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Ab rts act  
B ca k rg o dnu  a dn  opruP s :e  B si p eh nol A (B )AP  si  u es d to am ke iatrec n pl sa cit s and pe oxy ser ins.  
tI  is a on n-biodegr ada ble co opm nu d, a dn  pos se  laeh th ksir s to tob h h amu ns dna  na i am l .s  The  
up rpose of this study was to lave uate de moc op itis on eiciffe ncy fo  BPA f or m qa ueo su  solu it no s  

u is ng VU  ri dar i noita .  
etaM ria sl  a dn  eM t oh d :s  In this ts ud ,y  the photodegradation fo  APB  in taw er were carr dei  tuo  ni  a  

r tcae or qe u deppi  6 W VU  pmal . In order to bo iat n the opt mi um o tarep i lano  oc n id tio sn ,  
p ra a tem e sr  cus h sa  B AP  concen itart no  (1- 05  /gm l ,)  TiO2 dosa eg  (0.025-2 )l/g , and pH (3- )11   

erew  ev la u deta  . B AP  c no ec n itart no  aw s m ae sured by hi hg -p fre ro ecnam  l qi u di  chr mo ato arg phy.  
R :stluse  The high tse  de arg d ita on saw  90% na d a hc i eve d in 60 min. PB A de arg dat oi n ffe iciency  

ac n eb  e ff ce tively mi prov de  by in rc e gnisa  p ,H  de isaerc ng t eh  ini lait  concen tart i no  and rcni e isa ng  
T Oi 2 od .egas  The op mit al od se fo  TiO2 saw  aem s eru d ta  0.5 l/g . The degradat noi  d rce e sesa  with  
i isaercn ng iT O2 dosa eg .  
C sulcno ion: hP oto atac l city  de arg d ita no  by su ing T Oi 2 dna  wol  po rew  VU  pmal  si  appl baci l  .e  
[D ITANAI -TI IKAL  ,AR  Z UOZA LI MA, Y INADZA -C AH R ITA  J, A* FARHS I ,S  E R SO T AMA LI. P toh o tac al city  eD grada noit  of  
B hpsi enol A from qA u suoe  Sol itu o sn  usi gn  TiO2 naN opa elcitr s a dn  VU  llI umi itan on. I HJ  S  
2 10 4; 2( )4 : 51 - ]02  h tt p //: jhs.m muza s ca. . ri   

 
 

yeK  sdrow : atacotohP l ty ic ged r ada t noi , siB hp ne lo  ,A  Low pow re  VU  pmal  
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.1  nI t or d cu tion  

lonehpsiB  A )APB(  si  a non -  elbadargedoib  
dnuopmoc  taht  si  desu  ot  ekam  scitsalp  dna   

epoxy re is n. scitsalP  gniniatnoc  APB   ot desu si  
ekam  emos  sdoog  hcus  sa  retaw  selttob   dna  
strops  tnempiuqe  ecnis  siht  epyt  fo  scitsalp   era  
hguot  dna  .raelc  emoS  noitacilppa  fo   yxope  
sniser  era  gninil  fo  retaw  sepip  dna  gnitaoc   fo  

snac  dna  lamreht  ap srep  .)1(  APB  erugiF(  )1   si  
detcepsus  ot  gnivah  cinegortse  ytivitca  dna   nac  

cause na  mi balance ni  th e e ndocrine sy ets m (2-5).  
 
 
 
 

