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Effect of Low-Molecular-Weight Organic Carbon on Anaerobic Degradation and

Volatilization of Hexachlorobenzene in Soils
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Abstract: Batch incubation experiments in aid of anaerobic incubation flask were conducted to study the anaerobic degradation and volatilization
of hexachlorobenzene (HCB) the change of pH in soil, the emission of CH, and CO,, and the volatilization of HCB in the Hydragric Acrisol
and Gleyi-Stagnic Anthrosol added with acetic acid, glucose and citric acid. Results showed that HCB was reduced by 20%-44% in Hydragric
Acrisol during 8 weeks; and addition of acetic acid inhibited the dechlorination, indicating that dechlorination was impeded at low pH.
Addition of glucose or citric acid decreased the dechlorination rate initially and then increased it. HCB was reduced by 21%-23% in Gleyi-
Stagnic Anthrosol, and there was no obvious effect by adding low-molecular-weight organic carbon. The main product of HCB anaerobic
dechlorination was pentachlorobenzene (PCB), which were 23-96 pg/kg and 64-92 pg/kg in Hydragric Acrisol and Gleyi-Stagnic Anthrosol
respectively. Furthermore, the degradation of HCB had no statistically significant correlation with the productions of CH, and CO, . Addition of
low-molecular-weight organic carbon reduced HCB volatilizations which was stronger in Hydragric Acrisol than in Gleyi-Stagnic Anthrosol,
indicating that soil organic matter was an important factor in HCB volatilization.
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Table 1  Physical and chemical properties of soils
o BATHUBR A Kk Bk RPRL HCB &k
‘ 1% 1% "7 1% 1% 1% ingekg™!
UMM KRG 1.4 0.1 40 26 35 39 6.24
L5+ 3.4 0.2 6.5 25 41 34  3.98

AR S50 F &, BRI 22.5 mg 1) HCB iR T4
i, FEFREX 150 g I S 4LAEC100 HD, ¥ HCB 1A
Ve UM AN A A LW W, ARG A B R N
i 2 44, BIAS 21 HCB WK IE A 150 me/kg) 5975 %%
1 AR R R AR JE R 5 g V5 4 AL RE R R
H1500 g HHERESS, HIAS 2 HCB WA 1.5 me/kglf)
e
1.2 SRS AR

ZHEAR ( Agilent, 6890) S AH 4 i A -ECD £ I 4%
®Nis Agilent 7683 [ 3} ik Ff %% ( Agilent, USA)D: &yt
(Shimadzu, GC-14B) S AH (3 73 BT A -TCD £ #5 5 &%
H(Shimadzu, GC-12A) TAH 4 35 A -FID 5 9 2% : Jin 38
7R A B A ( ASE-2000, Dionexs USA D; pH il
(HANNA, pH211); JiE % 78 & AL (RE-3000); “E AL K5 %
FICSP-250A); % B 55 77

NFORIEOR 1, 2,3, 5- DU R 1,3, 5- =4
HARUEAFAE (AL =99.5% , 18 [H Ehrenstorfer 8 142
B 5 LT 6 % B AT AR IR s A il Tk C 43 B 4L, 68 ~
70°CHERE ) s N Cor M4t s Bk 78 - (24t |
1.3 LRl

¥ 500 g V54 T ECHCB WRE N 1.5 mgekg™ ' DF:
421 000 mL K85 3204, 4% 30 mmol kg™ A HL
e/ - 3R - 8 5 K Dk T e KR ZK 221 1009 1)

