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B, AR 541004

 E EAeEASEYEE AR A MG YT KR BABRA T, (B4 S AR A Wi v B I 52
Wi, IS R AR B AR T BE SR MR . R T A AR I Tt SRR 6 1 R B AR AE I8 B VA b R K A T
i RRH A  REfRE R, AR A HOCIR SR AR R E AT, PR T i SRR SR SR AL B TS e
AN TFZ BRI SCRTEE T RBOMEBARMR IMEBAR G BN/ S s L3 0.5 1, 2 F13) iR
F TH, WA AR T2, B 100 mg L' fHERER AR 100 mg L™ =M ER1E B F240K, BRI M5 YR
2K R (i8R BTX) LAK L (BtOH) b B K B F2 (R AT R . 25 RBHH . BTX BREME R 5 BRI B R
B T LR IEAR G, TR BRI AN B TR L 2 BN 3 IR R, B R A S kA AL s BTX [ LU
fb2EE e E, OB AR E Ve R D £ S mBRER BRI T, AW ER P iR R E OV, B
FRER I RN B USS , Wk FVERIAR ;. MR S 5 weR 7324k, HUChBRRE:, =Mkt oA A
P aetE /N BRATT R AT . BT 2R BUR R ] 2R W R A B 25, SRR R AP R i
B AT E s B s, R AR 2 AR s e, fEAE YRR b s e

KRR ATMIEYY; A RREREY; SRR HTOK; AR

AT DX T K IR P AR S S R A BRI Im A S EAEE R BRI R 2 R PR WA LR
—, H#4178 (benzene, B), HZK (toluene, T). 7K (ethylbenzene, E) FIl _HZE (xylene, X) J& FEAVAH FEY)
o T EA B SRR 518, BTEX AU IE FIA: 55 sugi i, X A B Rtukh sl ™ fe
RS AFIE SR, AL, 2 X BRITS Y SR P2 BT E ) 2 6, B IR (R s i F L
WL,

Jfifk# 44k (in situ chemical oxidation, ISCO) JEVTAFKH AN YBEREHA, it m +uih
IKHENEAT], KAV o o F s d Y B, ik EeE BiP, W mARER (persulfate,
PS) J& ISCO & AN Z —, HATRAME . STk, RAFRUE RS HVE ) S8R R, 2R,
ISCO FANRAFAE LN, WNEAT T3 KA B e A AR 22, FEATK RGP K G B R
Ko, Wik, RERIFREaG I B i E R 2T 2 BOEY, A BERARNERE, ZRIK (slow-
release materials, SRMs) FARC A MATHIMFFR S . SRM FAGEIDREH A AT S5 & IR RS2 4
FRIRTREIGE AR, ARG AT FH A7 an A IR A H S . S REEORFR DR 3, VR EURIIR &
FIRSEAR LA, WEMAFNRE . f87E SRM N, HHZERL. HEr, #HpiER0ARFE e
USRI | TREE B RR DL MBI R BRI R N KRB & rh BT B R BRI v
HO, Hr, AR R AT PS-SRMs £ A RAFHIN RIS, AR CuE I EA A LS
YLIPERE

SmsE TG YR AR, ST B4R oK 1SCO R 518 5m A YME & (enhanced bioremediation,
Wi EEA: 2024-01-28; A AHA: 2024-05-15
E2E&TH: ERARBIEILLSHBITH (42367011, 41967028)

FE—1EE: XBJE (1998—) , B, WIEBFIE A, W kTG YK SCHL A%, 77974578 1@qq.com; BRBIEIEE : PR Ay
(1965—), HB, Wi+, ¥, WFRITWNIGHKSCHITTS, cyd0056@vip.sina.com
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EBR) BARKATE SAb s 5E, ichtk, PrRfEHER MR, FERE sl R AN A TS Ye b R KRR,
ERER . =PRI IR ER W o G MR A VE IR T A a2 A0 TR, xS fb S ] BE R 1SCO-
EBR AR F52 14, R4 PS-ISCO EAMIHIHEYEPER SN, EA R K] PS-ISCO 7~
A R R AR B T LR E W R 4k SR BTEX . #R1T, alad @I 7242 F EBR J+5 PS-SRM-
ISCO PRI BTEX (U85, AR IAHICHIE , HARSE AT REXTHIE ISCO XAk YT tes -t HA R
=98

