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SOLVAY

Progetto d’impianto di trattamento degli effluenti - Sodiera

Premesse

L"impianto pilota per il trattamento degli effluenti sodiera ha fornito, in una serie
di campagne di ricerca realizzate nel periodo marzo 2012 — marzo 2013, dei risultati
operativi dai quali scaturiscono le seguenti indicazioni principali:
¢ possibile riduzione fino a 80+90% del tenore in ammoniaca nell effluente pin
ricco in tale composto (liquido in uscita dal settore distillazione); tale
trattamento € stato effettuato con I'aggiunta dimn ossidante quale 1"ipoclorito
di sodio; §
¢ riduzione del piombo “libero” in fase liquida nell'effluente *“liquido
distillazione”, tramite la sua inertizzazione ; mediante la riduzione della
temperatura e del pH dell’effluente stesso a mezzo acqua di mare, piuttosto
che a mezzo idrosolfuro di sodio: questo risultato conferma la funzione
d'inertizzazione di metalli pesanti svolta dall’acqua di mare, come peraltro gia
indicato in letteratura (cfr. in proposito lo studio “Heavy metal removal by
coagulation with seawater liguid bittern” che per comodita si allega alla
presente relazione). ’

La sperimentazione effettuata ha inoltre confermato, come a suo tempo riportato
nel documento inviato nel marzo 2008 alla Provincia di Livorno e successivamente al
Gruppo Istruttore nel febbraio 2013, che I'acqua di mare recuperata dal processo ha la
funzione e la capacita di regolare il pH degli effluenti liquidi della distillazione aventi
elevata alcalinita; cid in linea con la migliore tecnoldgia prevista nei documenti di
riferimento europei ed in particolare le BREF specifiche per gli impianti produttivi
vicino al mare (Reference Document on Best Available Technigues for the
Manifucture of Large Volume Inorganic Chemicals — Solids and Others Industry —
Soda Ash. par. 2.3.10.3.2).

1. Schema degli effluenti di sodiera

Come presentato nel corso dell’incontro con il druppo Istruttore il 10 giugno
2013, gli effluenti sodiera sono costituiti dal coacervoj'dei seguenti flussi di acque dh
processo:

¢ dall’effluente depurazione salamoia

e dall’effluente forni a calce

e dall’effluente clorure di calcio

o dall’effluente bicarbonato

e dail’effluente liquido distillazione

e dall’effluente colonne di bicarbonatazione

e dall’aggiunta di acido cloridrico per regolazione finale del pH.
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Tali fussi si riuniscono nel canale industriale di scarico denominato Eosso Bianco,
secondo lo schema di seguito riportato, prima di essere scaricati nel corpo ricettore
“mare territoriate™;

Apporti principali al Fosso Bianco

2 - Forni a calce l 1 - Depurazione salamoia

v
»

3 — Calcio cloruro

vy

1 = 250+300 mefh (max. 900 me)
4 — Bicarbonato 2 = 400+450 me/h (max. 650 mc)
3 =1.600+2.4G0 mc/h
o] |4 =200+300 meth (BIR)
5 - Distillazione 5 = 800+1.200 me/h (max. 2.000 me)
6 ~ Acido 6 = 5+20 me/h
7 = 5.000+8.000 mc/h (max. 10.000 mc)

L J

7 — Colonne

Corpo recettore
iam-—

“““j 5 SOLVAY

Erkmg moee T e gty

giugna 13

In particolare;

i flussi |, 2, 3 e 4 dello schema precedente si congiungono assieme a monte
del punto d’ingresso del liquido “distillazione” (DS):

il liquido DS si immette nel coacervo dei suddetti 4 flussi; in caso
d’emergenza per disservizio nel settore distillazione, il sistema prevede il suo
invio verso fa vasca di ripresa dove sono allocate delle pompe verticali per
I"invio al bacino di diversione;

alla fine, prima dell’immissione dell’acqua delle colonne di bicarbonatazione
nel Fosso Bianco, ¢ aggiunta la quantitd d'acido cloridrico necessaria per la
regolazione finale del pH.
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2. Descrizione della proposta di progetto “|mp1ant0 di trattamento
effluenti”

L impianto di trattamento in progetto prevede il trattamento di tutto il liquido DS
con il recupero dell’ammoniaca e |'inertizzazione dei metalli pesanti presenti in forma
solubile.

Come riportato net documento inviato nel marzog 2008 alla Provincia di Livorno
ed inviato anche al Gruppo Istruttore nel febbralo 2013, questo impianto di
trattamento presenta molteplici profili ambientali pOSIlIVI. a conferma della continua
ricerca da parte della scrivente societd di un miglioramento progressivo della
sostenibilita delle proprie attivita: infatti, I'utilizzo dell acqua di mare in una delle fasi
del nuovo trattamento, e precisamente come agentc di condensazione nel
condensatore di concentrazione a contatto diretto con la salamoia depurata,
permetterd, da una parte, di aumentare il 1end|men10 complessivo del processo di
produzione di carbonato di sodio e, dall altra, una r1du7|0ne dei consumi specifici di

materie prime, quali acqua dolce, sale ¢ energia, come specificato nella tabella
allegata.

Tabelia nduzuone cOnsuml matérle prime !

Riduzione consumo NaCl Riduzrone consumo Cald Riduzio ova Riduzione proffavo HZ0 dalce per
(100% wt) (100% wi) iduzione cansumo vapore salamola
t'h tanno th tanno th l t/anno m3ith ma/enno
] | 77 08B | 0,2 | 1752 [ 78 . 58328 | 26,4 | 231 264

2.1. Descrizione impianto di trattamento effluenti

L*impianto di trattamento reflui proposto permette:
s nella sezione di concentrazione salamoia
» [ariduzione del tenore di ammoniaca ml liquido DS;
* ja produzione di uno “slurry” di cloruro di sodio da riutilizzare per
aumentare 1'efficienza del processo sodllera',
s nella sezione di reazione
» ['inertizzazione dei metalli pesanti solubili:
" una prima grossolana riduzione dell’alcalinita residua;
= I'eventuale eliminazione di ammoniaca (sistema di guardia):
= I'eventuale climinazione degli agenti ossidanti quando il sistema di
guardia ¢ attivo.

' 1.a salamoia proveniente da Pontegineri allo stabilimento di Rosignano Solvay ¢ quasi satura in cloruro di sodin.
Una volta entrata nel ¢iclo produttivo dells Sodtera. i sistemi di trattamento elfettuati per eliminare il calcio ¢ il
md[,nesm ¢ ridurre la wnccmmzmne  selfuto ne provocano una prima diluizione (indicativamente da 310 kg
NaCifm® a 300 kg NaClim™). Tn scguite. negli scrubbes lavatori, a causa della condensazione del vapor d"acqua. la
salamoia si diluisce ulteriormene fino a rapgiungere un fattore di diluizione pari al 3% allingresso degli
assorbitori {circa 295 kg NaCl/m™.
La diluizione della salamoia ammoniacale provoca una riduzione della forza motrice per la precipitazione del
bicarbonato e quindi tale diluizione diminuisce i rendimenio complessivo dell’ impianto. L aggiunta di uno slurry
di sale consente il ripristino della corretta forza motrice.
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Con riferimento allo schema a blocchi riportato in fondo al presente
documento (e comunque allegato in file separato), nella sezione di concentrazione
salamoia, il liquido di distillazione (liquido DS, fluido 1) € alimentato verso due nuovi
degasatori posti in parallelo e operanti sotto vuoto. Tali apparecchiature permettono di
ridurre la temperatura degli effluenti liquidi di circa 10°C, con conseguente
produzione di vapor acqueo € ammoniaca (fluido 3} e liquido DS degasato (fluido 2).
Quest ultimo & inviato per successivo trattamento nella sezione di reazione. 11 fluido 3
¢ inviato in uno scambiatore di calore a fascio tubiero (lato mantello) per il
riscaldamento della salamoia di processo (lato tubi - fluido 4). 1l vapore ammoriiacale
condensato (fluido 10) & opportunamente recuperato nell’impianto sodiera. La
salamoia uscita scambiatore (lato tubi - fluido 5) ¢é inviata al cristallizzatore. In tale
apparecchio avviene ['evaporazione della soluzione salina, con conseguente
produzione di slurry (fluido 6) e produzione di vapore (fluido 7) che, con i suoi
trascinamenti di salamoia di processo, & condensato per contatto diretto con acqua di
mare proveniente dalle colonne del settore bicarbonatazione (fluido 8). L uscita del
condensatore (fluido 9) ¢ avviata alla sezione di reazione.

