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In Situ Remediation of Nitrobenzene-Contaminated Groundwater Using Emulsified Zero-

Valent Iron Reduction Coupled with Microbial Oxidation
Xu Baiqing'?, Zhao Yue®, Chen Mingxiang®, Shan Guangbo’, Li Aimin', Zhang Lei'

(1. School of Environment, Dalian University of Technology, Dalian 116024, Liaoning, China;2. Sinopec (Dalian) Petrochemi-
cal Research Institute Co. , Ltd. , Dalian 116045, Liaoning, China)

Abstract: To address the challenge of implementing "remediation while production continues" at operational industrial sites, experi-
mental research was conducted on the application of emulsified zero-valent iron reduction coupled with microbial oxidation for treat-
ing nitrobenzene-contaminated groundwater. First, a laboratory-scale sandbox reaction system was constructed to systematically in-
vestigate factors influencing nitrobenzene reduction efficiency by emulsified zero-valent iron and evaluate the biodegradation pat-
terns of aniline and key functional microbial consortia. Subsequently, a pilot-scale in-situ chemical reduction-biological oxidation re-
action zone was established at a contaminated site to examine dynamic variations in water quality parameters and contaminant re-
moval efficacy. Sandbox experiments demonstrated that acidic conditions (pH = 4) significantly enhanced reduction efficiency,
achieving 99.82% nitrobenzene removal within 5 hours. Smaller emulsified zero-valent iron particles exhibited higher reactivity,
with an economically optimal iron/nitrobenzene mass ratio of 1.2 ~ 1.6. The aniline-degrading microbial consortium displayed
concentration-dependent activity: degradation rates exceeded 95% at concentrations below 200 mg/L but declined to 52.13% ~
62.21% at 1,200 mg/L due to inhibition. Pseudomonadota and Planctomycetota were identified as dominant functional genera. Pilot-
scale results confirmed the effectiveness of the emulsified zero-valent iron reduction-microbial oxidation sequential technology, with
the upstream chemical reduction zone achieving 95.69% nitrobenzene removal within 30 days, while the downstream biological oxi-
dation zone degraded 89.06% of accumulated aniline. This study provides critical data support for in-situ green remediation of con-
taminated groundwater at operational industrial facilities.
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A TERE AR A FD A B AEF (SY-DIYOL, 75 36 1] 8 fe 23 & (IR MDA BR A &) 5256 == w13 87 ) 2L AL
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(EClassical 3100, X 3% & R 45 7 BT A 3% H FR A 7)) \Illumina MiSeq V- 5 (PE300,CA, USA) % .
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FLA 9N K Z A Bk 1 1) 4% 07 1 o FeSOu-7TH20 A iR 80 72 HE R = b 3+ 1 il & R BV W 7R R AR R o
FE 12 h )5, B 0N KBH, ¥ W (0.5 mol/L) , 4 & 0> (3000 r/min,20 min) « i 8 K P 6 5 15 B 49k T4 8k . 4k
EAE R AT 48 F AL SR O T 0N ) £ R 40 oK R AN Bk v a0 R R B AR K Bk S AL A A R A
P fi, B 28 115 FLAL 9K B B
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Tk ) 25 K RNy HEAT SRAE , L CuKo A %8 S5 U , 0 380 H R AU 43 50l A 40 KV R 40 mA , HE i 2R S ©f
min, K 0.02. RLAR AN AL 5887, R 5 IR SCKRLEE 43 T A (B4 5 : Nano-ZS) Wl 5& % i kR 4 F1 7L 4K
F AN R Zeta AL .
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RN 1 e 1A RS AR P A ON A R 2R K B PR is Y R K, RESE 10 min B RV AR A A R AR K . SRR, R
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C, 120 r/min) H1 55 2 YK , B BG 20 K BURE I 58 28 i 26 B 22 0 I M A 2B 0 B . £ 20 R A 119 2R % 25 B e 08
80% LA I HLB W &0 J5 B IS MRTE 666 nm % F 6% B (0D ) KT 0.8 J& , 1 2y 25 it B i 1 T 2% o

it 3 5% (00 A2 0 AR AR ST 6 < R A PR TP NN 50 mL — 52 ¥R B AR 35 2 T 0, 5 N I e A R S TN TR UL
PEIR (20 °C,200 r/min) H, FH S 88 8 IS BORE , 4 it 0 0.22 pom 8 I8 Ji5 36 42 v RAOBURE 6185 A 23 #7
1,24 R4H322 R4 HA & HGETHEAR

