
ǼǂǵǷŤř ǼǮǪǕ ǻ ǴǭƘǲǪǆǝ ÛǌǾƮǭ Ƿ ƠǭȆƽ ǴǪƪǭ 
ǯƗƸǽƗ ǌǾƮǭ ƠǁƗƴǶƛ ǼǮǪǕ ǰǮƪǱƗ

ħĥĥ Ƙơ ħĤĤ ƟƘƮǞǅ ,ĤĦĬĤ ǯƘƢƾǭƹ ,ǫƷƘǶš ǳƷƘǮǁ ,Ǭƪǲř ǳƷǷƳ 

Ĭģ/ģħ/ĥĤ :ƿƸǽƶř

 ƸǶǁǸƛ ŮŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛƠǁƗƴǶƛ ǳƴǦǂǱƗƳ ÛǌǾƮǭ ƠǁƗƴǶƛ ƴǁƷƗ ƻƘǲǁƷƘŧ  -Ĥ
ǯƗƸǶơ ŮŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ƷƘǾǂǱƗƳ ÛƠƾǽƹ ǌǾƮǭ ǯƗƸǮǕ ŭƗƸƢŧƳ -ĥ

ǯƗƸǶơ ŮŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ƷƘǾǂǱƗƳ ÛǌǾƮǭ ƠǁƗƴǶƛ ŭƗƸƢŧƳ  -Ħ
ƻƷƴǭ ƠǾƛƸơ ǳƘŬǂǱƗƳ ÛŮǮǾǁ ŮƽƴǲǶǭ ǳƴŨǂǱƗƳ ƷƘǽƳƘƢƽƗ ÛŭţǸǩǸǲŨơǸǾƛ ŮǮǾǁ ŭƗƸƢŧƳ  -ħ

ǯƗƸǶơ ŮŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ƷƘǽƳƘƢƽƗ ÛǴǽƺƪơ ŮǮǾǁ ǻƗƸƢǥƳ  -Ĩ

 ǳƳǸǩƋ ťƘƱ ƹƗ ǰǽƸƢǱƘǲǝ Ǜƶƭ Ƹƛ ǻƷǸǁ Ƿ ǻƶǚǭ ƳƗǸǭ ƸǾƥƘơ ǴƾǽƘǢǭ
ĨǼǪǾǝƗƸƽƗ ǼǪǕ ÛħǻƳƘƛƋ ǜƪǱ ǼǮǁƘǵ ǳƸǾǮƽ ÛĦƘǾŧƳƗƹƸǝ ǻƴǶǭ ÛĥǻƸƢǱȆŧ ǼǽƘǉƷ ŦǲǁǷƷ ¡ĤƷǸř ǼǱƗǷƷ ǴǭǸǆǖǭ

r-rezaei@tums.ac.ir ǌǾƮǭ ƠǁƗƴǶƛ ǳǷƸū ÛƠǁƗƴǶƛ ǳƴǦǂǱƗƳ Û(ƴǱǸǩƗ ƼǽƳƸř) ǯƗƸǶơ ǼǦǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ÛƴǱǸǩƗ ǯƘƛƘǾƱ ÛǰǾƢǱƗţƷƋ ǯƗƴǾǭ ÛǯƗƸǶơ :ǧǸƖƾǭ ǳƴǲƾǽǸǱ

Ĭģ/ģĤ/ĥħ :ƠǝƘǽƷƳ

ǳƴǾŨš
 ǻƗƸƛ ƸƥǸǭ ƿǷƷ Ŧǽ ǯƗǸǲǕ Ǵƛ ƗƷ ǼƢƾǽƹ ƫȆǅƗ ƴǲǽƗƸǝ ƠǕƸƽ ťƘƱ ƷƳ Ƙǵ PAH Ǵƛ Ƙǵ‌ǬƾǾǱƘūƷƗǷƸŨǾǭ ǜǾǖǉ ǼƽƸƢƽƳ ƠǾǪƛƘǡ :Ǜƴǵ Ƿ ǴǲǾǭƹ
 Ǜƶƭ Ƹƛ ǻƷǸǁ Ƿ ǻƶǚǭ ƳƗǸǭ ƸǾƥƘơ ǴǖǩƘǎǭ ǰǽƗ ƷƳ .ƴǱƸƥǸǭ ƴǲǽƗƸǝ ǰǽƗ Ƹƛ ǻƳƴǖƢǭ ǼǽƘǾǮǾǁǸŨǽƺǾǝ ǨǭƗǸǕ .ƳƹƘƽ‌Ǽǭ ƳǷƴƮǭ ťƘƱ ƹƗ ǼūƳǸǩƋ Ǜƶƭ

.ƴǁ ǼƽƷƸƛ ǳƳǸǩƋ ťƘƱ ƹƗ ǰǽƸƢǱƘǲǝ
 ƷƳ ǻƷǸǁ Ƿ ǻƶǚǭ ƳƗǸǭ ǧǸǪƮǭ ƼŚƽ ǳƳǸǮǱ ǳƳǸǩƋ ǰǽƸƢǱƘǲǝ Ǵƛ ǼǕǸǲǆǭ ƷǸǍ Ǵƛ ƗƷ ǼƛǷƸŨǾǭ Ƿ ǼǽƘǾǮǾǁ ǻƘǵ‌ǼūƳǸǩƋ ƹƗ ǻƷƘǕ ǼŧƘƱ :ǼƽƷƸƛ ƿǷƷ
 ƹƗ Ƽř ťƘƱ ƷƳ ǳƴǱƘǭ‌ǼǡƘƛ ǰǽƸƢǱƘǲǝ ƠǒǪǙ ƘƢǽƘǶǱ .ƳƳƸū ǨǅƘƭ ǼǮƪƭ ǼǱƹǷ ĕĤģ ƠƜƾǱ Ƙơ ƴǁ ǴǝƘǉƗ ǯƋ Ǵƛ ǼƛǷƸŨǾǭ ǋǸǪƲǭ Ƙƛ ǳƗƸǮǵ ƠǒǪǙ ǷƳ
 ǰǽƗ .ƴǱƴǁ ǀƪǲƽ MPN ƿǷƷ Ƙƛ ƺǾǱ ǼƛǷƸŨǾǭ ƠǾǖǮƩ .ƠǝƸū ƷƗƸǡ ǀƪǲƽ ƳƷǸǭ ǻƹƘū ǼǝƗƸūǸơƘǭǷƸŧ ǳƘŬƢƽƳ ǌƽǸơ ŦǾǱǸƽƗƸƢǩǷƗ Ƙƛ ƧƗƸƲƢƽƗ

.ƴǁ ǫƘƪǱƗ ǼƮǎƽ ǷƳ ǨǭƘŧ ǨǽƷǸƢŧƘǝ ǀǽƘǭƹƋ ǼƭƗƸǍ ƻƘƽƗ Ƹƛ ǴǖǩƘǎǭ
 ǰǽƸƢǂǾƛ ǻƶǚǭ ƳƗǸǭ ƳƗƳ ǯƘǂǱ ǨǭƘŧ ǨǽƷǸƢŧƘǝ ǀǽƘǭƹƋ ǼƭƗƸǍ .ƠƽƗ ǳƳǸƛ ƸǾƱƘơ ǻƗƷƗƳ ǼƛǷƸŨǾǭ ƴǁƷ ƴǱǷƷ Ǵŧ ƳƗƳ ǯƘǂǱ MPN ǯǸǭƹƋ ƨǽƘƢǱ :Ƙǵ‌ǴƢǝƘǽ
 Ǵƛ ĕ ĪĨ/Ĥħ ƸƛƗƸƛ Ƿ ƷƗƴǢǭ ǰǽƸƢǂǾƛ ǨǡƗƴƭ ǻƷǸǁ ø ƸƦŧƗƴƭ ǻƶǚǭ ƳƗǸǭ ǧǸǪƮǭ ƷƳ ťƘƱ ƹƗ ǰǽƸƢǱƘǲǝ Ǜƶƭ ǯƘǭƴǱƗƷ Ƿ ǴƢǁƗƳ ƫȆǅƗ ƴǲǽƗƸǝ Ƹƛ ƸǾƥƘơ

.ƴǭƋ ƠƽƳ
 Ǜƶƭ ťƘƱ ƹƗ ƗƷ ǰǽƸƢǱƘǲǝ ǼƢǞǱ ǳƴǲǽȅƋ ƹƗ ǻƸƢǂǾƛ ƷƗƴǢǭ ƴǱƷƳƘǡ Ƙǵ‌ǬƾǾǱƘūƷƗǷƸŨǾǭ ǻƶǚǭ ƳƗǸǭ ƠǒǪǙ ǀǽƗƺǝƗ Ƙƛ Ǵŧ ƳƗƳ ǯƘǂǱ ǴǖǩƘǎǭ ǰǽƗ :ǻƸǾū‌ǴƪǾƢǱ
 Ǜƶƭ Ƹƛ ƠǝƸǂǾř Ƙǽ Ƿ Ǽūƴǲǲŧ‌ƠǖǱƘǮǭ ƸƥƗ Ƿ ǳƴǁ Ƙǵ‌ǬƾǾǱƘūƷƗ ǷƸŨǾǭ ƴǁƷ ƷƳ ƸǾƱƘơ ƚƩǸǭ ƘǶǲơ ǴƢǝƷ ƷƘǥ Ǵƛ ƠǒǪǙ ǳƳǷƴƮǭƷƳ ǻƷǸǁ ƘǭƗ ÛƴǲǽƘǮǱ

 .ƠƽƗ ǴƢǁƗƴǱ ǰǽƸƢǱƘǲǝ

ǻƷǸǁ Ûǻƶǚǭ ƳƗǸǭ ÛťƘƱ ǼƢƾǽƹ ƫȆǅƗ ÛǀǽƘǭƹƋ ǼƭƗƸǍ ÛǻƗ‌ǴǢǪƭ ƴǲš ŦǾơƘǭǷƷƋ ǻƘǵ‌ǰƛƸǥǷƷƴǾǵ :ǻƴǾǪŧ ǯƘūţƗǷ
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ħĤĥ
دوره پنجم/ شماره چهارم/ زمستان 1391

