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1.

1.1

INTRODUZIONE

Trans Adriatic Pipeline (TAP) & un progetto per la costruzione di un nuovo gasdotto per il
trasporto del gas naturale dalla Regione Caspica all'Europa Centrale e Meridionale.

Il gasdotto, lungo circa 871 km, trasportera il gas dal confine Greco-Turco all'ltalia
Meridionale, attraverso la Grecia, I'Albania, il mare Adriatico fino alla costa dell’ltaliana.

Nella seguente Figura 1.1 € mostrata la posizione del tracciato del gasdotto.
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Figura 1.1: Tracciato del Progetto Trans Adriatic Pipeline

DEFINIZIONI
Proponente TAP AG
Appaltatore (per la sezione a mare) Saipem S.p.A.
Progetto Trans Adriatic Pipeline Project

SCOPO DEL DOCUMENTO

Il presente documento €& stato richiesto da TAP AG a Saipem S.p.A. per rispondere ai
commenti ricevuti da ARPA Puglia e ISPRA in risposta alla documentazione presentata da
TAP AG in merito alla prescrizione A.27 (Ref. D.M. 0000223 del 11.09.2014).

In particolare, la presente nota risponde ai commenti inerenti la scheda di sicurezza del
prodotto “HIDROPOL P” (Rif. sezione 2.4 al riferimento [3]).
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3. DOCUMENTI DI RIFERIMENTO

[1] Decreto di compatibilita ambientale del Ministero dellAmbiente e della Tutela del
Territorio e del Mare — D.M. 0000223 del 11.09.2014.

[2] OPL00-C10713-000-B-TVN-0001 ‘Nota tecnica prescrizione A.27’

[3] LT-ITSK-TAPIT-00373 ‘Relazione tecnica congiunta ISPRA/ARPA Puglia -
Prescrizione A.27°

RISPOSTE

Commento 1 (Rif. sezione 2.4 al riferimento [3])

[...] Se i prodotti impiegati dovessero differire da quelli riportati nelle schede di sicurezza
trasmesse e oggetto della presente analisi, prima dellinizio dei lavori, si chiede l'invio delle
schede di sicurezza dei prodotti realmente da utilizzare per la preparazione dei fanghi di
perforazione. [...]

Risposta

Al momento I'Appaltatore conferma, per la preparazione dei fanghi di perforazione, 'uso dei
due prodotti di cui € stata fornita la scheda di sicurezza. In ogni caso, I’Appaltatore non puo
escludere che i prodotti potranno essere cambiati. Se i prodotti impiegati per le operazioni di
scavo del microtunnel dovessero differire da quelli riportati nelle schede di sicurezza
trasmesse, come richiesto, prima dell'inizio dei lavori I'Appaltatore fornira in maniera
tempestiva la scheda di sicurezza del prodotto che verra utilizzato.

Commento 2 (Rif. sezione 2.4 al riferimento [3])

[...] - Il Cas number 28085-02-3 indicato sulla scheda non corrisponde alla CMC bensi alla
“acrilammide”, prodotto totalmente differente. Il CAS corretto della CMC e 9004-32-4. [...]

Risposta

Il ‘CAS number & stato modificato (Rif. sezione 3.1 della scheda di sicurezza aggiornata
allegata alla sezione 5).

Commento 3 (Rif. sezione 2.4 al riferimento [3])

[...] - Ai punti 12.2 “persistenza e biodegradabilita” e 12.3 “potenziale di bioaccumulo” e
riportata “non rilevante per le sostanza inorganiche”, ma e evidente come questo sia errato
essendo il CMC di una sostanza ORGANICA, pertanto non € accettabile quanto riportato. Tali
aspetti rivestono una particolare importanza vista la prescrizione specifica. [...]

Risposta

| punti sono stati integrati nella scheda di sicurezza aggiornata (Rif. sezione 12 della scheda
di sicurezza aggiornata allegata alla sezione 5).

Commento 4 (Rif. sezione 2.4 al riferimento [3])

[...] - La sezione 12.2.1 ‘tossicita sugli invertebrati acquatici” non é leggibile a causa
dellimpaginazione. [...]
Risposta

Nella sezione 12 della scheda di sicurezza rivista e allegata alla sezione 5, sono state
riportate le informazioni ecologiche.
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Commento 5 (Rif. sezione 2.4 al riferimento [3])

[...] - Obbligo registrazione Reach: per i polimeri c’e¢ I'esenzione dalla registrazione quando
questi contengono una percentuale di monomero residuale inferiore al 2% oppure che |l
monomero stesso sia gia stato registrato dal produttore; si ritiene in ogni caso che i motivi di
esenzione debbano essere esplicitati adeguatamente nella scheda di sicurezza. [...]

Risposta

Vedasi sezione 3.1 della scheda di sicurezza rivista e allegata alla sezione 5.

Commento 6 (Rif. sezione 2.4 al riferimento [3])

[...] - Obblighi di etichettatura e classificazione ai sensi del Reg 1272/2008Ce del polimero: &
evidente che la scheda di sicurezza contiene errori grossolani (CAS errato) e carenza
descrittive (quantita ed origine del monomero residuale presente) tali da non poter esprimere
un giudizio adeguato. [...]

Risposta
Vedasi sezione 15 della scheda di sicurezza rivista e allegata alla sezione 5.
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SCHEDA DI SICUREZZA AGGIORNATA DEL PRODOTTO “LAVIOSA
HIDROPOL P”

In seguito ai commenti ricevuti, il produttore Laviosa ha fornito una scheda di sicurezza
aggiornata del prodotto “LAVIOSA HIDROPOL P”.

