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Transformation mechanism of carbon tetrachloride and the
associated micro-ecology in landfill cover, a typical functional
layer zone

WANG Yongqiong', XING Zhilin', CHEN Shangjie', SU Xia', CAO Kun', CAO Ludan’,
LIAO Shushu', DONG Langlang', AI Shuo’, ZHAO Tiantao'

1 School of Chemistry and Chemical Engineering, Chongqing University of Technology, Chongqing 400054,
China
2 Chongqing Shiji Ecological Environment Technology Co., Ltd., Chongqing 404100, China

Abstract: Landfill is one of the important sources of carbon tetrachloride (CT) pollution, and it is
important to understand the degradation mechanism of CT in landfill cover for better control. In this
study, a simulated landfill cover system was set up, and the biotransformation mechanism of CT and the
associated micro-ecology were investigated. The results showed that three stable functional zones along
the depth, i.e., aerobic zone (0—15 cm), anoxic zone (15—45 cm) and anaerobic zone (>45 cm), were
generated because of long-term biological oxidation in landfill cover. There were significant differences
in redox condition and microbial community structure in each zone, which provided microbial resources
and favorable conditions for CT degradation. The results of biodegradation indicated that dechlorination
of CT produced chloroform (CF), dichloromethane (DCM) and Cl™ in anaerobic and anoxic zones. The
highest concentration of dechlorination products occurred at 30 cm, which were degraded rapidly in
aerobic zone. In addition, CT degradation rate was 13.2-103.6 pg/(m*d), which decreased with the
increase of landfill gas flux. The analysis of diversity sequencing revealed that Mesorhizobium,
Thiobacillus and Intrasporangium were potential CT-degraders in aerobic, anaerobic and anoxic zone,
respectively. Moreover, six species of dechlorination bacteria and eighteen species of methanotrophs
were also responsible for anaerobic transformation of CT and aerobic degradation of CF and DCM,
respectively. Interestingly, anaerobic dechlorination and aerobic transformation occurred simultaneously
in the anoxic zone in landfill cover. Furthermore, analysis of degradation mechanism suggested that
generation of stable anaerobic-anoxic-aerobic zone by regulation was very important for the harmless
removal of full halogenated hydrocarbon in vadose zone, and the increase of anoxic zone scale enhanced
their removal. These results provide theoretical guidance for the removal of chlorinated pollutants in
landfills.

Keywords: landfill cover; function layer zone; carbon tetrachloride; hypoxic zone; functional
microorganism
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Figure 1 Schematic diagram of landfill cover.
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Table 1 Basic parameters of landfill gas

No. Time (d) Gas flux Inlet flow CT flux Methane flux CT volume ratio
(m*/(m*-d)) (mL/min) (g/(m*-d)) (g/(m*d)) VIV, %)

A 1-10 0.204 1 10 0.052 1 72.82 0.003 71

B 11-20 0.408 2 20 0.1033 145.62 0.003 71

C 21-30 0.612 1 30 0.1553 218.43 0.003 71

D 31-40 0.816 4 40 0.206 2 291.24 0.003 71

E 41-50 1.020 3 50 0.258 3 364.04 0.003 71
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Figure 2 The profile of oxygen concentration at different depths in landfill cover.
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Figure 3 Average distribution of CHy4, O,, CO; and N, concentrations at different depth of landfill cover.

(A) The experimental group. (B) The control group.
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Figure 4 Spatial and temporal distribution of pH (A), moisture content (B) and organic content (C) in

landfill cover.
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Figure 5 PCoA diagram of microbial community
structure at the OTU level.
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Figure 8 Average distribution of community abundance with depth at the genus level in landfill cover.

(norank Anaerolineae) (12.0%) #1H AT &
(Methylobacter) (11.1%), W53 %K Methylobacter
R MR AT o E £, & H ik
AL DI RE R R . >45 em 0BT W5 K
BT IRAX, EE R T AL,
P JE M norank_Anaerolineae (9.5%—11.2%).
SSIB MR E  (Sphingomonas) (5.6%—6.1%) .
i AT #  (Thiobacillus) (7.0%—7.3%) . ¥ H
(norank Gemmatimonadaceae) (4.6%—4.8%) #l1[a]
MV (Intrasporangium) (3.5%-3.8%), iF4 X
A 8 DAL TR R 25 R . X S TR g rh— 4k
EHUE A CT MEf#RE S, Sato P LRHH
WKARMRRE B (Mesorhizobium loti) MAFF303099
2 FLAT S A e It e 1 2 DR ) BB 95 Myers
LBV Thiobacillus & B A FACRIE S IhRERY
BJ® ; AN, Yoshikawa 224 % B Intrasporangium
A DCM PE ey, PRk nl [a] 4l ik B o
J2H CT BEfi . HABGEYTE CT M gl
RAHIE, T dk—B I, BAANFE D6
HAEN CT RS At 1 iAW o i
2 o, CT MO 2 A B i

