acids, etc., and are involved int he formation of strong bonds and the ability to adsorb positively
charged molecules such as ammonia, metals, some organic molecules, pesticides and, possibly,
viruses. In addition, microscopic studies (Couillard, 1992) have shown the strongly porous structure
of peat. The partially decomposed peat features a porosity of about 95.6% and a specific area of 200
m’/g this meaning that this substance is a highly polarized and highly porous material. Also, the
small interstitial voids between the peat fibers, combined with the capacity o retain large water
volumes and this for a long contact time, provides to peat the features that explain its use as a filter
medium for wastewater treatment processes. [6] The capacity to absorb a large amount of water and
to maintain humidity in time is an argument for choosing this material for wastewater treatment
processes in the case of fluctuating flows, the humidity providing to microorganisms ideal survival
conditions in the absence of wastewater supply. Into mature peat we can meet various
microorganisms that are adhering to the environment’s surface. The micro-flora is composed
mainly of heterotrophic aerobic and facultative aerobic bacteria from many genres: Pseudomonas,
Bacillius, Flavobacteria, Streptococcus, Aeromonas, Micrococcus, Alcaligenes, etc. The total
bacteria population of per gram of peathas been estimated to reach 1x 10° cfu (colony forming
units). In addition, peat has a large number of fungi (up to 1x10’ cfu/g) and a great variety of
superior organisms (protozoa, algae, rotipheres, worms, insects and insect larvae). All these
organisms play an important role in the maintaining of a balance in terms of bacteria population,
this ensuring the ecosystem’s stability. [7]

Brookset al (1984) was suggesting that peat has antimicrobial properties due to the traces of phenols
and other complex hydrocarbons, which are directly toxic to certain organisms, particularly for
enteric bacteria. In addition, studies have identified into certain types of peat a significant
population of fungi species (actinomycetes) that produce antibiotics which may have negative
effects on certain bacteria populations, especially on the enteric ones. The peat specific micro-flora
is highly adapted and largely unaffected by these substances. The high retention time of water in the
peat based wastewater treatment systems is providing the destruction of enteric organisms also by
means of the microbial antagonism. That is, the speciest hat are entering with the wastewater are
starting a competition with the native species that are highly adapted to the environment from the
peat bed. Brooksetal.(1984) has recorded a number of faecal coliformof 0-70 cfu/100 ml of treated
effluent, after six months of operation of a peat based treatment facility.
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MATERIALS AND METHODS (2011)

In order to study the process of domestic wastewater treatment, peat from Suceavac ounty has been
used: the  browneutrophic peat type and the oligotrophicred peat  type.
Peat from Suceava area has the following properties:

-Is a natural biodegradable product, generated by peat moss decomposition (Shagnum, sphagnum)
which, depending on the formation conditions it occurs as the brown peat version
(formedineutrophic swamps), the read peat version (formed in oligotrophicswamps) and the peat
formed in mesotrophic swamps. For wastewater treatment the first two types of peat are used.
- Features a complex composition including non-humic organic substances (carbohydrates, proteins,
peptides, etc..), organic humic substances, minerals, etc.

- Features a fibrous felt-like structure, with high porosity, which gives to this material good
absorption properties.

- Features a high content of humicacids, which support the microbiological activity during the
biodegradation process of pollutants from wastewater.

- Is not toxic to the environmentand does not generatetoxic compounds.

- Brown peat has a pH of 6.5-7.5, the red peat has a pH of 4.5-5.5.

- Features a high content of aerobic and anaerobic micro-flora which gives peat the properties of
natural support for the wastewater treatment.

The microbiological characterization of peat has revealed that peat is a support for a very rich
anaerobic and aerobic micro-flora that is including that micro-flora able to fix the atmospheric
nitrogen, particularly Azobactersof proteolyticmicroflora type, mainly represented by the
terotrophic bacteria. These bacteria hydrolyze in aerobiosis and anaerobiosis processes the protein
substances, the ammonizing micro-flora which achieves the mineralization of aminic acids, of
peptides and other compounds that contain nitrogen in the humic structure, to NH3,CO, and H,O,
the nitrifying micro-flora, that is including nitrous and nitric bacteria. The main eco-physiological
groups of micro organisms that are present in peat, are given in the table below:

Table 3.
No | Microorganism type No.microorg./g of peat
1 Total Microflora 890.10’
2 | Cellulosolithic 326.10°
3 Ammonizing 158.10"
4 | Nitrifying 142.10°
5 Proteolithic 924.10"
6 | Nitric 425.10°
7 | Nitrous 376.10°
8 Anaerobic nitrogen fixing 215.10°
9 Aerobic nitrogen fixing 184.10°

This micro biological load explains, together with the fibrousphysical structure, with large active
area, the excellent activity of peat within the wastewater treatment processes.

The mechanisms by means of which peat is acting within treatment processes.

In wastewater treatment processes, peat works by three specific mechanisms, namely:

-physical mechanisms

-anaerobic and aerobic biological mechanisms

-chemical mechanisms.

The physical mechanisms are described by the filtration processes and the adsorbtion processes.
The water which is to be treated comes into contact with peat and the small solid particles, usually
featuring a high with a high BODs, are retained into the peat fibrous interstices, where they remain
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without being conveyed away with the wastewater. This causes an accumulation of solids in the
wastewater treatment plant’s feeding area and therefore, here the BODs factor is higher than in the
other areas. Here also takes place an intense adsorption process of faecal bacteria onpeat’s surface,
which then is completed in the following areas.

The biological mechanisms begin with the microbial decomposition.

Peat fibres, as shown above, support a significant microbial population which is mainly consuming
mainly the organic substances retained into the peat’s interstitial voids. Into the peat system, the
specific active surface is thousands of times higher compared to membrane filters (used for the
same purpose, but at much higher costs). This i sconfirmed by the very high influent bacteria
retention capacity, this meaning that over 99.2% of faecalcoliform bacteriais removed from without
the use of any external disinfectants. The removal of these bacteria is more intense on red peat,
which is more acid. Therefore, at inlet the red peat is to be used, the brown peat layers being used
afterwards.

Further on, the biological mechanisms within peat are continuing with aerobic processes that are
similar to those that occur into aerated treatment plants (where aeration is in fact air pumping,
which is provided with huge power consumptions). The aerobic processes that take place into peat
is proof that peat shelters a highly developed population of aerobic bacteria. Laboratory results have
confirmed the porous peat structure, that is featuring a very large active surface, able to store a
quantity of water that equals 300% of peat’s weight, and also maintaining an air-filling capacity of
over 30% of its volume. This huge air reserve contained into peat is confirmed by the ability of peat
to oxidizeup to 96% of ammonia nitrogen.

Chemical mechanisms.

Peat’s extremely high specific surface favours the cation adsorption processes, so that the balance
of cations shows tha tthe decreasing of phosphorusion contentin the effluent reaches 74%, the
salinity is decreasing by over 3% and alkalinity y 80%. All these reductions, which are statistically
significant, are chemical changest hat occur in addition to the physical and biological ones, and
which are generated into wastewaters by peat.The alkalinity decreasing, due to ion exchange and
the increasing of content of organic acids released fromp eat, favours a pH reduction by 15%, thus
reaching a value of 6.36 to 6.68, ideal value sfor de-nitrification processes, although the carbon
source from peat can also facilitate this process. The average decreasing of salt contentis of about
300-310mg/ land this is significant, if we consider that this decreasing implies no costs whatsoever.
The existing organic nitrogen, under the form of resistant organic compounds and colloids
measurable by the Kjeldahl method is easily oxidized. However peat decreases this nitrogen by
6.4%. In general the decrease in nitrogen achieved in peat, by oxidation and de-nitrification,
reaches 54-55%. The total phosphorus amount includes both organicphosphorus and inorganic
soluble phosphorus. The practice shows that half of the phosphorus amounts come from detergents
and half from human diet. Peat isvery effective in removing phosphorus, and therefore it reduces by
74-75% the phosphorus content. However, in time, the phenomenon of peat saturation occurs and
peat loses its initial treatment capacity, which is why peat should be changed after a period of
operation ranging from 6.5 to 7 years.S ulphur load, present under ionic form, is also decreased by
peat by over 90%, due to chemical and biochemical effects. For the experiment we have used a
small scale peat bio-filter pilot installation, which was operated under local climate conditions, over
alonger period of time. The pilot installation has been located within the site of the lasi City
Wastewater Treatment Plant, due to possibilities of surveying and monitoring the system (that is,
the physical and chemical parameters of wastewater, at intake and on effluent).
The chosen system was a gravel layer bio-filter, over which a peat layer has been added, and then
the water layer. The module in which the bio-filter has been installed, with sizes of 1.5x0,4x0,4 m,
was provided with baffles (vertical walls) mounted at interspaces of 15 cm in order to ensure a high
number of water passages and to provide a greater area and a greater contact time between
wastewater and peat.

92



Conferinta Tehnico-Stiintifica
“Tehnologii noi de epurare a apelor uzate”

<— wastewater

%_
@<

%_

peat layer

Fig.1 The pilot installation

Fig. 2 Photo of the pilot installation

We chose to test two types of peat: the browneutrophic peat (from the Dorohoi area) and the red
oligotrophic peat (from the Poiana Stampei area, Vatra Dornei) Red Glade Stamps, Each
experiment was performed by achieving the peat filling (Fig. 4), which was placed over the gravel
bed (Fig. 3) as a protection against clogging.
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Fig. 3 Gravel bed on tank’s base plate Fig. 4 Peat layer set on gravel in 2 compartments separated
by metallic wall

The system’s efficiency has been tested under different feeding conditions: discontinuous feeding
and continuous feeding.

* The first stage of the experiment consisted of addin gover the brown peat layer of avolume of 60-
75 liters of wastewater drawn from the Iasi wastewater treatment plant influent, and ensuring a
minimum recirculation flow of 0.1 I/ s, for 15days. Monitoring of parameters has been conducted on
a daily basis.

In the second stage the red peat has been tested, by ensuring the same conditions as in the first
experiment.

In the third experiment stage, conducted in September, the pilot installation has been equipped
with a 30 liter container which provided a continuous supply of wastewater, at a very low rate of
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about 3.6 I/h. For this stage, given the results of earlier stages, the option has been to use brown
peat.

The following quality parameters have been monitored: pH, organic matter (COD-Cr, BODs), total
suspended matter (TSM), ammonia nitrogen and nitrates.

Working methods that have been used were those commonly used in the wastewater laboratory: for
pH-the 1SO10523:2009 method; COD-Cr in compliance to SR ISO 6060:96;BODs with the
OXITOPWTW method; the total suspended matter in compliance to EN872:05; the ammonia
nitrate in compliance to ISO7150:01; and the nitrates in compliance to ISO7890-3:00.

RESULTS

The system that has been used in the first hase of the study had brown peat as filtering substrate and
treatment medium, brown peat set ona gravel bed, in order to ensure the water flow and prevent the
system’s clogging. The influent wastewater was a wastewater with the typical quality indicators of
an urban wastewater. The exposure duration of this wastewater reached 15 days, period during
which a minimum re-circulation of 0.1 l/s has been ensured. The tested wastewater was
characterized by an average organic load of 177mg/ ICOD-Cr, a suspended solids loado f 112 mg/ 1
and cca 30mg/ 1 of ammonia nitrogen. After the first 48 hours of contact between wastewater and
peat a strong decrease of suspended solids and organic matter loads took place, the process
efficiency being of about 80%.

Table 4. Results of stage 1 of the experiment — brown peat

Influent Treated Effluent
WwWw
august
Date 3 5 8 9 11 12 15 16 17 18
pH 7,55 7,6 7,69 7,58 7,35 7,65 7,81 7,71 7,63 7,83
Temperature 19,9 17,2 21,1 21,3 16,6 16,9 19,6 19,1 20,6 20
TSM 112 21 8 12 41 15 12 12 10 12
COD-Cr 176 30 30 30 65 30 30 104 30 30
BODS5 88 13 9 12 6
NH4+ 29,6 11,5415,73 10,59 0,19 1 1,44 1,58 0,228 0,86
NO3- 0 2 2 11 2,1 13,49
MAL TSM 35 35 35 35 35 35 35 35 35
MAL COD-Cr 125 125 125 125 125 125 125 125 125
MAL NH4+ 3 3 3 3 3 3 3 3 3

MAL - maximum admissible limit, as stated in NTPA 002/2005

Following the experimental results (table no. 4), we can note first an obvious decreasing of the total
suspended matter, event that can be explained by the peat’s high porosity of peat and, moreover, a
decreasing of organic loads, this being due to heterotrophic bacteria existing in large numbers in
peat.
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For ammonia nitrogen, a significant drop in concentration has been recorded at 7 days after the start
of the study, which was attributed to the need of "maturation" of the peat system, this being related
to the need for a longer time for adaptation and development for organisms involved in the
transformation of nitrogen compounds. With the reduction of ammonia nitrogen there is a slight
increase in nitrate concentration, in correlateon to the transformation stages in the nitrification
process. The fact that nitrate concentrations remain at low values may be partly due to the partially

CR
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anaerobic environment provided by the peat bed, environment that is favourable for the
development of denitrification organisms. For ammonia nitrogen, in the first days, the decreasing
was of only 50%, then this figure reaching values of up to 97%.

Brown peat — decreasing of anunonia nitrogen concentration in

wastewater
40 - #® NH4+ influent
35 - ONH4+ apa epurata
30 OLMA NH4+
25
mg/120
15

NH4+ INFLUENT = INFLUENT NH4+
NH4+APA EPURATA = WASTEWATER NH4+
LMA NH4+ = MAL NH4+

Table 5 — Results of the second stage of study, with use of red peat
The experiment’s second stage had as goal the testing of effectiveness of redpeat in wastewater

treatment, by means of a procedure similar to the one wused in the first part.

Table 5. Phase II study results, with use of peat red.

Influent Effluent
august

14 14/15 15 15/16 16 16/17 17 18 18/19
pH 7.41 6.25 6.34 6.64 6.72 6.8 6.66 6.92 6.83
Temperature 19.8 227 18.8 223 17.7 20.9 15.8 17.6 21.1
TSM 393 85 66 66 42 26 26 39 20
COD-Cr 376 289 186 208 209 149 182 193 210
BOD5
NH4+ 44.77 27.24 18.76 20.5 20 20.82 18 16.4 18.94
NO3- 0.37 2.19 1.78 1.53
MAL TSM 35 35 35 35 35 35 35 35
MAL COD-Cr 125 125 125 125 125 125 125 125
MAL NH4+ 3 3 3 3 3 3 3 3

The obtained results (table no.5), when red peat has been used as filtering medium were positive in
terms of decreasing of the total suspended matter, the process reaching an efficiency of 95%. For
the other quality indicators, the decreasing was insignificant, resulting in a minimum of 149mg/
ICOD-Cr and 16.4mg/ 1 ammonia nitrogen.
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Red peat - decreasing of total suspended matter in wastewater

® MTS Influent
BMTS apa epurata
OLMAMTS

14 14 14/15 15 15/16 16 16/17 17
august

MTS INFLUENT = INFLUENT TSM
MTS APA EPURATA = TSM IN TREATED WW
LMA MTS = MAL TSM

Red peat — decreasing of organic substances concentrationin
wastewater

200
180
160
140
120
mg/l 100

80
60 OLMA CCO-Cr

40 BCCO-Cr apa epurata
20

B CCO-Crinfluent

14.. 14 14/15 15 15/16 16 16/17 17

CCO-CR INFLUENT = INFLUENT COD-CR
CCO-CR APA EPURATA = WASTEWATER COD-CR
LMA CCO-CR =MAL COD-CR
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Red peat - decreasing of ammonianitrogen concentration in
wastewater

#® NH4+ influent
40 - OLMA NH4+
35 8 NH4+ apa epurata
30
25
mg/1 20

14 14/15 15/16 16/17
august

NH4+ INFLUENT = INFLUENT NH4+
NH4+APA EPURATA = WASTEWATER NH4+
LMA NH4+ = MAL NH4+

Given the low erefficiency recorded for the red peat system,within the last stage of the study that
was conducted in 2011, brown peat has been used as treatment substrate, in a continuously fed
system. The obtained results (table no.6) showed that brown peat preserves its efficiency in terms of
decreasing the concentration of major pollutants compounds in wastewater when water feeding is
continuous. Moreover, the efficieny increases whena "maturation" of the system is reached.

Table 6. Results of a phase III study-brown peat use in power system continues

Influent Effluent
Sept.
1 2 2/3 3 3/4 4 4/5 5 6 6/7 7 7/8 8 8/9
pH 748  7.58 7.69 7.79 7.58 7.61 7.83 8.02 8.01 792 7.88 7.87 7.8 6.69

temp. 214 187 188 17.2 21 17 215 149 182 21.8 21.8 21.3 17.8 18.7
TSM 328 66 22 30 31 21 22 52 13 17 18 18 19 21
COD-Cr 252 117.6848 52 72 63.2865 73 57.5728 51 62.4855.3634

BOD5 22 22 16
NH4+ 13.71 16.6 13 14 12 13.6420.4917.3 12.129.38 8.66 6.44 49 2.3
NO3- 0 0 0.17 096 0.2 0.61 0.1150.58 1.04 2.38 6.95
MAL 35 35 35 35 35 35 35 35 35 35 35 35 35
TSM

MALCO 125 125 125 125 125 125 125 125 125 125 125 125 125
D-Cr

MAL 3 3 3 3 3 3 3 3 3 3 3 3 3
NH4+
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Influent Effluent
September

1 9 9/10 10 10/11 11 11/12 12 13 13/14
pH 7.48 7.6 7.82 7.87 7.91 7.9 7.8 7.99 8 8.21
temp. 21.4 16.3 16.3 159 16.8 17.5 21 16.6 18 22
TSM 328 22 26 22 20 20 22 6 13 13
COD-Cr 252 36 30 32 34 45 43 41 33 46
BOD5
NH4+ 13.71 5.76 2.16 2.3 5.05 0.09 2.02 0.057 0 0.05
NO3- 0 3.13 0.54 6.85 11.75 9.23
MAL TSM 35 35 35 35 35 35 35 35 35
MAL COD- 125 125 125 125 125 125 125 125 125
Cr
MAL NH4+ 3 3 3 3 3 3 3 3 3
CONCLUSIONS

The study that has been conducted in 2011 has revealed the following:

—peat systems can be an alternative for wastewater treatment, providing a decreasing of pollutants
concentrations down to an acceptable level that makes possible to safely discharge treated
wastewater into a river course;

—the type of selected peat type is especially important because the peat properties are strongly
influencing on the system’s efficiency; the conducted experiment has revealed the low efficiency of
red peat in the tested conditions;

—the power and energy needs in order to ensure an optimal efficiency for the decreasing of organic
substances, suspended matter and ammonia nitrogenare minimal in the case of peat (for this
experiment power has been consumed only by the water recirculation pump);

—peat provides a highly efficient decreasing of suspended matter and organic compounds, even for
a short contact time, whilst the ability of nitrogen compounds reduction varies depending on contact
time, temperature, etc.

—the peat’s antimicrobial properties may offer a solution for producing an effluent with low
microbial load, fact very important in the case of small communities wherew ater river is used for
domestic animals;

—the performances of the peat system have been evaluated in the summer-autumn period, so it is
necessary to test the system in winter conditions too, in order to check whether this system will
provide satisfactory results under the climatic conditions that occur in the area of use;
—peat systems do not generate odour or noise pollution .
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Sectiunea 3:

Managementul namolului
— solutii integrate in protectia mediului
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la epurarea apelor uzate
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Abstract

Disposal, sludge management is an expensive and sensitive environmental issue. It is also a problem
whose scope is in continuous growth throughout the world, not only in Romania, because the production
of sludge from wastewater treatment plants will continue to increase as quality standards for treatment
plants works and standards for environmental protection are becoming more stringent.

In the European context, the problem of sludge disposal and recovery from wastewater treatment plants is
currently highly disputed. Application of sewage sludge to agricultural land may be beneficial because it
can improve the physical, chemical and biological properties of soils which may enhance crop growth and
reduce the demand for chemical fertilizers. On the other hand, applying sludge to agricultural crops can
pose a potential risk for human health and the environment- groundwater, surface water bodies and soils.
Sludge disposal in landfills is subject to strict ecological and environmental restrictions with implications
in dimensioning process lines and respective operating costs. Other alternatives, such as composting or
incineration, are poorly developed or are very expensive and have complex environmental implications.
The recommended approach to determining the optimum policy for the management and use of sludge is
based on the Best Practicable Environmental Option (BPEO) methodology. Identifying the best practical
environmental options is a strategic methodology developed to identify the best options in terms of the
environment, of processing and disposal of sludge. This methodology is based on a comprehensive
approach and flexible multi-criteria, which can be applied in any sludge management strategy and, more
generally, in waste management issues for a specific case or a region. This strategic approach is now
applied successfully in sludge management problems in many countries.

This paper proposes the implementation of BPEO methodology, adapted to the specific problems of
management and use of sludge from treatment plants in Romania.

Keywords
Best practicable environmental option, sludge management, sludge removal.

INTRODUCERE

Procesarea si eliminarea namolului este o problema costisitoare si cu efecte semnificative asupra
mediului. Este, de asemenea, o problemad in continua crestere in intreaga lume, nu numai in
Romania, deoarece productia de namoluri de la statiile de epurare a apelor uzate va continua sa
creascd pe masurd ce standardele de calitate pentru lucrarile de la statiile de epurare si cele de
mediu vor deveni tot mai stricte.

In context European, problema eliminarii si valorificarii namolurilor provenite de la statiile de
epurare a apelor uzate este extrem de disputata. Aplicarea namolurilor pe terenurile agricole poate fi
benefica, ducand la imbunatatirea proprietatilor fizice, chimice si biologice ale solurilor, facilitand
dezvoltarea culturilor. Pe de alta parte, aplicarea namolului pe terenurile agricole, poate reprezenta
un risc potential asupra sanatagii umane si a mediului, afectdnd factori de mediu cum ar fi: apele
subterane, corpuri de apa de suprafatd, solurile. Depozitarea namolului in depozitele de deseuri
ecologice are la baza restrictii ce decurg din aplicarea politicilor de reducere a deseurilor
biodegrabile admise in aceste depozite Alte alternative, de exemplu compostarea, sunt slab
dezvoltate, iar altele cum ar fi incinerarea, sunt foarte scumpe si cu implicatii complexe asupra
mediului.
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Abordarea recomandata in vederea stabilirii unei politici optime de gestiune, eliminare si utilizare a
namolurilor se bazeaza pe metodologia identificarii celor mai bune optiuni de mediu practicabile
(BPEO - Best Practicable Environmental Option).

Experientele europene arata ca strategiile de gestionare a namolurilor se bazeaza in general pe
combinatii de optiuni de eliminare diferite. De exemplu aplicarea namolurilor pe terenurile agricole
este limitata sezonier, aplicarea in timpul iernii nefiind permisa. Acest lucru necesita capacitati
extinse de stocare sau depozitarea in aceasta perioada in depozite de deseuri.Prin urmare, strategiile
de gestionare a namolurilor, nu oferd o solutie definitiva, ci mai degraba, pe cat posibil urmaresc sa
propund o solutie optima sau solutii optime din punct de vedere economic, tehnic si al implicatiilor
de mediu.

Criterii de evaluare BPEO
Strategiile de gestionare a namolurilor trebuiesc sa fie dezvoltate pe baza unor obiective specifice ce
reflecta “eficienta economica, tehnica si de mediu”. Aceste obiective sunt urmatoarele:

» Aplicabilitate: Strategia trebuie sa fie bazata pe conditiile si resursele locale sau trebuie sa fie
usor adaptabila la cele potential aplicabile. Aceasta include utilizarea infrastructurii si
resursele existente sau potentiale, in special, in vederea utilizarii ndmolului in agricultura,
unde trebuiesc respectate conditiile geografice, meteorologice si pedologice.

» Flexibilitate: Strategia nu depinde de o singurda optiune de depozitare a namolului.
Combinarea a doud sau mai multe op{iuni este recomandata.

* Acceptabilitatea mediului: Riscurile potentiale si impacturile posibile asupra mediului vor fi
evitate sau reduse.

» Siguranta si viabilitate: Strategia trebuie supusastandardelor actuale nationale si europene,
dar este posibil sa fie valabilad pentru toata perioada proiectului.

* Eficienta costului.

Criteriile esentiale in identificarea celei mai bune optiuni de mediu practicabile, specifica faptul ca,
optiunea aleasa trebuie sa indeplineasca urmatoarele:

* Reprezinta cea mai buna solutie din punct de vedere al mediului, este sigura si de durata, si nu
necesita costuri excesive;

* Respecta toate standardele legale cu privire la emisiile in apa si aer, la utilizarea pe sol si la
depozitarea in depozitele de deseuri, si reduce pe cat posibil un eventual transfer de poluare
intre factorii de mediu;

« Incorporeaza factori de sigurantd pentru a depisi orice incertitudine cu privire la impactul
asupra mediului.

Principiile care stau la baza strategiilor de management al deseurilor, valabile si pentru namoluri,
sunt urmatoarele:
» Evitarea producerii deseurilor, ceea ce in cazul namolurilor presupune adoptarea celor mai
bune tehnici care genereaza cantitdfile cele mai mici de namol;
» Valorificarea materiald — vizeaza utilizarea namolurilor in agricultura, in silvicultura sau
pentru imbunatatiri funciare;
» Valorificarea energetica — presupune eliberarea potentialului energetic al materiei organice
continute in namol, folosind diferite tehnici de gazeificare sau incinerare;
* Depozitarea finala inseamnd depunerea controlatd a namolului, dupa o tratare prealabila, in
locatii cu destinatie si amenajari specifice.

Procesul de evaluare a celei mai bune optiuni de mediu practicabilda - BPEO, poate fi rezumat astfel
(figura 1):

104



Conferinta Tehnico-Stiintifica
“Tehnologii noi de epurare a apelor uzate”

OPTIUNI IDENTIFICATE
e  Procesare
e  Utilizare in agricultura
e Incinerare
Solutii inovatoare
e  Depozitare

/

EVALUARE PE BAZA
UNOR CRITERII TEHNICE
e  Aplicabilitate

e Impact

e  Sccuritate

e Costuri

\/

PUNCTARE OPTIUNI PE
BAZA CRITERIILOR e==p BPEO

e  Procese si conditii specifice

Fig. 1 Procesul de evaluare BPEO

In identificarea celei mai bune optiuni de mediu practicabile, urmatoarele aspecte sunt esentiale:

* Toate optiunile identificate sunt evaluate, ludnd in considerare minimizarea cantitatii de
namol, a generarii de poluanti, de tratare si eliminare cu alte deseuri, de utilizare a unor noi
metode de eliminare;

* Toate deciziile luate sunt evaluate in primul rand pe considerente de mediu, si pe criterii
privind viabilitatea si fiabilitatea optiunilor identificate.

* Se urmareste realizarea unui echilibru rezonabil si justificabil intre beneficii si costuri.
Evaluarea trebuie sa tind cont de toate intrarile si iesirile, ludnd in considerare urmatoarele criterii
de evaluare:

* Legislatie

 Politici de mediu

* Mediu

* Tehnic

* Economic.

Pe baza principiilor prezentate mai sus se pot identifica diverse optiuni de eliminare finala: utilizare
in agricultura, utilizare in silvicultura, utilizare pentru imbunatatiri funciare, co-incinerare,
incinerare, depozitare etc.Este evident ca fiecare optiune de eliminare necesita parametrii calitativi
foarte bine determinati pentru namol, de care trebuie tinut cont inca din faza de proiectare a statiei
de epurare.

Optiunile identificate pentru eliminarea namolurilor, trebuie comparate intre ele, in vederea
identificarii celei mai bune optiuni in vederea implementarii. In general optiunea cea mai sigur,
acceptabila si economica este obtinuta prin corelarea stricta inca din faza de proiectare a proceselor
de tratare a namolurilor cu optiunile de eliminare finala. In acest sens tehnologia de procesare a
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namolurilor trebuie selectata astfel incat in urma procesarii namolului sa atingd parametrii calitativi
impusi de metoda de eliminare finala.

ANALIZA MULTICRITERIALA A OPTIUNILOR DE ELIMINARE A NAMOLULUI
Analiza multicriteriald reprezinta o abordare structuratd utilizata pentru a determina preferintele
generale dintre mai multe optiuni alternative identificate, optiuni care conduc la indeplinirea unor
obiective, cu respectarea principiilor care stau la baza optiunilor analizate. Criteriul reprezinta
parametrul in functie de care optiunile identificate sunt evaluate si comparate pentru a se stabili
masura in care acestea conduc la indeplinirea obiectivelor. Fiecare criteriu trebuie s masoare un
aspect relevant si nu trebuie sa depinda de un alt criteriu. Criteriile sunt, in general, de doua feluri:
cantitative si calitative.
Analiza optiunilor identificate ca fiabile, pentru eliminarea namolului, trebuie sa t{ind cont de
urmatoarele seturi de criterii:

a) Criterii tehnice

b) Criterii economice

c¢) Criterii de mediu

d) Criterii sociale
Pentru identificarea celei mai bune optiuni BPEO, fiecarui set de criterii i se va aloca un punctaj, fie
prin tehnica compararii, fie prin calculare pe baza marimilor fizice cuantificabile pentru criteriile
respective, in cadrul unei analize multicriteriale.

Criteriile tehnice
Criteriile tehnice se refera la solutiile de procesare si de eliminare a namolului. In cadrul criteriilor
tehnice sunt considerate relevante urmatoarele elemente componente, care definesc usurinta
implementarii unei anumite optiuni:

* Necesarul de spatiu;

* Masura in care vor fi afectate procesele existente;

+ Complexitatea tehnica,

* Siguranta eliminarii:

o Viabilitatea pe termen lung;
o Flexibilitate.

Necesarul de spatiu.Orice proces de deshidratare/tratare al ndmolului trebuie sa fie compatibil cu
procesele de procesare a namolului deja existente. Fiecare proces de procesare a namolului necesita
un spatiu bine definit; acesta trebuie sa fie disponibil in incinta statiilor de epurare existente sau sa
poatd fi asigurat prin regruparea instalatiilor tehnologice existente sau prin spatii suplimentare in
vecindtatea acestora.
Masura in care vor fi afectate procesele existente.Implementarea oricarei variante de procesare a
namolului perturbd, in mod inevitabil, procesele din statia de epurare in exploatare. Aceste
perturbari pot fi cu impact redus, de genul ingreunarii accesului personalului de exploatare si
intretinere, dar pot fi chiar semnificative in cazul in care este necesarda de exemplu intreruperea
totald sau partiala a restului de flux de procesare a namolului sau a apelor uzate.
Complexitatea tehnica.Diferitele procese tehnologice de procesare a namolurilor necesitd un nivel
de competentd bine definit al personalului de exploatare si intretinere, functie de complexitatea
tehnica a procesului respectiv.
Siguranta elimindrii.In ultimii ani natura si masura constrangerilor privind tratarea si eliminarea
finald a namolurilor s-a schimbat. Este de asteptat ca si in viitor sa apara schimbari pentru care
momentan nu exista inca previziuni, prognoze. Este foarte important ca optiunea aleasa sa poata fi
adaptata schimbarilor ce pot aparea in viitor, acoperind un orizont de timp cat mai indepartat.
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In cadrul evaluarii diferitelor optiuni, acest criteriu tine cont de doud aspecte: cat de viabild este
optiunea pe termen lung (viabilitate) si masura in care pot fi aplicate si alte rute de eliminare
(flexibilitate), decat cele de depozitare in depozitele de deseuri.

Criterii economice
In cadrul criteriilor economice sunt analizate atat costurile de capital (de investitie), cat si costurile
de operare.
Costurile de capital.Costurile de capital aferente implementarii optiunilor identificate difera in
functie de tehnologia ce urmeaza a fi implementata. Calcularea costurilor necesare acoperirii
investitiilor trebuie sa se realizeze cu ajutorul costurilor unitare provenite de la:

» Cotatii ale furnizorilor de utilaje;

» Valoarea reactualizata a diferitelor utilaje achizifionate anterior etc.
In cadrul acestor costuri nu vor intra costurile de proiectare, a obtinerii avizelor, autorizatiilor si a
taxelor legale.
Costuri de operare.Costurile de operare trebuie sa acopere exploatarea intregului flux tehnologic de
procesare al ndmolului, atat ale elementelor tehnologice existente intr-o statie de epurare, cat si a
celor propuse, care fac obiectul investitiilor.
Costurile de operare vor include:

* Costuri de mentenanta instalatii

» Costuri substante, reactivi etc.

* Energie electrica

* Costuri de preluare

 Costuri de transport etc.

Criterii de mediu
Fiecare varianta de procesare si eliminare finald a ndmolului are un anumit impact asupra mediului.
In cadrul criteriilor de mediu nu se va determina impactul net asupra mediului a diferitelor optiuni
de eliminare a namolului care presupune insumarea efectelor pozitive cu cele negative, ci se va
determina impactul relativ asupra mediului prin compararea impacturilor fiecarei optiuni
identificate, intre ele, tinandu-se cont de urmatoarele aspecte:

* Masura reducerii materialului organic supus depozitarii finale;

* Valorificarea potentialului energetic al namolului prin utilizarea fractiei organice a acestuia;

* Masura diminuarii cantitatilor de namol supuse depozitarii finale;

* Emisii;

» Afectarea factorilor de mediu: apa, aer, sol, subsol, biodiversitate.
Reducerea materialului organic supus depozitarii finale.Directiva 1991/31/EC si Decizia
2003/33/EC cu privire la depozitele de deseuri, transpuse integral in legislatia nationald, prevede ca
din 2001 pana in 2020, sa se reduca progresiv cantitatile de deseuri biodegradabile acceptate in
depozitele de deseuri ecologice si aceasta cerinta poate fi extrapolatd si la namolurile provenite de
la statiile de epurare.
Prin procesele tehnologice aplicate pentru fiecare optiune identificata, fractiunea volatild este
eliminatd in diferite proportii. Optiunile de incinerare si co-incinerare, reduc in intregime
componenta volatilda din namolul supus depozitarii finale. Restul optiunilor elimind materialul
organic doar acolo unde statiile de epurare au integrat in fluxul de tratare a namolului procesul de
stabilizare anaeroba.
Energia regenerabila valorificata.Procesarea namolurilor necesitd energie sub diferite forme.
Energia electrica este practic indispensabila in orice etapd de tratare a namolurilor. Procesul de
uscare, care asigura o reducere semnificativa a cantitafii de namol prin eliminarea apei din acesta,
este un mare consumator de energie termica. Valorificarea resurselor de energie regenerabila este o
tendinta larg raspandita, avand si o sustinere importantd in Uniunea Europeana.
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In cadrul acestui criteriu sunt cuantificate urmitoarele apecte:

* Energia continuta de biogazul generat in diferitele variante;

* Energia solara valorificata la uscarea namolului.
Degseurile depozitate.Este evident ca pe masurd ce scade cantitatea de ndmol supusa depozitarii
finale, scad si efectele negative asupra mediului.
Evaluarea emisiilor.Fiecare optiune de eliminare identificata are emisii in mediul inconjurator, atat
pe durata procesarii namolului, cat si dupa depozitarea acestuia. Acest criteriu nu analizeaza
optiunile sub aspectul emisiilor pe care acestea le au in mediul inconjurator, in timpul procesarii
namolurilor, deoarece se presupune ca tehnologiile de procesare a namolurilor vor respecta toate
cerinele legale cu privire la emisiile Tn mediu si astfel acestease regasesc indirect in criteriile
economice, si anume in costurile de investifie si in cele de operare implicate de fiecare optiune
identificata in parte.De exemplu, pentru reducerea impactului negativ asupra atmosferei datorita
gazelor provenite de la incinerarea namolurilor, In componenta instalatiilor de incinerare sunt
incorporate solutii de reducere a emisiilor in limitele acceptabile pentru mediul inconjurator. Din
aceasta cauza, costurile de investitii si cele de operare, complexitatea tehnica a acestor instalatii sunt
mai ridicate, in comparatie cu alte procedee de procesare si eliminare a namolului. In concluzie
acestea reprezintd o cuantificare indirecta a acestui criteriu.
Acest criteriu va tine cont de stabilitatea produsului finit rezultat in urma procesarii namolului, in
special de umiditatea acestuia, ce poate determina emisii in mediul inconjurdtor (producerea de
levigat, mirosuri etc.)
Afectarea factorilor de mediu.Fiecare optiune de procesare si eliminare a namolului identificata are
anumite implicatii asupra principalilor factorilor de mediu: apa, aer, sol, subsol, biodiversitate.
Functie de optiunile identificate de eliminare a ndmolului, implicatiile asupra factorilor de mediu
sunt diferite. Acest criteriu face o analiza calitativa a implicatiilor asupra factorilor de mediu prin
compararea optiunilor identificate.