Nella sezione di reazione, il liquido DS degasato (fluide 2) e il condensato
(fluido 9) sono alimentati nel primo tratto del fosso bianco, che funge da reattore a
pistone fornendo sufficiente tempo di contatto per I'inertizzazione dei metalli pesanti.
La sezione di reazione & completata da un sistema di guardia tramite il dosaggio
d’ipoclorito di sodio per ridurre la concentrazione di ammoniaca in caso di
malfunzionamento del sistema di vuoto ¢ conseguente dosaggio di un agente riducente
{esempio: acqua ossigenata, idrosolfuro di sodio, ...) per I'eventuale eliminazione del
cloro attivo residuo.

Si allega una tabella riassuntiva di un tipico bilancio di materia dello schema a
blocchi.

abellaischema o blocehi implanto tratta
1 2 3 4 5 [ 7 ] 9 ]
Fiusso Tiquido useha | Liquida uscita Satamola di Wavetta Vaporial | Acgua o mare
distilazione DnEasalnf.‘ Vapore processa salamola Shury Nact processo ingresso Condensata Condense
Portata [ m3am | 1102 1 1076 ] 105600 | 36,3 [ 6.000 T 169 [ 256000 | 5.040 I 5059 I 19
Densifa Hquido | kg/m3 | 1078 | 1.086 | | 1.200 T T 1.200 | | 1.030 I 1.030 | 1,000
Temperatura | C | B0 | 833 I 693 | 30 I [ | 586 | 24 23 | 25 678

L'impianto di trattamento funzionerd a ciclo continuo per 24 ore al giorno,
permettendo anche la realizzazione delle economie prima citate.
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2.2. Stima dei costi d’investimento e dei tempi di realizzazione

Una stima preliminare dell’investimento totale per la realizzazione dell’ impianto
. . . . . . (L .
di trattamento si aggira intorno ai 10 M€, come di seguito specificato:

Item ! Note " Montante
" ng. di base e di dettaglio, supervisione .
Ingegneria Cmontaggi,  studi analisi rischi. ' ].410.000 | €
. ppermessi b "
Apparecchi  statici ; ‘ ;
PP . ' Slat} ¢ i Riserve, scambiatori, Fvaporatori... ~2.050.000 | €
relativo montaggio | e ok
, : el T !
Appal‘?cchl meccaniei |, ' 500.000 e
¢ relativo montaggio - T 3
“Lavori civilifstrutture - _1 1.550.000 5 €
Tubazioni e valvole ! B i
: i i1 1.600.000 i €
manuali i T Lo
 Lavorielettrici .. . 600600 €
Lavori strumentali e ! Afisure valvole atomatiche, :
§  Misare, ¥ L
aulon‘lazione CH?(!.".“ZZ(H(H'.",,‘ ? 850-000 " €
Lavori divers) l Coibentazioni, verniciature ] 200.000 E €
Amprevist o 10% - — ...380.000 €
TOTALE | "1 9,640,000 I'e

I tempi di realizzazione dell'impianto di trattamento e suo avviamento sono
stimati in almeno 24 mesi, da considerarsi a partire dall’accettazione formale del
progetio e relativa autorizzazione.
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2.3. Schema a blocchi impianto di trattamento

IMPIANTO TRATTAMENTO EFFLUENT! LIQUID] SODIERA

Settore Distiflzzione |

T M MG s Gl e WWS— Slevewls  elilin e du—m—— . NN i e v Sm—— e smlen  yveeen  arm—

I o Serione concentrazione salamola — T N p et R —— l
Aeel flusal of
I frruconsg l
1) . H
' - Y - ll
' ‘ " ot B ,
1 @ LDs M ] 23, Dosaggio dif §
: " %‘3" g [*sicurerza di l'
1 - n 2 H
: Nuovi i b S riducente |
I ' @ Condensats Distiazione - ] :l
. ® [ e Pit dimplang b
: O . B B S vy
I . \l Ty H
. : MO '
: ' ’ t Dosaggio i |}
[ [ 1
I ¥ Condensatore 8 @ g @ -‘é% 8 | sicurezsdi |2 I
§ contatto diretic | F |= % % H NaCIO 1
I Y barometnca Vapori o 5 | Beemols ! o 3 H B
[ Pracesto % “navalts’ % BF ok okt e - :
L = éf . % t — otnn i
h Q Dy sr i
: ¥
l H b ; G b H
» : _
: |
M '
l M '
M Skurry HaCt if
M [ ]
} o :
v Saturatore H
l ; ar:::::\"i:gle Saiamoln o :[
Ay . proce:
1= o0 : I Schemaa
1 + Al
Acqua di mare IL-.q.--..----a--a--.-----,-.-.-.----.-.-.J blocc
VIS colomm of SO AW RSN G S BN W s
hicarbonatariono
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HeAVY VMETAL REMOVAL BY COAGULATION WITH
SEAWATER LIQUID Bl"l"I‘E,RN

By G. M. Ayoub,’ Member, ASCE, L., Semerjian,> A, Acra,’ M. El Fadel,' and B. Koopman®
) ] |

AgsTract:  Seluble heavy metals present in water could be detetetious 1o healih, and as o result, their discharge
into surface waters has been regulated inlermationally. Many processes for the removal of heavy metals from

water and wasltewater have been investigated.

Coagulation and precipitation are the processes that have been

reported to be most effective in the removal of heavy metals. In this study, seawater liguid bittern (LIB), as an
inexpensive source of magnesium, wdded o wastewnter alkalized with lime or crostic soda is investigated as a
possible coagulant. The experiments coverad tesis on eight metals: arsenic, cadmium. chromivm, copper. lead,
mercury, nickel, and zine. The lime-LH process cubminated in high remaovals (>904%) for cadimium, chromium,
lead, mercury, and zine and reasonably good removals (71, 82, and 75%) for arsenic, copper, and nickel
respectively. These results were superior to those obtained using the caustic-soda LB process, The Concurrent
presence of different metals in solution bas been shown to have a minor etfect on removal efficiencies for most
metals. However, i the ¢ase of nickel, removal was appreciably IllLl’E‘\SEd by 18.5%6. Alse, higher concerirations

ul a single metal showed bigher removal effeiencies.