EEAB, 53 I\ TR 1 R R A A6 TR ) 7K s iR,
SOMZE ST , I A TN EUS A i 2SR
1E7K e S B A=, 17 3 0 P Ak JI A, i 1 5% R LA B
TR B J DRARSR A B FE R R IR T (25 + 1D C IR
G FRAR T BE 7% S0 3 AN EE, IR AR U 1)
XTHE 2 A L HEPAT B AE S 2 K e 1~ 8
JEV A ) A o, 0 G o ) N R R I P A
B HEOr AT I g T R I N R B I B A
WEFIEERE CH, 2 CO, BB s B CHURE I 1 18
pH {E . BRIRIUFE 58 52 I, 28 L 2E A8 b 7 99 20 <
Jo B, gkl
1.4 3 AR HCB K LR AR ™4 1l
KA S5 5 G S 1) 3 R S ML B
OIS AT O | A P AN R A - A
FEMZ) 10 g IRELCEFEL) 5 o, TR T FEL S o M 128
FOKEUE LT E A o LS e 3
N JINE A T A CASED Bt B 1) A% B v, T in 3
A AL, SR IR B 90°C, UM 10
MPa  FEHC 7 R AR LG A 371 16 A 3k Tk R 1A i %
WSO e i AR AR AT A8 C I A R B4 2
mL, £ A 2 g Na, SO, 1 1 g FEJRIY SPE A4k,
HAGES FH 20 mL AR LK 971 1A vk i/ — 50 R ek
T PR IR G VUTE B 28 R A A2 K2 2 mL, IR 41
AR RS &2 25 mL, IOMRS 2T 1 mL T3
FER , H AR (5 0l HOB B L B i 7= ) 1 ik
& ASAH 1% W 5 45 A 4 DB-5 A£(30.0 m x 0.32
mm x 0.25 pm), A N, RHIAREERE, P A
N1 p, AR R R 240°C, AT IAR UL R 290°C. .
GRS R OCRFESE A 20 mL A
ECA 371 (R0 3ty Tk R0 AT I £1%) 22 FL BB AR, RS
KAERRE VN 500 mLemin™' > SR AMHL 10 min, 1F
JL5E AR IR AR 1 HOB A LA =4 4
WK I A 4 4 Ak PR 4 A2 440 1 L, J7 ¥k A L 3
HCB A G At =40 i B2 O 1 A 3L, 4R ) T 1ERE O
HH N, REIEARZE 1 mL, HAA @R E HCB M
SLREAR F= I B, e 4 TF) I
1.5 SEARBRAN F G (R0 5 Ty ik
REUCGRACHTHVEH AR E 20 mLL 8557 b 18 ER
JESART A 251 18 mL iU, 28 )5 203
FHIEREET AT 1.1 mL A0 1) <04, B J5 R
54 1 mL, BEFE TS EARE DT 8T CH, AT CO,
WEE . CO, W& PEAE FH &y A ~UAH 538 23 7 4% ( Shimadzu
GC-14B)-FA 5 A5 I 28 CTCD) W 7 , £ 1% 4124 80/100
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H Chromosorb 102 3H 78 #1:, FEAE 3% A M0 2% DA KL 3H 78

FE (L EE 5353 24 10060 Fl1 60°C . i 2B AE 2K, 4%

AIIEA 80 mLemin ™', CO, HEE T =Uik57:
CO,(mg/kg) = pV x Ac x 273/C(273 + t)/m

XL, o AARHEIRE TS Co,-C %, B 0.536
kgem ™ VERT IR N A R AT (m® ) Ae A
PR 22 Cug/ L) s ¢ AR ARSI C°C)s m IR
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CH, % & R & d: <A 8 3% {X ( Shimadzus GC-
12A) -5 KA 1 ARSI 24 CRID D I 5, 43 30 4 SR}
A Poropak Q (80/100 mesh), A A 2 m. AT HEAT:
ARSI 20 B2 43 00 24 80200 1 200°C, (N,
WOE A 30 mLemin~"» H, FISR0E 705024 20 #1150
mLemin~", CH, HEBCGE I R co,, HorpFrifEdk
AN CH,-C %220 0.714 kgom ™.

1.6 JsuE il HdE o i

S SIBC AR FE 4 20+ 40+ 80~ 100+ 200+ 300 11g/kg
f) HCB~PCB+1, 2, 3, 5-PUSAM 1, 3, 5- =5 AH5
TR, R FHAMbRIo6T BTl 45 1 5 32047 et 4 o)
TERE il 8 2 H7, BEAT T [l S, A S50 I 45 1)
[MICETE 66% ~92% (K 2), FF G IR B 2K