TS A I 9 30 d, B B AR Z 500 R - A AL T B BR 1 71 pH o 5 ~ 6, 78 5056 1 H 10 K A [) 8j 7
NS VE B BN 25 L/h, B3 /NI 33 24 20 min, [8) 8R40 min s 2 % B AR 810070 R 56 100 T 3 R P TR) BRI N, 3 B O
N 1.5 L/he R 56 W08, LR R BW S 1 9 78 20 B <0, o A I /K 53 o 2 300 Gl B W pHL L S840 3 T FBL A CORPD LI
R (DO) L SR (ECO) MBI R & &, F RERED R EDT .
1.3 RIGFHHE R

AT 5 B0 Hhy AT T A T Al Y R R R B e 1, R T 20t 80 A AR R IS AT B IR
WA REFERJIER 7. FAXKERL N3 m®, A 2 mm i WZEWEUENEEH SN T, HFRX
M2 Ai M EE AR (0 ~ 0.8 m) J4HRP (0.8 ~ 3.5 m) AP (3.5 ~ 12 m) M B (12 ~28 m).
HAs & KBRS ~ 12 m, # F/AKEE K, KA HIR0.5 ~ 1.5 m, §/KEFZE /4 MIEMD M E, &=
75 3% R BT M N 2.53%10° ecm/s; K8 3E R AT ¥E N 2.88x107 em/s, H R KM N PG L 2 R/ . WF
FE X H R K S2 T 3 0.85 m/d. & E AT IR K X M R K TS G Wik FE X OK AR BRI E W0 R < Y R K
273.58 mg/L, %% :70.67 mg/L,NO,:0.33 mg/L,S0,”:70.41 mg/L,CI':31.05 mg/L,Ca’ :114.26 mg/L,Mg"":
329.10 mg/L,pH:7 ~ 8, I [ : 14.5 °C.
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Fig. 1 Characterization of emulsified nZVI properties
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Fig. 2 The effects of each influencing factor within the experimental system on the re -

moval rate of nitrobenzene
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Fig. 3 The influence of anions and cations in groundwater on the reduction effect of ni -
trobenzene

2.3 KERMBEBENEYEBRMEETEN
2.3.1 FEAABRFBFTELTKGLHBERALR

1E 20 °C 55 11 T PPAl 1 1R B 10 2K i B i e 0, 285 SR CIBT 4D SR 7, 20 T % e 1 0t 7K b 2R e B A B 6
[ A= o At e 0 5 L B AR 200 R 52 2 I ) s AR B R S JRE I ) 52 i o B A e I N T S K, &) 4R TR B T R i 2%
bRy & A& . A8 RN &K 56 21 3 Ab T B 45 0 0, 25 B SR I KA X 248, B O i ) 4 R R 1
InAs i A BT B4 s 7E 4 ~ 20 d WIA), S BT A6 W B R 6 BR ARG K Rk o [RB 2 30 d I, 2R IR 4R UK
950 ~ 200 mg/L B, 2K % (1 B i 2 nak 95% LA b, B R A8 SR B0 AT 5 BB R IR B E — 2P I & 1200 mg/L B,
LR E 52.13% B 62.21%, 3% A 1 T 28 J1i K B A7 16 368 B A v B 10 33 M 0 n B 802 AR T 5 L % R I PR
fide TR AR T PRSI (<200 mg/L) 2 i A 0o [ fif 66 77, BB W) 30 W B T, B A e 70 52 B A B 4)S e s B
oy B A, 2 B AT X TS et R OK AR E I E F BK .