ǴǭƴǢǭ
 ǯţǷƷƴǾǵ  Ƿ  ǰƛƸŧ  ǻǷƘƭ ǳƴǂǱ  ǴǾǞǆơ  ǼǖǽƘǭ  ÛǫƘƱ  ƠǞǱ.....
 Û(ǳƴǁ  ǓƘƜǁƗ  ǻƘǵ‌ǰƛƸǥǷƷƴǾǵ)  Ƙǵ‌ǯƘŨǩƋ  ǧƘŨǁƗ  ƷƳ
 Ƿ  (ǳƴǁ  ǓƘƜǁƗ  ƸǾǙ  ǻƘǵ‌ǰƛƸǥǷƷƴǾǵ)  Ƙǵ‌ǰǾŨǩƗ  Ƿ  Ƙǵ‌ǰŨǩƋ
 ƳǸǁ‌Ǽǭ  ǳƳƹ  ǰǾǮƲơ  .ƠƽƗ  ŦǾơƘǭǷƷƋ  ǻƘǵ‌ǰƛƸǥǷƷƴǾǵ
 ƳƷƗǷ  Ƙǵ‌ƻǸǱƘǾǡƗ  Ǵƛ  ƠǞǱ  ǰơ  ǯǸǾǪǾǭ   Ĩ-Ĥģ  ƹƗ  ǀǾƛ  ǴǱȅƘƽ
 ǻƗ‌ǴǢǪƭ  ƴǲš  ŦǾơƘǭǷƷƋ  ǻƘǵ‌ǰƛƸǥǷƷƴǾǵ  .(Ĥ)ƳǸǁ‌Ǽǭ
 Ƙǽ ǷƳ ƹƗ Polycyclic Aromatic Hydrocarbons (PAH)
 ǳƳƸƢƾū ǻƘǵ‌ǳƴǲǽȅƋ ǷƺƩ Ƿ (ĦǷĥ)ǳƴǁ ǨǾŨǂơ ǼǱƺǲƛ ǴǢǪƭ ƴǲš
 ǻƘǵ‌ƠƱǸƽ ǄǡƘǱ ǟƗƸƢƭƗ ƴǲǽƗƸǝ ǧƘƜǱƳ Ǵƛ Ǵŧ ƴǱƗ‌ǼǎǾƮǭ Ơƾǽƹ
 ÛǼǩƺǽƳ ǻƘǵƷǸơǸǭ ƹǷƺūƗ ƹƗ ǼƩǷƸƱ ƳǷƳ ÛƷƘŬǾƽ ƳǷƳ ÛǼǪǾƾǝ
 .(ĩ-ĥ)  ƴǲǽƋ‌Ǽǭ  ƳǸƩǷ  Ǵƛ  ǼƢǖǲǅ  ǻƘǵƴǲǽƗƸǝ  Ƿ  ǼƢǞǱ  ǼūƳǸǩƋ
 ÛƗǸǵ  ÛǯƘǵƘǾū  ǨǭƘǁ  ǬƢƾǾƽǸŧƗ  ǼǪǅƗ  ǔƛƘǲǭ  ƷƳ  PAHsƷǸǊƭ
 ǇƸǖǭ ƷƳ ǯƘƾǱƗ Ƿ (Ī)ƠƽƗ ǳƴǁ ƴǾǽƘơ ƗƷƸŨǭ ťƘƱ Ƿ ƗƶǙ ÛƙƋ
 ÛǬǊǵ ÛǼƢƽǸř ƻƘǮơ ǠǽƸǍ ƹƗ ǳƳǸǩƋ ǻƘǵ‌ťƘƱ ǴǱǸū ǰǽƗ ƸǎƱ
 Ƿ ƘǵƗƶǙ ǯƳƷǸƱ Ƿ ƘǶǱƋ ƹƗ ǼǁƘǱ ƟƗƷƘƲƛ Ƿ ƷƘƜǙ Ƿ ƳƸū ƼǞǲơ
 ǳƳǸǩƋ  Ƙǽ  ǴƢǝƘǽ  ƴǁƷ  ǠǍƘǲǭ  ǰǽƗ  ťƘƱ  ƷƳ  Ǵŧ  ƠƽƗ  ǼơƘƪǽƺƜƽ
PAHs  ǴƢƽƳ  ƹƗ  ǻƗ‌ǴǢǪƭ  Ǵƽ  ƚǾŧƸơ  Ŧǽ  ǰǽƸƢǱƘǲǝ  .(ī)ƴǱƗ‌ǳƴǁ
 PAHs  ƹƗ  ǼǽȅƘƛ  ǻƘǵ‌ƠǒǪǙ  Ƙƛ  ȅǸǅƗ  Ǵŧ  ǼǢǍƘǲǭ  .(Ĭ)ƠƽƗ
-ĤĥǷĥ)ƴǲƢƾǵ  ǼƢǖǲǅ  ǻƘǵ‌ƠǾǩƘǖǝ  Ƙƛ  ǌƜơƸǭ  ÛƴǱǸǁ‌Ǽǭ  ǳƳǸǩƋ
 ƠǾǪƛƘǡ  Ƿ  ƠǾǩȆƭ  ÛPAHsǼǩǸŨǩǸǭ  ǳƹƗƴǱƗ  ƷƳ  ǀǽƗƺǝƗ  .(Ĥģ
 ǀǵƘŧ  ƗƷ  ƘǶǱƋ  ǼƢƾǽƹ  Ǵǽƺƪơ  ƠǾǪƛƘǡ  ƘƢǽƘǶǱǷ  ǼƢƾǽƹ  ǼƽƸƢƽƳ
 ǨǽƘǮơ ǰǾǲš‌Ǭǵ PAH ƟƘƜǾŧƸơ .(ĤĦ ǷĤĥ ,Ĥģ ,Ĩ ,ĥ) ƴǵƳ‌Ǽǭ
 ƳǷƴƮǭ Ǵƛ Ƹƪǲǭ ǰǽƗƸƛƘǲƛ ÛƴǱƷƗƳ ƗƷ ťƘƱ ƟƗƷƵ Ǵƛ ǯƴǁ ƙƶƩ Ǵƛ
 ,ħ ,ĥ)ƳƳƸū‌Ǽǭ ťƘƱ ƷƳ ǯƘǁ‌ǼƢƾǽƹ ǻƸǽƶř‌ƻƸƢƽƳ ƸƢǂǾƛ ǯƴǁ
 ǼŨǽƺǾǝ ø ǼǽƘǾǮǾǁ ÛǼơƷƗƸƭ ǧǸǮǖǭ ǻƘǵ‌ƿǷƷ ƳƸƛƷƘŧ .(ĤĨǷĤħ
 Ǵŧ ťƘƱ ƷƳ ƘǅǸǆƱ Ƙǵ‌ǳƴǲǽȅƋ ǓǸǱ ǰǽƗ ǻƹƘƽ‌ťƘř ƠǶƩ ... Ƿ
 ƸǾǒǱ ÛǯǸūƘǱǸū ǨǽȅƳ Ǵƛ ÛƠƽƗ ǨƲǪƲƢǭ ǼǱƴǖǭ ƴǭƘƩ ǌǾƮǭ Ŧǽ
 Ƙƛ ǳƷƗǸǮǵ ǯƳǸƛ ƺǽƸŬƛƋ Ƿ ǯƳǸƛ ǼƜǎǡ ƸǾǙ ÛƠǾǩȆƭ ǯƳǸƛ ǰǾǽƘř

.(Ĥĩ) ƠƽƗ ǳƳǸƛ ǴƩƗǸǭ ǼơȆŨǂǭ
 ƠƽƗ  ǻƗ‌Ǵǲǽƺū  (Bioremediation)ǼƢƾǽƹ  ƫȆǅƗ  ƴǲǽƗƸǝ
 ƠǾǩƘǖǝ  ƹƗ  ǳƳƘǞƢƽƗ  Ƙƛ  ƗƷ  ǼǮƽ  ǻƘǵ‌ǳƴǲǽȅƋ  ƚǽƸƲơ  ǯƘŨǭƗ  Ǵŧ
 ƷƗƳ‌ƠƽǷƳ ÛƸƥǸǭ ÛǬǩƘƽ ƴǲǽƗƸǝ ǰǽƗ .(ĤĪ)ƴǲŧ‌Ǽǭ ǼƽƷƸƛ ǼŨǽţǸǩǸǾƛ
 ƹƗ  Ƙǵ‌ǳƴǲǽȅƋ  Ǜƶƭ  ƷǸǒǲǭ  Ǵƛ  Ƿ  ǳƳǸƛ  ǻƳƘǆƢǡƗ  Ƿ  ǬƢƾǾƽǸŧƗ
 ǻƘǵ‌ǳƴǲǽȅƋ  ǀøǵƘŧ ǻƗƸƛ  ǳƴøǱƹ ǻƘǵ‌ǬƾǾǱƘūƷƗǷƸŨǾǭ ƹƗ  ÛťƘƱ

-ĤĬ ,Ĭ ,Ĩ ,Ħ)ƴǲŧ‌Ǽǭ ǳƳƘǞƢƽƗ ǌøǾƮǭ ǻƹƘƽ‌ťƘř ǴƪǾƢǱ ƷƳ Ƿ ǼǩƋ
 ƠǕƸƽ  ǀǽƗƺǝƗ  Ƿ  ƳǸƩǸǭ  ǻƘǵ‌ƠǽƳǷƴƮǭ  ǀǵƘŧ  ǻƗƸƛ  .(Ĥĩ
 ǀǽƗƺǝƗ  Ƿ  PAHs  Ǵƛ  ǳƳǸǩƋ  ǻƘǵ‌ťƘƱ  ǼƢƾǽƹ  ƫȆǅƗ  ƴǲǽƗƸǝ
 Ǵŧ ƠƽƗ ǳƴǭƋ ƳǸƩǷ Ǵƛ ǼǽƘǵ‌ǻŤơƗƸƢƽƗ Ƙǵ‌ǳƴǲǽȅƋ Ǜƶƭ ǼǵƳƹƘƛ
 ǴǖƽǸơ ÛƘǵ‌ƠǲǽƸơǸǱ ǯƳǷƺǝƗ Ƙƛ Ơƾǽƹ ǌǾƮǭ ǯƳǸǮǱ ǻƷƘŧ‌ƠƽƳ
 Ƿ ǳƴǁ ƬǾǢǪơ ƳƗǸǭ Ƙƛ Ƙǵ‌ƙǷƸŨǾǭ ǻƹƘƽ‌ǳƳƘǭƋ Ƿ ǻƹƗǸǵ ǌǽƗƸǁ

.(ĬǷĦ)ƠƾǱƋ ƹƗ ǼǽƘǵ‌ǴǱǸǮǱ PAHs ƠǾǩȆƭ ǀǽƗƺǝƗ
 ÛǼŨǽţǸǩǸǾƛ Ǵǽƺƪơ ƠǕƸƽƸƛ ƸƥǸǭ ǻƘǵƷǸƢŧƘǝ ǰǽƸơ‌ǬǶǭ ƹƗ ǼŨǽ
 ǨƛƘǡ  ƿǷƷ ǯƗǸǲǕ Ǵƛ  ǻƶǚǭ ƳƗǸǭ ǀǽƗƺǝƗ  .(Ĥī)ƴǱƗ‌ǻƶǚǭ ƳƗǸǭ
 Ƙǵ‌ǰƛƸŧǷƷƴǾǵ  Ǵǽƺƪơ  ǀǽƗƺǝƗ  Ƿ  ǼƢƾǽƹ  ƫȆǅƗ  ǻƗƸƛ  ǼǶƩǸơ
 ƴǲƢƾǵ ǼǽƘǾǮǾǁ  ƳƗǸǭ  ǻƶǚǭ  ƳƗǸǭ  .(ĥģ)ƳƷƗƳ  ƷƗƸǡ  ǴƩǸơ  ƳƷǸǭ
 ƹƘǾǱ ƳƷǸǭ ǻƶǚǭ ƳƗǸǭ ǰǽƸơ‌ǬǶǭ .ƴǲǭƹȅ ǼƛǷƸŨǾǭ ƴǁƷ ǻƗƸƛ Ǵŧ
 ƟƷǸǅ Ǵƛ)  (P)  ƸǞƾǝ Ƿ (ťƘǾǱǸǭƋ  ƟƷǸǅ Ǵƛ)  )N)  ǯţǷƸƢǾǱ
 ǼƢƾǽƹ  ƫȆǅƗ  ǻƘǵ‌ǨƮǭ  ƷƳ  ƚǪǙƗ  Ǵŧ  ǳƳǸƛ  (ƟƘǞƾǝ  ǸơƷƗ
 ǻƶǚǭ ƳƗǸǭ ǻƳƘǶǲǂǾř ƸǽƳƘǢǭ .(ĥĤ-ĥĨ)ƳƷƗƳ ƳǸƩǷ ƘǶǱƋ ƳǸƜǮŧ
 ǳƳǸƛ C:N:P= 120:10:1 ƠƜƾǱ ƷƳ (ĥģģĩ) Alvarez ǌƽǸơ
Ƙǽ  NH4