La scheda di sicurezza datata Novembre 2016 in versione 6 qui allegata, sostituisce le
revisioni precedenti della scheda di sicurezza.
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LAVIOSA PRODUCT DATA SHEET

Advanced Minenal Solutions
civil_engineering@laviosa.com
mpcidimpcfr. com

CIVIL ENGINEERING

HIDROPOLP

GOMMA DI CELLULOSA

Descrizions HIDROPOL P & un polimero solubile in acqua derivato dalla cellulosa
presente in natura. Si tratta di una gomma di cellulosa altamente
purificata, conforme al regolamento (EU) n 2312012 per I'uso in
applicazioni alimentar .

Mome chimico Carbossimetilcellulosa sale di sodio (CMC)
Nome prodotio HIDROPOL P
SPECIFICHE DT PRODOTTO
Umidita, % max. 10
Contenuto attivo, % (bass min. 9,5
secca)
Grado di sostituzione 0,7-09

Viscosita 1% Brookfield LYV a - | min. 10000
25°C, elica # 4, a 30 rpm, (cps)

pH (% 1) 6,5 - 8,5
Aspetto Polvere bianca
Trasporto HIDROPOL P Non & dlassificato pericoloso nella regolamentazione dei
brasporta
Il materale deve essere conservato nel confezionamento originale in
Stocagagio ambienti chiusi ed asciutt.
Periodo di validita del prodotto & di 2 anni
CAS Mo 9004-32-4
COPANY WITH GUALITY HARACEHENT Laviosa Chimica Minzraria SpA - sly
SYSTEH CORTIFILD Y DAY Laviesa Sanayi we Ticarzt Ltd Sti - Turkey
150 9001: 2008 Laviosa MPC sas - Framce:

Lawiosa Trimex Industries Pt Lbd - India
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LAV'OSA Material Safety Data Sheet

Adhvaneed Minerol Salu Hons

civil enineeringiflaviosa. com

LAVIOSA NOME PRODOTTO HIDROPOL P

Questa scheda di sicurezza risponde alla Direttiva REACH fitolo 4 / annesso 2 & 150 11014

HIDROPOL P
Wersion:
Emission date: Movembre 2018

Sezione 1 - ldentificazione della sostanza / preparato e dell’'azienda

1.1 - ldentificazione della sostanza / preparato

MNome della soszfanza : HIDROPOL P

Nome chimico / sinonimi: Carbossimetilzellulosa-sodica- Cellulosa — CMC — MaCMC
sale di carbossimetl cellulosa

Nome commerciale del prodotio: HIDROPOL P

1.2 — Uso della sostanza | preparato

HIDROPOL P & utilizzato nei seguenti campi industriali:

- Additvo alimentare nella nuirizions umana ed - filtrazione (e.g. olio, bira, vino)
animale - fonderna

- ambients - geotecnica

- cara - ingegneria civile

- ceramica - letliere per gatti

- detergenza - perforazioni

- ediizia - pitiure & vemici

- enclogia - alimentazions

- famaceutica e cosmetica — acoue

1.3 - ldentificazione della compagnia

LAVICSA CHIMICA MINERARIA S.p.a.
Via Leonardo da Vimci, 21 — 57123 Livoma, [TALY
Tal +32-0585-434000 chisdere di Andrea Biasci

Fax: +30-0586-434130

E-mail: jlcmiilllavicsa.com:

Website: ywww laviosa .com

E-mail responsabile per scheda di sicurezza in EL: andrea biascifilaviosa.com
1.4 — Numero di emergenza: tel .+30 058G 434175 cell +39 335 314770

COMPANY WITH Laviosa Chimica Mineraria Sph - laly
QUALITY SYSTEM Lavinsa Sanayi ve Ticanet Lod 5t - Turkey

Lavizsa MPC zas - F
CERTIFIED BY DNV GL Lawizsa Trimex i'ldu:h'ies P:::ui T::
=20 g0l =
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Sezione 2 — ldentificazione dei pericoli

2.1 Classificazione della sostanza

2.1.1. Classificazione seconds regolamento CLP (EC) 127272008 : Mon classificata

2.2 Etichettatura

2.2.1. Etichettatura secondo il regolamento (EC) 12722008 [CLP] : la sestanza non deve essere elicheiiata
secondo il regolamentc CLP (EC) 127272008

2.3 Altri pericoli

2.3.1. Soluzioni acquose o la stessa polvere possono produrre superfic estremamente scivelose. Rischio di
esplosions

Sezione 3 — Composizione chimica ! Infermazioni sui componenti

3.1 Sostanze

ComponenthCAS Mo: Carbassimeti] cellulosa sale di Sodic) 8004-32-4
EC\REACH: esente | in guanio il monomers & registrato)

EU CLP Classificazione: non classificata

EIMECS Mot MW

Pi Erammi frasi H&F ed altro: non aeelit:abili

Sezione 4 — Misure di primo soccorso

Messuna azione da evitare, nessuna speciale istruzicns per i soccormitorn.