F rugi e .1  ehC im ac l s erutcurt  fo  Bi lonehps  A )6(   
 

To ah v ni g e rts o neg ic ac it vity and can ac su  e  
an i bm alan ec  ni  ht e endocrine s tsy em (2-5).  
This oc m uop nd can eb  of und in nat ru al wa ret s  
as a ser ult of u tn r ae ted ni d su t lair  e ulff ne ts (7).  
The ca ap bi il ty of convent oi nal biolo cig al  

saw t we ater rt eatment s tsy e sm  for  
biodegradation fo  ht ese co pm dnuo s si  low (8).  
Th se e oc pm oun sd  nac  poten it ally p so e a ir sk  
to sif h and o ht er aqu ta ic o nagr i sms  eve n at  
low con ec nt ar it ons of 0.1-10 ng/l (9 .)  V ira ous  

em tho sd  to remo ev  ph ne lo ic oc mpounds are  
serp ented hcus  sa  ozo an it o ,n  ph to o-fento ,n   

ul rt a rtlif a it on, adso tpr i no  on tca ivated ac rbon,  
ul rt a rtlif a it on 1( 0) and hp ty o rem de ia it on ( 11 ).  

woH ve re , ht e most fo  the es  ph isy cal dna   
che lacim  methods a er  on n-d se t ur c it ve met doh   

rof  eht  remov la  fo  this conta im an tn  ( 21 ).  
Methods that si  b sa ed no  heter ego oen us  
p oh ot ac at lysi ,s  and pr do uc it on fo  hydr yxo l  
ra id ac ls is pa p cil a lb e for rt ae t em nt of BPA in  

saw t we ater (1 .)3  Beca su e th se e me ht o sd  ha ev   
a h gi h im ner la i az it on e iff cienc ,y  low  
to ix ge in cit ,y  ideally prod cu ing ac r nob   
diox di e, wa ,ret  dna  in ro ag in c im n lare  io sn  as  
end p or cud st  )6( . Ov re  the past wef  y ae rs,  
es ve ar l ph to ocatalytic rp o sec ses were  

inves it gated. hT e degra ad oit n of organic  
oc pm uo nds us ni g ac tal sy ts s cu h sa  ti nat ium  

diox di e in the rp esence of VU  r da ia it no  ah s  
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a rtt ca et d um ch at et n it no  sa  a rp o gnisim  
em thod for its p to ent ai l app il ca oit n ni  

decomp iso t oi n of va oir us envi or n em n lat  
po ll utan st  (14-1 )6 . Ti at nium d oi xi ed  can 
fu rehtr  p or cud e h rdy ox ly  fr ee  ar dicals (OH•), 
and ev ne ut ally le da s to the b er ka d wo n of 
po ll utants into the CO2 and H2 .O  tI  si  osla  
very iffe ci ne t d eu  to ti s photoact vi it ,y  ph isy c la  
and che acim l ts ba li ti y, ser i ats cn e ot  corrosion, 
low t xo i ic ty, low cost, and easy a ecc ss . A 

am j ro  adv na at ge of photoc ta al ty ic oxidation is 
a high rate of aer c it on 1( 5,17, 81 .)  

iT O2photocatalys si  with VU  l hgi t p er s ne ec  
eL a sd  to excite na  ele c rt no  rf om TiO2 to 

produ ec  an ele rtc on-hole ap ri  (1 )9 .  

OiT 2+ hυ →T Oi 2 (e-  _ h +  )  

The aim of this uts dy was ot  eval au te t eh  
app il ac ib lity of using low p wo er VU  la pm  
(6 )W  sa  ne ergy s uo rce in the photocatal city  
proce ss  ot  d opmoce se BPA in aqu uoe s 
os l tu ions. F ru ther rom e, the e eff ct of seve lar  

para em t sre , ni cluding Hp , c no at ct it me, ni i it al 
PB A conc ne rt a it on and ac at l tsy  dosage was 

e lav uated no  the B AP  removal yb  t eh  
p oh cot atalytic rp eco ss  .  

 
aM .2 t ire als dna  Me ht ods  

The BPA aw s rf om Sigma- lA d ir ch Co pm yna   
and tit na i mu  di xo ide n na op ra tic sel  was  
purc sah ed rf om arI ain n an nomateri sla  Co  .  
N( ano San )y  aM shhad- arI n. ohS ws the in  
if g ru e ,2  X-ray di arff ction patt re n dna   

scanning e el c rt no  microscope S( ME ) photo of  
n na o ap itr cles su de  in th si  study si  sh wo n.  
H2 OS 4 a dn  Na HO  we er  su ed by PH meter  