Criterii sociale
In cadrul criteriilor sociale sunt considerate relevante urmatoarele elemente componente, care
definesc implicatiile sociale ale unei anumite optiuni:

. Acceptabilitatea publica;

. Crearea locurilor de munca;

. Sanatatea umana;

. Corelarea cu alte programe si politici de mediu

Acceptabilitatea publica.Acceptabilitatea publica este un criteriu foarte important, de evaluare a
fiecarei optiuni de eliminare a namolului. Este foarte important ca opinia publicd sd gaseasca
acceptabila optiunea de eliminare si sa joace rolul necesar pentru ai asigura implementarea. Unele
optiuni de eliminare, precum eliminarea in agricultura, sunt privite cu reticenta de catre fermieri.
Crearea de locuri de munca.Acest criteriu cuantificd locurile de muncd nou create datorita
implementarii unei optiuni de procesare si eliminare a namolului.

Sanatatea umana.Sanatatea este o problemd importantd, atat pentru public cat si pentru
reglementarile legislative. Reglementarile de mediu vizeaza protectia sanatatii umane, precum si a
mediului. Acest criteriu analizeazd daca exista vreun impact potential asupra sanatdtii umane
asociat cu optiunile de eliminare a namolului.

Corelarea cu alte programe si politici de mediu.Este foarte important ca optiunile identificate sa nu
intre 1n conflict cu alte programe si politici de mediu locale, nationale sau europene. Optiunile de
eliminare a namolurilor identificate trebuie sd nu vina in conflict cu domenii precum gestionarea
deseurilor sau alte domenii conexe cum ar fi dezvoltarea economica.
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METODA DE EVALUARE MULTICRITERIALA

Existd mai multe metode de evaluarea multicriteriald, dintre care se amintesc: insumarea ponderilor,
procesul ierarhiei analitice, metode de surclasare (ELECTRE 1) etc. Pentru analiza multicriteriald a
optiunilor de eliminare a namolului, se propune metoda insumarii ponderilor. Metoda, cunoscuta si
sub numele de modele liniare cumulative, este o metoda foarte utilizatd in cazul deciziilor
multicriteriale.

Metoda insumarii ponderilor, se aplica in ipoteza ca criteriile sunt preferential independente unul de
celalalt. Modelul liniar aratd cum valorile anumitor criterii arefente unei optiuni pot fi combinate
intr-o valoare de ansamblu. Acest lucru se realizeaza prin Tnmulgirea punctajelor standardizate ale
fiecarui criteriu cu ponderea adecvata acelui criteriu, urmata de insumarea punctajelor ponderate ale
tuturor criteriilor. Calcularea punctajului total pentru fiecare alternativa identificata de eliminare a
namolului se poate face folosi urmatoarea relatie:

n

A= Z W Ty

7=1
in care:
A. — optiunea (altenativa) identificata, unde i este numarul optiunii;
wi— ponderea criteriului j, unde j ia valori intre 1 $i numarul de criterii #;
r;j— punctajul acordat criteriului j, pentru optiunea i.

Este important de mentionat ca, procesul de standardizare si ponderile aplicate fiecarui criteriu,
implica un grad ridicat de subiectivism. De aceea, explicarea punctelor forte si a punctelor slabe ale
unei strategii de gestionare a namolului, precum si explicarea clasificarii finale a optiunilor
identificate pentru eliminarea namolului sunt pasi foarte importanti in prezentarea optiunii
recomandate pentru eliminarea namolului.

Pentru realizarea matricei de performatd BPEO, fiecare criteriu identificat anterior va primi o
anumitd pondere, iar fiecare alternativa va fi punctata corespunzator fiecarui criteriu. Consecintele
preconizate pentru fiecare optiune identificata de eliminarea a namolui va primi un punctaj numeric
intre 0 si 100, pentru fiecare criteriu. Criteriile tehnice, de mediu si cosiale sunt criterii calitative,
optiunile care sunt preferate altora primesc un punctaj mai mare pe scarea nivelului de preferinta,
iar optiunile mai pugin preferate primesc un punctaj mai mic. Criteriile economice sunt criterii
cantitative, bazate pe costuri de investitie, respectiv exploatare. Optiunea cu cel mai mic cost de
investitie sau exploatare, primeste punctaj maxim (100), celelalte optiuni primind punctaj functie de
aceasta. Pentru evaluarea ponderilor s-a folosit estimarea directa a importantei relative prin
atribuirea directa a unei greutati specifice fircarui criteriu. S-a optat pentru o greutate specifica
egala pe cele patru categorii de criterii (tabel 1).

Tabel 1. Ponderile direct exprimate

Criterii Ponderi
A. Criterii tehnice 0.25
A.1. Necesarul de spatiu 0.05
A.2. Masura in care vor fi afectate procesele existente 0.05
A.3. Complexitatea tehnica 0.05
A.4. Siguranta elimindrii: viabilitatea 0.05
A.5. Siguranta eliminarii: flexibilitatea 0.05
B. Criterii economice 0.25
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B.1. Costuri de investitii 0.10
B.2. Costuri de operare 0.15
C. Criterii de mediu 0.25
C.1. Reducerea materialului organic supus depozitarii

finale 0.05
C.2. Energia regenerabila valorificata 0.05
C.3. Deseuri depozitate 0.05
C.4. Emisii 0.05
C.5. Afectarea factorilor de mediu 0.05
D. Criterii sociale 0.25
D.1. Acceptabilitatea publica 0.10
D.2. Crearea de locuri de munca 0.05
D.3. Sandtatea umana 0.05
D.4. Corelarea cu alte planuri si programe 0.05

Astfel punctajul maxim al unei optiuni de eliminare a namolului este de 100 de puncte.

Pe baza acestor criterii, $i pe baza optiunilor identificate pentru eliminarea/valorificarea namolului
intr-o strategie de gestionare a namolurilor provenite de la statiile de epurare a apelor uzate si/sau de
la statiile de tratare, se poate realiza matricea de performantda BPEO (matricea de decizie, tabel 2),
pe baza carei se va determina optiunea recomandatd ca fiind cea mai bund optiune practicabila
pentru mediu (Best Practicable Environmental Option), optiunea cu cel mai mare punctaj.

Tabel 2. Matricea de performantda BPEO

Criterii

Optiunea
1

Optiunea
2

Optiunea
n

A. Criterii tehnice

A.1. Necesarul de spatiu

A.2. Masura in care vor fi afectate procesele existente

A.3. Complexitatea tehnica

A.4. Siguranta elimindrii: viabilitatea

A.5. Siguranta eliminarii: flexibilitatea

B. Criterii economice

B.1. Costuri de investitii

B.2. Costuri de operare

C. Criterii de mediu

C.1. Reducerea materialului organic supus depozitarii
finale

C.2. Energia regenerabild valorificata

C.3. Deseuri depozitate

C.4. Emisii

C.5. Afectarea factorilor de mediu

D. Criterii sociale

D.1. Acceptabilitatea publica

D.2. Crearea de locuri de munca

D.3. Sanatatea umana

D.4. Corelarea cu alte planuri si programe

PUNCTAJ TOTAL:
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Optiunile de gestiune a namolurilor sunt caracterizate de avantaje si dezavantaje care le recomanda
mai mult sau mai putin ca solutii pe termen mediu si lung, acest lucru reflectandu-se in matricea de
decizie. Utilizarea analizei multicriteriale in evaluarea optiunilor de gestiune a namolurilor
provenite de la epurarea apelor uzate asigurad luarea deciziei In cunostinia de cauza, prin evaluarea
pe baza unor criterii standard a fiecarei optiuni identificate pentru gestionarea namolului.

CONCLUZII

Identificarea celor mai bune optiuni de mediu practicabile, este 0 metodologie strategica, care a fost
dezvoltata pentru identificarea optiunii optime pentru procesarea si eliminarea namolului. Aceasta
metodologie furnizeaza o aplicare completd si flexibild ce poate fi utilizatain cadrul oricarei
strategii de gestionare a namolului sau in probleme legate de gestiunea deseurilor, pentru un caz
specific sau pentru o regiune. Aceasta abordare strategica, pe baza unei analize multicriteriale a
aptiunilor identificate de gestiune a namolurilor provenite de la epurarea apelor uzate, a fost aplicata
cu succes in problemele de gestionare a namolurilor in multe tari.

In realizarea unei strategii de gestionare a ndmolurilor, metodologia identificarii celei mai bune
optiuni de mediu practicabile (BPEO), permite evaluarea tuturor optiunilor de procesare si
eliminare a namolului, pe baza unui audit corespunzator, astfel incat orice hotarare sau presupunere
facuta sa fie riguros justificata.

MULTUMIRI

Prezenta lucrare a fost elaborata in cadrul proiectului ,,Elaborarea Politicii Nationale de Gestionare
a Namolurilor de Epurare” realizat de consorfiul de firme Mott MacDonald, UTCB, ISPE si
Biotehnol sub egida Ministerului Mediului si Padurilor, carora autorii le multumesc.
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Abstract

Together with other chemical elements (macronutrients and micronutrients), copper (Cu) take active part in
plant nutrition. The application of waste sludge increased Cu contents in both soil and plants. The study of
heavy metal was done in terms of sludge doses increased from 0-50 tha”, with and without chemical
fertilizers. For luvicsoil sensitive growth were observed with near- normal oscillations of the average
concentrations of total Cu. Mobile forms of copper have seen significant growth, with indices of correlation
between 0.709 for maize, the wheat (2) 0.619, 0.906 for soybean and 0.924 for wheat (4). However, copper
ions (Cu®") were specifically absorbed by the crop: maize, winter wheat and soybeans. The correlations
obtained between Cu concentrations in plants with sludge doses, showed increases in all cases: statistically
ensured in flowering period (in leaves) and insignificant in maturity period (in grains), except wheat (2) with r
=-0,507*.

Keywords
Autumn wheat, corn, processed sludge, soy

INTRODUCERE

Existenta cuprului (Cu) in natura este strans legatd de continuturile solurilor evoluate pe materialul
parental initial. Acumularea metalului greu Cu in orizontul arabil este favorizata atat de cultivarea
plantelor, cat si prin aportul de materie organica (MO) din diferite surse. Astfel, daca litosfera
contine circa 100 mg.kg” s.u. Cu, solurile contin intre 2 si 100 mg Cu (Yara, 2008). La noi solurile
contin intre 5 si 20 mg Cu (Bajescu et Chiriac, 1984), sau chiar intre 5 si 30 mg Cu (Béjescu, 1971;
Ceapoiu et al., 1984). Estimari recente arata confinuturi in sol cuprinse intre 1-37 mg Cu total si 3-
14 mg Cu mobil (Davidescu et Davidescu, 1981).

Cu toate acestea, nivelele la care se gaseste Cu in zona radacinilor plantelor, nu reprezinta cel mai
important factor de absorbtie si deci de utilizare a lui in procesele fiziologice normale (Stevenson et
Ardakani, 1972). Cuprul se gaseste in sol sub forma de ioni- Cu*" (cele mai mari proportii), cat si ca
saruri neutre insolubile, alte componente solubile in apa, dar si ca minerale bogate in Cu (Bilteanu,
1988). Ionii de Cu se afla adsorbiti pe mineralele argiloase, cat si pintr-o forma legata de materia
organica.

Absorbtia Cu®" din eco-mediul solului are loc in functie de o serie de factori. Cei mai importanti
sunt: pH-ul, continutul in carbonul organic (CO) al solului, prezenta altor ioni metalici in solutia
solului (SSol), umiditatea etc. Aciditatea solului influenteaza pozitiv absorbtia Cu®’, existand
posibilitatea ca pe masura ce valorile pH cresc, ionii de Cu sa fie mai pugin activi.

Complexele Cu- materia organica- MO variaza mult in stabilitate, dintr-o multitudine de cauze si se
explicd prin existenta diferitelor legaturi care imprima natura schimburilor dintre mineralele sub
forma de “cu schimb” existente In SSol (Guinn et Joham, 1962). Din aceasta cauza Cu poate fi
retinut de un astfel de complex, alteori nu (Mortvert et al., 1972). In schimb, asocierea Cu- argila
are un anumit grad de hidroliza, astfel incat Cu®" de pe argild este mai usor absorbit de citre plante,
prin perisorii activi (Chao et Harward 1987).

In raport cu alti ioni metalici, Cu®" micsoreazi accesibilitatea fierului (Fe) si manganului (Mn),
fiind inhibat la randul sdu de catre zinc (Zn) si molibden (Mo). Cuprul este absorbit de catre plante
intr-un mod activ, pentru o functionare normald a proceselor fiziologice din intregul parcurs al
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vegetatiei al acestora (Bowen, 1969; Haertl, 1963). Orice planta care creste normal contine anumite
concentratii de Cu>". Controlul/ analiza Cu din plantele de cultura aratd anumite stiri, cuprinse ca
limite, intre deficientd (carentd) si exces. Carenta se manifesta la concentratii de 3-4 mg Cu in
frunze. Valorile normale pentru Cu se afla sub 10 mg. Din acest punct de vedere, datele din
literatura arata o relativa incertitudine.

Toxicitatea Cu are loc atunci cand concentratia din sol, cat si cea din plante, depaseste anumite
limite. O estimare a toxicitatii arata ca peste 20 mg din frunzele plantelor, cuprul devine periculos,
uneori toxic (Bajescu et Chiriac, 1984). Pe solurile acide, 1nsa, toxicitatea Cu schimbabil are loc la
peste 50 mg.

Concentratii excesive de Cu se pot realiza si prin aplicarea ndmolului menajer rezultat de la
epurarea apelor uzate orasenesti. Namolul brut, obtinut prin procesare si deshidratare poate fi folosit
ca fertilizant organic (Mujea et al., 2010), numai daca continutul de Cu nu depaseste normele legale
(Ord.344, 2004). Un astfel de namol procesat s-a folosit in acest experiment, datoritd continutului
ridicat In macro- nutrienti, foarte necesari pentru nutritia plantelor, dar si cu un nivel moderat si
nepericulos de cupru.

MATERIALUL SI METODA DE CERCETARE

Pe parcusul a 4 ani (intre 2004 si 2007), s-a derulat un experiment agricol complex, in cadrul
acestuia s-au cultivat plante de camp dupa structura: 1.- porumbul, 2.- graul de toamna, 3.- soia si
4.- graul de toamna. In tehnologiile normale de cultivare, aceste plante s-au fertilizat cu diferite
doze organo- minerale, pentru realizarea scopului propus. Astfel, s-au aplicat urmatoarele doze de
nimol menajer procesat: 0 t.ha”, 5 t.ha™, 10 t.ha”, 25 t.ha” §i 50 t.ha”. ingrasamintele chimice s-au
diferentiat pe trei nivele: nefertilizat, necesarul la 2 din normal, cat si dozele complecte/ optime
(1/1). Plantele au primit astfel NsoPso/porumb, NeoPao/grau, NsoP3¢/soia si NagP4o/grau pentru dozele
1/2 si Ni20Pso/porumb, Ni20Pgo/grau, NeoPeo/soia si NgoPgo/grau pentru cele 1/1. Dozele de namol s-
au aplicat in aceleasi cantitati in primii doi ani- la porumb si la graul din anul doi, urmand ca soia si
graul din ultimul an (4), sa beneficieze de efectul remanent ale acestora.

Variantele experimentale au avut suprafata de cate 100 m’, in trei repetitii. Analizele chimice s-au
efectuat in conformitate cu ultimele norme si metodologii europene: cuprul din frunze (Cugr),
cuprul din boabe (Cug) si cuprul din sol (Cugr), formele totale- conform SR ISO 11047-99, Cu
formele mobile din sol (Cupym)- conform SR ISO 14870-99. Probele de planta s-au recoltat la
infloritul celor trei specii- pe frunze si in faza finala la maturitate- pe boabe. Frunzele s-au recoltat
astfel: din dreptul stiuletelui de porumb la inflorit (aparitia paniculului), ultimele 3 frunze, inclusiv
frunza standard la graul inspicat si inflorit (aparitia anterelor) si din mijlocul tulpinii inflorite si cu
pastai formate la baza, la soia. Probele de sol s-au recoltat cu sonda agrochimica din orizontul
arabil- 0-20 cm, in perioada dintre inflorit $i maturitate. Datele obtinute s-au prelucrat statistic, dupa
metaoda analizei variantei (testul Anova), precum si cu ajutorul corelatiilor si al regresiilor (prin
Programul Excel).

REZULTATE SI DISCUTII
Continuturile de cupru (Cu) din eco-mediul de cultura (solul)

Determinarile efectuate solului au demonstrat existenta metalului greu Cu, atat prin formele totale,
cat si prin formele mobile. Cu total din sol s-a situat la valori considerate medii spre bune (tabel 1).

113



Conferinta Tehnico-Stiintifica
“Tehnologii noi de epurare a apelor uzate”

Astfel, in cei patru ani Cugr a oscilat intre 14-15 mg.kg™ s.u., ca limite minime si intre 25-28
mg kg™ s.u., ca valori maxime.
Tabel 1. Continuturile de Cu din sol (mg.kg™" s.u.), formele totale

Metalul greu | Porumb Grau(2) | Soia Grau(4) Limita toxica
Cu, limite 20 -28 19-25 | 15-19 14 -24 80
media 23 21 17 19 (100°*

100°**, dupa Ordinul 344/2004

Datorita efectului pozitiv al namolului menajer introdus in sol, cuprul mobil a cunoscut evolutii
pozitive foarte importante (figura 1). In functie de dozele folosite, Cugy a evoluat de la 5-6 mg.kg™
s.u. la7 mgkg™ s.u. din dozele mari in cazul porumbului, intre 3,5-4 mg.kg" s.u. la graul din anul
doi, intre 3,5-5 mg.kg" s.u. la soia si intre 4-6 mg.kg™" la graul din ultimul an.
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Fig. 1 Evolutia concentratiilor de Cu mobil (Curwm), in functie de dozele de
namol & ingrasdminte chimice aplicate

Influenta factorilor experimentali asupra continuturilor de cupru (Cu) din frunze si boabe.

Date fiind conditiile favorabile din eco- mediul de cultura, plantele de camp au absorbit si translocat
Cu in organele vegetative. Cu este considerat pentru plante un micro- nutrient indispensabil. O
concentratie medie din plante s-ar situa in general intre 5 si 20 mg (Béjescu et Chiriac, 1984). Intre
4 si 5 mg Cu din frunze, se considera o zona periculoasa, cu care incepe carenta de Cu. Avand in
vedere limitele dintre dificientd si exces la acest metal greu, analizele de plantd au scos in evidenta
concentratii moderate de Cu. Corelatiile obtinute intre dozele folosite si concentratiile de Cu din
cele trei plante, aratd cresteri foarte importante, atat din punct de atat al vegetatiei, precum si cu
asigurare statistica semnificativa, din punct de vedere statistic (figura 2).
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In faza de inflorit plantele cercetate au continut cuprul in concentratii diferite. In frunzele
porumbului Cu a fost cuprins intre 2 si 3,5 mg.kg™ s.u.- in dozele cele mai mari: 50 t.ha” namol si
Ni20Pgo. Cresterea este foarte semnificativa (r = 0.980%**). In frunzele graului din anul doi Cu a
oscilat in jurul a 6 mgkg” s.u., nesemnificativ. Soia a continut Cu in frunze intre 8 si 10 mg.kg
s.u. (cu un coeficient de corelatie foarte bun, r = 0,817***), Graul din ultimul an a continut in
frunze la inflorit intre 5,5-8,0 mg.kg'1 s.u. (cur=0,420).
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Fig. 2 Evolutia concentratiilor de Cu (Cugr) din frunzele plantelor, la inflorit

Toate aceste concentratii demonstreaza ca plantele la inflorit au absorbit diferit cuprul (ca specie),
iar pe masura asigurarii de fertilizan{i complecsi de acest tip In doze tot mai mari, a avut loc si
cresterea concentratiilor de Cu si-anume 1n aceeasi masura. Analizele chimice au demonstrat ca cele
trei plante au folosit cuprul pe intregul parcurs al perioadei de vegetatie, dupa care l-au depozitat in
boabe, ca produsi finali.

In faza finald- cea de maturitate, s-a constatat ca plantele au depozitat Cu in boabe. Reprezentand un
element de constituire a plantelor, Cu a fost initial absorbit, translocat prin xylem si floem, a
contribuit la o cat mai buna functionare enzimatica, in sinteza clorofilei si fructificare, dupa care s-a
depozitat in boabe. Are loc astfel un fenomen de export al Cu din eco-mediul de culturd, in boabe.
Modul cum a avut loc aceasta depozitare, arata din nou diferentierea in functie de planta de cultura
(figura 3).

Concentratiile de Cu din boabe s-au incadrat specific intre: 2-1,5 mg kg™ s.u. la porumb, 6-7 mg.kg’
"s.u. la grau (anul doi), 17-15 mgkg’ s.u. la soia si 5-3,7 mg.kg™ s.u. la graul din ultimul an.
Aceste valori demonstreaza cantitagile de Cu care au fost exportate odata cu boabele recoltate. Pe de
alta parte, se constata ca namolul menajer a contribuit la scaderea concentratiilor de Cu din boabele
formate, nsd intr-o masurd ceva mai temperatd, in comparatie cu cele din frunzele din perioada
infloritului. Exceptie face doar soia, la care boabele au continut in continuare mai mult Cu.

115



Conferinta Tehnico-Stiintifica
“Tehnologii noi de epurare a apelor uzate”

Porumbul la maturitate Graul la maturitate
4 10
=] =]
© = - + @« .
“ 2, y =-0,0204x + 2,0091 “ 2 3 o 9.
< s r=-0,267 < S 6 _‘w_
%o RS %o s 4
= = —
55 1 R y =0,0386x + 6,3461
S : : : S — =075
0 5 10 15 20 0 5 10 15 20
Dozele Dozele
Soia la maturitate Graul la maturitate
y =-0,1154x + 5,2495
3, M 5 8 0,507*
«n O 7 ) . r=- )
= o
&5 10 > 24 _"‘-._“a-.”_
g 5 y =-0,07x+ 17,3 g g ( ]
8" 5 1 =-0,222 55 2
O T T T U 0 T T T
0 5 10 15 20 0 5 10 15 20
Dozele Dozele

Fig. 3 Evolutia concentratiilor de Cu din boabele (Cug) plantelor, in faza de maturitate

CONCLUZII

Niamolul menajer a intervenit in regimul cuprului (Cu) din eco-mediul agricol. In functie de dozele
aplicate, cu si fara ingrasaminte chimice, continuturile de Cu au cunoscut cresteri si-anume:
moderate la formele totale (Cupr) si semnificative la formele mobile (Cury). Fata de limita normala
cuprinsi intre 3-14 mg.kg” s.u. Cugy, in experiment s-au obtinut valori intre 3,5-7,7 mg.kg™ s.u.
CuFM.

Avand la dispozitie concentratii bune de Cupy, plantele au absorbit ionii de Cu®" in cantitati
specifice. Dozele de ndmol menajer au favorizat absorbtfia intr-o relatie directd si crescatoare cu
acestea. Astfel, in faza de inflorit, frunzele plantelor contineau in medie intre: 2,0-3,5 mg.kg™ s.u.
Cugg la porumb, intre 5,9-6,1 mg.kg" s.u. Cupr la grau, 7,8-10,2 mg.kg™ s.u. Cugg la soia si intre
5,7-8,4 mg.kg" s.u. Cugg la graul din ultimul an de cultura.

Cuprul s-a dovedit a fi un micronutrient (MICRO,) indispensabil vietii plantelor. Acesta este
absorbit relativ usor (patrunde in mod activ in plante) din solul bogat in Cupy, este translocat in
intreaga planta si folosit in multitudinea de procese biochimice specifice. Dupa ce isi indeplineste
functiile fiziologice specifice, Cu a fost depozitat in boabe, ca produsi finali ai cresterii si
dezvoltarii plantelor. Continuturile boabelor in Cug a fost specific celor trei plante si desigur la alte
nivele fata de inflorit. Astfel, Cug a oscilat intre: 2,0-1,5 mg.kg'1 s.u. In boabele de porumb, 6,2-7,0
mg.kg” s.u. in boabele de grau, 17-16 mg.kg™' s.u. in boabele de soia si 5,0-3,6 mgkg’ s.u. in
boabele graului din ultimul an. Aceste cantita{i reprezinta exportul Cu din solul fertilizat cu namolul
menajer.

Necesarul plantelor 1n ionii de Cu imbraca aspecte de specificitate, in stransa relatie, atat cu factorii
de mediu, dar si in functie de sursele de hrana asigurate. Namolul menajer asigura cantitafi
nepericuloase de Cu, avand prin gradul sdu de mineralizare calitatea de nou ingrasamant organic.
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Abstract

In the past years, sludge from municipal waste water treatment plants became an issue in many international
conferences, which reflects an awareness of the fact that the sludge produced is on an upward growing curve,
while the quality requirements are more stringent, yet economic pressures require cheap solutions. This paper
aims to present trends and technologies in the processing, recovery and disposal of sludge produced in
municipal wastewater treatment plants. Sludge is produced in different technical, social and economic
contexts, requiring in each case a holistic approach in order to weigh the benefits, impacts and costs (direct
and indirect) of possible solutions for the disposal/recovery and in order to establish effective control and
management regimes. In terms of physical, sludges from wastewater treatment are considered complex
heterogeneous,colloidal systems containing colloidal particles, dispersed particles, aggregates, suspended
material etc. In terms of technology, sludge is considered as the final phase of water treatment, the metabolic
activity embedded products, intermediate products and finished products of industrial activity. Sludge from
wastewater treatment plants are considered by definition biodegradable municipal waste. The problem of
sludge produced in wastewater treatment plants is only one facet of the general problem of management of
biodegradable waste, for which the EU is gradually reducing storage regulations.

Keywords
Disposal, reliability, sludge, treatment.

The solids that result from wastewater treatment may contain concentrated levels of contaminants
that were originally contained in the wastewater. A great deal of concern must be directed to the
proper disposal of these solids to protect environmental considerations.

Failure to do this may result in a mere shifting of the original pollutants in the waste stream to the
final disposal site where they may again become free to contaminate the environment.

A more reasonable approach to ultimate solids disposal is to view the sludge as a resource that can
be recycled or reused.

All the sewage sludge produced at a treatment plant must be disposed of ultimately. Treatment
processes such as have been described may reduce its volume or so change its character as to
facilitate its disposal, but still leave a residue which in most cases must be removed from the plant
site.

Like the liquid effluent from the treatment plant, there are two broad methods for the disposal of
sludge -- (1) disposal in water, and (2) disposal on land. This applies regardless of whether or not
the sludge is treated to facilitate or permit the selected method of disposal.

DISPOSAL IN WATER

This is an economical but not common method because it is contingent on the availability of bodies
of water adequate to permit it. At some seacoast cities, sludge either raw or digested is pumped to
barges and carried to sea to be dumped in deep water far enough off shore to provide huge dilution
factors and prevent any ill effects along shore.

In the past few years there has been an increased problem of pollutional loads, well above safe
standards, affecting the south-shore beaches on Long Island, facilitating the closing of the beaches
to the public. Some of these pollutional loads have been attributed to sludge deposits coming to
shore form off-shore sludge barging operations.
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Where barged to sea, the value of some treatment such as thickening or digestion, depends on the
relative cost of the treatment and savings in cost by barging smaller volumes, or the value of gas
produced by digestion.

DISPOSAL ON LAND
Under land disposal the following methods may be included:

1. Burial

2. Fill

3. Application as fertilizer or soil conditioner
Burial

This method is used principally for raw sludge, where, unless covered by earth, serious odor
nuisances are created. The sludge is run into trenches two to three feet wide and about two feet
deep. The raw sludge in the trenches should be covered by at least 12 inches of earth. Where large
areas of land are available, burial of raw sludge is probably the most economical method of sludge
disposal as it eliminates the costs of all sludge treatment processes. It is, however, rarely used and
even then as a temporary makeshift because of the land area required. The sludge in the trenches
may remain moist and malodorous for years so that an area once used cannot be reused for the same
purpose or for any other purpose for a long period of time.

Fill

Use of sludge for fill is confined almost entirely to digested sludge which can be exposed to the
atmosphere without creating serious or widespread odor nuisances. The sludge should be well
digested without any appreciable amount of raw or undigested mixed with it.

Either wet or partially dewatered sludge, such as obtained from drying beds or vacuum filters can
be used to fill low areas. Where wet sludge is used the area becomes a sludge lagoon, which has
been discussed. When used as a method of disposal, the lagoon area is used only until filled, and
then abandoned. When used as a method of treatment, the sludge after some drying, is removed for
final disposal and the lagoon reused. Lagoons used for disposal are usually fairly deep. Sludge is
added in successive layers until the lagoon is completely filled. Final disposal of digested sludge by
lagoons is economical as it eliminates all dewatering treatments.

It is applicable, however, only where low waste areas are available on the plant site or within
reasonable piping distance. They are frequently used to supplement inadequate drying bed facilities.
Dewatered digested sludge from drying beds and vacuum filters can be disposed of by filling low
areas at the plant site or hauled to similar areas elsewhere without creating nuisances.

The ash from incinerators is usually disposed of by using it for fill. Where fill area is available close
to the incinerator, the ash can be made into a slurry with water when removed from the ash hopper
and pumped to the point of disposal. If the fill area is remote, the ash should be sufficiently wet to
suppress the dust and transported by truck or railroad cars to the point of disposal.

Soil Conditioning or Fertilizer

Sewage sludge contains many elements essential to plant life, such as nitrogen, phosphorous,
potassium, and in addition, at least traces of minor nutrients which are considered more or less
indispensable for plant growth, such as boron, calcium, copper, iron, magnesium, manganese,
sulfur, and zinc. In fact, sometimes these trace elements are found in concentrations, perhaps from
industrial wastes, which may be detrimental. The sludge humus, besides furnishing plant food,
benefits the soil by increasing the water holding capacity and improving the tilth, thus making
possible the working of heavy soils into satisfactory seed beds. It also reduces soil erosion.
Composting

Composting can be defined as the aerobic thermophilic decomposition of organic wastes to a
relatively stable humus. Decomposition results from the biological activity of microorganisms
which exist in the waste. A good compost could contain up to 2 percent nitrogen, about 1 percent
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phosphoric acid, and many trace elements. Its most valuable features, however, are not its nutrient
content, but its moisture retaining and humus forming properties.

Many types of microorganisms are involved in converting the complex organic compounds such as
carbohydrates and proteins into simpler materials, but the bacteria, actinomycetes, and fungi,
predominate. These organisms function in a composting environment that is optimized by copying
the natural decomposition process of nature where, with an adequate air supply, the organic solids
are biochemically degraded to stable humus and minerals.

Compost is generally considered as a material to be used in conjunction with fertilizer, rather than
as a replacement for fertilizer unless it is fortified with additional chemical nutrients.

The quantity and composition of sludge varies with the character of the sewage from which it is
removed and depends upon the treatment process by which it is obtained.

The sludge obtained from plain sedimentation tanks is essentially the settleable solids in the raw
sewage and is termed raw sludge. It has undergone practically no decomposition and is, therefore,
highly unstable and putrescible. Such sludge is usually gray in color disagreeable in appearance,
contains bits of garbage, fecal solids, sticks and other debris, and has a foul odor.

The sludge from the secondary settling tank following a trickling filter consists of partially
decomposed organic matter. It is usually dark brown and flocculent, more homogeneous in
appearance, and has less odor than raw sludge. The excess sludge withdrawn from the activated
sludge process is also partially decomposed, is golden brown and flocculent, and has a rather
distinct earthy odor. Both sludges, with further decomposition can become septic and cause
offensive odors.

Sludge from the chemical precipitation process is usually darker in color. The odor may be
objectionable, but not so bad as sludge from plain sedimentation. It will decompose or digest, but
more slowly than sludges from other processes. The volume of sludge produced by this process is
so great it is not practical to provide digestion facilities; therefore, other treatments are used in
preparing it for disposal.

Sludge from digestion processes have a distinct, but unoffensive odor which varies depending on
the source of the sludge.

Solids Concentration

The proportion of solids and water in liquid sludge depends on the nature of the solids, its source,
whether from primary or secondary settling tanks and the frequency of removal from these tanks. It
may vary from one percent in a watery activated sludge to ten percent or more in a concentrated raw
or a digested sludge. Concentration is important because the volume occupied is inversely
proportional to the solids content.

It is generally desirable to handle the most concentrated sludge possible for the following reasons:
To save storage space in a digester or to provide a longer digestion period for solids; to save
pumping capacity; to reduce heat requirements in heated digesters because there is less water to be
heated; and to reduce heat and power requirements for other types of sludge treatment.

Sludge disposal options
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Gravity Thickening

This process involves the concentration of thin sludges to more dense sludge in special circular
tanks designed for this purpose. Its use is largely restricted to the watery excess sludge from the
activated sludge process, and in large plants of this type where the sludge is sent direct to digesters
instead of to the primary tanks. It may also be used to concentrate sludge to primary tanks or a
mixture of primary and excess activated sludge prior to high rate digestion.

The thickening tank is equipped with slowly moving vertical paddles built like a picket fence.
Sludge is usually pumped continuously from the settling tank to the thickener which has a low
overflow rate so that the excess water overflows and the sludge solids concentrate in the bottom. A
blanket of sludge is maintained by controlled removal which may be continuous at a low rate. A
sludge with a solids content of ten percent or more can be produced by this method. This means that
with an original sludge of two percent, about four-fifths of the water has been removed, and one of
the objectives in sludge treatment has been attained.
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Flotation Thickening

General -- Flotation thickening units are becoming increasingly popular at sewage treatment plants,
especially for handling waste activated sludges. With activated sludge they have the advantage over
gravity thickening tanks of offering higher solids concentrations and lower initial cost for the
equipment.

Dissolved Air-Pressure Flotation

Theory: The objective of flotation-thickening is to attach a minute air bubble to suspended solids
and cause the solids to separate from the water in an upward direction. This is due to the fact that
the solid particles have a specific gravity lower than water when the bubble is attached.

Dissolved air flotation depends on the formation of small diameter bubbles resulting from air
released from solution after being pressurized to 40 to 60 psi. Since the solubility of air increases
with pressure, substantial quantities of air can be dissolved. In current flotation practice, two
general approaches to pressurization are used: (1) air charging and pressurization of recycled
clarified effluent or some other flow used for dilution, with subsequent addition to the feed sludge;
and (2) air charging and pressurization of the combined dilution liquid and feed sludge.

Air in excess of the decreased solubility, resulting from the release of the pressurized flow into a
chamber at near atmospheric pressures, comes out of of solution to form the minute air bubbles.
Sludge solids are floated by the air bubbles that attach themselves to and are enmeshed in the floc
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particles. The degree of adhesion depends on surface properties of the solids. When released into
the separation area of the thickening tank, the buoyed solids rise under hindered conditions
analogous to those in gravity settling and can be called hindered separation or flotation. The upward
moving particles form a sludge blanket on the surface of the flotation thickener.

Parameters: The primary variables for flotation thickening are: (1) pressure, (2) recycle ratio, (3)
feed solids concentration, (4) detention period, (5) air-to-solids ratio, (6) type and quality of sludge,
(7) solids and hydraulic loading rates, and (8) use of chemical aids.

Similar to gravity sedimentation, the type and quality of sludge to be floated affects the unit
performance. Flotation thickening is most applicable to activated sludges but higher float
concentrations can be achieved by combining primary with activated sludge. Equal or greater
concentrations may be achieved by combining sludges in gravity thickening units.

Centrifugation

Centrifugation has been demonstrated to be capable of thickening a variety of wastewater sludges.
Centrifuges are a compact, simple, flexible, self-contained unit, and the capital cost is relatively
low. They have the disadvantages of high maintenance and power costs and often a poor, solids-
capture efficiency if chemicals are not used.
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STABILIZATION

Aerobic Digestion

Aerobic digestion is an extension of the activated sludge aeration process whereby waste primary
and secondary sludges are continually aerated for long periods of time. In aerobic digestion the
microorganisms extend into the endogenous respiration phase, which is a phase where materials
previously stored by the cell are oxidized, with a reduction in the biologically degradable organic
matter. This organic matter, from the sludge cells is oxidized to carbon dioxide, water and
ammonia. The ammonia is further converted to nitrates as the digestion process proceeds.
Eventually, the oxygen uptake rate levels off and the sludge matter is reduced to inorganic matter
and relatively stable volatile solids.

The major advantage of aerobic digestion is that it produces a biologically stable end product
suitable for subsequent treatment in a variety of processes. Volatile solids reductions similar to
anaerobic digestion are possible.

Parameters

Some parameters affecting the aerobic digestion process are: (1) rate of sludge oxidation, (2) sludge
temperature, (3) system oxygen requirements, (4) sludge loading rate, (5) sludge age, and (6) sludge
solids characteristics.

