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ABSTRACT

APPLI CATI ON OF COAGULATI ON AND OZONATI ON TO CONTROL
HAZARDOUS WASTES

At akan ONGEN

The nainscope of the studyisto deter mne an appropriate contrd systemin order toreduce
poll ution potentia of a hazardous waste generated by a pestid deindustry. I n order toachieve
that goal, both chemical treat nent and ozonation applied onthis hazardous waste which has
beenlistedin EPAhazardous waste lists. During the study, ozone has been applied for bath
det oxification and nonitoring itsi mpact on chemical trea nent.

The hazardous wasteinvestigated duringthe study, isaliquid-for redtoxic waste, whichalso
has the properties of both flammability and reactivity wth water. The wasteis derived from
the conbi nation of bath cleaning of the reactorsthat are used for for mulation of liquid and
powdered pesticides and laundry wastewater.

In the study, three different characterized samples were mnonitored and two different
experi nental procedures were followedto nonitor which syste mreached maxi mumre noval
effidency. In the first experi nental procedure, chemcal treat nent and ozone application
processes have been perfor med to the sanples, respectively. For chemcal treat ment li ne,
Fe d3 and al umare used as coagul ants and Na OH and H, SQ, are used as helpingagents. Non-
ionic pol yelectrd yte has also been usedto achieve sufficient settling during jar tests. Qzone
generator, used inthe study, reaches the opti mum operating efficency by 5 It/ mn oxygen
flowrate. Qzone generation starts after 4- mn delay ti ne and t he ozone was injected wth a
teflon pipeinothe drcuated wastewater inreactor.

To nonitor detoxification ability of G, acute fishtoxcitytest has beenrunfor bothrawand
treated wastewater. In the study, toxcity characteristic of hazardous waste derived from
pesticide industry has been evaluated according to acute fish toxicity test. Screening and
toxicity nmethodology is used to deter mine the lethal concentration (LGso) and toxicity unit

(TYa). Wsingthis method LG, and TU, determi ned 17 as concentration percentage of the
wastewater and 6 respectively.
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OZET

KOAGULASYON VE OZON UYGULANARAK ZARARII ATI KLARI N
KONTROLU

Calismamn Oncelikli amaci, in-sity on-site kogullar g6z Oniinde bul undurularak , pestisit
endistrisinden kaynaklanan zehirli etkiye sahip bir zararli atik i¢in uygun kontrol
nekaniznasinn saptanmasidir. S6z konusu atik EP A zararli atiklistelerinde yer al naktadir.
Bu at18a uygun bir yoneti m nekani znast belirlenek anaciyla, ki nyasal arit na ve ozonlana
prosesleri uygul anmstir. Calis na siiresi nce, ozon he mat1 @ nzehirlilik 6zelligni gi derebil nek
he mde k nyasal arit na iizerindeki etkilerin gozle nheyebil nek anaciyla uygul anmstir.

Calisnma siresince incelenen zararli atik siw for nda, zehirli, tutusabilir ol dugu gibi suyla
reaktif olabil ne Ozelligne de sahiptir. A1k reaktdrlerin ytkanmast sonucu ¢ikan proses
sivilar1 ve ¢anasirhane sul arinin birles nesinden ol us naktadir.

Calisma esnasinda, farkli karakteristikere sahip iic 6rnek iizerinde gézlend e ne yapil mstir.
Bu gozlenlene icinik farkli deneysel aki msenast belirlenms ve her bir nunune igin
uygul anarak en iyl verine hangl diizende ulasilabild g arastiril mstir. Deneysel aki nharin
ilkinde, sirasiyla ki nyasal arit ma ve ozonlana islenleri tatbik edil mstir. K nyasal arit na
esnasinda kireg, alumve Fe 3 koagiil ant ol arak denenms ve pHayarlart NaOHve b SQ ile
yaptl mstir. Yeterli ¢okel neyi sagayabil nek amaciyla yard ne1 ki nyasal olarak non-iyoni k
polielektrait kullaml mstir.

Deneysel calis nal arda kullanlan ozon ci hazznin opti numegalisti§ oksijen aki mhiz 51t/ dak
dir. Ghaz ozon iret neye calistinldktan 4 dakika sonra baglanakta ve iiretilen ozon bir
ponpa vasitas ile reaktor teflon boru sistemnde dondiriil en atiksuya boru enjeksiyonuile
uygul annaktadir.

Ozonun detoksifikasyon ozelligin izleyebil nek anmmciyla akut balik zehirlilik deneyi
strdiiril niist ir. Calis ma esnasinda, iizerinde arastir ma yapilan numunenin zehirlilik 6zelli g
sirdirilen standart balik zehirlilik deneyine gore degerlendiril mstir. Boylece ol diiriicii
konsartrasyon (LGy) ve zehirlilik seyrel ne faktérii (TU,)) degerleri saptanmstir. LGo
degeri atiksuyun konsantrasyon yiizdesi bigi mnde 17 darak TUj,) ise 6 darak bul unnust ur.

Anahtar Keli neler : Qzon, detoksifikasyon, koagul asyon.

Bili m Dal1 Sayisal Kodu : 615



LINTRODUCTI ON

11 A mand Scope

During the past decade, the public has becone increasingly aware of one of the
mej or i npacts of i ndustrial devel opnent. Con currently, awareness has been grow ng
that certain disposal nethods used for such waste may pose risks to human health
and the quality of the environnent. Several countries have nade great efforts to
devel op effective technologies and admnistrative procedures for hazardous waste

manage nen.

Waste is frequently a complex mixture that makes the collection of data on waste

conposition dfficut and dften very costlyto obtain

Hazardous waste is potentially danmaging tothe environnment and therefore, needs
contrd. Most of it, however, is derived fromi ndustries anongthe nost i nportant to
the grovt hand nai ntenance of a nodernindustrial society, suchasironand steel and

che mcal industries.

If, inadditionto naterialsthat aretoxic, flammable, corrosive, etc., the defintion of
“hazardous” includes materials wth a hi gh water pollwion potential which requires
special contrds. Thus, environmental protection and economc devel opment nust be

finely judged in order toachieve a bal ance.

To perfor mthe experi mental procedures inthe study, a hazardous waste, whichis
derived from a pesticide industry, was investigated The solvent power of baoth
hal ogenated and non-halogenated organic sol vents is used in industry. Whi chever
method is enployed, a sunp residue accunulates wth use. The residue is either
allowed build up until an unacceptable level of contamnationis reached and the
dirty solvent renmoved for disposal or recovery or the residue is continuously
renmoved by recycling via an on-line purification plant. Wash-down wastes are also

dangerous after contamnation wth arange of sd verts.



The mainscope of the studyistocreate a manage nent systemfor a specific, highly
toxi ¢ hazardous waste derived froma pesticideindustry. In order toreach that scope
during the study, both chemcal treat ment and chemcal oxidation processes were
perfor ned in different orders to nonitor and decide the nost suitable treat ment
systemfor thislisted hazardous waste. Toxicitytests were alsoapplied after deci di ng

an effective treat nent syste morder.

In the study, ozonation effidency both before and after chemcal treat nent and
det oxification of ozone wereinvestigated Toreachthat goal, first literat ure searches
about hazardous wastes, toxicity and che mcal oxidation by ozone were conpleted
Experi nental approach was detailed and procedures were explained Calculation
method for ozone was also nentioned and all resuts were shown in tables and

figures.

Inresuts and eval uations section results were givenin figures in order to eval uate

and discuss the results deter mned



2 HAZARDOUS WASTE MANAGE MENT

21 nception of Hazardous Wste

There has been a rapidincrease i nthe generation of the hazardous both organic and
inorganic wastes per year sincetheindustrial facilities startedto growup. Industries
have produced a w de variety of products that have i nproved our standard of living
and generally increased hunman life expectancy. However, associated with these
benefitsisthe risk of accidentsthat can endanger hunan healthandthe environnent.
The magnitude of the proble mwas so clear that in order to consider these potertial
risks andtryto deter mne adequate nanage nent facilities, the concept of hazardous

waste has been adopted since 1970s.

Risk of accidentsthat can be dangerous for both hunman healthandthe environnent,
toxic effects of the many chemicals on human, the lack of know edge about the
adverse effects of those chemicalstothe nedia the rapidincreaseinthe production
of organic chemcals as well as increased de mand for valuable heavy netals are
believedto be the nainreasons for the adoption of hazardous waste conception

2 2 Defintion of the Problem
221 Defintions

Waste is sonething that the owner no longer wants at a given place and ti ne and
whi ch has no current or perceived market val ue. Hazardous wasteis waste t hat has
physical chemcal or biological characteristics that require special handling and
disposal procedures to avoid risk to health and/or other adverse environnental
effects.



Inthe United Sates, hazardous waste has been defined by Resource Conservation
Recovery Act ( RCRA) legslationas “asolid waste, or conbi nation of solid wastes,
which because of its quantity, concentration or physical, chemcal or infectious
characteristics may cause or significantly contributeto, anincreasein mortality or
an increase in serious irreversible or incapacitating reversibe illness or pose a
substartial present or potertial hazard to human health or the environment when
inproperly treated stored transported or disposed of or other wse managed” [1]
Whilethe definitionrefersto “solids” it has beeninterpretedtoinclude sem -salids,

liquids, and contai ned gases as well.

The US Environnental Pratection Agency ( EPA) has defined a waste to be

hazardous under the legislaionif it neats one or more of the foll ow ng conditi ons:

Exhi bits characteristics of flammability, corrosivity, reactivity, and or toxcity
e Is anonspecific source waste (generic waste fromindustria processes)

e Isaspecific source waste (fromspecific i ndustries)

e Isaspecificcomnercia chemcal product or irtermediate

e Isa mxture containing alisted hazardous waste

e |s asubstance that is nat excluded fromregul aion under the RCRA

Satuory definitions of hazardous waste used by various nations reflects not onlythe
nature of the environmental problens they were designed to cover, but also the
social, political and economc conditions of t he nations concerned Wen atte npting
to define hazardous waste, concernis essertialywth waste, which presents either of

the fdlowng:

e Short-ter macute hazards. Such as acutetoxicity by i ngestion inhalaion or skin
absorption corrosiuvity or other skin or eye contact hazards or the risk of fire or
explosion;;

e Long-termenvironnmental hazards, including chronic toxicity upon repeated
exposure, carcinogenicity (which mayinsome cases resut fromacute exposure
but wth a long latent period), resistance to detoxification processes such as
bi odegradation the potential to pollue underground or surface waters, or

aest heticall y obj ectionable properties such as offensive odors.



Wastes wWth these properties nay arise as by-products, side-products, process
residues, spent reaction nedia, contamnated plant or equiprent, etc, from

me.nufact uring operations and as consumner discards of nanufactured products.

23 Qiteriafor Identifying Hazardous \Wste

Waste has the patertial to be hazardous by virtue of the fdlow ng:

e Substances presernt inthe waste

e Their concertration

e Their chemcal reactivity

e Physical for min which the substance are present

e Quantity and recurrent rate of arising of patertially hazardous naterial

e NMobilityand persistence of the potertialy hazardous naterialsin whichthey are
placed

e Targets available inthat environment and their vul nerability to the potentially
hazardous naterials

e Possihility of remedial measures andtheir costs

The shat-ter macute and longer-ter m environmentally hazardous properties of a
waste are a function of the che mcal species present. In sone cases, wastes have
well-defined dangerous properties and are unequivocally hazardous; such wastes
generally resut fromthe use of comnmonly encountered che mical conpounds. The
maj ority of wastes considered, however, arelikelyto be conplex mxtures which do
nat readilylendthe nsel ves to che mcal characterization

Wthinthe context of waste manage nent, the hazard characteristics of a waste are
more relevant than know edge of its precise chemcal conposition whichin nmany

cases wll bei npractical to obtain

231 nposition

Concerningthe conposition of the waste, individual conponents of a waste should
be known before a conmplete assessnent of its hazard potertial is made. This
know edge however, is often very difficut and may be i npossiblein practical ter ns,
particdarly for solid wastes. To demand, either directly or by i nplication, that all

waste be analyzed for all potentidly hazardous species is quite impractical.



Nevert hel ess, good i nformation on waste conpositionis needed, andin many cases

broad conpositional data wll be adequate.

232 Physica Form

The physical for mof the waste ( solid sem-sdid, sludge, liquid etc. )isrelevantto
a consideration of both potertial acute or longer-ter menvironnental hazards. In
general, liquid or sludge wasteis nmoreliableto cause water poll ution problens t han
issdid waste. Snall partide size by itself may confer hazard on a nateria that is
nonhazardous in larger pieces; many finely divided netals are acutely hazardous
while the massive materia is har nhess. Solids for ned by cooling fromthe nolten

state may often have their patential hazard rmuch reduced

233 Quantity

The quantity of the wasteanditsrecurrernt rate of arisingarei nportant. The handling
and disposal of afewhundred kilograns of a particuar waste as anisdated arising
may demand atotally different sol uiontothe disposal of si mlar nateria arising on
aregular basisin quantities that nay be orders of magnitude greater or smaller.

The patentiad for environmental danmage at a waste disposal siteis clearly related not
only to the concentration of the substance released but alsoto the tatal quantity

released a a gventi ne.

234 Acute Hzard

The acute hazard posed byt he waste nmay be expressedinter ns of oral, i nhal ation or
der mal toxicity, flashpoint, expl osivity, concentration of known corrosive species,
etc. Physical characteristics, such as vapor pressure and boiling point, may be
i nportant. To avoid dangerous interactions wth co-deposited naterials, highly
reactive materias (e.g powerfu oxidants) should also be considered However,
unless toxicity tests are perfor ned on the waste itself, acute hazards posed by the

waste can only be predi cted by the hazards of its componerts.

2 35 Long-ter m Hazard

FHnally, the long-ter m hazard posed by the waste wll depend upon the chosen
disposal route. For exanyple such properties as vol atility, water so ubilityin organic

chemcals wll i nfluence the nobility of wastes depositedinlandfill. The persistence



of a particdar naterial wll depend upon its vulnerability to various natural
breakdown mechanisns : mcrobiad ogical, photochemcal, ox dation/reduction etc.
Thetoxicityof a deposited nateria andits nmetabolites and or gandl epticfactors, such
as taste and snell, are al-relevart.