INTRODUCTION

Heavy metals may reach watercourses either through a va-
riely of geochemical processes or by the dircet discharge of
municipal and industrial waslewater. Anthropogenie aclivitics
such as manufacturing, construction, agrcallure, and trans-
portation can be regarded as the main sources of metal-rich
wastewalers. At elevaled concentrations, soluble metal com-
pounds cim be delfeterious to human health as well as (o
aquatic and marine ccolopy lester 1987, Water Environmene
Federation {WEF) 1994], Berause of the associated adverse
eflects, intermational regulatory agencies have promulgated ef-
fluent standards timiting heavy metal discharges inte surface
waters as well as into municipal sewers, However, the cost of
complignee with potlation contzol legislation is extremely high
i most cazes and sometimes unalTordable, particularly by
small industries (WEF 1994),

Considering the severe impacet of wastewater pollution, it is
cssential to develop simple and cconamic sirategics for waste-
walter trealment that are applicable o and affordable by de-
veloping countries. Specifieally, there is a great nead o de-
velop appropriate means of heavy metal cemoval. In previous
studics, seawater bittern was found 10 be an effective and ec
onoftic source of magnesiun ons {Ayoub ¢t al. 1999, 2000)
that ity be used in the treatment of muaicipal and indusirial
wastewaters. Substantial removal of suspended solids, chemi-
cal oxygen demand (COD). nutrients, and color have been
anained using liguid seawater bittem (Wang and Chen 1983
Shin angd Lee 1997, Ayouly ¢t at, 1999, 2000). Metal removal
has oot been assessed using liquid bivtern (L13); however, it is
expected that substmtial removat should be atwined because
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ISSN (733.9372010003-0196-0207: S840 + $.50 per pape. Paper No,
22393,
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beavy metaly are associgted with scttling panticles 1o a preat
extent {Chen and Hendricks 1974; ldelovieh 1978; Odegaard
1989, 1992, 1995; Morgan and Stanwm - 19915 Van Nicuwen-
huiyzen et al. 1999),

The objective of the proposcd study i o cvaluate the cf-
foctiveness of seawalter LB 10 remove heavy metals, as o step
toward chemival purification of wastewater, by the application
of a simpie and inexpensive teehmology {Semerjian 2000). In
principle, the method is based on the use of magnesiwm salts
contuined in the bittern (o serve as a coagulating agent under
alkaline conditions (pH 11.0-11.5).

The significance of the proposed researeh lies in jis potential
for removing toxic heavy melals from wastewater in a simple,
inexpensive, and easily controlled manner. In developing
countrizs, LB is produced by the salt-making industry; how-
ever, it is not wilized for any puipose and is discarded. This
liquor may be saved and advantageously used for the propoesed
treatment. Ueavy metal removal, employing the proposed
method, will be a complinentary asset to the simultanesus
chemical roamment of wastewaters in terms of organic pollut-
ants, suspended solids, nutrients. and color (Wang and Chen
TOR3: Shin and Lee 1997; Ayouh et al. 1999, 2000). Moreover,
ellective bacterial destruction will also be achieved as a result
of the high pH ltevel maintained throughout the operation off
the process {Richi et al. 1952; Cirabaw et al. 1978: Idelovitch
1978: Vrile 1978; Odegaard 1987, 1989, 1995 Ayoub ct al.
1999, 20069,

4
MATERIALS AND METHODS
Production of LB

The seawnler concentrate LB was obtuined by the solar
cvaporation of seawater from an initial volwme and density of
125 1. and 1.027 ke, respectively, to a final volume and
density ol approximately {3 1. and 1.2705 kg/L. The scawater
was collected from the Mediterranean Sea from the beach fac-
ing the American bniversity of Beirut (AUB) campus. The
evaporation process was curricd out using an array of metllic
pans nstalled adjucent o the Environmental Engineering Re-
search Center (EERCY and in accordance with the criteria and
critical density indices reparted by Abdallah (19906), 1o the
caurse of 1he solar evaporation process, complete deposition
of cateium salts (CaC O, and CaS0,) wok place in the first
pan. Crystallization and settting out of most ol the NaCl pres-
cnt in the seawater accurred in the second plan, thus ending
the evaporation process, The produced wapnesinm-rich LI3
wias collected and stored in a 1.5-L polycthylene container at



TABLE 1. Physicochamical Characteristics of LB
Parameter Measured value = slandard devialion®

(1) 2)

pH 678 = .|

Densily LYFOS 2 0

TS 6,000 = {1,556

EC 794,000 x 2828

Mp!® $3,473 = 373

Ca’’ D=0

ci” 279913 = 203

Na” FO883 = 791

K 14800 = 707

50§ 46,278 = 1218

‘AR volues are exprossed inonilligams per liter exeepm for pH (pH
units), density {grams por mililiter at 20°C), and cleetrical conductivity
{pnlosfem a1 25°C). Conversion facwns for conventralion units in mil-
ligrams per fiwr to maillicguivalent per liter are Mg™ = 00823, Na® -
433 O = 00282 and SO = LO20K,

room temperature to be used later as the source for the mag-
nesium coagukant. The physicochemical eharacteristics of the
I.B are sunumarized in Table 1.

Choice of Matrix

To capture the sole effect of Mg™ fons within the LB on
metal removal, a magnesium-free matrix was used il the pre-
liminary stage of the experimental plan. Previous litersture
{Ayoub c1 al. 1992, 1999} as well as actual sampling and nnal-
ysis of municipal wastewater (MWW} samples revealed th
sgwage contains 4 significant amount of magnesiom salts that
might have originated from either seawater intrusion or doko-
mitic rock formatious.

Trial experiments were carried out using suspensions of ¢lay
and finely ground bread crumbs in order to find a simple mag-
nesium-free matrix, After determining the matrix-specific op-
timum Myp®™ dose, several trial experiments on the clay sus-
pensions revealed the difficulty of completely avid digesting
the clay, a key step in metal analysis, because of its inorpanic
chemical natare, Moreover, trials revealed (hat the clay parti-
cles, by themselves, were serving as a coagalant aid. There-
fore, to avoid interference and bius, this matrix was discarded.

The second choice of matrix was a suspension of finely
ground hread crumbs, Distilled water was used as the diluent
o avoid the initial containment of magnesium salis in the ma-
trix and to minimize the presence of carbonawes, thes reducing
CaC Oy formation upon addition of lime, By doing so, the for-
mation of mainly Mg(11), Bacs, originating from the added
bittern volumes, was ensured. Aller wsting for its magnesium
content, avid digestibility, and adsorprion propesties, the ma-

trix was adopled for experimentation at the prefiminary stage
of the testing plan.

A mare intensive amalytical plan was executed fullowing the
My®"-frec matrix experiments using MWW as an actual cn-
vironmental matrix. Throughout the course of the study, fresh
samples of MWW were collected in the moming from an open
sewer outfull at Ras Beirut in the vicinity of the AUB and
carried to the CERC for use in the experimentat work. The
physicochemical characteristics of the collected MWW sam-
ples for use during the course ot the experinients are given in
Table 2.