+ ƟƷǸǅ Ǵƛ) ǼǩǸǪƽ ƴǁƷ ǻƗƸƛ ǯţǷƸƢǾǱ  .(ĤĬ)ƠƽƗ
(NOy-3 ƟƷǸǅ Ǵƛ) ǳƴǱƸǾū ǯǷƸƢŨǩƗ Ŧǽ ǯƗǸǲǕ Ǵƛ Ƿ (NOy-3  
 ǳƳƘǞƢƽƗ ƳƷǸǭ ǧǸǮǖǭ ǻƶǚǭ ǳƳƘǭ ǰǾǭǷƳ ƺǾǱ ƸǞƾǝ .ƴǲŧ‌Ǽǭ ǨǮǕ
 .(ĥĩǷĥĥ)ƳƷƗƳ ƠŧƸǁ ǬƾǾǱƘūƷƗǷƸŨǾǭ ǼǩǸǪƽ ƴǁƷ ƷƳ Ƿ ƠƽƗ
 ƷƗƴǢǭ  ƳǸǁ  ǳƳǸǩƋ  ǼǶƩǸơ  ǨƛƘǡ  ǯƗƺǾǭ  Ǵƛ  ǼŧƘƱ  Ǵŧ  ǼǭƘŬǲǵ
 ǻƗƸƛ ǼǝƘŧ ƼǭǸǾƛ  ƠǕƸƽ Ǵƛ ƴǱƗǸơ‌ǼǮǱ ťƘƱ ǼǖǾƜǍ P  Ƿ N
 ƸǽƳƘǢǭ  Ǵƛ  ƹƘǾǱ  Ƿ  ƴǲŧ  ƳƘƪǽƗ  ƗƷ  Ƙǵ‌ǳƴǲǽȅƋ  ǼŨǽţǸǩǸǾƛ  Ǵǽƺƪơ
 ƳƗǸǭ  ƫȆǅƗ ǼƢƭ ÛƘǭƗ  ƳƷƗƳ  ǴǱţǷƸƢǾǱ  ǻƶǚǭ  ƳƗǸǭ  ǻƳƘǽƹ  ƘƢƜƾǱ
 ǻƘǵƷǸƢŧƘǝ ǼƱƸƛ ƳǸƩǷ ǨǾǩƳ Ǵƛ ƠƽƗ ǰŨǮǭ ƺǾǱ ťƘƱ ǻƶǚǭ
 Ƹƛ  ƷƗƶūƸǾƥƘơ  ƸŬǽƳ  ǨǭƘǕ  .(ĥĥǷĤĦ)ƴǁƘƛ  ƸǾƥƘơ‌Ǽƛ  ǳƴǲǲŧ‌ƳǷƴƮǭ
 Ǵŧ ƠƽƗ ǻƷƗƴǢǭ Ǵƛ ťƘƱ ǻƷǸǁ ǯƗƺǾǭ ǼƢƾǽƹ ƫȆǅƗ ǼǽƗƷƘŧ
 .ƴǁƘƛ  PAHs  ǳƴǲǲŧ‌Ǵǽƺƪơ  ǻƘǵ‌ǬƾǾǱƘūƷƗǷƸŨǾǭ  ƴǁƷ  Ƹƛ  ƸƥǸǭ
 ƷƳ  Ƙǵ‌ǰƛƸǥǷƷƴǾǵ  ǳƴǲǲŧ‌Ǵǽƺƪơ  ǧǸǮǖǭ  ǻƘǵ‌ǬƾǾǱƘūƷƗǷƸŨǾǭ
 ÛƘǽƳƷƘŧǸǱ  ÛƸƢŧƘƛ  ǸƢǲǾƽƋ  ÛƻƘǱǸǭǷƳǸƽ  ǨǭƘǁ  ƷǸǁ  ǻƘǵ‌ǌǾƮǭ
 ƸǾƥƘơ  ǻƷƘǾƾƛ  ƟƘǖǩƘǎǭ  .(Ĥ)ƴǲƢƾǵ  ƸƢŧƘƛǸǭǷƸŧƋ  Ƿ  ǸǽƸƜǽǷ
 ƴǲǽƗƸǝ Ƹƛ ƸƥǸǭ ǻƘǵƷǸƢŧƘǝ ƸǽƘƽ ƷƘǲŧ ƷƳ Ƙǽ ǼǽƘǶǲơ Ǵƛ ƗƷ ǻƷǸǁ
 ǨƭƗǸƽ ƟƘƛǸƽƷ ÛƘǵƘǽƷƳ ǼƛƋ Ơƾǽƹ ǌǾƮǭ ƷƳ ǼƢƾǽƹ ƫȆǅƗ
-ĥĬ , ĩ )ƴǱƗ‌ǳƳƗƳ ƷƗƸǡ ǼƽƷƸƛ ƳƷǸǭ ... Ƿ ƘǵƘǽƷƳ Ƿ Ƙǵ‌ƻǸǱƘǾǡƗ
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ħĤĦ
دوره پنجم/ شماره چهارم/ زمستان 1391

 ƹƗ Ƽř (ĥģģī) ǯƗƷƘŨǮǵ Ƿ Chen ǴǖǩƘǎǭ ƷƳ ǧƘƦǭ ǻƗƸƛ .(ĥĪ
 ƠǒǪǙ ǯƗƺǾǭ Û C/N ƠƜƾǱ ÛƘǭƳ ÛǻƷǸǁ ƷǸƢŧƘǝ Ĩ ƸǾƥƘơ ǼƽƷƸƛ
 ÛƷǸƢŧƘǝ Ƹǵ ǻƗƸƛ Ƭǎƽ ħ ƷƳ ǼƛǷƸŨǾǭ ƬǾǢǪơ ǯƗƺǾǭ Ƿ ǰǽƸƢǱƘǲǝ
 ƸƥƗ ǻƷǸǁ .(Ħ)ƴǁ ƙǸƾƮǭ ǼǮǶǭ ƷǸƢŧƘǝ ǻƷǸǁ ĕ Ĥ/Ĩ ƠǒǪǙ
 ƳƗƳ ǯƘǂǱ (ĤĬĬħ) Chaudhry .ƳƷƗƳ ƠǾǩȆƭ Ƹƛ ǼǅƘƱ ǼƜǾŧƸơ
 ǰǾƽƗƸƢǱƋ ǨǾƢǭ ĥ ÛǰǾƽƗƸƢǱƋ ÛǰǽƸƢǱƘǲǝ ƠǾǩȆƭ ǻƷǸǁ ǀǽƗƺǝƗ Ƙƛ
 ǀǽƗƺǝƗ  ǰǾƽƗƸƢǱƋƋǷƺǲƛ  ƠǾǩȆƭ ƘǭƗ  ƠǝƘǽ  ǀǵƘŧ ǰǽƸǾřƋǷƺǲƛ  Ƿ
 ǻƷǸǁ Ƿ ǻƶǚǭ ƳƗǸǭ Ǵŧ ǼơǷƘǞƢǭ ƟƗƸƥƗ Ǵƛ ǴƩǸơ Ƙƛ .(ĩ)ƳƗƳ ǯƘǂǱ
 Ǵƛ ǴǖǩƘǎǭ ǰǽƗ ƴǲǁƘƛ ǴƢǁƗƳ ǼƢƾǽƹ ƫȆǅƗ ƴǲǽƗƸǝ Ƹƛ ƴǲǱƗǸơ‌Ǽǭ
 ƹƗ ǰǽƸƢǱƘǲǝ Ǜƶƭ Ƹƛ ǻƷǸǁ Ƿ ǻƶǚǭ ƳƗǸǭ ǯƳǷƺǝƗ ƸǾƥƘơ ǼƽƷƸƛ

.ƳƹƗƳƸř‌Ǽǭ ǳƳǸǩƋ ťƘƱ

Ƙǵ‌‌ƿǷƷ Ƿ ƳƗǸǭ
ǼǽƘǾǮǾǁ ƳƗǸǭ

 HPLC grade ǯǸƢƽƗ Û(ĕĔē)ȅƘƛ ǃǸǪƱ ǴƩƷƳ Ƙƛ ǰǽƸƢǱƘǲǝ.....
 ƠŧƸǁ ƹƗ ƷƘūƋ R2A  Ƿ ƣƗƸƛ ƠǲǽƸơǸǱ ¡ ROMIL ƠŧƸǁ ƹƗ
 ƹƗ NaCl  Ƿ ǼǱƴǖǭ Ơǂŧ ǌǾƮǭ ǻƘǵ‌ŦǮǱ Û BIOMARK

.ƴǱƴǁ ǴǾǶơ Merck ƠŧƸǁ
ťƘƱ ǻƹƘƽ‌ǳƳƘǭƋ

 ǯƗƸǶơ ƷƳ ǰǾǭƹ Ƭǎƽ ǼǽȅƘƛ Ĩ- ĥģ cm ǓƘǞơƷƗ ƹƗ ǼǩǸǮǖǭ ťƘƱ
  ŦǩƗ  ƹƗ  Ƿ  ǳƴǽƳƸū  ŦǂƱ ƗǸǵ  ǇƸǖǭ  ƷƳ  ƼŚƽ Ûƴǁ  ǴƢǁƗƳƸƛ
 ǯƳǸƛ ǻƷƘǕ ƷǸǒǲǭ Ǵƛ .ƴǁ ǳƳƗƳ ƷǸƜǕ Ƙǵ‌Ūǲƽ Ǜƶƭ ǻƗƸƛ č mm
 ƷƗƸŨơ ǴǪƭƸǭ Ǵƽ ǼǍ ǨǮǕ ǰǽƗ Ƿ ǴƢƾǁ ǯǸƢƽƗ Ƙƛ ƗƷ ǯƋ ǼǩƋ ƳƗǸǭ ƹƗ
 ŪǱƷ Ǵƛ ǼǽƘǵ‌ǴǂǾǁ ƷƳ ǳƴǁ ǳƳƘǭƋ ťƘƱ ƹƗ č g  .ƠǝƸū ǫƘƪǱƗ
 Batch) ǀǽƘǭƹƋ ǴƢƽǸǾřƘǱ ǼƢƾǽƹƷǸƢŧƗƷ Ŧǽ ǯƗǸǲǕ Ǵƛ Ǵŧ ǳƸǾơ
 ƷƳ ČčČ 0C  ǻƘǭƳ) ǷȆŧǸơƗ ƷƳ Ƿ ǴƢƲǽƷ ƴǲŧ‌Ǽǭ ǨǮǕ (reactor
 ƷǸǍ Ǵƛ ƷǸƢǥƗƷ ǯǷƷƳ ǣƘƱ ƼŚƽ .ƴǁ ǨǽƸƢƽƗ (ČĨ minǯƘǭƹ
 ƷƳ ǰǽƸƢǱƘǲǝ ƠǒǪǙ Ǵŧ ǻƷǸǍ Ǵƛ ƴǁ ǳƳǸǩƋ ǰǽƸƢǱƘǲǝ Ǵƛ ǼǕǸǲǆǭ

 .(Ďċ)ƴǾƽƷ ťƘƱ Ĩċċ mg/Kg Ǵƛ ťƘƱ
ǰǽƸƢǱƘǲǝ ǳƴǲǲŧ Ǵǽƺƪơ ƬǾǢǪơ Ƿ ǻƶǚǭ ƳƗǸǭ ǧǸǪƮǭ ǻƹƘƽ‌ǳƳƘǭƋ

 ǻƷǸǁ  Ƿ  ǻƶǚǭ  ƳƗǸǭ  ƸǾǚƢǭ  ǷƳ  ƹƗ  ƠǒǪǙ  ǷƳ  ƷƳ  Ƙǵ‌ǧǸǪƮǭ
 Ƙƛ Ûǳƴǁ ǴǾǶơ ǻƘǵ‌ǧǸǪƮǭ pH   .ƴǱƴǁ ǴǾǶơ Č-ĎǧǷƴƩ Ƙƛ ǠƛƘǎǭ
 ǼƦǲƱ ǳƳǷƴƮǭ ƷƳ pH ¡HACH 40d ǧƴǭ ƨǲƽ pH ƹƗ ǳƳƘǞƢƽƗ
 .ƴǽƳƸū ǬǾǒǲơ ÛƠƽƗ ǛǷƸơǷƸƢǵ ǻƘǵ‌ƙǷƸŨǾǭ ƴǁƷ ƚƽƘǲǭ Ǵŧ