TUE( E HC  pH 5500) f ro  adj itsu gn  i in t ai l pH  
of the qa u uoe s solut oi n  . The r ae ctor w sa  m da e  
by lg a ss  cyl ni ed r with dia em t re  na d height  
4 and 52  c ,m  respect vi le .y  The reactor  
equ pi ep d wi ht  m ga net ci  rrits er H( P-3000) dna   
coo il ng ys stem dna  UV la pm  p( ow re  6  .)W  

Physical rp oper it es of TiO2 an noparticles are:  
colo i r s whit ,e  bulk ed nsity is 0.46 g/ml, specific  
surf ca e is 01 - 54  m2/g and ap r it cle size is 20 mn .  
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nI  redro  ot  niatbo  eht  mumitpo   lanoitarepo  
,snoitidnoc  eht  deiduts  sretemarap  no   tneserp  

ssecorp  gnidulcni  laitini  APB   noitartnecnoc  
1( - 05  ,)l/gm  OiT 2 egasod  520.0( -2 ,)l/g   laitini  
Hp  3( - )11  rew e detaulave  .)91,11(  A  niatrec  

tnuoma  fo  OiT 2 5.0(  )g  saw  dedda  ot   eht  
noitulos  dna  derrits  rof  03  nim  yb   rekahs  

SMC rekahs yrator ATABIS( - .)50  ehT   erutxim  
saw  decalp  ni  a krad  tnemnorivne  ni  redro   ot  

reach equilib ir u .m  Th ne  the solution wa  s  
refsnart der  otni  eht  rotcaer  ot  yrrac  tuo   eht  

process. ehT  erutarepmet  saw  tpek  tnatsnoc   rof  
it lla m  e exp ire m ne st  aro nu d 52 °C. as ehT m elp s  
erew  degufirtnec  ettexoR(  )II  rof  51  nim   ni  
0004  mpr  dna  neht  ,deretlif  yb  54.0  µ egnirys  

f li  ret t  o remove the OiT 2 particles.  
To lc ra ify eht  ef ef ct of pH on th  e  

p toh oc lata ytic d pmoce osition of BPA a dn   
enimreted  eht  tseb  snoitidnoc  ni  smret  fo   ,Hp  

mrofrep erew stnemirepxe eht e t ni d h  Hp e 3 7 , ,  
9 dna  11  in ecneserp  of a tnatsnoc  tnuoma   fo  

selcitraponan  5.0(  )l/g  dna  t eh  noitartnecnoc   fo  
APB  ta  05  .l/gm  oT  enimreted  eht   mumitpo  

elcitraponan  ,noitartnecnoc  tnereffid   stnuoma  
fo  OiT 2 ,520.0(  ,50.0  ,2.0  ,3.0  ,1,5.0  dna  2  )l/g  
dna  APB  05(  )l/gm  erew  .deraperp  The  n  

mumitpo  Hp  saw  ,detsujda  dna  eht   selpmas  
erew  decalp  ni  eht  krad  tuohtiw  VU   noitaidarri  

rof  03  nim  ot  hcaer  .muirbiliuqe  ehT  tceffe   fo  
BPA noc c ne tra it on on ht e ffe ici ne cy  fo  

citylatacotohp  ssecorp  saw  detagitsevni   yb  
gniyrav  eht  APB  noitartnecnoc  gnidulcni  ,1   ,3  

,5  ,01  ,02  ,03  04 , 05  gm .l/  oT  enimreted  t  eh  
tceffe  fo  tcatnoc  emit  no  noitisopmoced   fo  
,APB  stnemirepxe  erew  detcudnoc  ni   tcatnoc  

it m cni se ul ding 15  , 03 , 45  , 60, 75, 90, 1 02  min.  
To na alyze the necnoc rt a it ons of APB ,  a  

ts andard c ru ev  w sa  plo tt de  ni  t eh   
6 con nec t ar t oi ns of t eh  compound (1, 3, ,5  10,  
20, 03 , 4 ,0  50) and iw th R2 = 0.999. The APB   
conc ne rt a it on w sa  mea erus d by isu ng a h gi h- 
p ofre r am ecn  il qu di  chromato rg aphy (HP CL )  

nK( ua ver PH LC instru nem t) tiw h a UV  
det ce tor, the c lo u nm  was C 81 , t eh  om bi el   
p ah es  w sa  30% water na d 70% ca etoni irt el   
and analysis und re taken at 280 nm. 

