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Impacts of biodegradation on desorption of phenol adsorbed on black carbon
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Abstract: Desorption from natural absorbents is an underlying process affecting the transport, chemical activity, and
biodegradation of organic compounds in the environment. It is commonly understood that biodegradation of sorbed organic
compounds involves at least two rate processes of desorption and biodegradation. These two rate processes, desorption and
biodegradation, are both controlled by the concentration of organic compounds in liquid phase, thus the liquid-phase
concentration of substrate is both the result of, and the driving force for, the two rate processes. In most natural
environments, however, this situation may be further complicated by the interactions of the two processes. Previous studies
mainly focused on the effects of desorption on biodegradation and bioavailability of organic contaminants, little is known
about how the biodegradation process affects the desorption process. In the present study, twelve desorption systems derived
from four adsorbents of two different types, prepared by treatments after adsorption equilibrium of phenol on agricultural soil
and black carbon (BC), were used to investigate the desorption behavior of the phenol on the four adsorbents under the
different bacterial densities of Pseudomonas putida ATCC 11172. The majority of phenol were adsorbed within the
micropores of BC which was characterized to possess more micropore structures compared to the soil. All the sorption

isotherms of phenol by the adsorbents were nonlinear, which were well fitted by Freundlich adsorption model. The results
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demonstrated that the biodegradation of phenol was rate-limited, depending on desorption rate of phenol from BC, while
desorption was controlled by the biodegradation rate for the phenol sorbed on soil. The desorption data were fitted to a three-
compartment model which divided the desorption into rapidly, slowly and very slowly desorbing compartments, and the
respective parameters were calculated. As expected, desorption rate constants for three-compartment model followed the
progression of rate constant of rapid desorption (r,) > rate constant of slow desorption (r,) > rate constant of very slow
desorption (r,). Accompanied with cell density increasing in BC desorption systems, the rapidly desorbing fractions and
slowly desorbing fractions increased by approximately 2—10 times, the very slowly desorbing fractions decreased by 40% —
60% , and the rate constant of desorption for each fractions approximately maintain stable for the phenol adsorbed by BC. In
contrast, for the phenol sorbed by soil, the three desorbing fractions did not change notably while the respective rate
constant of desorption increased. These results indicated that the three desorbing fractions of phenol were related to surface
structure of the adsorbents. For phenol sorbed on BC, the overall desorption was dominated by slowly and very slowly
desorbing compartments and biodegradation rates were limited by desorption rates. Biodegradation could accelerate
desorption rates of slowly and very slowly desorbing compartment of phenol on BC. For phenol sored on soil, however, the
overall desorption was dominated by rapidly desorbing compartments, biodegradation rates were not limited by desorption
rates and in turn could not affect each of the three desorbing compartments. In addition, the bioavailability of phenol in this
study was related to the properties of microorganisms and absorbents. Microorganisms could not access the phenol sorbed in

the micropores on BC due to the size of cell which was physically excluded from the micropores.

Key Words: soil; black carbon; phenol; desorption; biodegradation
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1 #HRE5FEE
1.1 SEERrRHS S

IV 57 b 2 AR AT FL 4 B A ( ASAP 2020 M, Micromeritics, USA ) 5 = & #H 4, 3% ( HPLC)
(Agilent 1200, SEHMEIN &5 , ZHEAR ) s A @1 (GC) (Agilent 7890A , Z AR ) ; JTLR 7ML (FlashEA 1112,
Thermo Finnigan) ; 5 2 2.0 4L ( SorvallRe-6 Plus, Theromo Fisher Scientific) ; & £F 4 2 1€ BR ( Millipore , USA) .
M A AEE R 99. 7% (extra pure, ACROS,USA) ,

B BC  BRBTAAFAAR (Pinus massoniana Lamb. ) o B ZRIKBETS B AR A BR ALY, kv 210 K, #%
P S TOMA TP AHE 5] ik 100 HARHER , JF B AR, #8525 FR R, o i, BOE v T 85
CHEMTHRAE T T4 48 h, SEFAAAE) HRAPOIRICT THg b2,