 ƻǸǪǾƽƘƛ  ǻƘǵ‌ǻƸƢŧƘƛ  ǨǭƘǁ ǼƛǷƸŨǾǭ  ǋǸǪƲǭ  ƴǖƛ  ǴǪƭƸǭ  ƷƳ
 ÛƻǸǪǽƺū  ƻǸŧǸŧǸǪǾǝƘƢƽƗ  ÛSPÛƻǸǪǾƽƘƛ  ÛƼǾǭƸǝ  ǼǲǾŢǾǩ
 Ǵǽƺƪơ  ǼǽƘǱƗǸơ  Ǵŧ  ƗƸŧǷƗ  ƘūǸǝǸƢǾƽǸǲŚŧ  Ƿ  ǼǱƘǭǸřƸƢŧƘƛǸƢǲǾƽƗ
 ǳƳǸǩƋ ťƘƱ ƠǝƘƛ ƹƗ ǻƗ‌ǴǱƘūƗƴƩ ǠǾǢƮơ ƷƳ Ƿ ǴƢǁƗƳ ƗƷ ǰǽƸƢǱƘǲǝ
 ǻƹƘƽƗƴƩ ǯƗƸǶơ ǳƘŬǂǽȅƘř ǛƗƸǍƗ ǴǢǎǲǭ ƹƗ ÛǼƢǞǱ ƟƘƜǾŧƸơ Ǵƛ
 Ǵƛ  Ƿ  ǴƢǝƘǽ  ƸǾƦŨơ  ƷƘūƋ  Ơǂŧ  ǌǾƮǭ  ǻǷƷ  Ƹƛ  (ĎČ)ƴǱƳǸƛ  ǳƴǁ
 ǧƳƘǖǭ  ǼŨǾƢřƗ  ǴƢǾƾǱƗƳ  Ƙƛ  ǰǽƸƢǱƘǲǝ  ǳƴǲǽȅƋ  ǳƴǲǲŧ‌Ǵǽƺƪơ  ǯƗǸǲǕ
 ǻƘǵ‌ǧǸǪƮǭ ƹƗ Ŧǽ Ƹǵ Ǵƛ ĩĦģ nm ƧǸǭ ǧǸǍ ƷƳ (OD=1)Ŧǽ
 ǧǷƴƩ Ƙƛ  ǠƛƘǎǭ  ǧǸǪƮǭ Ƹǵ ƼŚƽ .(Ďč)ƴǁ ǴǝƘǉƗ  ǳƴǁ ǴǾǶơ
 ƹƘǝ Ǵƛ ťƘƱ ƴǭƘƩ ƹƘǝ ƠǩƘƭ ǰǽƗ ƷƳ .ƴǱƴǁ ǴǝƘǉƗ ťƘƱ Ǵƛ Ď
 ǳƘŬƢƽƳ ƹƗ ǼŨǾƢřƗ ǴƢǾƾǱƗƳ ǀǱƗǸƱ ǻƗƸƛ .ƳƳƸū‌Ǽǭ ǨǽƴƜơ ǼƛƘǙǷƳ
 ǳƳƘǞƢƽƗ  7100  ǧƴǭ CECIL UV/VIS   ƸƢǭǸƢǝǷƸƢŨŚƽƗ
 ƟƗƸǾǾǚơ ǴǲǭƗƳ Ǵŧ ǳƘŬǂǽƘǭƹƋ ǌǾƮǭ ǻƘǭƳ ǴǖǩƘǎǭ ǰǽƗ ƷƳ .ƴǽƳƸū
 ǻƗƸƛ ǀǽƘǭƹƋ ǻƘǭƳ ǯƗǸǲǕ Ǵƛ Û(čč± Ď) ƠƽƗ ǳƳǸƛ ƳǷƴƮǭ ǯƋ
 ƷǸǒǲǭ  Ǵƛ  ƘǵƷǸƢŧƗƷ  ǴǾǪŧ  ǰǾǲš‌Ǭǵ  .ƴǁ  ǴƢǝƸū  ƸǒǱ  ƷƳ  ťƘƱ
  ProMAXǧƴǭHeidolph   ƸŨǾǁ ǳƘŬƢƽƳ ǻǷƷ Ƹƛ ǼǵƳƗǸǵ
 ǯǸǭƹƋ .ƴǲƢǝƸū ƷƗƸǡ ǌǾƮǭ ǻƘǭƳ ƷƳ ČĨċ rpm ƠǕƸƽ Ƙƛ 2020
 (ǻƗ‌ǴǩǸǩ Ĕ ƿǷƷ) (Most Probable Numer) MPNǼƛǷƸŨǾǭ
 ÜƴǽƳƸū ǫƘƪǱƗ Ƙǵ‌ǴǱǸǮǱ ǴǾǪŧ ǻƗƸƛ ǳƴǁ ǜǽƸǖơ ǼǱƘǭƹ ǨǅƗǸǝ Ƙƛ
 ǀƪǲƽ ǻƗƸƛ Ƿ ǳƳǸƛ ƣƗƸƛ ƠǲǽƸơǸǱ ǳƳƘǞƢƽƗ ƳƷǸǭ Ơǂŧ ǌǾƮǭ
 ƴǽƳƸū ǳƳƘǞƢƽƗ Ĥģ -Ĥģ ƠǡƷ Ƙơ ǼǩƘǽƸƽ ǻƘǵ‌ƠǒǪǙ ƹƗ ǼǽƘǽƸƢŧƘƛ
 ǼŨǾơƘƢƽƗ  ǧǷƴƩ ƻƘƽƗ  Ƹƛ  ƨǽƘƢǱ  ǻƷƗƶūƘǭƸū ħē  h  ƹƗ  ƴǖƛ  Ƿ

 .(ĎĎ) ƴǁ ǳƳƹ ǰǾǮƲơ
ǀǽƘǭƹƋ ǼƭƗƸǍ

 ǰǽƸƢǱƘǲǝ Ǵƛ ǳƴǁ ǳƳǸǩƋ ťƘƱ ǼƢƾǽƹ ƫȆǅƗ ǼǽƗƷƘŧ ǰǾǾǖơ ǻƗƸƛ
 ǨǽƷǸƢŧƘǝ ǻƷƘǭƋ ƫƸǍ ÛǻƹƗǸǵ ƴǲǽƗƸǝ ǠǽƸǍ ƹƗ ǼƢƾǽƹ ƷǸƢŧƗƷ ƷƳ
 ǳƳƘǞƢƽƗ  ƳƷǸǭ  ǻƷǸǁ  Ƿ  ǻƶǚǭ  ƳƗǸǭ  ƷǸƢŧƘǝ  ǷƳ  Ƙƛ  ǼƮǎƽ ǷƳ
 ǀǽƘǭƹƋ  ĥ  K  ǨǭƘǁ  ǨǭƘŧ  ǨǽƷǸƢŧƘǝ  ǯǸǭƹƋ  Ŧǽ  .ƠǝƸū  ƷƗƸǡ
 Ƹǵ ǠǾǢƮơ ǰǽƗ  ƷƳ ÜƘǵƷǸƢŧƘǝ  ƳƗƴǖơ  Ƙƛ  ƠƽƗ ƸƛƗƸƛ  K  Ǵŧ ƠƽƗ
 ƘǵƷǸƢŧƘǝ  ƻƘƽƗ ǰǽƗ  Ƹƛ  .ƴǱƳǸƛ  Ƭǎƽ ǷƳ ƷƳ ƘǵƷǸƢŧƘǝ  ƹƗ  ǫƗƴŧ
 Ƿ (Ħħ)   (min)  ǨǡƗƴƭ Ƭǎƽ :ǻƶǚǭ ƳƗǸǭ (ǜǩƗ  :ƹƗ  ƴǲơƷƘƜǕ
 ǯƋ  ǨǡƗƴƭ Ƭǎƽ :ǻƷǸǁ (ƙ Ƿ  (Ħĥ)   (max)ƸƦŧƗƴƭ Ƭǎƽ
 .(ĦĨ)ǼǮƪƭ Ǵƛ ǼǱƹǷ ĕĥ ƸƛƗƸƛ ǯƋ ƸƦŧƗƴƭ Ƭǎƽ Ƿ ƸǞǅ ƸƛƗƸƛ
 ÛǼǪǅƗ  ǻƘǵ‌ǴǱǸǮǱ  ƷƳ  ǼƛǷƸŨǾǭ  ƴǁƷ  ƴǱǷƷ  ƹƗ  ǯƘǲǾǮǍƗ  ƠǶƩ
 ǼƛǷƸŨǾǭ ƴǵƘǁ ǯƗǸǲǕ Ǵƛ  ǼǽƘǵ‌ǴǱǸǮǱ  ǼǪǅƗ ǴǱǸǮǱ  Ƹǵ ǻƗƹƗ  Ǵƛ
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ħĤħ
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 Ƿ  ǻƶǚǭ  ƳƗǸǭ  Ƿ  ǰǽƸƢǱƘǲǝ  ǯǷƴƛ  ťƘƱ  Ƿ  ƙǷƸŨǾǭ  ǻǷƘƭ  Ǵŧ
 ƘǶǲơ Ǵŧ ǼǽƘǾǮǾǁ ƴǵƘǁ ǯƗǸǲǕ Ǵƛ ǼǽƘǵ‌ǴǱǸǮǱ ƺǾǱ Ƿ ƠƽƗ ǻƷǸǁ
 ƷƳ ÛƳǸƛ ǻƷǸǁ Ƿ ǻƶǚǭ ƳƗǸǭ Ƿ ǰǽƸƢǱƘǲǝ Ǵƛ ǴƢǂǙƋ ťƘƱ ǻǷƘƭ
 ƨǽƘƢǱ ǰǾŬǱƘǾǭ ƹƗ ǯǸǭƹƋ ƨǽƘƢǱ ǴǾǪŧ .(ĦǧǷƴƩ)ƴǱƴǁ ǴƢǝƸū ƸǒǱ
 (P<ģ/ģĨ) ĕĔĨ ǯƘǲǾǮǍƗ Ƙƛ ƳƗƴǕƗ Ƿ ƴǽƳƸū ǴƜƽƘƮǭ ƷƗƸŨơ ƷƘƛ Ď
 Design-Expert V.7 ƷƗƺǝƗ‌ǫƸǱ ƹƗ ǠǾǢƮơ ǰǽƗ ƷƳ .ƴǱƴǁ ƿƷƗƺū

 Ƙǵ‌ǳƳƗƳ Ƿ ƴǁ ǳƳƘǞƢƽƗ  Ƙǵ‌ǴǱǸǮǱ ƺǾǩƘǱƋ Ƿ ǼƭƗƸǍ ǻƗƸƛ Excel Ƿ
 ƳƷǸǭ (ANOVA) ƼǱƘǽƷƗǷ ƺǾǩƘǱƋ  ǻƷƘǭƋ ǯǸǭƹƋ ƹƗ  ǳƳƘǞƢƽƗ Ƙƛ

 .ƴǲƢǝƸū ƷƗƸǡ ǨǾǪƮơ Ƿ Ǵǽƺƪơ
ǳƴǁ Ǜƶƭ ǰǽƸƢǱƘǲǝ ǀƪǲƽ

 ǳƳƘǞƢƽƗ  Ƙƛ  ťƘƱ ƷƳ  ǳƴǱƘǭ‌ǼǡƘƛ  ǳƴǲǽȅƋ  ƠǒǪǙ ǰǾǾǖơ  ƷǸǒǲǭ  Ǵƛ
 ǧƴǭ  ŦǾǱǸƽƗƸƢǩǷƗ  ǳƘŬƢƽƳ  ǴǪǾƽǷ  Ǵƛ  Ƿ  ǯǸƢƽƗ  ǧȆƭ  ƹƗ

 Ƿ ǷƸŧƘǭ ƻƘƽƗ Ƹƛ ǼǝƸǆǭ ǻƶǚǭ ƳƗǸǭ ǧǸǪƮǭ ƟƘǾǅǸǆƱ :Č ǧǷƴƩ
(Ħĥ)ǯƋ ǼǽƺƩ ƸǅƘǲǕ Ƿ ƠǲǽƸơǸǱ ǷƸŨǾǭ

(Ħĥ)ǼǝƸǆǭ ǻƶǚǭ ǳƳƘǭ ǧǸǪƮǭ ǼǽƺƩ ƸǅƘǲǕ ƟƘǾǅǸǆƱ :č ǧǷƴƩ

*ƘǶǱƋ ǼǽƘǾǮǾǁ Ƿ ǼƛǷƸŨǾǭ ǻƘǵƴǵƘǁ Ƿ ǼǪǅƗ ǻƘǵ‌ǴǱǸǮǱ ƠǾǖǉǷ :ĎǧǷƴƩ

.ƴǲƢƾǵ (-)ǯƋ ƷǸǊƭ ǫƴǕ Ƿ (+)ƷǸƢŧƘǝ Ŧǽ ƷǸǊƭ Û(-Č) ƘǵƷǸƢŧƘǝ ǨǡƗƴƭ Ƭǎƽ Û (+Č) ƘǵƷǸƢŧƘǝ ƸƦŧƗƴƭ Ƭǎƽ*
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ħĤĨ
دوره پنجم/ شماره چهارم/ زمستان 1391

