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FHEE A FH VG T R 21 398 A 25 S 00 ol P 30 it A 67 35X 56, SR R TR) fOsi 9 1 L 4185 ( pentachlorophenol, PCP) TE 21 5t 7K A

RGBS ARG B 5 SEARAE . DU K AR AL B A3 . SRt AT (%R, CK) i PR ZE (N) A ALIE (OM) DA K it
AHUE+RZE (N+OM) , Z5REM KW OM 2 N+OM fig & & 38 i 3t E s o, PCP 7 3K R AR 28 R 450 h A R it
WIE—H BN I12E 078 #E CK N ,OM F1 N+OM 4 Fpib 38 + e rh B g 9153 5o 27.7 .35.2.24.8 .22.4 d, KUK W H OM
5 N+OM REJNEE PCP F#ff# , M 1A N 406 PCP B&f% , L3Erh PCP(WITARMR B 85 me/kg) i Ik /K FEZE AR £ ) i, (0L
BN RER LY EITE BEw, 74 MO FOKERA S PCP S BIT WA BEXER, HRAWAY &£ RN T
0.01, PCP BARAE HHEIKREAETS R AR R (R T LK RERES Tl — 2 A & £ AN E R E 2R
KGR IO s e R NE s IR R A S R G B WA Rk

Degradation Kinetics and bioavailability of pentachlorophenol in paddy soil-rice

plant ecosystem

WANG Shisheng “, LI Depeng
School of Construction Engineering, Anhui University of Technology, Ma'anshan 243002, China

Abstract; The in situ microcosm experiment was set up in the four long-term fertilization field experiments, the degradation
kinetics and biocaccumulation characteristics of pentachlorophenol ( PCP) with initial concentration of 85 mg/kg in paddy
soil-rice plant ecosystem were investigated. The long-term fertilization field experiment employed was in the Experimental
Station of Red Soil, the Chinese Academy of Sciences, located in Yingtan, Jiangxi Province, China. The four long-term
fertilization treatments included (1) no fertilizer (the control, CK), (2) application of urea (N), (3) application of
organic fertilizer (OM) , and (4) mixed organic fertilizer and urea (N+OM) , and no addition of PCP as control was also
set up for any treatment. The results showed that carbon dioxide release in OM and N+OM was both higher than that in CK,
but no significant difference was observed between CK and N, indicating that long-term fertilization of organic fertilizer or
mixed organic fertilizer and urea increased microbial activities in paddy soil, but no effect on microbial activity was showed
under long-term fertilization of urea. PCP residue in paddy soil gradually decreased with time increasing in four treatments.
After the rice plant was harvested, the final PCP residue in N+OM was the least, was 8.7 mg/kg, and the highest PCP
residue was in N, was 30.9 mg/kg. It could be found that PCP degradation followed one-order kinetics equation in four
treatments, and the fitting degrees were 97. 7% , 78.8% , 89.5% , 91.7% for CK, N, OM and N+OM, respectively.
According to one-order kinetics equation, the half-lives calculated of PCP degradation were 27.7, 35.2, 24.8 and 22.4
days for CK, N, OM and N+OM,respectively. The results observed indicated that long-term fertilization of organic fertilizer
or mixed organic fertilizer and urea accelerated PCP degradation, but long-term fertilization of urea inhibited PCP
degradation. As for no addition of PCP in four treatments, the air-dried shoot and grain biomass of rice plant in N+OM and

OM was significantly higher than those in CK, and no significant difference was displayed between N and CK, suggesting