Design

Aerobic digestion has been applied mostly to various forms of activated sludge treatment, usually
"total oxidation" or contact stabilization plants. However, aerobic digestion is suitable for many
types of municipal and industrial wastewater sludges, including trickling filter humus as well as
waste activated sludges. Any design for an aerobic digestion system should include: an estimate of
the quantity of sludge to be produced, the oxygen requirements, the unit detention time, the
efficiency desired, and the solids loading rate.

Some sludges do not dewater easily by vacuum filtration after being digested aerobically. Two
other minor disadvantages are the lack of methane gas production and the variable solids reduction
efficiency with varying temperature changes.
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Anaerobic Digestion

The purpose of digestion is to attain both of the objectives of sludge treatment -- a reduction in
volume and the decomposition of highly putrescible organic matter to relatively stable or inert
organic and inorganic compounds. Additionally, anaerobic sludge digestion produces a valuable by-
product in the form of methane gas.

General Description

Sludge digestion is carried out in the absence of free oxygen by anaerobic organisms. It is,
therefore, anaerobic decomposition. The solid matter in raw sludge is about 70 percent organic and
30 percent inorganic or mineral. Much of the water in wastewater sludge is "bound" water which
will not separate from the sludge solids. The facultative and anaerobic organisms break down the
complex molecular structure of these solids setting free the "bound" water and obtaining oxygen
and food for their growth.

Anaerobic digestion involves many complex biochemical reactions and is dependent on many
interrelated physical and chemical factors. For purposes of simplification, the anaerobic degradation
of domestic sludges occurs in two steps.

In the first step, acid forming bacteria attack the soluble or dissolved solids, such as the sugars.
From these reactions organic acids, at times up to several thousand ppm, and gases, such as carbon
dioxide and hydrogen sulfide are formed. This is known as the stage of acid fermentation and
proceeds rapidly. It is followed by a period of acid digestion in which the organic acids and
nitrogenous compounds are attacked and liquefied at a much slower rate.

In the second stage of digestion, known as the period of intensive digestion, stabilization and
gasification, the more resistant nitrogenous materials, such as the proteins, amino-acids and others,
are attacked. The pH value must be maintained from 6.8 to 7.4. Large volumes of gases with a 65 or
higher percentage of methane are produced. Methane is an odorless, highly inflammable gas which
can be used as a fuel. The organisms which convert organic acids to methane and carbon dioxide
gases are called methane formers. The solids remaining are relatively stable or only slowly
putrescible, can be disposed of without creating objectionable conditions and have value in
agriculture.

The whole process of sludge digestion may be likened to a factory production line where one group
of workers takes the raw material and conditions it for a second group with different "skills" who
convert the material to the end products.

Thermal Stabilization

Thermal stabilization is a heat process by which the bound water (water associated with sludge) of
the sludge solids is released by heating the sludge for short periods of time.

Exposing the sludge to heat and pressure coagulates the solids, breaks down the cell structure, and
reduces the hydration and hydrophilic (water loving) nature of the solids. The liquid portion of the
sludge can then be separated from the solid by decanting and pressing.
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Chemical Stabilization

Chemical stabilization is a process whereby the sludge matrix is treated with chemicals in different
ways to stabilize the sludge solids.

1. Chlorine stabilization: Stabilization by chlorine addition has been developed and is
marketed under the registered trade name "Purifax". The chemical conditioning of sludge
with chlorine varies greatly from the more traditional methods of biological digestion or
heat conditioning. First, the reaction is almost instantaneous. Second, there is very little
volatile solids reduction in the sludge. There is some breakdown of organic material and
formation of carbon dioxide and nitrogen; however, most of the conditioning is by the
substitution or addition of chlorine to the organic compound to form new compounds that
are biologically inert.

2. Lime stabilization: The lime stabilization process can be used to treat raw primary,
waste activated, septage and anaerobically digested sludges. The process involves mixing a
large enough quantity of lime with the sludge to increase the pH of the mixture to 12 or
more. This normally reduces bacterial hazards and odor to a negligible value, improves
vacuum filter performance and provides satisfactory means of stabilizing the sludge prior to
ultimate disposal.

CONCLUSION

Sludge contains toxic chemicals and other pollutants. The best solution to our sludge problem is
reducing these contaminants at their source. By dramatically reducing the use and disposal of
industrial and household toxic chemicals we can greatly cut the chemical levels in sludge. The long-
term goal of eliminating the use and disposal of toxic chemicals should be achieved as soon as
possible to protect our beautiful mother world.
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Abstract

Effective anaerobic digestion is highly dependent upon efficient mixing. Basically, there are three types of
mixing systems that include gas mixing, mechanical mixing, and pumped recirculation. The most efficient
mixing device in terms of power consumed per mixed volume is the mechanical mixer. The fluid inside the
anaerobic digester was considered to be sludge, with the solids concentration of 5%, as it is in the studied
wastewater treatment plant. For this concentration was necessary to determine the values for density and
dynamic viscosity. Simulations on mixing in anaerobic digesters were realized, considering the geometry of
the existent anaerobic digester of a wastewater treatment plant. The velocity profiles resulted as expected. A
four paddle stirrer was considered. The shaft speed was considered being between 100 rpm and 800 rpm.
Modeling and simulation of sludge flow through the central draft tube of the mixer allows the optimization of
the recirculation, in order to reduce the concentration and temperature gradients. Based on the results obtained
through modeling and simulation will be able to match the capacity of central recirculation mixer to the
necessities of the anaerobic fermentation process in order to increase the resulted gas flow - the main purpose
of the anaerobic digester.

Keywords

Anaerobic digestion, mixing, sludge, wastewater.

INTRODUCTION

Anaerobic digestion is a method of processing agricultural, food and animal matter during which
methane-producing bacteria break down organic waste. Anaerobic digestion tanks may be
rectangular, cylindrical, or egg-shaped [Binxin Wu.2009].

Effective anaerobic digestion is highly dependent upon efficient mixing. Basically, there are three
types of mixing systems that include gas mixing, mechanical mixing, and pumped recirculation.
The most efficient mixing device in terms of power consumed per mixed volume is the mechanical
mixer [Burke, 2001].

The theoretical investigations on multiphase fluid flow can be approached for specific cases.
Numerical integration of motion equations is limited by solid tank walls. The evolution of
computers and dedicated integration software addresses these problems by backing the development
of the understanding of multi-phase mixtures flow. The results have a validity which is limited to
specific cases studied by the authors.

Research on mechanical mixing can be made directly, experimentally, by constructing a geometric
model similar to the real one or by using the principles of mathematical modeling and simulation.
Due to the fact that the anaerobic digester is completely closed, it’s very difficult to evaluate the
intensity and type of movement induced by the impeller.

Computational fluid dynamics (CFD) can help in studying mixing through numerical simulation of
fluid flow [Paul et al., 2004]. CFD can allow determining the flow characteristics of sludge with a
much lower cost than experimentation. Its advantages are even greater in applications where it is
difficult to experimentally detect the mixing parameters, as is in the case of wastewater treatment
plant’s anaerobic digester.

Nonetheless, the application of CFD in anaerobic digesters is still limited. Hoffmann et al. (2008)
simulated mechanical mixing of low solids content sludge in a digester. The digester domain was
reduced to one-third of the vessel volume and the fluid property was regarded as Newtonian.

In the case of a total solids content greater than 5% in sludge, many experiments have been
performed to identify the rheological properties and behaviors in these media [Achkari-Begdouri
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and Goodrich, 1992; Landry et al., 2004; Moeller and Torres, 1997].

Since flow field and power consumption are greatly affected by sludge’s rheological properties and
total solids, a wide range of flow regimes from turbulence to laminar flow should be studied to
describe the mixing mechanism of the anaerobic digester.

The rheological properties of sludge that don’t influence the impeller design and the flow in the
central draft tube were usually neglected. This led to the appearance of sludge deposits in the
lower area of the digester, deposits that were noticed during the inspection and repairs periods.

The purpose of this study is to determine the flow directions and to choose the optimal mixer shape
and shaft speed for the known geometry of the anaerobic digester.

SIMULATION OF THE GENERATED MOTION IN THE ANAEROBIC DIGESTER
Simulations were realized for the sludge flow in the geometry shown in the figure below (Fig 1.).
The purpose of these simulations was to observe the flow fields inside the anaerobic digester and to
choose the optimal shaft speed in order to obtain the optimal recirculation ratio inside the anaerobic
digester.

7.65m o083 m

7.13m

2m

‘= 19m
Fig. 1 The geometry of the anaerobic digesters - side view and respectively top view

A sludge height of 19 meters is considered inside the anaerobic digester, corresponding to the value
of the wastewater treatment plant. The anaerobic digester’s central tube inner diameter is 0.66 m.
The outer diameter of the impeller used for mixing the sludge is 0.5 m. The impeller is located 13 m
from the anaerobic digesters ground level. Simulations were realized for a four blade rotor with a
tilt angle of 30° and shaft speeds between 100 and 800 rpm.

For the simulation Mixsim, a mixing-specific software suite, was used. MixSim provides tools that
specifically address mixing and related flow phenomena. It is an automated tool for predicting the
performance of the mixing system which utilizes the complete hydrodynamic simulation of stirred
tanks in FLUENT.

The fluid flow inside the anaerobic digester is generated by the mixer’s rotational movement. The
velocity profiles for the 200 rpm shaft speed are displayed in the following figures.
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The values for the flow through the draft tube are represented in the following figure.
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Fig. 8 Flow values through the central draft tube

Taking into consideration the fact that the sludge has to be circulated through the central draft tube

2-4 times a day, the optimal shaft speed for the studied anaerobic digester configuration is between
100 and 200 rpm.

CONCLUSIONS

Mixing is essential for an efficient anaerobic digestion. There have been frequent cases in which the
mixer wasn’t designed optimally for a tank geometry, fact that led to solid matter deposits on the
anaerobic digesters foundation. Using simulation tools as Mixsim leads rapidly to conclusions on

optimal mixer speed and shapes. For the studied geometry, the optimal shaft speed is between 100
and 200 rpm.
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Abstract

A heating system is an important feature of a modern anaerobic digester. Raising the temperature of the
digesting sludge increases the metabolic rate of the anaerobic organisms and reduces digestion time.
Maintenance of the temperature consistently within +0,6°C of design temperatures improves process stability
by preventing thermal shock. Heating equipment must be capable of delivering enough heat to raise the
temperature of incoming sludge to operating levels and to offset losses of heat through the walls, floor, and
cover of the digester. Methods used to transfer heat to sludge include: Heat exchanger coils placed inside the
tank; Steam injection directly into the sludge. External heat exchanger through which sludge is circulated;
Direct flame heating in which hot combustion gases are passed through the sludge. External heat exchangers
are the most commonly used heating method. One type of external heat exchanger commonly used for sludge
heating is the spiral. Internal heat exchanger coils were used in early digesters; however, they are difficult to
inspect and clean. This is a serious disadvantage because the coils become encrusted, reducing the rate of heat
transfer.

Keywords
Anaerobic digestion, heating, sludge, wastewater.

INTRODUCTION

An eficient heating system is an important feature of a modern anaerobic digestion system. Raising
the temperature of the sludge increases the metabolic rate of the microorganisms and reduces the
necessary time tinterval for the digestion system. Maintaining the temperature consistently within +
0,6...1°C of design temperatures improves the process stability [1].

Heating equipment must be capable of delivering the necessary heat to enhance the temperature of
incoming sludge to the operating conditions and to offset the heat losses through the walls, floor
and digester cover. Methods of heating wastewater sludge include:

* Heat exchanger coils placed inside the tank

* Steam injection directly into the sludge

* External heat exchanger through which sludge is circulated

* Direct flame heating, in which hot combustion gases are passed through the sludge [2].

METHODS AND EQUIPMENT EVALUATION

The most commonly used heating method is by circulating the sludge through external heat
exchangers.

Internal heat exchanger coils were used in early digesters but they had the great disadvantage of
being difficult to inspect and clean. The coils can become encrusted, reducing the rate of heat
transfer. To minimize sludge caking on the coils, water circulating through the coils is kept between
the tipical values of 49 and 55°C [3].

Steam injection heating requires very little equipment but has the disadvantage of diluting the
digesting sludge and that it requires 100 percent boiler makeup water. The cost of this water may be
considerable, particularly if its hard water that needs treatment before addition to the boiler.
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The external heat exchanger is the most common method of digester heating in use today. Raw
sludge is sometimes pumped through these units before it enters the digester and in most cases
sludge is circulated through them from the digester to maintain a digester temperature of 35°C.
Three types of external heat exchangers are most commonly used for wastewater sludge heating:
water bath, jacketed pipe and spiral heat exchanger.

In a jacketed pipe exchanger, hot water is pumped counter-current to the sludge flow, through a
concentric pipe surrounding the sludge pipe. The spiral exchanger is also a counter-flow design;
however, the sludge and water flow ways are cast in a spiral carcass. One side of the heat exchanger
is liquid, providing ready access to the interior of the sludge passageway for cleaning and
maintenance. To minimize clogging, sludge passageways in a heat exchanger should be as large as
possible. The interior of these passageways should be easily accessible to allow the operator to
quickly locate and clear a potential blockage. A piping arrangement used to control hot water
supply to a heat exchanger (jacketed pipe or spiral) is shown on Figure 1.

HEAT
IQOURCE

CIRCULATION
FUMP

MODULATING

TALVE CIRCULATION

.................... \
1
PRIMARY '

HEAT LOOD I—O—c- SLUDGE QUTLET

A r SECONDARY HEAT EXCHANGER

E4LANCING &  HEATLOOR
VALVES \
2" r
SLUDGE INLET
s o S -

- L'
Fig. 1 Schematic of the heat reservoir system for a heat exchanger

Hot water is pumped through the heat exchanger and circulated through the secondary heat loop.
When the temperature of the sludge leaving the heat exchanger is below the set point, hot water
from the primary heat loop is introduced through the valve into the secondary heat loop, displacing
an equal volume of cooler water back into the primary heat loop.

Balancing valves are required to assure that the secondary loop will not be bypassed altogether and
to allow adjustment of the circulation pump capacity. Supply water temperature is usually kept
below 68°C. Al though higher temperatures are able to increase the heat transfer rate, caking of
sludge will occur when the flow of sludge is stopped. This system allows the heat source to be
'remote from the heat exchanger. This gives maximum safety and supports the recovery of waste
heat.

In larger wastewater treatment plants each digester should have a separate heat exchanger and an
addition of a single heat exchanger for pre-warming the raw sludge should be taken into
consideration. Cold raw sludge should never be added directly to the digester because the thermal
shock will be detrimental to the anaerobic bacteria activity and isolated zones of cold sludge may
form. Raw sludge should be preheated or mixed with large quantities of warm sludge before being
fed to the anaerobic digester.
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The shell-and-tube process equipment type operates with a convection bath. In the water bath

exchanger, boiler tubes and sludge piping are located in a common water-filled container. The
gravitational water flow across the sludge pipes is enhanced with a pump, in order to increase heat
transfer. The heat exchanger and boiler are combined in a single unit, a feature which can increase
the explosion hazard in the anaerobic digester area.

WATER WATER

N UL TURBULENT FLOW

H - REGIME
RETURN

SLUDGE OUT =/ T | [T """ 7] BEND
SLUDGE IN i O/ - """ "]
WATER TUBE @swnﬁ TUBE
WATER SLUDGE

Fig. 3 Tube-In-Tube heat exchanger

The tube-in-tube process equipment operates by forced circulation. The exchanger unit consists of a
bundle of sludge tubes that are concentric with and located inside of larger diameter water tubes.
(The hot water tubes surround the sludge tubes).

Hot water at 65°C is pumped from the top mounted boiler to the exchanger. A temperature
differential of about 45 degrees between the sludge and water is common with a maximum hot
water temperature of 65°C maintained to avoid sludge baking on the tubes. The boiler temperature
is maintained at 82 °C to provide sufficient heat and to prevent damaging corrosion that may result
from condensation that occurs at lower boiler temperatures.

When heat transfer is desired, the exchanger water pump is energized to produce positive, counter
flow circulation of the water to the sludge flow. Sludge flows through the smaller center tube, while
water flows in the annular space formed by the outside of the smaller pipe and the inside of the
larger pipe. With the counterflow piping arrangement, the mean temperature differential between
the two fluids is maximized, which results in the most efficient transfer of heat from the water to the
sludge. The high turbulence of the flow in a tube-in-tube exchanger further improves the transfer
characteristics by reducing the film coefficients between the fluids and the exchanger tubes. Further
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enhancement of heat transfer characteristics is obtained in the tube-in-tube by providing rifling in
the sludge return bends. This rifling tends to "spin" the sludge as it travels within the exchanger,
which promotes even heating due to the increased turbulence. Scaling or "sludge baking" is reduced
by the scouring action of the flow.

In contrast, a shell and tube exchanger (water bath) is not as efficient as the tube-in-tube exchanger
because the water bath surrounding the tubes does not provide counter-flow circulation to the
sludge tubes. In some units, a booster pump is provided to circulate water from the boiler side to the
exchanger side of the water bath, however, high turbulence and correspondingly lower transfer
coefficients cannot be assured because of the large cross sectional area of the water bath in
comparison to the small annular area in a tube-in-tube exchanger. As a result, more sludge tubes
and hence more surface area is required to transfer the same amount of heat to the sludge.

In the shell and tube arrangement, only relatively thin sludge tubes separate the hot boiler water and
the sludge. When the sludge is not being circulated it tends to heat up until it reaches the
temperature of the hot water that may be as high as 82 °C, causing the sludge to “bake” on to the
interior of the sludge tubes that contributes to loss of heat transfer efficiency and overheat any
sludge in the tubes at the time.

Spiral heat exchangers

The spiral heat exchanger is intended to Sludge application / Water and is particularly suited to
sludge processing operations such as:

* The heating of the sludge in digesters

* The phases of heating systems pasteurization

* Preheating of sludge for better dehydration

* The cooling of sludge and wastewater industrial

The spiral heat exchanger can be designed to meet most needs. For sludge or sludge-like
applications the spiral heat exchanger may be constructed without spacer studs for the absolute
minimum risk of plugging. The covers can be fitted with hook-bolts, hinges or davits, enabling fast
access for cleaning that reduces downtime. There are three possible flow arrangements for
maximizing condensing and evaporation performance: counter-current, co-current, cross-current
and a combination of these. The configuration in countercurrent flow is used for liquid/liquid and
vapor/liquid duty (see Figure 4).

Fig.4 Spiral heat exchanger

Advantages of the spiral heat exchanger:

* A single channel free-flowing and a high speed to a "self-cleaning effect" (Figure 5). The single-
flow path eliminates bypassing and reduces fouling. Enhanced turbulence and shear due to the
curved passages flush away deposits as they form.
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* A flow rate against the current which allows heat transfer more effective and makes the system
compact.

* A low profile design for reduced installation costs.

» The minimum maintenance costs thanks to the self-cleaning effect that extends the operating time.
* A unique cover which provides access to the channel flow of sludge and allows manual cleaning.

* Cleaning up against the current also reduces downtime for maintenance.

* Channels of obstruction allow a smooth flow in the unit at a constant speed.

* Low cost over the entire life due to low maintenance requirements. The spiral heat exchanger is
extremely compact due to its wrapped cylindrical arrangement and requires minimum installation
space and servicing area. The entire heat transfer surface is normally accessible for inspection or
manual cleaning simply by removing the covers.

* High efficiency and small footprint.

Fig. S Self-cleaning effect of a spiral heat exchanger

The spiral heat exchanger is composed of two metal plates wound so as to constitute a double spiral
concentric circulation system. The hot and cold channels are in a completely counter-current
configuration to maximize the amount of heat transferred. The flow goes from center to periphery
and vice versa (Figure 6). The flow channel of the sludge is open on one side and closed on the
other. The flow channel of the water is closed on each side. Each channel has a connection to the
center, and a second one at the periphery. The spiral geometry and channel design will induce a
'self cleaning' effect should any deposits collect on the walls. There is an increase in velocity
locally, which scrubs any deposits away. Design velocity is maintained throughout the unit,
maximizing the heat exchanged at all points between the sludge and utility fluid.

Fig. 6 Fluid flow inside a spiral heat exchanger
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Boilers
Boilers can be provided separately or in combination with the exchanger making a space saving
arrangement. The combination unit (Figure 7) is the most commonly used.

4
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CIRCULATION
PLIpE

BLENDING —{
YALVE

o © ©
e e e
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Fig. 7 Walker Process combination of boiler and heat exchanger

Walker Process [4] uses a double pass, dryback type boiler that heats water to approximately 83
degrees C within a compact vessel by burning either sludge gas or an auxiliary fuel (natural gas, LP
gas or fuel oil). Typically, the other commonly seen unit is a wetback arrangement and will operate
at lower boiler temperatures (about 71 degrees C), allowing condensation of the "dirty" digester gas
components, which form highly corrosive acids and attack the boiler surfaces.

The dryback boiler uses a refractory lining to protect the boiler end plate where the heated gases
turn back and enter the boiler tubes, while in the wetback boiler, the water protects the end plate
from becoming too hot. A major advantage of dryback construction is that is allows for removal of
the back plate without having to drain the water from the boiler. This feature permits routine
inspection and cleaning of the boiler tubes to maintain peak boiler efficiency. Leakage problems
and boiler corrosion, caused by more frequent changing of the boiler water, are avoided with the
dryback design. It should be noted that dryback boilers, due to their design and reliability, are
favored by the commercial boiler industry as well.

Boiler construction also directly affects the ratings that manufacturers apply to their units. Equipped
with a forced draft burner, the Walker Process boiler uses a nominal rating guide of 31,4 input
kW/m®. Output heat is conservatively based on 80% efficiency. The conservative nature of these
ratings is proven by both a long list of successful installations, as well as by verification tests.

Many manufacturers attempt to directly relate boiler surface area with heat output. Surface area,
however, is just one of many variables that influence heat transfer characteristics. Of equal
importance are the firing rate of the boiler, the temperature differential between the combustion
products and the water, the velocity of the gases through the fire tubes, and the recirculation rate of
the water.

CONCLUSIONS

Counter-Flow Tube-in-Tube type heat exchangers are the most efficient means of safely
transferring heat to sludge without the risk of overheating and baking sludge to the inside of the
tubes.

The tube-in-tube type and the shell-and-tube type heat exchangers are designed with end castings
with sufficient pressure capacity for use with high-head applications such as in systems utilizing
“Egg” anaerobic digesters.
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The forced-draft type dry-back burner/boiler combination provides efficient means of combustion
control that also provides the additional benefits of lower blower maintenance and less energy usage
than induced draft type blowers.

The spiral heat exchanger allows heat transfer more effective and makes the system compact due to
a flow rate against the current. Its low profile design for reduced installation costs and the
maintenance costs are kept to a minimum thanks to the self-cleaning effect.

Cleaning up against the current reduces downtime for maintenance. Channels of obstruction allow a
smooth flow in the unit at a constant speed, mentaining invariable conditions in the influent and
circulated wastewater sludge.

The spiral heat exchanger has a high efficiency, a small footprint and low maintenance
requirements due to its simplicity.
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Abstract
Wastewaters contain organic materials, which are a potential source of reusable energy.
The energy can be recovered from influent, hydraulically and from biomass as green energy.
Another import aspects is the optimization and rationalization of the energy consumption needed to treat the
wastewaters. All these energy sources, even the green energy obtained from the wastewater processes, can be
combined with an external energy source, renewable (wind, solar ...) in order to achieve the 3 main objectives:
- Minimizing the energy need for the wastewater treatment processes;
- Significantly decrease the footprint on the environment resulting from the wastewater treatment processes;
- Wastewater treatment process in a self-sustainable way.
The energy sources can be divided in 4 categories:
- Energy from biomass (sludge fermentation, co-fermentation)
- Saved energy (optimizing the consumption of energy for pumping, aeration, etc, solutions that imply a low
energy consumption)
- Recovered energy (heat pumps, heat exchangers, application of thermal, hydraulic, kinetic, micro-turbines,
hydraulic turbines energy)
- Renewable energy (from external energy sources, wind or solar)

Keywords
Chemical energy, energy conservation, kinetic energy, process optimization, wastewater treatment

INTRODUCERE

In martie 2007, liderii UE au aprobat o abordare integrati a politicii referitoare la climi si energie,
care vizeazd combaterea schimbarilor climatice §i cresterea securitatii energetice a UE cat si

trebuiesc indeplinite pana in anul 2020, cunoscut sub denumirea de “obiectivele 20-20-20.

Acestea sunt:

- reducerea emisiilor de gaze cu efect de sera ale UE cu cel putin 20% sub nivelul din 1990

- 20% din consumul de energie al UE sa provinad din resurse regenerabile

- reducerea cu 20% a consumului de energie primard in comparatie cu nivelurile preconizate, prin
imbunatatirea eficientei energetice.

In cazul statiilor de epurare a apelor uzate consumul de energie reprezinti un cost de exploatare
semnificativ, 15 - 30% din cheltuielile de exploatare si intretinere in cazul unei statii de epurare a
apelor uzate (SEAU) de capacitate mare si 30 la 40% in cazul SEAU de capacitate mica. Costurile
energetice necesare pentru exploatarea acestor obiective continua sa creasca, din cauza tendintei de
crestere a costului combustibililor, a inflatiei si din cauza cerinfelor tot mai stricte legate de
evacuare apelor uzate, care au ca rezultat aplicarea unui proces de epurare cu consum ridicat de
energie [1]. Apele uzate confin materie organica, care constituie o sursda de energie potential
recuperabild: recuperarea caloriilor din influent, a energiei hidraulice si a energiei verzi din
biomasa. Un alt aspect important constad in optimizarea si rationalizarea consumului de energie
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necesard pentru procesul de epurare a apelor uzate. In final, toate aceste surse de energie sau chiar
sursele de energie verde legate de epurarea apelor uzate pot fi combinate cu o sursa externa de
energie regenerabila (eoliand, solara ...) pentru a atinge aceste trei obiective principale:

- minimizarea necesarului de energia pentru procesul de epurare a apelor uzate,

- reducerea in mod semnificativ a amprentei asupra mediului ce rezulta in urma procesului de
epurare a apelor uzate,

- realizarea procesului de epurare a apelor uzate intr-un mod auto-sustenabil.

Prin urmare, potentialul de imbunatatire energetic a epurarii apelor uzate este de patru feluri [2]:

(1) Economii de energie: Solutii care implica consum redus de energie, pompare, aerare - 20% (de
economii potentiale)

(2) Energii recuperate: Solutii de recuperare a energiei; termice, hidraulice, cinetice, hidro-turbine,
pompe de caldura - 10%

(3) Energie din biomasd: Solutii de recuperare a energiei din namol, ulei, deseuri, gaze - > 60%

(4) Energie regenerabila: Utilizarea de surse externe de energie din surse regenerabile: solara,
eoliana — 10%

ECONOMISIREA DE ENERGIE

Consumul de energie electric poate varia intre 0.4 - 1.2 kWh/m’ in functie de procesului de epurare
aplicat si gradul de epurare necesar, tendintd generala este cresterea unitatii de putere pe masura ce
exigentele legate de efluent devin mult mai stricte. Consumul de energie in mod general poate varia
intre 2.0 - 2.5 kWh / kg CBOs eliminat. Este necesara realizarea unui Audit Energetic a statiei de
epurare a apelor uzate, care este prezentata in Fig.1.

Spotieba energie na COV

Michani
13 %

Predcisténi
2%

Fada 1 Pozice 1

[=] -
Ruzné Hodnota: 44 (44%5)

6 %

Aerace

44 9
Odstranéni zapachu ’

13 %

Odwvodnéni kalu
7 %

Cerpani 15 %

Fig. 1: Rezultatele auditului energetic a SEAU cu o capacitate de 100 000 LE [2] (spotieba energie
na COV - consumul de energie a SEAU; michani - amestecare; pred¢isténi - preepurare; rizné -
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diverse; odstranéni zapachu - eliminarea mirosurilor; odvodnéni kalu - deshidratarea namolului,
cerpani - pompare; aerare - aerare)
Dupa cum se poate observa in Fig. 1 cele mai mari economii se pot realiza prin optimizarea aerarii
si/sau pomparii si/sau amestecarii.

a) Optimizarea pomparii

In functie de modul de functionare a pompei, functionare in regim continuu sau intermitent, se obtin
distribugii diferite a segmentelor de costuri, atunci cand calculam costurile ciclului de viata a
acestora. Costurile de investitie ale unei pompe de ape uzate (14kW, DN 150) reprezintd 40%, dupa
5 ani i 1000 de ore de functionare pe an si dupa 10 ani costurile de investitie sunt reduse la 25%.
Cea mai mare parte este reprezentatd de costurile pentru energia electrica, 50% dupa 5 ani si 63%
dupi 10 ani de functionare. In cazul pompelor care functioneaza in regim continuu diferenta este
chiar mai mare.

b) Optimizarea aerarii

Deoarece 1n etapa biologica consumatorul principal de energie este sistemul de aerare,
imbunatatirea eficientei de aerare este o masura care a fost realizata in cadrul a mai multor statii (de
exemplu, inlocuirea aeratoarelor de suprafatd). Sunt realizate frecvent economii semnificative de
energie prin controlului automat al aerarii, realizat prin integrarea unor senzori adecvati, suflante cu
turatie variabild si a programarii adecvate, astfel Incat sa satisfaca necesarul de oxigen cu variatii
periodice ale cerintelor impuse de sistem. O alta oportunitate cheie este punerea in aplicare a unor
practici care permit exploatare flexibila. De exemplu: bazinele de aerare pot fi scoase din serviciu in
timpul perioadelor in care debitul sau incarcarea este redusd, sunt masurate temperaturi ridicate.
Desigur, aceste optiuni sunt validate cel mai bine prin simularea modelarii dinamice cu ajutorul
unor programe speciale (GPS-X, BioWin, West++, etc), inaintea implementarii [2].

¢) Optimizarea amestecarii

Pentru reducerea necesarului de energie, s-au identificate tehnologii inovatoare mai convenabile
decat mixerele submersibile standard: mixere hiperbolice si sisteme de amestecare prin generarea
unor bule mari in regim secvential. Cele doua tehnologii ar trebui sa contribuie la o reducere
semnificativa a necesarului de energie in reactoarele anoxice si anaerobe.

Tehnologiile inovatoare de epurare a apelor uzate cuprind imbunatatirea echipamentelor (mecanice)
care au un consum de energie mare, echipamentele de masurare si control (senzori) pentru a asigura
aportul de energie adaptat la nevoi si sa prevind pierderea de energie, modelarea statiei de epurare
(proiectare, in timp real s1 modelare pentru prognoza) si a proceselor de epurare in sine.

Agentia de Protectie a Mediului (EPA), din Statele Unite a emis lista de masuri standard care
trebuiesc intreprinse pentru economisirea energiei consumate de pompe, suflante, aeratoare si
urmatoarele masuri inovatoare:

- Optimizarea tratarii efluentilor prin dezinfectie cu UV
- Optimizarea sistemelor MBR
- Aplicarea de tehnologii noi cu consum de energie redus (ex. Anammox, Sharon, Canon, Demon)
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ENERGIA RECUPERATA

Energia confinutd de apele uzate se regaseste sub patru forme dominante: chimica, termica, cinetica
si potentiald. Mai jos sunt descrise pe scurt. Pentru a clarifica ordinea de marime pentru fiecare
dintre aceste tipuri de energie, aceste forme de energie sunt prezentate din punct de vedere al
continutului de energie convertite in megajouli pe metru cub de apa uzata tratatd (MJ/m’). Energia
cinetica si energia potentiala sunt grupate Impreuna sub titlul general de energie "hidraulica".

Energie termica

Energia termica este energia care se afla Tnmagazinata sub forma de cdldura in apele uzate si este
guvernati de capacitatea calorica a apei, aceasta este de aproximativ 4.2 KJ/kg.K sau 4.2 MJ/m’ pe
°C in schimbarea temperaturii.

Energie Hidraulica (Cinetica si Potentiala)

Energia potentiali este energia care este dependentd de nivelul apei si este echivalentd cu 9.8 kJ/m’
pe metru de indlf{ime. Energie cineticd sau energie dobanditd ca urmare a curgerii apei, este
echivalent cu 0.18 kJ/m’ pentru o viteza de curgere de 0.6 m/s [3].

Energie chimica (calorica)

Energia chimica este compusa din energia stocatd in diverse produse chimice organice din apele
uzate. Concentratia organica este de obicei exprimatd de consumul chimic de oxigen (CCO) in
mg/l. Tchobanoglous [4] identifica un continut de energie chimica de 12-15 MJ/kg CCO (de regula
13 MJ/kg CCO), ceea ce echivaleaza cu un interval situat intre 3 - 12 MJ/m’ (de regula 5.6 MJ/m3)
pentru intervalul CCO situat intre 250 - 800 mg/l. In mod similar, Shizas [5] a misurat un continut
de energie cu valoarea de 6,3 MJ/m’ pentru apele uzate brute influente in Statia de epurare ape
uzate North Toronto.

In afara de energia termici, apele uzate contin de asemenea energie potentiali. Puterea generati este
strans legata de debit precum si de presiune. Aplicatiile practice ale acestui tip de productie de
energie (de recuperare), se concentreaza in mod primar asupra efluentului provenit din statiile de
epurare a apelor uzate. Potrivit DWA M 114 [6], turbinele, transportoare hidrodinamice (surubul lui
Arhimede) si rotile de apa pot fi utilizate pentru producerea de energie.

Apa calda este folosita pentru o varietate de aplicatii de curdtare (dusuri, masini de spalat vase,
rufe), rezultand un flux de ape uzate, care pastreaza o proportie semnificativa din aceastda energie
termica, cu o temperatura medie, care variaza de obicei intre 11 - 20 °C. In consecint, energia
termicd inerenta 1n apele uzate poate fi recuperata si valorificata in locul de amplasare a statiei de
epurare a apelor uzate sau in cadrul unor aplicafii situate in apropiere. Procesul include un
schimbator de cadldurd in combinatie cu o pompa de caldurd pentru a recupera energia termica din
apele uzate, care sunt ulterior transferate catre sistemul HVAC al unei cladiri si folosite pentru
incalzirea cladirilor in timpul iernii si pentru racirea acestora in timpul verii. Procesul poate fi
adaptat la diferite tipuri de cladiri, inclusiv cladiri rezidentiale si de birouri, scoli, spitale, sisteme de
ape gri si chiar piscine municipale [2].

Energia potentiald rezulta din forta gravitationald a apelor reziduale care cad sau care curg si care
pot fi captate pentru a produce electricitate, prin utilizarea de turbine actionate de apa. Energia
potentiala disponibild va depinde atat de volumul de apa si de schimbarile de nivel (sau caderea
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disponibild). Aceasta abordare este una foarte sigura, deoarece depinde doar de gravitatie si de sursa
de apa disponibila pentru a angrena un utilaj simplu, cu toate acestea, este fezabil numai in cazurile
in care existd o diferentd de nivel suficient de mare intre influent si punctul de evacuare a
efluentului.

ENERGIE DIN BIOMASA

Productia de energie este o componenta principala a bilantului din cadrul statiilor de epurare cu
fermentare anaeroba a namolul. Productia de biogaz este un proces aplicat in mod curent in cazul
statiilor de epurare a apelor uzate de capacitate mare. Fiind o sursa de energie termica si electrica,
productia si utilizarea eficientd a biogazului permite o reducere semnificativa a necesarului de
energie din surse externe. Alaturi de un consum optimizat, se poate realiza o exploatare in cadrul
careia balanta energetica sa fie una pozitiva , acest tip de exploatare este deja practicat, de exemplu
in Austria si Germania. Oricum, pot fi aplicate inovatii care sd permita producerea de energie
eficienta alaturi de utilizarea biogazului si care sa fie, de asemenea, aplicabile in cadrul unor statii
de epurare de capacitate mai mica cu aerare extinsa.

In cazul fermentarii anaerobe, existi doud aspecte principale care urmeazi si fie luate in
considerare pentru a atinge o eficienta maxima:

- Productia stabila si in cantitati suficiente de biogaz

- Productia eficienta a energiei electrice si utilizarea energiei termice

Pe langa problema eliminarii in cantitafi cat mai mari a consumului chimic de oxigen (CCO), prin
eliminarea de namol primar i biomasa, digestoarele trebuie sa fie concepute in mod corespunzator
pentru a permite productia stabild de biogaz. In cele mai multe cazuri, sunt utilizate digestoarele
mezofile. In ciuda faptului ca aceste digestoare au timpul de retentie a nimolului mai indelugat, prin
urmare, reactoare cu volume mai mari, acestea sunt mai usor de exploatat decat digestoarele
termofile. In cazul in care exista o capacitate neutilizatd pentru fermentare, poate fi luat in calcul co-
fermentarea rezidurilor biologice si a grasimilor in scopul cresterii productiei de biogaz. Pentru a
face acest lucru, trebuiesc luate in considerare mai multi parametri. Substratul trebuie sa fie alcatuit
din deseuri organice care pot fi pompate, provenite din gospodarii sau din activitati comerciale si
industrie. Cantitatea acestora sa nu depaseasca 50% din capacitatea digestorului. Mai mult,
digestoarele trebuie sa aiba capacitati disponibile suficiente (timp de retentie, volum de incarcare,
varfuri de operare ...), de asemenea trebuie sd dispuna de capacitate de depozitare suficienta a
gazelor, capacitate suficienta de utilizare (motoare, generatoare de putere si cdldurd combinate).