 B 3550ƿǷƷ  ƻƘƽƗ  Ƹƛ  BANDELIN SONOPLUS
 ƧƗƸƲƢƽƗ  ǨǮǕ  (ĦĦ)(EPA)  Ơƾǽƹ  ǌǾƮǭ  ƠǑƘǞƭ  ƼǱƗţƋ
 ǧƴǭ Ƙƛ ţǸǞǽƸƢǱƘƽ ǳƘŬƢƽƳ Ǵƛ ǨǅƘƭ ǧǸǪƮǭ Ƿ ƠǝƸū ƟƷǸǅ
Ɵƴǭ Ǵƛ ĩģģģ  rpm  ƠǕƸƽ ƷƳ Ƿ ǨǢƢǲǭ  Hettich Universal
  GC ǳƘŬƢƽƳ Ƙƛ ǳƴǱƘǭ‌ǼǡƘƛ ǳƴǲǽȅƋ ƠǒǪǙ .ƠǝƸū ƷƗƸǡ ĤĨ min
 .ƴǁ ǰǾǾǖơ HP5 ǯǸƢƽ Ƿ CHROMPACK  CP9001 ǧƴǭ

 Ĥģģ0C ƷƳ Ĥ min  ǴǾǩǷƗ ǯƘǭƹ :ƟƷǸǅ Ǵƛ GC ǼǽƘǭƳ ǴǭƘǱƸƛ
 ǻƘǭƳ Ƙơ  Ĥģ  0C  /min  ƠǕƸƽ Ƙƛ  Ƿ  ƘǭƳ  ǀǽƗƺǝƗ  Ƙƛ  ƼŚƽǷ
 ǻƘǭƳ Ƿ ĥĨģ 0C ƷǸƢŧŤǱƗ ǻƘǭƳ Ƿ ǯǸƢƽ ǼǽƘǶǱ ǻƘǭƳ ǼǲǖǽĥĨģ 0C
 ǳƘŬǂǽƘǭƹƋ ƷƳ ǀǽƘǭƹƋ ǨƭƗƸǭ ǴǾǪŧ .ƴǽƳƸū ǬǾǒǲơĥĪģ 0CƷǸƢŨơƳ
 ƟƷǸǅ ǯƗƸǶơ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ƠǁƗƴǶƛ ǳƴŨǂǱƗƳ ƟǸǪǽƘř

.ƠƽƗ ǴƢǝƸǽƶř

ƹǷƷ ǀǁ Ƿ ǳƘƪǲř ǳƷǷƳ ǼǍ ƷƳ ħǷĦǷĥǷĤ ǼǪǅƗ ǻƘǵ‌ǴǱǸǮǱ ƷƳ ǼƛǷƸŨǾǭ ƴǁƷ ǼŬǱǸŬš :Ĥ ǨǦǁ

.ƙ          .ǜǩƗ

.Ƴ          .Ƨ

1 1

3 3

2 2

4 4
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ħĤĩ
دوره پنجم/ شماره چهارم/ زمستان 1391

Ƙǵ‌ǴƢǝƘǽ
 ǴǝƘǉƗ  ǋǸǪƲǭ  ƙǷƸŨǾǭ  ƴǁƷ ǼŬǱǸŬš Ĥ ǨǦǁ Ƙƛ  ǠƛƘǎǭ.....
 ƷƘǶš Ƹǵ ƷƳ ƘƜǽƸǢơ .ƴǭƋ ƠƽƳ Ǵƛ ǰǽƸƢǱƘǲǝ Ǵƛ ǳƳǸǩƋ ťƘƱ Ƙƛ ǳƴǁ
 ǬǵƳƷƘǶš Ƙơ  ǬƢǞǵ  ǻƘǵƹǷƷ ƷƳ  ǼƛǷƸŨǾǭ  ƴǁƷ ǰǽƸƢǂǾƛ  ǨǦǁ
 ǨǦǁ  Ƿ  ǴƢǁƗƳ  ǼǩǷƺǱ  ƴǱǷƷ  ǼƛǷƸŨǾǭ  ƠǾǖǮƩ  ƼŚƽ  Ƿ  ǳƳǸƛ
 ƷǸǍ ǯƘǮǵ .ƠƽƗ  ǫƗ  Ĩĩ ƹǷƷ Ƙơ  ǼǮǽȆǭ ǼǂǵƘŧ  ƚǾǁ ǻƗƷƗƳ
 ¡(Ħ ǴǱǸǮǱ) Ƨ Ƿ (Ĥ ǴǱǸǮǱ) ǜǩƗ ǨǦǁ ƷƳ ƳǸǁ Ǽǭ ǴǒƭȆǭ Ǵŧ
 ǻƘǵƹǷƷ ƷƳ ƸǾƱƘơ ǻƗƷƗƳ ÛǴǾǩǷƗ ƠǝƗ Ŧǽ ƹƗ Ƽř ǼƛǷƸŨǾǭ ƴǁƷ
 Ƴ Ƿ (ĥ ǴǱǸǮǱ) ƙ ǨǦǁ ƷƳ Ǵŧ ǼǩƘƭ ƷƳ ƠƽƗ ǬǵƳƷƘǶš Ƙơ ǬƢǞǵ
 ǼƛǷƸŨǾǭ ƴǁƷ ƴǱǷƷ Ƿ ƳƳƸū‌ǼǮǱ ǳƴǵƘǂǭ ƸǾƱƘơ ǰǽƗ (ħ ǴǱǸǮǱ)

 ǻƘǵƹǷƷ ǰǾƛ Ƿ ƠƽƗ ǴƛƘǂǭ ƘƜǽƸǢơ ǴǱǸǮǱ ƷƘǶš Ƹǵ ǻƘǵƴǵƘǁ ƷƳ
 ƷƗƴǢǭ ĥ ǨǦǁ .ƴǱƗ‌ǳƳǸƛ ƴǁƷ ƸƦŧƗƴƭ ǻƗƷƗƳ ǬǵƳƷƘǶš Ƙơ ǬƢǞǵ
 ƷǸƢǦơƳ Ƙƛ ǼǝƗƸūǸơƘǭǷƸŧ ƹƘū ƿǷƷ Ǵƛ Ǵŧ ǻƗ‌ǳƴǱƘǭ‌ǼǡƘƛ ǰǽƸƢǱƘǲǝ
 ƧƗƸƲƢƽƗ ƹƗ Ƽř ǼƢƾǽƹ ƫȆǅƗ ƹǷƷ Ĩĩd ǯƘǽƘř ƹƗ Ƽř FID
 ǳƴǱƘǭ‌ǼǡƘƛ ƠǒǪǙ ǰǽƸƢǮŧ .ƴǵƳ‌Ǽǭ ǯƘǂǱ ƗƷ ťƘƱ ǻƘǵ‌ǴǱǸǮǱ ƹƗ
 ƸƛƗƸƛ  ƚǾơƸơ Ǵƛ  ĦǷħǷĤ ǻƘǵ‌ǴǱǸǮǱ ƼŚƽ ĥ ǴǱǸǮǱ ƷƳ ǰǽƸƢǱƘǲǝ
 ǰǽƗ Ǵƛ .ƴǭƋ ƠƽƳ Ǵƛ ĥĨĩ/Ī mg/L Ƿ ĥĨĥ/Ĭ ¡ĤħĪ/ĩ ¡Ĥĥħ/ĦƘƛ
 ĕĪģ/ħĪ ƚǾơƸơ Ǵƛ ħǷĦǷĥǷĤ ǻƘǵ‌ǴǱǸǮǱ ƷƳ Ǜƶƭ ǯƗƺǾǭ ƚǾơƸơ
 Ƹǵ  ǼǽƘǾǮǾǁ  ǻƘǵƴǵƘǁ  .ƳǸƛ  ĕħĬ/ħĤ  Ƿ  ĕħī/ĩĨ  ÛĕĪĨ/Ĥħ  ¡

ǬƢǂǵ ǴƢǞǵ ǯƘǽƘř ƷƳ ǯƋ ǼǽƘǾǮǾǁ ǻƘǵ‌ƴǵƘǁ Ƿ ǼǪǅƗ ǻƘǵ‌ǴǱǸǮǱ ƷƳ ťƘƱ ƷƳ ǳƴǱƘǭ‌ǼǡƘƛ ǰǽƸƢǱƘǲǝ ƷƗƴǢǭ ǴƾǽƘǢǭ :ĥǨǦǁ

ƘǶǱƋ ǨƱƗƴơ Ƿ ǻƷǸǁ Ƿ ǻƶǚǭ ƳƗǸǭ ƸǾǚƢǭ ǷƳ ǨǭƘŧ ǨǽƷǸƢŧƘǝ ǧƴǭ ǻƗƸƛ  ANOVA ǧǷƴƩ  :ħǧǷƴƩ
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ħĤĪ
دوره پنجم/ شماره چهارم/ زمستان 1391

 ǨǦǁ ǰǾǮǵ ƷƳ ǰǽƸƢǱƘǲǝ ťƴǱƗ ƷƘǾƾƛ Ǜƶƭ ƷƗƴǢǭ Ƙƛ ƺǾǱ ǴǱǸǮǱ
 ƺǾǩƘǱƋ ǻƷƘǭƋ ǯǸǭƹƋ ƹƗ ǨǅƘƭ ƨǽƘƢǱ ƻƘƽƗƸƛ .ƠƽƗ ǳƴǁ ǬǾƽƸơ
 ǰǽƗ ǻƗƸƛ ǼƛƘƲƢǱƗ (Linear)ǼǎƱ ǧƴǭ ÛANOVA ø ƼǱƘǽƷƗǷ
 (Significant) ǧǸƜǡ ǨƛƘǡ   P<ģ/ģĨ Ƿ ƷƗƸŨơ ƷƘƛ Ǵƽ Ƙƛ ǀǽƘǭƹƋ
 ƨǽƘƢǱ .ƳǸǮǱ ƟǷƘǊǡ Ƙǵ‌ǴƢǝƘǽ Ƹƛ ǼƢƽƷƳ Ǵƛ ǯƗǸơ‌Ǽǭ ǰǽƗƸƛƘǲƛ ǳƳǸƛ
 ǰǽƸơ‌ǬǶǭ ĥħ/Ĭ ¡F-Value Ƙƛ ƗƷ ǻƶǚǭ ƳƗǸǭ ƷǸƢŧƘǝ ÛǯǸǭƹƋ ǰǽƗ
 ǻƶǚǭ ƳƗǸǭ Ƿ ǻƷǸǁ ǻƘǵƸǾǚƢǭ ƟƗƸƥƗ Ħ ǨǦǁ .ƳƗƳ ǯƘǂǱ ƸǾǚƢǭ
 ƹƗ  ǨǅƘƭ  ǻƘǎƱ .ƴǵƳ‌Ǽǭ  ǯƘǂǱ  ƗƷ  ƸŬǽƴŨǽ  Ƙƛ  ƘǶǱƋ  ǨƱƗƴơ  Ƿ

 .ƴǽƳƸū ǴƜƽƘƮǭ ƘǶǱƋ ƷƗƸŨơ Ƙƛ ƟƘǂǽƘǭƹƋ

 ƤƮƛ
 ǔƜǲǭ  ǯƗǸǲǕ  Ǵƛ  PAHs  ǛƸǆǭ  ǻƗƸƛ  Ƙǵ‌ƙǷƸŨǾǭ  ǼǽƘǱƗǸơ.....
 ǼǎǾƮǭ ǌǽƗƸǁ ǧƸƢǲŧ ƘǭƗ ÜƠƽƗ ǳƴǁ ƟƘƜƥƗ ǻţƸǱƗ Ƙǽ Ƿ ǼǲƛƸŧ
 ǬǶǭ  ƷƘǾƾƛ  ťƘƱ  Ǵƛ  ƙƘǾǮŧ  ƸǅƘǲǕ  Ƙǽ  ǻƶǚǭ  ƳƗǸǭ  ǯƳǷƺǝƗ  Ƿ
 ƷƳ ǼƛǷƸŨǾǭ ƴǁƷ ƴǱǷƷ Ǵŧ ƳƗƳ ǯƘǂǱ ǠǾǢƮơ ǰǽƗ  ƨǽƘƢǱ  .ƠƽƗ
 ƠƜƾǱ ǻƸƢǂǾƛ ǀǽƗƺǝƗ (ĥ ǷĤ ǴǱǸǮǱ)ƸƦŧƗƴƭ ǻƶǚǭ ƳƗǸǭ ǴǱǸǮǱ
 ǯƗƺǾǭ Ǵŧ ǻƷǸǍ Ǵƛ ǴƢǁƗƳ ǨǡƗƴƭ ǻƶǚǭ ƳƗǸǭ Ƙƛ  ǻƘǵ‌ǴǱǸǮǱ Ǵƛ
 ǻƘǵ‌ǴǱǸǮǱ  ƷƳ  ƸǞǅ ƹǷƷ  Ǵƛ  ƠƜƾǱ  ǼǽƘǽƸƢŧƘƛ  ƠǾǖǮƩ ǀǽƗƺǝƗ
 Ǵƛ  ǴƩǸơ  Ƙƛ  ƘǭƗ  .ƠƽƗ  ǳƳǸƛ  ħ  Ƿ Ħ ǻƘǵ‌ǴǱǸǮǱ  ƹƗ  ƸƢǂǾƛ  ĥ  Ƿ Ĥ
 ƷƳ  ǼǽƘǽƸƢŧƘƛ  ƴǁƷ ƷƳ  ƸǾƱƘơ  Ħ  Ƿ  Ĥ  ǴǱǸǮǱ  ƷƳ  ǻƷǸǁ ƷǸǊƭ
 ƘǶǱƋ  ǼƛǷƸŨǾǭ  ƴǁƷ  ƷƗƳǸǮǱ  ƷƳ  ǬǵƳƷƘǶš  Ƙơ  ǬƢǞǵ  ǻƘǵƹǷƷ
 ǼǲƜǭ  (ĥģģī)  Chaudhry  ƸǒǱ  Ǵƛ  ǴƩǸơ  Ƙƛ  ÜƳǸǁ‌Ǽǭ  ǳƴǵƘǂǭ
 ǧƘǮƢƭƗ  ǻƷǸǁ  ǀǽƗƺǝƗ  ǧƘƜǱƳ  Ǵƛ  ǰǽƸƢǱƘǲǝ  ƠǾǩȆƭ  ǀǵƘŧ  Ƹƛ