Bl R AWTIHUN A0 T3 CAFR A K BOBHEZ R 10 em B9 13, EERIEA KK
02 KCE IS 3 2 mm TR LR, K I TR A T AL 3 k. % e
HRTRF-AR , A TC R S AR FORR A

WAEYIEFRD KBRS E A Pseudomonas putida ATCC 11172, Fi H AT W 8 AP sl O 243t
1.2 SERIik

MR S2E 7E 40 mL SR PUIR M I 15 mL A [R) v B 1 4R I VA R (45 IR RO DR FG 8 TaR J% 0. 2
mol/L,pH =7, BIREL 2 Wl (PB) , AR SCR BN PB 34 5 IAHIR]) LUK 1.5 g (9 L35 15 mg 19 BC, g 3R
i, P40 v/min (G RAERE B A2 FEWIRLEE 7 30 °C . LUEHERE 24 h EWFF-67, BC HER: 48 h =W HF
i, 13/ KR 15000 g =38 50 10 min , J VWISV J32 | 45500 v J3E 3+ 4 381 - 38 vl 24 1y 2 o
5 BC/ZKIR BRI 0.22 pum JEARE U525 BC UKW, OIS IR I R Wy 4k B2, 455 9 R vk B TH 5153 BC
R R

] VA O 28 %) 2 T )k A P o e R A A i R g T 0 248 [ A WA B 285 R Ty R A 7 2 W e A A AR 2R )
R AR i) 22 G AT S 0 P-4 S BRS8N I IR BRI, A 4% BC,(BC) & S,
(L38) ;i) ¥ BC, FI'S, 4 HIMMAZ 15 mL TCAB PB, e 24 h( 138) 5048 h(BC) , 73542 15000 g 25
0 10 min AME ] 0. 22 pom SRR UE 73 B A5 B BAT — 5 5 413 i W B 5, I 44 24 BC,(BC) B2 S, (+3) .
AR BC, .S, ,BC, .S, A S MR C 28K A T R .

I3 BC, FIS, IMAZE 3.38x107 CFU/mL A K 4.54x107 CFU/mL BY40 T3 55 Ak KR 30 10 3 53 {15 A it
B AR R, 75 4 L 3 sh BB R (30 °C 40 1/ min ) |, i — 5 1) BORE 2900 als il 98 SR AH 2% [ AH o
Wy o b, EAH P ORERZS 15 mL PNERTE 50 °C R B 20 min PR, 8 FH GC RINAS 21 [ AH vp 2R 3 i,
SRR TR ) A 1 1 I e e o) O R 1y 4 IO RS BRI P A T £, SR TR ) B 53k T LA 2
BC,, IS, 185 R AR S TR A7 75 I B BRI 2E e i 46

¥ BC, oL S, MMAZZL KE AR 15 mL JCIRE PB A, e % B i, 45 b — B st [A] HRORE | 2500 it i B 1
TH WA T 2480 & & A BRI TE BC B3 ERy EH B 3h Jr2Aith 2, R FRIRE Y 7 vk v A4S 3] BC, B¢
S, MR Bk 3l g2t 2k
1.3 JiktihZen

ARSI T 04 6 B R FH 8 FH I — 2 gh 0324 5 BRIl SigmaPlot #EFTAERMERLA D 1017

S/S=F, ~exp(—r,=t) +F exp(—r +t) +F -exp(-r,-1) (1)
T, S, TE () I 20 BR300 IR BE RO s, S D AE O IS 20RO B & s F, L F (% ) D DRaE IR |1 53
ot B R 1 S P BB 8 7T 2 25 8 s, o o () DA PR G T S 5 A 8 A5 R ) T 5
1.4 7pHnk

