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ABSTRACT 

 

APPLI CATI ON OF COAGULATI ON AND OZONATI ON TO CONTROL 

HAZARDOUS WASTES 

At akan ÖNGEN 

 

The mai n scope of  t he study i s  t o det er mi ne an appr opriate control  syst em i n or der  t o r educe 

poll uti on pot ential  of  a  hazardous  wast e generated by a  pestici de i ndustry. I n or der  t o achi eve 

that  goal,  bot h che mi cal  treat ment  and ozonati on applied on t his  hazardous  wast e whi ch has 

been listed i n EPA hazardous  wast e lists.  Duri ng the st udy,  ozone has  been applied f or  bot h 

det oxification and monitori ng its i mpact on che mi cal treat ment. 

The hazardous  wast e i nvesti gat ed duri ng t he st udy,  is  a li qui d-for med t oxic wast e,  whi ch al so 

has  t he pr operties  of  both fl a mmabilit y and reactivity wit h wat er.  The waste i s  deri ved from 

the co mbi nati on of  bot h cl eani ng of  t he react ors t hat  are used f or  f or mul ati on of  li qui d and 

powdered pestici des and laundry wast ewat er. 

In t he st udy,  t hree different  charact erized sampl es  were monit ored and t wo different 

experi ment al  procedures  were f oll owed t o monit or  whi ch syst e m reached maxi mu m r e moval 

efficiency.  In t he first  experi ment al  procedure, che mi cal  treat ment  and ozone appli cati on 

pr ocesses  have been perfor med t o t he sa mpl es,  respecti vel y.  For  che mi cal  treat ment  li me, 

Fe Cl 3  and al um are used as  coagul ants  and Na OH and H2 SO4  are used as  helpi ng agents.  Non-

ionic pol yel ectrol yt e has al so been used t o achi eve sufficient  settling during j ar  t ests.  Ozone 

generat or,  used i n t he study,  reaches  t he opti mum operati ng efficiency by 5 lt/ mi n oxygen 

flow rat e.  Ozone generation st arts after  4- mi n delay ti me and t he ozone was  i nj ect ed wit h a 

tefl on pi pe i nt o the circulat ed wast ewat er i n react or.  

To monit or  det oxificati on ability of  O3,  acut e fish t oxi city t est  has  been run f or  bot h ra w and 

treated wast ewat er.  In the st udy,  t oxi city charact eristic of  hazardous  wast e deri ved from 

pestici de i ndustry has  been eval uat ed accordi ng t o acut e fish t oxi cit y test.  Screeni ng and 

toxicit y met hodol ogy i s  used t o det er mi ne t he l ethal  concentration ( LC50)  and t oxi cit y unit 

( TU( a)).  Usi ng t his  met hod LC50  and TU( a)  det ermi ned 17 as  concentration percent age of  t he 

wast ewat er and 6, respectivel y.  
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ÖZET 

 

 

KOAGÜLASYON VE OZON UYGULANARAK ZARARLI ATI KLARI N 

KONTROLÜ 

 

Çalış manı n önceli kli  a macı,  i n-sit u,  on-site koşullar  göz önünde bul undur ularak ,  pestisit 

endüstrisi nden kaynakl anan,  zehirli  et ki ye sahi p bir  zararlı  atı k i çin uygun kontrol 

mekani z ması nı n sapt anması dır.  Söz konusu atı k EPA zararlı  atı k listelerinde yer  al makt adır. 

Bu atı ğa uygun bir  yöneti m mekani z ması  belirlemek a macı yl a,  ki myasal  arıt ma  ve  ozonl a ma 

pr osesl eri  uygul anmı ştır.  Çalış ma süresi nce,  ozon he m atı ğı n zehirlilik özelliği ni  gi derebil mek 

he m de ki myasal arıt ma üzeri ndeki et kileri ni gözle ml eyebil mek a macı yl a uygul anmı ştır. 

Çalış ma süresi nce i ncelenen zararlı  atı k,  sı vı  for mda,  zehirli,  t ut uşabilir ol duğu gi bi  suyl a 

reaktif  ol abil me özelli ğine de sahi ptir.  Atı k,  reakt örleri n yı kanması  sonucu çı kan pr oses 

sı vıları ve ça maşırhane sul arı nı n birleş mesi nden oluş makt adır.  

Çalış ma esnası nda,  farklı  karakt eristi klere sahi p üç ör nek üzeri nde gözl eml e me  yapıl mı ştır. 

Bu gözl e ml e me  i çi n i ki f arklı  deneysel  akı m şe ması  belirlenmi ş  ve her  bir  nu mune  i çi n 

uygul anarak en i yi  verime  hangi  düzende ul aşılabil di ği  araştırıl mı ştır.  Deneysel  akı ml arı n 

ilki nde,  sırası yla ki myasal  arıt ma ve ozonl a ma i şle ml eri  t at bi k edil mi ştir.  Ki myasal  arıt ma 

esnası nda kireç,  al um ve Fe Cl 3  koagül ant  ol arak denen mi ş  ve pH ayarları  Na OH ve H2 SO4  il e 

yapıl mı ştır.  Yet erli  çökel meyi  sağl ayabil mek a macı yl a yardı mcı  ki myasal  ol arak non-i yoni k 

polielektrolit kullanıl mı ştır.  

Deneysel  çalış mal arda kullanılan ozon ci hazı nı n opti mu m çalıştı ğı  oksijen akı m hı zı  5 lt/ dak. 

dır.  Ci haz ozon üret meye çalıştırıldı ktan 4 dakika sonra başl a makt a ve üretilen ozon bir 

po mpa vasıtası  ile reaktör  t efl on bor u siste mi nde döndür ül en atı ksuya bor u enj eksi yonu il e 

uygul anmakt adır.  

Ozonun det oksifi kasyon özelli ği ni  i zleyebil mek a macı yl a akut  balı k zehirlilik deneyi 

sürdürül müşt ür.  Çalış ma esnası nda,  üzeri nde araştır ma yapılan nu munenin zehirlilik özelli ği 

sürdürül en st andart  balık zehirlilik deneyi ne göre değerlendiril mi ştir.  Böyl ece öl dür ücü 

konsantrasyon ( LC50)  ve zehirlilik seyrel me  fakt örü ( TU( a))  değerleri  sapt anmı ştır.  LC50 

değeri atı ksuyun konsantrasyon yüzdesi biçi mi nde 17 ol arak, TU( a) ise 6 olarak bul unmuşt ur.  

Anaht ar Keli mel er  : Ozon, det oksifi kasyon, koagul asyon.  

Bili m Dalı Sayısal Kodu : 615 
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1. I NTRODUCTI ON 

1. 1.  Ai m and Scope 

Duri ng t he past  decade,  t he public has  become i ncreasi ngl y a ware of  one  of  t he 

maj or  i mpacts  of  i ndustrial  devel opment.  Con currentl y,  a wareness  has  been gr owi ng 

that  certai n di sposal  methods  used f or  such waste may pose risks  t o human healt h 

and t he qualit y of  t he environment.  Several  countries  have made great  efforts  t o 

devel op effecti ve t echnologies  and ad mi nistrati ve pr ocedures  f or  hazardous  wast e 

manage ment.  

Wast e i s  frequentl y a compl ex mi xt ure t hat  makes  t he collection of  dat a on wast e 

compositi on difficult and often very costl y t o obtain.  

Hazardous  wast e i s  pot entiall y da magi ng t o t he environment  and t herefore,  needs 

control.  Most  of  it,  however,  i s  deri ved from i ndustries  a mong t he most  i mport ant  t o 

the gr owt h and mai nt enance of  a  moder n i ndustrial  soci et y,  such as  iron and st eel  and 

che mi cal i ndustries.  

If  ,  i n additi on t o mat erials t hat  are t oxi c,  fl a mmabl e,  corrosi ve,  et c.,  t he defi niti on of 

―hazardous‖ i ncl udes  materials wit h a hi gh wat er poll uti on pot ential  whi ch requires 

speci al  controls.  Thus,  environment al  pr ot ecti on and econo mi c devel opment  must  be 

fi nel y judged i n order t o achi eve a bal ance.  

To perfor m t he experi ment al  procedures  i n t he study,  a hazardous  wast e, whi ch i s 

deri ved from a  pestici de i ndustry,  was  i nvesti gat ed.  The sol vent  power  of  bot h 

hal ogenated and non- halogenat ed or gani c sol vents is  used i n i ndustry.  Whi chever 

met hod i s  e mpl oyed,  a sump resi due accumul ates  wit h use.  The resi due i s  eit her 

all owed buil d up until  an unaccept able l evel  of  cont a mi nati on i s  reached and t he 

dirt y sol vent  re moved for  di sposal  or  recovery or  t he resi due i s  conti nuousl y 

re moved by recycli ng via an on-li ne purificati on pl ant.  Wash- down wastes  are al so 

dangerous after cont a mi nati on wit h a range of sol vents.    
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The mai n scope of  t he study i s  t o creat e a manage ment  syst e m f or  a  specific,  hi ghl y 

toxic hazardous  wast e derived from a  pestici de i ndustry.  In or der  t o reach that  scope 

duri ng t he st udy,  bot h che mi cal  treat ment  and che mi cal  oxi dati on pr ocesses  were 

perfor med i n different  or ders  t o monit or  and deci de t he most  suitable treat ment 

syste m f or  t his  listed hazardous  wast e.  Toxi cit y t ests were al so applied after  deci di ng 

an effecti ve treat ment syste m order.  

In t he st udy,  ozonati on efficiency bot h before and after  che mi cal  tr eat ment  and 

det oxification of  ozone were i nvesti gat ed.  To reach t hat  goal,  first  literat ure searches 

about  hazardous  wast es,  toxi cit y and che mi cal  oxidati on by ozone were co mpl et ed. 

Experi ment al  appr oach was  det ailed and pr ocedures  were expl ai ned.  Cal cul ati on 

met hod f or  ozone was  also menti oned and all  results were shown i n t abl es  and 

figures.  

In results and eval uati ons  secti on results were given i n fi gures  i n or der  to eval uat e 

and discuss t he results deter mi ned.      
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2. HAZARDOUS WASTE MANAGE MENT 

2. 1. Concepti on of Hazardous Waste 

There has  been a  rapi d increase i n t he generati on of  t he hazardous  bot h organi c and 

inorgani c wast es  per  year  si nce t he i ndustrial  facilities  st arted t o gr ow up.  Industries 

have pr oduced a  wi de variet y of  pr oducts  t hat  have i mpr oved our  st andard of  li vi ng 

and generall y i ncreased hu man life expect ancy.  However,  associ ated wi t h t hese 

benefits is  t he risk of  accidents t hat  can endanger  hu man healt h and t he environment. 

The magnit ude of  t he probl e m was  so cl ear  t hat  in or der  t o consi der  t hese pot ential 

risks  and try t o det er mi ne adequat e manage ment  facilities,  t he concept  of  hazar dous 

wast e has been adopt ed since 1970s.  

Ri sk of  acci dents  t hat  can be dangerous  f or  bot h hu man healt h and t he environment, 

toxi c effects  of  t he many che mi cals  on hu man,  t he l ack of  knowl edge about  t he 

adverse effects  of  t hose che mi cals  t o t he medi a,  the rapi d i ncrease i n t he pr oducti on 

of  or gani c che mi cals  as well  as  i ncreased de mand f or  val uabl e heavy met al s  are 

believed t o be the mai n reasons for t he adopti on of hazardous wast e concepti on.  

2. 2. Defi niti on of the Probl e m 

2. 2. 1. Defi niti ons   

Wast e i s  somet hi ng t hat t he owner  no l onger  wants  at  a gi ven pl ace and ti me  and 

whi ch has  no current  or  percei ved mar ket  val ue.  Hazardous  wast e i s  waste t hat  has 

physi cal  che mi cal  or  biol ogi cal  charact eristics  that  require speci al  handli ng and 

disposal  procedures  t o avoi d risk t o healt h and/ or  ot her  adverse environment al 

effects. 
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In t he Unit ed St at es,  hazardous  wast e has  been defi ned by Resource Conser vati on 

Recovery Act  (  RCRA )  legislati on as  ―a soli d waste,  or  combi nati on of  solid wast es, 

whi ch because of  its  quantit y,  concentration,  or  physi cal,  che mi cal  or i nfecti ous 

charact eristics  may cause or  si gnificantl y contri but e t o ,  an i ncrease i n mort alit y or 

an i ncrease i n seri ous  i rreversi bl e or  i ncapacitating  reversi bl e ill ness  or  pose a 

subst antial  present  or  pot ential  hazard t o hu man healt h or  t he environment  when 

i mpr operl y treat ed,  st ored,  transported or  di sposed of  or  ot her wi se managed. ‖ [ 1] 

Whi l e t he defi niti on refers t o ―soli ds‖ it  has  been i nt erpret ed t o i ncl ude semi -soli ds, 

liqui ds, and cont ai ned gases as well. 

The U. S.  Environment al  Pr ot ecti on Agency (  EPA )  has  defi ned a  wast e t o be 

hazardous under t he legislati on if it meats one or mor e of t he foll owi ng conditi ons:  

 

 Exhi bits charact eristics of fla mmabilit y, corrosi vity, reacti vit y, and/ or t oxicity 

 Is a nonspecific source waste (generic wast e from industrial processes) 

 Is a specific source wast e (from specific i ndustries) 

 Is a specific commerci al che mi cal product or i ntermedi at e 

 Is a mi xt ure cont ai ni ng a listed hazardous wast e 

 Is a subst ance t hat is not excl uded from regul ati on under t he RCRA 

St at ut ory defi niti ons  of  hazardous  wast e used by vari ous  nati ons  reflects not  onl y t he 

nat ure of  t he environment al  pr obl e ms  t hey were desi gned t o cover,  but  al so t he 

soci al,  political  and econo mi c conditi ons  of  t he nati ons  concerned.  When atte mpti ng 

to defi ne hazardous  waste,  concern i s  essentiall y wi t h wast e,  whi ch presents eit her  of 

the foll owi ng:  

 

 Short-ter m acut e hazards.  Such as  acut e t oxi city by i ngesti on,  i nhal ation,  or  ski n 

absorpti on corrosi vit y or ot her  ski n or  eye cont act  hazards  or  t he risk of fire or 

expl osi on ;     

 Long-t er m environmental  hazards,  i ncl udi ng chr oni c t oxi cit y upon repeat ed 

exposure,  carci nogeni city ( whi ch may i n so me  cases  result  from acut e exposure 

but  wit h a l ong l at ent  peri od),  resistance t o det oxification pr ocesses  such as 

bi odegradati on,  t he potential  t o poll ute undergr ound or  surface waters,  or 

aest heticall y objecti onable properties such as offensi ve odors.  
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Wast es  wit h t hese pr operties  may arise as  by- products,  si de-products,  pr ocess 

resi dues,  spent  reacti on medi a,  cont a mi nated pl ant  or  equi pment,  et c.,  from 

manufact uri ng operati ons and as consumer discards of manufact ured products. 

2. 3. Criteri a for Identifyi ng Hazardous Waste  

Wast e has t he pot ential to be hazardous by virt ue of t he followi ng:  

 Subst ances present i n t he wast e  

 Their concentration 

 Their che mi cal reacti vity  

 Physi cal for m i n whi ch the subst ance are present  

 Quantity and recurrent rate of arisi ng of potentially hazardous mat erial  

 Mobilit y and persistence of  t he pot entiall y hazardous  mat erials i n whi ch t hey are 

pl aced  

 Tar gets  availabl e i n t hat environment  and t heir  vul nerability t o t he pot enti all y 

hazardous mat erials  

 Possi bility of re medi al measures and t heir costs 

 

The shot-ter m acut e and l onger-ter m environment all y hazardous  pr operties  of  a 

wast e are a f uncti on of  the che mi cal  speci es  present.  In some  cases,  wast es  have 

well-defi ned dangerous  pr operties  and are unequi vocall y hazardous;  such wast es 

generall y result  from t he use of  co mmonl y encount ered che mi cal  co mpounds.  The 

maj orit y of  wast es  considered,  however,  are li kely t o be co mpl ex mi xt ures  whi ch do 

not readil y lend t he msel ves t o che mi cal charact erizati on.  

Wi t hi n t he cont ext  of  waste manage ment,  t he hazard charact eristics  of  a  wast e are 

mor e rel evant  t han knowl edge of  its  precise che mi cal  co mpositi on,  whi ch i n many 

cases will be i mpractical to obtai n.  

2. 3. 1. Co mpositi on  

Concerni ng t he co mposition of  t he wast e,  i ndi vi dual  co mponents  of  a  wast e shoul d 

be known bef ore a compl et e assess ment  of  its  hazard pot ential  i s  made.  Thi s 

knowl edge however,  i s  often very difficult  and may be i mpossi bl e i n practical  t er ms, 

particul arl y f or  soli d wastes.  To de mand,  eit her  directl y or  by i mpli cati on,  t hat  all 

wast e be anal yzed f or all  pot entiall y hazardous  speci es  i s  quite impr actical. 
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Nevert hel ess,  good i nformati on on wast e co mposition i s  needed,  and i n many cases 

br oad compositi onal dat a will be adequat e.  

2. 3. 2. Physi cal For m  

The physi cal  for m of  t he wast e (  soli d,  se mi -soli d,  sl udge,  li qui d,  et c.  )  i s  rel evant  t o 

a consi deration of  bot h pot ential  acut e or  l onger-ter m environment al  hazards.  I n 

general,  li qui d or  sl udge wast e i s  more li abl e t o cause wat er  poll uti on pr obl e ms  t han 

is soli d wast e.  Small  particle si ze by itself  may confer  hazard on a  mat erial  t hat  i s 

nonhazardous  i n l arger  pi eces;  many fi nel y di vided met als  are acut el y hazar dous 

whil e t he massi ve mat erial  is  har ml ess.  Soli ds  for med by cooli ng from the molt en 

state may often have t heir potential hazard much reduced.  

2. 3. 3. Quantity  

The quantit y of  t he wast e and its  recurrent  rat e of  arisi ng are i mport ant.  The handli ng 

and di sposal  of  a  fe w hundred kil ogra ms  of  a  particul ar  wast e as  an i sol ated arisi ng 

may de mand a  t ot all y different  sol uti on t o t he di sposal  of  si mil ar  mat erial  arisi ng on 

a regul ar basis in quantities t hat may be orders of magnit ude great er or s maller.  

The pot ential  for  environment al  da mage at  a waste di sposal  site i s  cl earl y relat ed not 

onl y t o t he concentration of  t he subst ance rel eased but  also t o t he t ot al  quantit y 

released at a gi ven ti me.          