 ǰǽƸƢǱƘǲǝ ǳƴǱƘǭ‌ǼǡƘƛ ƠǒǪǙ y ƷǸƮǭ Ƿ ǻƷǸǁ(ƙ) Ûǻƶǚǭ ƳƗǸǭ(ǜǩƗ) ƸǾǚƢǭ ƠǒǪǙ x ƷǸƮǭ .ǨǭƘŧ ǨǽƷǸƢŧƘǝ ǻƷƘǭƋ ƺǾǩƘǱƋ ƻƘƽƗ Ƹƛ ƘǵƸǾǚƢǭ ƟƗƸƥƗ :Ħ ǨǦǁ
 ƸǾǚƢǭ ǷƳ Ƹǵ ƫǸǎƽ ǻƴǖƛ Ǵƽ ǀǽƘǮǱ(Ƨ) ÛǫƗ Ĩĩ ƹǷƷ ǯƘǽƘř ƷƳ ƸƦŧƗƴƭ Ƿ ǨǡƗƴƭ Ƭǎƽ ƷƳ Ƙǵ‌ǴǱǸǮǱ ƷƳ ťƘƱ ƹƗ ǳƴǁ Ǜƶƭ

-1.00 0.050 0.00 0.50 1.00
180

235

290

345

400
Warning Factor involved in an interaction

A: Nu

One Factor

-1.00 0.050 0.00 0.50 1.00
180

235

290

345

400
Warning Factor involved in an interaction

B: Sal

One Factor

R
em

ov
ed

 P
he

.

R
em

ov
ed

 P
he

.

.ƙ            .ǜǩƗ

A: Nu             .ƧB: Sal

R
em

ov
ed

 P
he

.

 [
 D

ow
nl

oa
de

d 
fr

om
 jo

ur
na

ls
.tu

m
s.

ac
.ir

 o
n 

20
26

-0
4-

03
 ]

 

                             7 / 12

https://journals.tums.ac.ir/ijhe/article-1-2-en.html


ħĤī
دوره پنجم/ شماره چهارم/ زمستان 1391

 ǀǵƘŧ Ƙƛ ǌƜơƸǭ ƺǾǱ ǴǖǩƘǎǭ ǰǽƗ ƷƳ ǼƛǷƸŨǾǭ ƴǁƷ ǀǵƘŧ ƳƷƗƳ
 Ǩŧ  ƴǵƘǁ  ƷƗƳǸǮǱ  ǧƘƭ  ǯƘǮǵ  ƷƳ  .(ĩ)ƴǁƘƛ  ǰǽƸƢǱƘǲǝ  ƠǾǩȆƭ
 ǴƢǁƗƳ  ƳǸƱ  ǼǪǅƗ  ǴǱǸǮǱ  Ǵƛ  ƠƜƾǱ  ǻƸƢǮŧ  ƴǁƷ  ƺǾǱ  Ƙǵ‌ǴǱǸǮǱ
 ƠǒǪǙ  Ǵƛ  Ƙǵ‌ǬƾǾǱƘūƷƗǷƸŨǾǭ  ǼƽƸƢƽƳ  ǫƴǕ  ǯƋ  ǨǾǩƳ  Ǵŧ  ƠƽƗ
 ǔƜǲǭ ǯƗǸǲǕ Ǵƛ) ǰǽƸƢǱƘǲǝ ƷǸǊƭ ǫƴǕ ƠǶƩ Ǵƛ ǰƛƸŧ ƹƗ ǼƜƽƘǲǭ
 Ƙƛ  ǴƾǽƘǢǭ  ƷƳ  ƴǵƘǁ ǴǱǸǮǱ  ƷƳ  (ǧǸǪƮǭ  ƷƳ  ƳǸƩǸǭ  ǴǲƛƸŧ  ǼǲǙ
 ƴƽƷ‌Ǽǭ ƸǒǱ Ǵƛ ǼƛǷƸŨǾǭ ƴǁƷ ǀǵƘŧ ǴƪǾƢǱ ƷƳ Ƿ ǼǪǅƗ ǴǱǸǮǱ
 ƳƗǸǭ  ƷǸƢŧƘǝ  ǷƳ  ƹƗ  ƸƥƘƢǭ  ǰǽƸƢǱƘǲǝ  Ǜƶƭ  ÛǴǭƗƳƗ  ƷƳ  .(ĦĪǷĦĩ)

.ƳƳƸū‌Ǽǭ ǼƽƷƸƛ Ƿ ƤƮƛ ƘǶǱƋ ǨƱƗƴơ Ƿ ǻƷǸǁ Ƿ ǻƶǚǭ
 ƹƗ  ƴǵƳ‌Ǽǭ  ǯƘǂǱ  ĕĬĨ  ǯƘǲǾǮǍƗ  ƴǅƷƳ  Ƙƛ  ƼǱƘǽƷƗǷ  ƺǾǩƘǱƋ  ƨǽƘƢǱ
 ǻƗƷƗƳ ǻƶǚǭ ƳƗǸǭ ǌǢǝ ÛƘǶǱƋ ǨƱƗƴơ Ƿ ǨǢƢƾǭ ǻƘǵƸǾǚƢǭ ǯƘǾǭ
 ǻƷǸǁ Ǵŧ ǼǩƘƭ ƷƳ ǳƳǸƛ ģ/ģģĤĤ ƸƛƗƸƛ (P<ģ/ģĨ) ǬǶǭ ƟƗƸƥƗ
    ƴǱƳǸƜǱ  ǼǮǶǭ  ƸƥƗ  ǻƗƷƗƳ  ƸŬǽƴŨǽ  Ƙƛ  ƷǸƢŧƘǝ  ǷƳ  Ƹǵ  ǨƱƗƴơ  Ƿ
 ǯƗƺǾǭ Ƹƛ ƠƜƦǭ ƸƥƗ ǻƶǚǭ ƳƗǸǭ ƷǸƢŧƘǝ ƚǾơƸơ ǰǽƗ Ǵƛ .(P>0/ģĨ)
 ǰǽƗ ǼǩǷ ƳƷƗƳ ǼǞǲǭ ƸƥƗ ǻƷǸǁ ƷǸƢŧƘǝ ƘǭƗ ǴƢǁƗƳ ǰǽƸƢǱƘǲǝ Ǜƶƭ
 Ǵƛ ǴƩǸơ Ƙƛ Ƿ ǳƳǸƛ ŦšǸŧ ƷƘǾƾƛ ƠǲǽƸơǸǱ ƸƥƗ Ƙƛ ǴƾǽƘǢǭ ƷƳ ƸƥƗ
 Ǭŧ ƷƘǾƾƛ ƚǾǁ ǻƗƷƗƳ (ǼǢǝƗ ƷǸƮǭ) ǻƷǸǁ ƸƥƗ ƙ ø Ħ ǨǦǁ
 ǰǽƗ ǼǩǷ ǳƳǸƛ ƸƦŧƗƴƭ Ƭǎƽ ƠǮƽ Ǵƛ ǨǡƗƴƭ ǼƢǒǪǙ Ƭǎƽ ƹƗ
 ǻƸƢǂǾƛ ǴƩƷƳ ǻƗƷƗƳ (ǜǩƗ -Ħ)ǻƶǚǭ ƳƗǸǭ ƸƥƗ ƷƗƳǸǮǱ ƷƳ ƚǾǁ
 ƸơȅƘƛ ƠǒǪǙ Ƙƛ ǻƶǚǭ ƳƗǸǭ Ƿ ƸƢǮŧ ǻƷǸǁ Ǵŧ Ǽǲǖǭ ǰǽƗ Ǵƛ .ƠƽƗ
 ƨǽƘƢǱ Ǵƛ ǴƩǸơ Ƙƛ .ƴǱƷƗƳ ǰǽƸƢǱƘǲǝ Ǜƶƭ ǯƘǭƴǱƗƷ Ƹƛ ǻƸƢǂǾƛ ƸǾƥƘơ
 Ǜƶƭ ƷƗƴǢǭ ǰǽƸƢǂǾƛ ÛƧ ø Ħ ǨǦǁ Ƿ Ǜƶƭ ǯƘǭƴǱƗƷ ƹƗ ǨǅƘƭ
 .ƠƽƗ  ǨǡƗƴƭ  ǻƷǸǁ  Ƿ  ƸƦŧƗƴƭ  ƠǲǽƸơǸǱ  ǴǎǢǱ  ƷƳ  ǰǽƸƢǱƘǲǝ
 ƷƳ ǻƶǚǭ ƳƗǸǭ ǴƛƘǂǭ ǻƘǵ‌ƠǒǪǙ Ƙƛ ǻƘǵ‌ǴǱǸǮǱ ǴƾǽƘǢǭ ǰǾǲš‌Ǭǵ
 ǴƛƘǂǭ ǻƘǵ‌ƠǒǪǙ Ƙƛ ǻƘǵ‌ǴǱǸǮǱ Ƿ (ĥ Ƙƛ Ĥ ǴǱǸǮǱ) ƸƦŧƗƴƭ Ƭǎƽ
 Ǵŧ ƴǵƳ‌Ǽǭ ǯƘǂǱ (ħ Ƙƛ Ħ ǴǱǸǮǱ) ǨǡƗƴƭ Ƭǎƽ ƷƳ ǻƶǚǭ ƳƗǸǭ
 ƟǷƘǞơ ǻƶǚǭ ƳƗǸǭ ƸǒǱ ƹƗ  ǴƛƘǂǭ ǴǱǸǮǱ ǷƳ ǰǾƛ Ǜƶƭ ƴǅƷƳ
 ƷƳ ƸǾƱƘơ ƚƩǸǭ ƘǶǲơ ĕĥ ƠǒǪǙ ƷƳ ǻƷǸǁ Ƿ ǴƢǁƗƴǱ ǼǱƗƴǲš
 Ǵǽƺƪơ Ƿ ǯƴǁ ǼǱƴǖǭ ǯƗƺǾǭ ƷƳ ǻƸǾƥƘơ Ƿ ǳƴǽƳƸū ǼƛǷƸŨǾǭ ƴǁƷ
 (ĥģģĩ)Betancur-Galvis .ƠƽƗ ǴƢǁƗƴǱ ǰǽƸƢǱƘǲǝ ǰƛƸŧǷƷƴǾǵ
 ǯƗƷƘǦǮǵ  Ƿ  ǨǾǭ  ǠǾǢƮơ  ƷƳ  Ǵǥ  ƴǱƳƸǥ  ǫȆǕƗ  ƳǸƱ  ǴǩƘǢǭ  ƷƳ
 (W/V) ƠǒǪǙ ƷƳ ƗƷ ǻƷǸǁ Ǽūƴǲǲŧ‌ƠǖǱƘǮǭ ƸƥƗ ƺǾǱ (ĥģģĩ)
 ƴƭ ƹƗ ǀǾƛ ǻƷǸǁ ǰǾǲš‌Ǭǵ .(Ħī)ƴǲŧ‌Ǽǭ ǯƘǾƛ NaCl ƹƗ ĕĥ/ħ
 ƴǁƷ ƴǲǽƗƸǝ ƷƳ (Lag phase)ǻƸǾƱƘơ ƹƘǝ ǀǽƗƺǝƗ ƚƩǸǭ ǴǲǾǶƛ
 ƴǁƷ ǯƗƺǾǭ  ǀǵƘŧ Ǵƛ  ǨǽƘǮơ  ǬƾǾǱƘūƷƗǷƸŨǾǭ  Ƿ ǳƴǁ ǼƛǷƸŨǾǭ

