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Effects of the Content of Organic Matter on the Degradation of PAHs: A Case of a Paddy Soil Under a Long—term

Fertilization Trial from the Tai Lake Region, China

HAN Xiao—jun, PAN Gen—xing, LI Lian—qing

(Institute of Resources, Ecosystem and Environment of Agriculture, Nanjing Agriculture University, Nanjing 210095, China)

Abstract:In this paper we studied the four long—term fertilizer treatments of paddy soil,Taihu Lake region.The treatments include chemical
fertilizer with straw return (CFS),chemical fertilizer plus pig manure (CFM ),chemical fertilizers only(CF)and no fertilizer application (NF).
The soil was sampled from 0~15 c¢m.This study measured the content of the original 16 kinds of polycyclic aromatic hydrocarbons(PAHs )and
residues of spiked pyrene in soil,using high—performance liquid chromatography.The results showed that the content of both the PAHs and
residues of spiked pyrene in the soil had obvious differences among different treatments.Compared to CF, long—term fertilization regimes im—
proved the degradation of PAHs significantly.Statistical analysis showed that the enhanced ability of organic pollutants degradation related to
changes of organic matter and microbial activity.Therefore,long—term fertilization regimes may strengthen the environmental functions of soil,
and promote ecosystem health.
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ik b REAFRGACAL BT 38R AR AT IR
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1 #REFZE

L1 ik + 3% SR ab 1

A3 3R TR Hh X — K R R A AR
TR RE o Wl FH , A8 F 90 N T RVL T 8 5T T A
(N31°05'900" ,E120°46'924") , iR I 45T 1987 4E. %
X AEFET B2 1 100 mm, 3N E MoK RS+ (&
L), I iR BB E 3 (0~15 em)pH(H0) 2
5.6, AR (<2 um) F &K 3029 g-kg”, B 32
Wiz 20.5 cmol(+) kg, BEHR S E N 143 g-kg', 3L
WHE 4 MAFEMEACALEE, 53 5 — A AL (NF)  Htiik
HE(CF) AKHEBCHERSFF (CSF) FIAL HEEC & 25 (CMF ) .
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Table 1 Fertilization treatment a long—term trial

JitE B/ kgFW - hm2-a™

3R FEFF WK N P:0s KCl
TCHE(NF) 0 0 0 0 0
ALAE(CF) 0 0 427.5 45.0 84.0
HHL(CMF) 0 16 800 427.5 45.0 84.0
FEFF(CSF) 4 500 0 427.5 45.0 84.0

H HKFIESE, 2004,

2 Ul TR ERMER
Table 2 Basic properties of the studied soils

s puno) R BCEBER R
THE(NF)  6.02 2378 114.99 0.6
{LHIE(CF) 574 26.79 129.02 0.7

FH(CMF) 529 28.62 145.33 0.9
FEFF(CSF)  5.50 29.06 149.45 1.0

1.2 HIEHREIRE

HEX AT 2008 4F 5 A 23 H bR B REE
TE H A TE R B/ NX BEYLR R 3 50, RAEIREE
H0~15 cm, THERTEE BN, HLAEWERBE M
AEREE, HANXT, B 2 mm FfETF 4 CKFE+
AR R o DA EEBUL B 2 mm SRR L, HE—4
PR AR AR B 4, BERET 0.15 mm 45 o
1.3 i

FREL 5.00 g AT LT 30 mL BB IR+, B4R
AT A IAEE B BEI W, R4 RS e
LIRER 0.7 ng-g? T RAREM O 2 h, BFHEIEL,
RIEMMATCRK, Ak 4R HERK &/ 60%,
PREEREE O KA E A EIRERIE 46, 25 C+1 C
REERESE, T 55 5 d 14 d.35 d.63 d BUkEEf T4
BE, ALY 3 REX
1.4 BERFRREMNRI. 4L FNE

MEZIHE(PAHs ) fHR I 4 fb 2 BUR £ 5P 1R
B EHEAT . FREL 5.000 0 g H#EE T 50 mL BE I
BLE T A 10 mL 4 B8, 87 2B 30 min,
3000 remin™ B.0> 10 min, W _FIFWR, FIIA 10 mL
T kS A R L 30 min, 3 000 remin™ BS.0> 10
min, FIHWRS ERE I, LRI 3 K IEHREREIR
T, M 1 mL A bExE %S, B 1/4 i3 60~100 HIEC bt
ERRERAE, 85 F 5 mL —EH St 5IEC 4 (1:1)
TREWBEN, RRRT, AIERONE 1 mL B, #E—
AT RAEAR TS ST

