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118 pH. K RimEXHCER ISR LI H
K [@] BB T LB IR
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FoKE 12,

NEAER 12 FTLA/ 12 FIRF

(1 R 27 Bt R S B ST RS & (R pU R IRBFAIT), Fat 210008;

2 PEBEGOFTUAERE, Jba

H E:

100049)

AR 2305 R K YS JeAe H H3E 2RI F[a] B (Bla]P) WBHFTIX S, KA & ABHNAI BT T pHy 7K 5 R BEXT

T 5 Bla]P ISR 5L, SRy Qe BlalP AERY TS MR R 6, U RG22 pHL KSR
FERIFEW . 4146 pH b 4.6. 5.9 F1 7.3 [ HKH BlalP £ 7 RNIJLERZEI N 43.8%. 37.8% F1 14.0%. £ LKA 22%.
43%.65% Fl 87% H [ FF/K &, dJE A4 28°C 45 F1EFE 80 R T4 Bla]P [ B3 41 N 42.5%+96.6%-96.3% Fl 34.3%.
e+ pH Ky 4.5, TIHEKIH 60% + 5% HIFEKE, EEEH 25°C F140°C 4&4F ~ -4 Bla]P i3 14300k 33 KA 16
Ko AL, pHy 7K 53R B A5 A 4 5 -39 b BlalP A il AT W K 5, ml TSk A A AL BlalP V5 e 13K £ )

A
A LM HORallE: pH: K I
HESES: X53

Pregdii s (International Energy Agency) #/A7i
R o, 4T 2R KMz s, hEC
25 RS [ Bk A BRI K I AR IR RE T KA
BOBHIAE T 2 BCRE B A “ =8N M2 858
(polycyclic aromatic hydrocarbons, PAHs) [a] 3554k
T AT I, HETIRE ) PAHs E4F
B T4 100007, PAHs £ KSTTRE V57K
MIFEFHRA b S i AT N LI TR AW R, ok g+
HEIRBE U . AP e AR N AR R I — U B
Bl FEAOGRZA s E =W, R8T 863 il
SFEZKE S IE X PAHs V544 R H ISR IT R
TAHISEAFFE

TEIAE P E F M I PAHs 2RI [a]
(Benzo[a]pyrene, B[a]P), HEUmTEMEH 13| PAHs
BEUEFFEM 50% LLET, [N 26 Bla]P /& PAHs
IR EPR N E S AMEERA R, A
PR R R, Rk BN M AR
B J s U012 R - S AR W R A B A A
s& PAHs V54 AW SN ELE Ry —. HNSk

B AT B BlalP (TEY) CATEC Bl XS Bla]P
AU M T 2 R R, i — S L ) i
(KT R AN AC 5 3% 23t i v T R4y 306 BlalP 484k
VIR A R D) T 0 U S M A TR BlalP
FAE 25 Dy MU RRIR o« WESE A IR oAt v Ak B
ML) BlalP Al UL I e R, (H
TR g BlalP 15k, BAIERIITR
Sy AR g RS, R R ) UE T AEME R
WK HARARE . T R 2 (K 5 2%
PESZ W BlalP (K44 BE, B e e
Bla]P [k B M 7 5 845 H AR, 52 Bla]P {54
THAEMBEE SR R, S, ARSI =
WIS, T pH . K 73 IS5 e 1 4% B[a]P
(122 IR 50, S R0 PAHS 544K
H S (e e R HORIR PR A 1 Hi

1 MR57E%

1.1 K+
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BVTRAR A RZ L0 ~ 15 cm), 3R KRE L,
TR S S, EIERES T, BRiE e, i
10 Hififa M. TIESEARMA M T . R RF K &
(field water capacity, FWC) 4 461 g/kg, fIHLIT 23.4
gkg, A 1.44 g/kg, AW 0.86 g/kg, 4= 12.3 g/kg,
BB 458 15.6 cmol/kg, pH {i 4.5, Bl[a]P & &N
1176 pg/kg.

