
    

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

ǰǯǫǴǳǥǶǭǥǩǯ ǪǱǧǳǧǲ 
ǳǬǧǬǡ ǬǧǶǡǭǩǪǸǭ ǰǥǱǩǢǡǫǫǯǭǳǯǲ 

 

ǤǩǰǫǸǬǡǳǩǪǧ ǥǱǣǡǲǩǡ 

 

 

óóǡǰǯǬǡǪǱǴǭǲǧ Cd,Ni,Zn ǡǰǯ ǤǥǴǳǥǱǯǣǥǭǸǲ ǥǰǥǮǥǱǣǡǲǬǥǭǡ 

ǡǲǳǩǪǡ ǫǴǬǡǳǡ ǲǥ ǳǥǶǭǧǳǯǴǲ ǴǤǱǯǢǩǯǳǯǰǯǴǲ Ǭǥ ǡǫǯǵǴǳǡ.õõ 

 
ǪȘȌȒȓȀȌȓǾȌȎȑ ǵȔȌȓȐȈȊǻȉȆȑ 

ǬǼȊȆ ǥȍȄȓȀȒȓȈȉǽȑ ǥȏȈȓȐȎȏǽȑ :  

ǪȀȇ. ǪȀȊȎȂȄȐǻȉȆȑ ǭȈȉțȊȀȎȑ (ǥȏȈȁȊǼȏȘȌ ǪȀȇȆȂȆȓǽȑ) 

ǡȌȀȏȊ. ǪȀȇ. ǰȀȐȀȌȔȖȈȀȌǻȉȆȑ ǭȈȉțȊȀȎȑ 

ǤȐ. ǬȀȌȎȔȒǻȉȆ ǥȊǼȌȆ 

ʋʰ˄ʽʱ 2020 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

ǲȓȆȌ ȎȈȉȎȂǼȌȄȈȀ ȋȎȔ  

ȉȀȈ ȒȄ țȒȎȔȑ ȋȄ ȒȓǽȐȈȍȀȌ  

ȉȀȈ ȒȔȌȄȖǾȅȎȔȌ ȌȀ ȋȄ ȒȓȆȐǾȅȎȔȌ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ǥǴǶǡǱǩǲǳǩǥǲ 

ǬȄ ȓȆȌ ȎȊȎȉȊǽȐȘȒȆ ȓȆȑ ȏȀȐȎȜȒȀȑ ȃȈȏȊȘȋȀȓȈȉǽȑ ȄȐȂȀȒǾȀȑ, ȇȀ ǽȇȄȊȀ ȌȀ ȄȔȖȀȐȈȒȓǽȒȘ 

ȓȎȌ ȄȏȈȁȊǼȏȎȌȓȀ ȉȀȇȆȂȆȓǽ ǪȀȊȎȂȄȐǻȉȆ ǭȈȉțȊȀȎ ȂȈȀ ȓȆȌ ȄȋȏȈȒȓȎȒȜȌȆ ȏȎȔ ȋȎȔ ǼȃȄȈȍȄ 

ȀȌȀȇǼȓȎȌȓǻȑ ȋȎȔ ȀȔȓț ȓȎ ȇǼȋȀ ȉȀȈ ȓȆȌ ȁȎǽȇȄȈȀ ȏȎȔ ȋȎȔ ȏȀȐȄǾȖȄ. 

ǰȀȐǻȊȊȆȊȀ, ȇȀ ǽȇȄȊȀ ȄȏǾȒȆȑ ȌȀ ȄȔȖȀȐȈȒȓǽȒȘ ȓȆȌ ǤȐ. ǥȊǼȌȆ ǬȀȌȎȔȒǻȉȆ ȏȎȔ ȋȎȔ 

ȀȕȈǼȐȘȒȄ ȓȎȌ ȏȎȊȜȓȈȋȎ ȖȐțȌȎ ȉȀȈ ȓȈȑ ȂȌȝȒȄȈȑ ȓȆȑ ȂȈȀ ȌȀ ȕȓǻȒȘ Ȅȃȝ ȏȎȔ ȄǾȋȀȈ ȒǽȋȄȐȀ, 

ȉȀȇȝȑ ȉȀȈ ȂȈȀ ȓȆȌ ȒȔȌȄȖǽ ȁȎǽȇȄȈȀ ȉȀȈ ȉȀȇȎȃǽȂȆȒȆ ȉȀȇõ țȊȆ ȓȆȌ ȃȈǻȐȉȄȈȀ 

ȏȐȀȂȋȀȓȎȏȎǾȆȒȆȑ ȉȀȈ ȒȔȂȂȐȀȕǽȑ ȓȆȑ ȄȐȂȀȒǾȀȑ. 

ǡȉțȋȀ ȇȀ ǽȇȄȊȀ ȌȀ ȄȔȖȀȐȈȒȓǽȒȘ ȓȎȌ ȀȌȀȏȊȆȐȘȓǽ ȉȀȇȆȂȆȓǽ ǰȀȐȀȌȔȖȈȀȌǻȉȆ ǭȈȉțȊȀȎ 

ȂȈȀ ȓȆȌ ȒȔȋȋȄȓȎȖǽ ȓȎȔ ȒȓȆȌ ȄȍȄȓȀȒȓȈȉǽ ȄȏȈȓȐȎȏǽ. 

ǚȌȀ ȋȄȂǻȊȎ ȄȔȖȀȐȈȒȓȝ ȎȕȄǾȊȘ ȒȓȆȌ ǡȂȈȎȔȓǻȌȓȆ ǱȎȅȀȊǾȀ ȂȈȀ ȓȆȌ ȏȎȊȜȓȈȋȆ ȁȎǽȇȄȈȀ ȉȀȈ 

ȉȀȇȎȃǽȂȆȒȆ ȒȓȎ ȍȄȉǾȌȆȋȀ ȀȔȓǽȑ ȓȆȑ ȄȐȂȀȒǾȀȑ, ȒȓȆȌ Saru Maria -Liliana ȂȈȀ ȓȈȑ ȋȄȓȐǽȒȄȈȑ 

ȓȘȌ ȋȄȓǻȊȊȘȌ ȒȓȎ ICP-MS, ȒȓȆȌ ǰȀȌȓǾȃȎȔ ǡȐȈǻȃȌȆ ȂȈȀ ȓȆȌ ȁȎǽȇȄȈȀ ȓȆȑ ȉȀȓǻ ȓȆȌ ȏȀȐȎȔȒǾȀ 

ȋȎȔ ȒȓȎ ȄȐȂȀȒȓǽȐȈȎ, ȉȀȇȝȑ ȉȀȈ ȒȄ țȊȀ ȓȀ ȋǼȊȆ ȓȎȔ ȄȐȂȀȒȓȆȐǾȎȔ ȂȈȀ ȓȆȌ ȏȎȊȜȓȈȋȆ ȁȎǽȇȄȈȀ 

ȉȀȈ ȔȏȎȒȓǽȐȈȍȆ ȏȎȔ ȋȎȔ ȏȀȐȄǾȖȀȌ.  

ǳǼȊȎȑ ȇȀ ǽȇȄȊȀ ȌȀ ȄȔȖȀȐȈȒȓǽȒȘ ȓȆȌ ȎȈȉȎȂǼȌȄȈȀ ȋȎȔ ȉȀȈ țȒȎȔȑ ȒȓǻȇȆȉȀȌ ȃǾȏȊȀ ȋȎȔ țȊȀ 

ȓȀ ȖȐțȌȈȀ ȓȆȑ ȕȎǾȓȆȒȆȑ ȋȎȔ ȒȓȎ ǰȎȊȔȓȄȖȌȄǾȎ ǪȐǽȓȆȑ ȏȐȎȒȕǼȐȎȌȓȀȑ ȋȎȔ ȓȆȌ ȀȋǼȐȈȒȓȆ 

ȒȔȋȏȀȐǻȒȓȀȒȆ ȓȎȔȑ, ȉȀȇȝȑ ȉȀȈ ȓȆȌ ǧȊȈǻȌȀ ȂȈȀ ȓȆȌ ȈȃȈȀǾȓȄȐȆ ȁȎǽȇȄȈȀ ȓȆȑ ȉȀȈ ȔȏȎȒȓǽȐȈȍǽ 

ȓȆȑ ȒȄ țȊȄȑ ȓȈȑ ȃȜȒȉȎȊȄȑ ȉȀȈ ȏȈȄȒȓȈȉǼȑ ȒȓȈȂȋǼȑ ȀȔȓǽȑ ȓȆȑ ȏȄȐȈțȃȎȔ. 

 

 

 

 

ǲȀȑ ȄȔȖȀȐȈȒȓȝ țȊȎȔȑ ȇȄȐȋǻ. 

ǵȔȌȓȐȈȊǻȉȆȑ ǪȘȌȒȓȀȌȓǾȌȎȑ 

ǶȀȌȈǻ, ǩȎȜȊȈȎȑ 2020 

 

 

 

 



ʃɳʄɹɽɶʌɶ 

ǧ ȏȀȐȎȜȒȀ ȃȈȏȊȘȋȀȓȈȉǽ ȄȐȂȀȒǾȀ ȄǾȖȄ Șȑ ȒȓțȖȎ ȓȆȌ ȋȄȊǼȓȆ ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȓȘȌ 

ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ Cd, Ni, Zn, Ȁȏț ȀȒȓȈȉǻ ȊȜȋȀȓȀ ȃȄȔȓȄȐȎȂȄȌȎȜȑ ȄȏȄȍȄȐȂȀȒǾȀȑ ȋȄ ȓȆȌ 

ȖȐǽȒȆ ȓȄȖȌȆȓȎȜ ȔȃȐȎȁȈțȓȎȏȎȔ ȋȄ ȀȊțȕȔȓȀ.  

ǯȈ ȓȄȖȌȆȓȎǾ ȔȃȐȎȁȈțȓȎȏȎȈ ȀȏȎȓȄȊȎȜȌ ȋǾȀ ȎȈȉȎȌȎȋȈȉǽ ȉȀȈ ȀȏȎȓȄȊȄȒȋȀȓȈȉǽ ȊȜȒȆ ȂȈȀ ȓȆȌ 

ȓȐȈȓȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ, ȉȀȇȝȑ ȁȀȒǾȅȎȌȓȀȈ ȒȄ ȀȌȀȌȄȝȒȈȋȄȑ ȏȆȂǼȑ ȄȌǼȐȂȄȈȀȑ ȉȀȈ 

ȃȈȀȉȐǾȌȎȌȓȀȈ ȂȈȀ ȓȆȌ ȀȌȓȎȖǽ ȓȎȔȑ ȒȓȈȑ ȃȈȀȉȔȋǻȌȒȄȈȑ ȔȃȐȀȔȊȈȉȎȜ ȉȀȈ ȐȔȏȀȌȓȈȉȎȜ ȕȎȐȓȈȎȜ. 

ǳȀ ȀȊțȕȔȓȀ ǼȖȎȔȌ ȓȆȌ ȈȉȀȌțȓȆȓȀ ȌȀ ȀȌȀȏȓȜȒȒȎȌȓȀȈ ȕȔȒȈȉǻ ȒȄ ȏȄȐȈȁǻȊȊȎȌ ȏȎȔ 

ȖȀȐȀȉȓȆȐǾȅȄȓȀȈ Ȁȏț ȏȊȆȇȝȐȀ ȓȎȍȈȉȝȌ ȈțȌȓȘȌ ȒȔȋȏȄȐȈȊȀȋȁȀȌȎȋǼȌȎȔ ȓȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ 

ȉȀȇȝȑ ȏȐȎȒȊȀȋȁǻȌȎȔȌ ǻȊȀȓȀ Ȁȏț ȓȎ ȏȄȐȈȁǻȊȊȎȌ ȓȘȌ ȐȈȅȝȌ ȓȎȔȑ ȉȀȈ ȓȀ ȖȐȆȒȈȋȎȏȎȈȎȜȌ 

ȂȈȀ ȓȆȌ ȀȜȍȆȒȆ ȓȎȔ ȘȒȋȘȓȈȉȎȜ ȃȔȌȀȋȈȉȎȜ ȓȘȌ ȕȜȊȊȘȌ ȓȎȔȑ Ȁȏț ȀȔȓț ȓȎȔ ȄȃȀȕȈȉȎȜ 

ȌȄȐȎȜ. ǧ ȄȏȈȊȎȂǽ ȓȆȑ ȖȐǽȒȆȑ ȓǼȓȎȈȎȔ ȄǾȃȎȔȑ ȕȔȓȝȌ ǼȂȈȌȄ ȊțȂȘ ȓȎȔ țȓȈ ǼȖȎȔȌ ȃȄǾȍȄȈ 

ȄȊȏȈȃȎȕțȐȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȒȄ ȏȀȐțȋȎȈȄȑ ȏȄȈȐȀȋȀȓȈȉǼȑ ȋȄȊǼȓȄȑ ȒȓȎ ȏȀȐȄȊȇțȌ. ǡȔȓț ȓȀ 

ȉȀȇȈȒȓǻ ȈȃȀȌȈȉǻ ȂȈȀ ȓǼȓȎȈȎȔ ȄǾȃȎȔȑ ȉȀȓȀȏȎȌǽȒȄȈȑ țȏȘȑ ȀȔȓǽ ȓȘȌ ȀȒȓȈȉȝȌ ȊȔȋǻȓȘȌ. 

ǣȈȀ ȓȆȌ ȔȊȎȏȎǾȆȒȆ ȀȔȓǽȑ ȓȆȑ ȋȄȊǼȓȆȑ ȓȎȏȎȇȄȓǽȇȆȉȄ ȓȄȖȌȆȓțȑ ȔȃȐȎȁȈțȓȎȏȎȑ ȎȐȈȅțȌȓȈȀȑ 

ȔȏțȂȄȈȀȑ ȒȔȌȄȖȎȜȑ ȐȎǽȑ ȃȈȀȒȓǻȒȄȘȌ 1 x 0.5 x 0.5 m ȉȀȈ ȊȄȈȓȎȔȐȂȈȉȎȜ țȂȉȎȔ 67,15 ȊǾȓȐȘȌ, 

ȕȔȓȄȋǼȌȎȑ ȋȄ ȀȊțȕȔȓȀ Juncus  acutus  L. ȒȓȆȌ ǥȂȉȀȓǻȒȓȀȒȆ ǥȏȄȍȄȐȂȀȒǾȀȑ ǫȔȋǻȓȘȌ (ǥǥǫ) 

ǶȀȌǾȘȌ. ǰȐȀȂȋȀȓȎȏȎȈǽȇȆȉȀȌ ȏȄȈȐǻȋȀȓȀ ȀȏȎȋǻȉȐȔȌȒȆȑ Cd, Ni, Zn, Ȁȏț ȀȒȓȈȉǻ ȊȜȋȀȓȀ 

ȃȄȔȓȄȐȎȂȄȌȎȜȑ ȄȏȄȍȄȐȂȀȒǾȀȑ. ǫȀȋȁǻȌȎȌȓȀȌ ȃȄǾȂȋȀȓȀ Ȁȏț ȓȆȌ ȄǾȒȎȃȎ ȉȀȈ ǼȍȎȃȎ ȓȎȔ 

ȔȃȐȎȁȈțȓȎȏȎȔ, ȓȀ ȎȏȎǾȀ ȎȃȆȂȎȜȌȓȀȌ ȒȓȎ ȖȝȐȎ ȓȎȔ ȄȐȂȀȒȓȆȐǾȎȔ ȂȈȀ ȋȄȓȐǽȒȄȈȑ ȓȘȌ 

ȒȔȂȉȄȌȓȐȝȒȄȘȌ ȓȘȌ Ȕȏț ȄȍǼȓȀȒȆ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ, ȉȀȇȝȑ ȉȀȈ ȂȈȀ ȓȀ pH, DO, ORP, EC, 

TDS ȋȄ ȒȓțȖȎ ȓȆȌ ȋȄȊǼȓȆ ȀȏȎȓȄȊȄȒȋȀȓȈȉțȓȆȓȀȑ ȓȎȔ ȓȄȖȌȆȓȎȜ ȔȃȐȎȁȈțȓȎȏȎȔ ȂȈȀ ȓȆȌ 

ȀȏȎȋǻȉȐȔȌȒȆ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ Ȁȏț ȊȜȋȀȓȀ ȃȄȔȓȄȐȎȂȄȌȎȜȑ ȄȏȄȍȄȐȂȀȒǾȀȑ. ǬȄȓȐǽȒȄȈȑ 

ȏȐȀȂȋȀȓȎȏȎȈȎȜȌȓȀȌ ȉȀȈ ȂȈȀ ȓȀ COD, BOD, TSS,  ȎȊȈȉț ǻȅȘȓȎ ȉȀȈ ȎȊȈȉț ȕȝȒȕȎȐȎ ȋȄ ȒȓțȖȎ 

ȓȆ ȋȄȊǼȓȆ ȀȏȎȋǻȉȐȔȌȒȆȑ ȓȎȔ ȎȐȂȀȌȈȉȎȜ ȕȎȐȓǾȎȔ. 

ǣȈȀ ȓȆȌ ȃȈȄȍȀȂȘȂǽ ȒȔȋȏȄȐȀȒȋǻȓȘȌ ȏȐȀȂȋȀȓȎȏȎȈǽȇȆȉȀȌ ȃȜȎ ȕǻȒȄȈȑ ȊȄȈȓȎȔȐȂǾȀȑ ȓȎȔ 

ȒȔȒȓǽȋȀȓȎȑ ȃȈǻȐȉȄȈȀȑ 65 ȉȀȈ 30 ȆȋȄȐȝȌ ȀȌȓǾȒȓȎȈȖȀ. ǳȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȎȔ ȏȐȎǼȉȔȗȀȌ 

ȋȀȑ ȎȃǽȂȆȒȀȌ ȒȓȎ ȒȔȋȏǼȐȀȒȋȀ ȋȈȀȑ ȄȏȈȓȔȖȆȋǼȌȆȑ ȃȈȀȃȈȉȀȒǾȀȑ ȀȏȎȋǻȉȐȔȌȒȆȑ ȁȀȐǼȘȌ 

ȋȄȓǻȊȊȘȌ ȋǼȒȘ ȓȄȖȌȆȓȎȜ ȔȃȐȎȁȈțȓȎȏȎȔ ȉȀȇȝȑ ȉȀȓȀȂȐǻȕȆȉȀȌ ȄȌȇȀȐȐȔȌȓȈȉǼȑ 

ȀȏȎȋȀȉȐȜȌȒȄȈȑ ȒȓȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ țȏȘȑ ȂȈȀ ȓȎȌ ȗȄȔȃǻȐȂȔȐȎ 51-60%, ȂȈȀ ȓȎ ȉǻȃȋȈȎ 65-

88% ȉȀȈ ȂȈȀ ȓȎ ȌȈȉǼȊȈȎ 27% ȉȀȓǻ ȓȆȌ ȃȄȜȓȄȐȆ ȕǻȒȆ ȊȄȈȓȎȔȐȂǾȀȑ. ǨȄȓȈȉǼȑ ȀȏȎȋȀȉȐȜȌȒȄȈȑ 

ȉȀȓȀȂȐǻȕȆȉȀȌ ȉȀȈ ȂȈȀ ȓȀ TSS, ȎȊȈȉț ǻȅȘȓȎ ȉȀȈ ȎȊȈȉț ȕȝȒȕȎȐȎ. 

 

 

 

 

 

 

 



ABSTRACT 

The main aim of this thesis is to examine the removal of heavy metals Cd, Ni, Zn, from 

secondary wastewater treatment plants using constructed wetlands with halophytes.  

Constructed wetlands are an economical and effective solution for tertiary treatment, 

as they are based on renewable energy sources and are distinguished for their resistance 

to hydraulic and pollutant load fluctuations.  

Halophytes have the ability to grow naturally in an environment characterized by an 

abun dance of toxic ions, including heavy metals, as they absorb salts from the 

environment of their roots and use them to increase the osmotic potential of their leaves 

from that of groundwater.  The preference  of using such plants was made because they 

showed  promising results in similar experimental studies in the past.  As a result, they are 

considered ideal for this strain as urban wastewater.  

For the implementation of this study, a constructed wetland of hor izontal underground 

continuous  flow  and dimensions 1 x 0.5 x 0.5 m and operating volume 67.15 liters  planted 

with Juncus acutus L. was placed in the Wastewater Treatment Plant of Chania. 

Experiments were performed to remove Cd, Ni, Zn from urban wastewater  from 

secondary treatment. Samples were taken from the entrance and exit of the wetland, 

which were taken to the laboratory for measurements of the concentration of heavy 

metals under examination, as well as for pH, DO, ORP, EC, TDS  with the aim of studyin g 

the effectiveness of the constructed  wetland for the removal of heavy metals from 

secondary wastewater . Measurements were also performed for COD, BOD, TSS, total 

nitrogen and total phosphorus  with the aim of studying the removal of the organic load . 

In order to carry out results, two phases of operation of the system lasting 65 and 30 days, 

respectively, took place. The results led us to the conclusion of a successful process of 

removing heavy metals through a constructed wetland as encouraging removal of  

heavy metals   such as for zinc 51 -60%, for cadmium 65 -88% and for nickel 27% during the 

second operation.  Positive removals were also recorded for TSS, total nitrogen and total 

phosphorus.  
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1. ǥȈȒȀȂȘȂǽ 
ǧ ȀȔȍȆȋǼȌȆ ȏȀȐȀȂȘȂǽ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȓȈȑ ȓȄȊȄȔȓȀǾȄȑ ȃȄȉȀȄȓǾȄȑ Ȁȏț ȓȆ ȒȜȂȖȐȎȌȆ 

ȉȎȈȌȘȌǾȀ ȎȃǽȂȆȒȀȌ ȒȄ ȋȈȀ ȒȎȁȀȐǽ ȏȄȐȈȁȀȊȊȎȌȓȈȉǽ ȐȜȏȀȌȒȆ. ǰȈȎ ȒȔȂȉȄȉȐȈȋǼȌȀ Ȇ 

ȐȜȏȀȌȒȆ ȓȘȌ ȔȏȎȂȄǾȘȌ ȉȀȈ ȄȏȈȕȀȌȄȈȀȉȝȌ ȌȄȐȝȌ ȋȄ ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȀȏȎȓȄȊȄǾ ȀȏȄȈȊǽ ȓȆȑ 

ȔȂȄǾȀȑ ȓȎȔ ȀȌȇȐȝȏȈȌȎȔ ȂǼȌȎȔȑ ȉȀȈ țȖȈ ȋțȌȎ ȀȕȎȜ ȃȄȌ ȀȏȎȈȉȎȃȎȋȎȜȌȓȀȈ, ȒȔȒȒȘȐȄȜȎȌȓȀȈ 

ȒȓȎ ǼȃȀȕȎȑ ȉȀȈ ȒȓȎ ȌȄȐț ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȌȀ ȏȄȐȌȎȜȌ ȒȓȆȌ ȓȐȎȕȈȉǽ ȀȊȔȒǾȃȀ.  

ǯȈ ȉȜȐȈȄȑ ȀȈȓǾȄȑ ȐȜȏȀȌȒȆȑ ȓȘȌ ȔȃǻȓȈȌȘȌ ȀȏȎȃȄȉȓȝȌ ȀȊȊǻ ȉȀȈ ȓȎȔ ȄȃǻȕȎȔȑ ȄǾȌȀȈ Ȇ ȖȐǽȒȆ 

ȕȔȓȎȕȀȐȋǻȉȘȌ ȉȀȈ ȊȈȏȀȒȋǻȓȘȌ ȒȓȆ ȂȄȘȐȂǾȀ, ȎȈ ȁȈȎȋȆȖȀȌȈȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ, ȎȈ 

ȄȍȎȐȔȉȓȈȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ, Ȇ ȃȈȀȖȄǾȐȈȒȆ ȓȘȌ ȀȒȓȈȉȝȌ ȔȂȐȝȌ ȉȀȈ ȒȓȄȐȄȝȌ ȀȏȎȁȊǽȓȘȌ ȉȀȈ 

Ȇ ȃȈȀȉǾȌȆȒȆ ȉȀȈ Ȇ ȀȏȎȇǽȉȄȔȒȆ ȄȏȈȉǾȌȃȔȌȘȌ ȔȊȈȉȝȌ. ǧ ȀȌǻȏȓȔȍȆ ȓȄȖȌȎȊȎȂȈȝȌ ȄȍȔȂǾȀȌȒȆȑ 

ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ țȏȘȑ Ȇ ȀȌȓȀȊȊȀȂǽ ȈțȌȓȘȌ, Ȇ ȃȈǽȇȆȒȆ ȋȄ ȓȆȌ 

ȖȐǽȒȆ ȋȄȋȁȐȀȌȝȌ ȉ.Ȁ ȏȀȐȎȔȒȈǻȅȎȔȌ ȇȄȓȈȉǻ ȀȏȎȓȄȊǼȒȋȀȓȀ ȀȊȊǻ Ȇ ȀȏȀǾȓȆȒȆ ȀȐȖȈȉȎȜ 

ȄȏȄȌȃȔȋǼȌȎȔ ȉȄȕȀȊȀǾȎȔ ȉȀȇȝȑ ȉȀȈ ȓȎ ȊȄȈȓȎȔȐȂȈȉț ȓȎȔȑ ȉțȒȓȎȔȑ ȄǾȌȀȈ ȋȄȂǻȊȀ ȉȀȈ ȄȌȃǼȖȄȓȀȈ 

ȌȀ ȏȐȎȉȊȆȇȎȜȌ ȀȐȌȆȓȈȉǼȑ ȄȏȈȏȓȝȒȄȈȑ ȒȓȎ ȔȃǻȓȈȌȎ ȎȈȉȎȒȜȒȓȆȋȀ.  

ǯȈ ȏȀȐȀȏǻȌȘ ȊțȂȎȈ ȎȃǽȂȆȒȀȌ ȒȓȆȌ ȄȕȀȐȋȎȂǽ ȋȈȀȑ ȉȀȈȌȎȓțȋȀȑ ȓȄȖȌȎȊȎȂǾȀȑ 

ȄȏȄȍȄȐȂȀȒǾȀȑ ȀȒȓȈȉȝȌ ȊȔȋǻȓȘȌ ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ǽ ȉȀȈ ȓȆȌ ȋȄǾȘȒȆ 

ȓȘȌ ȒȔȂȉȄȌȓȐȝȒȄȘȌ ȓȎȔȑ ȒȄ ȀȏȎȃȄȉȓǻ ȄȏǾȏȄȃȀ. ǧ ȓȄȖȌȎȊȎȂǾȀ ȓȆȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ ȉȀȈ ȓȘȌ 

ȓȄȖȌȆȓȝȌ ȔȃȐȎȁȈțȓȎȏȘȌ ȀȏȎȓȄȊȎȜȌ ȋȈȀ ȎȈȉȎȌȎȋȈȉǽ ȉȀȈ ȕȈȊȈȉǽ Șȑ ȏȐȎȑ ȓȎ ȏȄȐȈȁǻȊȊȎȌ 

ȊȜȒȆ. ǡȉțȋȆ ȄǾȌȀȈ ȉȎȈȌȘȌȈȉǻ ȀȏȎȃȄȉȓǽ, Șȑ ȓȄȖȌȎȊȎȂǾȀ, Ȁȏț ȓȎ ȄȔȐȜ ȉȎȈȌț ȀȕȎȜ ǼȖȄȈ ȋȈȉȐǽ 

ȒȔȌȓǽȐȆȒȆ ȉȀȈ ȄȏȎȏȓȄǾȀ. 

ǯ ȉȜȐȈȎȑ ȒȓțȖȎȑ ȓȆȑ ȏȀȐȎȜȒȀȑ ȄȐȂȀȒǾȀȑ ȄǾȌȀȈ Ȇ ȋȄȊǼȓȆ ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȓȘȌ 

ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ǪȀȃȋǾȎȔ, ǭȈȉȄȊǾȎȔ ȉȀȈ ǷȄȔȃǻȐȂȔȐȎȔ Ȁȏț ȀȒȓȈȉǻ ȊȜȋȀȓȀ ȃȄȔȓȄȐȎȂȄȌȎȜȑ 

ȄȏȄȍȄȐȂȀȒǾȀȑ ȋȄ ȓȆȌ ȖȐǽȒȆ ȓȄȖȌȆȓȎȜ ȔȃȐȎȁȈțȓȎȏȎȔ ȋȄ ȓȎ ȀȊțȕȔȓȎ Juncus acutus L. 

ǥȏȈȏȊǼȎȌ ȋȄȊȄȓǽȇȆȉȄ Ȇ ȃȔȌȀȓțȓȆȓȀ ȓȆȑ ȏȄȐȀȈȓǼȐȘ ȄȏȄȍȄȐȂȀȒǾȀȑ ȓȘȌ ȇȐȄȏȓȈȉȝȌ ȒȓȎȈȖȄǾȘȌ 

ȕȘȒȕțȐȎȔ ȉȀȈ ȀȅȝȓȎȔ țȏȘȑ ȉȀȈ ȓȘȌ ȀȈȘȐȎȜȋȄȌȘȌ ȒȓȄȐȄȝȌ ȏȎȔ ȔȏǻȐȖȎȔȌ ȒȓȀ ȔȂȐǻ 

ȀȏțȁȊȆȓȀ. 

 

 

1.1. ǤȈǻȐȇȐȘȒȆ ȉȄȕȀȊȀǾȘȌ  

ǲȓȎ ȏȀȐțȌ ȏȐȝȓȎ ȉȄȕǻȊȀȈȎ ȂǾȌȄȓȀȈ Ȇ ȄȈȒȀȂȘȂǽ ȒȓȎ ȀȌȓȈȉȄǾȋȄȌȎ ȓȆȑ ȄȐȂȀȒǾȀȑ ȉȀȈ 

ȃȈȀȋȎȐȕȝȌȄȓȀȈ Ȏ ȒȉȎȏțȑ ȓȆȑ. ǲȓȎ ȃȄȜȓȄȐȎ ȉȄȕǻȊȀȈȎ ȀȌȀȊȜȄȓȀȈ ȓȎ ȇȄȘȐȆȓȈȉț ȋǼȐȎȑ 

ȀȏȎȒȀȕȆȌǾȅȎȌȓȀȑ ǼȌȌȎȈȄȑ țȏȘȑ ȓȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȒȓȀ ȊȜȋȀȓȀ, ȓȆȌ ȓȄȖȌȎȊȎȂǾȀ ȓȆȑ 

ȕȔȓȎȄȍȔȂǾȀȌȒȆ, ȓȎȔȑ ȓȄȖȌȆȓȎȜȑ ȔȂȐȎȁȈțȓȎȏȎȔȑ ȉȀȈ ȓȀ ȀȊțȕȔȓȀ. ǲȓȎ ȓȐǾȓȎ ȉȄȕǻȊȀȈȎ 

ȀȌȀȏȓȜȒȒȄȓȀȈ Ȇ ȋȄȇȎȃȎȊȎȂǾȀ ȏȎȔ ȀȉȎȊȎȔȇǽȇȆȉȄ ȂȈȀ ȓȆȌ ȔȊȎȏȎǾȆȒȆ ȓȆȑ ǼȐȄȔȌȀȑ, Ȏ 

ȒȖȄȃȈȀȒȋțȑ ȉȀȈ Ȇ ȏȄȐȈȂȐȀȕǽ ȓȘȌ ȏȄȈȐȀȋȀȓȈȉȝȌ ȄȂȉȀȓȀȒȓǻȒȄȘȌ ȒȓȎȌ ǢȈȎȊȎȂȈȉț 

ǪȀȇȀȐȈȒȋț ȓȘȌ ǶȀȌǾȘȌ, ȎȈ ȃȄȈȂȋȀȓȎȊȆȗǾȄȑ ȉȀȈ ȎȈ ȋȄȓȐǽȒȄȈȑ ȏȎȔ ȏȐȀȂȋȀȓȎȏȎȈȎȜȌȓȀȌ țȊȎ 

ȓȎ ȃȈǻȒȓȆȋȀ ȏȎȔ ȂȈȌțȓȀȌ ȓȎ ȏȄǾȐȀȋȀ. ǲȓȎ ȓǼȓȀȐȓȎ ȉȄȕǻȊȀȈȎ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȉȀȈ 

ȀȍȈȎȊȎȂȎȜȌȓȀȈ ȓȀ ȀȏȎȓȄȊǼȒȋȀȓȀ ȏȎȔ ȏȐȎȉȜȏȓȎȔȌ Ȁȏț ȓȆȌ ȄȕȀȐȋȎȂǽ ȓȆȑ ȋȄȇțȃȎȔ. ǳǼȊȎȑ, 



2 
 

ȒȓȎ ȏǼȋȏȓȎ ȉȄȕǻȊȀȈȎ ȒȔȌȎȗǾȅȎȌȓȀȈ ȓȀ ȁȀȒȈȉțȓȄȐȀ ȒȔȋȏȄȐǻȒȋȀȓȀ ȓȆȑ ȃȈȏȊȘȋȀȓȈȉǽȑ ȉȀȈ 

ȃǾȌȎȌȓȀȈ ȉȀȓȄȔȇȜȌȒȄȈȑ ȂȈȀ ȏȄȐȀȈȓǼȐȘ ǼȐȄȔȌȀ. 
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2. ǨǥǸǱǧǳǩǪǯ ǴǰǯǢǡǨǱǯ 

2.1. ǢȀȐǼȀ ǬǼȓȀȊȊȀ 

ǳȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȄǾȌȀȈ ȖȆȋȈȉǼȑ ȎȔȒǾȄȑ ȏȎȔ ǻȊȊȎȓȄ ȒȄ ȋȄȂȀȊȜȓȄȐȎ ȉȀȈ ǻȊȊȎȓȄ ȒȄ ȋȈȉȐțȓȄȐȎ 

ȁȀȇȋț ȀȏȎȓȄȊȎȜȌ ȋǼȐȎȑ ȒȖȄȃțȌ țȊȘȌ țȒȘȌ ȋȀȑ ȏȄȐȈȓȐȈȂȔȐǾȅȎȔȌ Ȁȏț ȓȎ ȕȊȎȈț ȓȆȑ ȂȆȑ 

ȋǼȖȐȈ ȉȀȈ ȓȎ ǾȃȈȎ ȋȀȑ ȓȎ ȒȝȋȀ. ǸȒȓțȒȎ ȃȄȌ ȔȏǻȐȖȄȈ ȒȔȋȕȘȌȆȋǼȌȎȑ ȎȐȈȒȋțȑ ȁǻȒȄȈ 

ȉȐȈȓȆȐǾȘȌ ȂȈȀ ȓȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ, ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ  țȋȘȑ ȀȊȊȎȜ ȄǾȃȎȔȑ ȉȐȈȓǽȐȈȀ țȏȘȑ 

ȓȆȌ ȏȔȉȌțȓȆȓȀ, ȓȎ ȀȓȎȋȈȉț ȁǻȐȎȑ, ȓȎȌ ȀȓȎȋȈȉț ȀȐȈȇȋț, ǽ ȓȆ ȇǼȒȆ ȓȎȔ ȒȓȎȈȖȄǾȎȔ ȒȓȎȌ 

ȏȄȐȈȎȃȈȉț ȏǾȌȀȉȀ. 

ǡȋǼȓȐȆȓȄȑ ȄǾȌȀȈ ȎȈ ȖȐǽȒȄȈȑ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȋȄȐȈȉǼȑ Ȁȏț ȀȔȓǼȑ ȀȌȀȕǼȐȎȌȓȀȈ ȒȓȆ 

ȒȔȌǼȖȄȈȀ. ǲȓȆȌ ȆȊȄȉȓȐȎȌȈȉǽ ȋȈȉȐȎȒȉȎȏǾȀ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ Ȏ ȋțȊȔȁȃȎȑ, Ȇ ȏȊȀȓǾȌȀ ǽ ȓȎ 

ȎȔȐǻȌȈȎ, ȂȈȀ ȌȀ ȄȈȒȀȂǻȂȎȔȌ ȓȆȌ ȏȔȉȌțȓȆȓȀ ȆȊȄȉȓȐȎȌǾȘȌ ȒȄ ǼȌȀ ȁȈȎȊȎȂȈȉț ȃȄǾȂȋȀ ȋȄ 

ȖȐȝȒȆ, ȀȐȌȆȓȈȉǽ ȖȐȝȒȆ ǽ ȒȉǾȀȒȆ. ǥȏȈȏȐȎȒȇǼȓȘȑ ȒȓȆȌ ȏȔȐȆȌȈȉǽ ȄȏȈȒȓǽȋȆ ȉȀȈ ȓȆ 

ȋȆȖȀȌȎȊȎȂǾȀ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ, Șȑ ȉȐǻȋȀȓȀ, ȂȈȀ ȓȎȌ ǼȊȄȂȖȎ ȀȉȓȈȌȎȁȎȊǾȀȑ, ȂȈȀ ȀȌȓǾȁȀȐȀ 

ȒȓȈȑ ȐțȃȄȑ, ȒȄ ȒȓȐȎȕȀȊȎȕțȐȎȔȑ ǻȍȎȌȄȑ, ȒȄ ȂȔȐȎȒȉțȏȈȀ, ȒȄ ȏȐȎȏǼȊȄȑ ȉȀȈ ȒȄ 

ȏȄȐȈȏȓȝȒȄȈȑ ȏȎȔ ȀȏȀȈȓȄǾȓȀȈ ȋǼȂȈȒȓȎ ȁǻȐȎȑ ȒȄ ȄȊǻȖȈȒȓȎ ȖȝȐȎ. ǲȓȆ ȒȀȏȘȌȎȏȎȈǾȀ ȀȉțȋȆ,  ȓȀ 

ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȒȖȆȋȀȓǾȅȎȔȌ ȀȃȈǻȊȔȓȎȔȑ ȒǻȏȘȌȄȑ (ȒȄ ȀȌȓǾȇȄȒȆ ȋȄ ȓȎȔȑ ȒǻȏȘȌȄȑ ȏȎȔ 

ǼȖȎȔȌ Șȑ ȁǻȒȆ ȃȈȀȊȜȋȀȓȀ ȌȀȓȐǾȎȔ ǽ ȉȀȊǾȎȔ) ȏȎȔ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȒȄ ȊȈȏȀȌȓȈȉǻ ȂȐǻȒȀ, 

ȒȓȄȂȌȘȓǽȐȈȀ ȖȐȘȋǻȓȘȌ ȉȀȈ ȋȔȉȆȓȎȉȓțȌȀ. ǰȎȊȊǼȑ ȁȈȎȋȆȖȀȌǾȄȑ ȖȐȆȒȈȋȎȏȎȈȎȜȌ ȖǻȊȉȈȌȎȔȑ 

ȒȘȊǽȌȄȑ ȂȈȀ ȓȆȌ ȗȜȍȆ ȓȘȌ ȋȆȖȀȌȆȋǻȓȘȌ ȓȎȔȑ ȀȊȊǻ ȉȀȈ ȂȈȀ ȓȆȌ ȏȀȐȀȂȘȂǽ ȖȐȘȋǻȓȘȌ, 

ȕȘȓȎȂȐȀȕȈȉȝȌ ȔȊȈȉȝȌ, ȆȊȄȉȓȐȎȌȈȉȎȜ ȔȊȈȉȎȜ, ȏȀȐȀȒȈȓȎȉȓțȌȘȌ, ȒȔȒȒȘȐȄȔȓȝȌ, 

ȏȔȐȎȋȀȖȈȉȝȌ. ǡȏȀȐȀǾȓȆȓȆ ȕȀǾȌȄȓȀȈ ȌȀ ȄǾȌȀȈ Ȇ ȖȐǽȒȆ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȉȀȈ ȒȓȀ 

ȀȂȐȎȓȈȉǻ ȔȊȈȉǻ ȂȈȀ ȓȆȌ ȏȀȐȀȂȘȂǽ ȊȈȏȀȒȋǻȓȘȌ, ȅȈȅȀȌȈȎȉȓțȌȘȌ ȉȀȈ ȋȔȉȆȓȎȉȓțȌȘȌ. 

ǲȔȂȉȄȉȐȈȋǼȌȀ ȓȎ ȖȐȝȋȈȎ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȂȈȀ ȓȆȌ ȏȀȐȀȒȉȄȔǽ ȁȄȐȌȈȉȈȝȌ ȂȈȀ ȓȆ ȒȔȌȓǽȐȆȒȆ 

ȓȎȔ ȍȜȊȎȔ, ȀȌȓȈȒȉȘȐȈȀȉȝȌ ȓȘȌ ȋȄȓȀȊȊȈȉȝȌ ȄȏȈȕȀȌȄȈȝȌ .ǯ ȋțȊȔȁȃȎȑ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȂȈȀ 

ȓȆ ȏȀȐȀȂȘȂǽ ȉȀȈ ȖȐǽȒȆ ȒȋǻȊȓȘȌ, ȂȈȀ ȓȆȌ ȏȀȐȀȂȘȂǽ ȋȎȊȔȁȃȎȜȖȘȌ ȉȐȀȋǻȓȘȌ ȂȈȀ 

ȒȕȀǾȐȄȑ ȉȀȈ ȒȉǻȂȈȀ ȀȊȊǻ ȉȀȈ ȒȓȆ ȁȄȌȅǾȌȆ. ǯ ȗȄȔȃǻȐȂȔȐȎȑ ȄǾȌȀȈ ȋǼȓȀȊȊȎ ȈȃȈȀǾȓȄȐȀ 

ȒȆȋȀȌȓȈȉț ȂȈȀ ȒȔȂȉȄȉȐȈȋǼȌȄȑ ȁȈȎȖȆȋȈȉǼȑ ȃȈȄȐȂȀȒǾȄȑ. ǬȄȓǼȖȄȈ Șȑ ȉȀȓȀȊȜȓȆȑ ȒȄ ȄȌȅȔȋȈȉǼȑ 

ȀȌȓȈȃȐǻȒȄȈȑ ȉȀȓȀȊȜȎȌȓȀȑ ȀȌȓȈȃȐǻȒȄȈȑ ȎȍǼȘȌ-ȁǻȒȄȘȌ ȉȀȈ ȄȌȔȃǻȓȘȒȆȑ-ȀȕȔȃǻȓȘȒȆȑ. 

