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B FE NGB s Y AT E Y, DIHAEIR A . B RE . B E ORI E 4R T A B UK
BEMH B s TR S A mmTE AR A A RS E . SIEA S KR T b e E
GG Y IR, JFiE o 3D-EEM ( = 45858 ) Fl GC-MS (RAM-Fii% ) HAR T T 1 & 4 s Y i) L By
o ZERFH: TR AWM R H IR R B E AR, EU RIS AW R MR G L 6 14,
T HERBFINER S, Bl 4% . SOKFEN 30% B & T, 84T 94 d 5 3P A I 2 BR AR R R T 5K 58.61%; IR,
3T 3D-EEM 43 #71 A B 4 1 b o7 il 28 9 5 1) 5 D' e o7 B 7 A BRET S 34 H BLAE Ex/Em = 300 nm/330 nm &b, H 2R R
1 44.89%, R WAH Ak b 3R X = R K HE[R) 2R R B ER K HL W) R W 95 e BRI B s A, BT GC-MS HER
IR, U bR R R, BEP A B EBRER RN 66.57%, FRIET /K EBE (19.84% ) HALAN, Hiibki ke
W) 2 5 2= 5 F 56.8%.

XEIA O wib; AME R MR, R

FEATMEIR S PR R fEAF AR AR b, R AN L SO S5 R R o s et
OO BRI A AT, A RN B E SR EEA Y E, e MEM B RIS,
PHEAS R BT K BR B AR TS R IR L, (HAC B A B IR A 7 R (B Rk R EH A
FIRRGE AL I RIE A R R BOINHoRSE,  BRESCEL 2 Mol 2RTs R & Bk, EdAF
FE RS e S AR B 9 ) B 5 AF kR A AE R M A Y 3 h A LTS R RO,
B] A I RS R AT HLTS Ged, (R R RE R v 2218, Hizm B R AR R R, [
g, B MR B MR A B R A G R R R TR I O

B ARSI S S o B R e TR RS, BB B E RSB BRI R 2
LA ABORI R TR, TR R RO RS, HRMME V8RR, MREL . QHE
BRI E AR, R EREOL R AV 5T, RS WA R i i 2 BRae . A 0 i
TRRB IR 8w PRKU AR PR NTED G PR KU S B A PR K B AR BT IS T R G
BOR . WACBR AL S R, SRS BB SRR WS T RE Bk
TR 2~3 1, AR S HA R T IR A AR DS G S BRI A T A B SR BRI AL I — i
felt>1o0, el 1S 2R WY, T IR A G e A B R T i R A K, NG P AR, 2

Y #5 H #A: 2017-12-07; 3% F H #A: 2018-03-02
E ST FE R KA D14 A S ST S RSO (SWWT2015-4)
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DL 2 A ) W A BRI BR 3R o DRI, A A 3 v 90 A8 WL B At e 3R R A iy e R B O AR
WO RSB A B AR AL TR R BB TR R 0 I A R B, SR A R R AR AT S
W AR S A s G L EOR A, WEA R AWM ERE S BAMRMBERR, SSELUREERHE 1.
KTk, AR TR S A G IR RR A . RIS e, SR RS
7K 6 55 R 20 B B A s G R IR AUR RS s[RI 3D-EEM R AT T RS A TR
JAE B AR T IS RO, FRIEIE GC-MS B ARFINT 70 A B AW e B 3848 5 A TS G LRI AL
L, AW AR B B G B IR IR TR R RSP, O S G IR B EOR R BR AL T
sk, FEEITE TR IR SR A R &R
1 #R5EZE
1.1 SEIEs#l
FH T ) 28 A it G 48 %) D ek B 1 s T ) e DU 1A R T R AR B N R 2
FERE (5~20em) £, FHIELRT. B, B, a0 RAJEENMER 8, bR A 1Y)
AE TR IR, SN 8 4E, BT 10 mm 0, RHBRHEA SR BB, AkEKR
WKLY, i BRI e . S A W R 105 (g mLD) BT IR RIS S A5 ) 4
Fe— s B SR G, WEENT7d, fFH R RE KRS, RS WED N 1% 4% 7%-
10% [ 05 He 138000, 4358 K h™ 4h 37 3% (1) 556 AR B0 14 57 L3R 1o