Contatto con la pelle: togliere immediataments tutti | vestiti contaminati lavare la pelle con acqua e
possibiimente sapone nelle parti che sono state a contatio com il materiale, ed ache quelle presunts

Contatto con gli ccchi: lavare abbondantaments con acqua, contattare medico se necessaric

Inalazicne: portare il paziente ad ara fresca

Inﬁestic»ne: contattars il medico

Sezione 5 — Misure antincendio

Strumentazione utilizzabile in caso di incendio: geto di acgua- schiuma resistents ad aleal- CO2
Strumentazione da evitare per lo spegnimento di incendio al fine di evitare particolari reazioni: non
determinats

Pericoli speciali durante incendio © potrebbers svilupparsi furni alealing 2 monossida di carbonie (CO02)
Speciale equipaggiamento da wtilizzare per lo spegnimento: respiratore con maschera protettiva dai fumi
Altre precauzicni: con utilizzo di acgua, potrebbero formarsi superfici scivolose

Sezione & — Misure in caso di fuoriuscita accidentale

Precauzioni personali: evitare formazioni di polvers, il materale diventa scivolose a contatio con acqua
Precauzioni ambientali: non disperdere il materiale nell’ ambients

Metodi di pulizia: spazzare a secco, evitando di utilizzare acqua

Altre istruzioni: per le protezioni personali vedere sezione 8

COMPANY WITH Laviosa Chimica Mineraria Spé - faly
QUALITY SYSTEM Laviosa Sanayi ve Tiaret Ltd 5t - Turkey
CERTIFIED BY DNV GL Laviosa MAC z3z - France

Laviesa Trimex Industries Pyt Lid - India
=[50 8001 =




Trans Adriatic TAP AG OPL00-C10713-000-B-TVN-0014 Rev. No.: 5
Pipeline Doc. no.:
5 Doc. Title: NOTA TECNICA PRIES?DCRR);I/ZAISS)E A.27: RISPOSTA A Page: 11 of 21
SAIPEM
LAVIOSA
Sezione T — Manipolazione e stoccaggio:
Manipolazione: evitare formazions di povere & contatt con acqua
Stoccaggio: stoccare in luogo asciutto, provwedere ad una adeguata ventilazione mei locali.
Precauzioni particolan: Mon sona nchisste misurs tecniche o precauzioni particolarn.
Sezione 8 — Controllo dellesposizicne/Protezione personale
8.1 - Valor limite di esposizione
Mon determinato.
8.2 - Controlli di esposizions
Controllo esposizione in utilizzo: tenere adeguata ventilazions nel posto di lavon
Protezioni respiratorie: utilizzare maschere con filtn P2
Protezioni mani: utilzzare guant protetivi (Europe EM3T4, US FT39)
Protezioni occhi: ulilizzare occhiali protetivi (Eurcpean standard- EM 186)
Protezione pelle: vestiti normali
Protezioni generali: evitare contatto con pelle ed occhi, non inalars
Controlli esposizions ambientale: nessums
Sezione 9 — Proprieta fisiche e chimiche:
9.1 - Informnazioni generali
Calore bianco o giallino, incdore poleere o granuli
8.2 - Informazioni importanti per la salute, la sicurezza & ambiente
pH: G- 11 (soluzione 1%}
Punto di ebollizions { intensalio: Mon disponibile
Punio di infiammabilita: Mon disponibile
Infiammakilita: Mon disponibile
Temperatura di innesco: Mon disponibile
Limite esplosiva inferiore: min. 125 g f m3
Limite superiors di esplosivita: Mon disponibile
proprietd ossidant | Messuna
Tensione di vapore: Mon disponibile
Densita: ~ 1,8 g/ em3 (20 ° C}
Dencita apparente: 400-820 kg / m3
Solubilita in acqua: in tutte |2 proporzicni di soluzione colloidale, calda e fredda
Coefficients di riparizions: Fow <- 0,1 per tutti gli imgredienti (n-ottanole ! acqua)
Viscosita (cps): 10-10,000 (% 2 - 25 ° C Brookfield LVT)
Dencita di vapore: Mon disponibile
Velocita di evaporazione: Mon disponibile
Alire informazioni : Mon solubile in grasso
[=]
-
2 COMPANY WITH Laviosa Cimina Mineraria Sph - isly
g QUALITY SYSTEM Lawiosa Sanayi we Ticaret Ld Sti - Turkey
CERTIFIED BY DNV GL Laviesa WPC s2s - France

Laviosa Trimex Indussries Pril - India
=150 8001 =
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Sezione 10 — Stabilita e Reattivita:

Condizioni da evitare: Mon conosciute

Materiali da evitare: materiali ossidanti

Prodoftt di decomposizions pericolosi: Ma20 alealing

limite di decomposizione termica: =240 ° C

Sezione 11 — Informazioni tessicologiche:

tossicologia acuta orale : LD Hlc= 16.000-27.000 myg [ kg (ratic)

tossicitd bassa, pud causare disagio & / o vomito.

Tossicitd acuta per inalazione : LC 50> 5300 mg / m3, 4 ore (ratio)

Tossicita acuta per via cutanea L&D 2000 mg ! kg (coniglic)

Irritazione e comosivita : Messuna

Sensibilizzazione : Pud causare una leggera imitazione agli occhi e una leggera imitazione
della pelle s2 il tempo di contatto & lungo.

Carcinogenicita : Mon elencatos da NTP e LARC.