ǡȉțȋȆ, ȉȀȓȀȊȜȄȈ ȓȎȌ ȏȎȊȔȋȄȐȈȒȋț ȓȎȔ DNA ȉȀȈ RNA ȉȀȇȝȑ ȉȀȈ ȓȆȌ ȔȃȐțȊȔȒȆ ȎȐȂȀȌȈȉȝȌ 

ȏȎȊȔȋȄȐȝȌ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȏǼȗȆȑ. ǯ ȀȐȈȇȋțȑ ȓȘȌ ȂȌȘȒȓȝȌ ȋȄȓȀȊȊȎȏȐȘȓȄȈȌȝȌ ȓȎȔ 

ȄǾȌȀȈ ȏȎȊȜ ȋȄȂȀȊȜȓȄȐȎȑ Ȁȏț ȓȎȌ ȀȌȓǾȒȓȎȈȖȎ ȀȐȈȇȋț ȋȄȓȀȊȊȎȏȐȘȓȄȈȌȝȌ ȓȎȔ ȒȈȃǽȐȎȔ 

ȂȄȂȎȌțȑ ȏȎȔ ȓȎȔ ȏȐȎȒȃǾȃȄȈ ȈȃȈȀǾȓȄȐȎ ȁȈȎȊȎȂȈȉț ȐțȊȎ (ǤȀȒȄȌǻȉȆȑ, 2015, ǴȗȆȊǻȌȓȆ, 2012, 

ǬȏȀȒȈǻȑ ȉȀȈ ǪȀȓȒȀȁȐȈǻȑ 2010) 

 

2.1.1. ǰȆȂǼȑ ȉȀȈ ȋȎȐȕǼȑ ȓȘȌ Ȕȏț ȋȄȊǼȓȆ ȋȄȓǻȊȊȘȌ 

ǳȎ ǪǻȃȋȈȎ (Cd) ȄǾȌȀȈ ȋǼȓȀȊȊȎ ȋȄ ȀȓȎȋȈȉț ȁǻȐȎȑ 112.4, ȀȓȎȋȈȉț ȀȐȈȇȋț 48 ȉȀȈ ȋȄ ȁǻȒȆ ȓȆȌ 

ȏȔȉȌțȓȆȓȀ (5,85 g/cm3) ȉȀȓȀȓǻȒȒȄȓȀȈ ȒȓȆȌ ȉȀȓȆȂȎȐǾȀ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ. ǚȖȄȈ ȏȎȊȜ 

ȖȀȋȆȊț ȒȆȋȄǾȎ ȁȐȀȒȋȎȜ (765ȎC) ȉȀȈ ǼȓȒȈ ȀȏȄȊȄȔȇȄȐȝȌȄȓȀȈ ȒȄ ȀǼȐȈȀ ȋȎȐȕǽ. ǤȄȌ ȒȔȋȋȄȓǼȖȄȈ 

ȒȄ ȉȀȋǾȀ ȊȄȈȓȎȔȐȂǾȀ ȓȘȌ ȅȘȌȓȀȌȝȌ ȎȐȂȀȌȈȒȋȝȌ ȉȀȈ ȄǾȌȀȈ ȈȃȈȀǾȓȄȐȀ ȓȎȍȈȉț țȓȀȌ ȋǼȒȘ ȓȆȑ 

ȓȐȎȕȈȉǽȑ ȀȊȔȒǾȃȀȑ ȋȄȓȀȕǼȐȄȓȀȈ ȒȓȎȌ ǻȌȇȐȘȏȎ (Davis, 1984). ǲȏȀȌǾȘȑ ȓȎ ȒȔȌȀȌȓǻȋȄ ȒȄ 
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ȉȀȇȀȐǽ ȋȎȐȕǽ ȉȀȈ ȁȐǾȒȉȄȓȀȈ ȒȔȖȌǻ ȒȄ ȎȐȔȉȓǻ ȏȎȔ ȏȄȐȈȉȊȄǾȎȔȌ ǻȊȊȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ țȏȘȑ 

ȋțȊȔȁȃȎ (Pb) ȉȀȈ ȗȄȔȃǻȐȂȔȐȎ (Zn) (Baker et al., 1990). ǥǾȌȀȈ ȒȓȎȈȖȄǾȎ ȏȎȔ ȒȔȒȒȘȐȄȜȄȓȀȈ 

ȒȄ ȋȄȂǻȊȎ ȁȀȇȋț ȉȀȈ ǼȖȄȈ ȖȐțȌȎ ȅȘǽȑ ȋȄȂȀȊȜȓȄȐȎ Ȁȏț 10 ȖȐțȌȈȀ ȒȓȎȌ ǻȌȇȐȘȏȎ. 

ǶȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȏȎȊȜ Ȁȏț ȓȆȌ ȁȈȎȋȆȖȀȌǾȀ ȂȈȀ ȄȏȈȋȄȓȀȊȊȝȒȄȈȑ, ȏȀȐȀȂȘȂǽ ȋȏȀȓȀȐȈȝȌ, 

ȃȆȋȈȎȔȐȂǾȀ ȏȊȀȒȓȈȉȝȌ, ȖȐȘȒȓȈȉǼȑ ȎȔȒǾȄȑ ȉȀȈ ǻȊȊȀ, ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȄȏǾȒȆȑ ȒȀȌ 

ȏȐȎȒȓȀȓȄȔȓȈȉț ȄȏǾȖȐȈȒȋȀ ȓȎȔ ȖǻȊȔȁȀ, ȒȓȈȑ ȁȀȕǼȑ ȉȀȈ ȓȀ ȒȓȈȊȁȘȓȈȉǻ, ȒȄ ȃȈǻȕȎȐȀ ȉȐǻȋȀȓȀ 

ȋȄȓǻȊȊȘȌ, ȒȄ ȋȏȀȓȀȐǾȄȑ, ȒȀȌ ȒȓȀȇȄȐȎȏȎȈȆȓȈȉț ȒȄ ȏȊȀȒȓȈȉǻ ȉȀȈ ȒȄ ǻȊȊȄȑ ȖȐǽȒȄȈȑ țȏȘȑ 

ȒȓȀ ȕȘȓȎȁȎȊȓȀșȉǻ ȉȀȈ ȒȓȎȔȑ ȏȔȐȆȌȈȉȎȜȑ ȀȌȓȈȃȐȀȒȓǽȐȄȑ (Alloway, 1995). ǨȄȘȐȄǾȓȀȈ 

ȒȆȋȀȌȓȈȉțȑ ȐȔȏȀȌȓǽȑ ȓȎȔ ȏȄȐȈȁǻȊȊȎȌȓȎȑ ȃȈțȓȈ ȄǾȌȀȈ ȈȃȈȀǾȓȄȐȀ ȓȎȍȈȉȎ ȉȀȈ ȄȔȃȈǻȊȔȓȎ ȒȓȎ ȌȄȐț 

ȉȀȈ ȀȏȎȓȄȊȄǾ ȒȎȁȀȐǽ ȀȏȄȈȊǽ ȂȈȀ ȓȀ ȎȈȉȎȒȔȒȓǽȋȀȓȀ (Das et al., 1997; Barazani et al., 2004). 

ǰȐȎȉȀȊȄǾ ȀȌȆȒȔȖǾȀ ȒȓȎȔȑ ȄȏȈȒȓǽȋȎȌȄȑ ȄȏȄȈȃǽ ȋȏȎȐȄǾ ȌȀ ȀȏȎȐȐȎȕȆȇȄǾ Ȁȏț ȓȀ ȄȃȝȃȈȋȀ 

ȋǼȐȆ ȀȐȉȄȓȝȌ ȕȔȓȝȌ. ǧ ȜȏȀȐȍǽ ȓȎȔ ȃȄȌ ȄǾȌȀȈ ȀȏȀȐȀǾȓȆȓȆ ȂȈȀ ȓȈȑ ȁȈȎȊȎȂȈȉǼȑ ȊȄȈȓȎȔȐȂǾȄȑ ȓȘȌ 

ȅȝȌȓȘȌ ȎȐȂȀȌȈȒȋȝȌ ȂȈȀ ȀȔȓț ȉȀȈ ȄȋȕȀȌǾȅȎȌȓȀȈ ȒȔȋȏȓȝȋȀȓȀ ȓȎȍȈȉțȓȆȓȀȑ (Moustakas, 

2001). 

 ǯȈ ȏȆȂǼȑ ȓȎȔ ȉȀȃȋǾȎȔ ȄǾȌȀȈ : 

¶ ǵȔȒȈȉǼȑ: ȏȄȓȐȝȋȀȓȀ, ȏȔȐȉȀȂȈǼȑ ȃȀȒȝȌ, ȇȀȊǻȒȒȈȀ ȀȄȐȎȅțȊ 

¶ ǣȄȘȐȂȈȉǼȑ: ȕȘȒȕȎȐȈȉǻ ȊȈȏǻȒȋȀȓȀ, ȄȌȀȏțȇȄȒȆ ȈȊȜȎȑ, ȌȄȐț ǻȐȃȄȔȒȆȑ 

¶ ǢȈȎȋȆȖȀȌȈȉǼȑ: ȄȍțȐȔȍȆ ȉȀȈ ȄȏȄȍȄȐȂȀȒǾȀ  ȋȄȓȀȊȊȄȔȋǻȓȘȌ (ȈȃȈȀǾȓȄȐȀ Șȑ ȏȀȐȀȏȐȎșțȌ 

ȓȆȑ ȖȜȓȄȔȒȆȑ ȓȎȔ ȗȄȔȃȀȐȂȜȐȎȔ), ȄȏȄȍȄȐȂȀȒǾȄȑ ȏȊȀȒȓȈȉȝȌ (ȖȐǽȒȆ Șȑ 

ȒȓȀȇȄȐȎȏȎȈȆȓǽȑ ȒȓȎ PVC), ȉȐȀȋǻȓȘȌ, ȖȀȐȓȈȎȜ, ȋȈȉȐȎȆȊȄȉȓȐȎȌȈȉȝȌ, ȄȊȀȒȓȈȉȝȌ, 

ȉȊȘȒȓȎȚȕȀȌȓȎȔȐȂǾȀ (ȖȐȘȒȓȈȉǽ ȎȔȒǾȀ). 

¶ ǡȒȓȈȉǼȑ: ǡȏȎȓǼȕȐȘȒȆ ȀȏȎȐȐȈȋȋǻȓȘȌ, ȒȓȐȀȂȂǾȒȋȀȓȀ Ȁȏț ǶǴǳǡ, ȉȀȜȒȆ 

ȂȀȈȀȌȇȐǻȉȘȌ ȉȀȈ ȏȄȓȐȄȊȀǾȎȔ ȂȈȀ ȇǼȐȋȀȌȒȆ ǽ ȏȀȐȀȂȘȂǽ ȆȊȄȉȓȐȈȉǽȑ ȄȌǼȐȂȄȈȀȑ, 

ȄȉȏȎȋȏǽ ȀȄȐȎȅțȊ ȋǼȒȘȌ ȋȄȓȀȕȎȐǻȑ, ȋȏȀȓȀȐǾȄȑ) (ǪȎȔșȋȓȅǽȑ ȉȀȈ ȊȎȈȏȎǾ, 1998, Chen  

et  al ., 2000, Orcutt  and  Nilsen, 2000, Mulligan  et  al ., 2001, Naidu  et  al., 2003, Qadir  

et  al., 2004a, Zarcinas  et  al., 2004, Yanai  et  al ., 2006, Kirkham , 2006). 

ǳȎ ǭȈȉǼȊȈȎ (Ni) ȄǾȌȀȈ ȋǼȓȀȊȊȎ ȋȄ ȀȓȎȋȈȉț ȁǻȐȎȑ 58.69, ȀȓȎȋȈȉț ȀȐȈȇȋț 28 ȉȀȈ ȋȄ ȁǻȒȆ ȓȆȌ 

ȏȔȉȌțȓȆȓȀ ȓȎȔ (8,9 g/cm3) ȉȀȓȀȓǻȒȒȄȓȀȈ ȒȓȆȌ ȉȀȓȆȂȎȐǾȀ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ. ǡȏȎȓȄȊȄǾ 

ǼȌȀ Ȁȏț ȓȀ ȏȈȎ ȄȔǼȊȈȉȓȀ ȉȀȈ ȒȆȋȀȌȓȈȉǻ ȋǼȓȀȊȊȀ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȒȓȆ ȁȈȎȋȆȖȀȌǾȀ. 

ǥǾȌȀȈ ȄȔȐǼȘȑ ȃȈȀȃȄȃȎȋǼȌȎ ȉȀȈ ȀȏȀȌȓǻȓȀȈ ȒȄ ȀǼȐȀ, ȌȄȐț ȉȀȈ ǼȃȀȕȎȑ. ǬȈȀ ȒȆȋȀȌȓȈȉǽ 

ȁȈȎȋȆȖȀȌȈȉǽ ȖȐǽȒȆ ȓȎȔ ȌȈȉȄȊǾȎȔ ȄǾȌȀȈ ȀȔȓǽ ȒȄ ȉȐǻȋȀȓȀ ȒȈȃǽȐȎȔ, ȖǻȊȔȁȀ ȂȈȀ ȓȆȌ ȄȏȀȜȍȆȒȆ 

ȓȆȑ ȒȉȊȆȐțȓȆȓȀȑ ȉȀȈ ȓȆȑ ȀȌȇȄȉȓȈȉțȓȆȓǻȑ ȓȎȔȑ. ǘȊȊȆ ȒȆȋȀȌȓȈȉǽ ȖȐǽȒȆ ȄǾȌȀȈ Ȇ ȄȏȈȌȈȉǼȊȘȒȆ 

ȃȈȀȕțȐȘȌ ȔȊȈȉȝȌ ȂȈȀ ȏȐȎȒȓȀȒǾȀ Ȁȏț ȓȆ ȃȈǻȁȐȘȒȆ ȀȊȊǻ ȉȀȈ Ȇ ȀȌȇȄȉȓȈȉțȓȆȓȀ ȒȓȆ 

ȇȄȐȋțȓȆȓȀ ȏȎȔ ȏȐȎȒȃǾȃȄȈ ȋȄ ȓȆȌ ȄȏȈȉǻȊȔȗȆ, ȉȀȇȝȑ ȉȀȈ Ȇ ȒȉțȌȆ ȌȈȉȄȊǾȎȔ ȒȓȆ 

ȋȄȓȀȊȊȎȔȐȂǾȀ. ǘȊȊȄȑ ȖȐǽȒȄȈȑ ȓȎȔ ȄǾȌȀȈ ȒȓȆȌ ȉȀȓȀȒȉȄȔǽ ȃȈǻȕȎȐȘȌ ȄȐȂȀȊȄǾȘȌ, ȀȌȓȈȉȄȈȋǼȌȘȌ 

ȏȎȊȔȓȄȊȄǾȀȑ, ȖȆȋȈȉȝȌ ȎȐȂǻȌȘȌ ȄȍȀȐȓȆȋǻȓȘȌ ȐȀȃȈȎȕȝȌȘȌ ȉȀȈ ȆȊȄȉȓȐȈȉȝȌ ȒȔȒȉȄȔȝȌ 

ȀȊȊǻ ȉȀȈ ȒȓȆȌ ȏȀȐȀȂȘȂǽ ȄȈȃȈȉȝȌ ȉȐȀȋǻȓȘȌ ȌȈȉȄȊǾȎȔ, ȒȓȀ ȆȊȄȉȓȐțȃȈȀ ȋȏȀȓȀȐȈȝȌ ȉȀȈ ȒȓȀ 

ȌȎȋǾȒȋȀȓȀ. ǡȉțȋȆ ȂǾȌȄȓȀȈ ȖȐǽȒȆ ȓȎȔ ȂȈȀ ȓȆȌ ȏȀȐȀȂȘȂǽ ȊȈȏȀȒȋǻȓȘȌ, ȕȔȓȎȕȀȐȋǻȉȘȌ ȉȀȈ 

ȋȔȉȆȓȎȉȓțȌȘȌ. Ȇ ȏȊȆȇȝȐȀ ȓȘȌ ȁȈȎȋȆȖȀȌȈȉȝȌ ȉȀȈ ȄȋȏȎȐȈȉȝȌ ȖȐǽȒȄȘȌ ȓȎȔ ȌȈȉȄȊǾȎȔ ȀȊȊǻ 

ȉȀȈ ȓȘȌ ȄȌȝȒȄȘȌ ȀȔȓȎȜ, ǼȖȄȈ ȎȃȆȂǽȒȄȈ ȒȄ ȀȜȍȆȒȆ ȓȘȌ ȄȉȏȎȋȏȝȌ ȓȘȌ ȐȔȏȎȂțȌȘȌ ȎȔȒȈȝȌ 
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ȒȓȀ ȎȈȉȎȒȔȒȓǽȋȀȓȀ. ǰȀȐțȓȈ, ȊȎȈȏțȌ, ȓȎ ȌȈȉǼȊȈȎ ȄǾȌȀȈ ȅȘȓȈȉǽȑ ȒȆȋȀȒǾȀȑ ȂȈȀ ȓȆ ȊȄȈȓȎȔȐȂǾȀ 

ȏȎȊȊȝȌ ȎȐȂȀȌȈȒȋȝȌ, ȓȀ ȄȏǾȏȄȃȀ ȒȔȂȉǼȌȓȐȘȒȆȑ ȒȄ ȎȐȈȒȋǼȌȄȑ ȏȄȐȈȎȖǼȑ Ȁȏț 

ȀȌȇȐȘȏȎȂȄȌȄǾȑ ȀȏȄȊȄȔȇȄȐȝȒȄȈȑ ȋȏȎȐȄǾ ȌȀ ȀȏȎȁȎȜȌ ȈȃȈȀȈȓǼȐȘȑ ȓȎȍȈȉǻ ȂȈȀ ȓȎȔȑ 

ȅȘȌȓȀȌȎȜȑ ȎȐȂȀȌȈȒȋȎȜȑ (Diagomanolin et al., 2004; Cempel & Nikel, 2006).  

ǯȈ ȏȆȂǼȑ ȓȎȔ ȌȈȉȄȊǾȎȔ ȄǾȌȀȈ :  

¶ ǵȔȒȈȉǼȑ: ǧȕȀȈȒȓȄȈȀȉǽ ȃȐȀȒȓȆȐȈțȓȆȓȀ, ȏȄȓȐȝȋȀȓȀ, ȏȔȐȉȀȂȈǼȑ ȃȀȒȝȌ, ȇȀȊǻȒȒȈȀ 

ȀȄȐȎȅțȊ. 

¶ ǣȄȘȐȂȈȉǼȑ: ǶȐǽȒȆ ȊȈȏȀȒȋǻȓȘȌ 

¶ ǢȈȎȋȆȖȀȌȈȉǼȑ: ǥȍȎȐȜȍȄȈȑ ȌȈȉȄȊǾȎȔ, ȉȀȓȀȒȉȄȔǽ ȋȏȀȓȀȐȈȝȌ, ȄȏȈȋȄȓȀȊȊȝȒȄȈȑ, 

ȏȀȐȀȂȘȂǼȑ ȉȐȀȋǻȓȘȌ ȌȈȉȄȊǾȎȔ 

¶ ǡȒȓȈȉǼȑ: ǪȀȜȒȆ ȔȃȐȎȂȎȌȀȌȇȐǻȉȘȌ, ȖȐǽȒȆ ȋȏȀȓȀȐȈȝȌ ȉȀȈ ȒȓȀ ȔȂȐǻ ȀȏțȁȊȆȓȀ 

(Harasim et al. 2015; Iyaka, 2011; ǵȐȀȂȉȎȜȊȆȑ, 2015; Chauhan et al, 2008)  

 

ǯ ǷȄȔȃǻȐȂȔȐȎȑ (Zn) ȄǾȌȀȈ ǼȌȀ ȊȄȔȉț ȒȖȄȓȈȉǻ ȋȀȊȀȉț ȋǼȓȀȊȊȎ ȋȄ ȀȓȎȋȈȉț ȁǻȐȎȑ 65.38, 

ȀȓȎȋȈȉț ȀȐȈȇȋț 30 ȉȀȈ ȋȄ ȁǻȒȆ ȓȆȌ ȏȔȉȌțȓȆȓǻ ȓȎȔ (7,13 g/cm3) ȉȀȓȀȓǻȒȒȄȓȀȈ ȒȓȆȌ 

ȉȀȓȆȂȎȐǾȀ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ. ǚȖȄȈ ȒȆȋȄǾȎ ȓǽȍȆȑ ȒȓȎȔȑ (420ȎC) ȉȀȈ ȄǾȌȀȈ ȃȈȒȇȄȌǽȑ ȒȄ 

țȊȄȑ ȓȈȑ ȄȌȝȒȄȈȑ ȓȎȔ. ǯ ȗȄȔȃǻȐȂȔȐȎȑ ȄǾȌȀȈ ȉȀȓȀȌȄȋȆȋǼȌȎȑ ȀȐȉȄȓǻ ȎȋȎȈțȋȎȐȕȀ ȒȄ 

ȋȀȂȋȀȓȈȉǻ ȏȄȓȐȝȋȀȓȀ, ȄȌȝ ȒȔȖȌǻ ȄǾȌȀȈ ȒȔȂȉȄȌȓȐȘȋǼȌȎȑ ȒȄ ȀȐȂȈȊȈȉǻ ȈȅǽȋȀȓȀ (Kabata-

Pendias & Mukherjee, 2007). ǡȏȎȓȄȊȄǾ ȒȔȒȓȀȓȈȉț ȏȎȊȊȝȌ ȄȈȃȝȌ ȎȈȉȈȀȉǽȑ ȖȐǽȒȆȑ ȉȀȇȝȑ 

ȉȀȈ ǻȊȊȄȑ ȖȐǽȒȄȈȑ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȂȄȘȐȂȈȉǻ ȊȈȏǻȒȋȀȓȀ, ȄȌȓȎȋȎȉȓțȌȀ ȉȀȇȝȑ ȒȔȌȀȌȓǻȓȀȈ 

ȉȀȈ ȒȓȆȌ ȄȉȓȜȏȘȒȆ ȉȀȈ ȓȎ ȒȓǼȂȌȘȋȀ ȓȘȌ ȔȕȀȒȋǻȓȘȌ. ǶȐȆȒȈȋȎȏȎȈȄǾȓȀȈ Șȑ ȋǾȀ 

ȏȐȎȒȓȀȓȄȔȓȈȉǽ ȉǻȊȔȗȆ ȂȈȀ ȓȎȌ ȒǾȃȆȐȎ ȉȀȈ ȓȎȌ ȖǻȊȔȁȀ, Șȑ ȏȐȎȒȓȀȓȄȔȓȈȉț ȄȏǾȖȐȈȒȋȀ ȒȄ ȋǾȀ 

ȒȄȈȐǻ ȋȄȓǻȊȊȘȌ ȂȈȀ ȓȆȌ ȏȐțȊȆȗȆ ȓȆȑ ȃȈǻȁȐȘȒȆȑ ȉȀȈ ȒȓȀ ȉȐǻȋȀȓȀ țȏȘȑ ȓȎȔ ȎȐȄǾȖȀȊȉȎȔ 

ȉȀȈ ȓȎȔ ȖȀȊȉȎȜ. ǳȀ ȂȀȊȁȀȌȈȒȋǼȌȀ ȋǼȓȀȊȊȀ ǼȖȎȔȌ ȄȕȀȐȋȎȂǽ ȒȓȆȌ ȎȈȉȎȃȎȋǽ, ȒȓȈȑ 

ȋȄȓȀȕȎȐǼȑ ȉȀȈ ȒȓȈȑ ȁȈȎȋȆȖȀȌȈȉǼȑ ȉȀȓȀȒȉȄȔǼȑ (Adriano, 2001).  

 

ǯȈ ȏȆȂǼȑ ȓȎȔ ȗȄȔȃȀȐȂȜȐȎȔ ȄǾȌȀȈ : 

¶ ǵȔȒȈȉǼȑ: ǧȕȀȈȒȓȄȈȀȉǽ ȃȐȀȒȓȆȐȈțȓȆȓȀ, ȏȄȓȐȝȋȀȓȀ, ȏȔȐȉȀȂȈǼȑ ȃȀȒȝȌ, ȇȀȊǻȒȒȈȀ 

ȀȄȐȎȅțȊ. 

¶ ǣȄȘȐȂȈȉǼȑ: ǫȈȏǻȒȋȀȓȀ, ȕȔȒȈȉț ȒȓȎȈȖȄǾȎ ȖȝȋȀȓȎȑ. 

¶ ǢȈȎȋȆȖȀȌȈȉǼȑ: ȄȍțȐȔȍȆ ȉȀȈ ȄȏȄȍȄȐȂȀȒǾȀ  ȋȄȓȀȊȊȄȔȋǻȓȘȌ (ȏȐȎȒȓȀȓȄȔȓȈȉț ȄȏǾȖȐȈȒȋȀ 

ȋȄȓǻȊȊȘȌ ȂȈȀ ȏȐțȊȆȗȆ ȃȈǻȁȐȘȒȆȑ). 

¶ ǡȒȓȈȉǼȑ: ǡȒȓȈȉǻ ȀȏțȁȊȆȓȀ, ȀȌȓȆȊȈȀȉǻ, ȉȐǼȋȄȑ, ȉȀȊȊȔȌȓȈȉǻ ȉȀȈ ȀȊȎȈȕǼȑ (Adriano, 

2001, ǪȀȊȊȈǻȌȎȔ, 2007, International Zinc Association, 2014, Lindsay, 1972, 

Kropschot et al., 2011, ǭȀȜȓȈȊȎȈ ȓȆȑ HELMEPA, 2018). 

 

2.1.2. ǯȈ ȄȏȈȏȓȝȒȄȈȑ ȓȘȌ Cd , Ni ȉȀȈ Zn ȒȓȆȌ ȔȂȄǾȀ 

ǫțȂȘ ȓȆȑ ȄȂȂȄȌȎȜȑ ǽ ȄȏȈȊȄȉȓȈȉǽȑ ȓȎȍȈȉțȓȆȓǻȑ ȓȎȔȑ ȎȐȈȒȋǼȌȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ, ȒȔȂȉȄȉȐȈȋǼȌȀ 

ȓȎ ȉǻȃȋȈȎ, Ȏ ȔȃȐǻȐȂȔȐȎȑ ȉȀȈ Ȏ ȋțȊȔȁȃȎȑ ȀȏȎȓȄȊȎȜȌ ȉǾȌȃȔȌȎ ȈȃȈȀǾȓȄȐȀ țȒȎ ȀȕȎȐǻ ȓȎ 

ȏȄȐȈȁǻȊȊȎȌ ȉȀȈ ȉȀȓ' ȄȏǼȉȓȀȒȆ ȓȆȌ ȔȂȄǾȀ ȋȀȑ. ǤȄȃȎȋǼȌȎȔ țȓȈ ȓȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȃȄȌ 

ȀȏȎȈȉȎȃȎȋȎȜȌȓȀȈ, ȒȔȒȒȘȐȄȜȎȌȓȀȈ ȒȓȎ ǼȃȀȕȎȑ ȉȀȈ ȒȓȎ ȌȄȐț ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȌȀ ȏȄȐȌȎȜȌ 
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ȒȓȆȌ ȓȐȎȕȈȉǽ ȀȊȔȒǾȃȀ. ǡȏț ȀȐȖȀȈȎȓǻȓȘȌ ȖȐțȌȘȌ, ȎȈ ǚȊȊȆȌȄȑ ȉȀȈ ȎȈ ǱȘȋȀǾȎȈ ȂȈȀȓȐȎǾ ȄǾȖȀȌ 

ȉȀȓȀȂȐǻȗȄȈ ȓȀ ȒȔȋȏȓȝȋȀȓȀ ȓȘȌ ȀȌȇȐȝȏȘȌ ȏȎȔ ȄǾȖȀȌ ȄȉȓȄȇȄǾ ȒȄ ȀȔȓǻ ȋȈȀȑ ȉȀȈ 

ȀȏȎȇȆȉȄȜȎȌȓȀȈ ȒȓȎ ȊȈȏȝȃȆ ȈȒȓț. ǬȄȐȈȉǼȑ Ȁȏț ȀȔȓǼȑ ȓȈȑ ȏȀȇǽȒȄȈȑ ȂȈȀ ȓȈȑ ȎȏȎǾȄȑ 

ȄȌȎȖȎȏȎȈȎȜȌȓȀȈ ȄǾȌȀȈ ȎȈ ȃȈǻȕȎȐȄȑ ȋȎȐȕǼȑ ȉȀȐȉǾȌȎȔ ȉȀȇȝȑ ȉȀȈ ȂȈȀ ȒȔȒȓȆȋȀȓȈȉǼȑ ȁȊǻȁȄȑ 

ȒȓȎ ȉȄȌȓȐȈȉț ȌȄȔȐȈȉț ȒȜȒȓȆȋȀ, ȒȓȎ ȉȀȐȃȈȀȂȂȄȈȀȉț ȉȀȈ ȂȀȒȓȐȄȌȓȄȐȈȉț ȒȜȒȓȆȋȀ, ȒȓȎȔȑ 

ȏȌȄȜȋȎȌȄȑ, ȒȓȀ ȌȄȕȐǻ, ȒȓȎ ȒȔȉȝȓȈ, ȒȓȎȔȑ ȄȌȃȎȉȐȈȌȄǾȑ ȀȃǼȌȄȑ ȉȀȇȝȑ ȉȀȈ ȒȓȎ ȏǻȂȉȐȄȀȑ 

(Tchounwou et al., 2014, Jaishankar et al., 2014).  

ǭȈȉǼȊȈȎ 

ǧ ȁȐȀȖȔȏȐțȇȄȒȋȆ ǼȉȇȄȒȆ ȓȎȔ ȌȈȉȄȊǾȎȔ (Ni) ȏȐȎȉȀȊȄǾ ȀȊȊȄȐȂȈȉǼȑ ȀȌȓȈȃȐǻȒȄȈȑ ȒȄ ȋȄȐȈȉǻ 

ǻȓȎȋȀ, ȓțȒȎ ȋȄ ǻȂȂȈȂȋȀ țȒȎ ȉȀȈ Ȁȏț ȉȀȓǻȏȎȒȆ. ǧ ȄȈȒȖȝȐȆȒȆ ȓȎȔ ȌȈȉȄȊǾȎȔ ȉȀȓǻ ȓȆȌ 

ȄȈȒȏȌȎǽ ȄǾȌȀȈ ȏȎȊȜ ȏȈȇȀȌț ȌȀ ȏȐȎȉȀȊǼȒȄȈ ȀȎȒȋǾȀ ȈȂȋȎȐǾȓȈȃȀ ȉȀȈ ȐȈȌǾȓȈȃȀ. ǲȓȆȌ ǥȔȐȘȏȀșȉǽ 

ǚȌȘȒȆ, ȃȄȌ ȔȏǻȐȖȎȔȌ ȒǽȋȄȐȀ ȀȌȝȓȀȓȀ țȐȈȀ ȂȈȀ ȓȎ ȌȈȉǼȊȈȎ ȒȓȀ ȓȐțȕȈȋȀ. ǳȎ ȌȈȉǼȊȈȎ ȒȓȎ 

ȏțȒȈȋȎ ȌȄȐț ȃȄȌ ȏȐǼȏȄȈ ȌȀ ȔȏȄȐȁȀǾȌȄȈ ȓȀ 20 ȋȈȉȐȎȂȐȀȋȋǻȐȈȀ ȀȌǻ ȊǾȓȐȎ ȄȌȝ ȜȒȓȄȐȀ Ȁȏț 

ǼȉȇȄȒȆ ȓȎȔ ȄȔȐȘȏȀșȉȎȜ ȎȐȂȀȌȈȒȋȎȜ ȓȐȎȕǾȋȘȌ (EFSA) ȉȀȇțȐȈȒȄ ǼȌȀ ȀȒȕȀȊǼȑ ȄȏǾȏȄȃȎ, 

ȂȌȘȒȓț Șȑ ȀȌȄȉȓǽ ȆȋȄȐǽȒȈȀ ȏȐțȒȊȆȗȆ (TDI), 2,8 ȋȈȉȐȎȂȐȀȋȋȀȐǾȘȌ ȀȌǻ ȉȈȊț ȒȘȋȀȓȈȉȎȜ 

ȁǻȐȎȔȑ (ǡTSDR, 2012, ICdA, 2018). 

ǷȄȔȃǻȐȂȔȐȎȑ 

ǯ ȗȄȔȃǻȐȂȔȐȎȑ (Zn) ȄǾȌȀȈ ȁȀȒȈȉț ȒȔȒȓȀȓȈȉț ȒȄ ȏȐȘȓȄǠȌȄȑ ȉȀȈ ȒȄ ȏȄȐȈȒȒțȓȄȐȀ Ȁȏț 300 

ǼȌȅȔȋȀ Ȏ țȏȎȈȎȑ ȀȏȀȌȓǻȓȀȈ ȒȓȀ ȎȒȓȐȀȉȎȄȈȃǽ, ȒȓȀ țȒȏȐȈȀ, ȒȓȀ ȕȀȒțȊȈȀ, ȒȓȎȔȑ ȍȆȐȎȜȑ 

ȉȀȐȏȎȜȑ, ȒȓȀ ȃȆȋȆȓȐȈȀȉǻ ȎȊȈȉǽȑ ȀȊǼȒȄȘȑ ȉȀȈ ȒȓȎ ȒȎȔȒǻȋȈ. ǚȖȄȈ ȉȜȐȈȎ ȐțȊȎ ȒȓȆȌ 

ȀȌȇȐȝȏȈȌȆ ȔȂȄǾȀ țȋȘȑ Ȇ ȔȏȄȐȁȎȊȈȉǽ ȀȏȎȐȐțȕȆȒȆ ȓȎȔ ǼȖȄȈ ȀȐȌȆȓȈȉǻ ȀȏȎȓȄȊǼȒȋȀȓȀ. ǧ 

ȓȎȍȈȉǽ ȓȎȔ ȃȐǻȒȆ ȒȓȆȌ ȉȀȐȃȈǻ ȉȀȈ ȒȓȎ ȀǾȋȀ ȋȏȎȐȄǾ ȌȀ ȎȃȆȂǽȒȄȈ ȒȄ ȀȈȋȎȊȔȓȈȉǽ ȀȌȀȈȋǾȀ 

(Plum et al., 2010).  

ǪǻȃȋȈȎ 

ǡȏȄȈȊǽ ȂȈȀ ȓȎ ȀȌȇȐȝȏȈȌȎ ȄǾȃȎȑ ȀȏȎȓȄȊȄǾ ȉȀȈ ȓȎ ȉǻȃȋȈȎ (Cd) ȋȈȀȑ ȉȀȈ ȒȄ ȓȎȍȈȉǼȑ 

ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȄǾȌȀȈ ȏȎȊȜ ȏȈȇȀȌț ȌȀ ȏȐȎȉȀȊǼȒȄȈ ȌȄȕȐȈȉǼȑ ȏȀȇǽȒȄȈȑ, ȆȏȀȓȈȉǼȑ ȁȊǻȁȄȑ, 

ȔȏȎȂȎȌȈȋțȓȆȓȀ ȒȓȎȔȑ ǻȌȃȐȄȑ ǽ ȀȉțȋȆ ȉȀȈ ȉȀȐȉȈȌȎȂǼȌȄȒȆ. ǧ ȏȐțȒȊȆȗȆ ȓȎȔ ȂȈȀ ȋȄȂǻȊȎ 

ȖȐȎȌȈȉț ȃȈǻȒȓȆȋȀ ȃȈǻȋȄȒȎȔ ȓȎȔ ȀȌȀȏȌȄȔȒȓȈȉȎȜ ȒȔȒȓǽȋȀȓȎȑ ȋȏȎȐȄǾ ȌȀ ȕȇȄǾȐȄȈ ǽ ȀȉțȋȀ 

ȉȀȈ ȌȀ ȉȀȓȀȒȓȐǼȗȄȈ ȓȎȔȑ ȏȌȄȜȋȎȌȄȑ ȉȀȈ ȒȓȆ ȖȄȈȐțȓȄȐȆ ȏȄȐǾȏȓȘȒȆ ȌȀ ȏȐȎȉȀȊǼȒȄȈ ȋǼȖȐȈ ȉȀȈ 

ȇǻȌȀȓȎ. ǬȄȂȀȊȜȓȄȐȎ ȉǾȌȃȔȌȎ ȀȌȓȈȋȄȓȘȏǾȅȎȔȌ țȒȎȈ ȄȐȂǻȅȎȌȓȀȈ ǽ ȅȎȔȌ ȉȎȌȓǻ ȒȄ 

ȁȈȎȋȆȖȀȌȈȉǼȑ ȏȄȐȈȎȖǼȑ ȎȈ ȎȏȎǾȄȑ ȄȊȄȔȇȄȐȝȌȎȔȌ ȉǻȃȋȈȎ ȒȓȎȌ ȀǼȐȀ. ǳȎ ȉǻȃȋȈȎ ȉȀȈ ȎȈ ȄȌȝȒȄȈȑ 

ȓȎȔ ǼȖȎȔȌ ȂȌȘȒȓȎȏȎȈȆȇȄǾ ȀȉțȋȀ, Șȑ ȉȀȐȉȈȌȎȂțȌȀ ȂȈȀ ȓȎȌ ǻȌȇȐȘȏȎ Ȁȏț ȏȎȊȊǼȑ ǼȐȄȔȌȄȑ 

(ATSDR, 2012).   

 

2.1.3. ǯȈ ȄȏȈȏȓȝȒȄȈȑ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȒȓȀ ȕȔȓǻ 

ǪȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȎȔ ȁȈȎȊȎȂȈȉȎȜ ȓȎȔȑ ȉȜȉȊȎȔ ȓȀ ȕȔȓǻ ȄȉȓǾȇȄȌȓȀȈ ȏȎȊȊǼȑ ȕȎȐǼȑ ȒȄ ȀȌȓǾȍȎȄȑ 

ȒȔȌȇǽȉȄȑ ȎȈ ȎȏȎǾȄȑ ȄȏȆȐȄǻȅȎȔȌ ȃȔȒȋȄȌȝȑ ȓțȒȎ ȓȆȌ ȀȌǻȏȓȔȍȆ, țȒȎ ȉȀȈ ȓȆȌ ǾȃȈȀ ȓȎȔȑ ȓȆȌ 

ȄȏȈȁǾȘȒȆ. ǪǻȇȄ ȕȔȓȈȉțȑ ȎȐȂȀȌȈȒȋțȑ ǼȖȄȈ ȏȐȎȒȀȐȋȎȒȓȄǾ ȋǼȒȘ ȓȆȑ ȄȍǼȊȈȍȆȑ ȌȀ 

ȀȌȀȏȓȜȒȒȄȓȀȈ ȖȘȐǾȑ ȏȐȎȁȊǽȋȀȓȀ ȋǼȒȀ ȒȄ ȉȀȇȎȐȈȒȋǼȌȀ țȐȈȀ ȒȔȌȇȆȉȝȌ ȓȎȔ 
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ȏȄȐȈȁǻȊȊȎȌȓȎȑ, ȄȏȎȋǼȌȘȑ, ȄǻȌ ȏȀȐȀȁȈȀȒȓȎȜȌ ȓȀ ȁǼȊȓȈȒȓȀ ȀȔȓǻ țȐȈȀ, Ȏ ȕȔȓȈȉțȑ 

ȎȐȂȀȌȈȒȋțȑ ȇȀ ȄȏȈȁȀȐȔȌȇȄǾ ȉȀȈ ȇȀ ȄȋȕȀȌǾȒȄȈ ȓȀ ȏȐȝȓȀ ȒȔȋȏȓȝȋȀȓȀ ȉȀȓȀȏțȌȆȒȆȑ. 

ǝȏȘȑ ȄǾȌȀȈ ȂȌȘȒȓț ȓȀ ȕȔȓǻ ȖȐȄȈǻȅȎȌȓȀȈ ȂȈȀ ȓȆȌ ȎȋȀȊǽ ȀȜȍȆȒȆ ȉȀȈ ȀȌǻȏȓȔȍȆ ȓȎȔȑ ǼȌȀ 

ȀȐȈȇȋț ȇȐȄȏȓȈȉȝȌ ȒȔȒȓȀȓȈȉȝȌ ȀȌǻȋȄȒȀ ȒȓȀ ȎȏȎǾȀ ȉȀȈ ȎȐȈȒȋǼȌȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ țȏȘȑ Ȏ 

ȖȀȊȉțȑ, ȓȎ ȉȎȁǻȊȓȈȎ ȉȀȈ Ȏ ȗȄȔȃǻȐȂȔȐȎȑ, ȒȄ ȄȊǻȖȈȒȓȄȑ ȏȎȒțȓȆȓȄȑ (ǾȖȌȆ), Șȑ ȃȎȋȈȉǻ 

ȒȔȒȓȀȓȈȉǻ ȏȐȘȓȄșȌȝȌ ȉȀȈ ȄȌȅȜȋȘȌ ȉȀȈ Șȑ ȒȔȌǼȌȅȔȋȀ. ǰȀȐțȊȀ ȀȔȓǻ, ȒȄ ȏȄȐǾȒȒȄȈȀ ȓȀ 

ȈȖȌȎȒȓȎȈȖȄǾȀ ȀȔȓǻ ȀȊȊǻ ȉȀȈ ǻȊȊȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ țȏȘȑ Ȏ ȋțȊȔȁȃȎȑ, ȓȎ ȉǻȃȋȈȎ, Ȏ 

ȔȃȐǻȐȂȔȐȎȑ ȉȀȈ ȓȎ ȀȐȒȄȌȈȉț, ȓȀ ȎȏȎǾȀ ȃȄȌ ȄǾȌȀȈ ȀȏȀȐȀǾȓȆȓȀ ȂȈȀ ȓȀ ȕȔȓǻ, ȄǾȌȀȈ ȄȍȀȈȐȄȓȈȉǻ 

ȓȎȍȈȉǻ. ǧ ȏȀȐȎȔȒǾȀ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȒȄ ȓȎȍȈȉǻ ȄȏǾȏȄȃȀ ȒȓȎ ǼȃȀȕȎȑ, ǼȖȄȈ Șȑ ǻȋȄȒȎ 

ȀȏȎȓǼȊȄȒȋȀ ȓȆȌ ȄȏȈȁȐǻȃȔȌȒȆ ȓȆȑ ȀȌǻȏȓȔȍȆȑ ȓȘȌ ȄȔȀǾȒȇȆȓȘȌ ȕȔȓȈȉȝȌ ȄȈȃȝȌ, Ȇ ȎȏȎǾȀ 

ȀȏȎȓȄȊȄǾ ȓȎ ȏȊǼȎȌ ȎȐȀȓț ȀȏȎȓǼȊȄȒȋȀ ȋȈȀȑ ȒȄȈȐǻȑ ȄȏȈȏȓȝȒȄȘȌ ȒȓȈȑ ȋȄȓȀȁȎȊȈȉǼȑ 

ȊȄȈȓȎȔȐȂǾȄȑ țȏȘȑ (ǬȀȌȎȔȒǻȉȆ, 2008, ǣȀȊǻȓȆȑ ȉȀȈ ȊȎȈȏȎǾ, 2003, ǪȀȐȀȋȏȎȔȐȌȈȝȓȆȑ, 2003, 

ǳȒǼȉȎȑ, 2004):  

¶ ǤȔȒȊȄȈȓȎȔȐȂǾȄȑ ȒȓȆȌ ȄǾȒȎȃȎ ȉȀȈ ǼȍȎȃȎ ȈțȌȓȘȌ țȏȘȑ Ca2+, Mg 2+, NO3
- ȉȀȈ Ǫ+ ȋǼȒȘ 

ȓȘȌ ȋȄȋȁȐȀȌȝȌ. 