®1 ENFNLEILERIT

Table 1 Design of laboratory oxidation experiments

, 56/

RS pH Eh/mV (Hj o BV LR % BIKE %
D CIm

Pk 3 8.23 -61 180 0.01 3.23 34

Ak 7.68 -33 1481 0.21 16.67 32.8

1.2 EWiZit5IET
Z% DA WP, eI EY il (3

RIAT) Samis g LI E N S5: 5. 6: 4, « 100 mm R
7:3 (FHE), BLREGIFREN A CREng” PR
WBLIRO KB TR B IR S Ats G IEK R & //// ,

Ll A7 % A 91 22 B K S5 Y5 I NaCLYA R, 56 5256
2 E 84 5N 0% 1% 2% F1 3%, W54k 2457
BB TS e L R I AR SR
45 ) AL T R 1% 4% 7% 10% f) 138, 4R 7T
Sy R A FE A S e A B AE , S
SEI6AE I AN [F) B /K 43485 7K 2R R 30% 40% ) Cj
50%-+ 60%, I KZEN A MGG IEEE N (
S, S2H0%E B N 6 300 mm, 4% 100 mm [ PVC '
R, R o ) B B 10 mm B9, DU

PR I PR B3, BRI AT LR 3 ANV EURE D (R

B D . SEIR IS B 3 AN ERE CTIURE IR & 34 SR
SR AR, IR 7 d Rk, M Fig- 1 Experimental device

oS
1 1

300 mm

N
3
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T PR R B AR E N CSRERJE D, MR O 15 d- ke B SR BAER BTE S UL 2.

x2 FHRITESH
Table 2 Experimental design parameters

S TRA EERE% MR % TIKER %
A 0 4 30
5:5 0 4 30
RA
6:4 0 4 30
7:3 0 4 30
6:4 0 4 30
St b 6:4 1 4 30
6:4 2 4 30
6:4 3 4 30
6:4 0 1 30
6:4 0 4 30
Rl
6:4 0 7 30
6:4 0 10 30
6:4 0 4 30
6:4 0 4 40
7
K E 6:4 0 4 50
6:4 0 4 60

1.3 MRmBEESAE
1.3.1 FEdmar &L 22

W R T 40 °C BEF 12 h JE A i, SRS MER AR B TR S B0 A D L S L 0.100 0 ¢ T 4E
N, PRI 20 mL & bE, RAEERRIK E (150 rmin™) #%3% 30 min $2 4L 38R
I, B&ERHRIGEEEE A 25 mL E S, FEH A W E AR 25 mL AE NI
1.3.2 B A2 ey &

T 721220 B, T A0 R AE KN 215~300 nm [R5 716 T B RFAE R, A SE56 A Jh 4 R 48 48 Ah-TT
D B 43 4 5 1 0 B R IR W KR 227 nm, OB A4 5IREEIOC R N: 4 =0.064 66 + 0.004 55C,
R C NI, BN mg L. HAERER=0.9999.

1.3.3 Z 4R K bgml 2

YT B R R D R = 4 5 61 A (32 [E, HORIBA scientific, Aqualog-UV-800C), J[F]
SEWOR DK REE N 5 am, FHEE 500 nmemin', BRI KA 239~450 nm, &S KA 250~600 nm.
Horp, mEaAiKIERS A, 5 A AR 25U B HORIBA Scientific 3141 .

1.3.4 GC-MS & it st o 6 2.

FREX 2.000 g A7 iH75 438, 4350 200 100 5mL i A B BRI 3 R, RIEEHEBGR, &4t
KRR TG, BN R R SIRAEE 5 mL, RGN A GC-MS IR A B . W 5 45 1
GC RH ZfEFFHE, ¥R 40 °C ££%F 1 min, LA 5°C-min~! F+ % 200 °C, £R$F 5 min; FHLL 10 °Co-min~! F+
%300 °C, {R%F S min; FEFEEE 280 °C; KL IR 200 °C; AL £ iR fE 200 °C; # A A maiE; Har
JE 0.020 685 MPa; fERME 1.5 mL-min™'; 729t 10: 1; BEREE 2 ul. AilfH A HP5-MS £ 95 & 41 &
(30 mx0.25 mmx0.25 pm)o MS TAEZA: HE T RHEFET (El+); HEHEE 70eV; HEJHEIR
F£ 200 °C; HLF 3848 fLUE 350 Vs BT X ov e HA#EE 500 kDa-s™'; 3476 Hl 20~400 kDa.
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1.4 HiELE
K H Origin 9.0 8 F3E 4T B0 4 #r o