FR AT KB IMEREHAR , ATV AT R Wb KA HERLR S YVER SR T, LA
TMFIATR N BTEX IR, LIRS 7IHI% PS-SRM, il TRINGHRREL . =Mk AR A PS Ak k1Y
WRRRERRAN S T2 44, TTRE THOTHgE, 398 T ANRLI BRI/ A i it Lk PS-SRM ALFESil BTEX 1Y
ROR, BAFHIAR PS RN L T2 RR AT G SL, A2 X EBR-ISCO-SRM AR b #iih T 7K
AThTE YR PR LR AR
1 MBE5REE
1.1 R\ FIS5HR

SIS AT BRI RAE T PUREARCE M T, AR R EE SR gk 1 R, il4 SRM Jir
PR BURLAR A I, S50 AT PR R AREN (Na,S,0,) . SAALER (FeCly) FIHAREN (NaNO;) S5t
4fi, Jo/KZEE (CH,CH,OH) MfEghali, Tt 92 S5, B T /KICFAMEL TR A AR Z 15 U
R K . AU K215 YR IR R AEME, K R /K AR AR (APNE-12, db5Tas KA
A BRI AT A AN, HALSAAEAR AT . WARECN 1.05~2.20 mg L', HLF%N 208.4~241 pS-em ™,
pH Jy 7.58~8.32, lMRELFRIEIE N 4.31~5.24 mg-L™', FRBRERFRHE M 1.25~2.66 mg- L™,

R 1 SHERAESKNTRBOUFRS

Table 1 Chemical constituents of aqueous media used in experiments %

TR AlLO, CaCo, Sio, Fe,0, Na,O MgCO, K,0 HoAth
A RA 0.41 88.22 1.38 0.24 0.01 9.63 0.02 0.09
by 23.21 0.29 56.15 11.15 0.11 2.02 5.13 1.94

1.2 fTTHEHIE

SRR FMARLA 1000 mL B EA4-BE BRI EROTIR, P2 AaInE ol ah 3 28 ANEIHBT
ZAR . IRINGERRER AR NG sk, Hob (S B AN A I R F A 0.5, 1. 2 R0 3, ZrBiIAREl S1~S5.,
NI1~N5 Fl F1~F5 4, SOTREINGR 2 Ui, IYET BRI s A A E s AR K 5
W, FrAMOTARYTRINZ B (EtOH), HFRFEREHE N 100 mg- L™,

TIVEROTIRRE, e 200 g £ KAk (Bid2 1~10 mm) 5 200 g /#b CKifRZ1M 0.5 mm), SREHA
—ERAY A K AR . SRR S ORI, e AT AR PS-SRM, A&,
RFUR 800 mL. Ao i sl R p A E, MAMOTREE 3 AFATR, TS Y KR TC R R
5e, SCRMGUTA E TIRATFEMN, WA 1.8 mg L' LUF, [RIREGAFR, FEFERE MR
k1 (2542) °C.,

1.3 HERESHH

SEMAMEF 20 mL B9— R M T E SR EROTIR AR B L 2 om A0HX 15 mL AR5, Horp S mL 5
HEAT 1 g EALENIEII AL, (S 354 (Agilent 7890B, 36 [E“ZHE(RFHE A BR A F]) 7347
BTX 5 EtOH W EP; Higy 10 mL A 5h 78 FEHE XK B (HQ30d, & FEIma4y/A wl) &l DO, pH.
EC J ORP %7K fb 248455, HU 5 mL Ff i 43 J FBR e A T. Calcium-test F1 Alkalinity-test 251 &5 I &
Ca™ il HCO, ; HU 2 mL F£ Sl L L AN SR AR b okl PS . Fe® FLEMR S22, el A
ML (UV-6000PC, TR ABRAR]); B 1 mL FE5 I AR — e, BT
B (ISC-21001C, SEEZEER CH/RBHEA FRA ) £ SO, NO, . NO, FIZERE . SLH45 oA
1 g ZEAUURIRES,, R bl T A TR A PR A RS2 A E Y 16S T TAE.