¶ ǰȀȐȄȋȏțȃȈȒȆ ȓȆȑ ȊȄȈȓȎȔȐȂǾȀȑ ȓȆȑ ȀȊȔȒǾȃȀȑ ȋȄȓȀȕȎȐǻȑ ȆȊȄȉȓȐȎȌǾȘȌ ȓțȒȎ ȒȓȆȌ 

ȀȌȀȏȌȎǽ, țȒȎ ȉȀȈ ȒȓȆ ȕȘȓȎȒȜȌȇȄȒȆ. 

¶ ǬȆ ȀȌȓȈȒȓȐȄȏȓǽ ȏȀȐȄȋȏțȃȈȒȆ ȓȆȑ ȃȐȀȒȓȆȐȈțȓȆȓȀȑ ȄȌȅȜȋȘȌ ȉȊȄȈȃȈȝȌ. ǧ 

ȀȏȎȃȐȀȒȓȆȐȈȎȏȎǾȆȒȆ ȓȘȌ ȄȌȅȔȋȈȉȝȌ ȋȎȐǾȘȌ ȎȕȄǾȊȄȓȀȈ ȒȓȆ ȃǼȒȋȄȔȒȆ ȓȘȌ ȈțȌȓȘȌ 

ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȉȔȐǾȘȑ ȒȄ ȇǼȒȄȈȑ ȎȈ ȎȏȎǾȄȑ ȃȈȀȇǼȓȎȔȌ ȒȎȔȊȕȔȃȐȔȊȎȋǻȃȄȑ. 

¶ ǲȆȋȀȌȓȈȉǽ ȏȓȝȒȆ ȓȆȑ ȏȀȐȀȂȘȂǽȑ ȄȌǼȐȂȄȈȀȑ. 

 

2.1.3.1. ǥȏǾȃȐȀȒȆ ȓȎȔ ȉȀȃȋǾȎȔ (Cd) ȒȓȎ ȋȄȓȀȁȎȊȈȒȋț ȓȘȌ ȕȔȓȝȌ 

ǲȄ ȏȄȐȈȎȖǼȑ ȐȔȏȀȒȋǼȌȄȑ, ȓȀ ȕȔȓǻ ȄȕȎȃȈǻȅȎȌȓȀȈ ȉǻȃȋȈȎ Ȁȏț ȓȎ ǼȃȀȕȎȑ ȉȀȈ Ȁȏț ȓȎȌ ȀǼȐȀ, 

ȀȊȊǻ ȉȀȈ ȒȄ ȏȎȊȊǼȑ ȏȄȐȈȏȓȝȒȄȈȑ Ȁȏț ȓȎ ȜȃȘȐ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȂȈȀ ȓȆȌ ǻȐȃȄȔȒȆ ȓȘȌ 

ȉȀȊȊȈȄȐȂȄȈȝȌ (McRaughlin et al 1990). ǯȈ Cunningham et al. (1975) , ȒȔȋȏȄȐȀǾȌȎȔȌ țȓȈ ȓȎ 

ȒȆȋȀȌȓȈȉțȓȄȐȎ ȓȎȍȈȉț ȒȜȋȏȓȘȋȀ ȓȎ ȎȏȎǾȎ ȋȏȎȐȄǾ ȌȀ ȄȋȕȀȌȈȒȓȄǾ ȒȓȀ ȕȔȓǻ ȄǾȌȀȈ Ȇ 

ȀȌȀȒȓȎȊǽ ȓȆȑ ȒȜȌȇȄȒȆȑ ȓȆȑ ȀȌȇȎȉȔȀȌǾȌȆȑ ȉȀȈ ȓȆȑ ȖȊȘȐȎȕȜȊȊȆȑ. ǧ ȏȎȒțȓȆȓȀ ȓȆȑ 

ȖȊȘȐȎȕȜȊȊȆȑ ȏȎȔ ȒȖȆȋȀȓǾȅȄȓȀȈ ȁȐǼȇȆȉȄ țȓȈ ȄǾȌȀȈ ȒȔȌǻȐȓȆȒȆ ȓȆȑ ȒȔȂȉǼȌȓȐȘȒȆȑ ȓȎȔ 

ȉȀȃȋǾȎȔ ȏȎȔ ȁȐǾȒȉȄȓȀȈ ȒȓȎȔȑ ȕȔȓȈȉȎȜȑ ȈȒȓȎȜȑ ȉȀȈ ȄǾȌȀȈ ȃȔȌȀȓț ȌȀ ȖȐȆȒȈȋȎȏȎȈȆȇȄǾ Șȑ 

ȃȄǾȉȓȆȑ ȂȈȀ ȓȆȌ ȔȗȆȊțȓȄȐȆ ȉȐȈȓȈȉǽ ȒȔȂȉǼȌȓȐȘȒȆ ȓȎȔ ȉȀȃȋǾȎȔ ȒȓȀ ȕȔȓǻ (Burton et a l. 1986). 

ǳȀ ȒȔȋȏȓȝȋȀȓȀ ȏȎȔ ȄȋȕȀȌǾȅȎȌȓȀȈ ȒȓȀ ȕȔȓǻ ȒȄ ȔȗȆȊǼȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȉȀȃȋǾȎȔ, ȄǾȌȀȈ 

ȉȀȇȔȒȓǼȐȆȒȆ ȓȆȑ ȀȌǻȏȓȔȍȆȑ, ȉȀȓȀȒȓȐȎȕǽ ȓȘȌ ȐȈȅȝȌ, ȖȊȝȐȘȒȆ ȓȘȌ ȕȜȊȊȘȌ ȉȀȈ 

ȃȆȋȈȎȔȐȂǾȀ ȉțȉȉȈȌȘȌ - ȉȀȕǼ ȖȐȘȋȀȓȈȒȋȝȌ ȒȓȀ ǻȉȐȀ ȓȘȌ ȕȜȊȊȘȌ. ǧ ȓȎȍȈȉǽ ȃȐǻȒȆ ȓȎȔ 

ȉȀȃȋǾȎȔ ȒȓȀ ȕȔȓǻ ȎȃȆȂȄǾ ȒȄ ȏȀȐȄȋȏțȃȈȒȆ ȓȎȔ ȋȄȓȀȁȎȊȈȒȋȎȜ ȓȘȌ ȇȐȄȏȓȈȉȝȌ ȒȓȎȈȖȄǾȘȌ, 

ȏȀȐȄȋȏȎȃǾȅȄȈ ȓȆ ȕȘȓȎȒȜȌȇȄȒȆ ȓȆȌ ȀȌȀȏȌȎǽ ȉȀȈ ȋȄȈȝȌȄȓȀȈ Ȇ ȃȈȀȏȄȐȀȓțȓȆȓȀ ȓȆȑ 

ȉȔȓȓȀȐȎȏȊȀȒȋȀȓȈȉǽȑ ȋȄȋȁȐǻȌȆȑ (ǪȀȊȊȈȂǼȐȆ, 2006). 

 

2.1.3.2. ǥȏǾȃȐȀȒȆ ȓȎȔ ȌȈȉȄȊǾȎȔ (Ni) ȒȓȎ ȋȄȓȀȁȎȊȈȒȋț ȓȘȌ ȕȔȓȝȌ 

ǳȎ ȌȈȉǼȊȈȎ ȁȐǾȒȉȄȓȀȈ ȒȓȀ ȏȄȐȈȒȒțȓȄȐȀ ȕȔȓǻ ȒȄ ǼȌȀ ȕȔȒȈȎȊȎȂȈȉț ȄȜȐȎȑ 0,01-5 mg/kg ȍȆȐȎȜ 

ȁǻȐȎȔȑ. ǧ ȏȄȐȈȄȉȓȈȉțȓȆȓȀ ȓȎȔ ȌȈȉȄȊǾȎȔ ȒȓȀ ȕȔȓǻ ȄȍȀȐȓǻȓȀȈ Ȁȏț Ȁ) ȓȆ ȃȈȀȇȄȒȈȋțȓȆȓǻ ȓȎȔ 
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ȒȓȎ ǼȃȀȕȎȑ, ȁ) ȓȎ ȄǾȃȎȑ ȓȎȔ ȕȔȓȎȜ, Ȃ) ȓȎ ȋǼȐȎȑ ȓȎȔ ȕȔȓȎȜ ȉȀȈ ȃ) ȓȆȌ ȄȏȎȖǽ. ǲȄ ȄȃǻȕȆ țȏȎȔ 

Ȇ ȒȔȂȉǼȌȓȐȘȒȆ ȓȎȔ ȌȈȉȄȊǾȎȔ ȄǾȌȀȈ ȔȗȆȊǽ, ȎȐȈȒȋǼȌȀ ȕȔȓǻ ȊȄȈȓȎȔȐȂȎȜȌ Șȑ 

ȔȏȄȐȒȔȒȒȘȐȄȔȓǼȑ, ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȌȀ ȒȔȒȒȘȐȄȜȎȔȌ ȌȈȉǼȊȈȎ ȒȄ ȏȎȒȎȒȓț ȋǼȖȐȈ 1-5% ȓȎȔ 

ȍȆȐȎȜ ȓȎȔȑ ȁǻȐȎȔȑ. ǥȏȈȏȊǼȎȌ, ȃȈȀȕȎȐȄȓȈȉǻ ȄǾȃȆ ȕȔȓȝȌ ȏȎȔ ȉȀȊȊȈȄȐȂȎȜȌȓȀȈ ȒȄ ȄȃǻȕȆ 

ȃȈȀȕȎȐȄȓȈȉǽȑ ȒȔȂȉǼȌȓȐȘȒȆȑ ȌȈȉȄȊǾȎȔ, ȏȀȐȎȔȒȈǻȅȎȔȌ ȒȆȋȀȌȓȈȉǼȑ ȃȈȀȕȎȐǼȑ ȒȓȆȌ 

ȏȄȐȈȄȉȓȈȉțȓȆȓǻ ȓȎȔȑ ȒȄ ȌȈȉǼȊȈȎ. ǪȀȓǻ ȓȆȌ ȏȄȐǾȎȃȎ ȓȆȑ ȁȊȀȒȓȈȉǽȑ ȀȌǻȏȓȔȍȆȑ, ȓȀ ȕȜȊȊȀ ȓȎȔ 

ȁȊȀȒȓȎȜ ȏȀȐȎȔȒȈǻȅȎȔȌ ȓȆ ȋȄȂȀȊȜȓȄȐȆ ȏȄȐȈȄȉȓȈȉțȓȆȓȀ ȒȄ ȌȈȉǼȊȈȎ, ȄȌȝ ȉȀȓǻ ȓȆȌ ȏȄȐǾȎȃȎ 

ȓȆȑ ȒȔȂȉȎȋȈȃǽȑ, ȎȈ ȒȏțȐȎȈ ȄǾȌȀȈ ȀȔȓȎǾ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȔȌ ȓȆ ȋȄȂȀȊȜȓȄȐȆ ȏȄȐȈȄȉȓȈȉțȓȆȓȀ. 

ǲȓȀ ȕȜȊȊȀ ȓȘȌ ȃǼȌȓȐȘȌ ȏȀȐȀȓȆȐȄǾȓȀȈ ȄȏǾȒȆȑ ȉȀȈ ȄȏȎȖȈȀȉǽ ȃȈȀȉȜȋȀȌȒȆ ȓȎȔ ȏȄȐȈȄȖțȋȄȌȎȔ 

ȌȈȉȄȊǾȎȔ, ȓȎ ȎȏȎǾȎ ȀȐȖȈȉǻ ȀȔȍǻȌȄȓȀȈ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȒȄȅțȌ, ȀȉȎȊȎȔȇȄǾ ȋȈȀ ȋȄǾȘȒȆ, ȄȌȝ 

ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȂǽȐȀȌȒȆȑ ȋȄȈȝȌȄȓȀȈ ȒȆȋȀȌȓȈȉǻ (ǪȀȐȀȋȏȎȔȐȌȈȝȓȆȑ, 2003, 

ǵȊȄȋȎȓțȋȎȔ ǥ., 2011). 

ǲȄ ȔȗȆȊǼȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ, ȓȎ ȌȈȉǼȊȈȎ ȏȐȎȉȀȊȄǾ ȖȊȝȐȘȒȆ ȒȓȀ ȕȜȊȊȀ ȏȎȊȊȝȌ ȄȈȃȝȌ, ȉȀȇȝȑ 

ȄȏǾȒȆȑ ȖȐȘȋȎȒȘȋȈȉǼȑ ȀȌȘȋȀȊǾȄȑ ȉȀȈ ȓȎȍȈȉǼȑ ȄȏȈȃȐǻȒȄȈȑ ȒȓȎȔȑ ȏȔȐȆȌǾȒȉȎȔȑ. ǥȏǾȒȆȑ, 

ȋȏȎȐȄǾ ȌȀ ȀȔȍǽȒȄȈ ȓȆ ȃȐǻȒȆ ȓȆȑ ȔȏȄȐȎȍȄȈȃǻȒȆȑ ȉȀȈ ȌȀ ȄȌȈȒȖȜȒȄȈ ȓȆ ȒȔȂȉǼȌȓȐȘȒȆ 

ȎȐȂȀȌȈȉȝȌ ȎȍǼȘȌ ȒȓȎȔȑ ȈȒȓȎȜȑ. ǳȎ ȌȈȉǼȊȈȎ ȒȔȌǽȇȘȑ ȀȏȎȐȐȎȕǻȓȀȈ ȒȓȆȌ ȈȎȌȈȉǽ ȓȎȔ ȋȎȐȕǽ, 

ȀȊȊǻ ȋȄȓȀȓȐǼȏȄȓȀȈ ȒȄ ȖȆȊȈȉǽ Ȁȏț ȎȐȂȀȌȈȉȎȜȑ ȋȄȓȀȕȎȐȄǾȑ. ǱȔȇȋǾȅȄȈ ȓȎ ȋȄȓȀȁȎȊȈȒȋț ȓȘȌ 

ȋȄȓǻȊȊȘȌ, ȓȆȌ ȄȌȅȔȋȈȉǽ ȃȐȀȒȓȆȐȈțȓȆȓȀ ȉȀȈ ȃȈǻȕȎȐȄȑ ǻȊȊȄȑ ȋȄȓȀȁȎȊȈȉǼȑ ȃȈȄȐȂȀȒǾȄȑ ȒȓȀ 

ȕȔȓǻ. ǥȏǾȒȆȑ, ȏȐȎȉȀȊȄǾ ȋȈȓȘȓȈȉǼȑ ȃȈȀȓȀȐȀȖǼȑ ȒȓȈȑ ǻȉȐȄȑ ȓȘȌ ȐȈȅȝȌ ȎȐȈȒȋǼȌȘȌ ȕȔȓȝȌ. 

ǡȏț ȓȆȌ ǻȊȊȆ ȏȊȄȔȐǻ, ȓȎ ȌȈȉǼȊȈȎ ȀȔȍǻȌȄȈ ȓȆȌ ȀȏțȃȎȒȆ ȎȐȈȒȋǼȌȘȌ ȉȀȊȊȈȄȐȂȄȈȝȌ, ȋȄ ȓȆȌ 

ȏȐȎȚȏțȇȄȒȆ ȁǼȁȀȈȀ țȓȈ ȓȀ ȄȏǾȏȄȃǻ ȓȎȔ ȃȄȌ ȄǾȌȀȈ ȓȎȍȈȉǻ. ǴȗȆȊǼȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȌȈȉȄȊǾȎȔ 

ȋȏȎȐȄǾ ȌȀ ȏȐȎȉȀȊǼȒȎȔȌ ȖȊȝȐȘȒȆ ȉȀȈ ȌǼȉȐȘȒȆ ȒȓȀ ȕȔȓǻ ȉȀȈ ȏȎȊȊǼȑ ǻȊȊȄȑ ȀȌȘȋȀȊǾȄȑ 

ȒȓȆȌ ȀȌǻȏȓȔȍȆ ȉȀȈ ȓȆȌ ȀȌȀȓȎȋǾȀ (ǵȊȄȋȎȓțȋȎȔ ǥ., 2011). 

 

2.1.3.3. ǥȏǾȃȐȀȒȆ ȓȎȔ ȗȄȔȃȀȐȂȜȐȎȔ (Zn) ȒȓȎ ȋȄȓȀȁȎȊȈȒȋț ȓȘȌ ȕȔȓȝȌ 

ǯ ȗȄȔȃǻȐȂȔȐȎȑ ȀȏȎȐȐȎȕǻȓȀȈ Ȁȏț ȓȀ ȕȔȓǻ ȒȄ ȋȈȉȐǼȑ ȏȎȒțȓȆȓȄȑ, Ȕȏț ȓȆ ȋȎȐȕǽ ȓȎȔ 

ȃȈȒȇȄȌȎȜȑ ȈțȌȓȎȑ Ǧn. ǥȏǾȒȆȑ ȄǾȌȀȈ ȃȔȌȀȓțȌ ȌȀ ȏȐȎȒȊȆȕȇȄǾ ȉȀȈ Ȁȏț ȓȎ ȕȜȊȊȘȋȀ, Ȕȏț 

ȋȎȐȕǽ ȎȐȈȒȋǼȌȘȌ ȎȐȂȀȌȈȉȝȌ ȒȔȋȏȊȎȉȝȌ. ǯ ȐțȊȎȑ ȓȎȔ ȒȖȄȓǾȅȄȓȀȈ ȋȄ ȓȎ ȒȖȆȋȀȓȈȒȋț 

ȎȐȈȒȋǼȌȘȌ ȎȐȋȎȌȝȌ ȂȈȀ ȓȆȌ ȀȜȍȆȒȆ ȓȘȌ ȕȔȓȝȌ ȉȀȈ ȓȈȑ ȀȌȀȏȀȐȀȂȘȂȈȉǼȑ ȓȎȔȑ ȊȄȈȓȎȔȐȂǾȄȑ, 

ȉȀȇȝȑ ȄȏǾȒȆȑ ȉȀȈ ȋȄ ȓȀ ȒȔȒȓǽȋȀȓȀ ȓȘȌ ȄȌȅȜȋȘȌ ȓȘȌ ȕȔȓȝȌ. ǯ ȗȄȔȃǻȐȂȔȐȎȑ 

ȒȔȂȉȄȌȓȐȝȌȄȓȀȈ ȒȓȈȑ ȅȝȌȄȑ ȀȜȍȆȒȆȑ ȉȀȈ ǼȌȓȎȌȆȑ ȄȌȅȔȋȀȓȈȉǽȑ ȃȐȀȒȓȆȐȈțȓȆȓȀȑ. ǥǾȌȀȈ 

ȒȔȒȓȀȓȈȉț ȎȐȈȒȋǼȌȘȌ ȄȌȅȜȋȘȌ ȉȀȈ ȃȈȀȃȐȀȋȀȓǾȅȄȈ ȐțȊȎ ȒȓȆ ȒȜȌȇȄȒȆ ȓȆȑ ȖȊȘȐȎȕȜȊȊȆȑ. 

ǥȔȌȎȄǾ ȓȆȌ ȀȜȍȆȒȆ ȓȆȑ ȏȄȐȈȄȉȓȈȉțȓȆȓȀȑ ȒȄ ȓȐȔȏȓȎȕǻȌȆ, ȏȐțȃȐȎȋȎ ȀȋȈȌȎȍȜ ȓȆȑ ȀȔȍǾȌȆȑ, 

ȒȔȌȄȏȝȑ ȄȏȆȐȄǻȅȄȈ ȇȄȓȈȉǻ ȓȆȌ ȏȀȐȎȔȒǾȀ ȓȆȑ ȀȔȍǾȌȆȑ ȒȓȎ ȕȔȓț. ǧ ȉȈȌȆȓȈȉțȓȆȓȀ ȓȎȔ ǦȆ ȒȓȎ 

ȕȔȓț ȄǾȌȀȈ ȉȀȊȜȓȄȐȆ ȓȘȌ ǻȊȊȘȌ ȈȖȌȎȒȓȎȈȖȄǾȘȌ. ǯ ȗȄȔȃǻȐȂȔȐȎȑ ȏȀǾȅȄȈ ȒȏȎȔȃȀǾȎ ȐțȊȎ ȒȓȈȑ 

ȎȍȄȈȃȎȀȌȀȂȘȂȈȉǼȑ ȀȌȓȈȃȐǻȒȄȈȑ. ǢȀȒȈȉǼȑ ȊȄȈȓȎȔȐȂǾȄȑ ȓȎȔ Ǧn ȒȖȄȓǾȅȎȌȓȀȈ ȋȄ ȓȎ ȋȄȓȀȁȎȊȈȒȋț 

ȓȘȌ ȔȃȀȓȀȌȇȐǻȉȘȌ, ȓȘȌ ȏȐȘȓȄșȌȝȌ, ȓȘȌ ȀȔȍȈȌȝȌ ȉȀȈ ȓȎȔ RNA (ǪȀȊȊȈȂǼȐȆ, 2006). 

ǳȀ ȉȔȐȈțȓȄȐȀ ȒȔȋȏȓȝȋȀȓȀ ȓȎȍȈȉțȓȆȓȀȑ ȓȘȌ ȕȔȓȝȌ Ȁȏț ȓȎȌ ȗȄȔȃǻȐȂȔȐȎ ȄǾȌȀȈ ȓȀ 

ȖȊȘȐȘȓȈȉǻ, ȉȔȐǾȘȑ ȒȓȀ ȌȄȀȐǻ ȕȜȊȊȀ ȉȀȈ ȏȐȎȁȊǽȋȀȓȀ ȒȓȆȌ ȀȌǻȏȓȔȍȆ ȓȘȌ ȕȔȓȝȌ. ǯ 

ȗȄȔȃǻȐȂȔȐȎȑ ȇȄȘȐȄǾȓȀȈ ǼȌȀ Ȁȏț ȓȀ ȊȈȂțȓȄȐȎ ȕȔȓȎȓȎȍȈȉǻ ȁȀȐǼȀ ȋǼȓȀȊȊȀ. ǳȎ țȐȈȎ 
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ȕȔȓȎȓȎȍȈȉțȓȆȓȀȑ ȉȀȇȎȐǾȅȄȓȀȈ Ȁȏț ȓȎ ȄǾȃȎȑ ȓȎȔ ȕȔȓȎȜ ȉȀȈ ȓȎ ȂȄȌțȓȔȏȎ ȓȎȔ. (Macnicol ȉȀȈ 

Beckett, 1985)  

 

 

2.2. ǢȀȐǼȀ ȋǼȓȀȊȊȀ ȒȓȀ ȀȒȓȈȉǻ ȊȜȋȀȓȀ 

2.2.1. ǯȐȈȒȋțȑ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ 

Ǹȑ ȔȂȐț ȀȏțȁȊȆȓȎ ȖȀȐȀȉȓȆȐǾȅȄȓȀȈ ȓȎ ȌȄȐț, ȓȎ ȎȏȎǾȎ ȊțȂȘ ȓȆȑ ȖȐǽȒȆȑ ȓȎȔ ȋǼȒȘ ȓȎȔ 

ȀȌȇȐȝȏȎȔ ȉȀȈ ȓȘȌ ȃȐȀȒȓȆȐȈȎȓǽȓȘȌ ȓȎȔ ȔȏǼȒȓȆ ȋȈȀ ȀȊȊȀȂǽ ȓȘȌ ȕȔȒȈȉȝȌ, ȖȆȋȈȉȝȌ ȉȀȈ 

ȁȈȎȊȎȂȈȉȝȌ ȈȃȈȎȓǽȓȘȌ. ǚȓȒȈ ȄǾȌȀȈ ȀȃȜȌȀȓȎ ȏȊǼȎȌ ȌȀ ȖȐȆȒȈȋȎȏȎȈȆȇȄǾ țȏȘȑ ȄǾȌȀȈ ȂȈȀ ȓȎȌ ǾȃȈȎ 

ȒȉȎȏț ȂȈȀȓǾ Ȇ ȖȐǽȒȆ ȓȎȔ ȄȋȏȄȐȈǼȖȄȈ ȉȈȌȃȜȌȎȔȑ. ǥȏȎȋǼȌȘȑ, ȓȎ ȌȄȐț ȓȘȌ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ 

ǼȖȄȈ ȖǻȒȄȈ ȓȆȌ ȈȉȀȌțȓȆȓȀ ȓȆȑ ȏȐȎȆȂȎȜȋȄȌȆȑ ȀȍȈȎȏȎǾȆȒȆȑ ȓȎȔ ȉȀȈ ȄǾȌȀȈ ȏȊǼȎȌ ǼȌȀ 

ȔȏȎȁȀȇȋȈȒȋǼȌȎ ȔȊȈȉț (ǳȒȎȔȌǾȃȆȑ 2005). 

ǧ ȏȀȐȀȂȘȂǽ ȓȘȌ ȔȂȐȝȌ ȊȔȋǻȓȘȌ ȋȏȎȐȄǾ ȌȀ ȂǾȌȄȈ ȋǼȒȘ ȃȜȎ ȃȐȀȒȓȆȐȈȎȓǽȓȘȌ, ȓȘȌ 

ȊȄȈȓȎȔȐȂȈȉȝȌ ȉȀȈ ȓȘȌ ȏȀȐȀȂȘȂȈȉȝȌ țȏȎȔ ȏȐȎȉȜȏȓȎȔȌ ȓȀ ȀȒȓȈȉǻ ȊȜȋȀȓȀ ȉȀȈ ȓȀ 

ȁȈȎȋȆȖȀȌȈȉǻ (ǱȎȃȈȓǻȉȆȑ, 2018). 

1. ǳȀ ȀȒȓȈȉǻ ȊȜȋȀȓȀ ȏȀȐǻȂȎȌȓȀȈ Ȁȏț ȓȈȑ ȊȄȈȓȎȔȐȂȈȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ ȄǾȌȀȈ ȂȈȀ ȓȆȌ 

ȀȌǻȂȉȆ ȄȍȔȏȆȐǼȓȆȒȆȑ ȎȈȉȈȒȓȈȉȝȌ ȏȄȐȈȎȖȝȌ, ȏȐȎȒȘȏȈȉȎȜ ȈȃȐȔȋǻȓȘȌ ȉȀȈ ǻȊȊȘȌ 

ȄȏȈȖȄȈȐǽȒȄȘȌ (ȋȀȂȄȈȐȄǾȀ, ȏȊȔȌȓǽȐȈȀ, ȊȎȔȓȐǻ, ȀȏȎȖȘȐȆȓǽȐȈȀ, ȉ.Ȋ.ȏ.) 

2. ǥȌȝ ȓȀ ȁȈȎȋȆȖȀȌȈȉǻ ȊȜȋȀȓȀ ȏȀȐǻȂȎȌȓȀȈ Ȁȏț ȓȈȑ ȏȀȐȀȂȘȂȈȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ 

Ȁȏț ȁȈȎȋȆȖȀȌȈȉǼȑ ȄȂȉȀȓȀȒȓǻȒȄȈȑ Ȅȉȓțȑ ȓȘȌ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ ȓȘȌ ȖȝȐȘȌ 

ȄȍȔȏȆȐǼȓȆȒȆȑ ȓȎȔ ȏȐȎȒȘȏȈȉȎȜ ȏȎȔ ȒȔȌȈȒȓȎȜȌ ȀȒȓȈȉǻ ȊȜȋȀȓȀ. 

 

ǲȄ ȀȔȓǻ ȋȏȎȐȎȜȌ ȌȀ ȒȔȋȏȄȐȈȊȆȕȇȎȜȌ ȉȀȈ ȓȀ țȋȁȐȈȀ ȜȃȀȓȀ ȏȎȔ ȀȌȀȋȈȂȌȜȎȌȓȀȈ ȋȄ ȔȂȐǼȑ 

ȀȏȎȐȐȎǼȑ ǽ ȐȜȏȎȔȑ ȏȎȔ ȋȄȓȀȕǼȐȎȌȓȀȈ ȒȄ ȔȂȐǽ ȕǻȒȆ.  

 

ǥȏǾȒȆȑ, ȓȀ ȀȒȓȈȉǻ ȊȜȋȀȓȀ ȒȔȌȈȒȓȎȜȌ ǼȌȀ ȇȎȊț ȔȂȐț ȋȄ ȏȎȒȎȒȓț 99,9% ȉȔȐǾȘȑ ȌȄȐț, 

ȉȀȇȝȑ ȉȀȈ ȒȜȋȏȊȎȉȀ ȏȐȎșțȌȓȀ (ȀȈȘȐȎȜȋȄȌȀ ȎȐȂȀȌȈȉǻ ȉȀȈ ȀȌțȐȂȀȌȀ), ȒȓȄȐȄǻ ȒȘȋȀȓǾȃȈȀ, 

ȋȈȉȐȎȎȐȂȀȌȈȒȋȎȜȑ ȉȀȈ ȃȈȀȊȔȋǼȌȀ ȒȔȒȓȀȓȈȉǻ. ǸȒȓțȒȎ, ȓțȒȎ ȓȎ ȖȐȝȋȀ ȓȎȔȑ țȒȎ Ȇ 

ȃȔȒǻȐȄȒȓȆ ȎȒȋǽ ȓȎȔȑ, ȒȄ ȋȄȂǻȊȎ ȏȎȒȎȒȓț, ȏȐȎȉȀȊȄǾȓȀȈ ȄȍȀȈȓǾȀȑ ȓȆȑ ȀȌȀȄȐțȁȈȀȑ 

ȃȈǻȒȏȀȒȆȑ ȏȎȔ ȔȕǾȒȓȀȓȀȈ ȓȎ ȎȐȂȀȌȈȉț ȔȊȈȉț Ȁȏț ȓȀ ȁȀȉȓǽȐȈȀ. ǲȓȀ ȎȐȂȀȌȈȉǻ ȔȊȈȉǻ ȓȘȌ 

ȊȔȋǻȓȘȌ ȏȄȐȈȊȀȋȁǻȌȎȌȓȀȈ ȓȀ ȉțȏȐȀȌȀ, ȓȀ ȔȏȎȊȄǾȋȋȀȓȀ ȖȀȐȓȈȎȜ, ȓȘȌ ȓȐȎȕȝȌ, ȓȀ ȎȜȐȀ, 

ȓȀ ȒȀȏȎȜȌȈȀ, ȓȀ ȀȏȎȐȐȔȏȀȌȓȈȉǻ, ȓȀ ȊǾȏȆ, ȓȀ ǼȊȀȈȀ, ȉ.Ȁ. ǲȓȆȌ ȉȀȓȆȂȎȐǾȀ ȓȘȌ ȀȌțȐȂȀȌȘȌ 

ȒȔȒȓȀȓȈȉȝȌ ȀȌǽȉȎȔȌ Ȇ ǻȋȋȎȑ, Ȇ ǻȐȂȈȊȎȑ, Ȇ ȀȋȋȘȌǾȀ, țȏȘȑ ȄȏǾȒȆȑ ȓȀ ȌȈȓȐȈȉǻ, ȓȀ 

ȕȘȒȕȎȐȈȉǻ ȉȀȈ ȏǻȒȆȑ ȕȜȒȄȘȑ ǻȊȀȓȀ (ǢȊȔȒǾȃȆȑ, 2006). 

 

2.2.2. ǰȀȐǻȋȄȓȐȎȈ ȉȀȈ ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ 

ǳȀ ȔȂȐǻ ȀȒȓȈȉǻ ȀȏțȁȊȆȓȀ ȖȀȐȀȉȓȆȐǾȅȎȌȓȀȈ Ȁȏț ȓȎȔȑ țȐȎȔȑ ȓȆȑ ȕȔȒȈȉǽȑ, ȓȆȑ ȁȈȎȊȎȂȈȉǽȑ 

ȉȀȈ ȓȆȑ ȖȆȋȈȉǽȑ ȓȎȔȑ ȒȜȒȓȀȒȆȑ. ǶȀȐȀȉȓȆȐȈȒȓȈȉț ȏȀȐǻȃȄȈȂȋȀ Ȇ ȇȄȐȋȎȉȐȀȒǾȀ ȓȘȌ 

ȊȔȋǻȓȘȌ, ȏȎȔ ȀȏȎȓȄȊȄǾ ȕȔȒȈȉǽ ȈȃȈțȓȆȓȀ ȉȀȈ ȄȏȆȐȄǻȅȄȈ ȓȆ ȁȈȎȊȎȂȈȉǽ ȃȐȀȒȓȆȐȈțȓȆȓȀ ȀȊȊǻ 

ȉȀȈ ȓȆȌ ȀȏȄȊȄȔȇǼȐȘȒȆ ȀȄȐǾȘȌ ȒȓȎ ȀȏțȁȊȆȓȎ (ǢȀȂȄȌǻȑ, 2003). 
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ǰǾȌȀȉȀȑ 2.1. : ǰȀȐǻȋȄȓȐȎȈ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ 

ǪȀȓȆȂȎȐǾȀ 

 

ǰȀȐǻȋȄȓȐȎȑ 

 

 

ǵȔȒȈȉǻ 

ǰȔȉȌțȓȆȓȀ 

ǯȒȋǽ 

ǶȐȝȋȀ 

ǯȊȈȉǽ ȏȄȐȈȄȉȓȈȉțȓȆȓȀ ȒȄ ȒȓȄȐȄǻ ȒȔȒȓȀȓȈȉǻ 

ǨȄȐȋȎȉȐȀȒǾȀ 

 

 

 

 

ǶȆȋȈȉǻ 

ǴȃȀȓǻȌȇȐȀȉȄȑ 

ǰȐȘȓȄǠȌȄȑ 

ǩȖȌȎȒȓȎȈȖȄǾȀ 

ǢȀȐǼȀ ȋǼȓȀȊȊȀ 

ǢȈȎȖȆȋȈȉǻ ȀȏȀȈȓȎȜȋȄȌȎ ȎȍȔȂțȌȎ 5 ȆȋȄȐȝȌ 

ǢOD5) 

ǫǾȏȆ ȉȀȈ ǼȊȀȈȀ 

ǯȐȂȀȌȈȉǻ ȒȔȒȓȀȓȈȉǻ (ǭ ȉȀȈ Ǳ) 

ǯȊȈȉțȑ ǯȐȂȀȌȈȉțȑ ǻȌȇȐȀȉȀȑ 

ǶȆȋȈȉǻ ȀȏȀȈȓȎȜȋȄȌȎ ȎȍȔȂțȌȎ (COD) 

 

 

ǢȈȎȊȎȂȈȉǻ 

 

 

 

ǢȀȉȓǽȐȈȀ 

ǰȐȘȓțȅȘȀ 

ǩȎǾ 

ǬȜȉȆȓȄȑ 

ǪȎȊȎȁȀȉȓȆȐǾȃȈȀ 

 

2.2.3. ǡȌȀȂȉȀȈțȓȆȓȀ ȄȏȄȍȄȐȂȀȒǾȀȑ  

ǡȏț ȓȆȌ ȒȓȈȂȋǽ ȏȎȔ ȒȖȆȋȀȓǾȒȓȆȉȀȌ ȎȈ ȏȐȝȓȎȈ ȎȈȉȈȒȋȎǾ ȒȓȆȌ ȀȐȖȀȈțȓȆȓȀ ǼȂȈȌȄ ȀȌȓȈȊȆȏȓǽ Ȇ 

ȀȌȀȂȉȀȈțȓȆȓȀ ȄȏȄȍȄȐȂȀȒǾȀȑ ȓȘȌ ȀȒȓȈȉȝȌ ȊȔȋǻȓȘȌ ȊțȂȘ ȓȘȌ ȀȒȇȄȌȄȈȝȌ ȏȎȔ 

ȏȐȎȉȀȊȎȜȌȓȀȈ Ȁȏț ȓȀ ȉțȏȐȀȌȀ.  ǲȓȆȌ ȒȔȌǼȖȄȈȀ, ȋȄ ȓȆȌ ȋȄȂǼȇȔȌȒȆ ȓȘȌ ȏțȊȄȘȌ, 

ȉȀȓȀȒȉȄȔǻȒȓȆȉȀȌ ȓȀ ȏȐȝȓȀ ȃǾȉȓȔȀ ȔȏȎȌțȋȘȌ ȋȄ ȒȉȎȏț ȌȀ ȋȄȓȀȕǼȐȎȔȌ ȓȀ ȊȜȋȀȓȀ 

ȋȀȉȐȈǻ Ȁȏț ȓȎ ȏȄȐȈȁǻȊȊȎȌ ȓȘȌ ȏțȊȄȘȌ, ȋȄ ȀȏȎȃǼȉȓȄȑ ȏȎȓǻȋȈȀ, ȊǾȋȌȄȑ ȉȀȈ ȓȆ ȇǻȊȀȒȒȀ. 

ǰȐȎȉȄȈȋǼȌȎȔ ȊȎȈȏțȌ ȌȀ ȏȐȎȒȓȀȓȄȔȇȄǾ Ȇ ȃȆȋțȒȈȀ ȔȂȄǾȀ, ȓȎ ȏȎȊȜȓȈȋȎ ȏțȒȈȋȎ ȌȄȐț ȉȀȈ ȓȎ 

ȏȄȐȈȁǻȊȊȎȌ, ǻȐȖȈȒȄ Ȇ ȃȈȀȃȈȉȀȒǾȀ ȄȏȄȍȄȐȂȀȒǾȀȑ ȓȘȌ ȊȔȋǻȓȘȌ ȏȐȈȌ ȓȆȌ ȓȄȊȈȉǽ ȓȎȔȑ ȃȈǻȇȄȒȆ, 

Ȇ ȎȏȎǾȀ ȒǽȋȄȐȀ ȀȏȎȓȄȊȄǾ ǼȌȀ Ȁȏț ȓȀ ȉȐȈȒȈȋțȓȄȐȀ ȏȄȃǾȀ ǻȒȉȆȒȆȑ ȏȄȐȈȁȀȊȊȎȌȓȈȉǽȑ 

ȏȎȊȈȓȈȉǽȑ (ǬȀȒȓȐȀȌȃȐǼȎȔ, 2018). 

 

ǧ ȄȉȓȄȌǽȑ ȖȐǽȒȆ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȒȄ ȃȈȀȕȎȐȄȓȈȉǼȑ ȃȐȀȒȓȆȐȈțȓȆȓȄȑ ȒȔȌȄȏǻȂȄȓȀȈ ȓȆȌ 

ȏȀȐȎȔȒǾȀ ȓȘȌ ȋȄȓǻȊȊȘȌ ȒȄ ȒȆȋȀȌȓȈȉǼȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȒȓȈȑ ǥȂȉȀȓȀȒȓǻȒȄȈȑ ǥȏȄȍȄȐȂȀȒǾȀȑ 

ǴȂȐȝȌ ǡȏȎȁȊǽȓȘȌ ǽ ȒȓȎ ȔȃǻȓȈȌȎ ȏȄȐȈȁǻȊȊȎȌ ȋȄ ȀȏȎȓǼȊȄȒȋȀ ȌȀ ȀȏȎȓȄȊȄǾ ǼȌȀ Ȁȏț ȓȀ 

ȒȆȋȀȌȓȈȉțȓȄȐȀ ȏȄȐȈȁȀȊȊȎȌȓȈȉǻ ȏȐȎȁȊǽȋȀȓȀ (ǪǻȓȒȎȔ, 2011). 
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ǳȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȋȏȎȐȎȜȌ ȌȀ ȏȐȎǼȊȇȎȔȌ Ȁȏț ȓȀ ȀȒȓȈȉǻ, ȁȈȎȋȆȖȀȌȈȉǻ ǽ ȓȀ ȀȂȐȎȓȈȉǻ 

ȊȜȋȀȓȀ (ǲȘȓȆȐțȏȎȔȊȎȑ, 2011; ǬȘȐȀǠȓȆ, 2011): 

¶ ǡȒȓȈȉǽȑ ȏȐȎǼȊȄȔȒȆȑ 

ǯȈȉȈȀȉǻ ȊȜȋȀȓȀ ȉȀȈ ȀȏțȁȊȆȓȀ, ȃȈȀȁȐȝȒȄȈȑ ȓȘȌ ȔȃȐȎȒȘȊǽȌȘȌ ȉȀȈ ȉȀȓȀȌȀȊȘȓȈȉǻ 

ȏȐȎșțȌȓȀ, ȕȀȐȋȀȉȄȔȓȈȉǼȑ ȎȔȒǾȄȑ, ȀȒȓȈȉǻ ȌȎȒȎȉȎȋȄȈȀȉǻ ȀȏțȁȊȆȓȀ, ȀȂȘȂȎǾ ȌȄȐȎȜ, 

ȀȏȎȐȐǾȋȋȀȓȀ ȎȃȎȌȓȈȀȓȐȄǾȘȌ ȉȀȈ ȃȈǻȕȎȐȄȑ ȃȈȀȃȈȉȀȒǾȄȑ ȉȀȜȒȆȑ ȉȀȈ ȀȏȎȐȐȎǼȑ ȓȘȌ 

ȃȐțȋȘȌ 

¶ ǢȈȎȋȆȖȀȌȈȉǽȑ ȏȐȎǼȊȄȔȒȆȑ 

ǲȓȀȇȄȐȎȏȎȈȆȓǼȑ, ȉȀȓȄȐȂȀȒǾȀ ȋȄȓǻȊȊȘȌ, ȁȈȎȋȆȖȀȌǾȀ ȖȐȘȋǻȓȘȌ, ȓȔȏȎȂȐȀȕȈȉǼȑ 

ȃȐȀȒȓȆȐȈțȓȆȓȄȑ 

¶ ǡȂȐȎȓȈȉǽȑ ȏȐȎǼȊȄȔȒȆȑ  

ǵȘȒȕȎȐȈȉǻ ȊȈȏǻȒȋȀȓȀ 

 

ǯ ȖȀȊȉțȑ, Ȏ ȋțȊȔȁȃȎȑ, Ȏ ȗȄȔȃǻȐȂȔȐȎȑ, ȓȎ ȌȈȉǼȊȈȎ, ȓȎ ȖȐȝȋȈȎ ȉȀȈ ȓȎ ȉǻȃȋȈȎ ȀȏȎȓȄȊȎȜȌ 

ȒȔȌǽȇȆ ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȏȎȔ ȒȔȌȀȌȓȝȌȓȀȈ ȒȓȈȑ ȄȉȐȎǼȑ ȃȈȀȕțȐȘȌ ȁȈȎȋȆȖȀȌȈȉȝȌ ȀȊȊǻ ȉȀȈ 

ȀȒȓȈȉȝȌ ȃȐȀȒȓȆȐȈȎȓǽȓȘȌ. ǤȜȎ Ȁȏț ȓȀ ȏȈȎ ȓȎȍȈȉǻ ȋǼȓȀȊȊȀ ȀȏȎȓȄȊȎȜȌ ȓȎ ȉǻȃȋȈȎ ȉȀȈ Ȏ 

ȖȀȊȉțȑ ȀȕȎȜ ȀȌȓȈȃȐȎȜȌ ȋȄ ȓȀ ȋȈȉȐȎȁȈȀȉǻ ǼȌȅȔȋȀ, ȀȌȀȒȓǼȊȊȎȌȓȀȑ ǽ ȄȏȈȁȐȀȃȜȌȎȌȓȀȑ ȓȎ 

ȋȄȓȀȁȎȊȈȒȋț ȓȎȔȑ, ȂȈõ ȀȔȓț ȉȀȈ ȒȄ ȔȗȆȊǼȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȏȐǼȏȄȈ ȌȀ ȀȏȎȋȀȉȐȜȌȎȌȓȀȈ Ȁȏț 

ȓȀ ȀȏțȁȊȆȓȀ. 

