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ABSTRACT 

The eUects 01 the presence 01 an e也ily biodegrαdαble compound on the 
biodegrαdαtion 01αrecαlci1rant chemical were studied with the preloαdedGAC 
columns. Theαddition 01 an eαsily biodegrαdαble compound increαsed the total 
biomαss in the GAC columns. Microorg值lisms might simultantously utilize both 
theeαsily biodegradαbleαnd recαlcitrant compound However, the presence 01 
αn easily biodegradαble compound retαrded the biodegrαdαtion 01 the recαlci
trαnt compound in the liquid phα5eαnd decreαsed the bioregenerαtion rate 
and e1ficiency 01 the sorbed recalcitrαnt compound 

Introduction 

Biodegrαdαtion 01 recαlcitrαnt compounds 
generα11y occur5αtα510w rαte. An increαse in 
the total biomαS5 mαy improve the biodegrada
tion rαte 01 recαlcitrαnt coπ1pounds. An increα5e 
in the t。他1 biomα55 Cαn be obtαined byαdding 
αn eαsily biodegrαdαble compound into the 

bioreαctor， especia11y when the concentration 01 

the recαlcitrant compound i5 low. The presence 
。1 the second cαrbonαnd energy source cαn im
prove the removα1 01αbiodegrαdαble com

pound present at very low concentrαtion through 
the secondαry substrαte utilizαtionn41. Secondαry 
5ubstrαte utilizαtion hαs been used 10 increαse the 
removα101 trαce contamin由此， especia11y when 
the concentrαtion 01αtrαce SOC (Synthetic 

Orgαnic Chemical) is le5s thαn its Sm In' below 
which the concentrαtion is too low to sOlely sup
port microbial growth. ln the presence 01αpri

mαry 5ubstrα悟， which hαdαconcentrαtion 

greαter thαn its Sm In ' trαce orgαnics could be 
easily reπ10ved even if their concentrαtions were 
below their mini口lUm concentrαtionsm， 12]. 

KleckααndMαierl51 used αbiodegrαdαble 

substrαte anαlog to improve the biodegradation 
。iαrecαlcitrαnt compound, PCP. The overα11 

degrαdαtion rαte wαsαccelerαted due toαn m
creα5e in ce11 concentrαtionαsαresult 01 si口lUl

tαneous growth on both substr刮目.Nαmkung

αnd Ritt口1αnnllll showed thαt the pre5ence 01 
αcetαte inαbiofil口1 reαctor incraα5ed overα11 

phenol removα1 in compα啦。n with thαt in the 
column reαctor 1ed only with phenol. The bαsic 
concept wαs thatαce11's growth αnd m∞nten

由1ce could be supported by more thαn one com
pound pre5en1 in 1he reactor‘ Thus, an individuαl 
orgαnic compound wαs utilized not only by 位1e

bio口1ass grown 1rom its utilizαtion， butα150 by the 
biomαss grown 1rom the utilization 01αsecond 
substrαte. LαpαI-Polasko et a1I7J showed thαt the 
rαte 01 dichloromethane utilization al trαce 

concentrations wα5 greαter in the presence 01 
αcetαte thαn without i1. Schmidl et a l.1l51 showed 
that theαddition 01 glucose enhanced the degra
dαtion 01 PNP, when PNP wαs presentαt high 
concentrαtions. The enhαnced degrαdαtion 

resulted 1r。口1 世1e simultαneous use 01 glucose 
and PNPαnd the increα詢問te 01 microbial 
growth on glucose. Kim αnd Mai凹的1 showed 
that the degradαtion rate 01 2,4-dichlorophenoxy
αcetαte wα5 enhαnced when nutrient broth (bee1 
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extrαctαnd peptones) wαsαdded， The enhαnced 
degr.αdαtion wαs due to concurrent substrαte 

utilizαtion， 

Contrαdictory results hαve been observed 

on the eífects 10 the presence 01 a second com

pound on the biodegrαdαtion 01αrecalcitrant 

compound Luαnd SpeiteU81 showed !ha! the 

presence 01 the second compound 口1αy or mαy 

nolenhαnce the biodegradation 01αrecalcitran! 

compound The presence 01αsecond cαrbon 

source does not necessαrily enhαnce the 

biodegrαdation 01αrecαlcitrαnt compound The 

presence 01αpre1erred subs!rαle repressed the 
synthesis 01 inducible enzymes cαpαble 01 

cαiαbolizing the recalcitrαnl compound, or less 
pre1erαble compound[21 PαpαnαstαSlOUαnd 

Mαiern31 studied the biodegradαtion 01 2,4-dichl. 