Cholce of Meotals

Within the experimentation program, eight metals were sub-
jected to testing: arsenie, cadmium, chromium, copper, lead,
mereury, nickel, and zine. The choice of metals was based on
the following [actors:

* Prevalence in common municipal and industrial eMfluents

+ Toxicity and poilution induction characteristics

* Classification as “‘priority poliutants™ by the U.S, Envi-
rorymental Protection Apency (USEPA)

The following chemicals, supplied by J. T. Baker as 1,000-
pe/ml. stock standard metal solutions, were used as the sourge
of the various metals: As,Q,, CdNOL),, CrNGL),. Cu(NO,)..
PH{NOL),, He(NO,),, NItNO, ). and Zn0Q, 1n all cases the sol-
vent was 0.5 mol/L nitric acid, *

Experlmental Procedures

Eleven se1s of laboratory experiments were canducted on
freshly aikalized MWW samples. The objective of each set
wits to cvalunte and compare metal removal pattems cmploy-
ing hydroxide precipitation or LB coagulationshydroxide pre-
cipitation. Hydroxide precipitation was indueed by adding ei-
ther 4% (w/v) caustie soda (NaOH) or 6.6% (w/v) slaked lime
{Ca(OM),] to assess the efect of the alkakization mode em-
ployed. The experiments conducted on MWW wese referred
10 as jar tests L-A and -8 through X1-A- XIE-C.

Before proceeding with the evaluation of melal removal
treqwds, jar tests 1-A and [-B were performed to detennine the
matrix-specific optimum dose of Mg™' ions needed 1o effi-
ciently scttle the suspended solids and focs in the presence of
an alkakizing agent. Turbidity or 1wotal suspended salids {FSS)
removal patlerns were selected to reflect potential nctal re-
moval patterns because settling particles play a dominant role
in binding heavy metals and transterring them into deeper lay-
ers. Thus, achicving a high level of 1SS removal should resull

TABLE 2. Physicochemlcal Characlerization of Collected MWW

Alkalinity
Jar test oH DS EC Turbidily Ci Ca?' Mg’ OH col HCO;

(1) () &) ) {5) (6} {7 (8) (9) {10) {1t)
I H T35 u84 L770 210 (DAY 853 340 ] O 412
[JH EN2! 941 ENTY 220 200 88,2 M 1) i} 413
AW 137 732 jAn2 380 197 J0.0 140 ] 0 424
v 7.31 41 14486 1840 I RS 8.2 30 [} [H] 412
Vi T 04 1.534 145 (Bt Loy 6.8 (1} [ 430
VIl 7.66 T3 1428 250 192 %10 0.2 ] 4] 408
VT 7.91 7238 1.534 240 (Y R} 1.0 9.7 (43 1} 400
IX 7.83 616 1,235 146 144 1640 2 43 I 370
X K09 953 1 2412 158 in 722 Y 0 N 412
X1 5.08 £ 170 2340 150 299 4.2 547 0 0 B[
Xit 7.86 752 1505 210 256 $432 6.7 i) 3] 516

Note: Al values are expressed in milligrams per liter except for pti (pi1 units). clectrical conduetivity (umbos'cm at 255C7, wnrbidity (NTU), and

atkalinity {milligrams per liter as CaC0,).
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in signiticant reductions of heavy metals as well as other con-
taminants such as oil and grease, phosphorus, COD, biochem-
ical oxygen demand {BOD). and pathogens (Booker et al.
1996). The extent of metal binding is influenced in pan by the
allinity of the metal for the panticle surface and also by the
speciation of the metal in solution (Chen and Hendricks 1974,
Wclovitch 1978; Odegoard 1989, 1992, 1995; Margan and
Stumm 19915 Van Nicuwenhuiyzen et al. 1999),

Jar tests 111X consisted of triphicate trial experiments to
assess and compare individually added melal removal patterns
by hydroxide precipitation or LB coagulation/hydroxide pre-
cipitation. Jar fests H—LX respectively assess the semoval pat-
wrns of nickel, chromium, copper, ead, zine, cadmiom, ar-
senic, und mercury. Triplicate tests (A-C) were conducted for
each test set.

In jar tests X-A-X-C nickel, chromium, eopper. lead, zine,
and cadimiom were concurrently added 1o the MWW and the
remaval of cach metal assessed. Again, the objective of this
cxperiment was 10 establish potentinl enhancement or hin-
drance mechanisms exeried by the mixture of metals.

Finally, the metal removal efficiencies with respect to in-
crensing initial concentrations of metals were evaluated with
jor tests X1-A-X1-C. In this set of experiments, gradually in-
creasing doses of nickel were added 10 the alkalized MWW
and the subsequent nickel removal patteris were evaluated and
compared. Table 3 summarizes and justifies the experiments
conducted on alkalized MWW,

Jar Tests

Two standird jar test apparatuses (model 300, Phipps and
Bird, Ine) were employed for the experimental coagulation-
flocculation pracess. Each appasus holds six stainless steel
stirrers and paddles having heights ot 25 mm and diamocters
of 76 mm. The jurs are made of acrylic plastic and bave di-
mensions of 115 X 115 X 230 mm.

The jar wests were conducted under controlled laboratory
conlitions by operating the stirrers first for o duration of ) min
al a mean velocity gradient valug G of 135 57" (100 rpn1) for
flash wixing. The speed was then reduced to a ¢ of 23 577
(30 rpm} to allow a 20-nun contaet time for coagulation-floc-
culation to take place. The stirrers were then stopped, and a
30-min quiescent settling period was initiated, at (e eod of
which about 300 mb of processed suspensions or clarificd su-
pernntants were decanied o be used for further analysis of
totat mwetals, pH, turbidity, total dissolved solids (TDS), and
electrical conductivity (EC). Sludge, if produced, was also di-
gesled and subjected o total metal analysis,

Replivate joar tests were conducted on the swmne day, using
the sumwe batch of prepared and alkalized matrix.

Experiments on MWW

For every jar test set, a fresh 20-L sample of MWW wis
collected and transpaorted to the EERC to be used in the ex-
perimental work. AL the EERC, the sewupe was tiimsterred 10
a ghass container and subjected 10 constant mechanical stirring
to ensure sample homogeneity. The homogencous sample was
handled in siccordance with the test objectives, Aligaots of
I Loaf MWW were tramsferred into cach jar, the neeessury
chemivals added, and the standard jar tests intiated,

Jar fest (A and B): Desermining Optivten Mg'™ Dose

Aliguots of T L of MWW were transferred inte cuch of the
six jars, The contewts of the jars in test 1-A were ianially al-
kalized to a pH of 14 = 0.t with NaOH, whereas those in
test 1-B were indtially alkalized to the same pH using Ca(QOH),.
Caustic soda sulwtion was added at an average dose of 18
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TABLE 3. Summary of Experimonts Conducted on Alkallzed
MWW

Jar test Objeclive
1 (2)
FLA-O) Determimstion of optimom dese of nagnesivm ioss
H(A-C) Asgessment ind comparsnn of nickel remaval paterns

wsing alkalization or atkalization-1.B eoapuninion-
previpiletion

Assessmens snd comparison of chromium semoval patterns
using alkalizwion ve alkalization-1. B coagulation-
precipitation

i} {A-C)

VY (A-C) Assessniwut dud contparisen of copper removal patierns
using alkalization ot alkalization-LB coagulaion-
precipitation

VAAO) Assessient aud comparison of lead remoaval patterns using

alkatization or aikalizmtion-1.B coagulation-precipitation
Asscsamunt and comparisen ol £ine removal patiems using
I atkalization or alkalization-LB conmuluiion. precipitasion
VIE{A-C) ‘ Assessnent and compurizon ol cadniun winoviel patterns
| using alkalization or alkalization-LB ¢oagulation-
' precipitation
VUL (A-C) | Assessment and compitrison of arsenie removal patiems
i using alkalization or alkalisation-LB coagdaion-
precipilalivn

VE(A-C)

IN (A-C) Azxsessment and eempanson of mercury wemoval pattemns
using alkalizativn or alkalization-LB ¢oagulstion-
precipitation