 

2.2.4. ǯȃȆȂǾȄȑ ȓȆȑ ǥȔȐȘȏȀșȉǽȑ ǚȌȘȒȆȑ ȂȈȀ ȓȀ ȀȏȎȃȄȉȓǻ țȐȈȀ ȐȜȏȀȌȒȆȑ 

ǧ ǤȈȀȖȄǾȐȈȒȆ ȓȘȌ ȀȒȓȈȉȝȌ ȊȔȋǻȓȘȌ ȉȀȇȎȐǾȅȄȓȀȈ Ȁȏț ȓȆȌ ȎȃȆȂǾȀ 91/271/ǥǯǪ ç ȂȈȀ ȓȆȌ 

ȄȏȄȍȄȐȂȀȒǾȀ ȓȘȌ ȀȒȓȈȉȝȌ ȊȔȋǻȓȘȌ è. ǯ ȉȜȐȈȎȑ ȒȓțȖȎȑ ȓȆȑ ǯȃȆȂǾȀȑ ȄǾȌȀȈ Ȇ ȏȐȎȒȓȀȒǾȀ ȓȆȑ 

ȃȆȋțȒȈȀȑ ȔȂȄǾȀȑ ȉȀȈ ȓȎȔ ȔȃǻȓȈȌȎȔ ȏȄȐȈȁǻȊȊȎȌȓȎȑ Ȁȏț ȓȈȑ ȀȐȌȆȓȈȉǼȑ ȄȏȈȏȓȝȒȄȈȑ ȏȎȔ 

ȏȐȎȉȀȊȄǾ Ȇ ȀȏțȐȐȈȗȆ ȀȌȄȏȄȍǼȐȂȀȒȓȘȌ ǽ ȀȌȄȏȀȐȉȝȑ ȄȏȄȍȄȐȂȀȒȋǼȌȘȌ ȀȒȓȈȉȝȌ ȊȔȋǻȓȘȌ 

ȉȀȈ ȓȘȌ ȏȀȐȀȏȐȎșțȌȓȘȌ ȓȎȔȑ (ȊǻȒȏȆ), ȉȀȇȝȑ ȉȀȈ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ Ȁȏț ȎȐȈȒȋǼȌȄȑ 

ȁȈȎȋȆȖȀȌǾȄȑ ȓȐȎȕǾȋȘȌ. ǧ ȄȌ ȊțȂȘ ȎȃȆȂǾȀ ȉȀȇȎȐǾȅȄȈ (ǴǰǥǪǡ 2012, ǬȀȒȓȐȀȌȃȐȄȎȔ 2018) : 

¶ ǳȈȑ ȄȊǻȖȈȒȓȄȑ ȔȏȎȃȎȋǼȑ ȃȈȉȓȜȘȌ ȀȏȎȖǼȓȄȔȒȆȑ ȉȀȈ ǥȂȉȀȓȀȒȓǻȒȄȘȌ ǥȏȄȍȄȐȂȀȒǾȀȑ 

ǫȔȋǻȓȘȌ ȏȎȔ ȏȐǼȏȄȈ ȌȀ ȃȈȀȇǼȓȎȔȌ ȎȈ ȏțȊȄȈȑ ȉȀȈ ȎȈ ȎȈȉȈȒȋȎǾ ȓȆȑ ǥȔȐȘȏȀșȉǽȑ 

ǚȌȘȒȆȑ, ȒȜȋȕȘȌȀ ȋȄ ȓȎȌ ȈȒȎȃȜȌȀȋȎ ȏȊȆȇȔȒȋț ȉȀȈ ȒȄ ȒȖǼȒȆ ȋȄ ȓȎȌ ȀȏȎȃǼȉȓȆ ȓȘȌ 

ȄȏȄȍȄȐȂȀȒȋǼȌȘȌ ȊȔȋǻȓȘȌ. 

¶ ǳȎȔȑ ȔȃǻȓȈȌȎȔȑ ȀȏȎȃǼȉȓȄȑ ȒȄ ȓȐȄȈȑ ȉȀȓȆȂȎȐǾȄȑ, ȉȀȌȎȌȈȉȎȜȑ, ȄȔȀǾȒȇȆȓȎȔȑ ȉȀȈ 

ȊȈȂțȓȄȐȎ ȄȔȀǾȒȇȆȓȎȔȑ  

¶ ǲȔȂȉȄȉȐȈȋǼȌȄȑ ȓȈȋǼȑ/țȐȈȀ ȂȈȀ ȓȀ ȏȎȈȎȓȈȉǻ ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ (BOD5, COD, TSS, P, N) ȓȘȌ 

ȄȏȄȍȄȐȂȀȒȋǼȌȘȌ ȊȔȋǻȓȘȌ ȏȎȔ ȏȐǼȏȄȈ ȌȀ ȓȆȐȎȜȌȓȀȈ ȒȓȆȌ ȄȉȐȎǽ ȓȘȌ ǥǥǫ ȀȌǻȊȎȂȀ 

ȋȄ ȓȎȌ ȀȏȎȃǼȉȓȆ, ȉȀȇȝȑ ȉȀȈ ȒȔȖȌțȓȆȓȀ ȃȄȈȂȋȀȓȎȊȆȗǾȀȑ.  

ǧ ȒȜȂȉȐȈȒȆ ȓȆȑ ȏȈȎ ȏǻȌȘ ǯȃȆȂǾȀȑ ȋȄ ȓȆȌ ȏȀȊȀȈțȓȄȐȆ ǪȎȈȌȎȓȈȉǽ ǯȃȆȂǾȀ (80/778/ǥǯǪ) ȄǾȌȀȈ 

ȄȌȃȄȈȉȓȈȉǽ ȓȘȌ ȀȔȍȀȌțȋȄȌȘȌ ȏȄȐȈȁȀȊȊȎȌȓȈȉȝȌ ȀȏȀȈȓǽȒȄȘȌ ȒȄ ȒȔȌǻȐȓȆȒȆ ȉȀȈ ȋȄ ȓȆȌ 

ȏȊȆȐǼȒȓȄȐȆ ȉȀȓȀȌțȆȒȆ ȓȘȌ ȏȈȇȀȌȝȌ ȄȏȈȏȓȝȒȄȘȌ ȓȘȌ ȖȆȋȈȉȝȌ ȎȔȒȈȝȌ ȒȓȆȌ ȀȌȇȐȝȏȈȌȆ 

ȔȂȄǾȀ. ǣȈȀ ȏȀȐǻȃȄȈȂȋȀ ȎȈ ȋǼȂȈȒȓȄȑ ȓȈȋǼȑ ȂȈȀ ȓȎ ȋțȊȔȁȃȎ ȉȀȈ ȓȎ ȀȐȒȄȌȈȉț ȋȄȈȝȇȆȉȀȌ Ȁȏț 50 
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ȋg/l ȒȄ 10 ȋg/l. ǥȏǾ ȏȊǼȎȌ ȒȓȆȌ ǯȃȆȂǾȀ ȓȎȔ 1998 ȏȄȐȈȊȀȋȁǻȌȎȌȓȀȈ ȂȈȀ ȏȐȝȓȆ ȕȎȐǻ 

ȁȈȎȋȆȖȀȌȈȉȎǾ ȐȜȏȎȈ țȏȘȑ ȏ.Ȗ. ȎȈ ȖȊȘȐȈȘȋǼȌȎȈ ȔȃȐȎȂȎȌǻȌȇȐȀȉȄȑ (Daniel, 1993, US EPA, 

2002, ǴǰǥǶÝǤǥ, 1995) 

 

2.2.5. OȈ ȔȏȎȖȐȄȝȒȄȈȑ ȓȘȌ ȉȐȀȓȝȌ ÕȄȊȝȌ 

ǧ ȉȔȐȈțȓȄȐȆ ȄǾȌȀȈ Ȇ ȄȂȉȀȓǻȒȓȀȒȆ ȃȈȉȓȜȘȌ ȒȔȊȊȎȂǽȑ ȉȀȈ ȒȓȀȇȋȝȌ ȄȏȄȍȄȐȂȀȒǾȀȑ ȊȔȋǻȓȘȌ 

ȒȄ ȎȈȉȈȒȋȎȜȑ ȋȄ ȊȈȂțȓȄȐȎ Ȁȏț 2.000 Ȉ.ȏ. ǡȉțȋȆ, ȓȀ ȉȐǻȓȆ ȋǼȊȆ ȔȏȎȖȐȄȝȌȎȌȓȀȈ ȌȀ ȄȉȓȄȊȎȜȌ 

ȓȆȌ ȁȈȎȊȎȂȈȉǽ ȃȄȔȓȄȐȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ ȓȎȔȑ ȒȄ ȉȀȌȎȌȈȉǼȑ ȏȄȐȈȎȖǼȑ ȄȌȝ ȇȀ ǼȖȎȔȌ ǽȃȆ 

ȏȐȎȒȃȈȎȐǾȒȄȈ Ȁȏț ȏȐȈȌ ȏȎȈȄȑ ȄǾȌȀȈ ȎȈ ȄȔȀǾȒȇȆȓȄȑ ȉȀȈ ȉȀȌȎȌȈȉǼȑ ȏȄȐȈȎȖǼȑ. ǳǼȊȎȑ, ȀȏȀȐȀǾȓȆȓȆ 

ȄǾȌȀȈ Ȇ ȏȀȐȀȉȎȊȎȜȇȆȒȆ ȓȆȑ ȏȎȈțȓȆȓȀȑ ȓȎȔ ȄȏȄȍȄȐȂȀȒȋǼȌȎȔ ȌȄȐȎȜ ȉȀȈ Ȇ ǼȉȃȎȒȆ ȀȃȄȈȝȌ 

ȉȀȈ ȉȀȌȎȌȈȒȋȝȌ ȂȈȀ ȓȆȌ ȀȏțȐȐȈȗȆ ȓȎȔ ȄȏȄȍȄȐȂȀȒȋǼȌȎȔ ȌȄȐȎȜ ȉȀȈ ȊǻȒȏȆȑ (ǲȓȔȊȈȀȌȎȜ, 

2008). 

 

2.2.6. ǳȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȒȓȀ ȀȒȓȈȉǻ ȊȜȋȀȓȀ ȓȎȔ ǥȊȊȆȌȈȉȎȜ ȖȝȐȎȔ 

ǰȎȊȊǼȑ ȄǾȌȀȈ ȎȈ ȏȄȐȈȎȖǼȑ ȒȓȆȌ ǥȊȊǻȃȀ ȎȈ ȎȏȎǾȄȑ ȄǾȌȀȈ ȄȏȈȁȀȐȔȋǼȌȄȑ ȋȄ ȁȀȐǼȀ ȋǼȓȀȊȊȀ. ǣȈȀ 

ȏȀȐǻȃȄȈȂȋȀ ȓȎ ǫȀȜȐȈȎ, Ȏ ǸȐȘȏțȑ, ȓȀ ǯȈȌțȕȔȓȀ, Ȇ ǰȓȎȊȄȋȀǠȃȀ, ȓȎ ǡȊȈȁǼȐȈ, Ȇ ǬȄȂȀȊțȏȎȊȆ, 

Ȏ ȏȎȓȀȋțȑ ǡȒȘȏțȑ ȉȀȈ Ȇ ȊǾȋȌȆ ǪȎȐȝȌȄȈȀ ȀȏȎȓȄȊȎȜȌ ȄȏȈȁȀȐȔȋǼȌȄȑ ȋȄ ȉǻȃȋȈȎ ȏȄȐȈȎȖǼȑ. 

ǡȏț ȓȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȃȄȌ ȄǾȌȀȈ ȋțȌȎ ȓȎ ȉǻȃȋȈȎ ȏȎȔ ǼȖȄȈ ȉȀȓȀȂȐȀȕȄǾ ȒȓȎȌ ǥȊȊȀȃȈȉț ȖȝȐȎ 

ȒȄ ȏȄȐȈȏȓȝȒȄȈȑ ȐȜȏȀȌȒȆȑ. ǲȔȂȉǼȌȓȐȘȒȆ ȌȈȉȄȊǾȎȔ ǼȖȄȈ ȄȌȓȎȏȈȒȓȄǾ ȒȄ ȄȃǻȕȆ ȉȀȈ ȔȏțȂȄȈȎȔȑ 

ȔȃȐȎȕȎȐȄǾȑ, țȏȘȑ ȒȓȈȑ ȏȄȐȈȎȖǼȑ ȓȆȑ ǪȀȊȀȋǻȓȀȑ, ȓȆȑ ǰǻȓȐȀȑ, ȒȓȀ ȏțȒȈȋȀ ȜȃȀȓȀ 

ǯȐȄȒȓȈǻȃȀȑ, ǭȎȓǾȎȔ ǢȜȒȒȀȑ ȉȀȈ ǘȐȃȀ, ȓȎȔ ǫȀȔȐǾȎȔ, ȓȎȔ ǸȐȘȏȎȜ, ȓȘȌ ǯȈȌȎȕȜȓȘȌ, Ȏ 

ȏȎȓȀȋțȑ ǰȆȌȄȈțȑ ȉȀȈ ȒȄ țȊȀ ȓȀ ȊȈȋȌȀǾȀ ȒȔȒȓǽȋȀȓȀ ȓȆȑ ǢțȐȄȈȀȑ ǥȊȊǻȃȀȑ. ǡȉțȋȆ, ȎȈ 

ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȗȄȔȃǻȐȂȔȐȎȔ ȔȏȄȐȁȀǾȌȎȔȌ ȉȀȓǻ ȏȎȊȜ ȓȀ țȐȈȀ ȒȄ ȒȓȎȌ ǸȐȘȏț, ǯȈȌțȕȔȓȀ 

ȉȀȈ ȒȓȎȌ ȉțȊȏȎ ȓȆȑ ǥȊȄȔȒǾȌȀȑ ȉȎȌȓǻ ȒȓȀ ȃȜȎ ȌȀȔȏȆȂȄǾȀ. 

  

ǰǾȌȀȉȀȑ 2.2. ǝȐȈȀ ȒȔȂȉȄȌȓȐȝȒȄȘȌ ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȒȄ ȔȃǻȓȈȌȎ ȏȄȐȈȁǻȊȊȎȌ (EPA, 

2017) 

ǲȓȎȈȖȄǾȀ ǝȐȈȎ ǪǰǪ (ȋg/l) ǳȈȋǽ ȀȌȀȕȎȐǻȑ (ȋg/l) 

ǪǻȃȋȈȎ 

ǬțȊȔȁȃȎȑ  

ǷȄȔȃǻȐȂȔȐȎȑ 

ǶȀȊȉțȑ 

1 

10 

100 

10 

0,1 

0,5 

1 

0,5 

 

 

ǰǾȌȀȉȀȑ 2.3. ǡȌȝȓȀȓȄȑ ȄȏȈȓȐȄȏțȋȄȌȄȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȂȈȀ ȓȆȌ 

ȄȏȀȌȀȖȐȆȒȈȋȎȏȎǾȆȒȆ ȄȏȄȍȄȐȂȀȒȋǼȌȘȌ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ (ǤȀȒȄȌǻȉȆȑ, 2015, Ayers and 

Westcot, 1985, NAS, 1972)  

ǲȓȎȈȖȄǾȀ ǰȐȎȓȄȈȌțȋȄȌȄȑ ȋǼȂȈȒȓȄȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ  (mg / l) 
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ǪǻȃȋȈȎ 

ǬțȊȔȁȃȎȑ 

ǭȈȉǼȊȈȎ 

ǷȄȔȃǻȐȂȔȐȎȑ 

ǶȀȊȉțȑ 

0,010 

5,00 

0,20 

2,0 

0,20 

 

 

ǰǾȌȀȉȀȑ 2.4. ǬǼȂȈȒȓȄȑ ȄȏȈȓȐȄȏțȋȄȌȄȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȋȄȓǻȊȊȘȌ (ǭȓȀȐǻȉȀȑ, 2010) 

ǲȓȎȈȖȄǾȀ ǝȐȈȀ ȏțȒȈȋȎȔ ȌȄȐȎȜ (mg / l) 

ǪǻȃȋȈȎ 

ǬțȊȔȁȃȎȑ 

ǭȈȉǼȊȈȎ 

ǷȄȔȃǻȐȂȔȐȎȑ 

ǶȀȊȉțȑ 

0,003 

0,01 

0,02 

3,0 

2,0 

 

 

2.2.7. ǳȄȖȌȎȊȎȂǾȄȑ ȀȏȎȋǻȉȐȔȌȒȆȑ ȁȀȐǼȘȌ ȋǼȓȀȊȊȘȌ Ȁȏț ȓȀ ȀȒȓȈȉǻ ȊȜȋȀȓȀ 

 

ǰȐȘȓȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ  

ǣȈȀ ȌȀ ȏȐȀȂȋȀȓȎȏȎȈȆȇȄǾ Ȇ ȏȐȘȓȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȋȆȖȀȌȈȉǼȑ ȉȀȈ 

ȔȃȐȀȔȊȈȉǼȑ ȋǼȇȎȃȎȈ ǼȓȒȈ ȝȒȓȄ ȌȀ ȀȕȀȈȐȄȇȎȜȌ ȓȀ ȋȄȂȀȊȜȓȄȐȎȔ ȋȄȂǼȇȎȔȑ ȒȘȋȀȓǾȃȈȀ Ȁȏț 

ȓȀ ȄȈȒȄȐȖțȋȄȌȀ ȀȏțȁȊȆȓȀ. ǧ ȒȔȂȉȄȉȐȈȋǼȌȆ ȋǼȇȎȃȎȑ ȄȏȄȍȄȐȂȀȒǾȀȑ ȏȄȐȈȊȀȋȁǻȌȄȈ ȋȈȀ 

ȃȈȀȃȈȉȀȒǾȀ ȄȒȖǻȐȘȒȆȑ ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȓȘȌ ȎȂȉȘȃȝȌ ȀȌȓȈȉȄȈȋǼȌȘȌ. 

ǶȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȄȏǾȒȆȑ ȃȈȀȃȈȉȀȒǾȄȑ ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȓȆȑ ǻȋȋȎȔ ȉȀȈ ȋȄȐȈȉȝȌ Ȁȏț 

ȓȀ ȋȄȂȀȊȜȓȄȐȀ ȉȎȋȋǻȓȈȀ ȎȐȂȀȌȈȉǽȑ ȜȊȆȑ țȏȎȔ ȋȄ ȓȆ ȁȎǽȇȄȈȀ ȓȘȌ ȄȍȀȋȋȘȓȝȌ ȉȀȓȀȉǻȇȄȓȀȈ 

Ȇ ǻȋȋȎȑ, ȄȌȝ Ȇ ȎȐȂȀȌȈȉǽ ȜȊȆ ȋǼȌȄȈ ȀȈȘȐȎȜȋȄȌȆ. ǬȄ ȓȆ ȁȎǽȇȄȈȀ ȉȐȎȉȈȃȘȋǻȓȘȌ ȋȏȎȐȎȜȌ 

ȌȀ ȒȔȒȒȘȋȀȓȘȇȎȜȌ ȓȀ ȋȈȉȐǻ ȒȘȋȀȓǾȃȈȀ ȜȊȆȑ ȒȄ ȋȄȂȀȊȜȓȄȐȀ ȒȘȋȀȓǾȃȈȀ ȓȀ ȎȏȎǾȀ ȒȓȆ 

ȒȔȌǼȖȄȈȀ ȇȀ ȀȕȀȈȐȄȇȎȜȌ ȋȄ ȉȀȇǾȅȆȒȆ ȒȓȆ ȃȄȍȀȋȄȌǽ. ǧ ȏȐȘȓȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ ȋȏȎȐȄǾ 

ȌȀ ȀȏȎȋȀȉȐȜȌȄȈ ȓȎ 30-40% ȓȎȔ ȄȈȒȄȐȖțȋȄȌȎȔ BOD ȉȀȈ ȓȎ 60-75% ȓȘȌ ȄȈȒȄȐȖțȋȄȌȘȌ 

ȀȈȘȐȎȜȋȄȌȘȌ ȒȓȄȐȄȝȌ, țȓȀȌ ȃȎȔȊȄȜȄȈ ȀȏȎȃȎȓȈȉǻ (Wilson, 1981). 

ǤȈȄȐȂȀȒǾȄȑ ȏȐȘȓȎȂȄȌȎȜȑ ȄȏȄȍȄȐȂȀȒǾȀȑ (ǢȊȔȒǾȃȆȑ, 2006) : 

1. ǥȍȎȔȃȄȓǼȐȘȒȆ ȀȏȎȁȊǽȓȘȌ, ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȄȖȌȈȉǼȑ ȓȀȖȄǾȀȑ ȀȌǻȋȈȍȆȑ ȋȄ ȎȍȜ ǽ ȁǻȒȆ  

2. ǪȐȎȉǾȃȘȒȆ ȉȎȊȊȎȄȈȃȝȌ, ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȄȖȌȈȉǼȑ ȓȀȖȄǾȀȑ ȀȌǻȋȈȍȆȑ ȋȄ ȉȐȎȉȈȃȘȓȈȉǻ ȉȀȈ 

ȄȍȎȔȃȄȓȄȐȝȌȎȌȓȀȈ ȓȀ ȆȊȄȉȓȐȎȒȓȀȓȈȉǻ ȕȎȐȓǾȀ ȓȘȌ ȉȎȊȊȎȄȈȃȝȌ ȒȘȋȀȓȈȃǾȘȌ. 

3. ǲȔȒȒȘȋǻȓȘȒȆ ȉȐȎȉȈȃȘȋǼȌȘȌ ȉȎȊȊȎȄȈȃȝȌ, ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȄȖȌȈȉǼȑ ȈȍȝȃȎȔȑ 

ȀȌǻȋȈȍȆȑ ȋȄ ȏȎȊȔȆȊȄȉȓȐȎȊȜȓȄȑ țȏȘȑ ȃȈȀȓǻȍȄȈȑ ȋȆȖȀȌȈȉǽȑ ȀȌǻȃȄȔȒȆȑ, ȃȈȀȓǻȍȄȈȑ 

ȄȍȀȌȀȂȉȀȒȋǼȌȆȑ ȐȎǽȑ ȉȀȈ ȃȈȀȓǻȍȄȈȑ ȀȂȘȂȝȌ ȐȎǽȑ. 

4. ǡȏȎȋǻȉȐȔȌȒȆ ȉȐȎȉȈȃȘȋǻȓȘȌ ȋȄ ȓȄȖȌȈȉǼȑ ȄȏǾȏȊȄȔȒȆȑ ȋȄ DAF ȃȆȊȀȃǽ ȄȏǾȏȊȄȔȒȆ ȋȄ 

ȃȈȀȊȔȋǼȌȎ ȀǼȐȀ ȉȀȈ ȏȀȐȄȋȏȎȃȈȒȋǼȌȆ ȉȀȇǾȅȆȒȆ 
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ǤȄȔȓȄȐȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ 

ǚȖȄȈ Șȑ ȒȓțȖȎ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ BOD ȒȄ ȋȄȂȀȊȜȓȄȐȎ ȁȀȇȋț Ȁȏț țȓȈ ȄȏȈȓȔȂȖǻȌȄȓȀȈ ȉȀȓǻ 

ȓȆȌ ȏȐȘȓȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ. ǢȀȒǾȅȄȓȀȈ ȒȓȆȌ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȋȈȉȐȎȎȐȂȀȌȈȒȋȝȌ ȌȀ 

ȋȄȓȀȓȐǼȏȎȔȌ ȓȈȑ ȎȐȂȀȌȈȉǼȑ ȄȌȝȒȄȈȑ ȓȘȌ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ ȒȄ ȀȌțȐȂȀȌȄȑ ȉȀȈ 

ȒȓȀȇȄȐțȓȄȐȄȑ, ȀȏȊȎȜȒȓȄȐȄȑ ȄȌȝȒȄȈȑ (ǴȗȆȊǻȌȓȆ, 2012). 

ǤȈȄȐȂȀȒǾȄȑ ȃȄȔȓȄȐȎȂȄȌȎȜȑ ȄȏȄȍȄȐȂȀȒǾȀȑ (ǭȈȉȎȊǻȎȔ, 2005) : 

1. ǢȈȎȊȎȂȈȉǻ ȕǾȊȓȐȀ  ȓȀ ȎȏȎǾȀ ȋȀȅǾ ȋȄ ȓȆȌ ȄȌȄȐȂțȑ ȈȊȜȑ ȀȏȎȓȄȊȎȜȌ ȓȎ ȄȏțȋȄȌȎ ȒȓǻȃȈȎ 

ȋȄȓǻ ȓȆȌ ȏȐȘȓȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ, ȄȌȝ ȎȈ ȊǾȋȌȄȑ ȄȏȄȍȄȐȂȀȒǾȀȑ ȋȏȎȐȎȜȌ ȌȀ 

ȖȐȆȒȈȋȎȏȎȈȆȇȎȜȌ ȖȘȐǾȑ ȏȐȘȓȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ, ȃǾȌȎȌȓȀȑ ȄȉȐȎǽ ȈȒȎȃȜȌȀȋȆȑ 

ȏȎȈțȓȆȓȀȑ. ǳȀ ȁȈȎȊȎȂȈȉǻ ȕǾȊȓȐȀ ȄǾȌȀȈ ȃȈȀȓǻȍȄȈȑ ȏȎȔ ȀȏȎȓȄȊȎȜȌȓȀȈ Ȁȏț ȖȎȌȓȐț ȖȀȊǾȉȈ 

ǽ ǻȊȊȎ ȔȊȈȉț ȒȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȎȔ ȎȏȎǾȎȔ ȀȌȀȏȓȜȒȒȎȌȓȀȈ ȋȈȉȐȎȎȐȂȀȌȈȒȋȎǾ. ǳȀ 

ȃȈǻȉȄȌȀ ȋȄȓȀȍȜ ȓȘȌ ȖȀȊȈȉȈȝȌ ȄȏȈȓȐǼȏȎȔȌ ȓȆ ȃǾȎȃȎ ȀǼȐȀ, ȂȈȀ ȓȆ ȃȈȀȓǽȐȆȒȆ ȀȄȐțȁȈȘȌ 

ȒȔȌȇȆȉȝȌ. ǳȀ ȖȀȊǾȉȈȀ ȉȀȊȜȏȓȎȌȓȀȈ Ȁȏț ȁȈȎȊȎȂȈȉț çȕȈȊȋè, ȏȎȔ ȏȐȎȒȐȎȕǻ ȉȀȈ 

ȉȀȓȀȌȀȊȝȌȄȈ ȓȈȑ ȎȐȂȀȌȈȉǼȑ ȎȔȒǾȄȑ ȏȎȔ ȏȄȐȈǼȖȎȌȓȀȈ ȒȓȀ ȔȂȐǻ ȀȏțȁȊȆȓȀ. 

2. ǧ ȄȌȄȐȂțȑ ȈȊȜȑ ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȋǾȀ ȃȄȍȀȋȄȌǽ ȀȄȐȈȒȋȎȜ, Ȇ ȎȏȎǾȀ ȓȐȎȕȎȃȎȓȄǾȓȀȈ ȋȄ 

ȓȆȌ ȄȉȐȎǽ ȓȆȑ ȏȐȘȓȎȁǻȇȋȈȀȑ ȃȄȍȀȋȄȌǽȑ ȉȀȇǾȅȆȒȆȑ, ȋȄ ȀǼȐȀ ȉȀȈ ȋȄ ȀȌȀȉȔȉȊȎȕȎȐǾȀ 

ȁȈȎȋǻȅȀȑ Ȁȏț ȓȆ ȃȄȔȓȄȐȎȁǻȇȋȈȀ ȃȄȍȀȋȄȌǽ ȉȀȇǾȅȆȒȆȑ. ǧ ȃȄȍȀȋȄȌǽ ȀȄȐȈȒȋȎȜ 

ȓȐȎȕȎȃȎȓȄǾȓȀȈ ȋȄ ȀǼȐȀ ȂȈȀ ȓȆ ȃȈȀȓǽȐȆȒȆ ȀȄȐțȁȈȘȌ ȒȔȌȇȆȉȝȌ ȉȀȓǻ ȓȆ 

ȁȈȎȀȏȎȃțȋȆȒȆ ȉȀ ȏȐȀȂȋȀȓȎȏȎȈȄǾȓȀȈ ȀȌǻȃȄȔȒȆ ȓȎȔ çȋȈȉȓȎȜ ȔȂȐȎȜè ȂȈȀ 6-8 ȝȐȄȑ 

ȏȐȈȌ ȎȃȆȂȆȇȄǾ ȒȓȆ ȃȄȍȀȋȄȌǽ ȃȄȔȓȄȐȎȁǻȇȋȈȀȑ ȉȀȇǾȅȆȒȆȑ. 

3. ǫǾȋȌȄȑ ȄȏȄȍȄȐȂȀȒǾȀȑ ȄǾȌȀȈ ȃȄȍȀȋȄȌǼȑ ȋȄȂǻȊȆȑ ȄȏȈȕǻȌȄȈȀȑ, ȁǻȇȎȔȑ 1-2 ȋǼȓȐȘȌ, țȏȎȔ 

ȓȀ ȔȂȐǻ ȀȏțȁȊȆȓȀ ȀȏȎȃȎȋȎȜȌȓȀȈ Ȁȏț ȋȈȉȐȎȎȐȂȀȌȈȒȋȎȜȑ. ǯȈ ȒȔȌȇǽȉȄȑ ȄǾȌȀȈ 

ȏȀȐțȋȎȈȄȑ ȋȄ ȄȉȄǾȌȄȑ ȒȓȈȑ ȄȔȓȐȎȕȈȉǼȑ ȊǾȋȌȄȑ. ǯȈ ȊǾȋȌȄȑ ȄȏȄȍȄȐȂȀȒǾȀȑ 

ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȓȈȑ ȊǾȋȌȄȑ ȀȄȐȈȒȋȎȜ: ȀȄȐțȁȈȄȑ ǽ ȀȄȐțȁȈȄȑ/ȀȌȀȄȐțȁȈȄȑ ȉȀȈ ȓȈȑ ȊǾȋȌȄȑ 

ȒȓȀȇȄȐȎȏȎǾȆȒȆȑ: ȀȄȐțȁȈȄȑ, ȀȄȐțȁȈȄȑ/ȀȌȀȄȐțȁȈȄȑ, ȀȌȀȄȐțȁȈȄȑ. 

 

ǳȐȈȓȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ 

ǳȎ ȓȄȊȄȔȓȀǾȎ ȒȓǻȃȈȎ ȓȆȑ ȄȏȄȍȄȐȂȀȒǾȀȑ ȓȘȌ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ ȄǾȌȀȈ Ȏ ȖȆȋȈȉțȑ ȉȀȇȀȐȈȒȋțȑ, 

ȏȎȔ ȋȏȎȐȄǾ ȌȀ ȏȄȐȈȊȀȋȁǻȌȄȈ ȏȎȊȊǻ ȄȏȈȋǼȐȎȔȑ ȒȓǻȃȈȀ ȋȄ ȉȜȐȈȎ ȒȓǻȃȈȎ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ 

ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ǯȈ ȒȔȌȆȇǼȒȓȄȐȀ ȖȐȆȒȈȋȎȏȎȈȎȜȋȄȌȄȑ ȋǼȇȎȃȎȈ ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ 

ȓȘȌ ȋȄȓǻȊȊȘȌ Ȁȏț ǼȌȀ ȔȃǻȓȈȌȎ ȏȄȐȈȁǻȊȊȎȌ ȄǾȌȀȈ ȎȈ Ȅȍǽȑ (ǬȀȊȊȈȀȐțȑ, 2000) : 

¶ ǰȐȎȒȐțȕȆȒȆ 

¶ ǩȎȌȓȎȄȌȀȊȊȀȂǽ 

¶ ǤȈȀȖȘȐȈȒȋțȑ ȋȄȋȁȐȀȌȝȌ 

¶ ǶȆȋȈȉǽ ȉȀȓȀȉȐǽȋȌȈȒȆ 

 

ǰȐȎȒȐțȕȆȒȆ 

ǧ ȏȐȎȒȐțȕȆȒȆ ȄǾȌȀȈ ȋȈȀ ȃȈȄȐȂȀȒǾȀ ȉȀȓǻ ȓȆȌ ȎȏȎǾȀ ȋǾȀ ȎȔȒǾȀ ȀȔȍǻȌȄȈ ȓȆ ȒȔȂȉǼȌȓȐȘȒǽ ȓȆȑ 

ȒȄ ȋǾȀ ȃȈȄȏȈȕǻȌȄȈȀ ȋȄȓȀȍȜ ȃȜȎ ȕǻȒȄȘȌ. ǯȈ ȒȔȌȃȔȀȒȋȎǾ ȀȔȓȝȌ ȓȘȌ ȕǻȒȄȘȌ ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ 
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ȔȂȐȎȜ ȋȄ ȔȂȐȎȜ, ȔȂȐȎȜ ȉȀȈ ȒȓȄȐȄȎȜ, ȀȄȐǾȎȔ ȉȀȈ ȔȂȐȎȜ ǽ ȀȄȐǾȎȔ ȉȀȈ ȒȓȄȐȄȎȜ. ǧ 

ȏȐȎȒȐțȕȆȒȆ ȒȄ ȒȓȄȐȄȎȜȑ ȏȐȎȒȐȎȕȆȓǼȑ ǼȖȄȈ ȋȄȂǻȊȆ ȏȄȐȈȁȀȊȊȎȌȓȈȉǽ ȒȆȋȀȒǾȀ ȊțȂȘ ȓȎȔ 

țȓȈ ȋȏȎȐȎȜȌ ȌȀ ȀȏȎȋȀȉȐȜȌȎȔȌ ȀȏȎȓȄȊȄȒȋȀȓȈȉǻ ȐȔȏȀȌȓǼȑ ȓțȒȎ Ȁȏț ȓȆȌ ȀǼȐȈȀ, țȒȎ ȉȀȈ 

Ȁȏț ȓȆȌ ȔȂȐǽ ȕǻȒȆ. ǯ ȏȈȎ ȃȈȀȃȄȃȎȋǼȌȎȑ ȏȐȎȒȐȎȕȆȓǽȑ ȄǾȌȀȈ Ȏ ȄȌȄȐȂțȑ ǻȌȇȐȀȉȀȑ, Ȏ 

ȎȏȎǾȎȑ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȒȔȌǽȇȘȑ ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȓȆȑ ȎȒȋǽȑ, ȓȆȑ ȂȄȜȒȆȑ ȉȀȈ ȓȎȔ 

ȖȐȝȋȀȓȎȑ ȓȀ ȎȏȎǾȀ ȏȐȎȉȀȊȎȜȌȓȀȈ Ȁȏț ǾȖȌȆ ȐȔȏȀȌȓȝȌ (Noll, 1992) . 

ǩȎȌȓȎȄȌȀȊȊȀȂǽ 

ǧ ȈȎȌȓȎȄȌȀȊȊȀȂǽ ȄǾȌȀȈ ȋȈȀ ȕȔȒȈȉȎȖȆȋȈȉǽ ȃȈȄȐȂȀȒǾȀ ȏȎȔ ȁȀȒǾȅȄȓȀȈ ȒȓȆȌ ȋȄȓȀȇȄȓȈȉǽ ȖȆȋȈȉǽ 

ȀȌȓǾȃȐȀȒȆ ȋȄȓȀȍȜ ȄȌțȑ ȈțȌȓȎȑ ȋȄȓǻȊȊȎȔ ȏȐȎȑ ȀȏȎȋǻȉȐȔȌȒȆ ȉȀȈ ȄȌțȑ ȉȀȓȈțȌȓȎȑ ȒȄ ȒȓȄȐȄǽ 

ȕǻȒȆ ȋȄ ȓȎ ȎȏȎǾȎ ȃȈǻȊȔȋȀ ǼȐȖȄȓȀȈ ȒȄ ȄȏȀȕǽ. ǧ ȈȎȌȓȎȄȌȀȊȊȀȂǽ ȒȓȆȌ ȏȐǻȍȆ ȓȄȊȄǾȓȀȈ ȏǻȌȓȎȓȄ 

ȒȄ ȉȊǾȌȄȑ ȋȄ ȓȆȌ ȐȆȓǾȌȆ Șȑ ȏȊȆȐȘȓȈȉț ȔȊȈȉț, ȝȒȓȄ ȌȀ ǼȖȎȔȋȄ ȒȔȌȄȖȝȑ ȄȏȀȕǽ ȓȆȑ ȐȆȓǾȌȆȑ 

ȋȄ ȏȔȉȌț ȃȈǻȊȔȋȀ ȓȎȔ ȏȐȎȑ ȀȏȎȋǻȉȐȔȌȒȆ ȋȄȓǻȊȊȎȔ (ǪȎȜȓȒȈȉȎȔ, 2010). 

ǤȈȀȖȘȐȈȒȋțȑ ȋȄȋȁȐȀȌȝȌ 

ǯ ȃȈȀȖȘȐȈȒȋțȑ ȋȄȋȁȐȀȌȝȌ ȁȀȒǾȅȄȓȀȈ ȒȄ ȋȈȀ ȃȈȄȐȂȀȒǾȀ ȕȔȒȈȉȎȜ ȃȈȀȖȘȐȈȒȋȎȜ ȊțȂȘ 

ȃȈȀȕȎȐǻȑ ȋȄȂǼȇȎȔȑ ȓȘȌ ȈțȌȓȘȌ ǽ ȓȘȌ ȋȎȐǾȘȌ ȋǼȒȘ ȋȈȀȑ ȄȉȊȄȉȓȈȉǽȑ ȏȎȐȝȃȎȔȑ 

ȆȋȈȏȄȐȀȓǽȑ ȋȄȋȁȐǻȌȆȑ. ǡȉțȋȆ, ȒȓȆȐǾȅȄȓȀȈ ȒȓȆȌ ȀȊȊȀȂǽ ȉȀȓǻȒȓȀȒȆȑ ȎȍȄǾȃȘȒȆȑ ȓȘȌ 

ȋȄȓǻȊȊȘȌ, ȋȄ ȏȀȐǻȊȊȆȊȆ ȀȊȊȀȂǽ ȓȘȌ ȈȃȈȎȓǽȓȘȌ ȓȎȔȑ ȋȄȓȀȍȜ ȓȘȌ ȎȏȎǾȘȌ ȄǾȌȀȈ ȉȀȈ Ȇ 

ȓȎȍȈȉțȓȆȓȀ (ǣȐȆȂȎȐȎȏȎȜȊȎȔ, 2005).  

ǶȆȋȈȉǽ ȉȀȓȀȉȐǽȋȌȈȒȆ 

ǰȐțȉȄȈȓȀȈ ȂȈȀ ȃȈȄȐȂȀȒǾȀ ȀȃȈȀȊȔȓȎȏȎǾȆȒȆȑ ȎȐȈȒȋǼȌȘȌ ȀȌȄȏȈȇȜȋȆȓȘȌ ȒȔȒȓȀȓȈȉȝȌ ȓȎȔ 

ȌȄȐȎȜ ȋȄ ȒȖȆȋȀȓȈȒȋț ȀȃȈǻȊȔȓȘȌ ȄȌȝȒȄȘȌ, ȊțȂȘ ȀȊȊȀȂǽȑ ȓȆȑ ȃȈȀȊȔȓțȓȆȓǻȑ ȓȎȔȑ. 

ǥȏȈȓȔȂȖǻȌȄȓȀȈ ȋȄ ȓȆ ȋȄȓȀȁȎȊǽ ȓȎȔ pH (ȀȜȍȆȒȆ ǽ ȋȄǾȘȒȆ), ȓȆȌ ȀȊȊȀȂǽ ȓȎȔ ȀȐȈȇȋȎȜ 

ȎȍȄǾȃȘȒȆȑ ȓȘȌ ȒȓȎȈȖȄǾȘȌ ȏȎȔ ȇȀ ȋȄȓȀȓȐȀȏȎȜȌ ȒȄ ǾȅȆȋȀ ȉȀȈ ȓȆȌ ȏȐȎȒȇǽȉȆ ȉȀȓǻȊȊȆȊȘȌ 

ȀȌȓȈȃȐȀȒȓȆȐǾȘȌ (ǭȓȀȐȀȉǻȑ, 2010). 

 

2.3.ǵǴǳǯǥǮǴǣǩǡǭǲǧ 

ǡȌ ȉȀȈ Ȏ țȐȎȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆ ȄǾȌȀȈ ȒȖȄȓȈȉǻ ȏȐțȒȕȀȓȎȑ ȋȈȀ ȏȐțȃȐȎȋȆ ȄȕȀȐȋȎȂǽ ȓȆȑ 

ȋȄȇțȃȎȔ ȕȀǾȌȄȓȀȈ ȌȀ ȄǾȖȄ ȂǾȌȄȈ ȏȐȈȌ Ȁȏț ȀȐȉȄȓȎȜȑ ȀȈȝȌȄȑ ȒȓȆȌ ǣȄȐȋȀȌǾȀ ȒȓȈȑ ȀȐȖǼȑ ȓȎȔ 

17ȎȔ ȀȈȝȌȀ ȒȓȎ ȏȐȝȓȎ ȒȜȒȓȆȋȀ ȄȏȄȍȄȐȂȀȒǾȀȑ ȀȒȓȈȉȝȌ ȊȔȋǻȓȘȌ ȁȀȒȈȒȋǼȌȎ ȒȓȆ ȖȐǽȒȆ 

ȕȔȓȝȌ. ǨȄȘȐȄǾȓȀȈ ȋȈȀ Ȁȏț ȓȈȑ ȉȀȈȌȎȓțȋȄȑ ȓȄȖȌȎȊȎȂǾȄȑ ȄȏȄȍȄȐȂȀȒǾȀȑ (Innovative treatment 

technologies) Ȁȏț ȓȆȌ ȔȏȆȐȄȒǾȀ ȏȐȎȒȓȀȒǾȀȑ ȓȎȔ ȏȄȐȈȁǻȊȊȎȌȓȎȑ ȓȘȌ ǧ.ǰ.ǡ. (E.P.A.). 

(Hartman, 1975,  ǬȀȌȎȔȒǻȉȆ, 2008). 