2. 3. 4. Acute Hazard 

The acut e hazard posed by t he wast e may be expressed i n t er ms  of  oral,  i nhal ati on or 

der mal  t oxi city,  fl ashpoint,  expl osi vit y,  concentrati on of  known corrosi ve speci es, 

et c.  Physi cal  charact eristics,  such as  vapor  pressure and boili ng poi nt ,  may be 

i mportant.  To avoi d dangerous  i nt eracti ons  wi th co- deposited mat erials,  hi ghl y 

reacti ve mat erials (e. g.  powerful  oxi dants)  shoul d al so be consi dered.  Ho wever, 

unl ess  t oxi cit y t ests are perfor med on t he wast e itself,  acut e hazards  posed by t he 

wast e can onl y be predi cted by t he hazards of its co mponents.  

2. 3. 5. Long-ter m Hazard 

Fi nall y,  t he l ong-ter m hazard posed by t he waste will  depend upon the chosen 

disposal  rout e.  For  exa mpl e,  such pr operties  as  vol atility,  wat er  sol ubilit y i n or gani c 

che mi cals  will  i nfl uence the mobilit y of  wast es  deposited i n l andfill.  The persistence 
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of  a particul ar  mat erial  will  depend upon its vul nerability t o vari ous  nat ural 

breakdown mechanis ms  :  mi crobi ol ogi cal,  phot oche mi cal,  oxi dati on/reducti on,  et c. 

The t oxi cit y of  a  deposited mat erial  and its  met abolites  and or ganol eptic factors,  such 

as taste and s mell, are all-relevant. 

2. 4. Excl usi ve and Incl usi ve Lists of Hazardous Waste 

2. 4. 1. The Excl usi ve List 

One  alternati ve appr oach t o t he pr obl e m of  adequat el y defi ni ng what  constit ut es  a 

hazardous  wast es  whi ch present  no si gnificant  short-ter m environment al  hazards  and 

to defi ne hazardous  waste by excl usi on (as  any wastes  not  listed).  This  appr oach has 

been used successfull y.  In t he Unit ed Ki ngdo m,  for  exa mpl e,  it  was  f or merl y used t o 

defi ne t hose wast es  f or whi ch notification of  intent  t o deposit  was  a st at ut ory 

require ment  under  t he Deposit  of  Poisonous Wast e Act  [ 2].  Of  not e wort hy 

i mportance i s  t he extra environment al  safeguard i ncorporat ed i n t his  case,  whereby 

excl usi on from t he notification pr ocedure was  subj ect  t o t he listed waste meeti ng 

certai n qualitati ve criteria i n t er ms  of  its  co mpositi on.  These criteria were t hat  t he 

wast e shoul d not  cont ai n any hazardous  quantit y or  concentration of  any poisonous, 

noxi ous or poll uti ng substance.  

Whi l e one advant age of  the excl usi ve list  appr oach i s  t hat  it  i s  rel ati vel y si mpl e t o 

ensure t hat  t he listed mat erials are not  hazardous,  mat erials not  listed and,  therefore, 

by i nference hazardous  may well  be onl y mar gi nall y so.  In additi on,  when reliance i s 

pl aced upon qualitati ve,  subj ecti ve criteria,  different  i nt erpretations  will  i nevitabl y be 

possi bl e.  Thus,  wast e producers,  wast e di sposers and regul at ory aut horities  are 

deni ed t he certai nt y they need.  

2. 4. 2. The Incl usi ve List 

Mor e wi del y e mpl oyed for  regul at ory pur poses  are listi ng of  hazardous  waste,  eit her 

wi t h or  wit hout  accompanyi ng criteria.  This  incl usi ve list  appr oach i s  currentl y 

e mpl oyed i n Bel gi um,  Denmar k,  France,  Ger many,  Net herlands,  Sweden,  the Unit ed 

Ki ngdo m and t he Unit ed St at es.  The lists co mprise wast es  from cert ai n i ndustries, 

wast es  cont ai ni ng specific components  or  specific wast e strea ms  i dentified by t he 

pr ocesses from whi ch t hey ori gi nat e.  
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The i ncl usi ve list  offers a great er  degree of certai nt y but  suffers  from t he 

di sadvant age t hat  o mi ssions  may well  be si gnificantl y hazardous.  The great er  t he 

degree of  specificit y, t he more an all-e mbraci ng,  i ncl usi ve list appr oaches 

encycl opedi c pr oporti ons.  Any list,  i ncl usi ve or  excl usi ve,  may itself  use ter ms  t hat 

are difficult  t o defi ne i n a  wast e management  cont ext,  such as  sol vent, 

phar maceutical, toxi c or phenol, etc. 

Despite i ndi vi dual  differences  i n appr oach,  i nt ernati onal  agree ment  is  subst antial  on 

those components of a waste, whi ch cause it to be classified as hazardous.  

Hazardous  wast e can be soli d,  li qui d or  gas.  The charact erizati on of  a  hazar dous 

wast e can range from a si mpl e revi ew of  a  l ist.  The EPA has  listed specific 

hazardous wast e according t o t he foll owi ng criteria: 

F Series  :  Hazardous  waste from nonspecific sources(e. g.,  hal ogenat ed solvent s  used 

in degreasi ng and spent electropl ating bat h sol uti on)  

K Seri es  :  Hazardous  waste from specific sources  (e. g.,  API  separat or  sludge and 

tank bott oms from l eaded petrol eum refi ni ng)  

P Series  :  Acut el y hazardous  wast e of  specific co mmerci al  che mi cal pr oducts, 

incl udi ng discarded products,  off-specificati on pr oducts,  cont ai ners, and spill 

resi duals. 

U Seri es  :  Toxi c hazardous  wast es  whi ch are co mmercial  che mi cal pr oducts, 

incl udi ng discarded products,  off-specificati on pr oducts,  cont ai ners, and spill 

resi duals. 

 

The co mpl exit y of  charact erizi ng a wast e t o det er mi ne whet her  it  i s  hazar dous 

increases  si gnificantl y when t he source and/ or  nature i s  unknown.  The only met hods 

availabl e are t o sa mpl e and perfor m che mi cal  analysis t o det er mi ne t he nature of  t he 

mat erial [3]. 
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2. 5. Characteristics of Hazardous Waste 

In est ablishi ng t hese criteria f or  t he treat ment  of any i dentificati on of  a  hazar dous 

wast e four charact eristics selected:  

 Fl a mmabilit y 

 Corrosi vit y 

 Reacti vit y 

 Toxi cit y charact eristic 

2. 5. 1. Fl a mmability 

Fl a mmabilit y i s  t he charact eristic used t o defi ne as hazardous  t hose wast es  that  coul d 

cause a fire duri ng transport,  st orage,  or  di sposal.  Exa mpl es  of  i gnitable wast es 

incl ude wast e oil and used sol vents.  

1.  It  i s  a li qui d,  ot her  t han an aqueous  sol uti on cont ai ni ng l ess  t han 24 percent 

al cohol  by vol ume.  And has  a fl ash poi nt  l ess  t han 60
o

C ( 140
0
F),  as  det ermi ned 

by a Pensky- Mart ens  Cl osed Cup Test er  (usi ng the t est  met hod specified i n t he 

AST M st andard D- 93- 79 or  D- 93- 80)  or  by a  Set aflash Cl osed Cup Test er  (usi ng 

the test met hod specified in t he ASTM st andard D-3278- 78)  

2.  It  i s  not  a  li qui d and i s capabl e,  under  st andard t e mperat ure and pressure,  of 

causi ng fire t hrough friction,  absorpti on of  moi sture,  or  spont aneous  chemi cals 

changes  and when i gnited,  bur ns  so vi gorousl y and persistentl y t hat  it  creat es  a 

hazard.  

3.  It  i s  an i gnitabl e compr essed gas  as  defined i n 49 Code of  Federal 

Regul ati ons173. 300 DOT regul ati ons.  

4.  It  i s  an oxi di zer  as  defined i n 49 Code of  Federal  Regul ati ons  173. 151 DOT 

regul ations.  

A wast e t hat  exhi bits flammabilit y but  is  not  listed as  a  hazardous  wast e i n Subpart  D 

of RCRA has the EPA hazardous wast e number D001 [3] 
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2. 5. 2. Corrosi vity 

Corrosi vit y,  as  i ndi cat ed by pH,  was  chosen as an i dentifyi ng charact eristic of  a 

hazardous  wast e because wast es  wit h hi gh or  low p H can react  dangerousl y wit h 

ot her  wast es  or  cause t oxi c cont a mi nants  t o mi grate from certai n wast es. Exa mpl es 

of  corrosi ve wast es  i ncl ude aci d wast es  and used pi ckl e li quor  fro m st eel 

manufact ure.  St eel  corrosi on i s  a  pri me  i ndi cat or  of  a  hazardous  wast e,  since wast es 

capabl e of corrodi ng steel can escape from drum and li berat e ot her wast es. 

1.  It  i s  aqueous  and has  a pH l ess  t han or  equal  t o 2 or  great er  t han or  equal  to 12. 5, 

as det er mi ned by a pH met er usi ng an EPA t est met hod  

2.  It  i s  a li qui d and corrodes  st eel  ( SAE 1020)  at  a rat e great er  t han 6. 35 mm ( 0. 250 

inch)  Per  year  at  a t est  te mperat ure of  50
o

C ( 130
0
F),  as  det er mi ned by t he t est 

met hod specified i n National  associ ati on of  Corrosi on Engi neers  St andard TM-

01- 69 and st andardized in ―Test  Met hods  f or  t he Eval uati on of  t he Soli d Wast e, 

Physi cal/ Che mi cal Met hods. ‖  

A wast e t hat  exhi bits corrosi vit y but  i s  not  listed as  a  hazardous  wast e i n Subpart  D 

has t he EPA hazardous waste number D002 [3] 

2. 5. 3. Reacti vity  

Reacti vit y was  chosen as  an i dentifyi ng charact eristic of  a  hazardous  waste because 

unst able wast es  can pose an expl osi ve pr obl e m at  any st age of  t he wast e manage ment 

cycl e.  Exa mpl es  of  reactive wast es  i ncl ude water  from TNT operati ons and used 

cyani de sol vents. 

1.  It is nor mall y unst able and readil y undergoes vi ol ent change wit hout det onating.  

2.  It reacts vi ol entl y wit h wat er. 

3.  It for ms pot entiall y expl osi ve mi xt ures wit h wat er.  

4.  When mi xed wit h wat er, it  generates  t oxi c gases, vapors,  or  f umes  i n a quantit y 

sufficient to present a danger t o human healt h or the environment.  

5.  It  i s  a cyani de-  or  sulfide-beari ng wast e t hat,  when exposed t o pH conditi ons 

bet ween 2 and 12. 5,  can generat e t oxi c gases,  vapors,  or  f umes  i n a quantit y 

sufficient to present a danger t o human healt h or the environment.  

6.  It  i s  capabl e of  det onati on or  expl osi ve reacti on if subj ect ed t o a strong i nitiati ng 

source or if heat ed under confi ne ment.  
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7.  It  i s  readil y capabl e of det onati on or  expl osi ve deco mpositi on or  reacti on at 

standard te mperat ure and pressure.  

8.  It  i s  a f orbi dden expl osi ve as  defi ned i n 49 Code of  Federal  Regul ati ons  173. 51,  a 

Cl ass  A expl osi ve as  defined i n t he 49 Code of  Federal  Regul ati ons  173. 53,  or  a 

Cl ass  B expl osi ve as  defined i n 49 Code of  Federal  Regul ati ons  173. 88 DOT 

regul ations.   

A wast e t hat  exhi bits reacti vit y but  i s  not  listed as  a  hazardous  wast e i n Subpart  D 

has t he EPA hazardous waste number D003 [3] 

2. 5. 4. Toxi city  

A t oxi c wast e on cont act wi t h a li vi ng organis m is capabl e of killing, inj uri ng, or 

ot her wi se i mpairi ng t hat or ganis m. These poisonous subst ances are hazard in t hat 

there is risk dependi ng upon t he exposure and t he manner i n whi ch such a wast e is 

handl ed.   

The t oxicit y charact eristic leachi ng procedure ( TCLP) test is desi gned t o i dentify 

wast es likel y to leach hazardous concentrations of particul ar t oxic constit uents i nt o 

the ground wat er as result of i mpr oper manage ment. Duri ng t he TCLP, constit uents 

are extract ed from t he waste t o si mul at e t he leaching acti ons that occur i n landfills. If 

the concentration of t he constit uent exceeds t he regul at ory li mit, the wast e is 

cl assified as hazardous.  

The TCLP test repl aced the EP t oxicit y test in September 1990 and added 25 organi c 

compounds t o t he ei ght met als and si x pestici des that were subj ect to t he EP t oxi city 

[4] 

2. 6. Wastes Hazardous i n Onl y Part of the Manage ment Cycl e 

The manage ment  cycl e for  any particul ar  hazardous  wast e co mprises  its  generati on, 

transport,  st orage,  treat ment  ( where appr opriate)  and fi nal  di sposal.  These opti ons  are 

called Treat ment,  St orage,  Di sposal  facilities  ( TSD Facilities)  by EPA.  The ai m was 

to esti mat e t he t ot al  quantit y of  hazardous  wast e managed by TSD f acilities  and t o 

identify hazardous  wast e manage ment  pr ocess,  t heir  commerci al  availability and t he 

general  wast e t ype managed at  each facility [ 4].  Cl earl y many hazardous  wast e 
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charact eristics,  such as  corrosi vit y,  fl a mmabilit y and t oxi city,  will  cause pot enti al 

pr obl e ms at all these stages.  

By contrast,  many wastes,  whi ch offer  no si gnificant  short -ter m handling hazar d, 

may cause severe di sposal  pr obl e ms  based on t heir  physi cal  or  che mi cal  pr operties. 

Cert ai n hal ogenat ed hydrocarbon sol vents,  for  exampl e,  are non-fla mmabl e and of  a 

low or der  of  acut e t oxi city where no recovery options  exist  and l andfill  i s  consi dered 

unsuitabl e because of  t he pot ential  t hreat  t o water  supplies,  a t her mal  destructi on 

route will be sought.  

Such wast es,  however,  shoul d onl y be consi dered f or  i nci nerati on i n speci alized 

pl ants  equi pped wit h gas  scrubbi ng facilities  to re move t he hydr ogen chl ori de 

generat ed.  Many oil y wast es  cannot  be econo mi call y recovered or  inci nerat ed 

because of  t heir  hi gh water  and/ or  soli ds  cont ent, but  t hey are l ow or der  of  t oxi cit y 

and present no handli ng hazard.  

Cert ai n wast es,  whi ch present  an i nhal ati on hazard,  onl y present  a hazard at  t he poi nt 

of  arisi ng.  Once securel y bagged,  transport  and disposal  are strai ght  for war d, 

alt hough t he di sposal  met hod sel ect ed shoul d guarant ee t hat  t he seal ed bags  are 

unli kel y to be dist urbed.  
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3. TOXI COLOGY 

3. 1. The Concept of Toxicol ogy 

Phar macol ogy i s  t he study of  t he nat ure,  properties,  and effects t hat che mi cal 

subst ances  have on biol ogi cal  syst e ms.  Hence,  i n its  entiret y,  pharmacol ogy 

e mbraces  t he st udy of  all  subst ances  known t o affect  li vi ng pr ocesses,  whet her 

beneficiall y or  detri mentall y.  For  acade mi c pur poses,  phar macol ogy i s  divi ded i nt o 

several  branches.  One such branch rel ates  t o t he specific st udy of  adverse healt h 

effects caused by poisonous or t oxic subst ances; it is called t oxicol ogy.  

Toxi col ogy i s  t he sci ence t hat  deals  wit h t he effects  of  poisons  upon li vi ng 

or ganis ms.  A poi son or  toxi cant  i s  a subst ance t hat,  above a certai n l evel  of  exposure 

or  dose,  has  detri ment al effects  on tissues,  organs,  or  bi ol ogi cal  pr ocesses.  Among 

the i mport ant  aspects  of  toxicol ogy are t he rel ationshi p de monstrated presence of  a 

che mi cal  or  its  met abolites  i n t he body and observed sy mpt oms  of  poisoni ng, 

mechanis ms  by whi ch toxi cants  are transfor med t o ot her  speci es  by bioche mi cal 

pr ocesses,  t he pr ocesses  by whi ch t oxi cants  and t heir  met abolites  are eli mi nat ed from 

an organis m, and treat ment of poisoni ng wit h antidot es.  

USEPA charact erizes  RCRA hazardous  waste by means  of  a  pr opert y called 

extracti on-procedure t oxi cit y ( EP t oxi cit y)  [5].  This  pr opert y rel ates  onl y t he 

foll owi ng t oxi c met als and pestici des:  arsenic,  bari um,  cad mi um,  chr omi u m,  l ead, 

mer cury,  sel eni um,  silver,  endri n,  li ndane,  met hoxychl or,  t oxaphane,  2,  4 – 

di chl orophenoxyacetic aci d,  and [ 2-(2,  4,  5-tri-chl orophenoxy)  pr opi oni c aci d].  A 

hazardous  wast e exhi bits t he charact eristic of  EP toxicit y if  a sa mpl e of  t he wast e i s 

found t o cont ai n any of  these cont a mi nants  at  a concentration equal  t o or  great er  t han 

the respecti ve val ues  not ed i n Tabl e 3- 1.  Hazardous  wast es  t hat  exhi bit  t he 

charact eristics  of  EP t oxi cit y are assi gned an EPA hazardous  wast e number  from 

D004 t o D020, as tabul ated [5] 
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Tabl e 3-1 Toxi cit y charact eristics, Maxi mu m Concentration of Cont a mi nants 

EPA Hazardous 

Wast e Nu mber                   Cont a mi nant                          Max. Concentrati on,( mg/l) 

D004                                   Ar seni c*                                                5. 0 

D005                                   Bari um                                                  100. 0 

D006                                   Cad mi u m*                                            1. 0 

D007                                   Chr o mi um                                            5. 0  

D008                                   Lead*                                                    5. 0 

D009                                   Mer cury*                                              0. 2 

D010                                   Sel eni um                                              1. 0 

D011                                   Sil ver*                                                  5. 0  

D012                                   Endri n*                                                0. 02 

D013                                   Li ndane*                                               0. 4 

D014                                   Met hoxychl or*                                    10. 0       

D015                                   Toxaphane*                                          0. 5 

D016                                   2, 4- D*                                                 10. 0 

D017                                   2, 4, 5,- TP( Sil vex)*                               1. 0 

D018                                   Benzene                                                0. 5 

D019                                   Car bon tetrachl ori de                             0. 5 

D020                                   Chl ordane                                            0. 03 

* For merl y EP t oxi cit y contami nants 

Source: U. S. Environment al Prot ecti on Agency 

3. 2. How Toxi c Substances Enter the Body          

 

There are many r out es  by whi ch a subst ance may ent er  t he body,  mai nly such as 

inhal ati on, ski n absorpti on, and i ngesti on.  