%6 4 XRHOSE : PSGEREAL PR AR /KA1 5 Jead Rt v iy 752 AR B A 1533

*®2 MR E

Table 2 Design of the microcosms

R/ I K BAR BRI (mg L)
e awmie " S0r  pix mon S0;  No,  pe
28 4 3

— S1 — 20 100 — — —

0.5 S2 791 20 100 * — —

RN T2 14K 1 S3 791 20 100 * — —

2 S4 791 20 100 * — —

3 S5 791 20 100 * — —

— NI — 20 100 — 100 —

0.5 N2 791 20 100 * 100 —

el PG AN R N 1 N3 791 20 100 * 100 —

2 N4 791 20 100 * 100 —

3 N5 791 20 100 * 100 —

— F1 — 20 100 — — 100

0.5 F2 791 20 100 * — 100

TN =M i 2 1k 1 F3 791 20 100 * — 100

2 F4 791 20 100 * — 100

3 F5 791 20 100 * — 100

T < FORRINIMIRIALS ;2R SRMsBMUIPS &7 AL AR ES T T ANIE ik ik

Kt 2 (E).

2 FR5ITR

2.1 PS ZERRRMRER
TESZEHI, PS-SRMs HYREICFE PS W tid T, RIS TAHXIERE . PS 7E/Krh AR M a5 15
i E At e e mesL, H A PS el s 5 RO aAsE X (1) 5K ().
28,07 +2H,0—4S0; +0,+4H" (1)

CeHg+158,02 +12H,0—6CO,+30H* +30S02" )

DUBRER R 7= A e A1 PS A6 HH R B X6 Iy () B i 2 MIBR DL SRM Hg iy PS i, BICMZERER. i milid
B AERR HGEE, PS ZBRERMGE . YRR IAET 0.5 F1 1 B, PS ZERSREUE, /NT 80%, i HAYOTIASE
iRz Bl PS e 22 R, ORPINERRNAY PS BEARRURL A ANIS5], PS WA B2 [B) %8
Peags, Ik, W& PS RIS, Mt i Radh/ i i e = 2 2 Al 3 ik, SRMs A5 PS Uk
HE, RIS, A BRESETE L, (115 PS ZERECNAIRR, SRR AAE] 90% LI E (3 3).

3 TI0L, SRR iR, PS MR BRI, ML T 2 i, S4. N4 Fl F4 I KH=5
BIA 343, 71.4 Fl 34.6 mg-(L-d)'; M AT 30F, PSBEEUME, S5, NS FI FS B3 47 K
64.9, 69.0 F161.8 mg-(L-d) ',
2.2 BTX 5 EtOH RIFERRIER

D) KRB FZE, KB FZEEN T, 445 BTX, EtOH. PS KL Fisik Ak unl& 1
ffi7R, BTX K EtOH P&l —ah 1A a4 R 4. Horp, ST 4RSI 724K F1 SRM, 7] i ey5 1y
Ny ASREEAFE . BTX FRHEHEEE, WE 1(a) Bin, 7E55 70 R EIREZL R 1.4 mg L', #fi—
RANTI2FHEL (k) 24 0.009 d7'5 EtOH MG W ARERE, &y, 4 0.079 d7', 7ES 36 KRBTk BEAR TR
TBR (B 1(b)). M T BTX, EtOH B 5P, Hy= Y LR R e iks] 75.5 mg L
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Table 3 Release of sustained-release materials in each group

W21k An PREE BEmEAd AT PSHI A/ (mg-(L-d) ) & FRERI%
S2 0.5 0~70 y=8.9x+18.7 8.9 0.9319 59.7
i _ S3 1 0~63 y=14.4x-18.1 14.4 0.9375 69.2
ARBMA T 32k
S4 2 0~20 y=34.3x-19.4 343 0.916 6 714
S5 3 0~13 y=64.9x+98.6 64.9 0.956 1 96.1
N2 0.5 0~70 y=6.9x+8.7 6.9 0.989 3 54.6
N3 1 0~70 1=10.4x-39.6 10.4 0.9773 67.7
B
N4 2 0~13 y=T1.4x-57.1 714 0.920 1 98.6
N5 3 0~13 y=69.0x+131.6 69.0 0.9312 100.0
F2 0.5 0~49 y=12.4x-453 12.4 09154 582
o F3 1 0~42 y=13.9x-3.7 13.9 0.9475 60.0
am=mrik
F4 2 0~27 1=34.6x-38.9 34.6 0.934 0 87.1
F5 3 0~13 y=61.8x+50.0 61.8 0.948 7 93.4
10 1004