。rophenxylαcel-αte in the presence 01 glucose 

αnd showed thαI when bolh subslrαles were 

present, concu口ent growth took place and the 

utilizalion 01 Ihe one subslrale wαs inhibited by 

the olher. Haller[31 showed thαt the presence and 

αbsence 01αneαsily biodegradαble compound 

did notα11ecl the 1αg period 10r .biodegrαdαtion 

。1 chlorinαtedαr。口1αtic substrαtes. 

ln Ihis study Ihe eífecls 011he presence 01 個1

eαsily biodegrαdαtion compound on Ihe 

biodegrαdαtion 01αsorbed recαlcilranl com

pound were sludied in GAC c01umns, PCP (pen

iαchlorophenol) wαs usedαs Ihe tαrgel com

pound 10 exα口üne Ihe ettecls 01 the presence 01 

aneαsily biodegrαdαb1e， bul nonαdsorable com

pound on the biodegrαdα位。n 01αrecαlcitrαnl 

compound The eαsily biodegrαdαble， but 

nonαdsorbαble compound used in Ihis sludy w的

αcelα峙 Acetale hα5 been widely used as Ihe 

model primαry sub5trate to enhαnce microbial 

growlh in αerobicαndαnαerobic reαclor5 日， 10，

14.181. 

Acelale cαn a150 serveα5 primary 5ub5trαle 

10 enh值lce the removα1 01 olher biodegradαble 

chemicα15 through secondαry substrαte 

utilizαlion日， 10, 11, 141 PNP wαs selected 10 sludy 

the eftecl 01αcelate on Ihe biodegradation 0110w 

concenlrαtions 01αbiodegrαdαble， α血。rbαble

chemicα1. The pre5ence 01αcelale is expecled 

10 increαse Ihe lolal biom也s in the GAC columns 

αnd perhαps improve Ihe biodegradation rate 01 

PNP, 

Experimental Procedures 
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1~ Granular Activated Carbon(GAC) 

CαIgon Filtrαsorb 400 (F-400)wαs used in 

this reseαrch. F-400 wαs ground inαnαnαlyticαl 

mill (Tekmαr Co" Cincinnαti， OH)αnd sieved to 

recover the 30x40 mesh 1rαclion， which pro

videdαnαverαge pαrticle diαmeter 01 0 .5 mm, 

2. Substrates 

Penlαchlorophenol(PCP)αnd 4-nitrophenol 

(PNP) were ch05enαs Ihe model subslr副部， be

cαu5e bolh compounds were recαlcilrαnlαnd 

both are on the EPA priority po11ulαnt lisl. 

Rαdi01αbelled PCP 也ld PNP were used 10 monitor 
the bioregenerαtion rαte 01 GACαnd 10 con1i口n

the mineralizαtion 01 Ihe synlhetic orgαnic chemi

cαlαs indicαled by Ihe production 01 

rαdiolαbelled CO2 • The rαdiolabe11ed chemical 

wα50blαined 1rom Palhfinder Lαborαlories lnc. 

(St. Lou誨， MO) inαnαnαlyticαl-reαgenl grαde 

with uni10rmα11y ring-lαbelled carbon-14. The 

radiolαbe11ed chemical wαs prepαred inαn 

αqueous 10rmα1 pH 2 1。 αvoid biodegradαtion 

during slorαge. All chemicαIs， rαdiolabelledαnd 

unlabe11ed, were slored in Ihe re1rigeralor al 4.C , 

3. Nutrients 

lnαddition to cαrbonαnd energy sources 

10r mαintenαnce and synthesis, microorgαm5ms 

need nutrient5 in the 5ynthesis ó1αv回iety 01 

mαcromolecu1es. Nitrαte wαs used αs nitrogen 

source, Insleαd 01αmmon泊， 10αvoid nitri1ier 

growlh in Ihe reαclor. The calcium concenlration 

wαs purposely mαintαined at a relat1vely high 

concentrαtion， becαuse Turαkhiα白01 showed 

thαt cαlcium increαsed Ihe rateαnd extent 01 

biofilm mαssαccu口lulalion onαttαchπlent 

sur1αces， The c。πlpositions 01 the 1eed solutions 
10r PCP column study areα5 1011owing: KH2P04 , 