EE&TA : EHR A AR H (40621001 ) ; ZHUE AL A SABRABF 9T F 5500 H (KJ2010A049 )
75 HH#5:2010-11-26; f&iTH#A:2011-01-16
# WIRAER Corresponding author. E-mail ; ahutsswang@ gmail. com
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that long-term fertilization of organic fertilizer or mixed organic fertilizer and urea increased soil fertility, but the soil fertility
did not increase under long-term fertilization of urea. In the presence of PCP, the average shoot and grain biomass was
remarkably smaller when compared with no addition of PCP. The average shoot biomass decreased by 40. 7% , 43.9% ,
58.1% , 50.6% for CK, N, OM, N+OM, respectively, and 80.2% , 88.2% , 86.5% , 72. 9% of grain biomass
decreased was observed for CK, N, OM, N+OM, respectively. It suggested that higher PCP concentration had a severe
damage to rice plant aboveground part growth. Beyond understanding, the root biomass did not decrease in four treatments.
No significant difference in PCP concentration in grain was observed among four treatments, the average concentration in
grain was 0.51 mg/kg, and bioconcentration factors of PCP in grain were all less than 0.01. Although the half-life of PCP
degradation was relatively shorter in paddy soil-rice plant ecosystem, it could be still accumulated in grain, thus posing

potential food safety risk.

Key Words: PCP; degradation; long-term fertilization; paddy soil-rice ecosystem; bioavailability

TG ( pentachlorophenol , PCP) YE A MLEAR 24 12 Mo FHAVE 2R TR R L AR50 R 7 R HOR RN BR &5
PABCAM BTG At | s B e e W iiys et . —"' . HRTEREASH B — LX)
FFAER ™ 1) PCP 375 L) (A G 1S, HoA: Wy 35 ol o & W B A NAR, A7 0F— 28 | 4 i K Y &
B0l PCP FETR E = ZH FARYES B s LA S A B 365 At W R A B 36, B RTZE O AR, HAEfE
TAP A, {HVEHR PCP {594 IR 2 — (%) PCP-Na, BURFEE I, JE4F R 7 — S648 T I W HO 8 18 8 T
R, XAREAT ] PCP-Na KIZ ¥R AR BERFAMEA VG Y p FERERE 4 R R TR
B EZ—, HEAX PCP 1y E2F/EESERINTIRER,

Jits AL 52 1) 398 P A BILYS e B4 it A 40, (R ML B AR o, sk 22 R 5T % Bt FH G HL AR
JIEL TR A T AR 1 - 458 v AR 8 ) R i Houot 28 A" T8I A A AILAE J5 - 55w AT A YR 48 A I 1 22 )
PO, I H TR R R AR 2 UM A A HUIE R 2R R AR ], g mls e i i N 2R 2, n
TIEEYL B FRCR S A AR R E W TS AR A BT e R A 3R A T AR
X Sy T R MBI S e A AL TS e B RS . R A0 DG T I A R AL 15 0 ek At 5 i 114
FEXPRE N FRAR, 7E 0 S b 5 SR A - 39 B A e e A A R I AR Ak, F U 1 3 f R W 2
IE AT BEAR PR, Xof BHLAf it S A BHLRN AT AL Y5 L et figk 22 [ 19 DG 3R AT e 7™ R BRI i 22

YT ARG B R A e VPG O VR 2T AR AR S 0 il A It AT v 6 K £, PR I 8 7K e
HH rh sz ()R, DL R IEOK R AR AR RGN FE X, %% PCP FEA A [m] it T Ak 38 - 458 v ) e i 2 S RN A
B EERHIE, LU T % PCP AERS F P i 5% BE S MUK R ol B3040 32 15 Yo AR B8, il T e B TR 1 i S LR
“EIRS AR
1 #R5HE
1.1 KMt AR 157 X5

K 0 it A A7 21 3 AKORE FE 7 F v R 2 e 2 e A ity 2Tl T 1985 4 12 H (L TV PE 4 g
T AT R (R4 116°55'307, Jb4i 28°15'207) , IZMAFERENT & 1785 mm, 4E¥iE 17.8 °C,>10 C B 5528
C . KRN E A7 058/ X AR T 1990 4F, I B~/ NX R BUR 30 m®, HAEAS/NX g —Fi e 7r =, kA
SUZERGFEAER] ATk HE . ABFIEE ] 4 MBI X, 4 P AR AL 38 . CK X (AT ATAaf Ak, EL s 3k 1%
FEAF FPRLAERS K50/ INX ) s OM X (ANt A2 FE R, RS A 4235 Il FA B0 PR T, Lt 2.5 kg THEZE AR
BAPRLRS BT R E R FR4) N X (FEARJIR £ 0. 4 ke, B ALE R 2 0. 35 kg) ;N+OM X (FEALIEIR K 0. 4 ke, i
JE it JR 2% 0. 35 kg ; FEFF2300 I, A/ NX P A28 2.5 kg) , A0 BRE K 3 7R, 2006 4FE 11 A BEA/MX A
RIZHHE0—15 em) ,3F 2 mm G, 2 4 AS/NX A+ HEAYIEAR BRI I, BRI 52 7 32 0L SCHik ), 45 51 0L
#1,
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F1 AU HEEAER