Pentru a nu afecta performanta de epurare in etapa biologica, capacitatea de indepartare a azotului
trebuie sa fie suficient de mare pentru a acoperi incarcarea suplimentara indusa de supernatantii
proveniti din procesul de deshidratarea a namolului. O aproximare standard indicd posibilitatea de
recuperare a 0.35 Nm® de gaz metan dintr-un kg de CCO alimentat in digestor. Ceea ce indica —
luand in calcul o eficientd medie a motorului de 3 kWh(el.)/Nm’ metan — ci se produce aproximativ
un kWh de energie electrica pentru un kg de CCO influent. Productia de energie electrica si de
utilizare eficienta este o chestiune de selectie, de proiectare si ajustare a boilerelor, a motoarelor, a
generatoarelor electrice si de caldura combinate sau a micro-turbinelor cu gaz. Recent, din ce in ce
mai multe micro-turbine pe gaz sunt instalate pentru a inlocui motoarele standard pe baza
principiului de functionare a motorul Otto.
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ENERGIE REGENERABILA

In cadrul surselor de energie regenerabile, energia eoliani si energia solara atrag un interes deosebit,
aceste sectoare inregistreaza cele mai mari rate de crestere. Aceasta sectiune se referda la energia
regenerabila, care nu este legatd de procesul de epurare a apelor uzate, ceea ce Inseamna ca biomasa
este exclusa.

Generatoarele eoliene terestre produc energie electrica la un cost relativ scazut si sunt deja
raspandite in mare 1n zonele cu potential eolian ridicat. Parcurile maritime eoliene sunt considerate
drept piete in plina dezvoltare in cursul anilor urmatori, datoritd randamentul energetic si
potentialului de instalare ridicat, dar inca prezinta in continuare numeroase provocari.

Biomasa constituie sursa cea mai diversificata de resurse regenerabile, deoarece aceasta poate
furniza energie electrica, combustibil si cdldurd. Biomasa nu apartine unei categorii de resurse
discontinue, poate reprezenta materia prima pentru producerea de energie electrica si termica intr-
un mod continuu. Cu toate acestea, unele aspecte socio-economice trebuie si fie revizuite In
momentul in care biomasa va fi cultivata la scara mare.

Ar putea fi utilizate diferite tehnologii solare pentru producerea de energie electrica: centralele
solare (CSP), sunt sisteme care concentreaza lumina solard pentru a produce atat energie electrica
cat si caldurd sau sistemele fotovoltaice (PV), care transforma radiatia solara direct in energie
energica.

Sistemul fotovoltaic confera modul cel mai elegant de a exploata energia solara. Intr-un sistem
standard PV din cantitatea de energie solara disponibila totald se transforma efectiv in electricitate
mai putin de 20%. Cea mai mare parte (~ 70%) este absorbitd de panou si este transformata in
energie termica, ceea ce duce la cresterea temperaturii panoului pana la 80 °C. Eficienta celulelor cu
silicon cristalin scade proportional cu cresterea temperaturii, prin urmare, in zilele calduroase de
vard, eficienta nominala a unui sistem PV (masurata la 25 °C), ar putea sa scadd cu un procent de
20%. De exemplu in cazul unui sistem hibrid fotovoltaic-termic (PVT), se utilizeaza un panoul PV
ca un absorbant termic. Sistemul PVT, pe langa generarea de electricitate produce si energie termica

[2].

CONCLUZII

Recuperarea de caldurad din apele uzate prin utilizarea schimbatoarelor de caldura si a pompelor de
caldura, precum si utilizarea de energie potentiala poate contribui la crearea de surse energetice
locale. Energie electrica si termica recuperatd, ar putea fi folosita de ex. direct in cadrul statiei de
epurare a apelor uzate sau in cadrul unor cladiri. Cand apele uzate sunt utilizate ca sursa de energie
constrangerile tehnice sunt diferite si sunt luate in considerare conditiile limita.

Cu toate acestea, studiile de fezabilitate pot ajuta in evaluarea posibilitatii de utilizare a procedeelor
de recuperare a energiei din apele uzate. In cazul in care se poate aplica o solutie clara si eficienta,
resursele de energie locale pot deveni mult mai vaste si dependenta de importul de energie externa
va fi mai mica. Recuperare a energiei din apele uzate poate fi considerata drept o tehnologie'"verde",
care ajuta la reducerea emisiilor de gaze cu efect de sera.

Desi consumul de energie a statiilor de epurare a apelor uzate contribuie doar cu un procent mic la
consumul de energie a economiilor nationale, costurile aferente sunt semnificative pentru operatori.
Costurile energetice contribuie cu pana la 25% din costurile de exploatare totale ale statiilor de
epurare a apelor uzate. Bilanturile energetice permit compararea stadiului actual al consumului
energetic cu obiectivele referitoare la consumul standard, un prim pas poate fi realizat prin marirea
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gradului de eficientizare a consumului energetic in cadrul statiei de epurare. Diferiti parametri, cum
ar fi capacitatea statiei de epurare a apelor uzate, fluxul tehnologic sunt cruciali pentru a stabili
balanta energeticd a sistemului. Exploatarea prin mentinera unui bilan{ energetic pozitiv este
posibilda pentru o anumitd configuratie, in cazul statiilor de epurare a apelor uzate de capacitate
mare.

Aerarea din etapa de epurare biologica si tratarea ndmolurilor sunt consumatorii principali de
energie electrica si termicd. Productia de energie provenitd din carbonul organic este inca optiunea
cea mai importanta de recuperare a energiei din apele uzate. Se poate utiliza co-fermentarea pentru
a creste productia de biogaz in cazul in care existd o capacitate disponibild pentru acest lucru. Este
important ca puterea combinatd si generatoare de caldurd sau de micro-turbinele noi pe gaz sa fie
adaptate la conditiile de functionare a digestorelor pentru a obtine rezultate bune.

Sursa de energie alternativa, producerea de energie cu ajutorul panourilor fotovoltaice poate fi
intdlnitd In cadrul multor statii. Desi nu este legat de procesul de epurare a apelor uzate in sine,
aceasta ramane o optiune fezabild de a utiliza facilitatea si pentru a reduce costurile. O abordare
inovatoare, tehnologia cu celule de combustibil este inca in stadiul de cercetare si dezvoltare.

In ceea ce priveste optimizarea consumului de energie necesara in cadrul procesului de epurare a
apelor uzate, se poate considera ca optimizare a principalilor consumatori, cum ar fi suflantele,
aeratoarele si pompele este o masurd standard. Inovatiile tind spre dezinfectarea eficientda in
situatiile 1n care se impune acest lucru, sisteme MBR cu consum redus de energie, sistem de
amestecare care are un necesar de energie redus si un proces de indepartare biologica a nutriengilor
cu un necesar energetic redus. in cele din urmi, oxidarea anaerobi de amoniu (tehnologia
ANAMMOX) este promitatoare pentru epurarea circuitelor secundare (concentraie mare de azot),
precum si pentru circuitul principal, care este n prezent in curs de investigare la scard mare. O
componentd importantd constd intr-o serie de inovatii care urmaresc reducerea costurilor de operare
necesare procesarii namolului in exces, de exemplu uscarea namolului cu ajutorul energiei solara.
Recomandarile indicd analiza energeticd in interesul elaborarii unor masuri prioritare pentru
imbunitatirea statiilor existente. In cazul proiectelor noi, este recomandata utilizarea modelarii in
avans alaturi de analizarea detaliata a influentului si aplicarea strategiilor avansate de control in
vederea adoptarii unor decizii optime in cadrul procesului de planificare si proiectare. Cele mai noi
tehnologii de indepartare a azotului, prin intermediul de-amonificarii pot fi aplicate deopotriva in
cazul statiilor de epurare noi, cat si in cazul retehnologizarilor. In orice situatie, exploatarea si
intretinere corecta este cruciald, prin urmare competentele operatorului sunt de o importanta majora
in scopul atingerii bilantul de energie optim.
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Abstract

Among the alternative methods of wastewater treatment stands the one using colloidal silver. For many
reasons, among all metals, silver is the only one that has been used since antiquity and until now for
wastewater treatment and decontaminating drinking water for humans. Also, in the analysis of the synergic
wastewater treatment methods, colloidal silver is found in three of the six most studied versions until the
present: silver with perhydrol, silver with copper and chlorine.

In our presentation we show the results of some researches done in our country in order to design production
lines for silver in colloidal state at reduced costs, with the strict following of the prescriptions for the good
quality of the product. We also offer a comparative analysis between other methods of wastewater treatment
refering to the complex relation of cost-efficiency-secondary effects.

Keywords
Colloidal silver, decontamination, efficiency, low-cost.

SCURTA ISTORIE A ARGINTULUI

Argintul este unul dintre cele mai vechi metale pretioase. Cele mai vechi obiecte din argint au fost
descoperite in mormintele caldeene (mileniul IV 1.Hr.). Alte opinii , bazate pe studierea diferitelor
obiecte de argint ce au fost descoprite in mormintele faraonilor din Egipt, arata o vechime de 3500
ani 1.e.n. La acea vreme se extragea si cunostea numai argintul nativ, astfel incat valoarea sa era
cam aceeasi cu a aurului. Din cele scrise in Biblie reiese ca argintul era cunoscut cu cel putin 2000
ani 1.e.n., iar Homer ne asigura in "lliada" ca Achile avea scutul si spada de argint.

Prin sec. XV 1.e.n. dupa ce se cunostea si procedeul de extragere al argintului din combinatii (din
sulfura de argint) pretul lui incepe sa scada fata de cel al aurului. Ca dovada, in fostul palat al
regelui asirian Sargon din orasul Korsabad au fost gasite placi datand din anul 710 i.e.n., una de aur
si alta de argint. Fiind pline cu inscriptii, se observa ca exista o diferentd de pret intre cele doua
metale, argintul find mai ieftin.

S-a discutat mult si despre numele dat acestui metal pretios. Multi considera ca numele provine,
probabil, de la culoarea sa alba stralucitoare. Unii cercetatori lingvistici si arheologi considera ca
semnificatia cuvantului provine de la cuvantul grecesc "argyros" care la randul ei provine de la
cuvantul "argos" ce inseamnd "a straluci" . De la "argyros" s-a trecut mai apoi in latind la
"argentum", denumire care a ramas pana azi in multe tari si de unde provine §i denumirea stiintifica
a acestui element.

In Evul Mediu, alchimistii, folosind perceptele astrologiei, comparau argintul cu luna din cauza
culorii sale palide (in contrast cu aurul, care simboliza Soarele). Studiile alchimistilor evului mediu
se bazeaza pe scrierile grecesti (provenite la randul lor de la evrei si egipteni) din primele secole
d.Hr. traduse si copiate de catre arabi. Initiatii arabi au cultivat ideea ca cele doud luminatorii
(Soarele si Luna) reprezinta aurul si respectiv argintul. Fiind metale pretioase, reprezentand si o

147



Conferinta Tehnico-Stiintifica
“Tehnologii noi de epurare a apelor uzate”

moneda de schimb, aceste doud metale au devenit tinta cautatorilor infocati de preamarire.
Alchimistul Geber in "Cartea despre metale" scria cd Luna este simbolizatd de argint si astfel
argintul reprezintd Luna pe Pamant. Descoperirea argintului in multe minereuri de plumb a suscitat
interesul majoritatii alchimistilor 1n a transmuta metalul greu denumit “plumb” intr-un metal pretios
denumit “argint”.

In natura, argintul se giseste de cele mai multe ori ca sulfurd de argint in amestec cu alte sulfuri.
Primele cercetari privind extragerea argintului industrial sunt realizate in anul 1829 de catre Hugh
Lee Pattinson. El realizeaza un procedeu care da rezultate semnificative la extragerea argintului din
plumbul argintifier. Procedeul lui se aplica industrial din 1831 si a fost de o importantd deosebita
pentru Marea Britanie.

Fiind un bun conducdtor de electricitate a fost folosit la conducerea curentului electric in
dispozitivele de radio-frecventd. La ora actuala este folosit in electrotehnica si electronica, fie ca
atare, fie sub forma de depuneri galvanice. Argintul este utilizat cu succes si in medicina. Deoarece
elibereaza spontan ioni negativi (care au actiune germicida), multe decenii a fost intrebuintat la
confectionarea de instrumente medicale si proteze. In stomatologie, din argint se realizeazi cu
succes pivoti endodontici.

Apa de argint

Argintul a fost extras in antichitate de greci, fenicieni, romani §i carataginezi. Datorita deosebitei
sale maleabilitati si, In acelasi timp, datoritd faptului ca era considerat un metal al zeilor s-au
realizat amfore din acest metal. S-a observat ca apa pastratd in cupe de argint pastreaza o
prospetime deosebitd. Mult timp s-a considerat ca acest lucru reprezinta darul zeilor pentru ca apa
tinuta in amfore de argint ar putea sa primeasca un har deosebit. Apa pastratd in cupe de argint s-a
denumit “apa de argint". Prin veneratie i se atribuiau mari puteri tamaduitoare; mai tarziu s-au
descoperit si proprietatile sale bactericide.

Efectul benefic al apei de argint a fost astfel cunoscut foarte mult timp. A fost folosit cu succes in
Grecia, Roma, Macedonia si Fenicia anticd pentru preintdmpinarea si tratarea diferitelor infectii.
Hipocrate (nascut in 460 1.Hr.), fiind considerat parintele medicinii, considera argintul deosebit de
benefic in tratarea ranilor deschise, problemelor de inima, dar aprecia si calitatile sale de purificare
a sangelui si de dezinfectant general.

Lucrarile medicale ale vremii cuprindeau deja descrieri ample ale argintului si metode de folosire al
apei de argint pentru diferite probleme medicale. Hipocrate a aratat cd anumite simptome se pot
ameliora daca se fac amestecuri de diferite solutii din argild argintata. In timp s-au adaugat diferite
alte saruri la aceste prescriptii s au inceput sa abunde o multitudine de solutii medicale provenite
din studiile alchimistilor pentru bolile care apareau in istoria umanitatii.

Argintul a fost folosit impreund cu cuprul in toata zona Asiei. Gangajal (apa sfanta luata din fluviul
Gange) este pastratd si acum in vase de cupru si de argint in fiecare gospodarie hindusa datorita
proprietatilor anti-contaminante §i bacteriostatice ale cuprului si argintului. De altfel, apa Gangelui
prezinta o particularitate cu totul neobisnuita: desi fluviul este plin de cadavre de animale moarte si
de resturile celor incinerati, conform traditiei, dupd moarte (complet sau incomplet, in functie de
cati bani a avut familia pentru funeralii), el este considerat sfant si nimeni dintre miile de oameni
care isi fac zilnic baia rituala in Gange si beau din apa lui nu se imbolnaveste. Studiile stiintifice au
aratat prezenta unei cantitafi mari de argint in probele de apa luate din fluviu, lucru explicat de
trecerea fluviului, in drumul sdu catre ocean peste cel putin un zdcamant de argint. Multe
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descoperiri din zona Chinei arata ca apa potabild era pastrata in mari vase de bronz, cupru si argint.
Oragul imperial din China are nu mai putin de cateva mii de astfel de vase.

Renumitul alchimist Paracelsus folosea diferite solutii argintate precum si apa pastrata in mici cupe
de argint pentru a trata holera si epilepsia. S-a remarcat actiunea sa deosebitd si in vindecarea
sifilisului.

Napoleon si chiar Alexandru cel Mare apelau la argint pentru a purifica apele raurilor care in urma
acestui procedeu deveneau potabile pentru armatele lor numeroase.

Péana in secolul al 18-lea argintul ajunsese sa se bucure de o larga recunoastere a proprietatilor sale
medicale. Primii exploratori americani care strabateau continentul indreptandu-se spre vest puneau
inele de argint in butoaie din lemn sau sticla in care pastrau apa, pentru a-i asigura proprietatile
potabile de-a lungul cilatoriilor lungi si anevoioase. In al 2-lea razboi mondial, soldatii japonezi
erau invatati sa pund o bucatd mica de argint in sticlele cu apa pentru a preveni producerea
dizenteriei. Sulfatul de cupru este foarte apreciat de unii bastinasi din Africa si Asia pentru
vindecarea ranilor si a bolilor de piele.

In perioada moderni NASA a conceput un sistem de sterilizare a apei prin ionizare cupru-argint,
pentru misiunile Apollo. Exista multe filtre de apa pentru consum casnic care contin, pe langa un
filtru de apa clasic din carbon activ, filtre bazate pe ioni de argint pentru stabilizarea pH-ului apei,
datorita capacitatii de a ceda electroni. Aceste filtre, in combinatie cu un magnet mic pot sa creeze
premizele apei trimerizate, atat de benefica organismului uman.

Coloizii de argint

In anul 1861, Thomas Graham a descoperit ci anumite componente metalice pot patrunde prin
membrana celulard umana. El a descoperit ca metalele in suspensie pot sa intre in constitutia
celulelor patrunzand usor prin membrand. Descoperirea lui Graham a constat in faptul ca un metal
poate ajunge intr-o starea de dizolvare in asa masura incat dispune de alte caracteristici decat
mediul original. Pentru aceasta descoperire a folosit termenul de coloid (derivat din expresia kola
adica adeziv) pentru aceasta stare intermediara, care e asemanatoare cu un adeziv.

Prin aceasta descoperire s-a pus bazele ideii de coloidare a unor metale importante pentru organism.
Anumite metale se gasesc 1n alimente insa exista intr-o mica proportie. Elemente ca aurul, argintul,
cuprul, stibiul, sau chiar si calciul se gasesc greu si sunt deosebit de importante pentru organismul
uman.

Stiinta moderna a demonstrat ca argintul este unul din cele mai puternice antibiotice naturale care
au efect Tmpotriva a peste 650 de organisme patogene — germeni, virusi si fungi (Revista Science
Digest, martie 1978). Un antibiotic artificial poate distruge in medie 6 tipuri de microbi, comparand
cu activitatea deosebitd a argintului se remarca o diferenta neta intre actiunile celor doua. argintul
este de asemenea si cel mai puternic dezinfectant folosit in prepararea apei potabile chiar si in
navetele spatiale. Rolul argintului in organismul uman poate fi descris ca un ,sistem imunitar
secundar”.

Cercetarile medicale in domeniu au demonstrat ca argintul este un element esential atat pentru
plante si animale, cat si pentru oameni. Existd o legatura stransa dintre argint si sistemul imunitar,
care este raspunzator de protejarea sanatatii umane. Datoritd structurii sale atomice, argintul
coloidal ajuta la regenerarea ficatului si la detoxifierea lui. Studiile arata ca coloidul de argint este
eficient in regenerarea oaselor. S-a remarcat ca in urma folosirii acesteia in cazul unor pacienti cu
diferite oase rupte rezulta o vindecare mai rapidd a acestora. Argintul coloidal accelereaza
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regenerarea pielii si a altor tesuturi. In cazul unor arsuri sau taieturi poate fi folositd impreuni cu
apa oxigenata si dezvolta o sterilizare profunda.

Prezenta argintului coloidal in apropierea unui virus, ciupercd, bacterie sau a altui microorganism
patogen monocelular, 11 dezactiveaza acestuia enzima de metabolism al oxigenului, plamanul
chimic al acesteia altfel spus. In citeva minute microorganismul patogen se sufoca si moare, apoi
este eliminat afara din corp de catre sistemele imunitar, limfatic si de eliminare. Fata de
antibioticele farmaceutice care distrug si enzimele benefice, argintul coloidal lasa intacte aceste
enzime ale celulelor tesuturilor, deoarece acestea sunt radical diferite fata de enzimele
microorganismelor primitive monocelulare. Astfel argintul coloidal este absolut sigur pentru
oameni, animale, plante si pentru toatd materia vie multicelulara.

Argintul coloidal lucreaza ca un catalizator, dezactivand enzima folositd la metabolismul
oxigenului, a tuturor bacteriilor monocelulare, ciupercilor si virusilor.

Studiile arata ca microorganismele devin rezistente in cele din urma la antibioticele din comert. Este
insd exclus ca bacteriile sa devina in timp rezistente la argint, deoarece efectul acestuia se resfrange
atat pe structurd cat si pe proteinele enzimatice, iar mai apoi inhiba metabolismul si inmultirea
celulelor. Efectul antibacterial al ionilor de argint este demonstrat inca din 1883. Diferit fata de
antibiotice, s-a observat ca niciodata, tipurile rezistente de microorganisme patogene nu se mai pot
dezvolta. De fapt, antibioticele sunt efective doar Tmpotriva unor anumite forme de bacterii si
ciuperci, dar niciodata impotriva virusilor. Deoarece nici un microorganism cunoscut cauzator de
boald nu poate trai in prezenta chiar si a unei slabe urme de element chimic al metalului argint, face
ca Argintul Coloidal sa fie efectiv impotriva a peste 650 de microorganisme patogene (9). Deoarece
aici nu este suficient loc pentru a enumera toate bolile impotriva carora argintul coloidal a fost
utilizat cu succes, dam in continuare doar o scurta lista: acnee, alergii, apendicite, artrite, parazitii
sangelui, plaga bubonica, arsuri (argintul coloidal este unul din putinele tratamente care pot mentine
in viata pacientii cu arsuri grave), cancer (11), holera, conjunctivite, diabet, gonoree, febra fanului,
herpes, leprd, leucemie, lupus, infectia canalelor limfatice, boala Lyme, malarie, meningite, infectii
cu paraziti (ciuperci §i/sau virusi), pneumonie, reumatism, viermi inelagi, scarlatind, conditii septice
ale ochilor, urechilor, gurii si gatului, zona zoster, cancer de piele, infectii cu stafilococi, infectii cu
streptococi, sifilis, toxemii, toate formele de virusi, negi si ulcer de stomac. in plus, acesta are si
multe intrebuintari in medicina veterinara, cum ar fi impotriva virusului canin parvo.

Argintul coloidal este foarte util in gradina, si la baie, deoarece acesta poate fi folosit impotriva
atacurilor efectuate de bacterii, ciuperci si virusi asupra plantelor si oamenilor. Se recomanda
folosirea argintul coloidal sub forma de spray pe frunzele plantelor.

Argintul coloidal este foarte repede absorbit si in celulele corpului. In antichitate se pastra o sticla
cu aceasta solutie 1n baie, pentru a-si uda cu ea picioarele, mainile si fata. Mentinerea solugiei sub
limba pentru o scurtd perioada de timp inainte de a fi inghitita, asigura o si mai rapida absorbtie a
acesteia. In trei zile, argintul se poate acumula in tesuturi in cantitate suficienta pentru a-si face
simtitd actiunea benefica. Intrucat argintul coloidal este eliminat de citre rinichi, sistemul limfatic si
intestinal dupa aproximativ trei sdptdmani, se recomanda un consum regulat zilnic ca masura de
protectie impotriva agentilor patogeni.

In cazurile de arsuri minore, acumularea de argint coloidal poate gribi vindecarea, reducand
cicatrizarea tesutului si infectarea acestuia, precum si eliminarea durerii si accelerarea vindecarii.
Viata a milioane de oameni susceptibili de infectii cronice de nivel redus, poate fi imbunatatita
folosind aceasta puternica si preventiva masura de insanatosire.
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S-a remarcat cd in conditii de laborator apa coloidald actioneaza in termen de 5-6 minute. Studii
oferite de TUV-Kermi Budapesta si ale Institutului Biotehnologic de Cercetari Aplicate Bay Zoltan
din Ungaria arata ca apa coloidald de argint distruge bacteria Staphylococcus Aureus, cunoscuta si
sub denumirea de ,,bacteria spitalelor”. Concentratia ideald pentru o putere activa de nimicire a
bacteriilor este intre 10-20 ppm (parti pe million).

Argintul coloidal de 10 pana la 20 ppm poate fi consumat de catre om pentru prevenirea bolilor si
mai ales a cancerului. Doza zilnica recomandata in astfel de cazuri a fost stabilitd de catre EPA
(Environmental Protection Agency, U.S.A.), a carei unitate de masurd a fost numita doza de
referintd. Conform EPA doza zilnicd recomandata este egald cu greutatea corpului uman in
kilograme Tnmultita cu 0,005 mg. Conform calculelor Agentiei Americane de Protectie a Mediului,
in 5 ml de argint coloidal 20 ppm, se regaseste aproximativ 0,1 mg argint pur.

Un factor determinant pentru eficienta apei coloidale cu argint este marimea si puritatea particulelor
rezultate din procesul de productie. Cu cat particula de argint n suspensie este mai mica, cu atat ea
este mai eficienta datorita faptului ca astfel se raspandeste mult mai usor in organism si la o aceeasi
concentratie dar cu particule de dimensiuni mici, suprafata activa a argintului coloidal este mult mai
mare. In ceea ce priveste puritatea, aceasta este foarte importanti deoarece, daci nu sunt folosite
argint si apa de calitate si puritate deosebite, atunci vor apare compusi nedoriti ce vor dauna apoi
grav actiunilor antibacteriene.

Pana in anul 1938, in SUA, argintul coloidal era privit ca unul dintre principalele mijloace de
terapie antibacteriana. Insa, tehnologia de fabricatie era la un nivel care nu permitea obtinerea de
particule extrem de mici de argint in solutie. In anii >70, o data cu dezvoltarea tehnologiilor, s-au
putut produce solutii coloidale concentrate.

DEZINFECTIA APEI POTABILE — O PROBLEMA DE ACTUALITATE INCOMPLET
REZOLVATA

Intr-un studiu al OMS utilizarea argintului a fost luatd in considerare ca una dintre metodele
alternative de dezinfectie a apei.

Vom analiza avantajele si dezavantajele ei si cum ar putea fi implementata practic o astfel de
metoda, care se adreseaza localitatilor din regiuni geografic defavorizate, tari in curs de dezvoltare,
zone rurale sau, altfel spus, zonelor in care se afla comunitati mici de oameni, adeseori destul de
izolate, cu un nivel tehnico-stiintific si cultural ce nu permite implementarea unor sisteme foarte
complexe si superperformante de purificare a apei care necesitd un personal cu o calificare foarte
inalta. Specialistii iau in considerare ca metodele si tehnologia folosite pentru dezinfectia apei intr-o
anumita regiune sa fie adecvate si nivelului cultural al regiunii in cauza.

Dezinfectia este un proces de baza al oricarui sistem de tratare a apei si in analiza lui trebuie tinut
cont de mai multe aspecte esentiale. In proiectarea unui sistem de tratare a apei, in special in zonele
rurale, dezinfectarea nu trebuie privitd ca fiind unul dintre numeroasele elemente, ci ca fiind
componenta vitald a sistemului. Frecvent, cei care proiecteaza sistemele de aprovizionare si stocare
a apei pentru comunitatile mici, nu numai ca nu iau foarte in serios dezinfectarea apei, ci, chiar mai
mult, ei acordd mai multd importanta cantitatii de apa produse decat calitatii ei (altfel spus, a
sigurantei ei pentru consum). Concluzia care rezultd din aceastd observatie este ca procesul
dezinfectarii ar trebui sd lase in sistem un efect dezinfectant remanent. Dacad acest lucru nu este
posibil, atunci trebuie folosifi doi dezinfectanti diferiti: unul primar pentru dezinfectie si unul
secundar care sd ofere efectul rezidual.
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Desigur, trebuie luatd in considerare nu doar calitatea apei care intrd in statia de epurare, ci si
calitatea apei rezultate nainte de adaugarea dezinfectantului. Astfel, intr-o statie de tratare completa
a apei, apa este supusa unei filtrari rapide inainte de a fi dezinfectata. Apa filtrata trebuie sa fie de o
calitate cat mai buna, deoarece cu cat turbiditatea ei este mai scazuta, cu atat este mai eficienta
dezinfectia ei ulterioara.

Frecvent, proiectantii omit unele cerinte esentiale pentru o buna dezinfectie. Pentru ca un
dezinfectant sa actioneze eficient, el trebuie sa se incadreze in cerintele ecuatiei C x T, care
semnificd faptul ca un dezinfectant trebuie sa fie prezent intr-o concentratie data (C) si trebuie sa fie
in contact cu apa ce trebuie dezinfectata, pentru o perioadd minima (T). Una dintre greselile curente
este proiectarea unor compartimente ce nu permit un astfel de contact pentru o perioada suficient de
lunga, nefiind astfel respectata ecuatia ce leaga volumul de apa de fluxul de dezinfectant si timpul
minim de contact necesar. Este de asemenea important sd accentudm necesitatea ca, in cadrul
operational, s fie asigurate o bund omogenizare si dispersie in intregul volum de apa, indiferent de
tipul de dezinfectant sau metoda folosite.

In acest punct al analizei este necesar s aducem in discutie produsii secundari ai dezinfectiei (DBP
— disinfection by-products). Aproape toti dezinfectantii genereaza produsi secundari reziduali.
Clorul genereaza o lista lunga de produsi secundari, cei mai renumiti fiind trihalometanii (THM —
trei din cei 4 atomi de hidrogen ai metanului sunt Inlocuiti de cate un atom de halogen), acizii
haloacetici (HAA —un atom de hidrogen este inlocuit de un atom de halogen in acidul acetic, de ex.
CH ,Cl —COOH in loc de CH ; —COOH ), haloacetonitrilii (un atom de hidrogen este inlocuit de

un atom de halogen In acetonitril (sau cianometan), de ex. CH ,Cl —CN in loc de CH ; —CN ) si
clorofenolii (fenoli — din benzen C(H, se inlocuiesc unul sau mai multi atomi de hidrogen cu

gruparea OH; clorofenolii — un hidrogen din fenol e inlocuit cu un halogen). Dioxidul de clor
genereaza peste 40 de produsi secundari, printre care clorati (saruri ale acidului cloric HCIO , ),

cloriti (saruri ale acidului cloros HCIO , ) si clorofenoli. Ozonul, la randul sdu genereaza aldehide,
acizi carboxilici, bromati (compusi chimici ce contin gruparea BrQO ; ), bromoetan (bromura de etil
CH , —CH , —Br ), bromoacetonitrili i cetone (compusi organici care contin una sau mai multe

grupari carbonil (C=0) legate de cate doi radicali organici diferiti, saturati sau nesaturati, ciclici sau
aciclici). Problema este ca majoritatea acestor produsi secundari sunt cancerigeni si acest lucru nu a
putut fi evitat, ceea ce a dus la opozitia inginerilor sau a persoanelor raspunzitoare cu
implementarea sistemelor de dezinfectie, precum si a populatiei. Riscul imbolnavirii de cancer este
asociat cu bautul apei dezinfectate pentru o perioada foarte mare de timp (de obicei pe durata
intregii vieti) si este considerat ca avand un risc scazut spre deosebire de imbolnavirile sau decesele
cauzate de agentii patogeni prezenti intr-o apa insuficient dezinfectati. In cazul particular al
clorului, riscul de a deceda datorita unui cancer generat de bautul apei dezinfectate, in comparatie
cu riscul de a deceda datorita diareeii, hepatitelor infectioase, a febrei tifoide, a holerei etc.) a fost
estimat ca fiind de 1 la 1000. Altfel spus, o persoand care bea apa care nu a fost dezinfectata risca
de 1000 de ori mai mult s moara de o boala diareica decat de un cancer produs de bautul apei
clorinate. lar riscul de imbolnavire cu diaree este de 1 000 000 de ori mai mare decat riscul
imbolnavirii de cancer. Astfel incat se ajunge la concluzia considerata de multi irefutabila ca apa
netratatd cu clor prezintd un risc mult mai mare de imbolnavire sau de deces. Acest lucru a
determinat OMS si USEPA (United States Environmental Protection Agency) — Agentia de
protectie a mediului inconjurator din Statele Unite sd accentueze cd “sub nicio forma sa nu fie
afectat si sa nu se renunte la procesul de dezinfectie a apei pentru baut”.
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METODE DE DEZINFECTIE

Vom trece acum in revista metodele de dezinfectie a apei, asa cum au fost ele prezentate de Felipe
Solsona, consultant regional pentru probleme de calitate a apei din cadrul CEPIS/PAHO/WHO (Pan
American Center for Sanitary Engineering and Environmental Sciences/Pan American Health
Organization/Regional Office of the World Health Organization) si de Juan Pablo Méndez,
consultant pe probleme de mediu din cadrul Sectorului sanitar al Guvernului peruvian, in
documentul-sinteza “Water Desinfection” publicat in 2003 (17). Conform acestui studiu ca metode
principale sunt considerate:

1. Dezinfectia solara;

Clorinarea;

Dezinfectia cu raze UV;

Filtrarea lentd;

Dezinfectia cu ozon;

Dezinfectia cu dioxid de clor;

. Minifiltrarea.

Ca metode alternative sunt prezentate:

Dezinfectia cu brom;

Dezinfectia cu argint;

Dezinfectia cu iod;

Dezinfectia cu dicloroizocianuratul de sodiu (NaDCC);

Dezinfectia cu amestec de gaze oxidante;

Dezinfectia cu radiatii;

Metode sinergice de dezinfectie;

Filtre gospodaresti.

NGOV AW

O NN W=

Intr-un capitol separat tratim metodele speciale sau de urgenta de dezinfectie. Nu ne-am propus si
prezentam in extenso toate aceste metode, anexdm insd un tabel cu o analizd comparativa intre
diferitele metode de dezinfectie (Fig.1).

SODIS | M, | UV |ssE | H | coo, | M | B | oAz | L
Efficacy
| Bacteria H H H H H H H H H H
I Viruses H H H 1 H H H H I H .
| Prowzon L L L H 1 1 H L L 1 Flg. 1
I Helminths L L L H H I H L L L Analizd e oA
Raw water influence on na lZa comparatlva lntre
I pH L H L L L L H 1 L L f ;
I Turbidity H 1 H L H 1 H 1 1 H dl erltele metOde de
I Organie matter I L L L L 1. 1 L L L dezin fec Ile
Generated DBP NO YES NO NO L L ND YES | NO | NO
Maintains protective
resical ND YES NO NO ND NO ND YES | YES | vES
Possible changes in
waler waste and odor ND YES ND NO ND NO ND YES | NO | NO H h . h
Range of use flows L LEH | Lan | b LIH | H LH L1 L L1 —ng
Equipment cost L L L1 1 I-H I-H H L Ll L I — Intermedlate
Operating cost L L L1 L H H H 1 I 1-H I-L
Operator cost L L L1 L H H H L L1 | L - Low
Need for chemicals NO YES ND NO NO | YES NO YES | YES | YES
Nead for electric power NO L 1 NO H H H L L L

Conform tabelului de mai sus putem sa enumeram cateva concluzii referitoare la metodele
principale de dezinfectie a apei:

A o metoda cu eficientd mare de dezinfectie, fara produsi secundari si cu costuri scazute este
dezinfectia solard. Ea depinde 1nsa de prea multe variabile care 1i pot afecta eficienta (latitudinea
geografica, altitudinea, anotimpul, durata expunerii la soare, momentul zilei, nebulozitatea
atmosferica, temperatura mediului ambiant, volumul si materialul recipientelor care contin apa,
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turbiditatea apei si culoarea). Nu are un efect remanent, deci trebuie combinata si cu alte metode.
Este agreata de OMS mai mult ca metoda experimentald sau pentru regiuni unde niciuna din
celelalte metode nu poate fi aplicata.

A dezinfectia cu clor este eficienta, dar genereazd un numar mare de produsi secundari
cancerigeni si afecteaza gustul si mirosul apei. Este consideratd o metoda cu costuri scazute si
eficientd mare. Necesita substante chimice.

A dezinfectia cu UV este o altd metoda eficienta fara produsi secundari, nu necesita chimicale,
este consideratd cu costuri intermediare. Totusi nu are un efect remanent (dezavantaj major, caci
dupa dezinfectare apa poate fi din nou contaminata in cursul distribuirii ei catre populatie), eficienta
ei este afectatd de turbiditatea apei si, implicit, de gradul ei de transparenta, particulele 1n suspensie
generand un scut protector pentru microorganisme in fata razelor UV atunci cand apa are o
transparentd redusd. Eficienta dezinfectiei nu se poate masura decat prin analize repetate
microbiologice ale apei tratate.