11,2 FEAGRERE R AU TEL
RICPEI R G e 2 R B IRAL S H A 53 Class-vp
R RS BT RS (FC RF-10A XL 26K #%
OTO-10A SVP #ili#fi, LC-10AT —JohifE%).
1.1.3 EZRH  Bla]P brUERESIA EZEE Sigma
A, AifE>97%, LN A Tedia A w], HPLC
Po SYHTAl &R CRIESRD . PRk (Rl
VUmheE) . IF ke CEZEERD A HT g AR
G AT EZE .

1.2 REAHZE

1.2.1 AN pHAESLE  FREHEA 1458 10.0 gGE
10 HwRT 1) F 150 ml Be3 =R, InAZEm
7K 50 ml, F§ 0.50 mol/L () NaOH ¥ i 5 9] 4 pH A :
4.6, 5.9 f17.3. Z FAERIESSTHCE T 28 ClH il 4R 55
FEAAT 150 r/min #OGIRGETFR. AN NaN; (1 000
mg/L) KEALBE AR, AR B ST 4 K. Sl
57 R 14 RINFE, KA E] 100 ml 200,
4000 r/min #5L> 30 min, FiE WL 0.22 pm P& S T 5
RO E% KA BlalP M B0 G g
FEMAR TR 60 HTR, 4 CLRA-E BlalP (115
Bre

1.2.2 ARDK IS K 4 ANKF
I3 22%. 43%- 65% F 87% FWC. FREUAR 115
50.0 g T 150 ml B —F, AT T £ 18K
WA A TCE T 28 CHRM B FRAR th R LG 5% . AN b3
3 WER ., ERTFFSE 100 20, 304 50 F1 80 KEUF,
FEMAR R TIGE 60 HIR, 4 CLRAAE Bla]P 15>
Hre

1.2.3  ARREEEALHESEER  WER 2 DK 25
‘CHI40°C, F T RBEUA =15 MU = 2= (1) AR5
ST . FREL 100.0 g A3, A 20.0 ml 258K,
TRATJEHEN 250 ml B3RS =AM, AT E I 5.0 ml
MK, 28 BRERCIE, Sy AEIREE R 25°C . 40°CHER
R, AR 3 IRER . RS
10, 20, 40 Hl 60 RIFE, FEAM&RHTEE 60 H
i, 4°CIRAEAE Bla]P 15347

1.2.4 L3 BlalP 7087 3% Bla]P {421
Ly 7952 ISCHR[7], EEB BN AREGE 60
H 3R 2.0 g, I 60 ml & bidt 53°C s
PRI 24 he ARJERPCER I ST B e 28 RANGE R
21, I 2.0 ml FRCEREE R, IBGA ChERE 0.50
ml i 1.0 g fERHE ] 101 (viv) IE B he il S beiR &
WHEATYEME, B IR 1.0 ml PEisT 2%, P 2.0 ml Uk
P T2 R, s sz At 2.0 ml 4Jf
e I v OB €5 3 I 52 Bla]P (5 i

BT B AT A A LSRN B3 VP-ODS
150 x 4.6, WBHAHA LHEFIK, HIEA 0.8 ml/min,
FEGEIREE N SRS PIRIIRIARR T Hh 80%, £ Rtk
TR ECR 100%, PEWEETE A 20 min, Fid 30°C, M
PR 20 pl, WORVEAS 296 nm, R K 404 nm, 4b
FRizE . JTERIH RN T 0.1 pg/L, 75 1.0 ~ 1000
ng/L o Fl NGk R 4f.
1.2.5 AN . ARG M EGEN . SRAP
B HGERY,