3. 2. 1. Ingesti on 

Ingesti on refers  t o t he swall owi ng of  a  subst ance t hrough t he mout h and i nt o t he 

st omach,  and generall y foll owed by its  entrance i nt o t he s mall  i nt esti ne.  Ingest ed 

toxic subst ances  eit her  directly da mage t he tissues  of  t he mout h or  di gestive tract  at  

the site of  cont act,  are met abolized t o t oxi c or  non-t oxi c subst ances,  or  are absor bed 

through t he i nt esti nal  walls  t o ent er  t he bl ood syst e m.  I n t he l atter case,  t he 

circul at ory syst e m t hen di sse mi nates  t he substances  t o vari ous  body or gans  and 

tissues. 

3. 2. 2. Absorpti on 

Absor pti on t hrough t he ski n i s  a  second r out e by whi ch a  subst ance may ent er  t he 

body.  Ski n i s  t he l argest  si ngl e or gan of  t he body.  It  often serves  as  an or gan of 

defense by preventi ng t he direct  entry of  a subst ance i nt o t he body or  its  parts,  except 

for  t he eyes  and l ungs.  But  t he ski n may al so act  as  a  portal  of  entry f or  so me 

che mi cal  subst ances.  In these i nstances,  t he ski n acts  li ke a per meabl e me mbr ane. 
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Generall y,  li qui ds  absorb most  easil y,  si nce t heir  concentration i s  hi gh at  a particul ar 

poi nt  of  cont act;  capillary acti on ai ds  i n t heir  penetration.  So me  t oxi c subst ances, 

like hydr ofl uoric aci d,  absorb t hrough t he ski n and da mage nearby bone matter.  But, 

mor e commonl y, subst ances affect a specific site of acti on or t he body as whol e. 

3. 2. 3. Inhal ati on 

It  i s  a t hird r out e by whi ch a  subst ance may ent er  t he body.  The i nt ernal  surface of 

our  l ungs  i s  so ri ch i n blood vessels  t hat  act ually cover  an average surface area of 

appr oxi mat el y 75 m
2
 [5] 

Thus,  a subst ance i nhaled i nt o t he l ungs  i s  readily absorbed i nt o t he bl oodstrea m. 

Thi s means t hat t he body’s response acti on from inhal ati on is often relati vely s wift. 

3. 3. Cl assificati on Of Toxi c Effects 

When a  subst ance i s  t oxic,  it  may cause l ocal  da mage at  t he site of  cont act  or  at  a  sit e 

of  acti on (t hat  is,  at  certai n tissues  or  or gans),  or it  may adversel y affect  the entire 

or ganis ms  i n some  way.  These vari ous  ways  by whi ch a  subst ance may cause 

bi ol ogi cal  da mage are often used as  a  br oad basis for  t he cl assificati on of  t oxi c 

effects.  In particul ar,  t hese adverse effects are often called l ocal  and syst emi c effects. 

Da mage caused by a  substance at  t he site of  its  cont act  is  a  l ocal  effect  but  an adverse 

healt h effect  t hat  is  experienced at  a  sit e of  acti on i s  a  syst e mi c effect.  For  i nstance,  

when mercury absorbs  thr ough t he ski n,  it  may da mage t he ki dneys,  or  affect  t he 

central nervous syst e m; these are exa mpl es of syste mi c effects.  

Toxi c effects are also cl assified accordi ng t o t he time  needed f or  a subst ance t o cause 

an i nj ury or  di sease.  The f oll owi ng t ypes  are co mmonl y not ed:  acut e,  short  t er m, 

chroni c and l at ent.  A t oxi c subst ance may pr oduce onl y one or  more than one of 

these effects. 

3. 3. 1. Acute Effect 

An acut e effect  is  generally regarded as  a severe inj ury caused by a  si ngl e, r el ati vel y 

short  exposure t o a substance.  For  i nstance,  i nhalati on of  hydr ogen chl oride f or  onl y 

a few seconds may cause lung da mage; t his is an acut e i nj ury.   
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3. 3. 2. Short-ter m Effect 

An i ndi vi dual  may al so expose t o a subst ance repeat edl y over  a  rel ati vel y short  t er m, 

say consecuti ve dail y exposures  over  a  fe w days  or  weeks,  before an adverse healt h 

effect  is  not ed.  Such an inj ury i s  called a short-ter m effect.  An exa mpl e of  a  short-

ter m effect  is  ill ustrated by exposure of  ski n tissue t o certai n harsh cl eaning agents. 

Whi l e a si ngl e handli ng of  such cl eaners  may not  see mi ngl y affect  ski n tissue, 

repeat ed handli ng may cause der matitis;  t his  i s  a  short  ti me i nj ury.  So me  subst ances 

havi ng a  rel ati vel y l ow acut e t oxi cit y may have si gnificant  pot ential  for pr oduci ng 

har mf ul effects by repeated exposures.  

3. 3. 3. Chroni c Effect 

A chr oni c effect  is  an inj ury or  di sease t hat  manifests itself  after  a rel ati vel y l ong 

peri od of  ti me has  el apsed si nce i nitial  exposure to t he subst ance causi ng the ail ment. 

For  exa mpl e,  li ver  angi osarcoma  may devel op i n an i ndi vi dual  years  after  i nhal ati on 

of vi nyl chl ori de [5]. This devel opment of cancer is an exa mpl e of a chronic effect.  

3. 3. 4. Latent Effect 

It  i s  an i nj ury or  di sease t hat  re mai ns  undevel oped until  an i ncubati on peri od has 

el apsed.  For  exa mpl e,  benzene i nduces  apl astic ane mi a i n hu mans,  but  t he afflicti on 

may not become noticeabl e until ten years after the i nitial exposure to benzene [5] 

A t oxi c subst ance t hat  ent ers  t he body by i nhal ation may act  as  eit her  an asphyxi ant 

or  an irritant.  An asphyxi ant  is  a che mi cal subst ance t hat  causes a  l oss  of 

consci ousness  as  t he result  of  an i nsufficient  a mount  of  oxygen i n t he blood.  Si mpl e 

asphyxi ant,  li ke nitrogen and hydr ogen,  are i mmedi at el y har mf ul  onl y t o t he ext ent 

that they displ ace oxygen.  

A mi xt ure of  i nhal ati on asphyxi ants  wit h oxygen or  air  may have an anaest hetizi ng 

effect  on t he body.  Anaest hetized i ndi vi duals may be eit her  consci ous  or 

unconsci ous,  but  t hey experience a partial  or  t otal  l oss  of  t he sense of  pai n.  Such 

subst ances  are called anest hetics,  especi all y when they are i nt enti onall y admi ni st ered 

for perfor mi ng surgery [5]. 

An i rritant  is  a  che mi cal subst ance t hat  i nj ures  the tissues  of  t he respirator y syst e m 

and l ungs, thereby causi ng i nfla mmati on of t he respirat ory passages. 
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3. 4. Factors of Affecti ng Toxi city 

 

The hu man body i s  a  very co mpl ex and delicat el y bal anced syst e m.  Each cell  i n t he 

body,  t he basi c unit  of  life,  t akes  i n nutrients,  resist  bi ol ogi cal  attackers,  reproduce, 

and pr oduces  t he subst ances  t hat  t he host  or ganism needs  t o survi ve.  Many che mi cal 

reacti ons  occur  wit hi n cells t hat  are responsi bl e for  life itself.  But  when toxi ns  are 

absorbed across  t he cellul ar  me mbrane,  t hey may upset  t his  delicate chemi stry.  I n 

turn,  t hese cells may mal functi on,  causi ng t he or ganis m t o experience i mpaired 

healt h, disease, or deat h.  

Fort unatel y,  t he body possesses  nat ural  mechanisms  f or  pr ot ecti ng itself  agai nst  t he 

adverse acti on of  f orei gn subst ances.  One such mechanis m i s  pr ovi ded by the body’s 

i mmunol ogi cal  syst e m,  whi ch i s  oft en capabl e of  defendi ng i ndi vi dual  cells agai nst 

toxi c i nvaders.  Anot her mechanis m i s  pr ovi ded by t he nor mal  acti on of  specific 

or gans  t hat  possess  t he capability of  converting har mf ul  subst ances  i nto har ml ess 

ones  or  i nt o subst ances  that  are more rapi dl y excret ed t han t he ori gi nal  t oxin.  As  t he 

result  of  such bi oche mistry,  forei gn subst ances  may be modified i n che mi cal 

struct ure, temporaril y st ored in specified organs, and/ or directl y eli mi nat ed.   

Cert ai n or gans  pl ay particul arl y i mport ant  r ol es i n ri ddi ng t he body of  f orei gn 

subst ances.  Met abolic and excret ory pr ocesses  often wor k i n unison i n t his  manner  t o 

keep bodi es free of unwant ed subst ances.  

3. 4. 1. Quantity of Substances 

Poi sons  cause adverse healt h effects  i n rel ati vel y s mall  a mounts,  t ypi call y 3g or  l ess 

[5].  Toxi col ogists refer  to t he a mount  of  t he substance at  i ssue as  t he dose.  So me 

subst ances  are so poisonous  t hat  extre mel y mi nut e doses  cause deat h.  There are 

relati vel y few subst ances that exhi bit this unusually hi gh degree of t oxi city. 

Nearl y all  forei gn subst ances  adversel y affect  t he body at  some  dose.  We  are mai nl y 

concerned here onl y with t hose subst ances  t hat  cause di sease or  deat h when t aken i n 

relati vel y s mall  a mounts. The effect  t hat  a subst ance has  on t he body oft en changes 

wi t h its dose.  
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3. 4. 2. Lengt h of Exposure 

A f act or  cl osel y rel ated t o t he dose i s  t he l ength of  exposure.  For  exampl e,  t he 

mi xt ure of  t oxi c subst ances  f ound i n t obacco s moke;  t hese co mbi ned t oxins  are t he 

mai n cause of t hroat and lung cancer [5]. 

The l engt h of  exposure is oft en an i mport ant  fact or  when consi deri ng the adverse 

healt h effects caused by exposure to t oxi c subst ances i n t he wor k environment.  

The l engt h of  exposure can al so be a  fact or  affecti ng t oxi cit y i n a co mparati vel y 

beneficial  way.  So metimes  t he body accli mat es  somehow t o repeat ed exposure t o 

certai n t oxi c subst ance;  that  i s,  while adverse health effects are not ed at  the  ti me  of 

an i nitial  exposure,  such effects  are not  al ways  repeat ed upon subsequent  exposures 

to t he sa me dose of t he sa me subst ance.  

3. 5. Rate and Extent to Whi ch t he Substance Is Absorbed Into the Bl oodstrea m 

Most  adverse healt h effects  are experienced onl y after  sufficient  ti me has  el apsed f or 

the subst ance t o absorb int o t he bl oodstrea m.  There are seven ways  by whi ch t hi s 

may occur: 

 Intravenous 

 Inhal ation 

 Intraperit oneal 

 Intra muscul ar 

 Subcut aneous 

 Or al  

 Cut aneous 

 

The fastest  of  t hese means  f or  entry of  li quid poisons  i nt o t he bl oodstrea m i s 

intravenous,  t hat  is,  i nj ecti on directl y i nt o a vein;  f or  gaseous  poisons,  the f astest 

route of entry is inhal ati on.  

So me  ti me usuall y el apses  before subst ances  t aken orall y are assi mil ated i nt o t he 

bl oodstrea m.  Thi s  i s  a f ortunat e circumst ance i n t he case of  poisons,  si nce it  pr ovi des 

the opport unit y t o ad mi nister  an anti dote,  t o i nduce vo miti ng,  or  t o t ake so me  ot her 
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acti on appr opriate t o savi ng a  life.  The ti me  elapse rel ates  wit h t he fact  t hat   t he 

intesti ne, the organ t hat connects t he st omach t o t he large i ntesti ne.  

3. 5. 1. Physi cal and Chemi cal Nat ure of the Substance 

Thi s  fact or  i s  cl osel y related t o t he previ ous  one.  For  i nstance,  t he co mpounds  of 

chromi um,  all  of  whi ch are t oxi c.  Several  chromi um co mpounds  manifest  t his 

toxicit y more noticeabl y,  however,  because t hey ent er  t he body more easil y t han 

ot hers  do.  The wat er  solubility of  subst ances  also affects  t he t oxi city of  i ngest ed 

subst ances.  

Fi nall y, different oxi dation states may have a bearing as a subst ance’s t oxicit y.  

3. 5. 2. Age and Healt h of Afflicted Indi vi dual  

The degree t o whi ch a t oxi c subst ance affects i ndi vi duals  may depend on t heir  age 

and general  st ate of  health.  In general,  youngst ers and t he el derl y are much mor e 

suscepti ble and l ess  t ol erant  t o t oxi ns  t han t he mi ddl e-aged.  Si mil arl y,  indi vi duals 

already weakened from disease are li kel y t o be mor e suscepti bl e t o poisons  t han 

healt hy peopl e.  Thi s  i ndivi dual  sensiti vity i s  t ypical  of  i ndi vi duals  who suffer  from 

heart  and respirat ory ailment s;  t hey cannot  t ol erat e moderat e concentrations  of  air 

poll ut ants while healt hy peopl e are often si multaneousl y obli vi ous to t heir presence.  

3. 6. Measure ment Of Toxi city  

In general  t oxi col ogi cal  st udi es,  ani mal  are exposed t o a gi ven dose of  a subst ance 

and monit ored t o est ablish a defi ned effect.  Then t he results of  such studi es  are 

extrapol ated t o hu mans.  Thi s  met hod i s  generall y credi bl e f or  est ablishi ng acut e or 

short-ter m effects.  

Ho wever,  chroni c t oxi col ogi cal  st udi es  on animal s  are not  al ways  relevant  when 

applied t o hu mans,  si nce the physi ol ogy of  hu mans  i s  not  al ways  li ke t hat  of  ani mal s. 

Thi s  fact  is  particul arl y i mport ant  as  it  affects studies  on pot entiall y carci nogeni c 

subst ances.  Toxi col ogists  regard a subst ance as  a suspect  hu man carci nogen when 

laborat ory st udi es  on ani mals  est ablish t hat  t he subst ance i nduces  cancer  i n mor e 

than one speci es  or  sex in ani mals,  or  when t hey show t hat  t he subst ance i ncreases 

the i nci dence of  site-specific mali gnant  t umors  in a  si ngl e speci es  or  sex,  and when 

there i s  a st atisticall y si gnificant  dose-response rel ati onshi p i n mor e t han one 
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exposed gr oup.  When it  is est ablished coi nci dentall y t hat  a subst ance i nduces  cancer 

in humans, t he subst ance is called a human carci nogen.  

The foll owi ng four means are commonl y e mpl oyed t o quantify acute t oxicity:  

1.  Let hal  Dose ( %50 kill,  LD5 0):  The LD50  i s  t he a mount  of  a  mat erial  t hat,  when 

admi nistrated t o t he l aborat ory ani mals,  kills half  of  t he m.  It  i s  expressed i n 

gra ms  of  t he subst ance ad mi nistrated per  body wei ght  of  t he ani mal  expressed i n 

kil ogra ms  ( mg/ kg).  When extrapol ated t o hu mans,  t he l et hal  dose f or  an average 

person who wei ght w kilogra ms is LD50 * w  

2.  Let hal  Concentration (%50 kill,  LC50):  The LC50  i s  t he concentration of  a 

mat erial,  nor mall y expressed as  parts Per  milli on ( pp m)  by vol ume,  t hat, when 

admi nistrated t o l aborator y ani mals,  kills half  of  t he m duri ng t he period of 

exposure. 

3.  Threshol d Li mit  Val ue ( TLV):  The TLV i s t he upper  li mit  of  a t oxi n 

concentration t o whi ch an average healt hy person may be repeat edl y exposed on 

an all  day,  everyday basis wit hout  sufferi ng adverse healt h effects.  For  gaseous 

subst ances  i n air,  t he TLV i s  usuall y expressed as  parts Per  milli on ( ppm);  f or 

fumes  or  mi sts i n air,  it  is  expressed i n milli gra ms Per  cubi c met er  ( mg/ m
3
).  The 

Ameri can Conference of  Government al  Industrial  Hygi enists ( ACGI H)  set s 

val ues  of  t he TLV [ 6]. I n t he wor kpl ace,  e mployees  oft en measure a si mil ar 

fact or  called t he wei ght ed average t hreshol d li mit val ue ( TVA- TLV).  Thi s i s  t he 

average concentration t o whi ch most  wor kers  can be exposed duri ng a 40- hour 

week 8-hour day wit hout  devel opi ng adverse health effects. 

4.  I mmedi at el y Dangerous t o Life and Healt h (IDLH)  Level:  An I DLH l evel 

represents  a maxi mu m concentration from whi ch one coul d escape wi thi n 30 

mi nut es  wit hout  experienci ng any escape-i mpairi ng sy mpt oms  or  any irreversi bl e 

adverse healt h effect. 

5.  Toxi c Units  ( TU)  :  The toxic units appr oach has beco me  accept ed f or  ut ilizi ng 

the t oxi cit y t est  results.  Bot h federal  and st ate st andards  and / or  criteria have been 

or  are bei ng f or mul at ed on t he t oxi c unit  basis.  In t he t oxi c unit  appr oach ,  a  TU 

concentration is established for t he pr ot ecti on of aquatic life  

Toxi c Unit  Acut e ( TU( a)) i s  t he reci procal  of  t he effluent  dil ution t hat  caused t he 

acut e effect by t he end of the acute exposure peri od.  

 TU( a) = 100/ LC50  
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A nu mber  of  t er ms  are utilized i n expressi ng t oxi cit y t est  results Acut e  toxicit y i s 

toxi cit y whi ch i s  severe enough t o pr oduce a response rapi dl y (t ypi call y a r esponse 

observed i n 48 or  96 hours).  Acut e means  short  and does  not  necessaril y i mpl y 

mort alit y.  LC50  i s  t he concentration of  effl uent  i n dil uti on wat er  t hat  causes  mort alit y 

to 50 percent of t he test popul ati on.  