600μg/L， K2 HP04 , 545μgjL， CαCI2 ， 23，2μgjL， 

MgS04 ， 8.6μgjL， KN03 13，3μgjL， For PNP column 

s!udy the co口lpositions 01 the 1eed solutionsαre 

值 1011owing: KH2P04 , 900μgjL， K2HP04 , 29.5 

μg jL CaCI2 , 23.2μg jL, MgSO 4' 8.6μgjL， KN03 , 

13，3μgjL， 

4. Bioregeneration of GAC Columns 

GACwα5 preequilibrαted with PCP 1011ow

ing the procedures described in elsewhere 哼， 16 ，

171. In the first study, 10ur columns were run in 

pαra11el The 10ur columns were grouped inlo two 

sets, Eαch set conlαined one 2O-cm and one 0 ,5 

-cm GAC column, Eαch column conlαined o.5g 



Chin-Jen Lu: Impact of Highly Biodegradable Substrate on The biodegradation of Recalcitrant Compounds 

of radiolαbelled GAC which wαs plαced at the 
effluent end of the column. The 0.5-cm columns 
contαined only the rαdiolαbelled GAC. One set 01 
two column5 wα5 fed only PCP at 25μg/L， while 
the other 5et of two columns wαs fed both PCP at 
the s個ne concentrαtionαndαcetαte at 1 mg/L. 

Acetαte wα5 injected into the 1eed line with α20 
-mL syringe byαsyringe pump which WIαs 

operated at 20 mL/d叮﹒ The experimental design 
is shown in Figure 1. Acetαte wαs prepαred in 
αstock solution at pH 2 t。 αvoid microbial con
tαminα位on. The total influent flow rate, includ
ing theαcetate sOlution, wαs 2.5 mL/min during 
the first three weeks and L25 mL/min thereαfter. 
The pH 01 the influent solution wαs not affected 
by theαcidifiedαcetαte solu位。n， becαuse the 
αcetαte solution wαs fed atαvery low flow rat~ 
αnd the bufter strength in the main feed solution 
wαsαppropriately controlled 

After 10αding with preequilibrαtedGACand 
PCP-degrαding micr∞咱也üsms， the column 
reαctors were allowed to stand over eight hours 
to permit microorgαnism5 to attαch onto the GAC 
surfαce. Feed solution contαining PCP at the 
equilibrium concentrαtion wαs introducedαnd 
fed continuou51y. Acetαtewα5 al50 injected into 
the column in one of the two-column 5et5. 
Sαmples were collected t。 αnalyze the PCP eHlu
ent concentrαtion， αnd rαdiolαbelled mαteriαls 

were also monitored The effects of the presence 
。1αcetαte on the biodegrαdαtion of recαlcitrαnt 
compounds in the liquid αnd sorbed phα5e5 
could be observed by c。口lpαring the two set5 01 
column5. 

In the 5econd PCP /αcetate 5tudy, the column 
5et-upαnd operating conditions were the 5ame 
αs those in the phenol-exhαusted GAC columns 
阱，尬， 17], except thatαcetate wαsαddedα1100 μ 
g/L. Three PCP-exhausted GAC column5 were 
run in parallel. The total mαS5 of GAC in eαch 
column w田間， 10， αnd 0.5g. Each column 
contαinedαrαdiolabelled GAC element with 40' 
μCi of rαdiolαbelled PCP. The rαdiolαbelled 
GAC element wα5 plαced at the effluent end of 
the column. The shortest column contained only 
the rαdiolαbelled GAC. After the incubation 
period, PCP wαs con且nuously fedα1 the 
equilibrium concentration, 5μg/L. Acetαte wαs 

αlso si口lUltαneously fed into the colu訂ms with a 
syrìnge pumpα120 mL/dαy. sαmples were col
lected for PCPαnd rai。αctivity 由1αlys芯，

The column conditions for the PNP jαcetαle 
study were位milar 10 those in the phenol-exhαus﹒ 
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ted GAC columns excepl for theαddition of 

αcetαte[9，尬， 17]. The GAC columns were simul
tαneously fed with PNP al its equilibrium 

concentrαtion(lOω/L) ∞d， acelαte at 2 mgjL. 

