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T IE L R B AN TS R AT R B B H IR
D &EA Ok fF OA # Ba Hag'

(1 BB RAFAFIR S4B, &8 230036 )
(2 ZRARN K F Ay AR L, A8 230036 )

W E KLk ZEME )7 XEEHLFE ( Phenanthrene, Phe ) 78 HHE &L B L #E

IIMEARFIZAHE (1, 7. 14, 288156 d) - I3EPhe AL W) ROMERRAE , B X ie 5] 4 s 40 e i 0
PR G ORI MR RN o S5 R R BE IR R R K, S Phe AR E &

e 951K PN Phee B 8 5 . M IR B A0t A 45 AL 9 5 A T ( Superoxide dismutase, SOD ) g & AL W) i
( Peroxidase, POD ) 7. N _JF ( Malondialdehyde, MDA ) o D RO R B A (1~28d)
TR, R (29~56 d) FREHCREEE/NG S, kLD I R 2R T e e, R
H R IR AR, Phe X i 15 (04 22 PE RN B Wi/ . R HEPhe AL = S5 A N Phe B #£ 2 . SOD
MPODREGEEPE . MDA & . GO R A P PR 2T £ FE B 13 2 A OE (p<0.01) , B R&EL (RY)
3 510.887 9. 0.893 4. 0.870 9. 0.930 5. 0.893 3#10.885 1, 7E1 ~ 56 dEALIIAIN, LRSS
Y 1 B Phe A7 R0 12 M 05 K P9 Phe 5 4 7 43500 30— 75 Y 1823.19% ~ 50.15%F112.64% ~ 57.89%;

i 451 4% i 40 i SO D AP O D il 5 1 23 S 458 — U5 Yo 3.40% ~ 47.24% F16.49% ~ 38.02%; MDA L
—RIGYAK1.30% ~ 57.82% ; IR —RIGYAK12.48% ~ 22.99% ; L0 A% B B 8] 48— Yk 95 Y 75

1.35% ~ 13.97%, X 2] 1 HEPhe 22 VK B 5 Gl Kot iz 4544 s 200 it 1) 25 M 5007 A T — IR T5 4% o

KR
FEIASES X53

4E ( Phenanthrene, Phe ) 2H7F A «“=
H” MNP EZH T REZE (Polyeyelic aromatic
hydrocarbon, PAHs) FAMANE Y, H3 A
PR — i BEHR A T, B KX XS5, 4t
Vefpne ook, HET b ESE. PAHs EZE T 4
TR Hizkad B ag it e . Ao OB AN 58 R e
SFEAR A, A EAT90% M PAHSIE i KAV RETE
b A B, SR B B A
HAT, T PheXt 58 4= ) 8 V8500 1 AF 58 2 ¢
T MR MR Y R ke
J5 .

W 351 24 7+ S E YR 60% ~ 80% , BN
R G YR E AR L A KPAHS

* [EK HAREEEEIE (41071158) Bk
Tﬁll{/ﬁf%‘, E-mail: hjgao@ahau.edu.cn

FE; ZWEMIGYE; Mol BV hYELLAR BN R
MHEEFRIRED A

Xof e 5] £ 2 R RO AT LA T BA A 0 3 R R ALE

(1) S ALK bR B b ] 26 AQ I PA Hs i 72
thon] A R TG MR A 2L (Reactive oxygen
species, ROS) , M4 fbF & # B HACEBRAE
T, EARRGE PR RS R, 2 A
DL o e, USRSk Bk
it (Superoxide dismutase, SOD ) . & E LY
( Peroxidase, POD ) ZEfy7GES1058 , MM 42 &
Wedsl TS ABRE ) 5 ik B RYROSSE AR B 7 4R N
T ( Malondialdehyde, MDA ) SR, SR EW
e LA RGBT i B AR K P B B AR . (2)

AN HE KRR EY . Easons 7 HRIE T b ML fR
FABtE] ( Neutral red retention time, NRRT ) 0] LA