Toxi cit y t esti ng has  been wi del y vali dat ed i n recent  years.  Even t hough or ganis ms 

vary i n sensiti vity t o effluent  t oxi cit y,  t he EPA has  docu ment ed t hat  toxi cit y of 

effl uents  correlate well  wi t h t oxi cit y measure ments  i n t he recei vi ng wat ers  when 

effl uent dil ution is measured.  

3. 7. Dose – Response Relati onshi p 

Dose i s  defi ned as  t he degree of  exposure of  an organis m t o a t oxi cant,  commonl y i n 

units of  mass  of  t oxi cant per  unit  of  body mass  of t he or ganis m.  The observed effect 

of  t he t oxi cant  i s  t he response.  A pl ot  of  t he percent age of  or ganis ms  t hat  exhi bit  a 

particul ar  response as  a f uncti on of  dose i s  a  dose-response cur ve.  As shown i n 

Fi gure 3- 1 such pl ots  are S-shaped.  The st atistical  esti mat e of  t he dose that  woul d 

cause deat h i n 50 percent  of  t he subj ect  is  t he i nflection poi nt  of  t he dose-response 

curve and i s  desi gnat ed as  LD50  ( Let hal  Dose).  As  ill ustrated i n Fi gure 3-1 t he LD5 0 

val ues and t he sl ope of t he dose-response curves may differ subst antiall y.  

Most  subj ects  respond t o t oxi cants  at  doses  correspondi ng t o t he mi d-range of  t he 

dose-response cur ve and are called nor mals.  A r esponse t o a very low l evel  of 

toxicant  i s  known as  hypersensiti vity whereas  response t o onl y extre mel y hi gh l evels 

is called hyposensiti vity.  In some  cases  hypersensiti vity devel ops  as  an extre me 

reacti on t o a t oxi cant  after  one or  more doses  of  i t.  Hypersensiti vity usually i nvol ves 

an allergi c reacti on,  whi ch i s  an exaggerat ed response of  t he body’s  i mmune syst e m. 

For exa mpl e, some i ndi viduals devel op such a reaction to for mal dehyde [6]. 
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Fi gure 3. 1 Dose – Response Rel ati on shi p 
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3. 8. The Rel ati onshi p of Toxi col ogy To Hazardous Waste Manage ment  

A t oxi c wast e, when it cont acts a livi ng organis m, can kill, inj ure, or ot her wise 

i mpair t he organis m. These poisonous subst ances are t hus hazards, depending on t he 

exposure and handli ng of the wast e.  

Acut e t oxi c wast es may inj ure humans or ot her ma mmal s when i nhaled or ingested 

or on cont act wit h t he skin. LD50 t oxi cit y measurement s have been standardi zed on 

the basis of whet her t he cont act is by i ngesti on, i nhal ati on, or ski n and are generall y 

accept ed by t he scientific communit y as reliabl e.  

Long-t er m exposure, or chr oni c t oxicit y, measurement s are not nearl y as 

standardized as acut e t oxicity measure ments. The inability t o mai nt ai n humans and 

ot her ma mmal s under l ong-ter med controlled test conditi ons makes reliable chroni c 

measure ments virtuall y impossi bl e. Testi ng of short-li ved laborat ory ani mals is often 

used t o devel oped i nfor mati on on chroni c t oxi city. Based on life expectancy, t hese 

laborat ory ani mal dat a are t hen st udied for possi ble relati onshi ps t o humans and 

ot her ma mmal s.  

Toxi c properties are also evi dent i n irritants t hat that produces roughened, reddened 

or i nfla med ski n. Proper manage ment of such wastes is necessary to mi ni mize human 

cont act wherever possi ble, and medi call y recognized producers shoul d be foll owed if 

such cont act occurs.  

Bi oaccumul ati on of less then t oxic levels of wast e can, on chroni c exposure, exceed 

the threshol d level and creat e a hazard t o human healt h. Some t oxic subst ances can 

be concentrated i n a si ngle organis m and passed t hrough t he food chai n. Proper 

manage ment of such wastes is necessary to avoi d their release int o environment.  

So me hazardous wast es can alter t he genetic base of humans and ot her mammal s, 

whi ch coul d have l ong-t er m adverse effects on human healt h and t he environ ment.  

Fi gure 3. 2 presents a model of t he t hreshol d t heory. This t heory hol ds t hat exposure 

to l ow concentrations of che mi cal subst ances is not har mf ul t o human health until 

some t hreshol d exposure level has been exceeded [1].  
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4. CHE MI CAL OXI DATI ON OF HAZARDOUS WASTES 

4. 1. Che mi cal Oxi dati on 

The obj ecti ve of  che mical  oxi dati on i n wat er and wast ewat er  treatment  i s  t o 

transfor m undesirabl e che mi cal  constit uents  t o a mor e oxi di zed st ate whi ch reduces 

the poll uti on pot enti al.  It i s  oft en unnecessary t o carry t he oxi dati on of  a  co mpound 

to co mpl eti on si nce,  dependi ng on t he oxi dant  and oxi di zi ng condi tions,  t he 

inter medi at e oxi dati on products  whi ch may be  f ormed will  be of  much l ower  t oxi cit y 

or  l ess  obj ecti onabl e characteristics  t han t he ori ginal  mat erials.  Co mpl et e oxi dati on 

may not  onl y be i mpracticabl e from a  t reat ment  standpoi nt,  but  also represents  a  non-

justified econo mi cal  outlay.  Subsequentl y,  che mi cal  oxi dati on mi ght  be consi dered 

as  a  sel ecti ve modification or  eli mi nati on of  obj ecti onabl e or  t oxi c subst ances, 

incl udi ng [7]; 

1.  Inorgani c constit uents, such as Mn
++

, Fe
++

, S
--

, SO3
—

 

2.  Or gani c co mpounds,  such as  phenols,  a mi nes,  humi c aci ds,  ot her  t aste,  odor,  or 

col or produci ng or t oxic compounds, bact eria and al gae.  

The desirabl e charact eristics  of  a che mi cal  oxi dant  are t hat  it  be readil y and 

econo mi call y availabl e and t hat  it  not  generat e secondary poll utants  i nt o t he 

wast ewat er. The si gnificant consi derati ons an oxidi zi ng agent and process incl ude:  

1.  Integrati on wit h ot her existi ng or proposed unit treat ment operati ons;  

2.  The treat ment effecti veness; 

3.  The nat ure of t he oxi dation reacti ons;  

4.  The capital and operati ng econo mi cs; 

5.  St orage and handli ng consi derations.  

Generall y,  t he che mi cal oxi dants,  whi ch have been f ound most  suit able f or  t he 

oxi dati on of  i ndustrial  wast ewat ers,  i ncl ude ozone,  hydr ogen per oxi de,  pot assi um 

per manganat e, chl ori ne or hyper chl orite, and chl orine di oxi de.  
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Generall y, the effecti veness and econo mi cs of a specific oxi dant depend on:  

1.  The concentration of react ants i n t he wast ewat er; 

2.  The i nitial temperat ure and changes of temperat ure upon reacti on;  

3.  Wast e charact eristics; 

4.  Infl uences of i mpurities. 

 

Si nce ozonati on and chlori nati on offer  t he most  effecti ve means  of  wast ewat er 

oxi dati on and si nce t he laborat or y t echni ques  f or  t hese co mpounds  are si mil ar  t o 

usi ng ot her constit uents, these oxi dants are commonl y applied.     

4. 2. Ozone as a Che mi cal Oxi dant  

Ozonati on consists of treat ment wit h ozone ( O3), an extre mel y reacti ve gas.  

In gaseous  f or m ,  ozone is col orless  ( but  bl ue i n hi gh l ayer  t hi ckness), whereas  li qui d 

ozone i s  al most  non-transparent  and bl uish-bl ack and its  crystals are vi olet  bl ue.  It 

has  a charact eristic odor, r e mi niscent  of  phosphorus  and sul phur  di oxi de. Ol fact ory 

or gans  are extre mel y sensiti ve t o ozone;  it  can be det ect ed by hu mans  at  a dil uti on of 

one t o half  a milli on i n ai r.  The l ower  li mit  of  det ecti on of  ozone by s melling li es  at  a 

concentration correspondi ng t o a partial  pressure of  0. 1 t o 1 Pa.  Ozone can be 

det ect ed by hu mans  at  a concentration of   0. 01 mg/ kg i n t he presence of  nitrogen 

oxi de; wit h pure ozone, thi s li mit is raised t o 0. 02 to 0. 005 mg/ kg [8].      

Ozone cannot  be shi pped or  st ored,  and must  be generat ed on site i mmedi atel y pri or 

to its applicati on.  

Ozone i s  a very powerful  oxi di zi ng agent.  Or ganic che mi sts have l ong made use of 

the abilit y of  ozone t o cl eave carbon-carbon bonds  i n synt hetic and struct ure-

det er mi nati on pr ocedure.  The li qui d even t he gas,  if  it  i s  not  at  l ow pressure or 

dil ut ed wit h an i nert  gas  such as  nitrogen,  may decompose expl osi vel y i n a strongl y 

exot her mi c reacti on:  

 2O3   3O2  H = -284 kJ [9] 

 

Ther modyna mi c properties of ozone are shown i n Tabl e 4. 1.  
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Tabl e 4. 1. Ther modyna mic properties of Ozone 

 

 Mol ecul ar Wei ght      48g 

 Boili ng Poi nt at nor mal at m. Pressure (-119+- 0. 3) 
o
C 

 Critical Te mperat ure    (-12. 1+- 0. 1) 
o
C 

 Critical Pressure    55. 30*10
5
 Pa 

 Ent hal py at –298 
o

K (1. 013*10
5
)  (34220+- 240) kcal 

 Ai r relevant reacti ve density    1. 657 

Densit y at nor mal conditions    2. 143 kgNm
- 3 

   

So me  of  t he che mi cal  pr operties  di spl ayed by ozone may be  descri bed by its 

deco mpositi on reacti ons whi ch are t hought t o proceed as [10]: 

  O3 + H2 O      HO3
+
 + OH

-
 

  HO3
+
 + OH

-
       2HO2  

  O3 + HO2      HO + 2O2  

  HO + HO2      H2 O + O2  

The free radi cals  for med,  HO2  and HO,  have great  oxi di zi ng powers  and are 

pr obabl y t he acti ve f or m i n t he di si nfecti on pr ocess.  These free radi cals  also possess 

the oxi di zi ng power to react wit h ot her i mpurities in aqueous sol uti ons.  

0There are abundant  literat ure references  t o the mechanis ms  and products  of 

ozonati on of  a  variet y of  organi c compounds.  References  t o reacti ons  of i nor gani c 

che mi cals wit h ozone are fewer, but not scare.  

In additi on t o hi gh che mi cal  reacti vit y,  ozone has  powerful  anti bact erial  and anti viral 

pr operties.  The di si nfecting and oxi di zi ng powers  of  ozone have been responsi bl e f or 

virt uall y all  of  t he l arge-scal e applicati ons  of  ozone dat e.  Ozone i s  wi dely used i n 

Eur ope f or  application,  at  doses  of  a fe w pp m,  t o milli ons  of  gall ons  per  day of 

aqueous  strea ms.  Thi s  t echnol ogy i s  t herefore highl y devel oped and can be readil y 

adapt ed t o treat ment of sel ect ed i ndustrial wast e strea ms.  
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Ozone is a powerful oxi dizi ng agent, as illustrated by t he foll owi ng redox pot entials:  

  O3 + 2H
-
 + 2e

-     
        O2 + H2 O  E0  = 2. 07   

  Mn O4
-
 + 4H

+
 + 3e

-     
       Mn O2 + 2H2 O E0  = 1. 07  

   1/ 2Cl 2 + e
-
           Cl

-
   E0 = 1. 36  

It  i s  sufficientl y strong t o break many carbon-carbon bonds  and even t o cl eave 

aromatic ri ng syst e m.  Compl et e oxi dati on of  an organi c speci es  t o CO2,  H2 O,  et c.,  i s 

not i mpr obabl e if ozone is sufficientl y hi gh.  

The reacti ons  of  ozone as  a  che mi cal  oxi dant  appear  t o i nvol ve at  l east  t wo di sti nct 

mechanis ms.  One mechanis m consi ders  an el ectrophilic attack by ozone whil e t he 

ot her  mechani s m i nvol ves  an ozone-i nitiated oxidati on whereby ozone serves  as  t he 

reacti on i nitiat or  and oxygen i s  t he pri nci pal  react ant.  The reacti ons  of  ozone wit h 

tertiary a mi nes,  phosphines,  arsi nes,  sulfi des  and sulfoxi des  are exa mpl es  of  t he 

el ectrophilic attacks as shown for t he oxi dati on of dial kyl sulfi de bel ow [6]: 

  R2 S + O3           R2 SO + O2            R2 SO2 + O 

Exa mpl es  of  ozone-i nitiat ed reacti ons  are t he oxi dati ve reacti ons  of  ozone and 

al dehydes,  ket ones,  al cohols,  et hers,  and sat urat ed hydr ocarbon gr oupings.  It  i s 

post ul ated i n t hese reactions  t hat  ozone serves  as  a radi cal  reagent  by mobilizi ng an 

additi onal number of oxygen mol ecul es.  

Si nce ozone reacts  t o certai n bonds,  whi ch are suscepti ble t o cl eavage,  t he pr oducts 

of  oxi dati on may not  simpl y carbon di oxi de and wat er,  but  i nt er medi at es f or med by 

the mechanis m.  

4. 3. Effecti veness of Ozonati on 

Wast ewat er  treat ment  by ozonati on may be i nfluenced by many considerations, 

incl udi ng [6]: 

1.  The nat ure and concentration of  wast ewat er  constit uents  will  det er mi ne t he 

a menabilit y of ozonati on. 

2.  The wast ewat er  pH and t e mperat ure will  control  t he efficiency of  ozone 

reacti vit y.  Ozone i s  more st abl e at  aci di c pH l evels,  probabl y because of  t he 
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cat al ytic decompositi on of  ozone by hydr oxi de ions.  Additi onall y,  t he  pH may 

infl uence t he reacti vity of  certai n constit uents wit h ozone.  The t e mperat ure 

infl uences  ozone sol ubilit y and st abilit y,  na mel y,  hi gher  wast ewat er 

temperat ures result in decreased ozone stability.  

3.  The ozone application rat e and cont act  ti me,  whi ch i s  required by a  specific 

wast ewat er,  i s  det er mi ned by t he nat ure of  t he wast e,  t he ext ent  of  che mi cal 

oxi dati on required, and the efficiency of t he ozone- wast ewat er cont act or. 

4.  The mechanis m of  contact  of  ozone wit h waste wat er  i s  a direct  function of 

econo mi cs and will subsequentl y di ctate t he ext ent and efficiency of ozonati on 

Because of  its  many years of  use i n Eur ope t o di si nfect  wat er  supplies  and its  hi gh 

oxi di zi ng pot ential,  ozone has  recei ved much attenti on as  an alternati ve t o chl ori ne. 

Ozone equals  chl ori ne in abilit y t o kill  bact eria and may be superi or  i n abilit y t o 

inacti vat e viruses.  Al so,  ozone reduces  wast ewat er  col or  and odor,  does  not  pr oduce 

dissol ved soli ds, is not affected by pH, and provi des an oxygenat ed effl uent. 

There are results avail abl e from nu mer ous  pil ot pl ant  st udi es  and a  fe w f ull-scal e 

operati ons  t hat  use ozone f or  di si nfecti ons.  For  best  results,  filtrati on or  ot her  t ertiary 

treat ment  pr ocesses  should precede t he ozonati on pr ocess  si nce oxi di zable or gani cs 

may consume  ozone faster  t han t he rat e of  di si nfecti on.  The desi gn engi neer  shoul d 

seek current perfor mance dat a.  

Si nce ozone i s  a  rel ati vel y unst abl e gas  and breaks  down i nt o el e mental  oxygen 

relati vel y qui ckl y,  it  i s  generat ed on site wit h an ozonat or  t hat  applies  an el ectri cal 

charge across  air  or  oxygen.  Aut omatic devi ces  are availabl e t o control  voltage, 

frequency, gas fl ow, and moi st ure.  

Wast ewat er  ozonati on may be accomplished by t he usi ng of  mechanical  mi xi ng, 

count ercurrent  or  concurrent  fl ow col umns,  diffusers,  or  i nj ect ors.  Dosage 

require ments  and cont act  ti me will  vary wit h the wast ewat er  charact eristics,  but 

common ranges are 1 t o 10 mg/l and less t han 15 mi n, respecti vel y [3] 

 

 

 

 



 30 

4. 4. Envi ronment al I mpacts of Usi ng Ozone 

Unli ke t he ot her  che mi cal  disi nfecti ng agent s,  ozone will  mai nl y exert  benefici al 

i mpacts  on t he environment.  It  has  been reported that  ozone resi duals  can be acut el y 

toxic t o aquatic life.  However,  because ozone dissi pat es  rapi dl y,  ozone resi duals  will 

nor mall y not  be f ound by t he ti me t he effl uent  i s  di scharged i nt o t he receivi ng wat er. 

Several  i nvesti gat ors  have report ed t hat  ozonati on can pr oduce some  t oxi c mut ageni c 

and/ or  carci nogeni c co mpounds.  These co mpounds  are usuall y unst abl e, however, 

and are present  onl y f or  a matt er  of  mi nut es  in t he ozonat ed wat er.  Thus,  t hese 

compounds  will  nor mal ly not  be present  by t he ti me t he effl uent  reaches  t he 

recei vi ng wat er.  It  i s  observed t hat  ozonati on destroys  certai n har mf ul r efract ory 

or gani c subst ances  such as  hu mi c aci d and mal athi on.  Whet her  t oxi c i nt er medi at es 

are f or med duri ng ozonation depends  on t he ozone dose,  t he cont act  ti me,  and t he 

precursor  co mpounds.  It has  been reported t hat  ozone treat ment  before chl ori nati on 

for disi nfecti on purposes reduces t he li keli hood of tri hal omet hane for mati on [10]. 

An additi onal  benefit  associ at ed wit h t he use of ozone f or  di si nfecti on i s  t hat  t he 

di ssol ved oxygen concentrati on of  t he effl uent  wi ll  be el evat ed t o near sat urati on 

levels  as  ozone rapi dl y decomposes  aft er  application t o oxygen.  Thi s  may eli mi nat e 

the need of  reaerati on of  the effl uent  t o meet  required dissol ved oxygen water  qualit y 

standards.  Furt her,  because ozone deco mposes  rapidl y,  no che mi cal  resi dual  t hat  may 

require re moval, as is the case wit h chl ori ne resi duals, persists i n t he treated effluent. 