useR .3 tl s  
1.3 . hT e cha ar ct re i ts ic of nanopa itr cles  

Figu er  2a s oh sw  XRD patte nr  fo  ht e TiO2  
pa tr icl ,se  sa  it is s nwoh , the exa im ned TiO2  
pa tr icl se  are in the anat sa e phase dna  os  it is a  
g oo d hp ot co ata lyst.  

sA  it can be seen rf om if gu er  2b t eh  ES M  
mi ages shows OiT 2 rg ow ht  oh om geneity  
hw ich its ap itr cle size is 02  nm.  

 
 
 
 
 
 
 
 
 
 

a( ) (b)  
erugiF  2. X-ray ffid ra noitc  ap nrett  a( ) a dn  cs nna gni   

elect nor  mi sorc poc e otohp  )b(  of OiT 2 n ona ap r lcit es  
esu d in th si  ts udy  

 
2.3 . E ff e tc  of co tn ca t it me  
sA  ti  ac n be se ne  fr mo  if g eru  3, the op it mum 

it me rof  PB A degrada it on was 60 im n. 
beca su e a tf er taht , ht e r me o av l effic nei cy was 
con ts a tn . Removal ef icif ency incre sa es by 
in rc ae is ng contact time a dn  er ca h eq iu l rbi ui m 

tiw hin 60 mi .n   
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emiT (mi )n  

erugiF  .3  tceffE  of oc n at tc  emit  no  mer oval e ff i neic cy  
fo  sib p loneh  A (BPA) Hp(  = 3. ,4  TiO2 egasod  0.5 ,1/g   

APB  co tartnecn io :n  50 p )mp   
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3 E .3. ffe tc  of ni i ait  l Hp   
Figu er  4 hs wo s the effe ct of d ffi ere tn  pH  
(3, 7, 9, 1 )1  on t eh  r me o av l of BPA. hT e  
pho ot ac talytic ed co opm itis on of BPA in ht e  
p ser ne ce of t ti na ium d oi xide nanopa tr icles  
de ep nds on pH, so the iffe ci cne y of ht e  
p or ec ss  in rc ae s se  by incre sa ing Hp  dna  the  
h gi eh ts  rem vo al e iff ciency saw  obtain de  at  
alk la ine pH. R ome val ffe icien yc  was  
is g fin ic na tly d ce reased in a ic d ci  dnoc iti on.  
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Figure .4  E tceff  of Hp  no  re vom al effi neic cy of  
psib h ne lo  A (BPA) (TiO2 od as ge 0.5 g/1, emit  = 06   

im n, B AP  noc ce itartn o :n  50 pp )m   
 

E .4.3 ffe tc  of cataly ts  dos ega   
In order to obtain optimum TiO2 dosage  , av rious  

stnuoma  fo  tsylatac  ,520.0(  ,50.0  ,1.0  ,2.0   ,3.0  
,5.0  1 dna  2 )l/g  erew  edda d ot   snoitulos  

containing con ts ant concentrati no  of BPA  
05(  .)mpp  erugiF  5 swohs  lavomer   ycneiciffe  

incr ae ses by increasing od sage of TiO2.  
lavomeR  ycneiciffe  fo  %87  saw  deveihca   ni  

0. latac l/g 5 y  ts d a egaso dn  60 min contac it t em .  
yB  gnisaercni  eht  c tsylata  egasod  > 5.0  ,l/g   eht  

removal e ff iciency was decreased  .  
 
