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Catalytic Dechlorination of 2,2’,3,4,4’,5,5’- Heptachlorobiphenyl in Soil by Pd/Fe

HE Na"?, LI Pei-jun's REN Wan-xia"?, FAN Shu-xiu'"?

(1. Institute of Applied Ecology, Chinese Academy of Sciences, Shenyang 110016, Chinas 2. Graduate University of Chinese Academy of
Sciences, Beijing 100049, China)

Abstract: Dechlorination of 2,2',3,4,4',5,5’- heptachlorobiphenyl in soil was studied by using Pd/Fe bimetallic catalytic reduction. 2,253,
4,4',5,5'- heptachlorobiphenyl can be dechlorinated effectively by Pd/Fe bimetal . Tt was found that the removal efficiency of 2,2",3,4,4’,5,
5'- heptachlorobiphenyl in soil could reach 54% after 5 days of reaction with 1 g of Pd/Fe (Pd loading 0.05% ) and at an initial pH of 5.6.
Several important experiment parameters involved in this process were also studied, including Pd loading, initial soil pH, the reaction time, the
amount of Pd/Fe used and 2,2",3,4,4',5,5'- heptachlorobiphenyl initial concentration. The results showed that higher Pd loading, higher
dosage of Pd/Fe, lower initial concentration of 2,2",3,4,4',5,5’- heptachlorobiphenyl and weak acid condition were beneficial to the catalytic
dechlorination of 2,2',3:4,4",5,5’- heptachlorobiphenyl. The degradation of 2,2",3,4,4",5,5'- heptachlorobiphenyl, catalyzed by Pd/Fe,
followed first-order kinetics, and the rate constant was 0.014 2/h, the half life was 49 h. In addition, two possible mechanisms of the
dechlorination reaction were proposed and discussed.

Key words: palladium/iron bimetal; 2,2',3,4,4',5,5"- heptachlorobiphenyl; catalytic; reductive dechlorination; soil remediation
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2,2',3,4,4",5,5’- heptachlorobiphenyl

2.3.2  HL/ERBOINE 1)

BRALAL R O Ab, L ok FEE S 1, 5 AN )
RPN EXT 2,27, 3,4,4", 5, 5 - LRIER L BRAL
BRI sEm, BRI 3. K 3 W%, 2,2', 3,
4,4',5, 5" -SRI (1) 22 B 6 Bt A5 20 /2% 50 o == 1 184
o4 e, AR BN = G 0, v AR 2,274, 5,
5" FU AU S AT R I Al L, I Re g S (it 51 2 (1)

HHEBETFHT 2,2,3,4,4",5, 5 --LEIR T L J5UR
S Ak, BEAE R AR BN B B3 0, TG 1 6 i
AFIVRLALE S AR ZR v () A7 A S5t AR AR N 389, PRIt g
DASR A BT 22 14 2 S 2 v Pk ot AT A ) T S
HEAT R E M Pd/Fe [HIN WS S N.AE Pd/Fe 2114
bz mrsek. Bl 3 &M, 4 Pd/Fe HETE 0~ 1 g JulH
WIS, 390 Pd/Fe F 20T LAAT RLE 51 2,275 3,4,475 55
5 LRIBEARM LR Y Pd/Fe HIE G T 1 g I,
Pd/Fe & 3G X 2,27, 3,4, 4", 5, 5" - LS R 2
B A IR 1 — P4 A P AN K BH S 3 1 R, 2 oAt
ZAEI AW, Pd/Fe AFAE— A de 4 FH 22 (19 1)
2 Y S KO I A 27 T 5 bGP 75 2 1R B
BEIT 2,27,3,4,4',5, 5" -0 SRR 0 50 N T35V 1%
J& B RN B )5 S Pd/Fe AR GK
2.3.3 pH 32 m

B pH SR Ah, g FEE 4, % 52N 1R pH
X7 2,253,4,4',5, 5 - LRI R LRSI g, X
PRERR LI 4. AR R SN 4540 R, pH 4 4.4
5.6.6.9 f18.9 1,2,2",3,4,4",5,5 - L&KM %
BRI 0K 48%54% ~43%~ 1 27% . N o] LLE
o 75 pH 5.6 1F,2,27,3,4,4",5, 5" - BRI £



7 3 AT A% A A G JE T 3 2,27, 3,4, 47,5, 5 LUK [ A0 I S 5T 1927

60
50 | s
40 |-

<

Jg}‘ 30 | K

&
20 /e—/’“
10 |- —e—1g-—a-02g-—5-2g —%05g
0 ! 1 L !