 

ǯ țȐȎȑ ǵȔȓȎȄȍȔȂǾȀȌȒȆ ȀȏȎȃǾȃȄȓȀȈ ȒȄ ȋǾȀ ȎȋǻȃȀ ȓȄȖȌȎȊȎȂȈȝȌ ȎȈ ȎȏȎǾȄȑ ȖȐȆȒȈȋȎȏȎȈȎȜȌ ȓȀ 

ȕȔȓǻ (ȕȔȒȈȉǻ ǽ ȉȀȈ ȂȄȌȄȓȈȉǻ ȓȐȎȏȎȏȎȈȆȋǼȌȀ) ȉȀȈ ȓȎȔȑ ȒȖȄȓȈȅțȋȄȌȎȔȑ ȋȄ ȀȔȓǻ 

ȋȈȉȐȎȎȐȂȀȌȈȒȋȎȜȑ, ȂȈȀ ȌȀ ȀȏȎȋȀȉȐȜȌȎȔȌ, ȋȄȈȝȒȎȔȌ, ȃȈȀȒȏǻȒȎȔȌ ǽ ȀȉȈȌȆȓȎȏȎȈǽȒȎȔȌ ȓȈȑ 

ȓȎȍȈȉǼȑ ȎȔȒǾȄȑ ȋȄ ȒȓțȖȎ ȓȆȌ ȀȏȎȉȀȓǻȒȓȀȒȆ ȓȎȔ ȄȃǻȕȎȔȑ ȓȎȔ ȌȄȐȎȜ ǽ ȓȎȔ ȀǼȐȀ ȋǾȀȑ 

ȏȄȐȈȎȖǽȑ ȒȄ ȄȏǾȏȄȃȎ ȝȒȓȄ ȌȀ ȋȏȎȐȄǾ ȌȀ ȍȀȌȀȖȐȆȒȈȋȎȏȎȈȆȇȄǾ (Salt et  al . 1998, Henry 2000, 

Prasad  & Freitas 2003, Gosh  & Singh 2005, Peer et  al . 2005, Khan  2006, Kirkham  2006, 

Mench  et  al . 2010). 
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ǳȎȍȈȉǻ ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȉȀȈ ȋȄȓȀȊȊȎȄȈȃǽ țȏȘȑ ȓȀ Cd , Hg, As, Se, ȀȏȄȊȄȔȇȄȐȝȌȎȌȓȀȈ 

ȒȔȌȄȖȝȑ ȒȓȎ ȏȄȐȈȁǻȊȊȎȌ ȋȄ ȓȆ ȋȄȓȀȊȊȎȔȐȂǾȀ, ȓȆ ȁȈȎȋȆȖȀȌǾȀ ȉȀȈ ȓȆ ȂȄȘȐȂǾȀ, ȇǼȓȎȌȓȀȑ ȒȄ 

ȉǾȌȃȔȌȎ ȓȆȌ ȀȌȇȐȝȏȈȌȆ ȔȂȄǾȀ. ǡȔȓț ȉȀȇȈȒȓǻ ȀȌȀȂȉȀǾȎ ȓȆȌ ȀȌǻȏȓȔȍȆ ȄȌțȑ ȀȄȈȕțȐȎȔ 

ȏȐȎȂȐǻȋȋȀȓȎȑ ȀȏȎȋǻȉȐȔȌȒȆȑ ǽ/ȉȀȈ ȀȏȎȓȎȍȈȉȎȏȎǾȆȒǽȑ ȓȎȔȑ. ǳȀ ȓȄȊȄȔȓȀǾȀ ȖȐțȌȈȀ Ȇ 
ǼȌȌȎȈȀ ȓȘȌ ȕȔȒȈȉȝȌ ȒȔȒȓȆȋǻȓȘȌ ȄȏȄȍȄȐȂȀȒǾȀȑ ǼȖȄȈ ȄȏȄȉȓȀȇȄǾ ȏǼȐȀ Ȁȏț ȓȆȌ 

ȖȐȆȒȈȋȎȏȎǾȆȒȆ ȓȎȔȑ ȒȓȆȌ ȄȏȄȍȄȐȂȀȒǾȀ ȓȘȌ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ, țȏȘȑ Ȇ ȖȐǽȒȆ ȓȎȔȑ ȒȓȆȌ 

ȄȍȔȂǾȀȌȒȆ ȀȁȀȇȝȌ ȔȃȐȎȕȎȐǼȘȌ ȋȄ ȒȓțȖȎ ȓȆȌ ȐȜȏȀȌȒȆ ȏȎȔ ȏȐȎȉȀȊȄǾȓȀȈ Ȁȏț ȓȀ 

ȄȌȓȎȋȎȉȓțȌȀ ȉȀȈ ȀȌțȐȂȀȌȀ ȒȓȎȈȖȄǾȀ. ǥȐȂȀȒȓȆȐȈȀȉǼȑ ȋȄȊǼȓȄȑ ǼȃȄȈȍȀȌ țȓȈ Ȇ ȓȄȖȌȎȊȎȂǾȀ ȓȆȑ 
ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ ȋȏȎȐȄǾ ȌȀ ȖȐȆȒȈȋȎȏȎȈȆȇȄǾ ȂȈȀ ȓȆȌ ȀȌȓȈȋȄȓȝȏȈȒȆ ȋȄȂǻȊȆȑ ȏȎȈȉȈȊǾȀȑ 

ȐȔȏȀȌȓȝȌ, ȓțȒȎ ȎȐȂȀȌȈȉȝȌ (ȏ.Ȗ. ȔȃȐȎȂȎȌǻȌȇȐȀȉȄȑ ȏȄȓȐȄȊȀǾȎȔ, ȖȊȘȐȈȘȋǼȌȎȈ ȃȈȀȊȜȓȄȑ, 

ȋȈȉȐȎȁȈȎȉȓțȌȀ, PAHõs), țȒȎ ȉȀȈ ȀȌțȐȂȀȌȘȌ (ȁȀȐǼȀ ȋǼȓȀȊȊȀ, ȋȄȓȀȊȊȎȄȈȃǽ, ȐȀȃȈȄȌȄȐȂǻ) 

ȋȄȓȀȓȐǼȏȎȌȓǻȑ ȓȎȔȑ ȒȄ ȀȏȊȎȜȒȓȄȐȄȑ ȉȀȈ ȊȈȂțȓȄȐȎ ȓȎȍȈȉǼȑ ȄȌȝȒȄȈȑ. ǰȀȐǻ ȓȎ ȂȄȂȎȌțȑ țȓȈ 
ȒȓȆȌ ȏȀȐȎȜȒȀ ȕǻȒȆ Ȇ ȓȄȖȌȎȊȎȂǾȀ ȓȆȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ ȃȄȌ ȄȕȀȐȋțȅȄȓȀȈ ȒȄ ȄȔȐȄǾȀ 

ȉȊǾȋȀȉȀ, ȎȈ ȄȐȄȔȌȆȓǼȑ ȇȄȘȐȎȜȌ țȓȈ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȋȈȀ ȓȄȖȌȎȊȎȂǾȀ ȄȍȔȂǾȀȌȒȆȑ ȋȄ ȋȄȂǻȊȎ 

ȄȜȐȎȑ ȄȕȀȐȋȎȂǽȑ ȉȀȈ ȄȍǼȊȈȍȆȑ  (LeDuc  and  Terry, 2005, ǬȏȊǻȌȀȑ 2013, ǣȀȊȀȌǻȉȆ, 2011). 

 
ǬȄȂǻȊȆ ȄȐȄȔȌȆȓȈȉǽ ȃȐȀȒȓȆȐȈțȓȆȓȀ ȏȀȐȎȔȒȈǻȅȄȈ ȉȀȈ Ȇ ȃȔȌȀȓțȓȆȓȀ ȄȍȔȂǾȀȌȒȆȑ ȓȆȑ 

ȀȓȋțȒȕȀȈȐȀȑ ȋȄ ȓȆ ȖȐǽȒȆ ȕȔȓȝȌ. ǳȀ ȕȜȊȊȀ ȓȘȌ ȕȔȓȝȌ ȉȀȊȜȏȓȎȌȓȀȈ ȋȄ ȉȆȐȝȃȄȈȑ ȎȔȒǾȄȑ, 

ȒȓțȖȎȑ ȓȘȌ ȎȏȎǾȘȌ ȄǾȌȀȈ Ȇ ȔȃȀȓȈȉǽ ȎȈȉȎȌȎȋǾȀ ȄȌȓțȑ ȓȎȔ ȕȔȓȈȉȎȜ ȒȝȋȀȓȎȑ. ǯȈ ȎȔȒǾȄȑ ȀȔȓǼȑ 

ȄȔȌȎȎȜȌ ȓȆȌ ȏȐȎȒȐțȕȆȒȆ ȊȈȏȎȕȈȊȈȉȝȌ ȏȓȆȓȈȉȝȌ ȎȐȂȀȌȈȉȝȌ ȎȔȒȈȝȌ, țȏȘȑ ȂȈȀ 

ȏȀȐǻȃȄȈȂȋȀ ȎȈ ȀȐȘȋȀȓȈȉȎǾ ȔȃȐȎȂȎȌǻȌȇȐȀȉȄȑ. ǬȄ ȓȆȌ ȃȈȀȃȈȉȀȒǾȀ ȀȔȓǽ ȓȀ ȕȔȓǻ 

ȒȔȋȁǻȊȎȔȌ ȒȓȎȌ ȏȄȐȈȎȐȈȒȋț ȓȆȑ ȒȔȂȉǼȌȓȐȘȒȆȑ ȄȏȈȉǾȌȃȔȌȘȌ ȐȔȏȀȌȓȝȌ ȒȓȆȌ 

ȀȓȋțȒȕȀȈȐȀ (ǦȀȋȏȄȓǻȉȆȑ ȉȀȈ ȊȎȈȏȎǾ, 2005). 

  

ǡȏț ȓȎȌ 17Ȏ ȀȈȝȌȀ ȋǼȖȐȈ ȒǽȋȄȐȀ ǼȖȄȈ ȄȏȈȓȄȔȖȇȄǾ ȀȍȈțȊȎȂȆ ȀȌǻȏȓȔȍȆ ȒȓȆȌ ȄȕȀȐȋȎȂǽ 

ȃȈǻȕȎȐȘȌ ȓȄȖȌȈȉȝȌ ȀȉțȋȀ ȉȀȈ ȒȄ ȄȏǾȏȄȃȎ ȄȋȏȎȐȈȉǽȑ ȉȊǾȋȀȉȀȑ ȂȈȀ ȓȆȌ ȃȄȔȓȄȐȎȂȄȌǽ ȉȀȈ 

ȓȐȈȓȎȂȄȌǽ ȄȏȄȍȄȐȂȀȒǾȀ ȀȒȓȈȉȝȌ ȔȃȀȓȈȉȝȌ ȀȏȎȁȊǽȓȘȌ ȋȄ ȓȆȌ ȖȐǽȒȆ ȕȔȓȝȌ. ǯȈ ȓȄȖȌȈȉǼȑ 

ȀȔȓǼȑ ȏȄȐȈȊȀȋȁǻȌȎȔȌ ȓȆȌ ȖȐǽȒȆ ȔȃȐțȁȈȘȌ ȉȀȈ ȔȃȐȎȖȀȐȝȌ ȕȔȓȝȌ ȂȈȀ ȓȆȌ ȃȆȋȈȎȔȐȂǾȀ 

ȕȔȒȈȉȝȌ ȒȔȒȓȆȋǻȓȘȌ ȄȏȄȍȄȐȂȀȒǾȀȑ, țȏȘȑ ȉȀȈ ȓȄȖȌȆȓȝȌ ȔȃȐȎȁȈțȓȎȏȘȌ (constructed 

wetlands) ȉȀȈ ȃȄȍȀȋȄȌȝȌ ȒȓȀȇȄȐȎȏȎǾȆȒȆȑ. ǧ ȓȄȖȌȎȊȎȂǾȀ ȀȔȓǽ ȁȀȒǾȅȄȓȀȈ ȒȓȆȌ ȀȐȖǽ țȓȈ ȎȈ 

ȐǾȅȄȑ ȓȘȌ ȕȔȓȝȌ ȃȈȄȈȒȃȜȎȔȌ ȒȓȎȌ ȓȐȈȒȃȈǻȒȓȀȓȎ țȂȉȎ ȓȎȔ ȋȎȊȔȒȋǼȌȎȔ ȄȃǻȕȎȔȑ ȉȀȈ ȋǼȒȘ 
ȓȎȔ ȀȂȂȄȈȀȉȎȜ ȒȔȒȓǽȋȀȓȎȑ ȓȘȌ ȕȔȓȝȌ, ȓȎ ȔȃȀȓȈȉț ȃȈǻȊȔȋȀ ȋȄȓȀȕǼȐȄȓȀȈ Ȁȏț ȓȎ ǼȃȀȕȎȑ 

ȒȓȆȌ ȀȓȋțȒȕȀȈȐȀ. ǥǻȌ ȓȎ ȔȃȀȓȈȉț ȃȈǻȊȔȋȀ ȓȎȔ ȄȃǻȕȎȔȑ ȏȄȐȈǼȖȄȈ ȉȀȈ ȋǼȓȀȊȊȀ (ǽ ȉǻȏȎȈȎ 

ǻȊȊȎ ȐȜȏȎ) ȓțȓȄ ȄȂȂȔȆȋǼȌȀ ȀȔȓǻ ȇȀ ȋȄȓȀȕȄȐȇȎȜȌ ȒȓȎ ȕȔȓț. ǧ ȒȖȄȓȈȉǽ ȐȎǽ ȋǻȅȀȑ ȒȓȆȌ 

ȏȐțȊȆȗȆ ȇȐȄȏȓȈȉȝȌ ȒȔȒȓȀȓȈȉȝȌ ȃȈȀȕǼȐȄȈ Ȁȏț ȕȔȓț ȒȄ ȕȔȓț (ǦȀȋȏȄȓǻȉȆȑ ȉȀȈ ȊȎȈȏȎǾ, 2005, 

ǬȏȊǻȌȀȑ, 2013). 

 

ǲȓȈȑ ȋǼȐȄȑ ȋȀȑ Ȇ ȄȍȔȂǾȀȌȒȆ ȐȔȏȀȒȋǼȌȘȌ ȄȃȀȕȝȌ ȋȄ ȓȆ ȖȐǽȒȆ ȕȔȓȝȌ ȃȄȌ ǼȖȄȈ ȋȄȊȄȓȆȇȄǾ 

ȄȏȀȐȉȝȑ ȓțȒȎ ȒȄ ȄȐȂȀȒȓȆȐȈȀȉǻ ȏȄȈȐǻȋȀȓȀ țȒȎ ȉȀȈ ȒȄ ȏȄȈȐǻȋȀȓȀ ȏȄȃǾȎȔ. ǳȎ ȂȄȂȎȌțȑ 

ȀȔȓț ȎȕȄǾȊȄȓȀȈ ȉȔȐǾȘȑ ȒȄ ȃȜȎ ȊțȂȎȔȑ (Salt et  al ., 1998) :  

1. ǤȄȌ ǼȖȎȔȌ ȇȄȒȏȈȒȓȄǾ ȉȐǾȒȈȋȄȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȓȎȍȈȉțȓȆȓȀȑ ȓȘȌ ȃȈȀȕțȐȘȌ ȐȔȏȀȌȓȝȌ 

ȂȈȀ ȓȎ ǼȃȀȕȎȑ Ȁȏț ȓȎȔȑ ȏȄȐȈȁȀȊȊȎȌȓȈȉȎȜȑ ȎȐȂȀȌȈȒȋȎȜȑ, ȒȄ ȀȌȓǾȇȄȒȆ ȋȄ ȓȎ ȌȄȐț.  

2. ǥȍȀȈȓǾȀȑ ȓȆȑ ȏȎȊȔȏȊȎȉțȓȆȓȀȑ ȏȎȔ ȏȀȐȎȔȒȈǻȅȄȈ ȓȎ ȄȃȀȕȈȉț ȒȜȒȓȆȋȀ ȉȀȈ ȓȘȌ 

ȄȍȀȈȐȄȓȈȉǻ ȃȜȒȉȎȊȘȌ ȀȌȀȊȔȓȈȉȝȌ ȓȄȖȌȈȉȝȌ ȏȎȔ ȀȏȀȈȓȎȜȌȓȀȈ. 
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2.3.1. ǳȄȖȌȈȉǼȑ ȉȀȈ ȋȎȐȕǼȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ 

ǯȈ ȃȈǻȕȎȐȄȑ ȓȄȖȌȈȉǼȑ ȓȆȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ ȒȓȎȖȄȜȎȔȌ ȒȓȆȌ ȀȏȎȃțȋȆȒȆ, ȓȆȌ ȀȉȈȌȆȓȎȏȎǾȆȒȆ 

ǽ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ (ȋǼȒȘ ȒȔȒȒȝȐȄȔȒȆȑ ǽ ȃȈȀȒȉțȐȏȈȒȆȑ) ȓȎȔ ȐȜȏȎȔ. ǲȉȎȏțȑ ȓȆȑ 

ȀȏȎȃțȋȆȒȆȑ ȉȀȈ ȓȆȑ ȀȏȎȋǻȉȐȔȌȒȆȑ ȄǾȌȀȈ Ȇ ȒȔȂȉǼȌȓȐȘȒȆ ȓȎȔ ȐȜȏȎȔ ȒȓȎ ǼȃȀȕȎȑ ǽ ȒȓȎ 

ȌȄȐț ȌȀ ȋȄȈȘȇȄǾ ȒȓȀ ȄȏȈȓȐȄȏțȋȄȌȀ Ȁȏț ȓȎ ȌțȋȎ ȄȏǾȏȄȃȀ. ǥȌȝ ȒȓțȖȎȑ ȓȆȑ ȀȉȈȌȆȓȎȏȎǾȆȒȆȑ 

ȄǾȌȀȈ Ȇ ȀȃȐȀȌȎȏȎǾȆȒȆ ȉȀȈ Ȇ ȀȏȎȋțȌȘȒȆ ȓȎȔ ȐȜȏȎȔ ȝȒȓȄ ȌȀ ȀȏȎȕȄȔȖȇȄǾ Ȇ ȋȄȓȀȌǻȒȓȄȔȒǽ 

ȓȎȔ Ȁȏț ȓȎ ǼȃȀȕȎȑ ȒȓȀ ȔȏțȂȄȈȀ ǽ ȓȀ ȄȏȈȕȀȌȄȈȀȉǻ ȌȄȐǻ ȉȀȈ ȒȓȆȌ ȀȓȋțȒȕȀȈȐȀ 

(ǰȀȏȀȃȆȋȆȓȐǾȎȔ, 2012, US EPA, 2001, Schwitzgu ébel , 2001, Pulford  and  Watson , 2003, 

Morikawa  and  Erkin, 2003, Ghosh  and  Singh, 2005, Khan , 2005, Gardea -Torresdey et  al ., 

2005, Flatham  and  Lanza , 1998) : 

1. ǡȏȎȃțȋȆȒȆ (ȂȈȀ ȉȀȓȀȒȓȐȎȕǽ ǽ ȋȄȓȀȓȐȎȏǽ ȎȐȂȀȌȈȉȝȌ ȐȜȏȘȌ) 

ü ǱȈȅȎȀȏȎȃțȋȆȒȆ ǽ ǥȌȈȒȖȔȋǼȌȆ ȁȈȎȀȏȎȃțȋȆȒȆ ȒȓȆȌ ȐȈȅțȒȕȀȈȐȀ 

(Rhizodegradation  or Enhanced  rhizosphere  biodegradation ) 

ǧ ȐȈȅȎȀȏȎȃțȋȆȒȆ ȀȌȀȕǼȐȄȓȀȈ ȒȓȆȌ ȃȈǻȒȏȀȒȆ ȎȐȂȀȌȈȉȝȌ ȐȔȏȀȌȓȝȌ ȒȓȎ ǼȃȀȕȎȑ, ȋǼȒȘ 

ȋȈȉȐȎȁȈȀȉȝȌ ȏȊȆȇȔȒȋȝȌ ȏȎȔ ȀȌȀȏȓȜȒȒȎȌȓȀȈ ȒȓȆȌ ȏȄȐȈȎȖǽ ȓȎȔ ȐȈȅȈȉȎȜ ȒȔȒȓǽȋȀȓȎȑ, ȓȆȌ 

ȐȈȅțȒȕȀȈȐȀ. ǯȈ ȋȈȉȐȎȎȐȂȀȌȈȒȋȎǾ (ȋȜȉȆȓȄȑ, ȁȀȉȓǽȐȈȀ) ȃȈȀȒȏȎȜȌ ǽ ȋȄȓȀȒȖȆȋȀȓǾȅȎȔȌ ȓȈȑ 

ȎȐȂȀȌȈȉǼȑ ȎȔȒǾȄȑ ȉȀȈ ȓȈȑ ȖȐȆȒȈȋȎȏȎȈȎȜȌ Șȑ ȇȐȄȏȓȈȉț ȔȏțȒȓȐȘȋȀ ȂȈȀ ȓȆȌ ȀȌǻȏȓȔȍȆ ȓȎȔȑ. 

ǳȀ ȕȔȓǻ ȒȔȋȁǻȊȊȎȔȌ ȒȓȆȌ ȃȈȀȃȈȉȀȒǾȀ ȓȆȑ ȄȍȔȂǾȀȌȒȆȑ ȉȀȇȝȑ ȋǼȒȘ ȓȘȌ ȐȈȅȝȌ ȄȉȉȐǾȌȎȌȓȀȈ 

ȎȔȒǾȄȑ ȉȀȈ ȋȄȓȀȕǼȐȄȓȀȈ ȎȍȔȂțȌȎ ȉȀȈ ȌȄȐț, ȏȎȔ ȄǾȌȀȈ ȀȏȀȐȀǾȓȆȓȀ ȒȓȎȈȖȄǾȀ ȂȈȀ ȓȆȌ ȀȌǻȏȓȔȍȆ 

ȓȘȌ ȋȈȉȐȎȎȐȂȀȌȈȒȋȝȌ.  

 

ü ǵȔȓȎȀȏȎȃțȋȆȒȆ (Phytodegradation) 

ǧ ȕȔȓȎȀȏȎȃțȋȆȒȆ ȏȄȐȈȊȀȋȁǻȌȄȈ ȃȈȄȐȂȀȒǾȄȑ ȏȎȔ ȎȃȆȂȎȜȌ ȒȓȆȌ ȃȈǻȒȏȀȒȆ/ȀȏȎȃțȋȆȒȆ 

ȓȎȔ ȐȔȏȀȌȓǽ. ǧ ȃȈȀȃȈȉȀȒǾȀ ȓȆȑ ȃȈǻȒȏȀȒȆȑ ȓȎȔ ȐȔȏȀȌȓǽ ȃȜȌȀȓȀȈ ȌȀ ȏȐȀȂȋȀȓȎȏȎȈȆȇȄǾ ȄǾȓȄ 

ȄȌȓțȑ ȓȎȔ ȕȔȓȎȜ, ȋǼȒȘ ȋȄȓȀȁȎȊȈȉȝȌ ȃȈȄȐȂȀȒȈȝȌ, ȄǾȓȄ ȄȍȘȓȄȐȈȉǻ ȒȓȆȌ ȏȄȐȈȎȖǽ ȓȆȑ ȐǾȅȀȑ 

ȋǼȒȘ ȓȆȑ ȏȀȐȀȂȘȂǽȑ ȄȌȅȜȋȘȌ. ǬȄȓǻ ȓȆȌ ȃȈǻȒȏȀȒȆ ȓȎȔ ȐȔȏȀȌȓǽ ȀȉȎȊȎȔȇȄǾ Ȇ 

ȄȌȒȘȋǻȓȘȒȆ ȓȎȔ ȒȓȎȔȑ ȕȔȓȈȉȎȜȑ ȈȒȓȎȜȑ. ǲȄ ȉǻȏȎȈȄȑ ȏȄȐȈȏȓȝȒȄȈȑ ȓȀ ȓȄȊȈȉǻ ȏȐȎșțȌȓȀ ȓȆȑ 

ȃȈǻȒȏȀȒȆȑ ȀȏȄȊȄȔȇȄȐȝȌȎȌȓȀȈ ȒȓȎ ȏȄȐȈȁǻȊȊȎȌ, ȂȄȂȎȌțȑ ȏȎȔ ȄȍȀȐȓǻȓȀȈ Ȁȏț ȓȎ ȄǾȃȎȑ ȓȎȔ 

ȕȔȓȎȜ ȉȀȈ ȓȎȔ ȐȔȏȀȌȓǽ. ǯ ȋȆȖȀȌȈȒȋțȑ ȓȆȑ ȕȔȓȎȀȏȎȃțȋȆȒȆȑ ȄȕȀȐȋțȅȄȓȀȈ ȒȄ ȐȔȏȀȒȋǼȌȀ 

ȄȃǻȕȆ ȉȀȈ ȔȏțȂȄȈȀ ǽ ȉȀȈ ȄȏȈȕȀȌȄȈȀȉǻ ȜȃȀȓȀ. 

 

2. ǲȔȒȒȝȐȄȔȒȆ (ȂȈȀ ȒȔȂȉȐǻȓȆȒȆ ǽ ȀȏȎȋǻȉȐȔȌȒȆ ȉȔȐǾȘȑ ȋȄȓȀȊȊȈȉȝȌ ȀȊȊǻ ȉȀȈ 

ȎȐȂȀȌȈȉȝȌ ȐȜȏȘȌ) 

ü ǵȔȓȎȒȔȒȒȝȐȄȔȒȆ (Phytoextraction or Phytoaccumulation) 

ǧ ȓȄȖȌȈȉǽ ȀȔȓǽ ȁȐǾȒȉȄȈ ȄȕȀȐȋȎȂǽ ȒȄ ȄȃǻȕȆ ȐȔȏȀȒȋǼȌȀ ȋȄ ȁȀȐǼȀ ȋǼȓȀȊȊȀ. ǳȀ ȕȔȓǻ 

ȏȐȎȒȊȀȋȁǻȌȎȔȌ ȓȎ ȐȜȏȎ, ȓȎȌ ȀȏȎȇȆȉȄȜȎȔȌ ȒȓȀ ȔȏǼȐȂȄȈȀ ȓȋǽȋȀȓǻ ȓȎȔȑ ȉȀȈ ȓȀ ȎȏȎǾȀ 

ȉțȁȎȔȋȄ ȉȀȈ ȀȏȎȋȀȉȐȜȌȎȔȋȄ ȓȎ ȐȜȏȎ. 

 

ü ǱȈȅȎȃȈǽȇȆȒȆ (Rhizofiltration) 

H ȐȈȅȎȃȈǽȇȆȒȆ ȏȄȐȈȊȀȋȁǻȌȄȈ ȓȆ ȐțȕȆȒȆ ȒȓȈȑ ȕȔȓȈȉǼȑ ȐǾȅȄȑ ȐȔȏȀȌȓȝȌ ȎȈ ȎȏȎǾȎȈ ȁȐǾȒȉȎȌȓȀȈ 

ȒȄ ȔȃȀȓȈȉǻ ȃȈȀȊȜȋȀȓȀ. ǳȀ ȕȔȓǻ ȀȌȀȏȓȜȒȒȎȌȓȀȈ ȒȄ ȇȄȐȋȎȉǽȏȈȀ ȋȄ ȓȆ ȋǼȇȎȃȎ ȓȆȑ 

ȔȃȐȎȏȎȌǾȀȑ, ȃȆȊȀȃǽ ȎȈ ȐǾȅȄȑ ȓȎȔȑ ȁȐǾȒȉȎȌȓȀȈ ȄȌȓțȑ ȔȃȀȓȈȉȎȜ ȃȈȀȊȜȋȀȓȎȑ ȀȌȓǾ ȓȎȔ 

ȄȃǻȕȎȔȑ. 
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3. ǤȈȀȒȉțȐȏȈȒȆ (ȂȈȀ ȀȏȎȋǻȉȐȔȌȒȆ ȎȐȂȀȌȈȉȝȌ ȉȀȈ/ǽ ȀȌțȐȂȀȌȘȌ ȐȜȏȘȌ ȒȓȆȌ 

ȀȓȋțȒȕȀȈȐȀ) 

ü ǵȔȓȎȄȍǻȓȋȈȒȆ (Phytovolatilization) 

ǪȀȓǻ ȓȆȌ ȃȈȀȃȈȉȀȒǾȀ ȓȆȑ ȕȔȓȎȄȍǻȓȋȈȒȆȑ, ȋǼȓȀȊȊȀ ȉȀȈ ȎȐȂȀȌȈȉǼȑ ȎȔȒǾȄȑ ȏȐȎȒȊȀȋȁǻȌȎȌȓȀȈ 

Ȁȏț ȓȀ ȕȔȓǻ, ȋȄȓȀȓȐǼȏȎȌȓȀȑ ȓȀ ȒȄ ȏȓȆȓȈȉǼȑ ȎȔȒǾȄȑ ȉȀȈ ȀȏȄȊȄȔȇȄȐȝȌȎȌȓȀȑ ȓȀ ȒȓȆȌ 

ȀȓȋțȒȕȀȈȐȀ. ǬǼȒȘ ȀȔȓȎȜ ȓȎȔ ȋȆȖȀȌȈȒȋȎȜ ȏȐȀȂȋȀȓȎȏȎȈȄǾȓȀȈ Ȇ ȄȍȔȂǾȀȌȒȆ ȐȔȏȀȒȋǼȌȘȌ 

ȄȃȀȕȝȌ ȉȀȈ ȔȏțȂȄȈȘȌ ȔȃǻȓȘȌ, ȖȘȐǾȑ ȌȀ ȀȏȀȈȓȄǾȓȀȈ Ȇ ȒȔȂȉȎȋȈȃǽ ȓȎȔ ȕȔȓȈȉȎȜ ȔȊȈȉȎȜ. 

 

4. ǡȉȈȌȆȓȎȏȎǾȆȒȆ (ȂȈȀ ȒȔȂȉȐǻȓȆȒȆ ȎȐȂȀȌȈȉȝȌ ȉȀȈ/ǽ ȀȌțȐȂȀȌȘȌ ȐȜȏȘȌ) 

ü ǵȔȓȎȒȓȀȇȄȐȎȏȎǾȆȒȆ (Phytostabilization)  

ǧ ȕȔȓȎȒȓȀȇȄȐȎȏȎǾȆȒȆ ȏȄȐȈȊȀȋȁǻȌȄȈ ȋȆȖȀȌȈȒȋȎȜȑ ȒȔȒȒȝȐȄȔȒȆȑ ȉȀȈ ȉȀȓȀȉȐǽȋȌȈȒȆȑ ȓȘȌ 

ȐȔȏȀȌȓȝȌ ȝȒȓȄ ȌȀ ȋȄȈȘȇȄǾ Ȇ ȉȈȌȆȓȈȉțȓȆȓȀ ȓȎȔȑ ȒȓȎ ǼȃȀȕȎȑ. ǚȓȒȈ ȃȜȌȀȓȀȈ ȌȀ ȀȏȎȕȄȔȖȇȄǾ 

Ȇ ȋțȊȔȌȒȆ ȓȎȔ ȔȃȐȎȕțȐȎȔ ȎȐǾȅȎȌȓȀ, Ȇ ȄǾȒȎȃȎȑ ȓȎȔȑ ȒȓȆȌ ȓȐȎȕȈȉǽ ȀȊȔȒǾȃȀ ǽ ȀȉțȋȆ ȉȀȈ 

Ȇ ȃȈȀȒȏȎȐǻ ȓȎȔȑ ȋȄ ȓȎȌ ǻȌȄȋȎ. ǢȀȒǾȅȄȓȀȈ ȒȓȆȌ ȈȉȀȌțȓȆȓȀ ȓȘȌ ȕȔȓȝȌ ȌȀ ȄȉȉȐǾȌȎȔȌ ȎȔȒǾȄȑ, 

ȋǼȒȘ ȓȘȌ ȐȈȅȝȌ ȓȎȔȑ, ȎȈ ȎȏȎǾȄȑ ȄȔȌȎȎȜȌ ȋȆȖȀȌȈȒȋȎȜȑ țȏȘȑ Ȇ ȖȎȔȋȎȏȎǾȆȒȆ 

(humification ), ȃȆȊȀȃǽ Ȇ ȃǼȒȋȄȔȒȆ ȓȎȔ ȐȔȏȀȌȓǽ ȒȓȀ ȖȎȔȋȈȉǻ ȒȔȒȓȀȓȈȉǻ ȓȎȔ ȄȃǻȕȎȔȑ, Ȇ 

ȊȈȂȌȈȓȎȏȎǾȆȒȆ (lignification )ȃȆȊȀȃǽ Ȇ ȃǼȒȋȄȔȒȆ ȒȓȀ ȉȔȓȓȀȐȈȉǻ ȓȎȈȖȝȋȀȓȀ  ȓȘȌ ȐȈȅȝȌ ȉȀȈ Ȇ 

ȃǼȒȋȄȔȒȆ ȒȓȀ ȄȃȀȕȈȉǻ ȒȘȋȀȓǾȃȈȀ (soil sequestration ). 

 

ü ǴȃȐȀȔȊȈȉțȑ ǼȊȄȂȖȎȑ (Hydraulic Control) 

ǡȏȎȋǻȉȐȔȌȒȆ ȋȄȂǻȊȘȌ țȂȉȘȌ ȌȄȐȎȜ Ȁȏț ȃǼȌȓȐȀ ȉȀȈ ȀȏȎȓȐȎȏǽ ȋȄȓȀȕȎȐǻȑ ȓȘȌ 

ȐȔȏȀȒȋǼȌȘȌ ȔȃǻȓȘȌ țȏȘȑ ȀȌțȐȂȀȌȀ, ȇȐȄȏȓȈȉǻ, ȖȊȘȐȈȘȋǼȌȎȈ ȃȈȀȊȜȓȄȑ. ǡȔȓț ȋȏȎȐȄǾ ȌȀ 

ȏȐȀȂȋȀȓȎȏȎȈȆȇȄǾ ȖȐȆȒȈȋȎȏȎȈȝȌȓȀȑ ȔȏțȂȄȈȀ ȉȀȈ ȄȏȈȕȀȌȄȈȀȉǻ ȌȄȐǻ. 

 

ǥȏȈȏȐțȒȇȄȓȀ, ȀȍǾȅȄȈ ȀȌȀȕȎȐǻȑ ȋȈȀ ȌǼȀ ȄȕȀȐȋȎȂǽ ȓȆȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ Ȇ ȎȏȎǾȀ ǼȖȄȈ ȃȄȈ ȓȎ 

ȕȘȑ ȓȆȑ ȃȆȋȎȒȈțȓȆȓȀȑ ȂȈȀ ȀȏȎȉȀȓǻȒȓȀȒȆ ȉȀȈ ȁȄȊȓǾȘȒȆ ȄȃȀȕȝȌ ȄȏȈȁȀȐȔȋǼȌȘȌ ȋȄ ȔȗȆȊǼȑ 

ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȀȊȀȓțȓȆȓȀȑ. Ǹȑ ȂȌȘȒȓțȌ, Ȇ ȀȊȀȓțȓȆȓȀ ȏȀȐȎȔȒȈǻȅȄȓȀȈ ȒȄ ȄȉȓȄȓȀȋǼȌȄȑ 

ȏȄȐȈȎȖǼȑ ȓȎȔ ȏȊȀȌǽȓȆ Ȇ ǼȉȓȀȒȆ ȓȘȌ ȎȏȎǾȘȌ ȕȇǻȌȄȈ ȓȎ 20% ȓȎȔ ȒȔȌțȊȎȔ ȓȘȌ 

ȉȀȊȊȈȄȐȂȎȜȋȄȌȘȌ ȄȃȀȕȝȌ, ȄȌȝ ȋțȌȎ ȒȓȆȌ ȏȄȐȈȎȖǽ ȓȆȑ ǬȄȒȎȂȄǾȎȔ 80 ȄȉȀȓȎȋȋȜȐȈȀ ȄȉȓǻȐȈȀ 

ȄȃǻȕȎȔȑ ȄǾȌȀȈ ȄȏȈȁȀȐȔȋǼȌȀ ȋȄ ȔȗȆȊǼȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȀȊǻȓȘȌ (ǬȀȌȎȔȒǻȉȆ, 2008). ǯȈ 

ȏȄȐȈȎȖǼȑ ȀȔȓǼȑ ȄȋȕȀȌǾȅȎȔȌ ȔȗȆȊǽ ȀȊȀȓțȓȆȓȀ ȄǾȓȄ ȂȈȀȓǾ ȃȈȀȁȐǼȖȎȌȓȀȈ Ȁȏț ȇȀȊȀȒȒȈȌț ȌȄȐț, 

ȄǾȓȄ ȏȐțȉȄȈȓȀȈ ȂȈȀ ȏȄȐȈȎȖǼȑ ȄȐȆȋȈȉǼȑ ȒȓȈȑ ȎȏȎǾȄȑ ȒȔȒȒȘȐȄȜȎȌȓȀȈ ǻȊȀȓȀ ȄȏȄȈȃǽ Ȏ ȐȔȇȋțȑ 

ȄȍǻȓȋȈȒȆȑ ȓȎȔ ȌȄȐȎȜ ȄǾȌȀȈ ȉȀȓǻ ȏȎȊȜ ȔȗȆȊțȓȄȐȎȑ Ȁȏț ȓȎ ȐȔȇȋț ȁȐȎȖțȏȓȘȒȆȑ, ȄǾȓȄ 

ȏȐțȉȄȈȓȀȈ ȂȈȀ ȂȄȘȐȂȈȉǼȑ ȄȉȓǻȒȄȈȑ ȔȏȄȐȁȎȊȈȉǻ ȀȐȃȄȔțȋȄȌȄȑ ȒȓȈȑ ȎȏȎǾȄȑ ȏȀȐȀȓȆȐȄǾȓȀȈ 

ȒȔȒȒȝȐȄȔȒȆ ȈțȌȓȘȌ ȒȓȎ ǼȃȀȕȎȑ ȊțȂȘ ǼȌȓȎȌȆȑ ȄȍȀȓȋȈȒȎȃȈȀȏȌȎǽȑ (Choukr -Allah , 1997, 

Qadir  et  al., 2003, ǪȀȐȀȋȏȎȔȐȌȈȝȓȆȑ, 2003). 
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ǥȈȉțȌȀ 2.1: ǬȆȖȀȌȈȒȋȎǾ ȏȎȔ ȄȋȏȊǼȉȎȌȓȀȈ ȒȓȆȌ ȃȈȀȃȈȉȀȒǾȀȑ ȓȆȑ ȕȔȓȎ-ȀȏȎȐȐȜȏȀȌȒȆȑ 

(Raskin etal ., 1998). 

 

 

ǥȈȉțȌȀ 2.2.: ǬȆȖȀȌȈȒȋȎǾ ȏȎȔ ȄȋȏȊǼȉȎȌȓȀȈ ȒȓȆȌ ȃȈȀȃȈȉȀȒǾȀȑ ȓȆȑ ȓȆȑ ȕȔȓȎȒȓȀȇȄȐȎȏȎǾȆȒȆȑ 

(Raskin et  al ., 1998). 
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ǥȈȉțȌȀ 2.3: ǬȆȖȀȌȈȒȋȎǾ ȄȍȔȂǾȀȌȒȆȑ ȒȓȎ ȒȜȒȓȆȋȀ ǼȃȀȕȎȑȤ ȕȔȓțȤȀȓȋțȒȕȀȈȐȀ (Raskin et  

al ., 1998). 