Tossicita cronica : non applicabile

Sezione 12 — Informazicni ecologiche:

12.1 Tossicita

Ecotossicita e tossicita in acqua. Il prodotio non & classificato come pericolose per gli arganismi acquatici o
per I' ambiente LCS0 = 21.000 mgf a 86 ore, LCEAD = 560.000 mgf (a B8 ore in acqua di mare su
gasterosteidae)

BOD: BODT circa 50-100 g O2'kg

COD: circa 900 g 02 /' kg

Biodegradabiliti- Biodegradabile, lentaments. ()
Mobilita: Mon disponibile

Potenziale di bioaccumuloe: Messuno

Altri effetti avversi: Mon determinato

Sezione 13 — Considerazioni relative allo smaltimento:

13.1 Materiali di scarto o inutilizzati:
In conformita con le disposizioni locali, statali & nazionali, secondo nomie vigenti.
Catalogo europeo dei rfiuti (CER): 160,308

Sezione 14 — Informazicni sul trasporto:

ADR I NEssuUna restrizion:s
ADMNR : Nessuna restrizione
RID : nessuna restriziome
ICACHIATA : nessuna restriziome
IMCAMDG I pessuna restriziome
nomi di spedizions - carbossimeficeluloza, CMC.
COMPANY WITH Larviosa Chimica Mineraria Sph - fealy
QUALITY SYSTEM Lawiosa Sanayi ve Ticaret Led St - Turkey
Lavizsa MPC sas - France
.:EH.“‘Fllgg ;;I;':”DP'&' GL Laviosa Trime x Industries PvtLid - India

®In relazione alle caratteristiche di biodegrabilita si faccia riferimento alla dichiarazione
fornita dal produttore (Rif. sezione 5.1).




SO O A D

Classificazione secondo il Regolaments CE n. 127272008 - (CLP): Mon classificato
Etichettatura (REGOLAMENTO (CE) M. 1272/2008): Messuno

Regolamente OSHA f US| HCS: Mon classificato

Regolamento GOST 31340-2007: Mon classificato

Regolamento SEA : Non classificato

Sezione 16 — Altre informazioni

Restrizioni d'uso: Mon disponibili
Fonti dei dati: Letteratura

Mota: Questa versione & rilasciata al fine di conformarsi alle disposizioni del regolaments (CE) 1907/2006:
REACH e (UE) M. 453/2010.

Revisione n® 06, Data di Emissione:18/11/2016, data precedente versione:07/08/2014

| dati forniti & le informazioni in questa scheda di sicurezza sono redatti in base delle nostre conoscenze,
pratiche comuni e la letteratura alle scopo di descrivere il prodotic in termini di sicurezza. Esso non fomisce
alcunma garanzia relativa all'uso del prodotto da solo o in combinazione con altri prodotti in caso di si verfichi
un evento imprevisto. Gli utenti song invitati a fare i propri test per determinare Fidoneita di ciascun prodotto
per la loro destinazione d'uso e individuale

COMPANY WITH Laviosa Chimica Minerria Spd - ialy
QUALITY SYSTEM Laviosa Sanayi ve Twanst Lid 5 - Turkey
CERTIFIED BY DNV GL Laviesa MFC saz - France

Lavicsa Trimex Industries Pvt Lid - India
= |50 8001 =
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Sezione 15 — Informazioni sulla regolamentazione
aetichettatura di avwertimento pericolo : Mon abbligataria
H & P frasi : Nessuna
valutaziocne della sicurezza chimica : Mon necessaria
Vedere le sezioni n® 2, 3, 8, 11 & 12 per informazioni chimiche
Compaonant EC/ LIETY Tarwas Fhiligpines | China | Australia Hem
1Cas No REACH | (TBCA) | Caada Japaa Hotea | ECH) PICCS} | (ECSC) | [AKS) | Zealssd
(K@e|
Sodiiim
Camemmey | Exerpled | Present | Fresend | G S KE Kominated Fresant | Frésant | Present | Fresem
Celuoae L T R
G414 1T (L)
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5.1

LAVIOSA HIDROPOL P — DICHIARAZIONE SULLA BIODEGRADABILITA

Di seguito é riportata una dichiarazione del produttore riguardante il tempo di biodegradabilita
del prodotto Laviosa Hidropol P.

_Eng_Rev(2

MO 04 A H_En

LAVIOSA

Advanced Mineral Solutions

LIVORNO, li 090112017

Oggetto : HIDROPOL P -

Con la presente si dichiara quanto segue.

1l nostro prodotto denominato HIDROPOL P e composto da carbossimetilcellulosa (CMC) e
tale prodotto deriva da lavorazione industriale della cellulosa.

1l processo di produzione per la Hidropol P si limita solamente a rendere la cellulosa
solubile in acqua e per tale motivo la biodegradabilita rientra nella sua essenza.

Il prodotto Hidropol P & biodegradabile, intrinsecamente, lentamente.

1l termine “lentamente” biodegradabile si riferisce alla velocita e quindi al tempo necessari
ad avere una degradazione; il tempo stimato della biodegradabilita nella fattispecie € di
circa 60/80 giomi (riferimento a letteratura).

1l test di riferimento per valutare 12 biodegradabilita della carbossimetilcellulosa (CMC) &
fatto in accordo all’ OECD (Organisation for Economic Cooperation and Development Test
Guidilene 301 A) e a tal fine si allega la documentazione in letteratura: "THE
BIODEGRADABILITY AND NONTOXICITY OF CARBOXYMETHYL CELLULOSE" -
Envirnomental Toxicology and Chemistry, Vol.15, N.°3, pp.270-274,1996 — 1996 SETAC.

Infine si dichiara che Hidropol P & una CMC con grado di purezza elevato (superiore al
99%), per tale motivo viene anche utilizzata nell’ industria alimentare come CMC Food
grade (identificata con la sigla-E466) in quanto risponde ad i criteri richiesti dalla Food
and Drug Administration ("Agenzia per gli Alimenti e i Medicinall', abbreviato in FDA) e
della corrispettiva Bundesinstitut fur Risikobewertung (BfR) tedesca.