The procedures of sαπlple collec位。n， sα口lple

值1αlysis， dαtααnαlysis are the sαmeαs the pre

vious works哼， 16, l7l 

RESERYOIR 
PUMP 

F旬ure 1. The experimental design of GAC column 
study. 

Table 1. PCP effluent concentrations in the GAC columns 
fed with both PCP and acetate. 

pcp eff luent ∞ncentration(μg九)輸

∞lunn 20-on GAC ∞lunn O.忌。n GAC ∞lußU1 

做到∞ndition PCP only PCP村lCetate* PCP only PCP咱臼t且te*

operation time 

15 days 

27 days 

18.3 

16.0 

18.4 

16.8 

18.0 

20.7 

* :缸:etate con且ntration=lOOOμgjl

輯:此P influent 間也開tration=25μg凡

24.8 

20.5 

Table 2. PCP effluent concentrations in the GAC columns 
fed with both PCP and acetate. 

PCP effluent concentration(μ g/L)* 

column length 20cm 10cm O. 5cm 
operation time 
3 days 10.3 12.2 8.5 

10 days 11.4 12.5 6.2 
13 days 11.9 14.5 15.6 
20 days 7.2 7.2 15.4 

*:acetate influent concentration=lOOμ 9/L 
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1. Biodegradation of PCP in the Presence of 

Acetate 

The results 01 PCP biodegrαdαtion in the 

presence otαcetateαre listed in Tables 1 and 2. 

Tαble 1 suggests thαt PCP removal wαs not aí1ec

ted by the presence 01αcetate in both 20- αnd 

O.5-cm columns. However, the 20-cm column 

hαdαlitt1e belter PCP removal after 27 dαys 01 op

eration. PCP removal in the 20-cm columns 

wαsαbout 36 percent, while ít wαs 20 percent 

in the O,S-cm columns. 

Tαble 2 shows the results 01 the second study 

。n PCP biodegrαdαtion in the presence of 

αcetαte with columns 01 different length. Tαble 

2 suggests thαt the 20-cm column hαd the best 

PCP removalαmong the three columns. Howev缸，

the e1fluent concentrations inα11 three columns 

exceeded the influent concentration (5μg/L) 

throughout the entire experiment period This 

might suggest thαt the equilibrium concentrαtion 

was underestimated. 

The results 01 biodegrαdation of sorbed PCP 

in the presence 01αcetαte are listed in the Table 

3， αlong with results trom experìments in the ab

sence 01αcetαten6， 171. The presence ofαcetαte 

did not increαse the biodegrαdαtion of soubed 

PCPαs ìndicαted by the 14 CO2 productìon. 
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Figure 2. Bioregeneration rate of PNP-exhausted GAC 
columns in the presence of 2 mg/L acetate. 
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Figure 3. PNP eflluent concentrations in the PNP-exhausted 
GAC columns in the presence 01 2 mg/L acetate. 
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T able 3. Summary 01 b的degradation 01 PCP and PNP in the presence 01 acetate. 
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Acetate 
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0.5 

19. 。
10.0 

0.5 

18. 。
10.0 

0.5 

21.。

0.5 

20.1 
0.5 

24.6 

initia1 GAC feed 

substrate loading conc. 

(μ9-subjmg-GAC) (μgjL) 

32.0 15 

32.0 15 

31. 0 15 
23.3 10(2)* 

23.3 10(2)* 

23.3 10(2)* 

141 5(0.1)* 

141 5(0.1)* 

141 5(0.1)* 

181 25(1)* 

181 25(1)* 

181 25 
181 25 

157 15 

PNP 

PCP 

PCP 
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Although the presence 01αcetαte increαsed the 
tota1 biomαss in the c01umns, the biodegradatlon 
01 sorbed PCP did not increαse becauseαcetate 
did not improve PCP remova1 in the l1quid phαse. 