—8-S1-4—-S2 ——S3 -S54 <S5 —E—Sl—A—S2—v—S3 —©—S54 —<—S5

S 80 g 808N\
5 5 "Ry
i i
;E( 60 r M 60 r \ M
& 40t & a0t
g 20} :}5 2 20
0 — — & 0
10 20 30 40 50 60 70 80 80
W st ) /d Wi st i) /d
(a) BTXik A5k (b) EtOH¥ A8 1k,
100 12007 5 gj_a S2—5S3—0—S4 4S5
—8—S1-2-S2——S3—<—S4 —<4S5 &= —-S53-54 <

~ 1000 |
L o
. —
g %
ke oo

o
N o

80
W e ) /d W et ) /d
(¢) Ltk Ak (d) PSHeEAS L

E1 FRFMBEFZEELET BTX, EtOH, PS fZEERERENT L

Fig. 1 Changes in mass concentrations of BTX, EtOH, PS and acetate without addition of electron acceptors

(E 1(c))o HiT EtOH FfEREGILICHIA BRIV 32K, BTX MAYIM#Z5 EtOH FEMFIIIE], BTX ¥
FER R BRI E TR

TEAS NN PS-SRMs [ S2~S5 41, PS MMt GV P I BRRRER RS, A T E T iREh 132
KR, 2520 BTX Y45 I I, Bl I mReh/ A s e LI K, PS MREEHE KSR, BTX B H R AT
DR TEES 70 KAF S2. S3. S4 1 S5 H BTX BYZFRFRI 5K 82.9% ., 91.0% . 92.3% 1 99.1%, XN
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Table 4 Pseudo-first-order kinetic fitting results of each component concentration

K, /d™
415y RSN AL FAZ A4 IR RN B =A0
S1 S2 S3 S4 S5 NI N2 N3 N4 N5 F1 F2 F3 F4 F5
BTX 0.007 0.023 0.036 0.036 0.066 0018 0.023 0032 0.032 0055 0.009 0019 0.020 0038 0.069
EtOH 0.079 0.018 0.028 0.010 0014 — 0062 0.077 0021 0.020 0.091 0012 0011 0.003 0011

B 0.004 0.014 0.024 0.021 0.045 0.012 0.014 0.023 0.021 0.053 0.005 0.011 0.011 0.022 0.048
T 0.006 0.021 0.041 0.053 0.091 0.018 0.021 0.035 0.042 0.061 0.010 0.021 0.023 0.048 0.241
X 0.030 0.046 0.056 — — 0.111  0.057 — — — 0.051  0.062 — —

I R G S TS5, ARRARERNE.

) PS KR/ HIR 8.9, 14.4, 34.3 F1 64.9 mg-(L-d) (3 3). kW m i LRAR I T4 BTX Ff
R, LS ACVERE BTX BRI EZ/EM . 2R, EtOH MR ILT BTX, 7855 70 KA S2.,
S3. S4 f1 S5 1 EtOH [ fitffE— 2k 3h J1 245 805 3R 0.018, 0.028., 0.010 A1 0.014 d™', ZBRFEHHH
79.9% . 90.4% . 55.0% 1 66.2% , ZREATR LIRS AFIT BtOH R R . DL 2SRRI, Rk
i B AT R PS BYALAEELVE], BTEX [ EtOH B 5w PS E ALY, ZERmZz3mEl; SRk
J i FU R R T LB A R LS AR ITE PR35, (BRI BTX BRI TEARGINE P2 AR T,
PSS L HBRRER R nT R 32k, BRIRERIA I AT e LR i = B