0 24 48 72 96 120

S BER E)/h

B3 $E/RIRmER2,2,3,4,4,5 5-tEHEEBRENZM
Fig.3  Effect of added amounts of Pd/Fe on the removal efficiency of
2,2',3,4,4',5,5'-heptachlorobiphenyl

B B T e pH A XA SRR, 59 IR M 4
SR i S L R A T IR R A 5 AE 55 IR AL 2 AT
BRI A 1 T BV SO RN H, A 5 S
B AT T HAEAR pH 4605 R, AL 103 i AN
o 1 B SR B IR B BAL 2 AT R 3 T
SRURONE AT L AR, A AR AR pH AR R JE T
LB A, A 5 B Pd IBUR, IF H H, BB Al
R R B, 18 S BTN 218 . & pH 2 I BRI
R R BRTTTE , A7 A v 7 A% 3 LA [
I PO S B ot T A AR PR A A S 058 71
T3 JUBR U N R REAT

60
50
40 |
§
¥ 30 |
% -
20 /X/-'
10 —o—44 —m—56 —A—69 ——89
0 | | | 1
0 24 48 72 96 120
& R [Al/h

B4 pHIEX 2,2/,3,4,4',5,5-ERBFEFEBRENTMN
Fig.4  Effect of initial pH on the removal efficiency of
2,2',3,4,4',5,5'-heptachlorobiphenyl

2.3.4 WAL I R

BRATAE TR B 5 o, Fo Ry FEUE A, 25 5AN )
WILEHREXS 2,27, 3,4,4",5, 5" - LA BR 22 BR R 1)
SO, R LI 5. MR RT R WA RN 10
~ 100 mg/kg T 52,2753, 4,4, 5, 5" - L AIBER i

M 78% [% %1 299% .

80

60

tad

20
—o— 30 mg/kg —=— 50 mg/kg
—a— 10 mg/kg —%— 100 mg/kg
0 | 1 1 |
0 24 48 72 96 120
SR ) /h

Els #MGRER2,2,3,4.4',5 5 -LREFEUENZM
Fig.5 Effect of initial concentration on the percent dechlorination

rate of 2,2',3,4,4',5,5"-heptachlorobiphenyl

2.4 RN B )i
2.4.1 N

6 RAEFAESRAM T, 2,27,3,4,4', 5,5 L&
RAE IR Pd/Fe A4 R IR 120 h )5 HASAH
W AT LVE 1, 2,253, 4,47, 5, 5 - L EER B
5 AR 2 BhE, 3K 2 Bl 28 5 bR UEY) IR
P B IS B)AH LA 5 vl R 2, 4, 47-— GBI
2,2'4,5,5 - LA IX UL, Pd/Fe X4 JEAEH R,
2,2',3,4,4",5,5 - LRIEAE T LR B Fe' 11 HLT
MR, 03 W 2 B L SR T, ATk 3 BRI 22
PE T 2R R E

2

ol

12 14 16 18
i} 18] /min

WE 12 2,2'53,4,4",5,5 -BEIKA; W 2: 2,4,4"- =5
W 3: 2,2'4,5,5"- TLEURIR T 5 bR e R O3 B I [e)AH EL R
A7 1R A A=)

B6 22,3,4.4,55-tRKEREFYHSERIEE
Fig.6  Gas chromatograms of 2,2",3,4,4",5,5'-heptachlorobiphenyl

and its dechlorinated products



1928 7N 58

B 29 %

2.4.2 i
BT AN BORIE SR 5 1, Fe S5t S AT WL IR 38 I
Jt SR B AT — g RN BN 12, R s
—dc,/dt = k¢ ¢, 2
A b R E o A LA
WRE.
B OXRFH 3.
Inc,/ey ==kt 3
A e WA HLEAD IR IR AR HARE (3D K
BV ] SR H s Y
R3O ¢, BN e /2 BIATAF H B
g 1y, RO
ty = In2/k = 0.693 1/k (4)
DAL Wb, AT 5 A0 . Y — 20 Y 8y ) 2 R 4 ik
PG BT 2,27, 3,4,4", 5, 5" - SR KL )R
WSS .~ InCe /) H5 5 I TA] ) e 1 5% 5 (]
T, NI [RIFE 48 h PY ORI T 46 b ) I S0 % Y.
Bt — R NEh 1%, X515 Yak ZU RS
— 30t AT T R N T KA 0,014 2/h, 3
129 49 h. N 7 v UG Y, BEAE OIS ] (1) ZE K,
SN ES T — 2 [ N3l ) %, X n] Be e TRk
[ B B4 2 5% 2 T Fe(OH),« Fe(OHD, #
FeCO, TEBRZ T TR AT FRAIG T2k 11 S v e