2 HRSHR

2.1 AR ESRMTETIENRE LI ARMEREFNT
AL 3 5 0 T B 5 B AN R VR & b A

XA E BRI R W 2. 2 AR, 1B AT +0r

70d 5, KRB B L, K& mER N asl

ARV, TR AT A o7 3 1) 338, G5 i 2 o ] -

SRR, RIS s e ki &

HABEG BRI 0 B3 5 s Y+ 1% %w-

R G B2 505, 6540 7: 3 (sEtkis 2ol

1770d J5, HoAmh & & ol N 2.681%. 1.740%- L wama

2.501%, iR A Ll 6 + 4 (RS20 kT o A il 25 L5y . . . . . .
@%%%’ ﬁ%” T 56.49%. 10 20 30 Eq‘;‘;ju/)d 50 60 70

M3 AT R, 3 i B AR B2 R H A i 2 B R

AR, 76— WIEMsh /1AL, IRE N Fig.2  Effect of mixing proportion on petroleum removal

5:5.6: 4.7 3 FEME 558 85,46, 96 d,

W6 fit T 5 Ky 999 0.009 4. 0.019 54, 0.008 95 d™'. HIL AT LA H, VEA LGN 6+ 4 () SZI6 A 4
B f il R b, TRATLBIN 7:3 K 5+ 5 ISTI0RE I B MR ZZBE A K. T 505 S515) BiF 57 35 0 4 At
AR AV RS TR EEE W E R, BIEER #F R IS & A LY Re
R S R R R R, (HENUE IR 0 SO I T A Y S e B A, RS
T 5HEWACAETE — Bk, TR R AT RE R TE AR SR IG 2640 T, IR G LLBIN 62 4 [ S2 50 A B b 32
S v 5y 0B IR S B, U I R AR A ) T R A v, A T AR R AR A R TR BB A9 RS - S
SRR T AR IR & AR D, SR 0B TR SO R SRR N AR ) B BRI, T3 B0A
Fof il R PR A, VR A LR 9 75 3 B SRR TR AL b I e B, SRAE R E SR AR R, RN
FREY SRR, R AT REAZTE I ) A I B R B e ) B AR (R R A T S PR, i S
BCAT Vo A T R PR

®3 CRALHIAMEMENFEE

Table 3 Dynamic equation of petroleum removal under different mixing proportion

TR A L WE T Ko™ 32 W 10/ R
InC = -0.009 4¢ + In4.591 6 0.009 4 85 0.9230
InC =-0.019 541 + 1n4.913 3 0.019 54 46 0.970 8
InC = -0.008 95¢ + 1n4.558 0.008 95 96 0.958 7

22 SHEXNAHEBRHTW

WP R, SHESEE A ARTE N, SEREN AW EREN R L E 3. hE 3
w, A R E eI A L A S — e SRR R BEE S R E MG, A R R
FEA%, BN INER 0, A RBR R E, 817 94d )5, HEBRFIL58.61%. HEK 451, —
fif 31 3% 75 RE AR RE B AP LR A A T R B AR AR, SRR BN 0% 1% 2% 3% ISR 56 A A i
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B i 2 2 343 990 56 854 864 131 d, B fifd ik 2 3
043 5 4 0.012 21 0.008 10 0.008 08+ 0.005 28 d~', 350
KO E RN, HEEEEEHEE A I
T A6 A 2 B BRI . LR Rl n] g2, AR SRER 2% i
7R 40 T RE 2 RO A T R AR AR s I, & C2sh
EhE S, X TICE Y I A A AR R, A =
MR, RERSD B Rtk (R C2T
TR ERIE N, AR ) PR R A 1 '

3.0F

L5F
Ko R 50 % 5 wb 1 A it B R AT — S [ 40 .
WAEM: 5 Jrm, BRI R T ROy s
1481 pS-em™, T F I HL G R A5 £ BT 0 2 .ﬁmﬂ@ TR0 100
[ A VIR R ATE A R B i B¢ g B 22 0w A il
LR, — R R e b B3 A

/NTF 1000 pS-em™19200, Ak £ 3 A B A 2h &
FERT L 7, TR A 39 0 2 2 %o 4 438 o 10 e B A
B A8 S E .

