Y. WS TIESFIR % 15% % 1289 2021 4 12

Eco-Environmental Chinese Journal of Vol. 15, No.12 Dec. 2021
Knowledge Web Environmental Engineering
@ http://www.cjee.ac.cn E-mail: cjee@rcees.ac.cn S (010) 62941074
[=] E 2 =3 2
ﬁj%g XEER: KiTEBEE
a2 DOI  10.12030/].cjee.202109156 hESES X703 SCRRARIRUS A

STy EE, 2R, 5KSC, AE. WEREMNART RIS A AR TS Y R OK I SE B L [T]. PRBE TRR2A4, 2021, 15(12): 3907-
3915.

WU Naijin, LI Peizhong, ZHANG Wen, et al. Field remediation of chlorinated hydrocarbon contaminated groundwater in a
stalling period by nano-zero-valent-iron[J]. Chinese Journal of Environmental Engineering, 2021,15(12): 3907-3915.

AR Z A BT T el 5% i ] A AT el R K By 3K
iR

F M Ayl k32 £, k! Ao RE!
1A st Bk 2E R O 5 B IR IR B 0 53 0, Tl 3 35 e 508 8 J6 50 B A 5L B0 =, JE 5T 100089
2. Rk SEERBE TR AT B2 ], Jb 5T 100102

B—AEH . RITIE(1989—), Zo, WA, BIBFSR L. WF5T5 I T5 G MBS K i R KIS Je 45l . E-mail:
wujin310@126.com
S FVE#H

W OE AT RS AR e, AT T ARG K MR (nzvD B A, FRER X B AR A K )E
SERL T nZVI A 2 WA TE A o W25 BRI, nZVIAY A T8 A AT AT S50 vk B 1 A 2 (VO) HL gz H i
WIERS . 1S 2 A nZVL e, 7EREEAJE Lm B9 e AT 3 Wi o b, SR 20 1 IR 2 B R AR %) b 3
7 L 9 M 0 S v 8 A 2 e ) e A B R s AEBE TR A 2 m B9 R UM, A AR R A R R R . B
B AR A R, SR T AL FRAR AR 4 nZVI A W N 1) i R A T e RS, S B0 AR T i
rh AR 4 1 el R B R TR R . O TR B Y R T (R 1 490 pg LT AN A 4 110 pg L7 EPHIE T HEE A
F 2 m 1Y T UE W FH o B R ol B EAYIRS , RTHEN S & nZVI M5 T A H RO T & KRR A e
AR BE o nZVI A AR AE N DL VC 5 4 o 32 0 3 i 45 i B i T oK I8 2 A s F B . VL LB sE 45 5= ml ol S b
Yy KA IA s E 4Rt 5 %

KHIR  YORTM R A AR R kR

HAREE A A IS M o # WA — 2 0L, e T MR R IR T R, M A S8k
R =R i I N R B L N YA SR L < /3 L o NI R AW I BB URE = 7 E | =
A SR P A A . AR, R AR B/INGR R (VC, 1,2- R ) AR B SR R
S B Re FAE YR, RO AR A YR Y ad RS2 B, R B wE N R R B
TR 1 BUIR S 2 U 22 £L 2 A5

VAR, B nzZVI T3R5 75 QIR B E B 20 & e — Mg i 15 Qe il HR 7, SR, nZVI Y
RAPHON B W% . 5k, WmRE 7 AR TR RN . Hile A 2 /@] A4
FEARCH R E M, o HOR BerES RmeiAl . R AL/ A REZLAREN Y K R pH i
Wi HER: 2021-09-27; RAHHR: 2021-11-11

HEEWB: BER A KRB %4 EFET H (41907159); F 1 S BF & 3 %) (2018YFC1801400); b &t o7 #F 4% i+ & ift fs
(Z161100001216008)


mailto:wujin310@126.com
mailto:wujin310@126.com

3908 EZ N D CRRE

B S A PR A7 I ] U9 55 v, R YRR £ 4E R (CMIC) AR X T H At 43 B30 A 552 1l 48 52 1 ] v ok
nZVI B e RE RCRY, B NSNS AR DFI IS A nZVI BRI R SE b B 52 09 2240 o 45 5 Hr
A MRS R LI, nZVITEA TG — BB RIA, A2 38 I o R B0TE 0 28 PV R iR AU B
BRI ERCR , (BBEE nZVI 19306 XHA BR B AE PRl Beae o, 5 AT IH 25 1 37 W) 8 AR
I