Table 1 Physico-chemical properties of tested soils

A LB Kk % Bk % Wi/ % EA
Ab 3 pH oM Clay% Slit% Sand% Total N
/(&/ke) (<2 pm) (250 pm) (550 pm) /(/ke)
CK 5.8 14.6 35.7 39.9 24.4 0.8
N 5.7 16.1 37.0 41.0 22.0 0.9
oM 5.7 18.4 38.0 43.0 19.0 1.0
N+OM 5.6 19.1 38.5 39.9 21.6 1.1
4P 4K aifi N AP B K
QbR Total P Total K Alkaline hydrolysis N Available P Available K
/(g/'kg) /(g/kg) /(mg/kg) /(mg/kg) /(mg/kg)
CK 0.3 10.2 75.3 0.6 114.8
N 0.3 10.0 85.2 0.4 83.8
oM 0.4 10.1 99.2 1.1 70.7
N+OM 0.4 10.0 105.0 1.0 57.6

1.2 gt
1.2.1 PCP i54: 3 Ml &%

N Tl £ PCP V5 3+ BAA T AR 1 e A PCP (43 B2l A3 >98 % ) ¥ T 2000 mL AP E
FRESFR IS TR INE] 1.8 kg WA TERP (100 B ) MR, #e WUsf e /- i PER AT B B A 2k, 5 130 g 154
ATYERD 5o+ (KIS T IRT £ 7.5 ke) 1R 45 10k 18] 3ictel 3 56 P 119075 e+, PCP W0 85 mg/kg, 4
IR IE AL A A3 PCP ISR E A 98. 4% , RSN PCP 5 LR G5),

1.2.2 M3 E

B ARAELSMNAE /N IR 6 NREIE 4 (RE 20 em, HATE 34 cm; BUH Y A F175 Je A e mb 52 3R
Al PCP s Y+ BARI &SI 1.2, 1), F0OA 6 DN ICE B BIAEHG (55 30 em, B2 34 em) . SRIGAEE
3 AR, 76 EERANA 7.5 kg PCP {53+ 76 73 40 3 A B L ERABIMA 7.5 kg K3Z PCP {544y
do PR 6 AR AR (BIH Ef0E0) Wik 10 d 5, 23 0 i PCP AR PCP Y 2 A0, RIYE [R] fel i 7K
FE 500 4 P it A A 2 755X, AR G AE (9 £ 398 b i B PCP 5 PCP A9 2 /S ab 3 4t 8 S b3t
HAEACIE 3 ANEE R A 7 2R R /N — 3, AL i e T3 T A

BERFERI D TP 181, 2007 43 AJEE 11,2007 4£5 A 5 HE#,2008 47 A 18 HWgk, KR4 KH
BN RN IR AR T 18 CHVRAERFIN , IR G SRR A, B TR &2 ook AT 5 iF s
ME PCP &,

1.3 SHrilE ik

38 CO, BRI E 5 B8 2 WSCHR . PCP BRAE A 56 [ Y Supelco 28 777 i, HEAE 5 A a] $2 5
PCP 7% B R A R B K, CO, 2t , Z TR ISFBE AL, WA E A2 1 mL J5 HH GC/pECD ™, FEAFE
KT R, M Her PCP & [m) 498, HIERIRS AR AL b PCP & iR Agilent 6890 GC 43, $2HUH
AT AR R X8 SR A BT 4l A e ke A 2 AT 2 TR, X 68 C A4 s TCK LRI A A i il F
1.4 il FEdE oA

e SRE AT R A R 0 25 A T AEZS oA, A B PCP (A, R Mg B R 2 B A A T5 s, A
5 50,100,200 pg/kg B PCP FRIBUIMA B2 11 - IERRI AR L b 0 3 DA e Hvs i T iseR . &
METHE AR 3 NI T LIRSS LS B PCP [MIRA T 80% —105% 4] I 5E HY 728 7 R 8 <5%