The 14 CO2 product1on wαs negligib1e in both 
PCP/αcetαte sludies. 

2. Biodegradation of PNP in the Presence of 
Acetate 

Figure 2 訕。ws the bloregenerαtion rαte 01 
PNP-exhαusted GAC co1umns in the presence 01 
2 mg/Lαcetαte. In compαrison with the 
co1umns fed with PNP a10ne [16, 171 biodegrad
ation 01 sorbed PNP wαs not enhαnced ln lhe 
presence ofαcetαte. Actuαlly， the opposite re
sult wαs observed Biodegrαdαtion 01 sorbed 
PNP wαs hindered by the presence 01αcetαte. 
The presence 01αcetate reduced the 
biodegrαdαtion 01 PNP. For the 20個cm co1umns, 

17 percent 01 the sorbed PNP wαs bíodegraded ín 
the c01umn 1ed wí位1 PNP, while on1y 65 percent 
wαs biodegrαded ín the co1umn 1ed wíth both 
PNPαndαt:etαte (Tαb1e 3). 

The effluent PNP concentrαtionsαre shown 
in Fígure 3. In compαrison to co1umns fed with 
PNP a1one[尬， 171, the presence 01αcetαte did not 
reduce the time requifed for the co1umns to reαch 
steαdy stαte (about 0.2μg/L). For the 20-cm 
co1umns, 11 dαys were requíred to reαch steαdy 
state in both cαses. The resu1ts suggested thαt 
the presence 01αcetate did not en~nca the 
bíodegrαdαton 01 PNP. In addítion, the 1ag 
period in the co1umns 1ed wíth both PNPαnd 
αcetαte wαs about 20 hours 10nger thαn that ín 
the co1umns fed on1y with PNPf惱， 171 The mi
crobíα1 popu1α位on in the co1umns fed with both 
PNPαndαcatαte shou1d be much 1arger thαnlhαt 
in the co1umns fed on1y wíth PNP. However, the 
lαrgerπlicrobíα1 popu1αtion díd not reduce lhe 
lαg períod The smaller bíoregeneration rale, 
10nger 1ag period， αnd smαller percentαga 01 
bioregenerαtion in lhe co1umns 1ed with bolh PNP 
αnd acetαte suggest thαt the presence 01αn 
eαsily bíodegrαdαb1e compound does not neces 
-sαrily enhance the remova1 01 a recα1cítrαnt 

compound in the liquidαnd sorbed ph面臨
Acelαte increαsed the number of mícroorgαnísrns 
butαppαrently did not enhance the growth of 
PNP degraders or cαused them to bíodegrαde 
αcelαle. bul not PNP. 

The concept of secondαry substrαte 

utilizαlíon hαs been used 10 exp1ain the 

_ 99 _ 

biodegrαdαtion 01αtrαce SOC whenαprímary 
substrαta 1sαvaí1ab1e. Acatate hαs been used 
as the prim叮y substrate, whích hαs 

concentration hígher than the Sm In' to suppori 
the microbiαlαc旭vity to degrαde the secondαry 
subslrαte， whích has concentrα位。n less Ihαn its 
Smin When the concantrαtion 01 the secondαry 
substrαte ís 10w, the secondαry substrata ítself cαr 
not support the mícrobia1αctivity. The b也icαs

sumpt10n of secondαry .substrαte utílizat10n ís 
concurrent utíl1zαtion The microorgαnísms 

grown on the primα吋 substrate a l50 cαn utilize 
the secondαry substrαte. However, if the pri
m也Y 也ld secondary substrateαre biodegraded 
by different mícroorgαnisms， concurrent 
utilizαtion (or secondαry substrαte . utilizαtion) 

does not ax此 Thís ís esp田iαlly true when Ihe 
primα叮 αnd secondary substratesαre structur. 
αlly unre1αted， or the1r biodegrαdαbílitiesαre ex
treme1y different. In other words, the micro
。rganisms grown onαn eαsíly biodegrαdαb1e 
compound do nol necessαrily carry the 
degradαt1ve enzymes for the biodegrαdαt10n 01 
a recα1citrant compound In this study, the 
resultsαppαrently showed that concurrent 
utilization did not exist.叮1e mícrobía1 popu1ation 
grown onαcetαte did not utilize PNP. 