A Filtrarea lentd este moderat eficientd in cazul virusilor, dar foarte eficientd in cazul
bacteriilor, protozoarelor si a viermilor. Nu rezulta produsi secundari, eficienta nu este afectata de
pH, turbiditate, materiile organice din apa. Nu necesita chimicale, costurile sunt medii. Nici aceasta
metoda nu are efect remanent, necesita o suprafata destul de mare si o foarte buna proiectare initiala
si apoi o executie adecvata pentru ca efectele ei sa fie maxime si sa necesite o intrefinere minima.
Costul initial poate fi mai ridicat, dar este compensat de utilizarea ulterioara de lunga durata cu o
intretinere minima. Daca apa are turbiditate foarte mare, peste 30 NTU se necesitad pretratarea ei. De
asemenea, temperaturile joase pot afecta eficienta unitatii de dezinfectie. Prezenta biocidelor sau a
pesticidelor in apa care trebuie dezinfectatd poate modifica sau chiar distruge procesele biologice
care stau la baza filtrarii lente.

A Dezinfectia cu ozon este foarte eficienta inclusiv in cazul virusilor, nu confera o protectie
remanenta si este puternic influentata de turbiditatea apei, este o procedura ce necesita costuri foarte
mari atat pentru echipamentele de lucru, cat si in ceea ce priveste intretinerea functionarii lui si
personalul operator. Consuma mult curent electric. Este unul dintre cei mai eficienti dezinfectanti si
necesita un timp de contact scurt pentru ca efectele biocide sa apara. Este preferata folosirea lui ca
dezinfectant primar datoritd absentei protectiei reziduale, remanente. Durata medie de viata a
ozonului in apa este mai mica de 30 minute si el de asemenea reactioneaza cu substantele organice
producand derivati cu o masa molecularda mai mica ce sunt mult mai rapid si mai usor
biodegradabili decat precursorii lor, aceasta ducind la convertirea lor in forme pe care
microorganismele ce se gasesc uzual in sistemele de distributie le folosesc ca nutrienti si, in
consecinta, la o noud inmultire a populatiei microbiene.

A Dioxidul de clor are eficienta buna ca dezinfectant, genereaza peste produsi secundari
nedorifi a caror toxicitate nu este inca pe deplin cunoscuta, nu genereaza THM si alti produsi foarte
toxici precum clorul, nu ofera protectie reziduald sau remanentd, costurile instalatiilor, de
functionare si cu personalul operator sunt mari, presupune un consum mare de curent electric.

A Minifiltrarea cuprinde microfiltrarea, nanofiltrarea, ultrafiltrarea si osmoza inversa (aceste
categorii sunt date de dimensiunile porilor diferitelor membrane: de la dimensiuni de circa 200 nm
pana la dimensiuni sub 1 nm; datorita dimensiunilor extrem de mici sunt retinuti in proportie extrem
de mare germenii patogeni si virusii, alaturi de celelalte reziduuri din apa) este cea mai eficienta
metoda de dezinfectie, este foarte costisitoare din toate punctele de vedere — al echipamentului, al
intretinerii si functionarii si al personalului operator si de intretinere. Turbiditatea si pH-ul au o
mare influentd asupra procesului si pot duce la necesitatea pretratarii apei ce va fi apoi supusa
minifiltrarii pentru a nu fi uzate filtrele intr-un timp prea scurt, ele fiind foarte costisitoare. Nu
necesita chimicale si nu genereaza produsi secundari.

In ceea ce priveste metodele alternative, concluziile trase de specialisti sunt urmétoarele:
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1. Bromul, fiind tot din familia halogenilor, este asemanator cu clorul, operand in acelasi mod,
desi puterea lui de dezinfectie este sensibil mai mica decat a clorului. Avantajul major al utilizarii
lui este ca la temperatura camerei el este in stare lichida (clorul fiind in stare gazoasd) si este mai
usor de manipulat si de dozat. Totusi el este coroziv si agresiv si trebuie manipulat cu mare atentie.
Nu poate fi gasit in orice tara si in orice oras la fel de usor precum clorul si este mai scump decat
acesta. Produce compusi secundari cancerigeni, lasa un efect de protectie rezidual.

2. Iodul este cel mai putin agresiv dintre halogeni, este in stare solida la temperatura camerei si
are o solubilitate scazutd in apa. Spre deosebire de clor si de brom, substante care in sine nu
cauzeaza mari probleme daca sunt consumate in concentratiile in care se afla in apa potabila tratata,
dar care cauzeaza probleme prin compusii secundari generati, iodul cauzeaza probleme prin insusi
consumul lui. Altfel spus, Ingrijorarea specialistilor, In cazul iodului, nu vine de la produsii lui
secundari, cat de la el insusi ca substantda chimica. OMS avertizeaza sa nu se foloseasca iodul in apa
potabila pentru perioade lungi de timp, datoritd unor efecte fiziologice observate in scurt timp la
fiintele cu o sensibilitate mai mare (“iodism” s.a.). Este motivul pentru care aceasta metoda se
recomanda mai mult pentru situatiile de urgenta, cand alte metode nu sunt accesibile.

3. Argintul are proprietati dezinfectante doar in stare coloidala si nu prezinta toxicitate in cazul
ingerarii lui in aceastd forma (cu respectarea dozajului admis pentru apa potabild). Mecanismul l-am
explicat anterior. Nu produce compusi secundari, are un efect de protectie remanent, nu modifica
gustul, mirosul, culoarea apei. Costurile echipamentului, de intretinere si cu personalul sunt
considerate intermediare, dar mai mari de circa 200-300 de ori fata de clorinare. Metodologia de
utilizare este relativ simpld si usor de implementat in zonele rurale sau pentru uz casnic.
Dezavantajele sunt considerate a fi dificultatea dozarii lui in apa supusa dezinfectiei si costurile de
productie mari (atat pentru metoda electrolitica, in care electrozii se consuma destul de repede, cat
si pentru cea de addugarea de doze bine stabilite in rezervoarele de apa). Dezinfectia cu argint
coloidal a fost estimata ca fiind de 200-300 de ori mai scumpa decét clorinarea.

Dezinfectia apei cu argint coloidal

Dupa o privire asupra analizei comparative a metodelor de dezinfectie, o concluzie cel putin
interesantd, ca sd nu spunem uimitoare, se desprinde: dintre toate metodele de dezinfectie, singura
metoda care prezinta un efect remanent si care nu genereaza compusi secundari toxici este cea cu
argint coloidal.

De aceea am considerat ca meritd analizatda mult mai in profunzime aceasta metoda, pentru a gasi
solutii in directia inlaturarii dezavantajelor ei semnalate in evaluarile anterioare ale specialistilor si
pentru a folosi la maxim intregul ei potential. Avem in vedere aceasta atdt in ceea ce priveste
utilizarea argintului coloidal ca dezinfectant unic, cat si printr-o metoda sinergica.

Trei metode sunt folosite pentru dezinfectia cu argint. Prima, metoda ,,de contact” presupune
trecerea apei prin dispozitive saturate cu argint, cum ar fi rezervoare cu perefi si ecrane
despartitoare acoperite cu o vopsea speciald ce contine argint. A doua metoda consta in dozarea de
solutii de argint coloidal de concentratie mica intr-un mod asemanator cu dozarea solutiilor cu clor,
cu o aparatura similard. A treia metoda este cea electrolitica i, pand in prezent este considerata ca
fiind cea mai practicd. Mai multi electrozi de argint sunt conectati la polul pozitiv (anod) al unei
surse de curent de putere micda. Un electrod inert este folosit drept pol negativ (catod), aici fiind
produs hidrogen si eliberat in mediul inconjurator. Prin electroliza, din electrozi sunt eliberati in
fluxul de apa care trebuie tratatd ioni de argint proportional cu marimea curentului de alimentare.
Variind curentul se poate modifica, prin urmare doza de ioni de argint infuzata in fluxul de apa. Din
punctul de vedere al dozarii, prima si a treia metoda sunt imprecise si este practic imposibil sa fie
monitorizatd. A doua metoda poate apela la aparatura pentru dozare precum in cazul clorinarii (care
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nu este foarte scumpa), dar, asa cum spuneam, costul solutiei de argint coloidal este considerat
foarte mare, in special in comparatie cu costul unor cantitati de solutii cu clor ce dau un efect
bactericid echivalent.

Din observatiile asupra propriilor noastre experimente si din literatura de specialitate mai recenta,
am constatat ca aceste evaludri, care sunt anterioare anului 2003, sunt deficitare si incomplete.
Subliniem ca:

- eficienta argintului ca dezinfectant este mult mai mare decat cea estimatd in studiile
anterioare anului 2003 daca este folosita o solutie de argint coloidal de foarte buna calitate. Cele 3
metode mai sus prezentate si folosite anterior anului 2003 aratd ca modul de obtinere a argintului
coloidal este inca unul rudimentar si deci calitatea solutiei coloidale este redusa.

- marind eficienta de dezinfectie a solutiei de argint coloidal putem folosi cantitati mai
mici pentru a obtine acelasi efect si deci reducem costurile.

Acestea sunt cele 2 directii in care ne-am orientat cercetarile, pentru a revaloriza aceastd metoda de
dezinfectie. Va prezentam concluziile la care am ajuns pe baza experimentala si teoretica.

Pentru o dozare precisa este de preferat metoda 2, in care solutia de argint coloidal se prepara
separat sau se cumpara gata preparata si se adauga o cantitate precisa intr-un rezervor de dezinfectie
a apei la un volum fixat de apa. Concentratia recomandatd de OMS pentru un efect germicid
puternic trebuie sa fie in intervalul 25 - 75 pg/l sau, altfel spus 0.025 — 0.075 mg/l. Tot OMS a
stabilit in urma studiilor ca, in cazul fiintei umane, NOAEL (no-observed-adverse-effects-level sau,
altfel spus, nivelul la care nu sunt observate reactii adverse) pentru argint este de 10 g cantitate
totala de argint ingeratd pe parcursul intregii vieti (este o valoare de siguranta, caci studiile dr.
Roger Altman au aratat ca argintul este eliminat din organism in maxim o lund de zile de la
incheierea unei cure chiar cu un dozaj zilnic mai mare, iar acest timp poate fi substantial redus daca
se consuma zilnic cativa litri de apd). Aceasta face ca doza prescrisa pentru dezinfectie sa nu duca la
depasirea NOAEL, si aceasta chiar si la un dozaj de 0.1 mg/1 in situatii extreme.

Dupad un anumit timp minim necesar dezinfectiei, apa poate fi transferatd in rezervorul destinat
uzului curent. Metoda este mai sigura decat dezinfectia in flux continuu.

Am urmdrit sa punem la punct unitati de productie a unui argint coloidal de calitate (concentratii
mari, particule mici, de dimensiuni nanometrice si forma regulata, sferica) si in cantitai mari intr-o
singurd transd. Cu dispozitivele pentru metoda electroliticd lenta, la tensiuni si curenti mici,
proiectate de noi (sursa de alimentare de curent constant, vasul de reactie (Fig. 2) cu sistem de
omogenizare permanenta a solutiei, suportul pentru electrozi din PTFE (teflon — pentru ca este inert
din punct de vedere chimic)) si folosind apa ultrapura obtinutd prin minifiltrare si 6 electrozi de
argint de puritate 99,99%, am obtinut incad de la prima transa aproximativ 40 1 solutie de argint
coloidal de concentratie 20 ppm (20 mg/l) cu o distributie dupa dimensiuni a particulelor conform
Fig. 3, solutie stabild si cu termen de garantie de minim 2 ani.
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CONCLUZII

Imbunatatirile aduse dispozitivului elimind necesitatea de a spila electrozii de mai multe ori pe
parcursul unei trange, astfel ca in aproximativ 20 de ore este atinsa concentratia doritd cu
respectarea stricta a conditiilor de puritate si stabilitate. Practic, intr-o transa se obtin 40 1 solutie de
concentratie 20 ppm, adica un total de 800 mg de argint in stare coloidala in 40 1 de solutie. Pentru
un dozaj maxim de 0.05 mg/l cerut pentru dezinfectie, cu aceastd cantitate de argint coloidal
obtinuta pot fi dezinfectati 16.000 1 de apa, adica necesarul pentru o zi pentru 160 de oameni, luand
in calcul un necesar de 100 1/zi pentru o persoana.

Metodele de structurare non-chimica a solutiei de argint coloidal pe care le aplicam produsului final
au drept scop cresterea puterii de dezinfectie (prin urmare, aceeasi cantitate de argint coloidal poate
dezinfecta o cantitate mai mare de apa), a stabilitatii solutiei si a termenului de garantie. Aceasta
parte a eforturilor noastre este inca in stadiul de cercetare.

NOTE

(9) Argintul Coloidal este dovedit ca fiind deosebit de eficient in cazul problemelor intestinale. Dr.
Henry Crooks a descoperit ca argintul in stare coloidala este foarte germicidal, destul de inofensiv
pentru oameni si absolut netoxic. Diferit fatd de un compus chimic, argintul, in forma coloidala,
poate fi aplicat Intr-o forma mult mai concentratd, cu rezultate corespunzator mult mai bune. Toate
ciupercile, virusii, streptococii, stafilococii, si alte microorganisme patogene sunt distruse in trei sau
patru minute.De fapt nu existd microbi cunoscuti care sa nu fie distrusi de argintul coloidal in 6
minute sau mai pufin, de o concentratie de 5 ppm, desi nu exista nici un fel de efecte secundare la
concentratiile mari ("Use of Colloids in Health and Disease," quoted in "Report: Colloidal Silver,"
Health Consciousness, Vol.15, No.4).

(11) Ca si antibiotic, argintul omoarda peste 650 de organisme provocatoare de boli: tulpinile
rezistente inceteaza sa se mai dezvolte. Argintul este cel mai bun luptator impotriva germenilor pe
care 11 avem. Doctorii spun ca, luat intern, acesta are efect impotriva sifilisului, holerei, malariei,
diabetului si arsurilor puternice (Bio/Tech News, 1995).
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Operation effieciency monitoring of the wastewater treatment
process from Satu Mare Wastewater Plant

Dippong T., SC. Apaserv Satu Mare SA

Abstract

This paper aims to monitor the treatment efficiency of wastewater treatment from Satu Mare treatment plant,
by seeking to improve physico-chemical parameters after the mechanical stage and discharge into the
environment, compared to the influent loads. Are presented aspects regarding specific production of biogas,
namely the production of electricity specific from the cogeneration system, production and degree of dryness
of the sludge from the treatment plant. In the paper are presented techno-economic aspects related to operating
costs, maintenance, salaries and aspects regarding the operating efficiency of the treatment plant in Satu Mare.
In the last part of the paper are presented the prospects for improving physical and chemical parameters of
effluent which is discharged into the Somes river, by removing nutrients (N and P reduction) and how to
increase the degree of drying of the sludge due to station modernization work at the waste treatment plant from
the post medium program "Extension and rehabilitation of water and wastewater infrastructure in Satu Mare
county."

Keywords
Biogas, effluent, electricity, influent monitoring, treatment.

INTRODUCERE

Conform hotararii de guvern nr. 352 din 21 aprilie 2005 la anexa nr.1, la articolul 3 aliniatul 1,
Romania a fost declarata zona sensibila, si avind in vedere prevederile articolului 5 din aceeasi
hotarare prin care “intregul teritoriu al Romaniei este desemnat ca zond sensibild in aglomerarile
umane cu peste 10.000 L.E., trebuie sd se asigure colectarea apelor uzate urbane prin sisteme de
canalizare §i epurarea lor avansata, la nivel de treaptd tertiara, pentru indepartarea azotului si
fosforului, inainte de evacuarea in receptorii naturali”’, din care cauza se fac demersuri pentru
imbunatatirea calitatii apelor uzate evacuate din statiile de epurare in emisar, urmand a se trece de la
NTPA-002 (prin care sunt reglementate cerintele care trebuie satisficute de apele uzate evacuate in
retelele de canalizare ale localitatilor si direct in statiile de epurare) la NTPA-001 (prin care sunt
stabilite limitele de incarcare cu poluangi ai apelor uzate industriale si orasenesti la evacuare in
receptorii naturali).
Poluarea apelor cauzata de aglomerarile umane se datoreaza in principal ratei reduse a populatiei
racordate la sistemele de colectare si epurare a apelor uzate, functiondrii necorespunzatoare a
statillor ~de epurare existente, managementului necorespunzator al deseurilor (depozitarea
necontrolata a deseurilor, intalnitd deseori pe malurile raurilor si a lacurilor), dezvoltarii zonelor
urbane si protectiei insuficiente a resurselor de apa. Desi realizarea sistemelor de colectare si
epurare a apelor uzate este o activitate care necesitd resurse financiare importante, beneficiile se
regasesc atat in calitatea resurselor de apa si a mediului acvatic, cat si in cresterea valorii de
utilizare a acestei resurse.
In vederea noilor obligatii asumate de catre Romania ca Stat Membru al Uniunii Europene,
implementarea Directivelor Europene in domeniul apelor, si in special a celor pentru apa potabila,
apa uzata si namoluri, constituie o provocare in ceea ce priveste realizarea lucrarilor de investitii
necesare pentru infrastructura de apa si apa uzata, motiv pentru care la Satu Mare existd n derulare
un proiect de modernizare a infrastructurii statiei de epurare pentru reducerea nutrientilor din apele
uzate.

In cadrul acestei lucrari in prima parte este prezentatd succint statia de epurare Satu Mare din
punct de vedere tehnologic, urmand apoi pe parcursul lucrdrii sd se urmareasca Tmbunatatirea
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parametrilor fizico-chimici la evacuare fatd de intrare respectiv dupa treapta mecanicd, ceea ce
denota eficientizarea tehnologiei de tratarea apelor uzate din cadrul statiei de epurare. In a doua
parte a lucrdrii se prezintd consumurile specifice de biogaz, energie electrica, apa precum si
aspectele tehnico-economici privind costurile de operare, mentenanta, salariale, precum si aspecte
legate de productia de biogaz, energie electricd si energie termica. In ultima parte se prezintd
planurile de extindere a treptei biologice din cadrul statiei de epurare Satu Mare pentru 155.000
locuitori echivalenti (1 locuitor echivalent reprezinta incarcarea organica biodegradabila avand un
consum biochimic de oxigen la 5 zile de 60 g O2/zi locuitorii echivalenti reprezinta unitatea de
masura pentru poluarea biodegradabila si stabileste dimensiunea poludrii provenitd de la o
aglomerare umand) in concordantd cu normativele europene si directivele nationale privind
indepartarea nutrientilor.

Prezentarea tehnologica a statiei de epurare Satu Mare

Statia de epurare a apelor uzate din orasul Satu Mare a fost construita in anii *70 si s-a dezvoltat
treptat In mai multe etape, initial cuprindea doar treapta de tratare mecanica cu o capacitate de 175
I/s, impreuna cu unitatile de deznisipare si separare a grasimilor si doud bazine de decantare
primara, doud fermentatoare de namol si un rezervor de gaz.

Capacitatea de tratare mecanica a fost extinsa la 400 /s prin adaugarea a doua bazine de decantare
primari in 1986. In acelasi timp, a fost realizatd prima treapta de tratare biologica cu o capacitate de
200 /s constituita din doua bazine de aerare, doua bazine de decantare secundara si 2 fermentatoare
de namol. In aceeasi perioadi a fost construiti de asemenea o conductd de supratraversare a raului
pentru transportul apei uzate colectate din cartierele situate pe malul stang al Somesului catre
SEAU.

Capacitatea mecanica si biologica de tratare de 900 /s a fost atinsa in 1987-89, cand un bazin
suplimentar de aerare si un alt bazin de decantare secundara au fost construite. A fost finalizata in
acelasi timp tratarea namolului, fiind construite doua ingrosatoare de namol, doud fermentatoare noi
si incd un rezervor de gaz. Zona paturilor de uscare a namolului fermentat a fost extinsa in mod
constant, proportional cu capacitatea.Lucrarile au fost reabilitate semnificativ in ultimii ani in cadrul

unui contract finantat partial printr-o masura ISPA, lucrarile reabilitate au fost repuse in functiune
in anul 2009 ( Figura 1)

B omemamy e W

Fig. 1 Vedere de ansamblu statia de epura;e Satu Mare.

Tratarea apelor pluviale se realizeaza prin intermediul urmatoarelor utilaje: doua gratare mecanice
liniare 50 mm si o statie de pompare apa pluviald cu pompe submersibile(formate din 5 pompe ABS
de capacitate 2.520 m’/h, o pompa drenaj de capacitate 50m’/h).

Tratarea preliminard a apelor uzate se realizeaza prin intermediul gratarelor rare (60 mm) si a
gratarelor dese (10 mm), prevazute cu presa deseuri si transport spirald, statie de pompare (formate
din 4 pompe ABS de capacitate 612 m’/h, doud pompe ABS de capacitate 1.440 m’/h, o pompa
drenaj de capacitate 50m’/h), deznisipator cu doud camere (volum total 100m’)intr-o singurd
structura cu sistem de raclare pentru indepartarea nisipului, cu clasificator de nisip echipat cu un
dispozitiv de masurare Endress Hauser Doopler pentru influentul pompat din statia de pompare ape
uzate. Exista deosemenea doudunitati de separare a grasimilor intr-o singura structurd (volum total

162



Conferinta Tehnico-Stiintifica
“Tehnologii noi de epurare a apelor uzate”

404 m’), cu sistem de aerare pentru indepértarea grasimilor prin deversare, fard pod raclor echipate
cu doua suflante pentru aerarea separatoarelor de grasimi, respectiv un camin pentru colectarea
grasimilor/uleiurilor deversate din separatorul de grasimi.

Tratare primarad a apelor uzate se realizeaza in patru bazine radiale de decantare primara (volum
total 5.204 m’), fiecare fiind echipat cu sistem de raclare pentru indepértarea nimolului si spumei,
echipate cu douad opritoare de spuma/plutitoare partial scufundate, doud camine de colectoare pentru
spuma, respectiv patru pompe de spuma la putul colector, doud pompe de namol primar si un
macerator pentru namolul primar.

Tratare secundara a apelor uzate se realizeaza incele trei bazinede namol activ fiecare Tmpartit in
doud sectiuni aerate (volum total 9.144 m’) previzute cu amestecitoare submersibile si cu sistem de
aerare pneumatic (format din 5 suflante), respectiv din 3 bazine radiale de decantare secundara
(volum total 12.301 m’) fiecare fiind echipat cu sistem de absorbtie a nimolului pentru inliturarea
namolului, praguri deversoare canelate completate cu opritoare de spuma (partial scufundate pentru
stoparea §i retinerea plutitoarelor) si statie de pompare namol recirculat (3 pompe ABS de
capacitate 1620 m’/h) / nimol in exces ( doud pompe ABS de capacitate 65 m’/h). Dezinfectia
apelor uzate epurate se realizeaza printr-un sistem de dezinfectie cu ultraviolete.

Tratarea namolului este compusa din bazinul tampon pentru stocarea namolului primar si namolului
activ in exces (echipat cu un mixer ABS si 5 pompe pentru namol amestect), patru fermentatoare
mezofile (4.980 m®),echipate cu patru amestecitoare si pompe de recirculare a nimolului, respectiv
cu patru schimbatoare de caldurd pentru a pastra temperatura de 35-37°C necesare fermentarii
mezofile (pentru a pastra aceastd temperatura se foloseste energia termica produsa de sistemul de
cogenerare sau boilerul din dotare). Namolul fermentat este stocat intr-un bazin tampon (de
capacitate 396 m’) echipat cu un mixer si doud pompe. Deshidratarea nimolului se realizeazi cu
ajutorul unei centrifuge de deshidratare, Ingrosarea namolului activ in exces cu o centrifuga de
ingrosare, doua unitati de preparare a polielectrolitului dotate cu cate doua pompe de polielectrolit
pentru Ingrosarea si deshidratarea ndmolului. Stocarea namolului fermentat se efectueaza intr-o
zond de stocare pavatd si acoperitd, pentru depozitarea temporara a namolului deshidratat si pe
paturile de uscare a namolului.

Biogazulformat este stocatd intr-un rezervor de gaz gonflabil TECON pentru inmagazinarea
biogazului, care apoi este folosita pentru producerea energiei electrice si a energiei termice intr-un
sistem de cogenerare, iar o parte este incineratd cu ajutorul unei faclii.

Laboratorul de analize fizico-chimice si microbiologice este dotat cu aparaturda performata si
ustensile de laborator pentru diverse determindri: pH, conductivitate, suspensii totale, CCOCer,
CBOs, amoniu, azot total, fosfor total, extractibile, rezidiuu fix, detergenti.

Statia de epurare Satu Mare, cu o capacitate de proiectare de 155.000 L.E. (60g CBOs/L.E.*zi),
trateaza apa uzata oraseneasca (apa menajerd, apa industriald si meteorica din orasul Satu Mare) si
zonele invecinate racordate, avand debitul mediu uscat de 1.328 m’/h.

Eficientizarea statiei de epurare prin monitorizarea imbunatatirii parametrilor fizico-chimici

Cerintele impuse pentru evacuarea apei in emisar au devenit din ce In ce mai stricte, pe masura ce
preocuparea legata de protectia mediului s-a accentuat foarte mult. Cerinfele tot mai stricte cat si
complexitatea crescuta a proceselor implicate in etapele de tratare a apelor uzate presupun nevoia
cunoasterii cat mai amanuntite a proceselor in tratarea apelor uzate cat si imbunatatirea controlului
acestor procese. Pana in prezent, monitorizarea epurdrii apelor uzate s-a concentrat mai ales asupra
reducerii catorva parametri importanti (CBOS5, CCOCr, amoniu, extractibile si suspensii solide) din
efluent fata de influent, asupra céarora reglementarile sunt impuse de guverne sau alte autoritagi. Pe
masurd ce numarul parametrilor supusi reglementarilor creste (azot total, fosfor total, sulfuri,
cianuri, etc) si normele legale devin din ce in ce mai rigide, crescdnd mult cererile referitoare la
desfasurarea proceselor, ficind necesara echiparea statiilor de epurare cu sisteme de masurare
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pentru colectarea unei game cat mai largi de parametrii. In statii mari de epurare cum este ceea din
Satu Mare, sistemul de colectare a datelor poate include sute sau chiar mii de entitdti masurate.
Masuratorile sunt utilizate pentru monitorizarea procesului si a calitatii rezultatului acestui proces.

Este nevoie de o monitorizare continud a parametrilor datorita conditiilor variabile de operare,
proces si calitate cauzate de poluatorii economici, pentru asigurarea operarii eficiente si sigure. Nu
este suficient recoltarea probelor momentane, dar nici macar a valorilor medii zilnice pentru
detectarea din timp sau avertizarea asupra posibilelor deviatii sau conditii anormale, fiind necesara
aparaturd tehnica ce este capabild sa prelucreze cantitati mari de date, on-line si sa monitorizeze
procesele de epurare 24 de ore din 24. In statia de epurare din Satu Mare momentan sunt
monitorizati continuu 24 ore din 24, ph-ul la intrare si iesire din stagie, precum si debitul de apa
intratd si iesitd, urmand sa fie monitorizati si alti parametrii in urma procesului de extindere cu
treapta tertiara (conductivitate, fosfor total si azot total).

Apa uzata deversatd in reteaua de canalizare oraseneasca si ajunsa in statia de epurare este supusa
unor analize efectuate in Laboratorul de analiza a apelor uzate din cadrul SC. Apaserv Satu Mare
SA. Controlul calitatii apelor uzate este impus prin autorizatiile de gospodarire a apelor, de catre
Administratia Nationald "Apele Romane". Indicatorii fizico-chimici analizati sunt cei inscrigi in
actele de reglementare emise potrivit legii in ordinea emiterii acestora: autorizatic de mediu,
autorizatie de gospodarire a apelor, contracte incheiate intre SC Apaserv Satu Mare SA si
Administratia Nationald a Apelor Romane (A.N.A.R.).

In cele ce urmeaza se prezintao medie a parametrilor fizico-chimicidin anii 90 si pana in ziua de azi,
realizate de laboratorul de analiza din cadrul statiei de epurare Satu Mare.

In anii *90 si 2000 incarcirile efluentului au fost destul de mari, pentru parametrii studiati. In tabelul
1 sunt prevazute valorile medii anuale ale incarcarilor influentului si efluentului pentru CCOCr,

CBOS5, amoniu, extractibile si suspensii solide pentru anii 1990, 1995, 2000, 2005

Tabel 1. Valorile medii anuale ale parametrilor influentului/efluentului

Param | CBOS CCOCr Amoniu Extractibile Suspensii solide
[mg/L] [mg/L] [mg/L] [mg/L] [mg/L]
Anul Intrare | lesire | Intrare | lesir | Intrare | Iesire | Intrare | lesir | Intrare | lesire
e e

1990 81 32 134,5 |75 10 7 10 4 90 50
1995 90 30 115 65 13 7 10 16 115 50
2000 80 31 160 70 18 10 11 10 130 75
2005 90 45 150 60 35 30 19 11 130 60

In tabelul 2 sunt prezentate valorile medii lunare pe 2010 a parametrilor fizico-chimici discutati
anterior (CCOCr, CBOS5, amoniu si extractibile) a incarcarilor influentului statiei de epurare (1), a
influentului treptei biologice (2) si a efluentului statiei de epurare(3), toate incadrandu-se in limitele
legale admisibile si fiind sub cele din anii "90 si 2000.
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Tabel 2. Valorile medii lunare a parametrilor fizico-chimici pe 2010 a incarcarilor influentului
statiei de epurare (1), a influentului treptei biologice (2) si a efluentului statiei de epurare (3)

MEDIA | CCOCr[mg/L] | CBOs [mg/L] Amoniu[mg/L] Suspensii totale
1 2 3 1 2 3 1 2 3 1 2 3

LUNA

Ianuarie 339 | 256 | 66 183 | - 8 24 | 26 23 | 170 | 176 | 20
Februarie | 347 | 305 |69 |202 |- 16 |25 |27 27 | 195 | 235 |22
Martie 364 | 321 |51 | 216 |- 14 {29 |30 28 | 191 | 204 | 16
Aprilie 380 | 304 |51 |214 |- 15 |25 |27 26 | 192 | 203 | 15
Mai 396 | 300 | 61 |227 |- 13 |25 |27 23 1204 | 181 |17
Tunie 266 | 289 | 43 170 | - 10 |22 |26 17 | 152 | 202 | 14
Tulie 265 | 318 | 44 142 | - 9 21 |25 16 | 137 | 215 | 15
August 280 | 309 | 84 155 | - 12 |24 |27 21 | 137 [ 199 | 13
Septembri | 321 50 145 | - 15 |26 |31 7 153 | 163 | 11
e 337

Octombrie | 361 | 316 | 53 192 | - 12 |35 |36 13 | 167 | 138 | 17
Noiembrie | 256 | 261 | 57 145 | - 13 |28 |33 6,6 | 128 | 135 | 20
Decembrie | 142 | 137 | 41 60 |- 10 |17 17 1,6 | 83 |89 15
ANUAL 310 | 288 |56 | 171 |- 12 |25 |28 17 | 159 | 178 | 16

In tabelul 3 sunt prezentate restul parametrilor fizico-chimici care se urmiresc in cadrul
laboratorului de analize si care sunt cerute 1in autorizatia de gospodarire a apelor uzate in cazul
influentului si efluentului.
Tabel 3. Valorile medii lunare pe 2011 a parametrilor fizico-chimici a incarcarilor influentului si a
efluentului statiei de epurare

MEDIA | pH Azot total | Fosfor Extractibil | Rezidiuu | Detergenti | Sulfuri,
[mg/L] total e [mg/L] [mg/L] H,S

LU [mg/L] [mg/L] [mg/L]
infl | eflu | infl | eflu | infl | eflu | infl | eflu | infl | eflu | infl | eflu | infl | eflu
uent |ent |uen |ent |uent | ent |uent |ent |uent | ent |uent | ent | uent | ent

t

Ianuarie 74 |74 |46, |40, |57 (4,2 |14, | 3,3 | 778 [440 | 3,1 |3,3 |- -
6 0 6 2 4 5 3

Februarie |7,3 |74 |45 |38, |57 (42 |11, |56 |766 | 649 |30 |03 |- -
7 2 4 2 2 5 3

Martie 7,5 7,5 |43, |28, |62 |40 |11, |42 |694 | 536 |32 |29 |- -
4 3 5 3 8 7 2

Aprilie 75 17,5 |42, |32, |45 (23 |11, |3,5 |718 [487 |[3,0 |0,7 |- 4,00
5 4 7 0 0 7 8

Mai 75 175 |- 41, |45 | 2,1 [10, |42 |750 |550 |29 |12 |- 3,03
7 6 1 2 5 1

Iunie 75 17,5 |46, |32, |49 (2,6 |11, |57 |734 {520 |[3,5 |19 |- 2,30
2 8 3 2 4 9 5

Tulie 72 175 139, |14, |6,0 |2,8 |11, |4,6 |808 [502 |2,1 |0,1 (44 |2)52
3 7 8 5 9 4 8 4

August 72 17,6 |29, |28, |52 |39 |12, [3,9 604 504 [4,1 |23 |3,2 |258
0 6 8 6 6 3 9 6

Septembri | 7,2 (7,3 |36, |22, |44 (3,5 |10, |3,9 [606 | 461 |2,8 |0,1 |53 |445

e 9 5 4 0 0 2 6 1
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Octombrie | 7,5 | 7,5 |- 40, (4,7 |28 |12, |35 | 642 [472 | 2,8 | 0,8 [2,5 | 1,48
7 4 2 5 3 5 1

Noiembrie | 7,2 | 7,1 |- 38, |46 |38 |11, |42 |722 |525 |24 |33 |18 |-
6 6 2 0 4 3 1

Decembrie | 7,6 | 7.4 |- 28, |51 |28 |57 |22 |69 581 6,6 |03 |24 |-
6 0 3 7 3 5

ANUAL 74 |74 |41, |32, |51 |32 |14, |41 | 778 |519 |31 |29 |- -
3 2 3 0 4 5 2

Se observa o scadere semnificativaa incarcarilor din efluent fata de influent, mai ales la valorile din
2010, ceea ce inseamna o crestere a eficientei de epurare, precum si reducerea concentratiilor de
poluanti.

Momentan statia de epurare functioneaza dupa normativul NTPA-002, valorile sus mentionate se
incradreaza in limitele legale admisibile, urmand ca dupa lucrarile de extindere a treptei biologice a
statiei de epurare cu treapta terfiard (eliminarea nutrientilor), se va reduce considerabil continutul de
fosfor si azot, pentru a se incadra in limitele normativului NTPA-001 corespunzatoare oraselor cu
peste 150.000 locuitori echivalenti, imbunatatindu-se eficienta procesului de epurare.

Monitorizarea substantelor nocive din apele uzate industriale

Epurarea fiind ingreunata in cazul in care in refeaua de canalizare intrd si apa uzata industriala cum
se intampla in statia de epurare Satu Mare. Tratarea in comun a apei uzate menajera cu ceea
industriala poate fi incompatibild, deoarece industria evacueaza o serie de substante care inhiba
procesele de epurare, caz in care este nevoie de o monitorizare a profilului fiecarui agent economic
si identificarea substantelor care pot inhiba si deregla procesul de epurare. Apoi se propun
recomandari In privinta separarii acestor substante nocive inainte de a ajunge la colectorul comun si
asupra posibilitatilor de epurare separatd a acestor tipuri de ape uzate industriale, ajungandu-se
astfel, cateodatd, la necesitatea construirii de statii de preepurare adaptate naturii poluantului, de
catre agentii economici inainte de a deversa apele uzate incarcate cu poluant in reteaua de
canalizare.

Indepairtarea sau reducerea substantelor nocive prezente in procesul tehnologic industrial, care pot
inhiba procesele de epurare sau degrada refeaua de canalizare (ndmolul obfinut din statia de epurare
fiind incarcata cu aceste substante nocive, devenind inutilizabile in agriculturd) se poate face printr-
o buna monitorizare si o intretinere atentd a instalatiilor industriale paralel cu valorificarea unor
substante nocive; Inlocuirea proceselor si echipamentelor vechi cu unele noi si mai eficiente;
recircularea unor substante nocive care iau parte la procesul tehnologic industrial, imbunatatirea si
buna monitorizare si gospodarire a procesului tehnologic.

O data cu apele uzate industriale sunt evacuate in emisar (rdul Somes) numeroase substante nocive,
cu caracteristici foarte variate, care pot conduce la murdarirea receptorului, facandu-1 totodata inapt
altor folosinte. Se doreste eliminarea acestui inconvenient prin monitorizarea atenta a parametrilor
fizico-chimici in laboratorul statiei de epurare.

Substantele nocive ajunse in statie de epurare pot sa fie:

-substante organicecare consuma oxigenul din apa, provocand distrugerea fondului piscicol si, in
general, a tuturor organismelor acvatice.

- substante in suspensie care se depun formeaza acumulari pe fundul receptorului, impiedicand
navigatia, ingreuneaza tratarea apei, genereaza consumul de oxigen din apa. Substantele in
suspensie plutitoare (titeiul, produsele petroliere, uleiurile) care formeaza uneori o pelicula
compacta la suprafata apei, dand apei gust si miros neplacut, impiedica absorbtia de oxigen de la
suprafata apei.