Claudio Traversi
Tevhmicol Maneger CE gl Dritling
= da0y i firvesser i St
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5.2 ARTICOLO SULLA BIODEGRADABILITA DEL CMC

Di seguito € riportato un articolo, da letteratura scientifica, riguardante la biodegradabilita e
non tossicita del CMC.
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THE BIODEGEADABITITY AND NONTOXICITY OF CARBOXYMETHYL
CELLULOSE (DS 0.7) AND INTERMEDIATES

CoRMNELIS G. vaAN GINKEL* and SaraH GayTon
Akro Nobel Central Ressarch, Analytical and Favironmental Chensistry,
PD. Box 53000, 6800 58 Arpham The Motherlands

(Recerwd § May 1995, docepied 1 Amguer 1995)

Abstract—{Carboxymethyl cellulose (CMC) with 2 degres of substimtion of 0.7 is 2 water-soluble polyvmer. In some cases, CHIC ends
o in wasbewatr satment plants and, uiticately, in the envizozment. Carbcaymetind cellulose degrades conspletely at low rates
the enviromment #s demonstaned o a prolomged closed bottls tést and in 2 semicontizeons actvated shdgs test. The comtmmom s-Sow
activated shndge (CAS) test simmlros swwege meatmsent plants. In the CAS test the CAMC added to raw sowage prior to entering the
binreactor was partly biodagraded by mxicroorgemicms. The ofimant from the mactor containing intermedixtes was thean usad in vtandard
a.q_'mhr poxicity tests. No toxicity was shown i the effinent, which indicates that the fermediates formed by biodsgradation are not

Carhoxymathy] cellulose miermedistes produced by 2 pum colture of 3 CMC-degrading bacterinm wrare also shows mot to be
1nnc became mo affects wam obsarved at the highast concentrations tested: 0.5 gl for Selomastron copricormenm (alzas), 1.0 gL
for Dapheria magna (wates fisa). and 1.0 gL for Brachydanio rero (zobra fish). In addition, the nootoxicity of CMC to these mquatic
organisoy was established with no-effect concentrations of = 0.3 g'L.

Ervword:—Carboxymsthyl cellulose

INTREODUCTION

Carboxymethyl cellulose (CMC) iz a water-soluble semi-
synthetic polymer in which part of the hydroxyl groups of cel-
halose has been replaced at random by carbergymethy]l zroups.
Carborymethyl cellulose is thersfore composed of eight dif-
ferent glocess units, namely ope unsubstiruted, three monosob-
stinated, three disubstitoted, and one wisubstinted. The average
mmber of carboxymethyl groups per glacose unit is denoted
by the depres of substitotion (D5). Carboxymethyl cellulose
with a DS ranging from 0.4 o 1.3 has become the largest in-
dustrial cellolose ether becanse of ifs versatile applications m,
for example, detergents and odl drilling. Thae to these uses CMC
ends up in the environment The widespread use of CMC and
the discrepancies berween the different reports on the biodeg-
radation of CMC [1] ilustrate the need for a betier evaluation
of the behavior of thiz compound in actvated shidge systems
mnd n the receiving surface waters.

The biedegradation of CMC has been smdied [2.3]. Becanse
CMC, like cellulose, cannot enter cells, cellulolytic enzymes
mre of necessity secreted into the mediom and'er “bound to the
outer surface of CMC-deprading microorganisms. dgroedacte-
rinm CM-1, a CMC-degrading microcrpanism, hydrolyzes the
acetal bonds. Unsubstiiated and menosobstimated §-glocose re-
leased by the enzymatic hydrolysis are mefabolized resulting
in a partial biedegradation of CMC by a pure cultue [3]. The
mmber of substiiwents of CMC determines the extent of this
initial biodegradation. Other microorganizms may be capabls
of ufilizng the carboxymethylated olipomers formed by the
CMIC-dezrading micreorganisms.

The purpose of this sady was to determine the complete
hindepradation of CMC (DS IZI"J.mdm assess the aquatic tox-
icity of CMC and hiodegradation products of CMC. To this end,
a prolongzed closed boittle test, a semicontimous activated shidze
(SCAS) test, and »quatc tomicity fests with CMC (D5 0.7) and

* To whom cormespondence pay be addrmased.

Biodsgradability  Aquatic tomiciy

CECD tusts

bindezradation products of this compound have been performed.
In additson, a comtmoous-flow activated shudze (CAS) test was
coupled to aguatic toxicity fests in order fo determine the tox-
icity of infermediates (ie., carbexymethylated olipomers).

KMATERIALS AND METHODS
Chemicais

Carboxymethyl cellalose (DS 0.7) was obtained from Akzo
Nobel BU Functienal Chemicals, Amersfoort, The Netherlands.
Other chemicals of the highest quality came from Janssen Chim-
ica, Besrsa, Belgiom The degradation products of CMC were
produced by incubating CMC (DS 0.7) with dgrobacierium
CM-1 in a chemostat culture. The depradation products were
prepared as described previously [3].

Tast organizms, activated siudee, and domestic Tewage

Preudomanas putida (DEM 500248) was purchased from the
Deutsche Sammbong von Mikro-orpanismen (DSM). Bruns-
wick, Germany. Selenartrum capricormuim (CCAP 178/4) was
obtained from the Culture Collection of Alzae and Protazoa
(CCAP)., Ambleside. Cumbria, United Kingdom. Dapfmin mag-
ni was oultured continueusly in a standard medium and Bracky-
danio rerie was purchased from a local aquarium retailer Sec-
ondary activated slodge and prmary sstiled sewaze were col-
lected from the wastewater treatment plant (WWTE) Nr-
euwgraaf Duiven, The Netherlands, The WWTP Nieuwgraaf
is an activated slodge plant treating predominantly domestic
IEWAZE.