RAF A AR T A2 P e 8OO 5 {3 A, G35 25 - 834 Xbridge 5 wm,4. 6 mmx150 mm C18 4
( Waters, Ireland ) , s M AARFR 080 4. 5:5. 5 B9K/HBE, A 1 mL/min, K04 R 272 nm,
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[ AH P PR B 28 15 mL PIERER 75 2 20 min PR, & 9 F AR BOR, A 35 (i FID A0 ) 208,
TS S N B AN HP-6,30 mx0. 32 mmx0. 25 pum ; FEEE TR 250 °C ; gERERE A el 12 HERE
1 L FHER T BIGEE 60 °C, LIRS0 25 °C (1 H B FHE 2 220 °C, B34 7AFE] 9 min, FID AU #8460
M. 250 C

2 #R5iTie
2.1 TR RAESS

RAFFER T BC 5 TR 5 AN 5] (4 W B 550 SR A7 2R 13 X W B . ik L N, -BET 351 %o 3 pb 2 1w A
(SApgy,m*/g) AT TR , I t-plot AL X HAMAL U R IEAL(SA,, ,m*/g) FIAP LR AL (SA 1y, m*/g)
PEAF T 5k 1 iR, IR AL, BC 1 HL R IR ( Sy = 198. 74 m®/g) 6 KT - 3E 1 b 3R 1 A1
(S=14.44 m’/g) ; HH t-plot BRI THAT B 1y AL L R ET AL (SA ) /R BC AL ES M b3 K 35 (SA ), =
130. 01 m*/g) , i 38 0 A 0 ) 3 L2548, 3R B A PR B . A ML 2. 35% , A kE 18. 9% , Vb ki
66.2% M1 14.9% ,pH=6.73 (/K: +=5:2) , FHES F2c 4t 26. 7 cmol (+) /kg, i FHICR ML AT E BC
FITCE N, G5 . C F i 81.62% ,H #H: 2.57% ,N %1 0.39% ,0 F it 15.42% , i WA ML 0 mg/g,

F1 R MR EE

Table 1 Surface properties of two adsorbents

K B35 Adsorbent SAppr/ (m?/g) SApxp/ (m*/g) SA L/ ( m?/g)
SRk BC 198.74 68.73 130.01
13 Soil 14.44 17.54 0

2.2 JRTH A R

Xof BC K A HERF 245 o 052 o 552 36 1) 52 36 B0 71 Freundlich Jr AR AT HIA 45 9 W32 2, A5 R? 435k
0.999(BC),0.984( +3%) . BC 1 K, {HikF| T 8065. 6 mg/kg, M THEMY K, 1HLH 2. 08 mg/kg, X 325 2
T R R 551 A B v R 2 S A, B R R TR T T BC R AY MR B RE 1. BC MR ZE 0 {H R
0. 374 T T3 HZE n {0 0,753, 560 BC X2 B (9 W B R 2k b 38 s iR | =5 B2 — b 2 i W R FH AL 7
W 6 5 1T 9T 55 T 14 R B R X BC X 5 1 14 TR o B A 2 e B O, 2 22 i B PR S [ A 25 51 8k,
- SR BRSO e R A R L AR 2 AT

Q,=K-c, +A (2)

K, Q, A5 E AR PR B R (mg/kg) e, RAFHT S A RN E (mg/L) . RBUHAHE R B R L
49°0.962 ,/INF Freundlich J5 FEBEATHI A A A 56 1 2250 0. 984 , 150 BH - 398 ot 4% 7y fidy W% o bl £ o 4 & AR R M 1
Freundlich W% JF , 33t PV UE BH 2K ) 78 12 A% W BRFRT Al 222 1 R R AR 43 A P 25 G ] 0y 285

K2 FEEPHIRMZEEZ Freundlich 5 EHI&#E

Table 2 Freundlich parameters for sorption isotherms of phenol

I B ) Freundlich J52404 Freundlich equation fitting LMERA Linear fitting
Adsorbent K;/ (mg/kg) n R K/(1/mg) A/ (mg/kg) R
% BC 8065.6 0.37 0.999 — — —
43 Soil 2.08 0.75 0.984 0.39 19.85 0.962