AR RS e IR #E T — LV S Wk VC o E T Jedg AR g il X, A o A
GEREW], XS KR FAVR RGNS 5 G LIERE i 0/ o 7 & AE A S R SRk nZVI AR
i K R T A N oy S AR TR, R A AT IR ) nZVI — R AL A A TR T CMC 23 R T
HH nZVI IS il 28, R B AR SR AR v BE %) SR AR AL 8 T 2 R T A o FE T A R R 43 i)
WE WM, AR SR O B AT T W o8, B BAE TIRM nZVI 0 B 28 I 2 Ik
AR 3 ek 45 iy AR TS e R KR BRRCR B AT AT M, DU A e b R ks e R R 25 B iR B
AR AR 2 5 e S W i B 2 PR 2%
1 MBE5ERE
1.1 pER

H XA AR TS e XS 108 K) &K )2, IZB i FHERIE - 2 RN m LEd, £
B R E KA, KA HIRTE 1.00~ 326 m, JEJ¥E ly4~5 m, 7EHTH, 1A JEE N 7-8
m 1Y LUKy B R ARG o F 8K )ZE . I IR R 0~5 m(HRIR), EUKEL30m’, X
oK E A AACE R . BT A LS R, )2 MR K TS Y 3 R LR R A R Pk
EOLY, 15U S AL E B AR PR 9950 pg ! VC, 3110 ugL™' 1,1,2- =4 & B¢ (1,1,2-TCA),
230 ug'L ! =& M (TCE). 149 pg'L " 1,2-—- 4 &kt (1,2-DCA).
1.2 GEAFRENHFE

A AT UG, e T e v B LI v vk B2 7 e U 1Y T i B, AR A HLJT R
KANSEE . FEHK I SECEEEAITH N 0.5, 1, 1.5, 2m B FHFBREE 4 1 W Bl &
MW nZVI LLEE 7 A 7 20 A AT IS SR A M KA, IR S, TR PR — g B ) e SR 4%
WE I KA AR AL o VR NI A Lk B OB AR A 80 min), 4 FTWE I I (3 Bz ) AK A 4y B 4R T
79.0. 21.5. 11.6, 4.5 cmo LI ES A foc (0 W DU S /K A7 T G 9%, oA 310 Wl 7K A7 4k 2
Tt EWAFIE 4 s, 4 B OK AL 4 $a T 24,0, 28.0, 14.6. 7.5cm, 16 h 5 A E E Y]
KA. HIC I E ) B AT, nZVIK IR R 1k 2 m, EXF 1~2 m &b (9 52 i AH 6 45055 .
BT, A P Y i R AL, R E 2GR ATIE IW IR A E A, AR K 5
AR TE AR ATR WA 3 E T K I
(MWI1~MW3), i 1 s, Wi Mwl 4 T
A B BEEA S HZLEE 1 m; W
MW2. MW3 i T AT, 5 IW B4 E
BB 1 m A2 m,
1.3 AFIFIERFN

e FH— AR A e ] A 1, 38 3 VR AH I T
(8 77 1 S B IR 37 PR T 45 CMIC 43 B nZ VI,
Akl g Tr NI 2 s o G, WU @y R A aw) RIS W) S 7R EE
il P9 E e A R A0 07 S R 2 A R Fig. 1 Distribution diagram of injection well (IW) and
CMC AW, FEARASMHFIESAEFE, F monitoring wells (MW) in pilot area




%12 4] RIS . GO PR TR I AU R TR S e 2 3909

KW A T W B /N T 0.5 mg L' B, LA FeSO, 7H,O WA M R Ak i #3457, Z 5 7810 JF 7
Pic i) 7 ) A KBH, ¥4 0, AR 2 A g B U BC o R, Fy SO i 30 minkAJs Rl Y CMC-
nZVICAZVEAERE, e 2RI T 4ERp R B HOIRAS , SF A B r s Ay R Dl o 7 A
RS RREATE IW A, AR REECA ] AR IR, WiEit. R AE0.5~0.9 MPa
f R 1 K WO nZ VI i A AR T KRS, AR N 50 Loh ' il i X Akl il o 5
EARE AT I, P TEA TR AR M nZ VI 5k