2.4 EBExcl usive and Incl usive Lists of Hazardous Waste
241 The Excl wsive List

One alternative approach tothe proble mof adequately defining what constitues a
hazardous wastes which present no si gnificant short-ter menvironnental hazards and
to defi ne hazardous waste by excl usion (as any wastes nat listed). This approach has
been used successfully. Inthe United K ngdom for exanple, it was for nerly usedto
define those wastes for which natification of irtent to deposit was a statuory
requrenment under the Deposit of Poisonous Waste Act [2]. F noteworthy
i nportance is the extra environnental safeguardincorporatedinthis case, whereby
excl usion fromthe natification procedure was subject tothe listed waste neeting
certain qualitative criteriainter ng of its conposition These criteria were that the
waste shoul d nat containany hazardous quartity or concentration of any poisonous,

noxi ous or palluing substance.

While one advantage of the exclusive list approachisthat it isrelativelysi npleto
ensurethat thelisted materials are not hazardous, materials nat listed and, therefore,
by i nference hazardous may well be only marginallyso. Inaddition whenrelianceis
placed upon qualitative, subjective criteria different interpretations will inevitably be
possible. Thus, waste producers, waste disposers and regulatory authorities are

deniedthe certaintythey need

2 4.2 The Incl usive List

More w dely e npl oyed for regul at ory pur poses are listing of hazardous waste, either
with or wthout accompanying criteria This inclusive list approach is currently
enployedin Belgium Dennark France, Ger many, Netherlands, Sweden the United
Kingdomand the United States. The lists conprise wastes fromcertainindustries,
wastes containing specific conponents or specific waste streans identified by the

processes fromwhichthey orignate.



The inclusive list offers a greater degree of certainty but suffers from the
disadvantage that omssions may well be significantly hazardous. The greater the
degree of specificty, the nore an all-enbracing inclusive list approaches
encycl opedic proportions. Any list, inclusive or exclusive, nay itself use ter ns t hat
are difficdt to define in a waste management context, such as solvert,

phar maceutical, toxic or phenal, ec.

Despiteindividual differencesinapproach international agreenent is substartial on
those conponents of a waste, which cause it to be dassified as hazar dous.

Hazardous waste can be solid liquid or gas. The characterization of a hazardous
waste can range from a si nple review of a list. The EPA has listed specific

hazardous waste according tothe fdlowng criteria

F Series: Hazardous waste fromnonspecific sources(e g, hal ogenated solvents used
in degreasing and spent electropl ating bat h sd uti on)

K Series : Hazardous waste fromspecific sources (e g, APl separator sludge and
tank battons fromleaded petrd eumrefini ng)

P Series : Acutely hazardous waste of specific commercia chemcal products,
including discarded products, off-specification products, containers, and spill
resi dualss.

U Series : Toxic hazardous wastes which are commercia chemcal products,
including discarded products, off-specification products, containers, and spill

resi dual s.

The conplexity of characterizing a waste to deter mne whether it is hazardous
increases significantly whenthe source and/ or natureis unknown. The only et hods
available aretosanple and perfor mche mcal analysisto deter mne the nature of the
materid [3].



2.5 (Oharacteristics of Hazardous Wste

In establishing these criteria for the treat nent of any identification of a hazardous

waste four characteristics sel ected:

Hammability
Corrosivity
Reactivity

Toxicity characteristic

251 Hammability

Hamnabilityisthe characteristic usedt o define as hazardous t hose wastes that coul d

cause a fire during transport, storage, or disposal. Exanples of ignitable wastes

include waste all and used sd vents.

1

It isaliquid other than an aqueous sol uion containing less than 24 percent
alcohal by volume. And has a flash point less than 60° C(140°F), as deterni ned
by a Pensky- Mirtens dosed Cup Tester (usingthe test method specifiedinthe
AST Mstandard D-93-79 or D 93-80) or by a Setaflash d osed Cup Tester (using
the test nethod specifiedinthe AST Mstandard D 3278-78)

It is nat aliquid and is capable, under standard tenperature and pressure, of
causi ng fire through friction absorption of noisture, or spontaneous chemi cals
changes and whenignited, burns so vigorously and persistertlythat it creates a

hazard

It is an ignitable compressed gas as defined in 49 Code of Federal
Regul ations173 300 DOT regul ati ons.

It is an oxidizer as defined in 49 Code of Federal Regulations 173 151 DOT

regul ati ons.

A wastethat exhi bitsflammability but is not listed as a hazardous wastein Subpart D
of RCRA has the EPA hazardous waste nunber D001 [3]



252 Qorrosivty

Corrosivity, as indicated by pH was chosen as an identifying characteristic of a
hazardous waste because wastes wth high or low pH can react dangerously wth
other wastes or causetoxic contamnantsto mgrate fromcertain wastes. Exa nples
of corrosive wastes include acid wastes and used pickle liquor from steel
manufacture. Steel corrosionis a pri ne indicator of a hazardous waste, since wastes

capable of corroding steel can escape fromdrumand liberate ather wastes.

1 Itisaqueous and has a pHlessthan or equal to 2 or greater than or equal to 12. 5
as deter mned by a pH neter using an EPAtest nethod

2 ltisaliquidand corrodes steel (SAE 1020) at arate greater than 6. 35 mm (0. 250
inch) Per year at atest tenperature of 50°C(130°F), as deter nined by the test
met hod specifiedin National association of Corrosion Engineers Sandard TM
01- 69 and standardizedin “Test Methods for the Eval uation of the Solid Waste,
Physical/ Chemcal Mt hods.”

A wastethat exhibits corrosivity but is nat listed as a hazardous waste in Subpart D
has the EPA hazardous waste nunber D002 [3]

253 Reactivty

Reactivity was chosen as anidentifying characteristic of a hazardous waste because
unstabl e wastes can pose an expl osi ve probl e mat any stage of t he waste manage nent
cycle Exanples of reactive wastes include water from TNT operations and used

cyani de sdl verts.

1 Itisnormally unstable and readily undergoes vdent change wthout det onating

2 ltreacts vidently wth water.

3 It forns paertialy expl osive mxures wth water.

4. When mixed with water, it generates toxic gases, vapors, or funes ina quantity
sufficient to present a danger to hunman health or the environnent.

5 1tis a cyanide- or sulfide-bearing waste that, when exposed to pH conditions
bet ween 2 and 12 5 can generate toxic gases, vapors, or fumes in a quantity
sufficient to present a danger to human health or the environ nent.

6. Itiscapable of detonation or explosive reactionifsubjectedtoa stronginitiating

source or if heated under confine nent.
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7. It is readily capable of detonation or explosive deconposition or reaction at
standardtenperature and pressure.

8 Itisaforbiddenexpl osive as definedin 49 Code of Federal Regulations 173 51, a
A ass Aexplosive as definedinthe 49 Code of Federal Regulations 173.53 or a
Qass Bexplosive as definedin 49 Code of Federal Regulations 173 88 DOT

regul ati ons.

A waste that exhibits reactivity but is not listed as a hazardous waste in Subpart D
has the EPA hazardous waste number D003 [3]

254 Toxicity

Atoxic waste on contact with aliving organis mis capable of killing ijuing o
ot her wse i npairing that organism These poisonous substances are hazard inthat
there is risk dependi ng upon the exposure and the nanner in which such awasteis
handl ed

The toxicity characteristic leachi ng procedure (TCLP) test is designedtoidentify
wastes likel ytoleach hazardous concentrations of particuar toxi ¢ constituents irno
the ground water as result of i nproper nanagenent. Duringthe TCLP, constituents
are extracted fromthe wastetosi milatethe leaching actions that occur inlandfills. If
the concentration of the constituent exceeds the regulatory li nit, the waste is

classified as hazar dous.

The TCLP test replacedthe EPtoxicitytest in Septenber 1990 and added 25 organic
conpounds tothe el ght metals and six pesticdes that were subject tothe EP toxicity

[4]

2.6 Wistes Hazardous in Only Part of the Minage nent Cycle

The nmanage ment cycle for any particular hazardous waste conprises its generation,
transport, storage, treat ment ( where appropriate) and final disposal. These options are
called Treat ment, Sorage, Dsposal facilities (TSD Facilities) by EPA The ai mwas
toesti nate the tatal quantity of hazardous waste managed by TSDfacilities and to
identify hazardous waste manage nent process, their comnercial availability andt he

general waste type managed at each facility [4]. Qearly many hazardous waste
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characteristics, such as corrosivity, flamnability and toxicity, wll cause potential

problens at all these stages.

By contrast, many wastes, which offer no significant short-ter mhandling hazard
may cause severe disposal problens based ontheir physical or chemcal properties.
Certain hal ogenated hydrocarbon sal verts, for exanpl e, are non-flammabl e and of a
loworder of acutetoxicity where norecovery options exist andlandfill is consi dered
unsuitable because of the patentia threat to water supplies, a ther mal destruction
route wll be sought.

Such wastes, however, should only be considered for incineration in specialized
plants equipped wth gas scrubbing facilities to renove the hydrogen chloride
generated Mny oily wastes cannot be economcally recovered or incinerated
because of their high water and/ or solids content, but they are loworder of toxicity

and present no handling hazard

Certain wastes, which present aninhal ation hazard, only present a hazard at t he poi nt
of arising Once securely bagged, transport and disposal are straight forward
although the disposal method selected should guarantee that the sealed bags are
unlikel yto be disturbed
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3 TOXI COLOGY

3 1 The Goncept of Toxicd ogy

Phar nacology is the study of the nature, properties, and effects that chemcal
substances have on biological systens. Hence, in its entirety, pharmacol ogy
enbraces the study of all substances known to affect living processes, whet her
beneficaly or detri nentally. For acade mc purposes, phar nacology is dividedinto
several branches. One such branch relates to the specific study of adverse health

effects caused by poisonous or tox c substances; it is called tox cal ogy.

Toxicaogy is the science that deals wth the effects of poisons upon living
organisns. Apoison or toxicant is asubstancethat, above a certainlevel of exposure
or dose, has detri nental effects on tissues, organs, or biod ogical processes. Anmong
the i mportant aspects of toxicol ogy are the relationship de nonstrated presence of a
chemcal or its metabolites in the body and observed synptons of poisoning
mechanisns by which toxicants are transfor ned to other species by bioche mcal
processes, the processes by whichtoxicants andtheir netabolites are eli mnatedfrom

an organism and treat nent of poisoning wth artidotes.

USEPA characterizes RCRA hazardous waste by neans of a property called
extraction-procedure toxicity (EP toxicity) [5]. This property relates only the
fdlowngtoxic netals and pesticides: arsenic, barium cadmum chromum lead,
mercury, selenium silver, endrin lindane, methoxychlor, toxaphane, 2 4 -
di chl orophenoxyacetic acid and [2-(2 4, 5-tri-chlorophenoxy) propionic acid]l. A
hazardous waste exhi bitst he characteristic of EP toxicityif a sanple of the wasteis
foundto containany of these contamnants at a concentrationequal to or greater t han
the respective values noted in Table 3-1 Hazardous wastes that exhihbit the
characteristics of EP toxicity are assigned an EPA hazardous waste number from
D004 to D020, astabulated [5]
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Table 3-1 Toxicity characteristics, Mixi mum Concentration of Contamnants

EP A Hazardous

Waste Nunber Contam nant Mix. Concentration ( nyl)
D004 Arsenic* 50
D005 Barium 100.0
D006 Cadmunt 10
D007 Chromum 50
D008 Lead* 50
D009 Mercury* a2
D010 Selenium 10
Do11 Silver* 50
D012 Endrin* Q02
D013 Li ndane* 04
D014 Met hoxychl or * 100
D015 Toxaphane* a5
D016 24 D 100
D017 2,4,5-TP(Slvex)* 10
D018 Benzene Qa5
D019 Carbon tetrachl oride Q5
D020 Chl ordane Q03

* For merly EPtoxicity contaninants
Source: US Environnental Pratection Agency

3.2 Hbw Toxic Substances Enter the Body

There are many routes by which a substance may enter the body, nainly such as

inhal ati on, skin absorption, and ingestion

3. 21 Ingestion

Ingestion refers to the swallowng of a substance through the mouth and intothe
stonach, and generally fdlowed by its entrance into the snall intestine. Ingested
toxi c substances either directly damage the tissues of the nouth or digestive tract at
the site of contact, are metabolizedtotoxic or non-tox ¢ substances, or are absorbed
through the intestinal walls to enter the blood system In the latter case, the
circdatory systemthen dissemnates the substances to various body organs and

tissues.
322 Avsorption

Absorptionthroughthe skinis a second route by which a substance may enter the
body. Skinis the largest single organ of the body. It often serves as an organ of
defense by preventingthe direct entry of a substanceintothe body or its parts, except
for the eyes and lungs. But the skin nay also act as a portal of entry for sone
chemcal substances. In these instances, the skinacts like a per neable me nmbrane.
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Generally, liquids absorb nmost easily, sincetheir concentrationis high at a particul ar
point of contact; capillary action aids intheir penetration Sone toxic substances,
like hydrofluoric acid absorbthroughthe skinand danage nearby bone metter. But,
more comnonly, substances affect a specific site of action or the body as whole.

3.2 3 Inhal ation

Itisathirdroute by which a substance may enter the body. The internal surface of
our lungs is sorichin blood vessels that actually cover an average surface area of
approxi mately 75 nf [5]

Thus, a substance inhaled intothe lungs is readily absorbed intothe bl oodstream

This neans that the body’s response action frominhalationis often relati vel y s wt.
3.3 Qassification G Toxic Hfects

When asubstanceistoxic, it may causelocal damage at the site of contact or at a site
of action (that is, at certaintissues or organs), or it nmay adversely affect the ertire
organisns in sone way. These various ways by which a substance may cause
bidogical damage are often used as a broad basis for the classification of toxic
effects. In particu ar, these adverse effects are often called| ocal and systeni c effects.
Da mage caused by a substance at t he site of its contact is al ocal effect but an adverse
health effect that is experienced at a site of actionis a systemc effect. For i nstance,
when nercury absorbs through the skin it may danage the kidneys, or affect the
central nervous system these are exanples of syste mc effects.