4. 5. Experi ment al Procedures and Equi pment Requi red for Ozonati on  

4. 5. 1. Anal ytical Met hods for Ozone Detecti on 

The most  co mmon met hod of  measuri ng ozone in wat er  at  l ow concentrations  i s  by 

the oxi dati on of potassi um i odi de i n aci di c sol uti ons by:  

O3 + 2H
+
 + 2I

-
           O2 + I2 + H2 O 

Investi gat ors  have encount ered seri ous  pr obl e ms wit h t his  met hod i ncludi ng non-

st oi chi ometric i odi ne f ormati on at  neutral  and alkali ne conditi ons.  Ot her wor k has 

inferred hi gh i odi ne f ormati on i n aci di c sol uti ons.  A su mmar y of  anal ytical  met hods 

for oxi dant det ecti on i n wat er is shown i n Tabl e 4. 2 [6] 
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Tabl e 4. 2 Anal ytical Summar y For Ozone Measure ment  

 

          Interference 

  Anal ytical Met hod  Met hod of Oxi dati on  or Li mit ations 

  Potassi um Iodi de;  2KI         I2   Most oxi dants 

  al kali ne, and neutral      incl udi ng oxygen 

  conditi ons 

   

  Ferrous i on oxi dati on  Fe
2+

       Fe
3+

   Results believed t o  

be l ow 

 

  Manganese oxi dati on  Mn
2 +

       Mn
3+

 

  and ort hot oli di ne 

 

  Visi ble Regi on   Mol ar absorpti vit y of  Det ecti on li mits for  

  Spectrophot ography      2, 500 to 3, 000 at 260 m 1 c m cell 10
- 3

 M 

   

  Leuco Cryst al Vi ol et   Redox i ndi cat or:   Ne west techni que 

Leuco Crystal Vi ol et  (under investi gati on) 

 

  Instrument al met hods  2KI        I2   Sa me as KI above 

  Usi ng KI oxi dati on 

 

 

 

The ne west  t echni que f or ozone measure ment  called l euco cr yst al  vi ol et  t est  i nvol ves 

a col ori metric measure of the oxi dati on of leuco crystal vi olet at a wavel engt h of  

592 m t uall y been 

monit ored for 44 days.  

The equi pment  and associated apparat us  required for  bat ch and conti nuous  ozonati on 

are depi ct ed i n Fi gure 4.1 and Fi gure 4. 2  and are t he sa me  f or  eit her  treatment  mode 

except  f or  t he ozone- wastewat er  cont act or.  Ozone may be  generat ed fr om t he 

laborat ory by a  s mall  ozonat or.  The apparat us  required f or  bot h bat ch and conti nuous 

experi ment ati on i ncl udes the foll owi ng ite ms.  
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Fi gure 4. 1. The equi pment and associ ated apparatus required for bat ch and 

conti nuous ozonati on 
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Fi gure 4. 2.  The equi pment  and associ ated apparat us  required f or  bat ch and 

conti nuous ozonati on 
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4. 5. 2. General Equi pment  

1.  Four,  1-liter  seal ed gl ass  cont ai ners  f or  cont ai ni ng t he anal ytical  sol uti on utilized 

for measuri ng ozone concentrations before and after wast ewat er cont act.  

2.  Two st andard wet  t est  met ers  f or  measuri ng t he fl ow of  ozone gas  before and 

after  wast ewat er  cont act. One  met er  coul d be arranged t o serve bot h purposes, 

but t he s witchi ng of val ves at the critical ti mes is difficult. 

3.  Two r ot a met ers  f or  controlli ng and adj usti ng gas  fl ow rat es.  The r ot a met ers  built 

int o most commercial generat ors are not reliabl e for accurat e measure ment . 

4.  A commercial ozonat or. 

5.  An oxygen cyli nder  with t he appr opriate meteri ng val ves  and a  pressure 

regul at or. 

6.  Mi scellaneous  t ubi ng and gl ass ware as  required.  The t ubi ng shoul d be glass,  if 

possi bl e,  alt hough Tefl on and Tygon,  i n t hat  or der,  coul d be used as  conveyances 

for t he ozone gas. Of t he three mat erials, Tygon is the least accept able. 

4. 5. 3. Batch Reactor Equi pment and Procedure 

1.  One  3-liter  gl ass  react or. One  liter  of  vol ume i s  the mi ni mu m accept abl e vol ume 

wi t h t he 3-liter vol ume bei ng preferable. 

2.  One gl ass-fritted diffuser.  The diffuser  shoul d not  be  t he  co mmon aquari um t ype 

due t o t he presence of  unst able,  oxi di zabl e adhesi ves  used i n many cheaper 

aquari um st ones.  

3.  One 2- way gl ass val ve for wit hdrawi ng peri odic sa mpl es from t he react or.  

The bat ch pr ocedure f or  ozonati on wast ewat er consists of  measuri ng the ozone 

concentration i n t he ozone and oxygen gas  strea m from t he ozonat or and t hen 

monit ori ng t he resi dual  ozone i n t he gas  strea m after  cont acti ng a known quantit y of 

wast ewat er  wit h a measured quantit y of  gas.  Subsequentl y,  t he a mount  of  ozone, 

whi ch was  used t o oxi di ze a measured reducti on in wast ewat er  cont a mi nants,  such as 

COD,  phenol  or  col or,  can be  det er mi ned.  Di fferent  cont act  ti mes  and ozone l oadi ngs 

can be exa mi ned under  vari ous  operati ng variabl es,  such as  pH and t e mperat ure.  The 

pr ocedures for t he bat ch tests foll ow;  [6] 
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1.  Connect t he oxygen cylinder t o t he ozonat or. 

2.  Fill  t he bat ch ozone reagent  react ors  wit h one liter  of  pot assi um i odi de soluti on at 

20 g/l  concentration.  Two cont act ors  are operat ed i n series  on t he exit  gas  strea m 

to insure t hat all off the ozone is capt ured for subsequent anal ysis. 

3.  Fill  t he cont act or  wit h 3 liters of  wast ewat er,  whi ch have been anal yzed,  for  t he 

specific constit uents under st udy, such as COD,  BOD or phenol.  

4.  Adj ust  t he ozonat or  gas  flow t o t he desired fl ow rat e wit h t he pri mar y r ot amet er. 

Vent t he gas strea m t o the at mosphere duri ng t his peri od.  

5.  Usi ng t he pri mar y st opcock,  di vert  t he gas  fl ow t hrough t he pri mar y reagent 

react ors.  Pass  exactl y 3 liters of  gas,  usi ng t he wet  t est  met er  as  an i ndicat or, 

through t he pri mar y reagent react or. 

6.  When exactl y 3 liters  have passed t hrough t he reagent,  di vert  t he gas  strea m 

through t he wast e sa mpl e. 

7.  Ozonat e t he wast e sa mple for  t he desired cont act  ti me ( 5 mi n.  t o 5 hours),  and 

pass t he gas strea m t o the secondary reagent react ors. 

8.  At  t he end of  t he cont act  ti me,  cut  off  t he gas  fl ow t o t he react or  wit h t he pri mar y 

st opcock and re move t he pri mar y and secondary reagent  sol uti ons  f or  t itrati on 

wi t h st andard 0. 1 N Na2 S2 O3  sol uti on.  Record t he secondary wet  t est met er 

readi ngs  t o obt ai n t he t otal  gas  fl ow t hrough t he syst e m duri ng t he oxi dation t est. 

Measure the resi dual COD or ot her perti nent constituents of t he wast e sa mpl e.  

9.  Repeat  st eps  2 t hrough 8,  varyi ng t he cont act  time  and t he quantit y of  ozone 

applied.  The a mount  of  ozone  can be controlled by e mpl oyi ng a  hi gher  gas  fl ow 

rate or  by i ncreasi ng t he ozone concentration i n t he gas,  usi ng a  hi gher  voltage on 

the ozonat or.  Generall y, t he gas  fl ow i s  used t o control  t he a mount  of  appli ed 

ozone.  Ho wever,  by varying t he gas  rat e t hr ough t he syst e m,  it  i s  possi bl e that  t he 

bubbl e si ze and degree of  t urbul ence may al so varied t hereby changi ng t he act ual 

conditi ons  of  t he t est.  Ot her  conditi ons,  such as  pH,  and t e mperat ure,  can be 

eval uat ed at a const ant ozone concentration.     
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4. 5. 4. Conti nuous- Fl ow React or Equi pment and Procedure 

1.  One  6-foot,  3-i nch di amet er  gl ass  col umn.  The col umn i s  operat ed count er-

currentl y wit h t he ozone ent eri ng from t he bott om and t he wast ewat er  fro m t he 

top.  For  pil ot  and fi nalized desi gn i nvesti gati ons,  a cont act or  such as  ill ustrated i n 

Fi gure 4. 1 shoul d be used.  

2.  One gl ass-fritted diffuser as descri bed above.  

Aft er  concl usi on of  t he bat ch t ests,  t he conti nuous-fl ow react or  can be  used t o 

det er mi ne opti mu m conditi ons  under  count er-fl ow,  conti nuous  operati on as  will  be 

experienced i n t he fi el d.  Operati on of  t he conti nuos  col umn as  shown i n Figures  4. 1 

was  devel oped by a  manufact urer  and was  e mpl oyed wit h a 2 gp m pil ot  syst e m f or 

col or  reducti on i n a waste cont ai ni ng appr oxi mat ely 5, 000 t o 6, 000 mg/l  APHA units 

of col or. The procedures for t he conti nuos st udy are descri bed as foll ows:  

1.  Esti mat e t he desired contact  ti me by pu mpi ng t he wast ewat er  i nt o t he t op of  t he 

col umn at t he calculat ed flow rate.  

2.  Measure t he ozone concentration i n t he gas  fl ow as  descri bed under  t he bat ch 

pr ocedure. 

3.  Di vert  t he gas  fl ow i nt o t he react or  col umn i n whi ch wast e i s  bei ng fed at  t he 

desired flow rate. Vent t he exit gas from  the col umn t o t he at mosphere 

4.  Aft er  one det enti on ti me  necessary t o attai n st eady-state conditi ons,  di vert  the  gas 

usi ng t he st opcock,  t hrough t he secondary reagent  cont act ors  and t he wet  t est 

met er  f or  measure ment  of  t he ozone concentration and t he gas  fl ow r ate.  The 

cont act or is generall y operated at 6 t o 9 pH.  

5.  Conti nue t he t ests until  the reagent  i n t he first  cont act or  i ndi cat es  sat uration.  It  i s 

desirabl e t o have sufficient reagent life for at least one det enti on ti me.  

6.  Shut  off  t he i nfl uent  gas fl ow and t he wast e fl ow si multaneousl y.  Measure t he 

vol ume of  wast ewat er  pu mped duri ng t he t est  run and record t he  vol ume of  gas 

passed t hrough t he sa mpl e.  Anal yze t he wast ewat er  sa mpl e f or  t he specific 

constit uents and measure the reagent sol uti ons for ozone levels.  

7.  Repeat  St eps  1 t hrough 6 at  vari ous  operati ng conditi ons.  It  may be desirabl e t o 

exa mi ne t he effects of  cont act or  dept h and bubbl e si ze on ozone efficiency i n t he 

event t hat a pil ot cont actor is not availabl e.  
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4. 6. Cal cul ati on of Ozone   

Cr eati ng t he dat a f or mat  that  presents  operati ng conditi ons,  observed dat a, t he results 

of   titrati on of  t he pot assium i odi de sol uti on wit h a 0. 1 N Na2 S2 O3  sol uti on,  re moval 

of  desired constit uents   is t he first  st ep f or  cal cul ati on of  ozone.  The i nfl uent  gas 

sa mpl e is the gas strea m comi ng directl y from t he ozonat or.  

 

Cal cul ati on Of Ozone Quantities: 

                 A          B           C  

Infl uent Ozone Gas Bottle No. 1 Bottle No. 2 

1. ml of  0. 1 N Na2 S2 O3   A1         B1         C1 

2. Tot al mg of O3    A2         B2         C2 

3. Liters of Gas   A3         B3         C3 

4. mg of O3 per liter of Gas  A4         B4         C4 

5. mg of O3 Applied   A5         B5         C5 

The quantit y of  ozone i n each sa mpl e can be det ermi ned by multi pl yi ng A1 by 2, 4 ( 1 

ml  of 0. 1N Na2 S2 O3 is equi val ent t o 2, 4 mg O3)  [6] 

 Infl uent Ozone Gas = A1 * 2, 4 = mg O3  

 Concentrati on of Ozone = A2 / A3 = mg O3 / liter infl uent gas 

 Tot al Ozone Applied = A4 ( mg O3 / liter) * B3 (liters) = mg O3  

 Cal cul ati on of Efficiency of Ozone Utilizati on 

1) Tot al Ozone Re mai ni ng (TOR) = B2 + C2 = mg O3 

2) Tot al Ozone Applied ( TOA) = A4 ( mg O3 / liter) * B3 (liters) = mg O3  

3) Percent Ozone Utilizati on = ( TOA - TOR) / TOA = percent  

 Cal cul ati on of t he concentrati on of ozone used i n the wast ewat er  

1) mg Ozone Used = TOA - TOR 

2) Tot al wast ewat er vol ume = X l 

3) Concentrati on of Ozone Used = TOA - TOR / X = mg/l 
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5. EXPERI MENTAL STUDY 

5. 1. Defi niti on of the Pestici de Industry 

Wi t h t he devel opment  of  ci vilization,  so has  man graduall y realized t he ext ent  t o 

whi ch pests  har m hi s  crops,  annoy hi m and transmi t  di seases,  bot h hu man and t hose 

of  do mestic ani mals.  The use of  che mi cals  t o kill  pests  i s  not  a  ne w concept.  The use 

of  che mi cals  has  conti nued,  and,  duri ng t he earl y part  of  t he t wentiet h centur y,  l arge 

quantities  of  such co mpounds  were used t o control  i nsect  pests.  Lat er  it  i s  recogni zed 

that  che mi cals  are hi ghl y dangerous  f or  our  environ ment  if  used uncontrolled.  So me 

of  t hose che mi cals  have been banned or  restricted i n some  countries  of t he worl d 

because of its toxi cit y. [12] 

The sa mpl es  anal yzed i n the st udy,  whi ch were solvent  ori gi nat ed,  were t aken from a 

pestici de i ndustry i n Tekirdağ wit h a l arge pr oducti on capacit y.  Co mmercial  na mes 

of t hose pestici des produced are; 

1.  Her bi ci de 

2.  Insectici de 

3.  Fungi ci de 

4.  Pl ant Regul at or 

Trifl uranyl,  propanyl  and ı sooct yl  est er  are some of  t he che mi cals  t hat  are used t o 

pr oduce li qui d herbi ci de.  The mai n pr ocess  cat egor y of  t he i ndustry can be  defi ned 

as; 

 Synt hesis + For mul ati on + Packagi ng 

The fir m i s  acti ve 5- 6 days  a week wit h a si ngl e shifti ng syst e m.  It  invol ves  10 

managers,  120 wor kers (i ncl udi ng seasonal  wor kers).  In t he area t here are ra w 

mat erial  depots,  boiler  cha mber,  qualit y control  and research l aborat ory,  soci al 

foundati ons and a wast ewat er treat ment syste m.  
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It  i s  observed t hat  t he industry uses  t he treat ed wat er  co mi ng from wast ewat er 

treat ment  syst e m t o water  its huge garden i n t he area.  The existi ng wast ewat er 

treat ment syst e m is shown i n Fi gure 5. 1 

                Do mestic + Laundry 

       Wast e wat er 

 

 

 A       B         C          D        E     

           G 

                 F   
A: Process Wast ewat er          

B: Equalizi ng Tank          H 
C: Rapi d Mi xi ng                 Discharge 

D: Sl ow Mi xi ng           

E: Settli ng Tank 

F: Hydroantraci d and Acti vated Carbon Filter                Sl udge Dr yi ng  

G: Do mestic + Industrial Mi xing Tank                  

H: Aerobi c Treat ment  

Fi gure 5. 1 Existi ng wast ewat er treat ment pl ant  

Pr ocess  and do mestic wast ewat er  are 2 maj or wast ewat er  i n i ndustry.  Pestici de-

cont a mi nat ed wast ewat ers are mai nl y ori gi nat ed from wast ewat ers  wat er-based and 

sol vent-based f or mul ati ons.  These wast ewat ers  also i ncl ude wast e ri nse wat er  ,  wast e 

cl eani ng sol vents  and stor mwat er  r un off  from pestici de spillage and fall out  of 

pestici de dust i n open process area.  

In t he i ndustry,  bot h t he che mi cals  used i n research l aborat ory and sol vents used t o 

cl ean t he t anks  direct ed t o t he wast ewat er  treatment  pr ocess  i n li qui d for m.  Thi s 

mi xt ure had t o be consi dered as  a  hazardous  waste because of  its  cont ents, whi ch are 

menti oned i n charact erizati on of  sa mpl e secti on.  The wast e collected i n stabilizati on 

tank handl ed as hazardous wast e i n t he lists t hat are regul ated by EPA.  

As  shown i n Fi gure 5. 1 do mestic and l aundr y wastewat ers  also j oi n t o t he t reat ment 

syste m after Hydr oantracid and Acti vat ed Carbon Filters.  

The sol vent  ori gi nat ed wast e treat ed i n waste wat er  treat ment  syst em i nvol ves 

laundry servi ce, domestic and process wast ewat ers.  

Average quantit y of  do mestic and l aundr y servi ce wast ewat ers  i s  det er mi ned 

appr oxi mat el y 10- 25 m
3
/day accordi ng t o t he maxi mu m and mi ni mu m nu mber  of  t he 

wor kers i n t he industry.  
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It  i s  also det er mi ned t hat average quantit y of  pr ocess  wast ewat er  i s  appr oxi mat el y 2-

2, 5 m
3
/ day i n t he industry.     

5. 2. Experi ment al Approach 

The sa mpl es  anal yzed in t he st udy,  whi ch were sol vent  ori gi nat ed,  is  produced by 

cl eani ng step of t he reactors t hat are used for pestici de producti on.  

Duri ng t he st udi es,  t he effect  of  ozone on che mi cal  treat ment  was  al so i nvesti gat ed. 

Bot h before and aft er  chemi cal  treat ment  pr ocesses  ozone was  applied and the results 

were discussed.  

Duri ng t he che mi cal  treat ment  experi ments  Fe Cl3,  li me and Al 2( SO4)3  are used t o 

det er mi ne t he opti mu m coagul ant.  At  t he sa me time  Na OH,  H2 SO4  and lime  are used 

to adj ust  t he pH t o t he desired range.  To obt ai n the sufficient  fl occul ati on duri ng t he 

jar tests non-i oni c pol yelectrol yt e is also used.  