B2 nzZVIHFH&RERITERERE

Fig. 2 Schematic diagram of on-site preparation equipment and process of nZVI

Hl BT nZVI B A AR £ 1 R A *1 AKBEEAERFITEXR
T 32 K 0y & & B sk 3 | o gk 3 Table 1 Quantitative relationship of main chemical

reactions in aquifer

nZVITE T 355 1) TC RO # , SEBidA B

N VALY W 3 VAN, R IR KR TE A
FESH R 10 5. HUEA nZVI G, BT BERRTRIBGE IR

25 S 3 730 L(& 90 B & S 199 kg = - = -
FeSO,7H,0. 7.7 kg KBH,. 3.7 kg CMC. -3 700 N(Z; : 225 Oj
LK)s 85 R AR R AN BI0T W20 | 2
AL B 2WHEA nZVIFE B R R 1240 g ° bR
L(% ¥k i 5 6.6 kg FeSO,7TH,0. 2.6 kg pea 4 2 LM 2R
KBH,. 12kgCMC. 1230L/K). HAREP e 2 : o R

il £ 1 nZVI Fii Wk BB gL
1.4 nZVI FAE K # T K80 75 3%

SR S5 B ) 5% 1) CMC-nz VI JE 47 H % 10 FL (BET) KB S % 4F . F 4 H 3h F 26 1 43 B 4%
(Quandasorb S MK AE & 9 LR TR, DR AN AR B, ol B/ SAE N WM A B, A E R R
2% 5] /N W] 1) Supra 55 %37 K B B T W 30BE (SEM) Al Oxford 23 ] (1) JEM-2100 & 755 175 375 5 FB, 5%
(HRTEM) Xf b4 R 45 SOOI S 3R AE o 2550030 AT 2 300 DA AW 0 - BB O Wa 0 3t /K Hh B VOCs . A
Fe MMM B2, LA 58 nZ VI BB SRR B oy A e o BRI B AnF . AJFIR AT, BURE R
MAVE R Sl 5 0 K), BAEEY 5 REWIEALH, 55 90 K452 I AL, A 4» SI1E4 7.
22, 34, 57, 93, 98, 110 KREUHEIFI5E 3 Iy Rl HLAG (b v S AR 47 AR R 554 BR 28 1) 47 3
SHr. BAKAYHT 5 K. VOCs 2K ] (USEPA 8260C-2006 3% & A5 WY AR {033 /5 1% vk ) #4700
JE 3 SRR FH (USEPA 6020A-2007 HBHE & 55 85 F 1R BT v5) #8470 %€ 5 & % >k A (USEPA RSK
175-2004 AR (385 15 ) 4TI 5E -



3910 T

i
H
i
g
=i

15 %

2 ZHRE5SH
2.1 CMC-nZVI IR

B R — VAL W 5 B 46 A7 T ST L 2 CMCnzVI ML REREGR
Table 2 BET surface area of CMC-nZVI

W AH CMC-nZ VI, H: L 3% AR AUE 3 0 5% 2
K 3 FiR. G500, AR nZVI FpE AN ftk  BAABUL  BETHEMFU(m> g ")
Z S WAR SRR, TR Y 34.72~ ! 50 45.23
4523 m>g !, HESHTE T 2N, fF5 52 : 100 9!
56 % e SCHR b A1 19 28 5B (20~50 m2>g P2, 3 200 43.45
SEM % HRTEM RAELS F 13 W, 4 #9 K1k ) K 40388
B9 nZ VI BORE R SF SR 4 H5 78 100 nm DL, 5 500 34.72
REfS I 2 TR 2,

22 EBENAFIKERRRENT K
W H MW H iR K SR 19 R AR 4k
e 4 Frs. BIREAV, &&8 MRk E
BT N RGEREAL, F2h2d)E, IR AE
e BE R 38 22.1 mg L' ) VC B 2 260 pg L,
HIWK T 98.8%, PUSH )G (PCE), TCE., i 1,2-—4% {200mm
207 (cis-1,2-DCE). 1,1-— & Z ¥ (1,1-DCE) 4> (b) HRTEME