EHTI: D (1989—) , &, WA, BEFRA, FENF RIEREAY 5ERFAENTR . E-mail:

majingjing@ahau.edu.cn

Wk HH: 2015-01-23; WeEE SR H . 2015-03-23
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HWTP A H s X i 3515 Bl R R A0 R L, TS
e Yy i ur sl FEESON PGS . (3) DNASIAR
Y POARE R B KRS TR I % R B R A
T MY A A YA hRas 8RR A% It
% ( Micronucleus test, MNT) %*ﬁ{mﬂ,ﬂ;fﬂﬁﬁi[“ o
Duan !°! AP AN R% % ( Micronucleus rate,
MNR ) 5PAHs 55 /K775 W A 500 G A&

KT PAHsBEVERON W I 58 22 R H]— K75 G 5L
SRR R g R A A R AL
ARG Y AR K, AT RE 2 s Al AR
RS AR S B . A WTFE R, A LTS R A:
Wy a] R P R AT R M 23 B A 52 A I T A 2 T
FEAR , JLERPEROM S HN P R A R K
By AU Phe A T3R5 et f2, 5 T3
PheiZ & RBUHYLEREOLE MY G o PheiZ 42 HEA
T, GEABIRA M EER, Phe ] BE S HER
BiF 3] R HERORL TR . DL BT B LA RAL R
B HEN LA LT, Bl SR A I B R R
B, SECHAE A RS D L R e —
Qe RBRON T, Phe 5 3R R [ B0, AN BE
AT AL, S TE— T B R A PR BT KU
Johnson "V BFFEFRIT, SR AL G REBVE Y AL 4R
O AR I AT LT G ) e ok At N7 R PR o
AR PR AP A W BB OKF, S Al A Pl
ey A 25 AU, T el FH AR R 3 1 ) £ A HBOR 8
A BLS GP AEA EE  S 3 . R, K
BTG Y L HEPhe 780 E R S5 E YR EY
14 Wi 07 235 5 AR ok, T ARG L S S e - B v Phe (19 3
PR o HH A X2 WE MG Y&, Phely
A R SR B T

R, A SCREA Phe 7E 123 th & 20 R B i
7k, LR 2 M o A1, WSS Phe 2K
B fINTE Y S F T 5 Phe (194G 245 1 R0 ke 5] 1) i 4R
i, PUKPhellihia NS5 AEESOD . PODREG
PEFIMD A o, 151 35 ol A 5 1) o i 21 08 B I 1]
FAH LA AR AE AL, AT 18 Phe 2 0E N
T YL X e 451 A BE RSO, , LA AR 2 30 05 BT
Yo - HERE P2 B B2 B PRI

1 MRS .

1.1 AmEEENSE
Phetrht (4iJ¥ >97% ) W [ 3 ESupelcoly

"l SOD. PODFIMDALH &M A w5t sl AL Y it
55 60 ~80H i Tenax-TA (2, 6 A LIFZFL
REWMIE) W B AL BEMEHE A BRI AR &
WEEge 5 ( Giemsa stain) | WAH@IE4E 2 NG A
Sigma/Zywl; HPELL YLl . RESE R B+
HBTHLT 2wl 5 HoAth 2y 5 X0 B 1 2548 Ak 27 i)
AIRAH

PAHs L (25 cmx4.6 mmx5 wm) .|
[E AH# HUAE ( Solid phase extraction, SPE) Iy
HZEESupelcoAN Al ; RO AH AL ( Waters
601 controlle ) . DGR M EE ( Waters 2475 multi
Fluorscence Detector ) M4 H FEE Waters/AF]; ¥
BN A EEHHermle N 7 5 003 15 7 26 Bt
1 CASE300) 1 A £ HEZ AR st
(UV-1800) Mg H HA B A 5 Hobt W
(MOTIC : B5) g H SEEMotic/A .
1.2 ik

P R A LB R 2 EE R AR B
TR 1, BGERJE0~20 em 4, 192 mm
Je e CTRIFHEM. HS Mt a e
W, o IR R pH 6.76, A
PLR11.78 g kg™', 4%0.69 g kg™, Bfit & 61.39
mg kg™, AAHE10.25 mg kg™, HWAAHI175.49
mg kg™, AXIE3.16 pg kg