- acizii sau substantele alcaline conduc la distrugerea faunei si florei acvatice, la degradarea
constructiilor hidrotehnice de pe receptor, a vaselor si a instalatiilor necesare navigatiei.
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- sarurile anorganice prezente in multe ape industriale conduc la marirea salinitatii apei
emisarului, iar in unele dintre ele pot provoca cresterea duritatii. Clorurile, peste anumite limite,
fac apa improprie pentru alimentari cu apa potabila si industriala, pentru irigatii. Compusii fierului
produc neplaceri in sectiile de albire din fabricile de hartie si textile. Metalele grele (Pb, Cu, Zn, Cr
etc), evacuate o data cu apele uzate, au actiune toxica asupra organismelor acvatice, inhiband in
acelasi timp si procesele de autoepurare. Sarurile de azot si fosfor produc dezvoltarea rapida a
algelor la suprafata apei.

- substantele toxice organice sau anorganice, pot distruge in scurt timp fauna si flora emisarului.
Multe dintre aceste substante nu pot fi retinute de instalatiile de tratare a apei si o parte din ele,
retinute de sistemul digestiv uman, pot produce imbolnaviri.

-apele calde, evacuate de unele industrii, impiedicd dezvoltarea normald a faunei piscicole
(deoarece apa calda ramane deasupra, iar pestii se retrag pe fundul emisarului, dezvoltandu-se
necorespunzator).

-bacteriile provenite din abatoare, industrii de prelucrare a unor produse vegetale sunt patogene si
produc infectarea puternica a receptorului, facandu-1 de neutilizat, contribuind la mineralizarea
substantelor organice in emisar.

Productivitatea statiei de epurare din Satu Mare

Reteaua de canalizare are o lungime de 196.3 km, fiind prevazuta cu 12 statii de pomparesi
deserveste 95% din populatia orasului Satu Mare. Din totalul apei uzate colectatd pe 2010 de
7.120.826 m’/an,19,43 % (1.383.576m’/an) provine din industrie (interprinderi, SRL), 56,90%
(4.051.750 m’/an) provine de la populatie, 23,67%(1.685.500 m’/an) provine din prestiri servicii
(comert, institutii). in statia de epurare din Satu Mare se trateazi anual 8.963.362 m’/an apa uzata,
diferenta de 1.842.536 m’/an, fata de apa colectatise datoreaza apelor pluviale. Apa uzati produsi
pe cap de locuitor fiind de 208 1/om/zi.

La o incircare hidraulici medie zilnicd pe timp de vard de 37584 m’/zi (30067 m’/zi pe timp de
iarnd), statia de epurare produce zilnic 774 m’ de biogaz, producindu-se o energie termici zilnica
de 3,34 MWh/zi (1,22 GWh/an), care acopera 100% din capacitatea statiei de epurare (folositd
pentru incdlzirea fermentatoarelor si a cladirii administrative), respectiv producandu-se o energie
electrica zilnica din energii regenerabile prin sistemul de cogenerare de 0,74MWh/zi (270
MWh/an), care acoperd 11 % din necesarul energie electricd (2480 MWh/an) a statiei de epurare
(procentul relativ mic se datoreaza nefunctionarii 100% a generatorului dealungul anului 2010).
Productia de namol a statiei de epurare este de 4938 t/an, cu continut de substantd uscata de
aproximativ 25%. Momentan ndmolul se depoziteaza pe paturile de uscare din cadrul statiei de
epurare, iar o parte este folosita pentru acoperirea gropilor ecologice.

Costurile materiale, costurile salariale si costurile de intregfinere a statiei de epurare sunt prezentate
in tabelul 4:

Tabel 4. Cheltuielile statiei de epurare pe anul 2010

Cheltuieli anuale de energie

164751 EUR/an

Cheltuieli anuale a consumului de apa potabila

35987 EUR/an

Cheltuieli anuale a consumului de floculant

23986 EUR/an

Cheltuieli anuale a consumului de gaze naturale

13839 EUR/an

Cheltuieli anuale de combustibil 745 EUR/an
Alte cheltuieli 28305 EUR/an
Total cheltuieli materiale 267613 EUR/an

Cheltuieli anual ale salariatilor din statie

204905 EUR/an

Cheltuieli anual ale salariatilor din laborator

51203 EUR/an

Total cheltuieli salariale

256108 EUR/an

Cheltuieli anuale de intretinere

326278 EUR/an

TOTAL CHELTUIELI STATIE DE EPURARE 2010

850000 EUR/an
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Pe langa aceste cheltuieli se mai percep taxe de protectia mediului datorita evacudrii unor substante
in emisar: substante consumatoare de oxigen (3744 EUR/an), rezidiuu filtrat (61187 EUR/an),
substante extractibile (142 EUR/an).

Perspective de modernizare si extindere a statiei de epurare din Satu Mare
Extinderea treptei biologice din cadrul Statiei de Epurare din Satu Mare cu treapta tertiara pentru
indepartartarea nutrientilor (azot si fosfor), se va realiza in conformitate cu standardele tratarii
avansate a efluentului (Directiva 91/271/CEE), in cadrul proiectului: ”Extinderea si reabilitarea
infrastructurii de apa si apa uzata in judetul Satu Mare”, contract sectorial de lucrari:
“Extinderea cu treapta tertiara a statiei de epurare a apelor uzate din Satu Mare,,.
Eliminarea azotului in exces se va face biologic, prin nitrificare (transformarea amoniului in azotit
si apoi azotat) urmata de denitrificare, ce transforma azotatul in azot ce se degaja in atmosfera.
Inliturarea biologicd a fosforului prin Bio-P, pentru reducerea costurilor de operare, dar se va
realiza si indepartarea fosforului prin precipitare chimica. In urma trecerii prin aceste trepte apa
trebuie sa aiba o calitate acceptabild, care sa corespunda standardelor pentru ape uzate epurate.
Continutul minim de solide uscate din namol dupa tratarea ndmolului cu var nestins va fi cel pufin
35% DS (SU) pentru a se conforma cu legislatia romineasca si reglementdrile locale pentru
depozitarea namolului la groapa ecologica

In concluzie se prin aceasta modernizare a statiei de epurare se doreste sciderea continutului
de N (eliminarea ionilor de amoniu,azotat, azotit) si reducerea confinutului de fosfor din apa uzata
si cresterea continutului de substanta uscatd a namolului deshidratat la 35% prin uscare cu lapte de
var.

CONCLUZII

Imbunatatirea calitatii apei uzate prin reducerea incarcirilor poluante, a condus la eficientizarea
statiilor de epurare.

Monitorizarea prin urmarirea parametrilor fizico-chimici din apele uzate industriale pot duce la
identificarea substantelor care pot inhiba si deregla procesul de epurare.

Rentabilitatea statiei de epurare este datd de productia de biogaz (774 m’/zi) cat si de productia de
energie termica (1,22 GWh/an) si energie electrica (270 MWh/an).

Cheltuielile anuale pe 2010 a statiei de epurare Satu Mare a fost de 850.000 EUR/an.

In cadrul proiectului: “Extinderea si reabilitarea infrastructurii de apa si apa uzata in judetul Satu
Mare,, contract sectorial de lucrari: Extinderea cu treapta tertiara a statiei de epurare a apelor uzate
din Satu Mare* se va realiza imbunatatirea calitatii apelor uzate prin reducerea continutului de azot
(eliminarea ionilor de amoniu, azotat, azotit) si fosfor, respectiv cresterea continutul minim de
solide uscate din namol la 35% pentru a se conforma cu legislatia romaneascd si reglementarile
locale pentru depozitarea namolului la groapa ecologica.
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Abstract

Performance evaluation of wastewater treatment is a function of technical, economical, environmental and
social dimensions. The aim of this study is to evaluate performance of four WWTP operated by SC RAJA SA
Constanta using data collected in the last year and calculated performance indicators. Constanta North,
Constanta South, Mangalia and Cernavoda are WWTP that apply primary and secondary treatment; two of
this WWTP have nutrient removal step. Performance indicators are related to energy consumption, materials
consumption, removal efficiencies, operating costs, monitoring costs and solid waste management. In order to
improve process performance, further investments and solutions are proposed.

Keywords
Efficiency, performance indicators, specific consumption.

INTRODUCERE

Operatorul Regional SC RAJA SA Constanta a fost infiintat prin reorganizarea Regiei Autonome
Judetene Apa Constanta, respectiv prin transformarea acesteia in societate comerciald pe actiuni.
Contractul de Delegare a gestiunii serviciului de alimentare cu apa si de canalizare a fost incheiat in
data de 4 Noiembrie 2009, intre Asociatia de Dezvoltare Intercomunitara “Apa — Canal Constanta”,
pe de o parte, in numele si pe seama a 55 de unitati administrative - teritoriale asociate care au
impreuna calitatea de Autoritate Deleganta, si S.C. RAJA S.A., pe de alta parte, in calitate de
Operator.

SC RAJA SA asigura la momentul actual servicii de alimentare cu apa in peste 100 localitati din
patru judete ale tarii, servicii de canalizare a apelor uzate in 27 localitdti, precum si epurarea apelor
uzate in 11 statii de epurare (toate 1n judetul Constanta).

Statii de epurare a apelor uzate

Caracteristicile constructive ale statiilor de epurare exploatate in prezent de catre SC RAJA SA sunt
prezentate in Tabelul 1 de mai jos. Din cele 11 statii de epurare, un numar de patru statii au o
capacitate proiectata de peste 100.000 l.e., respectiv debite cuprinse intre 745 si 3200 I/s, deservind
toatd zona litoralului, de la Mangalia la Constanta Nord. Celelalte sapte statii de epurare sunt
amplasate in partea continentald a judetului Constanta, patru dintre ele deservesc zone urbane si au
fiecare o capacitate instalatd de peste 20.000 l.e. (Medgidia, Poarta Alba, Cernavoda si Ovidiu), iar
celelate trei (Mihail Kogélniceanu, Limanu si Negru Voda) deservesc zone rurale cu 5700 -11500
lLe.

Tehnologiile de epurare aplicate sunt la majoritatea statiilor de tip conventional mecano-biologic,
cu eliminarea namolului in exces si uscare pe paturi sau stabilizare anaerobd in metantancuri,
deshidratarea si depozitarea namolului in depozitul ecologic propriu. Doud din cele 11 statii de
epurare, respectiv Cernavoda si Constanta Nord, au fost puse in functiune in anul 2009 si aplica o
epurare biologica avansata cu reducere de nutrienti, pentru celelalte statii fiind deja n derulare sau
promovare proiecte de investitii pentru retehnologizarea acestora.

169



Conferinta Tehnico-Stiintifica
“Tehnologii noi de epurare a apelor uzate”

Tabel 1. Caracteristicile statiilor de epurare operate de SC RAJA SA Constanta

Capacit. o
Nr Statia de epurare Le. instalata Prograrfl de reabilitare/
crt. (Us) modernizare
1. | Constanta Sud 461.000 | 3.200 Modernizata prin MUDP 1I (2001)
2. | Constanta Nord 255.000 | 1.920 Modernizata prin [.S.P.A. (2010)
3. | Eforie Sud 125.000 | 745 Se va reabilita prin POS Mediu
. Reabilitatd prin LSIF, MUDP 11
4. | Mangalia 110.000 | 900 (2002)
5. | S.E. Medgidia 66.500 160 Se va reabilita prin POS Mediu
6. | S.E. Poarta Alba 54.864 188 Se va reabilita prin POS Mediu
< Statie de epurare nouda pusda in
7. | S.E. Cernavoda 50.000 | 260 functie in 2009
Se va desfiinta, urmand a fi
8. | S.E. Ovidiu 20.005 |20 transformatda in S.P. ape uzate
(proiect POS Mediu)
9. | S.E. M. Kogalniceanu | 11.490 |55 Se va reabilita prin POS Mediu
Se va desfiinta, urmand a fi
10. | S.E. Limanu 6.686 20 transformatda in S.P. ape uzate
(proiect POS Mediu)
11. | S.E. Negru Voda 5739 15 Se va reabilita prin programe
urmatoare

Investitii in cadrul Programului Operational Sectorial de Mediu

Programul Operational Sectorial de Mediu (POS Mediu) 2007-2013 este unul dintre cele mai
importante programe operationale din punct de vedere al alocarii financiare §i reprezinta cea mai
importantd sursda de finantare pentru sectorul de mediu. Obiectivul global al acestui program
operational constd in imbunatatirea standardelor de viata ale populatiei si a standardelor de mediu,
contribuind totodata substantial la realizarea angajamentelor asumate de Romania prin Tratatul de
Aderare la Uniunea Europeana, precum si la respectarea legislatiei de mediu.

Proiectul major “Reabilitarea si modernizarea sistemului de alimentare cu apa si canalizare pentru
regiunea Constanta si lalomita” urmareste dispozitiile Programului Operational Sectorial si se
adreseaza celor mai mari i mai afectate sisteme de apa si aglomerari din judetul Constanta si unui
numar important de sisteme de apa si aglomerari din judetul Ialomita.

Indicatorii fizici ai proiectului 1n sectorul de apa uzata sunt detaliati in Tabelul 2 de mai jos.

Tabel 2. Indicatorii finali ai proiectului regional — Tratarea apei uzate

Indicator UM | Constanta | Ialomita | Total
Extindere colectoare menajere km | 149,553 151,597 | 301,150
Reabilitare colectoare menajere km | 24,415 0 24,415
Statii de pompare ape uzate noi si reabilitate nr |30 17 47
Conducte de refulare noi si reabilitate km | 46,042 15,891 61,933
Statii de epurare noi si reabilitate nr 9 3 12

Pentru toate statiile existente sunt prevazute lucrari de investitii, cu o singura exceptie, SE Negru
Voda, care va fi cuprinsad in etapa a doua (2014-2020). De asemenea, proiectul regional prevede
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realizarea a cinci statii noi de epurare, doud in judetul Constanta (Harsova si Cobadin) si trei in
judetul Talomita (Fetesti, Tandarei si Fierbinti). Astfel, la finalizarea proiectului in anul 2014, SC
RAJA SA va avea in exploatare un numar total de 14 statii de epurare, asa cum se poate vedea in
Figura 1 de mai jos.

STATII DE EPURARE DIN ARIA DE OPERARE A S.C. RAJA S.A.
(dupa implementare POS Mediu)

|T7TIEIEE 7EII\|
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Fig. 1 — Statii de epurare ce vor fi exploatate de SC RAJA SA 1n anul 2014

Statiile de epurare vor aplica tehnologii adecvate de tratare astfel incat sa asigure indicatorii de
calitate ai efluentului in conformitate cu Directiva 91/271/CEE a CE cu privire la colectarea si
tratarea apelor uzate urbane.

Masurile de investitii propuse vor avea un impact pozitiv asupra mediului, ele actiondnd pe mai
multe cai, Tn mod direct sau indirect, $i anume:
- reducerea poluarii si imbunatatirea calitagii apei,
- reducerea poluarii punctiforme si difuze a solului,
- pastrarea diversitatii naturale a faunei, florei si a habitatelor in zonele protejate si
potentialele arii Natura 2000.

Obiectivele vor fi atinse la finalizarea proiectului major prin implementarea tuturor lucrarilor de
investitii aferente fiecarei statii de epurare, expuse in Tabelul 3 de mai jos.

Pentru SE Constanta Nord si SE Cernavoda care sunt cele mai recent reabilitate au fost prevazute
numai lucrari de imbunatatire a indicatorilor de performantd de mediu, iar pentru SE Negru Voda
nu au fost prevazute lucrari, ele fiind prevazute in Master Planul Judetului Constanta pentru etapa
urmatoare, respectiv 2014-2020.
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Tabel 3. Statiile de epurare ce vor fi operate de SC RAJA SA Constanta la finalizarea POSM si

lucrarile de investitii prevazute pentru acestea

Nr Statia de epurare Tehnologia de epurare
crt. P implementata prin programul POSM
1. | S.E. Constanta Sud Epur.are lelOglfIa avansata‘ (mt.rlﬁcare, denitrificare,
eliminare chimica fosfor), dezinfectie cu UV, cogenerare
2. | S.E. Constanta Nord Instalatii de .co?trol sih reducerea mirosului, inclusiv
mutarea treptei namolului
Epurare mecano-biologicd avansatd SBR (nitrificare,
3. | S.E. Eforie Sud denitrificare, eliminare fosfor), stabilizare aeroba namol,
deshidratare, depozitare;
Epurare biologicd avansata (nitrificare, denitrificare,
4. | S.E. Mangalia eliminare chimica fosfor), dezinfectie cu UV, conducta de
descarcare efluent in mare
5 | SE. Poarta Albs Epu.rqre mecano-blvol(zgma avansatd, dezinfectie cu UV,
stabilizare anaeroba namol, depozitare, cogenerare;
o e Epurare mecano-biologica avansata, dezinfectie cu UV,
6. | S.E. Mihail Kogalniceanu . y R :
deshidratare ndmol activ 1n exces, depozitare
— E o — > - -
7. | S.E. Medgidia purare mecano biol(zglca avansqta, dezinfectie cu UV,
stabilizare anaeroba namol, depozitare, cogenerare
8. | S.E. Cernavoda Bazin retentie apa pluviala
) Epurare mecano-biologica avansata, dezinfectie cu UV,
9. | S.E. Fetesti o DS )
stabilizare anaeroba namol, depozitare, cogenerare
10. | S.E. Harsova Epurgre mecaflo-blolo.gcha avansata, de;mfecpe cu UV,
deshidratare ndmol activ 1n exces, depozitare
11. | SE. Cobadin Epurgre mecaflo-blologlcq avansata, dezinfectie cu UV,
deshidratare ndmol, depozitare
12. | S.E. Fierbinti -Dridu Epu.rqre mecano:bl?loglca avansata, deszeppe cu UV,
stabilizare aeroba namol, deshidratare, depozitare
13. | S.E. Tandarei Epurgre mecaflo-blologmAa avansata, deglnfectle cu UV,
deshidratare namol activ in exces, depozitare
Epurare mecano-biologica avansata, dezinfectie cu UV,
14. | S.E. Medgidia stabilizare anaeroba namol, deshidratare, depozitare,
cogenerare

EXPLOATAREA STATIILOR DE EPURARE
Indiferent de capacitatea si tehnologia de tratare aplicata, principalele probleme cu care se confrunta
operatorul unei statii de epurare care nu a fost retehnologizata si care in prezent este depasita fizic si
moral sunt:

>

>
>

Costurile mari de operare a statiilor de epurare, induse in principal de consumurile energetice
mari

Costurile mari pentru asigurarea mentenantei utilajelor si instalatiilor din statia de epurare
Pregatirea profesionald insuficientd a personalului pentru operarea statiilor de epurare, {indnd
cont de tehnologiile aplicate si gradul de automatizare al acestora

Dificultati in gestionarea deseurilor - in special namolul de epurare

Costuri relativ mari pentru indeplinirea obligatiilor impuse de legislatia de mediu in vigoare:
plata contributiei la evacuarea apelor uzate in receptor si costurile aferente monitorizarii
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factorilor de mediu (indicatori de calitate ai apelor uzate, substante prioritare si prioritar
periculoase, calitatea aerului, solului, etc).

Evaluarea performantelor statiilor de epurare

Lucrarea de fata propune un studiu comparativ pentru patru statii de epurare exploatate de SC
RAJA SA Constanta, utilizand principalii parametrii monitorizati in anul 2011 si respectiv un set de
indicatori de performanta care deriva din acestia. Indicatorii analizati vizeaza costurile de operare,
consumul energetic, consumul de materiale, eficienta de reducere a principalilor indicatori de
calitate, costurile de monitorizare si gestionarea deseurilor. Cele patru statii la care se face referire
sunt Constanta Nord, Constanta Sud, Mangalia si Cernavoda.

Statia de Epurare Constanta Sud [32001/s] este amplasata in partea de sud a orasului si trateaza
apele uzate menajere, industriale si pluviale colectate intr-un sistem de canalizare mixt, partial
separativ si partial unitar. Procesul tehnologic aplicat este de tip AO, epurare mecano-biologica
clasica cu namol activ, stabilizare anaeroba a namolului in metantancuri, deshidratare si eliminare
finala in depozit. Statia va fi reabilitata prin POSM, cu introducerea treptei de epurare avansata.

Statia de epurare Constanta Nord este amplasata la limita de nord a orasului Constanta, fiind
marginita spre nord de statiunea Mamaia, spre nord vest de lacul Tabacarie si spre sud si est de
cartierul Faleza Nord. Statia preia apa uzata din partea de nord a orasului Constanta si statiunea
Mamaia prin intermediul a 11 statii de pompare si un colector gravitational. Sistemul de canalizare
care deserveste statia de epurare este realizat in sistem preponderent separativ. Procesul tehnologic
cuprinde tratare mecanica si biologica avansata cu reducere de nutrienti [de tip A,O], stabilizare
aeroba a namolului, deshidratare si eliminare finala in depozit.

Statia de epurare Mangalia [900 I/s] primeste apele uzate din orasul Mangalia si statiunile turistice
Jupiter, Saturn, Neptun si Olimp. Statia a fost modernizata si retehnologizata prin programele LSIF
si MUDP 11, lucrarile finale fiind receptionate in cursul anului 2002. Procesul tehnologic aplicat
este de tip AO, epurare mecano-biologica clasica cu namol activ, stabilizare anaeroba a namolului,
deshidratare si eliminare finald in depozit. Va fi reabilitata prin POSM, cu introducerea treptei de
epurare avansata si conducta de descarcare in larg cu difuzor.

Statia de epurare Cernavoda se afla la cca 1,5 km nord de orasul Cernavoda, langa canalul de
evacuare al CNE Cernavoda, pe partea stanga a drumului judetean DJ 223, spre localitatea Seimeni.
Statia are rolul de a receptiona si epura apele menajere, provenite din reteaua de canalizare a
orasului Cernavoda. Debitul maxim zilnic de apa uzatd ce intra in statie este de Q = 200 /s, iar
debitul orar maxim al apei uzate este de 260 I/s. Procesul tehnologic cuprinde tratare mecanica si
biologica avansata cu reducere de nutrienti [de tip A,O], stabilizare anaeroba a namolului,
deshidratare si eliminare finalad in depozit. Statia a fost pusa in functiune in anul 2009.

In scopul evaluarii performantelor statiilor de epurare s-a realizat o analiza a datelor de exploatare
la nivelul anului 2011 si s-au luat in considerare mai multe categorii de costuri de exploatare —
costuri pentru energie, mentenanta, materiale, personal, monitorizare a factorilor de mediu etc,
precum si performanta tehnologica a statiilor, respectiv randamentele de reducere a principalilor
poluanti.

Un tablou general al acestor categorii de costuri este prezentat in Tabelul 4 de mai jos, pentru cele
patru statii de epurare luate 1n studiu.
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Tabel 4. Cheltuieli de operare inregistrate la nivelul anului 2011
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TOTAL lei 5239728 3100138 1454653 738542
Contribugic 176938 | 3.4 [133486 | 43 | 44705 |31 |4386 |06
ANAR ' ' ' '

Energie electrica

1908539 | 36.4 1619242 | 52.2 | 612615 42.1 | 290402 | 394

Cheltuieli
Materiale

510320 9.7 284214 9.2 32046 2.2 31039 4.2

Cheltuieli
cu personalul

766623 14.6 | 446135 14.4 | 426585 293 | 261770 | 354

Amortizare 285573 5.4 438137 14.1 | 25276 1.7 32365 4.4

Mentenanta,
servicii prin terti

1439039 [ 27.5 | 134522 4.3 300529 20.7 | 93306 12.6

Impozite §i taxe 152696 2.9 44402 1.4 12897 0.9 25274 34

Se constata ca cea mai mare pondere in totalul cheltuielilor o detin cheltuielile cu energia electrica,
intre 36,4 % la SE Constanta Sud si 52,2 % la SE Constanta Nord.

Consumul energetic mai mare la SE Constanta Nord se datoreaza procedeului de tratare biologica
avansata, cele mai mari consumatoare de energie fiind instalatiile de aerare la care se adauga si
energia electrica utilizata de instalatiile de dezodorizare care functioneaza continuu.

Consumul energetic mare la SE Cernavoda se inregistreaza pe fondul operarii in sistem manual al
instalatiilor de aerare si al utilizarii energiei electrice pentru sistemul de incalzire al spatiilor de
lucru.

O pondere importanta o detin cheltuielile aferente activitatilor de intretinere, mentenanta si alte
servicii similar realizate cu firme terte, dar se observa ca la statiile reabilitate recent, respectiv SE
Constanta Nord si SE Cernavoda, ponderea acestora este sensibil mai mica, comparativ cu celelalte
statii, instalatiile si utilajele necesitand in prezent numai inspectii periodice.

Cheltuielile materiale sunt proportionale cu marimea statiilor de epurare, la fel si celelalte categorii
de costuri.

Cheltuielile cu munca vie au o pondere mai mare in cazul SE Mangalia si SE Cernavoda, ceea ce
impune o analiza detaliatd si luarea de masuri imediate in sensul reducerii acestora.

Avand la dispozitie cheltuielile totale de operare si volumele de apa uzata tratate in anul 2011, s-a
calculat ca si indicator de performanta economica globala costul specific de operare al fiecarei statii
de epurare, valorile obtinute fiind cele din Tabelul 5 de mai jos.
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Tabel 5. Costuri specifice de operare pentru anul 2011

SE Volum de apa | Cheltuieli totale | Cost
tratata de operare Specific
UM [mc] [Tei] [lei/mc]
Constanta Sud 31.734.904 5.239.728 0,1651
Constanta Nord 22.556.505 3.100.138 0,1374
Mangalia 5.997.273 1.454.653 0,2426
Cernavoda 1.225.395 569.017 0,4644

Se observa un cost specific mare la Mangalia, dar mai ales la Cernavoda, cauzat de consumurile
mari de energie electrica si costurile mari cu personalul raportate la volumul de apa epurat. De
asemenea costul specific mai mic la Constanta Nord fata de celelalte statii se datoreaza cheltuielilor
foarte mici cu serviciile prin terti - statia fiind noua si in perioada de garantie.

Avand in vedere prevederile legislatiei in vigoare si masurile impuse prin autorizatiile de mediu si
gospodarire a apelor, monitorizarea factorilor de mediu implicd de asemenea un efort financiar. in
Tabelul 6 de mai jos sunt prezentate aceste costuri pentru fiecare statie de epurare in anul 2011.

Tabel 6. Cheltuieli cu monitorizarea factorilor de mediu in anul 2011 [lei]

Monitorizare Monitorizare TOTAL
SE laboratoare RAJA laboratoare terte [ lei]
apa namol | total apa | namol | aer total
gsgstan;a 143808 | 20342 | 164150 | 743 | 770 1083 | 2596 | 166746
Constanta
Nord 90319 6761 97080 743 770 1083 2596 99676
Mangalia 112708 | 17737 130445 845 770 1444 3059 133504
Cernavoda 90913 5071 95390 493 770 938 2201 97591

In toate statiile de epurare se realizeazi o monitorizare a calititii apei uzate pe trepte tehnologice,
respectiv analize pentru apa uzata si namol care sunt efectuate in laboratoarele proprii in baza unor
programe stabilite la Inceputul fiecarui an. O parte din analize [aer, gaze arse, substante periculoase]
se realizeaza insa in laboratoare terte, intrucat nu exista dotarile necesare in laboratoarele proprii, iar
frecventa de monitorizare a acestora este mult mai mica [trimestrial sau anual].

Eficacitatea procesului de epurare este cel mai bine caracterizata prin randamentul de reducere a
concentratiilor principalilor poluanti din apa uzati tratati. In studiul de fatd s-au analizat cinci
indicatori de calitate specifici, valorile acestora la intrarea si evacuarea din SE fiind centralizate n
Tabelul 7. Se observa ca randamentele de reducere pentru materii in suspensie si compusi de carbon
sunt mai mari de 80 % la toate statiile.
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Tabel 7. Valori medii anuale ale principalilor indicatori de calitate in anul 2011

MTS CBO CCOCr NH', NO;
[mg/1] [mg/1] [mg/1] [mg/1] [mg/1]
Intr. Ev. Intr. Ev. Intr. Ev. Intr. Ev. Intr Ev.

Constanta Sud 198 32,3 |97 15,2 192 | 333 [ 202 | 0,52 | 10,1 | 24,8
Constanta Nord | 261 | 27.6 | 136 |13,2 | 286 | 30,5 | 19,7 | 0,75 | 545 | 19,5
Mangalia 285 | 28,1 | 124 |22.6 | 296 | 60,0 | 27,0 | 8,68 | 10,1 | 10,6
Cernavoda 144 | 22,2 | 67 2,5 138 | 16,1 | 13,7 | 023 | 13,1 | 34,4
NTPA /2005 350 | 35 300 | 25 500 | 125 | 30 2 - 25

Modul de gestionare a deseurilor este un indicator important in operarea unei statii de epurare,
deseurile rezultate din procesul de epurare constituind factori semnificativi de poluare a mediului.
Pentru statiile de epurare considerate in studiu, tipurile si cantitatile de deseuri rezultate in anul
2011 sunt cele din Tabelul 8.

Tabel 8. Cantitati de deseuri generate 1n anul 2011

[tone] [tone] | [mc] [tone] SU% %%OSOU me apa
Constanta Sud | 155 293 54 14410 |21,63 98,2
Constanta Nord | 179 259 77 8483 23,52 88,5
Mangalia 30 35 14 1405 28,90 67,7
Cernavodai 23 28 7 334 25,16 68,6

Modul de eliminare a deseurilor de pe amplasamente este urmatorul:

- Refuzuri gratare si nisip - sunt containerizate si trasportate la depozitul de gunoi al orasului in
vederea eliminarii finale;

- Grasimi de la separatorul de grasimi - sunt colectate in pufurile de grasimi de unde sunt extrase
prin vidanjare si transportate la depozitul ecologic Luminita;

- Namolul deshidratat - este depozitat la halda ecologica Luminita situata la 35 km nord de
Constanta si care are o capacitate de depozitare estimata pentru cca. 15 ani.
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CONCLUZII

Exploatarea statiilor de epurare in contextul asigurarii unei dezvoltari durabile a societatii nu este de
loc o sarcina usoara. Operatorul statiei de epurare trebuie sa asigure atdt eficacitatea maxima a
procesului de epurare pentru atingerea obiectivelor de calitate ale apei la evacuarea in receptor, cat
si o eficientda economico-financiara superioard pentru a asigura viabilitatea financiarda si
operationala a acestuia.

Rezultatele analizei realizate in prezenta lucrare pentru cele patru statii de epurare conduc la
concluzia generala ca valorile indicatorilor de performanta pot fi optimizate prin diferite metode:
alegerea tehnologiei adecvate calitatii si cantitafii de apa uzatd procesatd, respectarea
regulamentelor de exploatare, reducerea consumurilor energetice prin exploatarea corectd si
utilizarea de echipamente cu randamente energetice superioare, respectarea prevederilor legale in
scopul minimizarii poluarii mediului Inconjurator.

In acest sens, in preocupirile viitoare ale SC RAJA SA Constanta in domeniul epuririi apelor uzate
existd o serie de masuri de imbunatatire aflate in promovare sau in curs de realizare, dintre care
amintim:

e Cresterea eficacitatii proceselor de epurare prin extinderea cu treapta de epurare avansata la statia

de epurare Constanta Sud si Mangalia si reabilitarea completa a statiilor de epurare din celelalte

localitati, precum si construirea unor statii noi in localitatile care nu dispun in prezent de sisteme de
epurare;

e Eliminarea disconfortului in zonele adiacente prin acoperirea obiectelor tehnologice generatoare

de mirosuri si montarea de instalatii de dezodorizare la statia de epurare Constanta Nord, inclusiv

mutarea statiei de deshidratare a namolului pe un amplasament extravilan pentru perioada sezonului
estival;

e Reducerea riscului de poluare microbiologica a receptorului prin montarea de instalatii de tratare

cu ultraviolete a efluentului statiilor de epurare;

e Scaderea consumului de energie electrica prin dotarea cu grupuri de cogenerare la statiile de

epurare cu treapta de stabilizare anaeroba a namolurilor si productie de biogaz;

e Implementarea unei strategii de gestionare a namolurilor rezulatate din epurare in conformitate

cu reglementarile europene si cu strategia nationala in acest domeniu;

e Reducerea volumului namolului deshidratat (implicit marirea capacitatii de depozitare) prin
uscarea in instalatia de uscare montata in statia de epurare Constanta Sud si de asemenea prin
dotarea cu instalatii de deshidratare cu un coeficient de captura de peste 95%;

e Pregatirea personalului din statiile de epurare prin programe de formare profesionald in vederea

imbunatatirii cunostintelor privind modul optim de exploatare a instalatiilor tehnologice;

e Constientizarea si incurajarea unui comportament ecologic a personalului de exploatare, dar si a

utilizatorilor retelei de canalizare.
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Management options in sludge from wastewater
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Abstract

This paper will detail:

- Compliance with European Directives

- Assessment of priority needs in the region
- Sludge Management Strategy

Keywords
Development strategy sludge, sludge treatment, sludge use in agriculture.

Need to develop a management policy of sludge is a consequence of the significant impact of
infrastructure development projects involving wastewater treatment, implemented by ISPA and
Environment Operational Programme (SOP - Environment), in which were also be built or
rehabilitated wastewater treatment plants in November, which will increase the amount of sludge
generated by treatment processes.

Sludge is an inevitable product of wastewater treatment and sludge management generates one of
major wastewater treatment costs. An important part of these costs is due to necessary treatment to
ensure use / safe sludge disposal in accordance with standards and cost effective.

Regional Operator S.C. Oltenia Water Company S.A. provides control of the quantity and quality of
discharges of industrial wastewater in municipal networks or treatment plants and at the same time
prevent and penalize unauthorized downloads. The operator must be prepared to deal with
accidental pollution and also to monitor and enforce penalties for exceeding limits agreed contracts.
In developing the water management strategy has the potential industrial pollution and risk of
economic agents. Establish a system of control and enforcement of penalties is an important part of
the management process.

Defining risk and the potential for pollution can be achieved by:

- Qualitative and quantitative identification of harmful substances and pollution potential of agents
industry, based on existing data (authorization of the authorities, processes and analyzes laboratory)
and the dynamics of knowledge development and business profile;

- Develop detailed monitoring program for pollutants discharged by industrial agents, in
accordance with the contract of service and regulations imposed by the legislation in force in the
water;

- Knowledge, inventory and preservation of data from past cases of violation of regulations.

The monitoring can be done through the following activities:

- Define indicators of quality which treated wastewater in accordance with authorization

- Water Management;

- Establish monitoring programs and structure;

- Obtain necessary information on substances and materials used by the entity in the production
process for estimating potential pollution;

- Establishment of sampling points of control;
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- Identification of pre-treatment facilities to businesses;

- Implementation and application of the principle "polluter pays";
- Providing training for personnel monitoring;

- Providing adequate own laboratories;

- Identification of authorized independent laboratories

To achieve compliance with EU legislation, regional operators require secure storage(long term).
For this reason have identified the best options for environmental protection with a long term
approach to identify treatment options, use / disposal of sludge practicable, sustainable and efficient
cost.

DISCHARGE OF SLUDGE OPTIONS

Sludge disposal possibilities are presented in order of preference, in accordance with EC hierarchy
in terms of waste management, namely:

- Use of agricultural land, as this method is generally regarded as the best option for sludge
management;

- Sludge incineration and energy recovery;

- Arrangement in deposits, the method is regarded as inconsistent due to restrictions introduced by
EC Directive on waste disposal.

In determining the best practical environmental options in terms of mud, must take into account
local factors that influence the possibilities of use (technical and legal), sustainability (the ability to
escape), environmental impact and economy.

Cost is important but it should not necessarily be the main criteria that underlie the best possible
environmental option.

SLUDGE USED IN AGRICULTURE

Only treated sludge can be used in agriculture, but methods to achieve an appropriate level of
treatment are described only qualitatively, such as biological treatment processes, chemical and
thermal long-term storage or any other suitable method to significantly reduce fermentation and
health risks of using sludge.

Where sludge is used in agriculture, environmental quality objective is to protect soil, primarily to
ensure sustainable harvests productiiilor and risks of toxicity. Maximum permissible concentrations
of heavy metals in soil are determined by rules of Romania for seven elements (Zn, Cu, Ni, Cd, Pb,
Hg and Cr), the values are in accordance with EC Directive 86/278/EEC.

The goal of using sludge in agriculture is to ensure beneficial use of nutrients and organic matter in
sludge to improve soil fertility and reduce farmers' dependence on chemical fertilizers, but without
harmful effects on soil, water, vegetation, animals and people of pollutants or pathogens.

Recycling sludge by spreading on land is a sustainable option for the treatment of sludge, mud
containing nutrients, especially nitrogen, phosphorus and organic matter. However, application of
sludge on land should be strictly controlled in terms of quantity, quality, location and time
synchronization. Sludge must be treated to the standards required to reduce or eliminate pathogen
content.