Che mi cal  preci pitati on i n wast ewat er  treat ment  i nvol ves  t he addition of  t he 

che mi cals  t o alter  t he physi cal  st ate of  di ssolved and suspended solids  and t o 

facilitate t heir  re moval  by sedi ment ati on.  In some  cases  alteration i s  sli ght,  and 

re moval  i s  entrapment  wi t hi n a vol umi nous  preci pitate consisti ng pri maril y of  t he 

coagul ant  itself.  Anot her  result  of  che mi cal  addition i s  a  net  i ncrease i n t he di ssol ved 

constit uents  i n t he waste wat er.  Che mi cal  pr ocesses,  i n conj uncti on with vari ous 

physi cal  operati ons,  have been devel oped f or  t he co mpl et e secondary treat ment  of 

untreat ed wast ewat er, includi ng t he re moval of either phosphor us or nitrogen or bot h.       

Experi ments  reveal ed t hat  li me i s  not  an effective coagul ant  if  used al one f or  t hi s 

hazardous wast e but an effecti ve hel per if used t o adj ust the pH.  

Deci di ng t he most  suitabl e treat ment  syst e m,  bi oassay t ests were perfor med t o 

investi gat e det oxificati on efficiency of  ozone and TU( a)  det er mi ned.  The experi ment s 

perfor med were shown in Fi gure 5. 2 

Toxi cit y t est  have been used t o assess  t he suitability of  environment al  conditions  f or 

aquatic life and t o establish accept able recei vi ng wat er  concentrations  f or 

conventi onal  para met ers.  It  i s  also used t o study t he effect  of  wat er  qualit y 
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para met ers  on wast ewater  t oxi city.  And t o assess  t he t oxi cit y of  wast ewat er  t o a 

variet y of fresh, mari ne and est uari ne test speci es.  

To observe t he effect  of  ozone gas  on det oxificati on acut e fish t oxi city t est  was 

applied.  An additi onal  benefit  associ ated wit h t he use of  ozone f or  di si nfection i s  t hat 

the di ssol ved oxygen concentration of  t he effl uent  will  be el evat ed t o near  sat urati on 

levels  as  ozone rapi dl y decomposes  aft er  application t o oxygen.  Ozone i s  also a  ver y 

effecti ve viruci de and is generall y believed t o be mor e effecti ve than chl orine.  

So me  conventi onal  paramet ers,  such as  COD,  TSS,  oil  & grease,  pH wer e al so 

measured t o monit or  the re moval  efficiency of  bot h ozonati on and che mi cal 

treat ment and results were all tabl ed.   

5. 3. Deter mi nati on of Sa mpl es 

Experi ments  were performed on t hree different  sa mpl es  t aken from t he wast e wat er 

treat ment  of  pestici de industry on different  dates.  To det er mi ne t he probl e m and 

confir m t hat  t he wast e i nvesti gat ed was  a  hazardous  wast e,  t he lists  t hat  are regul at ed 

by EPA were checked and t he results are shown i n Tabl e 5. 1.  

Tabl e 5. 1 Listi ng of Sa mpl es – Set 1, Set 2, Set 3 

 

Tur kish Hazardous   EPA    SI C  

Mat erials Legislati on  Legislati ons  Code 

  Ek- 3  Ek- 5 

 

 Nu mbers A651  Y4        F003 K043  287  

 and    Y9        F004 K099      Agricult ural  

 Codes    Y10            F005      che mi cals 

 

 

Rel at ed t o t he co mposition of  t he wast e t he si ngular  produced che mi cals,  such as  2, 4 

DCP, cycl ohexanone and Xsilene , are also listed as U081, D016, U057 respecti vel y.  
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EXPERI MENTAL APPROACH for Set 1, Set 2, Set 3  

 

 

 Sa mpl e           Jar Test              Ozonati on 

Charact erizati on                

 COD             FeCl3 +Na OH Fe Cl 3 +Li me   Al2(SO4)3 +Na OH   Al2(SO4)3 +Li me        Li me 

 TSS                         Jar Test 

                

              Ozonati on             Ozonati on          FeCl3 +Na OH      Al 2(SO4)3 +Li me 

 

       DECI SI ON OF A SUI TABLE TREAT MENT SYSTE M ORDER  

 

         BI O- ASSAY ( Fish Acute Toxi cit y Test) 

 

 

 

 Hazardous wast e for med three sa mpl es wit h different charact erizati on were taken from t he i nlet of t he wast ewat er treat ment syst e m 

 Aft er each step COD,  TSS, pH and oil &grease analyzes were perfor med 

 The che mi cals after + is used t o adj ust the pH t o desired range 

Fi gure 5. 2 Sche mati c Di agra m of Experi ment al Appr oach 

4
2
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Expl anati ons  of  t he codes  i nvol ved i n EPA Regulati ons  t hat  are shown i n Tabl e 5. 1 

are gi ven bel ow:  

EPA Hazardous Wast e Nu mber – F004 : 

The f oll owi ng spent  non- hal ogenated sol vents:  cresols  and cresylic aci d,  and 

nitrobenzene;  all  sol vent  mi xt ures/ bl ends  cont aini ng before use,  a t ot al of  a  10 

percent  or  more ( by volu me)  of  one or  more of t he above hal ogenat ed sol vents  or 

those sol vents  listed i n F001,  F002,  F005;  and still  bott oms  from t he recover y of 

these spent sol vent mi xt ures.  

Hazard Code: (I, T) 

NOTE:  ( T)  Hazard Code shoul d be used t o specify mi xt ures  cont aini ng t oxi c 

constit uents. 

EPA Hazardous Wast e Nu mber – F004 : 

The f oll owi ng spent  non-hal ogenated sol vents:  t oluene,  met hyl  et hyl  ket one,  car bon 

disulfi de,  isobut anol,  pyridi ne benzene,  2-et hohxyet hanol,  and 2- nitropropane;  all 

spent  sol vent  mi xt ures  /  bl ends  cont ai ni ng,  before use,  a t ot al  of  a  10 percent  or  mor e 

(by vol ume)  of  one or  more of  t he above non- halogenat ed sol vents  or  t hose sol vents 

listed i n F001,  F002,  F004;  and still  bott oms  from the recovery of  t hese spent  sol vent 

mi xt ures. 

Hazard Code: (I, T) 

NOTE:  (I, T)  Hazard Code shoul d be used t o specify mi xt ures  cont ai ni ng i gnitabl e 

and t oxic constit uents. 

EPA Hazardous Wast e Nu mber – K043 : 

2, 6- Di chl orophenol waste from t he producti on of 2, 4- D 

Hazard Code: ( T) 

EPA Hazardous Wast e Nu mber – K043 : 

Unt reat ed wast ewat er from t he producti on of 2, 4-D 

Hazard Code: ( T) [12] 

 

 



 44 

 

5. 4. Characteri zati on of Sa mpl es 

It  i s  consi dered when the charact erizati on of  sa mpl es  was  det er mi ned t hat  t he 

compositi on of  t he waste changed every ti me.  In Tabl e 5. 2 many of  t he para met ers 

were shown i n a  range because of  t he change in t he charact erizati on of t he wast e 

accordi ng t o bot h pr oducti on sort  and quantit y of  t he pestici de i ndustry.  Che mi cals 

used i n pr oducti on st eps and t he sol vents  used for  cl eani ng st ep are all  capabl e of 

increasi ng t he conventi onal para met ers measured duri ng t he st udy.  

Range cells t hat  are gi ven i n Tabl e 5. 2 were all  det er mi ned after  serial  measur e ment s 

of  rel ated para met ers  and t he average of  t hose results were shown i n t he cells  called 

measured.      

The charact erizati on of sa mpl es are shown i n Table 5. 2 

Tabl e 5. 2 Charact erization of sa mpl es  

Par a met ers  Set 1 Set 2 Set 3 

  Range Measur ed Range Measur ed Range Measur ed 

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

COD ( mg/l ) 9000- 12000 9500 20000- 30000 25000  24000- 32000 29000 

S. COD ( mg/l ) 5000- 9000  7500 12000- 18000 16450 15000- 20000  18500 

Oi l &Gr ease  
( mg/l ) - 400   -  585 -  650  

TSS 200- 250 230 200- 250 220 420- 480 450 

Fi sh Toxi cit y - HT - HT - HT 

2, 4 D aci d 
( mg/l ) 0- 750  - - - - - 

Car baryl 
( mg/l ) 1- 2 - - - - - 

HT: Hi ghl y Toxi c DF: Dil uti on Fact or  

Local i ndustrial standards for Fi sh Toxi cit y : DF10 

5. 5. Materi al, Met hod and Equi pment Used Duri ng the St udy 

Duri ng t he st udy a  half  bat ch ozone generat or  marked as  Ozone Ai r  RXO- 15 wit h 28 

g/ mi n fl ow rat e capacit y was  used.  It  utilizes  9000 V el ectric t o generate ozone gas. 

The ozonat or  has  a mechanis m t hat  l ets t he machi ne get  t he air  eit her  fro m oxygen 

generat or  or  directl y fro m air.  It  reaches  t he opti mu m operati ng effi ciency by 5 
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lt/ mi n oxygen fl ow rat e.  Ozone generati on st arts  after  4- mi n del ay ti me and t he 

ozone was i nject ed wit h a tefl on pi pe i nt o the circul ated wast ewat er.  

Ozonati on mechanis m is shown i n Fi gure5. 3. and Fi gure 5. 4.  

CE- 95 model,  STA- RI TE mar ked pu mp used t o obt ai n an effecti ve cont act  bet ween 

ozone gas  and wast ewater.  Whil e t he pu mp circul ates  t he wast ewat er  i n t he st eel 

react or  wit h 10 l  capacity,  ozone gas  i s  i nj ect ed to t his  circul ated wast ewat er.  Thus, 

ozone is utilized as it deco mposes rapi dl y in t he wastewat er.  

To measure t he off  gas  two t raps  ( 500 ml )  were used.  These traps  were filled wit h 20 

g/l  KI  sol uti on prepared accordi ng t o t he St andard Met hods.  For  efficient che mi cal 

treat ment,  i nitiall y;  it  is  desired t o det er mi ne t he opti mu m conditi on,  na mel y, 

coagul ant  and operati ng conditi ons,  for  maxi mu m r e moval  or  coagul ation of  t he 

desired wast ewat er  constituents.  Generall y,  t he select ed coagul ant  i s  added t o t he 

wast ewat er  under  specified conditi ons,  such as  dosage,  pH,  or  t e mperat ure,  and t hen 

the mi xt ure i s  rapi dl y mi xed f oll owed by t he addition of  a  coagul ant  ai d and gentl e 

fl occul ati on.  Aft er  det ermi ni ng t he best  coagul ant  and t he opti mu m conditi ons  of 

applications,  ot her  design para met ers,  such as  settling pr operties  and sl udge 

pr oducti on shoul d be deter mi ned.     

Duri ng t he st udy,  experiment s  such as  COD,  TSS,  Oil  & Gr ease were perfor med 

accordi ng t o St andard Met hods ( APHA 1990).   

Bi oassay ( Acut e Fi sh Toxi cit y Test)  was  perfor med as  menti oned i n Met calf  & 

Eddy, ― Wast ewat er Engineeri ng‖ [10].  

 

 

 

 

 

 



 46 

 

  Off gas 

          Tefl on Pi pe 

 

        2      1           Ozone               

                  Generat or 

 

    St eel    Sa mpli ng 

 KI sol uti ons  React or   Val ve            

 500 ml    10 lt 

  

Off gas 

           Oxygen 

                  Generat or 

           

     Di scharge  Ci rcul ati on 

     Val ve   Pu mp 

            Air  

Fi gure 5. 3. Ozonati on Mechanis m 

            

 

 

Fi gure 5. 4. Ozonat or used for ozone generati on 

 

 

 



 47 

Measure ment of Ozone Gas i n Gas Fl ow 

The co mmerci al  production capacit y of  ozone generat or  i s  28 g/ hour.  It  is  expect ed 

that  t he ozone generat ed per  mi nut e shoul d be 466 mg.   To cali brate t he machi ne, 

ozone gas fl ow rate is measured by prepari ng KI (20g/l) sol uti on.  

Accor di ng t o t his experiment ozone gas fl ow rate is measured as 477 mg/mi n.  

Ozone gas concentration in generated gas fl ow was cal culated as follows;  

 

45 mi n applicati on;  

 

mg O3 = (477 mg/l  /  5 l/mi n )    *   45 mi n *   5 l/mi n = 21465 mg 

  ozone gas concentration 

  95, 4 mg/l 

 

60 mi n applicati on;  

 

mg O3 = (477 mg/l  /  5 l/mi n )    *   60 mi n *   5 l/mi n =  28620 mg 

  ozone gas concentration 

  95, 4 mg/l 

 

90 mi n applicati on;  

 

mg O3 = (477 mg/l  /  5 l/mi n )    *   90 mi n *   5 l/mi n = 42930 mg 

  ozone gas concentration 

  95, 4 mg/l 
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5. 6. Experi ment al Results 

In t his  secti on results of  all  experi ments  were gi ven and were di scussed.  For  each set 

bot h ozonati on and chemi cal  treat ment  was  perfor med.  Fe Cl 3,  Al 2( SO4)3  and li me 

were used as  coagul ant and H2 SO4,  Na OH and li me were used t o adjust  pH t o 

desired range.  

Accor di ng t o t he results,  che mi cal  treat ment  experi ments  wit h li me,  Al 2(SO4)3  + 

Na OH,  Fe Cl 3  + li me were not  successful  t o obt ai n a sufficient  COD r e moval 

efficiency.  So t hat  none of  t hose results about  t hese experi ments  were given i n t hi s 

secti on.  

Deci di ng t he best  treat ment  syst e m f or  Set  1,  Set  2 and Set  3,  bi oassay (Fi sh acut e 

toxicit y t est)  perfor med t o onl y one sa mpl e i n or der  t o monit or  det oxificati on of 

ozone.  

5. 6. 1. Results of Set 1 

Aft er  charact erization of  Set  1,  i n t he first  experiment,  che mi cal  treat ment  wit h bot h 

Al 2( SO4)3  and Fe Cl 3   was  perfor med.  Then ozonati on applied t o t he supernat ant 

collected after jar test.  

In t he second experi ment,  ozonati on was  t he first st ep perfor med.  The sampl e t aken 

after  ozonati on was  chemi call y treat ed wit h both Al 2( SO4)3  and Fe Cl 3.  Aft er  each 

step COD was  measured i n or der  t o det er mi ne indi vi dual  re moval  efficienci es  and 

overall efficienci es for Set 1. 

For  measuri ng opti mu m pH,  sa mpl es  were t aken int o fi ve 500 ml  fl asks  and t he sa me 

quantit y of  coagul ant  was  added i nt o t he fl asks.  To adj ust  pH,  accordi ng to t he t ype 

of  coagul ant,  Na OH or  lime  was  used.  Aft er  2 mi n of  rapi d mi x and 15 min of  sl ow 

mi x,  sa mpl e was  settled for  30 mi n and f or  each pH r ange COD was  measured i n t he 

supernat ant of t he flasks.      

The results were shown in tabl es and fi gures as follows;  
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Tabl e 5. 3 Opti mu m pH det er mi nati on for FeCl 3 – Set 1 

Set 1 - %10 FeCl 3 + NaOH ( for opt. pH measure ment ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) FeCl 3 ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

4 9500 300 2375 75 Dar kbr own, %22 

5 9500 300 1666 82 Dar kbr own, %22 

6 9500 300 2000 79 Br own, %18 

7 9500 300 2069 78 Br own, %20 

8 9500 300 2714 71 Br own, %20 

 

 

The results i n Tabl e 5.3 were fi gured i n Fi gure 5. 5.  pH 5 i s  det er mi ned as  t he 

opti mu m pH for FeCl 3 after 2 mi n rapi d mi x and 15 mi n. slow mi x.   

 

 

 

 

        

 

 

 

 

 

 

 

 

Fi gure 5. 5. Opti mu m pH det er mi nati on for FeCl 3 – Set 1 
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Tabl e 5. 4 Opti mu m pH det er mi nati on for Al2(SO4 )3 – Set 1 

Set 1 - %10 Al um + Li me ( for opt. pH measure ment  ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) Al um ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

4 9500 300 3150 67 Yel l ow, %16 

5 9500 300 2765 71 Yel l ow, %18 

6 9500 300 2510 74 Yel l ow, %22 

7 9500 300 2310 76 Yell ow, %18 

8 9500 300 2620 72 Yel l ow, %20 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 6. Opti mu m pH det er mi nati on for Al 2(SO4)3 – Set 1 
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Duri ng each j ar  t est,  lime,  H2 SO4  and Na OH were used t o adj ust  pH.  OH
-

 i ons, 

required for coagul ation, were supplied by additi on of Na OH and li me i nt o the wat er.  

For  Fe Cl 3  opti mu m p H has  been det er mi ned as  5 and f or  Al 2( SO4)3  opti mum p H was 

7 as  seen i n t he Fi gure 5.6.  Aft er  det er mi nati on of opti mu m p H,  opti mu m dosages  f or 

these coagul ants were deter mi ned.  

In or der  t o det er mi ne opt i mu m dosage,  raw sa mpl e was  t aken i nt o fi ve 500 ml  fl asks. 

Coagul ant  was  added int o t he mi xi ng sa mpl e until  fl ocks  st arted t o occur  t o 

det er mi ne mi ni mu m dosage.  St arti ng from mi nimu m dosage fi ve different  coagul ant 

porti ons  ( 200 mg,  400 mg,  600 mg,  800 mg,  1000 mg)  were applied i nt o each of  fi ve 

flasks.  Because of  t heir  aci di c pr opert y bot h Fe Cl 3 and Al 2( SO4)3  decreased p H t o t he 

range of  2- 3.  Addi ng t hese suppl e ment ary che mi cals  i nt o t he flasks  OH
-
 

concentration of  sa mpl e i ncreased and t his  hel ped fl occul ati on pr ocess  occur 

sufficientl y.  

Aft er  2 mi n rapi d mi x and 15 mi n sl ow mi x,  fl ocs  were settled f or  30 min and t he 

vol umes  of  settled sl udge were det er mi ned.  COD,  TSS,  Oil &Gr ease tests  were 

perfor med t o t he sa mpl e taken from t he supernat ant of che mi call y treat ed wast e.    

