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Bioavailability = study was conducted to elucidate the relationship between
sorption/desorption and biodegradation of sorbed phenanthrene in seven different soils.
Mineralization kinetics was determined for phenanthrene-sorbed soil slurries inoculated
with Pseudomonas putida (ATCC strain 17484). Two biodegradation models were used to
fit mineralization kinetics; (i) a first-order degradation model and (i) a coupled
degradation—desorption model. The biodegradation rates were in order of vermicompost >
Bion peat > 50% organoclay > Pahokee > blank (no soil, medium only) > montmorillonite
> Ohio shale. The mineralization rate constants increased as desorption—-resistance of
phenanthrene increased. Among the tested sorbents, active biodegradation of
phenanthrene was observed in vermicompost and Bion peat. Biodegradation in these two
sorbents exhibited little lag time and a high maximum mineralized capacity. The role of
sorption/desorption in bioavailability of phenanthrene sorbed in soils was discussed.
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AR Ao Aled FHAZE AAE, ¥ E(vermicompost), E € (Pahokee ¥ Bion peat),
Devonian Ohio Shale, 50% HDTMA-montmorillonite, montmorillonite 0], &4 F3A19 Q94
3 & Huffman Laboratories, Inc.(Golden, CO, USA)d| &3zl EAs4c. 713z2=
phenanthrene(Sigma, >96%)& AM&3}% 1, [9,10-"“C] phenanthrene (ChemSyn Laboratories, 56.7
pCi/umol, >99.9%)E radiotracer® AM&3tgth. o]wl “C-phenanthrene® %7] radioactivity:=
oF 2,000 cpm/mL ©lSith. Aol AMEH W AEL Pseudomonas putida (ATCC strain 17484) 2 4
KCTCERE &¢& ol AMRsdn, HAE KHPOL(900 mg/L), KHPO«(100 mg/L),
NH;NOs(100 mg/L), MgSO,7H>0(100 mg/L), CaClyH20(100 mg/L), FeCls(10 mg/L), NaMoOs
THO(2.0 pg/L), NagB:O710H0(2.0 pg/L), ZnSOsTH02.0 peg/L), MnSOsH0(2.0 pg/L), CuSOq4
SH:0(2.0 pg/L)E F7FF 5 thg, 121CAA 1583 AFste] AgstAdch 100 mLe] g
& ¥e 250 mL A7 E8 230 Pseudomonas putidad HE 38, Agujgr]|E o] &3] 30T, 120
mme ZAAA wLgEATh uAEY A 0Dl 2 #Fsgon FE TG dAd &=
@& di7tx] wjgsluet. AR A8S A (with Teflon-lined septa)e] €& 125 mL Erlenmeyer
flaskell vlet&o] 2319 “C-phenanthrene (0.1mg/L)$} radiotracer® %3 &, g8 3wA
Atk ol &2 ALSE HEEo] nAEd @AYoz AEEHE AL WX3r] YAl 50
mLo W& Yu Zzhe] FAAE T & 20T, 150pme] ZAAAM FRAARAT ol Eok-
fAol vlE= dEF 0.2~2g/50mLe 2 391, phenanthrene? 7% %9 0.1, 05 Ilmg/LolA &
A7 e A2+ control AFE A A ATt THHF FHAZ T X5 AV =@
Mg 1 mL(?? x 10 CFDE A HFaz, YL o3 445 “COe ImL NaOH(IN)
ERE MAsle 2 ZeAt At E 2 NaOHE F &l 10mL9 scintillation cocktail®} &3k
Liquid Scintillation Counter(1220 Quantulus, EG & G Wallac Co)& ©] &3t “CO,9
radioactivity® AAstR 1, AEs] HAF71¢ ¢ 57148 28 & /KA A8 sFo F ¥y
AE Fo] A2 E FY&AY. AR AdPdAddes 47 AQAALE 7R 13 AR 2d()d g
ZA-AQRs AARSQZE FAREFS P3A .
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X=X {1— e kt-9} (1)

714 X = ZA radioactivityd 3l ¥ phenanthrene® radioactivity(%), Xm = ] £33 7}%
& Phe?l radioactivity(%), k = 13 B8 $EAF(E D, 1 = AAAZHY).