http://journals.im.ac.cn/cjben

I'] (Proteobacteria), JEEER ] (Firmicutes) FIfR
FFET] (Acidobacteria), H:H' Proteobacteria 1
Firmicutes {4142 . Dehalobacter . Clostridium .
Desulfitobacterium . Desulfobacterium FIF2 /R [K
W& (Moorella) J&7F Firmicutes, [ Dehalobacter
S, XECHE AW CF il DCM. HiF- 4%
(Geobacter) . %% [CHE (Escherichia). »&751H
KB (Klebsiella). RIS (Pseudomonas)
M FUICH)E (Shewanella) J& T Proteobacteria,
HEE =M CF. Acidobacteria H (i T B4 J&
(Acetobacterium) WiES=Y) & CF il DCM, 7
R E T )Z T CT IR AR R P AR = B
ﬁnl@ OA FT7R o SRAEZ IR A2 F2 8 3 5 T4
2, A 6 P BE TR A L
(0.008 6%-0.319%) F1 Desulfobacterium (0-0.352%)
FREERE, WA, i8F Geobacter (0-0.258%) #I
Clostridium (0-0.108%), 1fii Escherichia (0-0.011%)
I Shewanella (0-0.002 3%) FJEARML, HIEA
SIFEG P EA R . AFEFEEX CT HA AR
fbig#e, Lewis 2R Pseudomonas sp. strain
B AR CT #40h CO, AR K

A Pseudomonas
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YEF=4), JoHE] 4 CF 421 ; Maithreepala 252!
KA R AT (Geobacter sulfurreducens)
A YRR -2,6- — fif B2 1 A L 1~ (R AH CT Ik
J; Galli 2P 9E T Clostridium sp X CT )
WAL, Clostridium REW%H4 CT £ )R CF,
CF iF—#%1k} DCM; Gorby Z5P*HIEH],
Shewanella 7] DLk g5 ¥ 8k (1) A A4k¥r, M
B CT &0 CFo BLAh, Z&AFREBUE, [F—
WIEM CT HAbretk g & E48 4k, Criddle
V5 RIGHFF I (Escherichia coli) K-12 %
CT IR B b S B R B, SRR 1%, CT
HIZEAL N COy; TEIRA T B BIRAMT, CT
¥eAtoy CO,. CF AR KRSy . CT 7E4L 5
J2 H R DR AR A T i 2 3 S i A P AR R T Y
4

PR AR A w7 ) CF Al DCM Al 5 i 4t
i K HE B Al A 2 B T AR A R B B2 Y 21
BN FFEANE] 9B FioR o B GE A TR T8 7K F |
ARG 18 FH LA LT, Methylocaldum .
unclassified Methylocystaceae 1 Methylobacter
TR . PR R R B EUZ /Y F
JE S TIREZ . BV 1T, unclassified
Methylocystaceae TEUT48 )2 MR F R, 100 T Y

*2 CTEMHEMRENESY

LA (Methylobacter) TESIE )2 ML
R o 7] LAHEN , unclassified £ Methylocystaceae
AL G AR L CH,, R O, M IFEZ A 1K,
1M Methylobacter it BELTE 5 i MR BE CHy, IRV B
O, MR K, WA BT LR Methylobacter
FEARVR B CH, R R Op FRBE vh 2k K RUAFPYL,
R, B2 b I RE bR A A2 K2 Z R0 TR
S, WSS 2R IR R AR OGO RN T
PSR A BB o AR R o T H be %R
ORI CT pFsidiiE, W hee s
il 3 B R SRR A CF A DCM I 5 4
LD, 30 em ANBEA = F B B R AR X
AmFERPESAE, RIZZEA R BA
SRR DRI SR SRR A BE
24 BERBEERTHRIEDEBEIE
HER

CT 74 i T RHIE 24 h A B an P 10 Fie
N AT R BT IR L BARZ R AR
)=, REJEP, CT ERAERE Desulfobacterium .
Geobacter Fll Pseudomonas 55 WIAEH T A& N
CF, CF £ Clostridium 1 Desulfobacterium s
ER T4k 2L S DCM. IF 82 CT TR
fift, HBE=% CF 1 DCM a] b/ Ak

Table 2 CT degrading bacteria and corresponding dechlorination products

Phylum Genus Products of dechlorinating References
Firmicutes Clostridium CF, DCM [27]
Dehalobacter Uncertain [31]
Desulfitobacterium CF, DCM [32]
Acetobacterium CF, DCM [33-34]
Moorella CF, DCM [35]
Proteobacteria Klebsiella CF [36]
Geobacter CF [27]
Escherichia CF [30]
Pseudomonas CF [37-38]
Shewanella CF [39]
Acidobacteria Acetobacterium CF, DCM [27,30,33-39]
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Figure 9 Distribution of CT anaerobic degrading bacteria (A) and methanotrophs (B) in landfill cover.
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Figure 10 Schematic diagram of the biodegradation mechanism of CT in landfill.
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