Results rel ated t o opti mu m dosage experi ments  were gi ven i n t abl es  and fi gures  as 

foll ows.  
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Tabl e 5. 5. Opti mu m dosage det er mi nati on for FeCl3 – Set 1 

Set 1 - %10 FeCl 3 + NaOH ( for opt. dosage ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) FeCl 3 ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

5 9500 150 4150 57 Dar kbr own, %10 

5 9500 300 1660 82 Dar kbr own, %22 

5 9500 450 1580 83 Dar kbr own, %22 

5 9500 500 1470 85 Dar kbr own, %26 

5 9500 600 1560 83 Dar kbr own, %22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 7. Opti mu m dosage det er mi nati on for FeCl 3 – Set 1 
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Aft er  det er mi nati on of  opti mu m dosages  f or  bot h Al 2( SO4)3  and Fe Cl 3  re moval 

efficienci es  of  t he coagulants  were cal cul ated.  When al um i s  added t o waste wat er  t he 

insol ubl e al umi nu m hydroxi de i s  a gel ati nous  floc t hat  settles  sl owl y t hrough t he 

wast ewat er,  s weepi ng out  t he suspended mat erial  and pr oduci ng ot her changes. 

Al kali nit y i s  also an i mportant  para met er  for  chemi cal  preci pitati on by alu m.  If  l ess 

than required a mount  of  al kali nit y i s  availabl e i n wat er  t hen it  must  be added.  Duri ng 

the st udy li me  i s  used to suppl y t he required alkali nit y i n t he wast e.  A suffici ent 

quantit y of  li me must  be added t o co mbi ne wit h all  t he free carboni c aci d and wit h 

the carboni c aci d of t he bicarbonat es t o produce calci um carbonat e.  

The result is shown i n Figure 5. 7 and Fi gure 5. 9.  

Aft er che mi cal treat ment  supernat ant of t he sa mples were collect ed for ozonati on.  

Che mi call y treat ed wast ewat er,  as  shown i n t he figure had a  sufficient  result.  In or der 

to i ncrease t he re moval  efficiency of  treat ment  syst e m ozone gas  was used as  a 

hel pi ng agent.  Due t o oxi di zi ng power  of  ozone gas,  it  was  al so appli ed f or 

det oxification t o Set  1.  It  i s  observed t hat  after che mi cal  treat ment  applicati on of 

ozone gas i ncreased t he overall treat ment efficiency of t he syst e m.    

Results of t he ozonati on pr ocess applied t o Set 1 are shown i n t he foll owi ng fi gures.  

Duri ng t he ozonati on pr ocess,  i n or der  t o eval uat e t he results correctl y,  ozone dosage 

was  cal cul ated.  Accor di ng t o bot h of  t hese results and experi ment al  st udi es,  t he rati o 

of  utilized ozone and COD r e moval  was  det ermi ned.  Applied ozone i s defi ned as 

total    quantit y of  off  gas  rel eased and resi dual  ozone dissol ved i n wast ewat er. 

Duri ng ozonati on bot h off  gas  and resi dual  ozone were det er mi ned accor di ng t o 

St andard Met hods  and t he results were negl ect ed when co mpared t o quantit y of 

applied ozone.   

As a concl usi on, it was assumed t hat applied ozone was equal t o utilized ozone.  

Duri ng t he st udy t he calcul ati ons  rel ated t o ozone dosage were made accor di ng t o 

this assumpti on.  
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Tabl e 5. 6. Ozone Applicati on Dat a Tabl e 

Dat a f or ozone Appli cati on 

Cont act Ti me 15 mi n 30 mi n 45 mi n 60 mi n 90 mi n 

Appli ed Ozone  477 mg/ mi n 477 mg/ mi n 477 mg/ mi n 477 mg/ mi n 477 mg/ mi n 

Utilized Ozone A 7155 mg 14310 mg 21465 mg 28620 mg 42930 mg 

* Resi dual  Ozone - - - - - 

** Off Gas 0, 3 mg/l  

COD ( Re moved) B 760 mg/l  870 mg/l  890 mg/l  895 mg/l  930 mg/l  

A / B 
( mgO3 / mg COD)  9, 5 16, 5 24 33 46 

* Resi dual Ozone is det er mi ned i n t he range of 0,1- 0, 3 mg/l 

** Off gas is neglect ed in ter ms of applied ozone 
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Fi gure 5. 8. Ozonati on after Che mi cal Treat ment with FeCl 3 – Set 1 

In Fi gure 5. 8,  results showed t hat  45 mi n of  ozonati on aft er  che mi cal  treatment  had 

the opti mu m COD r e moval  efficiency of  % 61.  Because of  not  much difference 

bet ween 90 mi n and 45 mi n ozonati on re moval  efficiency results,  45 mi n of 

ozonati on,  whi ch i s  bot h econo mi c and has  sufficient  efficiency i n co mpar ison t o 90 

mi n of ozone applicati on,  is select ed as opti mu m ozone dosage.  
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Tabl e 5. 7. Opti mu m dosage det er mi nati on for Al 2(SO4)3  – Set 1 

Set 1 - %10 Al um + Li me ( for opt. dosage ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) Al um ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

7 9500 150 2426 74 Yel l ow, %18 

7 9500 300 2360 75 Yell ow, %24 

7 9500 450 2558 73 Yel l ow, %22 

7 9500 500 2598 72 Yel l ow, %22 

7 9500 600 2780 70 Yel l ow, %20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 9. Opti mu m dosage det er mi nati on for Al2(SO4)3  – Set 1 
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Tabl e 5. 8. Ozone Applicati on Dat a Tabl e 

Dat a f or ozone Appli cati on 

Cont act Ti me 15 mi n 30 mi n 45 mi n 60 mi n 90 mi n 

Appli ed Ozone  
477   

mg/  mi n 
 477  

mg/  mi n 
477  

mg/  mi n  
477  

mg/  mi n  
 477  

mg/  mi n 

Utili zed Ozone ( A)  7155 mg 14310 mg 21465 mg 28620 mg 42930 mg 

* Resi dual Ozone  - - -  -  -  

** Off Gas 0, 3 mg/l  

COD ( Re moved)  ( B)  1240 mg/l  1560 mg/l  1600 mg/l  1710 mg/l  1720 mg/l  

A / B ( mgO3 / mg COD)  5, 5  9  13  17  25  

 

* Resi dual Ozone is det er mi ned i n t he range of 0,1- 0, 3 mg/l 

** Off gas is neglect ed in ter ms of applied ozone 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 10. Ozonati on after Che mi cal Treat ment wi t h Al 2(SO4)3  - Set 1 
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In t he second experi ment  ozonati on was  t he first  process  applied t o t he sa mpl es. 

Aft er  ozonat ed sa mpl es were t aken i nt o t he Jar  t est  i n or der  t o det er mi ne t he 

che mi cal treat ment efficiency after ozonati on.  

In t he charact erizati on step of  Set  1 COD was  measured as  9500 mg/l.  Af ter  90 mi n 

of  ozonati on COD paramet er  was  det er mi ned as  7500 mg/l  wit h %21 re moval 

efficiency.  Accor di ng to t hese results,  che mi cal  treat ment  experi ment s  were 

perfor med and t he results were shown i n t he followi ng tabl es and fi gures.  

Tabl e 5. 9. Jar Test of Ozonat ed Sa mpl e – FeCl3 – Set 1 

Set 1 ( ozonat ed) - %10 FeCl 3 + NaOH ( f or opt. dosage ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) FeCl 3 ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

5 7500 200 2940 62 Dar kbr own, %18 

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 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 11. Jar Test of Ozonat ed Sa mpl e – FeCl 3 – Set 1 
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Tabl e 5. 10. Jar Test of Ozonat ed Sa mpl e – Al2(SO4)3 – Set 1 

Set 1 ( ozonat ed) - %10 Al um + Li me ( for opt. dosage ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) Al um ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n. 

7 7500 200 4560 39 Yel l ow, %20 

7 7500 300 2950 63 Yel l ow, %20 

7 7500 400 2600 65 Yel l ow, %18 

7 7500 500 2490 67 Yell ow, %24 

7 7500 600 2480 67 Yel l ow, %22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 12. Jar Test of Ozonat ed Sa mpl e – Al2(SO4)3 – Set 1 
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5. 6. 2. Results of Set 2 

Set  2 was  collected 2 weeks  l at er  after  Set  1 was  collect ed.  The sampl e was 

charact erized and t he same  experi ment al  procedure applied t o Set  1 was  also appli ed 

to Set 2. Results were shown i n foll owi ng tabl es and fi gures.  

 

Tabl e 5. 11. Opti mu m pH for FeCl 3 – Set 2 

Set 2 - %10 FeCl 3 + NaOH ( for opt. pH measure ment ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) FeCl 3 ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

4 25000 500 11145 55 Dar kbr own, %10 

5 25000 500 7620 68 Dar kbr own, %22 

6 25000 500 7090 71 Br own, %28 

7 25000 500 7225 70 Br own, %26 

8 25000 500 7550 69 Br own, %24 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 13. Opti mu m pH f or FeCl 3 – Set 2 
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Tabl e 5. 12. Opti mu m pH for Al2(SO4)3 - Set 2 

Set 2 - %10 Al um + Li me ( for opt. pH measure ment  ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) Al um ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

5 25000 1000 16200 35 Yel l ow, %10 

6 25000 1000 12500 50 Yel l ow, %16 

7 25000 1000 8950 65 Yel l ow, %24 

8 25000 1000 8400 68 Yell ow, %26 

9 25000 1000 8450 68 Yel l ow, %26 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 14. Opti mu m pH f or Al 2(SO4)3  - Set 2 
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Accor di ng t o charact erizati on of  Set  2,  it  had t he hi ghest  COD para met er of  25000 

mg/l.  As  shown i n t abl es  i ncrease i n COD paramet er  made coagul ant  dosage al so 

increase.  Opti mu m dosage was  det er mi ned as  1200 mg/ 500 ml  Fe Cl 3  f or  Set  2 at 

opti mu m p H of  6.  Re moval  efficiency was  %80.  To suppl y al kali nit y required f or 

preci pitati on i n wat er  bot h li me and Na OH was  used wit h Fe Cl 3  Experi ment s 

reveal ed t hat  Na OH was a  good suppl e ment ary agent  i n t he case of  usi ng t o adj ust 

pH t o desired range.  Aft er  fl ocs  settled sl udge vol ume  det er mi ned and sl udge 

percent age was cal culated as %26 of 500 ml.  

Tabl e 5. 13. Opti mu m dosage det er mi nati on for FeCl 3 – Set 2 

Set 2 - %10 FeCl 3 + NaOH ( for opt. dosage ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) FeCl 3 ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

6 25000 500 9650 61 Dar kbr own, %10 

6 25000 800 6420 74 Dar kbr own, %22 

6 25000 1000 5400 78 Dar kbr own, %24 

6 25000 1200 5300 80 Dar kbr own, %26 

6 25000 1400 5625 77 Dar kbr own, %22 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 15. Opti mu m dosage det er mi nati on for FeCl 3 – Set 2 

 

 

 



 62 

 

 

Tabl e 5. 14. Ozone Applicati on Dat a Tabl e 

 

Dat a f or ozone Appli cati on 

Cont act Ti me 15 mi n 30 mi n 45 mi n 60 mi n 90 mi n 

Appli ed Ozone ( mg/ mi n)  477   477  477 477   477 

Utili zed Ozone ( A)  7155 mg 14310 mg 21465 mg 28620 mg 42930 mg 

* Resi dual Ozone -  -  -  -  -  

** Off Gas 0, 2 mg/l  

COD ( Re moved)  ( B) 700 mg/l  2200 mg/l  3450 mg/l  3450 mg/l  3470 mg/l  

A / B ( mgO3 / mg/l)  10 6, 5 6, 2  8  12  

* Resi dual Ozone is det er mi ned i n t he range of 0,1- 0, 3 mg/l 

** Off gas is neglect ed in ter ms of applied ozone 
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Fi gure 5. 16 Ozonati on after Che mi cal Treat ment wi t h FeCl 3 – Set 2 

In Tabl e 5. 14 ozonati on results after  15 mi n,  30 mi n,  45 mi n,  60 mi n,  90 mi n were 

shown.  For  each cont act ti me  COD t ests  were perfor med and t reat ment  effici enci es 

were det er mi ned.  In fi gure 5. 16 bot h COD para met ers and re moval  efficienci es  were 

shown.  
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Tabl e 5. 15. Opti mu m dosage det er mi nati on for Al2(SO4)3  – Set 2 

Set 2 - %10 Al um + Li me ( for opt. dosage ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) Al um ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

8 25000 600 21000 16 Yel l ow, %4 

8 25000 900 19400 22 Yel l ow, %6 

8 25000 1000 13800 45 Yel l ow, %10 

8 25000 1200 6320 74 Yell ow, %24l  

8 25000 1400 12100 52 Yel l ow, %18 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 17. Opti mu m dosage det er mi nati on for Al2(SO4)3  – Set 2 
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Tabl e 5. 16. Ozone Applicati on Dat a Tabl e 

Dat a f or ozone Appli cati on 

Cont act Ti me 15 mi n 30 mi n 45 mi n 60 mi n 90 mi n 

Appli ed Ozone  
477  

mg/  mi n 
477  

mg/  mi n  
477  

mg/  mi n  
477  

mg/  mi n  
477  

mg/  mi n  

Utili zed Ozone ( A)  7155 mg 14310 mg 21465 mg 28620 mg 42930 mg 

* Resi dual Ozone -  -  -  -  -  

** Off Gas 0, 3 mg/l  

COD ( Re moved)  ( B) 585 mg/l  1630 mg/l  3460 mg/l  3980 mg/l   4150 mg/l  

A / B ( mgO3 / mg/l)  12 8, 7  6  7  10  

* Resi dual Ozone is det er mi ned i n t he range of 0,1- 0, 3 mg/l 

** Off gas is neglect ed in ter ms of applied ozone 
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Fi gure 5. 18 Ozonati on after Che mi cal Treat ment wi t h Al 2(SO4)3 – Set 2 

 

In t he second st ep ozonati on i s  t he first  process  applied t o t he sa mpl es.  Aft er 

ozonat ed sa mpl es  were taken t o t he Jar  t est  t o det er mi ne t he che mi cal  treat ment 

efficiency after ozonati on.  

In t he charact erizati on step of  Set  2,  COD was  measured 25000 mg/l.  After  90 mi n 

ozonati on COD para meter  was  det er mi ned as  19000 mg/l  wit h re moval  efficiency of 

% 24 i n t he t er ms  of COD.  Accor di ng t o t hese results,  che mi cal  treat ment 

experi ments  were performed and t he results were shown i n t abl es  and figures  as 

foll ow.  
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Tabl e 5. 17. Jar Test of Ozonat ed Sa mpl e – FeCl 3 – Set 2 

 

Set 2 ( ozonat ed) - %10 FeCl 3 + NaOH ( f or opt. dosage ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) FeCl 3 ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

6 19000 400 10600 44 Dar kbr own, %10 

6 19000 600 8650 54 Dar kbr own, %10 

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, %20 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 19. Jar Test of Ozonat ed Sa mpl e – FeCl 3 – Set 2 

 

 

 

 

 

 

 



 66 

 

 

 

Tabl e 5. 18. Jar Test of Ozonat ed Sa mpl e – Al2(SO4)3 – Set 2 

 

Set 2 ( ozonat ed) - %10 Al um + Li me ( for opt. dosage ) 

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

  ( mg/l ) Al um ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

8 19000 400 16680 12 Yel l ow, %20 

8 19000 600 14500 24 Yel l ow, %20 

8 19000 800 12650 33 Yel l ow, %18 

8 19000 1000 7100 63 Yel l ow, %24 

8 19000 1200 7080 64 Yell ow, %22 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fi gure 5. 20. Jar Test of Ozonat ed Sa mpl e – Al2(SO4)3 – Set 2 
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5. 6. 3. Results for Set 3 

 

The experi ment al  procedure t hat  was  perfor med t o Set  1 and Set  2 was  also appli ed 

to Set  3.  Among t hese t hree sets  Set  3 had t he hi ghest  COD of  appr oxi matel y 30000 

mg/l.  

Duri ng che mi cal  treat ment  experi ments  it  was observed t hat  Al 2( SO4 )3  was  not 

effecti ve t o reach desired re moval  efficiency f or  Set  3.  Fl ocks  di d not  settle but 

fl oat ed. The result was shown i n Fi gure 5. 21.  

 

 

Fi gure 5. 21. Jar Test Results of Set 3 – Al2(SO4)3 
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Hi gh oil  & grease cont ent  of  Set  3 made it  difficult  t o preci pitate t he sa mpl e.  As  seen 

in Fi gure 5. 21 fl ocs  occurred i n t he fl asks  after  2 mi n of  rapi d and 15 min of  sl ow 

mi xi ng.  Inst ead of  precipitati on f or  Set  3 fl ot ation of  sl udge was  observed.  When 

al um has  been added i nt o t he wast e f or  coagul ati on pH decreased bel ow 3 and 

therefore,  aci d cracki ng was  observed i n t he sampl e.  Because of  bot h oil  cont ent 

(gasoli ne-based)  of  t he wast e and pi n poi nt  f ormed TSS para met er,  also consi deri ng 

aci d cracki ng,  fl ot ati on of  fl ocks  was  observed i nst ead of  preci pitation.  It  i s 

det er mi ned t hat  COD re moval  efficiency f or t he subnat ant  was  high enough. 

Therefore,  it  can be st ated t hat  mai n part  of  t he COD para met er  co mes from oil 

cont ent  of  t he wast e.  After  serial  opti mu m coagulant  trials,  FeCl 3  was  det er mi ned as 

the opti mu m coagul ant, whi ch had hi gher  re moval  efficiency f or  Set 3.  I n t he 

foll owi ng tabl es and fi gures experi ment al results for Set 3 were gi ven.  