0.7
06 |-
P L 4
05 [
2 04|
)
g 03[
»=0.014 2x + 0.160 3
0.2 R2=0.998 9
01|
0 1 | | |
0 24 48 72 9% 120
JR R [R)/h

7 22,344,555 tEAKESREMNEREEXR
Fig.7 Linear relation of 2,2'53,4,4',5,5'-heptachlorobiphenyl

concentration with reaction time

3 EHERABS R M AL H R

H TR, &8 2ot A HLEL A 18 5 I
3 P AT A SN A e RIS AR L I R R RN D SE
JEE2 M A 2 0 6 SR, A W 4 IR AR R O L B v
2,2',3,4,4',5,5 - LRUIORE i S FE W |

3.1 &ESERENErEHELRE S 2,2,3,4,4,
5,5 --LEER
TR R AN A TS W, 08 R R D) L AR KR
H, Fe A HLEAA) L TAAAAE QR RO
Fe’ — 2e - Fe**
RCI + 2e + H"— RH + CI”
JIT LA B R A <
Fe’ + RCl + H*— Fe** + RH + CI (5
MBS ] U S B A AL &P 1E v A
M NS RN 2 B 25 L, o] DUHERT R 1
SN G5 A I 3% B AR T i S R e N a3k AT, ST
2.3.3 (PS50 25 AW SR T X —HEM
3.2 Fe'-H,0 AR RN A A 2,27, 3, 4,4,
5,5 - LSRRI J5 il 51
FH J st A5 e = AR 1 |, AR IR SR PR, 18 TR
Befi# 2,2',3,4,4,5, 5 - LSO, i /EH,
55 2,2',3,4,4", 5, 5 -0 SR W B A5 2L 3% i,
MR RE 2,275 3,4,4",5, 5" -G IR J5 I S B
(IREAT .

4 it

COML/ZRA 4 e A R e e ik -3 2,27, 3,
4,4',5, 5" -SRI FEAR BN, S 8 ] DULE SR 4%
PR CRL R R A 20O 20 AT .

AL R B & NI TR) L 2,27, 3, 4,
4',5, 5 LSRR WG W FE S I N4 46 TR B 2% AT 3
Xf g 2,2,3,4,4', 5, 5 - LRBOR ) LB R A H
PR AEARSLIGAAE T, MR 0.05%, pH A
5.6, W/ AL 1 g I, N5 d,2,2',3,4,47,5,5'-
LEIPAR LR E RS IAE] 549% .

(3% 2,2',3,4,4", 5, 5" - LEIE RSB )2
g, KIS NAIHI48 h)2,2'53,4,4,5, 5 - L&k
AR AL S B A D — S B 12 [N, HH b m o 5
H N JH 6 B0 0.014 2/h, FEV- 2204 49 h.

S 3Lk

C1] WIhE, Wb B, SE0UME, 2 . 2 GUBE AT Yo J 3L AR T )7 V9 5
WERLT] TP, 2004, 4: 1-5.

[2] Robson M, Harrad S. Chiral PCB signatures in air and soil:
implications for atmospheric source apportionment [ J1. Environ Sci
Technol, 2004, 38(6): 1662-1666.

03] MG, WRAs, WSO . HE5F 55 o (1) 2 400 28 CPCBs) 1 A
SHARLT] . 14,2004, 36(1): 16-20.

[ 4] Starek A. Polychlorinated biphenyls-toxicology and health risk [J].