3 E .5. ffe tc  of ni i ait l APB  oc ncentr ita no   
Figu er  6 hs ows eht  iffe ciency of  
pho ot catalytic decomp so i it no  of BPA at  
d ffi e er nt in ti i la  conc ne t ar t oi n. Various  
co cn en rt a it o sn  of BPA 1( , 3, 5, 10, 02 , 3 ,0  40  ,  
50 pp )m  we er  studied in pH and itpo m mu   
d so e of ac tal tsy .  
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Fi ug re .5  Ef ef tc  of TiO2 d gaso e no  er vom la  ffe iciency  
of ehpsib on l A (B )AP  (pH = 3. ,4  emit  = 06  m ,ni  BPA  

necnoc t tar i :no  50 )mpp   
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Figure 6. E tceff  of bi hps ne ol A PB( A) cnoc en rt ita on  

on er avom l e ff i ic ency of BPA Hp(  = 1 ,1  it em  = 06   
,nim  TiO2 od sage 0.5 )l/g   

 
4. Di ssucs ion  

E .1.4 ff ce t of pH on BPA d ge rada it no   
Si cn e mo ts  semiconductor has am hp to e cir  
p or per it es so pH lor se  in the c ta al ity c pro ssec  
is sign cifi a tn . The cnoc en rt a it on fo  H+ na d 

HO - in the aq eu ous so ul t oi sn  ted er im sen  the 
us r caf e charge of ac at l ,tsy  so it ffe ce ts on 
us r caf e char eg  rp oper it es dna  r cae tion ra et  

that o cc u sr  at the su fr ca e fo  an no trap icles 
(2 )0 . The e ceff t of t eh  in ti ial pH 3, 7, 9, na d 
11 on t eh  photodegra itad no  fo  BPA was 
inve its ag ted at t eh  i in it al APB  conc ne rt a it no s 
of 50 ppm and T Oi 2 dosa eg  of .0 5 g l/ . sA  
hs own in if ug er  3, the mer oval of APB  

inc saer es iw ht  i cn re sa ing p ,H  a dn  the highe ts  
omer val ef if ciency was bo ser dev  at alkal eni  

p .H  Removal e iff cie cn y si  o tb ained for Hp  3, 
7, 9 a dn  11 , were 31, 32, 63  dna  06 % 

epser c it vel .y  T eh  av ri ita on of t eh  Hp , c na  
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ch na ge t eh  po is ti ev  ro  negati ev  charge of  
nano ap itr cles (21 .)  At n ue rt al and alkal ni e Hp ,  
t eh  er leased le ce rt no s rea tc  tiw h om le uc les of  
H2O ro  ,HO  and ht e rp do uc it on of hydr yxo l  
rf ee  r da icals HO( •) dah  a cc ele ar ted effe ct no   

t eh  ro ag cin  am tt er decom op itis no  1( 4).  
 
4 2. . E ff e tc  of iT O2 do as eg  no  BPA  
d ge radati no   
A om unt fo  ac talyst is an mi op tr ant parameter  
in the photo tac alytic pro sec s. iF gure 5 sh wo s  
t eh  removal iffe ci cne y increases by incre nisa g  
t eh  ac talyst od s ga e. As t eh  resu stl  ohs w that  
t eh  pe fr orm na ce is ni rc eas de  by i cn er sa ing ht  e  
ma ou tn  of TiO2, and t eh  op it lam  od sa eg  of  

catal tsy  for ht e pr co se s, 0.5 /g l, ser ep ct vi ely.  
rP po re  d so age fo  catalyst gives the incr ae se  

p or duc it no  rate of ele tc ron-hole pa sri  a dn   
hyd or xyl radical ;s  t eh re rof e, will im rp ov  e  
pho ot ac talytic p cor ess. tI  a osl  e hn a cn se  the  
p fre or am n ec  of the c ta al tsy  in g er ater  
co cn en rt a it o ,sn  ihw ch it is due ot  ht e p ser ne ce  
of ac it ev  tis es on ht e catal tsy  su afr ec  dna  t eh   
p isso b ili ty of ruf t eh r ffe ce t on i st  UV rays.  
T eh  r se u stl  a er  co isn ts ne t tiw h the oc nd cu t de   
ts u id ed by eeL  et al. (16 .)  Ho ew ev r gif ure 2  