M v 38 0 o A T R E R B O 200 mg/L IR AR ) B gt o R v AR W VR BT L 2 REPE (B S) . &
R, RAEVANF= 5 L Ace TR BN 1 R 19 600.28 [ 22 55 30 K1 511.28, [ W) i £ £ 44 119 Shannon #i
B 4.36 %2 4. 1008 5, R AY) S B 72 R G Tl 2 FEPERRAC . 3 Ul B Bl AR IO R AT, RGN
VIFh Z FEMEAERRIR . AT HE— 22 TR B S, 2 T RGN B PR H . 860 i &£
B, NS 1 3] 30 K, I8 34 B Fl N Pseudomonadota M1 Planctomycetota. 555 1 K IFEIE &5 AR EL , EAI17E 56 30
T EE ) 2 AN T 15.56% F120.53% . X 1 B Pseudomonadota F1 Planctomycetota &5 7 2K & I B fft , 1iX
5 Chen % N MF AW HEA — 8. 6 2 15 RFEMK F B AR M€ , £ E TR F Pseudomonadota K
Planctomycetota W& % . 9X 1M , Acidobacteriota 1 Chloroflexota 1 Lt 451 73 Al M 12.67% F1 9.73% & 3 £ A% 2
3% A . IXULRE, KNG T BE AT T Acidobacteriota F1 Chloroflexota LK, NI S B EMIE R G H FE K .
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Fig. 4 Evaluation of Aniline Degradation Ability of Aniline Degradation Bacteria under

Aerobic Conditions at 20 ° C
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Fig. 5 Changes in relative abundance of microbial species over time

23.2 FALBHNAAHMEBRGRAM G LI FRMIAR

BIF 581X B9 G 1R 7K vb A7 78 28 i A 2 R B 52 50 e, 2 B R K o N F0 AL 4 Bk 2 R R R
WIE 2 A FUAC I VR DGR SR TR A AE o R AR AR AR R BT Bk B A 25 IR I AR AR I [
fife TR A 1) A B SCR (B 60 0 SESR R I, 2 8 & 245 70 RS B R A AR I K b R i B B S IR R T v S 221 R BE
X T A R R S AN R S R R A A T ) TG BB o ANEE 4 R IT AR B AR T T R i 1) AR B A
MR R S B I 248.32 me/L [ E HE 15 KA 45.2 mg/L, B ik 81.80% . X Ui B 24 K 424 7 AR Bk
IRAFAE IS, B A B R X 28 i A1 A S 35 Y B i 2 R . B8 6 (o) i 7, R ik A1 1) A7 £E I R 52 ) 2 A0 0 0t i ik
HIIE TR o T A B 5 PR A T T 3 (R A7 AR I i R R I A A T AR e, RO HEAT B B 2 RN A
REEFEIKE 8.25 mg/L, M LB AN & A 2 A0 S 40 20 H il 2 % % & 5 32.51 mg/L.
2.4 FUUF-EUMREECHER SR TRKEEYR

BT Iy b (1 K ST T 2% A 5 15 BYRRAE  7E TS B B R Ui VR MR KU R 23 ) 1B A O TR R B C i CW
FERE D R AW B A S N2y CTF 3 BW JERED) S 9 2% S RE i N & A S 1 25 750 E N JF, 2 B3 06 1 08 4 RN
F AR 927 m, I EE N 2.5 m, BN BT BRI S AR5 me Bl 7 RIR TR AL - A s L
16 S e 2R 5 et R K R I Mo on = A .
241 HMREWTKKEEL K3 EELANE 2>
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Fig. 6 Removal rates of aniline (a) and nitrobenzene (b) from actual polluted groundwater
by aniline degrading bacterial communities in the presence of composite agents
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Fig. 7 Schematic diagram of the in—-situ chemical-biological reaction zone project for re -

mediation of nitrobenzene—-contaminated groundwater
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Fig. 8 Dynamic changes of five parameters of groundwater quality in the study area
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Fig. 9 Changes in contaminant concentration and bacterial count within the reaction zone
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