Anajyzes

To determine the nonpurgeable corpanic carbon (WPOC), ef-
fluent zamples of both the 5CAS and CAS test were fltered
nsing cellulose nitrate filters (8.0 pm) in order to remove slndge
particles. The filtered samples were acidified pricr to mjecting
in a Dighrmann DC-190 TOC apparatos (Fosemount Inc, Santa
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Clara, CA, USA). The pH of the supematant liquor was deter-
mined with a micrecempuater pH meter Consent P207 (Consort,
Turohout, Belzium). The dissobved oxygen concenTations were
determined electrochemically using an oxygen elecoode (WTW
Trioxmatic EQ 200) and meter (WITW OXI 330) (Fetch BV,
Ochten, The Netherlands).

Cell densities of Prendomones putids and Selenartrum cap-
ricornuiim were determined in a tarbidimeter Ratio/XF. (Hach,
Loveland, OO, USA) and in a spectrophotometer {Shimadzo,
Eyoto, Japan) at 436 nm. respectively. Activated shudge was
filtered over a prewsighed 12-pm cellolose mifrate filter The
dry weight (dry wt.) of activated slodge was then determined
gravimetrically after heating the filter at 105°C for 120 min.
Biadegradability fests

The closed bottle test was performed according to the Or-
ganisation for Economic Cooperation and Development
(OECDY) Test Guideline 301 A [4] with some minor modifica-
tions. Activated shudze diluted to a concenmation of 2 mg dry
wt.L in the bettles was used as inecolum. Ammoniom chlerde
was omitted from the medium to prevent nimification. The bio-
chemiral oxyzen demand (BOLD) was determined in duplicate
m congol and fest bottles using a special funnel to prevemt
spillage of the mediom during the determination of the oxyEen
concentration [5]. Biode pradation was calculated as the mtio of
the BOD to the theor=tcal oxygen demand (ThOD).

The SCAS test was performed according to OECD Test
Guideline 302 A [6). Each S5CAS unit was filled with 150 ml
of activated shudgze and aeration was started  After 23 h asration
was stopped and the shadee was allowed fo sertle for 45 min.
The 150-ml SCAS units were maintained on sewage spiked with
50 mg CMC/L. An idemtical unit withont the addiden of CMC
was operated as a control The cultures were incubated at 20°C
and pH 7.0.

The CAS test has been developed from OECD Test Guideline
303 A [7]. Domestc wastewater was pumped through the re-
actor, which comprised an aeration vessel with a 200-ml work-
mg volume and an activated slodge sepamior Air was imimo-
duced at a rate of 0.5 L'h through sintered glass at the bottom
of the aeration tank . Activated slodge was continuously recycled
to the aeration wessel. The shudge retention fime was mamtined
by daily removing mixed liguid suspended solids from the aer-
ation wessel. The slodge retention fime and the hydraulic re-
tention time of the reactor were 8 d and 6 b, respectively. Car-
boxymethyl cellulese (D5 0.7) was nroduced to one CAS unit
with a syminge pump at a predetermined WPOC content of 30
meL.

Tonicity rests

The acote aquatic toxicity of CMC (D5 0.7) and the bio-
depradation products of this compound were evaluated with the
invertebrate Daphnic magma (water fl=a) and Brachydanio rerio
(zebra fish). Chrooic toxicity tests were carmied out with the
freshwater alga Selenastrrum capricornurum, and the bacteriom
Preudemonar putida. In addition, toxicity was assessed in fil-
tered efftuent of the CAS test and dilutions of this effluent. The
tests were performed according o OECD Test Guidelines
[8,2,10] and methods described by Bringmanm and Fubn [11].
A few specifications of these tests are listed balow:

The Pseudomonas putida growth inhibition test [11] was
performed m 300-ml Erlemmeyver flasks with a side-arm that
could be mserted directly inte a nephelometer. The incubation
temperamre was 30°C.

Emviron. Tomood. Chem. 13, 1998 T

The Erlenmeyer flasks of the algal inhibitien test [B] closed
with cotton-wosl stoppers were moubated at 24°C under con-
timpouns illumimation provided in the spectral ange of 4040 to
T00 nm using 30-W fluorescent lamps of the type “universal
white™ {color temperature of approximately 4.000 K) af a dis-
tance of 35 cm from the cultures. Flasks were shaken at 104
pm oo an orbital shaker Cell counts were made afier 0, 24,
48, 72, md 96 b

The acute teicity test with Daphnia magna [] was carmied
ot in 400-m] beakers containing 230 ml of fest medium covered
with a glass plate. The daphnids were incubated at 20°C with
15 h of ambient lizht per day supplied by Suorescent light mebes.
Effects were determined by observing lack of movement when
amimals were prodded with a glass probe

Dapimiaz magna used to determine the prolonged teedicity [9]
were beld separately m 100-ml zlass beakers confaming 50 ml
of medmm. The mediom was renewed three tmes a week, on
Monday, Wednesday, and Friday. The counting of offspring was
started oo day 7 of the test and then on the days the mediom
was renewed and on day 20. Daphnids were fed with batch-
cultured green algae.

Arute toxicity to fish was determined with Brachydanio revia
[10]. Brachydanic rerio were randomly distdbuted to each of
the test aquaria. The pH and dissolved exypen were checked
after exposure periods of 0, 24, 48, 71, and 5 h Momalitiez
were recorded and dead fish remewved from each agoarium at
these fime persods.

The no-effect concentrations wers calculated by using a one-
way analysis of varance (ANOVA) accompanied by Dunnett’s
mulfiple Ange comparison against a conmol

Coupling of rexts

Efffuent from the CAS test reactor was collacted for 2 wesks,
After filiration of the substantially clear effluent through a 0.45-
pm filter m order to remove microbial cells, the effiuent was
stored at 4°C unfil texicity festing. Acufe toxicity testne of
CAS efftnents was performed with Daphmiz magna amd Braciy-
dania rerig. Chronic toxicity tests were conducted with Prends-
mands putds, Selenorrum capricormuim, and Daphnig magnd.