F2 THEALHEENERE %

Table 2 Recoveries of several chlorobenzenes/ %

SR 1 2 3 4 Py kRvEdm 2

INFR 93.8 83.3 92.9 100.2 92.5 7.0
EEE S 80.4 97.7 84.3 78.6 85.2 8.6
1, 2, 3, 5-PUSCK  73.3 79.6 81.8 82.0 79.2 4.1

1, 3, 5- =&K& 69.8 61.0 60.8 71.8 65.8 5.8
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AL A R pH FR AR A T A4 (I 1 Fi S
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LU 4K R LA S pH BRI LR
J 2GR, 7 2 M B 2T 3 KRS 6 IR 1) 2%
MRE T
2.2 AN RIS 7S SR DR AR I ik £ 52 i)

Fpi b # - 3E h R $E L HCB #8 2 B A By 3R B
T 18 S0 A 1T 328 3 sk 2>, G v 20 33 M KR v T 42
(1) HCB WD T 29 20% ~ 44% s Sl 1ok > T
2121% ~23% (K 3 FME 4).
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Fig.1 Change of pH in different disposals of Hydragric Acrisol

AN
U

/A

B2 St RRLIEAE pH EH
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DR A Z AR BEAE 1T LA pH A, AR T 1 # 4k, S8
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LM, IO\ SRR RNk A R L N N i 2 R R 4
CH, F1 CO, P72 A BB 2, X ] fig )& 5 A WL IR
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6T PCB AR R S CH, B R A A A
% PCB A5 CO, BEETE 0.05 7/K-F 3% 1IEAH
O, Hog kb #iv HOB B#fRS cH, AT co, MR IR TE
el B WA OGO R, XU cH, A Co,
(1742 5 HCB [ MR IR A T IR D IR G K &R,
AT HE R R B AE S i A2 cH, R o, MRk R, B
1R H S A T A SRR IS O B TR
TR, AN AR, i H A G e — N
(IR 22, HCB (1) 18 580 I At 3k 52 - 338 v Ak 2 4 1) 2R 7Y
R 8 ) A A 2 R 2R (1))
2.4 NFEURM#ERAEH

ARSEIGTE T HCB ML B Al 7= (45 R AE
T HCB Bf# =4 AR /b, DRk FORE A Jo) 4 055 97
A K 1) HCB & (ng/kg) 5 1 3 h 5% ¥ HCB =



5 X BRGEEE /N a3 A MU 388 /S GRS B A3 R B 5 1) 1423
(ng/kg) AT LUAL, 5 H4 HCB 125 - 1 38 43 e e 9 ZiR WA 3.
R3 NEFHES-LESEEEGI <1073
Table 3 Soil-air distribution ratio of HCB x 103
Hm T H Bh SR )/ "
1 2 3 4 5 6 7 8
oyl 0.068 0.074 0.074 0.068 0.064 0.055 0.061 0.067 0.067
AR S N7 0.056 0.06 0.06 0.058 0.062 0.06 0.059 0.061 0.059
KR A 0.076 0.07 0.048 0.048 0.046 0.053 0.057 0.048 0.054
Frigm 0.054 0.07 0.064 0.059 0.06 0.055 0.047 0.057 0.058
oyl 0.029 0.03 0.029 0.028 0.021 0.019 0.02 0.02 0.024
. LR 0.02 0.02 0.02 0.019 0.017 0.018 0.017 0.018 0.019
L5 H - .
4 W 0.021 0.019 0.019 0.018 0.016 0.018 0.019 0.021 0.019
Frig i 0.023 0.02 0.017 0.016 0.016 0.017 0.017 0.019 0.018

t3& 3 i LG, A1 — 84> HCB M 38 &
F R R R G I R )
FLBETT 2 AR AT 3K 8 40 408 2R Bl R A A B A, DL Ut
TS Je D 1 e it ) ) A B R R AR .
Ah, TE LR KRG 13k A2 S L, SN o AL
Wb T HCB I, 1K S8 DA R 3K 26 /N 43— B Y3t
BT HCB A& L s b iy v g, AT # i HCB M 1
s s

3 & m] LAA Y, 5 - 1 - 4 T LG 45
(0.018 ~ 0.024) 1G /) T 41 3 P /K 75 £ (0.054 ~
0.067), Kk 2 4k 4 ) A BIL T 7 £ vy T 40 338 1k 7K R
+LH VLS HCB W B &5 & BN HCB 1 38 o A
FHY2 S 8O -4 BE BRI A /N 22 AT WL S S
HCB -4 e i B 22 R

RAEGAT N HCB ARMEEATA b, F 2R A8 R
It S R gt AR 15 3R A e SR B R
SR VAN LU0 A v e A, v DU AN B R
B BRI [RICR2ILE 81% ~ 89% » LK 4.

