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Progress in microbial degradation of hexachlorobutadiene
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Abstract: Hexachlorobutadiene (HCBD), which is a toxic and harmful aliphatic chlorinated hydrocarbon,
had been widely used as an important ingredient in industrial chemicals (e.g., pesticides, herbicides,
transformer oils, heat transfer fluids). In 2015, HCBD was added to the persistent organic pollutants
(POPs) list based on the fact that it met the risk screening criteria (e.g., levels of toxicity, persistence,
bioaccumulation, potential for long-range environmental transport). In 2017, HCBD was added in Annex C
of the Stockholm Convention to reduce its unintentional production and emission. Environmental transport
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and fate of HCBD remain a research focus, and a better understanding of the roles and mechanisms of
microorganisms in HCBD degradation and transformation is required. Here, we review the microbial
biodegradation pathways, rates, and mechanisms of HCBD biotransformation in anoxic environments
(e.g., groundwater, sediments). The feasibility of anaerobic biotransformation of HCBD and its

degradation products as electron acceptors by calculating the thermodynamic parameters are
demonstrated. Finally, future research on the HCBD microbial degradation is discussed, including the
use of multi-omics techniques to unravel microbial community structure and their syntrophic
mechanisms; isolation of anaerobic microorganisms capable of HCBD reductive dechlorination;
development of highly efficient degradation cultures that can be applied for in-situ bioremediation of

HCBD contaminated sites.

Keywords: Hexachlorobutadiene, POPs, Microbial degradation, Thermodynamics, /n-situ bioremediation
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Figure 1 Structures of HCBD and its some potential dechlorination daughter products
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Figure 2 16S rRNA gene phylogeny of HCBD-degrading bacteria and anaerobic dechlorinating bacteria
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1 d
Chlorine free C4 gases

A

[Reductive dechlorination]

MH __H W _H
3 o RO e

1,3-butadiene 1-buten-3-yne 1,3-butadiyne

Figure 4 The mechanism of microbial-mediated abiotic transformation of HCBD"”!
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Ry — A 5T 2 T A A DA i 5 s g
ATREFAS I CRE R, & 1hSIH T HCBD K H:
PEAE— € AT LA )T N2 5 08 e i SR
FW AR A i B e SR AR IR IR FL A (AG
E”; FESE 1 atm, pH 7.0, ZEFHEE 1 mmol/L,
HAY AR 1 mol/L), #I12=IHRR], S5
Z. % (perchloroethene , PCE) . — & & M
(trichloroethene, TCE), —% £/ (vinyl chloride,
VO)X b A 9125, HCBD K H KR E =4
(B 1) DR AR i 5 S S D I S g, R
HCBD 7 a5 al REAE Ay i 52 1Ay DR AR5 S ok
Y RAI .

T E T KPR AR, ARE VYRR
B A A W A I R i 1 B T A B h AR
WeRE . AW R IR 4> A SRR b &k By
0.5 nmol/L Ze 4711, ik i A M RER F I A
SRR : SRS 1.5-4.5 nmol/L;

7= HGER 2.5-24 nmol/L; S AiEfbE 0.1-0.4 nmol/L;

PCE/TCE W54 0.6-0.9 nmol/L; Wiz —% LM
(cis-1,2-dichloroethene , cis-DCE) i & & 0.1—
2.5 nmol/LY, ARHLF= L . BRARERIL LR,
A= W 8 DR A i 5 5815 S A i R BT o U U T
FEKPEAR. i, RAEREY A —ERES A
SRPLF, wT LR R A A 2 5B HCBD
(13 s G s i 7

4 HCBD [RESEVIFEAF I RE

Zi bRk, HCBD {5 il 5|k [ N st
)2 RO R A W AR B REE LA
LA g Al AT PO A AR, B M DR ARG SR 3R
sk XS5z HCBD {5 44y T /K B -3 R s i A
ISR RV 1 3 NP - a5/
HCBDM™ TR A fr) 22 AL AW (i 22 S
DR R T J) FAY R A J G A R 2524