 Børresen  ǌƽǸơ  Ǵŧ  ǻƗ‌ǴǖǩƘǎǭ  .(Ĥħ)ƳƷƗƳ  ƼǭǸǾƛ  ƠƱƘƽ Ƿ
 ǻȅƘƛ  ǻƘǵ‌ƠǒǪǙ  ƳƗƳ  ǯƘǂǱ  ƴǁ  ǫƘƪǱƗ  (ĥģģĪ)ǯƗƷƘŨǮǵ  Ƿ
ĥģģ NH4-N/ Ƿ ĪĤ mmol Na+/Kg soil) ƠǲǽƸơǸǱ ø ŦǮǱ
 Ƿ NH4

+ ǯƳǷƺǝƗ Ƙƛ ťƘƱ ǻƷǸǁ ǀǽƗƺǝƗ ǠǽƸǍ ƹƗ (Kg soil
 ƸƥƗ  ƘǭƗ  ǳƳƗƳ ǀǽƗƺǝƗ  ƗƷ Ƙǵ‌ǬƾǾǱƘūƷƗǷƸŨǾǭ ǻƷƘūƹƘƽ ǯƘǭƹ Na+

 Ǵƛ  ǯƴǾƽƷ  Ƙơ  ǨǭƘŧ  Ǵǽƺƪơ)  ǯƴǁ‌ǼǱƴǖǭ  ǻǷƷ  Ǽūƴǲǲŧ‌ƠǖǱƘǮǭ
 )ƠƽƗ ǴƢǁƗƴǱ Ƙǵ‌ǀǽƘǭƹƋ ǯƘǽƘř ƷƳ ǯƘŧƳƗƺŬǵ Ǩŧ (ƙƋ Ƿ CO2

.ƠƽƗ ǴǖǩƘǎǭ ǰǽƗ ǴƪǾƢǱ Ƹƛ ǻƴǾǽƘơ Ǵŧ (ĦĬ
 ƠǞǱ  ǼŨǽţǸǩǸǾƛ  Ǵǽƺƪơ  ǼǱƗƴǾǭ  Ƿ  ǼǵƘŬǂǽƘǭƹƋ  ƟƘǖǩƘǎǭ
 ƠǕƸƽ  ǀǽƗƺǝƗ  ƚƩǸǭ  ǼǝƘǉƗ  ǻƶǚǭ  ƳƗǸǭ  Ǵŧ  ƴǱƗ‌ǳƳƗƳ  ǯƘǂǱ
 ǻƶǚǭ  ƳƗǸǭ  ǧƸƢǲŧ  ǯǷƴƛ  ǌǽƗƸǁ  Ǵƛ  ƠƜƾǱ  ǼŨǽţǸǩǸǾƛ  Ǵǽƺƪơ
 ƸǾƥƘơ Ƹƛ Ǵŧ ǼǢǾǢƮơ ƷƳ (ĥģģĪ)ǯƗƷƘŨǮǵ Ƿ Lee .(ħģ)ƴǱƗ‌ǳƴǁ
 ǼŨǾƢǲǾŧǷƸƢŨǩƗ ǀǽƗƺǝƗ Ƹƛ ƟƗƸƢǾǱ Ƿ (TEP) ƟƘǞƾǝ ǨǾơƗ ǻƸơ
 ǻƸǽƶř  ƵǸǞǱ  ƠǾǪƛƘǡ  Ƙƛ  ǻƘǵ‌ťƘƱ  ƷƳ  ǧƺǽƳ  ǼŨǽţǸǩǸǾƛ  Ǵǽƺƪơ
 ǫƘƪǱƗ  Ƭǎƽ  ħ  ƷƳ  ƗƷ  ǼƢƾǽƹ  ƫȆǅƗ  ƴǲǽƗƸǝ ÛƴǱƳƗƳ  ǫƘƪǱƗ  Ǭŧ
 ƨǽƘƢǱ .ƴǲƢǝƸū ƸǒǱ ƷƳ P Ƿ N ǯǷƴƛ ƺǾǱ ǧƸƢǲŧ ǳǷƸū Ŧǽ Ƿ ǳƳƗƳ
 ƫȆǅƗ ƴǲǽƗƸǝ ƷƳ Ǵŧ ƴǲŧ‌Ǽǭ ǨǮǕ ƸƢǶƛ ǼǱƘǭƹ ƸǞƾǝ ƳƗƳ ǯƘǂǱ
 .(ħĤ)ƴǁƘƛ NO3

- ǨƦǭ ǳƴǱƸǾū‌ǯǷƸƢŨǩƗ Ŧǽ ƷǸǊƭ ƷƳ ÛǼƢƾǽƹ
 ǫƘƪǱƗ (ĥģģĩ) Alvarez Ƿ Betancur ǌƽǸơ Ǵŧ ǻƗ‌ǴǖǩƘǎǭ ƷƳ
 Ǵƛ ǳƳǸǩƋ ťƘƱ ǻƘǵ‌ǬƾǾǱƘūƷƗǷƸŨǾǭ ǼƛǷƸŨǾǭ ŦǽƸƮơ ƸǾƥƘơ ƴǁ
  biosoil ǻƘǵ‌ǳƴǲǲŧƷǷƷƘƛ ǌƽǸơ ǯƸǾřƋǷƺǲƛ Ƿ ǰƽƗƸƢǱƋ ÛǰǽƸƢǱƘǲǝ
 Ǵƛ P Ƿ NH4

+ Ƿ NO3
- ƟƷǸǅ Ǵƛ N ǻǷƘƭ ǼǱƴǖǭ ǳƴǲǲŧƷǷƷƘƛ Ƿ

 ǼƽƷƸƛ ĤĤĥ d Ɵƴǭ ƷƳ Ƿ ƴǱƴǁ ǴǝƘǉƗ ťƘƱ Ǵƛ  PO4
-3ƟƷǸǅ

 Ƿ ǼǱƴǖǭ ǻƘǵ ǳƴǲǲŧƷǷƷƘƛ ƳƸƛƷƘŧ ƳƗƳ ǯƘǂǱ ǯƘǱƋ ƨǽƘƢǱ  Ǵŧ ƴǁ
 Ǵƛ  ǳƴǁ ǴǖǩƘǎǭ ƳƷǸǭ PAHs  Ǵǽƺƪơ ǀǽƗƺǝƗ  ƚƩǸǭ biosoil
 Ƙƛ ǳƴǁ ƫȆǅƗ ťƘƱ ƹƗ ǳƴǁ Ǜƶƭ ǰǽƸƢǱƘǲǝ ƠǒǪǙ Ǵŧ ǻƷǸǍ
 ƠƜƾǱ ǰǽƗ .(Ħī)ƠƽƗ ǴƢǁƗƳ ǀǽƗƺǝƗ ƸƛƗƸƛ Ĥ/Ī ǯƗƺǾǭ Ǵƛ Pو N
 ƹƗ ǼǲǙ ǧǸǪƮǭ ƷƳ ƸǉƘƭ ǴǖǩƘǎǭ ƷƳ ǰǽƸƢǱƘǲǝ Ǵǽƺƪơ ǀǽƗƺǝƗ ƷƳ
 ǧǸǪƮǭ ƸƛƗƸƛ Ĥ/Ĩ ƹƗ ǀǾƛ (ǼǱƴǖǭ ǻƘǵ‌ǳƴǲǲŧƷǷƷƘƛ) ǻƶǚǭ ƳƗǸǭ
 ǴǖǩƘǎǭ ǯƘǭƹ Ɵƴǭ Ĥ/ĥ) Ĩĩ d Ɵƴǭ ƷƳ ǻƶǚǭ ƳƗǸǭ ƸǒǱ ƹƗ ƸǾǢǝ
 ǼǩǸƜǡ  ǨƛƘǡ  ǴƪǾƢǱ  Ǵŧ  ƳǸƛ  ((ĥģģĩ)  Alvarez  Ƿ  Betancur
 ǼƽƷƸƛ ǻƗƸƛ ƺǾǱ (ĥģģĦ) Loh Ƿ  KwokǴŧ ǻƗ‌ǴǖǩƘǎǭƷƳ .ƠƽƗ
 ĩ ǻǷƷ Ƹƛ  ƗƴǾơǸř  ƻƘǱǸǭǷƳǸƽ ǌƽǸơ ǰǽƸƢǱƘǲǝ  ǼƢƾǽƹ Ǵǽƺƪơ
 ƴǁ ǄƲǂǭ ƴǱƳƗƳ ǫƘƪǱƗ ƷǸřƘŬǲƽ ǜǪƢƲǭ ǠǍƘǲǭ ťƘƱ ƹƗ ǓǸǱ
 ƷƳ .ƠƽƗ ǼƢƾǽƹ ǻƘǵ‌ǀǲŧƗǷ ƷƳ ǳƴǲǲŧƳǷƴƮǭ ǨǭƘǕ Ŧǽ ƸǞƾǝ
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ħĤĬ
دوره پنجم/ شماره چهارم/ زمستان 1391

 ƹƗ Ƿ ǯţǷƸƢǾǱ ƠǲǽƸơǸǱ ǯƗǸǲǕ Ǵƛ ǫǸǾǱǸǭƋ ƟƗƸƢǾǱ ƹƗ ǠǾǢƮơ ǰǽƗ
 ƠǲǽƸơǸǱ ǯƗǸǲǕ Ǵƛ (ǨǾǲǝ Ǭǽƴƽ ƟƘǞƾǝ ŦǮǱ) PP Ƿ KH2PO4

