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 artsbA tc  retaM ot  )PCB( etalucitrap esolullec lairetcab fo noitidda ehT - tsevni neeb sah iB -i
eerF .detag -  gnitavitluc yb decudorp  PCB retaw munilyx retcabotecA  lg a otni -u

esoc -  desab retaM otni dedda  saw muidem - repmet  ta redurtxe inim gnisu yb iB -a
061 fo erut o  tset lacinahceM .setunim 01 rof C fo   ni deraperp hcihw elpmas eht

pmud - nim.mm 05 ta demrofrep saw 836D MTSA ot gnidrocca epahs lleb -1  htiw
tuo deirrac tset AGT .Nk 1 fo llec daol   02 ta - 006 o 02 fo etar nacs htiw  C o  etunim/C

EF gnisu yb demrofrep sisylana lacigolohprom rof elihwnaem - cca eht htiw MES -e
 suludom s'gnuoY htoB  .Vk 01 fo egatlov noitarel  eht fo kaerb ta noitagnole dna

 ot erapmoc esaercni  yltnacingis era setisopmoconanoib retaM erup -  lamrehT  .iB
 eht  sisylana AGT no desab ,revewoH .devorpmi osla   selpmas eht fo ytilibats

egatnecrep  oib fo noitsubmoc  laudiser fo retaM etisopmoconan -  esaercni  si PCB/iB
crofnier taht wohs segami MES .PCB fo noitcarf emulov eht htiw ecnadrocca  gni

 yllacinahcem ni tluser hcihw xirtam eht otni ylmrofinu detubirsid PCB fo tnega
devorpmi setisopmoconanoib  

yeK sdrow : ab c iret  ,etalucitrap esolullec la oib - onan c tisopmo m ,e reta -b  ,i
em hc ina ,seitreporp lac  th lamre  sisylana   

   

.1  nauluhadneP  
 gnitnep ussi idajnem halet nagnukgnil isulop halasaM
 tapad kadit gnay habmil raseb halmuj malad anerak
 remilop naanuggnep tabika naklisahid gnay isadargedret
 remilop nahab nagnabmegneP .aimikortep sisabreb sitetnis

ay  gnay naitahrep tapadnem halet nagnukgnil hamar gn
 ,suorevA( silairtsudni nad kimedaka nagnalak igab suires
 adirakasilop nad itap itrepes mala remilopoiB .)4002
 itaP .imub kaynim irad citsalp itnaggnep tadidnak idajnem

d naktaafnamid kutnu isnetopreb tagnas  iskudorp mala
 gnay aynhalmuj anerak isadargedret tapad gnay citsalp

 harum gnay agrah nad mala id hapmilreb  rapsaG( ,kkd  
.)5002   ruad naklisahgnem itap narakabmep uata isadargeD

OC gnalu 2  gnay nahubmut helo pakgnarepid gnay
 nasanamep adap isnetopreb kadit nad itap iskudorpmem

  labolg  yelgaB( ,kkd .)7791  
itap iskudorp latot iraD  ainud hurules id  %55 ,

 aynasis nad nanakam nahab iagabes nakanugid aynaratnaid
kam nakub nahab iagabes naktaafnamid  anamid nana

k irtsudni iakamep amatrep naturu id satre   .itap
 nainatrep lisah nataafnameP  adap hatnem nahab iagabes

 tisopmok   nagnabmegnep edotem haubes  iagabes nakujutid

 adap itap nananuggnep  iskarf   zeuqzaV( nanakam nakub
.)9002 ,zeravlA nad  

tkab asoluleS  iulalem iskudorpid gnay )BS( ire
 naayadidubmep munilyx retcabotecA   halet ini taas

saul gnay naitahrep tapadnem  ak tafis aner -  gnay ayntafis
 satinilatsirk tajared ,ria pareynem aynnaupmameK .kinu
 retemaid nagned sulah gnay tares nagniraj ,iggnit gnay

 ratikes 02 -  apnat inrum asolules gnudnagnem ,mn 001
 mizal anamiagabes takiret gnay nial aimik awaynes aynada
 kisif nataukek nad nahubmut irad asolules adap nakumetid

irp idajnem ini nahab taubmem kiab gnay  malad anodam
tisopmok nataubmep   gnotaubiaS( .kkd , 0102  ,  naW nad ,kkd  