Before using sludge, must be observed following factors:
- Environmental constraints - protecting certain areas

- Nitrate vulnerable zone

- Crop nutrient requirements

- Soil fertility
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- Characteristics of land
- Content of heavy metals in soil
- Limited soil pH > 6.5
- Operational constraints - farm size, land size
- Location (transport implications)
- Acceptance by farmers

PROMOTING THE USE IN AGRICULTURE

There is limited experience in the recycling of sludge in agriculture requires a positive marketing
campaigns. Because the origin and nature there is a negative perception sludge recycling sludge on
agricultural land, including impaired perception of human health, environmental and nutritional
value. However, application of sludge on land and human health implications have been thoroughly
studied over many years and so far not found any connection with the spread of certain diseases.
Sludge producer should have the initiative and promote the use of sludge in agriculture. First field
tests should be made to support a farmer who owns large areas of farmland, this can convince other
farmers in the area that treated sludge can be an alternative to classical fertilizers. These tests must
be conducted by an independent body to demonstrate that recycling sludge can be used as
replacement of fertilizers. You can do a cost-benefit analysis to illustrate the savings that can be
achieved in reducing fertilizer costs. To ensure recycling sludge in agriculture is essential to be
proved that the manufacturer can provide a sludge product like the farmers.

Desired qualities to the product include:

* Very little or no odors

* The ability to be stored in piles

* Be easy to spread

BURNING OF SLUDGE

Sludge Incineration is a combustion reaction, in which sludge is either burned in an incinerator or
burned especially with other waste. Bi-products of incineration are flue gas, ash, waste water or
energy. Flue gases must be treated according to EU standards, because they contain particles, acid
gases, greenhouse gases, heavy metals and volatile organic compounds. Ash produced will be
disposed in hazardous waste landfills. Wastewater is derived from the washing process and will be
treated in a close SE. Combustion takes place at 800-9000C allowing the generation of energy from
high temperature flue gases.

Because of the complexity and cost of process, sludge incineration is considered financially viable
only for large installations with capacities that exceed 15,000 tds / year. Besides receiving sludge
incineration facilities will require secondary fuel required to maintain the process temperature. This
can have a significant impact on operating costs.

SLUDGE TRANSFORMED INTO ENERGY

Sludge can be used as an energy source. Calorific value of sludge is similar to that of brown coal
(lignite) 7 to 12 MJ / kg.

In addition to power generation from conventional incinerators, sludge can be converted into energy
through a process of pyrolysis / gasification.

The pyrolysis / gasification turn mud into a synthetic gas mixture of hydrogen and carbon
monoxide. Gases from waste heat can be used for power generation using combined heat and power
engine (CHP) or the gas turbine. It should be noted that gasification / pyrolysis is the latest
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technology and systems mentioned are not currently available. So, is unlikely to be effective in
terms of cost for use soon in Romania.

LANDFILLS

Sludge storage warehouse is the least complicated method and date. Sludge can be deposited in a
deposit only with sludge or other waste (municipal solid waste).

As for mud, the objective is to ensure, where possible, recovery and reuse of sludge as fertilizer or
improving agent according to EU standards (eg Directive 86/278/EEC).

CASE STUDY - SLUDGE FROM WWTP CRAIOVA

Sludge from the new SE Craiova has a special importance for the county. Key options refer either to
further drying of dehydrated sludge to achieve a solids content of 35% required for municipal
landfill or storage areas of regional with limited capabilities combined with recovery in agriculture.
To ensure sustainability strategy was considered essential to adopt a means of recovery in
agriculture.

The treatment plant will build a platform Craiova storage of 100,000 m3 of sludge in the Phase 1
Investment Environment Sectoral Operational Programme (2007-2013), which could get the
amount of sludge produced by 2015 without considering recycling in agriculture, and investment in
Phase 2 to provide for a platform for additional storage of 100,000 m3 and a treatment with lime, if
necessary on the actual amount of sludge generated at the station and recycled sludge level can be
achieved.

SLUDGE TREATMENT FACILITIES IN SE CRAIOVA
* Primary sludge is pumped to a retention tank before being thickened;
* Excess activated sludge is pumped back into a retention tank before being thickened;
* Thickener press the tape to reach 5-6% solids content before fermentation;
* two-stage anaerobic fermentation;
* retention tank leaving the fermentation tank;
* Dehydration final with belt presses to achieve a solids content of 20-22%;
* Carrier propeller leads to dehydrated sludge from sludge storage platform;
* platform storage location.

References: Feasibility study - extension and modernization of water and wastewater in Dolj
County Master Plan - Oltenia Water Company

Develop national policy of sludge management, training materials

Project Code: POSM/6/AT/1.1.2010 - Mott MacDonald
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Abstract

In water treatment facilities automation programmes are mostly implemented using programmable logic
controllers (PLC). Further optimizing of the processes usually requires changes or extensions of the PLC
software that can be performed by specialized external companies, which can involve high costs. Most of the
small or old plants require also additional hardware in order to implement the process optimizing solutions. All
these combined could cause the delay or even cancelation of the modifications required for process optimizing.
Standard command and control modules that are presented in this paper are specially adapted to biological
waste water treatment process requirements and are designed for fast and efficient processes automation
implementing in wastewater treatment plants. Modules include a standard general programme and allow for
easy setup in order to adapt to various automation tasks without the need for specific software. Compared to
the algorithm programming in classic PLC solutions standardized command and control modules can be easier
and faster installed and configured without the need of detailed specifications that take time, advanced process
and programming knowledge. The potential savings are more accessible.

This paper presents standardized modules for the automation of phosphorus removal process by chemical
dosing of precipitation agents depending on the load and the control of aeration times in intermittent aeration
operated plants.

Keywords
Automation, nitrification, phosphorus, removal, wastewater

SITUATIA INITIALA

In instalatiile de tratare, programele de automatizare sunt implementate de cele mai multe ori in
sisteme de comanda programabile logic (PLC). Implementarea unor masuri de optimizare necesita
de reguld modificari, extinderi sau modificari ale programului PLC. Intocmirea specificatiilor
necesare in acest scop, implementarea algoritmilor in PLC si testarea software-ului se efectueaza de
multe ori cu ajutorul unor intreprinderi externe, proces care poate fi legat de costuri mari. in multe
dintre instalatiile mai mici si mai vechi, este necesara adesea chiar achizitionarea unui hardware
adecvat, pentru a putea pune in practica masurile. Toate acestea duc la faptul ca, pe baza unui raport
nefavorabil costuri/beneficii, optimizarile sunt adesea amanate sau nu sunt efectuate deloc.

MODULE DE COMANDA SI DE CONTROL STANDARDIZATE

Modulele de comanda si de control standardizate, prezentate aici, sunt adaptate special la cerintele
epurdrii biologice a apelor uzate si permit implementarea rapida si eficienta economic a conceptelor
de automatizare in instalatiile de epurare. De acest lucru pot profita indeosebi uzinele mici, care nu
dispun de un sector special de automatizare sau nu au la dispozitie cunostinte de specialitate pentru
specificatia algoritmilor de control. Insa si in instalatiile medii si mari, anumite sub-procese pot fi
optimizate ieftin cu ajutorul modulelor de comanda si de control standardizate.

Modulele sunt configurate general si programate astfel incat pot prelua diverse sarcini de
automatizare, fara sa fie necesara o adaptare de software. Fatd de implementarea traditionald a
algoritmilor intr-un PLC, modulele de comanda si de control standardizate pot fi instalate simplu si
rapid, fard intocmirea de specificatii, care reclama un necesar mare de timp, §i fara programare
individuala. Potentialele de economii pot fi exploatate rapid.
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Toate variabilele de reglaj si de control calculate pot fi transferate digital prin intermediul unui
sistem fieldbus catre un PLC sau un sistem de management, in scopul vizualizarii. Parametrizarea
regulatorului se efectueaza exact ca si operarea aparatelor de masurd necesare, prin intermediul
transductorului sau a sistemului de control.

Transductoarele moderne de astdzi permit o interventie de la distanta, facilitand astfel punerea in
functiune a regulatorului si optimizarea reglajelor. Acest lucru reduce costurile si simplificd punerea
rapida in functiune.

In articol sunt prezentate modulele standardizate pentru dozarea agentilor de precipitare in functie
de incarcatura la eliminarea chimica a fosforului si pentru comanda timpilor de aerare la instalatiile
cu actionare intermitenta.

COMANDA ELIMINARII ORTOFOSFATILOR-fosfor PO,-P (P-RTC)

In multe dintre instalatiile mici si mijlocii, dozarea sarurilor de fier pentru eliminarea chimica a
PO4-P se face manual sau in functie de debitul volumic de aflux. Pentru a asigura o distanta
suficient de mare pana la valoarea limitd Py in efluentul final, se accepta o supradozare.
Respectarea responsabila a valorilor limita nu poate fi asigurata insa in cazul unei incarcari variabile
de aflux sau a unei capacitati variabile de eliminare biologica a fosforului.
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Fig. 1 Concentratia de PO4-P in efluentul din namolul activat, la o dozare constanta a agentilor de
precipitare

Regulatorul P-RTC standardizat (POs-P-Real Time Controller) permite o dozare a agentilor de
precipitare in functie de incarcatura de POs-P. Astfel vor fi evitate supradozarile; se vor reduce
costurile pentru agentul de precipitare, precum si cantitatea de nimol de precipitare. In functie de
modul de evacuare ca deseu, acesta din urma poate duce chiar la cele mai mari economii.

Figura 2 prezinta configuratia unui regulator P-RTC standardizat. Concentratia de PO4-P va fi
masuratd cu un analizor de proces corespunzator si va fi pusa la dispozitie transductorului. Calculul
cantitatii de agent de precipitare se efectueaza in unitatea de comanda, care preia si semnalul de
masurare pentru debitul volumic si, prin intermediul unui sistem analogic, pune la dispozitia
pompei cantitatea calculatid pentru agentul de precipitare. In cazul in care cantitatea de dozare
calculata se afla sub debitul minim al pompei, se va comuta automat pe un regim de operare
puls/pauza.
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Fig. 2 Structura unui modul de comanda pentru precipitarea PO4-P [1]

Toti parametrii necesari pentru calculul cantitatii de agent de precipitare, cum ar fi valoarea
nominald doritd a concentratieci de PO4-P, cota componentei active si densitatea agentului de
precipitare, vor fi puse la dispozitie unitatii de comanda printr-o introducere pe displayul
transductorului.

In cazul in care valorile de masurare pentru debit si/sau concentratia de PO4-P sunt indisponibile
temporar, de ex. din cauza unui deranjament in functionare, sistemul apeleaza automat la diagrame
de incarcare memorate. Aceste diagrame de incarcare sunt setate in sistem in momentul punerii in
functiune a modulelor de comanda si control. Ca referintd se introduc valorile medii de aflux si
concentratiile de PO4-P pentru o zi ca esantion de amestec la 2h. Apoi se efectueaza o ponderare pe
zile individuale ale saptamanii.

Pentru a acoperi cu ajutorul unui singur modul de control standardizat diferitele restrictii impuse
instalatiilor de epurare, regulatorul P-RTC poate fi utilizat atdt pentru comanda, cat si pentru
control.

Comanda concentratiei de PO4-P

La comanda concentratiei de PO4-P, locul de masurare corespunzator se afla inainte de locul de
dozare a agentului de precipitare (figura 3). La calculul cantitatii de agent de precipitare, pe langa
incarcatura de aflux si caracteristicile agentului de precipitare (densitate, substanta activa, masa
molard), se tine seama si de gradul necesar de eliminare a PO4-P [%]. Ratele de eliminare mari
necesitd, pentru PO4-P care urmeaza sa fie eliminat per kg, o dozare mai mare decat ratele de
eliminare mici [1].

Agentde precipitare
Grzd de eliminars POs-P

4
Bea i
- boossnfe d
X My..m b ozare
O P':';": Qk:g-t:z precipitars

Procesde precipitare |IE’

Fig. 3 Structura de principiu pentru comanda concentratiei de PO4-P [2]
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Instalatia de epurare de la Schliichtern are o capacitate de tratare de 30.000 LE (locuitori
echivalent). Curatarea unui bazin de ape pluviale in zona de colectare a instalatiei de tratare produce
variatii mari ale incarcaturii de fosfor la aflux. Deoarece, 1naintea instaldrii unui regulator,
adaugarea agentilor de precipitare se efectua numai manual, aceste varfuri de incarcare erau adesea
legate de o crestere a valorilor Py In efluentul instalatiei de epurare.

Regulatorul P-RTC a fost montat 1n instalatia de epurare Schliichtern pentru comanda concentratiei
de PO4-P. Punctul de masurare este efluentul din namolul activat, punctul de dozare este afluxul
catre epurarea finala.

Imaginea 4 stanga prezinta concentratia de PO4-P masurata pe parcursul unei saptamani, impreuna
cu debitul volumic. Ambii parametri variaza pe parcursul zilei, astfel incat, prin intermediul unei
dozari reglate fix sau a unei dozari a agentului de precipitare bazate doar pe debitul volumic de
aflux, nu se poate obtine o respectare sigura a valorii limita.

Imaginea 4 dreapta prezintd cantitatea de dozare a agentului de precipitare impreuna cu valoarea 3,
calculata de regulatorul P-RTC. Pe baza gradului variabil de eliminare a PO4-P pe parcursul zilei,
variaza valoarea B si astfel si cantitatea specifica de agent de precipitare per kg de PO4-P care
urmeaza sa fie eliminat, intre 0,6 si 1,5 (factor 2.5 !). In regulatorul P-RTC se tine seama automat
de aceasta corelatie.

Implementarea unei dozari a agentului de precipitare in functie de incarcatura de PO4-P si de gradul
de eliminare a PO4-P, a permis definirea valorii de monitorizare Py = 1,2 mg/l la valoarea mai
redusa de 0,9 mg/l si1, astfel, economisirea unei parti considerabile a taxei pentru apele uzate [2].
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Fig. 4 Stanga: debitul de aflux si concentratia de PO4-P
Dreapta: cantitatea de agent de precipitare si valoarea 3 calculata de regulatorul P-RTC

Controlul concentratiei de PO4-P

Pentru controlul concentratiei de PO4-P, punctul de masurare a concentratici de PO4-P se afla dupa
punctul de dozare a agentului de precipitare (figura 5). Pentru a se realiza un mod de control
favorabil, este important ca debitul volumic sa fie integrat in algoritmul de control.

rmmal ...................................................
PO:-P Fraont ARy . i
1 Agentde H

precipitare

) ....;;_-;;;;_-;f" Valoare nominalé

PO,-P

Pompa de
dozare

Q Apgent de precipitare

.' Proces de precipitare

Apa uzata
Fig. 5 Structura de principiu pentru controlul concentratiei de PO4-P [2]
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Sistemul de control a fost montat la o instalatie de epurare din Hessen, cu o capacitate de tratare de
cca. 10.000 LE. Instalatia de epurare este construita ca bazin circular cu epurare finala amplasata in
mijloc. Afluxul in instalatie este marcat de variatii foarte mari de incarcare, provocate de o fabrica
de productie a sucurilor de fructe in zona de colectare. Analizorul de proces pentru fosfati (imaginea
2), pentru controlul concentratici de PO4-P a fost instalat in efluentul bazinului cu namol activat.
Inainte de instalare, dozarea agentului de precipitare era reglatd manual si se efectua in afluxul catre
bazinul cu ndmol activat. Acest tip de management ducea adesea la o concentratic mare Py in
efluentul instalatiei de epurare.

Figura 6 prezinta rezultatele masurarii pentru o perioadd de trei saptamani dupa instalarea
regulatorului P-RTC. Mai intai, valoarea nominald pentru concentratia de PO4-P a fost reglata la
0,55 mg/l, iar in data de 26.02. a fost redusa la 0,45 mg/l. In 10.02, afluxul instalatiei a crescut
rapid. O incarcaturd crescutd de PO4-P in aflux, legatd de acest lucru, a necesitat o cantitate mai
mare de dozare, pentru a mentine in mod cert valoarea nominala necesara de 0,55 mg/l in efluentul
din ndmolul activat. Din 13.02. pand in 20.02., cu cantitatea de dozare minima de 2 I/h, s-a ramas
sub valoarea nominald doritd. Incepand cu 20.02., ca urmare a afluxului pe perioada de vreme
uscatd, a crescut din nou cantitatea de dozare necesara pentru mentinerea valorii nominale a PO4-P.
Ploile intervenite in 28.02. au facut necesara o dozare de 7 I/h, pentru a respecta ferm valoarea de
0,45 mg/1.

Acest control in functie de incarcaturd a permis respectarea ferma a valorii limitd pentru Py §i,
totodata, o reducere a cantitatii de dozare de la o valoare precedenta de 6,5 I/h, 1a 2,5 I/h.
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Fig. 6 Controlul concentratiei de PO4-P pe parcursul aerarii cu namol activat

Rezultate similare s-au obtinut gi la testarea regulatorului P-RTCs de catre SUEZ in Franta, in
Centre technique Assainissement Usines Lyonnaise des Eaux. In comparatie cu un sistem de
comanda bazat doar pe debitul volumic, prin intermediul dozérii in functie de incarcatura s-a
realizat o economie de agent de precipitare de 30%, cu respectarea ferma a valorii limitd pentru Py
de 1 mg/1[3].

Si la instalatia de epurare de la Luckenwalde (cca. 30.000 LE, 2 linii de epurare) in apropiere de
Berlin, dupa punerea in functiune a aparatului de masura si a regulatorului, necesarul de agent de
precipitare a fost redus cu 28% (de la 250 1/zi la 179 V/zi). In aceeasi perioadd de timp s-a reusit
reducerea concentratiei de PO4-P in efluentul din bazinul cu ndmol activat de la 1.63 mg/I la 1,23
mg/1 (80% cuantild) [4].
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COMANDA DENITRIFICARII INTERMITENTE

In instalatiile medii si mai mici, eliminarea azotului are loc adesea prin intermediul denitrificarii
intermitente. Daca in cazul acestei proceduri, aerarea strict in functie de timp este inlocuitd cu o
aerare in functie de concentratia efectiva de NH4-N si NOs-N, pot fi reduse costurile pentru energie
si poate fi redusa concentratia totala de azot in efluentul instalatiei de epurare.

Ca structura, regulatorul N/DN-RTC (Nitrificare/Denitrificare_Real Time Controller) este similar
regulatorului P-RTC din imaginea 2. Insa la transductor, in locul analizorului de proces pentru
fosfati, vor fi racordate sonde pentru NH4-N, NOs-N si O,, pentru a masura incarcarea cu azot a
apei uzate.

Pentru conectarea si deconectarea aerarii, sunt transmise semnale digitale catre PLC. Optional
existad posibilitatea ca, pe parcursul intervalelor de nitrificare, concentratia de O, sa fie mengtinuta la
valoarea dorita cu ajutorul a sase trepte de aerare.

Prin intermediul transductorului vor fi prestabilite valori t{intd pentru concentratiile de NH4-N si
NOs-N pentru efluentul din bazinul cu namol activat. Un factor de ponderare stabileste care dintre
cele doud valori tintd detine prioritate. Pentru a decide daca trebuie sa aiba loc o alternanta intre
nitrificare si denitrificare, pe langa abaterea absolutd a valorilor de masurare de la valorile {inta
prestabilite, trebuie sa se tind seama si de viteza de modificare a valorilor de masurare.

Pentru a garanta o functionare sigura in toate situatiile si pentru ca la instalatiile cu stabilizare
aerobd sa nu se scadad sub varsta aeroba necesarda a namolului, se stabilesc timpi minimi $i maximi
pentru intervalele de nitrificare si denitrificare, care sunt luati in considerare cu prioritate maxima
de catre regulator. Figura 7 prezinta structura de principiu a meniului de parametrizare.
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‘. '\/" .. li. - NH4-N 0.00 mglL
/ — NO3-N 0.00 ngl.
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L P FAKT NO3 000 1imglL

Fig. 7 Structura de principiu pentru controlul concentratiei de NHs-N si NO3-N [5]

Instalatia de epurare Villau a asociatiei Erft dispune de o capacitate de epurare de 5.000 LE si este
construitd cu doua linii. Ambele bazine de recirculare, cu cate 2 acratoare cu tuburi, functioneaza
intermitent.

Pe parcursul unei faze de testari de 4 saptamani, aeratoarele cu tuburi ale liniei de epurare 1 au fost
conectate si deconectate in continuare conform unei scheme de timp fixe, in timp ce aeratoarele
liniei 2 au fost comutate in functie de concentratiile de NHs-N si NOs3-N.

Imaginea 8 stanga prezintd evolutia concentratiei de NH4-N, NO3-N si de O, pentru zilele de 7 s1 8
mai. Pe linia de epurare cu comanda numai in functie de timp (stanga), pe baza incarcarii reduse cu
azot, concentratia de O, creste pe parcursul orelor de noapte, in fazele de aerare, pana la 5 mg/l.
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Aceasta aerare excesiva nu are, ce-i drept, niciun fel de efecte negative pentru nitrificare, insa
influenteaza faza subsecventd de denitrificare, In care concentratia de oxigen nu scade la 0 mg/Il.
Fara un mediu anoxic, nu are loc denitrificarea si concentratia de NOs-N creste in continuare pe
parcursul denitrificarii. Abia dimineata, odata cu incarcarea instalatiei, concentratia de O, scade din
nou la 0 mg/1 in timpul fazelor neaerate, in combinatie cu o reducere a concentratiei de NO3-N. Insa
concentratia mare de NOs-N constituitd pe parcursul orelor de noapte nu poate fi eliminata peste zi.
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Fig. 8 Comparatie intre doua linii de epurare cu si fara sistem de comanda
in functie de incarcare [2]

In comparatie cu aceasta, figura 8, dreapta (linie de epurare controlati) prezintid evolutiile
corespunzatoare ale concentratiilor pe linia de epurare 2 pentru acelasi interval de timp. Aici, timpii
de aerare sunt reglati in functie de incarcare cu ajutorul regulatoruluit WTOS N/DN. Valoarea tinta
pentru concentratia de NH4-N este de 2 mg/l, cea pentru NO;-N este de 6mg/l. Pe parcursul orelor
de noapte cand Incarcarea este redusa, timpii de aerare sunt considerabil mai scurti. Consecinta este
o scadere a concentratiei de O, la 0 mg/l pe parcursul pauzelor de aerare (mediu anoxic), in
combinatie cu o denitrificare. Ca urmare a acestui mod de operare, concentratia de nitrati si, de
asemenea, concentratia totala de azot din bazinul 2 este considerabil mai redusa decat in bazinul 1,
cel cu intervale de aerare reglate fix.
Figura 9 prezinta un esantion zilnic de amestec pentru concentratia de N, evaluat in fiecare zi in
laborator pe parcursul unei perioade de testare de 4 saptamani, precum si valorile medii zilnice ale
concentratiei de O». In linia de epurare controlati, valoarea medie pentru

e Ny in jur de 48 % (masura pentru variatii considerabil mai mici),

e O;injur de 61% (masura pentru consumul de energie)
erau mai reduse decat in linia de epurare exploatatd cu schema de timp reglata fix pentru nitrificare,
respectiv denitrificare.
Kiesewski relateaza ca, prin utilizarea regulatorului N/DN sunt realizate in plus economii de energie
de 10%, si ca valorile efluentilor se afla in mod stabil cu cel putin 20% sub valorile limita [6].
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Fig. 9 Comparatia celor doua linii de epurare [2]

Rezultate la fel de bune au fost realizate si la o instalatie de epurare mica (2.000 LE) din Hessen.
Acolo, dupa instalarea regulatorului N-DN, prin reducerea timpilor de aerare, s-a reusit dupa cateva
zile reducerea concentratiei de NO3-N de la aproape 10 mg/1 la mai putin de 5 mg/I (figura 10).
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Ca un nou exemplu, figura 11 prezinta rezultatele regulatorului N/DN-RTC 1n instalatia de epurare
a unei intreprinderi industriale de prelucrare a pielii. Valorile limita pentru N si NHs-N, stabilite
in autorizarea conform legislatiei pentru apele uzate, sunt pentru acest descarcator de 250 mg/l,
respectiv 10 mg/1. Inainte de instalarea regulatorului WTOS N/DN-RTC, instalatia a fost exploatati
exclusiv cu denitrificare, ceea ce a dus la concentratii foarte mari de NOs3-N, respectiv Niy. Prin
implementarea unui sistem de comanda a aerarii in functie de incarcare, s-a reusit in cateva zile
reducerea concentratiei de NOs-N de la aproape 200 mg/l, la 20 mg/l. Introducerea intervalelor de
denitrificare nu a avut niciun fel de influente negative asupra concentratiei de NH4-N. Exemplele
aratd faptul ca, prin utilizarea unui management al proceselor in functie de incarcare, pot fi reduse
considerabil concentratiile de azot total. Pe baza reducerii timpilor de aerare si a reciclarii O,
aceastd reducere a azotului total este legata de cele mai multe ori si de o reducere a costurilor
energetice.

In cazul instalatiilor cu stabilizare acroba trebuie avut insd in vedere intotdeauna si se realizeze
stabilizarea aeroba necesard a ndmolului.
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Fig. 10 Reducerea NOs-N prin reglarea intervalelor de aerare in functie de incarcare
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Fig. 11 Reducerea concentratiei de NO3-N in efluentul instalatiei de epurare
a unei Intreprinderi industriale de prelucrare a pielii
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CONCLUZII

Exemplele prezentate aici evidentiaza faptul ca anumite procese din instalatiile de epurare pot fi
optimizate cu regulatoarele standardizate. Avantajele standardizarii sunt oferite prin implementarea
rapidd si eficientd economic, precum si prin operarea si documentatia unitara a regulatoarelor.
Experienta dobanditd rapid ca urmare a cresterii numarului de instalari se concretizeaza in
dezvoltarea in continuare a regulatoarelor si poate fi folosita de toti utilizatorii.

Progresele din tehnologia comunicatiilor permit un schimb de date mai simplu intre sistemul de
management, PLC si unitatile de control dintr-un anumit loc. Locul in care se calculeaza o marime
de reglaj (in PLC sau intr-o unitate de control dintr-un anumit loc) este complet nesemnificativ,
atata timp cat toate datele sunt disponibile in sistemul de management si este posibila efectuarea de
acolo a parametrizarii.

Pe langd regulatoarele prezentate pentru optimizarea eliminarii chimice a fosforului si pentru
denitrificarea intermitenta, sunt in pregatire, respectiv sunt deja disponibile, module pentru

o comanda nitrificarii in instalatii cu reactor secvential de lot

o reglarea varstei namolului activ

o optimizarea adaosului de polimeri la ingrosarea si deshidratarea namolului
o comanda descarcarii namolului primar

Fiecare dintre aceste module poate fi instalat ca modul independent intr-o uzini de epurare. Insa
modulele pot fi de asemenea combinate, pentru comanda simultand a mai multor sub-procese.
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Abstract

Ion exchange is used for water treatment on a large number of separations from water-based and non-water-
based media, it has a special use in chemical synthesis, medical research, agriculture and food processing. The
utility of ion exchange is primarily that the ion-exchanger can be regenerated and reused. Ion exchange is
being used more often in the nuclear industry for recuperation and separation of radioactive elements such as
Uranium, Plutonium, fission products and other impurities.This experimental application sets to investigate
total water demineralization for the public water distribution network in Bucharest, Romania, which is
achieved through a method of passing the water flow through an acid cation mixed layer (Purolite C100) and
an alkaline anion (Purolite A400). For this purpose, the qualitative and quantitative influence of the flow
speed through the layer, the total volume of ion exchangers and working temperature over the process
dynamics and the quantitative characterization of the investigated process using a 3-factor experimental
research plan were tracked. A mathematical model was elaborated in order to describe the process dynamics
for ion exchange in fixed and mixed layer with ion exchanging

The cation and anion particles are identical, sphere shaped objects with a diameter of dp;

Ton exchange takes place between H' ions that are initially found in the cationite and the j cationites in water
and resin. In order to achieve this objective some simplifying assumptions were made: the anions exchange
takes place between the OH anions initially found in the anionite and the £ anions in water; for simplicity
consider j=Ca’*, k=HCOj;

The ion exchange process takes place on the ion changer’s particles’ surface;

The global ion exchange speed depends on the speeds of elemental surface retention and release processes;
The ion retention process speed is directly proportional to the number of active loci in the exchanger and the
ion concentration in liquid state;

The ion release process speed is directly proportional to the concentration of ion in solid state;

Piston flow with axial dispersion of the liquid state;

The axial dispersion coefficient is determined with the Levenspiel formula;

The ion exchange process is isothermal.

Keywords
Anionite, axial dispersion, cationite, demineralization, ion exchange

Ion exchange and ion exchangers

Ion exchange systems are insoluble substances that contain weak ions that can be exchanged with
other ions from the substances they come in contact with. These exchanges take place without other
physical modifications in the ion exchange system. Exchanged ions can be H" or OH , which
makes them capable of exchanging positive ions (cations exchangers) and negative ions (anions
exchangers). Many natural substances like proteins, cellulose, galvanic elements and impurity
particles show properties similar to ion exchangers, which plays an important role in their natural
function. Carbon-based and resin-based synthetic ion exchanging materials were the first utilized at
an industrial level in the 1930s. Several years later sulphonate groups polystyrene resins were
developed to form cation exchangers or aminic groups to form anion exchangers. lon exchanging
resins are polymers capable of exchanging their own ions with the ones of substances that are
passed directly through them. This characteristic was also observed in natural systems like the soil
and living cells. Synthetic resins are used to purify water but also in applications where the
separation of elements is the goal. Research in the field of ion exchange that was conducted until
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the beginning of the XX-th century focused on the ion exchange in the presence of alumo-sillicates
and humates. In 1905 synthetic sodium alumno-sillicates were made. These were the first
substances utilized for the ion-exchange water softening. Because they dissolve in water when the
pH drops under 7 but also because of their reduced exchange capacity, water treatment using
alumno-sillicates never got to an industrial scale. The next step in the evolution of ion exchange
was the obtaining of sulphonated coals. What makes this an interesting discovery is the fact that this
ion exchanger (the sulphonated coal) can operate in a large pH spectrum (from pH=1 to pH=10);
thus new possibilities of industrial use emerge. The deficiency of this material is that it has a lower
ion exchange rate in comparison to the alumno-sillicates mentioned above. Several years later, once
the Novolac polymer was synthesized (made by the copolymerization of fenol with formaldehyde),
it was sulphonated so a strongly acid cationite was produced. Using the same base polymer, through
amination, the first weak basic anionite was developed. It was rapidly observed that these polymers
cannot retain ions at high levels of pH. Before 1940, the first styrene-divynil-benzene polymer was
synthesized, which was used in the fabrication of strong acid cationites and strong basic anionites;
thus the base of the resin ion exchangers was formed, which is still used today in softening and
demineralization (total or partial) of water.Presently, ion exchange is employed to treat water in a
large number of separations from watery and non-watery media, it has a special use in chemical
synthesis, medical research, agriculture and the processing of a large number of foods. The
usefulness of ion exchange comes primarily from the possibility of regeneration for the ion
exchanger and, implicitly, its reuse. lon exchange is used more and more in the nuclear industry for
the recovery and separation of radioactive elements such as Uranium and Plutonium, fission
products and other impurities.

Formal description of the ion exchange process

Ion exchange processes are part of the double-exchange reactions that take place in heterogeneous
solid-liquid systems (ion exchanger medium — electrolyte substance) or in heterogeneous liquid-
liquid systems (in the case of liquid ion exchangers). In all the cases, ions from the electrolyte
replace same-charge ions from the molecular structure of the ion exchanger. lon exchange is, thus, a
reversible reaction between an ion from a solution and one with the same electrical charge attached
to a solid immobile particle (in the case of the solid ion exchanger). Because of the many
similarities between the absorption process and the ion exchange process, the two can be analyzed
using similar models. Ion exchange is an adsorption phenomenon in which ions are retained in the
electrically charged functional groups at the ion exchange resin surface by electrostatic forces.
Unlike adsorption, ion exchange implies an ion swap whilst maintaining the solution’s electro
neutrality. Therefore, the ion exchange is a physical separation process where the exchanged ions
are not chemically altered. (Petrus, Warchol, 2003).

Water demineralization in ion exchanger mixed layer

The purpose of experimental investigation and the chosen solution

The current experimental application sets to investigate total water demineralization in the public
distribution network by passing through a mixed layer of strongly acid cationite (Purolite C100) and
a strongly basic anionite (Purolite A400). For this purpose the influence of qualitative and
quantitative influence of flow speed through the layer and the influence of the total volume of ion
exchangers and the working temperature over the process dynamics and the quantitative
characteristic of the investigated process in the base of research organization following a 3-factor
plan.
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Presentation of the experimental installation

To obtain experimental data with the purpose of characterizing the dynamics of urban network
water demineralization ion exchange. The laboratory pilot installation consists of a glass column
which holds the mix of the two cationite and anionite resins laid on a glass spheres substrate, a
pump for the fluidization and loosening of the two ionic masses, a pump for the installation inflow,
stock tanks for the effluent and the influent. The glass column has an interior diameter of 0.038 m (
d =0.038m ) and the two ion masses were used in equal amounts but due to the difference in
density, the volume ratio between the cationite and the anionite was 1 to 1,4. The installation
thermostatification was done with the aid of a laboratory thermostat provided with a thermal agent
recycling pump. To insure constant working flows, a piston dispenser pump was chosen, provided
with a flow regulation device. The installation scheme is presented in figure 1: Catalog
characteristics for the cationite and anionite used for the experiment are as follows.

Table 1. Catalog properties of Purolite C100 and Purolite A400 resins

Purolite C100 Purolite A400

Base polymer PST-DVD gel Base polymer PST-DVD gel

Shape Spheres 0.6-0.7 mm  |Shape Spheres 0.6-0.85 mm

Density 1200 Kg/m’ Density 1080 kg/m’

Working humidity  [0.53 kg water/kg sist. |Working humidity | 0.51 kg water/kg sist.

PH 0-14 PH 1-10

Max Temp. R-H 120°C Max Temp. R-H | 60° C

Exchange capacity [0.0383 gNa/g Ras. |[Exchange capacity | 0.0427 gCl/g Ras.us
Us.

Functional group Sulphonic acid Functional group Quaternary Ammonia

Experimental results

In the experimental section of this work qualitative and quantitative influence of process factors
were followed, namely layer flow speed and working temperature. It was opted to lift the
breakdown curves according to a factorial 2} plan where the temperature (T), the flow speed (wg)
are the decisive process factors having 2 levels for each of them: for the layer flow speed:

w, =0,5-10"m /5 to a fictive speed of w, =4,46-107m /s and for the process temperature from

T,=23C to T, =52C°. If a ion exchanger column is considered, downward crossed by a solution

of ¢y concentration and in the initial state the exchanger does not hold the species which needs to be
retained, the timely variation of effluent concentration throughout the column can be presentet in
the form of the breakdown curve (fig. 2.). The shame is due to changes in the exchanger layer as the
system nears the breakdown state and saturation with ions that need to be retained. When in contact
with the feed solution that crosses it downward, the superior stage of the exchanger layer will first
fix (adsorb) the ion fast and efficient so that the substance nearing the end of the column (point a) is
almost free of the ions that need filtering out. When the resin selectivity for the solution ions is
large, a distinct exchange era is formed, which is shifted towards the column exit, leading to a
maximum use of the resin. The reaction between solution ions an resin ions actually takes place in
this well defined region of the exchanger. The height of the exchange zone depends on the reaction
speed and the feed solution concentration but is independent of the column height. When the resin
selectivity for the ion that needs to be filtered is dropped, a diffuse reaction front is developed, the
length of the reaction zone depending on the selectivity coefficient and the height of the exchanger
column layer. The higher the column is, the larger the reaction zone gets and the resin operation
capacity enlarges. (Dardel, Arden, 1989).
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Above the exchange area, the exchanger reaches an equilibrium state in relation to the effluent
liquid (because in this section of the layer the solution is already saturated with ions that need to be
retained); under this zone the liquid is in the initial state in relation to the effluent (the state before
the ion exchange began). Later, (point (b) in fig 2, approximately half of the layer is saturated but
the effluent concentration is still very small, near zero. As the ion exchange process continues, the
exchange zone descends, with a speed that depends on the inflow speed, but significantly lower
than it. When the lower part of the exchange zone touches the base of the exchanger in the effluent
(point c) the first traces of ions which should have been trapped emerge; this moment is called the
breakdown point; from this moment on the concentration of the solute in the effluent suddenly rises
(the effluent shows signs of the first ions which should have been trapped by the resin). In the case
of continuous flow of the solution through the ion exchanger column, the concentration of ions in
the effluent continues to increase as the exchange zone crosses over the base of the ion exchange
layer; in point (d) the initial value of the ion concentration is reached (noted with cy). When the
concentration of the effluent in the ion exchanger column equals the concentration of the ions in the
inflow, the column is considered saturated with the ions which were to be trapped so this moment
does not coincide with the moment of column exhaustion because the exchange zone did not yet
reach the bottom of the column.