2 HR59H

2.1 KESRELEXTEIIED BlalP HBAIF M0
VeI 14 K, KExt g 13 BlalP &8
(1174+32) pg/kg, A KBFEALEE 1% Bla]P &80
(375+6) pg/kg. KRFMA KL+ 10 BlalP )
ZEE RN 0.17% Fl 68.1%. Vel B0 s ik
H BlalP SRR T AR (<01 pg/L). HEH
bl (1 000 mg/kg) KE)5, 3 Bla]P (H&EA
AR 8 o Cheng 5P AERIFFY - 398 b SE R EE (1 B A T
IS E A BRI, 60 KA
Jo R IERI AR R 1.5% F 2.6%, AKIR
AEBEINK 96% F1 46%. BI L, -4 PAHSs 13k 32
DS REEL tast 7] g AP O
2.2 pH 35 LIEF BlalP iHRAI T

PR L R — & Pk, VIR R 3
ANEEEEAIA NaOH (0.5 mol/L) ¥4 14 0.0+
0.4 #1 1.0 ml, )45 pHAH 7300 4.6, 5.9 F17.3, 257
RIFIEH pH AE 35k 4.7 53 6.1, 55 14 KiJg
pH 54 4.7, 52 F16.1. M 7 RENE 14 K, Je
K pH (HARLEBN, B AR 2 I BRI -

1514 KW SBd RE 25 b FR -1 48 b 1) B[a]P
FEAMA TR (K 1. I NaOH % =
Ve pH 1E, %F Bla]P HIvH 980 4= 1 4 HI7E R, Bl NaOH
VORI NOR, AR A 2
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&1 LiEH Bla]p £RRE

Table 1 Degradation rate of B[a]P in soil

VA4 pH Bla]P LERE (%)
IR 14K
4.6 438+32a 68.1+79a
59 37.8+13b 62.6+4.0a
73 140+79¢ 27.0+£0.5b

e SRS EMCE AR FALBELE P<<0.05 /KF B2 5 B3,

135 pH RAE IR RRIRE, 2 IR E MR
Z—, {ECL B, i NaOH ¥ #2 e
K pH {E X 3% BlalP B9 AR T I
pH B2 3 BlalP (3598 T BEAT LA R L7 T 1)
JRIA: ¥4, pH T L3 BlalP HILSEAT N .
Bla]P b2 AR AE, HAMRBRIEAKTE, 25
CRAKFIERE RS 1.62 pg/L, HHEAR
Hr (Koc) Jy 5.87x10° 124, i 4-3erp 8 AT B4l
oy BB 4545, pHil i 2 m 3584 B LR A4
TERGL, BETZ0 Bla]P A7 ARG . 65 e ik —
e, pH JheE, RV H 2, )
PERGR, X Bla]P SEF1JJ9855, FRAK Bla]P (1)5ifkH
B, R RCE R NS . MR, B pH A
BT Bla]P 76854 0B A4 IR B, bR Ik ik A
PRI . Bk oT R, pHAE M BRE (R
PESAT) P L Bla]P %553k PAHSs fE 31
TR, R, pH W T L3tk H3ERE
ARSI pH EF 52 EASCRE
KRB0 e T 58 7 RIER T, &
FIR:pH 4.7 F1 6.1 (MY, 4 R 23 7 4 (0.7
+£0.2) x10° CFU/ml f1 (16.7+8.1) x 10° CFU/ml,
HEBES A (2.1£04) x10° CFU/ml Al (2.0+
0.7) x10* CFU/ml, JREEREES 5N (1.2£0.6) x
10* CFU/ml A1 (0.5+0.1) x 10* CFU/ml. pH {5
Jo s Ve POR R AE S AR I T AN R AR Ak, 4l
DA DN, EE B AE, TREk BE E
HI R . AR IR R R SRR AR
Bla]P VI8 RAFFE— L H5E. 5341, pH 0
HHURAE BlalP MILARGHRYIIREE . VLR A 2 105
SR T B (] P24, AE R PE - S b AR AE S 2RI ) R
A LMEA BlalP (ILACHNEY), 33X Bla]P 19k,
A T3 pH Tk, TR LR, ik
WA BAR L R H AR R Y, RIS Bla]P LR
BRAET,