BT 90.8%. 96.2%. 96.5%. 97.1%. & 3 CMC-nZVI BT 5R (& 4 F2: 500 L)
VC 4 1 2 S A% 200 A8 G e B K -4k 7 20 d Fig. 3 Micro-morphology of CMC-nZVI
ERE RN N YN EPS 4] (volume ofiquid nZV1: 300L)

B FF B0 U ME, eI VC W BE AR EA B T 24.4% . p bl R, s A A0 300 G40 i e 8 1
HPEF 2051 — BTS20 nZVE AT =4 (5 iR R IR BE 5 R A AR AR D I R Y
S A I TE A nZVIIE R IFRAE T . 55 90 K45 2 WIEASERUG . 4% @A 20 e B PRk & 1k 5 )
W, S5 57T KA, VC, PCE, TCE. cis-1,2-DCE. 1,1-DCE 7E &5 93 K 4 % Hl 5 T 88.7%.
74.0%. 74.0%. 51.9%. 85.1%. Mi7E45 98 X, AN LMHBERN I T /e, X FEIHE T 2K
T 24 5 D T BN R B A DR RSN (R 4 0 . SR AR R R )2, VC s Ik R 31 % 5530 pg L
B IR B M, 22T M, HMAR o mr B sk e. HA cs-1,2-DCEfEH

)
=
1
—_
S

—O0-PCE —O—TCE ol —-1,1,2-TCA
21 —A—cis-1,2-DCE —~1,1-DCE —O—1.2-DCA
i ~>-VE 8|
o HE2REA oL
= 15, ' - BIKEA
o ] o 6F
g 8 £ s '
B 6 I S2UGHEA
g £ 40y .
BN i’
LGS i
0.8 2
0.4 1
0 Vo= X ; 1 0B T T T T
0 10 20 30 40 50 60 70 80 90 100110120 0 10 20 30 40 50 60 70 80 90 100 110
UL i) /d HURE E]/d
(a) EA IR e B AR 1k (b) FR B Tk B AR L

E 4 HNAMWIFEIKREHRELHESE

Fig. 4 Variation of chlorinated hydrocarbons in MW 1 monitoring well
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Fig. 6 Variations of chlorinated hydrocarbons in MW3 monitoring well
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Fig. 7 Changes of total iron concentration in all monitoring wells
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Fig. 8 Changes of ethene concentration in all monitoring wells
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Field remediation of chlorinated hydrocarbon contaminated groundwater in a
stalling period by nano-zero-valent-iron
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Abstract In a chlorinated hydrocarbon contaminated site during a stalling period, the liquid phase nano-zero-
valent-iron (nZVI) was prepared on-site, and twice of in-situ injections were completed for the target aquifer.
Monitoring data showed that the in-situ injection of nZVI could effectively reduce the high concentration of
vinyl chloride (VC) and slow down its migration to downstream. In the upstream and downstream monitoring
wells 1 m away from the injection well, after secondary injection, VC decreased overall, while VC in the
upstream monitoring wells rebounded significantly. However, in the downstream monitoring well 2 m away
from _the “injection well, all chlorinated hydrocarbons degraded continuously. Variation of total iron
concentration indicated that the in-situ injection promoted the directional migration of nZVI to upstream, which
resulted in that the reduction of chlorinated hydrocarbons in the upstream was higher than that in the
downstream at an initial stage. An obvious increase of ethylene concentration (from 1 490 pg-L™" to 4 110 pg-
L") confirmed that the dechlorination processes in the downstream 2 m away from the injection well were
significant and complete. It was speculated that the influence of appropriate nZVI on the groundwater
environment was likely to stimulate the synergistic degradation of the dominant microorganisms in aquifer. This
study indicated that in-situ injection of nZVI can be used as an effective method for remediation of chlorinated
hydrocarbon contaminated groundwater in a stalling period, and provide reference for the large-scale treatment
of actual sites.

Keywords nZVI; in-situ injection; chlorinated hydrocarbons; groundwater remediation
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