Toxic effects are alsoclassifiedaccordingt ot hetine neededfor asubstanceto cause
aninury or disease. The falowng types are comnonly noted acute, short ter m
chronic and latent. Atoxic substance may produce only one or nore than one of
these effects.

331 Acute Hfect

An acute effect is generallyregarded as a severeinj ury caused by asingle relati vel y
short exposuretoa substance. For instance, i nhalation of hydrogen chloride for only

a fewseconds nay cause lung damage; thisis anacute inury.
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3.3 2 Short-ter m Bffect

Anindividual may alsoexposetoasubstancerepeatedy over arelatively short ter m
say consecutive daily exposures over a fewdays or weeks, before an adverse health
effect is noted Such an inuyis called a short-ter meffect. An exanple of a short-
ter meffect isillustraed by exposure of skintissue to certain harsh cleaning agernts.
While a single handling of such cleaners may not seemngly affect skin tissue,
repeated handling may cause der natitis; thisis a short ti re injury. Some substances
having a relativel y low acute toxicity nmay have significant patertial for producing
har nful effects by repeated exposures.

3.33 Chronic Bfect

A chronic effect isaninury or disease that nmanifests itself after a relatively long
period of ti ne has el apsed sinceinitia exposuretot he substance causingthe ail nent.
For exanple, liver angiosarcoma nay devel opinanind vidual years after inhal ati on

of vinyl chloride [5]. This devel opnent of cancer is an exanple of a chronic effect.
334 Latent Bfect

Itisaninuy or disease that renains undevel oped until an incubation period has
elapsed For exanple, benzene induces aplastic ane main hunans, but the affliction

may not becone naticeable urtil ten years after the initial exposure to benzene [5]

Atoxicsubstancethat entersthe body by inhalation may act as either an asphyxi ant
or an irritant. An asphyxiant is a chemca substance that causes a loss of
consciousness as the result of aninsufficdent amount of oxygeninthe blood. S nple
asphyxiant, like nitrogen and hydrogen arei mmediately har nful onlytothe extent
that they displace oxygen.

A mi xture of inhalation asphyxiants wth oxygen or air may have an anaest hetiz ng
effect on the body. Anaesthetized individuals nay be either conscious or
unconscious, but they experience a partia or tota loss of the sense of pain Such
substances are called anesthetics, especially when they areintentionally admi nistered

for perfor ming surgery [5].

An irritart is a chemcal substance that i njures the tissues of the respiratory system

and lungs, thereby causing i nflammation of the respiratory passages.
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3.4 Factors of Afecting Toxicity

The human bodyis a very conplex and delicatel y bal anced system Each cell inthe
body, the basic unit of life takes in nutrierts, resist bidogical attackers, reproduce,
and produces t he substances t hat t he host organism needstosurvive. Miny che m cal
reactions occur wthin cellsthat are responsible for life itself. But when toxins are
absorbed across the cellular me mbrane, they may upset this delicate chemistry. In
tun these cells may malfunction causing the organismto experience i npaired
health dsease, o death

Fortunatel y, the body possesses natural nechanisms for pratectingitself agai nst the
adverse action of forei gnsubstances. One such mechanis mis provided by the body’s
i mmunol ogical system whichis often capable of defendingindividual cells agai nst
toxic invaders. Ancther mechanismis provided by the nor mal action of specific
organs that possess the capability of converting har nful substances into har ness
ones or intosubstances that are nore rapidy excretedthanthe original toxin As the
resut of such biochemistry, foreign substances nmay be nodified in chencal

structure, tenporarily storedin specified organs, and/ or directly eli mnated

Certain organs play particdarly i nportant roles in ridding the body of foreign
substances. Metabolicand excretory processes often workinunisoninthis mannerto

keep bodies free of unwanted substances.

341 Quantity of Substances

Poisons cause adverse health effectsinrelatively small anounts, typicaly 3g or less
[5]. Toxicd ogists refer to the anount of the substance at issue as the dose. Sone
substances are so poisonous that extrenely mnute doses cause death There are

relativel y fewsubstances that exhi bit this unusually high degree of toxcity.

Nearly all forei gn substances adversel y affect the body at sone dose. VW& are mainly
concerned here only wththose substances t hat cause disease or death whentakenin
relativel ys mall amounts. The effect that a substance has onthe body often changes
withits dose.
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342 Length of Exposure

A factor closely related to the dose is the length of exposure. For example, the
ni xture of toxic substances found intobacco s noke; these conmbinedtoxins arethe

mai n cause of throat and lung cancer [5].

The length of exposure is often an i nportart factor when considering the adverse

health effects caused by exposure totox ¢ substances inthe work environmert.

The length of exposure can also be a factor affecting toxicity in a comparatively
benefical way. Sonetimes the body accli mates somehowto repeated exposure to
certaintoxic substance; that is, while adverse health effects are noted at the ti ne of
aninitial exposure, such effects are nat al ways repeated upon subsequent exposures
tothe sane dose of the sane substance.

3.5 Rate and Extent toWhichthe Substance Is Absorbed Intothe B oodstream

Most adverse health effects are experienced only after sufficient ti ne has elapsed for
the substance to absorb intothe bl oodstream There are seven ways by whichthis
may occur:

Intravenous

I nhal ati on

I ntraperitoneal
Intranuscul ar
Subcutaneous
Oal

Cut aneous

The fastest of these means for entry of liquid poisons into the bloodstreamis
irtravenous, that is, inection directlyinto a vein, for gaseous poisons, the fastest
route of ertryis inhalation

Sone ti ne usually elapses before substances taken orally are assi mlated into the
bl oodstream Thisis afortunate circunstance i nthe case of poisons, since it provi des

the opportunityto admnister an antidate, toinduce vomting or totake somne ot her
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action appropriate to saving a life. The ti ne elapse relaes wththe fact that the

intestine the organthat connectsthe stonmachtothe large irntestine.
3 51 Physical and Chemi cal Nature of the Substance

This factor is closely relaedtothe previous one. For instance, the compounds of
chromum all of which are toxic. Several chromum conpounds manifest this
toxicity nore noticeably, however, because they enter the body nore easily than
others do. The water solubility of substances also affects the toxicity of ingested
substances.

Finally, different oxidation states nay have a bearing as a substance’s toxicity.

352 Age and Halth of Aflicted Ind v dual

The degree to which a toxic substance affects individuals may depend ontheir age
and general state of health In general, youngsters and the el derly are much nore
susceptible and less tderant totoxins than the middlie-aged S nilarly, ind v duals
already weakened from disease are likely to be nore susceptible to poisons than
healthy people. This individual sensitivityistypical of individuals who suffer from
heart and respiratory ailments; they cannat tderate noderate concertrations of air

poll uants while healthy people are often si multaneously oblivious totheir presence.

36 Masurenent G Toxicity

In general toxicol ogical studies, ani nal are exposedto a given dose of a substance
and nonitored to establish a defined effect. Then the results of such studies are
extrapolaedto humans. This nethodis generalycredble for establishing acute or

short-ter meffects.

However, chronic toxicol ogical studies on animals are not al ways relevant when
appliedto hunans, since the physidogy of hunmansis not al ways likethat of ani nals.
This fact is particuarly i nportant as it affects studies on potentialy carcinogenic
substances. Toxicd ogists regard a substance as a suspect hunan carcinogen when
laboratory studies on ani nals establish that the substance induces cancer in nore
than one species or sexin ani mals, or whenthey showt hat the substance i ncreases
the i nci dence of site-specific malignant tunorsin a single species or sex, and when
there is a statistically significant dose-response relationship in nore than one
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exposed group. Whenit is established coincidentallyt hat a substance i nduces cancer

in humans, the substance is called a human carci nogen.

The fdlowng four neans are comnonly e npl oyed to quantify acute toxicity:.

1 Lethal Dose (%0 kill, LDsg): The LD isthe anount of a nateria that, when
admnistrated to the laboratory ani nals, kills half of them It is expressed in
grans of the substance ad mnistrated per body wei ght of t he ani nal expressedin
kilograns ( ny/ kg). When extrapolatedto humans, the lethal dose for an average
person who weight wkilograns is LGy * w

2. Lethal Concentration (%60 kill, LGy): The LG is the concentration of a
materia, nor nally expressed as parts Per mllion (ppn) by volune, that, when
admnistrated to laboratory ani mals, kills half of them during the period of
exposure.

3 Threshod Limt \alue (TLV): The TLV is the upper limt of a toxin
concentrationto which an average healthy person may be repeated y exposed on
an all day, everyday basis wthout suffering adverse health effects. For gaseous
substances in air, the TLVis usually expressed as parts Per mllion (ppn); for
funes or mstsinair, itis expressedin nilligrams Per cubic neter (ng/ nt). The
Anrerican Conference of Governnental Industrial Hygienists (ACAH sets
values of the TLV [6]. Inthe workplace enployees often measure a si mlar
factor calledthe weighted average threshol dli mt val ue (TVA- TLV). Thisisthe
average concentrationto which nost workers can be exposed during a 40- hour
week 8 hour day wthout devel oping adverse health effects.

4. Immediately Dangerous to Life and Health (IDLH Level: An I DLH level
represerts a maxi mum concertraion from which one could escape wthin 30
m nutes Wthout experiencing any escape-i npairingsynptons or anyirreversible
adverse health effect.

5 Toxic Units (TY : The toxic units approach has becone accepted for utilizing
thetoxicitytest results. Bothfederal and state standards and/ or criteria have been
or are being for mulated onthetox c unit basis. Inthetoxic unit approach, a TU
concerntrationis established for the pratection of aquatic life
Toxic Unit Acute (TYg))isthereciprocal of the effluent dil wionthat causedthe
acute effect by the end of the acute exposure period.

TYa =100 LGy
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A number of terns are utilizedin expressingtoxicitytest results Acute toxicityis
toxicity whichis severe enoughto produce a response rapidy (typically a response
observed in 48 or 96 hours). Acute neans short and does not necessarily i nply
mortality. LG isthe concentration of effluert indiluion waterthat causes nortality
to 50 percent of the test popul ati on

Toxicitytesting has been wdely validated inrecent years. Even though organisns
vary in sensitivity to effluent toxicity, the EPA has docunented that toxicity of
effluents correlate well with toxicity neasurements inthe receiving waters when

effluent dluionis neasured

3. 7. Dose — Response Relatiorship

Dose is defined as t he degree of exposure of an organis mto atoxicant, commonlyin
units of mass of toxicant per unit of body mass of t he organis m The observed effect
of thetoxicant isthe response. Apla of the percentage of organisns that exhibit a
particuar response as a function of dose is a dose-response curve. A shown in
Hgure 3-1such plas are S-shaped The statistical esti nate of the dose that would
cause deathin 50 percent of the subject isthe inflection point of the dose-response
curve andis designated as LDyo (Lethal Dose). As illustratedin Fgure 3-1the LDy

val ues and the sl ope of the dose-response curves may differ substartialy:.

Most subjects respond to toxicants at doses correspondingtothe md-range of the
dose-response curve and are called nor mals. A response to a very low level of
toxicant is known as hypersensitivity whereas responseto only extrenely highlevels
is called hyposensitivity. In sonme cases hypersensitivity devel ops as an extrene
reactionto atoxicant after one or nore doses of it. Hypersensitivity usuallyinvol ves
anallergcreaction whichis an exaggeratedresponse of the body’s i mnune syste m

For exanple, sone indviduals devel op such areactiontofor nmal dehyde [6].
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Hgure 31 Dose — Response Relation ship
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3.8 The Relationship of Toxicdogy To Hazardous \Wste Minage nent

Atoxic waste whenit contacts aliving organism can kill, igue, or aher wise
I npair the organism These poisonous substances are thus hazards, depending onthe

exposure and handling of the waste.

Acutetoxic wastes nayinjure humans or aher mammals wheninhaled or ingested
or on contact wththe skin. LDy toxicity neasurements have been standardi zed on
the basis of whet her the contact is by ingestion inhalaion o skinand are generally

accepted by the sciertific community as reliabl e

Long-ter mexposure, or chronictoxicity, neasurenments are not nearly as

standardi zed as acute toxidty neasure ments. The inabilityto nmaintain humans and
ot her mamnals under long-ter ned contrdledtest conditions nakes reliable chronic
measure nents virtually impossibe. Testing of short-lived laboratory ani mals is often
used to devel oped infor metion on chronictoxicity. Based on life expectancy, these
laboratory ani mal data are then studied for possible relationshi ps to hunans and
other mamnals.

Toxic properties are alsoevident inirritants that that produces roughened, reddened
or inflamed skin Proper manage ment of such wastes is necessaryto nmini mize humnan
contact wherever possible, and nedically recognized producers shoul d be fdlowed if
such contact occurs.

B oaccunul ation of less thentoxic levels of waste can, on chronic exposure, exceed
the thresho dlevel and create a hazardto hunan health Sone tox ¢ substances can
be concentratedinasingle organis mand passed through the food chain Proper

manage ment of such wastes is necessaryto avai dtheir release into environment.

Sone hazardous wastes can alter the genetic base of hunmans and aher nammals,

whi ch coul d have long-ter madverse effects on human health and the environ nent.

Hgure 32 presents a nodel of the threshol dtheory. This theory hol ds t hat exposure
tolowconcentrations of che mcal substances is not har nful to human health urtil

sone thresha d exposure level has been exceeded [1].
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Hgure3 2 Threshol dtheory of long-ter mexposure totox ¢ substances
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4. CHEM CAL OX DATI ON OF HAZARDOUS WASTES
4.1 Chemca dation

The objective of chemical oxidation in water and wastewater treatment is to
transfor mundesirable chemcal constituentsto a more oxid zed state which reduces
the poll uion potentiad. Itis often unnecessaryto carrythe oxidation of a conpound
to conpletion since, depending on the oxidant and oxidizing conditions, the
inter nediate oxi dati on products which may be formed will be of muchlower toxicity
or less objectionable characteristics thanthe orignal materias. Conplete oxidation
maey not only bei npracticablefromatreat nent standpoi rt, but alsorepresents a non-
justified econonical outlay. Subsequently, chemcal oxidation mght be considered
as a selective nodification or eli mnation of objectionable or toxic substances,
including [7];

1 Inorganic constituerts, such as M, Fe™, S, SOy
2. Organic conpounds, such as phenols, amnes, humi c acids, ot her taste, odor, or

col or produci ng or toxi ¢ conpounds, bacteria and al gae.