2.3 KA IFITHRLIED Bla]P HBAIF M

TEANRIK o 448 R 3 Bla]P (M i3l A2k
WE 1 iR, fEEKSD (22% FWC) RlEK4ss (87%
FWC) £ F, L3 BlalP M s R WK T+
157K M 43% FWC Fl 65% FWC HI4LFE. Hi% 80 K
s 22%-. 43%. 65% i1 87% FWC /K7r44FF -3
Bla]P (K255 5051k 42.5%196.6%-96.3% F1 34.3%.
ANFIK G465 T 138 Bla]P Bk RS EFRIN TR X R
AT LU — e 7R y = ax + b(y 0% 135 |- 35 B[a]P
PR R (ug/kg), x ARERREFRIT (D) BiFHils,
AL RN 2.

—0—22% FWC ——43% FWC
1800
1600 —B—65% FWC —>—87% FWC
=
=)
Z
i
&
-9
G)
m
=
_H
0 20 40 60 80
FrFRmS ] (D

1 FREEKET LIRS Bla]P FEHELN
Fig. 1 Dynamics of B[a]P contents in soils

under different moisture contents

*2 ATEEKETLIEBaP HBEREHLEER
Table 2 Regression of degredation of B[a]P in soils

under different moisture contents

5Ky a b R’ P Tos (D
22% FWC -6.23 1179 0.969 93

43% FWC -13.46 1156 0.965 43

65% FWC -14.05 1170 0.995 41

87% FWC -5.015 1165 0.869 109

LK AT BlalP RBRIEEMT ] g LA R L
AT TR PR s 500 3 R A SRR S A I8 J LA

SR Bla]P AR RNE: @ LIERAEYIX .
PEiiE, Bla]P WG EY) B - e A S8 55T N REAT,
A B S BRI A 1 AN SR T R I 2 5
HENTRIR > T 7= A A B (a4, 4T 4804k A I
K- A BlalP F=REEMAY), R4l
MOER 5, B o AR R K s BRI i 4 i
BRI AL 1 I — AU T INIRER AR AR
AP, SR IEE KD TR TE R -5
ZlE Bla]P RIS KA g, Y
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ARG B 2 230, Bla]P (1 B2 BIF0H] . K&
b, BB, LIRSS BED, BlalP
0 48 PR 52 B . AR s PRI STt R L, A
WK 4AE N 135 rb BlalP 122 B R AR .
2.4 SREXISHELIESD Bla]P XREIFMN
76K R (60%+5%) FWC, ¥4 25°C
Al 40°C 4R L3R Bla]lP B HEGE R AT LA N 3
AFBE (B 2): Jashi. P AT S 0.
TR R () 1 KR A7 1) PAHs K IAVG 3+
e, W TF AR 5 g B R P R B TR RS
b, IX B IRIRR A I S . el Ak B BE A s AR
WG sl nsE, HET Bla]P VE N BRIE . — BRI, 7
—E VG TE P, B, T S i A L
Wi S N 3 %, 25°C K 40 K4 Bla]P Pk 5,
40°C F 20 R/A A7 Bla]P Pif 2:fr. B Bla]P &
I, LA R R, A DA AR R
Bla]P [y FE B Wi e 1k, HEAT- G . 60 K I1H
WAL EE, 25°CFI40°C R, 1235 Bla]P 2 A 25k T 86.1%
H190.6%.

43 Bla]P & (ug/kg)

T
‘ X

0 20 40 60

2 FEEETLIED Ba]P 2 EMHMSTL

Fig.2 Dynamics of B[a]P contents in soils under different temperatures

% Bolzmann J7 F&:
- A
XA 40 N 3 b BlalP AT PR BRI T
TRIUA (R 3). AR BlalP WA, A
L Bla]P &SR, AN, RIVEFTAEME,
Xo ARG FR AR AE— 2L BT A B ) (R, dx Ay |,
TR dx BN, VTR RS TR T BATE
SN £ Bla]P I 1 (Tys), 25°C
T~ Bla]P 23100 33 K, 40°C T Bla]P -4
16 K.