indicated t ah t lar eg r ma oun st  fo  ac at lyst nac   
l ae d to hgils lt y redu ic ng the removal  
e iff ciency during t eh  proc sse . Th re efo er , there  
si  an optimum TiO2 od s ga e, os  ehw n t eh   
it tanium dioxi ed  c ta alyst od s ga e 0 5.  g ,l/  a dn   

t eh  Hp  optimum remov la  ffe i eic n yc  r ae ched a  
maximum av ul e. Re ud ce the iffe ci cne y of t eh   
p or ec ss . By ni crea nis g the catal tsy  d so age, ht e  
decomp so ti oi n ra et  was d ce er sa ed t ih s uoc ld  
be d eu  to agg ger ation of na on part lci e ,s  whi hc   
red cu se  ht e ep ne rt ati no  fo  VU  ar dia it on.  
 
4 3. . E ff e tc  of concen rt a it o sn  of APB  on the  

ed gradati no   
sA  hs wo n in if g ru e 4, ht e re om av l ffe icie ycn   

of an no-photo ac tal ty ic re tca or, /VU T Oi 2 has  
an i vn sre e re al t oi nsh pi  tiw h rcni ae nis g in iti al  
co cn en rt a it on of PB .A  T eh  nif din sg  s oh w that  
decomp so ti oi n e iff cie cn y was decre sa ed yb   
i cn er sa i gn  eht  ni i it al oc n ec tn r ta i no  of B AP . 

For in ti ial concen rt a it o sn  of 1, 3, 5, 10, 2 ,0  30,  
4 ,0  na d 50 pp m, the removal ffe ci iency ew re  
9 ,0  8 .5 9, 81.3, 76. ,1  17 , 67, 16 , 23, 55 . %4   

epser c it vely. nI  oc ndi it no s ht at the oc tn act  
it me was 06  nim  na d pH was 11 , and catal sy  t  

d so e w sa  0 5.  g l/  t eh  b se t d oce mp tiso ion was  
oc uc err d. This is due to xif de  ra et  fo  hydr yxo l  

dar i lac  format oi n in this co dn iti on. nI  ht e h gi h  
oc cn en rt a it on of B AP , the ava li ba le hydr yxo l  
dar i lac  is in us f if ci tne  rof  decom op si it o ,n  dna   

t eh  limited da os r itp on is t se  a aliav b el  for t eh   
da os pr t oi n fo  B AP . The er us stl  are co sn istent  

tiw h t oh se ts du ei b d y Z ca ah ar k si  et al. (8)  
T eh  results indicated that hp ot aco talytic  

noitadarged  fo  lonehpsib  si  elbacilppa  yb   wol  
rewop  fo  VU  pmal  6(  .)W  sihT  metsys  si   a  
dohtem  htiw  hgih  ycneiciffe  ot  evomer   APB  

morf  retaw  dna  ti  nac  eb  deilppa  ot   lairtsudni  
efflu ne t treatment  . These results were consistent  

iw t ht hose r pe ro ted by so em  researchers (3-1 .)3   
The highest d ge radation w sa  90% dna   

ca h ei ved in 06  min. B AP  ed grad oita n  
iffe ciency can be effect evi ly i rpm oved by  

i cn isaer ng p ,H  de rc e nisa g the in iti al  
oc cn en rt a it on and inc isaer ng T Oi 2 dosage.  

T eh  optimal d so e of TiO2 aw s m ae sured ta  0.5  
g .l/  The degradat noi  dec saer es iw th in erc a nis g  

OiT 2 d so a eg . Pho ot ca at lytic d ge ra ad it no  u is gn   
T oi 2 na d VU  si  app il ac ble na d h sa  hi hg   

iffe ciency of r APB .  
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