B AE W o 1 Z RS ( Eisenia foetida ) WA H
LR N E TR g A b, 2 ~ 3 H I, K
0.3~0.4 g, K2, HAG I {5 bk
W] o 4 ke 5] FH 4 7K b i A B A T K TR DA 1)
BREEmL, fEIR (20+2) CHREREREF24 h, P17
H AL R
1.3 TiEESR

T HEPhe 2K & N5 Y R FH S5 50 = 7 1Y U7
W UTUHEAT o B R 0 XU R o A e e
(10 mg kg™') Phelg e +3, 12 h7sr KT, £
WG YRy, U 880 o X1 4 5 (% i fif +
B, BIRKEE, A0 gf & H] 4 1 Phe F ¥k JE
(10 mg kg™ ) 1544, HPhe 4] 4A 7 it 1k 5
100 pg, FRAMIRAIE# 2 JCH 57 = N kL1 R
(25 C) o "HRE, RUMIE R ITEKK I Phe
IR R 100w gfy -3 BRI IO g i
£ Phe VTS Y 4 (10 mg kg™') , (3
Phe [ B BRI INT00 g, FEAMRS), HE22H.
Wit 12 E MGG, 1 kg H I Phe R AU
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ISl E1 200 pg.

MPhe Z RS TG RO ISR H]1 200 g,
il & Phe— KI5 Y ng 13 . 55 UM 25 F880 g+t
EAGHEE A, —RINA 120 gt @6 & ) Phe i ik
JE (10 mg kg™ ) 543, {1 kgt 3EF Phelr)
TN — IR F]1 200 wgo 2740 B 4 565 HITR
AJE, 25 CHEEMBIERFE, REFEE S5 KE
(HHE) e KK R 50% ) o [ LA A SN e 5
Y b0 IR R S IR
1.4 TIEBHPhefAtL AN EEPheBIIREL. 4

R E

TIHEE B Phe MHLHL: 72 WEIMA— KI5
PLERIE R, 7. 14, 28FIS6K, 43 HIHUG Y
T M, BRORHKS DT 07 i B R A R
Phe. FREL2 g T+ F50 mlAES 04, MIA40 ml
0.01 mol L_IE"‘JCaCh‘Z»’ﬁ?&%ﬂO.Z gE"JTenaX—TA, =i
(20+£2) CF, EFHEIRE6 ho MIRAWERE
250 mlf o =k iy, WE SRR BIRE L2
Tenax-TA, Jf 28 FKBE LW ETenax-TA |
) EMOR . ARG, ¥ Tenax—TABEE KT 5 F20
mlNER - IECEE (10 1) RGBS 3R, 1435
Phe X HU, 40 °ClERE 78 R W4 %22 ml,

i W5 A P AR Phe BRI 7E L3R B AN BRURE i)
6] 25 HL60 g+ 3L A 100 mlA AR, FEASBEAR
A5, 25 CHERECHEFR A, R
MRV e 5] A PN Phe & 4 i AY $RIBCR A ik B OE B
a5 USR5k . BULLO g 764 BT IS 20 RS R UG 3
PR, 55 ohbie IRAT, FEAS E N R AR
o AP IE RS AE R WA R T, NS mlA
W SR (V iV, 90 1) Wi, HR B
G

+ A R Phe M 5144 P 5 AR Phe B2 HUA R34
SR I I8 4R A 092 i A LA B 1 00 A 3% 1k 5 R 4
B 17 L PhetE 93 RN 4544 P A9 2 4 I LT
HAEEREE (pegke') FoRe
1.5 AR E LIEFRAYN E

I ] A s A0 L 2 D eI ) B 4R
W, M AR i SODFIPOD IR 1 . MDA FIZE [ 5t &
I S 389 R FH R T A AR W BIE 5 T AR A 1 3K 7
o SODIH M E R AU Uiy, h50% 3 il %
14 Bt — NS B (U ), 7ES50 nm IR
T BB S YE, AU mg_1 ( [«ng%lili‘f) H
PODIFE P A I R A AR v, £A420 nm | 543

B e BE 4 A8 AR A F R BTG 1 KN, BN U mg !
(Mmg#HE AT ) o MDA SR & R HARCR T
ZRR Lk, LAS32 nm B AWOGE A ERG M, 0
% A nmol mg_1 ( UmgtE Fit ) o RS o
I E R ZAE T RS, LAS62 nm FMOG{E T
FEREE IR MRE, SR g mg s