The desirable characteristics of a chemcal oxidant are that it be readily and
econonmcally available and that it not generate secondary polluants into the

wastewater. The significant considerations an oxidizing agent and process incl ude:

1 Integration wth aher existing or proposed unit treat nent operations;

2. The treat ment effecti veness;

3. The nature of the ox dation reacti ons;

4. The capita and operating economcs;

5 Sorage and handling consi derati ons.

Generally, the chemcal oxidants, which have been found nost suitable for the
oxi dation of industria wastewaters, include ozone, hydrogen peroxide, potassium

per manganate, chlorine or hyper chlorite, and chl orine d oxi de.
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Generally, the effecti veness and econonics of aspecific oxi dant depend on:

The concentration of reactants inthe wastewater;

1
2 Theintia tenperature and changes of te nperature upon reaction;
3 Waste characteristics;

4,

I nfl uences of i npurities.

Since ozonation and chloarination offer the nost effective neans of wastewater
oxi dation and since the laboratory techniques for these conpounds are si mlar to

using at her constituerts, these oxi dants are commonly applied

4.2 Gone as a Chemca Oddant

Ozonation consists of treat ment wth ozone (Q), an extre el y reacti ve gas.
Ingaseous for m, ozone is col orless (but bl uein hi ghlayer thickness), whereas liqui d
ozone is al most non-transparent and bl uish-black and its crystals are videt blue. It
has a characteristic odor, remniscent of phosphorus and sul phur di oxide. dfactory
organs are extre nel y sensitivet o ozone; it can be detected by hunans at a dil uion of
onetohalfa mllioninair. Thelower li mt of detection of ozone by s nellinglies at a
concentration corresponding to a partial pressure of 0.1to 1 Pa (Qzone can be
detected by hunmans at a concentration of 0.01 mg/ kg inthe presence of nitrogen
oxi de; wth pure ozone, this li mit israisedto Q02to 0 005 ny kg [8].

Ozone cannat be shipped or stored and rust be generated on sitei mnediately prior

toits application

Ozoneis a very powerful oxidizing agent. O ganic chemsts have long nade use of
the ability of ozone to cleave carbon-carbon bonds in synthetic and structure-
deter mnation procedure. The liquid even the gas, if it is not at low pressure or
dilued wthaninert gas such as nitrogen, nmay deconpose expl osivelyinastrongly

exat her mc reaction:

2 —— 3Q AH=-284K [9]

Ther nodynam ¢ properties of ozone are showninTable 4 1
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Table 4 1 Ther nmodynamic properties of Qzone

Mol ecular Vi ght 489
Boiling Poirnt a nor mal at m Pressure (-119+0.3) °C
Qritical Tenperature (-121+01) °C
Oritical Pressure 55.30*10° Pa

Ent hal py at —298 ° K(1 013*10°) (34220+ 240) keal
Air relevant reactive density 1 657
Density a nor mal conditions 2 143 kgNm?*

Sone of the chemcal properties displayed by ozone may be described by its
deco nposition reacti ons whi ch are thought to proceed as [10]:

QG +B0O— HQ" +OH
HO;* + OH —s 2HG

o +HG — HO+2Q

HO+HGQ —5» HO+Q

The free radicals formed HQG and HQ have great oxidizing powers and are
probabl yt he active for mi nthe disinfection process. These free radicals also possess

the oxidizing power toreact wth aher i npurities inaqueous sd uions.

OThere are abundant literature references to the nechanisns and products of
ozonation of a variety of organic conpounds. References to reactions of i norganic
chemcals wth ozone are fewer, but nat scare.

Inadditionto hi gh che mcal reactiuty, ozone has powerfu antibacterial and antiviral
properties. The disinfecting and oxi d zi ng powers of ozone have beenresponsibl e for
virtually all of the large-scale applications of ozone date. Qzone is wdely usedin
Europe for application at doses of a fewppm to mllions of gallons per day of
aqueous streans. This technology is therefore highly devel oped and can be readily

adaptedtotreat nent of selectedindustrial waste streans.
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Ozone is a powerful oxidizing agent, asillustrated by the fdlow ng redox patertials:

G +2H +26 —> Q+HO BE =207 O
MQ +4H +3¢—> MO +2HO E =107 [
1/2d, +e —> @ B =136 O

It is sufficently strong to break many carbon-carbon bonds and even to cleave
aronmaticringsystem Compl ete oxi dation of an organicspeciesto CQ, H, Q etc., is

not i mprobable if ozone is suffidertly high

The reactions of ozone as a chemcal ox dant appear toinvol ve at least t wo distinct
mechanisns. One mechanis mconsiders an el ectrophilic attack by ozone while the
ot her mechanis mi nvol ves an ozone-i nitiaed oxidation whereby ozone serves as t he
reactioninitiator and oxygen isthe principal reactart. The reactions of ozone wth
tertiary amnes, phosphines, arsines, sulfides and sulfoxides are exanples of the
el ectrophilic atacks as shown for the oxi dation of dial kyl sufide bel ow[6]:

RS+Q——s RSO+ —— RSQ +O

Exanples of ozone-initiated reactions are the oxidative reactions of ozone and
al dehydes, ketones, alcohals, ethers, and saturated hydrocarbon groupings. It is
postuatedinthese reactions that ozone serves as a radical reagent by nobilizing an

additional nunber of oxygen nol ecul es.

Since ozone reacts to certain bonds, which are susceptibleto cleavage, the products
of oxidation may not sinply carbon di oxi de and water, but i nter nediates for med by

the nechanism

4.3 Hfectiveness of CGxonation

Wastewater treat ment by ozonation may be influenced by many considerations,
including [6]:

1 The nature and concentration of wastewater constituents wll deter mine the
anenability of ozonation.
2 The wastewater pH and tenperature wll contrd the effidency of ozone

reactivty. Qzone is nore stable at acidic pHlevels, probably because of the
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catal ytic deconposition of ozone by hydroxide ions. Additionally, the pH may
influence the reactivity of certain constituents wth ozone. The tenperature
influences ozone solubility and stability, nanely, higher wastewater
tenperatures result in decreased ozone stahility.

3. The ozone application rate and contact ti ne, whichis required by a specific
wastewater, is deter mned by the nature of the waste the extent of chemcal
oxi dation required and the efficiency of the ozone- wastewater contactor.

4. The mechanism of contact of ozone wth wastewater is a direct function of

economcs and wll subsequently dctate the extent and efficency of ozonation

Because of its nmany years of usein Europe to disinfect water supplies and its high
oxidizing potertial, ozone has recei ved nmuch attention as an alternative to chl orine.
Ozone equals chlorine in ahilityto kill bacteria and may be superior in ability to
inactivate viruses. Asa ozone reduces wastewater col or and odor, does not produce

dissd ved sdids, is nat affected by pH and prowvi des an oxygenated effl uent.

There are results available fromnunerous pila plant studies and a fewfull-scale
operationsthat use ozone for disinfections. For best results, filtration or ot her tertiary
treat nent processes should precede the ozonation process since oxid zable organics
may consune ozone faster thanthe rate of disinfection The design engineer should

seek current perfor nance data

Since ozone is a relaively unstable gas and breaks down into elenental oxygen
relatively quickly, it is generated on site with an ozonator that applies an el ectri cal
charge across air or oxygen Autonatic devices are available to control voltage,

frequency, gas flow and moisture.

Wastewater ozonation may be acconplished by the using of nechanical mx ng,
countercurrent or concurrent flow columms, diffusers, or injectors. Dosage
requirenents and contact time wll vary wth the wastewater characteristics, but

comnon ranges are 1t010 ng/l and less than 15 m n, respectively[3]
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4.4 Bvironnental 1 npacts of Wing Qzone

Unlike the other chemcal disinfecting agents, ozone will mainly exert beneficial
I npacts onthe environment. It has beenreported that ozone residuals can be acutely
toxctoaquaticlife However, because ozone dissipates rapidy, ozone residuals wil
nor mally nat be found bytheti nethe effluent is dischargedintothereceiving water.
Several i nvestigat ors have reportedt hat ozonationcan produce sone t oxi c mutagenic
and/ or carcinogenic compounds. These conpounds are usually unstable, however,
and are present only for a natter of mnutes in the ozonated water. Thus, these
conpounds wll normally not be present by the ti me the effluent reaches the
receivng water. It is observed that ozonation destroys certain har nful refractory
organi c substances such as humc acid and nalathion Wiether toxicinter nediates
are for ned during ozonation depends on the ozone dose, the contact ti e, and the
precursor conpounds. It has been reportedthat ozone treat ment before chl ori nation

for disinfection purposes reduces the likeli hood of tri hal ormet hane for mation [10].

An additional benefit associated wth the use of ozone for disinfectionis that the
dissd ved oxygen concentration of the effluent will be elevated to near saturation
levels as ozone rapidy deconposes after applicationto oxygen This rmay eli mnate
the need of reaeration of the effluent to neet required dissd ved oxygen water quality
standards. Further, because ozone deconposes rapidy, no che mcal residual that may

require renoval, asisthe case wth chlorine residuals, persistsinthe treated effl uent.

4.5 Experi nental Procedures and Equi prent Required for Czonation

451 Analyticd Mthods for Gzone Detection

The nost comnon nethod of neasuring ozone in water at lowconcentrations is by
the oxi dation of patassiumi odide inacidc sduions by

QG +2H +2' s Q+1,+HO

Investigators have encountered serious problens wth this nethod including non-
stachionetriciodine formation at neutral and alkaline conditions. G her work has
inferred highiodine formationinacidcsol wions. Asummary of anal ytical nethods

for oxidant detectioninwater is shownin Table 4.2[6]
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Table 4 2 Anal ytical Summary For (zone Masure nent

Anal ytical Mt hod

Met hod of Q« dation

Interference
or L mtations

Pat assi um| odi de;
dkaline, and neutral
conditions

Ferrous ion oxi dati on
Minganese ox dati on
and orthat did ne

\isible Region
Spectrophat ography

Leuco Qystal Vdet

Instrunental net hods
ing K ox dation

2K ﬁlz

Fe2+ —_— Fe3+

th+ _ s I\,m3+

Mol ar absorptivity of
2,500t0 3000 a 260 mu

Redox indicator:
Leuco Qystal Vdet

2K 5 1

Most ox dants
i ncludi ng oxygen

Results believed to
be low

Detection i mts for
1 cmeell 10° M

Ne west techni que
(under investi gati on)

Sane as K above

The newest techni que for ozone neasurenent calledleuco crystal videt testinvol ves
a co ori netric neasure of the oxi dation of leuco crystal videt a a wavelength of

592 mullin acidic solutions. The color is very stable and has actually been
monitored for 44 days.

The equipnent and associaed apparat us required for batch and conti nuous ozonation
aredepictedinHgure4.1and Hgure 4.2 and arethe sane for either treatment node
except for the ozone-wastewater contactor. (zone nay be generated from the
laboratory by a s mall ozonator. The apparat us requiredfor bath batch and conti nuous

experi nentation includes the fdlowng itens.
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Hgure 41 The equiprent and associated apparatus required for batch and

conti nuous ozonation
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Hgure 42 The equipment and associated apparatus required for batch and

conti nuous ozonation
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4.52 Gnerad Equipnent

1

Four, 1-liter sealed glass containers for contai ningt he anal ytical sd ution utilized
for neasuring ozone concentrations before and after wastewater contact.

Two standard wet test meters for neasuring the flow of ozone gas before and
after wastewater contact. One meter could be arranged to serve bath purposes,
but the swtching of val ves at the critical ti nes is difficult.

Two rotaneters for controlling and adj usting gas flowrates. The rotaneters built
into most comnercia generators are nat reliable for accurate neasure nent.

A comnercia ozonator.

An oxygen cylinder with the appropriate metering valves and a pressure
regul ator.

M scellaneous tubing and glassware as required The tubing should be glass, if
possi e, although Teflonand Tygon, inthat order, coul d be used as conveyances

for the ozone gas. (F the three naterials, Tygonisthe least acceptable,

4.53 Batch Reactor Equi pnent and Procedure

1

One 3-liter glass reactor. One liter of volune isthe mni numacceptabl e vol une
withthe 3-liter va une being preferable.

One gl ass-fritted diffuser. The diffuser shoul d not be t he comnon aquariumt ype
due to the presence of unstable, oxidzable adhesives used in many cheaper
aquari umst ones.

One 2-vay dass val ve for wthdraw ng periodic sanples fromthe reactor.

The batch procedure for ozonation wastewater consists of neasuring the ozone

concentration in the ozone and oxygen gas streamfromthe ozonator and then

monitoringthe residual ozoneinthe gas streamafter contacting a known quantity of

wastewater wth a nmeasured quantity of gas. Subsequently, the anmount of ozone,

whi ch was usedto oxi dze a neasuredreductionin wastewater conta mnants, such as

COD phenad or cdor, can be deter mned Dfferent contact ti nes and ozone | oadi ngs

can be exa mned under various operating variab es, such as pHandte nperature. The
procedures for the batchtests fdlow [6]
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Connect the oxygen cylinder tothe ozonat or.

H 1l the batch ozone reagent reactors wth one liter of potassi umi odi de sol ution at
20 ¢/l concentration Two contactors are operatedinseries onthe exit gas stream
toinsurethat al off the ozone is captured for subsequent anal ysis.

FHll the contactor wth 3 liters of wastewater, which have been anal yzed for the
specific constituents under study, such as CODQ BOD or phend.

Adj ust the ozonat or gas flowtothe desiredflowrate wththe pri maryraameter.
Vent the gas streamtothe a nosphere duringthis period

Wsing the pri mary stopcock, divert the gas flow through the pri mary reagent
reactors. Pass exactly 3 liters of gas, usingthe wet test meter as an indicator,
through the pri mary reagent reactor.

When exactly 3 liters have passed through the reagent, divert the gas stream
through the waste sanple.

Ozonate the waste sanple for the desired contact ti ne (5 min to 5 hours), and
pass the gas streamtothe secondary reagent reactors.

