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FEFY), MAE KRR T OL R, 3,4 5-TCP A& PCP IS BEAR M 274 .

SRR AR AT AL 5 o Y 5 s 4

PESES XI131.3 XEIRIRTE: A XEHS:0250-3301(2009)03-0882-07

Effect of Long-Term Fertilization on Dissipation of Pentachlorophenol in Red Paddy

Field

WANG Shi-sheng"?, YANG Xing-lun'  WANG Fang' , BIAN Yong-rong'; LI Zhong-pei' > JIANG Xin'

(1.State Key Laboratory of Soil and Sustainable Agriculture; Institute of Soil Science,> Chinese Academy of Sciences, Nanjing 210008, China;
2.School of Construction Engineering, Anhui University of Technology, Maanshan 243002, China)
Abstract: Dissipation of pentachlorophenol (PCP) with initial concentration of 85 mg/kg in red paddy field with rice cultivation and non-rice

cultivation were investigated under the conditions of four long-term fertilization treatments; including the ones without fertilizer ( CK) , application
of urea (N, application of organic fertilizer (OMD, and N + OM. The results showed that the extractable PCP residues in surface soil in the
treatments CK, N> OM and N + OM under non-rice cultivation condition were 28.3, 34.2, 19.3, 18.7 mg/kg after harvesting rice plant, and
the extractable PCP residues in subsurface soil were 6.3, 9.1, 5.1, 4.1 mg/kg> respectively. Under rice cultivation condition; the extractable
PCP residues in surface soil were 19.4, 30.9, 16.7, 8.7 mg/kg, and the extractable PCP residues in subsurface soil were 3.7, 6.1, 2.6,
2.8 mg/kg> respectively. The results indicated that the long-term application of organic fertilizer or inorganic plus organic fertilizer significantly
accelerated the dissipation of PCP in surface soil; and decreased the transportation of PCP down the soil profile. However, long-term application
of urea inhibited the dissipation of PCP in surface soil, and increased the transportation of PCP down the soil profile. When compared with non-
rice cultivations rice cultivation significantly accelerated the dissipation of PCP in surface soil other than the treatment N.In addition the rice
cultivation significantly decreased the transportation of PCP down the soil profile. No matter rice was cultivated or not; the dechlorinated
metabolites of PCP detected in paddy soil were 2,3,4,5-TeCP and 3,4,5-TCP. 2,3,4,5-TeCP was the major dechlorinated metabolite of PCP
under non-rice cultivation conditions whereas 3,4, 5-TCP was the major dechlorinated metabolite of PCP under rice cultivation condition.

Key words: long-term fertilization; pentachlorophenol; dissipation; red soil
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it A 5 37 21 33 1 7K AR AL 1 o R A 2 B 41
B At 4D T 1985 4F 12 H, AL VLY
A G T RVLE (RZ116°55'307, A6£628°15'20™) . i%
HiAF B T 5 1785 mm, F R 17.8°C, > 10°C iR
5528°C . KW NE & A7 a5 /N X 4f T 1990 4, ik
KAEAS NN 30 m?» HLAEAS/INX g —Fhita e 7
KRR AEH], AP AR % 4 4
TRIG/NDX, 4 PR U I AL By : CK X CAN AT o 2
KL HOGR RS FE PR AR H AR5 N X D)5 OM X
(ANl 2% BERE , AEURE R 4350 [ FE A6 2R 7 R HL e
2.5 kg THEFE LR RLRS Hh Tl 2L 9520 ), N IX
(FERE K 3 0.4 ke, 1B L /K 3R 0.35 kg): N + OM
X AR R 2 0.4 kg, B IR 25 0.35 kg FifF4x
Bk, BF AN Xl T3S 2.5 k), BALBEE A 3
K.2006 7 11 H, WA NX A ERE L ~ 15
em)» 1 2 mm J, WE 4 A/ X558 1) B A B AL Pk
5T, EARIN e T W SCRC 12, 85 R WK 1.
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Table 1 Physico-chemical properties of experimental soils in the four long-term fertilization treatments