HRPE 2T B R A e R AR A IR A B R
JCAES 000 v min™ T &0 10 min, CKETUTE A1 LAS
A2 mlBELE R B0 w g HmEw, A
80 pu L 5] A= FEMRA [CIA R 4R S) . H20 1R
AW B I L 30 SJEIMA20 wlsp L TAE
W (20 mgPPELL YL 11 mI W B, ]
AR R BE N80 weg ml™) , 16 BB A, 7E400
£ BT T AERR 2 min ULEE— R AF 6 A0 R s 41
LI AL BT v 5 50 9% 1 A 0 R e e UK 2165, i
VES B R L AL B ] (NRRT)

Tl . VKR, FH0.01 mol L' PBS
SR ULN BT I I e TR AL N R 1 DR S T CIR N ]
M5 5y fl e vl i b, RCE S F B 10
min, K HE WL EA15 min, T4 h)5 T400
VOt W RS, Rk Bk A BEALAA S ~ 101>
L eSS L A SR USRS G T ¢ A S 1
B, IR TR
1.6 HEESH

AP B EIRELE, BeRES T
o BE B £ Z Excel 2003FISPSS 17.019#47 50
Hadr, B 200K A duncanfE0.057KF |-
HEAT 2 F AT

2z R

2.1 EUWTIEPhe BN AEEREMN

F LRI as 1m0, Mg e 00,
Phe A3 20 £ bifl + 32 22 AL I (B] A9 28 1 22 T HH (1 ~ 28
d) FREERRM, FH (29~56 d) FRE#ERE
s /N R 2B INE e — 5 P A R 1Y
7. 14, 28F156 d, +3EPhe A B & 9 NE1
K 149.05% ~ 80.65%H131.83% ~ 60.91% ., TEPhe
ZWE MM —RIGREMT, LHEPhe ARUE RTE
1 ~28 dffy R 51 R 1.12713.08 g kg™ d7'
M29 ~56 dif, HTFREHEFEGHH0.17H0.39
peke ' d, ETFREIY] (1~28d) MFHEER, 1E
ZWREBMIGRFZMNT, &1, 7. 14, 28F156 d+
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—%— X%} H& Control
—8— —k{¥5% One-time addition

Top
~
ES
= 120 —A— Z KRB NI5Y Multiple-time addition
i )
g £
BE sof
> 2
& § Da
me
HE 40 BT GT—s !
o Db
=) Db
= ABc Ac ABc Be ABc
E 0 K==X—X T He T T I r. 3

0 7 14 21 28 35 42 49 56
BFEWHA] Incubation time (d)

e B R EL bR IEDR s A RS F iR m [ — 8 A
A ) 2 m] 22 53 8 3% (p<0.05) 5 A[E/NG FRE 7R M [ i
. AR FE 2 F B (p<0.05) o Flil Note: The error
bars in the figure stand for standard errors; Different capital
letters mean significant difference between treatments different
in incubation time only (p<0.05) . Different small letters mean
significant difference between different treatments the same in

incubation time (p <0.05) . The same below

K1 e Phe s R RERG T E] 1928 1L

Temporal variation of the available Phe content in soil

Fig. 1

Nl
[=3
(=]

—x— %} H8 Control
Aa —a—— k35 One-time addition

—
D
(=]

CD
WABCABe Be |, ac ABb
0 7 14 21 28 35 42 49 56
1350 Incubation time (d)

(=]

Top
-
on
3 750 - S .
» 2 —A— ZIRBNI5Y: Multiple-time addition
ﬂ] S
& S 600
18 S
2§ 450
A o
=z .8
%_5 300
E B D Da
=z ® o 4 Da
3
]
[
=
Ay