2.3 ORI

p N 5 T w5 O o B N7 0T e R N G P S Y I S 9L & B 9 ¢ I =S i
AT LAy T A 500 2 RS A A3 AT G Sy 3 A8 o Rk It B8 3 ( W o 7 R O B 67 ) 1 k33 B
3 (W2 PR A0 S 0 B 7 5 ) ARG A8 Sl 8 O 958 53 ( R M PE A S I B 2 6 ) o PRt R 7 R38R0 BC Y
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JBRBA AT F = oo s e R A T A (R R (1) #EA 7B S 5 R L3 3 TR 1 rhAe Al Ay O BT s 1) 2
Ak JE B A T 2 (S, ) S50 4 W RS A (S ) B ERAEL (S, /.S%100)) , P Hf T 28 kg XoF 45 28 B8l £k FH = e v A
R RG24k . XS SEER BRI A LU AT, R? 2 0,984 %1.000,

AN H G AT LB # 3 RS A B4 & A BC IR FR R RO R 8 2R I — AL TR HL R R A K
S (HEE O BOMAR T AR ) &1 1 A mT U H 958 B 3 252 Bl e ) 722 4 sk 3 AR G2 AT el DA T J5E 18] 366 1l .
PRTH NG R A ) R 1y SR o S 3R P b, 5 B 2 ] 108 i PR 58 7 a5 B4 AR I T 5 S o6 RS S I 0 o
149 LU TR A AR ), T SR RTS8 B %) L e R R 2, 7 Bl A b T LR Ay R Ot B 57 PR R 1 5
AR, DT T35S R AT 2 b 8 B 6 e B, 22 J IO B S R i o S 56 A A T TS

100 B T

JBERE B 43 b S/ S/ %
% of desorption
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Fig.1 Desorption isotherms of phenol in different systems

Ktk BC,0 WA R T BC, LRI 0 R 21 2<%k , v BC,, #1 BC,, 24 BC, 1 18 % B 431l
3.38x107 CFU/mL 4. 54x107 CFU/mL B+ W B 2528 1 (4 i B 20 0 %53 ; BC,, \BC,, \BC,, W24 B AT

BC,, b B 2 1 I RS ECE 5S 0 .S oS «Suo Sur S WSR2 S5 T WBA 5y - 398 114 It S 25030

Table 3 Desorption parameters evaluated by a three-compartment model

R3 =R REREBAHMSE

Deso iilﬁi{iimem F,/% r,/h™! F /% r/h7! F,/% r,/h™! R
BC, 6.47 4.65 5.84 0.67 87.69 2.60x107° 1.000
BC, 10. 62 2.03 34.58 0.16 55.07 1.32x1071° 0.998
BC,, 11.39 3.10 54.95 0.33 34.08 5.63x107!° 0.993
BC, 3.19 0.69 42.09 0.01 54.12 4.03x107 0.996
BC 27.50 0.50 34.37 0.03 37.13 1.92x107" 0.984
BC,, 38.29 0.35 28.20 1.01x107'° 32.35 8.85x107" 0.990
S, 41.70 434.65 45.50 230.58 12. 80 0.09 0.999
S, 44.85 3094. 54 47.23 1392.05 7.91 0.11 1.000
S, 45.04 75477. 40 47.50 2451.88 7.46 0.17 1.000
S 37.86 218.96 41.58 6.35 20.56 0.04 0.999
Sa 39.06 986.75 43.85 173.44 17.10 0.31 1.000
Si 39.33 27403. 94 43.71 222.16 16.96 0.50 0.997