 ǀǽƗƺǝƗ ƚƩǸǭ KH2PO4 ƠǒǪǙ ƷƳ ǀǽƗƺǝƗ .ƴǁ ǳƳƘǞƢƽƗ ƸǞƾǝ
 PP ǼǩƋ ƸǞƾǝ Ƿ ƴǁ Ƙǵ‌ǴǱǸǮǱ Ǩŧ ƷƳ ǰǽƸƢǱƘǲǝ ǼƢƾǽƹ Ǵǽƺƪơ ƷƳ
 .(ĥĥ)ƳƗƳ ǯƘǂǱ KH2PO4 ǼǱƴǖǭ ƸǞƾǝ ƹƗ ǻƸơȅƘƛ ƙƶƩ ǼǽƘǱƗǸơ
 ƷǸǒǲǭ Ǵƛ (ĥģģĨ) Franca Ƿ Olivera ǌƽǸơ ǻƸŬǽƳ ǴǖǩƘǎǭ
 Ƿ ǻƶǚǭ ƳƗǸǭ ǯƳǷƺǝƗ ÛťƘƱ ǴǾǩǷƗ pH ƸǾǚƢǭ Ǵƽ ƟƗƸƥƗ ǰǾǮƲơ
 ƠǞǱ ǼƢƾǽƹ Ǵǽƺƪơ ǻǷƷ Ƹƛ ǼǽƘǽƸƢŧƘƛ ǋǸǪƲǭ ǼƛǷƸŨǾǭ ƬǾǢǪơ
 ǨǽƷǸƢŧƘǝ ǻƷƘǭƋ ƿǷƷ Ǵƛ ťƘƱ ǼƢƾǽƹ ƫȆǅƗ ǠǽƸǍ ƹƗ  ǫƘƱ
 .ƠǝƸū ƷƗƸǡ  ǻƹƘƽ‌ǴǲǾǶƛ  ƼŚƽ Ƿ ǻƸū‌ǧƘƛƸǙ ƳƷǸǭ (ĥĦ)  ǨǭƘŧ
 Ƿ ǳƳǸƛ ƠǾǮǵƗ ǻƗƷƗƳ ǻƶǚǭ ƳƗǸǭ ƸǾǚƢǭ ǻƸū‌ǧƘƛƸǙ ǴǪƭƸǭ ƷƳ
 ǫǷƳ  ǴǪƭƸǭ  ƷƳ  ƟƘǂǽƘǭƹƋ  C:N  ǜǪƢƲǭ  ǻƘǵ‌ƠƜƾǱ  ƸǾǾǚơ  Ƙƛ
 ǀǽƗƺǝƗ ƹƗ ǯƘǂǱ ƨǽƘƢǱ .ƠǝƘǽ ǴǭƗƳƗ ǴǲǾǶƛ ǌǽƗƸǁ Ǵƛ ǯƴǾƽƷ ǻƗƸƛ
 Ǩŧ ǛƸǆǭ ÛĕĩĨ Ƙơ ĕĥħ ƹƗ ƠǞǱ ǰǾŬǲƽ ǀƲƛ ǼƢƾǽƹ Ǵǽƺƪơ
 ƠǒǪǙ  ƷƳ  ǼǩǸƜǡ  ǨƛƘǡ  ǀǵƘŧ  Ƿ  ƴǽƳƸū  ǨǅƘƭ  ÛƘǵ‌ǰǾǝƗƷƘř-n
 ƳƘƪǽƗ  ťƘƱ  ƷƳ  ǻƗ‌ǴǢǪƭ  ƴǲš  ŦǾơƘǭǷƷƋ  ǻƘǵ‌ǰƛƸǥǷƷƴǾǵ  Ǩŧ
 ǳƳƘǞƢƽƗ Ǵŧ ƴǱƳƗƳ ǯƘǂǱ ƺǾǱ (ĥģģĬ) ǯƗƷƘŨǮǵ Ƿ Silva .(ħĥ)ƴǁ
 Ƙƛ  ǳƗƸǮǵ  (N:P  ƠƜƾǱ  ƹƗ  ĥĨ:ĥĨ)  ƸƛƗƸƛ  ǯƗƺǾǭ  Ǵƛ  P Ƿ  N  ƹƗ
 ƴǲǽƗƸǝ  ǻƹƘƽ  ǴǲǾǶƛ  ƷƳ  Ħģ  d  ǯƘǭƹ  ǼǍ  ƷƳ  Ƙǵ‌ƠǱƘƢŧƘǝƷǸƽǸǾƛ
 ǫƘƱ ƠǞǱ Ƙƛ  ǳƴǁ ǳƳǸǩƋ  ǻƗ‌ǴƽƘǭ ǼǪƭƘƽ ťƘƱ ǼƢƾǽƹ ƫȆǅƗ
 ƻƘƽƗ Ƹƛ Ƿ biostimulation  ǠǽƸǍ ƹƗ  Ĥħ g/ Kg ǯƗƺǾǭ Ǵƛ
 ǼŨǽţǸǩǸǾƛ Ǵǽƺƪơ Ǵƛ Ƹƪǲǭ  ĕĦģ ƳǷƴƭ ÛǀǽƘǭƹƋ ǼƭƗƸǍ ƴǲǽƗƸǝ

.(ħĦ)ƴǁ ƠǞǱ ǰǾŬǲƽ ǀƲƛ
 N:P = 140: 180ƸƦŧƗƴƭ ǻƶǚǭ ƳƗǸǭ ƠǒǪǙ ƷƳ ƸǉƘƭ ǠǾǢƮơ
 ƹƗ ǨǅƘƭ ƨǽƘƢǱ .ƠƽƗ ǳƳǸƛ ǳƴǲǽȅƋ ƸƢǂǾƛ Ǜƶƭ ƴǅƷƳ ǻƗƷƗƳ
 ǻƶǚǭ ƳƗǸǭ ǨǡƗƴƭ Ƿ ƸƦŧƗƴƭ ƠǒǪǙ ǷƳ ƷƳ Ƙǵ‌ƠƜƾǱ ǴƜƽƘƮǭ
 ĥ ǻƘǵ‌ǴǱǸǮǱ) ƠƽƗ ƸǞǅ ƘǶǱƋ ǻƷǸǁ ƠǒǪǙ Ǵŧ ǻƗ ǴǱǸǮǱ ǷƳ ƷƳ
 (Ĩģģ mg/Kg  soil ƸƛƗƸƛ) ƠƛƘƥ ǰƛƸŧ ƷƗƴǢǭ ƙƘƾƢƭƗ Ƿ (ħ Ƿ
 ÛƸƦŧƗƴƭ ǻƶǚǭ  ƳƗǸǭ  ǧǸǪƮǭ ƷƳ  ƳƗƳ  ǯƘǂǱ  ÛǧǸǪƮǭ ǷƳ  Ƹǵ ƷƳ
 ƸƛƗƸƛ  Ħīģģ Ƿ Ĩĩģ ƳǷƴƭ ƚǾơƸơ  Ǵƛ  ƸǞƾǝ Ƿ ǯţǷƸƢǾǱ  ƠǒǪǙ
 ƚǾơƸơ ǰǽƗ Ǵƛ .ƠƽƗ ǳƳǸƛ ǨǡƗƴƭ ǻƶǚǭ ƳƗǸǭ ǧǸǪƮǭ ƹƗ ƸƢǂǾƛ
 ƳƗǸǭ  ƹƗ  ǼǲǙ  ǧǸǪƮǭ  ƷƳ  ƸǞƾǝ  Ƿ  ǯţǷƸƢǾǱ  ƸƢǂǾƛ  ƷǸǊƭ ƸǾƥƘơ
 ƠƾŨǁ ƹƗ ǨǅƘƭ ƸƢǂǾƛ ǯƘǭƴǱƗƷ Ǵŧ ǻƷǸǍ Ûǳƴǁ ƴǾǽƘơ ǻƶǚǭ
 ,ĥĥ)ƠƾǱƋ ƴǽǸǭ ƺǾǱ ǳƳǸǩƋ ťƘƱ ƷƳ ǰǽƸƢǱƘǲǝ ǻƗ‌ǴǢǪƭ Ǵƽ ǳƴǲǽȅƋ

.(ħĤǷĦī

ǻƸǾū‌ǴƪǾƢǱ
 ƳƗǸǭ  ƠǞū  ǯƗǸơ‌Ǽǭ  ǠǾǢƮơ  ǰǽƗ  ƹƗ  ǨǅƘƭ  ƨǽƘƢǱ  ƻƘƽƗ  Ƹƛ.....
 ƚƩǸǭ  ƗƷ  ǰǽƸƢǱƘǲǝ  ǼƢǞǱ  ǳƴǲǽȅƋ  ƸƢǂǾƛ  Ǵǽƺƪơ  ÛƸƢǂǾƛ  ǻƶǚǭ
 Ǵƛ  ǻƘǵ‌ƠǒǪǙ  ƷƳ  ǻƷǸǁ  Ƿ  ǻƶǚǭ  ƳƗǸǭ  ǰǾǲš‌Ǭǵ  ÜƳƳƸū‌Ǽǭ
 Ǵƛ  ǻƷǸǁ ƠǒǪǙ Ƿ  ǴƢǁƗƴǱ  ƸŬǽƴŨǽ  Ƙƛ  ǼǮǶǭ  ǨƱƗƴơ  ǴƢǝƷƷƘŧ
 ƬǾǢǪơ ǼǽƘǽƸƢŧƘƛ ǋǸǪƲǭ ƴǁƷ ǴǲǾǶƛ ƴƭ ƹƗ ƸƢǂǾƛ Û(ĕĥ) ǴƢǝƷ ƷƘǥ
 ƷƗƴǢǭ  ƹƗ  Ƹơ‌ǰǾǽƘř  ǼƢǒǪǙ  ƷƳ  ƠƽƗ  ƸƢǶƛ  Ƿ  ǳƳǸƛ  ťƘƱ Ǵƛ  ǳƴǁ
 ƟƷǸǅ ƷƳ  ǯƗǸơ‌Ǽǭ  ƚǾơƸơ  ǰǽƗ  Ǵƛ  .ƳƳƸū  ƙƘƲƢǱƗ  ǯƋ  ƸƦŧƗƴƭ
 ƹƗ  ƗƷ ǰǽƸƢǱƘǲǝ  ƹƗ  ǻƸƢǂǾƛ  Ǜƶƭ ƴǅƷƳ ǴǲǾǶƛ  ǌǽƗƸǁ ǻƷƗƸǡƸƛ

.ƠǁƗƳ ƷƘǒƢǱƗ ťƘƱ

ǼǱƗƳƷƴǡ Ƿ ƸŨǂơ
 ǼƽƷƸƛ" ǯƗǸǲǕ Ƿ ŗ ĩħĬƴǥ Ƙƛ ǴǭƘǱ‌ǯƘǽƘř  ƹƗ ǨǅƘƭ ǴǩƘǢǭ ǰǽƗ.....
 ǀǽƗƺǝƗ Ƹƛ ǻƷǸǁ Ƿ ǤǾǭǸǾǵ ƴǾƽƗ Ûǻƶǚǭ ƳƗǸǭ ÛƠǱƘƢǦǝƷǸƽ ƸǾƥƘơ
 ǔǎǢǭ "ǰǽƸƢǱƘǲǝ Ǵƛ ǳƳǸǩƋ ǻƘǵ‌ǣƘƱ ǼƢƾǽƹ ƫȆǅƗ ƴǲǽƗƸǝ ǼǽƗƷƘǥ
 ǫǸǪǕ  ǳƘŬǂǱƗƳ  ƷƳ  ǌǾƮǭ  ƠǁƗƴǶƛ  ǼƽƴǲǶǭ  ƴǁƷƗ  ǼƽƘǲǁƷƘŧ

.ƠƽƗ (ǠƛƘƽ ǯƗƸǽƗ) ǯƗƸǶơ ǼǦǁƺř
 ǻƘǵ‌ƠǽƘǮƭ  ƹƗ  ƗƷ  ƳǸƱ  ǼǱƗƳƷƴǡ  Ƿ  ƸŨǂơ  ƚơƗƸǭ  ǴǪǾƽǸǲǽƴƛ
 ǰǾǩǸƖƾǭ Ƿ ǯƗƸǶơ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ǼǂǵǷŤř ƠǱǷƘǖǭ ǼǩƘǭ
 ǳƴŨǂǱƗƳ ǌǾƮǭ ƠǁƗƴǶƛ ǼƽƴǲǶǭ ǳǷƸū ǻƘǵ‌ǳƘŬǂǽƘǭƹƋ ǫƸƢƮǭ
 ǰǽƗ ǻƗƸƩƗ ƷƳ ƗƷ Ƙǭ Ǵŧ ǯƗƸǶơ ǼŨǁƺř ǫǸǪǕ ǳƘŬǂǱƗƳ ƠǁƗƴǶƛ

.ǬǾǽƘǮǱ Ǽǭ ǫȆǕƗ ÛƴǱƗ ǳƳǸǮǱ ǻƷƘǽ ǴǱƘǮǾǮǅ ǠǾǢƮơ
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ABSTRACT
Background and Objectives:The poor accessibility of microorganisms to PAHs in soil has limited 
success in the process of bioremediation as an effective method for removing pollutants from soils. 
Different physicochemical factors are effective on the rate of biodegradation. The main objective of 
this study is to assess effects of nutrient and salinity on phenanthrene removal from polluted soils.
Materials and Methods:The soil having no organic and microbial pollution was first artificially 
polluted with phenanthrene then nutrients and salinity solution in two concentrations were added to 
it in order to have the proportion of 10% w:v (soil: water). After that a microbial mixture enable to 
degrade phenanthrene was added to the slurry and was aerated. Finally, the residual concentration of 
Phenanthrene in the soil was extracted by ultrasonic and was analyzed using GC. We measured the 
microbial populationusing MPN test. This study was conducted based on the two level full factorial 
design of experiment. 
Results: MPN test showed that the trend of microbial growth has experienced a lag growth. The 
full factorial design indicated that nutrient had the maximum effect on bioremediation; the rate of 
phenanthrene removal in the maximum nutrients – minimum salinity solution was 75.14%.
Conclusion: This study revealed that the more nutrient concentration increases, the more degradation 
will be happened by microorganisms in the soils. However, salinity in the concentration used had no 
effect on inhabitation or promoting on the Phenanthrene removal. 
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