HEPhe A R0 & 2 53 W — IR 15 Y4 fi23.19% ~ 50.15%
(p<0.05) ,
2.2 ZUERTIERIEE{RAPhe I EE
RI2EKB, 752K E N5 Y M — k5 e 5% 14
T, B A5 A Y Phee (19 & ARtk B 2 AL B R AG IE K S
A (1~28 d) FREHEE (7.59 pg kg d7'y
21.46 peg ke d7) Bmn, JE (29~56 d) TR
HE (0.63 pgke' d'. 191 pgke ' d) ZHiEH
INEYEEE, fE1 ~56 AN, ZREBMIMIBYRZMET,
iz 451 442 PN Phee & 2 50— R 5 44115 12.64% ~ 57.89%
(p<0.05) , XHZREMGHFNT LiEPhe
e AT —RIG e R — B, i — Tk
B, S R P Phe & 4 i 5 H 4 PhefT 250 7% 2 2 [H]
BB EIEME (p<0.01) , RERK (R°) K
0.887 9,
2.3 Phext 15| K fE 40 fESODFAPODESE E 14 A 521
WMEBFIR, E2RTG Y 55T, e 051 4% s 4
SODFIPOD i 17 14 Fifi 1 77 Bof 0] 9 4 52 T R i 3,
X5 5 Phe 75 20 S 5 A 15K 9 Phe 1) & 4
900

y=5.255 4x-24.445
L R*=0.8879 X

~
wn
(=]

600

i

Phe accumulation in earthworms (ug kg™')

=
=1

450 +

300

WL #5144 Py Phe

—

wn

(=]
T

o
K

90 120 150

(=]
(o8]
(=]
(=)
(=]

T 3Phe 53 & & Available Phe contents in soil (ug kg™)

K2 Mgl A A Phe s 45 B BN 1] 22 £k S 5 S Phe A7 2505 YRR G 1E

Fig. 2 Temporal variation of Phe accumulation in earthworms relative to content of available Phe in soil

—%— X} & Control

—8— —Ri5 4% One-time addition

—A— £ KRB NT5 Y4 Multiple-time addition
Ba

Ca
Ac LAc  Ab Ab Aa
O 1 1 1 1 1 L 1 ]

0 7 14 21 28 35 42 49 56
14320 ] Incubation time (d)

SODy#M: SOD activity (U mg™)

20 [ —%— %1’ Control
Aa g — {5 Y% One-time addition

40 r —A— KA IS Y Multiple-time addition

30 f

20 f

10 F g ABc ABb ABa

PODyE % POD activity (U mg™)

0 7 14 21 28 35 42 49 56
32 W E] Incubation time (d)

3 ] 44 g 20 e SO D A PO D il 15 4 Bl sk 7] 114 2% 4k

Fig. 3 Temporal variation of SOD and POD activity in earthworms
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B E—E ., fEPhe 2R B NNAI— R TG YL 55
PET, WEIsA A SOD IR PEZE28 d 43 A 35 72 9
W (1d) FHE4.72H112.25 U mg™", FREHES 9
H}0.17F10.44 U mg™" d7'5 MWiJE# (29~56 d)
SODRFTEME T FE#R (0.01/10.04 U mg™" d7') &
WO o RIRESRAE T, i 051 s 40 B PO D BT P 7
1 ~28 dAY R R 43 40.40F10.78 U mg™" d7,
= T29 ~ 56 AN PODREGTE MR T B % (0.03F1
020 Umg ' d") .

fEPhe Z K & M5 Y 250 F . i 45 44 i 40
LSO D F1P O D 6 M 53 9 88— W i5 By S5 18 T i
TEVEAR3.40% ~47.24% (1 ~7 d, p<0.05) F
6.49% ~38.02% (1~28d, p<0.05) .
2.4 PheXT8Ei5|{KIEMAEMDA R =R EZ M0

P4, 25 (% HE e ep e ] 4 fls 40 g
MDAV & H (2.24 nmol mg™ ) HAK H AR 3548 %
o, MT2REMIGYE (14.92 nmol mg™' )
— A5 (27.51 nmol mg™') . fEPheZ KB HNFI
—RIGRAEMT, BRI 4 MDA & 7628 d
Sy VBRI IR Ky R mk ) (1 d) FE(R22.75H134.00
nmol mg_1 , FREHZR51750.81F11.21 nmol mg_1 d';
1629 ~ 56 d, FFEERZHTIR /N R0.02F10.30 nmol
mg d7's TEPhe 2R BTG Y 5 F T, iz 0] {4 e 41
MIMDA % 538 — 5 JAI821.30% ~ 57.82% (1 ~ 28
d, p<0.05) ,
2.5 PheXd A %5 {4 B 40 B 7R BB K A 4% 21 4% B8 B (8] F0