PAHs FIE - FshAE A ZREFIK , 01k6 V(ZHE ):
V(7K)H 60:40, SR J5 A HIAH EL Bt _E T, 15 min J5
47 100:0,11 min J5 B 2] ) 1R R 2 . R DU 3 4K -
2487UVDA =254 nm;474SFD % F B} ] 4 #2 ,0~6 min
B Aex=270 nm,Aem =330 nm;6 ~14min B Aex =245
nm, Aem=390 nm; 14~26 min B Aex=290 nm, Aem=430
nm, %€ Y51 H PAHs SRifEA &9 i OR B I R] 354 T 1
B, 25T A PAHs SMREEINGE . TR H.
FTOMAS S PATRE IR Z A9 E , B 5AR i
BIEN 46.9% , Ho A K 65.7%~105.16% , H HER 2% K
5.6%~10.0%,

EE BIINAE - B A 80:20 (fAFH 43-400) i) Z JiE
K, VB R 1.0 mLemin™, #:ji : 474SFDAex=245
nm, Aem=390 nm;2487UVDA=254 nm*,
15 THERMRUE

A HLBR 4T R >R FH 2R 4% R PR A I #A ks >, + 4
pH B F0 % R A HL P, AR A Y B AR
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CHCI; FE75-K,S0, 2 $2 1524, RIAR B I3 A0 34 A4 1 i 1
By 12.5 (T EE )M A B W HE TR
ABEKME ORI NES TR, MESFR
Fr@ A7 3~5 min; AR5 HTIRE BRI 451
T 25 CEZLHE 240, BRIIEEESERTES
ST o P FEZE I A0 L AR ) 200 mL AR BUH , in
A% 50 mL 0.5 mol- L K, SO, 2B ( +7K Eehy 1:4),
%% 30 min J5id U8 RIRMECREZ=AMAN=H,
B EHER 3R, RERPHHEDE CRA
TOC W€ , AWy N RFATFIRGE N ¥,
1.6 #iEsbEMLIT

FAEAL IR Microsoft Excel 2000, i Z A E07E
SPSS 1304k AT, BB P<005,

2 ER5H5H

2.1 TEER(PAHs ) ERREBETK

AR BT H AR LA R g K
16 Ml S BRI T35 3. nTLVER, ARIMES
T B 3EAE PAHs 8 S B — 2 43 B 0 DR it A
AR AR fL . oA, H A PAHs BE AR
JEFES T 202~423 pg-kg™, AbF[E) S S R AR 82%~
110% , 22 S5 KIEEE BT 100% , B2 X B E LT H

flAb3E; T 5 FRDA_EH S BEA T 28~181 pg-kg,
AbIE ) A5 T ZBGK 9~558% , 22 F I KR K -500% .
5 %L | PAHs 45 A RBFATEXK:, HEARD
SR E K, AN FEMAEA N T PAHs 1585
FKFE, T E AT RS A B R ARRE JT . PR
(FluA)ZE PAHs S& BT & LB , (B AR Bt Ak AT
INK HEA KR, B (PyR )2 PAHs i 28057,
HE B R FMEAE/NX g B B AR, S5 B R TCHE
AN RN R, 3 LR N A Y A R A T R
AR T B3 T H B, T H R RL S
PAHs M IJRERE A TE R I T 2814k
2.2 TEEEEFERIMNEREBATL
FNRESE T M AE B [F i AR b 2 4 3 o
FIREfRFE SR 4 B 1, FTLAEH, BT S d PR
18 ,5~14 d BEFEEA B NER , 14~35 d AR E T2,
35d JEPEAREEIE . FERT 14 d P AMINEE AIPEAR CF T
555, MiEFE 9 G NF TRIES . MEshSmIE
SHPE R, B LIEPREEISFE — RS 1
FFE(P<0.05) : C=Coe**, LSD B EVERI R B, FEBE 57
WA) 14 d 5, AFEMEAEANBESMNE 55 H B
HERFEESR SN R HIRCEY : CFS(25.20 d)
<CFM(30.81 d)<CF(32.09 d)<NF(47.48 d), BHLIAL