A the end of the contact ti ne, cut offthe gas flowtothereactor wththe pri nary
stopcock and rerove the pri mary and secondary reagent sad uwions for titration
with standard 0.1 N Na,$ Q souion Recordthe secondary wet test meter
readingstoobtainthetatal gas flowt hrought he syste mduringthe oxi dationtest.
Measure the residual COD or aher pertinent constituents of the waste sanple.
Repeat steps 2 through 8 varying the contact time and the quantity of ozone
applied The anount of ozone can be contrdled by e npl oyi ng a hi gher gas flow
rate or byincreasingthe ozone concentrationinthe gas, usinga hi gher voltage on
the ozonator. Generally, the gas flowis used to contrd the anmount of applied
ozone. However, by varyingthe gas ratethroughthe systemitis possiblethat t he
bubbl e size and degree of t urbulence may also variedt hereby changi ngt he act ual
conditions of the test.  her conditions, such as pH and tenperature, can be

eval uated a a constant ozone concentration
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4.5 4. nti nuous- HowReactor Equi pnent and Procedure

1

2

One 6-foat, 3-inch diameter glass coumm. The columm is operated counter-
currently wththe ozone entering fromt he battom and the wastewater fromt he
top. For pil a and finalized desi gni nvestigations, acontactor suchasillustratedin
Hgure 4 1 shoul d be used.

One dlass-fritted dffuser as described above.

After conclusion of the batch tests, the continuous-flow reactor can be used to

deter mne opti mum conditions under counter-flow continuous operation as wll be

experiencedinthe field Operation of the continuos colum as shownin Figures 4.1

was devel oped by a manufacturer and was e npl oyed wtha 2 gpmpila syste mfor

col or reductionina waste containing approx nately 5 000t o 6,000 ng/l APHAunits

of cdor. The procedures for the continuos study are described as fdl ows:

1

Esti mate t he desired contact ti ne by punpingthe wastewater intothetop of the
colum at the calcuaed flowrate

Measure the ozone concentration inthe gas flow as described under the batch
procedure.

D vert the gas flowintothe reactor columm in which waste is being fed at the
desired flowrate. \ent the exit gas from the cd umn tothe a mosphere

After one detertionti ne necessarytoattainsteady-state conditions, divert the gas
using the stopcock through the secondary reagent contactors and the wet test
meter for neasurenent of the ozone concentration and the gas flowrate. The
contactor is generally operated at 6to 9 pH

Continuethetests until the reagent inthe first contactor i ndicates saturation. Itis
desirable to have sufficient reagent life for at least one detertionti ne.

Shut off the influent gas flowand the waste flow si nultaneously. Measure the
vol une of wastewater punped duringthetest run and recordthe vol une of gas
passed through the sanple. Analyze the wastewater sanple for the specific
constituents and neasure the reagent sd utions for ozone levels.

Repeat Seps 1through 6 at various operating conditions. It may be desirableto
examnethe effects of contactor depth and bubbl e size on ozone efficencyinthe
event that a pila contactor is nat available.
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4.6, CGlcdation of Czone

Creatingthe datafor mat that presents operating conditions, observed data t he results
of titration of t he patassiumi odide sol uion wtha 0.1 N Na; S, Q sol uion, re noval
of desired constituents isthe first step for calculation of ozone. The influent gas

sanpleisthe gas streamcomng directly fromthe ozonat or.

Calculaion O zone Quartities:

A B C

Influent Gzone Gas Bottle No.1  Bottle Nb. 2
L nof QINNSQ Al Bl a
2 Tatal ngof Q A2 B Q
3. Liters of Gas A3 B3 a
4. mg of Q per liter of Gas Ad B @]
5 nyof Q Applied A5 B 63}

The quantity of ozone in eachsanple can be determ ned by multipying AL by 2, 4(1
m of OINN, S Q isequivalentto24 mg Q) [6]

o Influent Gzone Gs = Al *24=ng Q
e Concentration of Gzone = A2/ A3 = ng Q/ liter influent gas
e Total Czone Applied = A (ng Q/ liter) * B3 (liters) = ng Q
e Calcuaion of Eficency of Czone Uilization
1) Total Czone Remaining(TOR) =R + R =ng G
2) Total Gzone Applied (TOA) = A (ng Q/ liter) * B3 (liters) = ng Q
3) Percent (zone Uilization =(TOA- TOR) / TOA = percent
e Calcuation of the concentration of ozone used inthe wastewater
1) mg zone Wed = TOA- TOR
2) Total wastewater vaune = XI
3) Concertration of (zone Wsed = TOA- TOR/ X= ny/l
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5 EXPERI MENTAL STUDY
51 Defintion of the Pestid de Industry

Wth the developnent of civilization so has man gradually realized the extent to
whi ch pests har mhis crops, annoy hi mandtransmit diseases, bath hunman andthose
of domesticani nals. The use of che mcalstokill pestsis nat a newconcept. The use
of che mcals has continued, and, duringthe early part of thet wentieth century, large
quartities of such conpounds were usedtocontrol i nsect pests. Lateritisrecognized
that che micals are highly dangerous for our environmnent if used uncontrdled Sonmne
of those chemcals have been banned or restricted in sone countries of the world

because of itstoxaty. [12]

The sanpl es anal yzedin the study, which weresolvent orignated weretakenfroma
pestidide i ndustryin Tekirdag with a large production capacity. Comnercial nanes
of those pestiddes produced are;

1 Herbicide

2 Insectidde

3 Fungicide

4. Plant Regulator

Trifluranyl, propanyl and 1sooctyl ester are sonme of the chemcals that are used to
produce liquid herbicide. The nain process category of the i ndustry can be defined

as;
Synt hesis + For mul ation + Packagi ng

The firmis active 5-6 days a week wth a single shifting system It invol ves 10
managers, 120 workers (including seasonal workers). In the area there are raw
material depats, boiler chanber, quality control and research laboratory, social

foundations and a wastewat er treat nent system
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It is observed that the industry uses the treated water comng from wastewater
treat nent systemto water its huge garden inthe area. The existing wastewater

treat nent systemis shownin Fgure 51

Domestic + [aundry
WAstewat er

—> C% N~ v
A g

A
IANE
Process Wdstewater

Equalizing Tank H
Rapid Nixing Dschar e
Jow Mx ng
Settling Tank >
Hydroantracid and Activated Carbon Flter Judge Dying
Donestic +Industriadl Mixing Tank

Aerobic Treat nent

vy)
v
\ 4

O
v

m

IToOoOmmooOomw »

Hgure 51 Bxisting wastewater treat nent pant

Process and domestic wastewater are 2 nmajor wastewater in industry. Pestid de-
contamnated wastewaters are mainly orignated from wastewaters water-based and
sa vent-based for mul ations. These wastewaters alsoinclude wasterinse water, waste
cleaning solvents and stor maater run off from pesticide spillage and falout of

pesticide dust in open process area.

Intheindustry, boththe che mcals usedinresearchlaboratory and sol vents usedto
clean the tanks directedto the wastewater treatment process in liquid form This
m xt ure hadt o be considered as a hazardous waste because of its contents, whichare
mentionedin characterization of sanple section The waste collectedin stabilization
tank hand ed as hazardous waste inthe liststhat are regulated by EPA

As shownin FHgure 5 1 donesticand laundry wastewaters alsojointothetreat nent
systemafter Hydroantracid and Activated Garbon Hiters.

The solvent orignated waste treated in wastewater treat nent system invol ves

laundry service, donestic and process wastewaters.

Average quantity of domnestic and laundry service wastewaters is deter mned
approxi nately 10-25 m/day accordingtothe maxi mumand mini mumnumber of t he

wor kers inthe industry.
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Itisalsodeter mnedthat average quantity of process wastewater is approxi mately 2-
2,5 m/day inthe i ndustry.

52 Experi nental Approach

The sanples analyzed in the study, which were solvent orignated is produced by
cleaning step of the reactors that are used for pestici de production

Duringthe studies, the effect of ozone on che mcal treat nent was also i nvestigated
Bot h before and after chemi cal treat nent processes ozone was appliedand theresults
were dscussed

During the che mcal treat nent experi nents FeClg, line and A,(SQ); are used to
deter mnethe opti mumcoagulant. A thesanetime NaOH H SQ andlime are used
toadjust the pHtothe desiredrange. To obtainthe suffident fl occul aion duringthe

jar tests non-ionic pdyelectrd yteis aso used

Chemical precipitation in wastewater treat nent involves the addition of the
chenmcals to alter the physical state of dissdved and suspended solids and to
facilitate their renoval by sedi nentation In some cases alteration is slight, and
renoval is entrapnent within a volumnous precipitate consisting pri narily of the
coagul art itself. Another result of che mcal additionis a net i ncreaseinthe dissd ved
constituents in the wastewater. Chemcal processes, in conjunction wth various
physical operations, have been devel oped for the conpl ete secondary treat nent of
untreated wastewater, includ ngthe renmoval of either phosphorus o nitrogen or bath

Experi nents revealed that li ne is nat an effective coagulant if used alone for this

hazardous waste but an effective hel per if usedtoadjust the pH

Deciding the nost suitable treat nent system bioassay tests were perforned to
I nvesti gate det oxificati on effid ency of ozone and TU, deter mined The experi nents
perfor ned were shownin Fgure 52

Toxicitytest have been usedto assessthe suitability of environnental conditions for
aquatic life and to establish acceptable receiving water concentrations for

conventional paraneters. It is also used to study the effect of water quality
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paraneters on wastewater toxicity. And to assess the toxicity of wastewater to a

variety of fresh, marine and est uarine test species.

To observe the effect of ozone gas on detoxification acute fish toxicity test was
applied An additional benefit associated wththe use of ozone for disinfectionist hat
the dissd ved oxygen concentration of t he effluent will be el evatedt o near sat urati on
levels as ozone rapi d 'y deconposes after applicationto oxygen Qzoneis alsoa very

effective virucide and is generally believed to be more effective than chl orine.

Sone conventional parameters, such as COQ TSS oil & grease, pH were also
measured to nonitor the renoval effidency of bath ozonation and che mcal

treat nent and results were all tabled

5.3 Deter mnation of Sanples

Experi ments were performed on three different sanples taken fromthe wastewater
treat nent of pesticide industry on different dates. To deter mine the proble mand
confir mt hat t he wasteinvestigated was a hazardous waste, theliststhat are regul ated

by EPA were checked and the results are shownin Table 5 1

Table 51 Listing of Sanples —Set 1, Set 2 Set 3

Turkish Hazardous EPA SIC
Materials Legislation Legislations Code
Ek-3 Ek-5
N nbers AB651 Y4 FO03 K043 287
and Y9 FO04 K099 | Agricutua
Qodes Y10 FO05 chemcals

Relatedt othe composition of the wastet he singular produced che mcals, suchas 2 4
DCP, cyclohexanone and Xilene, are dsolistedas W81, D016, WD57 respectively.

41



4%

l EXPERI MENTAL APPROACHfor Set 1, Set 2 Set 3

| |

Sanple Jar Test Qzonation

Characterization l l l l l

COD @;"Nﬁ OH Feds;+L ne AQ(SQ)3+|\B OH Ag(SQ};"'U ne L ne v

TSS l l l— Jar Test1
Qzonation Qzonation Fed;+NaOH  A,(SQ)s+L ne

DEA SION OF ASU TABLE TREAT MENT SYSTEM ORDER |

Bl G ASSAY (Hsh Acute Toxicity Test)

e Hazardous waste for ned three sanples wth different characterization were taken fromtheinet of the wastewater treat nent system
o After eachstep CODQ TSS pHand al &rease anal yzes were perfor ned
e The chemcals after +isusedto adj ust the pHto desired range

Hgure 52 Sche matic Dagramof Experi nental Approach
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Expl anations of the codesinvol vedin EPA Regulations that are shownin Table 5.1

are gven bel ow
EPA Hazardous Wste Nunber — FO04 :

The followng spent non-hal ogenated solvents: cresds and cresylic acid and
nitrobenzene; all solvent mxtures/blends containing before use, a tatal of a 10
percent or nore (by volune) of one or nore of the above hal ogenated sd vents or
those sol verts listed in FO01, F002 FO005; and still battons fromthe recovery of
these spent sdvent mixt ures.

Hazard Code: (I, T)
NOTE (T) Hazard Code should be used to specify nixtures containing toxic
constituerts.

EPA Hazardous Wdste Nunber — FO04 :

The follow ng spent non-hal ogenated sol verts: toluene, methyl ethyl ket one, carbon
disufide, isobutanol, pyridne benzene, 2-ethohxyethanol, and 2-nitropropane; all
spent sol vent mxtures/ blends containing beforeuse, atatal of a 10 percent or nore
(by volune) of one or more of the above non-halogenated sol verts or those sd vents
listedin FOO1, FO02 FO0O04; andstill bottons fromtherecovery of t hese spent sol vent

i Xt ures.

Hazard Code: (I, T)
NOTE (I, T) Hazard Code should be usedto specify mxtures containing ignitable

and toxic constituents.
EPA Hzardous Wdste Nunber — K043 :

2,6- Dchlorophenal waste fromthe production of 2 4-D
Hazard Code: (T)

EPA Hazardous Wdste Nunber — KD43:

Untreated wastewater fromthe production of 2 4-D
Hazard Code: () [12]
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5. 4. Characterization of Sanples

It is considered when the characterization of sanples was deter mned that the
conposition of the waste changed everyti ne. In Table 5.2 many of the paraneters
were shown in a range because of the change in the characterization of the waste
accordingto bath production sort and quarntity of the pestid de i ndustry. Che mcals
used in production steps and the sol vents used for cleaning step are all capable of
increasi ng the conventional paraneters neasured during the study.