KA — R B J128 7 C=Coe ™ 104 PCP 8 R HEP RSN J124, 20 € Ry ¢ WIS PCP 7 + 35
TR BV (mg/kg) 5 C, 9 PCP TE TSP AR IR YR (mg/kg) sk AR H B, TR AU T RAAHC R
BOANEBE IR HT PCP 7E4 Ik B T, .
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K —ICT7 2253 BT (one-way ANOVA ) Fl Tukey 2 5 LA [RIAL 3 22 1) 22 57t W8 3 (35 #E7KF 0..05)
A B SE T YR ] SPSS12.0 i#47,
2 #R51F1e
2.1 3 Co, Bl

LI CO, B SR A i IR E IS PR B AR . I 1 ATLUE 7 OM Al N+OM Ab 3 + 8 rh CO,
ORI R T CK, TN A CK Z FJE30A R m 225, S92, KRBt A MU SOEHLA DAL RO 1 Ak
BER R LR IEE . SO T VUL ERRARUEERE T FE AR TR, S BUUE Y
ET=T
2.2 PCP fE HIE-/KFEA B R G KR AR S A

7 FH [ i -39 v T SR B PCP 2% B it i s RAL ULIRT 2, plt 11 2 W 80 il 2 B [R] A SEE K, -39 o m 42 i
PCP 5% BRI, KRR 30 K, 76 CK N, OM Al N+OM &b + 48 n] $ it PCP 5% 85 5 4351 36. 7
34.1.42.6.49.3 mg/kg; KR BIE 40 K, PRI {2 PCP 5% B B30 29. 4 37.4 23,1 .27. 4 mg/kg; 1E
WCHEI KRG, 78 N+OM Ab PR b a] 4 B PCP 5% B 5 fIK, 1y 8.7 mg/kg, 75 N AbFEH i, 24 30.9 mg/kg,

&
= 100 ——CK —=—N
T: v b E/ —a— OM —— N+OM
e S5 50
s 3 30 59
< g &
3 & K5
E22 Sl
ol g5 40
BE 23
£8 F2 20
S 25
3 0 RN R S 3
N OM N+OM § 0 L L L
Kb Treatment b 0 20 40 60
B} ) Time/d

1 TEMEwESE

Fig. 1 Microbial activity in soil

E2 PCPZELE-KBEREHNEBEINT
Fig.2 Degradation dynamics of PCP in paddy soil-rice ecosystem

X} 3] $EE PCP % B8 & S A) 2 18] 3E 47 B9 400 & B, PCP %% B8 B B R I] O AR AL £ & — sl T 2%
DR XSRS g R g 2 n A, LA T R A A 9 B BUHE 0. 8877—0. 9883 2 fa], HAUA
Ik 97.7% . WIE—H 50 J12¢ 7 B EA R PCP 7E L3 2w/ (T,,) K/MEIR J9 N>CK>O0M>N
+0OM,

®2 PCPELITE-KBRETHERNNFESH

Table 2 Degradation Kinetics parameters of PCP in paddy soil-rice ecosystem

fb ¥R Weefi 3l 27 AR HRREL WA B Ty
Treatment Degradation kinetics equation Correlation coefficient Degree of fitting /% Half life/d