Foo Fy F DB R A% B BT A0 S B B4 7T 203 ek 5 o, SRR ASE R A T A 5 g A ) 3 K

Xof T[RRI B 210 104 BC Skeide, 6 2 110 B 7 248 6 22 32 1 A, G bR 38 A 57t B 1 38 B o i b ¢
B SR 14 LU A28 T3 I . BC,, 1 F, NTCTA Y 6. 47 3NS5 %5 B2 A 4. 54x107 CFU/mL 9 11.39, F, LA TE
PR 5. 84 MBI % 0 4. 54x107 CFU/mL 1) 54. 95,11 F,, WA 87. 69 Wi/N8 34.08;BC, 1Y F, H22

vs
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THEa$ M FF ST FESESE 70 42,09 FFEF] 28.20 54. 12 FFEF) 32,35, HIEIRIT R, 3 dhaf
DL H BC AR FR 1 0 835553 IO B R BE AN A2 [ ik b 2 B i A8 A i AR 1k

U R B AR A, AT L r e 5 7 e, AT R =8OR, BAHZEAR R 1, e 23 1o, WIS A ) Bl
P AT LIIAH . BC, B2 IR 43 AH 24+ BC, AYPREBERHE 43, BC, B4R 12 33 Mot B8 43 T Al & BC,
FA) D U5 O R RR A2 S JOE B o 2 R, 3R 4 g H T A5 I BRSSP ORI 1) B S UE B T X — 4. BC, KRR
S, SHIXHR BC, R % S, Bl FAIZEA K, BC, KR S, SHXTN BC, AR S, 5 S, ZFhIA 3, Ui
BC., A 50 BRF Ach R = 2 e 2 o B o 08 B AS7 et %) 2 T 2 1 R R T R S 7 e S8 O A7 s, A0 2 8 o BAE 437 5
PR K A T /D A 3k A0, P R O 7 R G A A ) A I U R B S IS B AN e R R I R S K
Az G BT 5 1717 VB 67 0 3R 50 A5 A5 P 2 1 S L 2 A ARG 2 B BT 7 i b AR PR B 25 ) e A J R 7 DRk I B B
B, vl g 32 B R W AR S F 8 L AP KA TR B 5 12 s M B A B T B A7 Hh AL i Az BT iR R0 i B3
B R B R 0 R T 2 B AR L P A R I A A SRR A% P A R PR AL s [l P A O Y 8
IR O R0 1 S O B % A LA B R AR TP R A E RN T

*4 BC, & BC, ZFWMERS LIRAERR M E
Table 4 Adsorption amount of phenol onto different sites of BC, and BC,

JBLRRH A 2 S, S, S Jid B S, S, S
Desorption treatment / (g/kg) / (g/kg) / (g/kg) Desorption treatment / (g/kg) / (g/kg) / (g/kg)

BC,, 0.83 0.75 11.30 BC 0.34 4.54 5.83
BC,, 1.65 5.38 8.56 BCy 3.79 4.74 5.12
BC,, 1.86 9.00 5.58 BC,, 5.60 4.12 4.73

Sy S oS, 39 Ay R B A8 T AR B A A S R B

5/ IR AW R RRAR R 2R (4 RS N0 B8 3 B 3ok 0 50 5 i 2 4 A1 348 o o 4 o 70 1 3k 5 6 43 )
Wit A DR G T /0 o AR LA BC/7KAR R, A 38/ 7K A4 28 453505 40 2R T 1) M oF s 3% D i o 1 45 8 1 338 o
B,

Fe#s BC K338 BRI ERHUL S EE , rT LA I . 1) T %5 B A3 I fE 3 1 BC 1 I B0 iy 48 1 DAY A3t e
AL 101 5 WS S 2 8% 52 ) KT W R - 48 b AR I, 45067 a5 W BRFAAS R A 1 1 L A8 8 2 B I 1 2 Ak
(RS A 1 50 B 43 EL A8 B8 o) T 5 50 3 o 3 3 ) 8 2 ) 1
2.4 RBRASIRE AR YA R

ol PRI AR P S 1% e 2 A PR A AR T A 1 10 26 ) R A 32 TR R P R B A Sl o — i R, B R B - fk i CO, . 7E
RS 8 b PN, TR Th 2R I 1) TR 2 B VA R A IR AR A R A A B 0 A P 19 3 200 445 1) JBURE: 50T AH
T AR 128 2 BT AS B OR By 1 Il P R ot i