Fig. 3  Effect of salt content on petroleum removal

R4 TRSMERHEMENFERE

Table 4 Dynamic equation of petroleum removal under different salt content

é’l\m’:%/% Mﬁﬁﬁ K(,hs/d_] ﬂéﬁ,ﬂﬁ tip/d RZ
0 InC =-0.012 217 + In2.814 58 0.012 21 56 0.9259
1 InC =-0.008 10z + In2.582 88 0.008 10 85 0.830 1
2 InC =-0.008 08¢ + In2.914 42 0.008 08 86 0.940 5
3 InC =-0.005 287 + In2.708 28 0.005 28 131 0.854 5

2.3 FHEXAHERNIE
TG W R Z D RE TR TR A

YGRS e 39 1 I R i O 1 1o = Gt
4R 5. RS TR, —RMEIRE) 2% )7 R o X i
I D 2 7R A i O A AR 0 R ) s Ve
N 1% 4% T%. 10% 15258 K b A i ek 55 Uy

WIS 740 510 1120 223d, BRARERHEHS 5O
5549 0.009 0. 0.0122. 0.006 6. 0.0039d™!, &4  Z 7T
B 4 ] R0 F A 4% 1) SRR A H O TH R A T R
B, BEAE SRR, KR kR s
S A, A A A A R S S B
IRHIALRE: 5350, 4505 ek R I e — L i e Y
SE FRI BB PN, A de 1) A A 26 I it = X G b i/

TS, (LRI S0 A R SR I 2 R R

2o BB At A i B R - B8 T S A Fig. 4 Effect of oil content on petroleum removal
RO A A I T RS, XS TP AR e R A A R B MUE AR S IR B
TR P T 55 2% A1 T A A 3 JBOGT - 338w I A AR 1) B IS VR B 4%
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R5 TRSHERHMEBENNFEE

Table 5 Dynamic equation of petroleum removal under different oil content

it/ % WA Ko d™! LT 1ld R
InC = -0.009 007 + In1.495 20 0.009 00 77 0.891 6
InC =-0.012 20¢ + In2.814 50 0.012 20 56 0.9259
InC = -0.006 60¢ + In6.716 60 0.006 60 105 09122
10 InC = -0.003 907 + In8.889 80 0.003 90 177 0.780 4

24 BKREAHBERNRID
IR K R R R AR R
R, ke T HEBAEMREFRE. 5K

FA LSRR s, s R, ] i
R EN Ny S OE P IR DY 23 R v ¢ kit
WU, TR0 KSR 40% B, SIRREBF o4 d R v ikiiens
W R BR A TTIA 47.03%, FKHEN30% 5 40% < f

PR AR A AR R AL T A K 50% 2
B, FLA i 25 BRI AR T 5 K 308 30% 5 40% B Ll
HOF 2 B s A K SN 609% I, FLA i i

R AR XA TR AR,
U UK B AR A 1o

BT ARG, U SR A M VR B R e
REAEAF B HIBE T, T35 /KN 30% 5 40% () s Aok nh 3 e

LR, LA REGE, R 7 R
() K B S B T 5 50 v R A R R BR R 25 B
MR AT. Kk, TIEEKELE 30%~50% B, HoA 25 bR 32 B2 BN, T E K E KT 50%
BF, A2 PR R R 3 TR AR, ARSI 25 N MR S K E N 40%.

2.5 AiMISLYIEE=HERTXSH

AWM EAFE N ERBRE, wGEE KA T BEANPES AT g8, BT 3 gik R
() 7y Frf, BEAE B ILPERE A o> TP B G OR, POt R ERE IR, BB AR, 2T
Ay B R ARERES T [RI, JE ARk B N A 2 2 s F = 4RO R s e AT T
WFt. 75 LIS MEN 4% RS A M LR E N 1 10 AWM S. FKERN 40%
MIZ&AE R, WAL FT KOS AT 94 d B SEI0 A H i A s g g o B EORE, AERCAMS, 8 = 4R
FEARXT H M, AR I FT S AR I = 4RO TS L 6.