ǰǼȐȀȌ ȓȘȌ ȏȀȐȀȏǻȌȘ ȓȄȖȌȈȉȝȌ Ȇ ȕȔȓȎȄȍȔȂǾȀȌȒȆ ȁȐǾȒȉȄȈ ȄȕȀȐȋȎȂǽ ȉȀȈ ȒȄ ǻȊȊȄȑ 

ȏȄȐȈȏȓȝȒȄȈȑ, țȏȘȑ (US EPA, 2000, Pletsch , 2004, Nagendran  et  al ., 2006). : 

1. ǳȆ ȕȔȓȎȉǻȊȔȗȆ (vegetation caps) ȃȆȊȀȃǽ ȖȐǽȒȆ ȕȔȓȝȌ ȂȈȀ ȄȏȈȉǻȊȔȗȆ ȓȎȔ 

ȄȃǻȕȎȔȑ ȒȄ ȖȝȐȎȔȑ ȓȀȕǽȑ ȀȏȎȐȐȈȋȋǻȓȘȌ 

2. ǳȎȔȑ ȓȄȖȌȆȓȎȜȑ ȔȃȐȎȁȈțȓȎȏȎȔȑ (constructed wetlands), ȃȆȊȀȃǽ ȓȆȌ ȖȐǽȒȆ ȕȔȓȝȌ 

Șȑ ȋǼȐȎȑ ȄȌțȑ ȓȄȖȌȆȓȎȜ ȎȈȉȎȒȔȒȓǽȋȀȓȎȑ ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȐȜȏȘȌ Ȁȏț 

ȔȃȀȓȈȉǼȑ ȄȉȐȎǼȑ ȀȏțȁȊȆȓȘȌ 

3. ǳȈȑ ȏȀȐțȖȇȈȄȑ ȅȝȌȄȑ (riparian corridors), țȏȎȔ ȄȕȀȐȋțȅȄȓȀȈ ȒȄ ȔȏțȂȄȈȀ ȉȀȈ 

ȄȏȈȕȀȌȄȈȀȉǻ ȌȄȐǻ ȂȈȀ ȓȆȌ ȉȀȓȀȒȓȐȎȕǽ ȔȃȀȓȎȃȈȀȊȔȓȝȌ ȎȐȂȀȌȈȉȝȌ ȉȀȈ ȀȌțȐȂȀȌȘȌ 

ȎȔȒȈȝȌ  

4. ǣȈȀ ȔȃȐȀȔȊȈȉț ǼȊȄȂȖȎ (hydraulic control) țȏȎȔ ȂǾȌȄȓȀȈ ǼȊȄȂȖȎȑ ȓȆȑ ȐȎǽȑ ȓȘȌ 

ȔȏțȂȄȈȘȌ ȔȃǻȓȘȌ ȋǼȒȘ ȓȆȑ ȏȐțȒȊȆȗȆȑ ȌȄȐȎȜ Ȁȏț ȓȀ ȕȔȓǻ 

 

2.3.2. ǲȖȄȃȈȀȒȋțȑ ȒȔȒȓȆȋǻȓȘȌ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ 

ǢȀȒȈȉǽ ȏȐȎȚȏțȇȄȒȆ ȀȏȎȓȄȊȄǾ Ȏ ȒȘȒȓțȑ ȒȖȄȃȈȀȒȋțȑ ȂȈȀ ȓȆȌ ȀȏȎȃȎȓȈȉǽ ȀȏȎȋǻȉȐȔȌȒȆ 

ȓȘȌ ȐȜȏȘȌ. ǯ ȒȖȄȃȈȀȒȋțȑ ȏȎȈȉǾȊȄȈ ȀȌǻȊȎȂȀ ȋȄ ȓȎ ȄǾȃȎȑ ȓȎȔ ȐȔȏȀȌȓǽ, ȓȎ ȄȏȈȇȔȋȆȓț ȄȏǾȏȄȃȎ 

ȋȄǾȘȒȆȑ ȓȆȑ ȒȔȂȉǼȌȓȐȘȒȆȑ ȓȎȔ, ȓȈȑ ȄȏȈȉȐȀȓȎȜȒȄȑ ȏȄȐȈȁȀȊȊȎȌȓȈȉǼȑ ȒȔȌȇǽȉȄȑ ȉȀȈ ȓȎ ȄǾȃȎȑ 

ȓȎȔ Ȕȏț ȋȄȊǼȓȆ ȕȔȓȎȜ. ǰȐȎȚȏțȇȄȒȆ ȂȈȀ ȓȆȌ ȄȕȀȐȋȎȂǽ ȓȆȑ ȓȄȖȌȎȊȎȂǾȀȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ 

ȄǾȌȀȈ Ȇ ȏȐȀȂȋȀȓȎȏȎǾȆȒȆ ȄȐȂȀȒȓȆȐȈȀȉȝȌ ȄȐȄȔȌȝȌ ȏȎȔ ǼȖȎȔȌ Șȑ ȒȓțȖȎ ȓȆȌ ȁȄȁȀǾȘȒȆ ȓȆȑ 

ȉȀȓȀȊȊȆȊțȓȆȓȀȑ ȓȘȌ ȁȈȎȊȎȂȈȉȝȌ ȃȈȀȃȈȉȀȒȈȝȌ ȓȆȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ ȒȓȆȐȈȅțȋȄȌȎȈ (ǣȉȀȜȐȎȔ, 

2016) : 

1. ǲȓȆ ȁȈȎȀȏȎȈȉȎȃțȋȆȒȆ ȓȘȌ ȐȔȏȀȌȓȝȌ 
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2. ǲȓȎ ȏȎȒȎȒȓț ȓȎ ȏȎȒȎȒȓț ȁȈȎȃȈȀȇȄȒȈȋțȓȆȓȀȑ ȓȎȔȑ ȒȓȎ ǼȃȀȕȎȑ ȉȀȈ ȒȓȎ ȔȏțȂȄȈȎ 

ȌȄȐț 

3. ǲȓȎȌ ȉȀȇȎȐȈȒȋț ȓȘȌ ȁǼȊȓȈȒȓȘȌ ȒȔȌȇȆȉȝȌ ȂȈȀ ȓȆȌ ȀȌǻȏȓȔȍȆ ȓȘȌ ȕȔȓȝȌ 

 

ǧ ȓȄȖȌȈȉǽ ȏȎȔ ȖȐȆȒȈȋȎȏȎȈȄǾȓȀȈ ȄǾȌȀȈ ȀȔȓǽ ȏȎȔ ȃȈȀȕǼȐȄȈ ȓȈȑ ȏȀȐȀȋǼȓȐȎȔȑ ȏȀȐțȊȀ ȀȔȓǻ ȄǾȌȀȈ 

ȏȈȇȀȌț ȎȐȈȒȋǼȌȄȑ ȏȀȐǻȋȄȓȐȎȈ ȒȖȄȃȈȀȒȋȎȜ ȌȀ ȄǾȌȀȈ ȉȎȈȌȎǾ ȒȄ țȊȄȑ ȓȈȑ ȏȄȐȈȏȓȝȒȄȈȑ 

ȄȕȀȐȋȎȂǽȑ ȓȆȑ ȓȄȖȌȎȊȎȂǾȀȑ ȓȆȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ. ǯȈ ȏȀȐǻȋȄȓȐȎȈ ȄǾȌȀȈ ȎȈ Ȅȍǽȑ (Guittonny -

Philippe  et  al. 2014, ǣȉȀȜȐȎȔ, 2016, Truu et  al. 2015): 

ü ǰȐȎȒȃȈȎȐȈȒȋțȑ ȓȎȔ ȄȏȈȏǼȃȎȔ ȓȆȑ ȐȜȏȀȌȒȆȑ  

ǰȐǼȏȄȈ ȌȀ ȏȐȎȒȃȈȎȐȈȒȓȄǾ ȓȎ ȄȏǾȏȄȃȎ ȓȆȑ ȐȜȏȀȌȒȆȑ ȀȔȓț ȒȆȋȀǾȌȄȈ ȏȘȑ ȏȐǼȏȄȈ ȌȀ  

ȏȐȎȒȃȈȎȐȈȒȓȄǾ ȓȎ ȄǾȃȎȑ ȉȀȈ Ȇ ȒȔȂȉǼȌȓȐȘȒȆ ȓȘȌ ȐȔȏȀȌȓȝȌ, ȉȀȇȝȑ ȉȀȈ ȓȎ ȁǻȇȎȑ ȒȓȎ 

ȎȏȎǾȎ ȄȉȓȄǾȌȄȓȀȈ Ȇ ȐȜȏȀȌȒȆ. 

ü ǥȏȈȊȎȂǽ ȓȎȔ ȕȔȓȈȉȎȜ ȔȊȈȉȎȜ 

ǪȀȇȎȐȈȒȓȈȉț ȏȀȐǻȂȎȌȓȀ ȀȏȎȓȄȊȎȜȌ ȓȀ ȕȔȓǻ ȓȀ ȎȏȎǾȀ ȏȐțȉȄȈȓȀȈ ȌȀ 

ȖȐȆȒȈȋȎȏȎȈȆȇȎȜȌ ǼȓȒȈ ȄȏȈȊǼȂȎȌȓȀȈ ȋȄ ȁǻȒȆ ȓȎȌ ȄȏȈȇȔȋȆȓț ȋȆȖȀȌȈȒȋț 

ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ ȉȀȈ ȓȎ ȄǾȃȎȑ ȓȎȔ ȐȔȏȀȌȓǽ. ǯȈ ȄȏȈȒȓǽȋȎȌȄȑ ȏȐȎȓȄǾȌȎȔȌ ȓȆȌ ȖȐǽȒȆ 

ȋȀȉȐțȕȔȓȘȌ Ȁȏț ȓȀ ȓȎȏȈȉǻ ȄǾȃȆ ȒȓȀ ȋȄȒȎȂȄȈȀȉǻ ȉȊǾȋȀȓȀ, ȀȏȎȕȄȜȂȎȌȓȀȑ ȓȆȌ 

ȄȈȒȀȂȘȂǽ ȌǼȘȌ ȂȎȌȈȃǾȘȌ ȉȀȈ ȄȍȘȓȈȉȝȌ ȄȈȃȝȌ. ǩȃȀȌȈȉțȓȄȐȆ ȄȏȈȊȎȂǽ ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ 

ȓȘȌ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȀȏȎȓȄȊȎȜȌ ȓȀ ȕȔȓǻ ȓȀ ȎȏȎǾȀ ǼȖȎȔȌ ȕȔȒȈȉǽ ȈȉȀȌțȓȆȓȀ 

ȏȐțȒȊȆȗȆȑ ȋȄȓǻȊȊȘȌ, ȏȎȔ ȏȀȐǻȂȎȔȌ ȋȄȂǻȊȆ ȏȎȒțȓȆȓȀ ȁȈȎȋǻȅȀȑ ȉȀȈ ȏȄȐȈȎȐǾȅȎȔȌ 

ȓȆȌ ȋȄȓȀȕȎȐǻ ȓȎȔ ȋȄȓǻȊȊȎȔ ȒȓȎ ȔȏȄȐȉȄǾȋȄȌȎ ȓȋǽȋȀ ȓȎȔ ȕȔȓȎȜ, ȃȈȀȓȆȐȝȌȓȀȑ ȓȀ ȒȄ 

ȀȔȍȆȋǼȌȀ ȄȏǾȏȄȃȀ ȒȓȈȑ ȐǾȅȄȑ. 

ü ǚȊȄȂȖȎȑ ȓȆȑ ȃȔȌȀȓțȓȆȓȀȑ ȖȐȆȒȈȋȎȏȎǾȆȒȆȑ ȓȘȌ ȄȏȈȊȄȂȋǼȌȘȌ ȕȔȓȝȌ (Treatability  

tests) 

ǲȄ ȀȔȓț ȓȎ ȒȓǻȃȈȎ ȏȐȀȂȋȀȓȎȏȎȈȄǾȓȀȈ ǼȊȄȂȖȎȑ ȓȆȑ ȓȎȍȈȉțȓȆȓȀȑ ȓȘȌ ȐȔȏȀȌȓȝȌ ȉȀȇȝȑ 

ȉȀȈ ȏȐȎșțȌȓȘȌ ȏȎȔ ȏȐȎȉȜȏȓȎȔȌ Ȁȏț ȓȆȌ ȄȕȀȐȋȎȂǽ ȓȆȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ. ǣȈȀ ȌȀ 

ȊȄȈȓȎȔȐȂǽȒȄȈ ȀȏȎȓȄȊȄȒȋȀȓȈȉǻ ȓȎ ȒȜȒȓȆȋȀ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ ȏȐǼȏȄȈ ȓȎ ȄȏȈȊȄȂțȋȄȌȎ 

ȕȔȓȈȉț ȄǾȃȎȑ ȌȀ ǼȖȄȈ ȎȐȈȒȋǼȌȀ ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ țȏȘȑ ȄȉȓȄȓȀȋǼȌȎ ȐȈȅȈȉț ȒȜȒȓȆȋȀ, 

ȈȉȀȌțȓȆȓȀ ȌȀ ȀȌǼȖȄȓȀȈ ȔȗȆȊǽ ȒȔȂȉǼȌȓȐȘȒȆ ȐȜȏȘȌ ȉȀȈ ȌȀ ȀȌȓǼȖȄȈ ȒȓȎ 

ȏȄȐȈȁȀȊȊȎȌȓȈȉț ȒȓȐȄȑ. 

ü ǲȔȌȓǽȐȆȒȆ ȓȎȔ ȒȔȒȓǽȋȀȓȎȑ ȓȆȑ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ 

ǡȏȎȓȄȊȄǾ ȁȀȒȈȉǽ ȏȀȐǻȋȄȓȐȎ ȓȆȑ ȀȏȎȓȄȊȄȒȋȀȓȈȉǽȑ ȊȄȈȓȎȔȐȂǾȀȑ ȄȌțȑ ȓǼȓȎȈȎȔ 

ȒȔȒȓǽȋȀȓȎȑ. ǰȄȐȈȊȀȋȁǻȌȄȈ ȓȆȌ ǻȐȃȄȔȒȆ ȓȘȌ ȕȔȓȝȌ, ȓȆȌ ȏȐȎȒȇǽȉȆ ȉȀȓǻȊȊȆȊȘȌ 

ȊȈȏȀȒȋǻȓȘȌ ȂȈȀ ȓȆ ȂȐǽȂȎȐȆ ȀȌǻȏȓȔȍȆ ȉȀȈ ȓȆȌ ȀȌȓȈȋȄȓȝȏȈȒȆ ȁȈȎȊȎȂȈȉȝȌ ȄȖȇȐȝȌ 

ȓȘȌ ȕȔȓȝȌ ȒȓȈȑ ȏȄȐȈȏȓȝȒȄȈȑ țȏȎȔ ȀȏȀȈȓȄǾȓȀȈ. 

ü ǲȔȂȉȎȋȈȃǽ ȓȎȔ ȕȔȓȈȉȎȜ ȔȊȈȉȎȜ 

ǲȓȈȑ ȁȀȒȈȉǼȑ ȏȐȀȉȓȈȉǼȑ ȒȔȂȉȀȓȀȊǼȂȄȓȀȈ ȉȀȈ Ȏ ȓȐțȏȎȑ ȃȈȀȖȄǾȐȈȒȆȑ ȓȘȌ ȕȔȓȝȌ (ȉȎȏǽȑ 

/ ȄȍȀȂȘȂǽȑ ǽ țȖȈ), ȉȀȇȝȑ ȋȏȎȐȄǾ ȌȀ ȄȏȆȐȄǻȒȎȔȌ ȓȆȌ ȈȉȀȌțȓȆȓȀ ȒȔȂȉȐǻȓȆȒȆȑ 

ȋȄȓǻȊȊȘȌ ȓȎȔ ȒȔȒȓǽȋȀȓȎȑ. ǝȓȀȌ ȓȀ ȕȔȓǻ ȒȔȒȒȘȐȄȜȒȎȔȌ ȓȎȌ ȐȔȏȀȌȓǽ ȏȐǼȏȄȈ ȌȀ 

ȏȐȀȂȋȀȓȎȏȎȈȆȇȄǾ Ȇ ȒȔȂȉȎȋȈȃǽ ȉȀȈ Ȇ ȀȏȎȋǻȉȐȔȌȒȆ ȓȎȔȑ Ȁȏț ȓȆȌ ȏȄȐȈȎȖǽ. ǧ 

ȏȄȐȀȈȓǼȐȘ ȄȏȄȍȄȐȂȀȒǾȀ ȓȎȔ ȕȔȓȈȉȎȜ ȔȊȈȉȎȜ ȄȍȀȐȓǻȓȀȈ Ȁȏț ȓȆ ȕȜȒȆ ȓȘȌ 

ȏȀȐȀȂțȋȄȌȘȌ ȏȀȐȀȏȐȎșțȌȓȘȌ ȉȀȇȝȑ ȉȀȈ Ȁȏț ȓȆ ȒȔȂȉǼȌȓȐȘȒȆ ȓȎȔȑ ȒȓȀ ȕȔȓȈȉǻ 



22 
 

ȉȜȓȓȀȐȀ. ǲȓȆȌ ȏȄȐǾȏȓȘȒȆ ȎȐȂȀȌȈȉȝȌ ȐȔȏȀȌȓȝȌ ȏȎȔ ȃȈȀȒȏȝȌȓȀȈ ȒȄ ȋȆ ȓȎȍȈȉǼȑ 

ȎȔȒǾȄȑ ȃȄȌ ȄǾȌȀȈ ȀȏȀȐȀǾȓȆȓȆ Ȇ ȏȄȐȀȈȓǼȐȘ ȄȏȄȍȄȐȂȀȒǾȀ ȓȎȔ ȕȔȓȈȉȎȜ ȈȒȓȎȜ. ǲȄ 

ȀȌȓǾȇȄȒȆ, ȒȓȆȌ ȏȄȐǾȏȓȘȒȆ ȏȎȔ ȏȐȀȂȋȀȓȎȏȎȈȄǾȓȀȈ ȒȆȋȀȌȓȈȉǽ ȒȔȒȒȝȐȄȔȒȆ ȒȓȆȌ 

ȐȈȅțȒȕȀȈȐȀ, Ȇ ȏȄȐȀȈȓǼȐȘ ȄȏȄȍȄȐȂȀȒǾȀ 

ȓȎȔȑ ȄǾȌȀȈ ȀȏȀȐȀǾȓȆȓȆ. ǧ ȏȈȎ ȒȔȌȆȇȈȒȋǼȌȆ ȃȈȀȃȈȉȀȒǾȀ ȄȏȄȍȄȐȂȀȒǾȀȑ ȓȎȔ ȕȔȓȈȉȎȜ 

ȔȊȈȉȎȜ ȄǾȌȀȈ Ȇ ȄȊȄȂȖțȋȄȌȆ ȉȀȜȒȆ (controlled  incineration ). ǘȊȊȄȑ ȋǼȇȎȃȎȈ ȏȎȔ 

ȄȕȀȐȋțȅȎȌȓȀȈ ȄǾȌȀȈ Ȇ ȉȎȋȏȎȒȓȎȏȎǾȆȒȆ (composting ) ȉȀȇȝȑ ȉȀȈ ȃȈǻȇȄȒȆ ȒȄ 

ȖȘȋȀȓȄȐǼȑ (landfilling ). 

 

2.3.3. ǰȊȄȎȌȄȉȓǽȋȀȓȀ ȉȀȈ ȋȄȈȎȌȄȉȓǽȋȀȓȀ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ 

ǳȀ ȒȔȒȓǽȋȀȓȀ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ țȏȘȑ țȊȀ ȓȀ ȒȔȒȓǽȋȀȓȀ ȏȀȐȎȔȒȈǻȅȎȔȌ ȃȈǻȕȎȐȀ 

ȏȊȄȎȌȄȉȓǽȋȀȓȀ ȉȀȈ ȋȄȈȎȌȄȉȓǽȋȀȓȀ ȉȀȓǻ ȓȆȌ ȄȕȀȐȋȎȂǽ ȓȎȔȑ (Syranidou et al., 2017, 

ǬȀȌȎȔȒǻȉȆ, 2008 , ǲȎȕȈȀȌțȑ, 2016,  Christofilopoulos, 2017, Truu et al., 2015, ǣȉȀȜȐȎȔ, 

2016). 

 

ǰȊȄȎȌȄȉȓǽȋȀȓȀ : 

¶ ǬȈȉȐǽ ȏȀȐȀȂȘȂǽ ȃȄȔȓȄȐȎȂȄȌȝȌ ȀȏțȁȊȆȓȝȌ ȒȄ ȀȌȓǾȇȄȒȆ ȋȄ ǻȊȊȄȑ ȓȄȖȌȎȊȎȂǾȄȑ 

¶ ǡȏȎȓȄȊȄǾ ǼȌȀȌ ȖȀȋȆȊȎȜ ȉțȒȓȎȔȑ ȓȐțȏȎ ȄȍȔȂǾȀȌȒȆȑ 

¶ ǥǾȌȀȈ ȕȈȊȈȉǽ Șȑ ȏȐȎȑ ȓȎ ȏȄȐȈȁǻȊȊȎȌ ȉȀȇȝȑ ȖȐȆȒȈȋȎȏȎȈȄǾ ȓȀ ȕȔȓǻ ȉȀȈ ȓȎȔȑ ȒȖȄȓȈȉȎȜȑ 

ȋȈȉȐȎȎȐȂȀȌȈȒȋȎȜȑ ȂȈȀ ȓȆȌ ȀȏȎȉȀȓǻȒȓȀȒȆȑ ȃȈȀȕțȐȘȌ ȐȜȏȘȌ (ȎȐȂȀȌȈȉȝȌ ȉȀȈ 

ȀȌțȐȂȀȌȘȌ) 

¶ ǥȕȀȐȋțȅȄȓȀȈ ȄȏǾ ȓțȏȎȔ (in situ) ȉȀȈ ȃȄȌ ȄǾȌȀȈ ȀȌȀȂȉȀǾȀ ȋǾȀ ȄȉȒȉȀȕǽ ǽ ǻȌȓȊȆȒȆ. ǚȓȒȈ 

ȃȄȌ ȃȈȀȓȀȐǻȒȒȄȓȀȈ ȓȎ ȕȔȒȈȉț ȓȎȏǾȎ ȓȆȑ ȐȔȏȀȒȋǼȌȆȑ ȏȄȐȈȎȖǽȑ 

¶ ǥȏȈȓȔȂȖǻȌȄȓȀȈ Ȇ ȄȏȈȇȔȋȆȓǽ ȒȔȂȉǼȌȓȐȘȒȆ ȓȎȍȈȉȝȌ ȎȔȒȈȝȌ ȒȄ ȏȎȊȜ ȋȈȉȐȎȜȑ țȂȉȎȔȑ 

¶ ǚȖȄȈ ȋȀȉȐȎȖȐțȌȈȀ ȄȕȀȐȋȎȂǽ 

¶ ǤȈȀȓȆȐȄǾ ȉȀȈ ȀȔȍǻȌȄȈ ȓȆȌ ȓȎȏȈȉǽ ȁȈȎȏȎȈȉȈȊțȓȆȓȀ 

 

ǬȄȈȎȌȄȉȓǽȋȀȓȀ : 

¶ ǥȏȆȐȄǻȅȄȓȀȈ Ȁȏț ȓȈȑ ȉȊȈȋȀȓȈȉǼȑ ȉȀȈ ȔȃȐȎȊȎȂȈȉǼȑ ȒȔȌȇǽȉȄȑ ȓȆȑ ȏȄȐȈȎȖǽȑ 

¶ ǡȐȂȎǾ ȐȔȇȋȎǾ ȕȔȓȎȄȍȔȂǾȀȌȒȆȑ, ȏȎȔ ȀȏȀȈȓȎȜȌ ȒȔȌȄȖțȋȄȌȄȑ ȏȄȐȈțȃȎȔȑ ȉȀȊȊȈǼȐȂȄȈȀȑ 

ȓȘȌ ȕȔȓȝȌ ȋǼȖȐȈ ȌȀ ȄȍȔȂȈȀȌȇȄǾ ȓȄȊȄǾȘȑ ȓȎ ȏȄȐȈȁǻȊȊȎȌ Ȁȏț ȓȎȔȑ ȐȜȏȎȔȑ 

¶ ǤȔȌȀȓțȓȆȓȀ ȋȄȓǻȃȎȒȆȑ ȓȎȍȈȉȝȌ ȎȔȒȈȝȌ ȒȓȆȌ ȓȐȎȕȈȉǽ ȀȊȔȒǾȃȀ ȋȄȓǻ Ȁȏț ȏȈȇȀȌǽ 

ȉȀȓȀȌǻȊȘȒȆ ȓȘȌ ȕȔȓȝȌ Ȁȏț ȓȀ ȅȝȀ 

¶ ǥǾȌȀȈ ȃȔȌȀȓțȌ ȌȀ ȏȐȎȉȀȊǼȒȄȈ ȋȄȓȀȕȎȐǻ ȐȜȏȘȌ Ȁȏț ȓȎ ǼȌȀ ȏȄȐȈȁȀȊȊȎȌȓȈȉț ȋǼȒȎ 

ȒȓȎ ǻȊȊȎ (ȏ.Ȗ. Ȁȏț ȓȎ ǼȃȀȕȎȑ ȒȓȎȌ ȀǼȐȀ) 

¶ ǡȔȍȆȋǼȌȆ ȄȌȀȏțȇȄȒȆ ȋȎȊȔȒȋȀȓȈȉȝȌ ȎȔȒȈȝȌ ȒȓȎȔȑ ȈȒȓȎȜȑ ȓȘȌ ȕȔȓȝȌ, ȈȉȀȌȝȌ ȌȀ 

ȋȄȈȝȒȎȔȌ ȓȆȌ ȉȀȓȀȊȊȆȊțȓȆȓȀ ȓȘȌ ȕȔȓȝȌ 

¶ ǡȏȀȈȓȄǾ ȋȄȂǻȊȄȑ ȄȉȓǻȒȄȈȑ ȂȆȑ ȂȈȀ ȓȆȌ ȄȍȔȂǾȀȌȒȆ 

¶ ǥǾȌȀȈ ȀȏȎȓȄȊȄȒȋȀȓȈȉǽ ȋțȌȎ țȓȀȌ ȓȎ ȁǻȇȎȑ ȓȆȑ ȋțȊȔȌȒȆȑ ȃȄȌ ȍȄȏȄȐȌǻ ȓȎ 1m ȒȓȎ 

ǼȃȀȕȎȑ ȉȀȈ ȓȀ 3m ȒȓȎȌ ȔȃȐȎȕțȐȎ ȎȐǾȅȎȌȓȀ 
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2.4. ǳǥǶǭǧǳǯǩ ǴǤǱǯǢǩǯǳǯǰǯǩ  

2.4.1. ǯ ȔȃȐȎȁȈțȓȎȏȎȑ ȉȀȈ Ȇ ȊȄȈȓȎȔȐȂǾȀ ȓȎȔ 

ǴȃȐȎȁȈțȓȎȏȎȑ ǽ ȀȊȊȈȝȑ ȔȂȐțȓȎȏȎȑ ȄǾȌȀȈ ȉǻȇȄ ȓțȏȎȑ ȏȎȔ ȉȀȊȜȏȓȄȓȀȈ ȋțȌȈȋȀ ǽ ȄȏȎȖȈȉǻ 

Ȁȏț ȐȆȖǻ ȌȄȐǻ ǽ ȏȎȔ ȃȄȌ ȉȀȊȜȏȓȄȓȀȈ ȏȎȓǼ Ȁȏț ȌȄȐǻ ȀȊȊǻ ǼȖȄȈ ȔȂȐț ȔȏțȒȓȐȘȋȀ ȂȈȀ 

ȋȄȂǻȊȎ ȃȈǻȒȓȆȋȀ ȓȎȔ ǼȓȎȔȑ. ǴȂȐțȓȎȏȎȈ ȄǾȌȀȈ ȕȔȒȈȉǼȑ ǽ ȓȄȖȌȆȓǼȑ ȏȄȐȈȎȖǼȑ ȀȏȎȓȄȊȎȜȋȄȌȄȑ 

Ȁȏț ǼȊȆ ȋȄ ȏȎȝȃȆ ȁȊǻȒȓȆȒȆ, Ȁȏț ȋȆ ȀȏȎȉȊȄȈȒȓȈȉȝȑ ȎȋȁȐȎȃǾȀȈȓȀ ǼȊȆ ȋȄ ȓȔȐȕȝȃȄȑ 

ȔȏțȒȓȐȘȋȀ, Ȁȏț ȓȔȐȕȝȃȄȈȑ ȂȀǾȄȑ ǽ Ȁȏț ȌȄȐț (ǡȂȈȎȔȓǻȌȓȆ, 2018).  

ǬȈȀ ȌǼȀ ȓȄȖȌȎȊȎȂǾȀ ȄȏȄȍȄȐȂȀȒǾȀȑ ȀȒȓȈȉȝȌ ȊȔȋǻȓȘȌ, ȁȈȎȋȆȖȀȌȈȉȝȌ ȔȂȐȝȌ, ȀȏȎȁȊǽȓȘȌ 

ȎȐȔȖȄǾȘȌ, ȄȏȈȕȀȌȄȈȀȉǽȑ ȀȏȎȐȐȎǽȑ ȉȀȈ ȒȓȐȀȂȂȈȒȋǻȓȘȌ ǶǴǳǡ  ȀȏȎȓȄȊȎȜȌ ȎȈ ȓȄȖȌȆȓȎǾ 

ȔȃȐȎȁȈțȓȎȏȎȈ. ǥǾȌȀȈ ǼȌȀ ȒȜȒȓȆȋȀ ȏȎȔ ȁȀȒǾȅȄȓȀȈ ȒȓȆ ȖȐȆȒȈȋȎȏȎǾȆȒȆ ȓȎȔ ȏȄȐȈȁǻȊȊȎȌȓȎȑ 

ȓȘȌ ȕȔȓȝȌ, ȅȘȝȌ ȀȊȊǻ ȉȀȈ ȃȈǻȕȎȐȘȌ ȋȈȉȐȎȎȐȂȀȌȈȒȋȝȌ. ǧ ȃȆȋȈȎȔȐȂǾȀ ȔȃȐȎȁȈțȓȎȏȎȔ 

ȀȌȀȕǼȐȄȓȀȈ ȒȓȆȌ ȉȀȓȀȒȉȄȔǽ ȓȎȔ ȒȄ ȋȈȀ ȏȄȐȈȎȖǽ țȏȎȔ ȃȄȌ ȔȏǽȐȖȄ ȔȃȐȎȁȈțȓȎȏȎȑ 

ȏȐȎȆȂȎȔȋǼȌȘȑ. ǬȏȎȐȄǾ ȌȀ ȄȌȓȎȏȈȒȓȎȜȌ ȒȄ ȏȄȐȈȎȖǼȑ ȏȎȔ ȁȐǾȒȉȎȌȓȀȈ ȒȓȎ ȄȏǾȏȄȃȎ ȓȆȑ 

ȇǻȊȀȒȒȀȑ ǼȘȑ ȏȄȐȈȎȖǼȑ ȔȗȎȋǼȓȐȎȔ 1500 ȋǼȓȐȘȌ ȉȀȈ Ȁȏț ȓȐȎȏȈȉǼȑ ǼȘȑ ȀȐȉȓȈȉǼȑ ȏȄȐȈȎȖǼȑ.  

ǯȈ ȓȄȖȌȆȓȎǾ ȔȃȐȎȁȈțȓȎȏȎȈ, țȏȘȑ țȊȀ ȓȀ ȕȔȒȈȉǻ ȒȔȒȓǽȋȀȓȀ ȄȏȄȍȄȐȂȀȒǾȀȑ, ȁȀȒǾȅȎȌȓȀȈ (ȒȄ 

ȋȈȉȐț ǽ ȋȄȂǻȊȎ ȁȀȇȋț) ȒȓȈȑ ȀȌȀȌȄȝȒȈȋȄȑ ȏȆȂǼȑ ȄȌǼȐȂȄȈȀȑ, ȏȄȐȈȊȀȋȁǻȌȎȌȓȀȑ ȓȆȌ ȆȊȈȀȉǽ 

ȀȉȓȈȌȎȁȎȊǾȀ, ȓȆȌ ȉȈȌȆȓȈȉǽ ȄȌǼȐȂȄȈȀ ȓȎȔ ȀȌǼȋȎȔ, ȓȆȌ ȄȌǼȐȂȄȈȀ ȓȎȔ ȌȄȐȎȜ ȓȆȑ ȁȐȎȖǽȑ, ȓȎ 

ȄȏȈȕȀȌȄȈȀȉț ȌȄȐț, ȓȎ ǼȃȀȕȎȑ ȉȀȈ ȓȆȌ ȀȏȎȇǽȉȄȔȒȆ ȄȌȃȄȖțȋȄȌȆȑ ȄȌǼȐȂȄȈȀȑ ȒȄ ȁȈȎȋǻȅȀ ȒȓȀ 

ȄȃǻȕȆ. ǳțȒȎ Ȇ ȉȀȓȀȒȉȄȔǽ țȒȎ ȉȀȈ Ȇ ȀȏțȃȎȒȆ ȓȘȌ ȔȃȐȎȁȈțȓȎȏȘȌ ȏȐǼȏȄȈ ȌȀ 

ȏȐȀȂȋȀȓȎȏȎȈȄǾȓȀȈ ȋǼȒȘ ȎȈȉȎȊȎȂȈȉǻ ȔȂȈȝȌ ȓȐțȏȘȌ (Mitsch, 1992, ǲȎȕȈȀȌțȑ, 2016, 

ǡȂȈȎȔȓǻȌȓȆ, 2018). 

ǵȔȒȈȉȎǾ ǽ ȓȄȖȌȆȓȎǾ ȔȃȐȎȁȈțȓȎȏȎȈ ȂȊȔȉȎȜ ǽ ȀȊȋȔȐȎȜ ȌȄȐȎȜ ǼȖȎȔȌ țȊȎȈ ǼȌȀ ȉȎȈȌț 

ȖȀȐȀȉȓȆȐȈȒȓȈȉț, ȓȆȌ ȒȔȌȄȖțȋȄȌȆ ǽ ȏȄȐȈȎȃȈȉǽ ȏȀȐȎȔȒǾȀ ȄȏȈȕȀȌȄȈȀȉȎȜ ǽ ȉȎȌȓǻ ȒȓȆȌ 

ȄȏȈȕǻȌȄȈȀ ȌȄȐȎȜ. ǯȈ ȓȄȖȌȆȓȎǾ ȔȃȐȎȁȈțȓȎȏȎȈ ǼȖȎȔȌ țȊȄȑ ȓȈȑ ȃȔȌȀȓțȓȆȓȄȑ ȓȘȌ ȕȔȒȈȉȝȌ 

ȔȃȐȎȁȈțȓȎȏȘȌ, ȀȊȊǻ ȖȘȐǾȑ ȓȎȔȑ ȏȄȐȈȎȐȈȒȋȎȜȑ, ȏȎȔ ȀȕȎȐȎȜȌ ȓȆ ȃȈǻȇȄȒȆ ȄȉȐȎȝȌ ȒȄ 

ȕȔȒȈȉǻ ȎȈȉȎȒȔȒȓǽȋȀȓȀ (ǣȉȀȜȐȎȔ, 2016). 

ǰȀȐǼȖȎȔȌ ȏȎȊȊǼȑ ȒȆȋȀȌȓȈȉǼȑ ȊȄȈȓȎȔȐȂǾȄȑ ȒȓȎ ȏȄȐȈȁǻȊȊȎȌ. ǯȈ ȔȃȐȎȁȈțȓȎȏȎȈ, ȉǻȓȘ Ȁȏț ȓȈȑ 

ȉȀȓǻȊȊȆȊȄȑ ȒȔȌȇǽȉȄȑ, ȋȏȎȐȎȜȌ ȌȀ ȁȄȊȓȈȝȒȎȔȌ ȒȄ ǼȌȀ ȏȎȊȜ ȋȄȂǻȊȎ ȁȀȇȋț ȓȆȌ ȏȎȈțȓȆȓȀ 

ȓȎȔ ȌȄȐȎȜ ȀȊȊǻ ȉȀȈ ȌȀ ȓȎ ȀȏȎȇȆȉȄȜȒȎȔȌ ȋȄȓǻ Ȁȏț ȏȊȆȋȋȜȐȄȑ, ȌȀ ȀȌȀȉȔȉȊȝȒȎȔȌ 

ȃȈǻȕȎȐȀ ȒȓȎȈȖȄǾȀ ȉȀȈ ȜȊȆ. ǡȉțȋȆ, ȓȎ ȄȈȃȈȉǻ ȃȈȀȋȎȐȕȘȋǼȌȎ ȒȜȒȓȆȋȀ ȓȎȔȑ, ȓȎȔȑ ȄȏȈȓȐǼȏȄȈ 

ȌȀ ȄȏȆȐȄǻȒȎȔȌ ȓȆȌ ȒȔȖȌțȓȆȓȀ ȓȈȑ ȁȐȎȖțȏȓȘȒȆȑ ȓȆȑ ȏȄȐȈȎȖǽȑ. ǡȏȎȓȄȊȎȜȌ ȖȝȐȎ 

ȀȌȀȗȔȖǽȑ ȉȀȈ ȎȋȎȐȕȈǻȑ ȀȊȊǻ ȉȀȈ ȋǼȐȎȑ ȃȈȀȁǾȘȒȆȑ ǻȂȐȈȘȌ ȅȘȝȌ ȉȀȈ ȗȀȐȈȝȌ (Bassi et al., 

2014, EPA, 2018).  

ǚȌȀ Ȁȏț ȓȀ ȏȎȊȊǻ ȏȊȄȎȌȄȉȓǽȋȀȓȀ ȓȘȌ ȔȃȐȎȁȈțȓȎȏȘȌ ȄǾȌȀȈ ȓȎ ȖȀȋȆȊț ȓȎȔȑ ȉțȒȓȎȑ 

ȉȀȓȀȒȉȄȔǽȑ ȀȊȊǻ ȉȀȈ ȊȄȈȓȎȔȐȂǾȀȑ. ǧ ȀȌȓȎȖǽ ȓȎȔȑ ȒȓȈȑ ȃȈȀȉȔȋǻȌȒȄȈȑ ȔȃȐȀȔȊȈȉȎȜ ȉȀȈ 

ȐȔȏȀȌȓȈȉȎȜ ȕȎȐȓȈȎȜ ȉȀȈ Ȇ ȓȐȈȓȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ ȄǾȌȀȈ ȀȔȓǻ ȏȎȔ ȓȎȔȑ ȉǻȌȄȈ ȌȀ 

ȏȐȎȓȈȋȝȌȓȀȈ.  



24 
 

2.4.2. ǳȜȏȎȈ ȓȄȖȌȆȓȝȌ ȔȃȐȎȁȈțȓȎȏȘȌ 

ǣȈȀ ȓȆȌ ȄȏȄȍȄȐȂȀȒǾȀ ȐȔȏȀȒȋǼȌȘȌ ȔȃǻȓȘȌ ǼȖȎȔȌ ȀȌȀȏȓȔȖȇȄǾ ȉȀȈ ȖȐȆȒȈȋȎȏȎȈȆȇȄǾ ȃȜȎ ȓȜȏȎȈ 

ȓȄȖȌȆȓȝȌ ȔȃȐȎȁȈțȓȎȏȘȌ ȒȜȋȕȘȌȀ ȋȄ ȓȀ ȔȃȐȀȔȊȈȉǻ ȖȀȐȀȉȓȆȐȈȒȓȈȉǻ ȐȎǽȑ ȓȎȔ ȌȄȐȎȜ ȒȓȎ 

ȒȜȒȓȆȋȀ:  

ü ǳȄȖȌȆȓȎǾ ȔȃȐȎȁȈțȓȎȏȎȈ ȄȊȄȜȇȄȐȆȑ ȄȏȈȕǻȌȄȈȀȑ ǽ ȄȏȈȕȀȌȄȈȀȉǽȑ ȐȎǽȑ (free  water  

surface  systems- FWS) 

ǡȔȓțȑ Ȏ ȓȜȏȎȑ ȓȄȖȌȆȓȎȜ ȔȃȐȎȁȈțȓȎȏȎȔ ǼȖȄȈ Șȑ ȖȀȐȀȉȓȆȐȈȒȓȈȉț ȓȆȌ ȉȔȐǾȘȑ ȉǾȌȆȒȆ ȓȎȔ 

ȌȄȐȎȜ ȏǻȌȘ Ȁȏț ȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȎȔ ȄȃǻȕȎȔȑ. ǡȏȎȓȄȊȄǾȓȀȈ, ȒȔȌǽȇȘȑ, Ȁȏț ȏȀȐǻȊȊȆȊȄȑ 

ȊȄȉǻȌȄȑ, ȉȀȌǻȊȈȀ ǽ ȓǻȕȐȎȔȑ ȋȄ ȀȃȈȀȏǼȐȀȒȓȎȔȑ ȏȔȇȋǼȌȄȑ, ȋȄ ȀȌȀȕȔțȋȄȌȆ ȕȔȓȈȉǽ 

ȁȊǻȒȓȆȒȆ ȋȄ ȀȏȎȓǼȊȄȒȋȀ  ȓȎ ȕȘȑ ȓȎȔ ǽȊȈȎȔ ȌȀ ȃȈȀȏȄȐȌǻ ȓȎ ȒȓȐȝȋȀ ȓȎȔ ȌȄȐȎȜ ȋǼȖȐȈ ȓȎ 

ȉȀȓȝȓȀȓȎ ȒȆȋȄǾȎ. ǰȄȐȈȎȐȈȒȋǼȌȆ ȄǾȌȀȈ Ȇ ȏȎȒțȓȆȓȀ ȓȎȔ ȌȄȐȎȜ ȏȎȔ ȃȈǼȐȖȄȓȀȈ ȋǼȒȀ Ȁȏț ȓȎ 

ȔȏțȒȓȐȘȋȀ ȉȀȇȝȑ ȉȀȈ ȓȎ ȏȎȒȎȒȓț ȓȎȔ ȒȔȌȎȊȈȉȎȜ ȉȀȇȀȐȈȒȋȎȜ ȓȎȔ ȌȄȐȎȜ ȉȀȈ ȂȈȀ ȀȔȓț 

ȓǼȓȎȈȀ ȒȔȒȓǽȋȀȓȀ ȄȏȄȍȄȐȂǻȅȎȌȓȀȈ  ǽȃȆ ȏȐȎ ȄȏȄȍȄȐȂȀȒȋǼȌȀ ȀȏțȁȊȆȓȀ. ǧ ȉȜȐȈȀ ȏȆȂǽ 

ȎȍȔȂțȌȎȔ ȄǾȌȀȈ Ȇ ȄȊȄȜȇȄȐȆ ȄȏȈȕǻȌȄȈǻ ȓȎȔ. ǳȀ ȒȔȒȓǽȋȀȓȀ ȀȔȓǻ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȒȔȖȌǻ 

ȒȓȆ ǢțȐȄȈȀ ǡȋȄȐȈȉǽ. (ǣȉȀȜȐȎȔ, 2016, Vymazal, 2008, ǬǻȐȉȎȔ, 2000) 

 

ǥȈȉțȌȀ 2.4: ǳȄȖȌȆȓțȑ ȔȃȐȎȁȈțȓȎȏȎȑ ȄȊȄȜȇȄȐȆȑ ȄȏȈȕǻȌȄȈȀȑ ǽ ȄȏȈȕȀȌȄȈȀȉǽȑ ȐȎǽȑ (ǬǻȐȉȎȔ, 

2000) 

ǳȀ ȏȊȄȎȌȄȉȓǽȋȀȓȀ ȋȈȀȑ ȓǼȓȎȈȀȑ ȄȂȉȀȓǻȒȓȀȒȆȑ ȋȏȎȐȎȜȌ ȌȀ ȒȔȌȎȗȈȒȓȎȜȌ ȒȓȀ Ȅȍǽȑ [EPA, 

2002]: 

¶ ǥȍȀȒȕǻȊȈȒȆ ȏȎȊȜȓȈȋȆȑ ȏȐȎȒȇǽȉȆȑ ȒȓȎ çȏȐǻȒȈȌȎè ȒȄ ȋȈȀ ȉȎȈȌȘȌǾȀ 

¶ ǲȔȂȖȝȌȄȔȒȆ ȏȄȐȈȁǻȊȊȎȌȓȎȑ ȉȀȈ ȄȏȀȐȉǽ ȗȔȖȀȂȘȂǾȀ ȓȎȔ ȉȎȈȌȎȜ 

¶ ǥȊȀȖȈȒȓȎȏȎǾȆȒȆ ȓȎȔ ȋȆȖȀȌȈȉȎȜ ȄȍȎȏȊȈȒȋȎȜ , ȓȆȑ ȄȌǼȐȂȄȈȀȑ ȉȀȈ ȓȎȔ ȄȍȄȈȃȈȉȄȔȋǼȌȎȔ 

ȄȍȎȏȊȈȒȋȎȜ ȂȈȀ ȓȎȌ ȖȄȈȐȈȒȓǽ 
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¶ ǡȏȎȔȒǾȀ ȔȏȎȊȄȈȋȋǻȓȘȌ ȁȈȎȒȓȄȐȄȝȌ ǽ ȈȊȜȎȑ ȏȎȔ ȀȏȀȈȓȎȜȌ ȄȏȈȏȐțȒȇȄȓȆ 

ȄȏȄȍȄȐȂȀȒǾȀ ǽ ȀȏțȇȄȒȆ 

¶ ǡȍȈțȏȈȒȓȆ ȊȜȒȆ ȂȈȀ ȓȆȌ ȄȏȄȍȄȐȂȀȒǾȀ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ ȒȄ ȎȈȉȈȒȋȎȜȑ ȉǻȓȘ ȓȘȌ 

5.000 Ȉ.ȉ. ȉȀȈ ȄȏȈȓȔȖȆȋǼȌȆ ȂȈȀ ȓȈȑ ȏȄȐȈȏȓȝȒȄȈȑ ȏȎȔ ǼȖȄȈ ȄȕȀȐȋȎȒȓȄǾ ȉȀȈ ȒȄ ȓȎȏȈȉț 

ȄȏǾȏȄȃȎ 

¶ ǶȀȋȆȊț ȉțȒȓȎȑ ȉȀȓȀȒȉȄȔǽȑ, ȊȄȈȓȎȔȐȂǾȀȑ ȉȀȈ ȒȔȌȓǽȐȆȒȆȑ 

ǸȒȓțȒȎ, ȏȀȐȎȔȒȈǻȅȎȔȌ ȉȀȈ ȎȐȈȒȋǼȌȀ ȋȄȈȎȌȄȉȓǽȋȀȓȀ ȒȄ ȒȖǼȒȆ ȋȄ ȓȀ ȒȔȋȁȀȓȈȉǻ 

ȒȔȒȓǽȋȀȓȀ (US.EPA, 2000): 