F4 EBHEIRPEAENBREKE
Table 4 Total recovery of chlorobenzenes during incubate period

K5 7RI )/

2 3 4 5 6 71 8

H 0.9 0.88 0.86 0.84 0.85 0.83 0.82 0.72

ZIEPE LR 0.96 0.91 0.91 0.9 0.83 0.87 0.83 0.81
KRG H%H 0.85 0.9 0.89 0.87 0.85 0.8 0.74 0.72
IR 0.82 0.9 0.9 0.87 0.77 0.78 0.78 0.63

XFHC 0.86 0.83 0.83 0.83 0.85 0.83 0.84 0.81

W 0.890.9 0.94 0.93 0.9 0.88 0.86 0.82
%mi%ﬁ%ﬁ*ﬁ 0.93 0.89 0.9 0.9 0.92 0.85 0.86 0.85

FrEI% 0.88 0.89 0.85 0.9 0.9 0.86 0.86 0.83
G K 3~6 MK 40 LLEH, KR L
o, 8 FIA HCB & f F 4 298 ~ 650 pg/kg, Horb [
il IR AT $2 B PCB A 23 ~ 96 pg/kg: St 1, 8
JEl Y HCB A W #5204 311 ~ 349 pg/kg, AE B W] £2

FH i e

0.84
0.88
0.83
0.81
0.84
0.89
0.89
0.87

I PCB h 64 ~ 92 pg/kg. W] WAR K —#B 7 HCB 5L
PCB 5 1388 AN il 32 HUAS TR B, 330 45 Bk B A ok
TIEIB TG 3, 2 B NN, S A AR S
BRI H A A Y v, HE T v g B 4,
HCB 118 [ g 21 e PE /K Rg AR T 2 0 1=,
A S AR ORAE 203 M /KRG 1 B 25 5 T A T 2 L
AR AGBNIBBZ PR AP EA R R
L b L2 eV KRS A L B, AL i
W Bt HCB, 55 HLBK B REA S HCB K AR5 O,
HETT RG0S5 525 T8 1 10 20 3 KRG = rp 5 A 4
ZIEEA), B D AR R YE 4 R B il b R TR
KITGE TE A4, 3E 1T 3G i HCB 75 L30T W&
THT R S BTS2 257l 5 2 T il 3 B S 4 334 ML AN
TIEN PR G R S5 R
2.5 /NGRTRRUERE 7S SR SR A IR R W)
JREAAE N, HCB =22 K AR08 i I 40 Y., HCB
I S A AR SR 5, 3 AR M 7 40k 22 ot &, DRI, 7
BT — DR 5, P EAT I 4 B i ot i
L HCB 1 Jec B il 1) P AR P B8 AR SIZG 45 T, HCB
A I S AR B AR B PCBs B2 A PCB 4k 2L I S %
AR, W] e 5 B K IR I ), B B P i
FIAAEY V2R, N PR A BEEE S R
I PO A T RN S T G IR AR 8 REAE
B AR I 7= 4 H, Ao, A LTS ik iE
Jir ot S At v, e R 3 D Mt S SR s AR
FM, BRI O] RN CH, BN PR, 7 R A B
2 LA FH T EL B 5 38 R 46 1F R A Dl P B2 4K
L5 HCB Yk Jg I S04+ <5 /L7, ANHT HCB 1 R
ARSI P I A8 2 TR LI KR Lk 2
M, AR ERIE X HCB 1) B i e B B i) g e, H
7= CH, 1 €O, HIHFI HCB 1B 205 5 W 8
(AH G X WIS T HCB (1) B AR % i — AN
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VoA R B S T B3 A T e B
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