X (A-O) Assessment amd comparisont of nickel, chromium. copper,

lead, sine. and eadmiwn removal patterns using alkali-
zation or alkalization-L.B coagulntion-precipitation

Assessment and camparison af removals of varying dases
aof nickel wsing alkatization or alkualizatien-LB coagu-
Latiun-precipitation

NA-C)

mL/L while sloked lime was added at an average dose of 20
mbL/L. Predeiemined serinf doses of LI3 were then added to
respectively add Mp'™ concentrations of @, 53,5, 107, 160.5,
204, and 267.5 my’L to cach jur of the two sets, and the tests
were initiated,

Jar Tests H-IX: Assessing Renrovals of Tndividiatte
Added Metais

From & Fresh 6-1 batch of MWW, 1o aliquots of 1 L. cach
were transterred inte two separate jurs (designated as JE and
J2) and rwo aliqguots of 2 L each were transferred into another
twa separate beakers. The content of cach beaker was alkalized
to a pH of 114 = 0.1 using cither NaOH or Ca(OH),. Two
atiquots of 1 L from ¢ach beaker wyre taken inte four separate
fars (designated as J3, M4, 150 and J6) to obtain a total nunber
of six jars. J1 was treated as o conteot for the vverall experni-
ment, Finally, the standard jar test procedure was initiated,

Jar Test Xo dssessing Removals of Concurventiy
Adddded Metals

The scthncc and amouwnts of metil solations as well as LB
applicd and procedures were identical W the experiments deat-
ing with individually added metals, However, the major Jif-
fercnee was that in this experimental sci, six metals woere con-
currently added to the maix,

Jetr Test NI: dssessing Remenvals of Virving iitial
Concentrations qf Nickel

In an atgempt to evaluate mekal removal efficiencies in re-
lation to increasing initinl concentrations of metals, gradually
inereasing doses of nickel were added to the experimental nyi-
trix. Thus, 4 L of MWW were alkalized with NaOI and an-
other 4 L with Ca{OQH),. One-liter aliquots of alkalized MW
were transferred into two sets of four separate jars, and vol-
umes of 1, 2, 4, and & mL from the stock nickel sebution {1,000



pefml) were dispensed into cach jar. Detadls of this experi-
ment ace stmnrized in Table 4.

Analytical Procedures

An extensive physicochemical characterization of each ex-
perimemal matrix as well as of the LB was conducted. Tested
parameters were the pH, wrbiclity, density, TDS, EC, BOD,
COD, alkalinity, nitrates, orthophosphates, sulfates, chlorides,
magnesiom hardness, calcium hardness, sodivm, potassium,
nmd total metals,

tn addition, at the end of cach jar test, nliquots of processed
suspeusions or ¢lanified supernatants decanted from each jar
were analyzed for the following parameters: pH, TDS, LC,
torbidity, and the metal under assay. Moreover, sludges, when
produced, were acid-digested und analyzed for their metat con-
tent,

All anadytical tests were performed in accordanes with the
Stwidurd methunds for the examination of water end waste-
water [American Public Mealth Association (APHAY ¢t al.
1U9S). A list of the analyzed parmmeters os well as types and
references of the analytical methads is presented in Table 5.

TABLE 4. Jar Specifications in Experiment X|

Added Added
Added velume | concenlralion | vofume
Jar Adkalizing of nickel of nicket of LB
number agent {mL) (gil) (mL)
5 (2} (3) {4) (5)
1 NaOH { 1,000 2
2 NaOIl 2 2.604) 2
3 NaOl 4 4 00 2
4 NalH 6 6000 2
5 CatOH, | 1000 2
[ CatOity, 2 2000 2
7 CaOH), 4 4,600 2
3 CatO1y, [ o000 2

TABLE 5. List of Analyzed Paramelers and Adopted Analyti-
cal Procedures

APHA
reference
Parameter Type of analysis mothed
Q) {2) &
pH Potentiomery J500-H™ 1B
™s Patentiominy s
LC Patentiometry 3108
BOD Patentiometry 52to B
COR Closed refluxfenlonimetny 52X b
Density Goitvimeny NA
Turbidity Nephelometry 23 h
Chlerdes Arentlomutric titation 4500-CE 13

EDTA turation
EDTA litrmion

Is-a
3500-Mg

Calviim bardaiess
Mugnesivin hardness

Alkalinity Acid titration 1320 8
Suifates Culorimerry A300-80; E
Mitrates Colorimetry A500-NO, E
Onthophosphares Colorimetry ERUDH L
Soddivm Flitme emission phatometry {3500-Na
Potassinm Flame emission phitometey [3506-K D
As, Cd, Cr. Cu, Ni, Pb,

n Acid digestionfAAS IOWEAIIB
Ty Acid digestion/ ICP-MS oo Bas1208

Note: NA = not applicable: EDTA = ethylene diamine tetra acetic acid:
AAS = womic absorption spectrophotontetry: and [CP-MY = inductively
coupled plasma-mass spectraphinlometry.

RESULTS AND DISCUSSION

Determination of Optlmum Magnesium Dose for
Magnesium-Free Matrix

The results of the tests performed to determing the matrix-
specific optimum Mg®* dose using a magnesiom-free mutrix
are shown in Fig. 1, The oplimum dose was selected as thal
equivatent to the amount of Mg™ ions nceded to efficiently
seltle the suspended particles in the alkalized nmatrix. Turbidity
or TSS removal pallerns were selected to refleet potential
metal removal pattems because most of the metals that can be
temoved by LB addition above alkalization are associated with
the suspended particles within the matrix.

Fig. | reveals that the Mg’ jon concentration at which the
highest wrbidity removal percemtage was achieved is about
134 /L {or the employed matrix, repardless ot the alkalizing
agent, At this Mg*' jon concentration, turbidity removal was
on the arder of Y1.7% = 1.3 when the matrix was alkalized
with NaOH and 97.2% # {1 when the afkahzing agem was
Ca(OH),. Percentages were computed on the basis of the orig-
inal turbidity in the raw seuled suspension measured to be 23
* 3 nephelometric turbidity units (NTU).

Determination of Optimum Magneslum Dose
for MWW

To determine the matrix-specific optimum Mg’ dose, fresh
samples of MWW were ulkalized with either NaOH or
Ca(OIT); and prederermined serial doses of LB cquivalent lo
Mg“ concentrations of 0, 53.5, 107, 160.5, 214, and 267.5
mga/l were respectively dispensed imo the alkalized matrix,
Fig. 2 revcals that the highest turbidity removals were
achieved at an Mp™" concentration of abom 107 mg/l, re-
zardless of the employed alkalizaion mede, For samples al-
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FIG. 1. Average Turbidlty Removal Percentages as Function
of Added Mg®" Dosoe

Lou . e I
D e :
ol - TE—
S
e -
;c'? % - _ [P
B -
Ld

~0— NalDH . CaitIH),
g4 & :
513 17 §33.9 LT 7.3

Mg" dase (ml)

FiG. 2. Average Turbldity Remmoval from MWW as Function of
Added Mg®~ Dose
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kalized with caustic soda, atained turbidity remaovals were
95.25% * 1.2, 08.6% =+ (0.5 992% =+ 0.8 98 = 1.2,
YR.1% = 0.3, and Y7.3% % 1.5 for added Mg'' concentrations
of 0, 53.5, 107, 160.5, 214, and 267.5 my/L, respectively. In
the case of Lme treatment, turbidity removals were 97.8% +
LE 98.8% = 0.8, 99.5% = 1.2, 98.9% = 1.3, 98.6% 1 2.0,
and 97.5% % 2.1, respectively.