AMGAL T L SCHTAR Y 4 B A R Y W B R TR %85 BE 3. 38107 CFU/mL F14. 54x107 CFU/mL (1)
O LA P R S LA A7 00 O I i S, (6T 2 Ry R B B (mg/L) BEIS [E] () A2 ARAE AR 2, b &TT
UL, o P T # S A, 7E T G S G A A IR B A W A R B R R RS TR IBORE RS TR 1Y) 5 4
F TR B e AR R R 0 S DD ORI e AN R A L R M TR A B AR BB D, s i T AR S A
FOULRGE o 3 T o, AR 0 P P 28 A 0 91 T DA 3 e i XoF e )/ e [ 01 P A5 810 A A 0 1 451K 2R
fif R AR IR S, ADUERE] 1) BC/KIRZR R B BE AR 2R 35/ T PB AR R, H BC/ZKAR R IHH 28
W BE— B AEREE— D EEA S R B 7K 18 B R M 1) 3% e 52 Mot B 4 ), L0 SR A1 P 7 JC 3k A I BfE 7 BC 1
BIZERY 1 52) I/ KRR IR S, FEEHE SRR T PB KR, S, 1K R NI d R IEA S PB KR, X i
HH W B 8 1 R B 25 5 A A TR, BIVBE BT R K TR A . S, IR R IR R A S PB A RFFF, -
S8 T 2 Ty 10 58 B R R A IR R
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24 L #HasE)E: 3.38X 107 CFU/mL 40 L ZHH %5 - 4.54 X 107 CFU/mL
—_ —m— None =
) 222 —a-BC, E.
g 8 | - BG g L *
g = Sh /é .@ % 8
$ E Sd L] =l ‘%
€3 6 £5 6t . ;
®s 4| A ﬂéTg 41z e
% Q " T/ : % 2 !/
= — ~ ~, /Q —m— None Sa
= 2| s B 2 Hr/| —A BC
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I5 [6] Time/h I5f (6] Time/h

B2 EMERGRDEVERE
Fig.2 Biodegradation of phenol by Pseudomonas putida ATCC 11172
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Table 5 Degradation rates within the time range of linear degradation by Pseudomonas putida ATCC 11172 in various systems

JI B e i 1A 2

. PB, BC, BCy; Su Sa PB, BC,, BCp Si Sa
Degradation treatment
k/ (mg-L7'-h7h) 1.10 0.77 0.61 2.77 1.14 1.50 1.24 1.25 4.87 1.18
R? 0.993 0.957 0.818 0.950 0.939 0.994 0.795 0.929 0.982 0.947

PB, .PB, 433 W7E PB o TG R, BB N 3.38%107 CFU/mL 4. 54x107 CFU/mL i 4 1 F A ok %8