CK C=85 exp(-0.025¢) 0.9883 " 97.7 27.7

N C=85 exp(-0.0197¢) 0.8877 " 78.8 35.2

OM C=85 exp(-0.028¢) 0.9463 ** 89.5 24.8

N+OM C=85 exp(-0.0309¢) 0.9576 ** 91.7 22.4

® % 28 P<0.01

LG - rp R R AN OB T2 AR 254 B i v 5, i FLR S S AR PR I 56, He S8 N DI AFSE &
B, PCP 7 35 v e it £ BT+ 38 pH A MU A S e 0k 4H % 55 - S B ARPE T, fR IR 2 mT g e KR
A 0—30 d N,0M 1 N+OM AbFEr AT H2 B PCP 5% B i i 2 /& T CK Al N Al figJit PR . — 7 A i 53
PCP WA 5, S WK PCP RTREAFAE B G 11 . S — R AE /K 4 F R, OM I N+OM 4b Hfi
f - 3EXF PCP W FFHAE J158 T CK A1 N AbFE 321 T OM Fl N+OM b3 HIEA PR SR (£ 1), It
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Hh 4 Fh L AIHURAL K25 AL S EOR R BFHE 1 B EE R 2, Doickd 2 N 5T & B, - AN [Pk A2 40
J3%f PCBs Hl PAHs 945G J1R/MEIRIF 29 (2—20 um) >( <2 pm) >(>20 pm) , FEABFTE Il K
3 AR Y KL (>50 wm) AR (2—50 wm) FRERL(<2 wm) , 12 1 ATHT OM A1 N+OM Ab 2 A i 4 3811
RPRLA RS 5 ., 40 d 5 OM Al N+OM AbHE ] $2 e PCP 5% BA & Sfii /T N Fil CK, X & T OM Al
N+OM Ab3rp A= M is v T N FI CK, D' Angelo 25 A BIFFE & 30, TEIR A 551 T, PCP B A il 0 +
BB C N P ARCS N A& C & BEME, B Y s C R S M iy, Hor il &
B3k 94%

4 Fpab PR A A MRS AR B TS R/ MK IR N+OM =~ OM >N ~ CK , AT DUE 5 S /K F it +- 3 pCP
B BT N~CK>OM~N+OM, SZBR UK RFRT 13 PCP 5% B4 55 ) N>CK =~ OM>N+OM., 4 SCHik
A8, It PR 28 WA L Ml A W R 7 PR R R ) L B PCP YR EEICA N A B AT il %o JHL v A 2 A 3
THIE T RE S T HE 3 A I AR AL B AT S 2% N AL B rp PCP 3R B dei . MR 2 AI%1,0—30 d A N
LLBRFR PCP R B 3 R R, 1M 30 d J5 N Ab3idh PCP AR B RIF A 225, ATRERYIR A /2 .0—30 d A N
AbFRH PCP 5% BR s (1 T BEIEAS £ 2 i TR FAE ) WG R, TS PCP (2 AR B Y

bR N ALBEAL, 57540 3 Fb B PCP 5% B i MBI EA — B, 7F BHE KA RS PCP Y R fif a8 1] g
MUKFEA KA G, YR R AR KB b S BR IAR R 08 , 3G A HLIR SRS/ My T I A HLIR,
YRRt J2 SR B R T TR AR LR, A T A e R SR 0 T T I DA N S G ) 1 R
F AR A i DA S A TG P S R AT B 5 AR 2R A0 0 R TR) , S 3 W A s R Tl 0T e 3 ml
N+OM b B PR FEME  SURIRE A 34 10 25 5 T 0 4h 3 R A3 AT RE 523k N+OM Ab3irh PCP Bk FE i/, 2T
IKFEAR R A B AT PCP A 38 b i 3 B 04 5 i Bt B S 75 2 — 2B A5
2.3 PCP Wt ##1E