JuSL] pH HHUF/gkg™" 4> Nigrkg™' A Plgkg™' A Kigekg™' Bl N/mgokg™' MR P/mgokg™! A K /mgekg™!
CK 5.8a 14.6 ¢ 0.83 b 0.31b 10.22 a 75.25 ¢ 0.56 b 114.8 a

N 5.7 a 16.1 be 0.91 ab 0.29 b 10.00 a 85.17 be 0.37b 83.75 ab
oM 5.7 a 18.4 ab 1.04 a 0.41 a 10.13 a 99.17 ab 1.14 a 70.68 b
N+ OM 5.6a 19.1a 1.08 a 0.39 a 10.01 a 105.0 a 1.02 a 57.61 b

DR PHAEIE N 3 RE P 750 Fids F R R R 257 B 3% (p <0.05)

1.2 R
1.2.1 PCP V54 HIE &

N Ll PCP 5 4 -3 1 BAR 7 0 R« 1 5k
Pl AR PCPC o3 HT 41, 4l > 989% ) %5 T2 000 ml 1)
P, R R S I3 1.8 kg A 98P (100 HD
KR, 718 RS 78 20 PR TR AT B R A e AR
130 g V5 % A1 Db 5 3 f - O S T AT 42 7.5
kg ) TR A 1l £ F HH TR) A 56 P FH 1935 % 1, PCP ¥k

fE4 85 mg/kg. & B 7 Ab BR )5 45 3 b pep W]
WA IIEIA 2 98.4% , RN PCP 5 LAHIR G
%15
1.2.2 RGOS 508

HRAE & AR N X IS 6 M EAEE LA
GARFE 20 em, ELAT 34 cm: BOH ) H3EH T PCP 75 %%
T, HlE Tk TR, BN 6 N TER I
B FEATCREE 30 ems HAR 34 em) ARG E LR T 6
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1.3.1 LIRS Pep B HL R S 1) A s
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T HERE S AT S PeP B L S
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K S5 BB AR PRI e . HAACE By « B fif
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IR LA 2l R SR I st SR R H  N R
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0.38. 0.45'
1.3.3 13 co, BilE

=N PR IRIEN FREL 50 ¢ e 3T 500
mlL FF TR Ch T R e/, B3 i 0.1 g
R B L T AR A TS S PR, G LA
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TR RSO3 55 3% o, K R 97 s O a5 %
B AE28CHT FRM N R IR 24 h ), B 55 R P 0
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77 13, H 0,05 mol/L A ifE HCICH BT b i Hok
FEE DT 2 A 21 a3 Bl [ i s o xof e
1.4 s b3 R I gt 77

1E 5 FE o A R AR R 45 4 R AE T A a4
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N A5G TAPEE 504 100~ 200 ng/g 3 A f 5 U R
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N T AR A3 2 8] 2 S W3 P, R — ot
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Fig.1  Soil microbial biomass carbon and nitrogen

40

R

25

+HCO, MR it /mg-(kg-d) ™!
H

10 +

0 1 I I
CK N oM

A

N+OM

B2 =+ Cco, K=

Fig.2  Soil respiration rate

U7 T A ST A A 38 i - S A W (1 Ay
e T CHLPE 1A 20, S 3k PCP 1 B RS . BLAR
7E CK A1 N A3 A A7 AL & i R A 03 PR3 e
WEM 2SS HRELE N LB PPk B B AT
CK Kb B 45 STk , K 1T R 35 2 PR AR T 3 i 2k
YIREUE 2 FEEFR A, PCP I N AR B L v (1
AR PR A AT RE T AL E 3 R K i A Ak
T30 N AL BE R pCP Bk R B dp . B 4 T
0, OB LR S A R PP RE AL BE Y 32 3 rp T R

PCP 5% 5 K/NA N> CK> OM <~ N + OM, IX Fl 2
T3 PCP Bk B NI e A — 2 gk AR
B, 7£ OM Al N + OM AbBER 2 13 b T $2HY pCp 5%
B AR S R A & pep i) NIT RS, 1 A& 7E OM
HIN + OM AL BEER 2% 138 b AT A WL 7 i
A A P | PR, K Bt AT LR B TE A LAT LI
G it 1 0 2 2 - 3 v A BB R R AR s P O
/R ZE I PCP 7)) N AT | i K it bR 2 AR
A &5 3, I BARE 33