3 ATLIE H BC 5 - EWTRMAR 20 F 3 2% 5 1 AR AL R B T 52 AR R FLAEE . BC K R Hh 4538 4 11
JR R 8 3 M A A ) i A Ak DR I R % i I BT A0 S A LU I 0 T, i R R R A% R A Ll 51
FEARARS  r HIE 28 BE ARSI, 3 J2 i T BC AY e 1 AR 2t sefL He 2 TR A ( SA Ly = 130. 01
m’/g,Sper= 198.74 m*/g) , THENKG A B FL LR T (SA g =0) |, FLESHI I 25 3 i BC 2K ) 222
W2 B ZEARFL PN, T 398 - 2 gy D 8 B 2 T L 5 FLAE 1980 4F Kilbertus ) 36 H 0.2 wm FOFL E AR50 AT LI FR
A HEAZS B B R AR A R/ (0. 5—1) x (1. 5—4) m, TRAL B FLATE FIUAE 2 nm LAR 7]
R T 5 25 11 0 L A1 B L R I 0 W B A AR L v A A, i L B I W B A A T R T A 1 R o
IR A SRR, TR |, AT DAROW ARSI e 5 H200 . — Mol Sk, A SR 5 A W kA W P
flUJ | JEE A RE A A A, W A 25 A 25 1 5 2 20 IS R 380 /K AR P, B Pl K P O A 2 i e b S A R R R R
F T 498 1 R A7 e 57 T AR T, 2 S R A B P T 0 T A A B AR R M, AT 38 - 9 O o ) R 1 e
PO U E Y TR AT 2 Bk — R Had A, 80T R LG ih e S 80rh 45384 B 4y L 3
AR TR R A BRI K, AXTT PB AR R 2R 1) 38/ KA Z v 2R B 1 6 i SR A R AR BRI
F T B4 A DA RE 005 TR FH O B 2 R 2R, fefT B2 A D AR R A BB T — TR AR e RS X T BC, B SR i
B RS FOARFL R, YA HP 118 05 R A1 PP T Ik 0 AL , o il 2 TG S5 AL R B 285 X R 2 A W B e,
SECRFL PR R A7 i, A T O B R 3 A e A B S AR A I 5 YRR v 4 T P e A, O o 8 A I 1) e B4 i 1
TR, A L BB AT 205 b DA 328 58 o A7 BR324 B 1 LG8 i, AT I BC K
PEAIRER ), 233 AR I3 530 LTS Yy K B AR I b | I AN J2 L2 a5 P A2 e AR A i o ] 11
R IbE b B G P R R, W E BC 7 ML 2 RSl S W7 s JBE B Tk, 358 T A8 MLATS Y 1 R
A,

TS, R R R B R AR R K4 3N T S, IRR TR %R 5. 71x10" CFU/mL 1 6. 48 x10’
CFU/mL (1) B B B e S 8, AR i ok Mol ) e /N — T vk SR MR RL5 i &5 SR A 26 6 T/ (k, WA B % E A PB
R ) o S, KR AH LS PB A Z B S B A0 88 fife ol 32 - 3438 i 7 2. 86 A5 I 1T DL [ £ BB ) AH X
T PB A4S E TR T 114 R i 38 B A8 T, 1T S, K 2 DU BE A 3o ol AR Al R S i B A A e R B, S,
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1%
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Table 6 Biodegradation rate of S, system with different bacterial density
# %% Cell density/ (%107 CFU/mL) 3.38 4.54 5.71 6.48
k/(mg-L7-h7") 2.77 4.87 5.42 5.83
k/ky 2.51 3.26 2.92 2.77

2 it

(1) BC HAT R IR BYRALEEHE , A1 5 200 BT FLAS R P T 1 SR U AT LA & 28 e 30 1 Y
MR o5 2 i B S 1 23 BE 3 ) 1 P ) 45 28

(2) =i iR R REAR Gp At 1A BC 1 -3 1 F) IR R A5 1 9 P P A7 5 BC RS 5 i = 2 52 1 e
I IR 2 S A58 R4 T 5 fole A 00 K A B A T B RS 3, A= Wit vl LA BC L P 18 S8 38 AR 2 o e £
SENSE A 1028 15 2 2 DR 42 1, T30 0 A 2 I B R R, x4 1 oy Jd R A D S AR T R

(3) W B 28 04 B BE A5 W 2 ) FH BB TR ) B W B SR O B, ol T R AR A L& 1, Bl
YR LB Sy M- LR RS A 5 A A 3 TR i, DAY T 8 B4R PH W B 252K 8 5 1T BC HAT ik B RLFLAS 1, B
FL/N TR T A M RT, S B S TR JE T B A TR BC AL N A
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