The decreαsed biodegradαtion of PNP in 
co1umns fed wíth both PNPαndαcetate might be 
αlso due to the 10wer intluent PNP concentrαtions 
in compα白。n with the previous workS[尬， 171 In
fluent PNP concentrations in co1umns fed on1y 
wíth PNPαnd wíth both PNP 也ldαcetαte were 
lSμg/Lαnd10μg/L， respective1y. The initiαi 
GAC1。αding in these two experimentsα150 wαs 
differer哎， 32μg-PNP/mg-GAC for co1umns fed 
only with PNPαnd 23μg-PNP /mg-GAC for 
co1umns fed with both PNPαndαcetαte. 叮1e

10wer bioregeneration rate in the columns ted 
wíth both PNPαndαcetαte might be due to the 
10wer ini位α1 GAC loading . As noted previously, 

tor the 14-minute EBCT GAC columns, 6.5 percent 
ot sorbed PNP wαs biodegrαded tor the column 
ted wíth both PNPαndαcetαteαnd 17 percent tor 
the co1umn ted on1y wíth PNP. In the shortest 
column (0.4-, cm EBCT), on1y 0.6 percent ot 
sorbed PNP wαs biodegrαded tor the co1umn ted 
with both PNPαndαcetαte αnd 8 percent tor the 
co1umn ted on1y with PNP. The differences 
beween the two experimentsαre quite 1αrgeαnd 
it seems unlike1y that dif1erences 01 this mαgní
tude would result solely from the re1atívely smα11 
chαnge in PNP concentrαtion. The resu1ts 
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indicated thαt the presence 01αcetαte decreαsed 

the biodegrαdαtion 01 PNP in the liquid phα:se 

αnd decreαsed the bioregenerαtion rαte 01 

sorbed PNP. 
The microorgαnisms seeded onto the GAC 

columns wereαdαpted to the compound 01 

泊terest， PNP or PCP， αnd cou1d use the compound 

αs the sole carbonαnd energy sources. However, 

the presence 01αn eαsily biodegradαb1e com

pound, such αsαcetate， inter1eres with the syn

thesis 01 enzymes required for the uptake or 

metαbolism 01 the other cαrbon sour凹，的

pecially reca1citrant compounds. Whenαcetαte 

is present, utilizαtion 01αcetαte is energeticα11y 

more íαvorαb1e 10r most microorgαnisms thαn 

utilizαtion 01 10w concentrations 01 PNP or PCP. 

Kimαnd Mαl凹的J 10und that the presence 

。1αsecond cαrbon source enhαnced the 

biodegrαdαtion of 2，4-dich10rophenoxyαcetαte 

∞dαt!ributed the incre也ed biodegrαdαti∞ to 

the produchon 01 higher concentration of αctive 

biomα蹈 However when the concentratión 01 

2，4-dich10rophenoxyαcetαte wαs 10w, they found 

that theαddition 01αsecond substrαte 1nh1beted 

the degradαtion of the tαrget compound Topp 

etαli19Jshowed thαt the specificαctiv1ty 01 PCP

degrading cells wαs decreαsed by 40 percent 

in the presence 01 supp1ementary cαrbons， 

glutαmateαnd glucose. However, byαscribing 
toαn increαse in totα1 PCP-degrading biomα筒，

Topp et aU19J clαimed thαt the biodegradαb1e 

compounds in po11uted environments mαy in

creαse lhe deconlα口ünαlion rαte of recα1cilrαnl 

compounds. ln this sludy， αlthough the tota1 

biomαss wαs greαter in the bisubstrate (PNPαnd 

αcetαte or PCPαndαcelαle) co1umns thαn it in 

the sing1e substrαte co1umns, the 1arger number 

01 microorganisms did not increαse the remova1 

。f the recα1citr也lÌ or the moderate1y biode國

grαdαb1e compound This suggests lhat the 

microorgαn1sms grown 1rom the utilizαtion 01 

αcetαte cαnnot simultαneous1y utilize PCP or PNP. 