The results are similar to the findings reported by Ayoub ct
al. (1999) on studies related o MWV that showed turbidity
removnl values of 991 and 99.2% for NaOH and Ca(OH),
alkatization, respectively, in the presence of the same oplinnin
dose of LB.

Percentages are computed on the basis of the originat wr-
bidity in the seitled raw MWW (Jar 1), Clarification is, basi-
catly, attributed to the formation and precipitation of CaCO,
amd Me(OH): ftacs at pHs of 9.5 and 11.2-11.5, respectively
(Ayoub et al. 1999, 2000).

Evaluation of Physicochemical Characteristics of
Clarified Effluents

pit

The addition of magnesium ions inte the atkalized MWW
samples resulted in a gradual decrease in the pH of the clari-
ficd elements, The hydroxyl ions reacting with the supple-
mented Mp® ions led to the formation and precipitation of
Mg{OH),, thus reducing pH values. On the average, pH values
deereased by 4.5% when LB was added to MWW samples

10U

alkalized with NaOH and 5.8%% when the alkalizing agent was
Ca{OH),. Ayoub and Koopman {1986) and Ayoub et al. (1994,
2000) reported similar observations upon the addition ol sca-
water or L3 1o alkalized wastewaters.

|

Trrbidity

Sigmificant wrbidity removals fromm MWW were achicved
by the sole employinent of atkalizimion, Fhis phenomenon is
atiributed to the formation of CaCOs, Hlocs at a pH of 9.5,
induccd by the initial preseuce of alkalinily in the raw sewage.
Also, the magnesin salts, natarally contained in the MWW
samples, partially induced the formation of” M(OI1}; precip-
itates. Fig. 3 depicts the averape (wrbidity removats achieved
simply by alkalizing the samples. Percentages were computed
on the basis of the original turbidity value in the raw settled
wastewsater (1)

i ocan he concluded that alkalization with lime generally
results in higher percentages of turbidity removal as compared
to caustic soda alkalization. This trend is mainly due o the
superior settling propertics of the floc produced from the lime
ireatment provess. The resulting shudge occupies fess volume
than that obtained from the caustic soda treatment and has
higher suspended solid concentrations. ‘This is one reason lime
wlkalization is generally favored over caustic soda alkalization.

Upon the addition of LB to the alkalized MWW samples.
cven higher tarbidity removals were attained (Fig. 4). These
higher efficiencics may be attributed to the two most promi-
nent advantages associated with LB (1) The enriched mag-
nesium content (1.32-2.83 mol/kg ar 29.1 -34.9°Bd); und (2)

|

50 -

Turhidity semovat 1%-

Jar st
[8 NaDI1E

CatOH);
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FIG. 5. Contribution of LB to Turbitldy Removal in Alkalizatlon-L8 Treatment Process

the high ionic strenpth (4.05 X 10 salinity”™) (Wang and
Chen 1983), The high magacsiom content of LB induces
Mg(OH); floc formation to the greatest extent at a pH of 11,4
* 0.1, The produccd magnesium hydroxide is & gelatinous
pretipitate that has been found Lo serve @ an efficient coag-
ant and also a flocculant aid (Vrile [978). It has a large
surlace areat and a positive surficial chorge that atracts the
negatively charged colloidal particles, including the CaCQ,
locs, thus inducing adsorption and agglomemtion (Elmalch ct
al. 1996). Morcover, the high donic sirength of LB induces
desabilization of colloids, as explained by the Gouy-Chapman
theory, leading to higher removal efficiency (Wang and Chen
I983; Gdegaard 1989; Casey [997).

It is also obscrved that the limc-magnesium process vields
higher removals when compared 1o the caustic-soda - magne-
sium process. To capture the sole effect of LB contributing to
turbidity remavad, the data were processed and praphically pre-
seated in Fig. 5. [tis noted that the addition of LB resulted in
supplementary percent turbidity cemovals above atkalization,
ranging from 2.6 10 22.7% for the ¢austiv-soda~-LB process
and fram 0.6 to 3.3% for the lime-LB process. It is abvious
that the contribution of LB is greater in the former process
beenuse turbidity removals by canstic soda alkalization were
lower than she lime atkalization process.

Totaf Metals

The removal patterns of eight metols from MWW were also
assessed using alkalization or alkalization-LB treatment pro-

cesses. The metals were individually added in jar test sets 11—
[X und concurrently in jar test set X,

Individunally Added Metals,  Varying deprees of melal re-
moval were observed by alkalization atone. Each metal exhib-
ited characteristic removal efficiency, which is probably atrib-
aled in relatdon w0 Hs hydroxide solability properiies (The
Merck 1983 a5 well as affinity toward the precipitating sus-
pended solids {Gdegaard 1989). Line treated MWW samples
showed higher metal removal efficiencies as compared to caus-
tic soda treatment, Upon the addition of LB to the alkalized
MWW samples, metal removal was enhanced significantly, es-
pecially with the NaOH atkalization process. Again, efficiency
crhancement can be antributed 1o the enriched magnesivi con-
tent as well as the high jonic strength of LB. Alse, metal re-
moval patterns were directly correlated with suspended solid
removitl patterns (Morgim and Stonim 1991), This is explained
by the lict that metals are associated with suspended colloidal
particles 10 a preat extent but with varying affinities. Fig. 6
graphically compares average removal efficiencies for individ-
uatly added metals after atkatization and after the alkatization-
LB reatment progesses,

Fig. 7 shows the contribution of LB to metal removal, It js
noted that the addition of LB increased initial metal removal
elliciencies by a range of 14.8-58.2% when MWW was al-
kalized with caustic soda and 1.6—23.2 when slaked lime was
the alkalizing agent. Again, it is obvious that the contribwnion
of LB is greater in the first provess because initial metal re-
moval efficiencies by the sole employinent of caustic soda al-
kadization were Tower than those aitained in the lime alkabi-
zalion process.
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Procosses

Except for arsenic and nickel, the results indicate that metal
removal percentages attained by the lime-LB process are very
satisfactory (2=91.5% 2 1.0) (Table 6). Arsenic (11D, the mewl
used in the tests, is known te cxhibit low removal efficiencies
compared 1o arsenic (V) which could be atiributed o s nep-
alive charge in the pH range of 4- 10 [Oflice of Groundwater
and Drinking Watee {OGDW) 1999], To overcome this short-
fall. As{ill} may be converted o As(V) by oxidition privr o
its treatment by the lime-LB3 process {USEPA 1999). Low per-
cent capper removals may be attributed to the ampholeric na-
ture of cupric hydroxide, which dissolves in cancentrated al-
kaline solwions to form the solubte cuprate jons again.
However, a more plausible reason tor the low copper removais
i this experiment is that cupric ions form a number of soluble
capper complexes mostly with sulfate, carbonate, and sulfide
ions (USEPA 1977). The formation of such soluble coinplexes
seems W be induced by the addition of the sulfate-rich LB and
by the salfates nermally present in wastewaler, Ldwards and
I3enjamin ¢1939) have stated that capper has the least affinity
for lerrihydrite coating compared W cadmium and zine com-
plexes. Benjamin ct al. (1996) also reported on typica] removal
efficiencies of soluble mertals using coated sand to be 80% for
Cu, 90% for Pb, and 98% for Cd, vidues that agree well with
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the results obtaied in this study, As for nickel, low removal
clhciencies arg invariably reported in the literature lor this
metal. No plassible cxplanation has been prescated as 1o the
reasons leading to this behavior compared to most other mictals
ol contern in wastewater treatment systems (Brown amd Lesier
1979 Patcrson ¢t al, 1981 Kodukuda et al. 1994} A reason-
able explanation may be the low affinity of nickel oward sus-
pended solids in raw wastewaters us conmpared to ather wickaks
(@degaard 1989).