50

O KA B M
40
-
2
R %
: \
z 3
= R
£ 20} X
= \ g
: \
) X
N
10 - %
N
\
0 I \ !
CK N oM N+OM
pusid
El3 RELIED PCPEEE
Fig.3 PCP residues in surface soil
15
O RME B M
T&_" 10 |
3o
£
i
o
iy
)
O
&
=
w5 |
=
0 |
CK N oM N+OM
usil

B4 TRELTIEHPCPREE

Fig.4 PCP residues in subsurface soil



886 7N 53

B o 30 &

2.4 PR HIE AT SR PCP Bk B 1K
3 a0, B AR PP R AL E6) L, FRAE X 4 Bl
T A Ak BE SR 2 B PCP W AR S AN [ 1
PEREVER, B N AR BEAL, £E H e 3 AN A F ik 31
FKE A gt T /KRR &R A i sk 55 )2
T3 PP IR . RS I, FF R R AR R AR
WA RE b SR AR R W), B HE A LR R
FERREE /Ny 1 A HLIR, 45 i 3P A AR K B
TR R, B4 I sk 2 A A ) e RO B AR )
P AT IS Y 1) B A2 Bk 2 Ak, ZK R R
XK JZ I pep 1 s SRR 2 3 PCP ) R IE
%, W] g3 BUR = L T R I PCP Bk B 1 gk
b AHEASIG 45 RN, A1 4 B U] it AL Ak 34 o k%
ASKFERERENT PCP B AR =) ) & S S 8N T
TR IR 4%0, VT LLZBEATF AR ARSI HD . )
Ah, B 4 w5, S RPREAH LG, PR k2 v D A 4 Fi

2.0

(a) KFHE

0 2,3,4,5-TeCP
1.6 - [@34,5-TeCP

g

E 1.2 nn

&1

R

i

=

% 08

=

B

@]

-9

04 -
\
N\
0 CK N oM N+OM

o3

Kt AR AL HE R 2 3 rh pep ) NiTAS

11 3 mr g, MR KRR G, TR AR R R AL BESR 2+
Herbrrl $2H pCP 5% B K /MIUT 4 N > CK > OM ~
N + OM, 17 75 i R Ab 3 36 2% - 38 v n] $2 5L pCP %k B
HR/NITF A N> CK~OM > N + OM. AN T K Fi A
AR BE, FEAE 43 A PR CK.OM A1 N + OM AL BE K 2 +
Herp T $E L PCP PR W E N 31.5% 13.5% H
53.5% » M\ T 5 B5AE PR Ab 38R 2 A 3 o oRT R Y
PCP 5% B4 R R b e A B v (169 K /AN DI R L T
XA REFIARL I L AR B o WA % & T KR AR
FAH L FEXT PCP AE 43 1R I B8 e Ab ik R 5
M) o 3 7 E R — 0 (I
2.5 FpFREXT e pOP A DI SR A 1R 5

H1 1 5Ca) T, FEARFIABIE B0 5 4 Fh-K 3 it A
WP T8 2,3, 4, 5-TeCP S &I W A T 3,
4,5-TCP % &, 7€ CK-N.OM #I N + OM 4t % |2

2.0

(b) A7

0 2,3,4,5-TeCP
1.6 - O 3,4,5-TeCP

0.8 |

PCPIS PR =4) & B/mg-kg !

04

CK N OM
A

N+OM

5 RELEDPCPRESMNEE

Fig.5 Concentrations of dechlorinated metabolites of PCP in surface soil
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2,3,4,5-TeCPI1] 3,4, 5-TCPH: Ak . T 5 BUAE P i 7K
RIS OUT , 3,4, 5-TCPAE PCP FEAR 1) 271 .
2.6 I AE T Ide 5 SR8 A 1) 5

] 5Ca) WA, AE AR MRS O, 75 OM FI N +
OM AbFEr, 13 2,3, 4, 5-TeCP 1 514 1.24 F
1.40 mg/kg, i 3% = T CK(0.58 mg/kg) Il N(0.63
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Ab PR PR IR AT W 25, AR 0.32 ~ 0.34 mg/kgl
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