Range cellsthat are givenin Table 5. 2 were all deter mned after serial measure ments
of related paraneters andt he average of those results were showninthe cells called

measured
The characterization of sanples are shownin Table 52

Table 52 Characterization of sanples

Parameters St 1 Set 2 Set 3
Range |[Measured Range Measur ed Range Measur ed

PH 68 7,3 6-8 7,8 6-8 8

COD (ng/l) |9000-12000f 9500 |20000-30000| 25000 | 24000-32000| 29000

S COD ( ng/l) | 5000- 9000 7500 [12000-18000| 16450 |15000-20000| 18500

Ol &G ease

(myl) - 400 - 585 - 650
TSS 200- 250 230 200- 250 220 420-480 450
Hsh Tox dty - HT - HT - HT
24 Dadd
(nmyl) 0750 - - - - -
Car baryl
(ngl) 1-2 : : : : :

HT: Hghly Toxic DF Dluion Factor
Local industrial standards for Hsh Toxicity: DF10

55 Miteria, Mthod and Equi pnent Wed During the Study

Duringthe study a half batch ozone generator marked as Qzone Ar RXO-15 with 28
g mnflowrate capacity was used It utilizes 9000 Velectricto generate ozone gas.
The ozonator has a nmechanismt hat letsthe rmachine get the air either fromoxygen

generator or directly fromair. It reaches the opti mum operating efficiency by 5
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It/ min oxygen flowrate. Qzone generation starts after 4- mn delay ti me and the

ozone was inected wthateflon pipeintothe circulated wastewater.

Ozonation nechanismisshown in Fgure5 3 and Fgure 54

CE-95 nodel, STA R TE narked punp usedto obtainan effective contact bet ween
ozone gas and wastewater. Wile the punp circulates the wastewater inthe steel
reactor wth 101 capacity, ozone gasisinectedtothis circuaed wastewater. Thus,

ozone is uilized as it deconposes rapidyinthe wastewater.

To measurethe off gastwo traps (500 m) were used Thesetraps werefilled with 20
g/l K souion prepared accordingtothe Sandard Methods. For efficient che mcal
treat nent, initialy, it is desired to deter mne the opti um condition, nanely,
coagulant and operating conditions, for maxi mumrenoval or coagulation of the
desired wastewater constituents. Generaly, the selected coagulant is added to the
wastewat er under specified conditions, such as dosage, pH or tenperature, andthen
the mxtureisrapidy mxed folowed by the addition of a coagulant aid and gentle
floccu aion After determi ning the best coagulant and the opti mum conditions of
applications, other design paraneters, such as settling properties and sludge

production shoul d be deter m ned

During the study, experinents such as COQ TSS al & Gease were perfor ned
accordingto Sandard Methods ( APHA 1990).

B oassay (Acute FHsh Toxicity Test) was perfor ned as nentioned in Metcalf &
Eddy, “ Wistewater Engineering” [ 10].
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Teflon A pe
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Hogure 53 (zonation Mechanism

Hgure 54 (zonator used for ozone generation
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Measurenent of Qrone Gasin Gas How

The comnercia production capacity of ozone generator is 28 ¢/ hour. It is expected
that the ozone generated per mnute should be 466 nmg. To calibrate the nmachine,
ozone gas flowrateis neasured by preparing K (20g/1) sd uion

Accordingtothis experiment ozone gas flowrate is neasured as 477 ng/min.

Ozone gas concertration in generated gas flow was calcu ated as fdlows;

45 mn application,
mg Q =(477ng/l / 5l/min) * 45 mn* 5I/mn =21465 ny

0zone gas concentration

95,4 nyl

60 min application

mg Q =(477my/l / Sl/min) * 60 mn* 5l/mn= 28620 ny
ozone gas concentration

95,4 nyl

90 nin application

my Q =(477ng/l / 5lmin) * 90 min* 5l/min =42930 ny
0zone gas concentration

95,4 ny/l
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56 Experi nental Resuts

Inthissectionresults of all experi nents were givenand were discussed For each set
bath ozonation and chem cal treat nent was performed Feds A»(SQ)s and li ne
were used as coagulant and HSQ, NaOH and li ne were used to adjust pHto
desired range.

According to the results, chemcal treat ment experi ments wth ling, A,(SQ); +
NaOH Fed; + line were not successfu to obtain a sufficert COD renoval
efficdency. Sothat none of those results about these experi nents were giveninthis

section

Decidingthe best treat ment systemfor Set 1, Set 2 and Set 3 bioassay (Hsh acute
toxcty test) perforned to only one sanple in order to nonitor detoxification of

0zone.

561 Resuts of Set 1

After characterization of Set 1, inthe first experiment, che mcal treat nent wth both
A,(SQ)s; and Feds; was perfor ned Then ozonation applied to the supernatant
collected after jar test.

Inthe second experi nent, ozonation was t he first step perfor ned. The sampl e taken
after ozonation was chemicallytreated wth bath A,(SQ); and Fed;. After each
step COD was neasuredin order to deter mine individual renoval efficencies and
overall effidencies for Set 1

For neasuring opti mumpH sanples weretakenintofive 500 ni flasks andt he sane
quantity of coagulant was addedintothe flasks. To adjust pH according tothe type
of coagulart, NaOH or lime was used After 2 min of rapid mxand 15 min of slow
m x, sanple was settledfor 30 mnandfor each pHrange COD was neasuredinthe
supernatant of the flasks.

The results were shown intables and figures as foll ovs;
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Table 53 Qoti numpH deter mnationfor Fed; —Set 1

Set 1- %40 FeG 3 + NaOH (for opt. pH neasurenent )

pH| CODinet Coagul ant COD outl et | Effid ency 9 udge

(ngl) |FeQ 3 (ny 500nh) (ngl) % Settledfa 30 mn
4 9500 300 2375 75 Dar kbr own, 922
5 9500 300 1666 82 Dar kbr own, 922
6 9500 300 2000 79 Brown, %48
7 9500 300 2069 78 Brown, %20
8 9500 300 2714 71 Brown, %20

The resuts in Table 5.3 were figured in Fgure 5.5 pH 5 is deter mned as the

optimumpHfor Fed; after 2 mnrapid mxand 15 mn slow mx

%10 FeCI3 + NaOH
Set 1 - Opt. pH

& 84
2 82 &2
2 80
% 78 f,/x 5 75
E e $75 ",
& 72 T
= 70

0 1 2 3 4 5 B 7 o 9

pH
|—¢—Ef‘ﬁ|:ien|:§,f Yo

FHgure 55 Qoti mumpHdeter mnation for Fed; — Set 1
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Table 54 Qoti numpH deter mnation for A,(SQ); —Set 1

Set 1- %40 Aum+ L me (for opt. pH neasurenent )
pHCODine| Coaguant COD outl et |[Efidency 9 udge
(ng/l) A um( g/ 500 ) (ngl) % Settledfa 30 mn

4| 9500 300 3150 67 Yell ow %4.6
5| 9500 300 2765 71 Yellow %18
6| 9500 300 2510 74 Yelow %22
7] 9500 300 2310 76 Yell ow %48
8| 9500 300 2620 72 Yellow %20

%10 Alum + Lime
Set1- Opt. pH

72 7=
f,ﬂ"ﬁa' 1

¥E57

% Removal Efficiency

—— Efficiency %

Houre 56 Qoti numpHdeter mnation for A,(SOy); —Set 1
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During each jar test, lime, HSQ and NaOH were used to adjust pH OH ions,
required for coagul ation, were supplied by addition of NaOH and li ne intothe water.

For Fed; opti numpHhas been deter mnedas 5 andfor A,(SQ)s; opti mum p H was
7asseeninthe Hgure 5.6. After deter mnation of opti numpH opti numdosages for

these coagulants were deter nined

Inordertodeter mne opti mumdosage, rawsanple wastakenintofive 500 ni flasks.
Coagulant was added into the mxing sanple until flocks started to occur to
deter mne mni mnumdosage. Sarting from m nimu mdosage five different coagul ant
portions (200 g, 400 mg, 600 ng, 800 ng, 1000 ny) were appliedintoeach of five
flasks. Because of their acidic property both Fedsand A,(SQ); decreasedpHtothe
range of 2-3 Adding these supplenentary chemcals ino the flasks OH
concentration of sanple increased and this helped flocculaion process occur
suffidiently.

After 2 mnrapid mx and 15 mnslow mx flocs were settled for 30 minand the
volumes of settled sludge were deter mned COD TSS Al &3 ease tests were
perfor med tothe sanple taken fromthe supernatant of che mcallytreated waste.

Results related t o opti numdosage experi nents were givenintables and figures as

fdlovs.
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Table 55 Qpti mum dosage deter mnation for FeClz — Set 1

Set 1- %40 FeG 3 + NaOH (for opt. dosage)

pH|CODin e« Coagul ant COD outl et | Effid ency 9 udge

(ngl) |FeQ3(ng 500nh) (ngl) % Settledfar 30 nin
5 9500 150 4150 57 Dar kbr own, %40
5 9500 300 1660 82 Dar kbr own, 922
5 9500 450 1580 83 Dar kbr own, 922
5 9500 500 1470 85 Dar kbr own, %26
5 9500 600 1560 83 Dar kbr own, 922

Optimum Dosage for %10 FeCI3
Set1-COD inlet ; 2500 mg
Opt. pH: &
= 100
5 an fﬁ'i‘_——'lb’ﬁ'?_ag‘—*r a3
5 _
£ &0 +£7
"
> 40
5
g 20
0
0 180 300 450 G600 7al
| ——Efficiency %| FeCI3 Dosage ( mgi500ml )

Fgure 57 Qoti numdosage deter mnation for Fed3 — Set 1
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After deter mnation of opti num dosages for bath A,(SQ)s; and Fedgs renoval
efficiencies of t he coagulants were calcuaed Whenalumis addedto wastewater the
insaluble alumnum hydroxide is a gelatinous floc that settles slowy through the
wastewater, sweeping out the suspended nateria and producing other changes.
A kalinityis alsoani nportant paraneter for chem cal precipitation by alum If less
thanrequiredamount of al kalinityis availableinwater thenit nust be added During
the study li ne is used to supply the required alkalinity inthe waste. Asuffident
quartity of li ne nust be addedto conbine wth all the free carbonic acidand wth

the carbonic acid of the bicarbonates to produce cald umecarbonate.
The result is shownin Fgure 57 and Fgure 59
After chemcal treat nent supernatant of the sanples were cdlected for ozonation

Che mcall ytreated wastewater, as showninthe figure had a suffident result. I'n or der
toincrease the renoval efficiency of treat ment system ozone gas was used as a
helping agent. Due to oxidizing power of ozone gas, it was also applied for
detoxificationto Set 1 It is observed that after chemcal treat nent application of
ozone gas increased the overall treat nent effidency of the system

Results of the ozonation process appliedto Set 1 are shown inthe fdlow ng figures.

Duringthe ozonation process, inordertoeval uatet he results correctly, ozone dosage
was calcuated Accordingto bath of theseresutsand experi nental studies, theratio
of utilized ozone and COD renoval was determ ned. Applied ozone is defined as
taal quantity of off gas released and residual ozone dissdved in wastewater.
During ozonation both off gas and residual ozone were deter mned according to
Standard Methods and the results were neglected when conpared to quantity of
applied ozone.

As a conclusion it was assumned that applied ozone was equal to uilized ozone.

During the study the calculations related to ozone dosage were nade according to
this assunption
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Table 56 (zone Application Data Table

Dat afor ozone Appli cati on

Contact T ne 15 mn 30 mn 45 min 60 nin 90 mn
Applied Czone 477 ng/ min|477 my mn|477 g min|477 g mn|477 ng nan
Wilized Crone A 7155 ng | 14310 ny | 21465 ng | 28620 ny | 42930 ny
* Residud (zone - - - - -
** Of Gas 0,3 nyl
COD (Renoved) B| 760 nyl 870 nyl 890 nyl 895 nyl 930 nyl
Al B
(ngQ / ng COD 95 16,5 24 33 46
* Residual Czone is deter mnedinthe range of 01-0 3 nyl
** f gasis neglectedinter ns of applied ozone
Ozonation after Jar Test
Set 1 - COD :1470 mg/l
% : Removal Efficiency
800 710
600 580 575
= 600 o _» 22> 540
?Es, %59 T 0661 %61 —* .63
= 400
Q
@]
O 200
0 1 1 I I I I
15 30 45 60 75 a0 105
Time (min)

In A gure 58 results showed that 45 mn of ozonation after che mcal treatment had
the opti num COD renoval effidency of % 61. Because of not much difference
bet ween 90 mn and 45 mn ozonation renoval effidency resuts, 45 mn of

ozonation, whichis botheconomc and has sufficient efficdencyinconparisonto 90

Hgure 58 (zonation after Chenmical Treat ment with Fed; — Set 1

m n of ozone application isselected as opti mum ozone dosage.
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Table 57 Qoti mumdosage deter mnation for A,(SQ)s; —Set 1

Set 1- %40 Aum+ L me (for opt. dosage)
pH|CODine| Coagulant COD outl & |Efidency 9 udge
(myl) A um( g/ 500 ) (nmyl) % Settledfa 30 mn

7 9500 150 2426 74 Yelow %48
7 9500 300 2360 75 Yellow %24
7 9500 450 2558 73 Yelow 922
7 9500 500 2598 72 Yelow 922
7 9500 600 2780 70 Yelow %20

Optimum Deosage for %10 Alum
set 1- COD inlet : 9500 mg/
Opt. pH: 7
oy 76 »
5 75 5
e 74 4
=
w73 73
s 72 N
£ 71
Z 70 74
¥ 69
0 180 200 440 BOO 750
—e— Efficiency % | Alum Dosage | mg/5b00ml )

Hogure 59 Qoti numdosage deter mnation for A,(SQ); —Set 1
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Table 5 8 zone Application Data Table

Dat afor ozone Appli cati on

Contact T ne 15 mn 30 nin 45 mn 60 nn 90 mn
477 477 477 477 477
Applied Czone mg/ nin mg/ min | mg/ min | mg/ mn | mg/ nin
Uilized Czone (A 7155 ng |14310 ng|21465 ng|28620 ng 42930 ny
* Residua C(zone - - - - -
*»* Of Gas 0,3 nyl
COD (Removed) (B 1240 ng/l (1560 ny!l |1600 myl | 1710yl |1720 nyl
A/ B(mgG/ ng COD 55 9 13 17 25

* Residual Czoneis deter mnedinthe range of 01-0, 3 ny/l

** (ff gasis neglectedinter ns of applied ozone

Fgure 510 Czonation after Chemcal Treat ment with A,(SQ); - St 1
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Inthe second experi nent ozonation was the first process applied to the sanples.
After ozonated sanples were taken into the Jar test in order to deter mne the

chemcal treat nent effidency after ozonation

Inthe characterization step of Set 1 COD was measured as 9500 ng/l. After 90 mn
of ozonation COD paraneter was deter mned as 7500 ng/l wth %21 renoval
efficdency. According to these results, chemcal treat nent experi nents were

perfor med andthe resuts were shown inthe fdlow ng tables and figures.