.)7002  uludoM  s oY u  02 halada BS kiportosi sipal irad  s’gn
 aeG( aPG kkd ,  aeG ;7002 kkd ,  akanamaY ;0102 ,kkd  

 aynlaggnut tares irad suludom isamitse aratnemes )9891
 ipoksortkeps kinket nakanuggnem nagned rukuid gnay

 aPG 031 ratikes halada namaR (  nrohhciE ,kkd  )0102  helO .
 malad id fisnetske araces nakanugid halet BS uti anerak
 itrepes natahesek gnadib itupilem gnadib iagabreb
 nad tabo awabmep nahab ,nakokgnacnep ,akul tulabmep

dloffacs   isnapske tafis aneraK  .nagniraj asayaker adap
 hadner gnay aynlamret 01 ratikes -7 01 ± -  1  nahab aggnihes

bes nakanugid kiab aguj ini  asnel katnok nahab iaga
namhaD(  ,kkd  .)9002  
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 gnay mala itap irad helorepid itap kitsalpomreT
d iskurtsedid aynlatsirk nanusus  nahab nautnab nagne

  aynnial loylop nad loresilg ,ria itrepes sitsalmep  wehtaM(
,kkd   helorepid tapad adebreb gnay kinakem tafiS .)3002

 sinej aguj nad sitsalmep nahab nagnudnak adap gnutnagreb
 tseoS nav( lasareb itap irad nad   ,ipatet nakA  .)7991 ,sressE

ok lek aparebeb iaynupmem itap sisabreb tisopm e  naham
 naktabikaid lamret araces natilibatsek aynhadner itrepes
 takgnit ayniggnit nad sipoksorgih gnay ayntafis helo
 tafis aynhadner anerak nasesormep malad natilusek

kinakem   namelluH( kkd ,  isatagnem kutnU .)8991
 isasitsalpret gnay itap nagnubaggnep ,ini nagnarukek
 nakukalid tapad isadargedret tapad gnay remilop nagned
 tafis nad harum ,tauk hibel gnay nahab helorepmem kutnu

.hadner ria pares  

.2  edoteM nad nahaB  

.1.2  nahaB - nahab  

 niarts ,ini naitilenep adaP munilyx retcabotecA  y  naka gna
 igoloiborkiM muirotarobaL irad nakgnabmusid nakanugid

ogoB BPI APIMF igoloiB nemetrapeD  gnay aimik nahaB .r
 muinomma ,asokulg halada ayadidub kutnu nakanugid
 taflus muisengam ,tafsofohtro negordyhid muislak ,taflus
 kutnu naktaafnamid laisalg tatesa masA .igar kartske nad
 adaP .4 = Hp aggnih muidem adap masa isidnok taubmem

d isakifirup sesorp  nad adiskordih muirtan nakanugi
 helorepid sata id aimik nahab aumeS .adirolkopih muirtan
 adap taselem kadit BS leg ayapuS .lanoitanretnI RWV irad

katecid taas -  naakumrep helorepmem kutnu aguj nad naket
.nakanugid hsem 002 sulah tawak ,sulah gnay satrek  

.2.2  araC  ajrek  

lepmaS napaisreP  

 BS leg nakhubmunem kutnu nakanugid gnay A muideM
 g 5 ,asokulg g 05 nakkusamid ria retil 1 paiteS .nakpaisid
 g 52 ,tafsofotro negordyhid muislak g 4 ,taflus muinomma
 ini A muideM .taflus muisengam g 1 nad igar skartke

m isasiliretsid  nakanuggne evalcotua  121 adap o  03 amales C
 muidem malad ek ,naknignidid haleteS .tinem
 idajnem irad Hp aggnihes laisalg tatesa masa nakhabmatid

 nagned isalukoniid muidem ,maj 42 haleteS .4  retcabotecA
munilyx  eg kutnebret iapmas irah 51 amales nakraibid nad  l

  ini kutnebret gnay leG .muidem naakumrep sata id BS
 amales HOaN %5.2 nagned isakifirupid nad nakhisrebid
 BS leg ,rilagnem ria nagned salibid haleteS .malam utas
 utas amales %5.2 lCOaN malad ek madnerid naidumek

amales rednelbid hisreb gnay BS leG .malam   tinem )agit(3
 .rubub idajnem iapmas  aumes aggnihes siritid BS rubuB

 naidumek ,gnirek haleteS .raulek naka gnudnakid gnay ria
 talukitrap helorepmem kutnu rednirg nagned naksulahid
 nagned nakrupmacid naidumek ini BS talukitraP .BS

retaM - rep iagabreb adap iB inim nakanuggnem  nagnidnab -
061 uhus adap redurtxe o  .tinem 01 amales C  

isasiretkaraK  

.1   aynkinakem tafis ijuid gnay nemiseps aumeS
bmud kutneb malad nakpaisrepid -  ,ijuid mulebeS .lleb