DeES: A

hES, [enl &1, fE2Misy T, i
A Hs 200 3 Tl A e 20 £ B8 s ) Bt 4 S Ak
] A 4 K S TR, R TS A

26 —%— % i Control
—B— — k5% One-time addition
24 - —A— ZRBNIRT %4 Multiple-time addition

rp {2707 88 B R
Neutral red retention time (min)

0 7 14 21 28 35 42 49 56
1532 i Incubation time (d)

FEIS e A fs 40 7 Rt/ N R R T 0 A% 8 B (1] ) 25 4

Fig.5 Temporal variation of NRRT and micronucleus rate in earthworms

(o)
o
1

'zo\o —¥— X} I Control

'g 50 Aa —8— — k{53 One-time addition

g, A— 2 IRB N5 %% Multiple-time addition
2 40 +

Q

K|

8

230

=

) 20

41

ﬁ 10 |

]'K 0 1 1 1 1 T n ¥

0 7 14 21 28 35 42 49 56
3325 ] Incubation time (d)

Pela iz ] A fs 200 T MDA 5k i 1] 749 722 £k

Fig. 4 Temporal variation of MDA content in earthworms

XFHE (20.50 min ~22.42 min) . Z RSN —
WIS Y 5T, 7~ 56 dBEFRIEE] N, i 4] 44 g
S Jif0 5 Tl A R 2T AR R D) A AR LR B T
0.91% ~4.27%H2.07% ~ 8.12%., {ER;FE1~56 d
W, PheZ WK S TG Y 4 38 v e w51 44 s 240 i 75 ity
A Hp PR 2T R B B (R4 — R TG U 5 1.35% ~ 13.97%
(1~28d, p<0.05) .

FEQFRIG YL S5, 0 B = 1 v ] 4% i 200 g
R AR AR (2.01%0 ~ 2.50%0 ) , HAK
FLEZWEBMIGY: (2.34%0 ~3.69%0 ) Fl— KI5 Y4
(2.77%0 ~ 4.45%c ) , 7% W]PheXf Uit 1] 7 4= — & 7
P, IR AE TR BT, 1~56 dIN,
Phe 22 UK B 15 Y - 558 v e i) 4 s 200 ol e 23R s —
W5 YLk 12.48% ~ 22.99% (p<0.05) .

2.6 tiEPheBHEESMBIELIERHNXR

MMM BR (F1) , EHEPhe ARG & E
W5 R s A0 ASOD . PODRGTE 4 . MDA % & A GA%

6r —%— %} Control
—8— — K5 % One-time addition
5t , A HWEIEY Multiple-time addition

1A% 3 Micronucleus rate (%o)
W

0 7 14 21 28 35 42 49 56
$3%ItH Incubation time (d)
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TN W EEIEAE (p<0.01) , SEEEEA
ST R R A B G (p<0.01) , Hok
EZER 311 40.893 4. 0.870 9. 0.930 5. 0.893 3

F10.885 1. FfiE PhelZFR0T MY EH: , + 4 Phe
HRCE B TR, ARG, Xl s () 7
P3N YN

#1 LEPheBN S E SHMBIEHIBRAEXME

Table 1 Relationship between content of available Phe in soil and biochemical indices of earthworms

A AEFE bR mYEp;y YUE RBR
Biochemical index Regression equation Coefficient of determination
ALY L EESOD y (SOD) = 0.0986x + 2.259 4 0.8934 "
ALY POD y (POD) =0.191 8x + 11.151 0.8709 7
N MDA y (MDA ) =0.359 8x - 1.237 5 0.9305 "
PR B B [ NRRT » (NRRT) = -0.052x + 21.003 0.8933 "
k%% MNR y (MNR) =0.0172x + 2.235 5 0.8851 "