 Tabl e 5. 19. Opti mu m dosage det er mi nati on for FeCl 3 – Set 3 

Set 3 - %10 FeCl 3 + NaOH ( for opt. dosage )   

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

 ( mg/l ) FeCl 3 ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

6 29000 500 12520 57 Dar kbr own, %10 

6 29000 800 8450 71 Dar kbr own, %22 

6 29000 1000 5860 80 Dar kbr own, %22 

6 29000 1200 6010 79 Dar kbr own, %26 

6 29000 1400 5980 79 Dar kbr own, %22 

 

 

Fi gure 5. 22. Opti mu m dosage det er mi nati on for FeCl 3 – Set 3 
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Aft er  che mi cal  treat ment  experi ments  ozone gas  was  applied t o t he sampl e and 

results were shown i n Figure 5. 23 

Tabl e 5. 20. Ozone Applicati on Tabl e 

Dat a f or ozone Appli cati on 

Cont act Ti me 15 mi n 30 mi n 45 mi n 60 mi n 90 mi n 

Appli ed Ozone  477 mg/ mi n 
 477 

mg/  mi n 
477 

mg/  mi n  
477 

mg/  mi n  
477 

mg/  mi n  

Utili zed Ozone ( A)  7155 mg 14310 mg 21465 mg 28620 mg 42930 mg 

* Resi dual Ozone -  -  -  -  -  

** Off Gas 0, 3 mg/l  

COD ( Re moved)  ( B) 810 mg/l  1640 mg/l  2810 mg/l   3620 mg/l  3660 mg/l  

A / B ( mgO3 / mg/l) 8, 7  8, 7  7, 5  8  12  

* Resi dual Ozone is det er mi ned i n t he range of 0,1- 0, 3 mg/l 

** Off gas is neglect ed in ter ms of applied ozone 

 

 

Fi gure 5. 23. Ozonati on after Jar- Test – Set 3 
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To det er mi ne t he efficiency of  ozone f or  ra w sampl e,  Set  3 was  ozonat ed f or  120 

mi n.  I n t he charact erization st ep of  Set  3,  COD was  measured as  29000 mg/l.  Aft er 

90 mi n of  ozonati on COD para met er  was  det er mi ned as  19000 mg/l  wi t h %24 

re moval  efficiency.  Accordi ng t o t hese results,  che mi cal  treat ment  experiment s  were 

perfor med and t he results were shown i n tabl es and fi gures as foll ow.  

 

Tabl e 5. 21. Jar Test after Ozonati on - FeCl 3 – Set 3 

Set 3 ( ozonat ed) - %10 FeCl 3 + NaOH ( f or opt. dosage )  

pH COD i nl et  Coagul ant COD outl et Effi ci ency Sl udge 

 ( mg/l ) FeCl 3 ( mg/ 500ml ) ( mg/l ) % Settl ed f or 30 mi n.  

6, 5 22400 500 18800 16 Dar kbr own, 90 ml  

6, 5 22400 700 10920 51 Dar kbr own, 110 ml  

6, 5 22400 900 7940 65 Dar kbr own, 100 ml  

6, 5 22400 1100 6080 73 Dar kbr own, 120 ml  

6, 5 22400 1300 6110 72 Dar kbr own, 100 ml  

 

 

 

Fi gure 5. 24. Opti mu m dosage det er mi nati on for FeCl 3 – Set 3 
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To i nvesti gat e det oxificati on pr opert y of  ozone gas  a bi oassay t est  ( Acut e Fi sh 

Toxi cit y Test)  was  perfor med.  To r un t his  experiment,  Set  1 wit h 9500 mg/l  COD i s 

chosen as wast ewat er. 

Overall  re moval  efficiency of  che mi cal  treat ment  and ozonati on pr ocess f or  Set  1 

was  det er mi ned as  % 93.  Ozone was   used as  a  helpi ng agent  f or  che mi cal  treat ment 

wi t h its  strong oxi di zi ng abilit y.  Dependi ng on its oxi di zi ng power  it  i s  also used f or 

det oxification of hazardous wast es.  

A nu mber  of  t er ms  are utilized i n expressi ng t oxi cit y t est  results Acut e toxicit y i s 

toxi cit y whi ch i s  severe enough t o pr oduce a response rapi dl y (t ypi call y a r esponse 

observed i n 48 or  96 hours).  Acut e means  short  and does  not  necessaril y i mpl y 

mort alit y.  LC50  i s  t he concentration of  effl uent  i n dil uti on wat er  t hat  causes  mort alit y 

to 50 percent of t he test popul ati on.  

Toxi cit y t esti ng has  been wi del y vali dat ed i n recent  years.  Even t hough or ganis ms 

vary i n sensiti vity t o effluent  t oxi cit y,  t he EPA has  docu ment ed t hat  toxi cit y of 

effl uents  correlate well  wi t h t oxi cit y measure ments  i n t he recei vi ng wat ers  when 

effl uent dil ution is measured. 

The sa mpl es for bi oassay tests were prepared as shown i n  Tabl e 5. 22 

Tabl e 5. 22. Preparati on of diluted sa mpl es  

Concentrations Wastewater Dilution Water

(%) Volume (l)  Volome (l)
50 5 5

20 2 8

10 1 9

Acute Fish Toxicity Test for Set 1

 

 

As  it  i s  seen i n t he fi gure,  ra w sa mpl e has  det ermi ned hi ghl y t oxi c f or  a creat ure t o 

live because of  t he poisonous  effect  of  t he che mi cals  t hat  are used duri ng producti on 

pr ocesses.  In or der  t o decrease t oxi city para met er of  t he hazardous  wast e ozonati on 

was perfor med for 90 mi n. after che mi cal treat ment.  

Results of ozonat ed sa mpl e were shown i n Tabl e 5. 23 and i n Fi gure 5. 25 

 



 72 

y = 100
y = 1,7843x + 19,31

y = 1,772x + 13,521

0

20

40

60

80

100

120

0 10 20 30 40 50

Percentage of WW Concentration (%)

P
e

rc
e
n

ta
g

e
 o

f 
D

e
a
th

 (
%

)

Raw Sample-48 hours

Diluted Sample-48 hours

Diluted Sample-96 hours

Linear Regression-Raw Sample-48 hours

Linear Regression-Diluted Sample-96 hours

Linear Regression-Diluted Sample-48 hours
 

Fi gure 5. 25. Bi oassay after che mi cal treat ment and ozonati on for Set 1 

Tabl e 5. 23. Acut e Toxi city Test Results For Set 1 Aft er Ozonati on 

Acut e Toxi cit y Test Results For Set 1 Aft er Ozonati on  

Concentrati on 

percent of  WW.  ( %)  

 Nu mber of 

fishes  

Percent age of deat h( %)  

  48 hours        96 hours 

*LC50 TU( a)  

50 10 95 100   

20 10 60 70   

10 10 50 60 17 6 

5 10 15 10   

1 10 0 10   

*LC50 is gi ven as concentration percent age of t he wast ewat er ( WW)  

Experi ments  f or  48 hours  were not  consi dered during LC50  cal cul ation.  Results  were 

gi ven i n t er ms  of  96- hour  bi oassay t ests.  To det ermi ne LC50,  50 i s  repl aced wit h y i n 

regressi on equati on ( y = 1, 7843x + 19, 31 ). 

y = 1, 7843x + 19, 31       50 = 1, 7843x + 19, 31 

x = LC50  17 

TU( a) = 100 / 17  6  
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6. RESULTS AND CONCLUSI ON 

Wi t hi n t he concept  of  t he st udy,  t he results of  experi ment al  st udi es  t hat  are rel at ed t o 

the mai n scope of hazardous wast e manage ment are gi ven i n t his secti on.  

The hazardous  wast e i nvesti gat ed duri ng t he st udy,  i s  a  li qui d-for med t oxi c wast e, 

whi ch al so has  t he pr operties  of  bot h fl a mmability and reacti vity wit h wat er.  The 

wast e i s  generat ed from t he co mbi nati on of  both cl eani ng of  t he react ors t hat  are 

used for for mul ati on of liqui d and powder pestici de and laundry wast ewat er. 

Hazardous  wast e t hat  has  been i nvesti gat ed during t he st udy i s  listed i n EPA 

hazardous  wast e lists and Tur kish Hazardous  Mat erials Regul ation as  F003,  F004, 

F005,  K043,  K099 and Y4,  Y9,  Y10 respectivel y.  It  i s  det er mi ned that  neit her 

manage ment  nor  control met hods  f or  t his listed hazardous  wast e has  been st at ed i n 

the regul ati on.  Consi dering bot h i n-sit u and on-site control  syst e ms,  experi ment al 

st udi es  were perfor med i n t he st udy i n or der t o manage t his  hazardous  wast e. 

Thereupon,  dependi ng on t he existi ng treat ment  syst e m i n t he pestici de i ndustry, 

che mi cal treat ment and det oxification perfor mance was det er mi ned.  

Overall  re moval  efficienci es  show t hat  che mi cal  treat ment  and ozonati on pr ocesses, 

if  applied respecti vel y,  are sufficient  enough t o achi eve hi gh re moval  effici ency i n 

COD base.  Accor di ng to t est  results,  FeCl 3  has  been det er mi ned as opti mu m 

coagul ant relati vel y.  
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Perfor mi ng experi ment al pr ocedure t o t he sa mpl e called Set  1 wit h COD of  9500 

mg/l, the results in t he Figure 6. 1 and 6. 2 were summari zed.  

 

 

 

 

 

 COD : 9500 mg/l    COD : 9500 mg/l 

TSS : 230 mg/l    TSS : 230 mg/l 

O&G : 400 mg/l    O&G : 400 mg/l 

 

Che mi cal Treat ment      

  (FeCl3 + Na OH)     Ozonati on for 90 mi n 

 

 

 COD : 1470 mg/l    COD : 7500 

 TSS : 20 mg/l    TSS : 230 

 ECT : % 85     EOzone : 21 

 

 Ozonati on for 45 mi n    Che mi cal Treat ment  

          (FeCl3 + Na OH)  

 

 

 

 

 COD : 580 mg/l    COD : 2120 mg/l 

 TSS : 20 mg/l    TSS : 25 mg/l 

 O&G : 25 mg/l    O&G : 30 mg/l 

 EOzone : % 55     ECT : : % 72 

 

 

 

 

 Overall Efficiency    Overall Efficiency 

   ( COD BASED)        ( COD BASED)  

  % 93      %78   

 

O & G : Oil & Grease 

ECT : Re moval Efficiency of Che mi cal Treat ment  

EOzone : Re moval Efficiency of Ozonati on 

Fi gure 6. 1 Overall Efficiency Tabl e for Set 1- FeCl3 
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 COD : 9500 mg/l    COD : 9500 mg/l 

TSS : 230 mg/l    TSS : 230 mg/l 

O&G : 400 mg/l    O&G : 400 mg/l 

 

 

Che mi cal Treat ment      

  ( Al2(SO4)3 + Li me)    Ozonati on for 90 mi n 

 

 

 COD : 2360 mg/l    COD : 7500 

 TSS : 15 mg/l    TSS : 230 

 ECT : : % 75     EOzone : % 21 

 

 

 Ozonati on for 60 mi n    Che mi cal Treat ment  

       ( Al2( SO4)3 + Li me) 

 

 

 COD : 650 mg/l    COD : 2490 mg/l 

 TSS : 15 mg/l    TSS : 10 mg/l 

 O&G : 20 mg/l    O&G : 30 mg/l 

 EOzone : % 53     ECT : % 67  

 

 

 

 Overall Efficiency    Overall Efficiency 

   ( COD BASED)        ( COD BASED)  

  % 88      %74   

Fi gure 6. 2. Overall Efficiency Tabl e for Set 1- Al um 

 

In t he existi ng wast ewater  treat ment  syst e m of t he i ndustry,  an oil  separat or  has 

separat ed oil  concept  of t he wast e.  It  i s  det er mi ned t hat  t he separati on pr ocess  has 

increased t he overall  re moval  efficiency of  treat ment  syst e m.  Ho wever,  variati ons  of 

coagul ati on and ozonation pr ocesses  can be suggest ed as  a  modification of  t he 

treat ment  syst e m due t o its  hi gher  overall  re moval  effici enci es  det er mi ned i n t he 

st udy.  

Inspite of  t he fact  t hat  ozone applicati on i nt o t he wat er  hel ps  coagul ati on,  i t  may be 

consi dered t hat  OH r adi cals  were utilized by oil  based co mpounds by cycli c 

reacti ons and decreased che mi cal treat ment efficiency.  
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 COD : 25000 mg/l    COD : 25000 mg/l 

TSS : 220 mg/l    TSS : 220 mg/l 

O&G : 585 mg/l    O&G : 585 mg/l 

 

 

Che mi cal Treat ment      

  (FeCl3 + Na OH)     Ozonati on for 90 mi n 

 

 

 COD : 5300 mg/l     COD : 19000 mg/l 

 TSS : 20 mg/l    TSS : 220 mg/l 

 ECT : % 79     EOzone : % 24 

 

 

 Ozonati on for 60 mi n    Che mi cal Treat ment  

          (FeCl3 + Na OH)  

 

 

 

 

 COD : 2560 mg/l    COD : 6355 mg/l 

 TSS : 20 mg/l    TSS : 25 mg/l 

 O&G : 35 mg/l    O&G : 30 mg/l 

 EOzone : % 52     ECT : % 65 

 

 

 

 

 Overall Efficiency    Overall Efficiency 

   ( COD BASED)        ( COD BASED)  

  % 90      %75   

Fi gure 6. 3. Overall Efficiency Tabl e for Set 2- FeCl3 

 

Wi t h regard t o hazardous  wast e co mpositi on,  big differences  i n COD base a mong 

three sa mpl es,  whi ch were collected i n different  peri ods,  were det er mi ned.  Ho wever, 

appr oxi mat el y,  sa me  removal  efficienci es  as  Set  1 were measured f or Set  2 wit h 

COD of 25000 mg/l. These results were shown i n Fi gure 6. 3 and 6. 4 above.   
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 COD : 25000 mg/l    COD : 25000 mg/l 

TSS : 220 mg/l    TSS : 220 mg/l 

O&G : 585 mg/l    O&G : 585 mg/l 

 

 

Che mi cal Treat ment      

  ( Al2(SO4)3 + Li me)    Ozonati on for 90 mi n 

 

 

 COD : 6320 mg/l    COD : 19000 mg/l  

 TSS : 15 mg/l    TSS : 220 mg/l 

 ECT : %74     EOzone : %24 

 

 

 Ozonati on for 60 mi n    Che mi cal Treat ment  

       ( Al2( SO4)3 + Li me) 

 

 

 COD : 2860 mg/l    COD : 7080 

 TSS : 15 mg/l    TSS : 15 

 O&G : 20     O&G : 25 

 EOzone : % 54     ECT : % 64 

 

 

 

 

 Overall Efficiency    Overall Efficiency 

   ( COD BASED)        ( COD BASED)  

 

  % 89      %72   

Fi gure 6. 4. Overall Efficiency Tabl e for Set 2- Al um 

Al t hough t he difference in t he COD para met er  i s  thought  t o be rel ated t o t he  oil  and 

grease cont ent  of  t he waste,  it  i s  observed t hat  oil  and measured grease para met er  di d 

not  confir m t his  assumption.  Therefore,  t he COD equi val ents  of  cl eani ng reagents 

such as  gasoli ne and sol vents,  were eval uat ed as  a possi bl e reasons  f or  t he difference 

in COD para met er  but  not  oil  and grease.  Due t o TOC para met er  i s  more reliabl e 

than COD para met er  t o monit or  re moval  efficienci es,  it  i s  det er mi ned t hat suggest ed 

to perfor m TOC para meter i nstead of COD measure ment .    

To di scuss  t he results easil y,  overall  efficiencies  of  t he experi ment s  perfor med 

duri ng t he st udy were figured as foll ows.  
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 COD : 29000 mg/l    COD : 29000 mg/l 

TSS : 450 mg/l    TSS : 450 mg/l 

O&G : 650 mg/l    O&G : 650 mg/l 

 

 

Che mi cal Treat ment      

  (FeCl3 + Na OH)     Ozonati on for 90 mi n 

 

 

 COD : 5860 mg/l    COD : 22400 mg/l 

 TSS : 80 mg/l    TSS : 450 mg/l 

 ECT : % 80     EOzone : % 24 mg/l 

 

 

 Ozonati on for 60 mi n    Che mi cal Treat ment  

          (FeCl3 + Na OH)  

 

 

 COD : 2240 mg/l    COD : 6080 mg/l 

 TSS : 50 mg/l    TSS : 40 mg/l 

 O&G : 30 mg/l    O&G : 35 mg/l 

 EOzone : % 60     ECT : % 73 

 

 

 

 Overall Efficiency    Overall Efficiency 

   ( COD BASED)        ( COD BASED)  

  % 92      %79   

Fi gure 6. 5. Overall Efficiency Tabl e for Set 3- FeCl3 

Aft er  j ar  t est  repeat ed f or  Set  3 (  29000 mg/l  COD),  it  was  observed t hat  pi n poi nt 

for med fl ocks  were fl oating i nstead of  preci pitation.  Therefore al um has not  been 

consi dered as an applicabl e coagul ant for Set 3.  

Jar  t est  and ozonati on results wit h Fe Cl 3  were det er mi ned appr oxi mat ely sa me  as 

ot her t wo sa mpl es and are shown i n Fi gure 6. 5.  

The pri orit y hazardous  wast e charact eristic of  the sa mpl e i nvesti gat ed in t he st udy 

has  been det er mi ned as  "t oxi city"  from bot h EPA hazardous  wast e lists and acut e 

fish t oxi city t est.  Accordi ng t o t he st andard acut e fish t oxi cit y t est,  t he t oxi cit y 

para met er of t he raw sa mpl e was det er mi ned as i nfinite.  
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In t he st udy,  acut e fish toxicit y t est  was  performed t o treat ed sa mpl e Set  1.  Aft er 

bi oassay t est  TU( a)  was det er mi ned as  6 consideri ng t hat  it  was  i nfi nite f or  ra w 

sa mpl e.  Thi s  reducti on of  t oxi city para met er  showed t hat  ozone can be used f or 

det oxification of  hazardous  wast es  as  an ai d pr ocess  i n t he existi ng t reat ment  syst e m 

of t he pestici de industry.  

Due  t o hi gh cal orific value of  t he ra w sa mpl e,  dioxi n controlled i nci neration pr ocess 

can be consi dered as  an appr opriate manage ment  met hod f or  t his  hazardous  wast e. 

Thi s  pestici de i ndustry i s  consi dered as  s mall  quantit y generat or  wit h 2 m
3
/ day of 

wast e generati on.  Therefore t his  i nci nerati on pr ocess  shoul d be appli ed at  a 

hazardous  wast e site ( on-site)  i nstead of  an i n-sit u applicati on aft er  thi s  hi ghl y 

cal orific wast e is mi xed wi t h ot her wast es t o be inci nerated.  

Al t hough it  i s  also possi bl e t o recover  t he spent  che mi cals  by sol vent -sol vent 

extracti on met hod,  coagul ati on and ozonati on variati ons  experienced duri ng t he 

st udy were consi dered as a  more appr opriate and econo mi c manage ment  alternati ves 

due t o existi ng treat ment syste m i n the industry.  
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