2) INIAHIRER L T2 4R . FEUSINABARER (WA 2 100 mg L) 40F T, Hymmui 2 il i
W] R IERINE (18] 2(a)). TEBCH PS FE7EMI N1 40, WERREREISVE 20, 7655 7 FIASaYARER
TV i R 3 o e B A TG R, I F IRl — KA EtOH T T m M A 1.5 mg- L', ZBRREL

B0 o Ni—aN2 —HN3——N4 +<4—N5
150 F 5536 KHINIALKNT | HIS6R N2 NI#h 5T S
]
T I
0 )
E ®
E ,,/
o iy
8 5
m

40

W st A /d W e /d
(a) TR BEAR AL, (b) EtOH¥EE5 1L,
100
—8-N1-4-N2—-N3 <—N4 —<¢—N5
~ 8ot Sy
n R
: Eai
£ o
P
[
m
80
WSt /d W st )/ d
(c) ZERE M AL (d) BTX¥ 451k

2 RINFHERERS TRRERER. EtOH. ZERERAN BTX REBIRETL

Fig. 2 Changes in mass concentrations of nitrate, EtOH, acetate and BTX with addition of nitrate
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98.2%, ZIRERFRZEE N 5.9 mg-L'\(18 2(c)). fH BTX HFEMHE I EA S5IA BRI T 24K S1 85k, 18
557 R BB AR 34.8% . Z45REW] N1 HHEIRER IS TN SR Je i i £ 18 S H =) L TR ERPT,
BTX [ EBRFAR LS KA BRI R o T HRIE LI LBR G RS TRk i RV E AR BTX IRICR, & 36 KX
FRR A HOTIARRN FERSEREL (29 100 mg- L"), X2t T BTX MR, 2 50 KT BTX ZpRiA5] 78.2%, M
FRER B IR RE R, FRARTTEIRE ] 19.5 mg- L™, M N1 "PAAAERRREREAF OB X RERF R BTX MIRSIRERA
JRVER], PR RN SRR TR SR, MMIRHIE T BTX AR

TIPS MISRRER S VR FHA RIS, X2 N PS A By HA A E, S St YisErERER, 1A
i PS AR RS A KRR B 7, SEUAR pH FRIEEY, SO s E s v i e 7
1 PS-SRMs ) N2~N5 1, i FROCIRF A IRARZEER, pHTE 7.4~8.3 178, IRAIBRIRE ST
ISR/, H PS FSRAE AL TR S R M IR SRR JFE R, PS YR, AR
1%, AHRRERIEFAE RS

TE SRMs it sl 0.5 B9 N2 F1 1.0 (9 N3 i, SRR IS IR X EtOH M £ 1R HA LSk fi i
BTX F&f# L PS fb2z% b . Hidr, N2 o PS I LL 6.9 mg-(L-d)' IR ZHE LT, 55 70 Kik
4872 mg-L'; 4 35 RUFAYEREL P A W BN 2.5 mg- L', WAYAREL A 34.1 mg- L' [AIHHE
EtOH £FR%H 90.1%, BTX ZBRFEN 60.8%, WMARTAUSINAE TZRM N1 41 XFF N3 41, 25 35 KitiH
FRER T A3 vk R 3.5 mg-L™', EtOH K BTX EBRFDHIN 94.4% F1 65.6%, KBRFET N2, 155
56 KPR N2 5 N3 4IAMEiliREbfs, HREA R E RS 2IH5E, EOH 5 MW T, SN TH
RBR,