¶ ǡȏȀǾȓȆȒȆ ȋȄȂǻȊȆȑ ǼȉȓȀȒȆȑ ȂȆȑ  

¶ ǲȔȒȒȝȐȄȔȒȆ ȕȘȒȕțȐȎȔ ȋȄȓǻȊȊȘȌ ȉȀȈ ȎȐȈȒȋǼȌȘȌ ȄȏǾȋȎȌȘȌ ȎȐȂȀȌȈȉȝȌ ȋȄ ȓȎ 

ȏǼȐȀȒȋȀ ȓȎȔ ȖȐțȌȎȔ  

¶ ǰȄȐȈȎȐȈȒȋțȑ ȒȓȎ ȐȔȇȋț ȀȏȎȋǻȉȐȔȌȒȆȑ ȓȎȔ BOD ȉȀȈ ȒȓȈȑ ȁȈȎȊȎȂȈȉǼȑ ȀȌȓȈȃȐǻȒȄȈȑ 

ȒȄ ȗȔȖȐț ȉȊǾȋȀ 

¶ ǪȎȔȌȎȜȏȈȀ ȉȀȈ ǻȊȊȀ ǼȌȓȎȋȀ ȏȎȔ ȄǾȌȀȈ ȕȎȐȄǾȑ ȀȒȇȄȌȄȈȝȌ ȋȏȎȐȎȜȌ ȌȀ ȀȏȎȓȄȊǼȒȎȔȌ 

ȏȐțȁȊȆȋȀ 

¶ ǰȄȐȈȎȐȈȒȋțȑ ȓȆȑ ȓǻȒȆȑ ȓȀȖȄǾȀȑ ȁȈȎȊȎȂȈȉǽȑ ȌȈȓȐȎȏȎǾȆȒȆȑ ȓȆȑ ȀȋȋȘȌǾȀȑ ȊțȂȘ ȓȎȔ 

ȀȌȎȍȈȉȎȜ ȌȄȐȎȜ 

 

ü ǳȄȖȌȆȓȎǾ ȔȃȐȎȁȈțȓȎȏȎȈ ȔȏoȄȏȈȕȀȌȄȈȀȉǽȑ ǽ ȔȏțȂȄȈȀȑ ȐȎǽȑ (subsurface  flow  

systems- SFS)  

ǯ ȒȉȎȏțȑ ȀȔȓȝȌ ȓȘȌ ȒȔȒȓȆȋǻȓȘȌ  ôȐȈȅțȒȕȀȈȐȀȑõ ǽ ôȕǾȊȓȐȘȌ ȄȃǻȕȎȔȑ-ȉȀȊȀȋȈȝȌõ ȄǾȌȀȈ 

Ȇ ȃȄȔȓȄȐȎȁǻȇȋȈȀ ǽ ȏȐȎȘȇȆȋǼȌȆ ȄȏȄȍȄȐȂȀȒǾȀ. ǳȀ ȄȏǾȏȄȃȀ ȀȏȎȋǻȉȐȔȌȒȆȑ ȓȘȌ ȐȔȏȀȌȓȝȌ 

ȄǾȌȀȈ ȈȒȎȃȜȌȀȋȀ ȓȘȌ ȒȔȒȓȆȋǻȓȘȌ FWS. ǧ ȄȏȈȕǻȌȄȈȀ ȓȎȔ ȌȄȐȎȜ ȃȈȀȓȆȐȄǾȓȀȈ ȀȉȐȈȁȝȑ ȉǻȓȘ 

Ȁȏț ȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȎȔ ȄȃǻȕȎȔȑ ǽ ȓȎȔ ȖȐȆȒȈȋȎȏȎȈȎȜȋȄȌȎȔ ȋǼȒȎȔ. ǡȉțȋȆ ȏȀȐȎȔȒȈǻȅȎȔȌ 

ȋȄȈȘȋǼȌȀ ȏȐȎȁȊǽȋȀȓȀ, ȒȖȄȓȈȉǻ ȋȄ ȓȆȌ ȀȌǻȏȓȔȍȆ ȉȎȔȌȎȔȏȈȝȌ ȉȀȈ ȃȔȒǻȐȄȒȓȘȌ ȎȒȋȝȌ. ǳȎ 

ȔȏțȒȓȐȘȋȀ ȀȏȎȓȄȊȄǾȓȀȈ ȉȔȐǾȘȑ Ȁȏț ȖȀȊǾȉȈȀ, ȇȐȀȔȒȓț ȔȊȈȉț ǽ ȃȈȀȕȎȐȄȓȈȉǻ ǼȃȀȕȎȑ, ǽ ȒȄ 

ȃȈǻȕȎȐȎȔȑ ȒȔȌȃȔȀȒȋȎȜȑ ȓȀ ȏȀȐȀȏǻȌȘ. ǲȓȆȌ ȏȊȄȔȐǻ ȓȆȑ ȄȈȒțȃȎȔ ȓȘȌ ȊȔȋǻȓȘȌ ȔȏǻȐȖȄȈ 

ȃȈǻȓȐȆȓȎȑ ȏȊȀȒȓȈȉțȑ ȒȘȊǽȌȀ ȋȄ ȎȏǼȑ 5 ȋȄ 20mm ȀȌǻ 2 ȋȄ 3 ȋǼȓȐȀ. ǣȈȀ ȌȀ ȄȏȈȓȔȂȖǻȌȄȓȀȈ Ȇ 

ȒȖȄȃțȌ ǻȋȄȒȆ ȎȋȎȈțȋȎȐȕȆ ȄȈȒȀȂȘȂǽ ȓȘȌ ȄȈȒȄȐȖțȋȄȌȘȌ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ ȒȓȆȌ ȉȔȐǾȘȑ 

ȉȊǾȌȆ ȒȓȀ ȏȐȝȓȀ 1-2 ȋǼȓȐȀ ȓȆȑ ȏȊȄȔȐǻȑ ȓȆȑ ȄȈȒțȃȎȔ ȏȊȆȐȎȜȌȓȀȈ ȋȄ ȉȐȎȉȀȊȎȏȀȂǽ 

ȏȄȓȐȝȋȀȓȀ ȃȈȀȋǼȓȐȎȔ 50-200mm. ǳȎ ȒȜȒȓȆȋȀ ȀȔȓț ȖȀȐȀȉȓȆȐǾȅȄȓȀȈ ȂȈȀ ȓȆ ȃȔȌȀȓțȓȆȓǻ ȓȎȔ 

ȌȀ ȀȏȎȋȀȉȐȜȌȄȈ ȃȈǻȕȎȐȎȔȑ ȐȜȏȎȔȑ țȏȘȑ ȓȎ ȁȈȎȖȆȋȈȉǻ ȀȏȀȈȓȎȜȋȄȌȎ ȎȍȔȂțȌȎ (BOD), ȓȎ 

ȖȆȋȈȉǻ ȀȏȀȈȓȎȜȋȄȌȎ ȎȍȔȂțȌȎ (COD), ȓȀ ȋǼȓȀȊȊȀ, ȓȀ ȀȈȘȐȎȜȋȄȌȀ ȒȓȄȐȄǻ, ȓȎ ǻȅȘȓȎ, ȓȎȌ 

ȕȝȒȕȎȐȎ ȉȀȇȝȑ ȄȏǾȒȆȑ ȉȀȈ ȏȀȇȎȂțȌȀ. ǧ ȀȏȎȋǻȉȐȔȌȒȆ BOD ȉȀȈ ȒȓȄȐȄȝȌ ȒȔȒȓȀȓȈȉȝȌ 

ȒȄ ȀȈȝȐȆȒȆ ȃȈȄȌȄȐȂȄǾȓȀȈ ȋȄ ȃȈǽȇȆȒȆ, ȉȀȇǾȅȆȒȆ ȉȀȈ ȀȏȎȃțȋȆȒȆ Ȁȏț ȀȄȐțȁȈȎȔȑ ȉȀȈ 

ȀȌȀȄȐțȁȈȎȔȑ ȋȈȉȐȎȎȐȂȀȌȈȒȋȎȜȑ. ǧ ȀȏȎȋǻȉȐȔȌȒȆ ȓȎȔ ȀȅȝȓȎȔ ȃȈȄȌȄȐȂȄǾȓȀȈ ȋȄ ȓȎȔȑ 

ȋȆȖȀȌȈȒȋȎȜȑ ȌȈȓȐȎȏȎǾȆȒȆȑ ȉȀȈ ȀȏȎȌȈȓȐȎȏȎǾȆȒȆȑ (ǬǻȐȉȎȔ, 2000, Vymazal, 2008 ).  
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ǥȈȉțȌȀ 2.5: ǳȄȖȌȆȓțȑ ȔȃȐȎȁȈțȓȎȏȎȑ ȔȏoȄȏȈȕȀȌȄȈȀȉǽȑ ǽ ȔȏțȂȄȈȀȑ ȐȎǽȑ (ǬǻȐȉȎȔ, 2000) 

ǧ ȀȏȎȋǻȉȐȔȌȒȆ ȓȎȔ ȕȘȒȕțȐȎȔ ȄȍȀȐȓǻȓȀȈ, ȉȔȐǾȘȑ, Ȁȏț ȓȎ ȖȐȆȒȈȋȎȏȎȈȎȜȋȄȌȎ 

ȔȏțȒȓȐȘȋȀ. ǧ ȀȏȎȋǻȉȐȔȌȒȆ ȋȄȓǻȊȊȘȌ ȏȎȈȉǾȊȊȄȈ ȉȀȈ ȄȏȈȓȔȂȖǻȌȄȓȀȈ ȉȔȐǾȘȑ, ȋȄ 

ȉȀȓȀȉȐǽȋȌȈȒȆ ȉȀȈ ȏȐȎȒȐțȕȆȒǽ ȓȎȔȑ. ǳǼȊȎȑ Ȇ ȀȏȎȋǻȉȐȔȌȒȆ ȓȘȌ ȏȀȇȎȂțȌȘȌ ȄȍȀȐȓǻȓȀȈ 

ȒȄ ȋȄȂǻȊȎ ȁȀȇȋț Ȁȏț ȓȆ ȃȎȋǽ ȓȎȔ ȔȏȎȒȓȐȝȋȀȓȎȑ ȉȀȈ ȓȆȌ ȓȀȖȜȓȆȓȀ ȐȎǽȑ ( 

ǲȘȓȆȐȎȏȎȜȊȎȔ, 2010, ǲȎȕȈȀȌțȑ, 2016, ǣȉȀȜȐȎȔ, 2016). 

ǪǻȏȎȈȀ Ȁȏț ȓȀ ȏȊȄȎȌȄȉȓǽȋȀȓȀ ȀȔȓȝȌ ȓȘȌ ȒȔȒȓȆȋǻȓȘȌ ȄǾȌȀȈ (EPA, 2002): 

¶ ǡȏȊțȓȆȓȀ ȒȓȆȌ ȊȄȈȓȎȔȐȂǾȀ 

¶ ǬȄȂǻȊȆ ȃȈǻȐȉȄȈȀ ȅȘǽȑ (30 ǼȘȑ 50 ȖȐțȌȈȀ) 

¶ ǶȀȋȆȊț ȉțȒȓȎȑ ȉȀȓȀȒȉȄȔǽȑ, ȊȄȈȓȎȔȐȂǾȀȑ ȉȀȈ ȒȔȌȓǽȐȆȒȆȑ (ȃȄȔȓȄȐȎȁǻȇȋȈȀ & 

ȓȐȈȓȎȁǻȇȋȈȀ ȄȏȄȍȄȐȂȀȒǾȀ) 

¶ ǚȊȊȄȈȗȆ ȀȏȀǾȓȆȒȆȑ ȆȊȄȉȓȐȎȋȆȖȀȌȎȊȎȂȈȉȎȜ ȄȍȎȏȊȈȒȋȎȜ 

¶ ǤȔȌȀȓțȓȆȓȀ ȄȏǼȉȓȀȒȆȑ ȎȏȎȈȀȃǽȏȎȓȄ ȖȐȎȌȈȉǽ ȒȓȈȂȋǽ (ȄȔȄȊȈȍǾȀ ȒȓȆ 

ȃȈȀȒȓȀȒȈȎȊțȂȆȒȆ)  

¶ ǥȊǻȖȈȒȓȆ ȉȀȓȀȌǻȊȘȒȆ ȄȌǼȐȂȄȈȀȑ 

¶ ǲȆȋȀȌȓȈȉǽ ȋȄǾȘȒȆ ȓȆȑ ȏȎȒțȓȆȓȀȑ ȓȆȑ ȏȀȐȀȂțȋȄȌȆȑ ȈȊȜȎȑ 

¶ ǰȐȎȒȀȐȋțȅȄȓȀȈ ȀȐȋȎȌȈȉǻ ȒȓȎ ȕȔȒȈȉț ȓȎȏǾȎ 

¶ ǡȏȎȔȒǾȀ ȃȔȒǻȐȄȒȓȘȌ ȎȒȋȝȌ ȉȀȈ ȏȐȎȁȊȆȋǻȓȘȌ ȋȄ ȉȎȔȌȎȜȏȈȀ ȊțȂȘ ȓȆȑ ȔȏțȂȄȈȀȑ 

ȃȈǻȇȄȒȆȑ ȉȀȈ ȄȏȄȍȄȐȂȀȒǾȀȑ 

 

ǲȓȀȇȄȐǽ ȃȈȀȃȈȉȀȒǾȀ ȉȀȇȀȐȈȒȋȎȜ ȀȉțȋȀ ȉȀȈ ȒȄ ȀȉȐȀǾȄȑ ȉȀȈȐȈȉǼȑ ȒȔȌȇǽȉȄȑ ǳȀ ȋȎȌȀȃȈȉǻ 

ȋȄȈȎȌȄȉȓǽȋȀȓȀ ȏȎȔ ȕȀǾȌȄȓȀȈ ȌȀ ȏȀȐȎȔȒȈǻȅȄȈ ȀȔȓǽ Ȇ ȋǼȇȎȃȎȑ ȄǾȌȀȈ (EPA, 2002): 

https://www.google.gr/url?sa=i&url=http://hellanicus.lib.aegean.gr/bitstream/handle/11610/14844/file0.pdf?sequence%3D2&psig=AOvVaw1amXwWy4QOxWmB7mbrzOMB&ust=1585406252198000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJif9dfwuugCFQAAAAAdAAAAABAq
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¶ ǚȊȊȄȈȗȆ ȄȋȏȄȈȐǾȀȑ ȒȓȆ ȖȝȐȀ ȋȀȑ ȂȈȀ ȓȆȌ ȉȀȓȀȒȉȄȔǽ ȓǼȓȎȈȘȌ ȄȂȉȀȓȀȒȓǻȒȄȘȌ ȉȀȈ  

¶ ǬȄȂǻȊȆ ȀȏȀȈȓȎȜȋȄȌȆ ȄȏȈȕǻȌȄȈȀ  

 

1. ǳȄȖȌȆȓȎǾ ȔȃȐȎȁȈțȓȎȏȎȈ ȉȀȓȀȉțȐȔȕȆȑ ȔȏțȂȄȈȀȑ ȐȎǽȑ (Vertical  flow  subsurface  

constructed  wetlands -VF) 

ǳȀ ȒȔȒȓǽȋȀȓȀ ȀȔȓǻ ȖȀȐȀȉȓȆȐǾȅȎȌȓȀȈ Ȁȏț ȓȆȌ ȉȀȓȀȉțȐȔȕȆ ȐȎǽ ȓȘȌ ȏȐȎȑ ȄȏȄȍȄȐȂȀȒǾȀ 

ȊȔȋǻȓȘȌ ȋǼȒȀ Ȁȏț ȓȈȑ ȄȃȀȕȈȉǼȑ ȒȓȐȝȒȄȈȑ ȓȘȌ ȊȄȉȀȌȝȌ ȓȎȔȑ.  ǧ ȀȐȖǽ ȓȆȑ ȋȄȇțȃȎȔ 

ȒȓȆȐǾȅȄȓȀȈ ȒȓȎ ȒȔȌȃȔȀȒȋț ȓȆȑ ȃȐǻȒȆȑ ȓȎȔ ȄȃǻȕȎȔȑ, ȓȘȌ ȐȈȅȝȌ ȉȀȈ ȓȘȌ 

ȋȈȉȐȎȎȐȂȀȌȈȒȋȝȌ. ǚȖȎȔȌ ȊȄȉǻȌȄȑ ȉȀȓȀȒȉȄȔȀȒȋǼȌȄȑ ȋȄ ǼȌȀ ȁǻȇȎȑ ȏȄȐǾȏȎȔ 0,90 ǼȘȑ 1,20 

ȋǼȓȐȀ, ȋȄ ȋȈȀ ȋǼȒȆ ȉȊǾȒȆ ȏȔȇȋǼȌȀ ȏȄȐǾȏȎȔ 1%. ǯ ȏȔȇȋǼȌȀȑ ȉȀȈ ȓȀ ȏȐȀȌǽ ȓȎȔȑ ȉȀȊȜȏȓȎȌȓȀȈ 

Ȁȏț ȂȄȘȋȄȋȁȐǻȌȆ ǽ ȉȀȓȀȒȉȄȔǻȅȎȌȓȀȈ Ȁȏț ȒȉȔȐțȃȄȋȀ. ǲȓȆ ȒȔȌǼȖȄȈȀ, ȂǾȌȄȓȀȈ ȏȊǽȐȘȒȆ ȓȘȌ 

ȊȄȉȀȌȝȌ ȋȄ ȀȃȐȀȌǽ ȔȊȈȉǻ ȒȔȌȎȊȈȉȎȜ ȁǻȇȎȔȑ ȋǼȖȐȈ ȄȌțȑ ȋǼȓȐȎȔ, ȋȄȈȎȜȋȄȌȆȑ ȉȎȉȉȎȋȄȓȐǾȀȑ 

Ȁȏț ȓȎȌ ȏȔȇȋǼȌȀ ȏȐȎȑ ȓȆȌ ȄȏȈȕǻȌȄȈȀ (ǪȀȐȀȋȎȜȅȆȑ, 2003). 

ǳȀ ȔȂȐǻ ȀȏțȁȊȆȓȀ ȃȈǼȐȖȎȌȓȀȈ ȉȀȓȀȉțȐȔȕȀ ȓȎȔ ȔȃȐȎȁȈțȓȎȏȎȔ ȉȀȈ ȒȔȊȊǼȂȎȌȓȀȈ ȒȄ ǼȌȀ 

ȃǾȉȓȔȎ ȀȏȎȒȓȐǻȂȂȈȒȆȑ, ȏȎȔ ȄǾȌȀȈ ȓȎȏȎȇȄȓȆȋǼȌȎ ȒȓȆ ȁǻȒȆ ȓȎȔ. ǯȈ ȒȓȐȝȒȄȈȑ 

ȃȈȀȁȀȇȋȈȒȋǼȌȘȌ ȔȊȈȉȝȌ ȀȏȎȒȓȐȀȂȂǾȅȎȔȌ ȏȊǽȐȘȑ ȉȀȈ ǼȓȒȈ ȄȏȈȓȐǼȏȄȓȀȈ Ȇ ȄǾȒȎȃȎȑ ȌǼȎȔ 

ȀǼȐȀ ȀȌǻȋȄȒȀ ȒȓȎȔȑ ȏțȐȎȔȑ ȓȘȌ ȔȊȈȉȝȌ. ǲȄ ȒȔȌȃȔȀȒȋț ȋȄ ȓȎȌ ȀȄȐȈȒȋț ȏȎȔ 

ȃȆȋȈȎȔȐȂȄǾȓȀȈ Ȁȏț ȓȆȌ ȀȏțȓȎȋȆ ȄȕȀȐȋȎȂǽ ȓȆȑ ȃțȒȆȑ ȃȆȋȈȎȔȐȂȎȜȌȓȀȈ ǻȐȈȒȓȄȑ ȒȔȌȇǽȉȄȑ 

ȎȍȔȂțȌȘȒȆȑ, ȃȈǻȒȏȀȒȆȑ ȓȎȔ ȎȐȂȀȌȈȉȎȜ ȕȎȐȓǾȎȔ ȉȀȈ ȌȈȓȐȎȏȎǾȆȒȆȑ ȉȀȈ Ȇ ȄȏțȋȄȌȆ ȃțȒȆ 

ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ ȏȎȔ ȇȀ ȃȈǼȊȇȄȈ ȓȎȔ ȔȃȐȎȁȈțȓȎȏȎȔ ȏȀȂȈȃȄȜȄȈ ȓȎȌ ȀǼȐȀ ȒȓȎȔȑ ȏțȐȎȔȑ.  

 

ǥȈȉțȌȀ 2.6: ǳȄȖȌȆȓțȑ ȔȃȐȎȁȈțȓȎȏȎȑ ȉȀȓȀȉțȐȔȕȆȑ ȔȏȎȄȏȈȕȀȌȄȈȀȉǽȑ ȐȎǽȑ (ǥȈȃȈȉǽ 

ǣȐȀȋȋȀȓȄǾȀ ǴȃǻȓȘȌ, 2012) 

 

ǳǼȓȎȈȀ ȒȔȒȓǽȋȀȓȀ ȖȐȆȒȈȋȎȏȎȈȎȜȌȓȀȈ ȉȔȐǾȘȑ ȂȈȀ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ COD, TSS ȉȀȈ 

ȉȎȊȎȁȀȉȓȆȐȈȃǾȘȌ ȄȌȓȎȜȓȎȈȑ ȔȏǻȐȖȄȈ ȀȔȍȀȌțȋȄȌȎ ȄȌȃȈȀȕǼȐȎȌ ȒȓȆȌ ȖȐǽȒȆ ȓȎȔȑ. ǳȀ 
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ȔȏȎȒȓȐȝȋȀȓȀ ȂȈȀ ȓǼȓȎȈȄȑ ȃȈȀȃȈȉȀȒǾȄȑ ȇȄȘȐȎȜȌȓȀȈ ȄȏǾȒȆȑ ȏȎȊȜ ȒȆȋȀȌȓȈȉǻ. ǯȈ ȄȐȄȔȌȆȓǼȑ 

ȔȃȐȎȁȈțȓȎȏȘȌ ǼȖȎȔȌ ȍȄȉȈȌǽȒȄȈ ȌȀ ȖȐȆȒȈȋȎȏȎȈȎȜȌ ȁȈȎȋȆȖȀȌȈȉǻ ȏȀȐȀȏȐȎșțȌȓȀ, țȏȘȑ 

ȋȈȉȐȎȜ ȁǻȐȎȔȑ ȓȒȈȋȄȌȓȎȊǻȒȏȆ (LWA, LECA ȉȓȊ.) ȉȀȈ ȀȏȎȐȐǾȋȋȀȓȀ Ȁȏț ȁȈȎȋȆȖȀȌǾȄȑ, țȏȘȑ 

ȉȀȈ ȕȔȒȈȉǻ ȔȊȈȉǻ ȋȄ ȔȗȆȊǽ ȈȉȀȌțȓȆȓȀ ȏȐȎȒȐțȕȆȒȆȑ ȋȄ ȒȉȎȏț ȓȆ ȁȄȊȓǾȘȒȆ ȉȀȓȀȉȐǻȓȆȒȆȑ 

ȕȘȒȕțȐȎȔ (Swiss Federal Institute of Aquatic Science and Technology, 2018). 

ǧ ȀȏȎȋǻȉȐȔȌȒȆ ȋȄȓǻȊȊȘȌ ȏȎȈȉǾȊȊȄȈ ȉȀȈ ȄȏȈȓȔȂȖǻȌȄȓȀȈ ȉȔȐǾȘȑ ȋȄ ȉȀȓȀȉȐǽȋȌȈȒȆ ȉȀȈ 

ȏȐȎȒȐțȕȆȒȆ. ǧ ȀȏȎȋǻȉȐȔȌȒȆ ȓȘȌ ȏȀȇȎȂțȌȘȌ ȎȐȂȀȌȈȒȋȝȌ ȄȍȀȐȓǻȓȀȈ ȒȄ ȋȄȂǻȊȎ 

ȁȀȇȋț Ȁȏț ȓȆ ȃȎȋǽ ȓȎȔ ȔȏȎȒȓȐȝȋȀȓȎȑ ȉȀȈ ȓȆȌ ȓȀȖȜȓȆȓȀ ȐȎǽȑ. ǳȀ ȀȈȘȐȎȜȋȄȌȀ ȒȓȄȐȄǻ 

ȀȏȎȋȀȉȐȜȌȎȌȓȀȈ ȉȔȐǾȘȑ ȋȄ ȕȈȊȓȐǻȐȈȒȋǻ ȓȎȔȑ ȒȓȎ ǼȃȀȕȎȑ ǽ ȓȎ ȔȏǼȃȀȕȎȑ (ǥȈȃȈȉǽ 

ǣȐȀȋȋȀȓȄǾȀ ǴȃǻȓȘȌ, 2012). 

ǯȈ ȔȃȐȎȁȈțȓȎȏȎȈ ȉȀȓȀȉțȐȔȕȆȑ ȔȏțȂȄȈȀȑ ȐȎǽȑ ȏȊȄȎȌȄȉȓȎȜȌ Șȑ ȏȐȎȑ (ǪȀȐȀȋȎȜȅȆȑ, 2003) 

: 

¶ ǬȄȓȀȕȎȐǻ ȎȍȔȂțȌȎȔ  

¶ ǡȏȀǾȓȆȒȆ ȋȈȉȐțȓȄȐȆȑ ǼȉȓȀȒȆȑ ȂȈȀ ȓȆȌ ȄȏȄȍȄȐȂȀȒǾȀ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ 

¶ ǤȈȀȓǽȐȆȒȆ ȀȄȐțȁȈȘȌ ȒȔȌȇȆȉȝȌ ȄȏȄȍȄȐȂȀȒǾȀȑ ȓȘȌ ȔȂȐȝȌ ȀȏȎȁȊǽȓȘȌ, ȄȍȀȈȓǾȀȑ ȓȆȑ 

ȏȄȐȈȎȃȈȉǽȑ ȀȌǻȏȀȔȒȆȑ ȉȀȈ Șȑ Ȅȉ ȓȎȜȓȎȔ ȉȀȈ ȏȄȐȈȎȃȈȉǽȑ ȍǽȐȀȌȒȆȑ ȉǻȇȄ ȊȄȉǻȌȆȑ 

¶ ǤȄȌ ȏȀȐȀȓȆȐȎȜȌȓȀȈ ǼȌȓȎȋȀ ȊțȂȘ ȓȎȔ ȒȖȄȃȈȀȒȋȎȜ  

 

2. ǳȄȖȌȆȓȎǾ ȔȃȐȎȁȈțȓȎȏȎȈ ȎȐȈȅțȌȓȈȀȑ ȔȏțȂȄȈȀȑ ȐȎǽȑ (Horizontal flow subsurface 

constructed wetlands ð HF) 

ǲȓȎȔȑ ȓȄȖȌȆȓȎȜȑ ȔȃȐȎȁȈțȓȎȏȎȔȑ ȎȐȈȅțȌȓȈȀȑ ȔȏțȂȄȈȀȑ ȐȎǽȑ ȈȒȖȜȄȈ țȓȈ ȉȀȈ ȒȄ ȀȔȓȎȜȑ ȓȆȑ 

ȉȀȓȀȉțȐȔȕȆȑ ȐȎǽȑ, ȋȄ ȓȆȌ ȃȈȀȕȎȐǻ țȓȈ ȒȓȎȔȑ ȏȐȝȓȎȔȑ, ȓȀ ȊȜȋȀȓȀ ȄȈȒǼȐȖȎȌȓȀȈ ȒȓȎȌ 

ȔȃȐȎȁȈțȓȎȏȎ ȋȄ ȉȀȓȄȜȇȔȌȒȆ ȎȐȈȅțȌȓȈȀ ȒȄ ȒȖǼȒȆ ȋȄ ȓȎ ǼȃȀȕȎȑ. ǡȔȓǽ Ȇ ȋǽȓȐȀ ȕȈȊȎȍȄȌȄǾ ȉȀȈ 

ȒȓȐȝȋȀȓȀ ȏȐȎȒȉȎȊȊȆȋǼȌȘȌ ȋȈȉȐȎȎȐȂȀȌȈȒȋȝȌ. ǧ ȀȏȎȋǻȉȐȔȌȒȆ ȓȘȌ ȐȔȏȀȌȓȝȌ ȂǾȌȄȓȀȈ 

ȋǼȒȘ ȏȐȎȒȐțȕȆȒȆȑ ȒȓȎ ȔȊȈȉț ȏȊǽȐȘȒȆȑ (ȏ.Ȗ. ȖȀȊǾȉȈ, ǻȋȋȎȑ), ȃȈǽȇȆȒȆȑ, ȉȀȇǾȅȆȒȆȑ ȉȀȈ 

ȀȏȎȈȉȎȃțȋȆȒȆȑ. (ǣȉȀȜȐȎȔ, 2016, Swiss Federal Institute of Aquatic S cience and 

Technology et al., 2018).  

 

ǳȀ ȔȂȐǻ ȀȏțȁȊȆȓȀ ȓȐȎȕȎȃȎȓȎȜȌȓȀȈ Ȁȏț ȓȆ ȋǾȀ ǻȉȐȆ ȓȎȔ ȔȃȐȎȁȈțȓȎȏȎȔ ȉȀȈ ȎȃȆȂȎȜȌȓȀȈ 

ȒȓȆȌ ǼȍȎȃȎ (ȀȌȓȈȃȈȀȋȄȓȐȈȉǻ ȓȆȑ ȄȈȒțȃȎȔ), ȉȀȊȜȏȓȎȌȓȀȑ ȋǾȀ ȎȐȈȅțȌȓȈȀ ȏȎȐȄǾȀ. ǪȀȓǻ ȓȆ 

ȃȈǻȐȉȄȈȀ ȀȔȓǽȑ ȓȆȑ ȏȎȐȄǾȀȑ ǼȐȖȎȌȓȀȈ ȒȄ ȄȏȀȕǽ ȋȄ ǼȌȀ ȒȜȒȓȆȋȀ ȀȄȐțȁȈȘȌ, ȀȌȎȍȈȉȝȌ ȉȀȈ 

ȀȌȀȄȐțȁȈȘȌ ȅȘȌȝȌ. ǯȈ ȀȄȐțȁȈȄȑ ȅȝȌȄȑ ȁȐǾȒȉȎȌȓȀȈ ȂȜȐȘ Ȁȏț ȓȈȑ ȐǾȅȄȑ ȓȘȌ 

ȀȌȀȏȓȔȒȒțȋȄȌȘȌ ȕȔȓȝȌ ȓȎȔ ȔȃȐȎȁȈțȓȎȏȎȔ. ǳȀ ȒȔȒȓǽȋȀȓȀ ȀȔȓǻ ȉȀȓȀȒȉȄȔǻȅȎȌȓȀȈ ȋȄ 

ȊȄȉǻȌȄȑ ȋǼȒȎȔ ȁǻȇȎȔȑ 80 ǼȘȑ 100 cm, ȒȓȈȑ ȎȏȎǾȄȑ ǼȖȄȈ ȂǾȌȄȈ ȒȓȄȂȀȌȎȏȎǾȆȒȆ ȋȄ ȏȄȏȈȄȒȋǼȌȆ 

ȀȐȂȈȊȈȉǽ ȒȓȐȝȒȆ ȋȄ ȂȄȘȋȄȋȁȐǻȌȆ ǽ ȋȄ ǻȎȏȊȎ ȒȉȔȐțȃȄȋȀ. ǲȓȈȑ ȊȄȉǻȌȄȑ ȀȔȓǼȑ ȓȎȏȎȇȄȓȄǾȓȀȈ 

ȓȎ ȉȀȓǻȊȊȆȊȎ ȀȃȐȀȌǼȑ ȏȎȐȝȃȄȑ ȔȊȈȉț, ȁǻȇȎȔȑ 60 ǼȘȑ 80 cm ȉȀȈ ȃȈȀȋǼȓȐȎȔ ȉțȉȉȘȌ 2,5 

ǼȘȑ 5 mm, ȒȓȎ ȎȏȎǾȎ ȇȀ ȕȔȓȄȔȓȄǾ ȉȀȈ ȇȀ ȀȌȀȏȓȔȖȇȄǾ Ȇ ȉȀȓǻȊȊȆȊȆ ȔȃȐȎȖȀȐǽȑ ȁȊǻȒȓȆȒȆ 

(ǥȈȃȈȉǽ ǣȐȀȋȋȀȓȄǾȀ ǴȃǻȓȘȌ, 2012, ǫȀȏȀȁǾȓȒȀȑ 2015). 
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ǥȈȉțȌȀ 2.7: ǳȄȖȌȆȓțȑ ȔȃȐȎȁȈțȓȎȏȎȑ ȎȐȈȅțȌȓȈȀȑ ȔȏțȂȄȈȀȑ ȐȎǽȑ(ǬǻȐȉȎȔ, 2000). 

 

2.4.3. ǡȏȎȋǻȉȐȔȌȒȆ ȎȐȂȀȌȈȉȝȌ ȐȜȏȘȌ ȒȓȎȔȑ ȓȄȖȌȆȓȎȜȑ ȔȃȐȎȁȈțȓȎȏȎȔȑ 

ǯȈ ȃȈȄȐȂȀȒǾȄȑ ȏȎȔ ȊȀȋȁǻȌȎȔȌ ȖȝȐȀ ȉȀȓǻ ȓȆȌ ȄȏȄȍȄȐȂȀȒǾȀ ȓȎȔ ȀȏȎȁȊǽȓȎȔ ȒȓȎȔȑ 

ȓȄȖȌȆȓȎȜȑ ȔȃȐȎȁȈțȓȎȏȎȔȑ ȄǾȌȀȈ țȋȎȈȄȑ ÕȄ ȀȔȓǼȑ ȏȎȔ ȒȔȋȁȀǾȌȎȔȌ ȒȓȀ ȕȔȒȈȉǻ 

ȎȈȉȎȒȔȒȓǽȋȀȓȀ. ǧ ȀȏȎȃțȋȆȒȆ ȓȆȑ ȎȐȂȀȌȈȉǽȑ ȜȊȆȑ ȋȏȎȐȄǾ ȌȀ ȏȐȎȉȜȗȄȈ ȄǾȓȄ ÕǼȒȘ 

ȀȄȐțȁȈȘȌ ȄǾȓȄ ÕǼȒȘ ȀȌȀȄȐțȁȈȘȌ ȃȈȄȐȂȀȒȈȝȌ. ǧ ȈȒȎȐȐȎȏǾȀ ȋȄȓȀȍȜ ȓȘȌ ȃȈȄȐȂȀȒȈȝȌ ȀȔȓȝȌ 

ȄȍȀȐȓǻȓȀȈ Ȁȏț ȓȎ ȎȐȂȀȌȈȉț ȕȎȐȓǾȎ ȉȀȇȝȑ ȉȀȈ Ȁȏț ȓȆȌ ȏȀȐȎȖǽ ȎȍȔȂțȌȎȔ. ǳȎ ȎȐȂȀȌȈȉț 

ȕȎȐȓǾȎ ȏȐȎǼȐȖȄȓȀȈ ȉȔȐǾȘȑ Ȁȏț ȓȆȌ ȄȈȒȐȎǽ ȓȎȔ ȀȏȎȁȊǽȓȎȔ. ǧ ȏȀȐȎȖǽ ȓȎȔ ȎȍȔȂțȌȎȔ 

ȂǾȌȄȓȀȈ ÕǼȒȘ ȓȆȑ ȄȊȄȜȇȄȐȆȑ ȄȏȈȕǻȌȄȈȀȑ ȓȎȔ ȌȄȐȎȜ ȉȀȈ ȓȘȌ ȀȊȂȝȌ ȏȎȔ ȄǾȌȀȈ ȏȐȎȒȉȎȊȊȆȋǼȌȀ 

ȒȓȆȌ ȄȏȈȕǻȌȄȈȀ ȓȘȌ ȀȌȀȃȔțȋȄȌȘȌ ȕȔȓȝȌ. ǲȀȌ ȒȔȌǼȏȄȈȀ ȓȘȌ ȏȀȐȀȏǻȌȘ, ȎȈ ȃȈȄȐȂȀȒǾȄȑ ȒȓȆ 

ȒȓǽȊȆ ȓȎȔ ȌȄȐȎȜ ȄǾȌȀȈ ȀȄȐțȁȈȄȑ ȉȀȓǻ ȓȆ ȃȈǻȐȉȄȈȀ ȓȆȑ ȋǼȐȀȑ, ȄȌȝ ȂǾȌȎȌȓȀȈ ȀȌȀȄȐțȁȈȄȑ ȓȆ 

ȌȜȖȓȀ. ǧ ȏȀȐȎȖǽ ȎȍȔȂțȌȎȔ ȒȓȀ ȈȅǽȋȀȓȀ ȓȎȔ ȔȃȐȎȁȈțȓȎȏȎȔ ȄǾȌȀȈ ȀȐȉȄȓǻ ȖȀȋȆȊǽ ȉȀȈ ǼȓȒȈ ȎȈ 

ȃȈȄȐȂȀȒǾȄȑ ȄȉȄǾ ȄǾȌȀȈ ȉȔȐǾȘȑ ȀȌȀȄȐțȁȈȄȑ. ǰȀȐțȊȀ ȀȔȓǻ Ȁȏț ȓȈȑ ȐǾȅȄȑ ȓȘȌ ȕȔȓȝȌ ȃȈȀȐȐǼȄȓȀȈ 

ȉǻȏȎȈȀ ȏȎȒțȓȆȓȀ ȎȍȔȂțȌȎȔ. ǝȏȎȔ Ȇ ȏȔȉȌțȓȆȓȀ ȓȘȌ ȐȈȅȝȌ ȄǾȌȀȈ ȔȗȆȊǽ Ȇ ȃȈȀȐȐȎǽ ȀȔȓǽ 

ȒȔȌȄȈȒȕǼȐȄȈ ȒȓȆȌ ȏȀȐȎȖǽ ȎȍȔȂțȌȎȔ ȉȀȈ ȒȓȀ ȄȏȈȕȀȌȄȈȀȉǻ ȒȓȐȝȋȀȓȀ ȄȃǻȕȎȔȑ. ǲȄ 

ȒȜȂȉȐȈȒȆ țȋȘȑ ÕȄ ȓȎ BOD ȓȎȔ ȀȏȎȁȊǽȓȎȔ Ȇ ȐȎǽ ȎȍȔȂțȌȎȔ Ȁȏț ȓȈȑ ȐǾȅȄȑ ȄǾȌȀȈ ȋȈȉȐǽ ȉȀȈ 

ȃȄȌ ȄǾȌȀȈ Ȏ ȉȜȐȈȎȑ ȋȆȖȀȌȈȒȋțȑ ȀȏȎȃțȋȆȒȆȑ ȓȘȌ ȕȎȐȓǾȘȌ ȓȎȔ ǻȌȇȐȀȉȀ. ǧ ȏȀȐȀȂȘȂǽ 

ȎȍȔȂțȌȎȔ Ȁȏț ȓȆ ȕȔȓȈȉǽ ȐȈȅțȒȕȀȈȐȀ ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ȈȃȈȀǾȓȄȐȀ ȒȆȋȀȌȓȈȉǽ ȒȄ ǻȊȊȄȑ 

ȃȈȄȐȂȀȒǾȄȑ țȏȘȑ ȀȔȓǽ ȓȆȑ ȌȈȓȐȎȏȎǾȆȒȆȑ. ǰȎȊȊȎǾ Ȁȏț ȓȎȔȑ ȋȆȖȀȌȈȒȋȎȜȑ ȄȏȄȍȄȐȂȀȒǾȀȑ 

ȄǾȌȀȈ ȓȎȔȊǻȖȈȒȓȎȌ ȋȄȐȈȉȝȑ ȃȈȀȃȎȖȈȉȎǾ. ǣȈȀ ȏȀȐǻȃȄȈȂȋȀ ȒȄ ȀȏȊǼȑ ȋȈȉȐȎȁȈȀȉǼȑ ȉȀȊȊȈǼȐȂȄȈȄȑ, 

ȓȎ ȋȄȂȀȊȜȓȄȐȎ ȋǼȐȎȑ ȓȎȔ BOD ȀȏȎȃȎÕȄǾȓȀȈ ȏȐȈȌ ȍȄȉȈȌǽȒȄȈ Ȇ ȌȈȓȐȎȏȎǾȆȒȆ. ǚȌȀ Ȁȏț ȓȀ 

ȏȊȄȎȌȄȉȓǽȋȀȓȀ ȄȌțȑ ȏȈȎ ȏȄȐǾȏȊȎȉȎȔ ȒȔȒȓǽȋȀȓȎȑ ȄȏȄȍȄȐȂȀȒǾȀȑ, țȏȘȑ ȓȎ ȒȜȒȓȆȋȀ ȄȌțȑ 

ȓȄȖȌȆȓȎȜ ȔȃȐȎȁȈțȓȎȏȎȔ, ȄǾȌȀȈ, Șȑ ǼȌȀ ȒȆȋȄǾȎ, țȓȈ ȀȔȓȎǾ ȎȈ ȃȈȀȃȎȖȈȉȎǾ ȋȆȖȀȌȈȒȋȎǾ 

ȀȏȎȋǻȉȐȔȌȒȆȑ ȋȏȎȐȎȜȌ ȌȀ ȒȔȋȏȈȄȒȓȎȜȌ ȒȓȎ ȖȝȐȎ ȉȀȈ ȒȓȎ ȖȐțȌȎ (ǲȘȓȆȐȎȏȎȜȊȎȔ, 

2010). 
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2.4.4. ǡȏȎȋǻȉȐȔȌȒȆ ȋȄȓǻȊȊȘȌ ȒȓȎȔȑ ȓȄȖȌȆȓȎȜȑ ȔȃȐȎȁȈțȓȎȏȎȔȑ 

ǰȀȐțȊȎ ȏȎȔ ǾȖȌȆ ȋȄȐȈȉȝȌ ȋȄȓǻȊȊȘȌ ȄǾȌȀȈ ȀȏȀȐȀǾȓȆȓȀ ȂȈȀ ȓȆȌ ȀȌǻȏȓȔȍȆ ȕȔȓȝȌ ȉȀȈ ȅȝȘȌ 

ȀȔȓǻ ȓȀ ǾȃȈȀ ȋǼȓȀȊȊȀ ȋȏȎȐȄǾ ȌȀ ȄǾȌȀȈ ȓȎȍȈȉǻ ȒȄ ȔȗȆȊțȓȄȐȄȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ. ǘȊȊȀ 42 

ȋǼȓȀȊȊȀ ȃȄȌ ǼȖȎȔȌ ȉȀȋǾȀ ȁȈȎȊȎȂȈȉǽ ȒȆȋȀȒǾȀ ȉȀȈ ȋȏȎȐȎȜȌ ȌȀ ȄǾȌȀȈ ȓȎȍȈȉǻ ȀȉțȋȀ ȉȀȈ ȒȄ 

ȏȎȊȜ ȖȀȋȆȊǼȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ. ǳȀ ȋǼȓȀȊȊȀ ȏȎȔ ȄȈȒǼȐȖȎȌȓȀȈ ȒȄ ǼȌȀȌ ȓȄȖȌȆȓț ȔȃȐȎȁȈțȓȎȏȎ 

ȒȀȌ ȀȃȈǻȊȔȓȀ ȀȈȘȐȎȜȋȄȌȀ ȒȓȄȐȄǻ ȀȏȎȋȀȉȐȜȌȎȌȓȀȈ Ȁȏț ȓȆ ȒȓǽȊȆ ȌȄȐȎȜ Ȁȏț ȓȎȔȑ ǾȃȈȎȔȑ 

ȋȆȖȀȌȈȒȋȎȜȑ ȏȎȔ ȀȏȎȋȀȉȐȜȌȎȌȓȀȈ ȓȀ TSS. ǡȌǻȊȎȂȀ ÕȄ ȓȎ pH ȉȀȈ ȓȎ ȃȔȌȀȋȈȉț 

ȎȍȄȈȃȎȀȌȀȂȘȂǽȑ, ȓȀ ȀȃȈǻȊȔȓȀ ȒȘȋȀȓǾȃȈȀ ȋȏȎȐȄǾ ȌȀ ȃȈȀȊȔȇȎȜȌ ȍȀȌǻ ȉȀȈ ȌȀ ȄȏȈȒȓȐǼȗȎȔȌ 

ȒȓȆȌ ȔȃȀȓȈȉǽ ȕǻȒȆ. ǲȆȋȀȌȓȈȉȎǾ ȋȆȖȀȌȈȒȋȎǾ ȀȏȎȋǻȉȐȔȌȒȆȑ ȋȄȓǻȊȊȘȌ ȄǾȌȀȈ Ȇ ȀȌȓȀȊȊȀȂǽ 

ȉȀȓȈțȌȓȘȌ ÕȄ ȓȀ ȈȅǽȋȀȓȀ ȓȎȔ ȔȃȐȎȁȈțȓȎȏȎȔ, Ȇ ȃǼȒȋȄȔȒȆ Ȁȏț ȎȐȂȀȌȈȉǽ ȜȊȆ, Ȇ ȖȆȋȈȉǽ 

ȉȀȓȀȉȐǽȋȌȈȒȆ ȒȄ ȀȃȈǻȊȔȓȀ ǻȊȀȓȀ, ȒȎȔȊȕǾȃȈȀ, ȀȌȇȐȀȉȈȉǻ ȉȀȈ Ȇ ȏȐțȒȊȆȗȆ Ȁȏț ȕȔȓǻ, ǻȊȂȆ 

ȉȀȈ ȁȀȉȓǽȐȈȀ. ǳȀ ȃȄȒȋȄȔȋǼȌȀ ȋǼȓȀȊȊȀ ȏȀȐȀȋǼȌȎȔȌ ȒȓȀ ȀȌȎȍȈȉǻ ȈȅǽȋȀȓȀ țȏȎȔ 

ȏȐȎȉȜȏȓȎȔȌ. ǡȔȓǻ ȓȀ ȃȄȒȋȄȔȋǼȌȀ ȋǼȓȀȊȊȀ ȃȄȌ ȄǾȌȀȈ ȒȔȌǽȇȘȑ ȁȈȎȃȈȀȇǼȒȈÕȀ ȉȀȈ 

ȏȀȐȀȋǼȌȎȔȌ ȀȏȎȋȀȉȐȔȒȋǼȌȀ Ȁȏț ȓȎ ȒȜȒȓȆȋȀ. ǡȌ ȓȀ ȈȅǽȋȀȓȀ ȃȈȀȓȀȐȀȖȇȎȜȌ ǽ ȏȐȎȉȊȆȇȄǾ 

ȄȏȀȌȀȈȝȐȆȒȆ ȓȎȔȑ, ȓȀ ȀȏȎȋȎȌȘȋǼȌȀ ȋǼȓȀȊȊȀ ȇȀ ȄȏȈȒȓȐǼȗȎȔȌ ȒȓȆȌ ȔȃȀȓȈȉǽ ȕǻȒȆ 

(Karvelas et al, 2003). ǳȀ ȋǼȓȀȊȊȀ ȄȌȒȘȋȀȓȝȌȎȌȓȀȈ ȒȓȆ ȁȈȎȋǻȅȀ ȓȘȌ ȔȃȐȎȁȈțȓȎȏȘȌ. 