EESULTS AND DISCUSSION
Biodegradation in standard fests

An incubation of CMC (D5 0.7) in the closed bottle test
yielded 25% biodegradation afier 28 d. followed by a much
slower mcrease of the biodezradadon percentage (Fig 1). Be-
canse 58% of the ThOD was consumed at day 110, a complete
utilization of CMC (DS 0.7) is presumed Partial depradation
of CMC has also been found by others in ready and inhersnt
hindepradability fests within the prescobed test periods. Be-
tween 10 and 40% of the chemical oxypen demand was con-
sumed at day 20 in a Hach appararus [12]. Later Schoher] et
al. [1] showed that CMC was exidized 0 to 55% of the theo-
refical oxyzen demand m closed bodtle tests. Unforfunately,
there is no mention of the DS of the CMCs tested.

In our SCAS test berween days 0 and 20 enly 0% of the
CMC carbon was removed. Next, the removal percentages of
CMC m the SCAS test mcreased. The removal percentages
calculated for CMC (D5 0.7) in the SCAS test are presented in
Figure 1. Three phases can be recognized in this experiment.
First, ap immediate partial removal of WPOC probably due to
the oxidation of some unsubstituted and menosubstmnted glu-
Cose units a3 described by Sieger et al. [3] was observed There-
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Fig. 1. Biodegradation of CMC (D3 0.7) exprossed a BODVTROD
in the prolomged closed borls tst (OECD Test Guidsline 301 D)
{redrawm from van Ginkel and Stroo [3]).

after, adapfation of the actvated shudge to the carboxymethy-
lated olizomers produced by the CMC-degrading microorgan-
isms fook place. In the third phase. acclimated shudze removed
100°%: of the added CMC. One bundred percent removal
achieved in the third phase confirms that CMC is completaly
degraded. The long mapmmpermdmmsmﬁtes[ indicates
that the ultimate biodegradation of CMC is accomplished by
slow-growing microorganizms. In a Zahn Wellens test 40%

WPOC removal was detected. which demonsimates that CMC is
not completely degraded in all inherent biodezradability tests
[1]. This removal percentage was accomplished after an incu-
bation persed of 4 weeks. Complete mineralizaden of CMC (DS
unknown) by activated shudze was obtined after an incubation
peniod of approwimately 15 weeks [13]

Char experiments thus reflect all poblished data. Under stan-
dard fest comditions, CMC (D5 0.7) will be degraded partly
within the prescribed test period. Success in ebfaining micro-
orgamisms degrading CMCs and their intermediates (1.e., car-
bomymethrylated olipomers) is primarily related to the use of
lomper test periods. In the evaluation of the experimental data,
the extent of the biodegradation is legally very important. If
the ferm inberently biodepradable is to be applied. the OECD
requires that in amy biedegradation test the prescribed pass level
is reached Femoval percentages of =90 in the SCAS fest and
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Fig. 2. Rapeval of CMC (DS 0.7) in the SCAS tost (OECD Test

Cuidaling 302 A).

C.G. van Ginkel and 5. Gaytom
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Fig. 3. Remotal of CMC (DE 0.7) in 2 modified confimatory st
{OECD Tast Cuidalime 303 A) opemated with a shedge misxtion time
of & d and a bydrnlic retestion tme of § b

2 biodezradation percentaze of almost &0 in the prolonged
clozed bottle test demonsirate that CMC (DS 0.7) should be
classified as inherently biodegradable. Moreower, the ultimate
ar complete bindegradability of CMC (D5 0.7) is proven by the
=007 removal in the SCAS test after a prolonged test pemod.

Degradation of CMC (DS 0.7) was determined by loss of
NPOC from the wastewater in a CAS unit The results obtained
in the CAS test, simulating a sewage treatment plant, mdicate
that coly a partial degradation of CMC is accomplished Ac-
tivated shudze obtained from a plamt oeating domestic waste-
water is already acclimatized as shown by the immediate loss
of 50% of the spiked CMC-carbon (Fig. 3). During the test
period the removal of CMC m the CAS fest remained constant
at approximately 50%. Crther simmulation tests alse indicate par-
tial degradation of CMC. In the coupled units test enly 23% of
the CMC was depraded This value was confirmed in an En-
vironmental Protection Apency (EPA)-activated shudze test [1].
Higher removal percentages will oot be achieved due to the
lmited shadge retention times m activated shudze treatment
plants. Under these cooditions, microorganisms capable of
erowing at the expense of carboxymethylated oliromers are
probably not able to maintain themsalves in the activated shudze
plant.

Aguatic toxicity af CMC and degradation products

Agquatic efganizms are exposed o CMC due to the direct
dizcharge of CMC into surface water Toxiciy tests using Prow-
domanas putiida, Selenaztrum capricornuium, Daphniz maena,
and Brachydanio rerio were condocted to determine the aguatic
tomicity of CMC. A test with CMC (DS 0.7) did not produce
mortality of Brachydanie rerio at a concenmation of 2.5 gL
after 96 b. Moreover, no negative efects for Daphnia magna
were noted for CMC at a concenmration of 3.0 gL after 48 h.
Finally, oo inhibitten of zrowth of Prevdomonas purida and
Selemasrum capricornutum was observed at CMC concenira-
tions of 1.0 and 0.5 g/L. respectively. These acute and chronic
teicity test resulis are listed in Table 1. The oontoxiciy of
CMC was also described by Schéber] et al [1]. who reparted
L0 valoes of =025 to 1.0 gL for fish and =1.0 gL and for
daphmids.