f 2 3 AL, %FTF RN PCP AL 76 N+OM 1 OM AbFE K FEZE AR A s (KT &, FR) BEE T
CK, 1M N I CK AbFRZ A %A BEES . YA PCP J5 KR EMMEA TERI A, x2hT
K3 Bt A HLAR B CH LA HUAE e it 25 e 5 1 3RO A g, T 3 Bt PR 20 AR ) A B st
HIZ 1 AT DL, 7E OM Al N+OM Ab#rb + A HLTURI 28 | 42 2 LA B s kil el 0% f2 34 0 35 05 T CK Ak,
1M CK AN b3+ 4 (LT LA K SR & i I W 25 5 0 R R I S0t AE &b B+ 38 v fin A PCP RIS in
A PCP BIKFEZE FIAR 45 T 8 E A7 LU BT v LR B, 78 CK N, OM 1 N+OM Ab 3 v 7K 5 25 T 5 43 1] FEAIK
40.7% 43.9% 58. 1% H150. 6% ; Fa4r T H 437 A% 80. 2% 88.2% .86.5% F172.9% , 455K, PCP(H1 IRk
JE 0 85 mg/kg) M/KAEZE FEA T EIIH W WM (P<0.01) o XJ&H T PCP B3R T 55 Ho 2 i i) 40 i, -
X AF) (R I AE FH A b 2 S 0, T AR A L ) AR IR AL 5O S B R ALV, A Al A R 25 L, BELASAEL )
AR (HSE PCP XK AEMR T EIFICH W5, 450 PCP (LE M) a5k AT RE R AR K R A b 3857

*®3 KEEDE
Table 3 Rice plant biomass( g/7%)

b3 2 Root 2% Shoot FE4Y Grain
Treatments -PCP +PCP -PCP +PCP -PCP +PCP
CK 4.02 b 4.56 b 21.81 b 12.94 b 18.04 b 3.57 b
N 3.85 b 3.76 b 23.46 b 13.15 b 24.97 b 2.95 b
oM 6.01 a 5.67 ab 38.43 ab 16.14 b 57.33 a 7.75 ab
N+OM 9.77 a 7.75 a 49.15 a 24.29 a 65.05 a 17.65 a

+PCP: JiIA PCP; —-PCP; Al PCP; [ —%h Frir ANl Fm 25 572 3%
2.4 PCP A9 5k

Hi1&1 3 I, 4 AL AR OR AR 45 o PCP S BB E R 2557 . WA A9 & 2 R %X ( Bioconcentration
factor, BCF) JE&:id it Fi 4% Ff PCP B B2 bR DL - 5 vh AT 3R T Il B2 TH A5 209, FH LA LU A AR AN R A B AP Y
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JKAEXT PCP W L Ks8I A BE S ) thE 4 W0 4 Bk B rh BCF /8T 0. 01, ARG 25 R e
A SCHR R H A 2

=12 0.008
%8
3 59
% E 2 0006 |
Ezo8 5
55 %
<
& 5 ® 0.004 +
ggom 18
g ] —
-.H-|§ ot 0.002
0 N [0 L
N oM N OM N+OM
4b ¥ Treatment At P Treatment

3 PCPERATMEEHLE

Fig.3 Accumulation characteristics of PCP in grains

E4 PCPEFBAHRHEER

Fig.4 Bioaccumulation capacity of PCP in grains

4 Fihbh B b A LTS B A P0iE ER/ MK R N+OM =~ OM>N =~ CK, Bellin 25 A" #5520, 4
B4 PCP WY& Bl 3G ML S E S TR T s s RS LA IS R OK RERE S PCP B BT N~
CK>N+OM =~ OM , {HUEAMF R G5 LI AR N, vTREIR I & . —J71H, B 2% 3 AT 0, N+OM Hok fg i b #8453 E 9
W EFT CKFN, H CK N Z[RFF&A B2 5, KL, N+OM H PCP Bl 7% 15 45 F 10 1o b 3853 i % it
WEET CK M N, 5H—J1H, PCP PKFEHRER ) LT B B2 v, N+OM /K g XT PCP ORI RE 71 i
EE T N CKPY SEIRERIA 4 FbBERREA PCP S HIFA REER

F2E 1 Al 4 B rp 3 pH (EIF A BE 25, ME N 5.7, pK, (PCP) Jy 4. 75, it ml %01, + 4
PCP 4R 240 (90% ) LB F B RETE, B F AW T/KBEZEBVEH m L s (B 54K
LRI A—E, A R B TP SO R AR R R AR B A B B RS AL, (R RS
WHVFZHEEE T . 5350, PCP /K REAR &8 1) R 48 18 A 2 A v gl AR5 AT 2D PCP 7R R 4 v 1) i 4
T ERREUN 4 FAbE R BCF #/8TF 0.01, {HJE PCP R AZERE A oA — E YA W05 45 AR A
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