ǡȏȎȐȐȎȕȝȌȓȀȈ Ȁȏț ȓȆ ȕȔȓȈȉǽ ȁȊǻȒȓȆȒȆ ÕǼȒȘ ȓȎȔ ȐȈȅȈȉȎȜ ȒȔȒȓǽȋȀȓȎȑ ȉȀȈ ǼȏȄȈȓȀ 

ȉȀȓȀȌǼȋȎȌȓȀȈ ȒȄ țȊȎ ȓȎ ȕȔȓț. ǯ ȁȀȇȋțȑ ȓȆȑ ȀȏȎȐȐțȕȆȒȆȑ ȀȔȓǽȑ ȄȍȀȐȓǻȓȀȈ Ȁȏț ȓȎ ȄǾȃȎȑ 

ȓȎȔ ȋȄȓǻȊȊȎȔ ȉȀȈ ȓȎ ȄǾȃȎȑ ȓȎȔ ȕȔȓȎȜ. ǬǼȓȀȊȊȀ ȋȏȎȐȎȜȌ ȌȀ ȁȐȄȇȎȜȌ ȒȓȈȑ ȐǾȅȄȑ ȓȘȌ ȕȔȓȝȌ 

ȄȍȀȈȓǾȀȑ ȓȆȑ ȖȆȋȈȉǽȑ ȉȀȓȀȉȐǽȋȌȈȒȆȑ ȉȀȈ ȓȆȑ ȏȐȎȒȐțȕȆȒȆȑ. ǪǻȏȎȈȄȑ ȋȄȊǼȓȄȑ, ǼȖȎȔȌ ȃȄǾȍȄȈ 

țȓȈ ȋǼȓȀȊȊȀ țȏȘȑ ȓȎ ȉǻȃȋȈȎ, ȓȎ ȖȐȝȋȈȎ, Ȏ ȖȀȊȉțȑ, Ȏ ȋțȊȔȁȃȎȑ, Ȏ ȔȃȐǻȐȂȔȐȎȑ, ȓȎ ȌȈȉǼȊȈȎ 

ȉȀȈ Ȏ ȗȄȔȃǻȐȂȔȐȎȑ ȋȏȎȐȎȜȌ ȌȀ ȀȏȎȋȎȌȘȇȎȜȌ ȒȓȎ ȖȝȋȀ ȉȀȈ ȒȓȆ ȖȊȘȐǾȃȀ ȉȀȈ ȏȀȌǾȃȀ ȓȎȔ 

ȒȔȒȓǽȋȀȓȎȑ. ǲȄ ȒȔȒȓǽȋȀȓȀ ȔȏȎȄȏȈȕȀȌȄȈȀȉǽȑ ȐȎǽȑ ȉȀȈ ȒȄ ȒȔȒȓǽȋȀȓȀ ȄȏȈȕȀȌȄȈȀȉǽȑ ȐȎǽȑ 

ȏȊǽȐȘȑ ȉȀȊȔÕÕǼȌȀ ÕȄ ȁȊǻȒȓȆȒȆ, ȎȈ ȀȌȀȄȐțȁȈȄȑ ȒȔȌȇǽȉȄȑ ȒȔȌȓȄȊȎȜȌ ȒȓȆȌ ȉȀȓȀȉȐǻȓȆȒȆ 

ȓȘȌ ȏȄȐȈȒȒțȓȄȐȘȌ ȋȄȓǻȊȊȘȌ ÕȄ ȓȆȌ ȉȀȓȀȉǻȇȈȒȆ ȓȘȌ ȎȊȈȉȝȌ ȀȈȘȐȎȜȋȄȌȘȌ ȒȓȄȐȄȝȌ ȉȀȈ 

ȓȆȌ ȋȄǾȘȒȆ ȓȆȑ ȄȏȀȌȀȈȝȐȆȒȆȑ. (Mungur et al, 1995; Reed et al., 1995)  

2.5. ǶȀȐȀȉȓȆȐȈȒȓȈȉǻ ȓȎȔ Ȕȏț ȄȍǼȓȀȒȆ ȕȔȓȎȜ 

2.5.1. ǡȊțȕȔȓȀ  

Ǹȑ ȀȊțȕȔȓȀ, ȖȀȐȀȉȓȆȐǾȅȎȌȓȀȈ ȓȀ ȕȔȓǻ, ȓȀ ȎȏȎǾȀ ȕȜȎȌȓȀȈ ȉȀȈ ȄȔȃȎȉȈȋȎȜȌ ȒȄ ȀȊȋȔȐǻ - 

ȀȊȀȓȎȜȖȀ ȄȃǻȕȆ. ǳȀ ȀȊȀȓȎȜȖȀ ȄȃǻȕȆ ȄǾȌȀȈ ȄȖȇȐȈȉȎǾ ȁȈțȓȎȏȎȈ ȂȈȀ ȓȀ ȔȏțȊȎȈȏȀ ȕȔȓǻ, ȂȈȀȓǾ, 

ȀȌ ȉȀȈ ȄǾȌȀȈ ȔȂȐǻ, ȏȎȊȊǼȑ ȕȎȐǼȑ ȒȔȋȏȄȐȈȕǼȐȎȌȓȀȈ ȒȀȌ ȍȆȐǻ Ȁȏț ȕȔȒȈȎȊȎȂȈȉǽ ǻȏȎȗȆ. 

ǡȔȓț ȒȔȋȁȀǾȌȄȈ Ȁ) ȂȈȀȓǾ ȓȎ ȌȄȐț, ȏȎȔ ȁȐǾȒȉȄȓȀȈ ȋǼȒȀ Ȓ õȀȔȓǻ, ȒȔȂȉȐȀȓȄǾȓȀȈ Ȁȏț ȏȎȊȊǻ 

ȈțȌȓȀ ȋȄ ȕȔȒȈȉȎȖȆȋȈȉǼȑ ȃȔȌǻȋȄȈȑ (ǻȊȀȓȀ) ȉȀȈ ȃȄȌ ȄǾȌȀȈ ȃȈȀȇǼȒȈȋȎ ȒȓȀ ȕȔȓǻ ȉȀȈ ȁ) ȂȈȀȓǾ ȓȀ 

ǻȊȀȓȀ ȒȄ ȋȄȂǻȊȆ ȒȔȂȉǼȌȓȐȘȒȆ ȄǾȌȀȈ ȓȎȍȈȉǻ ȂȈȀ ȓȀ ȏȄȐȈȒȒțȓȄȐȀ ȕȔȓǻ (ǬȀȐȉǻȉȆȑ, 2014).  

ǳȀ ȀȊțȕȔȓȀ ȃȈȀȇǼȓȎȔȌ ȄȍȄȈȃȈȉȄȔȋǼȌȎȔȑ ȋȆȖȀȌȈȒȋȎȜȑ, ȎȈ ȎȏȎǾȎȈ ȄȏȈȓȐǼȏȎȔȌ ȒȓȎȔȑ ȕȔȓȈȉȎȜȑ 

ȈȒȓȎȜȑ ȓȎȔȑ ȌȀ ȒȔȒȒȘȐȄȜȎȔȌ ǻȊȀȓȀ ȒȄ ȏȎȊȜ ȔȗȆȊǼȑ ȒȔȂȉȄȌȓȐȝȒȄȈȑ ȖȘȐǾȑ ȌȀ 

ȏȐȎȉȀȊȎȜȌȓȀȈ ȒȔȋȏȓȝȋȀȓȀ ȓȎȍȈȉțȓȆȓȀȑ ȉȀȈ ȖȘȐǾȑ ȌȀ ȋȄȈȝȌȄȓȀȈ Ȏ ȐȔȇȋțȑ ȀȜȍȆȒȆȑ ȓȎȔȑ. 

ǫțȂȘ ȀȔȓǽȑ ȓȆȑ ȈȉȀȌțȓȆȓȀȑ ȓȎȔȑ, ȓȀ ȀȊțȕȔȓȀ ȏȐȎȒȊȀȋȁǻȌȎȔȌ ǻȊȀȓȀ Ȁȏț ȓȎ ȏȄȐȈȁǻȊȊȎȌ 

ȓȘȌ ȐȈȅȝȌ ȓȎȔȑ ȉȀȈ ȓȀ ȖȐȆȒȈȋȎȏȎȈȎȜȌ ȂȈȀ ȌȀ ȀȔȍǽȒȎȔȌ ȓȎ ȘȒȋȘȓȈȉț ȃȔȌȀȋȈȉț ȓȘȌ 

ȕȜȊȊȘȌ ȓȎȔȑ ȒȄ ȓȈȋǼȑ ȔȗȆȊțȓȄȐȄȑ Ȁȏț ȓȎ ȘȒȋȘȓȈȉț ȃȔȌȀȋȈȉț ȓȎȔ ȄȃȀȕȈȉȎȜ ȌȄȐȎȜ. ǬȄ ȓȎȌ 
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ȓȐțȏȎ ȀȔȓțȌ ȓȀ ȀȊțȕȔȓȀ ȋȏȎȐȎȜȌ ȌȀ ȏȐȎȒȊȀȋȁǻȌȎȔȌ ȌȄȐț Ȁȏț ȓȎ ȏȄȐȈȁǻȊȊȎȌ ȓȘȌ 

ȐȈȅȝȌ ȀȏȐțȒȉȎȏȓȀ, ȏȀȐǻ ȓȎ ȔȗȆȊț ȘȒȋȘȓȈȉț ȃȔȌȀȋȈȉț ȓȎȔ ȄȃȀȕȈȉȎȜ ȌȄȐȎȜ (ǲȎȕȈȀȌțȑ, 

2016; Manousaki and Kalogerakis,2011).  

ǥǾȌȀȈ ȕȔȓǻ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȔȌ ȈȃȈȀǾȓȄȐȎ ȄȌȃȈȀȕǼȐȎȌ, ȉȀȇȝȑ ȀȌȀȏȓȜȒȒȎȌȓȀȈ ȕȔȒȈȉǻ ȒȄ 

ȏȄȐȈȁǻȊȊȎȌ ȏȎȔ ȖȀȐȀȉȓȆȐǾȅȄȓȀȈ Ȁȏț ȏȊȆȇȝȐȀ ȓȎȍȈȉȝȌ ȈțȌȓȘȌ, ȉȔȐǾȘȑ ȌǻȓȐȈȎ ȉȀȈ ȖȊȝȐȈȎ. 

ǰȎȊȊǼȑ ǼȐȄȔȌȄȑ ǼȖȎȔȌ ȃȄǾȍȄȈ țȓȈ ȀȔȓǻ ȓȀ ȕȔȓǻ ȋȏȎȐȎȜȌ ȄȏǾȒȆȑ ȌȀ ȀȌȓǼȍȎȔȌ ȓȆȌ ȜȏȀȐȍȆ 

ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ. ǯȈ ǼȐȄȔȌȄȑ ȀȔȓǼȑ ǼȖȎȔȌ ȁȀȒȈȒȓȄǾ ȒȓȎ ȄȜȐȆȋȀ țȓȈ Ȇ ȀȌȎȖǽ ȓȎȔȑ ȒȓȎ ȀȊǻȓȈ 

ȉȀȈ ȒȓȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ, ȎȕȄǾȊȄȓȀȈ ȋȄȐȈȉȝȑ ȒȄ ȉȎȈȌȎȜȑ ȕȔȒȈȎȊȎȂȈȉȎȜȑ ȋȆȖȀȌȈȒȋȎȜȑ ǼȌȀȌȓȈ 

ȓȘȌ ȀȁȈȎȓȈȉȝȌ ȉȀȓȀȏȎȌǽȒȄȘȌ. ǡȉțȋȀ ǼȖȄȈ ȕȀȌȄǾ țȓȈ ȓȀ ȕȔȓǻ ȏȎȔ ǼȖȎȔȌ ȀȌȓȎȖǽ ȒȓȎ ȀȊǻȓȈ 

ȄǾȌȀȈ ȈȉȀȌǻ ȌȀ ȒȔȒȒȘȐȄȜȒȎȔȌ ȉȀȈ ȁȀȐǼȀ ȋǼȓȀȊȊȀ. ǲȔȌȄȏȝȑ, ǼȖȄȈ ȃȆȊȘȇȄǾ țȓȈ ȂȈȀ ȓȀ 

ȀȊțȕȔȓȀ ȄǾȌȀȈ ȕȔȒȈȉǻ ȏȈȎ ȄȜȉȎȊȎ ȌȀ ȀȌȓȀȏȄȍǼȊȇȎȔȌ ȒȄ ȏȄȐȈȁȀȊȊȎȌȓȈȉț ȒȓȐȄȑ, 

ȒȔȋȏȄȐȈȊȀȋȁȀȌȎȋǼȌȎȔ ȓȀ ȁȀȐǼȀ ȋǼȓȀȊȊȀ, ȒȄ ȒȖǼȒȆ ȋȄ ȕȔȓǻ ȏȎȔ ȄǾȌȀȈ ȄȔȀǾȒȇȆȓȀ ȒȓȎ 

ȀȊǻȓȈ ȉȀȈ ȄȏȈȊǼȂȎȌȓȀȈ ȒȔȌǽȇȘȑ ȒȄ ȃȈȀȃȈȉȀȒǾȄȑ ȕȔȓȎȒȔȒȒȝȐȄȔȒȆȑ. ǚȓȒȈ ȓȀ ȃȔȌȆȓȈȉǻ 

ȀȊțȕȔȓȀ ȄǾȌȀȈ ȈȃȀȌȈȉȎǾ ȔȏȎȗǽȕȈȎȈ ȂȈȀ ȕȔȓȎȒȔȒȒȝȐȄȔȒȆ ǽ ȕȔȓȎȒȓȀȇȄȐȎȏȎǾȆȒȆ ȄȃȀȕȝȌ 

ȏȎȔ ȄǾȌȀȈ ȐȔȏȀȒȋǼȌȀ ȋȄ ȁȀȐǼȀ ȋǼȓȀȊȊȀ ȉȀȈ ȄȏȈȏȊǼȎȌ ȂȈȀ ȄȃǻȕȆ ȐȔȏȀȒȋǼȌȀ ȋȄ ȁȀȐǼȀ 

ȋǼȓȀȊȊȀ ȏȎȔ ǼȖȎȔȌ ȄȏȆȐȄȀȒȓȄǾ Ȁȏț ȀȊȀȓțȓȆȓȀ (Manousaki and Kalogerakis, 2011). 

ǳȀ ȂȌǽȒȈȀ ȀȊțȕȔȓȀ, ȃȆȊȀȃǽ ȓȀ ȕȔȓǻ ȏȎȔ ȀȌȀȏȓȜȒȒȎȌȓȀȈ ȋțȌȎ ȒȄ ȀȊȀȓȎȜȖȀ ȄȃǻȕȆ 

ȀȌǽȉȎȔȌ ȉȔȐǾȘȑ ȒȓȈȑ ȎȈȉȎȂǼȌȄȈȄȑ Aizoaceae, Caryophyllaceae, Frankeniaceae , 

Gramineae , Juncaceae , Plumbaginaceae , Portulacaceae , Rhizophoraceae , 

Tamaricaceae  ȉȀȈ Zygophyllaceae . ǯȐȈȒȋǼȌȀ ȀȊțȕȔȓȀ ȏȐȎȓȈȋȎȜȌ ȍȆȐǻ ȀȊȀȓȎȜȖȀ 

ȄȃǻȕȆ ȉȀȈ ȎȌȎȋǻȅȎȌȓȀȈ ȍȆȐȎȀȊțȕȔȓȀ (ȏ.Ȗ. Atriplex confertifolia ), ȄȌȝ ǻȊȊȀ ȏȐȎȓȈȋȎȜȌ 

ȔȂȐǻ ȄȃǻȕȆ ȋȄ ȔȕǻȊȋȔȐȎ ȌȄȐț (ȏ.Ȗ. Suaeda sp .). ǡȊțȕȔȓȀ ȇȄȘȐȎȜȌȓȀȈ Ȇ ȀȋȈȊȈǻ (Atriplex 

halimus  ), ȓȎ ȀȊȋȔȐǾȉȈ (Tamarix sp .), ȓȎ ǢȎȜȐȊȎ (Juncus acutus ), Ȏ ȄȊȀǾȀȂȌȎȑ (Elaeagnus 

angustifolia ), Ȇ ȒȓȀȓȈȉǽ ( Statice sp .), ȓȎ ȊȈȋțȌȈȎ (Limonium sp.) ȉ. Ȁ. (ǲȎȕȈȀȌțȑ, 2016; 

Oosten & Maggio, 2015).  

 

2.5.2. Juncus  Ȁcutus  L. 

ǧ ȄȏȈȊȎȂǽ ȓȎȔ ȉȀȓǻȊȊȆȊȎȔ ȄǾȃȎȔȑ ȕȔȓȝȌ ȄǾȌȀȈ ȋȈȀ ȒȆȋȀȌȓȈȉǽ ȏȀȐǻȋȄȓȐȎȑ ȂȈȀ ȓȆȌ 

ȀȏȎȓȄȊȄȒȋȀȓȈȉțȓȆȓȀ ȉȀȈ ȓȎȌ ȄȏȈȖȄȈȐȆȒȈȀȉț ȒȖȄȃȈȀȒȋț ȓȘȌ ȔȃȐȎȁȈțȓȎȏȘȌ. ǳȀ ȀȊțȕȔȓȀ 

ȏȀȐȎȔȒȈǻȅȎȔȌ ȈȃȈȀǾȓȄȐȎ ȄȌȃȈȀȕǼȐȎȌ ȂȈȀ ȓȆȌ ǼȐȄȔȌȀ ȓȆȑ ȀȕȀǾȐȄȒȆȑ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ, 

ȉȀȇȝȑ ǼȖȎȔȌ ȏȐȎȓȀȇȄǾ ȌȀ ȄǾȌȀȈ ȈȃȀȌȈȉȎǾ ȔȏȎȗǽȕȈȎȈ ȂȈȀ ȓȆȌ ȀȏȎȉȀȓǻȒȓȀȒȆ ȁȀȐǼȘȌ 

ȋȄȓǻȊȊȘȌ ȋȄ ȁǻȒȆ ȓȆȌ ȈȉȀȌțȓȆȓǻ ȓȎȔȑ ȌȀ ȀȌǼȖȎȌȓȀȈ ǼȌȀ ȄȔȐȜȓȄȐȎ ȕǻȒȋȀ ȉȀȓȀȏțȌȆȒȆȑ. 

ǲȄ ȀȔȓǽ ȓȆ ȋȄȊǼȓȆ, ȓȎ ȀȊțȕȔȓȎ Juncus acutus  L. (Juncaceae) ȄȏȈȊǼȖȇȆȉȄ ȂȈȀ ȄȕȀȐȋȎȂǽ ȒȄ 

ȓȄȖȌȆȓț ȔȃȐȎȁȈțȓȎȏȎ ȂȈȀ ȀȏȎȋǻȉȐȔȌȒȆ Cr, Ni ȉȀȈ Zn. ǳȎ J. acutus  ȄǾȌȀȈ ǼȌȀ ȏȎȊȔȄȓǼȑ ȕȔȓț 

ȀȊȋȔȐȎȜ ȁǻȊȓȎȔ ȄȍȀȈȐȄȓȈȉǻ ȀȌȓȀȂȘȌȈȒȓȈȉț ȒȄ ȀȋȋȝȃȆ ȄȃǻȕȆ. ǘȊȊȀ ȄǾȃȆ ȓȆȑ ȎȈȉȎȂǼȌȄȈȀȑ 

Juncus ǼȖȎȔȌ ȖȐȆȒȈȋȎȏȎȈȆȇȄǾ ȒȄ ǼȐȂȀ ȔȃȐȎȁȈȎȓțȏȘȌ ȒȄ țȊȎ ȓȎȌ ȉțȒȋȎ, ȄȌȝ Ȇ 

ȉȀȓȀȊȊȆȊțȓȆȓȀ ȓȎȔ J. acutus  ǼȖȄȈ ȄȍȄȓȀȒȓȄǾ ȍȀȌǻ ȒȓȎ ȏȀȐȄȊȇțȌ ȂȈȀ ȓȆȌ ȄȏȄȍȄȐȂȀȒǾȀ 

ȊȔȋǻȓȘȌ ȉȀȈ ȓȆȌ ȀȏȎȋǻȉȐȔȌȒȆ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȒȄ ȓȄȖȌȆȓȎȜȑ ȔȃȐȎȁȈțȓȎȏȎȔȑ 

(Dimitroula et al., 2015 , ǣȉȀȜȐȎȔ, 2016, ǫȎȔȕȎȏȎȜȊȎȔ, 2018, ǡȂȈȎȔȓǻȌȓȆ, 2018, Zaimoglu , 

2006, Vymazal et  al ., 2016). ǳȎ ȂǼȌȎȑ Juncus (ǽ rushes țȏȘȑ ȀȌȀȕǼȐȄȓȀȈ ȒȓȆȌ ȋȄȊǼȓȆ ȓȘȌ 
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Stottmeister et al.,  (2003)) ȀȏȎȓȄȊȄǾȓȀȈ Ȁȏț ȕȔȓǻ ȏȎȔ ȄȔȃȎȉȈȋȎȜȌ ȒȄ ȀȊȀȓȎȜȖȀ ȄȃǻȕȆ 

ȂȌȘȒȓǻ Șȑ ȀȊțȕȔȓȀ, ȁȀȊȓȝȃȆ ȄǾȃȆ ȖȘȐǾȑ ȕȜȊȀ ǽ ȏȎȊȔȄȓǽ ȕȔȓǻ ȉȀȈ ȒȏȀȌȈțȓȄȐȀ ȄȓǽȒȈȀ 

ȖțȐȓȀ. ǧ ȎȈȉȎȂǼȌȄȈȀ Juncaceae ȀȐȈȇȋȄǾ ȏȄȐǾȏȎȔ 400 ȄǾȃȆ ȓȀ ȎȏȎǾȀ ȓȀȍȈȌȎȋȎȜȌȓȀȈ ȒȄ 8 ȂǼȌȆ 

(Andesia, Distichia, Junc us, Lisula, Marsippospermum, Oxychloe, Prionium, Rostkovia) ȋȄ 

ȓȎ Juncus acutus  L. ȌȀ ȀȏȎȓȄȊȄǾ ȓȎ ȂȌȘȒȓțȓȄȐȎ ȉȀȈ ȋȄȂȀȊȜȓȄȐȎ Ȁȏț ȓȀ ȂǼȌȆ ȓȆȑ 

ȎȈȉȎȂǼȌȄȈȀȑ (ǲȎȕȈȀȌțȑ, 2016; Syranidou et al., 2017; Brown and Brooks, 2002; 

ǫȎȔȕȎȏȎȜȊȎȔ, 2018).  

 

ǥȈȉțȌȀ 2.8: ǢȎȜȐȊȎ (Juncus  Acutus  L.) 

ǳȀ ȁȎȜȐȊȀ ȒȔȂȉȀȓȀȊǼȂȎȌȓȀȈ ȒȓȎ ȂǼȌȎȑ Juncus ȀȔȓǽȑ ȓȆȑ ȎȈȉȎȂǼȌȄȈȀȑ, Ȇ ȏȊȄȈȎȌțȓȆȓȀ ȓȘȌ 

ȎȏȎǾȘȌ ȀȏȀȐȓǾȅȄȓȀȈ Ȁȏț ȋȈȀ ȏȔȉȌǽ ȎȋǻȃȀ ȀȌȇȎȕțȐȘȌ ȒȓȄȊȄȖȝȌ, ȖȘȐǾȑ ȂțȌȀȓȀ ȉȀȈ 

ȕȜȊȊȀ, ȓȀ ȎȏȎǾȀ ȋȄȐȈȉǼȑ ȕȎȐǼȑ ȍȄȏȄȐȌȎȜȌ ȉȀȈ ȓȎ ȜȗȎȑ ȓȎȔ ȄȌțȑ ȋǼȓȐȎȔ. ǳȎ ȁȎȜȐȊȎ 

ȄȔȃȎȉȈȋȄǾ ȒȄ ȀȊȋȔȐǻ ǼȊȆ ȉȀȈ ȒȔȋȁǻȊȊȄȈ ȒȓȆ ȋȄǾȘȒȆ ȓȆȑ ȃȈǻȁȐȘȒȆȑ ȓȎȔ ȄȃǻȕȎȔȑ. ǡȉțȋȀ, 

ȃȈȀȉȐǾȌȄȓȀȈ ȂȈȀ ȓȆȌ ȀȌȇȄȉȓȈȉțȓȆȓȀ ȓȎȔ ȒȓȈȑ ȏȄȐȈȁȀȊȊȎȌȓȈȉǼȑ ȏȈǼȒȄȈȑ, țȏȘȑ ȀȊȀȓțȓȆȓȀ, 

ȍȆȐȀȒǾȀ, ȔȗȆȊǼȑ ǽ ȖȀȋȆȊǼȑ ȇȄȐȋȎȉȐȀȒǾȄȑ ȉȀȈ ȋȏȎȐȄǾ ȌȀ ȀȌȀȏȓȔȖȇȄǾ ȒȄ ȐȔȏȀȒȋǼȌȄȑ 

ȏȄȐȈȎȖǼȑ (ǲȎȕȈȀȌțȑ, 2016; Brown and Brooks, 2002; ǡȂȈȎȔȓǻȌȓȆ, 2018). 
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3. ǴǫǩǪǡ Ǫǡǩ ǬǥǨǯǤǯǩ 

3.1. ǲȖȄȃȈȀȒȋțȑ ȉȀȈ ȏȄȐȈȂȐȀȕǽ ȓȘȌ ȏȄȈȐȀȋȀȓȈȉȝȌ ȄȂȉȀȓȀȒȓǻȒȄȘȌ  

ǲȓȀ ȏȊȀǾȒȈȀ ȓȆȑ ȏȀȐȎȜȒȀȑ ȏȄȈȐȀȋȀȓȈȉǽȑ ȃȈȀȃȈȉȀȒǾȀȑ ȉȀȓȀȒȉȄȔǻȒȓȆȉȄ ȒȓȎȌ ȖȝȐȎ ȓȆȑ 

ǥȂȉȀȓǻȒȓȀȒȆȑ ǥȏȄȍȄȐȂȀȒǾȀȑ ǫȔȋǻȓȘȌ ǶȀȌǾȘȌ (35Á32'19.7"N 24Á03'07.3"E) ȓȄȖȌȆȓțȑ 

ȔȃȐȎȁȈțȓȎȏȎȑ ȎȐȈȅțȌȓȈȀȑ ȔȏțȂȄȈȀȑ ȐȎǽȑ ȋȄ ȓȎ ȕȔȓț ȁȎȜȐȊȎ (Juncus acutus  L.), Ȏ ȎȏȎǾȎȑ 

ȓȐȎȕȎȃȎȓȄǾȓȀȈ ȋȄ ȒȔȌȃȔȀȒȋț ȊȜȋȀȓȎȑ ȓȆȑ ȄȉȐȎǽȑ ȓȆȑ ȃȄȔȓȄȐȎȁǻȇȋȈȀȑ ȄȏȄȍȄȐȂȀȒǾȀȑ ȉȀȈ 

ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȋǼȒȘ ȄȍȘȓȄȐȈȉǽȑ ȃȄȍȀȋȄȌǽȑ. ǧ ȊȄȈȓȎȔȐȂǾȀ ȓȎȔ ȔȃȐȎȁȈțȓȎȏȎȔ ȍȄȉǾȌȆȒȄ 

ȏȄȐǾȏȎȔ 10 ȋǽȌȄȑ ȏȐȈȌ ȓȆȌ ȏȄȐǾȎȃȎ ȓȘȌ ȋȄȓȐǽȒȄȘȌ ȉȀȈ ȀȌȀȊȜȒȄȘȌ ȓȆȑ ȏȀȐȎȜȒȀȑ 

ȃȈȏȊȘȋȀȓȈȉǽȑ ȄȐȂȀȒǾȀȑ. ǡȌȀȊȔȓȈȉǻ ȓȀ ȔȊȈȉǻ ȉȀȈ Ȇ ȏȄȈȐȀȋȀȓȈȉǽ ȃȈǻȓȀȍȆ ȓȎȔ ȔȃȐȎȁȈțȓȎȏȎȔ 

ȄǾȌȀȈ Ȇ ȏȀȐȀȉǻȓȘ.  

 

ǥȈȉțȌȀ 3.1 : ǳȎȏȎȇȄȒǾȀ ȒȓȆȌ ȎȏȎǾȀ ȉȀȓȀȒȉȄȔǻȒȓȆȉȄ Ȏ ǳȄȖȌȆȓțȑ ǴȃȐȎȁȈțȓȎȏȎȑ ȒȓȎȌ 

ȖȝȐȎ ȓȆȑ ǥǥǫ ǶȀȌǾȘȌ. 

3.1.1. ǲȔȊȊȎȂǽ ȉȀȈ ȏȐȎȄȓȎȈȋȀȒǾȀ ȕȔȓȝȌ 

ǲȓȎȌ ȒȔȂȉȄȉȐȈȋǼȌȎ ȔȃȐȎȁȈțȓȎȏȎ, ȏȐȀȂȋȀȓȎȏȎȈǽȇȆȉȄ ȒȔȊȊȎȂǽ ȓȐȈȝȌ ȕȔȓȝȌ Juncus 

acutus L. Ȁȏț ȓȈȑ țȖȇȄȑ ȓȎȔ ȏȎȓȀȋȎȜ ǬȎȐȝȌȆ ȏȎȔ ȁȐǾȒȉȄȓȀȈ ȒȄ ȉȎȌȓȈȌǽ ȀȏțȒȓȀȒȆ Ȁȏț 

ȓȆȌ ȏȀȐȀȊǾȀ ȓȆȑ ǲȎȜȃȀȑ ȒȓȀ ǶȀȌȈǻ ǪȐǽȓȆȑ, țȏȎȔ ȉȀȈ ȄȉȁǻȊȊȄȈ. ǳȀ ȕȔȓǻ ȒȔȊȊǼȖȇȆȉȀȌ ȋȄ 

ȏȐȎȒȎȖǽ ȎȊțȉȊȆȐȀ ȋȄ ȓȎ ȐȈȅȈȉț ȓȎȔȑ ȒȜȒȓȆȋȀ, ȏȊȜȇȆȉȀȌ ȂȈȀ ȀȏȎȋǻȉȐȔȌȒȆ ȖȝȋȀȓȎȑ ȉȀȈ 

ȋȄȓȀȕǼȐȇȆȉȀȌ ȒȓȆȌ ǥȂȉȀȓǻȒȓȀȒȆ ǥȏȄȍȄȐȂȀȒǾȀȑ ǫȔȋǻȓȘȌ ǶȀȌǾȘȌ, țȏȎȔ ȓȎȏȎȇȄȓǽȇȆȉȀȌ 

ȒȓȎȌ ȓȄȖȌȆȓț ȔȃȐȎȁȈțȓȎȏȎ. ǯ ȓȄȖȌȆȓțȑ ȔȃȐȎȁȈțȓȎȏȎȑ ȏȊȆȐȝȇȆȉȄ ȋȄ ȖȀȊǾȉȈ ȋȄȒȀǾȎȔ 

ȋȄȂǼȇȎȔȑ (16-32mm) ȋǼȖȐȈ ȒȔȂȉȄȉȐȈȋǼȌȎ ȜȗȎȑ. ǲȔȋȏȊȆȐȝȇȆȉȄ ȀȉțȋȀ ȉǻȏȎȈȀ ȏȎȒțȓȆȓȀ 

ȖȀȊȈȉȈȎȜ ȋȄȓǻ ȓȆȌ ȕȜȓȄȔȒȆ ȓȎȔȑ ȋǼȖȐȈ ȌȀ ȉȀȊȔȕȇȎȜȌ ȉȀȊǻ ȎȈ ȐǾȅȄȑ ȓȎȔȑ. Ǹȑ ȏȄȐǾȎȃȎȑ 
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ȏȐȎȒȀȐȋȎȂǽȑ ȓȘȌ ȕȔȓȝȌ ȎȐǾȒȓȆȉȀȌ ȎȈ ȓȐȄȈȑ ȄȁȃȎȋǻȃȄȑ ȉȀȓǻ ȓȈȑ ȎȏȎǾȄȑ Ȏ ȓȄȖȌȆȓțȑ 

ȔȃȐȎȁȈțȓȎȏȎȑ ȓȐȎȕȎȃȎȓȎȜȌȓȀȌ ȋțȌȎ ȋȄ ȊȜȋȀ. 

 
 

ǥȈȉțȌȀ 3.2 : ǳȄȖȌȆȓțȑ ȔȃȐȎȁȈțȓȎȏȎȑ ȒȓȆȌ ǥȂȉȀȓǻȒȓȀȒȆ ǥȏȄȍȄȐȂȀȒǾȀȑ ǫȔȋǻȓȘȌ ǶȀȌǾȘȌ. 

3.1.2. ǳȄȖȌȆȓțȑ ȔȃȐȎȁȈțȓȎȏȎȑ 

ǯ ȓȄȖȌȆȓțȑ ȔȃȐȎȁȈțȓȎȏȎȑ ȏȎȔ ȉȀȓȀȒȉȄȔǻȒȓȆȉȄ ȄǾȖȄ ȃȈȀȒȓǻȒȄȈȑ 1 x 0.5 x 0.5 m ȉȀȈ 

ȊȄȈȓȎȔȐȂȈȉț țȂȉȎ 67,15 ȊǾȓȐȀ.  

 
ǥȈȉțȌȀ 3.3 : ǲȖȆȋȀȓȈȉǽ ȀȏȄȈȉțȌȈȒȆ ȓȄȖȌȆȓȎȜ ȔȃȐȎȁȈțȓȎȏȎȔ. 
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ǰǼȐȀȌ ȓȎȔ ȓȄȖȌȆȓȎȜ ȔȃȐȎȁȈțȓȎȏȎȔ ȂȈȀ ȓȆȌ ȎȐȇǽ ȊȄȈȓȎȔȐȂǾȀ ȓȎȔ ȏȄȈȐǻȋȀȓȎȑ 

ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȀȌ ȄȏȈȏȊǼȎȌ ȀȌȓȊǾȄȑ, ȃȄȍȀȋȄȌǼȑ, ȒȘȊǽȌȄȑ, ȁǻȌȄȑ ȉȀȈ ǻȊȊȎȈ ȆȊȄȉȓȐȈȉȎǾ 

ȋȆȖȀȌȈȒȋȎǾ ȏȎȔ ȏȀȐȎȔȒȈǻȅȎȌȓȀȈ ȀȌȀȊȔȓȈȉțȓȄȐȀ ȒȓȆȌ ȏȀȐȀȉǻȓȘ ȕȘȓȎȂȐȀȕǾȀ. 

 

 

ǥȈȉțȌȀ 3.4 : ǰȄȈȐȀȋȀȓȈȉǽ ȄȂȉȀȓǻȒȓȀȒȆ ȒȓȎȌ ȖȝȐȎ ȓȎȔ ȁȈȎȊȎȂȈȉȎȜ ȉȀȇȀȐȈȒȋȎȜ ȓȘȌ 

ǶȀȌǾȘȌ. 

ǡȌȀȊȔȓȈȉǻ țȏȘȑ ȕȀǾȌȄȓȀȈ ȉȀȈ ȒȓȆȌ ȏȀȐȀȏǻȌȘ ȕȘȓȎȂȐȀȕǾȀ ȒȓȆȌ ȄȂȉȀȓǻȒȓȀȒȆ Ȅȉȓțȑ Ȁȏț 

ȓȎȌ ȓȄȖȌȆȓț ȔȃȐȎȁȈțȓȎȏȎ ȖȐȆȒȈȋȎȏȎȈǽȇȆȉȀȌ ȀȉțȋȆ ȋȈȀ ȃȄȍȀȋȄȌǽ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ (1), 

ȋȈȀ ȃȄȍȀȋȄȌǽ ȄȍȈȒȎȐȐțȏȆȒȆȑ ȊȜȋȀȓȎȑ ȃȄȔȓȄȐȎȁǻȇȋȈȀȑ ȄȏȄȍȄȐȂȀȒǾȀȑ (2), ǼȌȀ 

ȀȒȕȀȊȄȈȎȉȈȁȝȓȈȎ ȂȈȀ ȓȆȌ ȄȊȄȂȖțȋȄȌȆ ȊȄȈȓȎȔȐȂǾȀ ȓȘȌ ȀȌȓȊȈȝȌ (3), ȋǾȀ ȔȏȎȁȐȜȖȈȀ ȀȌȓȊǾȀ 

ȓȐȎȕȎȃȎȒǾȀȑ, ȋǼȒȘ ȒȘȊǽȌȀȑ, ȊȜȋȀȓȎȑ ȃȄȔȓȄȐȎȁǻȇȋȈȀȑ ȄȏȄȍȄȐȂȀȒǾȀȑ Ȁȏț ȓȎ ȉȀȌǻȊȈ 

ȏȐȎȑ ȓȆȌ ȃȄȍȀȋȄȌǽ ȄȍȈȒȎȐȐțȏȆȒȆȑ (4), ȉȈȁȝȓȈȀ ȏȐȎȒȓȀȒǾȀȑ Ȁȏț ȄȍȘȓȄȐȈȉȎȜȑ 

ȏȀȐǻȂȎȌȓȄȑ ȄȌȓțȑ ȓȘȌ ȎȏȎǾȘȌ ȁȐǾȒȉȎȌȓȀȈ ȎȈ ȀȌȓȊǾȄȑ (5), ȒȘȊȆȌǻȉȈȀ ȋȄȓȀȕȎȐǻȑ ȓȎȔ 

ȋǾȂȋȀȓȎȑ ȁȀȐǼȘȌ ȋȄȓǻȊȊȘȌ ȉȀȈ ȊȜȋȀȓȎȑ Ȁȏț ȓȈȑ ȃȄȍȀȋȄȌǼȑ ȒȓȆȌ ȄǾȒȎȃȎ ȓȎȔ ȓȄȖȌȆȓȎȜ 

ȔȃȐȎȁȈțȓȎȏȎȔ (6), ȒȘȊǽȌȀȑ ȄȍțȃȎȔ ȓȎȔ ȓȄȖȌȆȓȎȜ ȔȃȐȎȁȈțȓȎȏȎȔ ȒȓȎ ȉȀȌǻȊȈ ȄȉȐȎǽȑ 

ȃȄȔȓȄȐȎȁǻȇȋȈȀȑ ȄȏȄȍȄȐȂȀȒǾȀȑ (7). 

1 

2 

3 
4 

5 

6 

7 
























