Table 59 Jar Test of (zonated Sanple — Feds —Set 1

Set 1(ozonated) - %40 Fed 3 + NaOH ( for opt. dosage)
pH|CODine& Coagu ant COD outl et | Efid ency 9 udge
(nmyl) |Fe@ 3 (g 500 nh) (myl) % Settledfa 30 nin
5 7500 200 2940 62 Dar kbr own, %d.8
5 7500 300 2380 68 Dar kbr own, 22
5 7500 400 2180 71 Dar kbr own, 20
5 7500 500 2120 72 Dar kbr own, 24
5 7500 600 2350 69 Dar kbr own, 20

Optimum Dosage for %10 FeCI3 + NaOH
Set 1 - (0zonated) - COD inlet : 7500 g/
Opt. pH . 6
T4
E 72 T 72
g 0 == T4 A9
ﬁ B Ea f
§ 66
£ G4 /
g 62 2
]
0 100 200 200 400 00 00 700
| —+—Efficiency % | FeCI3 Dosage { mgf500ml)

Hgure 511 Jar Test of Ozonated Sanple — Fed3; —Set 1
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Table 510 Jar Test of (zonated Sanple — Ax(SOQy)3 — Set 1

Set 1(ozonated) - %40 Aum+ L ne (for opt. dosage)
pH| CODinet Coagul ant COD outl e | Efidency 9 udge
(ngl) Aum(nmg/ 500m)| (ngyl) % Settledfar 30 mn

7 7500 200 4560 39 Yellow 920
7 7500 300 2950 63 Yellow 920
7 7500 400 2600 65 Yellow 948
7 7500 500 2490 67 Yell ow %24
7 7500 600 2480 67 Yellow %22

Optimum Dosage for %10 Alum + Lime
Set 1- (ozonated) - CODinlet : 7500 mg /|

- Opt.pH: 8
E BT B7
o AT
o B0
=
Ll
= 4 5
3
£ 20
-k
&
= 0

a 100 200 300 400 500 GO0 700

—s— Efficiency % Alum Dosage ( mg f 500ml )

FHgure 512 Jar Test of Ozonated Sanple — A,(SQ)s; —Set 1
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562 Resuts of Set 2

Set 2 was collected 2 weeks later after Set 1 was collected The sample was
characterized andt he same experi nental procedure appliedto Set 1 was alsoapplied
to Set 2 Results were shown infdlowng tables and figures.

Table 511 Qoti numpHfor Fed; — Set 2

Set 2- %40 FeG 3 + NaOH (for opt. pH neasurenent )

pH| CODine« Coagul ant COD outl & | Efid ency 9 udge

(ngl) FeQ 3 ( mgy/ 500 nh) (ngl) % Settledfa 30 min
4 25000 500 11145 55 Dar kbr own, %4.0
5 25000 500 7620 68 Dar kbr own, 922
6 25000 500 7090 71 Br own, 928
7 25000 500 7225 70 Brown, %26
8 25000 500 7550 69 Brown, 924

% 10 FeCI3 + NaOH

Set 2 - Opt. pH

ad
E
a 70 ,55-—‘="LE=—«—19—=—597
(2]
£ &0 ]
= yes
S &0
3
E 40
=

30

3 4 g 2] 7 a 9
pH

—s— Efficiency %

Houre 513 Qati numpHfor Feds — Set 2
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Table 512 Qoti umpHfar Ax(SQ)s - Set 2

Set 2- %40 Aum+ L nme (for opt. pH nmeasurenent )

pH | CODiHet Coagul ant COD outl et | Effid ency 9 udge
(ngyl) Aum(nmy500m)| (ngl) % Settledfa 30 mn
5 25000 1000 16200 35 Yellow %40
6 25000 1000 12500 50 Yellow %46
7 25000 1000 8950 65 Yellow %24
8 25000 1000 8400 68 Yell ow 926
| 9 25000 1000 8450 68 Yelow 926

% 10 Alum + Lime
Set 2 - Cpt. pH

an
&
E o e T 08— 0t
g ]
= g0
[4N]
= &0 £
g 4n
E «/35
o a0
=

20

2 3 4 4 B 7 g 49 10
—s— Efficiency % PH

Foue 514 QutimumpHTfor A,(SQ)s; - St 2
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Accordingto characterization of Set 2 it hadthe highest COD paraneter of 25000
mg/l. As shown intables increase in COD parameter nade coagulant dosage also
increase. Opti num dosage was deter mned as 1200 ng/500m Fedgs for Set 2 at
optimumpH of 6. Removal efficdency was %80. To supply al kalinity required for
precipitation in water both lime and NaOH was used wth Feds Experi nents
revealedthat Na OH was a good supplenentary agent inthe case of usingto adj ust
pHto desired range. After flocs settled sludge volune deter mned and sludge
percentage was calcuated as %26 of 500 ni.

Table 513 Qpti numdosage deter mnationfor Feds — Set 2

Set 2- %40 FeG 3 + NaOH (for opt. dosage)

pH |CODine Coagul ant COD outl ¢ |Efid ency S udge

(nmyl) |Fe@ 3 (g 500 nh) () % Settledfa 30 nmin
6 25000 500 9650 61 Dar kbr own, %4.0
6 25000 800 6420 74 Dar kbr own, 922
6 25000 1000 5400 78 Dar kbrown, 924
6 25000 1200 5300 80 Dar kbr own, %26
6 25000 1400 5625 77 Dar kbr own, 922

Optimum Dosage for %10 FeCI3 + NaOH
Set2- COD inlet: 25000 moyl
Opt.pH: B
100 PP
a0 P S—¢77

B0 <&

40
20
a

% Removal Efficiency

a 200 400 BOOD 800 1000 1200 1400 1600

|—¢—E1‘ﬁ|:ien|:3,f % FeCI3 Dosage { mg/s00ml )

Hgure 515 Qpti mumdosage deter mnationfor Feds — Set 2
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Table 514 (zone Application Data Table

Dat afor ozone Applicati on
Contact T e 15 mn 30 nin 45 nin 60 nin 90 nin
Applied Czone (g mn) 477 477 477 477 477
Uilized Qzone (A 7155 ny |14310 ng| 21465 ng |28620 ny (42930 ny
* Resi dud (zone - - - - -
= Jf Gas 0,2 nyl
COD (Renoved) (B 700 ny/l {2200 nyl | 3450 nyl |3450ny/! |3470 nyl
Al B(ngQ / nmyl) 10 6,5 6,2 8 12
* Residual Czone is deter mnedinthe range of 01-0 3 nyl
** (f gasis neglectedinter ns of applied ozone
Ozonation after Jar Test - FeCI3
Set 2 - COD: 5300 mg/I
%: Removal Efficiency
5000 4600
—~ 4000 IE
S 3100
£ 3000
a 2000 ~a 2560 g5 1830
S 0 %65 %65
1000
O I I I I I I
0 15 30 45 60 75 90 105
Time (min)

Hgure 516 (zonation after Chemcal Treat nent with Fed; — Set 2

In Table 5. 14 ozonation results after 15 min 30 min, 45 mn 60 mn 90 nin were
shown. For each contact ti ne CODtests were perfor ned and treat nent efficencies

were deter mned Infigure 5 16 both COD paramneters and re noval efficencies were

shown.
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Table 515 Qpti numdosage deter mnationfor Al,(SQ); — Set 2

Set 2- %40 Aum+ L me (for opt. dosage)
pH| CODinet Coagul ant COD outl et | Effid ency 9 udge
(ngyl) A um( ny 500 nh) (ngl) % Settledfar 30 mn
8 25000 600 21000 16 Yelow %4
8 25000 900 19400 22 Yellow %6
8 25000 1000 13800 45 Yellow %40
8 25000 1200 6320 74 Yell ow %24
8 25000 1400 12100 52 Yellow %48
Optimum Dosage for %10 Alum + Lime
Set 2 COD inlet : 25000 mgy/
OptpH: 8
100
E 2a
(=11
= 4
(X
= 7 T 52
& 45
S 40 /
£ ,
g o0 R
G
a
0 200 400 600 800 1000 1200 1400 1600
—e—Efficiency % |  Alum Dosage { mg/ 500 ml )

Hgure 5 17. Qoti mumdosage deter minationfor Al,(SQ); — Set 2
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Table 516, zone Application Data Table

Dat afor ozone Application

Contact Ti me 15 mn 30 min 45 min 60 mn 90 mn
477 477 477 477 477
Applied Czone mg/ min | mg/ mn | mg/ mn | mg mn | mg/ nn
Wilized Qzone (A | 7155 ny (14310 ng (21465 ng|28620 nyg|42930 ny
* Residua zone - - - - -
= Of Gas 0,3 nyll
COD (Removed) (B | 585 nyl [1630 nyl (3460 nyl (3980 ny/l | 4150 nyl
Al B(nmgQ / ngl) 12 87 6 7 10
* Residual Czoneis deter mnedinthe range of 01-0, 3 ny/l
** (ff gasis neglectedinter ns of applied ozone
Ozonation after Jar Test - Al2(S04)3
Set 2 - COD: 6320 mg/I
%: Removal Efficiency
8000
— 6000 5735
? 4690
= 4000 &6 50
8 \W‘P 2340 2170
2000 5763 5
0 T T T T T
0 15 30 45 60 75 105

Time (min)

Hgure 518 (zonation after Chemcal Treat ment with A,(SQ); — Set 2

In the second step ozonation is the first process applied to the sanples. After

ozonated sanples were takentothe Jar test to deter mne the chemcal treat nent

efficiency after ozonation.

Inthe characterization step of Set 2 COD was measured 25000 ng/l. Ater 90 mn
ozonation COD paraneter was deter mned as 19000 nmg/l wthrenmoval efficency of
% 24 in the terns of COD According to these resuts, chemcal treat nent

experi nents were performed and the results were shown intables and figures as

fdlow
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Table 5 17. Jar Test of (zonated Sanple — Fed; — Set 2

Set 2(ozonated) - %40 Fed 3 + NaOH ( for opt. dosage)

pHCODin & Coagul ant COD outl et |Efid ency 9 udge
(ngl) |Fe@ 3 (ngy 500 nh) (ngl) % Settledfar 30 nin
6| 19000 400 10600 44 Dar kbr own, 94.0
6| 19000 600 8650 54 Dar kbr own, 94.0
6| 19000 800 7500 60 Dar kbr own, %20
6| 19000 1000 6355 67 Dar kbr own, %24
6| 19000 1200 6600 65 Dar kbr own, 920

[m]
=

Optimum Dosade for %10 FeCI3 + NaOH
=et 2 - (ozonated) - CODVinlet © 192000 mg/
Opt. pH: B

[ny]
=

-
(-}

oy

% Removal Efficiency
]
(]

200 400 B0 800 1000 1200 1400

—s—Efficiency % | FeCI3 Dosage (mg 7 500ml }

Hgure 519 Jar Test of Ozonated Sanple — Fed; — Set 2
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Table 518 Jar Test of (zonated Sanple — A,(SQy)3 — Set 2

Set 2(ozonated) - 440 Aum+ L ne (for opt. dosage)

pHCODin & Coagul ant COD outl et |Efidency 9 udge
(ngl) |A um(ng 500 nh) (ngl) % Settledfa 30 mn

8| 19000 400 16680 12 Yelow %0

8 | 19000 600 14500 24 Yellow %20

8 | 19000 800 12650 33 Yellow %48

8 | 19000 1000 7100 63 Yellow %24

8| 19000 1200 7080 64 Yell ow %22

Optimum Dosage for %10 Alum + Lime
=et 2 - (ozonated ) - COD inlet © 189000 mg
Opt. pH - 8

BT ¢ B4

/

/
a3

[ny]
=

M
=

8]
=
e

AT

]
]

% Removal Efficiency
b=
=

5

a 200 400 BO0 800 o000 12000 1400

—_
=
.

=

——FEfficiency % | Alum Dosage (mg / 500ml )

FHgure 520 Jar Test of Ozonated Sanple — A,(SQ)s; — Set 2
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5.6.3 Resuts for Set 3

The experi nental procedurethat was perfor nedto Set 1 and Set 2 was also applied
to Set 3 Anmongthesethree sets Set 3 hadt he hi ghest COD of approxi matel y 30000
mg/1.