24 SRMs o B ) 2 F 3 i, BV N4 FI NS 41, PS Fifa e BERs K510 71.4 mg-(L-d)™
169.0 mg-(L-d)", HTES 13 KA PS Brmik EEIABIEAA, 43510 969.2 mg-L™' A1 971.6 mg-L™'. BTX [
REft- 43R, 45 69 KRIFFBRARIIHN 91.1% F 98.5%, EtOH (IFERARIIHIN 76.4% 1 81.3%, ZMah
JREHRE SR 27.9 mg L™ fi1 10.4 mg-L™' . EtOH FEARHE—Z s J124 550505020 0.020 d7' F10.021 d7',
WEMLT N2 5 N3, 78 N4 A NS dirf, A5 2 I eidfRsh, SCuhss sR iR sk A o vk 4351k
52mg L 5 148 mg-L”', [FIfAKEMIATRINR, FEREIAE 66.9 mg L. SR TFZA&K
[ S4 F1 S5 AHMLL, N4 FI N5 (L5 R0 0], 4 SRMs Fifg biea) 2 1 3 iF, PS MK A, BTX ¥
A AL BRI RN, R KT 90%, i EtOH FHERFFEAL; AEBRELE ISV ERMBIRTEAE, (HRSRRELF
FHERREAG, S 0Ts Tz 20 B i

3) W=k 722K, 1€ FI~F5 1, M55, Wl pH FRETGE, JEAYE 2.8~3.1, BT
ARAMEMVER, 76 7 d WEPAIPRE KT, R LE A o, AL ageiRynii.

TERCH PS TAAERY FL4H, 4 22 KAV (0.50 mg- LY, KA/ DEFmERBATE, BHA =M
BB JEAE R R4, VTR ORP H A =Mk 5 1Y 558.0 mV B FIEZISS 22 K9—0.7 mV(&l 3(a)). %
22 Kk, BtOH PRI N 48 mg L', ZFAEHFERIEAFIEHE 94.8 mg L '(8 3(c)); BTX Bk
LS FARRGSINH 320K ST 20254 (B 3(d)), 7E55 71 REFHFIRFTEIRE N 8.4 mg L', X4 1%
W, ZEERIRHETTRES =PRI E, 1 BTX M2 3] LA AR R

TEA NN PS-SRMs 1Y F2 & FS5 41, EtOH Jiis vk AR L an[El 3(b) Fizn, BEfflE—gah 127 i 50 )
2 0.012, 0.011, 0.003 A1 0.011 d™', BHE/NFERMASERER M N2~N5 4, X S5 BIA T 5 Akt
(ORP HJE AT 400 mV) SEHA: WG TEBARA X, EtOH #AE IR RCR R, T AR F2 5
F3 1, BTX FEAFE—H 3l 275 Bt B AR T 2R 50 A2 A 41 RS in i 1 58 414 1) o i L ) 45
(# 4), FE% SRMs Fit LIk, F4 F1 F5 20 BTX MM — B30 J12p B0 Bae s, 2091k 0.038 4!
F10.069 d', BIRTFAREBNNE T ZRL S RINRERRER AU A OO0 RO (6 4), RN REREE 1k
PS A AT SR AR RS F FR I
23 WHWEYMER

YR E Y REE T S, S AEYFE S (Chao), 4571 (Shannon) MAIFIE T35 (coverage) HY
ORI 5 s, HorP, RURHN PS-SRM 14 S1 ZH v a8 S i, A 2Rk E A E R
Mi; FEANIN PS-SRM 415, AEYE & SIS EEA B PR, WSRO TIARZ R T =
WOt
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|\ &Fl—4—F2—<—F3 —$—F4 —<—F5

\

S
2
> =
G y —&—Fl =&—F2—<—F3 i
5 200/ —o—F4 —<¢—F5 %
© 100 =
3
0 &
-100
500 . . . . . . . . . . - -
0 10 20 30 40 50 60 70 80 0 10 20 30 40 S0 60 70
W E ) /d W a ) /d
(a) ORPZE{L (b) EtOHHk A5 4k,