katelem nagned aynnababmelek lortnokid nemiseps -
 natural isireb gnay reniatnok malad ek aynnak
 nagned iauses ramak uhus adap tartin muisengam
 malad id nakkatelid nemiseps naidumeK .401E MTSA
 nakkujnunem ayntareb aggnih tubesret reniatnok
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 nagnabmitesek nad gnaF(   suludom ijU .)1002 ,annaH
gnem nagned nakukalid narulumek nad s’gnuoY -
nim.mm 05 natapecek nagned 4655 nortsnI nakanug -1 

 nalabeteK .836D MTSA itukignem Nk 1 nabeb les nad
91.1 ratikes lepmas -  mm 03 gnajnap nagned mm 32.1

nep ilak 5 gnaluid lepmas paites nad  .naijug  

.2   nakanuggnem  nakukalid irtemivargomret asilanA
02 nacs ujal nagned 7AGT siryP remlE nikreP o  tinem/C

02 uhus adap - 006 o  aynidajret hagecnem kutnU .C
 sag narila hawab id ijuid lepmas hurules ,inid isadisko

.negortin  

MSJ LOEJ A - nacS noissimE dleiF F0036  nortcelE gnin
 itamagnem kutnu nakanugid )MESEF( epocsorciM

 naakumrep igolofrom lepmas  naakumrep igolofroM  .
sutup  na lepmas   lid aguj kirat iju haletes a  aumeS .nakuk

lepmas   nagned itamaid nad same nasipal nagned isipalid
nagnaget  isareleska   .Vk 01   

.3  ad lisaH nasahabmeP n  
retaM kinakem tafiS - retaM tisopmokonanoib nad iB -

 nataukek ,s’gnuoY suludom aynaratnaid kusamret BSP/iB
 1 rabmaG adap tahilid tapad sutup nagnajnaprep nad kirat
 nababmelek adap ijuid lepmas huruleS .1 lebaT nad
 suludom    BSP %01 nahabmanep nagneD .%55 evitaler

retaM nagned gnidnabid %057 aggnih kianem s’gnuoY -  iB
 nakkujunem ini laH .aynskirtam iagabes inrum  satifitkefe

retaM igab kiab gnay taugnep nahab iagabes BSP -  .iB
nagnaget avruK - em aguj 1 rabmaG adap nagnager -

 ,BSP emulov iskarf raseb nikames awhab nakkujnun
 .takgninem nikames tisopmokonanoib irad kirat nataukek

abmatreb nagned aynnatiak tare ini nakianeK  halmuj aynh
 aggnihes BSP helo nakgnabmusid gnay negordyh nataki

 naakumrep iskaretni aynkiabmem nikames nagned iatresid
taugnep tares - ( skirtam  zeravlA ,kkd  7002 .)  

1 elbaT retaM kinakem tafiS . - oib dna iB -  tisopmkonan
retaM -  = σ  ,s’gnuoY suludoM = E( sBSP/iB

k .)sutup nagnajnaprep = ε ,kirat natauke  

lepmaS  
retaM -

]%[ BSP/iB  
]aPM[ E  ]aPM[ σ  [ ε -] 

0/001  7.71 ± 221  4.3 ± 6.71  20.1 ± 84.4  
01/09  5.63 ± 619   ± 26.31

1.3  
 ± 8300.0

700.0  
02/08   ± 79.4011

2.44  
 ± 26.51

1.4  
 ± 2300.0

800.0  
03/07   ± 07.6621

3.35  
 ± 97.51

9.3  
 ± 920.0

800.0  
04/06   ± 25.1892

3.201  
 ± 52.13

2.5  
 ± 220.0

500.0  
05/05   ± 72.2903

0.121  
 ± 76.53

7.6  
 ± 610.0

200.0  
 

retaM lamret isadargeD -  tisopmokonanoib nad iB
retaM margomreT .2 rabmaG adap nakropalid -  tapad iB

  utiay kitit )aud( 2 adap tahilid C° 213   nad C° 214  isisnarT .
akid amatrep i  itap isadarged nagned nakt  ailguP( kkd , 

)3002   nataki nahatamep kutnu sahk gnay uhus nad
 BSP malad id tapadret gnay asokulg nautas adap adisokilg

retaM nad nad -  nagned naktiakid audek isisnarT .iB
retaM malad id tapadret gnay fitida nahab naridahek -  uti iB

 rabmaG adap naktahilrepid anamiagabeS .iridnes   2
retaM margomret -  adap lamret isadarged ,)%03:07( BSP/iB