3 AEMEAEFZGT LEF 16 MUK PAHs &8 (pg-kg™)
Table 3 The content of the original 16 kinds of polycyclic aromatic hydrocarbons( PAHs)

in soil under a long—term differrent fertilization trial(pg-kg™)

EZ75 550 ES NF CF CFM CFS
2£(Nap) ND 37.28+3.35 22.49+5.27 ND
W =45 (AcP) ND ND ND ND
— &% (AcPy) ND ND ND ND
% (Flu) 2.1520.75 ND ND ND
FE(PhA) 1.51+0.44 1.4120.54 0.89:0.61 1.000.56
#(AnT) 43.14+13.27 50.39+8.36 26.85+6.29 39.40+1.19
FeE (FluA) 210.51219.32 ND 35.45£6.02 141.01223.90
B(Pyr) ND 43.3846.13 59.9+11.06 117.49+21.04
#If-(a) B (BaA) 74.1710.00 41.39+7.88 ND 50.17+6.90
J&(Chr) 6.22+0.35 24.8+2.15 25.48+2.95 29.81+1.84
# 3t (b)FEE (BbF) 3.03+0.87 108.46+2.61 28.9124.06 ND
I (k) FEE (BKF) 14.07+3.66 11.5321.18 ND 12.54+1.80
#3H(a)th (BaP) ND 10.3320.67 0.11£0.03 11.39:£0.41
%3 (a,h) B (DbA) ND 39.4324.03 1.06+0.10 9.92+1.62
#3(g,h,j)IE(BghiP) 10.49+1.41 2.27+0.26 ND 2.07+0.22
Bi9:(1,2,3-cd)iE(In [ 1,2,3-cd | P) ND 9.46+1.28 ND 8.42+1.95
¥ PAHs 365.29+30.12b 380.13£9.67ba 201.14£12.69¢ 423.21220.46a
=5r Y PAHs 27.59+3.54c¢ 181.48+9.48a 30.07+4.08ch 44.34+1.80b

T :ND SR A, B R AR 10 pg kg™, EERAEA IR 5 pg-kg™
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Table 4 The condition of residues and degradation of spiked pyrene in the soil
3 INEE TR B e g kg
b HRE A = %
5d 14d 35 d 63 d A Ha /o
NF 564.7+£26.7a 302.3+21.6b 266.3+9.2a 256.1+17.8a 0.0146 4748 63.41+2.28¢
CF 626.0+£20.7a 399.3+28.8a 202.3+2.6b 194.0+8.9b 0.0216 32.09 72.28+1.91b
CFM 627.8+£33.2a 307.2+29.1b 197.5+£2.0b 173.4+6.4b 0.0225 30.81 75.22+2.43b
CFS 613.7+27.1a 305.5+22.6b 140.0+3.8¢ 135.4+4.6¢ 0.0275 25.20 80.65+1.65a
800 800
() "o~ NF & (B)
Y -m-CF wl ST $,g ©- NF
& 700 ¥ folpeis SO - CF
= ‘¢ g:g. . “X-CFS RN A- CFM
8E T fI.::~-§::: .... 400 | Ty W X- CFS
ﬁ =~ .% - LN S~
& 600 - ; e 3
z2 200 ’-;‘u-----‘-.—_;
= Smmm oo
500 1 1 1 1 O 1 1 1 1
0 5 14 35 63 0 5 14 35 63
HFrmtia)/d BEFRE R/

AHEHE(NF ) Bt AL E (CF) KRB R a5 28 (CFM) AL AE BL HEFSFF (CFS)
no fertilizer application(NF ) , chemical fertilizers only( CF ) , chemical fer—tilizer plus pig manure( CFM )and chemical fertilizer with straw return( CFS)

B 1 SMmEERE (A A RE(B) TREM@INE

Figure 1 The degradation dynamics of applied Pyrene in sterilization( A )and no sterilization(B)

Bt T 225 L BiAL B R 4648 2~7 d, FEfRiing
T 3%~24% . 1RIL T KR F i HEAG P15 Y At R
fEHABEER, KEXmRN, LR 9 AR 4 4k
AR K 12.01%~17.51% , LA YR FRAERE NS 35
AR & e i B G 15.09%~26.0% , LSD B35 ER I
BRI, #5535 d.63 d B2 TCHE X FEff R B &L T
L AELX .
3 iFig
3.1 EX%BESHEELE

EHNAEADEERRE T A F X1 E
PAHs )& EIB L TERRR ESFESMIRE, T MBS Hh
+3Eh PAHs BB 68~3 077 ng-kg; B ML)
T8, B I T RBHEAR R Al B S A FH 3 PAHs SR
A 312.2~27 580.9 wg kg, T B V5 YL U5 Al R 4] H
2 3k 961 g kg, AHFSTFTELAY
g PAHs & &4 FHRAF, Mt 4 ~/NX
PAHs & 21BN, XA BEER.