120 -

—&—F1—42—F2—<—F3—<%—F4—<—F5

=
A 2
. il
a0 P
B o
gﬁ &

H?T’
N o

m

S 11/ W 1)/ d
(c) ZRRER MR EAEAL (d) BTXHeEA AL,

3 RM=MEEET ORP. EtOH. ZEREFN BTX TUIHER
Fig. 3 Changes in ORP, EtOH, acetate and BTX with ferric chloride addition

F 5 &iH Alpha ZHEMHER O
Table 5 Alpha diversity index analysis of each group

S LR PRI T T =5 B .
- — — GERRIA ST I

AU kR WANE EME 4UN CREDE  WANE B AUN  CREDE WA M

S1 1117.8 4.2 1 N1 758.0 4.2 1 F1 221.5 2.0 1 0

S2 549.1 2.3 1 N2 186.0 2.9 1 F2 164.6 1.6 1 0.5
S3 577.2 2.7 1 N3 262.9 3.0 1 F3 575.9 1.3 1 1

S4 508.9 3.2 1 N4 641.6 2.2 1 F4 490.0 2.0 1 2

S5 512.6 0.8 1 N5 567.2 2.6 1 F5 158.2 1.4 1 3

4 8T B E Y B AR R . T PS-SRMs T i LA RSN T32 A AN R], & 2H A
TR B 2ZE5R . FEARINE 20 S1~S5 H, S1 AR ERN . T IZ e T2 AR A%
7 PS-SRM, HAUAEWFIA-0FE . B OTU RELEE v, S1 P iiHwiE FXFEERT 1%), &
AR R MR (Sphingobium) . %R K& (Ralstonia), WEIRWEJE (Acidovorax). HRIE R
(Allorhizobium) . TANE)E (Cupriavidus). SWVENMRE)E (Hydrogenophaga) FIH I EFHE (Methyloversatilis)
S5, XRY] S1 A REAEAEEI AV EFI A= B E R, 7E S2~85 dirh, S4B AA PS-SRMs, PS #E% L
BTX/EtOH K AR M B 2= AR 85, AR B 7 A N i 722k, s
T AR B M P R A R E ISR, AEXTERE SR 31.4%~91.1% F1 1.29%~16.7%. AR5 3£
B, Wzl R s h SRR AR AT ARG R PR 205 ke, O] DITERRE 25 T R PR IR R 5
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[0 dkkermansia
[ uce-002
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Terrimonas
B 7hermomonas
B Lentimicrobium
[0 Dechloromonas
- Hydrogenophaga
B comamonas
I Cupriavidus
B Azospirilium
B Bacteroides
B 4cidovorax
[ Blastomonas
0 Nocardioides
[0 Brevundimonas
- norank_LWQ8
0 norank_Saccharimonadales

60

AR £/ %

20 H

norank_Caulobacteraceae

B Raistonia
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Availability of electron acceptors in the persulfate slow-release treatment of
petroleum pollution in karst groundwater
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Abstract In situ chemical oxidation (ISCO) has the potential to combine with bioremediation techniques in the
remediation of petroleum-contaminated groundwater, but it can decrease the activity of microorganisms, which
may be buffered by slow-release material (SRM) techniques. To better understand the effect of SRM with
persulfate (PS) on the biodegradation in the remediation of petroleum pollution in karst groundwater, a
microcosm experiment under microaerobic and anaerobic conditions was conducted to explore the availability of
different electron acceptors. In the test, different working conditions without or with slow release PS
(persulfate/paraffin mass ratios of 0.5, 1, 2, and 3) were set as follows: no addition of electron acceptor, addition
of 100 mg-L™" nitrate as electron acceptor, addition of 100 mg-L™" Fe’* as electron acceptor, the treatment of
benzene, toluene, xylene (referred to as BTX) and ethanol (EtOH) was investigated, as well as the availability of
electron acceptors. The results showed that the degradation rate of BTX was positively correlated with the mass
ratio of SRMs, and the highest degradation rate constants occurred at persulfate/paraffin mass ratios of 2 and 3.
BTX was more preferentially oxidized by PS than EtOH. BTX degradation was dominated by chemical
oxidation, while EtOH dgradation was dominated by microbial action. With the presence of SRMs, nitrate
reduction was more significant in microbial action, while sulfate reduction was relatively weak, iron reduction
was unconspicuous. Nitrate was more readily used as an electron acceptor by microorganisms, followed by
sulfate. However, the possibility of ferric iron used by microbial was slight. Different mass ratios of SRMs and
different types of electron acceptors could lead to significant differences in the dominant genera. Both
Sphingomonas spp. and Ralstonia spp. had higher relative abundances than others and played a major role in
utilizing various electron acceptors to degrade pollutants.

Keywords petroleum pollution; persulfate; slow-release material; groundwater; biodegradation
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