The expecied partial biodegradation in actvated shudze
plants necessitates the assessment of the aguatic wxicity of n-
termediates formed durmgz biodezradation precesses. Interme-
dimtes of CMC (D5 0.7) degradarion were made as described
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Tabls | Arnte and chromic toxicity of carboxymsthy] callolose (DS 0.7) and the biodegradation
products of this compound to aquatic organizms. All no-sffect concsntmations (NOEC)
values were the highest concentations tested

Nominal conc. (@)

QECD Dearation Inter-
Tast orgazism Guidsline =) Endpoint CMC mxediates
Preudsmonas puride - &5 NOEC 140 .
Sl RIS COprOOr TR 1 &5 NOEC o3 0.3
Dapluria magma 2 4% NOEC X Lo
Brachydarus revie 03 &5 NOEC L3 1o

* According to Bringmans and Exhn [11]
" Mot detormingd.

by Sieger et al. [3]. Subsequently, the acate towicity of CMC
mtermediates to Daphnic magna and Brachydmmic rerio was
assessed using comventional methods. Mo toxicity was detected
at 1.0 gL. Exposure of alpae to a CMC intermediates concen-
mation of 0.5 gL did not result in a reduction of the prowth
rate The results from the acute and chromic aguoatc toxicity
tests with these mtermediates of CMC are alse summarized m
Table 1. Thes= towicity tests reveal that the biologically treated
CMC does oot exhibit texicity.

Coupling qf the CAS test and toxicity tests

In conjunction with the partial remeval in the simulation test
discuzsed above, simultaneous analyses of the foxicity associ-
ated with the biedepradation of CMC (DS 0.7) were performed
with wastewater samples recovered after reatment m the CAS
test. All responses for the aquatic test organizms Preudomonas
putida, Selemastrum capricornuium, Dgophnia maogna, and
Brachydaniv reric were determined in effluent or dilubions of
the efffuent The effiuent from the CAS unit confained approx-
mately 15 mz NPOCL of organic compounds origmating from
partial degradation of CMC. In the acote toxicity expermments,
Daphnia magna aond Brachydanio revie were placed in this ef-
fuent. Acutely toxic substances were not produced by acdvated
sludge during the biodegradation of CMC (D5 0.7) because even
undiluted efftuent did pot mmabilize the Dapinic magng ex-
posed to it. The Brachydmic rerfo survived in the undihoted
efffuent for 4 b with no difficulty, and their behavior and ap-
pearance were identical with these of the fish i the comirel
Chromic toxicity to Prevdomonas putida and Selenastrum capri-
cornutum was ooly tested in undiluted effluent An increase m
cell srowth of Selenasrum capricornurum with efffuent relative
to the prescribed mineral salts medium was observed. This is
mast likely becanse of an optimization of the ouments (da@
oot shown). Growth of Preudomenas putida was therefore not
inhibited in the efiuent.

A chronic tomicify test performed with Daphnic magma
shows that bislogically meated CMC remamed withowt effect
on daphmid reproduction. The reproductive output of the contral
Dugphnia magna during the enfire shady averaged 98 per female
(coefficient of varation 8%2). Thus, the partial degradation of
CMC does oot result in the formation of toxic biodegradation
prmsducts.

CONCLUSIONS

It is reasonable to assume that in nanoe depradation is
achieved by comsortia of microoreanizms. Microorzanisms ex-
hibiting cellulalytic activities such as dgrobacterium CM-1 mi-
tiate the biodegradation of CMC [3]. It can be concloded from

the results of the CAS test that CMC undergoes a parfial deg-
radation in activated sludge plants. Complete mineralization of
CMC is accomplished by slow-growing microorganisms in the
prolonged closed bottle test and the SCAS fest. Carboxymethyl
cellubose (D5 0.7) 15 therefore an inberently bindegradable paly-
mer and can be expected to be dezraded completely i nammal
eovironmental systems such as soils, lakes, and rivers.

Toxicity tests performed with efftuent from a CAS umit
showed no toxicity due to partial degradation of CMC. This is
confirmed by the nentexicity of intermediates of CMC (DS 0.7)
formed by a pure coltore of dgrobacrerinm CM-1. The teicity
of the intermediates was tested at extremely hizh concentrations:
0.5 gL for Selenasorum capricornurum, 1.0 gL for Daphnia
magna, and 1.5 gL for Brachydanio rerio. In addition, oo ad-
verse effects of CMC were noted for representative organizms
of aquatic ecosystems at concentrations in the range of 1.0 to
5.0 g'L. Using concenirations of linear alkylbenzene sulfonates
present in domestic wastewater and the weight ratio of linear
alkylhenzene sulfonates and CMIC in detergents [14.15]. a CMC
concentration of approximately 1 mg'L in domestic wastewater
was calculated After partial remewal in wastewater treatment
planis and dilution of CMC (D5 0.7). envirommental concen-
wations of CMC and therr infermediates are expected to be of
the order of a few microprams per liter The epvironmental msk
of the use of CMC (D5 0.7) based on the tests camied out is
therefore neglisible.
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MODIFICHE RISPETTO ALLA REVISIONE PRECEDENTE

Sezione 5: é stata aggiunta una nota alla scheda di sicurezza del prodotto Laviosa Hidropol P.

Aggiunte sezioni 5.1 ‘Laviosa Hidropol P — Dichiarazione sulla biodegradabilitd’ e 5.2 ‘Articolo
sulla biodegradabilita del CMC’.
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