Fig. 1 Installation scheme
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Fig. 2 The shape of the breakdown curve

The projection of the ion exchange units requires knowledge about the capacity of the ion exchange
resin layer and the efficiency of the ion exchange process. The fotal exchange capacity of the resin
expressed in equivalents per mass (or volume) unit represent the number of active positions
available in the resin. The capacity is expressed differently, frequently in dry resin equivalents (eq)
per kilogram (mass capacity Cp) or wet resin equivalents per liter (volume capacity C,). The total
exchange capacity o the column can be graphically represented by the hatched portion in fig.3 .
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Fig. 3 The graphical representation of the total exchange capacity on the breakdown curve

In the industry the so-called effective capacity (breakdown capacity) is used, which expresses
the number of participant ion groups to the exchange reactions per mass or volume unit of resin, in
given operation conditions. The resin operation capacity is not directly proportionate to the quantity
of regeneration agent used. It can represent a larger o smaller proportion of the total capacity and
depends on the number of process variables including:

o resin ions concentration and type

J flow speed of the solution through the column

° temperature

o height of the resin layer

o type, concentration and quantity of regeneration agent used

The concentration of the inflow, the flow speed and the concentration of the regeneration agent
can be varied for the development of the relations between the resin use and regeneration agent
efficiency so that the optimal system operation conditions can be selected. The efficiency is the
concept used to indicate the degree of regeneration agent usage. The ion exchange column
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efficiency is the ratio between the operational exchange capacity and the theoretical exchange
capacity that can be determined on the specific quantity of regeneration agent used. In order to
determine the operation capacity and the column efficiency experimental investigation is necessary.

1
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Fig. 4 Breakdown curves for different fictive flow speeds with a constant
temperature of 23° C
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Fig. 5 Breakdown curves for different temperatures with a constant fictive flow speed
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Every breakdown curve is characterized by a certain state of factors and one or more feedbacks.
The process temperature (T), the solution flow speed, (ws), and the total volume of ion exchangers
are determinative process factors, and the breakdown time, the saturation time and the ion exchange

|:| Anionit PUROLITE A 400 - Cationit PUROLITE C 100

efficiency are the representative feedback of the ion exchange process. Values for the breakdown
times and saturation times have been determined from the breakdown curves in fig. 5-6. At the end
of a work cycle (due to the increase of electric conductivity of the effluent until the equalization of
the electric conductivity of the influent) the regeneration of the ion exchanger begins. The following
steps are taken. The resin mix fluidization by introduction of an ascending water flow through the
column, a process illustrated for two fictive speeds in the pictures below.

E Anionit PUROLITE A 400 - Cationit PUROLITE C 100

Fig .7 Fluidization at a fictive speed of 0,13 cm/s
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The second photo shows that, after some attempts, the optimal fictive speed for fluidization was
obtained.

a. The fluidization pump is stopped, the column is emptied so that the ion mass is only
immersed in water.
b. A sodium hydroxide solution 4% is prepared to be introduced via the dispenser pump with a

flow of 10 cm’/min (which will remain constant throughout the regeneration process) in the anionite
(the top layer). Dispersion is closely followed by monitoring the electric conductivity and pH for
the effluent and is considered completed when pH = 13,06 + 13,1 and the electric conductivity
exceeds de 300mS/cm.

C. The slow wash process is then started using demineralized water, at the same flow as with
the anionite dispenser; the wash process inspection is done by monitoring the electric conductivity
and pH and is considered completed when the electric conductivity falls below 500mS/cm, and the
pH reaches neutral values.

d. The cationite ion mass is regenerated using the same dispenser pump at the same flow speed
as for the dispensing and wash of the anionite. Hydrochloric acid solution 5% is used and the
dispensing process is considered complete when the electric conductivity of the effluent is
approximately 300mS/cm and the pH drops to 0,47+0,5.

e. The slow wash using demineralized water is followed by monitoring the same values as for
the previous steps and is considered complete when the electric conductivity drops below 500micro
Siemens per centimeter and the pH reaches a neutral value.

f. After the regeneration-wash processes are over it’s back to mixing the two ion-exchanging
resins with an upward flow of air, a process which prepares the installation for the next usage cycle.

The factors’ values and the process efficiency were calculated with the formulas 2.1-2.6. For the
table 2.1 it was taken into consideration that:

The solution flow speed is calculated in relation to the column diameter and the volume flow of
substance through the column with relation 2.1. in which (d) is the interior column diameter and

Gy is the volume flow of the solution through the ion exchange column, in cm®/min,
1076 G,
w f = 7
157 4

2.1)

V = f(wf)

300 -
250 - *

200 -

150 - * V="f(wf)

100 - Poly. (V = fwf))

50

0 0.1 0.2 0.3 0.4 0.5

Fig. 8 Demineralized water volume variation in relation to the fictive speed
(conductivity < 1uS/cm)
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Total ion exchanger volume, Vg, can be deduced with relation (2.2) in which Hgis the height of
the exchange layer, expressed in meters

7d 2
Vo =—H
N 4 N

(2.2) Stationary time, tgy,, is calculated with relation (2.3) where ¢ is the porosity of the sphere
particles layer of ion exchangers (g, = 0.35)

cols
107G,

[ stat  —

(2.3)

The saturation level of the exchange area, f, can be obtained in relation to the saturation time, the
breakdown time and the breakdown curve; if the saturation level of the exchange area is =0, then
the ion exchanger is saturated which the species which needed be filtered; if f= 1, the solid from the
exchange area has no adsorbed species and the zone formation time is very small, even zero.

fo L f (1 _ L]dt (2.4)

toat — Lsir t
str

The height of the exchange area, H, represents the height of the ion exchange mass layer where

the ion exchange takes place; it can be calculated in relation to the breakdown time and the
saturation time with the equation (2.5).

te —t
H, =H sat str 2.5

“ > tsat _(l_f)(tsat _tstr) 22
Fixed layer ion exchange process modeling
In order to achieve this objective the following simplifying assumptions were made:
o Cationite and anionite particles are identical and perfectly spherical with a diameter dp;
o Cation exchange takes place between H' ions from the cationite and j cations from the
water and the anion exchange takes place between OH ions from the anionite and the & anions in
water; for simplification, consider j=Ca2 ", k=HCOjs;

o The ion exchange process takes place on the surface of the ion exchange particles;

J The global ion exchange speed depends on the speeds of the elemental processes of ion
retention on the ion mass spheres’ surface;

J The speed of the ion retention process directly depends on the number of active locus on
the ion exchanger’s surface and the ion exchanger concentration in the solid state;

J The speed of the release process directly depends on the concentration of the ions in the
solid state;

o Piston flow with axial dispersion in the liquid state;

o Axial dispersion coefficient is determined with the Levenspiel equation. The ion

exchange process is isothermal.
Equations and restrictions system:
Species conservation equations in the liquid state i (i=k,)):

6Cl' aCl' _ 62Ci
5 TV E—D/ &6—2_Vex,i(cirsi)
)

Species conservation equations in the solid state i (i=k,)):
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(2)
Equations for the global process speed for i (i=k,j) species:

‘ a
Vorilcisi)=kpll _Esi Jej —kyis,

3)
Relations which describe H and OH ion transfer from the solid to the liquid state:
de ds
Wfé‘b H=(]—6‘b)/)p H (4)
de OH ds OH
W =(]-¢ 5
[ e (I=¢y)p, P (%)
Conditions of neutrality for the solid state
SHo =5H +Zij (6)
SOH ) =S0H 15k (7)
Initial conditions for the i species (i=j, k)
r =10 0 <x<H c; =05, =0
_ B (8)
SH =SH,0.S0H =30H 0
Limit conditions for the i species (i=j, k)
r >0 r=10 ¢ =¢iy 9)
r >0 0 <x<H CjSCig 8 S8ig (10)
dej Vi |
T>0 X—H K__E(Ci_ci’ef) (11)

Validation of the mathematical model

ki, ks parameter values were estimated by minimization of the objective function (12) in which
c() is the concentration value in the effluent anionite that was obtained experimentally.

f(kwkzj)ZZ[Ck(faH)_C(T)]Z (12)

T

cl/g
c/g

13000 18000 23000 11000 16000 21000
Timpul. © [s] Timpul, t [s]

Fig. 9 Breakdown curves at t=23 °C: 0- exp; ¢- model (k»=0.32-107 g-L™s" k;;_161.65w ;%)
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Tabel 2 Estimated values for parameters k;; and k; at =23 °C

No We10%(ms™) ky*10(s) ky*107 (gL's™)
1 0,05 2,10 0,32
2 0,08 3,00 0,32
3 0,11 4,10 0,32
4 0,13 5,10 0,32
5 0,16 5,65 0,32
6 0,19 6,65 0,32
7 0,21 7,35 0,32
8 0,27 9,35 0,32
9 0,30 10,07 0,32
10 0,40 11,90 0,32

cl/g

2000 7000 12000 11000 16000 21000
Timpul, t [s]

Timpul, © [s]

Fig.10 Breakdown curves at t=23 °C- 52°C: 0- exp; - model (k2j=0.32- 107 gL s,
bpi161.65w ("%

Tabel 3 Estimated values for parameters k;; and k; at =23 'c-52°C

No. T(°C) ki *10(s") ko *107(gL's™)
1 23 9,35 0,320
2 32 7,95 0,367
3 42 7,58 0,385
4 52 7,49 0,390
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CONCLUSIONS

A pilot laboratory installation was designed and built for the raw water treatment using a mixed-
layer ion exchanger (strongly basic anionite PUROLITE A 400 + strongly acid cationite
PUROLITE C 100). Breakdown curves were traced for the experimental operation at different
fictive water speeds and operation temperatures; it was found that at high values of speed an d
temperature the breakdown occurs faster; the demineralized water volume increases with speed up
to a value of 0.3 cm/s, from which the volume is constant. In order to describe the ion exchange
process dynamics a mathematical model was proposed, based on the axial dispersion piston flow
model in the liquid state, having its parameters estimated by experiment. Separation of the saturated
mixed layer was accomplished by fluidization with water; thus a superior layer of anionite was
formed and an inferior layer of cationite; the separation of the two layers is total and faster at a
higher speed of the fluidization agent (0.13 cm/s)
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Abstract

This paper presents studies on the Siret river water quality monitoring in a number of sections with a pollution risk.
Water samples are analyzed and presented in the paper were taken from monitoring section located on the Siret
River. The analysis of water samples collected parameters were determined a physical - chemical water quality,
whose value has been compared with those provided in the standards and regulations in force. Key evidence
examined were related to the content of ammonium ions, nitrates, metals. The period of analysis was considered in
the months March to August 2009. After analyzing the ion concentration values determined there was an increase in
the maximum permitted for a number of parameters inducing quality class V of the Siret River in August 2009.

Keywords
Sources of pollution, water quality monitoring, wastewater.

INTRODUCTION

Above study shows that the consumption of water does not decrease the natural resources that are
recoverable, but their use is limited due to pollution (Luca, 2004).

After the UN definition of water pollution is directly or indirectly changes the normal composition
ofit, as a result of human activity (Luca, 2004).

Pollution can differentiate into several types:

Biological Pollution - bacteriological, virological, parasitological is the oldest type of pollution -
linked directly to human presence.

Physical pollution concerns in particular the pollution with radioactive substances. There is a
thermal pollution and the pollution caused by floating or settled insoluble elements, regarded as the
latest type of pollution, characteristic of highly developed areas.

Chemical pollution is the penetration of chemicals in water ranging from the easily degradable
organic, toxic to the persistently high.

Water pollution sources are classified according to several criteria, due to their diversity, as follows:

1. by origin: activities of domestic, industrial, agriculture, transport;

2. as the range of pollutants: local sources (sewage pipes, landings) or diffuse (spread the
pollutants over a larger area);

3. by their position: fixed and mobile (cars, houses, moving equipment) (Cojocaru, 1995).
Wastewater pollutants may be due to: sewage, industrial water from mining, metallurgy,
petrochemical industry, food industry, agribusiness water, polluted storm water (Ciornau, 2000).
Water pollution is reduced substantially from its initial value due to its self-purification capacity.
Treated or untreated sewage, after discharge processes are subjected to physical, chemical and
biological processes that lead - eventually - the orifice size of the receiving water (Balaban, 2008).

Solutes enter river water from both natural and anthropogenic sources, with rainfall, rock
weatherning and evaporation-precipitation processes being the most important natural contributors
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to solute levels in rivers (Feth, 1971; Gibbs, 1970; Meybeck, 1984; Kilham, 1990; Webb and
Walling, 1992). Nevertheless, human activities carried out in river catchments cam be the most
important modifier of the original chemical composition of freshwater (Allan, 1995; Hynes, 1970).
Thus, it is well know that drainage from agricultural land process large amounts of nitrate and
phosphate (Hynes, 1970), while agricultural (fertilizer and manure), industrial and urban (domestic)
sewages are the main sources of pollution in river.

ANALYSIS OF THE POLLUTION FENOMENA ON THE UPPER SIRET RIVER

In Europe, the recent Water Framework Directive (WFD; Directive 2000/60/CE of the European
Parliament and of the council establishing a framework for Community action in the field of water
policy) has implemented a methodology for determining reference conditions, monitoring,
evaluation of pressures and impact, measurement programs, in order to achieve a “good ecological
status” in European river before the year 2015. The Water Framework Directive states that
“ecological status” must be based on biological, hydro morphological and physic — chemical
elements. According to this, “biological status”, “chemical status” and “hydro morphological
status” must be evaluated from the deviation with regard to reference conditions of “near” natural
sites. In consequence, chemical status European river should be evaluated and improved if
necessary be for the year 2015.

Between 1993-2003, the area administered by the Department of Water Siret, there were 184
accidental, with a minimum of 10 pollution in 1996 and a maximum of 28 in 2001
(www.apesiret.uvp.ro.).

Pollutants affecting streams were mostly oil products 51.2% and 21.4% organic matter, the
remaining 27.4% being represented by ammonium, ammonia, hydrogen sulfide, heavy metals,
cyanide, urea, detergents, ash, phosphorus, suspended.
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Fig.1 Designation of areas affected by pollution from Siret basin
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Pollution of River Suceava, Suceava downstream was affected more intensely in 2001, when there
were 6 accidental products of COD and H2S large loads of sewage discharged into the Suceava
River. Following the completion of rehabilitation and upgrading of treatment plant Suceava now
decreased risk of accidental (www.apesiret.uvp.ro.).

Siret river pollution Somuzul Mare were affected in January and February 2001, following the
accident recorded METADET SA Falticeni platform, specialized in the production of detergents.By
carrying out dismantling the pipeline amounts of pollutants (cyanide) have reached the river Siret
Somuzul Mare and then, leading to fish mortality in poisoning people who consumed infected fish
and the human effort, materials and money to stop children and mitigation(www.apesiret.uvp.ro.).
The main sources of river pollution in Moldova can be ranked according to: the impact on the
pollutant toxicity evacuated in receiver, potential or actual danger they pose to downstream users,
the amount limits set for evacuated contaminants (Luca, 2004).

Depending on the development of mining activities, water quality and river tributaries of Moldova
was variably affected. In recent years a number of mines have closed, but insufficiently treated
mine water effects are not completely eliminated (Luca, 2004).
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Fig. 2 Control sections of rivers Siret River Basin affected by ammonium ions, nitrates,
nitrogen

Mining is an important environmental risk factor. Mining and processing useful mineral substances,
mainly in the mountainous area have lead to increased anthropic landscape modification. Tens of
meters of deep excavations resulted in tailings deposits, waste dumps, tailings ponds (Luca, 2004).
In the upper basin of Moldova River there were two large mining: Fundu Moldovei and Lesu
Ursului who were exploiting manganese, zinc and copper (Luca, 2004).
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Depending on the development of mining activities, water quality affluent Moldova and its river
was variably affected.

Upper of the Moldova River Basin within two large mining, Fundu Moldovei and Lesu Ursului.
From these mines exploiting manganese, zinc and copper. Depending on the development of
mining, river water quality Moldova and its tributaries was variably affected. In recent years a
number of mines have closed, but insufficiently treated mine water effects are not completely
eliminated (www.apesiret.uvp.ro.).

Bistrita River upper basin includes some mining sectors Tolovanu, Oita, Arsita, Vatra Dornei area
and Crucea sectors, Isipoaia, where Brosteni operated (have exploited) manganese, zinc, copper,
iron.

Mine water from these operations are insufficiently treated, and in some cases untreated.

This has the effect of water loading Bistrita river with heavy metals (Fe, Cu, Zn, Mn). Mine
closures has led to eliminating sources of pollution, effects of past mining is current through water
and soil pollution in the remaining (www.apesiret.uvp.ro.).

Pollution of the Siret River, downstream of the industrial site Bacau, is affected by specific
pollutant loads to manufacture chemical fertilizers (ammonium, total phosphorus, extractable
substances and suspensions), pulp and paper (hydrogen sulfide, extractables and suspensions), but
also pollutants specific sewage and wastewater discharged from pig farms (organic, ammonia,
nitrogen, fixed residue, extractables) (www.apesiret.uvp.ro.).

All sources of pollution specified, and other potential sources unnamed, Siret basin, requires
constant monitoring and strict programs to improve treatment technologies and production facilities
(www.apesiret.uvp.ro.).

To avoid risk of accidental pollution, required a series of measures, such as financing investments
for modernization / construction of wastewater treatment plant in due time execution of the work
proposed in phase programs, ongoing monitoring and better treated wastewater discharged into the
receptor; cleaning action of permanent beds watercourses are kept informed public and water users,
the major problems of water pollution (www.apesiret.uvp.ro.).

METHODOLOGY AND RESULTS

The emergence of GIS and image processing technique to examine agricultural pollution on
regional scale has allowed us to relate land use patterns to water quality (Watzin and Mclntosh,
1999). Relationships between lan uses and pollutants in rivers have hence been established in many
studies (e.g. Cuftney et al., 2000; Omernik, 1977; Omento et al., 2000).

In addition, discriminant analysis the boundaries of river were redrawn taking into account cluster
reclasification, limits of the drainage basins and the presence of relief entities (Fig.3). A total of 20
sites were selected inthe basic monitoring network in the Siret hydrographic basin.

In the reference conditions and geological influence, polluted sites are removed from data analysis,
the influence of pollution might be separated from the natural hydrochemical conditions. Most of
the selected sites matched with the Water Framework Directive criterion of being free from human
influence and can therefore be considered as reference sites for Siret river.

The relationships between land uses and nutrient concentration in this study produced important
conclusions. Significant correlation between the percentage of land use and nutrients was found
when selecting both polluted and unpolluted sites.

Urban use increased phosphorus and nitrogen levels in rivers, agricultural use mainly increased
nitrogen compounds and forest use showed negative correlations with nitrate and phosphate. This
negative correlation supports the opinion that forest catchments periodically retain larger amounts
of these components (Bellos et al., 2004).
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The high percentage of agriculture and urban use, along with high densities of livestock, caused
ammonium and phosphate pollution. In these areas, the agricultural system predominates, where
cereals, with farms and animal manure as an important source of ammonium and phosphate. The
absence of large urban areas in calcareous headwaters leads us to attribute the high nitrate values to
agricultural activities (Bellos et.al, 2004) although lithology could also be the factor responsible for
high natural nitrate levels (Halloway et al., 1998).
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Fig. 3 Study area river Siret

The percentage of catchment dedicated to agriculture and urban use was the highest and human
impact was greatest in plain and large rivers.

Ammonium was correlated to urban use only in plain and large rivers, thus indicating high
population densities.

Agricultural use was also correlated to nitrite and nitrate in plain and large rivers, with both of them
receiving diffuse agricultural run-off along with many point source sewage from farms, industry
and urban sewage.
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On the other hand, lithology can be another source of phosphate in large rivers since it is released
more by sedimentary rock and metamorphic rock (Meybeck, 1984).
Within the study area, results showed the strong influence of agriculture on river nutrient level.
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Fig. 5 Land use descriptions for the river Siret
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Tabel 1. Land use areas descriptions for the basin Siret

Basin Siret/sites Urban | Mines | Agriculture | Forest | Water | Total Areas

% % % % % m’
SSM Dol 4,4 0 3,66 91,94 |0 52443623,1872524
SMOL Baia 8,27 0 86,42 5,31 0 57675964,876613
SN_Gn 1,73 0,19 |22,56 75,31 0,21 555053271,504
Sbar C 0 0 3,86 96,14 | 0 38534593,2009339
SBI Arg 1,3 0 17,24 81,46 |0 293093153,181
SBI Car 0,11 0 13,87 86,02 |0 448081920,901
SP_Sat M 3,14 0,66 |34,82 60,73 | 0,65 19293457,164161
SD Dc 1,48 0,16 |25,01 73,35 |0 604971145,873
STR_Adj 6,75 0,01 26,27 65,86 | 1,11 374958272,926
STR Vr 6,86 0,01 25,75 66,59 10,79 2017511834,44
STR TgO 4,89 0,01 17,14 77,51 10,45 2065682609,33
SSV_Bro 0,1 0 40,08 59,92 |0 53875159,2130797
SMOL_GuraHum | 5,81 0,022 | 25,58 68,12 | 0,47 986244763,331
SSU_Stu 0,79 0,022 | 2,05 97,09 10,05 270185059,283
SMOL CamLung | 3,58 0 39,93 56,49 |0 284940996,417
SMOL Fun Mol | 2,93 0 52,59 44,48 | 0 320834031,578
SSI Sir 2 0 28 70 0 1677527269,25
SSI Les 10,2 0 46,2 41,78 | 1,82 1161338706,33
SSI Hut 4,49 0 36,38 58,01 | 1,12 609432245,953
SSV_Tis 13,66 |0 44,53 39,83 | 1,98 164193024,256

The effect of agriculture in nitrogen river concentration was also clear, nitrogen compounds are
easily oxidised to nitrate and contribute to leakage of nitrate into water, and the larger the surplus
left on the land, the larger the percentage of surplus actually emitted to water.

The effect of agriculture in nitrogen river loading was clear in the study area but poor wastewater
treatment was also patent.

MONITORING THE QUALITY PARAMETERS OF THE SIRET RIVER IN SECTORS
WITH POLLUTION RISK

Between 2009 the months March to August was made an assessment of the Siret River water
quality by conducting monitoring and determination of general water quality parameters. Samples
were collected to determine concentatiei ammonium nitrogen and nitrates. Sampling was done in
intelvalul months March to August 2009. Physico-chemical analyzes were performed for indicators:
the ammonium nitrogen and nitrates, according to current standards for each (Streeter et al., 1985).

Water quality in the river section downstream of Comanesti Urmenis, Please register in March
2009, the presence of ammonium indicator with a value of 0.03 mg / I leads to overstep the a Va
class.
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Fig. 6 The ammonium in March 2009 in the monitoring section Urmenis

Water quality Suceava River in March 2009 is affected by nitrogen ions degrades water quality by
the a Va class.
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Fig. 7 The nitrites in March 2009 on the River Suceava

Water quality Suceava River in March 2009 is affected by nitrogen ions degrades water quality by
the a Va class.
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Fig. 8 The nitrogen in March 2009 on the monitoring section.

Water quality in the river section downstream of Comanesti Urmenis, Please register in August
2009, the presence of ammonium indicator with a value of 0.52 mg / 1 leads to overstep by the a Va
class.
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Fig. 9 The ammonium in August 2009 Siret River Basin sections of control

Water quality Suceava River in August 2009 is affected by nitrogen ions degrades water quality by
the a Va class.
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Fig. 10 The nitrites in August 2009 Siret River Basin sections of control

Water quality Suceava River in August 2009 is affected by nitrogen ions degrades water quality by
the a Va class.

Fig. 11 The nitrates in August 2009 Siret River Basin sections of control
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CONCLUSIONS

To determine the Siret River water quality in the analyzes conducted during March-August 2009, a
continuous monitoring of water quality, the Siret River and its tributaries.

Siret river water is highly degraded (polluted) with condition as "poor" (class V quality), as a result
of exceeding the normal value for nitrates indicator. At the same time, the indicator ammonium
induces moderate quality, and indicators induce nitrogen and total nitrogen status as "good".
Moldova River water quality is affected similarly to the Suceava river water of the same indicators
(nitrites, nitrates, total nitrogen). Note that the calcium indicator leads in one case (section
Campulung - upstream) to the degradation of water quality to Class "bad".

In the coming months, there were no exceedances of the value of this indicator for status as "good"
than the Baia section, in April and in Section Campulung Moldovan - upstream, in May. Similar
findings above, degradation of water quality on the intake Siret River tributaries in its ammonium
nitrates, total nitrogen, are valid for Bistrita River, and River Somuzul Mare. In section Carlibaba in
April and May, because the indicator nitrates, class Bistrita river water quality is "poor".
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Utilizarea  programelor CFD pentru retehnologizarea
instalatiilor de epurare

Mocanu C.R.
'Universitatea Politehnica Bucuresti

Abstract

In this paper the author present the need to modernize the aeration equipments used in biological reactors of
wastewater treatment plant (WWTP). The basic requirements for the correct operation of the biological reactor
are to provide enough oxygen for the biochemical degradation of the organic matter and maintaining the state
of activated sludge suspension flocs. The oxygen mass transfer from air to water is essential in biological
processes due to high energy consumption of the aeration equipments. A comparative study over the aeration
processes in the biological reactors before and after refurbishment of Targoviste City WWTP, will be detailed.

Keywords
Numeric simulation, oxzgen installation, wastewater

INTRODUCERE

Epurarea apelor uzate este un proces complex bazat pe fenomene fizice, chimice si biologice prin
care materiile dizolvate si dispersate in mediul apos sunt retinute si neutralizate astfel ca prin
deversare in mediul inconjurator sa nu se aduca prejudicii populatiei, florei si faunei. Tehnologia de
epurare reprezintd o succesiune de procese unitare fiecare fiind destinat sd refind o anumitd
categorie de corpuri din mediul apos. Eficienta de epurare se refera la intreaga instalatie — eficienta
globala de epurare sau se judeca pe proces unitar: retinere pe gratare, sedimentare, separare grasimi,
eliminare materii organice etc. Pentru fiecare proces unitar se determina eficienta de retinere care
poate avea valori intre 50...98% in functie de instalatia si echipamentul adecvat tehnologiei.

Statiile de epurare a apelor uzate (SEAU) existente iIn Romania au fost concepute si dotate cu
echipamente mecanice corespunzitor deceniului al VII-lea al secolului trecut. in ultimul deceniu, cu
sprijinul fondurilor Uniunii Europene, au fost retehnologizate mai multe statii de epurare orasenesti,
dar situatia pe ansamblu ramane mult in urma cerintelor impuse de mediu si legislatie. Ca urmare
eforturile cercetatorilor s-au axat pe studiul proceselor care pot reabilita rapid situatia existenta.
Avand in vedere ponderea pe care o are treapta biologica in consumul de energie din intreaga statie
de epurare — peste 50% - eforturile colectivelor de cercetare si al scolilor doctorale s-au concentrat
pe cresterea eficientei de epurare in aceasta zona. Complexitatea proceselor din aceastd treapta
necesitd cunostinte diverse de natura fizica, chimicd si biochimica ele fiind la granita dintre
diferitele domenii ale stiintelor mentionate mai sus.

Pentru epurarea biologica aeroba a apelor uzate se folosesc procedee cu alimentare continua sau
discontinua clasificate in: procedeu de epurare cu namol activ, biofiltre, iazuri biologice-lagune
aerate. Aceste procedee diferd prin timpul de contract, timpul de retentie din bazin dintre
microorganisme §i apa uzatd, necesarul de oxigen, modul de utilizare a namolului biologic, structura
si modul de organizare al comunitatii biologice etc.

Procedeul cu namol activ (figura 1), datorita calitatilor ce le prezinta printre care buna adaptabilitate
la variatiile incarcarii organice s-a generalizat ca utilizare.

Procedeul cu namol activ presupune preepurarea apei uzate prin procese fizico-chimice — treapta
mecanica — Tnainte ca aceasta sa patrunda in treapta biologica.

In bazinul de aerare, rectorul biologic, apa uzatda, amestecatd cu namolul activ recirculat, este
oxigenatd printr-un procedeu oarecare, figura 1.1. Apa epurata, in proportie de 94 ... 97%, este
separata de flocoanele de namol activ in decantorul secundar. Diferitele variante ale procedeului
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difera prin modul de incéarcare hidraulicd si organica a instalatiei, corespunzator alimentarii,
timpului de contact si prin raportul dintre substrat i microorganisme.

Apa din treapta mecanicd |  Bazin de aerare Decantor secundar

Apa epurata

Linie de recirculare namol

{

Namol in exces

Fig. 1.” Schema generala a procesului tehnologic de epurare a apei uzate cu namol activ.
Procedeu conventional

Procedeul cu namol activ in afarda de bazinul de aerare si decantor se efectueaza si intr-o alta
varianta. Se folosesc doud bazine de aerare in serie, in primul bazin se introduce namolul recirculat
si in al doilea apa de epurat. Procedeul are denumirea de regenerarea namolului prin contact -
stabilizare.

Simularea numerica asupra procesului de aerare in treapta de epurare biologica a statiilor de
epurare.

In acest subcapitol se prezintd doud cazuri de simulare numeric:
1. simularea numerica a procesului de aerare din treapta biologica de epurare
1.1. Aerare cu tevi perforate
1.2. Aerare cu difuzori cu membrand elastomer

1.1. Simularea numerica a dispersiei oxigenului in masa de apa printr-o refea de tevi perforate

Simularea numerica s-a realizat pentru o configuratie existentd de bazin de aerare. Lungimea de
50m, latimea 3m, indltimea 3m. Tevile perforate au un diametru de 25mm, cu diametrul gaurii
perforate 1,5mm. S-au considerat 25 de tevi dispuse la o distantd de 2m una fata de cealalta.
S-au facut urmatoarele consideratii

= Apa este considerat fluid continuu.

= Aerul este considerat fluidul dispersat

= Diametrul bulei 1,5 mm

= Presiunea de referinta latm.

= S-a introdus o variabild aditionala concentratie de oxigen. In domeniul considerat variabila

aditionald se va supune ecuatiilor de transport.

»  Temperatura fluidului 25°C.

=  Se considera modelul de turbulenta ke.

= Viteza de curgere a apei 0.5m/s — in directia lungimii bazinului — migcare de tip piston.

= Concentratia de oxigen introdusa 10 kg/nr’.

= Se considera turbulenta medie, generata de bulele de aer degajate de la reteaua de distributie.
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Fig. 2 Evolutia concentratiei de oxigen in plan vertical

{-ﬁ

o 5000 10000 {mi
[ Eaaaaw | .
2500 7500 T

Fig. 3 Evolutia concentratiei de oxigen in plan orizontal la nivelul tevilor perforate
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Fig. 4 Evolutia concentratiei de oxigen in plan orizontal la 1m naltime de radier

Variatia Concentratie de Oxigen Dizolvat
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Fig. 5 Variatia concentratiei de oxigen dizolvat in functie de lungimea bazinului
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Fig. 6 Variatia concentratiei de oxigen dizolvat in functie de adancimea bazinului

In figurile 5 si 6 se observa evolutia concentratiei de oxigen dizolvat in interiorul bazinul pe
diferite planuri. In figura 5 se observa cum concentratia de oxigen dizolvate este de 0 kg/m’. Acest
lucru trebuie evitat in exploatarea bazinelor de aerare. In figura 6 pe liniile corespunzitoare
lungimilor de 20m, 30m si 40m concentratia de oxigen dizolvatd este mai mica deoarece acestea se
afla intre doua tevi de aerare.

2. Simularea numerica a dispersiei oxigenului in masa de apa printr-o retea de difuzori cu
membrana elastomer

Reteaua de aerare cuprinde cate 3 difuzori pe lagime si 48 difuzori pe lungime, dispusi asimetric,
mai aproape de peretele deasupra caruia este platforma cu magistrala de aer, la o distanta de
aproximativ 0,7m. Distanta intre difuzori, pe latime este de aproximativ 0,5m, ceea ce face ca
latimea libera a radierului sa fie de aproximativ 2,00m. Se creeaza astfel o zona fara bule de aer,
mai mare la baza si mai mica la suprafatd (in miscarea ascensionala bulele de aer se indeparteaza
unele de altele si 151 maresc diametrul). Aceasta genereaza curenti de apa circulari, cu dispunere

predominanta pe verticald, ascensionali in zona retelei de dispersie si coboratori in zona radierului
liber.
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Fig. 7 Evolutia concentratiei de oxigen in plan vertical
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Fig. 8 Evolutia concentratiei de oxigen in plan orizontal la nivelul dispersorilor
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Fig. 9 Evolutia concentratiei de oxigen in plan orizontal la 1m Tnaltime de radier
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Fig. 10 Variatia concentratiei de oxigen dizolvat in functie de lungimea bazinului

In figura 10 se observa faptul cd concentratia de oxigen dizolvat scade pe indltimea
bazinului, dar aceasta ramane in limite normale de functionare.
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Variatia Concentratiei de Oxigen Dizolvat
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Fig. 11 Variatia concentratiei de oxigen dizolvat in functie de adancimea bazinului

In figura 11 se observa o evolutie constantd a aerului pe adancime, ceea ce aratd ca in bazinul de
aerare se mentine o concentratic constantd la acelasi nivel. Acest lucru este dorit intr-o instalatie
reald pentru o buna indepartare a materiilor organice.

CONCLUZII

Retehnologizarea statiilor de epurare conventionale cu namol activ supraincarcate pare a fi o solutie
promitatoare, mai ales cand exista limitari de spatiu sau este nevoie de modificari care ar necesita
investitii prea mari. Retehnologizarea statiilor de epurare pentru a intensifica indepartarea CBOs,
nitrificarea, denitrificarea si proprietatile namolului poate fi obtinutd prin optimizarea sistemului
existent schimband configuratia reactorului biologic si/sau inlocuindu-1 cu un proces cu capacitate
biologicd mai mare, cu o combinatie intre procesul cu namol activ si procesul cu peliculd biologica
atasata.

Cunoasterea distributiei oxigenului dizolvat pentru intregul volum de apd continut de reactor
faciliteaza determinarea punctelor de amplasare a senzorilor de oxigen dizolvat, element extrem de
important in cazul implementarii unui astfel de sistem. Avand in vedere faptul ca pe baza datelor
transmise de senzori se regleaza turatia suflantei si implicit debitul de aer furnizat, se explica
importanta cunoasterii distributiei de oxigen pentru intregul reactor. Astfel, in procesul de operare
este eliminata posibilitatea aparitiei zonelor de apa moarta, ce pot perturba functionarea in conditii
optime a intregii statii.
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Implementation of an integrated quality — environment system in
the water — sewerage operators and in the public local
administration — a guarantee for the quality of services provided
to people

Anghel A., Criste V.

National Research and Development Institute for Industrial Ecology — INCD ECOIND, Drumul Podu
Dambovitei , 71-73, Bucharest cod 060652, Romania, phone:021.410.03.77  fax: 021,410,05,75/412.00.42;
e-mail :mmc@incdecoind.ro

Abstract
One of the major challenges that society must face them today is the need to develop and maintain quality
public services, including water channel at a tolerable cost to citizens

An integrated quality and environmental management is how a water-sewerage operator or local government
can direct and control of its activities to meet local community needs and expectations for local sustainable
development. In general, a management system consists of the organizational structure together with the
planning, processes, resources and documentation necessary to achieve goals and provide continuous
improvement of products and services.

The ISO 9001:2001 "Quality management systems - Requirements" and ISO 14001:2005 "Environmental
Management Systems. Requirements with guidance for use "have gained widespread acceptance as a basis for
such integrated system. Effective implementation provides an excellent tool for both water —sewerage operator
and the local government can provide to citizens the confidence that their needs and expectations are fully
understood and can be solved on a solid base and a suitable time and with acceptable costs, respecting and
protecting the environment.

The paper presents a methodology developed in INCD ECOIND implementation and evaluation of quality
management systems and environment adapted to local government, as well as a water — sewerage operator ,
similar to those used in the EU and worldwide.

The methodology consists of:

«Preparation,  implementation and audit report for estimation of current diagnosis;
& QMS and EMS organization and design;

& Training management team in quality and environmental management, focusing on a series of standards ISO
9000 and ISO 14001;

& Making the initial environmental analysis as a starting point in creating environmental management system;
& Establish policy and objectives and environmental quality, environmental targets and environmental
management program development;

& The development, evaluation, optimization and validation documents QMS and EMS system (procedures,
quality manual and the environment);

& Implementation of QMS and EMS documents prepared;

& Evaluation of implementation of QMS and EMS;

& Assessment of quality costs.

Keywords
Environmental management system, evaluation, implementation, methodology, public administration, public
services, quality management system.
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