X=0,t—0+ (v,+ v){1— e *t79}/k (2)

A7) v = 2719 8 EHEE(% -day ), v2 = 2HE &2 B3 £5(% - day )
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Fig. 13} 20 Z+2te] &3A7F 242 w9 phenanthrene?] &) ZAztel EZ A7 &3
e e AES Z2HE W YEUH. FEEE) HYTEE FAFTZAE o83t AAE
%ow, 50% HDTMA-montmorillonite (0.77ug/L), Pahokee peat(1.72ug/L), ERHE(2.16ug/L),
Bion peat(3.66ug/L), AAEU65ug/L)e2 AAiHUCE Fig. 1dlA EHE Bion peat, 50%
HDTMA-montmorillonite, natural soil 52 2% &3 T8 (Xm)2 BlankollX 2o F&A 7
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Table 1. The first-order degradation model parameters for soil sorbed phenanthrene.

sorbent Xm (%) k (day™) Xm - k T(day) R*

Vermicompost 30.65+0.338 0.158+0.010 4.843 1.451+0.260 0.9904
Bion peat 28.85+0.294 0.266+0.015 7674 2.164+0.127 0.9884
50% HDTMA-mont 26.16+0.262 0.201+0.011 5.258 3.494+0.170 0.9919
Pahokee peat 25.79+0.382 0.092+0.005 2.373 1.922+0.203 0.9964
Natural soil 25.58+0.394 0.247+0.021 6.318 1.248+0.189 0.9748
Blank[0.1ppm] 17.30£0.413 0.322+0.047 5571 1.383+0.255 0.9257
Blank[0.5ppm] 28.36+0.327 0.247+0.017 7.005 2.843£0.170 0.9857
Blank[1.0ppm] 29.65+0.146 0.108+0.002 3.202 6.617+0.085 0.9997

Fig. 2& F#ZA7 &A18tA &= blankolAM e &S Vel Rolck. agolA zrlEsE &
¥ 05 ppm > 0.1 ppm > 10 ppm £22 Yl on o]& tnduyddord el LF9E A9 &7}
BE FGEHo] 71AGA A4S st AR FEIF Faste AE € 4 Ak Table 13 2
FERAZL EAY o g4y AEH AHE A4 1A AEH 2L dER-FI dARL=
fitting3t "R =S JeERAT X,& EEE > Bion peat > 50% HDTMA -montmorillonite >
Pahokee peat > AIAEY 22 Uexon, ol FXed3 A Aol & Pahokee peatt
e AAENN 2 FHES UEUE Ao Hof AT frgir@Foz £RF5dy 25
Aol fES HYE 712 o bioavailability’t 718 4 dvhy Alg®ul, w3 ZF mdoy
THESEATERE A0 A2 Fo2 A JERT.
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Table 2. Coupled degradation-desorption model parameters for soil-sorbed phenanthrene.

sorbent v (% - day™) vy (% - day ) k (day™ T(day) R*

Bion peat 9.130+0.252 0.152+0.013  0.369+0.014 2.378+£0.041  0.9985
Natural soil 8.658+0.355 0.196+0.014  0.427+0.022 1.585+0.048 0.9970
Vermicompost 6.120+0.194 0.208+0.020  0.257+0.013 2.191+£0.065  0.9985
50% HDTMA-mont 5.279+0.239 0.106+0.037  0.230+0.019 3.410+0.101  0.9959
Pahokee peat 2.487+0.095 0.243+0.028  0.158+0.013 24910124  0.9989
Blank [0.1ppm] 15.08+0.400 0.175£0.002 1.129+0.031 23170016  0.9995
Blank [0.5ppm] 8.396+0.394 0.160+0.021 0.350+0.022 3.11920.080  0.9965
Blank [1.0ppm] 3.206+0.055 0.062+0.039  0.119+0.008 6.747+0.115  0.9998
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Fig. 1. Mineralization of phenanthrene Fig. 2. Mineralization of phenanthrene
sorbed in different sorbents. on the soil-free.
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