BN IR PAHS 12 BRAT B3 520, {H PAHs
FUAZ A — B 25 . IMERHTSEPIEY 725, B

y

%3 TELRE T LI BP HBEEMEER
Table 3 Regression of degredation of B[a]P in soils under

different temperatures

wHEE CC) A A, Xo dx R® P30 Tos (D
25 1165 153 31 6 0.995 33

40 1187 112 15 3 0.999 16

Fiiv i dE. WL T, PK[a]ECR1ESE 8 B PAHS £E
ANFERRFE (20°C. 30°CHI40°C) R HEOLRE, A
40°C 44t N PAHs L[5 . Coover 2P 5T T i
XPACH L3 16 Bl PAHSs (15 BRIEM, 240 K1
it ey, Bla]P [MEBRFARC, 3 AMEELRE (10°C,
20CHI30°C) ZMZERARE . ARG,
JERFE A 7 13 BlalP vt fE . iZa R
Coover ZPONRHF S EE RA—L, LN A g S AHF
FURHIM2 PAHs KI5 314, Sad KIAmIE N,
TR EAE T ORI Bla]P AT B R RE,
HIX St A s T AE 40°C R 25°C P . 1
Coover S5 FUR FI I & AR Z 20N 118, /bt
Bla]P HATFFARIIREMITAEY, BT LA Bla]P (1) &R R AR
%, TEEERI A B .

3 %#it

ELIEWCEIAE T, KIS Y -4 Bla]P
PRI, I DR 52 B - 458 pH E . 7K 4> AL 55
IRBER 500 o AR pH {EIF75 4 135 rh Bla]P A Y
2Bk, 9% pH (H0H] Bla]P I wOS s /K5
o v A AR -3 BlalP #9258, 7EK SN K 41% ~
65% FWC 24 F 13Erp Bla]P LERIER; 75 40°C 4 A
3 Bla]P IV IRIE AR LL 25 CAAE MR, SR
PR B AT g HE 3 b BlalP (B

S 30k
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An Approach to Effects of Soil pH, Moisture and Temperature

on Dynamics of Benzo[a]pyrene in Long-term Contaminated Soil

FU Deng-qgiang'?, TENG Ying', LUO Yong-ming'?, SUN Ming-ming'?, LI Shi-xing'?, LI Zhen-gao'
(1 Key Laboratory of Soil Environment and Pollution Remediation, Institute of Soil Science, Chinese Academy of Sciences, Nanjing 210008, China;

2 Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The effects of soil pH, soil moisture and environmental temperature on the dynamics of benzro[a]pyrene (B[a]P) in long-term
contaminated farm land soil were investigated by indoor cultivation. The results showed that B[a]P in soil could be degraded by indigenous
microorganisms and the process was influenced greatly by soil pH, soil moisture and environmental temperature. B[a]P in soil was degraded by
43.8%, 37.8% and 14.0% respectively within 7 days' slurry reaction under the conditions of initial pH values of 4.6, 5.9 and 7.3. B[a]P degradation
rates were 42.5%, 96.6%, 96.3% and 34.3% within 80 days' incubation under 28°C with soil moisture of 22%, 43%, 65% and 87% of field water
capacity (FWC). The half-time of B[a]P in soil were 33 days and 16 days under the environmental temperature of 25°C and 40°C, while soil pH was
4.5 and soil moisture was 60% + 5% of FWC. Therefore, environmental conditions such as soil pH, soil moisture and environmental temperature
affected the biodegradation of B[a]P in soil greatly and the degradation of B[a]P could be enhanced by environmental regulation.

Key words: Soil, Benzo[a]pyrene, pH, Moisture, Temperature