L6 FTE H, Kb BT AT G I N X R A T OR KR 239~400 nm KT IEKH
280~525 nm [ [X 35k, AbFE 5 1A g5 G 3 IR 08Ol X 38 32 B T IOR B ON 239~310 nm K ST K
N 320~450 nm [ X 35. A7 iHTG G L35 LE AL ER T S 1 R K 9 G I A B 35 H ILAE Ex/Em = 260 nm/359 nm
b, WA 53 ) 102 886 A1 56 701, FLFBRFE N 44.89%. MK 6 (a) W41, Ai5 4+ Ex/Em =
(245.0~255.0 nm) / (360.0~380.0 nm) 5 (330.0~335.0 nm) /385.0 nm G Bl 0 2 D&, & NIERY)
(=3 g, Ja&E N=3LLE (EFHD WGP 546, Ex/Em =230 nm/342 nm % 275 nm/344 nm [ 15 K
TR HFERAYIE, Ex/Em= (252~272nm) / (350~424 nm) i N =3 R HE 2 00E, Ex/Em =
265 nm/322 nm P4 HLIE K LR R R0 BAS R 22 B8 057 FR R AN [R) B BOR R S KT L 2

Fig. 5 Effect of water content on petroleum removal
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AANFE RN, By 2. 2R8I 07 R O BORIR ST 58 S AE 300 nm A A7 BRI JE LAY, 17
Wt 2 07 e PR R BN AN A B B2 s LBOR R S 1 W TR B T R A B TR, ARSI g e
A S Qe 1 BN =3 LR R YRR R R R 0T ke, Haw i b B s (&6 (b)),
XTI e B S B, R T Az S PR O =3 B L ) 2R W A B30 e L T) R W IR 05 e 6 R 8O R Lo
TR, VF 2 A AR =38 A 05 R A D MfE — IR BRI, R L SE LAk, i =3 LL BT
kel T B SRR AE AR AR = 4E5Ot SRR B BT HIEP AR KB TR EF R 94d
AL B A S AR T T R b, BT b b AT REAE AR K R RERHR T T R B RO BE T,
1117 FAR T3 o ik T5 G, R BE R LI

600

4
550 7.031 x 10
6.094 x 10*

4
550 7.031 x 10

6.094 x 10*

500
5.156 x 10* 500 5.156 x 10*

g

£ 450 4219 10* & E 450 4219% 100 Z

£ & = B
= 400f 3281x10° ~ 5 400 3281 x 10*
150 234100 2.344 x 10*
1.406 x 10* 1.406 x 10*

300 9.375 x 10° 300 9.375 x 10°

250 4.688 x 10° 250 4.688 x 10°

250 : 350 400 450 0 250 R 350 400 450 0
Ex /nm Ex /nm
(a) AT (h) ZbH5
Ko =43k

Fig. 6 Three-dimensional fluorescence spectra
2.6 AiMTRYIBEET W
A E A, GC-MS VEBUE St )5 V5 R

i 3RAF 58 L 10 T 2 A B, B R AT A R . kP
THRS A RS o A SIS AE 3 S BN 4% Ak
WS A MG R IER LRGN 1: 1. ANk, 2 400 000F y
FKEFN 40% I T, XA FRFT A2 4T 94 d 1)
S AE A TS e 3 Ay BEURE, 34T GC-MS 11200 000F
W, WERCC-MS EHELE 7, AMSHIE o oL g
LI 6. = haws
I 7 AT, G seAET 94 d S, A 36000008
R R AR SR A, R AR R 3 400000k
A AR R D ) A AT AT N, R R T A R e 0 SE L
14 314 1 384 363 799 A1 462 804 399, [ % 1200 000 el
9 66.57%, 3t P AT 7901 B A IE Do e
Fio Eobhe Eo bR RIES Pk SR N
5N 17.84% 12.65% 13.15% 11.57%, T4 T 1~16 2R .
S BFEIEAT 94 d 5 A I R A A TE K7 CCMS Bk
K\ IE ke B E DUk, A R4 BN 16.76% Fig- 7 GC-MS specira