Rocz Panstw Zakl Hig, 2001, 52(3):187-201.
[5] aktHmBE, dhABsE, W0 YT O R AT LS S-SRI



7 TS5 < L/ RO SR S R 2,27, 3,4, 47,5, 57 L SRUBCR AR A Tl SR 9 1929
WFSEL ] PREE R 2440, 2002, 22€6): 788-791 . Pd/Mg bimetallic particles [ J1. Microchemical Journal, 1998, 60

[6] Yak H K, Wenclawiak B W> Cheng T F» et al. Reductive (2): 290-295.
dechlorination of polychlorinated biphenyls by zerovalent iron in [16] Korte N E; Zutman J L, Schlosser R M, et al . Field application of
subcritical water [ J1. Environ Sci Technol, 1999, 33(1): 1307- palladized iron for the dechlorination of trichloroethene [ J1. Waste
1310. Management, 2000, 20(8):687-694.

[ 7] Butler E C, Hayes K F. Effects of solution composition and pH on [17] LiuY H, Yang F L, Yue P L, et al. Catalytic dechlorination of
the reductive dechlorination of hexachloroethane by iron sulfide [J]. chlorophenols in water by palladium/iron [J]. Water Res, 2001, 35
Environ Sci Technol, 1998, 32(9): 1276-1284. (8):1887-1890.

[ 8] ChuangF W, Larson R A, Wessman M S. Zero-valent iron-promoted [18] Xu X H, Zhou H Y, Wang D H. Catalytic dechlorination of
dechlorination of polychlorinated biphenyls [ J 1. Environ Sci chlorobenzene in water by Pd/Fe system [ J]. Chinese Chemical
Technol, 1995, 29(9):2460-2463. Letters, 2003, 14(7): 700-703.

L9] Gillham R W, O’ Hannesin S F. Enhanced degradation of [19] Cullen A. Comparison of measured and predicted environmental PCB
halogenated aliphatic by zero-valent iron [ J1. Ground Water, 1994, concentrations using simple compartmental models [J]1. Environ Sci
3(21): 958-967. Technol, 2002, 36(9):2033-2038

[10] Towry G V, Johnson K M. Congener-specific dechlorination of [20] Randy D C, Bruce ] M. The status of PCB radiation chemistry
dissolved PCBs by microscale and nanoscale zerovalent iron in a research; prospects for waste treatment in nonpolar solvents and soils
water/methanol solution [J]. Environ Sci Technol, 2004, 38(19): [J]. Radiation Physics and Chemistry, 1999, 56:493-502.
5208-5216. (211 DB B3 AR IR E, 55 UG Bt DRI 3 h ok i 22

[11] Yak H K, Lang Q, Wai C M. Relative resistance of positional SRR CPCBs) 1 BL R ALy, o B R B R4, 1995, 15(3):
isomers of polychlorinated biphenyls towards reductive dechlorinaion 199-203.
by zerovalent iron in subcritical water [ J1. Environ Sci Technol, [22] Travis C C Hester S T. Mercury is found in fish in remote lakes lead
2000, 34(13):2792-2798. is found in Greenland snow and PCBs dioxin and pesticides are found

C12]  HEBCE R EE, 2 5 Bii . 0 2 e 1 38 JsUA) Ak B 1 A6 AT LA in the Arctic [J]. Environ Sci Technol, 1991, 25: 815-819.
WA e 5 3 el )], 45 /K HEZK 5 1999, 25(2): 33-34. [23] Rysavy J P, Yan T, Novak P J. Enrichment of anaerobic

[13]  Grittini C, Malcomson M, Fernando Q, et al. Rapid dechlorination polychlorinated biphenyl dechlorinators from sediment with iron as a
of polychlorinated biphenyls on the surface of a Pd/Fe bimetallic hydrogen source [J]. Water Res, 2005, 39: 569-578.
system [J]. Environ Sci Technol, 1995, 29C11): 2898-2900. [24] Amold W A, Roberts A L. Pathways and kinetics of chlorinated

[14] Mufiikian R, Femando Q, Korte N. A method for the rapid ethylene and chlorinated acetylene reaction with Fe(0) particles [J].
dechlorination of low molecular weight chlorinated hydrocarbons in Environ Sci Technol, 2000, 34(5): 1794-1805.
water [J]. Water Res, 1995, 29(10): 2434-2439. [25] Johnson T L, Scherer M M, Trainyek P G. Kinetics of halogenated

[15] Doyle J] G, Miles T, Parker E, et al. Quantification of total organic compound degradation by iron metal [ J]. Environ Sci

polychlorinated biphenyl by dechlorination to biphenyl by Pd/Fe and

Technol, 1996, 30 (7): 2634-2640.