H. Fhxft#E T EEPhe A2 5B Note: x in the talble means content of available Phe in soil; #*p <0.01
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e, HERS (1~28 d) FHHERE®RS, 5H
(29~56 d) BETWER G, X 5Pheft T3P
B A . AT R Phe R Se i B HEA R
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ERer gk P SR AE R R, B AL ] A 4E
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A BT A5 R R W, 82 S NG Y 5
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Phe i A 53 09 W B A7 a0 AT 8 R 4 Horpr, S 30H:
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fE1~56 dIEFREEIN, 2R E M5 3
SRR N Phe ) E £ E —WIGRD
12.64% ~ 57.89%, X 52 KE M54 550 + 1%

Phe 3SR T — RIS YA X Jangerds 2 TF
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TOXIC EFFECT OF MULTIPLE-TIME OVERLYING POLLUTION OF PHE IN SOIL ON
EISENIA FETIDA
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Ma Jingjing' Qian Xinchun'
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Phenanthrene ( Phe ) , a typical persistent PAHs (polycyclic aromatic hydrocarbons)
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type organic pollutant, is accumulating step by step in low dosage, posing a potential threat to the soil
environment. As one-time Phe pollution of the soil differs in process from gradual accumulation of Phe
pollution in low dosage, it is very likely to overestimate environmental risk of the Phe entering the soil in the
first manner. Phe entering the soil does not diffuse or translocate in the soil. Therefore, most Phe stays in
aqueous phase in the soil due to short soil-Phe contact time. In this paper, a multiple-time addition method
was used to simulate of the process of Phe accumulation in the soil. With the multiple-time addition approach,
Phe was added into the soil in low dosage 12 times, whereas with the one-time addition method, the same
quantity of Phe was added into the soil all at once. Then, bioavailability and toxic effects on enzyme activity
in earthworm coelomocytes, chromosome and lysosome membrane of the earthworms exposed to the pollutant
at different aging phases (1, 7, 14, 28, and 56 d ) were analyzed. It was found that with soil incubation
going on, content of available Phe, Phe accumulation in earthworm, activity of SOD and POD in earthworm
coelomocytes, content of MDA and micronucleus rates ( MNR ) all dropped rapidly in the early period (1 ~28
d) and slowed down their drops gradually in the late period (29 ~56 d) , but neutral red retention time
( NRRT) kept rising on steadily, indicating that Phe toxicity to earthworm declined with soil incubation
going on. Under the condition of multiple—time overlying pollution and one—time pollution, soil available
Phe decreased by 1.12 wg kg d”' and 3.08 wg kg d™', respectively, during the early stage (1 ~28 d) of
incubation and by 0.17 pwg kg™ d™' and 0.39 wg kg d”', respectively, during the late stage (29 ~56 d)
and Phe accumulation in earthworms did by 7.59 wg kg™ d™' and 21.46 wgkg' d™', respectively, during the
early stage, and by 0.63 pgkg' d"and 1.91 pgkg' d7', respectively, during the late stage. Soil available
Phe ( Tenax-TA extractable Phe ) was in highly significant positive relationship ( R’=0.887 9, p<0.01) with
Phe accumulation in earthworms and in highly significant relationship, too, with SOD and POD activities,
MDA content, micronucleus rate and NRRT in earthworm coelomocytes with the coefficient of determination
being 0.893 4, 0.870 9, 0.930 5, 0.893 3 and 0.885 1, respectively. During the 56 days of aging, soil
available Phe and Phe accumulation in earthworms was 23.19% ~ 50.15% and 12.64% ~ 57.89% lower,
respectively; SOD and POD activities in earthworm coelomocytes 3.40% ~ 47.24% and 6.49% ~ 38.02%,
respectively; MDA content 21.30% ~ 57.82% lower; and MNR in earthworm coelomocytes 2.48% ~ 22.99%
lower, while NRRT in earthworm coelomocytes was 1.35% ~ 13.97% higher in the soil subjected to multiple-
time overlying pollution than in the soil subjected to one-time pollution, which indicates that Phe entering
into the soil through multiple-time overlying pollution is lower than that through one-time pollution in toxicity
to earthworms. This finding can be cited as theoretic basis for assessment of eco-toxicity of PAHs-type organic
pollutants in soil.

Key words Phenanthrene; Multiple-time overlying pollution; Earthworms; Enzyme activities;

Neutral red retention time; Micronucleus rate
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