Although the tota1 biomass increαsed in the 

presence 01αcetαte， the totα1 PNP- or PCP-degrαd

ing microorgαnisms were not incre也闕， rather 

decreαsed There10re, the presence 01αn eαsily 

biodegrαdαb1e compound mαy not increαse the 

biodegradαtion 01 recαlcitrant com-pounds in the 

sorbedαnd liquid phαses. 

Genera11y, metαbolism is contro11ed inα 

wαy that microorg值lisms can growαI a high 

rαle under substrate-sufficient conditions in 

which lhe easilJy degradαb1e compound 1s p時，
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lerred When the concentrαlion ofαn eαsily 

biodegradab1e compound is high, inducer ex

clusion prevents the synthesis 01 enzy口les thαt 

個e not immediαte1y required However, under 
substrate-limiled conditi。由 concurrent u位

lizαtion occurs. When the substrate is limited， α11 

theαvai1ab1e substrates mαY be simultαneously 

used 10r growthαsαresult 01 induction or 

derepression[4J. Concurrent utilizαtion implies 

that microorganisms cαn simultαneous1y utilize 

more than one substrate, or that the biodegra

dα位。npαthwαys are re1ated ln this study, the 

concentrαtions 01αcetate were 100μgjL 血泊 l

mgjL lor two PCPjacetαte experiments under the 

sαme operαting conditions. When the αcetαle 

concentrαtion wαs high (l mgjL), concurrent 

utilization did not occur. If the concurrent 

utilization cou1d hαve occurrd when αcetate 

concentrαtion wαs 10w (100μgjL)， the presence 

dαcetαle cou1d hαve improved PCP removal. 

However.αcetαte did not improve PCP removal 

in ellher case. The results suggesl thal αcetale-de

grαding microorgαnisms did not simultαne011~ly 

degrαde PCP. Therelore, the presence ofαcetαle 

did not improve PCP biodegrαdαtion. From the 

previous worksnóJ, it wαs demonslrαled thαt the 

10w bioregenerαtion rαte and ef1iciency 01 PCP

exhαusted GAC co1umns were due to the mi

crobiα1 recα1citrαnce of PCP, rαther thαn its de

sorption rαte. However， αn mcreαse 01 tota1 

bi。口1αss in 仕1e co1umn reαclors through theαd

dilion of an eαsily biodegradαb1e compound, 

αcetate， did not enhαnce the totα1 removal ef

ficiency 01 PCPαnd 11s bioregenerαtion rαle. 

There10re, the presence 01αn eαsily 

biodegradαb1e compound does not necessαrily 

increαse the biodegradαtion ot αrecα1cilrαnt 

compound, even if the totα1 biomα5S is increαsed 

Summary 

The presence 01αn eαsily biodegrαdαb1e 

but structurally unre1ated compound does not 

necessαri1yenh值lce the biodegrαdαtion 01αre

cα1citrant compoundαnd mαy result in pre1eren

Uα1 utilizαtion ot the eαsily biodegradαb1e com

pound, retαrding the biodegrαdαlion 01αreca1ci

trαnt c。πlpound Acetαte did not enhαnce， but 

rαther repress, the biodegrαdαtion 01 PCP， α 

highly reca1citrαnt compound The presence of 

αcetateαlso did not increαse the bioregeneration 

rαte ofαdsorbed PNPαnd decreαsed the 
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bloregenerαtion efficien:cy 01 PNP-sαturαted GAC 
c01u口ms.
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易分解化合物對難分解性化合物生物分解的影響

虛主人

國立中興大學環境工程系

關鍵詞:生物分解，實在分解性化合物，易分孵化合特

摘要

以活性碳生物反應才會中實在分辨性化合物在易分解化合物存在時之生物分

解i走卒，生物再生卒，次去除牟以探討品分解化合物對難分解性化合物之影

響。易分解化合物之海加增加活性碳生物反應繪中之終微生物壘。微生物可

同時分解剎用品分解及舊社分解性化合物。然而，微生粉量之增加並永增加緣

分解性化合物之去除率。相反的，品分解化合物之f品加延退實在分解性化合物

之分解，同時降低生物再生率與祥生能量。
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