A compirison between the results obtained from this study
and those reported by other studies (Table 7) indicates that the
time-LB process resulis in metat removal efficiencies that
compare well 10 the resulis praduced by other processes and
for some metals sarpass these reselts to achieve high removal
levels, y

Concurrently Atded Metals,  Six of the previously as-
sessed eight metals were concurrently added 1o alkalized
MWW samples. Sclection was restricted (o A-type nhonvolatile
metals: cadmium, chromium, copper, lead, nickel, and zinc. B3-
lype sewmivalatile metals were not considered in this experi-
ment, A comparison with the individually added mctal removal
percentages reveals that, regardless of the alkalization mwode,
the concurrent presence of metals docs not induce 2 significant
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TABLE 6. Examples of Performance Standards for Direct Dls-
charge'

TABLE 7. Gomparison of Metal Removals by Various Chemi-
cat Treatment Technolegles .

Effiuent Standard {(mg/lL)

Mela! Thaitand KSA® Germany GCalilomia®
{1} (2 {3) ) (5)
Ap NR NK ol 804
As 0.25 0.1 MR 09.02
Ba (] NR 2.0 NR
Cd .03 002 0008 003
Cr 0.3 i 0.8 Uikl
Cu 10 0.2 ir 0.3
Hyp 0005 0.00] A.005 6.002
Mn 30 MR 0.5 as MnSQ, NR
Ni w2 0.2 0.5 02
Ph [L] A 0l 02
Se 3.2 N NR NR
Zn 1 30 1.n 0.5 0.5

Neve: NR = not repored.

Performance standards for direct discharge apply fo sanitary sewage,
surface ol {including fire control waters). cooling water dischange,
boiter water conditioning blowdown, process witstewaters and any other
wastesaser. Dot condensed Hom Abu-Rizaiza (1999); Chen amd Hen-
dricks (F9T4) amd (htpriped poahiregulotions).

"KEA = Kingdom of Saudi Ambia {1984),

“Colifomiin shale Teas than or equal 1o (0% e Muent standards,

FeCl, + polymer | FeCl; + Chemical
Metal | Lime + LB* + seawater® | polymer®] precipilalion®
{1) (2) (3 4) {5)
b 950 64 33 =B}
d 99,1 57 43 b1
Cu 828 sl 61 >
r gr? 83 i MR
Hy M5 5N NH NR
Ni TR5 T} 26 98
Zn Y8 50 57 w7

‘Data obtained trom current stdy. Inluent metal concenirations are |
gl for every metil,

Thata T Osla (VEAS) reatmem phant (Oitegaard 1992, Influem
metal concentitions rnge from 6.7 w 121 pefd,

“ata from the Hyperion treatment facility in Los Angeles (Hardeman
and Mogmissey 19900 lnfhuent metal concentrations are not reported, Fa.
cilivy receives MWW anly: thes, metnl concentrations are assumed to be
nminimak,

‘Reported in USEPA's Risk Reduction Fugineering Library (RREL)
treatability database, version 5.3 lofluent metal concentrations range
from 0.1 10 | mgrL for every mettt. Exact nype of chemivad precipitation
waty ot specified. Maximum eeported values are considered in this whle
(Panerson of al. 1998).

hindrance etfect except for nickel, as depicted w Fig. 8 In
fact in the fime-LD treatment process, the percent removal of
nickel increased by 18.5% when (e metal was present con-
currently with other merals,

All reported percentages are the aveeages of triplicate jar

experimems. Meun analytical data of individual jar test sets
are summarized in Tables 8 and 9,

Varying Concentrations of Metals,  To evaluate the im-
pact of wetal removal efficiencics in relation to increasing in-
itial concentrations of metals, gradually increasing doscs of
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nickel were added to the experimenial marrix. Nickel was ge-
lected because it exhibited lower average removal percentages
in the presence of LB, Thus, voluanes of 1, 2, 4, and 6 ml
from the stock nickel solutivn were dispensed into alkalized
1-L atiquots of MWW 0 achieve nickel concentrations of 1,
2,4, and 6 mg/L., Fig, 9 displays the ahained metal removal
percentages as o funclion of the added nickel cancentration.

It can be deduced that metal removal percentages incre-
mentatly increase in relation o ingreasimg influent concentri-
tions of metals. Several investigators have reported the con-
cemration dependence of metals removal data, which implies
ihat higher influent conventrations result in preater meral re-
movils (USEPA 1977 Lsimond e al. 1980; Petrasck and Ku-
gelman 1983),

CONCLUSIONS AND RECOMMENDATIONS

The present study demanstrales the effectiveness of LB in
the removal of varous metals trom alkalized wastewater.
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1]
Based on the aulcomes of the performed stady, the following
conclusions can be drawn:
|

» Repardless of the atkalization mode adopted in this study,
the eptimum dose ol magnesitm ions for the magnesium-
free suspension wias about 134 mg/l. In the case of
MWW, the magnesiun salts present in LB proved to be
most effective when applied at a dose of 107 mg/L afier
alkalizing the matrix with caustic soda or slaked lime,
The enriched magnesivm content and the high enic
streéngth that are the charcterstics of LB contribute to its
effectiveness as a congulant.
n the ease of MWW, averape metal removal pereentages
varied between 63.2% = 4.7 and 93.6% = 0.6 for the
caustic-sadu—L13 process and 75.1% = 2.7 and 99.5% =
0.1 for the lme-LB process. Average mctal removal ef-
ficiencics were signficantly lower by the sole cmpioyment
of alkalization.
+ The concurrent preseies of metals in @ given matrix in-