063 o  irad isisopmoked nagned naktiakid tapad C α-s le  asolu
(  zeravlA nad   beahS ;4002 ,zeuqzáV nad  9991 ,goJ  gnay )

 ,BSP emulov iskarf raseb nikameS .BSP malad id tapadret
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)%01:09( CBP/iB-retaM 
)%02:08( CBP/iB-retaM 
)%03:07( CBP/iB-retaM 
)%04:06( CBP/iB-retaM 
)%05:05( CBP/iB-retaM 
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amret nalibatsek iggnit nikames oib irad l -  .tisopmokonan
 awhab natahilek irtemivargomret asilana sesorp rihka iD

retaM -  assam ,numaN .anrupmes nagned isadargedret iB
retaM etisopmokonanoib narakabmep asis -  BSP/iB

 iskarf aynhabmatreb nagned gniries takgninem nikames
uses ini laH .BSP emulov  gnay naajrekep nagned ia

nakukalid  ailguP   irad lamret nalibatsek anamid )3002( kkd
retaM -  id asolules tares naridahek helo ihuragnepid naka iB

.tisopmokonanoib malad  
  malad ek BSP nahabmaneP retaM - iB   gnay

 sitsalmep iagabes )lohocla lyniv(ylop gnudnagnem tnu  ku
retaM tisopmokonanoib nataubmep -  nakkujnunem BSP/iB

 naakumrep nad raulret nasipal adap igolofrom nahaburep
 adap nakkujnutid anamiagabes lepmas adap nahatap

retaM raulret naakumreP  .3 rabmaG - em natahilek iB -
 naksalejnem gnay gnosok aggnor kaynab nakasiyn  tafis

retaM kinakem -  tares nagniraJ  .hadner tagnas inrum iB
retaM takignem tapad BSP adap tapadret gnay -  aggnihes iB

 hurules adap atarem araces isrepsidret tapad taugnep tares
  .)c( 3 rabmaG adap tahilret iterepes lepmas irad naigab

 gnay aguj ini BSP tareS  naktakgninem narepreb
lepmas irad sutup nagnajnaprep naupmamek   emulov

0 narasik nagned iretkab asolules talukitrap - 006 o  C  nad
02 nasanamep natapecek o tinem/C  

.4  nalupmiseK  
 BSP nahabmanep huragneP  emulov iskarf iagabreb malad

malad ek   skirtam  retaM - iB   ,kinakem tafiS .itiletid halet
retaM irad igolofrom nad ,lamret -  araces habureb iB

 isadarged lamreT .BSP nahabmanep  nagned nakifingis
retaM irad -  adap utiay ,isisnart aud adap idajret inrum iB

213 o 214 nad itap isadarged helo C o  nahab isadarged helo C
retaM malad id tapadret gnay fitida -  haletes ,numaN .iB

et lamret isadarged BSP nahabmanep 063 adap idajr o  C

 irad isisopmoked aynidajret  nagned naktiakid tapad gnay  
α- .asolules  

hisakamireT napacU  
 adapek nakiapmasid hisakamireT  satisrevinU rotkeR

 anaD iulalem anad naaideynep sata aratU aretamuS
 :oN 1102 A.T USU naitileneP takaraysaM

.1102/MPP/4PS/1.3.2.5NU/63  

akatsuP ratfaD  
eravlA  ,.A .R ,etiakcesuR ,.A .V ,z nad  7002 .A ,zeuqzáV  .

retaM fo noitadarged suoeuqA - Y iB -  srebif lasis
pmoC citsalpomrehT fo lanruoJ .setisopmocoib -o

lairetaM setis  ( 02 :)  192 - .303  

4002 .A ,zeuqzáV ,.V ,zeravlA . rehT  fo noitadarged lam
 erbif lasis dna sdnelb hcarts/sevitavired sesolullec

ilibatS dna noitadargeD remyloP .setisopmocoib yt  
( 48 :)  31 - .12  

4002 .L ,suorévA  desab metsys esahpitlum elbadargedoiB .
omorcaM fo lanruoJ .hcrats dezicitsalp no  elucel

ecneicS  ( 44 :)  132 - .472  

oD ,.C .R  ,rruB dna ,.F .G  ,atnaF ,.B .E ,yelgaB  .B ,ena
7791  .R .C ,lessuR dna ,.M  fo sremylopoc tfarG .

 A .sremylop citsalpomreht htiw sedirahccasylop
 gnireenignE remyloP  .citsalp dellif fo epyt wen

icS ecne  ( 71 :)  113 - 613 . 