R1 EEWENERIT L ESYITE 25°C. pH 7.0 BT EY S % i B B 8RR IS JR B 4 >

Table 1 Gibbs free energy changes and standard reduction potentials at 25 °C and pH 7.0 of selected redox couples

a,b,c,d

P32 1A 5 SR B AG™ (klfe)' E” (mV)’
Electron accepter Half-reaction of reductive dehalogenation

0, Oy+4H +4e —H,0 —78.7 816
1,1,2,3-TeCBD C4H,ClL+H +2e” —C4H;CL+CI —56.9 590

PCE C,CL+H +2¢” —CHACI —55.4 574

HCBD C4CletH +2¢~ —C4HCIs+CI” —54.4 563

TCE CHCl+H +2e” —C,H,CL+ClI” —53.1 to —50.9° 550 to 527°
(E)-1,1,2,3,4-PCBD C,HCIs+H+2e” —CyH,Cly+Cl —49.3 511

(E, E)-1,4-DCBD CH,CL+H 2™ —C4HsCIHCI —48.2 499

(Z, E)-1,4-DCBD CHiCLHH +2e” —C4HsCIHCI —47.7 to —46.4° 494 to 481¢
(Z, Z)-1,4-DCBD CsH ClL+H +2e” —C4HsCIHCI -47.2 489
(E)-1-CBD C4HsCl+H +2e —C4He+Cl —46.8 485
(2)-1-CBD C,HsClHH +2e —C4Hs+CI —455 472

vC CoH;ClHH ™ +2e” —C,H+CI —43.4 450

NO;~ NO; +2H"+2¢ —NO, +H,0 -41.7 432
2-CBD C4HsCl+H +2¢e —C4Hs+Cl -15.1 156

SO, SO, +9H +8e~ —HS +4H,0 +20.9 217
HCO;~ HCO; +9H"+8¢” —CH4+3H,0 +23.0 -238
Proton (pH 7.0) 2H'+2e” —H, +40.5 —420

TE: a: MJEBURIREUE #: HSC chemistry 6.0 (https://www.hsc-chemistry.com/)i 2% 3Cik[60-611; LAMARYE Dolfing fr )y
P CUME N | mmol/L AIARHES 228 ; b: EV=AG”mF, Hvh n RS 5T, FREPEHE96.48 KI/V); c: FUEHL
e T A B S ) SRR (N CiS-CoHoCly . trans-CoHoCly 8 1,1-CoHoCly)s d: Bk T4 s i 507 4 S M 1A 26 0 (dn

Z-1-CBD, E-1-CBD).

Note: a: Thermodynamic data were obtained from HSC chemistry 6.0 or references[60-61], and calculated assuming [Cl =1 mmol/L
according to Dolfing’s Method™®™; b: E”=AG®/nF, n is the number of electrons involved, and F is the Faraday constant (96.48 kJ/V); c:
Depending on the isomer formed or dechlorinated (e.g., cis-C,H,Cl,, trans-C,H,Cl,, or 1,1-C;H,Cl,); d: Depending on the isomer formed or
dechlorinated (e.g., Z-1-CBD or E£-1-CBD).
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B IR B 3 19 DR AU B U B A 00 2B AR R AR R ™
K%, TR IR k) PR A8 G2 IR O 1< BR R (Dehalococcoides)
HBEAFH SRR ERAE ottt , A& v it
PR B4, BT B (Dehalobacter restrictus)
PER-K23 [EFR AU T-AMIE S NG 3 A BEmR TR
i E B AE = IRBRIERS_FrBE . BTl HCBD 4=
Y I figk 3t Rt a0 5 52 3 22 F R RN DR 3R (7 7R SR ik
Z . B | A A R A R )
Wi, 320 HCBD FEMFREYITE S PRI AR K 52
8 R BUEYIIR A B HORAE D —Fhak
0 FRORFN AT RRSE Y IR A8 52 T A A2 B 7 Bk
{H HCBD REAEV A BT AT SEATAT AR IR
ity BRI RANIE o
41 ZBAFHERABT HCBD [ERREALEH
518