*
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TABLE 8. Mean Analytical Data of Jar Test Sets [1-IX for Individually Added Metals
Concentration of | Welght of Recovered
Jar test Jar added LB added metal Turbldity EC DS walght of metal”
{matal) number | Alkalizing agent {mgfl) {ieg) pH (NTLY {rmhosiem) | (mg/) {ng)
(1} (2} (3 4 (5} (B} (7} (8} {9) {10}
11 {Ni) 1 None 0 i} 7.74 10%.3 18444 921.1 1600 =00
)2 Mone 1] | .0HM} 1.66 114.1 1,858.4 928.4 L6500 + 0.0
J3 NaOH u 1,000 10275 145 29002 14467 674.7 = 53.2
12 NaO11 07 1,000 10,31 26 28442 1.930.0 246.7 £ 0.0
35 CatOH), [0} 1,006 10.89 4.5 1,9589.2 POT.Y 4709 = 120
J6 Ca(OH), 7 1,000 1017 0.9 2,980.0 1,490.0 2447 2 )9
111 tCr) n None [} ) 7.74 2100 1,434.8 FANR LA A8 W1
2 Nunhe 0 1,000 7.53 2225 1.460.5 1308 978.3 £ 19.8
I3 NaOH 0 1,004) 10.78 550 2.240.0 1,118.3 3540 = 106
M Na(H 17 1000 10,42 74 A.254.2 1.630 0.2 £ §3.)
1L slie 1N 0 1,006} 1.0t 2.6 1,631.3 7323 127.1 + 492
1] CaOH), Hy? 10K 10340 u.5 24707 1.235.% 126 = 11
IV (Cu) N Nene 1] [}] kA 953 1.462.2 T30 168 + 1.0
]2 None ¥ 1004 788 0968 14522 7358 11026 = 0.3
13 NaQH i} 1.0040 10.91 258 2.470.8 12343 566.7 & 809
M NaOH 107 1,000 1,54 5.5 30183 1,509.2 3680 > 474
Js Ca(QH), 0+ 1.000 .06 36 L6054 0Ly 2922 % 366
lh CatQH), 17 10060 10.54 0.9 20944 FO48.1 1717 = 9.1
V(P n Nane o i} 7.35 8.4 1,446,3 724 158 % 2.2
]2 None i} Lus T.50 774 14734 T16.2 W22 ¥ 4.2
)3 NaOH 0 1600 1.2 I2.6 3,168.3 1,582.5 2259 = 58
E0Y NaOH 107 [Rilei) ILIR 13 35925 F79R.3 7BS5 03
15 O, n 1,008 .z 2.4 2,252.5 F054.2 176.4 = 30}
16 CatOH, 137 10300 1443 k.l 2.607.5 13058 41.2 = (b3
VE (Zn} H Maae [ 4] .75 13§.2 1.:424.7 7128 461.3 = 495
32 Noue 0 1,004 7.8 139.0 14048 7222 | L3719 % 536
J3 NuOH n £ 11.26 28.% 000 15183 RI9 = 211
14 MaOl 107 L 41X} 10,64 2.n 34783 17442 3903 * 6.2
5 CaO)- { i.Ung LE43 n 2.318.3 1.408.3 345 = 224
Jo COl, 107 1,000 109t 2.2 2.742.2 1,380.0 1343 = 20.7
VI (Cd) ED] Nowne 0 1l 1.86 LG 1415.0 7.4 A3 00
12 None 1] 1000 147 M6 14331.8 T99.1 So8.0 = 42}
13 NatdI [ ] [KiG1] 11,19 2t 2,704.2 1370.8 2715 = 330
18} NaOH 107 b (HHY i0.34 2.2 34002 §,7283 b = 2.0
15 Ca{1 1}, 0 Looo 11.36 4.0 2.566.7 13208 24.7 £ 0.4
I Ca(OH, 117 £ONO 10.R 1.5 21758 1,380 87 = 046
VI (As) n None 1] a 7.8t Tt.3 1,.233.8 616.7 41.5 2.0
12 Norne 0 1.600 746 68,1 B84 6224 X033 * 2.6
ERS NaOH 1] | RUEG 11,29 4.4 2.627.5 1,316.7 124 =1
J4 NaQH H 1 06 L4 2.6 3,305.8 1,655.8 29238 £ 31
15 CalOH), i [RiD0) 11.23 23 Fava.7 746.0 LN R e
16 CafOl, 107 1000 072 20 2.342.5 1,174.2 2R.7 = 174
IX (Hy n None 1 0 8,12 9710 L9736 9380 IFT =29
)2 Mone ] 1Ot 7.93 930 1.986.6 2936 10000 = 13
1A NaOI 1] 1,000 1114 16.1 33808 1,688.3 8310 = 185.0
J4 MNaOH 07 000 170 1.7 4,323} 2,166.7 1605 * 121.6
15 Ca(Olh, { 1000 .41 1.3 1,724.1 839.5 2222 = a9.5
16 CaOne, 197 LODo 10.51 0.2 3,120.8 1,562.5 S0
*Avenge weight of recovered metal * standard deviation of teipleate jar tests.
TABLE 3. Moan Analytical Data of Jar Tost Set X for Concurrently Added Metals
Jar Number
Pararmeler J1 42 J3 J4 J3 Js
{1} 2) (3 (4 {5) (6) 7}
Alkalizing agem Nune MNane NaHd MaOl a{OLnN; Caf Oy,
Concentrition of idded LB (my/l) M) t 1 11 ] 7
Weight of udded moetat {py 4] 1.000 JEHE] 1,000 1,000 L00
i X.06 0695 10,26 .57 H.79 1.1
Turbidity (NTU) (7,00 R7.25 15.32 .24 168 2.0
TOS (mygil) [RLLR] 1.234.2 LRIAR 23525 18213 1,798.3
LEC (punhoscm 2.304.2 2.504.2 16433 $.612,5 3.621.7 KXCHI R
Recovered weight of metal’ {pg)
Ni Yy + 34 10529 = 34 5070 * 30 2731 2w 1.2 =214 631 1.3
Cr £7 =09 1O = 52 6ll.7 % 364 56.0 = 36 22.8 = i 135 =27
Cn 4R = 09 Lo78.) =1t AL = 4R 4228 * 60 2078 £ 549 141D = 2.9
b 328 %23 $.063.1 & 167 2335 = 158 1476 + 13 3127 = 208 663 £ 1.7
cd ig YNlé = 302 177.8 % 05 729 % 7.1 1.7 = 6.1 6.2 % 3.4
FAY 480,7 = .0 148336 = 135 50 244 ISES =174 MG 2= MY 1883.3 » 5%

“Avempe weight of recoverad metl * seandard devistion of triplicate jar tests,
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Melal Concentration

duced varying effects on attained metal removal efficien-
cies. In the case of MWW, no signiftcant change was ob-
served in metal removal efficiencies when compared to
individunally added metal removal patterns. Remarkably
with this malrix, nickel removal increased by the lime-LB
process when the metal was present concurrently with
other metals,
Metal removal patterns demonstrated concontration de-
pendence, whicl implics that higlher influent mctal con-
centrations result in greater metal removals, Nickel re-
moval pereentages incrementally increased in relation to
increasing influent concentrtions of the metal. Atnined
efticiencies for the caustic-soda—LB process were §3.3,
89.4, 89.8, und 92.4% for an initinl nickel conceatration
of 1, 2, 4, and & mgfL, respectively. On the other hand,
the lime-LB process yielded nickel removals of 85.4,
S0.E, 93.1, and 95.1%, respectively.
Upon the addition ol LB, the pH levels of the alkalized
experimental matrices decrensed by an avernge of 4.3%
for the caustic-soda—L1B3 process and 5.3% for the Hme-
LB pracess. Consequently, lower dosages of carbou di-
oxide are needed o deercase the efffuent pii to acecptable
levels as compared 1o high lime (phl > 11} rcatonent pro-
cesses,
I'he lime-1.13 process proved to be a more effective treat-
ment process than the caustic-soda—LB process in terms
of enbunced heavy metal as well as wrbidity removals
and lower ¢fliuent pil.
* Heavy metal removal by the alkalization-LB process is
complimentary to the previously demonstrated efliciency
of LB in removing TSS, COL, nutrients, and color.

-

Based on the above conclusions, the tollowing recommen-
dations are proposed:

« Apply the proposed chemical  wasiewnter lreatment
scheme in coastal communities where LB can easily be
obtained as the by-product of seawater solar evaporation,
contmonly wsed (0 produce table sait.

* Carry out Further sesearch to investigate the efTectiveness

of the alkatization-LB pracess in the rentoval of heavy

metals from varions industrial wastewaters, Originally, ai-
kaline industrial eflluents may require the sole addition of

LB to attain high metai removal effciencies.

Carry out Turther rescarch 10 exasunine the effcetivencss of

the alkalization-LB process in the removal of heavy met-

als existing in various combinations and varying in inital
concentrations.
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