During chemcal treat ment experi nents it was observed that A,(SQ); was nat
effective to reach desired renmoval effidency for Set 3 Hocks did not settle but
floated The resut was shownin FHgure 521

FHgure 521 Jar Test Results of Set 3 — A,(SQ)3
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H gh oil &greasecontent of Set 3 nadeit difficutto precipitaethesanple. As seen
in Hgure 521 flocs occurredinthe flasks after 2 min of rapid and 15 min of slow
m xing Instead of precipitation for Set 3 flaation of sludge was observed Wien
alum has been added into the waste for coagulation pH decreased below 3 and
therefore, acid cracking was observed inthe sample. Because of both oil content
(gasdine-based) of the waste and pin point formed TSS paraneter, also considering
acid cracking flaation of flocks was observed instead of precipitation It is
deter mned that COD renoval effidency for the subnatant was high enough.
Therefore, it can be stated that nain part of the COD paraneter conmes fromoil
contert of the waste. After serial opti mumcoagulant trials, Fed3 was deter nined as
the opti num coagulart, which had higher renoval efficdency for Set 3. In the
fdlowng tables and figures experi nental results for Set 3 were given

Table 519 Qoti mumdosage deter minationfor Fed; — Set 3

Set 3- %40 FeG 3 + NaOH (for opt. dosage)
pH [CODine Coagu ant COD outl et | Efid ency 9 udge
(ngl) FeQ 3 ( mgy/ 500 nh) (ngl) % Settledfa 30 nin
6 29000 500 12520 57 Dar kbr own, 94.0
6 29000 800 8450 71 Dar kbr own, 922
6 29000 1000 5860 80 Dar kbr own, 922
6 29000 1200 6010 79 Dar kbr own, 926
6 29000 1400 5980 79 Dar kbr own, 922

Optimum Dosage for %10 FeCI3
Set 3 - COD inlet : 29000 mg/l
Opt. pH : 6
100
2y
g 80 —86 +5 79
i 60 57
S 40
£
¢ 20
S
0
0 200 400 600 800 1000 1200 1400 1600
‘_._ Efficiency % ‘ FeCl3 Dosage ( mg/500ml )

Hgure 522 Qoti mumdosage deter mnationfor Fed; — Set 3
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After chemcal treat nent experi nents ozone gas was applied to the sanple and

resuts were shownin FHgure 523

Table 5200 Gzone Application Table

Dat afor ozone Application

Contact T ne 15 mn 30 mn 45 mn 60 nn 90 nn
477 477 477 477
Applied Czone 477mg/ main | mg/ min | mg/ min | mg/ mn | mg/ nn
Wilized Gzone (A 7155 ng |14310 ng|21465 ny|28620 ng|42930 ny
* Residud (zone - - -
* Of Gas 0,3 nyl

COD(Renmoved) (B | 810 myl |1640 nyl [2810my! [3620 ny!l[3660 Nyl
Al B(mgQ, / ngl) 87 87 7,5 8 12

* Residual Czoneis deter mnedinthe range of 01-0, 3 ny/l
** (ff gasis neglectedinter ns of applied ozone

Hgure 523 (onation after Jar- Test— Set 3
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To deter mne the efficiency of ozone for rawsanple, Set 3 was ozonated for 120
m n. Inthe characterization step of Set 3 COD was neasured as 29000 nyg/l. After
90 mn of ozonation COD paraneter was deter mned as 19000 ng/l with %24
renoval efficdency. Accordngtotheseresults, chemcal treat nent experinments were

perfor med andthe resuts were shown intables and figures as fdlow

Table 521 Jar Test after Czonation- Feds; — Set 3

Set 3(ozonated) - %40 Fed 3 + NaOH ( for opt. dosage)
pH | CODin«& Coagul ant COD outl & | Effid ency 9 udge
(ngl) FeQ 3 ( g/ 500 nh) (ngl) % Settledfar 30 nin
6,5 22400 500 18800 16 Dar kbrown, 90 nh
6,5 22400 700 10920 51 Dar kbr own, 110 nh
6,5 22400 900 7940 65 Dar kbr own, 100 nh
6,5 22400 1100 6080 73 Dar kbr own, 120 nh
6,5 22400 1300 6110 72 Dar kbr own, 100 nh

Optimum Dosage for %10 FeCI3 + NaOH
Set 3 - (ozonated) - COD inlet : 22400 mg/l
Opt. pH: 6,5
> 80 -
g 70 —e 72
o 60
= 50 1
= 40
3 30
E 20
o) 4
: 10 16
S 0 .
0 200 400 600 800 1000 1200 1400
—e— Efficiency % FeCI3 Dosage ( mg/500ml )

Hgure 524 Qoti mumdosage deter mnationfor Feds; — Set 3
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To investigate detoxification property of ozone gas a bioassay test (Acute Hsh
Toxicity Test) was perfor ned Torunthisexperiment, Set 1 with 9500 mg/l CODis
chosen as wastewater.

Overall renoval effidency of chemcal treat nent and ozonation process for Set 1
was deter mned as %93 Qzone was used as a helping agent for che mcal treat ment
withitsstrong oxidizing ability. Depending onits oxidizing power itisalso used for

det oxification of hazardous wastes.

A numnber of terns are utilized in expressingtoxicitytest results Acute toxicityis
toxicity whichis severe enoughto produce a response rapidy (typically a response
observed in 48 or 96 hours). Acute neans short and does not necessarily i nply
mortality. LG isthe concentration of effluent indiluion waterthat causes nortality
to 50 percent of the test popul ation

Toxicitytesting has been wdely validated inrecent years. Eventhough organisns
vary in sensitivity to effluent toxicity, the EPA has docunented that toxicity of
effluents correlate well with toxicity measurements inthe receiving waters when
effluent dluionis neasured

The sanples for hicassay tests were prepared as shownin Table 522

Table 522 Preparation of dlued sanples

Acute Fish Toxicity Test for Set 1

Concentrations | Wastewater | Dilution Water
(%) Volume (1) Volome (1)
50 5 5
20 2 8
10 1 9

As itisseeninthe figure, rawsanple has determi ned highlytoxic for a creatureto
live because of the poisonous effect of the che mcalsthat are used during production
processes. In order to decrease toxicity paraneter of the hazardous waste ozonation
was perfor ned for 90 min. after che mcal treat nent.

Results of ozonated sanple were shownin Table5 23 andin Hgure 525
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Table 523 Acute Toxicity Test Results For Set 1 After Czonation

Acute Toxicity Test Results For Set 1 Ater (zonation
Concentration Nuber of Percentage of death( % |*LGo Ty
percent of VW (% |fishes 48 hours 96 hours

50 10 95 100

20 10 60 70

10 10 50 60 17 6

5 10 15 10

1 10 0 10

*LGo is g ven as concentration percentage of the wastewater ( VWY

Experi nents for 48 hours were not considered during LGso calculaion Results were
giveninter ng of 96-hour bi oassaytests. To determ ne LG 50isreplaced withyin
regression equation ( 'y =1, 7843x + 19 31).

y =17843x +19 31 = 50 =17843x +19 31

X = LGy =17

TYga =100/ 17 =6
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6. RESULTS AND CONCLUSI ON

Wt hinthe concept of t he study, the results of experi nental studiesthat arerelatedto

the nmainscope of hazardous waste nanage nent are gveninths section

The hazardous waste investigated during the study, is a liquid-for ned toxic waste,
whi ch also has the properties of both flammability and reactivity with water. The
waste is generated fromthe combination of bath cleaning of the reactors that are

used for for mul ation of liqui d and powder pesticide and laundry wastewater.

Hazardous waste that has been investigated during the study is listed in EPA
hazardous waste lists and Turkish Hazardous Materials Regulation as FOO3, F004,
FO05 K043 K099 and Y4, Y9, Y10 respectively. It is deter mned that neither
manage nent nor contra nethods for thislisted hazardous waste has been statedin
the regulation Considering bath in-situ and on-site contrd systens, experi nental
studies were perforned in the study in order to nanage this hazardous waste.
Thereupon, depending on the existing treat nent systemin the pesticide i ndustry,
chemcal treat nent and det oxification perfor mance was deter mned

Overall removal effidencies showt hat che mcal treat nent and ozonation processes,
if applied respectively, are sufficient enoughto achieve high reroval efficiency in
COD base. According to test resuts, Feds; has been deter mned as opti num

coagul art rel atively.

73



Perfor mng experi nental procedure tothe sanple called Set 1 with COD of 9500

my/l, the resutsinthe Hgure 6 1 and 6.2 were summarized

COD : 9500 nyl
TSS : 230 nyl
0&G : 400 nyl

COD : 9500 mg/I
TSS : 230 nyl
0O&G : 400 nyl
Che nical| Treat nent

(Feds; + aOH
COD : 1470 ny/l
TSS :20 nyl
Ect : %85

Ozonationfor 90 mn

}

|
Ozonation for 45 mn

COD : 580 ny/l
TSS 20 nyl
0&G : 25 nyl
Eczone : %55

|

Overadl Hfidency
(COD BASED
% 93

COD : 7500
TSS : 230
EOzone 121
|

Chenica Treat ment

(Feds; + NaOH
COD : 2120 ny/l
TSS : 25 nyl
0&G : 30 ny/l
Ect %72

|

Overdl Hfidency
(COD BASED
%/ 8

O &G: Al &Gease
Ecr : Renoval Hfidency of Che mical Treat nent
Eozone : Removal Hficiency of Ozonation

Hgure 61 Overall Hfidency Table for Set 1-FeCl;
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COD : 9500 ny/|
TSS : 230 nyl
0&G : 400 nyl

Chenical Treat nent
(A2(SQ)s + L me)

COD : 9500 nyl
TSS : 230 nyl
0&G : 400 nyl

Ozonationfor 90 mn

'

COD : 2360 nyl COD : 7500
TSS 15 nyl TSS :230

Chemca Treat nment
(A2(SQ)s + Li ne)

| !

Ozonationfor 60 mn

COD : 650 nyl COD : 2490 ny/l
TSS : 15 ny/l TSS 10 ny/l
0&G : 20 ny/l 0&G : 30 ny/l
Eozone :© %53 Ect  : %67

| |

Overadl Hfidency Overdl Hfidency
(COD BASED (COD BASED
% 88 % 4

FHoure 62 Overal Efidency Table for Set 1- Aum

Inthe existing wastewater treat ment system of the industry, an oil separator has
separated oil concept of the waste It is deter mnedthat the separation process has
increasedt he overall re noval efficiency of treat ment system However, variaions of
coagulation and ozonation processes can be suggested as a nodification of the
treat nent systemdue toits higher overall renmoval efficiencies deter mned in the
study.

Inspite of the fact that ozone applicationintothe water hel ps coagulaion it may be
considered that OH radicals were utilized by oil based compounds by cyclic
reactions and decreased che mcal treat ment efficiency.
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COD : 25000 ny/l
TSS 220 nyl
0&G : 585 nyl

Chenical Treat nent

(Feds + NaOH
COD : 5300 ny/l
TSS : 20 nyl
Ect : %79

Ozonationfor 60 mn

COD : 2560 ny|
TSS : 20 nyl
0&G : 35 nyl
EOzone . %52

Overal Hficdency
(COD BASED
% 90

COD : 25000 ny/|
TSS : 220 nyl
0&G : 585 nyl

Ozonationfor 90 mn

'

COD : 19000 nyl
TSS 220 nyl
Eozone : %24

Chemca Treat nment

(Fed; + NaOH
COD : 6355 ny/l
TSS : 25 nyl
0&G : 30 nyl
ECT © %65

Overdl Hfidency
(COD BASED
%/ 5

FHgure 63 Overal Hfidency Table for Set 2-FeCl;

Wth regardto hazardous waste conposition hig differences in COD base anong
three sanples, which were collectedin different periods, were deter mned However,
approxi mately, same removal efficiencies as Set 1 were neasured for Set 2 wth
COD of 25000 ny/l. These results were shown inHgure 6 3 and 6 4 above.
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COD : 25000 ny/l
TSS 220 nyl
0&G : 585 nyl

Chenical Treat nent
(A2(SQ)s + L me)

COD : 25000 ny/|
TSS : 220 nyl
0&G : 585 nyl

Ozonationfor 90 mn

'

COD : 6320 ny/l COD : 19000 ny/l
TSS : 15 ny/l TSS : 220 ny!l
ECT . w4 EOzone D R4

Chemca Treat nment
(A2(SQ)s + Li ne)

| !

Ozonationfor 60 mn

COD : 2860 nyl COD : 7080
TSS : 15 nyl TSS :15
0&G : 20 0&G : 25
Eqzane & %54 Ecr  : %64

Overadl HEfidency
(COD BASED

Overdl Hfidency
(COD BASED

% 89 % 2
FHoure 64 Overal Efidency Table faor Set 2 Aum

Althoughthe differenceinthe COD paraneter is thought to be relatedtothe oil and
grease contert of the waste, itis observedthat oil and neasured grease paramneter did
nat confirmthis assunption Therefore, the COD equivalents of cleaning reagents
such as gasdine and sol vents, were eval uated as a possi bl ereasons for t he difference
in COD paraneter but nat oil and grease. Due to TOC paraneter is nore reliable
than COD paraneter to monitor renoval efficencies, itis deter mnedthat suggested

to perfor mTOC paraneter instead of COD neasurenent .

To discuss the results easily, overall efficdencies of the experi nents perfor ned
during the study were figured as fdlowvs.
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COD : 29000 ny/l
TSS : 450 nyl
0&G : 650 nyl

Chenical Treat nent

COD : 29000 ny/|
TSS : 450 nyl
0&G : 650 nyl

(Feds; + NaOH Ozonationfor 90 min
COD : 5860 ny/l COD : 22400 ny/l
TSS 80 nyl TSS 450 nyl

Ozonationfor 60 mn Chemca Treat nment

(Feds + NaOH)
\ 4 l

COD : 2240 ny/l COD : 6080 nyl

TSS  : 50 nyl TSS : 40 nyl

0&G : 30 nyl 0&G : 35 nyl

Eozane %60 Ect © %73

| |

Overadl Hfidency Overdl Hfidency
(COD BASED (COD BASED
% 92 %9

FHgure 65 Overal Hfidency Table for Set 3-FeCl;

After jar test repeated for Set 3 ( 29000 ng/l COD), it was observedthat pin point
for med flocks were floating instead of precipitation Therefore alumhas not been

consi dered as an applicabl e coagulant for Set 3

Jar test and ozonation results wth Feds; were deter mned approxi nately sane as

ot her t wo sanples and are shownin Fgure 65

The priority hazardous waste characteristic of the sanple investigated in the study
has been deter mned as "toxicity”' fromboth EPA hazardous waste lists and acute
fish toxicity test. According to the standard acute fish toxicity test, the toxicity
parameter of the rawsanple was deter mned as infinte
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Inthe study, acute fish toxicitytest was performed totreated sanple Set 1 After
bi cassay test TUa was deter mned as 6 considering that it was infinite for raw
sanple. This reduction of toxicity paraneter showed that ozone can be used for
det oxification of hazardous wastes as anaid processinthe existingtreat nent system

of the pesticide industry.

Due to high cal arific value of the rawsanple, dioxincontrdledincineration process
can be considered as an appropriate manage nent nethod for this hazardous waste.
This pesticide i ndustry is considered as s mall quartity generator with 2 nt/day of
waste generation Therefore this incineration process should be applied at a
hazardous waste site (on-site) instead of an in-situ application after this highly

cal orific wasteis nixed with aher wastes to be inci nerated

Although it is also possibde to recover the spent chemcals by solvent-sd vent
extraction nethod, coagulation and ozonation variations experienced during the
study were considered as a nore appropriate and economc nmanage nent alternatives

due to existing treat nent syste minthe industry.
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