9002 ,.Y ,namhaD rtsonaN . oib dna slairetamoib derutcu -
 .srebifonan esolullec lairetcab morf setisopmoc

naN  fo lanruoJ ygolonhcetonaN dna ecneicso  (9  :)
5015 -  .2215  

 

.3 rabmaG    retaM nasutup naakumrep  nad raulret nasipal naakumrep  MES otoF - akumrep ,)b nad a( iB  raulret nasipal na
retaM tisopmokonanoib nasutup naakumrep nad - .)d nad c( BSP/iB  
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 ,hcivocraM ,.M ,nerugnarA ,.A ,enserfuD ,.J .S ,nrohhciE
 ,.C ,redeW ,.J .S ,nawoR ,.R .J ,anodapaC ,.E .N

W ,snameleihT iG ,.S .rakcenneR ,.M ,namoR ,. -n
 ,.K ,ebA ,.H ,onaY ,.J ,sekceK ,.S ,legieV ,.W ,eld

S ,.A ,malagnaM ,.N .A ,otiagakaN ,.M ,igoN -i
eB ,.A ,kcramsiB ,.S .A ,thgineB ,.J ,nesnom -r

 ,.A .L ,dnulg nad  etni tnerruc :weiveR .T ,sjieP -r
 dna serbifonan esolullec otni hcraeser lanoitan

 .setisopmoconan ecneicS lairetaM fo lanruoJ  ( 54 :)  
1- .33  

1002 .A .M annaH ,iQ ,gnaF dargedoib fo citsiretcarahC . -a
retaM elb - ®iB -  yb detceffa sa smaof desab hcrats

orC lairtsudnI .snoitalumrof tneidergni  dna sp
rP stcudo  ( 31 :)  912 - .722  

Z ,okneB ,.M ,rapsaG  ,.K ,yezceR ,.G ,yssogoD ,.s nad   
agizC 5002 .T ,yn  ni noitprosba retaw gnicudeR .

hcrats elbatsopmoc - D remyloP .scitsalp desab -e
adarg ytilibatS dna noit  ( 09 :)  365 - .965  

 ,ruphooR ,.T .C ,sdlonyeR ,.E ,ittolliB ,.S ,aeG oS ,.N -y
 ,.N ,waekbaek nad  0102 .T ,sjieP   elbadargedoiB .

ε( ylop no desab setisopmoc -  dna )enotcalorpac
 lanruoJ .tnega gnicrofnier a sa esolulleC lairetcaB

B fo ygreneoiB dna lairetam desaboi  (4 :)  483 -  .093  

 ,sdlonyeR ,.P .O ,osocsnorT ,.G .F ,serroT ,.S ,aeG  ,.T .C
ccesaliV  ,.M ,ihcugI ,.F ,a nad  7002 .T .sjieP oiB . -

 elppa dna esolullec lairetcab no desab setisopmoc
tanretnI .plup hsidar dna  gnissecorP remyloP lanoi

22 (5 :)  794 - .105  

 ,P .F nesnaJ ,D .S .namelluH  nad .H ieF  .8991   fo elor ehT
tazicitsalp gnirud retaw P .hcratS evitan fo noi -o

)01(93 remyl : 3402 - .402  

 ,.P .A ,wehtaM nad  3002  .A ,enserfuD  yxaw desicitsalP .
h evitaler dna sloylop fo stceffe :hcrats eziam -u

orcamoiB .seitreporp slairetam no ytidim -
selucelom  (3 :)  1011 - 8011 . 

 ,.A ,iccussamoT ,.A ,ailguP nad  ynneK 3002 .M .J ,  .
argedoib fo ytilibats dna ,seitreporp ,gnissecorP -d

retaM no desab setisopmoc elba -  esolullec dna iB
emyloP .serbif seigolonhceT decnavdA rof r  ( 41 :)  

947 - .657  

 .D .N ,beahS nad  9991 .P .J ,goJ  remylop erbif larutaN .
 ecnavdA .weiver a :setisopmoc ceT remyloP ni -h

ygolon  ( 81 :)  153 -  .363  

ubiaS 0102 .M ,gnopasalihP nad ,.O ,gnota  eola ovoN .
arev - ib morf mlif etisopmoc esolullec lairetcab -o
tnys remyloP etardyhobraC .siseh  ( 97 :)  554 - .064  

 ,gnaW ,.Y ,uhZ ,.Y ,gnauH ,.R.S ,aiJ ,.L ,gnoH ,.Z.Y ,naW
L.Y .  , nad  aiJ 6002 .J.H ,gn arahc dna sisehtnyS . -c
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