7% 3 ¥ PAHs B & FALIEEL g 25 X B E KT
FRHELX, AT DL A HE A E R F L3RR 23055 )%,
X5 SCEENR R ™, =5rZP(FK3

BIRAT)T &, AWIE g 2E X AL IE RS FT X 3 8
LTS X, i FT U A MLICHUIE EC A #) F 158
oA YR f 23055 2 o BRI MLICHLEC i R i 2 4t
TREMYRMEER, AMFEFX PAHs B EHR
L AR R— RS A 2058, 55— ks
T FE8 ff B} 7= 2 3 D5 B30 e DL =30 U R
FUHEIX =5r Y PAHs fie iy, FIRESR H T XA HA 5
Tt FAAGAE , 5 AR 30 A W 2 e T B, AR iR A
AL TIRE T, R HIEA Y R R IR, BRI
JRIRE S TS TETCABIX EE A K 2], T RE
FrERAB MEAEIERE -, SMFR B HE R MR, DL
BT . BB X B A Rz, IR R A
Rt — 5T . Aad X PAHs J =51 PAHs 54015
TR, MAEYERRTEEHEXE, B—PAH S
PAH BEMMEANTEE—B, 2HTHEPHILEY
PAH 17 R B2 2 7 T 1, JEMR % PAH % 5 53
g, B EEPEYAVEHERRE, BREE,
PAH 7+ 3 3R B HIMEK s 55— 07 A LR A3
TSR Rt AR s 2 W R &, 3858 T Uk
YIREfR PAH IRE ] o X I R R B AEAE , TSR
PAH TEX At FE 1, RS o 3= S 3RS 7™,
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3.2 ShimEERERES IR R R HERE AL

A HLE Y7 13 i BR B K BOR T A ERE
FEREST U RAYIREAR . ZIRT5 R A IR fd E 26
1A RA R BT AT | 3 — 25 R S v
BRI CO, Z 558 2 MR LARIRE T o, /N T 230
IR — RN G VIR R A LIS ),
TR ARACR BER PN E 38T DA , PR 2 T
MERRAR , FESEES TG>T ESFE I WA —FFPAHs
B GBI AE , T 3R /S 30 PAHs ZNTR MERY A 4 %
R, XFNRE ) F R A R KN S TEE
AR, FATE A BTSRRI e 1 e
YIRS SEME A T B ARk MRS 63 d
I} e S AL ) B B MEAG I R°=0.791 4(P<0.05)
YRR R S AR BE Y BRI RIEE E
AHR(E 2), SRR, ARG W T Y
EHE R RERIRE R ETE X RN 2R E T S B
BB BRNZESR , X 5K AR,

XEMEERFN LR EA UE R T 5%
BHURSEMEEE T HIEMEYEEMERE T A
YZrerE (23 T LMY RR IR . AR
W B , P A S A — SR, 0 R A
¥ Pleurotus ostreatus, IXSEJER] {2 gEG HLI5 4L ¥
fi#, A AILICAHLEC e 7T {5 3 L6 il (9 15 PR 3G 5 5~20
FER9, S50, B ML 73 SR B HERR S K AT
ERREB R ESR SR AR SR TS
[ 254 , PRI 3G A LS & & T A Y R A5 7T g
FE—2B R,

4 i

Al A AL B 4 38 9 PAHSs 5 B A BB
Wiy, R T ARG AAE , AL AE 5 A HLIE BCHEA F) T3

T EREAE PAHs F9RES] , U EFEFHEH . THSE R
T IEA KA RRIEA TS , ek Wi oAb iess
MEFFEZS, DB YRR PAHs fRE ) B2
5o KA VIICHLE AR T i A RO ke 1 ek
MR FEIRT, 3 E YA T 8 SR TE SO A
FARRIE A RE I A —E R E IR , XA F i
YyF&f# PAHs,
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