R HEAT, RS & Al R PR E 5 i
FEf# HCBD RYLLIEFRMUEY . Cors bl s
Yy, Bl = Bk B (Dehalococcoides) . Wi 4 #F B
(Dehalobacter) . Wi V% R 14 (Desulfitobacterium) LA
T FUA i s Bt S 2k 0 ) A REFS i HCBD' . AR
JEIREEH 13- T R EA Y, DR G2
9% B AT 52 14, ¥ HCBD 524k
RS 1,3- T s ) D4R R ik T A A AE 1Y P g
P, EILAE R A > B REIR TAR AT Bk . 4R
M, AWK I Z 20 27 B o3 HOR (191 2 L PR 21
Fe EEAMFEAR . AU A EEAR), S i
HCBD PR R 14 3= S MRl A HCBD i Y
. M. WG RTREEPLEILL K& 2 5 HCBD
e ik S L B B2 ) B O R AR Tl SR AIE Y
T
42 HCBD 57T YRLEE

AR 53 K AT DL AL & W i T2 P A 1 A
H pH YR 6.8-7.8, 7E pH fEHALT 6.0 If, 2%
W BN G LA ) ZAL B AR AR 52 22 S,
11T BB AN 58 4 11 v ) A 2 e R D
Rz T BERA K . Aok, AP

k=4

il

PLET5 Y37 1 KB-1°4 Wy Ak g7 i a5 | A SR
REAMAEw T ARUIEE AR . X pH AT
Yel ™, A8 H G AR IF & H BE A B E HCBD
TS Y s IL R R . WL HY HCBD kbt
I, ATEFRHHEH N HCBD 54437 R A4E Ay 2%
SHHURRBEREAS, I FE AL 2% (chemostat) & FE A 2 Y
HCBD AR PR, 76 LR T R 1Y)
fE AL TAE, DU M. s, A r
HCBD &R T
4.3 HCBD PEREFYIRINMEYTE

X F HCBD HIFEMERON A7 — L4, HK
TR = 0 A S TR PR RSO D WESE . A
EL SR BT B b N AR 7K, HCBD Rt S R fi o ]
PRI R BE [ HCBD i85, 1 HL ik SeR A
Yt A S A m s v Sk
b A W A A SR B S 7= 0ol To B L AN —
F, HCBD &™) 1,3-T M FAHA
PEHAEEREE, 78 2017 480 A TR EHL et il
1k 2% b 55 — it &4 BB (https://www.mee.gov.cn/
gkml/hbb/bgg/201712/t20171229 428832.htm) .
I, 7E&% HCBD /54t #2r, 1 B #% HCBD
BRI 1,3-T 055 I BRI 8 B s e 2
RO [, R ATFFRE HCBD R i ik i
B AMIE, RS HCBD 5 uigiis & ot Rt 3
B R A5 Y
4.4 SHERZELZHIXT HCBD 4 4915 R B S 89 2200

W R, B R (& A R B FENIIZSH
AU )2 R A A 2 5 I S Re i A O i ) Rk
it (RS D58 el ) 1) B ARG DR, TS [R) 254 1)
i e 2 %o IOt ST e B S A W RV S AR LA
R, AL 5L 2 S5 R M A7,
FEX] HCBD PR 1A & SR il it rp, 25 184k i
FIR X HCBD A= Wy RS sz, DA [l e
F Xt HCBD P& S BEAR TG . R I BESS
Bz, LUt HCBD Mf: Wi iR , fE5E
IO b B4 e 2% HCBD A= W IR A 4 Il
YER.
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