16.35%~ 12.13%, 1E-+-GHi A ETH 17.84% K& B NGB G 7.32%, ZFRFEER T 86.24%,
VLA A B St Ays e HIE B RIFMB E 80U FIN B3R 6 v 40, il i by R A B 5
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WA I T = =, U b R A A v e IR R R R e R B A A T = =
MR 6 HE T LA, BRIET/\bt (19.84%) EBRFBRACHL, HAbiEM 2RFELIEFH T 56.8% LA
b, =R EBRERERLR T 100%. BIEEPIH R E, TIEEEIEFEF Cg. Cxn Fl Cy
M AR e R B T MR B S A8 Ak, R B S Se R B 0K, T i 20 70 ] R — 305 20 e 80 At 1 e
BEAXT A 5y, T B — Lot ) g BRSO 2 o S B AR ROTE AR R EOR,
WAy S b B S B IE )\ e 2 BR R BUE B BT A B AT R AR B = =k ke, i AR R e 2
B AR, DB AT RE B T KRR R PR AR FR R A — 3B B AR T IR\ S 8T R\ R R R
B

R6 AMERITHEL

Table 6 Variation of petroleum component

[ 35357 VERiiER Qb FR T A b B 5 VA FBRE %
1 RISUNE SN 3091961 384 647 87.56
2 DUk 7950 106 1824 619 77.05
3 E+7NkE 89 091 591 25 688 055 71.17
4 BTk 50299 565 12719 369 74.71
5 Etkt 246 975 693 33912457 86.27
6 TE\BE 96 743 218 77 551 206 19.84
7 2-F A )\t 9978 119 4027331 59.64
8 E+ Uk 100 340 950 40257 050 59.87
9 EHE 175 180 021 75 666 532 56.81
10 IE= % 182 044 706 43379 798 76.17
11 B R o7 107 446 360 41976 128 60.93
12 IE = DU%kE 160 177 892 56 130 290 64.96
13 B o % 7 94 153 964 0 100.00
14 i WIN i 53 453703 17 009 790 68.18
15 1-fl )\ e 10527911 2036717 80.65
16 B 0 30240 410 —
:‘: N
3 Zn 'l«'e

D W A0 A s G R B e B RO B, R S A e ) IR A e 6 ¢ 4
AIMERS . EIMEN 4% FKZE N 30% WIEHLN, B IR AR 94 d J5 g A Z: B
s, ik 58.61%.

2) BB S A S e IR BN 1 10 RIS FIKE N 40% 15 AF T Xt b
PRRT AL AL B 94 d J5 L3R =4O LR i, BRI G B ILAE Ex/Em = 260 nm/359 nm, N
FERVIM g, 5206 5 KAE H 102 886 F& N 56 701, £BRFR N 44.89%; Hod gyl =38 & H [H
RYFI IR [ R R 0 75 08 25 B ROR BL0T-

3) BT ARG b ST A B B SR T A B A R S B2 T GC-MS A BT, R BTk
B3 B A A R B R RN 66.57%, HAERIE+ )\ e k KEEZ R SR AEA R
T (0 2 BR AR

2 £ X #k
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Influencing factors and pollutants removal mechanism of remediation
petroleum-contaminated soil using aged refuse

YE Zhicheng , ZENG Lin , JIANG Guobin , CHEN Weiming , LI Qibin *

College of Geosciences and Environmental Engineering, Southwest Jiaotong University, Chengdu 610031, China

Abstract The mineralized refuse bioreactor was used to study the remediation of petroleum-contaminated soil in
order to achieve the aim of waste control by waste under the premise of low cost, easy operation and good remediation
effect. The effects of mixing ratio, salt content, petroleum content of soil, and water content on the remediation of
petroleum-contaminated soil were studied. The removal characteristics of petroleum pollutants were illustrated by
3D-EEM and GC-MS, respectively. The results show that the mineralized refuse bioreactor has a good remediation
effect on the petroleum pollution of the soil. Under the condition of mixing proportion being 6 : 4, not adding salt
and surfactant, not flipping the soil, petroleum content of 4% and water content of 30%, the petroleum removal
rate reached up to 58.61% after 94 d operation. On the one hand, the fluorescence peak position before and after
treatment appeared at Ex/Em = 300 nm/330 nm, and the removal rate was 44.89%, showing that the mineralized
refuse bioreactor has a good remediation effect on the tricyclic and monocyelic aromatic hydrocarbons. On the other
hand, the total removal rate of petroleum after remediation was 66.57%.The removal rate of other alkanes was above
56.8% except that n-octadecane is lower (19.84%).

Key words  aged refuse; petroleum contaminated soil; influencing factors; removal characteristics
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